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Section 1 • Introduction and General Description

SECTION 1
The 4600 Autocal Transconductance Amplifier

Introduction

The 4600 complements thc4700 compatible series ofcalibrators,
providing ameans of increasing thci r range of DC andAC current
oUlpuL~ up toa maximum of11 Amps. Th is enables the4708,4700
and 4705 calibralOrs 10 cover the full calibration requirements of
m,lny ty[)C~ ofhand-hclcl' ,md bench-mounted digital multimeters.

Phy.<:;iCtllly, the inSLrllmcnl is a separate unit which can be mounted
on top or a calibrator, as shown in the photograph above. It can
be used ;}s a 'dum\)' lfansconducl.ance amplifier, taking as its
rercrcncc the output rrom any volt.age calibrator; but it reaches it.s
rull potential when slaved lo a compatible 4700-series calibrator.

General Description

The 4600 is a compact, full-rack unit, which can be bench
mounted or fitted to a standard 19 inch rack. I{ convertS an input
reference. voll2ge to an outputcurrent through a transconductance
of 1 amp per volt.

It has two fundamental modes of operation: 'SLAVE', in which
the 4600 and a compatible 4700-series calibrator are connected
togelher to perform as a single in.tegrated system; or 'SOLO'.
where the 4600 relies on the calibrator for only its input reference
voltage. The 4600 cannot be used in Slave mode with the Dmron
4000A or 4200A.
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Section 1 - Introduction and General Description

Accessories

The instrument is supplied with the following accessories:

Description Part Number

Power Cable 920012
Hexagon Key 2mm A/F 630101
Hexagon Key 2.5mrn A(F 630109
Power 2.5A Fuse (230V) 920209
Power 5.0A Fuse (115V) 920211
User's Handbook 850243-
(The User's Handbook also contains the information which would
normally appear in a Calibration and Servicing Handbook).

in addiLion, the [ollowing optional accessories are available for
usc with the 4600 instrument

)

Description

Rack Mounting Kit (Option 90)
Current Output Lead Kit
'SI<lve' InLcrconneclOr Kit
1501 Dc Luxe Lead Kit

Additional Documentation

Part Number

440063
440154
440151
440070

This User's Handbook contains all infonnaLion necessary to

operUte, calibrate and maintain ilie model 4600; including the
4700-scries calibrator settings and connections when used in
'Slave' modc-.

For u;:;e: in 'Solo' mode:, uSCrS should refer to I.hemanufacturer's
hnndbook [or the operating instructions of the calibrator to be
employed as voh.ngc reference.

1-2
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Section 1 - introduction and General Description

Principles of Operation
The simplified functional diagram in Fig. 1.1 shows how the instrument achieves its basic functions.

Lo

Load
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~
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1+

,-0 (To'600-+ I~ Grcund)

OUTPUT

4500 Power Supplies
and Deloctors

4600 Digital
Control CJrcultry
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FIG. 1.1 SIMPLIFIED FUNCTIONAL DIAGRAM

Basics

DC Action
The DC Calibrator output volLage should be delivered via four
wire sensed connection; either to the two front panel INPUT
terminaJs in Solo mode. or via the rear panel analog bus connector
in Slave mode. Two-wire connection can be used in Solo mode,
but the voltage arriving at the4600input tenninaJs will be affected
by the resistance of the connector leads.

AC Action
The basic action J:-emains the same as for DC, but the effects of
frequency need to be taken into account When ahigh AC Current
is being deUvered to a load, the self-inductance of the outpUt leads
lakes on greater significance - some IJ:.1.H for a ~ypjcal single lead
of, say, 3OmQ; resistance. So for lOA at 5kHz the RMS voltage
across a single lead can exceed 0.4V.

)

)

The differential amplifier acts as a buffer to maximize common
moderejec tion, !hegain from theinpul tenninals to the inputof the
volrage-to.current converter (Current Source) being conl1ol1ed
by the Input Allenuator and the differential amplifier gain. In Solo
mode this is also affected by the trimpot in the attenuator.

The current output to the load is sensed by a series resistor. This
U1kes all the load current, and provides lhe sense voltage which
feeds back negatively 10 control the l1ansconductance of the
Current Source.

When calibrating a high-current range ofa digilaJ muHimeter. the
load would be an internal shunt which themulLim eter uses to sense
its input current • typically of the order of lOmD.

To minimize the common-mode voltage presented to the load, an
external connection needs to be made between load Le and 4600
ground. This l1ansfers the voltage into the 4600 at common-2,
removing the problem from the load. The common-mode voltage
also appears at common-J, and on all of the 4600 analog circuit.
The Load Lo/Tnput Ground lead also improves DC operation.

The effect is to present an equivalent common-mode voltage at
the INPUT La tenninal, but the differential amplifier is designed
to rejecl common mode at its input by a ratio of 80dB minimum,
and provided that the calibrator is placed in Local Guard, wiLh its
Guard connected to the 4600 Ground, common-mode transfer to
thecaJibrator is avoided. The effects of the common-mode on the
sensilive circuits of the 4600 are guarded oul.

1-3
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Section 1 - Introduction and General Description

Fundamental Operating Modes
(In the following lext, '4700' represents any of the three modefs in the range: 4700, 4705 or 4708),

SLAVE Mode

Interconnections (See diagrams in Section 2)
Two interconnecting cables are required to link Ihe 4600 to a
4700-series calibrator. The optional-accessory lead kit (part
Number 440151) provides these two connectors:

• A special shielded 6-way LEMO cable rransfers the reference
voltage from the 4700 rear paneD56 to the4600 rearpanelJ66,
one line being an 'Analog Bus On' link.

A IS-way D-type connector provides the necessary digital
control lines betwee:n 4700 rear panel J54 and 4600 rear panel
J54. This includes a 'Digital Bus On' link.

If either of the two 4600/4700 connectors is not present, the 4600
reverts to 'Solo' mode, and the message 'Error 9' appears on the
4700 Mode display when its lOA range is selected.

The current output lead kit (optional accessory - Pan No. 440154)
can be used for connection from Lile 4600 OUTPUT tenninaIs to
the current output load. A single banana' lead is required to
connect the load Lo to the 4600 INPUT Ground terminal.

Analog Operation
The 4700's lOA range key is enabled, generating a reference
voltage between OV and 11V, at the analog output connector on
its rear paneL This voltage is fed via the special6-way cable into
a conn~tor on the rear panel of the 4600, to be convened into a
currenr which passes out of !.he 4600 front panel 1+ and 1
OUTPUT terminals. The nonna! 4700 outpUl tenninals are
isolated when the lOA range is selected (and vice-versa).

Local Control (Refer to Section 3)
TIle 4600 is activated from Lile 4700 front panel. This is done by
selecting either DC or AC,and FUNCTION I, with RANGE 10, the
4600 output current being adjusted by operating the 4700
OUTPUT f"'" keys.

Slave mode allows the 4600 omput re beswirched on andoff using
the appropriate 4700 front-panel keys. bot does not prevent the
4600 front panel keys being used for the same purpose.. Control
is transferred to the 4600 Ilsing digital signals, which are carried
between the two units by the D-type connector cable.

Note that ifeither the control or analog connector is removed, the
4600 automatically defaults to Solo mode.

1-4

Remote Control via the JEEE 488 Interface
(Refer U) Section 3)
When the 4700 is programmed into DCI or ACI function, it
responds 10 IEEE 488 bus command R6 to call up the lOA range,
which operates in exactly the same manner as described above for
manual control.

Callbratlon (Refer 10 Section 5)
The entire AUTOCAL operation is conlroUed from the 4700, all
thecaJibrationconstants being stored within the4700non-volatile
calibration memory. Subsequendy, these constanlS do not affect
the gain of the 4600 internal circuitry, but modify the value of the
reference voltage being fed from the 4700 via the analog cable to
the 4600. The 4600 should therefore be slaved only U) the
individual 4700 which holds its calibration consIants. oLherwise
invalid corrections will be applied. A label on the fronl of the
instrument identifies the serial number of the 4700-series
calibrator with which the 4600 was calibrated in Slave mode at
manufacture.

Self Test (Refer to Sections 3 and 6)
Pressing the Test key on the 4700 automaticatly checks both the
4700 and the46(~l Th is is additional to the 4600' snenna! testing,
which includes continuous monitoring for catastrophic failures
(such as power supplies), overload (overcompliancc), input
overdrive and overtemperature. These conditions arereported on
the 4700display as well asby the indicatorLEDs on the4600 front
panel. Output turns Off when appropriate.

Speclllcatlon Aeadout (Refer to Section 3)
The specification and calibration uncertainties, associated withan
individual 4600, are held in the non-volatile memory of I.he
individual 4700 with which it was calibrated, Spec mode on that
4700 retrieves and displays the appropriate uncertainties
associated with the lOA range when cOlUlected ~ tbat4600.

)
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SOLO Mode

Interconnections (Refer to Section 2)
The current output lead kit (optional accessory - Part Number
440154) can be used for connection from the 4600 to the current
output load.

Analog Operation
The reference voltage is fed into Hi and La INPUT tenninals on
the front of the 4600, to be converted into a cwrent which passes
out of the 4600 front panel 1+ and I· OUTPUT terminals. The
transfer charaCteristic is 1 amp per volt.

Local Control (Refer to Section 3)
The 4600 output is controlled by the value of lLs input voltage, its
output being switched On and orr by its own front-panel keys.

No Hemote Control
No provision is made for remote operation in Solo mode. For
programmable remote operation, it should be connected in Slave
mode to a compatible 4700-series calibrtlLOr.

Calibration (Refer to Section 5)
This is achieved by simple mechanical adjustmenrs of internal
trimpors and lrimmer capacitors. These are used instead of
AutocaJ corrections only when the 4600 is nOl slaved to a
compatible4700 series calibrator. being bypassed in Slave mode.

Self Test (Refer to Section 3)
Error conditions such as overload (overcompliance), input
overdriveand overtemperalllreare reported by the indicatorLEDs
on Lhe 4600 front panel. All error conditions cause the Output to
turn Off.

Section 1 ~ Introduction and General Description
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Section 2 - Installation

SECTION 2
Installation
This section contains information and instructions for unpacking and installing the Datron 4600 Autocal Transconductance Amplifier.
The layouts of lhe inSlrument front and rear panels can be found in Section 3.

Unpacking and Inspection
Every care is Laken in the choiceofpacking material to ensure that
your equipment will reach you in perfect condition. If the
equipment has been sUbje:ct to excessive handling in transit. the
fael will probably be visible as external damage to the shipping
C'U"lon. In the event of damage, the shipping container and
cushioning material should be kept for the carrier's inspection.

Preparation for Operation

Power Input
The recessed POWER INPUT plug, POWER FUSE and LINE
VOLTAGE SELECTOR are. contained in an integral moduleon the
rear panel.

The protective window allows the fuse rating and line voltage
selector to be inspeclCd wilh the power cable connected. This
window slides to the left once the cable socket has been
disconnccted, for access to the fuse and voltage selector printed
circuI( boord.

Power Cable
The dC12chable supply cable comprises two metresof3-<:ore PVC
8hcaL.h cable permanently moulded toa fully-shrouded 3-pin cable
socket It fits into the POWER INPUT plug recess. and should be
pushed ltrmly home.

The supply lead should be connected to a grounded ouLlet
ensuring Lhnt the Ground lead is connected. Connect Brown lead
(0 Line, Blue lead to Neutral. and Oreen/Yellow lead to Ground.

Line Voltage
Thc4600 is operative within the line voltage ranges 100/120/220/
240 volts ±lO%, 3150Hz or 60Hz. To accommodate the ranges,
a small select.or PC board is housed beneath the POWER FUSE.

Unpack the equipment and check for ex.ternal damage to the case,
sockets, keys etc. If damage is found notify the carrier and your
sales representative immediately.

Standard accessories supplied with the instrument should be as
described in Section 1.

TO Resefect the Operating Voltage
• FIRST ensure that the POWER CABLEis removed.
• Slide the window to the left to reveal the fuse and VOltage

selector PC board.
• Draw the fuse extractor to the left, and remove the fuse.
• Remove the selectorPCB and rotate it until the desired VOltage

is presented on the leflof lhe upper surface.

• Re-insert the selector PeR firmly into the module slot. The
desired voll2.ge is visible in the cutout below the fuse.
Return the fuse exLractor to the normal position.

• Insert the appropriate POWER FUSE (see below).
• Slide the window to the right and insert the POWER CABLE.

Power Fuse
The fuse is located behind the window in the POWER INPUT
module on the rear paneL It should be of the 'faslblow' type. IIS

rating is dependent on the supply voltage:

for 200/260V hne supply - 2.5A,
for lOO/130V line supply - 5.0A.

MAKE SURE THAT ONLY FUSES WI1H THE REQUIRED
RATED CURRENT AND OF TIlE SPECIFIED TYPE ARE
INSERTED AS REPLACEMENTS.

AVOID THE USE OF 'tvIENDED FUSES AND DO NOT
SHORT-CIRCUITTHE FUSE HOLDER. SUCH PRACTICES
\Vll..L RENDER THE WARRANTY vom.

2-1



Section 2 . InstafJation---_. ----
Preparation for Operation (contd.)

Mounting

Bench Mounting _
The instrument is fitted with rubber-soled plastic feet. It is
intended to SL1I1d fIat on a bench or on top of a 4700-series
calibrator, positioned so that the cooling-air inlet and exhaust
apertures are not obstructed. It is recommended that at least 30cm
(12 inches) of free space is at the rear.

Rack Mounting
Option 90 permits the instrument to be mounted in a standard 19
inch rack. The method of fitting this option is described below.

N.B. The top or bottom cover should not be removed for this
purpose.

Procedure

1. Remove the handles, if fiUed, by loosening the hexagonal
screws of the handle assembly and sliding the assembly to the
r~r until free of the instrument

2. Siot the rack mounting 'ems' into the guides at each side of the
insLrumcnt, from the rear.

3. Draw the cars forward until positioned correctly. Tighten me
hexagonal screws, using the hexagonal key provided.

It is recommended that the rear of the instrument be supp...')rted in
the rack.

)

)
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Input Terminals
Three4mm 'banana' tenninals are fiued in the INPUT field on the
left of the front panel. Their functions are as follows:

) Connectors and Pin Designations

Front Terminals

HI

lo

Voltage Input - High

Voltage Input - low

Input Ground

Section 2 - Installation

J66 Slave Analog, Connector (rear panel)
When slaved to a 4700-series calibrator, a 6-way 'LEMO' cable
transfers the reference voltage from J56 on the calibrator rear
panel 10 J66 on the 4600 rear panel.

This provides a guarded 4-wire connection to deliver and sense
the calibrator's output voltage at the4600 inpuL One wire carries
the ANABUSON_L signal, which reverts to high if the cable is
disconnectedaleitherend, informing the4600 that the connection
is broken.

Output Terminals
Two 4mm 'banana' tenninals are fiued in tr.e OUTPUT field of
the front panel. Their funcLions are as follows:

I... Current Output Source

I· Current Output Sink

Two keyways locate the cable connector socket into J66, and ared
spaton the cable should be lined up with asimilarspoton the 4600
rear panel plug. Once located. the cable is secured by pushing the
socket finnly home into the fear panel plug. It is removed by
sliding the knurled ferrule aw~y from the plug lO release the
securing mechanism, then continuing topulltoremove the sockel.

Pin Layout and Designations

J54 Slave Digital Connector (rear panel)
A IS-way cable provides the necessary digital control lines
between J54 on the rearpanel of the 47oo-series calibratorand JS4
on the 4600 rear panel. The cable (also partofoptional accessory
lead kit part no. 440151) is tenninated at each end by aD-type
connector. At the 4600 end !.he cable socket is secured 1.0 the rear
panel plug by two screws. Pin 9 carries the IDlGBUSON_H
signal, which indicates if the cable is disconnected at either end,
informing t.he 4600 that the 'Connection is broken.

Pin Layout
Pin Designation

Guard ----'<--'I

Hi

/" Red Spot

•
'-I-~== Keyways

Lo

)

a 1
o 0 Q 0 D Q D Q

0000000

15 9
:. :.

Pin Name FuncUon
,

1 SHIELD I Case Ground
2 OV_6 Digital Common
3 IWR_R Write Strobe (Rising Edge)
4 OV_6 Digital Common ,
5 OV_6 Digttal Common ,

"
6 ICAL_RST_L Not used on 4600
7 IA_H_D_L AddrQsslData on ADO-AD4
8 IRD_l Read Strobe (Active Low)
9 IDIGBUSON_H +5V (Sk} when 4700 is ,on.
10 OV_6 Digital Common
11 IADo

]12 lAD1 Si-directional Address/Data
13 lAD2 Lines, controlled by Strobes and
14 IAD3 IA_H_D_L
15 IAD4

Sllave Connector Kit (optional accessory)
A-!ti[ of l\VO cables provides the slaving connections between a
compatible 4700-series calibrator and the 4600.
The Datron Part no. for the kit is.440151, comprising:

Connector Cal1brator End 4600 End

Digital Bus Shrouded D-type Shrouded D-type
(is-way} plug, fitting J54 socket, fitting J54

socket. plug.

Analog Bus Push-fit LEMO Push-fit LEMO
(6-way) plug, fitting Js6 plug, fitting J66

socket socket
I
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Section 3 - Using the 4600

SECTION 3
Using the 4600

Front Panel Features

Overdrive:
Red LED lights and

output is IUmed off if
analog input voltage

is excessive.

Overload:
Red LED lights and
output is turned off

it output voHage
becomes excessive.

Ove·rternp:
Red LED lights
it analog circuits

overheat. Output
and SMPS are

turned oft.

Solo:
Red LED lights in

Solo mode.

Slave:
If ·efther of the IM!O

Slave connectors is
disoonnooted, the

4600 reverts to
Solo mode.

TeGl:
In Sls.ve mod& this

red LED lights when
the slaving 4700

enters its Test mode.

P",u:
LED is lit green in
normal operation.

LED lights red if any
in-guard power supply

trips. Output and
SMPS are turned off

1.°••• ,....1'-J~
ON r>FF
OUTPUT

(
--

If. '1-

OUTPUT

@@

~AUTOCAL

TAANSCONDUCTANCE
AW'UAEA

\

INPUT

d21tron

/
Used for 8010 only:

Connect Voltage Source in
4-wire to delfver and sense its
spedfied output at the 4600
Input Hi and La terminals.

Input Ground:
Always connect

to Outpull
at th& load.

Solo and Slave:
2-wire output to load.

For AC current, use short leads,
twisted to reduce self inductance,
as hfgh AC output currents can

create large induced EMFs.

Solo:
On and Off keys

control 4600 output

Slave:
Either 4600 or 4700

00 & Oft keys can be used

)

)
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Section 3 - Using the 4600

Rear Panel Features

Cooling Air Exhaust Vef\1s:
Allow at leasl12 inches (3Ocm}

clear space at rear of inSIrU01eot

Coolln,g Alrlntatle:
Remove and dean filter
element at intervals of
no greater than 1 year

J66:
6-way 'LEMO' plug

used to receive input
voltages from slaving

4700. Red dol on
analog cable in lead kit
440151 aligns with red

dot 00 J66 base.

@O , , , : <. :.,.,.:.,",.:w.w.

r-~'-l~-':--il-~'-~!__l '-_I L_J ,,__I !__ I 1,.., .....

Voltage Fuse
Selector

pes

Jto401e.rt,i.L
'~¥EII'P

~
~

r-----j r-----1 .------.
I 11 ., I" .. , 1. , L. ... l

,-----, (-----, ,-----, r-----'
I I j I I I I ~L IL J! J ! J
r-----II------, .-----.., I-----~

I I1 " '! II ~ __I I... J Loo • ..! !. ~

r--~-'j-----~l-----~,-----,
I 11 I. I' IL I , J ! ~ ! ~

l-----i,-----i f-----j
I il 1I I• , ... l L __ ....__ I

Power Input Module:
Receives the line Power Input Cable.

The module also contains a power fuse and
voltage-selector pes behind the sliang panel.

The fuse and selected line voltage can be
inspected through the transparent center window

3-2

J54:
15-way D-type plug used to
connect digital control bus

to staving 4700. )
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Setting Up the 4600

Introduction

The 4600 increases the range of DC and AC ClUTent outputs of
4700-series calibrators up to a maximurn of 11 Amps, or adds a
nominal lOA range to other DC or AC voltage calibrators,
converting an input reference voltage to an output current through
a transconductance of 1 amp per volt.

It has two fundamental modes of operation: 'SLAVE', in which
the 4600 and a compatible 4700-series calibrator (with Option L1)
and 6rmware issue 5 or above) are connected togetherto perfOlTI1
as a single integrated system; or 'SOLO', where the 4600 is
controned mainly from its own front panel, relying on a calibrator
only for its input reference voltage.

N.B. Compatible 4700·series calibrators are:
Models: 4700. 4707, 4708

(with Option 20 and rmnware issue 5 or above),
or Model: 4705

(with fumware issue 5 or above).
For the sake of brevity, these are sometimes referred to
as '4700' in this handbook.

Preliminaries

Before using the instrwnent it is important that it has been
correctly installed as detailed in Section 2.

Limiting Characfe,ristics

The following details are given in Section 4:

Operating and Storage Temperatures
Peak Terminal Voltages
Sealing Times

,Section 3 - Using the 4600

Safety

The 4600 is designed to be Class 1 equipment as detlned in IEe
Publication 348, and tn., 1244. concerning safety requirements.

Protection is provided by a direct connection via the power cable
from ground to exposed metal parts and internal ground screens.

The line connection must only be inserted in a socket outlet
provided with a protective ground contact, and continuity of the
grOlmd conductor must be assured between the socket and the
insrrumenl.

WARNING:

ANY INTERRUPTION OF THE PROTECTIVE GROUND
CONDUCTOR INSIDE OR OUTSIDE THE INSTRUMENT, OR
DISCONNECTION OF THE PROTECTIVE GROUND
TERMINAL, MAY MAKE THE APPARATUS DANGEROUS.
INTENTIONAL INTERRUPTION IS PROHIBITED.

CAUTION:

THE L1. SYMBOL IS PLACED ADJACENT TO TERMINALS
THAT ARE SENSITIVE TO OVERVOLTAGE CONDITIONS.
IT IS USED TO REMIND THE USER OF THIS SPECIAL
PRECAUTION.

REFER TO SECTION'5.

3-3



Section 3 - Using the 4600

Interconnections .. General Guidelines

Importance of Correct Connections
When calibrated, the 4600 is capable of providing very high
traceable accuracy. To attain this performance, it is necessary to
match the external circuitry to its superior specification. To
ensure that external connections are made correctly, a few general
guidelines are given in the following paragraphs.

Sources of Error

Thermal EMFs
These can give rise to series (Normal) mode interference,
particularly where large currents have a heating effect at thenno
electric junctions. ]n otherwise thermoelectrically-balanced
measuring circuits. cooling caused by draughts can upset the
balance.

E·M I:nterference
Noisy or in lCnse electric, magnetic and electromagnetic effects in
the vicinity can disturb lhc measurement circuit Some typical
sources arc:

Proximity of large static electric fields.
Fluorescent lighting.
Inadequate screening, filtering or grounding of power tines.
Transients from local switching.
Induction and radialion fields of local E-M transmitters.
Excessive common mode voltages between source and load.

The disturbances can be magnified by the user's hand
capacitance. EleCLIical interference has greatest effect in high
impedance circuits. Separation of leads and crealion of loops in
the circuit can intensify the disturbances.

Lead Resistance and Inductance
The resistance of the connecting leads can drop significant
vo]wges between the source and load, especiaJIyat high load
currents. AC high-current circuits are particularly prone to the
effects of lead inductive reactance.

Lead Insulation Leakage
This can cause significant errors in measurement circuits at high
voltages. Some insulating materials suffer greater losses tJlan
others. e.g. PVC has more leakage than PTFE.

3-4

Avoidance Tactics

Thermal EMFs~
Screen thermal junctions from draughts.
Allow time for thermal equilibrium to be reached before
tillcing readings.
Use conductors. joints and terminals with agood margin of
cWTent.carrying capacity.
Avoid thennoelectric junctions where possible:

Use untinned single-strand copper wire of high purity.
• Avoid making connections through Nickel, Tin, Brass and

Aluminium. If oxidation is a problem use gold-plated
copper terminals, and replace the terminals before the
plating wears off.
If joints must be soldered. Iow-thermal solders are
available, but crimped joints are preferred.
Use low-thermal switches and relays where they form pan
of the measuring circuit.
Balance one thermal EMF against another in opposition,
where possible. (Switch and relay contacts, lermiruUs etc.)

E-M Interfe,rence:
• Choose as "quiet" a site as possible (a screened cage may be

necessary ifimerference is heavy). Suppress as many sources
as possible.
Always keep interconnecting leads as short as possible,
especially unscreened lengths.

• Run leads together as twisted pairs in a common screen to
reduce loop pick-up area, but beware of leakage problems and
excessive capacitance.

• Where both sourceand load are floaling. connec tLe to ground
at the source to reduce common mode voltages.

Lead Resistance:
Keep all leads as shon as possible.
Use conductors with a good margin of cl.1JTent-carrying
capacity.
Use Remote Guard or 4-wire connections where necessary.

Lead Inductance:
• Keep all leads as shon as possible.
• Use special connections where necessary.

Lead Insulation Leakage:
Choose low loss insulated leads - PTFE is preferred to PVC.
When running leads together in screened pairs, avoid large
vollages between leads in the same screen, especially if using
PVC insulation.
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Section 3 - Using the 4600

Slave Mode - Operating Routines
lri this text, '4700' r8presents any compatible model in the range: 4700, 4705, 4707or4708, equipped with firm ware ofissueS org.rea/er.
(A 4700 must be fitted with Option 20; a 4707 with Opdon 27.)
(The 4708 needs Option 3D, with Option 10 for DC Current, and/or Option 20 for AC Current.)

:---~:::Ji (--------------------.-,
j...... . 1:: I J66
I __ I I I ANALOG

!.5.-~J I !SLAVe VP
JS4 DIGIT....t I :

SLAvt lIP J I
I I
I I
I I
I I

~--------------------)

--..... _....
[tF_-...~--.l~A
1- ., ~ ~ : I I~IJ: L f' ~ t J-J
~~--------------------------~

-u...."'.- . ,-------------------- ,---~--~-, I

~:_________ I

I

h.---,=--<I
I,,,
.,
I
I

Fig. 3.1 SLAVE MODE - INTERCONNECTIONS

)

)

Interconnections
The 4600 should be linked to a 4700-senes calibrator as shown in
Fig. 3. L If either the digital or analog cabie is not correctly
connected, the 4600 will operate in 'Solo' mode. For the purposes
of this description it is assumed that the two conneclOrs from the
optioNlI-accessory lead kit (part Number 440151) provide the
linkage.

It is also assumed that the current output lead kit (optional
accessory - Part Number 440154) is used for connection from Lhe
4600 OUTPUT tenninals to the current output load. For AC
Current outputs, a lead conneclS the load Lo to the 4600 INPUT
Ground terminal (refer to the description of basic operation in
Section 1, page 1-3).

Ifei !her of the two 4600/4700 connectors is not present, the 4600
reverts to 'Solo' mode, and the message 'Error 9' appears on tlle
4700 MODE/FREQUENCY display when its lOA range is
selected.

Analog 8usslng
Ensure that the 4700 and 4600 are linked as shown in Fig. 3.1. It
is also possible to interlink the Current output terminals of the two
instruments in parallel, as the fumware isolates one OlltpUl when
Lhe other is selected. Thus a single output analog bus can be set
up, to which the outputs oftheintegrated system appear to derive

from a single instrument. This facility is most useful when

operating in remote control via the IEEE 488 interface, bUl

remember to keep the leads short.

4700 Guard and Sense
Note that the operation of the 4600. in slaved mode, is designed
to be transparent to an operator once the external connections have
been made. The fumware maintains the appearane-e (to the
operntor) of the 4700 being used in just another Current range,
even though the 4700 is feeding a reference voltage to the 4600.
Thus when slaved. the operator has no control over the Guard and
Sense connections between the two instruments, these are auto
selected for optimal performance by the 4700 fmnware.

Calibration COrreC1ions
In Slaved mode, the 4600 internal calibration adjustments are
inhibited. The output Current is corrected by automatic
adjustment of the Reference voltage from the 4700. due to factors
stored in the 4700's non-volatile calibration memory. These
factors were derived at the most~recentcalibration of the 4600
with that individual 4700.

Slave Mode calibration procedures are given in Section 5.
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Section 3 - Using the 4600

First ensure thaL the 4700 and 4600 have been PQwered ON and warmed up for at least 1 hour, then use the following

sequence to set up the slaved operation, from~ LO@:
)

)

)

1 0
, .......:m-,.--)

~
"''IlIIi~~TOIlC*'\'1I1ol.D

_UIIDM'l)tCllLWl4t'011.
...1IlI. ... c:=::::::J

~
CfrI OfF

OUTPtrr

Use-t ~
keys to adjust

OUTPUT
display

9

Connect 'Load
7 to OUTPUT

Terminals

[
OUTPUT

G)(;)
1+ l-

~AVTo(:A~
TRANSCONDUCTAHCE

AMPUAER

INPUT

dEtron
Ir~:I"'l'IVM.·""T':lI

Fig. 3.2 GENERAL SEQUENCE OF OPERATIONS - SLAVE MODE

Guard
and Sense are
auto-selected.
No user-action

~/

* To set Output Of', press the OUTPUT OFF key, either on the 4600 or on the 4700.

1"-----.
IAC Current
I only 6

Connect Load Lo

I~~", to INPUT Ground
I Select"
I Required

r
FREQUENCY

RANGE (or
1\Spot Frequency
I on 4708 only)

I
I
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Operating Routines· Slave Mode

Power SWitches
Ensure that both 4700 and 4600 Powerswit.ehes are set to ON,and
both instruments have warmed up for at least 1 hour.

DC Current Output
Use the General. Sequence m Fig. 3.2. Modify selections as
follows:

At operation [3J fl.fSL select DC and then I,
Omit operations [4J, [5] and [,6],
Use operations [7] La [11] and [2] as required.

N.B. For full specification, output compliance shouId be limi Led
to2VRMS.

AC Current Output
Use the General Sequence in Fig. 3.2. Modify selections as
fonows:
• At operation [3J first select AC and then I,
• Use opeC3tions [7] to [l1J and [2] as required.

Section 3 - Using the 4600

Zero OUtput
For DC Current the 4600 output value can be incremented
continuously through zero, using the 4700 OUTPUT display -t ~
keys. Zero can also be obtained by pressing the 4700 Zero key,
which causes the internal finnware to isolate the 4600 1+ and 1
tenninals from the internal circuitry, physically interrupting the
output current.

FOT AC Current the 4600 output value canno be incremented
continuously through zero, as the smallestoulputon the range is
900mA (9% FR). Zero can only be obtained by pressing the 4700
Zero key, the results being the same as for DC.

AC Increment from Zero
Because the smallest output is 9% FR. the minimum increment
from Zero is 10%. Half-size zeros on the 4700 OUTPUT display
show which keys cannot be used to increment from Zero; the full
size zero shows the key which can.

4700 Zero Display for the 1A ~ange

The appearance of the 4700 OUTPUT display for Zero 4600
output (lOA range) follows the form used for the other 4700
Current ranges:

N.B. For full specification, output compliance should be limited
to2V RMS.

Spot Frequencies
When slaved to the 4708, Spot Frequencies can be selected and
calibrated. The 4600 behaves as an extension to the 4708; so the
procedures for selection and cal ibration ( with or wi thout the SET
function) are as described in the 4708 Handbooks.

Range

10A

Zero DIsplay

0,000,00

)

Cu rrent Output On/Off
Once slaved to the 4700, the4600 Current output can be turned on
and off from either the 4600 or 4700. All On/Off actions are
sequenced by th~ 4600 and 4700 firmware to maintain a safe
internal environment, and are thus subject to small delays, except
when responding to emergency conditions.

4700 Current Range Changing
If the 4700 output is On in one of its nonnal Current ranges when
Lhe lOA range key is pressed, the 4600 Current output is Lumed On
and the 4700 output is turned Ofrand isolated. Conversely, when
ranging the 4700 down from the lOA range, the 4600 output is
turned Off and isolated as the 4700 output is turned On.

Full .Range Output
The calibration-corrected fu Urange output of !.he 4600 (1 OA DC
or RMS) can be obtained by pressing the Full Range key on the
4700 front panel.

AC Frequency Control
For AC outputs, the frequency of the 4600 is set by the frequency
of the Reference voltage being applied from the 4700. Thus
adjustments are carriedoutfrom the 4700 using itsFREQUENCY
RANGE keys, and FREQUENCY display -t ~ keys, with
autorange operating as for the 4700. The procedure is identical to
thatdescribed in the 4700 User's Handbook, Section 3; except that
the 4600 full frequency span is extended to 20kHz.

Error Indications
The presence of an error initiates the OFF sequence, and a 4600
front panel LED indicates the type of error. The 4700 is
programmed to read back status information continuously via the
digital mlerface. In the event ofan error occuring, the 4700 turns
off the analog output to the 4600 and generates a message on its
own MODE/FREQUENCY display. A list of Warnings and
Messages relating to the 4700 appears at the endofSe.ction 4 in the
4700 User's Handbook Some of these can also apply to the 4600.
These are listed overleaf, and are further analyzed in Section 6
(Fault Diagnosis).
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Section 3· Using the 4600

Special Slaved 4600 Wa.rnings and Messages

FAIL 1

FAIL 10
FAIL If)

Error 9
Error OL
Error OL

FAIl2 to FAIL 8
FA Jr.... 9 - 4600 Psu LED red

4700 FREQUENCY/MODE display
N.B. If !.he displayed message applies only lO the 4600, then the error or failure will also be reported via the 4600 front panel

LEDs. The following are typical exarn!Jles, for further information refer to Section 6:
Error 1 to Error () " Same meanings as for the 4700.
Error 7 - Not applicable to the 4600.
Error 8 . The 4600 is not turned on or faulty al the point of selecting the 4700 lOA range. See 'FAIL 10',
Error 8 . 4600 Solo LED lit - One of the two interconnecting bus cables is not connected or faulty. Error 8

occurs at the paim of selecting the 4700 lOA range. See 'FAll.. 10'.
- Not used for the 4600, but will OCCur if the 4700 Current option is not filted.
- 4600 Overdrive LED lit The Input Voltage to !.he 4600 is too high. Check the 4700 OUTPUT selling.
- 4600 Overload LED lit - The terminal voltage has been compliance-limited to: 2V (lOA range), so the

input impedance of the load is probably too high.
- 4600 Overtemp LED lit - The 4600 has overheated and has shut down. One minute after the temperature

has tetwned to nonnaI. the 4700 and 4600 will be reactivated.
Related to 4700 internal operations.

- A 4600 Power Supply failure has occurred, output has been turned off and the
4600 has Shlll down.

- The 4600 has been turned off or become faulty while the 4700 lOA range was seJected. See 'Error 8'.
. 4600 Solo LED lit - One of the lwO interconnecLing bus cableshas become disconnected or faulty.

FAlL 10 only occurs once the 4700 lOA range has been successfully selected.
See 'Error 8'.
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Slaved Facilities

Inherent 4600 Facilities

OnJOff Swit,chlng
The slaved 4600 output can be turned on and off from its frOllt
panel push-buttons. TheonJoffstate is reported via thedigitaI bus,
and the slaving 4700 output on/off controls can be used as
duplicates. Because the polarity of the 4600 DC output current is
determined by the polarity of its input vOltage from the slaving
4700, there is no fadiity for changing 4600 output polarity on its
own from panel.

Status CheckIng
The 4600 conlinuously monitors its own analog operation,
reporting failures and errors via its front panel LEDs. Its
operational status is also made available. for monitoring by the
slaving 4700.

4600 Facilities Slaved by the 4700

Output Value and DC Polarity
Because the 4600 is justa transconductance amplifier, its current
output is a function of the instantaneous values of its input
volUlge. Thus its output value can only be controlled directly
[ram the slaving 4700. This includes i IS DCoutputpolarity, which
therefore depends on the state of the 4700 ON+/ON- switching,
and the polarity shown on the 4700 OUTPUT DISPLAY.

Frequency Store
111e4700 fmnware allows frequencies to be stored for use with the
46000mpul The procedure and effect is the same as for the 4700,
bearing in mind that the 4600 frequency span is extended 10

20kHz. To avoid continual reference to the 4700 User's
Handbook, Section 4; the operations are summarized below:

4700 Store Key - Summary

Press and Release:
Accesses FI-F5 for stored-frequency retrieval.

Second Press and Release:
Dese!eclS Store to revert to normal frequency facility.

Press and Hold:
Allows the displayed frequency to be stored by pressing and
releasing the FI-F5 key of the required memory, while holding
the Store key pressed. Releasing the Store key leaves the chosen
[requencyactive, and present on the 4700 FREQUENCY display.

Spec Mode
The 4700 Spec mode is extended to cover the uncertainties which
affect the 4600 output, operating as if its lOA range were a 4700
range. The figures appearing on lhe 4700 MODE display include
the 4600 and 4700 mslrumenl specification tfficertainties (related
to the setting of the Calibration Interval. switch on the 4700 rear
panel); and Datron'8 calibration uncertainties relative to National
Standards. They are heId in non-volatile memory within the 4700,

Section 3· Using the 4600

along wim the caJibrationcorrections which affect the value of the
Reference voltage to be applied to the 4600 input. Thus if a4600
is slaved to a 4700 with which it was not calibrated, incorrect
calibration corrections and Spec mode uncertainties will result.

The use of the Spec key to display the stored figures is described
in Section 4 of the 4700 User's Handbook.

Error and Offset Modes
Because the value of the Reference voltage applied to the 4600 is
controlled by the internal programming of the 4700; all the
facilities which are availabl.e in the 4700 Current ranges can be
(and are) exte.nded to the 4600 lOA range, through this medium.
For OC ou tputs, bothErrorand Offset modes are available; and for
AC outputs, Error modeonly can be used. This reflects the nonnat
situation which applies to the Current ranges of the 4700. Thus,
for Error and Offset mode operation of the 4600, the separate and
cornbined uses of the Error and Offset keys for the 4600 output
conform to the descriptions in Section 4 of the 4700 User's
Handbook.

Reset
The 4600 is reset by the action ofpressing the 4700 Reset key, or
if the 4700 'Watchdog Bark' (malfunction) occurs. The reset
command forces 4600 Pow r On state, with its switch mode
power supply and its output Off. T minimize any incipient
damage, these transitions are forced without sequencing.

Calibration
The entire AUTOCAL operation is controlled from the 4700, all
the cal ibration constants being stored within the 4700 non-volatile
calibration memory. Subsequently, these constants do not affect
the gain of the 4600 internal circuitry, but modify the value of the
reference voltage being fed from the 4700 via the analog cable to
the 4600. The 4600 should therefore be slaved only to the
indi vidual 4700 which holds its calibration constants, otherwise
invalid corrections will be applied.

Self Test
Pressing the Test key on the 4700 automatically checks both the
4700 and the 4600. This is additional to the 4600's nonnal testing,
which includes continuous monitoring for catastrophic failures
(such as power supplies), overload (overcompliance), input
overdrive and overtemperature. These conditions are reported on
the 4700 display as well as by the indicatorLEDs on the4600 front
panel. Output turns Off when appropriate.

The relevant 4700 Test mode checks for the 4600 are described
later in !:his section.
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?&ction 3· Using the 4600

First ensure that the Reference Voltage Source and 4600 have been powered ON and warmed up for at least 1 hour. then use

the following sequence 10 set up the solo operation, from~ 10 @:

)
~J.T-w

IUo1o'IMDQlI':I'II..aUmCI'CN.''IiIUD
""l.Wta..,..~tDl;

R:JM. .....~

~
ON ""'"OUTPUT

Set
Voltage Source

Output ON

10

Connect Load
to OUTPUT
Terminals

Set for required
RBfer~nce Voltage

MOO AU"JOCAL
TRIlNl>C:OHDUCTANCE

.....Pl.lFlER

OUTPUT

@@
1.. J-

ctatron
f M:§ .. RV-M. H T Si

Conn~ct

Voltage Source Output
la 4600 INPUT

as shown
-----1. 7

2
6

Sense to Remote;
Guard to Local.

OC Reference Voltage Source ~

* To set Output Off, press the 4600 OUTPUT OFF key.
)

Fig. 3.3 GENERAL SEQUENCE OF OPERA nONS - SOLO MODE
)
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Solo Mode - Operating Routines

Interconnections
The 4600 should be linked \0 its Reference Voltage source as
shown in Fig. 3.3. The current output lead kit (part Number
440154) can be iJsed for connection from the 4600 to the Current
output load.

AnaIog~

The reference voltage is fed into Hi and Le INPUT terminals
on Lhe front of the 4600, to be converted into a current which
passes out of Lhe 4600 front panel 1+ and 1- OUTPUT terminals.
The transfer characteristic is 1 amp per volt

Local Control
The valueaodpolarity of the4600 output iscontrolled by thevaJue
and polarity of its input voltage, its output being switched On and
Off by its own front-panel keys.

Calibration Corrections
Solo Mode corrections are incorporated at calibration by simple
mechanical adjustments of trimpots. The trimpots are connected
insread of using Autoeal correc.tions when the 4600 is using a
voltage source only as Reference, and is not slaved to a
compatible 4700·series. calibrator. These corrections are
bypassed in Slave mode.

Solo Mode calibration procedures are given in Section 5.

Power Switches
Ensure that both 4600 and Reference Voltage Source Power
switches are set to ON, and both instruments have warmed up for
at least 1 hoUt.

Section 3 . Using the 4600

DC Current Output
Use the Geneta1 Sequence in Fig. 3.4. Modify selections as
foUows:
• At operation f3] select DC,
• Omit opeultions [5] and [8],
• Use operations [10], {ll] and [4] as required.

N.B. For full specification, output compliance should be limited
to2VDC..

AC Current OUtput
Use the General Sequence in Fig. 3.4. Modify selections as
follows:
• At operation [3] select AC,
• Use operalions [10). [11], (4) and {S] as required.

N.B. For full specification, olitputcompliance should be limited
to 2V RMS.

Current Output On/Off
Once operating in Solo mode, the 4600 CU1Tent output is turned
on and off from the 4600 front panel. All OnlOff actions are
sequenced by the 4600 to maintain a safe internal environment,
and are thus subject to small delays.

Self Test
Error conditions such as power supply failure, overload
(overcompliance). overtemperature and input overdrive are
reported by the indicator LEDs on the 4600 front panel. All error
conditions cause the Output to turn Off.
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Systems Application via the IEEE 488 Interface

No direct connection to the IEEE 488 bus is required for the 4600.
In Solo Mode its Output Current can be varied and set to zero,
using the bus to program the Reference Volr.age Source's output
vol12ge, otherwise it is not programmable. In Slave mode iteM
be programmed VUl the 4700 interface as described below.

IL is controlled remotely by using command F2 or F3:to program
the 4700 into DCI or ACI function respectively, then using bus
command R6 to call up the lOA range. The Output Current value
within the lOA range is set using theM"'·" code as described in
tho 4700 series User's Handbook. Where frequent changes of
rnngc are programmed, it is possible to jmerlink: the Current

3·12

outputtenninalsofthetwoinstrumenlSinparallel,asthefinnware
isolates one oUlputwhen theother is selected. Thus a single output
analog bus am be set up, ro which the outputs of fheinregrated
system appear to derive from a single instrument Switching the
Current output Off isolates the 47oo/46f'1.'; cornblnation from the
common analog bus.

When in fWlction F3, range R6. the 4700/4600 combination can
be programmed up to 20kHz using the 0···· codes. Otherwise,
the4«lO responds to 4700 programming codes as ifit were merely
a sixth ClJJTent range of the 4700. Refer to the 4700 User's
Handbook, Section 5.

)
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Section 4 - 4600 Specifications and Verification

Other Specifications
Input Impedance: 300kn 1/100pF.
Isolation: 100Vpk I- to Chassis,
Output Protection: Fully proteclBd against open and

short circuits.
InpUl Protection: 240V RMS continuous.

DCI
Output: True bipolar output capable of

delivering ±11A.
Overrange: 10%,
Settling TIme: 1s to 40ppm of slep size.

ACI
Se8'le Length: 9% to 110% of rang'e.
Settling TIme: To 100ppm of step size:

10Hz - 32Hz < 10s
92Hz - 330Hl: < 3s
330Hz - 20kHz < 1s

Slave Mod. Datron 4708 Version 5.00 o'r later
Compatibility: Datron 4700 Version 5.00 or laler

Datron 4705 Version 5,00 or later

100/120/220/240 Volts ± 10%,
50Hz or 60Hz.

200 Watts.
o'e to +50'C,
-40'C to +70'0.
89mm x 455mm x 420mm.
3.5" x 18" x 16.5"

10kg.
designed 10 UL1244,

!EC348 & BS4743.
t Year.

4600 Specifications and Verification

Power Supply:

Power Consumption:
Operating Temperature:
Storage Temperature:
Dlmenslo·ns:

Weigh!:
Safety:

Warranty:

P1 Relative 10 input voltage.
fZj For resistive loads. Typical for i.nductive loads.
[3] FS =2 x Full Range'.
!4J Halve these coefficients for the range 23'C ± 10'C
15] Estimated.

A

SECTION 4
Specifications

ccuracy
Functlon Fl'llqu&rlcy Accuracy Callbrallon T.mperatu...· Total ImJ*flln·ce Compllllnee

Ilnd (Hz) ±(ppm OUTPUT + ppm FS) [1) [2} [3J Unclrtllnty Co4Ifficlent HarmQl'1lc
Range (ppm) ±(ppm OUTPUT"Cj Olslor1lon

24 HOur OODav 1 Yea! 3'C·13'C %
23"C±1'C 23'C±,'C 23'CtW'C 33'C· 43'C [4]

DCI
o. 11 .OOOOOA 30+25 50+25 lSO +25 30 14 . >100kO >~DC

ACI
0.9 • 11.00000A 10·1k 150+55 200+SS 300+60 110 20 0.1 >2kO >2V RMS ,

1k- 5k 650+70 700+70 800+80 110 20 0.5 >2.1<.0 >2V RMS

5k·l0k 1050+300 1400+300 2100+300 130 50 1.0 >4oon >2V RMS

10k·20k 4000+1660 5400+i660 7300+1660 2SO IS] 100 1.5 >670 >2V RMS

.. _--

Specifications

General

Notes:
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4600 Specification Verification
In roduction

Reference's

Section 4 - 4600 Seecificafions and Verification

Verification Methods

The factory calibration of the 4600 ensures traceable accuracy to
national standards. Figures of petformance are quoted in the
specifications on page 4-1, related to time since calibration.

The following material deals with user-verification of the 4600
perfonnance to specification, describing arecommended method
of verifying each of the various parameters.

The following supplementary information is given in Appendices
to the section:

Verification Sequence Profiles

The methods and sequence of verification depend on how the
4600 is intended to be wed. and whether it was acquired in
combination with a 4700-series calibrator. This leads to three
broad ways of setting about the verification.

1. Solo Only
If Lhe 4600 is not to be slaved to any 47oo-series calibrator,
then it wiJ tnotbe possible to verify its slaved operation. In this
case. verify the specifications as follows:
a. The Voltage Source to be used as reference for the 4600;
b. The 4600 in Solo mode.

2. Acquired in Combination with a 4700-series CaUbrator
In this case the combination will have been calibrated by the
manufacturer. Verify the specifications in the following
sequence:
3. The calibrator

(detailed in Section 7 of its User's Handbook);
b. The 4600 in Solo mode;
,c. The combination in Slave mode.

3. Slaved to an Existing 4700-series Calibrator
(Issue 5firmware or later.fittedWilh Option 20 or 27, and with
the analog and digital slaving connectors)
In the case ofa 4600 which has been acquired to be staved to
such an existing 4700-series calibrator, the verification should
be carried out using the following sequence:
a. Ensure Ihal the specification of the existing 4700-series

calibrator is verified;
b. Use that calibrator to verify the 4600 in Solo mode;
t. Slave the 4600 to that same calibrator. and use the

calibrator front panel keys 10 calibrate the slaved
combination (refe to Section 5).

d. Verify Ihe slaved combination.

Appendix 1:
Appendix 2:
Appendix 3:
Appendix 4:
Appendix 5:

Validity Tolerance Calculations.
Uncertainty and Traceability.
General Procedural Information.
Alternative AC Current Verification.
HannorUc Distortion Measurement.

Solo and Slave modes employ different independent methods of
applying calibration corrections, with implications to the methods
and criteria of verification for each mode:

• In Solo mode the corrections are applied, during calibration,
by adjusting internal trimpots. The 4600 essentially converls
a voltage to a current,. so calibration (and hence verification)
directly relates the CLIITent output to the voltage input, within
specification limits. Thus the specification can be verified
against any volt.3ge source of suitable value and accuracy.

• 10 Slave mode the Solo mode trimpolS are disconnected, (the
two calibrations being totally independent ofeach other). No
internal adjustments are provided, bllt the 4600 is
auteealibnlted as if it were just another Current range of its
slaving 4700. Thus its calibration corrections are stored in the
non-volatile memory of the 4700~seriescalibrator with which
it was calibrated.

Therefore, if the 4600 is to be verified with a different 4700
series calibrator, it will need to be re-calibrated ftrst. If the
4700-series calibrator and the 4600 are purchased as a
combination, the calibration perfonned at the factory will be
on the combinationof the two units. therefore verification may
proceed without recaJibration.

In addition, the 4600 supplies both DC and AC outputs, so it is
necessary to employ different verification methodS for each.

User's Uncertainty Calculations
The range, accuracy and traceability of users' sumdards affects
the manner in which the performance of any new equipment can
be verified.

Users will need to evaluate the effects of their ovro Standards'
uncertainties. so calculations for total tolerance limils (Validity
Tolerance) are given in Appendix 1 to this section.

On receipt from the manufacturer, the Validity Tolerance must
include the factory calibration uncertainties, but after user
calibration, these uncertainties no longer apply. The implications
of this change. and other related matters, are discussed in
Appendix 2 to this section.
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Section 4 - 4600 Specifications and Verification

4600 Solo Verification

General Philosophy

Measurement of Transconductance
To verify a 4600 in Solo mode, we check its transconductance
value, by providiog a traceable DC or AC voltage input and
measuring thecurrent output. Verifying 10amperes ofDC or AC
current is not a simple matter, as most DMMs which have a lOA
range cannot match the 4600's accuracy; indeed the 4600 is
designed to calibrate such instruments.

DC Outputs
For DC output the verification method relies on the accuracy
provided by the measurement of voltage acros.s a precision lOA
shunt, using a high-quality (ie stable) DMM, used only as a
transfer-measurementdevice to removeits inherent uncertainties.
A DC voltage. from the same traceable voltage source used as
input to the 4600, is adjusted to achieve the same DMM reading
as that measured across the shunt. The output voltage setting of
the source is then compared against calculated limits.

The verification points used are: OV, +10V and -IOV of input
voltage, producing OA, +1OA and ~1OA respectively. The source
ofDC voltage is referred to in the procedure as the 'DCRVS' (DC
Reference Voltage Source).

AC Outputs
To verify the AC output, an AC/DC thermal transfer can be used
with a lOA shunt. The AC reference voltage source is set to
nominal IOV AC, and the Shun.ted ITS is nulled to the 4600 AC
current output. The DCRVS is used as DC reference for the same
4600, and its output reference voltage is adjusted for the same
current null as for AC (its DC specification being sufficiently
accurate). The output voltage setting of the DC source is then
compared against calculated limits.

The AC checks should be carried out immediately after the DC
verification of the 4600. [0 take advantage of DC readings already
taken.

The verification points used are: lOV RMS of input voltage at
300Hz, 5kHz and 20kHz in turn; producing lOA RMS at the same
frequencies. To generate the reference DC current, the DCRVS
is used as input to the 4600. The source of AC voltage is referred
to in the procedure as 'ACRVS' (AC Reference Voltage Source).

Shunt Values
In the following procedures, the shunt voltage values are given for
a lOOmO shunI; values for a lOmQ shunt are indicated by square
braces [...].
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Sequence Profile
Before embarking on any verification, decide which sequence
profile is 10 be followed, after reading the paragraphs headed
'Verification Sequence Profiles' on page 4-3. The following
procedures should form only part of th3t profile.

Warm-up Period
It is recommended 1hat the 4600. DCRVS, ACRVS. DMM and
Thermal Transfer Standard are powered on re warm up forat least
2hours in the recofl1mendedenvironment. beforecarryingomany
steps of the verification process.

Interconnections
Interconnection instructions in this section are necessarily simple
and basic, and are mainly intended to show connections to the
4600. It is recognized that they may need to be adapted to meet
an individual user's reqUirements.

Operation of Standards Equipment
It is assumed that users will possess adeqrulte knowledge of the
operation and use of !.he required standards equipment.

Validity Tolerance Calculations
The verification processes are modelled in Appendix 1 to this
section. The validily lolerance limits are derived by calculations
which are also given in Appendix 1.

Report Sheets
A report sheet is provided for each of the four recommended
verification processes.

They are on pages 4600 RS 1-1 to 1-5 ahe.ad of the Appendices,
and should be used as masters for copying at each occasion when
the 4600 is to be verified.

Alternative AC Current Verification
An alternative method of verifying AC current output, using a
DMM for AC-AC transfer, can be found in Appendix 4 to this
section. The ValidityTolerance Caluculations,.andReportSheets
RS 2 for this method, are contained within Appendix 4.

)
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Solo DC Current Verification

Zero and .Full Rang,e Checks

The Solo 4600 is verified by measuring its transconduetance. We
use the OCRVS to input anominal voltage, and measure the 4600
output CWTenL A shunt converts the output current to a vOltage.
measured across I.he shunt using a D'MM. The DCRVS output is
then connectod dllectly to theDMMandadjusted to give the same

EqUipment Requir,ements

A DC Reference Voltage Source (DCRVS), calibrated to
suitable accuracy at Zero, ±lOV and ±IV [±l00mV].
Example: A Datron 4OCJO/A, 4700 or 4708.
A Calibrated lOA Current Sbunt of suitable accuracy, of
value lOOmQ [lOmQ].
A DMM of sufficient resolution and stability, fot use as a
transfer device to measure the DC voltageacross the shunt
Example: A Datron 1281, 1081 or 1071.

CAUTION
When choosing a lOA current shunt, ensure that its rated power
dissipation is sufficient to avoid permanent degradation from the
self-beating effects of the current being checked.

Summary ot DC Procedure

General
The4600 is verifiedaL Lhreeoutputcurrents: OA, +10Aand-lOA,
corresponding to input voltages of av, +10V and -IOV. The
outputs pass through a precision currentsnuntofvalue lOOmQ [or
lOmD.j; the resultingvolLagesofOV, +lV and-IV [OV,+l00mV
and -] oOmV] are measured by a DC • DC transfer method, using
aDMM.

4600 DC Output Current Measurement
The specification of !he DC Reference VoltageSom~ (DCRVS)
should be known to verify at the voltages to be Used Its output is
app,lied to the Solo 4600 INPUT tenninals. The OU1PUTI+ and
1- terminals of the 4600 are connected to pass the output current
through the shunt, and the DMM is connected to measure the
voltage across me shunt. The OCRVS output voltage is set to the
three nominal verification points in turn, and the DMM readings
are noted

DC - DC Transfer
The DCRVS output is then connected. directly to the DMM input
terminals, with the shunt connection removed. Its output voltage
setting is adjusted in turn to give the same DM:M voLtage readings
obtained across the shwlt. For each of these readings the DCRVS
output setting is noted. The accumulated uncertainties are also
recorded, and the Validity Tolerance Limits are calculated The
4600 verifies if the DCRVS output readings are within these
toLerance limits.
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reading as for the shuntvoltage. TheoutputseuingoftheDCRVS
is compared against calculated limits.

This 'DC - DC Transfer' enswes that the DMM uncertainties are
reduced to negligible levels,

Preparation

Before attempting any verification ensure that the following steps
have been carried 011t.

1. Before conne<:ling and operating any equipment, consult the
manufacturers' handbooks.

2. Ensure thattbe OCRVS and DMM specifications verify at the
following volcages:
DCRVS ·lOV; -lV HOOmV]~OV; +IV [lOOmV]; +10V.
DMM -IV [-IOOmVJ; OV; +IV [+100mV].

3. Turn on the DCRVs., DMMand4600 10 bechecked and allow
at least 2 hours' warm-up in the specified environment

4. Ensure that the DCRVS and 4600 Outputs are OFF.

5. The 4600 front panel LEDs should show no errors present
Carry out any self-test routine on the DCRVS.

The procedure is detailed on pages 4-6n.

4S



Section 4 - 4600 Specifications and Verification

Solo DC Current Verification Procedure
Record results n Report Sheet 4600 RS 1, (page RS 1-2)

DC Output Current Measurement

DC DMM (1'.' [100mV} RNlge)DC Reference Voltage
Source (OCRVS)

:'··,·· .. ·DANGER················:······"
HIGH VOLTAGE &:..........

Connect the DCRVS, 4600, Shunt and DMM as shown in the
above diagram (ensure the connection of DMM Ul to the 4600
INPlIT ground).

Carry out operations (a) to (h) in turn:

a. DMM

b. DCRV

c, 4600

d. DMM

e. DCRVS

t. DMM

g. DCRVS

h. DMM

j. 4600

k. DCRVS

Set DC range 10 measure the shunt voltage.

Ensure that OUTPUT is OFF,
FUNCTlONco DC Voltage,
OUTPUT RANGE 10 lOV.
Sense and Guard to Remote.
OUTPUT voltage O.OOOOOV.
Set Output ON.

Set Outpuc ON.

Record thereading in the Report SheelRS1, as
DMM Transfer Reading: 'VO'.

Set Output to +10.00000V.

Record the reading in !heReport ShoetRS1, as
DMM Transfer Reading: '-4- VI' .

Set Output to -10.00000V.

Record the:reading in the Report SheetRS 1, as
DMM Transfer Reading: '-Vl'.

Set Output OFF.

Set Output OFF.

)
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DC - DC Transfer

DC Rllferenee Voltage
.............~.~~.oe.(~~.~~) .

DAN:GEA '\
HlGH VOl.TAGE &!
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DC DMU (1V (100mV] RlIngll)

HI Le
.......................................................

Connect the DMM to read the DCRVS output as in the above
diagrdffi. Ensure that the DMM Guard is set to remote.

Carry out operations (j) to (r) in turn:

j. DCRVS Ensure thatOUTPlIT is OFF,
RJNCTION to DC Voltage,
OUTPUT RANGE -to lV [lOOmVJ,
Sense [0 Remote.
Guard to Local.

k. DMM Set DC range to measure 'VO'.

1. DCRVS Set OUTPUT ON.
AdjusL1he DCRVS output voltage to give aDMM
reading of VO'. Record the DCRVS output
voltage setting against 'Vm' in the OA column of
RSl Table 1.
Set OUTPUT OFF.

m. DMM Set DC range to measure ·+Vl'.

n. DCRVS Set OU1PUT ON.
Adjust the OCRVS output VOltage to give a DMM
reading of '+VI'. Record the DCRVS ootput
voltage ~tting against 'Vm' in the +l4)A column
of RS 1 Table 1.
Set OUTPUT OFF.

p. DMM Set DC range to measure '-VI'.

q. DCRVS Set OUTPUT ON.
Adjust the OCRVS output voltage 10give aDMM
reading. of '-VI'. Record the DCRVS output
voltage setting against 'Vm' in the-lOA column
ofRS 1Table L
Set OlITPUT OFF.

Validity Tolerance LImit Calcula110ns
Refer 10 Appendix 1 page 4-A1-1.

r', Calculate the Lower and Upper Vm Tolerance Limits.

• Use Calculation A if the 4600 was last calibrated by Datron.

• Use CaIculation B if the 4600 was last calibrated against ilie
standards being used for verification.

• Use Calculation C if the verification immediately follows a
calibration using the same equipmenL

The Solo zero and ±Full Range DC outputs verify if the values of
Vm recorded in (J),(n)and (q) areatorbetween the corresponding
Vm Tolerance Limits.
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Solo AC Current Verification

Full Range Checks

The Solo 4600 is verified by measuring its ttansconductance. A
Thermal Transfer Standard (ITS), in conjunction with a lOA
shunt, is ftrst nulled at the nominal Full Range lOA AC current
output from the4600: using theACRVS to providethe 4600 input
reference voltage.

Equipment Requirements

The DC Reference Voltage Source (DCRVS) used in the
previous procedure to verify the 4600 DC current output.
Example: A Datron 4OOO/A.4700 or 4708,
An AC Reference Voltage Source (ACRVS) of suitable
accuracy, with its specification verified for IOV RMS
outputs at 300Hz, 5kHz and 20kHz.
Example: A Datron 4200A, 4700 or 4708.
A Calibrated AC lOA Thennal Transfer Current Shunt of
suitable accuracy, of value lOOmQ (lOmQ].
Example: Holt RCS 1.
A Thermal Transfer Standard of sufficient resolution and
stability, for use in conjunction with the shunt

CAUTION
When choosing a lOA CWTent shunt, ensure that its rated power
dissipation is sufficient to avoid permanent degradation from the
self-heating effects of me current being checked.

Summary of AC Procedure

General
The 4600 is verified for three output currents: lOA RMS at
300Hz, 5kHz and 20kHz; for input voltages of 1OV RMS at those
frequencies. The AC outputs are measW'ed using a thennal
transfer standard with a precision current shunt of value lOOmil
[or lOmQ]; the 4600 DC output is used as reference current.

ITS Null to 4600 AC Output Current
The OUTPUT I+ and 1- terminals of the 4600 are connected to
pass the output current to a thermal transfer standard. used in
conjunction with a lOA current shunt. The ITS is nulled for AC
outputcurrents at 300Hz, 5kHz and 20kHz, denved by driving the
4600 from the ACRVS set to nomina1lOV AC output at each of
the three frequencies.

AC • DC Thermal Transfer
The DCRVS outputis then applied to the4600 input This voltage
is adjusted for the 4600 ou.tput current to give a null on the ITS.
The OCRVS output setting is recorded. The accumulated
uncertainties are also recorded. and the Validity ToleranceLimits
calculated. The 4600 is verified if the DCRVS output reading is
wilhin these tolerance limits.
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We then use the DCRVS to input DC voltage to the 4600,
adjusting the input voltage value to to obtain a null on the ns.
The DCRVS output voltage settings to obtain the null are
compared against calculated limits.

Prepar,ation

Before attempting any verification ensure that the following steps
have been carried out:

1. Before connecting and operating any equipment, consult the
manufacturers' haridbooks,

2. Check that the DCRVS specification is verified at lOV DC
output, and that the ACRVS specification is verified for tOV
output at 300Hz, 5kHz and 20kHz.

3. Check that the Solo4600 specification is verified faH lOA DC
output.

4. Check that me DCRVS. ACRVS, ITS and 4600 are fully
warmed. up. and their Outputs are OFF.

s. The 4600 front panel LEDs should show no errors present.

The procedure is detailed on pages 4~10/11.
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Solo AC Current VerificaUon Procedure
Record results on Report Sheet 4600 RS 1, (page RSl.3)

)

To avold around Loops
use a floating (battery-powered)

Thermal Transfer Standard.

I+ I-

iHiO:RMA'L
TRANSFER
'STANDARD

ACIOC Reference Voltage_. . ... so.ur~ (F1VSI. . ....
DANGER 1.\

HIGH VOLTAGE Lh
~

Measure at 300Hz

Carry out operations (a) to (g):

Nu 11 the ITS to the 4600 AC Output Current
Connect the ACRVS outputto the4600 INPUT terminals as in the
diagram. Connect the shunt and ITS to the 4600 OU'IPUT
terminals as shown (ensure the connection ofShuntLo to the 46(X)
INPUT ground).

a. ACRVS Ensure that OUTPUT is OFF,
FUNCTION to AC Voltage,
FREQUENCY to 300Hz,
OUTPUT RANGE to lOV,
Sense to Remote; Guard ID Local.
OUTPUT voltage to lO.OOOOOV RMS.

k. Disconnect the OCRVS from the 4600 INPUT tenninaIs.

)

)

)Set OUTPUT OFF.j. 4600

AC • DC Thennal Transfer
Disconnect the ACRVS output from the 4600 INPUT tenninals
and connect the DCRVS in its place.

Carry ouloperations (b) to (k):

h. OCRVS Ensure that OUTPUT is OFF,
FUNCTION to DC Voltage,
OUTPUT RANGE to 10V.
Sense and Guard to Remote.
Set OUlPUT ON.
Adjust OUTPUT voltage for a Null reading on
the "ITS, increasing ITS sensitivity to obtain
the best null. Allow the reading to stabilize.
Readjust OUTPUT voltage for a Null reading
on theTIS.
Record the Output voltage setting on RS 1
Table 2 against Vm in the 300Hz column.
SetOUlPUT OFF.

Set range 1.0 maximum.

Set OUTPUT ON.

Set OUTPUT ON. Note that the TTS indicates.

Adjust for a Null reading.
Reduce range for the largest stable reading.
Allow the reading to stabilize.
Readjust for a Null reading.

Set OUTPUT OFF.

Set OUTPUT OFF.

b. TTS

c. ACRVS

d. 4600

e. TTS

f. 4600

g. ACRVS
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Measure at 5kHz

l. Repeal as for the 300Hz procedure, but setting !he ACRVS
frequency to SkHz at operation (a). At operation (h) record
the output voltage setting against Vm in the 5kHz coLumn.

Measure at 20kHz

m. Repeat as for the 300Hz procedure, but setting the ACRVS
frequency to 20kHz at operation (a). At operation (h) record
the output voltage setting against Vm in the 20kHz column.
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Verify Against Calculated Limits

Validity Tolerance Limit Calculations
Refer to Appendix 1 page 4-Al-3.

n. Calculate the Lower and Upper Vm Tolerance Limits.

• Use Calculation A if the 4600 was last calibrated by Datron.

• Use Calculation B if the 4600 was last calibrated against the
standards being used for verification.

• Use Calculation C if the verification immediateLy follows a
calibration using the same equipmenL

The Solo Full Range AC outputs verify if the values of Vm
recorded in operations (b), (1) and (m) are at or between the
corresponding Vm Tolerance Limits.
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4600 Slave Verification
N.B. In Lhis sub-section, reference to a '4700' refers also to a compatible model 4705, 4707 or 4708.

General Philosophy

)

Measurement of Output
To verify a combined 4600 in Slave mode, we should first have
measured its transconductance value in Solo mode, to check the
independent, manua] Solo calibration. This is because in Slave
mode, the actual reference voltage input to the 4600 is
inaccessible due 1:0 the from panel INPUT terminals being
isolate.d, and so the n-ansconductance cannot be checked when
slaved.

To verify a 4600 which is slaved to a particular 4700-series
calibrator, we measure its output current (using the same
tcchniques as for Solo mode), which is then compared against the
slaving 4700's OUTPUT setling.

DC Outputs
For DC output the verification method relies on the accuracy
provided by the measurement of voltage across a precision lOA
ShUIiL, using a high-quality (ie stable) DMM, used only as a
transfer-measurementdevice to remove its inherent uncertainties.
A DC voltage, from the slaving 4700, is adjusted to achieve the
same DMM rca,cling as that measured across the shunt. Theoutput
display selting of tile 4700 is then compared against calculated
limits. The combination is verified at: OA, + lOA and -lOA.

AC Outputs
To verify the AC outpuL, an AC/DC thermal transfer can be used
witha lOA shunt The slaving 4700 is settonominallOAAC,and
the Shunted ITS is nulled la the 4600 AC current output. The
4700 setting is changed to the lOA DC range, and the 4600 DC
output is adjusted for the same current null as for AC. The 4700
DC current OUTPUT setting is then compared against calculated
limits.

The AC checks should be carried out immediately after the DC
ver j ficalion of the 4600, to take advanlageofDe feadings already
taken.

The verification points used are: lOA RMS of output current at
300Hz, 5kHz and 20kHz in mm.

Shunt Values
In the following procedures, the shun tvoltage values aregiven for
a ]OOmQ shunt; values for a 10rnQ. shunt are indicated by square
braces [...].

Sequence PrOfl[.e
Before embarking on any verifi,cation, decide which sequence
proJilc is to be followed, after reading the paragraphs headed
'Verification Sequence Profiles' on page 4-2. The following
procedures should fonn only part of that profi le.
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Prior Calibration of the Combination
The4600 cannotbe verified with any4700-series calibrator, other
than that with which it was calibrated in Slave mode. That
particular 4700 holds the corrections which were stored at the
prior calibration, in its non-volatile calibration memory.

If the 4700 and 4600 to be verified were purchased as a
combination, Slave mode would have been calibrated before
shipmentand verification can proceed without further calibration.
But if the 4600 has not yet been calibrated in Slave mode with the
4700 to be used for verification, it is necessary to, perfonn this
calibration (detailed in Section 5) before verifying as described in
this sub-section.

Warm-up PerIod
It is'recommended that the 4600, 4700, DMM and Thermal
Transfer Standard are powered on to warm up for at least 2 hours
in the recommended environment, before carrying out any steps
of the verification process.

Interconnections
Interconnection instructions in this section are necessarily simple
and basic, and are mainly intended to show connections to the
4600. It is recognized that they may need to be adapted to meet
an individual user's requirements.

Operation of Standards Equipment
It is assumed that users wiJ1 possess adequate knowledge of Lhe
operalion and use of the required standards equipment.

Validity Tolerance Calculations
The verification processes are modelled in Appendix 1 to tbis
section. The validity tolerance limits are derived by calculations
which are also given in Appendix 1.

Report Sheets
A report sheet is provided for each of the four recommended
verification processes.

They are on pages 4600 RS 1-1 to 1-5 ahead of the Appendices,
and should be used as masters for copying at each occasion when
the 4600 is to be verified

Alternative AC Current Verification
An alternative method of verifying AC current output, using a
DMM for AC-AC transfer, can be found in Appendix 4 to this
section. The Validity Tolerance CalucuJations, andReportSheets
RS 2 for this method, are conlained within Appendix 4.

)
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Slave DC Cur;rent Veri,fication

Z'ero and FuU Range Checks

The slaved 4600 is verified by measuring its output. We compare
the output current value against the 4700 OUIPUT setting. A
shuntconverts the outputcwrent to a vOltage, measuredacross the
shUn! using a DMM. The 4700 voltage output is then connected
directly to the DMM and adjusted to give the same reading as for

Equipment ReqUirements

The slaving4700, DC voltage verified to suitableaccuracy
at Zero, ±lOV and ±lV [±l00mVJ, and previously
calibrated in Slave mode with the 4600 to be verified.
A Calibrated lOA Current Shunt of suitable accuracy, of
value lOOrnO [lOmQ}.
A D:MM of sufficient resolution and stability, for use as a
transfer device to measure the DC volcageacross the shun t

Example: A Datron 1281,1081 or 1071.

CAUTION
When choosing a LOA current shunL, ensure that its rated power
dissipation is sufficient to avoid permanent degradation from the
self-heating effects of the current being checked.

Summary of DC Procedure

General
The4600 is verified at three output currents: OA, +1OA and -LOA.
The outputs are passed through a precision current shunt of value
lODmD. [or lOmQJ, the resulting voltages of QV, +lV and -IV
[OV,+1OOmVand -lOOmV] being measured by aDC- DC transfer
method. using a DMM.

4600 DC Output Current Measurement
The specification of the 4700 should be known to verify at the
voltages lebe used. It is connected in slavemode to the 4600. The
OUTPUT 1+ and 1- tenninals oflhe4600 arecoonected to pass the
output current thn)ugh the shunt. and the DMM is connected to
measure !.he voll.age across the shunt The lOA range OU1PlIT
display is set to the three nominal verification points in turn, and
the DMM: readings are noted.

DC • DC Transfer
The 4700 output is then connected directly to the DMM input
terminals, with the shunt connection removed. Its output voltage
setting is adjusted in turn to give the sameDMM voltage readings
obtained across the sh unt For each of these readings the 4700
output setting is noted. The accumulated uncenainties are also
recorded, and the Validity Tolerance LimitS are calculated. The
4600 verifies if the 4700 OUTPU1' display settings are within
these tolerance limits.
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theshuntvoLtage. The 4700OO'TPUTdisplaysetting iscompared
against calculated limits..

This 'OC - DC Transfer' ensures that the DMM uncertainties are
reduced to negligible levels.

Preparation

Beforeattempting any verification ensure that the following steps
have been carried OilL

1. Before connecting and operating any equipment, consult the
manufacturers' handbooks.

2. EnsUI'e that the 4700 and DMM specifications verify at the
following voltages:
4100 -lOV; -IV [-lOOmVJ; OV; +lV [lOOmY]; +LOV.
DMM -IV [-100mV1; OV; +lV [+100mV].

3. Turn on the 4700, DMM and 4600 to be checked and allow at
Least 2 hours' warm-up in the specified environment

4. Ensure that the 4700 and 4600 OutpUts are OFF.

S. The 4600 front panel LEDs should show no errors present
Press the~700 Test key to carry outtheself-t:estroutineon the
4700/4600 combination.

The procedure is detailed on pages 4-14/15.
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Slave DC Current Verification Procedure
Record results on Report Sheet 4600 RS 1, (page RS 1-4)

)

)

)

I~.

nGuard
gi~~, la1 4 wire n
'QW ~2wlran

G;:,wd";,.,,,..,., [I Local Guard
::{r\:TI
~f'}' Remote Guard

OUTPUT

:1+ I-

DCOMM
(1V[100mV]

Range)

INPUT

Sleved4600

DC Output Current Measurement

Connect the slaved 4600. Shunt and DMMas shown in the above
diagram (ensure the connection of DMM 1.0 to the 4600 INPUT
ground).

Carry out operations (a) to (k) in turn:

a. DMM

b. 4700

c. 4600

d. 4700

e. DMM

Set DC range to measure the shunt voltage.

Ensure that OUTPUf is OFF.
FUNCTION to DC, then I,
RANGE 10 10, Guard and Sense are controlled
internally by fmnware.
OUfPUT to O.OOOOOA by pressing the 'Zero' key
Press the ON+ key. Check that the 4700 and 4600
ON key LEDs light and the DMM indicates.
Press the OFF key. Check that the 47f)O and 4600
ON key LEDs go out, OFF LEDs light and Ihe
DMM indication falls to zero.

Press the OUTPUT ON key. Chock that the 4700
and 4600 ON key LEDs light and the DMM
indicates.
Press the OUTPUT OFF key. Check that tbe 4700
and 4600 ON key LEDs go out, OFF LEDs light
and the DMM indication falls to z.ero.

Press the OlITPUT ON+ key.

Record the reading in the Report Sheet RSl, as
DMM Tran fer Reading: 'VO·.

f. 4700

g. D'MM

h. 4700

j. DMM

k. 4700

Press the Full Range key to set the OtITPUT
display reading to +10,OOOOOA.

Record the reading in the Report Sheet RS I, as
DMM Transfer Reading: '+VI'.

Press the ON· key to set the OUTPUT display
reading to -10.00000A.

Record the reading in the Report Sheet RSl, as
DMM Transfer Reading: '.VI' ,

Set Output OFF.
\
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DC • DC TranSfer

47004erles
511...,I'n9 calibrator

("'~;~~A~~~:~~"""Lh

..........

i Hr
........... , , •••••• n •••• ••••••• ,····.····

Connect the D:M:M to read the 4700 output as in the above
diagram. Ensure that the DMM Guard is set to Remote.

Carry outoperac.ons (1) to (t) in turn:
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DC DMM (1Y [100mV] Renae)

)

)

)

1. 4700

m.DMM'

n. 4700

p. DMM

q. 4700

r. DMM

s. 4100

Ensure that OUTPUT is OFF,
FUNCTION to DC,
OUTPUT RANGE to 1 [lOOm],
Sense to Remote.
Guard to Local.

Set DC range to measure 'VO',

Set OUTPUT ON+.
Using the OUTPUT t'''' keys, adjust the 4700
Olltput voltage to give a DMM reading of'VO'.
Record the 4700 OUTPUT display setting
against. 'Vm' in the OA column ofRSl Table 3.
Set OUTPUT OFF.

Set DC range to measure '+Vl'.

Set OUTPUT ON+.

Using the OUlPUT ..... keys, adjust the 4700
output voltage to give a DMM reading of '+VI',
Record the 4700 OUTPUT display setting
against 'Vm' in the +10A columnofRSl Table 3.
Set OUTPUT OFF.

Set DC range to measure '-VI'.

Set OUIPUT ON-,

Using the OUIPUf t'" keys, adjust the 4700
output voltage to give a DMM reading of '.VI'.
Record the 4700 OUTPUT display setting
against 'Vm'in the-lOA column of RSl Table 3.
Set OUTPUT OFF.

Validity Tolerance Limit Calculations
Refer to Appendix 1 page 4-AI-S.

t. Calculate the Lower and Upper Vm Tolerance Limits.

• Use Calculation A if the 4600 was last calibrated by Datron.

• Use Calculation B if the 4600 was last calibrated ·against the
standards being used for verification.

• Use Calculation C if the verification immediately follows a
calibration using the same equipment

The Slave Zero and ±Full Range DC outputs verify if the values
of Vm recorded in (n), (q) and (8) are at or between the
corresponding Vm Tolerance Limits.
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Slave AC Current Verification
Full Range Checks

The Slave 4600 is verified by measuring its output A Thermal
Transfer Standard errS), in conjunction with a lOA shunt, is frrst
nuUed at the nominal lOA AC current output from the 4700/4600
combination.

EqUipment Requirements

The slaving 4700, AC voltage verified to suitableaccuracy
at IOV fOli" frequencies of 300Hz, SkHz and 20kHz;
previously calibrated in Slave mode with the 4600 to be
verified. Verification of the lOA DC output of the same
4700/4600 combination must have been carried out within
the previous 24 hours.
A Calibrated AC lOA Thennal Transfer Current Shunt of
suitable accuracy, of value lOOmQ [lOmQJ_
Example: Holt HCS L
A ThennaJ Transfer Standard of sufficient resolution and
stability, for use in conjunction with the shunt.

CAUTION
When choosing a lOA current shunt, ensure that its rated powe
dissipation is sufficient to avoid pennanenl degradation from the
self-heating effects of the current being checked.

Summary of AC Procedure

General
The 4600 is verified for three output currents: lOA RMS at
300Hz, 5kHz and 20kHz. The AC outputs are measured using a
thermal cransfer standard in conjunction with a precision current
shunt of value lOOmf! [or lOmnl, againSt the 4600 DC output
used as reference current

'ITS N'ull to 4600 AC Output Current
TheOUTPUT 1+ and1- terminalsoftheslaved4600are connected
to pass output current to a Ihenna! transfer standard, used in
conjunction with a lOA current shunt. The ITS is nulled for AC
output currents at 3ooRz., 5kHz and 20kHz.. derived by setting the
4700 to nominal lOA AC output at each of the Ihtee frequencies,

AC - DC Thermal Transfer
The 4700 is then switched to its lOA DC range. Its output display
isadjusted to give a null on the ITS, and the actual display setting
is recorded. The accumulated uncenainties arealso recorded, and
the Validity Tolerance Limits calculated. The 4600 "is verified if
the 4700 output display setting is within these tolerance limits,

Section 4 - 4600 SpecificaOons and Verification

We then switch the combination to output DC current, and adjust
the 4700 OUIPUTdisplay value to obtain a null on the ITS. The
4700 OUTPUT display settings to obtain the null arecompared
against calculated limits.

Preparation

Before attempting any verification ensure that the following steps
have been carried out

1. Before connecting and operating any equipment, consult the
manufacturers' handbooks.

2. Check that the 4700 specification is verified for lOV AC
output at 300Hz, 5kHz and 2OkBz.

3. Check thal the slaved 4700/4600 specification is verified for
+lOA DC output.

4.. Check that the ITS, 4700 and 4600 are fully warmed up, and
their Outputs are OFF.

5. The 4600 front panel LEDs should show no errors present.

The procedure is detailed on pages 4-18/19.

4-17



Section 4 - 4600 Specifications and Verification

Slave AC Current Verification Procedure
Record results on Report Sheet 4600 RS 1, (page RSl-5)

ntERMAl
TRANSFER

.STANDARD

To avoid Ground Loops
use afloaling (battery-powered)

Thermal Transfer Standard.

INPUT

ee
Hi . Lo

&

Measure at 300Hz

Null the TTS to the 4600 AC Output Current AC ~ DC Thennal Transfer
ConnecttheshuntandTISto the slaved4600OUTPUTtenninals
as shown in the diagram (ensure the connection ofShunt1.0 to the Carry out operdtion (f):
4600 INPUT ground).

Carry out operations (a) to (e):

a. 4700

b. TTS

Co 4700

d. TTS

e. 4700

4-18

Ensure that OUTPUT is OFF,
FUNCTION to AC then I,
FREQUENCY to 300Hz,
OUTPUT RANGE to ID, Guard and Sense are
controlled internally hy finnware.
Press the Full Range key to set the 4600 output
current to lO.OOOOOA RMS.

Set range to maximum.

Set OUTPUT ON.

Adjust for a Nul) reading.
Reduce range for the largest stable reading.
Allow the reading to stabilize.
Readjust for a Null reading.

Set OTJTPUT OFF.

f. 4700 EnslITe that OUTPUT is OFF.
FUNCT10N to DC then I,
OUTPDT RANGE to 10,
Press OU1PUT ON+ key.
Using OUTPUT .... keys,'adjust the 4600
output current for a Nuli reading on the ITS,
increasi'ng ITS sensitivity to obtain the best
null. Allow the reading to stabilize.
Readjust output current for a Null reading on
the ITS.
Record the OUTPUT display current setting on
RS 1 Table 4 against DCIm in the 300Hz
column.
Set OU1PUT OFF.



Measure at 5kHz

g, Repeat as for the 300Hz procedure, but setting the 4700
frequency to 5kHzatoperation (a). At operation (0 record the
output voltage setting against DCIm in the 5kHz column.

Measure at 20kHz

h. Repeat as for the 300Hz procedure, but setting the 4700
frequency to 20kHz at operation (a), At operation (0 record
the outputvoltage settfug againstDCIm in the20kHz column.

Section 4 . 4600 Specl1ications and Verification

Verify Against Calculated Limits

Validity Tolerance Llm"t Calculations
Refer to Appendix 1 page4·Al-7.

b. Calculate the Lower and Upper DCIm Tolerance Limits.

• Use Calculation A if the 4600 was last calibrated by Datron.

• Use Calculation B if the 4600 was tast calibrated against the
standards being used for verification.

• Use Calculation C if the verification immediately follows a
calibration using the same equipment

The Slave FuU Range AC outputs verify if the values of DCIm
recorded in operations (f), (g) and (b) are at or between the
corresponding DClm Tolerance Limits.
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Verification Report
4600 Verification Report

--------------------------_..-_._--------------"--
4600 RS 1

Model 4600

4600 Serial Number . Associated 4700/4705/4707/4708 Serial Number .

Calibration Interval -- 90days--·... Specification .~- Accuracy --- ..

Date . Checked by . CompanylDepL , .

.NOle: On receipt of the Instrument it is recommended to check at the values shown In the tabl'es.

The 'Validity ToleranCe'
Why is it necessary to calculate this tolerance?

It is impossibl,e ta verily the specification of an hi.Slrument with
absolute certainty, even using the original calibration equipment to
make measurements. All measurements carry adegree of uncertainty,
this being quantified by the traceability of the measuring equipment.

The measurements line-mpt 10 verify lhallhe instrument performs
within lts specification; le. it operates within the tolerance of its
accumulaled uncertainties. Bulas the measurement itself has its OWn
accumuf.aWd uncertainties, these must be added 10 !I1ose of the
instrument in order to set a 'Validity Tolerance'.

II an instrument performs within Its validity tolerances, all that can be
assumed is that Its verification is uncertain. For example; if results
agree exactly with the instrument settings, the measurements are still

·at least as uncertain as the traceability (to absolute accuracy) of !he
measuring equipment .The only certainty is that if one reslJltexceeds
its validity tolerance, then the instrument has failed to verily.

For ·a verification measurement to be acceptable, therefore, each
validity tolerance muslaxpress acontinucus trace 01 all the uncertainties
from the instrumenllerminals. via 'Absolute Accuracy', to the measuring
equipment connections to those terminals. The validity tolerance of
the trace is obtaioedby adding togetherall the interveninguncertainties
at the time the measurement is made. The speci.fication sets ·out the
worst-case allowances (relative tolerances) for the instrument
performance. For the measuring equipment, worst~se tolerances
must also be assumed. The full extent of the accumulation is
illustrated below in the simplified diagram:

User's calibratlon·S·randard
Uncertainty Relative to

Absolute Accuracy ·1

~••"'~·""'~••~:.:~m:.>:w..:.>:~.>""?N,,~·,,~>:,;:':'·.»m>>>w.>>~~·~m:.>>:':'::«w.,.:.;:,:,>:.:.~>..J

Oarron's CalibraTion-Standard
Uncertainty Relative to

A\)roluhlo At;curat:y

··~:..;.:..:r:·:·:·:..:·:.:·j:-:,·:.;w:.:·: ...v:.:O:'(·:W:.:.:.N:.:V:·:v:,·:.~~..:\.?~~:

Inslfument Accuracy L.~
Relative to ,.

Calibration Standards '::,
.:.:

-:.:-:-::.y.....:-:.;.:-y.':-:.:-~.:-:.:-:-:.:.:.:.:.:-~.:.:';.;.:.:,;,:_:.:.~:jW

InslrumMlI
TennlmlJs

User's Measurement System
Connectfon 10 Instrument

Sum of all Uncertainties ~'Vall{)llY Tol&ranca'

CONSTRUCTION OF 'VALIDITY TOLERANCE'

\mplementatlon on Receipt of Instrument I'mplementatlon after User-eaHbratlon

The tables in this report document provide columns to enter both the
relevant results of measurements and results of calcv!alions from the
measurements. Guidance is given in the form of calculalion equations,
where to obta~n Information, and tables to simplify the calculations.

Wherever appropriate and possible, the figures in the columns are
already entered (90 day Spedfication). The recommended methods
01 sening up the equipment, and measuring the fnstrument outputs,
are described in the body of Section 4.

Once the instrumenthas been calibratedagainst the user's standards,
then Datroo's calibration-standard uncertainties can be removed from
the validity tolerance calculation.

It is still necessary to InclUde the worst·case usets calibration·
standard uncertainties forthe timeperiod elapsed since tile instrument
was last verified or calibrated.

Itis anticipated that userswin wish to employ their own standard report
formats on these ooca:sioos.
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4600 Verification Report

TABLE 3. SLAVE DC CURRENT

Zero and Full Range Checks

Calculate Total Measurement 4600 Output Measurement UncertalnUes (±ppm of Full Range)
Uncertainty
(Enter all uncertainties in ppm) oA +10A ·10A

..- .. _.

DCRVS Accuracy I Urn

Shunt Accuracy
relative to Absolute Ur

Slaved 4600/4700 Accuracy 24hr BOdy 1yr 24hr 90dy 1yr 24hr BOdy 1YT
relative to CaI. SIds. Us") 50 50 52 81 104 217 81 104 217

Slaved 4600/4705 Accuracy 24hr BOdy 1yr 24hr 90dy 1yr 24hr 90dy 1yr
relative 10 Cal. Stds. Us"l 52 52 .60 88 117 245 88 117 245

Slaved 4600/4707 Accuracy 24hr eOdy 1yr 24hr eOdy 1yr 24hr BOdy 1yr
relalive 10 Ca1. SIds. Us!'1 50 50 50 80 102 174 80 102 174

Slaved 4600/4708 Accuracy 24;,r BOdy 1yr 24hr 90dy 1yr 24hr 90dy 1yr
relative to Cal. Stds. Us'" 50 50 50 80 100 170 80 100 170

Dalron Cal Std uncertainty
relati ....e to Absolute Ud lll 30 30 30 30 30 30 30 30 30

Use~'s qat Std uncertainty
UC l21relallve 10 Absolute

Total Measurement Uncertainty
(Validity Tolerance) DCUI

Calculate Validity Tolerance limits
-

Value of DC Current Shunt
Ra Q Q {)

Target Value for Vm
TgtVm[31 V V V

Upper Tolerance Limit for Vm
iULVm V V V

Lower Tolerance Limit for Vm
lLVm I V V V

...

DMM Readings and 4700 Settings

DMM Transfer Readings I 'VD' '"' '+Vl' r '-V1' =
V V v

Actual 4700 Settings (Vrn)
for DMM Transfer Reading Vm v V V

Notes:
1. Use Ud only if the 4600 was last calibrated by Dalron.
2. Use Uc only jf the 4600 was not last calibrared by Datron.

Enter the calibration uncertainty for the most-recent calibration.
3. The value of TgtVm is dependent on the value Rs of the shunt.
4. Use only one value of Us: the one appropriate 10 the slaving calibrator in use.
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TABLE 4. SLAVE AC CURRENT

Full Range Checks

4600 Vedfication Report

4600 Output Measurement Uncertainties (±ppm of Full Range)
Calculate Total Measurement - Verification Frequencies·
UncertaInty (ppm) 300Hz 5kHz 20kHz

- . _.

Total DC Measurement Uncer-
tainty (from DC Verification) DGUt"1

Slaved 4600/4700 AC Accuracy 24h' 90dy 1yr 24hr 90dy ty' 24h, 90dy 1y,
relative to Cafibration Standards ACU.(·I 520 590 820 930 1000 1220 7420 8960 10980

Slaved 4800/4705 AC Accuracy 24h, 90dy tyr 24h' 90dy 1y' 24h, 90dy 1y,
relative to CaJ.ibration Standards ACU,'&I 630 730 940 1090 1190 1360 7620 9320 11270

Slaved 4600/4707 AC Accuracy 24h, 90dy ly, 24hr 90dy tyr 24hr 9Ddy tyr
relative to Ca~ibration Standards ACUS'5J 400 470 570 860 940 1030 7320 8770 10410

Slaved 4600/4708 AC Aocuracy 24hr 90dy 1y, 24hr 90dy tyr 24hr 90dy 1y,
relative to C.alibration Standards. ACUS/·) 340 410 470 610 870 940 7320 8720 10340

Datron AC Cal Standard Uncert
relative to Absoluta ACUd'~1 110 110 110 no 110 110 250" 250" 250"

User's AC Cal. Standard Uncert
relative la Absolute ACUcIJ1

Total Measurement Uncertainly
(Validity Tolerance) ACU,

Calculate Validity TolQrance limits

ITS Transfer Function
Fit

.-

Target Value for DC/m Tg1
DClm('} A A A

- --

Upper Tolerance Limit for DClm
ULlm A A A,

Lower Tolerance Limit for DClm
lUrn A A A

-- .-

4700 AC Ourrent setting
for Thermal Transfer Null DCJm A A A

_.

Notes:
1. DCUt was calculated during the previous Slave DC verification.

Ensure that the correct Cal. Std. Uncertainty (Ud or Uc) was included.
2. Use ACUd only if the 4600 was last calibrated by Dalron.
3. Use AGUe only ilthe 4600 was not last calibrated by Datron.

Enter the calibration uncertainty for the most-recent calibration.
4. The value of TgtDClm is dependent on the ShuntfTTS Transfer Function (Fir).
5. Use only one value of ACUs: the One appropriate to the slaving calibrator in use.

Estimated
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Section 4 • 4600 Verification - Appendix 1
Appendix 1 to:
4600 User's Handbook
Section 4

Validity Tolerance Li'mit Calculati,ons
This appendix deals with the calculations necessary 10 determine the Validity Tolerance Limits for each
of the verification procedures. Reference to the appropriate calculation is given in each procedure.

Solo Verifications

To confIrm the 4600 specification it is necessary to measure its transconductance Gm, whose nominal value is 1 siemens.

Gm =Iou1 / Vin, where Vout is constant

DC Current (page RS 1-2 Table 1)

Measurement of Gm

Gm cannotbe measured directly, so the method described on pages 4-5104-7 employs a precision shunt (value Rs) to convert the output
current into a voltage. The shunt voltage is then measured (again indirectly - via a 'transfer' procedure). The me1hod minimizes the
effects of me DMM uncertainties.

Procedural Model

Vout

'--__----ll ·I__DM....,....M_-'l

Vm

Vin Gm lout As
I 4600 ~:I Shunt
I

Hg Ur

DCRVS

DCRVS

I
Same reading. so
short term stability

error negligible

I

-----------------L~
---------'

I Cv
VmNin

ratio error
negligible

I
Phase 2

Phase 1

Urn

To relate Phase 1 ID the value of Gm, the above equation is
transposed ID place Vout as the subject

Vout =Vlo x Gm x Rs

Vout remains constant, as in Phase 2 it is measured by adjusting
the DCRVS to obtain the same D:M1v1 voltage reading. Thus the
basic equation becomes:

Vm = Vin x Gm x Rs

Implicit UncertaInties
The uncertainties implicit in the above equation are as follows:

Uv: Traceable accuracy of the DCRVS OVand tOV outputS
relative to Absolute accuracy.

Um: Traceable accuracy of the DCRVS OV and IV pOOmV]
outputs. relative to Absolute accuracy.

UT: Traceable accuracy of the shuot resismnce relative to
Absolute accuracy.

Vg: Traceable accuracy of the 4600 relative to Calibration
SUltIdards.

lJx: Short term transfer stability of the DMM.

The calculations to find the Validity Tolerance for this equation
for each of the verification points are lengthy and complicated.
possibly with unrealisticaUy·large result But the method itself
introduces two major siroplifications:

1. By using the DMM' only as a transfer standard, adjusting the
OCRVS for the same reading during Phase 2, the accuracy
required of the DMM is limited to its short-tenn stability.

2. By using a suitable Datron calibrntor as DCRVS (as suggested
in 'EqllipmentRequirements') tbe ratio error between Vinand
Vm is very small,

Both theseuncertainties are minute compared with other traceable
accuracies in the equation. By assuming that they do not exist (in
the interests of simplifying the calculations), the Validity
Tolerance is made marginally tighter but remains well within the
capabi li ty of the 4600. The calculation of Validity Tolerance and
Vm Limits, detailed overleaf. makes the assumption that the
suggested equipment will be used. Note that this may not be valid
for other OCRVS/DMM combinations.
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Section 4 - 4600 Verification - Appendix 1

Validity Tolerance

The assumptions made on the previous page allow us to discard
any uncerr.ainties associated with the DMM transfer error (Ux)
and the DCRVS aV-lOV accuracy (Uv), Thus we need only sum
Ur and Vg, plus the uncertainties associated with the most-recent
calibration of the 4600; to arrive at the validity tolerance:

Specific UncertaInties
4600 Gm

The allowed uncertainty of Gm consists of its basic accuracy
specification relative to calibration standards (Ug), plus the
uncCrLainly to absolute accuracy of its most-recent calibration. It
is possible to give both of these if tile instrument was last
calibrated by Datroll. In verification report R$ 1 Table 1, the
values arc already entered in against Vg and Dd for the nominal
vcrification points. For verificaLions after any calibration other
than by Datron, then Datron's calibration uncertainty(Ud) mustbe
replaced by the uncertainty associated the most-recent calibration
(Ue). A space is provided in the table for Dc 1.0 be entered. For a
verification immediately following a recalibration, using the
samc equipment in the same conctitions, both Vd and Vc can be
discarded.

Rs
The uncertainty relative lO absolute accw-3cy associated with
shunt (Ur) will need to becalculated and added to the total for Gm.
This rorms the tolal user's uncertainty for the present verification,
and a space is provided in the table for it to be entered,

SummIng in ppm
The tOlal measurcment unccrL:linty calcuLiLion is best carried out
all in the same units, and for parts-per-million (ppm) it is a simple
sum of the relevant uncertainties. So units such as % should be
convened to ppm before summing. A space is provided for emry
of the tOUll l'l1casuremenl uncertainty (Validity Tolerance) DCUt.

Upper and Lower limits
Once the validity tolerance in ppm has been calculated for the
particular verification being carried Oul (the interval since the last
calibration is significant), the figure is applied to the target value
ofVrn (TglVrn= nominal Iouex llominalRs), in order to detertnine
the upper and lower voltage tolerances to be placed on the Vm
selling for validity of the verification. Spaces are provided in the
table to register these limits.

Measurement Results
A space is provided in the table to enter the actual Vin setting, for
comparison with the tolerance limits.

Summary of Symbols
The symbols used in the calculations appear in Table 1 in
Verification Report RS 1.

4-Al-2

Relevant Formurae

The following formulae should be used in the different
Clrcl1JTlstances shown:

50'10 DC Verification at Zero and Fun Range Values

A, When the Last Calibration was by Datron:

For each 4600 OUTPUT Value calculate the Validity Tolerance
Limits, using the 90dy figures for Ug, as follows:

First enter the user's uncertainty in ppm:

Ur

(Ug and Ud are already entered for three intervals)

Next sum me three uncertainties:

Ur + Ug + Ud

Enter the result on the DC Current table as DCUt.

Determine the Target Measurement Voltage:

TgtVm =lout x Rs

Then calculate the Validity Tolerance Limits:

For output value + lOA:
ULVm = TgtVm [1 .. (DCUt X 10-6)J
LLVm = TgtVm [1 • (DCUt X 1Q-6)]

For output value -lOA:
ULVrn = TgtVm [1 - (DCUl X 10-a)]
LLVm = TgtVrn [1 + (DCUt x 10~)J

At OA use the 'OA' TgtVm. the 'OA' DeUt and +IOA x Rs:
ULVrn = TgtVm + (10A x Rs x DeUt X 10-6)
LLVm = TgtVm· (10A x RS x DeUt x 10-6)

Enter the results as Upper and Lower Tolerance Limits for
Vm respectively.

e. When the Last Calibration was not by Datron:

Use the calculations in (A), but substitute Uc for Ud.

C. Immediately Following a User~ca1ibratiof1

(Same equipment, same conctitions)

Use the calculations in (A), but discard both Uc and Ud, and
use the 24hr specification interval figure for Ug.

)

)

)

)



Section 4 • 4600 Verification - ApMndix 1

Solo Verifications (Contd.)

AC Current (Page RS 1-3 Table 2)

Measurement of Gm
Gm cannot be measured directly, so the method. descnbed on pages 4<9 to 4~11 perfonns an AC/DC thenna! transfer with precision
shunt (value Rt), using the 4600 as Ihe DC current reference source.

Procedural Model

ACVin ACGm AClout

Phase 1 ACRVS 4600 Shunted Thermal
Transf'er Standard

ACUI/

DCVln

ACUg

DOOm DClout

Same nun, so
short term TTS transfer
error stability negligible

I
Phase 2

DCRVS 4600 Shunted Thermal
Transfer Standard

DCUv DCUg

Overatl Model Formula
To relate the method to the value of ACGro; in Phase 1 the basic
Solo equation is transposed to place AClout as the subject:

ACIout:;;:; ACVIn x ACGm

The ACRVS is settonominallOV ACVIn. The ITS isnulledto
the 4600 AC lOA output, AClout passing through the shunt

In Phase 2. DCIout is set by adjustment of nCVln, to obtain !he
same null on the thermal transfer. Thus DClout carries the
uncertainties due to ACVin and ACGm. DClout value is also
affected by the DC-tAC transfer function Ftr of the shunted TfS
at each of the frequencies to be verified, so this is accounted for
in the expanded equation.

DClout = ACVIn x ACGm / Fu

DCrout is the result of adjusting DCVin such that:

DCIout= DCVIn x DCGm.

When theequation is expanded and transposed CO make DCVin the
subject, we have the model formula for the method:

DCVJn = (ACVln x ACGll1) I (Ft!" x DCGm)

The nom jnaI value ofFtr is usually uni1y; ie. 1A(RMS) / lA (DC);
any deviation from this value at the specified frequencies of
300Hz, 5kHz and 20kHz will be known from the calibration data
of!he Shunt/ITS. The value is used to determine the Target DC
Vin setting (Vrn)

Implicit Uncertainties
The uncertainties implicit in the above equation are as follows:

ACUv: Traceable accuracy of the ACRVS 10V ol!ltputrelative
to Absolute accuracy.

ACUg: AC Traceable accuracy of the 4600 relative to
calibration standards.

Etr: Shunf/T'TS Transfer-Function Error.

The methcxl itself introduces two major simplifications:

1. By using the verified DCRVS/4600 as the DCI source,
DCUv and DCUg are known, and DCUt has already been
calculated.

2. By using the Shunt{ITS only as a transfer standard,
adjustingtheDCRVS for thesame reading dnring Phase 2,
the accuracy required of the transfer is limited to its short
term stability.

This uncertainty is minute compared with other traceable
accuracies in the equation. By assuming that it does not
exist (m the interests of simplifying the calculations), the
Validity Tolerance is made marginally tighter but remains
wen within the capability of the 4600.

The calculation of Validity Tolerance and Vm Limits, detailed
overleaf. makes the assumption that the suggestedequipment will
be used. Note that this may not he valid for other ACRVSJ
OCRVS/Shunt/ITS combinations.

4·Al-3



)

A. When the Last Calibration was by Datron:

B. When the Last Calibration was not by Datron:

Use the calculations in (A), but substitute ACUc for ACUd.

For each 4600 OUTPUT Frequency (300Hz, 5kHz and 20kHz)
calculate the ValidityToleraneeLimits, using the90dy figures for
ACUg. as follows:

Relevant Formulae for Solo AC Verification at
Full Range Value
(10A RMS at three frequencies)

)

)

)

)

)

Enter the results in the AC Current table as Upper and Lower
Tolerance Limits for Vm respectively.

Thencalculatethe ValidityToleranceLimitsateachfrequency:

ULVm :;; TgtVm [1 + (ACUt x 10-6)]
LLVm = TgtVm [1 - (ACUt x 1041

Determine the Target Measurement Voltage for each of the
three frequencies:

TgtVm =nominal ACVln Jnominal Ftr

C. Immediately Following a User-Calibration
(Same equipment, same conditions)

Use the calculations in (A), but discard both ACUc and ACUd;
and use the 24hr specification interval figure for ACUg.

•

• Next sum the five uncertainties:

DCUv + OCUt + ACUv + ACUg + ACUd

Enter the result on the AC Current table as ACUt.

• First enter the three user's uncertainties in ppm:

DCUt. DCUv and ACUv

(ACUg and ACUd are already entered for three intervals)

Section 4 - 4600 Verification - Appendix 1
Validity Tolerance

The assumptions made on the previous page allow us to discard
any uncertainties associated with the Shunt/fTS transfer error
(Etr). Thus we need only sum DCUr, DCUv, ACUvandACUg,
plus the uncertainties associated with the most-recent AC
calibration of the 4600; to arrive at the validity tolerance:

Specific Uncertainties
4600ACGm
The allowed uncertainty of Gm consists of its basic accuracy
specification relative to calibration standards (ACUg), plus the
uncertainty to absolute accuracy of its most-recentcalibration. It
is possible to give both of these if the instrument was last
calibrated by Dateon. In verification report RS 1 Table 2, the
values are already entered against ACUg and ACUd at the
verification frequencies. For verifications afrer any calibration
other than by Datron. then Datron's calibration uncertainty
(ACUd) must be replaced by the uncertainty associated the most
recent calibration (ACUc). A space is provided in the table for
ACUc to be entered. For a verification immediately following a
recalibration, using the same equipment in the same conditions,
both ACUd and ACUc can be discarded.

ACVln and previous DC VGtlflcatJon
The uncertainties relative to absolute accuracy associated with
the ACRVS (ACUv) will need to be calculated and added to the
total for the AC Gm. These two, plus the total DC uncertainty of
DCUv (DeUt - see the previous page) form the total uncertainty
ACUt for the present verification, and spaces are provided in the
table for them to be entered.

Summing In ppm
The total measurement uncertainty calculation is best carried out
all in the same units, and forparts-per-million (ppm) it is a simple
Sum of the relevant uncertainties. So units such as % should be
converted to ppm before summing. A space is provided for entry
of the total measurement uncertainty ACUt.

Upper and Lower Limits
N.B. The DCRVS setting required to provide the correct DCVin

for the ITS null is given the symbol Vm, as it is this setting
which is measured against the uncertainty tolerance limi IS.

Once the validity tolerance in ppm has been calculated for the
particular verification being carried out (the interval since the last
calibration is significant), the figure is applied to the target value
of Vm (TgtVm = nominal OCVin I nominal Fir), in order to

determine the upper and lower voltage tolerances to be placed on
the Vm settingfor validityofthe verification. Spaces are provided
in the table to register these limits.

-Measurement Results
A space is provided in the table to enter the actllill Vm setting, for
comparison with the tolerance limits.

Summary of Symbols
The symbols used in the calculations appear in Table 2 in
Verification Report RS 1.

)
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Validity Tolerance limit Calculations (Contd)

Slave Verifications
N.B. In this description, reference to a '4700' refers also to a compatible model 4705, 4707 or 4708.

To confmn the 4600 specification it is necessary to measure lout, for a nomina14700 OUTPUT setting of lOA.

DC Current (page RS 1-2 Table 1)

Measurement of lout
lout cannot be measured directly, so the method described on pages 4-13 to 4-15 employs a precision shunt (value Rs) to convert the
OUlputcurrent into a volcage. The shunt voltage is then measured (again indirectly - viaa 'transfer' procedure). Themethodminimizes
the effects of the DMM uncertainties.

10A sGtting Vin lout Rs Vout
Phase 1

I ·1
4600 H Shunt LOMM4700

4600 'Slave' Specification Ur I
Same reading, so
short term stability

error negligible

Vm I
Phase 2

14700 DMM

Um

Procedural Model
To relate Phase Ito the SIave Error, the basic equation places Vout
as the subject.:

Vout =: lOA x Slave Error x Rs

Vout remains constant, as in Phase 2 it is measured by adjusting
the 4700 VOltage Vm to obtain the same DMM voltage reading.
Thus the basic equation becomes:

Vrn :::: lOA x Slave Error x Its

ImplJclt UncertaInties
The unrertainties implicit in the above equation areas follows:

Us: Traceable accuracy of the Slaved OA and lOA outputs
relative to Absolute.

Urn: Traceable accuracy of the 4700 OV and IV [lOOmV]
outputs, relative to Absolute.

Ur: Traceable accur~y of the shunt resistance relative to
Absolul.e accuracy.

Ux: Short term transfer stability of the DMM.

SlmpllflcaUons
The calculations to find the Validity Tolerance for this equation
for each of the verification points are lengthy and complicated,
possibly with unrealistically-large result. But the method irself
introduces a major simplification:

By using th~ DMM only as a transfer standard, adjusting the
4700 for the same reading during Phase 2, the accuracy
required of the DMM is limited to its short-tenn stability Ux.

This uncertainty is minute rompared with other trareable
accuracies in the equation. By assuming that Ull does notexist (in
the interests of simplifying the calculations), the Validity
Tolerance is made marginally tighter but remains well within the
capability of the 4600. The calculation ofValidity Tolerance and
Vm Limits, detailed overleaf. makes the assumption that the
suggested method will be used.
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Validity Tolerance

The assumptions made on the previous page allow us to discard
any uncertainties associated with the D:MM transfer error (Ux).
Thus we need only sum Us, Urn and Ur, plus the uncertainties
associ aled with the most-recent calibration of the 4600 and 4700;
to arrive at Lhe validity tolerance:

Specific Uncertainties
4600/4700 Slaved Combination
The allowed uncertainty of the slaved combination consists of the
basic accUf3cy specifkatior! rclative to calibration staodards (Us),
plus the uncertainty to absolure accuracy of me most-recent
calibration. It is IX>ssible lO give both of these if the instrument
was last calibrated by Datron. In verification reponRS I Table 3,
the values are already enLered against Us and Ud for the nominal
vcrificaLion points. For verifications after any calibration other
(h~ln by Datron, then Datron's calibration uncenainty (Ud) mustbe
replaced by the uncertainty associated the most-recent calibration
(Uc). A space is provided in the table for Uc to be entered. For a
verjficaLion immediately following a recalibration, using the
same equipment in the same conditions, both Vd and Dc can be
discarded.

Rs &Um

The uncertainties relalive to absolute accuracy associated with
the shunt (Ur) and with the measurement voltage Vm (Um) will
need to be calculated and added to the total for Lhe staved
combination. Ur, Um and Us form the total user's uncertainty for
the present verification, and spaces are provided in the table for
them to be entered.

Summing In ppm
The total measurement uncertainty calculation is best carried out
aJl in the same units, and for parts-per-million (ppm) it is a simple
sum of l.he relevant uncertainties. So units such as % should be
converted to ppm before summing. A space is provided for entry
of Lhc total measurement uncertainty. .

Upper and Lower Lfmlts .
Once the validity tolerance in ppm has been calculated for the
particular verification being carried out (the interval since thelast
calibration is significant), the figure is applied to the target value
of Vm (TgtVm =nominalIout x nominal Rs), in order to detennine
the upper and lower voltage tolerances to be placed on the Vm
selting for validity of the verification. Spaces are provid.ed in the
I.2ble to register these limits.

Measurement Results
A space is provided in the table to enter the actual Vm setting, for
comparison with the tolerance limits.

Summary of Symbols
The symbols used in Lhe calculations appear in the Table 3 in
Verification Report RSl.

Relevant Formulae

The following fonnulae should be used in the different
circumstances shown:
Slave DC Verification at Zero and Fun Range Values

A. When the Last Catlbration was by Dauon:

For each 4600 OUTPUT Value calculate the Validity Tolerance
Limits. using the 90dy figures for Us, as follows:

Firstenter the measurementvoltage and shunt uncertainties in
ppm:

Umand Ur

(Us and Ud are already entered for three intervals)

Next sum the four uncertainties:

Ur + Us +- Ud + Um

Enter the result on the DC Current table as DCUt.

Detennine the Target Measurement Voltage:

TgtVm =nominal lout x Rs

• Then calculate the Validity ToLerance Limits:

For output value +lOA:
ULVm = TgtVm [1 + (DCUt X 1~)]

LLVm = TgtVm [1 - (OCUt x 1()-4)}

For output value -lOA:
ULVm = Tgtvm [1 - (DCUt X 10.0)]
LLVm = TgtVm [1 + {DCUt x 1~)J

At OA use the 'OA' TgtVm, the 'OA' Ut and +lOA x Rs:
UlVm = TgtVm + (10A x Rs x nCUt x 10.0)
LLVm = TgtVm- C10A x Rs x OCUt x 10-6)

Enter the results as Upper and Lower Tolerance Limits for
Vm respectively.

8. When the Last Calibration was not by Oatron:

Use the calculations in (A), but substitute Uc for Ud.

C. Immediately FoUowlng a User-Calibration
(Same equipment, same conditions)

Use me calculations in (A), but discard both Uc and Ud, and
use !.he 24hr specification interval figure for Us.
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Srave Verifications (Contd.)

AC Current (pageRS 1 Table 4)

Measurement of ACloul
ACIontcannot be measured directly, SO the method describedon pag{lS 4-17 to4-19performs an AC/OC thennal t:r3IlSferwith precision
shunt (value Rt), using the slaved 4700/4600 as the OC current reference source.

Procedural Model

4700 (AC) 4600 Shunted Thermal
-- Transfer Standard

Phase l'

AC 10A setting

ACUs

AClolIt.

I
Same null. 50

short term ITS transfer
arrOT stability negligible

Phase 2
DClm DClolIt I

.'
Shunted Thermal4700 (DC) 4600 Transfer Standard

DCUt

(

)

Overall Model Formula
To reWe Pbas,e 1 to the AC SlaveError, the basic equation places
AClour as the subject;

ACloul c lOA x AC Slave Error

The4700 is seuo nominal 1OA. TheITS is nulled 10 the 4600 AC
lOA output, ACIout passing through the shunt

In Phase 2, DClout is set by adjustment of DeIm. to obtain the
same null on the thenna1 transfer. Thus DCIout carries the
uncertainties due to the 4700 reference voltage output and the
4600 transconductance. DCIout value is also affected by the
DC~AC transfer function Ftr of the shunted ITS at eJich of the
frequencies to be verified, so this is acCOWlted for in the e~panded
equation.

DCIout = lOA X AC Slave Err()r I Ftr

DCloU[ is the result of adjusting DCVin such that:

DCIout::= DCIm ~ DC Slave Error. ...

When the equation is expandedand t:nmsposed to make DCIm the
subject, we have the model formula fbr the method:

DCIm '" (lOA x AC Slave Error) I (Ftr x DC Slave Errt)r)

The nominal valueofFtr is usually unity; ie. 1A(RMS)11A (DC);
any deviation from this value at the specified frequencies of
300Hz, 5kHz and 20kHz will be known from the calibration data
oftheShuntIfTS; The value [s used to, determine the 4700Target
Current OU1PUT setting (TgtACIm).

Impllch Uncartalntlll.
The uncertainties implicit in the above equation are as fbllows:

ACUs: Traceable accuracy of the slaved 4700/4600 lOA
output relative to Absolute accuracy.

DCUt: Total Traceable accuracy of the slaved 4700/4600 DC
verification at lOA.

Et[': Shunr/ITS Transfer-Function Error.

The method itself introduces two major simplificalions:

1. By using the verified slaved 470014600 as the OCI source,
DCUt has already been calcula.ted.

2. By using the ShuntfITS only as a transfer standard,
adjusting the staved 4700/4600 OCI OUTPlIT for the
same reading during Phase 2; the accuracy required of the
transfer is limited to its short-term stability.

This llDCertai.nty is minute compared with other traceable
accuracies in the equation. By assuming that it does not
exist (m the interests of simplifying the calculations), the
Validity Tolerance is made margi:nally tighter butremains
well within the capability of the 4600.

The calculation of Validity Tolerance and DClm LimilS, detailed
overleaf, makes the assumption that the suggestedmethod will be
used,
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Validity Tolerance

The assumptions mad on the previous page allow us to discard
uncertainties associated with the Shunt/TI'S transfer error (E1r).
Thus we need only swn DCUt and ACUs, plus the uncertainties
associated with the most-recent AC calibration of the 4600 and
4700; to arrive at the validity tolerance:

Speclflc Uncertainties
4600/4700 Slaved Combination
The allowed uncertainty of the slaved combination consists of its
basic accuracy specification relative to calibration standards
(AC s), pIns the uncertainty to absolute accuracy of its most
recent calibration. It is possible to give both of these if the
instrumentwas lastcalibratedbyDatron. In theverificationreport
RS 1 Table 4, the values are already entered. against ACUs and
ACUd at the verification frequencie . For verifications after any
calibration other than by DatIon, then Datron's calibration
uncertainty (ACUd) must be replaced by the uncertainty
associated the most-recent calibration (ACUc). A space is
provided in the table for ACUc to be entered. For a verification
immediately following a recalibration, using the sameequipment
in the same conditions, both ACUd and ACUc can be discarded.

Components of the Validity Tolerance
The total DC measurement Wlcertainty (DCUt - see previous
page), plus ACUsandeither ACUdorACUc,accountfor thetotal
measurement uncertainty ACUt (Validity Tolerance) for the
present verification.

Summing In ppm
The total measurement uncertainty calculation is best carried out
all in the same units, and forparts-per-million (ppm) it is a simple
sum of the relevant uncertainties. So units such as % should be
converted to ppm before summing. A space is provided for entry
of the total measurement uncertainty ACUt.

Upper and Lower limits
N.B. The 4700 DC 1OArange output setting required to provide

the correcL output current for the ITS null is given the
symbol DCIm, as it is this setting which is measured
against the uncertainty tolerance limits.

Once the ACUt has been calculated in ppm for the particular
verification being carried out (the interval since the last
calibration is significant), the figure is applied to the target value
of DCIm (TgtDCIm = nominal ACIout/ nominal Fir), in order to
determine the upper and lower voltage tolerances to be placed on
the DCIm setting for validity of the' verification. Spaces are
provided in the table to register these limits.

Measurement ReSUlts

A space is provided in the table to enter the actual DCIrn setting
which gives ITS null, for comparison with the tolerance limits.

Summary of Symbols
The symbols used in the calculations appear in Tables 4 in
Verification Report RS 1.
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Relevant Formulae for Slave AC Verification at
FulJ Range Value
(lOA RMS at three frequencies)

A. When the Last Calibration was by Datron:

For each 4600 OUTPUf Frequency (300Hz, 5kHz and 20kHz)
calculate the ValidityToleranceLimits, using the90dy figures fOT
ACUs, as follows:

Hrst enter the total DC uncertainty in ppm:

DCUt

(ACUs and ACUd are already entered for three intervals)

Next smn the three uncertainties:

DCUt + ACUs + ACUd

Enter the result on th.e AC Current table as ACUt.

Determine the Target Measurement Voltage for each of Lhe
three frequencies:

TgtDClm = nominal AClout I nominal Ftr

Then calculate theValidityToleranceLimitsateach frequency:

UlIm = TgtDClm [1 + (ACUt x 1~)}

LLlm = TgtDClm [1· (ACUt x 104]

Enter"the results in the C Current table as Upper and Lower
Tolerance Limits for DCIm respectively.

B. When the Last caUbratlon was not by Datron;

Use the calculations in (A), but substitute ACUc for ACUd.

C. Immediately Following a User-Calibration
(Same equipment, same conditions)

Use the calculations in (A), but discard both ACUc and ACUd,
and use the 24hr specification imervalfigure for ACUg.



Uncertainty and Traceability

Cumulative Tolerances

If an instrument was correctly calibrated against the factory
standard at its uncertainty limit, and then verified agains:t a user's
standard, also at its limit; theft are two extremes to the range of
traceable results which could be obtained If, for example, both
standards' traceable errors were equal and in the same sense, the
instrument would appear 10 verify as absolutely accurate. But if
lhe errors were inapposite sense, it could appear to be inaccurnte
by the sum of the lWO limits of uncertainty.

In the following numerical example, a 4600 is verified in the
fac tory at lOA, and with Oppm erroragainsta 5ppm·high standard
(relative to Absolute Accuracy):

Section 4 - 4600 Verification· AppendIx 2
Appendix 2 to:
4600 User's Handbook
Section 4

Verification Uncertainties

Each element in the calibration traceability chain (on the next
page)contributes iZstmcertainty toinfluence theoverall verification
tOlerance limits. All Wlcertainties must be accounted for when
calculating the total tolerances.

In addition. if two separate systems are used, one for calibration
and the other for verification., then the cumulative total tolerance
('Validity Tolerance') is the 8UIIl of those established for each
system (as described ~lier).

Thus on receipt of the 4600, Datron's Wlcertainties must be
included in the total tolerance limits; but when verifying against
the same Standards semp used to calibrate the instrument, they are
excluded.

DC Std
+5ppm

4600
+5ppm

Two formulae for calculating the total tolerance limits are given
for each procedure.covering the twotypesofverification occasions
mentioned.

User 1
I.

User '2
DGStd

4600 DC Std
+5pprn

+Sppm -5ppm

It remains correctly calibrated, and could be delivered to one of

two users: one user's standard is 5ppm higher than Absolute, and Validity Tolerance Limit Calculations
the other's is 5ppm lower.

The 4600 is i/erilied by comparing its trallsconductance with the
Validity (ToW)ToleranceLimits. These have to be calculated by
summing the appropriate uncertainties from the traceabilitychain,
and expre-~sing the result in upper and lower absolute deviations
from the chosen verification value. The 4600 checks out if its
measured transconductance is between l:he limits.

Despite the instrument sustaining its original accuracy of +5ppm.
and the standards atl being within 5ppm ofAbsolute; thefust user
would verify the 4600as having Oppm error, but the second would
obtain an error of +1Oppm.

The increased uncertainty is unavoidable unless the samestandard
is used for each verification. This is clearly not a practical
proposition following delivery. But after the flrSt autoeal ibration
against the user's standard. Datron's calibration uncertainty no
longer applies.

Where possible, the 4600 specification and Datron calibration
uncertainties are given in a form suitable far calculation (see
ReportSheetRS 1where actual uncertainties are entered). Where
this is not possible they can be assembled from the specifications
in Section 6 (refer to Appendix 1).

User's uncertainties need tobeassembled. and included, expressed
in the fonn appropriate to the calculations.

Whereas Datron's uncertainties are normally included. in the
calculations only once (on receipt), user's uncertainties must
always be included. So it is sensible to provide a permanent
record. eg on Report Sheets.

Once the relevant uncertainties have been entered on the Report
Sheet, the Validity Tolerance Limits can be calcula.ted. The
correcl calculations are identified in the individll31 procedures.
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4600 - RECOMMENDED VERIFICATION PROCEDURES - Cal,ibratlon Traceability Chart
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General Procedural Information
Section 4 - 4600 Verification - Appendix 3

Appendix 3 to:
4600 User's Handbook
Section 4

SpeCifications and VerifIcation

4600 Specification Formats
The speciflcations can be found in two forms:

a. Tabular layout as in Section 4.

In Section 4, the stability and relative accuracy specifications
alone describe the true performance of the instrument, in a
form which can be made traceable to National Standards
merely by adding in the uncertainty ofthe referencestandards
used for checking. Datron's calibration uncertainty is shown
in a separate column. This must be added. to obtain true
traceable accuracy for all instruments which were last
calibrat.ed by Datron. For instrumentS calibrated by other
agencies. their own calibration uncertainty must be added
instead.

b. Slave Mode Specifications stored within tbe slaving
4700-series calibrator's non-volatile memory.

The 4600's non-volatile memory figures can be accessed
using the 'Spec' Mode of the slaving 4700-senes calibrator.
Theseare compiled specifically for users withoutverification
facilities, so that they can obtain the tolerance limits of the
4600 output, without referring to S«:tion 4.

The position of the CAL INTERVAL sw itch on the
calibrator's rear panel selects the readout for the intervals
listed below. The '9Q-day' and 't-year' readouts always
includ·e Datron's own calibration uncertainty relative to
National Standards. giving traceable accuracies for
instruments which were last calibrated. by Datron.

For AC Current. the output is specified in four frequency
bands:

10Hz • 1kHz; 1k:Hz - 5kHz: 5kHz - 10kHz
and 10kHz - 20kHz.

The Spec mode readout also aligns to these three bands.

24hr CALIDRATION INTERVAL
24 Hours Stability figure only, relative to Calibration
Standards.

90dy CALlBRAnON INTERVAL
90 Days Relative Accuracy figure plus Datron's
Calibration Uncertainty relative to National Standards.

1yr CALIBRATION INTERVAL
I Year Relative Accuracy figure plus Datron's

Calibration Uncertainty relative to National Standards.

Because the 4600 operates in two modes and for DC and AC,
the Report Sheets are subdivided into tables each relating to
a particular verifIcation technique for the combinations.

Verlflcation Conditions

Stability Specifications
The 24-boW'stability specifications are relative touser's reference
standards. In all casesvaliditydepends on using thesamestandard
as reference, under the same conditions, including temperature.
Also, verification is valid only within 24 hours ofcalibration or a
previous verification. Tn the latter case, the specifications are
relative to the figures obtained at the earlier verification.

On Receipt
The 90-day and I-year accuracy specification periods sran from
the dateof final testonthe certificateofconfonnance. The90-day
and I-year tolerances can be calculated by adding both the user's
reference standard absolute uncertainty and Datron's calibration
absolute uncertainty to the Relative Accu.taey figure given in the
Report Sheets.

FoUowing User Calibration or a Previous Verification
Add only the users uncertainty to the Relative Accuracy figure.

Temperature
Where ambient temperatures are outside the Specified range,
temperature coefficient correction should be taken into account.

Uncertainties in Verification
Appendix 2 describes theuncertainties inherentin any verification
process. Worst-ease figures must always be assumed. although
acecumulated uncerurlnty is generally much less than implied.

Duplloate the Report Sheets

Please usetheprintedreport sheets as masters to generateduplicate
copies. then record the instrument's performanceon the duplicates
<b?tlt on re(:eipt from Datron and for future periodic checks).

The report sheets list the appropriate accuracy limits and Datron's
calibration uncertainty (relative to Absolute Accuracy) at the
verification points. Blank columns are provided for the user's
calibration uncertainty, the cwnuIative Validity' tolerance lim its,
and the pc Voltage Source's adJusted reading (for comparison
with the tolerance).

Page 1ofReportSheetRS1is assigned to guidance for those users
who are unfamiliar with the Verification process.

The appropriate limit calculations appear in Appendix L
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Thermal Transfer
(AC Current)

When verifying the 4600, the Thermal Transfer Standard is
onnected to the 4600 output terminals via a shunt. and the AC

output is compared with the DC output

Important Points when using a Thermal Transfer Standard:

• Start with OUTPUT OFF.

The 4600 should be connected lO the Thermal Transfer
Standard only when the 4600 OUTPUT OFF LED is lit.
(With OUlput OFF, the 1+ and 1- terminals are at high
impedance).

Sensitivity.

Always set the Thermal Transfer Standard to its lowest
sensitivity before connecting up. Increase sensitivity when
necessary to obtain the required input level.
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Alternative AC Current Verification
(Using an AC DMM for AC -AC Transfer instead ofa Thermal Transfer Stan.dard)

Section 4 - 4600 Verification - Appendix 4

Appendix 4 to:
4600 User's Handbook
Section 4

)

References

Valldfty Tolerance Calculations
The verification processes are modelled later in this appendix,
together with the validity tolerance limit calculations, starting on
page 4-A4-9.

Report Sheets
The Report Sheets RS 2 for the alternative solo and slave
procedures are given at the end of this appendix, starting on page
4-A4-RS2-1.

Shunt Values
In this appendix, in the interests of clarity. an .aSsumptJon is made
that a lOOmG shunt will be used. The shunt value and shunt
voltage values are given for a lOOmO shunt; values for a lOmn
shunt are indicated by square braces [...].

Solo Mode
Full Range Checks
The Solo 4600 is verified by measuring its transconductance. We
use the ACRVS toinpllta voltage, and compare the outputcurrent
value against the input voltage value. A shunt converts the output
current to a voltage, measured across the ShWlL using a DMM.

The ACRVS output is then connected directly ro the DMM and
adjusted to give me same reading as for me shunt voltage. The
output setting of the ACRVS is compared against calculated
limits.

This AC - AC transfer ensures mat the DMM uncertainties are
reduced to negligible levels.

Equipment Requirements

An AC Reference Voltage Source (ACRV$), calibrated to
suitable accuracy for frequencies of 300Hz. 5kHz and 20kRz
allOY and IV [lOOmV] RMS.
Example: Datron 4200A, 4700 or 4708.

• A Calibrated lOA AC Current Shunt of suitable accuracy. of
value loomO (lOmO].

• A DMM of sufficient resolution and stability, for use as a
transfer device to measure the AC voltage across the shunt
Example: Datron 1281,1081 or 1071 with Option 10.

CAUTION
Ensure that the shunt's rated power dissipation is sufficient to

avoid pennanent degradation from the self-heating effe-.cts of the
currenL being checked.

Summary of AC Procedure

General
The 4600 is" verified at lOA RMS for three output frequencies:
300Hz, 5kHz and 20kHz, corresponding IO an input Yol!age of
lOV at the same frequencies. The 4600 output is passed through
a calibrated precision AC current shunt of value lOOmO (lOmQ);
the resulting voltages are measured by an AC - AC transfer
me,thod, using a D:M:M.

4600 AC Output Current Measurement
The specification of the ACReference Voltage Somce (ACRVS)
should be known 10 verify at the voltages and freqLlencies to be
used. Its output is applied to the So104600 INPUTt:ern:tinals. The
OUTPUT 1+ and 1- tenninals ofthe 4600 are connected lepass the
current through the shunt, and the DM:M is connected to I11~nre

the voltage across the shunt. The ACRVS output voltage is set 1.0

the thr~ verification points in turn, and the DMM readings are
noted.

AC - AC Transfer
The ACRVS output is then connected directly to the DMlvi input
terminals, with the shunt connectjon removed.

Foteach frequency, the ACRVS output voltage setting is adjusted
in turn to give the same DMM voltage readings obtained across
the shLlnt. For each frequency the ACRVS output setting is
recorded. Theaccum ulated uncertainties are recorded and used 1.0

caIculatethe Validity ToleranceLimiK The4600 is verified 'fthe
ACRVS output settings are within these tolerance limits.

Preparati on

Before attempting any verification ensure that the following steps
have been carried out

1. Before connecting and operating any equipment, consult the
manufacturers' handbooks.

2, Ensure that the ACRVS and DMM specifications verify for
frequencies of 300Hz, 5kHz and 20kHz; at the fenowing
voltages:
ACRVS 1V'[100mV] RMS~ lOV RMS.
DMM IV [lOOmV] RMS.

3. Turn on theACRVS, DMMand 4600 to be checked and allow
at least 2 hours' warm-up in the specified environment.

4. Ensure that the ACRVS and 4600 Outputs are OFF.

S. The 4600 front panel LEDs should show no errors present.
Carry OUt any self-test routine on the ACRVS.

The procedure is detailed on pages 44 A4-213.

4-A4-1



Section 4 . 4600 VerificaUon - ~endix 4

Solo AC Current Verification Procedure
Record results on Repon Sheet 4600 RS 2, (pages 4-A4-RS2-1 & 2)

)

)

.le DMM (1Y (1 DOmV] Rang._>

4600

.le Ref_nce vo~.
5ouroIIlACRVS)------OANGER---------------------'

HIGH VOLTAGE &
~

Output Current Measurement
Connect the ACRVS. 4600. Shunt and DMM as shown in the
above diagram (ensure the conn~tion of DMM Lo to the 4600
INPUT ground).

Carry out operations (a) to (l):

11_ ACRVS Ensure that OUTPUT is OFF,
FUNCTION to AC Voltage,
FREQUENCY to 300Hz,
OUTPlITRANGE to lOV,
Sense to Remote.
Guard to Local.
OUTPlIT voltage 10 lO.OOOOOV RMS.

f. ACRVS Reset FREQUENCY to SkHz.

g_ DMM Record the DMM reading on RS2 Table 1

against 'DMM Transfer Reading' as 'V5k'_

b. ACRVS Reset FREQUENCY to 20kHz.

b_ DMM Set AC range to measure IV [IOOmV] RMS.
Set Guard to Local.

j. DMM Record dte DMM reading on RS2 Table 1
against 'DMM Transfer Reading' as 'V20k'.

C. ACRVS Set OUTPUT ON.
k. 4600 Set OUTPUT OFF.

L ACRVS Set OUTPUT OFF.
d. 4600 SelOU1PUT ON.

e. DMM Record the DMM reading on RS2 Table 1
against 'DMM Transfer Reading' as 'V300'.

4-A4-2
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AC OMM (1V 1100mV] Range)

r .&~
1+ I- 0 Guard

n--....-...-....-...-...-'-....-...-....-.....-...-...-....-...-..,~...M-...~ IZ~.} @\14wlreCl
~ ~{:£} 11

Gu.rd - '-- 2 wire 0
<',,:; La Guard

lff.::3;;. ~% I Local Guard

~/f} (J@ III Remote Guard

if/(:~.t·;· , .• ,
'~~~;:it;

-...~ ..V

AC Ret.rence Voltlllg.e
Sol,Jrce (ACFlVS)

,r·······OANG"E'R········,·· ..jj\..·
HIGH VOLTAGe !........

AC - AC Transfer
Connect the DMM to read the ACRVS output as in the above
diagram. Ensure that the DMM Guard is set to Local.

Carry out operations (m) to (s):

m. ACRVS Ensure that OUTPUT is OFF,
FUNCTION to AC Voltage,
FREQUENCY to 300Hz
OUTPUT RANGE La IV [lOOmVl,
Sense to Rem{)te.
Guard La Local.

Validity Tolerance LImit calculations
Refer to Appendix 1 page 4-A4-9.

n. DMM Set AC range to measure 1V [lOOmV) RMS. s. Calculate the Lower and Upper Vm Tolerance Limits.

p. ACRVS Set OUTPUT ON.
Adjust the ACRVS output v01tage to give aDMM
reading of 'V300·.
Record the ACRVS output voltage setting
against 'Vm' in the 300Hz column of lhe Report
Sheet RS 2 Table 1.

,q. ACRVS Set FREQUENCY to SkRz.
Adjust the ACRVS output voltage to givea DMM
reading of'Vsk'.
Record the ACRVS output voltage setting
against 'Vm' in the 5kHz column of the Report
Sheet RS 2 Table 1.

4 Use calculation A if the 4600 was last calibrated by Datron.

• Use Calculation B if the 4600 was !ast calibrated agalnst the
standards being used for verification.

• Use Calculation C if the verification immediately follows a
calibration using the same equipment.

• The Solo Full Range AC outputs verify if the value of Vm
recorded in (P), (q)and (r) are at or between the corresponding
Validi,ty Tolerance Limits.

1'. ACRVS Set FREQUENCY to 20kHz.
AdjusttheACRVS output voltage to giveaDMM
reading of 'V20k'.
Record the ACRVS output voltage setting
against 'Vm' in the 20kHz column of the Report
Sheet RS 2 Table 1.
Set OUTPUT OFF.

4-A4-3
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Alternative AC Current Verification (Contd)
(Using (lJ1 AC DMM for AC - AC Tran.sfer instead ofa Thermal Transfer Standard)

Slave Mode
N.B. In this description and procedure, reference to a '4700' refers also to a compatible model 4705, 4707 or 4108.

Full Range Cheeks

The slaved 4600 is verified by measuring its output We compare
the output current value against the 4700 OU1PUT setting. A
shuntconverts the output current to a voltage, measured across the
shunt using a DMM.

The 4700 output voltage is then connected directly to the DMM
and adj usted to give the same read ing as for the shunt voltage. The
output setling of the 4700 is compared against calcul2ted limits.

This AC- AC uansfer ensures that the DM:M: unceruinties are
reduced to negligible levels.

Equipment Requirements
• The slaving 4700, AC voltage verified to suitable accuracy for

frequencies of 300Hz, 5kHz and 20kHz at lOY and IV
[lOOmVJ RMS, and previously calibrated in Slave mode with
lhe 4600 to be verified.

• A Calibrated lOA AC Current Shunt of suitable accuracy, of
value lOOmn [IOmnJ.

• A DMM of sufficient resolution and stability. for use as a
transfer device to IDe<1Sure the AC voltage across the shunt
Example: Datron 1281, 1081 or 1071 with Option 10.

CAUTION
Ensure that the shunt's rated power dissipation is sufficient to
avoid permanent degradation from the self-heating effects of the
current being checked.

Summary of AC Procedure

General
The 4100/4600 combination is verified at lOA RMS for three
output frequencies: 300Hz, 5kHz and 20kHz. The 4600 output
passes through a precision AC current shunt of value l00mQ [or
1OmO]: the resulting voltages are measured by an AC - AC
transfer method. using a DMM.

4600 OU1put Current Measurement
The specification ofthe 4700 AC voltage output should he known
10 verify at the voltages and frequencies to be used. The 4600 is
connected in Slave mode 10 the 4700. The OUTPUT 1+ and I·
te.nninals of the 4600 are connected to pass the output currem
through the shunt. with the DMM connected to measure the shunt
voltage. The 4700 AC lOA OUTI'UT RANGE is selected. Its
OUTPUT display is set to FuH Range lOA for each freQuency in
turn, and the DMM readings are noted.

ACM AC Transfer
The 4700 voltage output is then connected directly to the DMM
input terminals, with the shunt connection removed.

For each frequency. the4700 OUTPUT voltage is adjusted 10 give
the same DMM voltage readings obtained across the shoot. For
each frequency the 4700 OUTPUT display setting is recorded.
The accumulated uncertainties are recorded and used to calculate
the Validity Tolerance Limits. The combination is verified if the
4700 output settings are wilhin these tolerance limits.

Preparation

Before attempting any verification ensure that the following steps
have been carried out

1. Before connecting and operating any equipment, consuit the
manufacturers' handbooks.

2. Ensure that the 4700 and DMM specifications verify at Lhe
following voltages:
4700 IV [lOOm¥] RMS; lOY RMS.
DMM IV [lOOmV] RMS.

3. Turn on the 4700, DMM and 4600 to be checked and allow at
least 2 hours' warm-up in the specified environment

4. Ensure that the 4700 and 4600 Outputs are OFF.

s. The 4600 front panel LEDs should show no errors present.
Press the 4700 Test key to carry out .the self-test routine on ille
4700/4WJ combiruuion.

The procedure is detailed on pages 4-A4-6(l.

4-A4-5
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Slave AC Current. Ve·rification Procedure
Record results on Report Sheet 4600 RS 2, (Page 4-A4-RS2·1 & 3)

4600

INPUT

ee
HI& Lo

Output Current Measurement
Connect the slaved 4600, Shunt and DMM as shown in the above
diagram (ensure the connection of DMM Lo 10 the 4600 INPUT
ground).

Carry out operations (a) to U):

I+

AC DMM (W 1100mV] Range)

r &~
1+ I· o Guard

~ !t~ %~~ [i14 wire Q

. g,~ ti.* ~2wtreo
HI I La Guarrl

It!1u 'Local Guard
~ ~ Remo!& Guard

j I
.~

I·

a. 4700

b. DMM

c. 4700

d. iJMM

e. 4700

f. DMM

Ensure that OlITPUT is OFF,
FUNCTION to AC then 1,
FREQUENCY to 300Hz,
OUTPUT RANGE to 10. Guard and Sense are
controlled by fI.nnware.
Press the FuU Range key to set the output
voLtage (Q 10.OOOOOV RMS.

Set f.C range to measure IV [lOOmVl RMS.
Set Guard to Local.

Set OUTPUT ON.

Record !he DMM reading on RS2 Table 2
against 'DMM Transfer Reading' as'V300'.

Reset FREQUENCY {Q 5kHz.

Record the DII.1M reading on RS2 Table 2
againsl'DM:M: Transfer Reading' as 'V5k'.

g. 4700

h. DMM

j. 4700

Reset FREQUENCY to 20kHz.

Record the DMM reading on RS2 Table 2
against 'DMM Transfer Reading' as 'V20k'.

Set OUTPUT OFF.
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81....lng
4700..erl" Calibrator

Guard
(.I/~ ISl Local Guard

~ ~ J:1emot& Guard

AC CMM (1V [fOOmV] Flange)

&~{
1+

................. '.. , ~.,' ..,.... .

DANGER It\.
HIGH VOLTAGE ill
~

AC ~ AC Transfe'r
Connect the DMM to read the 4700 output as in the above
diagram. Ensure that the DMM Guard is set to Local.

Carry out operations (k) to (q):

k. 4700 Ensure that OUTPUT is OFF,
FUNCTION to AC, not I.
FREQUENCY to 300Hz
OurPUT RANGE to 1V [lOOmV].
Sense to Remote.
Guard to Local.

I. DMM Set AC range to measure 1V [lOOmV] RMS. Valldl1y Tolerance Limit calculations
Refer to Appendix 1 page 4-A4-11 & 12.

m.4700

D. 4700

p. 4700

Set OUTPUT ON.
Adjust the 4700 output voltage to give a D:M:M
reading of 'V300'.
Record the 4700 output voltage setting against
'Vm'in the 300Hz cDlumn of the ReponSheetRS
2 Table 2.

Set FREQUENCY to 5kHz.
Adjust the 4700 output voltage to give a DMM
reading of 'VSk'.
Record the 4700 output voltage setting against
'Vm'in the 5kHz column of the Report Sheet RS
2 Table 2.

Set FREQUENCY to 20kHz.
Adjust the 4700 output voltage to give a DMM
reading of 'V20k'.
Record the 4700 output voltage setting against
'Vm' in the 20kHz column of Repon Sheet RS 2
Table 2.
Set OUIPUTOFF.

q. Calculate the Lower and Upper Vm Tolerance Limits.

• Use Calculation A ihhe 4600 was last calibrated by Datron.

• Use,calculation B if the 4600 was last calibrated again.st the
standards being used for verification.

• Use Calculation C if the verifi·cation immediately follows a
calibration using the same equipment

• The Slave Full Range AC outputs verify if the value of Vrn
recorded in (m). (n) and (p) are at or between the
corresponding Validity Tolerance Limits.

)
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Validity Tolerance Limit Calculations
This deals with the calculations necessary to delermine the Validity Tolerance Limits for each of the
verification procedures. Reference to the appropriate calculation is given in each procedure.

Solo Verifications

To oonfmn the 4600 specification it is necessary to measure its transeonductance Gm. whose nominal value is 1 siemens.

Gm. = lout I VLn. where Vout is constant

AC Current

Measurement of GM
Gm cannot be measured directly; the method described on pages 4-A4-1 to 4-A4-3employs a precision shunt (valueRs) to convert the
output current into a voltage. The shunt voltage is then measured (again indirectly - via a 'transfer' procedure). The method minimizes
the effects afthe DMM uncertainties.

Procedural Model

Phase 1

Phase 2

Vin Gm lout Rs Vout

ACRVS I ·1
4600 H Shunt DMM

I UV U9 Ur I
VmNin Same reading, so

ratio error short term stability
negligible error negligible

I Vm I

·1

.,
ACRVS DMM

Urn

To relare Phase 1 to the value of Gm, the above equation is
transposed to place VoUl as the subject:

VOl:Jt = Vln x Gm le Rs

Vom remains constant as in Phase 1 it is measured by adjusting
The ACRVS to-obtain the same Di\1M voltage reading. Thus the
basic equation becomes:

Vm::; Vln x Gm x Rs

Implicit Une.rtalntles
The uncertainties implici t in the above equation are as follows:

Uv; Traceable accuracy of the ACRVS tOv output relative to
Absolute accuracy.

Um: Traceable accuracy of the ACRVS IV [loom.Y] output.
relative to Absolute accuracy.

Ur: Traceable AC accuracy of the shunt resistance relative to
Absolute accuracy.

Vg: Traceable AC accuracy of the 4600 relative to Calibration
Standards.

Ux: Short tenn transfer stabilily of the DMM.

The calcu.lations to find the Validity Tolerance for this equation
for each of the verification points are lengthy and complicated,
possibly wiLh unrealistically-large result But the method itself
introduces two major simplifications:

t. By using Lhe DMM only as a tnlnsfer sumdard, adjusting the
ACRVS for the same reading during Phase 2, the accuracy
required of the DMM. is limited to its short-renn stability.

2. By using a suitableDatron calibratoras ACRVS (assuggested
in 'Equi:pmentRequirements') theratioerror between Vinand
Vm is very small.

Both these uncertaintiesare minutecompared with other traceable
accuracies in the equation. By asswning that they do not exist (in
the interests of simplifying the calculations), the Validity
Toleranre is made marginally tighter but remains well within the
capability of the 4600. The calculation ofValidity Tolernnce and
Vm Limits. detailed overleaf, makes the assumption that the
suggested equipment will be used. Note thatthis may not be valid
for other ACRVS/DMMcombinations.

4-A4-9
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Validity Tolerance

The assumptions made on the previous page ,allow us to discard
any uncertainties associated wi!.h the DMM transfer error (Ux),
the ACRVS lOV outpuL error (Dv) and the ACRVS ratio error
(Urn). Thus we need only swn Ur and Ug, plus the uncenainties
associated with the most-recent calibration of !.he 4600;. 10 arrive
at the validi ty tolerance:

Specific Uncerta,lntles
4600 Gm
The allowed uncertainty of Gm consists of its basic accuracy
specification relative to calibration standards (Ug). plus the
uncertainty to absoluteac~.y of its mosHecentcalibration. It
is possible to give both of"these if the instrument was last
calibrated by Datron, and the values are already entered in the
table against Ugand Ud on verification reportRS2 for the nominal
verification points. For verifications after any calibration other
lhan by Datron, then Datron's calibrationuncertainty (Ud) mustbe
replaced by the uncertainty assocUlted the most-recentcalibration
(Uc). A space is provided in the tables for Vc to be entered. For
a verification immediately following a recalibration, using the
same equipment in the same conditions, both Ud and Uc can be
discarded.

Rs

The uncertainties rellltive 10 absolute accuracy associated with
the shunt (UT) will need to be calculated and added to the total for
Gm. This forms the total user's uncertainty for the present
veIi fication, and aspace is provided in the table for it to be entered.

Summing in ppm
The tOtal measurement uncertainty calculation is best carried out
all in the same units, andforpans-per-million (ppm) il isa simple
sum of the relevant uncertainties. So units such as % .should be
converted to pplll before summing. A space is provided [or enlry
of the total measuremenl uncertainty ACUt.

Upper and Lower Limits
Once the validity tolerance in ppm has been calculated foi the
particular verification being carried out (the interval since the last
calibration is significant),lhe figure is applied to the target value
ofVm (TgtVm = nominal lout x nominal Rs), in order to determine
the upper and lower voltage tolerances to be placed on the Vm
setting fOr validity of the verification. Spaces are provided in the
tables to register these limits.

Measurement Resu Its
A space is provided in the table to enter the actual Vin setting, for
comparison with the toLerance limits.

Summary of Symbols
The symbols used in the calculations appear in the tables in
Verification Report RS2.

4-A4-10

Relevant Formulae

The following formulae should be used in the different
circumstances shown:

Solo AC Verification at Full Range Values

A. When the Last calibration was by Datron:

For each 4600 OUTPUT Frequency calculate the Validity
Tolerance Limits, using the 90dy figures for Ug, as follows:

• First enter the user's uncertainty in ppm:

Ur

(Ug and Ud are already entered for three intervals)

• Next swn the three uncertainties:

Ur+Ug +Ud

Enter the result on the DC CliITent table as ACUt.

Determine the Target Measurement Voltage for each of the
three frequencies:

TgtVm =lout X R.

• Then calculatethe Validity ToleranceLirnilS ateach frequency:

ULVm ::;; TglVm {1 ... (ACUt X 1~)]

LLVm := TgtVm [1 - (ACUt X 10.ll)]

Enter the results as Upper and Lower Tolerance Limits for
Vm respectively.

B. When the Last Calibration was not by Oatron:

Use the calculations in (A), bur substitute Uc for Ud.

c. Immediately Following a User·CaUbratlon
(Same equipment-same conditions)

Use the calculations in fA), but discard both Uc and Ud, and use
the 24hr specification interval figure f~r Ug.

)
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Validity Tolerance Limit Calculations (Contd)

Slave Verifications
N.B. In this description, reference 10 a '4700' refers also 10 a compatible mode14705, 4707 or 4708.

To conftrm !.he 4600 specification it is n~ssary to measure lout, for a nomina14700 OUTPtIT setting of lOA.

AC Current

Measurement of lout
lout cannot be measured directly. so the method described on pages 4-A4-SI04·A4-7 employs a precision shunt (value Rs) to <:onvert
the output current im.o a voltage. The shunt voltage is then measured (again indirectly. via a 'transfer' procedure). The method
minimizes the effects of the DM1v1 uncertainties.

10A setting Vin lout Rs Vou!
Phase 1

I j 4600 ~i Shunt
I j DMM4700

4600 'Slave' Specificalioll Ur I
Same- reading, so
short tarm stability

error negligible

Vm I
Phase 2

4700:=] 1
._-_. OMM

Um

Pro~dural Model
Torelate Phase 1 to the Slave Error; Lhe basic equation places VOllt
as lhe subject

Vout =lOA x Slave Error x Rs

Vout remains constant, as in Phase 2 it is measured by adjusting
the 4700 voltage Vm lo obtain the same DMM voltage reading.
Thus the basic equation becomes:

Vm == lOA x Slave Error x Rs

fmpllclt Uncertainties
The uncertainties implicit in the above equation are as follows:

Us: Traceable accuracy of the Slaved lOA output relative to
Calibration Standards.

Um: Traceable accuracy of the 4700 IV [lOOmV] output,
relative to Absolute accuracy,

Ur: Traceable accuracy of the shunt resistooce relative to
Absolute accuracy.

Ux: Short tenn transfer stability of !.he DMM.

Slrnpllflcatlons
The calculations t.o find the Validity Tolerance for this equation
for each of the verification points are lengthy and complicated,
possibly with unrealistically-large result But the method itself
introduces two major simpliflcations:

1. By using the OMM only as a transfer standard. adjusting the
4700 for the same reading during. Phase 2, the accuracy
required of the DMM is limited to its short-term stability Ux.

"This lIDcertainty is minute compared with other traceable
accuracies in the equation. By asswning that Ux does not exist (in
the interests of simplifying the calculations), the Validity
Tolerance is made marginally tighter but remains wellwilhin lhe
capability of the 4600. The calculation ofValiclity Tolerance and
Vrn Limits, delailed cverleaf. makes the assumption that the
suggested method will be used.

4-M-ll
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TABLE't. SOLO AC CURRENT

Report Sheet RS2 - Alternative ACt Verification Using AC DMM

)

Full Range Checks

Calculate Tota. Measu,.rt:WJlnt 4600 Output Measurement Uncertalntls$ (ppm of Full Range)
Uncertainty - Verification Frequencies.
(Enter all uncertainties in ppm) 300Hz 5kH~ 20kHZ

- .

Shunt AWJracy
relative to Absolute Ur

4600 Accuracy 24hr 90dy 1yr 24hr BOdy 1yr 24hr 90dy 1yr
relative to Cal. Stds. Ug 260 310 420 790 840 960 7320 8720 10620

Datton Cal Std uncertainly
relatille 10 Absolute Udll ) 110 110 110 110 110 110 250' 250' 250'

IJser's Cal Std uncertainty
Irelative 10 Ab~lute Uct2]

I
Total Measuremenl Unoe~inty
(Validity Tolerance) ACUt

calculate ValIdltv Tolerance Limits

Value of AC Currenl Shunt

IRa n n n
I

Targel Value for Vm
TgtVml' J V V V

Upper Tolerance Lirnl.t for Vm
ULVm V v V

Lower Tolerance Limit for Vm
LLVm V V V

DMM Readings and ACRVS SettIngs

DMM Transfer Readings 'V300' = 'V5k' = 'V20k' -
v v V

Actual ACRVS Settings (Vm)
for DMM Transfer Reading Vm V V V

Notes:
1. Use Ud only if rh·e 4000 was last calibrated by Datron,
2. Use Uc on~y if ·!tIe 4600 was not last calibrated by Dalron,

Enter the calibration uncertainty for the most-recent oalibratioo.
3, The value of TglVm is dependent on the value RI of the shunt.

Estimaled

4-M-RS2-2
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Report Sheet RS2 - Alternative ACI Verification Using AC DMM
TABLE 2. SLAVE AC CURRENT

IFull Range Checks

Section 4 - 4800 VerifICation - Appendix 4

Calculate Total Measurement
Uncertainty
(Enter all uncertainties in ppm)

~ . .-

Measurement Voltage Vm
accuracy reta1ive to absolute Um

Shunt Accuracy
relative to Abso'IUIe Ur

Slaved 4600/4700 AC Aoouracy
relative to Calibration Standard~ U.'~I

Slaved 4800/4705 AC AOCA,Jracy
refative to Calibration Standards U.'41

Slaved 4600/4707 AC Accuracy
relative to Calibration Standards U. 141

Slaved 460014708 AC AccurtJOl
relative to Calibration Standards U.'41

Dalron CaI Std uncertainty
relative to Absoluls Ud{11

US91's Cal Std uncertainly
relative to Absolute lk l')

Total Measurement Uncertainty
(Validity Tolerance) ACUt

Calculate Valldlty Tolerance LImits

4600 Output .....aaur.miMrt Uncertalntle. (fppm of FuU Range)
- Verification Frequenclea •

300Hz 5kHz 20kHz

24hr 9Qdy fyr 24hr 9Ddy 1yr 24hr ~ 1yr
520 590 820 930 1000 1220 7420 8960 10080

24hr 90dy fyr 24hr 90dy lyr 24hr 90dy 1yr
630 730 940 1090 1190 1360 7620 9320 11270

24hr 90dy tyr 24hr 90dy 1yr 24hr 90dy 1yr
400 470 570 8GO 940 1030 7320 ana 10410

24hr 90dy fyr 24hr 90dy 1yr 24tJr 9()dy 1yr
340 410 470 810 870 940 7320 8720 10340

l10 11Q 110 110 110 110 250· 250" 250"

Value of AC Current Shunt
R. Cl Cl Cl

Target Value for Vm
TgIVrnl"I', V V V

I
Upper Tolerance Umit for Vm'

ULVm V V V

Lower Tolerance Urnll for Vm
UVtn V V V

OMM Readings and 4700 S.ttlnga

DMM Transfer Readings 'V.300' .. 'VSk',"" V2OI(,.,
V V V

Actual 4700 Settings (Vm)
for DUM Transfer Reading Y'm V V V

Notes:
,. Use Ud only If the- 4600 wu last caIlbrl!lted by Datroo.
2. Use Uc only if 1he 4600 was nailss1 calibrated by Oatron.

Enter the calibration uncertainty for the most·recent calibration.
3. The value of TgtVm Is dependent on the value Rs ollhQ shunt
4. Use only one value of Us: 11'1& one appropriate. to the $laYing calibrator in use.

Estimatad
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Harmonic Distortion Measurement

The measurement ofTrue Harmonic Distomon is not detailed as
part of the verification procedLITe. However. some users may wish
to check this feature from time to time. so one or two points need
to be clarified.

The very low noise content of the 4600 output is included in its
accuracy specifications, but not in its TOTAt. HARMONIC
DISTORTIONspecificationson page 4-1. The latter relate to true
harmonic distortion only.

If the 4600distortion specification is tobeverified, themeasurement
equipment musl be selected with care. Some distortion meters
merelysuppress the fundamen tal and measure the remainderover
a specific bandwidth. The readings obtained include wideband
noise integrated over the full bandwidth, in l10ducing me.asurement
erroTS which increase the apparentharrnonicdistortion (particularly
allow fundamental levels, where the harmonic envelope mpidly
descends lino the noise floor).

Measurement of true harmonic distortion only, in any signal, can
be a laborious process. To measure the value of each single
frequency hannonic. (as would be required to verify the 4600
THD specification), any wideband noise must be filtered out.
Very selective bandpass noteh fIltering is required; this is usually
achieved by phase-locking the measurement circuitry to the
signal, as performed by a selective signal level meter.

A modem automatic spectrum analyser is more satisfactory. The
harmonic arnpliUldes can be displayed on a screen against a grid.
tJ1e noise levels can also be seen, Or a cursOr can be used to set a
bandpass notch filter to the harmonic frequency required, to give
a direct digital readoiIl THD measurement is simplified and
speeded up by this method.

It is therefore recommended. that either a spectrum analyser or
selective level meter be employed. Suitable instruments are:

Hewlett-Pac1card HP3585 Spectrum Analyser,
or HP3586 Selective Level Meter.

Section 4 - 4600 Verification· Appendix 5
Appendix 5 to:
4600 User's Handbook
Section 4

4-AS-J



)



)

S CTION 5 4600 Calibration

Routine Calibration
Reasons for Recalibration
Scheduled RecafibraUon

Calibration Modes
The 4600 has two separate modes of operation: Solo and Slave modes.
Each mode is calibrated independently of the other by different methods,
there being no mutual inl:eraction.

Routine calibration in SolO mode consists of adjusting two internal trim
potentiometers and an adjustable ninuner capacitor, which are connected
into the circllit only in Solo mode.

Routine calibration in Slave mode is carried out from the front panel of
the slaving 4700-series calibrator. This process corrects the reference
voltage by which the 4700 controls the 4600 output, but makes no
physical adjustment 10 the 4600 itself. Although the reference voltage is
derived from the 4700's lOV range circuitry, routine recalibraLion of the
lOV range does not affect the 4600 calibration (and vice versa), as the
1DV range and reference voltage have separate calibIation corrections,
each held in separate non-volatile ,memory stores.

In effect, the slaved combination behaves as if the 1OArange provided by
the 4600 were merely another range built in to the 4700. All the built-in
4700 facilities such as Error and Offset modes (and the SEfand STD
calibrations), are available for the lOA range.

Calibration of Slave Mode on Receipt (Special Case)
The 4600 is fully calibrated in Solo and Slave modes before leaving the
factory, but from the previous description it can be seen that the Slave
mode corrections are held in the non-volatile memory of the 4700-series
inslrwnent with which it was calibrated. Ifboth calibrator and 4600 were
supplied as acornbination, the 4600 facmry-e:a}ibratlon is still valid. But
if the 4600 was supplied on i15 own (possibly for use with an existing
compatible 47oo-scries calibrator, or for use in Solo mode with existing
voltage reference sources), then it will be necessary to repeat the Slave
mode calibration in combination with any compatible 47oo-series
calibrator to which it is to be slaved.

Calibration Intervals
The specifications for the 4600 are based on standard intervals of up to
24 hours, 90 days or 1 year from calibration. Some users will wish [0

maintain the highest accuracy by recalibrating at short intervals (e.g.
every 24 hours). In these cases, recaJibration becomes a routine task.

U ers may wish to choose alternative schemes, accounting for.

The accuracy required when in use,
The instroment specifications (this handbook Section 4),
The scheduled calibration intervals normally adopted by the user's
organization

Restandardlzatlon (Slave mode)

Occasions may arise when it is necessary to trim the slaving 4700's
internal Master Reference. For example, when the combination is 10· be
made rraceable lO a differemNational SLmdard, after t:ra:nsportation from
one country to another (Refer to AUTOCAL FACiLITIES, page 1-3 ofthe
Calibl'aJion and Servicing Handbook for the relevanJ 4700-series
calibraJor). Carricd outon the lOVor 1V DC range, this process corrects
all Voltage Md Current ranges. including the 4600 lOA range OUlpUl

Section 5 - 4600 Calibration

Pre-call'bratlon Procedures (Slave mode)

In an initial internal calibration process atmanufacturc of the 4700-series
calibrator, certain 'Pre-cal' parameters are estab.lished in a special
calibration memory.

Under certain conditions (detailed in Table J.1 of the Calibration and
Servk;ing Handbook for the relevant 4700-series calibrator) these
parameters need to be re-established by completing the 'Pre-Cal' procedure
before a Full Routine Autocalibralion. Subsequent to this Pre-Cal. the
4600 Routine Calibration will also be required.

Calibration Memory Corruptfon (Slave Mode)

Battery Change
Calibration corrections for a slaved 4600 aTe stored by the slaving 4700
in an internal memory which remains energized by a battexy. The
Lithiwn battery which powers the non-volatile. calibration memory
should be replaced after 5 years (Refer toSection 43 ofthe CalibraJ.wn
and Serl'u:ing Handbookfor the relevant 4700-series calibrator). After
replacement, a full Pre-calibration is required followed by a complete
Routine Autocalibration (this includes the 4700/4600 lOA range).

Memory Check failure
When the slaving 4700 Cal key is pressed to effect the 4600calibrlltion,
the Cor.tQCTion conwmt is checked to be within prescribed limits before
being stored. Values outside prescribed limits flag a Fail 6. On the
follo~g occasions, the swne c,heck is perfonned and Fai16 can indicate
a corruption in the slaved 4600's correction memory:

When the 4700 is powered"up.
When the 4700 lOA range IS selected,
Each time the output is switched ON,
Durin& each self-test routine.

Critical Part Changes
Recalibration (or Yeritica'don) is necessary afr.erreplacementofacrilicaI
PCB assembly or a critical component. These are listed in Section 8,
Table 8.1, indicatiog the extent of the recllHbration necessary.
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Hecalibration 'Procedures
in this Section

Routine Calibration (Solo mode)
RoutIne Autocalibratlon (Slave mode)

These Routine CaJibration procedures are sufficientfor all normal
rccalibration purposes. except when Common mode., DC Offset
or Amobias correction is called for (refer to Table 8.1 ).

Calibration Sequence Profiles

The methods and seqlience ofcalibration depend on how the 4600
is intended to be used, and whether it is to be slaved to a 4700
series calibrator. This leads to two ways of setting about the
calibration.

1. Solo Only
If the 4600 is not to be slaved lo any 4700-series calibrator.
then it will not be possible to calibrate its slaved operation. In
this case, proceed as follows:
a. Verify the Voltage Source to be used as reference for the

4600;
b. CaJibrate the 4600 in Solo mode.

2. Slaved to a 4700-series Calibrator
Use the following sequence:
a. Ensure that the specification of the 4700-series calibrator

is verifled~

b. Use that calibrator to calibrate the 4600 in Soja mode;
c. Slave the 4600 10 that same calibrator, and use the

caJibrator front panel keys to calibrate the slaved
cornbination.
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Remote Calibration
vla the IEEE 488 Interface (Slave mode)

The 4600 has no IEEE 488 interface of its own. so remote control
in Solo mode is unavailable.

Thedevice-dependentcommands necessary for routineca1 ibration
of the slaved 4600 via the IEEE 488 bus are given in Section 3,
page 3-12. A guide-line example is given in Section 1 of the
relevant Calibration and Servicing Handbook for the slaving4700
(V011), but this needs to be adapted for tbe bus controller in use.

Option ReqUirements for Slave Mode

Slave Mode needs issue 5 fl11l1ware or later.
4700 l1eeds option 20 for current outputs.
4707 needs option 27 for current outputs.
4708 needs options 10 and 30 for DC current outputs,

or 20 and 30 for AC Current outputs.

Evaluating User's Calibration Uncertainties

Naturally. the perfonnance of any equipment is affected by the
range, accuracy and traceability of the users' standards against
which it is calibrated.

Where traceability is of importance, userswill need 10 evaluate the
effects of their own Standards' uncertainties on the performance
of equipment such as the 4600.

Section 4and its appendices contain descriptions and calculations
which are necessary to establish a 'Validity Tolerance' for the
results of verification procedures. The calibration processes in
this section can be a means of IWucing the magni1l.lde of
uncertainties which go to make up the Validity Tolerance, and so
the c.aIculations in Section 4 appendices can assist in evaluating
these uncertainties.

)
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Preparing the 4600 for CaUbration

General
Before any calibration is carried out, prepare the 4600 as [oHows;

Turn on and allow a minimum of 2 hours to warm up in the
specified environment

Solo Mode
If me 4600 is to be calihrated in Solo mode:

Using the 2.5mm hexagon key from the tool kit. loosen and
remove the four M4 coutersunk screws retaining the 4600
top cover, but to avoid internal cooling do not lift the cover
l1l1lil required by the Solo calibration procedure.

Slave Mode
If the 4600 is to be calibrated in Slave mode, prepare the slaving
4700-series calibrator as follows;

I. Turn on and allow a minimum of 2 hours to warm up in the
specified envirolUtlent.

2. Cancel any MODE keys, ensure OUTPUT set to OFF.

3. IEEE 488 Address switch:
Set to ADD 11111 (Address 31) unless the 4700 is to be
calibrated via the IEEE 488 interface.

4. CALIBRATION ENABLE key switch:
Insert Calibrntion Key and turn to ENABLE.

These actions activate the four calibration modes (labelled in
red), and present the ,callegend on the MODE display.

Caution
Inadvertent use of the Ca! key will overwrite the calibration
memory!

For other warning and caution.ary notices, and more details of
the calibration facilities D( the slaving 4700-seriescalibrator. refer
to Section 1 of its Calibration and Servicing Handbook.

Section 5 - 4600 Calibration

!Returning the Solo 4600 to Use
When any Solo mode calibration is completed. return the 4600 to
use as follows:

1. Ensure that the OU1PtIT OFF LED is lit.

2. Refit and lighten the four M4 screws to retain the top cover.

'Returning the Slaved 4600 to Use
When any Slave mode calibration is completed. return £he slaved
4700/46f.YJ combination to use as follows:

1. Ensure that both OUTPUT OFF LEDs are lit.

2. 4700 CALIBRATION ENABLE key switch:
Turn to RUN and wiilidraw calibration key.

3. IEEE 488 Address switch:
Restore to the correct address if the 4700 is to be used in
an IEEE 488 system. If not, set any address other than 31
to prevent inadvertent entry to Ca! mode.

The cal legend and calibration modes are deactivated.
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4600 Solo Calibration

General Philosophy

Correction of Transconduetance
To calibrate a 4600 in Solo mode, we correct its transconductance
value, by providing a rraceable DC or AC voltage input and
correcting the current output.

DC Outputs
For DC output the calibration method relies on the accuracy
provided by the measurement of voltage across a precision lOA
shunl, using a high-quality (ie stable) DM:M, used only as a
uansfer-measuremenldevice to rernoveits inherenl uncertainties.

The Dl\1M is flfst slandardi.zed ID the same traceable VOltage

source used as input 10 the 4600, at the expected voltage due to the
value of the selected shunt The calibration points are: DV and
+lOV of input voltage, producing OA and + lOA respectively. The
source of DC voltage is referred to in the procedure as the
'DCRVS' (DC Reference Voltage Source).

AC Outputs
To correct the AC output, a DC/AC thennal transfer can be used
with a lOA shunt. The DC output of the same 4600 can be used
as the reference DC curr nt source for the transfer, i[S DC
specification being sufficiently accurate. The AC calibration
should be carried out immediately after the DC calibration of the
4600, lO take advantageofreadings already taken. Thecalibration
points are: IDV RMS ofinput voltage at 300Hz and 5kHz in turn,
producing lOA RMS at the same frequencies. To generate the
refer nee DC current, the DCRVS is used as input to the 4600; the
source of AC voltage for correction of the output is referred to in
the procedure as the 'ACRVS' (AC Reference Voltage Source).

Shunt Values
In the following procedures, the shunt voltage vaIuesare given for
a IOOmQ shunt; values for a lOmQ shunt are indicated by square
braces [...l.

Sequence ProfUe
Before embarking on any calibration. decide which sequence
profile is la be followed, after reading the paragraphs headed
'Calibration Sequence Profiles' on page 5"2. The following
procedures should fann Ori ly part of that profile.

Interconnections
Interconnection instructions in this section are necessarily simple
and basic, and are mainly intended to show connections to the
4600. It is recognized that they may need to be adapted to meet
an individual user's requirements.

Operation of Standards EqUipment
It is assumed that users will possess adequate knowledge of the
operation and use of the required standards equipment

Alternative AC Current Calibration
An alternative method of calibrating AC current output, using a
DMM for AC-AC transfer, can be found in Appendix I lO this
section.

Location of Internal Controls
The internal trjmpots and trimming capacilors. used to correct the
4600 output, are at the left front ofof the Sense Assembl y (shown
III Fig. 5.1 below).

Fig. 5.1 LOCATIONS OF INTERNAL TRIMMING COMPONENTS
(Solo Mode calibration)
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Solo DC Current Calibration

Zero and Full Range

The Solo 4600 is calibrated by correcting its transconductance.
The DCRVS inputs a voltage, and me output current value is
corrected by internal adjuslmenL A shunt converts the output
current to a voltage, measured across the shunt using a nMM
which we have first 'Standardized' to the DCRVS.

Equipment ReqUirements

A DC Reference Voltage Source (DCRVS), calibrated to
suitable accuracy at zero,±10V and ±1 V [±lOOmV].
Example: A Datron 4000/A, 4700 or 4708.
A Calibr3ted lOA Current Shunt of suitable accuracy, of
value lOOmQ [lOmQ].
A DMM of sufficient resolution and stability, for use as a
transfer device to measure the DC voltage across the shunt
Example: A Datron 1281, 1081 or 1071.

CAUTION
When choosing a lOA current shunt, ensure that its rated power
dissipation is sufficient to avoid permanent degradation from the
self·heating effects of the current being checked.

Su mmary of DC Procedure

General
The 4600 is calibmted at two output currents: OA and +10A,
corresponding to input volt.ages of Ov and + IOV. The outputs,
pass through a precision current shunt of value 100mQ [or
1OmQ]; the resulting volLages of OV and + IV [OV and +lOOmV]
arc measured by a previously-standardized DMM. The 4600
output is corrected at tbcse two values.

DMM Standardization
The specification of me DC Reference Voltage Source (DCRVS)
should beknown to verify allhc voltages to be used. It is then used
to standardize the DMM, at the voltages it will be measuring.

4600 DC Current Callbration
The DCRVS output is then applied to the Solo 4600 INPUT
terminals. The OUTPUT 1+ and 1- terminals of the 4600 are
connected lo pass me output currenL through the shunt, and the
DMM is connected to measure the voltage across the shunt.

The4600input voltage is set to nominal av, and the shunt voltage
is measured. The 4600 internal 'Offset' trimpot is adjusted for.a
standardized reading on the DMM. With an input voltage of
+lOV, the 4600 internal 'Gain' Lrimpot is adjusted for a second
standardized reading on the DMM.

The 4600 should then be verified at OA, +lOA and -lOA in
accordance with the procedure on pages 4-5 to 4-7 of Section 4.

Section 5 - 4600 Calibration

•Standardizing' ensures that the DMM is aligned to the DCRVS,
at the expected values of shunt VOltage. lOA will produce IV
across a lOOmOshunt [IOOmV for a lOmOshunt]. A table given
in the procedure relates the DCRVS settings used to standardize
the DMM to the expected voltages, for each shunt value.

PreparaUon

Before attempting any calibration ensure that the following steps
have been carried out

1. Before connecting and operating any equipment, consull the
manufacturers' handbooks.

2. Ensure that the DCRVS and DMM specifications verify at the
following volLages:
DCRVS av; +1 V [lOOmV]; +lOV.
DMM av; +lV [+100mVl.

3. Comply with the instructions for 'Preparing the 4600 for
Calibration' on page 5-3.

4. Th~ 4600 front panel LEDs should show no errors present.
Carry out any self-test routine on the DCRVS.

The procedure is detailed on pages 5-6n.
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Section 5 . 4600 Calibration

Solo DC Current Cali'bration Procedure

First Standardize the DMM at 1V [100mV]

DC R~lerence Voltage
Source (DCI'lVS)

DANGER 1.\
HIGH VOLTAGE ill
~

HI lo

Connect the DMM lO read the DCRVS output as in the above
diagram. Ensure that the DMM Guard is set to Remote.

Carry out operations (a) to (e) at +Full Range:

DC DMM (W {100mY] Flange)

Iii1 Local Guard

~ Remote Guard

)

)

Point DCRVS Sllt1! 1'19 Note
lOOmil 10mil DMM reading
Shunt Shunt ~$

+Full Range +1.000000V I+lOO.OOOOmV '+Vl'

ll. DCRVS Ensure Ibm OUTPUT is OFF,
FUNCTJON lo DC Voltage. Standardization points:
OUTPUT RANGE to IV [100mVj,
Sense to Remote.
Guard to Local.
OUTPUT voltage IQ !.he appropriate value shown
in the Table.

b. DMM Ensure Lhal lheDMJvf has been 'JnputZeroed'. Set
DC range to measure the selected DeRVS output
voltage (see Table).

C. DCRVS Set OUTPUT ON.

d. OMM Note the reading as' +V1' (Sce Table),

e. DCRVS Set OUTPUT OFF.

5-6
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Section 5 . 4600 Calibration

Correct the 4600 DC Output

Connect the DCRVS, 4600, Shunt and DMM as shown in the
above diagram (ensure the connection of D:MM to to the 4600
INPUT ground).

•
m. Set Output to O.OOOOOV.

iv. Set Output ON.

(DC

Offset)

Carry out operations (I) 1:0 (j).

i. Set FUNCTION to DC Voltage.

11. Select the lOV range,
Sense and Guard to Remow,

f. DCRVS

Verify the DC specification as in Section 4, pages 4-5 to 4-7.

1.

v.

ill.

Set Output ON.

Lift the top cover and locate R417
(Gain trimpot).

Adjust R417 to obtain a DMM reading
of'+Vl' noted in (d).

iv. Rem the top cover (do not secure).

Che.ckthat the DMM reading is I+Vl'.

H.

j. 4600

i. Set FUNCTION to DC Voltage.

ii. Select the 10V range, Remote Guard..

Hi. Set Output to +10.MOOOV.

iv. Set Output ON.

i. Set Output ON.

ii. Lift the top cover and locale R411
(DC Offset trimpol).

ili. Adjust R411 [0 oblain a DMM reading
of O.OOOOOV.

iv. Refit the top cover (do not secure).

v. Check that the DMM reading is
O.OOOOOV

h. DCRVS

g. 4600
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Solo AC Current Cal ibration

Full Range

The Solo 4600 is calibrated by correcting its transcondllctance. A
Thermal Transfer Standard (YTS), in conjuoction with a lOA
shunt, is fltSl nulled at. the verified DC current-output from tlle
4600; using the OCRVS to provide the 4600 input reference
voltage.

Equipment Requirements

The DC Reference Vollage Source (DCRVS) used in the
previous procedure [0 verify the 4600 DC current ourput.
Example: A DaLron 4000/A, 4700 Of 4708.

An AC Reference Vollage Source (ACRVS) of suitab.Je
accuracy, with its specification verified for lOV RMS
outputs at 5kHz.
Example: A Datron 4200A, 4700 or 4708.

A Calibrated AC WA Thermal TransferCurrem Shunt of
suitable accuracy, ofvaJue lOOm!) [IOmQ].
Example: Holt HCS 1.

A Thermal Transfer Standard of sufficient resolution and
stabililY, for use in conjuncLion wiLh the shunt

CAUTION
When choosing a lOA currenl shunt, ensure that its rated power
dissipation is sufficient to avoid permanent degradation from the
self-hcaLing effects of the ClllTem being checked.

Summary of AC Procedure

General
The 4600 DC output is used as reference current The 4600 is
corrected at 5kHz; for an input voltage of lOV RMS. The AC
output is measured using a thermal transfer st.andard with a
precision current shunt of value lOOm11 [or lOmQ].

TTS Null to DC Reference Current
The OUTPUT 1+ and I- terminals {)f the 4600 are connected to
pass the Output current 10 a thermal transfer standard. used in
conjunction wiilia lOA current shunt The ITS is nulled fora DC
reference current, derived by driving the 4600 from the DCRVS
set to the voltage previously recorded for lOA DC output.

4600 AC Curr~nt CalibratIon
The 4600 inpul VOltage is set to nominallOV at 5kHz. The 4600
internal 'HF Gain Compensation' trimmer capacitor C424 is
adjusted for the 4600 output current to give a null on the TrS.

Section 5 - 4600 Calibration

We then use the ACRVS to input 5kHz AC voltage to the 4600,
adjusting an intemal trimmer capacitor to to obtain a null on the

ITS.

Preparation

N.n. The foUowing gives the full preparation assuming thal DC
Cal. has not been carried out. For best results the DC Cat should
immediately precede AC caI.• so some of the items will be
unnecessary.

Beforeauempting any verification ensure thAl the following steps
have been carried out

1. Before connecting and operating any e{jllipmenl, consult thc
manufacturers' handbooks.

2. Check thauheACRVS specification is verified for lOV oUlput
at 5kHz.

3. Check thatthe Solo4600 specification is verified for +IOA DC
output

3. Comply with the instructions for 'Preparing the 4600 for
Calibration' on ~ge 5-3.

4. The 4600 from panel LEDs should show no errors prcscnL
Carry out any self-lesl routines on the DCRVS and ACRVS.

The procedure is detailed on pages 5-10111.
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Section 5 - 4600 Calibration

Solo AC Current Calibration Procedure

)

)To avoid Ground Loops
use a floating (battery powered)

Thermal Transfer Standard

1+ 1-

TlIERMAL
TRANSFER
STANDARD

ACIOC~ Vollage
Stl!JfQllIRVS)

, .. ----.- -.-.--.-
DANGER J1\

HIGH VOLTAGE ill
~

First Null the ns at 10A DC
ConnccLtheDCRVSoutputtothe4600INPUTtenninaIsasinlhe
diagram. Connect Ihe shunt and rrs to Ihe 4600 OUTPUT
terminals as shown Censure the connection ofShuntLo to the4600
INPUT ground).

Carry OUL operations Ca) to (g):

a. DCRVS Ensure that OUTPUT is OFF,
FUNCTION LO DC Voltage.
OUTPUT RANGE to IOV,
Sense to Remote.
Guard 10 Local,
OUTPUT voltage to lO.OOOOOV DC.

e. ITS Adjust for a Null reading.
Allow the reading LO stabilize.
Readjustfor a Null reading.

f. 4600 Set OUTPtrr OFF.

b. ITS Set range to maximum.

c DCRVS Set OUTPUT ON.

g. DCRVS SetOUI'PlITOFF and disconnect from the 4600
INPUT tenninals.

)

d. 4600 Set OUTPUT ON. Check rha1 the OUTPUT ON
key LED tights and the ITS indicates.
Set OUIPUT OFF. Check that the OUTPUT
OFF key LED lights and the TtS indication falls
LO null.
Reset OUTPUT ON.

)
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COrrect the 4600 AC Output
Connect the ACRVS output to the 4600 INPut tenninals.

Carry oul operations (h) to (P):

b. ACRVS Ensure that OUfPUT is OfF,
FUNCfION to AC Voltage,
FREQUENCY to 5kHz,
OUTPUT RANGE to tOV,
Sense to Remot~,

Guard to Local,
OUTPUT voltage to lO.OOOOOV RMS.

j. TTS Set range to maximum.

k. ACRVS Sel OUTPUT ON.

I. 4600 Lifl the lOp cover and locate C424 (ACHF gain
compensation trimming capacitor).
Set OUTPUT ON. Note that the ITS indicates.
Adjust C424 for a Null reading on the TI5,
increasing TTS sensitivity to obtain the best nun.
Allow the reading to st3bilize.
Readjust C424 for a Null reading on the ITS.
Refit and secure the lOp cover.

p. ACRVS Set OUTPUT OFF.

Verify the 4600 specification as detailed in Section 4, pages 4-9
to 4-11 (LhelTS is already standardized).

Section 5 - 4600 Calibration
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Section 5 . 4000 Calibration

4600 Slave Calibration
N.B. In this sub-section, reference to a <4700' refers also to a compatibJe model 4705, 4707 or 470&.

)

General Philosophy

Correction Of vutput
To calibrate a 4600 which is slaved to a particular 4700-series
c.llibrator, we measure its output current (using the same
tcchniques as for Solo mode), which is then correcled 10 agree
wiLh the slaving 47oo's OUTPUT setting.

DC Outputs
For DC Ot;tput the method of correction relies on the accuracy
provided by the measurement of voltage across a precision lOA
shunt, usingahigh-quality (iestable)DMM, butonly as a transfer
measurementdevice to remove its inherent uncertainties. 11 is first
standardized 10 the voltage output of the slaving 4700, at the
expected voltage due to the value of the selected shunt. The
combination is then corrected at OA and +lOA.

AC Outputs
To calibrate the AC output, an AC!OC thermal transfer can be
used with a lOA shtmt. The DC OUIpUl of me same slaved 4600
can be used as the reference DC current source for the rransfer, its
DC specification being sufficiently accurate. The AC calibration
should be carried out immediaLely after lhe DC calibration to take
l.\dvullLage of readings already taken. The combination is
correcLed for] OA RMS ofoutputcurrentat 5kHz. To generate the
reference DC current, the combination ftrst operates in its DC
function; then correction in AC function is carried out

Shunt Values
In the following procedures, the shunt voltage values are given for
<I 1OOmQ shum; values for a 10mn shunt are indicated by square
braces [...1.

5-12

Sequence Profl.le
Before embarking on any calibration, decide which sequence
profile is to be followed. after reading the paragraphs headed
'Calibration Sequence Profiles' on page 5-2. The following
procedures should form only part of that profile.

interconnections
Interconnection insnuctions in this section are necessarily simple
and basic, and are mainly intended to show connections to the
4600. ]t is recognized that they may need to be adapled to meet
an individu.al user's requirements.

Operation of StandardS EquIpment
It is assumed that users will possess adequate knowledge of the
operation and use of the required standards equipment.

)
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Slave DC Current AutocaHbration

Zero and Full Range

The 4700/4600 combination is calibrated by correcting its output.
We use Lhe4700Cal mode to adjust the outputcurrent value so that
it agrees with the 4700 OUTPUT setting. A shunt converts the
output current to a voltage, measured across the shunt using a
DMM which we have fIrsl 'Standardized' ro the 4700 voltage.

EqUipment RequIrements

The slaYing 4700, DC Yollage verified lo suitableaccuracy
at Zero, +IOV and +1V [+ lOOmV].
A Calibrated lOA Current Shunt of suitable accuracy. of
value 100mQ [10mQ].
A DMM of sufficient resolution and stability. for use as a
transferdevice to measure theDC vollageacross the shunt.
Example: A Datron 1281,1081 or 1071.

CAUTION
When choosing a lOA Current shunt. ensure that its rated power
dissipation is sufficient to avoid permanenl degradation from the
self-heating effects of the Current being checked.

Summary of DC Procedure

General
The 4600 is calibrated attwo output currents: OA and +lOA. The
outputs are passed through a precision current shunt of value
100mQ [or lOmO], theresulLing voltagesofOV and+l V [OVand
+lOOmV1 being measured via a previollsly-standardized DMM.
The4600 output is corrected at these two values, and the.n verified
in accordance with Section 4.

DMM Standa'rdization
The specification of the 4700 should be known to verify allhe
voltages to be used. Itis then used to standardize the DMM, at the
voltages it will be measuring.

Slave DC Current Calibration
The 4600 is connected in Slave mode to the 4700. The 4600
OUTPUT 1+ and 1- terminals are connected to pass the output
current through the shunt, and the DMM is connected to measure
the voltage across lhe shunt.

The 4700 lOA DC OU1PUT RANGE is selected. With its
OUTPUT display set lO nominal OA, the shunt voltage is
measured. The 4700 Cal mode is used to calibrate Zero for a
standardized reading on the D1vfM. With the 4700 output set to
nominal +lOA, the4700 Cal mode is used LO calibrate Fuli Range
ata second standardized reading on the DM:M.

The 4600 should then be verified al OA and ±IOA in accordance
with the procedure on pages 4-14 to 4-15 of Sec lion 4.

Section 5 . 4600 Calibration

•SlMIdardi7ing' ensures that the DMM is aligned to the4700 at the
expected values of shunt voll.age. lOA will produce 1V across a
lOOmQ shunt [lOOm V across a lOmQ shunt). A table given in the
procedure relates the 4700 settings used to standardize the DMM
to the expected Yoltages. for each shunt value.

Preparation

Before attempting any calibration enSure that Ihe following steps
have been carried out

1. Before connecting and operating any equipment, consult lhe
manufacturers' handbooks.

2. Ensure that lhe 4700 and DMM specifications verify at the
following voItages:
4700 OV; +IV [IOOmV]; +10V.
DMM OV; +lV [+loomV].

3. Comply wiili the instructions for 'Preparing the 4600 for
Calibration' on page 5-3.

4. The 4600 front panel LEDs should show no errorS present
Press the 4700 Test key to carry out the self'lest routine on the
4700/46I:fJ combinalion.

The procedure is derailed on pages 5-14/15.
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Section 5 - 4600 Calibration

Sllave DC Current Calibration Procedure

First Standardize the DMM at 1V [100mV]

4700-serles
Slaving Calibrator..... __ .. .
DANGER

HIGHYOLTAGE

Hi La

DC OMM (1V [lOOmVl Range)

Connect the DMM to read the 4700 DC voltage output as in the
ubovc diagram. Ensure that the DMM Guard is set to Remote.

Carry out operations (a) to (e) at each of the two points in the table
(Zero and +FuH Range) in tum:

Poinl 4700 Selling Note
100mfl 10mn DMM reading
Shunt Shunt as

Zero .oooooov .OOOOV 'VO'

+Ful'l' Range +1.000000V +100,OOOOmV '+Vl'

Set DC range to measure the selected 4700 output
voltage (see Table),

Ensure that OUTPUT is OFF,
FUNCTION to DC, Standardization point:
OUTPUT RANGE le 1 [lOOm],
Sense to Remote,
Guard le Loca I.
OUTPUT voltage to the appropriate value shown
in the Table.

b. DMM

a. 4700

c. 4700 Sct OUTPUT ON (use ON+)

d. DMM Note the reading as 'VO' or '+VI'
(Sce Table).

e. 4700 Set OUTPUT OFF.

)
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Section 5 - 4600 Calibration

Correct the 4600 DC Output
DCDMM

(1V [100mV]
Rang8)

Slaved 4600

lNPUT

STA',·mARO
,OO-mOSHUNT

[10mOI

x-

Verify the 4700/4600 combination specification as detailed jn
Section 4, pages 4-13 to' 4~15 (the DMM is already standardized
at two points, and readings VO and +VI are already noted).

Carry out operations (t) to (k).

Connect Lhe 4700 and 4600 in Slave mode. Connect the 4600, h. 4700
Shunt and DrvrM as shown in the abov,e diagram (ensure the
connection of DMM La to !.he 4600 INPUT ground).

f. 4700 i.
(Zero) H.

In.

iv.

v.

Set FUNCTION to DC, !hen I.
Select RANGE 10. Guard.and Sense are
controlled internally by firmware.
Set Output to O.OOOOOA by pressing the
'Zero' key.
Press the ON+ key. Check that the 4700
and 4600 ON key LEDs light and the
D:MM indicates.
SetOUTPUTOFF. Check that the 4700
and 4600 ON key LEDs go out, OFF
LEDs light and !.he DMM indication faIls
to zero.

j. 4700
(+Full Range)

k. 4700

i. Press the OUTPUT ON+ key.

ii. Adjust OUTPUT t ... keys to obtain a
DM:M: reading of 'VO' recorded in (d).

m. Correct by pressing the Cat key.

i. Set Output to +1O.00000A by pressing
the 'Full Range'key.

ii. Adjust OUTPUT ....... keys to obtain a
DMM reading of '+VI' recorded in (d).

ill. Correct by pressing the Cat key.

Set OUTPUT OFF.

)

)

g. 4600 i. Press the OUTPUT ON+ key. Check
that the 4700 and 4600 ON key LEDs
light and the DMM indicates.

ii. Set OUTPUT OFF. Check !hatthe4700
and 4600 ON key LEDs go om, OFF
LEDs light and the DMM indication falls
to zero.
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Slave AC Current Autocalibration

Full Range Checks

The Slave 4600 is calibrated by correcting its output. A Thermal
Transfer Standard (ITS), in conjunction with a lOA shunt. is first
nulled at the verified DC current output from the 4700/4600
combmation.

EqUipment Requirements

The slaving4700, AC voltage verified la suiillble accuracy
at lOV, 300Hz and 5kHz. Calibration of the lOA DC
oulputof the same 4700/4600 combination must have been
carried out within the previous 24 hours (preferably
immediately before starting this AC calibrntion).
A Calibrated AC lOA Thermal Transfer Current Shunt of
suitable accuracy, of value lOOmO [lOmQ).
Example: Holt HeS L
A Thermal Transfer Stand3rd of sufficient resolution and
swbjjiey. for use in conjunction with the shuut

CAUTION
When choosing a lOA current shunt, ensure that its rated power
dissipation is sufficient to avoid permanenl degradation from the
self-heating effects of the current being checked.

Summary of AC Procedure

General
The 4600 is calibrated for two OUlput currents: lOA RMS at
300Hz and 5kHz. The AC outputs are measured using a themlaI
transfer standard in conjunction with a precision current shunt of
value l00m'o' [or lOmQ), against .he 4600 DC output used as
reference current

ITS Null to DC Reference Current
The OUTPUT [+ and 1- tenninals of the 4600 are connected le

pass the output current lO a thennal transfer standard, used in
conjunction with a lOA current shunt. The TIS is first nulled for
a DC reference current, derived by setting the 4700 output display
for lOA DC output.

4600 AC Current Correction
The 4700/4600 combination is switched to output AC current at
300Hz. The 4700 OUTPUT display is adjusted so that the 4600
output current causes a null on the ITS. Al this setting the 4600
is corrected by pressing the 4700 Cal key.
The correction is repeated at 5kHz.

Section 5 - 4600 Calibration

We then switch the combination to output AC current at 300Hz,
and adjustthe4700 OUTPUT display value to obtain anun on the
ITS. The OUTPUT display value is corrected at this output by
pressing the Cal key. The process is repeated at 5kHz.

Preparation

N.B. The following gives the full preparation assuming that DC
Cal. has not been carried out For best results the DC Cat should
immediately precede AC Cat, so some of the items will be
unnecessary.

Before attempting any calibration ensure that the following SLCpS
have been carried out

1. Before connecting and operating any equipment, consult the
manufaclurers' handbooks.

2. Check that the 4700 specification is verified for tOv output at
300Hz, 5kHz and 20kHz.

3. Check that the slaved 4700/4600 specification is verified for
+lOA DC output

3. Comply with the instructions for 'Preparing the 4600 for
Calibration' on page 5-3.

5. The 4600 front panel LEDs should show no errors present.

The procedure is detailed on pages 5-18/19.
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Section 5 - 4600 C8libration

Slave AC Current Calibration Procedure

First Null the TTS at 10A DC

INPUT

@@
Hi Lo

.&

Ensure that the 4700/4600 combination is connected in Slave
mode. ConnecUheshuntandTIS to the4600 OUTPUTterminaIs
as shown (ensure the conneclion of Shunt Lo to the 4600 INPUT
ground).

Carry out operations (a) to Ct):

ll1ERIoIAl
TRANSFER
STANDARD

To avoid Ground Loops
use a ffoating (battery powered)

Thermal Transfer Standa.rd

a. 4700

b. TTS

c. 4700

5-18

i. Ensure that OUTPUT is OFF, d. 4600
H. FUNCTION to DC, I.
Hi. OUTPUT RANGE to 10, (Sense and

Guard settings are jntemally controlled
by frrmware).

iv. Press the Full Range key to set
OUTPUT current to 10.0000A

Set range to maximum. e. TTS

i. Press the OU1PUT ON+ key. Check
that the 4700 and 4600 LEDs light and
the ITS indicates. f. 4600

11. Set OUTPUT OFF. Check thanhe4700
and 4600 LEDs go out and the TTS
indication falls do nulL.' ,

i. Press the OUTPUT ON+ key. Check
that the 4700 and 4600 LEDs light and
the ITS indicates.

ii. SetOUTPUTOFF. Checkthatthe4700
and 4600 LEDs go out and the TTS
indication falls to null.

Hi. Reset OUTPUT ON+.

i. Adjust for a Null reading.
n. Allow the reading to stabilize.
ilL Readjust for a Null reading.

Set OUTPUT OFF.

)

)

)
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Section 5 - 4600 Calioration

Correct the 4600 AC Output
Carry oot operations (g) to (k):

k Repeat operations (h) and G) at 5kHz.

Veri fy the 4700/4600combination AC specification as dcta iled in
Section 4, pages 4-17 to 4-19 (the ITS is already nulled).

i.

ii.

Set range to mrolimum.

I. Ensure that OUTPUT is OFF,
H, Set FUNCTION to AC,I,
ill. Set FREQUENCY to 300Hz,
iv. Set OUTPUT RANGE to 10 (Sense and

Guard settings are internally controlled
by fumware).

v. Set OUTPUT currem to 10.OOOOOA
RMS by pressing the Full Range key.

Set OlITPUT ON.

Use the OUTPUT ... .J keys to adjust
the OUTPUT display reading fOl a
Null reading on the ITS.

ill. Allow the reading to stabilize.
iv. Readjus! OUTPUT for a Null reading

on the ITS.
Correct at this frequency by pressing
the Cal key.

vi. Set OT.JIPUT OFF.

v.

h. TTS

g. 4700

j. 4700

5-19



)

)

)



Alternative AC Current Calibration
(Using a !tandardit:edAC DMM instead ofa Thermal Transfer Standard)

Section 5 ~ 4600 Verification - Appendix 1
Appendix 1 to:
4600 User's Handbook
Section 5

N.B. Shunt Values
In this appendix, in the interests of clarity. an assumption is made that a lOOmQ shunt willbe~. The shunt value and shunt voltage
values are given for a lOOmQ shunt values for a lOmQ shunt are indicated by square braces [.,.].

Solo Mode
Full Range

The Solo 4600 is calibrated by correcting its traIlsconducf..!lnce.
We us.:; the ACRVS to input verified tOV RMS, and correct the
output current at lOA RMS. A shoot converts the output current
to a voltage, measured across the shunt using an AC DMM which
we have first 'SlMlda!dized' ro rhe ACRVS.

Equipment ReqUirements
An AC Reference Voltage Source (ACRVS), calibrated to
suitable accuracy for 10V and 1V (lOOmV] RMS at 5kHz.
Example: Datron 42.00A, 4700 or 4708.
A Calibrated lOA AC Current Shunt of suitable accuracy, of
value WOmn [lOmQ).
A DMM of sufficient resolution and stability, for use as a
transfer device to measure the AC voltage across Lhe shunt.
Example: Datron 1281. J081 or 1071 with Option 10.

CAUTION
Ensure that the shunt's raled power dissipation is sufficient to
avoid permanent degradation from the self.heating effects of the
current being checked.

Summary of AC Procedure

General
1l1e 4600 is corrected2tlOA RMS at 5kHz,. corresponding to an
input YolLageof lOVRMS. 'Theoutputpasses through a calibrated
AC current shunt of valu·e lOOmD. [lOmQ]; the resulting voltage
is meaSLlTed using a previously-standardized AC DMNL

DMM Standardization
The AC Reference Voltage Source at 5kHz is used to standardize
the DMIvr al the expected nominal shunt voltage.

4600 AC Current Correction
The ACRVS 5kHz output at JOV RMS is then applied totl1e Solo
4600 INPUT terminats, whose OUTPUT terminals are connected
to pass the output current through the shunt, with the D1\1M
connected to measure the shunt voltage,

The 4600 internal 'HF Gain Compensation' trimmer capacitor
C424 is adjusccd until the DMM voiUlge reading represents
nominal full range output into the shunt.

•Stmdardizing' ensures that the DM1vl is aligned to the ACRVS,
at the expected values of shunt voltage. lOA will produce 1V
acrOSs a lOOmn shunt [lOOmV fora lOmilshum]. Theproccdure
compares the ACRVS settings used to standardize the DMM 10

the expected Yollages, for the shunt value in use.

Preparation
Before attempting any calibration ensure that the following steps
have been carried out.

1. Before connecting and operating any equipment, consultlnc
manufacturers' handbooks.

2. Ensure that the ACRVS and DMM specifications verify at [he
follOWing YoHages:
ACRVS IV [lOOmY] RMS; lOV RMS.
DMM IV [lOOmV) RMS.

3. Comply with the instructions for 'Preparing the 4600 for
Calibration' on page 5-3.

4. The 4600 fronl panel LEDs should show no errors present
carry out any self-test routine on the ACRVS.

The procedure is detailed on pages 5-Al-2/3.
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Section 5 - 4600 Verification - Appendix 1

Solo AC Current Calibration Procedure

First Standardize the DMM at 1V [100mV]

AC Reference Voltage
Source (ACRVS}.............................. " .

DANGER A\
H,IGH VOLTAGE ill

Connect the DMM: 10 read. the ACRVS output as in the above
diagram. Ensure that the DMM Guard is set to Local.

Carry out operations (a) to (e);

a. ACRVS Ensure that OUTPUT is OFF,
FUNCTION to AC Voltage,
FREQUENCY 105kHz
OUTPUT RANGE to IV [lOOmV],
Sense to Remote,
Guard to Local,
OUTPlIT voltage to IV [lOOmV] RMS.

b. DMM Set AC range to measure IV [lOOmV] RMS.

c. ACRVS Set OU1PUTON.

d. DMM Note the reading as 'VSk'.

e. ACRVS Set OUTPUT OFF.

5-AI-2

AC OMM (1V 1100mV] Rangel

..---.&.~
1- D. Guard

!0.~l If:~~ raJ 4 Wl.re n
~f.6i ~ir ~.2 wir& n
to Guard

!i;';~ la] Local Guard

\~V ~ Remote Guard

)

)

)

)



Section 5 - 4600 Verification - Appendix 1

Guard
ij;~ ra] Local Guard
If:;;t ~ Remote Guard

AC OMM (W {lQOmV] Range)

4600

AC Reference Voltage
. Source(A.C.RY~)

DANGER JI\
HIGH VOLTAGE ill
~

Correct the 4600 AC Output

Connect the ACRVS, 4600, Shunt and DMM as shown in the
above diagram (ensure the connection of DMM Lo to the 4600
It\TPUT ground).

Carry out operations (h) to (m):

h, ACRVS Ensure thal OUTPUT is OFF,
FUNCTION to AC Voltage,
FREQUENCY to 5kHz,
OUTPUT RANGE to 10V,
Sense to Remote.
Guard to Local.
OUTPUT voltage to IO.OOOO'OV RMS.

j. DMM Set range IV [lOOmV].

k, ACRVS SetOUIPUTON.

1. 4600 Set OUTPUT ON.
Lift the 4600 top cover and adjust the 'AC
Flatness' trimmer capacitor C424 to obtain a
D:M:M: reading of 'VSk' noted in (e).
Set OUTPUT OFF.

m. ACRVS SetOU1PUTOFF.

Vcri fy the Solo 4600 AC specification as detailed in Appendix 4
la Scelion 4.

5-AI-3



5-Al-4

)

)



Section 5 - 4600 Verification - Appendix 1

Alternative AC Current Calibration (Contd)
(Using a standardized AC DMM instead ofa Thermal Transfer Standard)

Slave Mode
:Full Range Checks

Thcs!aved4600 is calibrated by correcting its output. We use the
4700 Ca! mode to adj ust the 4600 output current so that it agrees
with the 4700 OUTPUT setting. A shum converts the output
currem to a YolLage, mcasured across me shUnE using a DMM
which wc have first 'Standardized' to the 4700 voltage output.

Equipment Requirements

• The slaving 4700, AC voltage verified to suitable accuracy for
frequencies of 300Hz and 5kHz at lOV and IV [lOOmVl
RMS.

• A Calibrated lOA AC Current Shunt of suitable accuracy. of
value l()(}mn [lOmQ.].

• A DMM of sufficient resolution and stability, for use as a

transfer device to measure the AC voltage across the shlli1L
Example: Datron 1281. 1081 or 1071 with Option 10.

CAUTION
Ensure that the shunt's rated power dissipation is sufficient to
avoid permanent degradation from the self-heating effects of the
current being checked.

Summary of AC Procedure

Genera1
The 4700/4600 combination is calibrated at lOA RMS for two
output frequencies: 300Hz and 5kHz. The output pasSes through
a precision AC current shunt of value 100mQ [or lOmQ]; the
resulting voltages are measured by a previously-standardized AC
DMM. The 4600 output is corrected at these two frequencies, and
then verified in accordance wiLh Section 4.

DMM Standardization
For each frequency the slaving 4700 is used to standardize !he
DMM at the expected nomiTUlI shunt voltage.

Slave AC Current calibration
The 4600 js connected in Slave mode to the 4700. The 4600
OUTPUT terminals are connected to pass the output current
through the shunt, with the DMM connected to measure the shunt
voltage. The 4700 AC lOA OUTPUT RANGE is selected. POT

each frequency. its OUTPUT display is adjusted until the DMM
voltage reading representS nominal full range output into the
shunL Allhis setting the 4700 Cal key is pressed.

'Standardizing' ensures that the DMM is aligned 10 the 4700 at the
expected. values of shunt voltage. lOA will produce 1V across a
lOOmQ shunt [lOOmV across a lOmO shunt). The procedure
compares the 4700 settings used to slAnrurrdize the DM:M: to the
expected voltages, for the shWlt v,alue in use.

Preparation
Before attempting any calibration ensure that the following steps
have been carried out.

1. Before connecting and operating any equipment. consult the
manufacturers' handbooks.

2. Ensure that the 4100 and DMM specifications verify al300H2
and 5kHz for the following voltages:
4700 IV (lOOmV] RMS; IOV RMS.
DMM IV [100mV] RMS.

J. Comply with the instructions for 'Preparing tlle 4600 for
Calibration' on page 5-3.

4. The 4600 front panel LEbs should show no errors present
Press the 4700 Test key to carry out the self-test routine on the
4700/4600 combination.

The procedure is delailed on pages S-AI-6{l.
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Slave AC Current Calibration Procedure

First Standardlze 1he DMMat 1V [100rnV]

Slaving
4100-..rlll$ 'Callbrator

DANGER A\
HIGH VOLTAGE ill
~

Guard

A"~~ ;
!,;(,o<·X~ ;
d·:.... ·.:,; :
V;:-~ri9 :

................ ..J

Connect the DMM to read the 4700 output as in the diagram.
Ensure that the DMM Guard is set to Local.

Carry OUl operations (a) to (g):

AC DMM (1\1 [fOOmV] Range)

,..---&~
J. 0. Guard

<:;'~ (f'f~ fSl4 wire 0.
%,;,~! \~;dj [gj 2 wire n

Guard
(/;f"~ Ii1 Local Guard

\'&{]J I!!J Remote GlJard

)

)

)

a. 4700

b. DMM

c. 4700

d. DMM

5-A 1-6

Ensure that OUTPUT is OFF.
FUNCTION LO AC, not I,
FREQUENCY 10 300Hz
OUTPUT RANGE to 1 [lOOm],
Sense co Remote.
Guard to Local.
OUTPUT voltage co IV {lOOmV} RMS.

Set AC range to measure IV [IOOmV] RMS.

Set OUTPUT ON.

Note the reading as ·V300'.

e. 4700

f. DMM

g. 4700

Set FREQUENCY to 5kHz.

Note the reading as 'V5k'.

Set OUTPUT OFF.

)



Correct the 4600 AC Output

4600

INPUT

,e@
Hi ill. Le

Conneclthe 4700 and 4600 in Slave Mode. Connect lhe ShU11t
and D11M to the 4600 as shown in the above diagram (ensure the
connection of D1vfM Lo to the 4600 INPUT ground).

Carry out operations (h) to (m):

1+

Section 5 - 4600 Verification - Appendix 1

AC DMM (tV [100rnV] Ran~e)

Guard
~ ~ Local Guard

,~jY ~ Remole Guard

1-

h. 4700

j. DMM

k. 4600

1. 4700

m.4700

Ensure that OUTPUT is OFF,
FUNCTION to AC. I,
FREQUENCY to 300Hz,
OUTPUT RANGE to lOA,
OUTPUT current to lOA RMS.
(Sense and Guard are controlled by software.)

Set range to IV I lOOmV].

Set OUTPUT ON.

Using 1'''' keys, adjust OUTPUT display to
obtain a DMM reading of 'V300' noted in (d).
Correct at 300Hz by pressing the 4700 Cal key.

Reset FREQUENCY to 5kHz.

Using 1'''' keys, adjust OUTPUT display to
obtain a DMM reading of 'VSk' noted in (f).
Correct at 5kHz by pressing the 4700 Cat key.

Verify the Slave 4600 AC specification as in Appendix 4 to
Section 4.
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Imroduction

SECTION 6 FAULT DIAGNOSIS
Section 6 - Fault Diagposis

WARNlNG
HAZARDOUS ELECTRICAL POTENTIALS ARE EXPOSED WHEN THE INSTRUMENT COVERS ARE REMOVED.
ELECTRIC SHOCK CAN KILL

CAUTION
The instrument warranly can be invalidated ifdamage is caused by unauthorised repairs or modifications. Check the warranty detailed
in the "Tenus and Conditions of Sale". It appears on Lhe invoice for your instrument

6.1 INTRODUCTION

6.1.1 Use of Oiagnostic Guides 6.1.2 Effects of Protection on Diagnosis

)

The diagnostic guides given in Section 6.2 are intended 10 aid the
user in locating a failed printed circuit board or other sub
assembly. The self.diagnostic capabilities of the instrument
provide the first step in fault analysis by lighting a warning LED
on the Front Panel, and if in Slave mode this is accompanied by
a FAIL message on the mode display of the slaving 4700-series
calibrator. Initial actions to be taken after the occurence of a
reponed fault are given, whereappl icable, in the diagnostic guides
ofSection 6.2. The lit LED or FAIL message localizes the fa ilure
into a distinct functional area and the 'Fault Condition' summary
in each guide relates the function failure to a probable hardware
boundary.

The identities of !he sub-assemblies involved in the failure are
given benea!h the fault condition summary, but it is unlikely that
all assemblies listed will prove to be faulty. For successful failure
analysis, it is advisable tobe familiar with the electronic functioning
of the instrumen t and with thephysical location ofthe asscmbl ies.
To assist in !heseaspects, the diagnostic guides include referenceS .
10 relevant parts of rhis, publication.

The 4600 incorporates built-in protection. To minimize damage.
protective circuitry acts immediately, and if in Slave mode this is
backed up by a pre-programed CPU response in the slaving 4700
lo detected failure symptoms. If possible the CPU informs !he
user by presenting a failure message on the MODE display.

When investigating a failure. it should therefore be anticipated
\.hat prot~tive measures will have suppressed the original fault
conditions. A useful st:arting-point is to identify the origin of the
failure message to localize the area of search.

6.1.3 Self-Test Sequence

Refer to Section 9.4.5. page 9.4-13.

6.1.4 Fuses and thei,r locations

Sllb-section 6.3 lists the ex lema! and Int.ernal fuses; tOgether with
their locations, protected circuits and page references.
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Section 6 ~ Fault Diagnosis

6.2 DIAGNOS-nC GUIDES

6.2.1 Overtemp LED LIt (FAIL 1)
(Excessive Heatsink Temperature)

AUTOMAnc INITIAL ACTION

1. The 4600 will have defaulted to OUfPUT OFF. and disabled
theSMPS.
If in SIave mode \.he 4700 win also have defaulted toOUTPUT
OFF.
No immediate user-action is required.

RECOVERY ACTION

After the temperatnre returns to nonna], the Overtemp LED goes
off (and the FAIL 1 message on the 4700 is cleared if in SJave
mode) so an auempt can be made to restore Output On:

Solo Mode

1. Press the 4600 OUTPUT ON key. Once approximately 1
minute has passed since the Overtemp LED went off, the
PSUEN delay will ha....e timed out, and the output will be
sequenced on again.

2. Overtemp LED remains unlit - no further action. If the LED
relights - fault persists.

Slave Mode

1. Ensure that the 4700 lOA range is selected. Press the 4700 or
4600 OUTPUT ON key. Once approximately 1 minute has
passed since the Overtemp LED went off, the PSUEN delay
will have timed out, and the output willbe sequenced on again.

2. Overtemp LED remains unlit and FAIL 1 message does not
appear - no further action. If the LED relights and the FAll..
I mess.age recurs - fault persists.

6-2

Ovettemperature

FAULT CONOmO:N

ExceSsivetemperature has beensensed in theOutputPCB Heatsink
Assembly.

Inguard fault-indication signal OVTP_H asserts OVTEMP_H
outguard, which drives the sequence coolroller U204. An Off
sequence is initiated, due to U204 resetting the Key Latch and On
Latch. The sequence reverts to S1state. whether in Slave or Solo
mode. While OVTEMP_H remains set, it is gated insideU204 to
set PSUEN_H false, disabling the Switch Mode Power Supply.
Note that although the SMPS has been lumed off, this was not due
to the LTPSUFL signal being set true, so \.hePsu LED on the 4600
front panel remains green.

In Slave mode, the OVTElvU'_H signal is one of those polled by
the 4700 via UIII. If the pon discovers that 0 VTEMP_H is set,
the 4700 CPU turns its OlITPUT OFF and presents the FAIL 1
message on its MODE display.

)

)

)

)

)

)

)



Overtemperature

RECOVERY CONDITION

If the Qvertemperature was due to external factors; such as the
airway behind the instrument being blocked, or il being enclosed
so that the exhaust air is drawn back into the intake; lhen once
Ihesehave beencorrected, theoutputon condition canbe recovered.
This is controlled by the digital sequencing as follows:

The temperature in the Output PCB Heatsink Assembly falls
below the Sensor trip threshold; the OVCTlemp LED goes out, (and
if in Slave mode the FAIL 1 message is cleared).

OVTP (and thus OVTEMP) reverting to false releases the resets
on the Key Latch and On Latch.

Subsequent action depends on which mode was selected at the
time of the ovenemperature:

Solo Mode (at least one of Lhe bus cables disconnected)
From state SI, OVTP false forces transition to state 52 (see the
Slate diagram on page 9.4-4). PSUEN goes rrue, so the SMPS
switches on. The instrument output was latChed off by the
ov.;rtemperatureresening the Key Latch, so the OUTPtITONkey
needs to be pressed for tolal recovery. Although this selS the Key
Latch, it cannot turn the output on until the PSUEN delay (U202
10) has timed out after approximately 1 second from PSUEN
going true, setting lhe PODLY signal false. Then, providing the
Key Latch is set, the sequence transits through CO SS state, and the
output is turned.on.

Slave Mode (both bus cables connected)
From slate SI, 0 V1P false (with the bus cables connected) forces
rransition co state R 1 (see the state digram on page 9.4-4). If the
lOA range is selected. on lhe 4700; then CK_SELBIT is true, and
!.he sequence transits to R2state. PSUEN goes true, so theSMPS
swilches on. The instrument output was latched off by the
overtemperature reselling the On Latch, so the 4600 or 4700
OUTPUT ONkey needs to be pressed for total recovery. Although
LhissetstheOnLateh,itcannot turn the ompulon until1hePSUEN
delay (U202-1O) has timed out after approximately 1 second from
PSUEN going true, setting the PODLY signal false. Then,
providing dle On Latch is Sel, the sequence transits through to R5
state, and the output is turned on.

If the cause of the overternperature has not been cleared. t.heft
ell:cessive temperaturewili~aDd theourputwill sequeoce
off again,

Section 6 - Fault Diagnosis

POSSIBLE FAULT LOCATIONS

• External heat-retaining factors. such as the airway behind the
instrument being blocked, or it being enclosed so that the
exhaust air is drawn back into the intake.

• Blocked air-intake filter.
• Internal cooling-air fan inoperative.
• OutputPCB (page 10.]-]4)
• SMPS Main PeB (page 10.1-16)

It is unlikely for the SMPS to be the cause of an overtemperature.
Because the ±7.5V supply is cW'Tent·fed. the SMPS heatsink
should not overheat unless the Output PeB has also overheated.

FURTHER INFORMATION IN THIS HANDBOOK

Technical Descriptions:
Section 9.2 - Analog (especially 9.2.4)
Section 9.4 - Digital (especially 9.45)
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Section 6 - Fault Diagnosis

6.2.2 Psu LED Ut (FAIL 9)
(Power Supply Failure)

AUTOMATlC INITIAL ACTION

1. The 4600 will have defaulted to OUTPUT OFF, and disabled
the SMPS.
If in Slave mode the 4700 has defaulted to OUTPUT OFF.

RECOVERY ACTlON

Although unlikely. it is possible that a very severe 'Glitch' in the
line supply could cause one of the power supplies to operate its
rai lure detcctor. Because of this. it is worth an attempt to recover
lhc situation before removing covers to investigate. Todo this we
must clear the CK_LTPSUFL latch in U204 (Sense PCB)~

Solo Mode

1. SCl the Front Panel Power switch to OFF, then ON again.

2. Psu LED lights and remains green - no further action. If the
LED lights red - faull persists.

Slave Mode

1. Press the 4700 Reset key.

2. Select the lOA range.

3. 4600 P:>u LED lights and remains green and FAlL 9 message
does not appear - no further acLion. H the LED lights red and
the FAD.... 9 message recurs - fault persists.

FAuLr CONDITION

Onc offour failures 01 in-guard powersupplies has been detected:

I. An ovcrvolLage or undervoltage has been sensed in the SMPS
Control PeB when the SMP$ was enabled by PSUEN true,
and has set fault-indication signal SMPSJA1L true.

or:

2. Failure of the 15V_2 supply llil.s been sensed by Q9 on the
SMPS Control PCB selling signal PSUFAIL_2 true.

or:

3. Failurc of me 15V_3 supply has been sensed by Q309 on the
Sense PeS selling fault-indication signal PSUFAIL_3 true.

or:

4. Excessive power in the SMPS tank circuit has been sensed in
the ouiguard secondary ofT3 on the S?v1PS Main PeB. The
excessive rectified output volLage of T3 (signal PWR_SIG)
h~l" been detCClcd by comparator U315 on the Sense PCB.
sClting oulguard fault-indication signal OVPWR true.

6-4

Power Suppfy Failure

The SMPS_FAIL, PSUFAll.._2 and PSUFAll..._3 signals are
ORed by U319 on the Sense PCB to generate the PSUFl signal,
so thalif any one or more of·the three failureSOCCUTS. thenPSUFL
is set true.

PSUFL is passed outofguardand ORed with the OVPWR signal;
the resulting signal drives the sequencecomroller U204 to generate
the latched signal CK_LTPSUFL true at the next 30ms clock. An
Offsequence is initiated. due to U204 resetting the Key Latch and

.On Latch. The sequence reverts to S1 state, whether in Slave or
Solo mode. While CK_LTPSUFL true remains latched. iLis gated
inside U204 to set PSUEN false. disabling the Switch Mode
PowerSupply. Note in this case theSMPS hasbeen turned offdue
to the L1PSUFL signal being set hUe. so the Psu LED on the4600
front panel changes to red.

1n Slave mode. the CK_LTPSUFL_H signal is one of those polled
by the 4700 via UIll. If the poll discovers that CK_LTPSUFL_H
is set., the 4700 CPU commands OUTPUT OFF and presents the
FArr. 9 message on its MODE display.

POSSIEll.E FAULT LOCATIONS

• SMPS Control PCB page (10.1-18).
• SMPS Main PeB (page 10.1-16).
• SensePCB (page 10.1-4).
• OutpUlPCB (page 10.1-14).

It is unlikely that a real fault can be cleared without removing the
covers. if only to access a blown fuse.

FURTHER INFORMAllON IN THIS HANDBOOK

Technical Descriptions:
Section 9.2 -Analog (epecially 9.2-4).
SeCfioll 9.3 - SMPS.
Section 9.4 - Digilal (especially 9.4.5).
Section 9S - Power Supplies.

)

)

)
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Overdrive

6.2.3 Overdrive LED Lit (Error OL)
(Excessive Inpu.t Referellce Voltage or Frequency)

AUTOMATIC INITIAL ACTION

l. The 4600 will have defaulted to OUTPUT OFF~ lhe SMPS
remains enabled.
IfinSlavemode the 4700 will also have defaulted 1.0 OUTPUT
OFF; the Reference Voltage is switched off.
No immediate user·action is required.

RECOVERY ACTION

After the Input Reference Voltage falls to zero, the Overdrive
LED goes off (and the Error OL message on the 4700 is cleared
ifin Slave mode) so an attempt can be made to restore Output On
after reducing the Reference Voltage 10 within limirs:

Solo Mode

L Press the46000 UTPUT ON key. TheoutputwiIlbesequenced
on again.

2. OverdriveLED remains unlit- correctiveaction wassuccessful.
If the LED relights - fault persists.

Slave Mode

I, Ensure that the 4700 lOA range is selected. Press the 4700 or
4600 OUTPUT ON key. The output will sequence on again.

2. Overdrive LED remains unlit and FAIL 1 message does not
appear· corrective action was successful. [f the LED relights
and the FAIL 1 message recurs - fault persists.

FAULT CONDITION

Excessive Input Reference Voltage has been sensed at the output
of the differential input amplifier on the Sense PCB (Vin).

Inguard fault-indication signa! OVDR_H has been set true by the
Overd rive Detectoron the SensePeR, and passed outguaro to turn
on the Overdrive LED and drive the sequence controUer U204.
An Ofr sequence is initiated, due to U204 resetting the Key Latch
and On Latch. If in Solo mode the sequence reverts I() S2 state, if
in Slave mode to R2 state (because PSUFL and OVTP are still
false, the sequence does not transit to SI state). PSUEN_H
remains true, so the Switch Mode Power Supply is nol disabled.

OVDR and the stretched Overload signal are ORed in U204 to
generate the signalOVDRLD_H. In Slave mode. the OVDRLD_H
signal is one of those polled by the 4700 via U111. If the poII
discovers lba:t OVDRLD_H is set, the4700CPU turns its OUTPlJf
OFF and presents the Error Ot message on its MODE display.

Section 6 . Fault Diagnos;s

RECOVERY CONDITION

If the overdrive was due to the Input Reference Voltage to the
4600 being excessive; then once this has been corrected, the
output on condition can be recovered. This is controlled by the
digital sequencing as follows:

Vin falls below the sensor trip threshold; the Overdrive LED goes
out, (and if in Slave mode the Error OL message is cleared).

OVDR reverting to false releases the resets on the Key Latch and
On Latch.

Subsequent action depends on which mode was selected at the
time of the over'drive:

Solo Mode (at least one of the bus cables disconnected)

The instrument output was latched off by the overdrive resetting
the Key Latch, so the OUTPUT ON key needs l£l be pressed for
toral recovery. As the PSUEN signal is still true, the PODLY
signal is fal se. Then. providing the Key La leh is set. the sequence
transits through to S5 state, and the output is turned on.

Slave Mode (both bus cables connected)

If the lOA rangeremained selected on the4700. then CK_SELBIT
is true, and the sequence is in R2 sune. PSUEN is true, so the
SJvlPS is on. The instrument output was latched off by the
overdrive resetting the On Latch, so the 4600 or 4700 OUTPUT
ON key needs to be pressed for total recovery. As the PSUEN
signal is still true, the PODLY signal is false. Then, providing the
On Latch is set, the sequence transits through to R5 state, and the
output is turned on.

If the cause of the overdrive has not been cleared, then excessive
Vin will be detected and the output will sequence off again.

POSSIBLE FAULT LOCATIONS

• Excessive Input Reference Voltage.
• Sense PeB (page 10.1 -4)

Al though the most probable cause of an overdrive is an excessive
input voltage, it is possible for a fault to exist (eg. in the input
differential amplifier) to cause Vin to be excessive; or a fault may
exist in the detector itself. This will show up i fthe OverdriveLED
remains lit after the inpul has been reduced (in Slave mode after
the OFF key LEDs have lit on the 4600 and 4700).

FURTHER JNFORMATlON IN THIS HANDBOOK

Technical Descriptions:
Section 9.2 > Analog (especially 9.23)
Section. 9.4 - Digital (especiaUy 9.4.5)
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Section 6 - Fault Diagnosis

6.2.4 Overload LED Lit (Error OL)
(Excessive Output Terminal Voltage. Dvercompliance)

AUTOMATIC lNITIAL ACTION

1. The 4600 will nave defaulted to OUTPUT OFF; the SMPS
remains enabled.

If in Slave mode the 4700 will also have defaulted to OUTPUT
OFF; the Reference Voltage is switched off.
No immediat.e user-action is required.

RECOVERY ACTION

After me Ou lpUl Voltage falls to zero, the Overload LED goes off
(and theError OLmcssagc on lhe4700 is cleared if in Slave mode)
$0 an auempl can be made to reslore Output On after the fault
conditions have been cleared:

Solo Mode

1. Prcss the4600OUTPUTONkey. Theoutput willbesequenced
on again.

2. OverloadLED remains unlit- correcliveaclion was successful.
If the LED relights - fault persists.

Slave Mode

I. Ensure that ~c 4700 lOA range is sel&ted. Press the 4700 or
4600 OUTI'UT ON key. The output will sequence on again.

2. Overload LED remains unlit- correctiveaction was successful.
If the LED relights - fault persists.

6-6

Overload

FAULT CONOlTION

Excessive Output Voltage has been sensed at the 1+ contaCt of Lhe
Output Relay.

lnguard fault-indication signal OVLD_H has been sel true by the
Overload Detector on the SensePCB. and passed outguard to turn
on the Overload LED and drivelhe sequence controller U204. An
.Orfsequence is initiated.due to U204 resetting the Key Latch and
On Latch. If in Solo mode the sequence reverts to S2 Slate. if in
Slave mode to R2 Slate (because PSUR.. and OVTP are still false,
the sequence does nQt trnnsit to S1stale). PSUEN_Hremains true,
80 the Switch Mode Power Supply is not disabled.

The Overload signal is stretched by U202-7 (so !hatapoll from the
4700 has time to acquire it) and ORed wilh OVDR in U204 to
generate lhe signal OVDRID_H. In Slavemode. theOVDRLD_H
signal is one of those poned by the 4700 via VIII. If the poll
discoversthatOVDRLD_H is set. the4700 CPUtums its OUTPUT
OFF and presents the Error OL message on its MODE display.

)

)

)

)
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Overload

RECOVERY CONDITlON

If the overload was due lO the 4600 being presented with too high
an output impedance; then once this hasbeen corrected. the output
on condition can be recovered.. This is controlled by the digital
sequencing as follows:

The output current has been switched off, so the output voltage
falls to zero; theOverload LED goes out, (and if in Slave mode the
Error OL message is cleared).

OVLD reverting to false releases the resets on the Key Latch and
On Latch.

Subsequent action depends on which mode was selected at the
time of the overload:

Solo Mode (at least one of the bus cables disconnected)

The instrument output was latched off by the overload resetting
the Key LalCh, so the OU1PUT ON key needs to be pressed for
ootal recovery. As the PSUEN signal is still true, the POOLY
signal is false. Then, providing the Key Latch is set, the sequence
transits through to S5 state, and the output is turned on.

Slave Mode (both bus cables connected)

Ifthe lOArangeremained. selected on the4700. thenCK~SELBIT
is true, and the sequence is in R2 stale. PSUEN is true, so the
SMPS is on. The inslrllInent output was latched off by the
overload resetting the On Latch; so the 4600 or 4700 OUlPUT
ON key needs to be pressed for total recovery. As the P$UEN
signal is still true, the PODLY signal is false. Then, providing the
On Latch is set. the sequence lransits through to R5 state, and the
output is turned on.

If the causeof the overload has nol ,beencleared, then an excessive
ouIputvoltage will be detectedand the oUlputsequencesoffagain.

Section 6 -_Fault Diagnosis

POSSIBLE FAULT LOCAnONS

• Load impedance too high.
• Output sense loop open-drcwL
• OUlputPCB (page 10.1-]4)

Although themoslprobablecauseofan overload isa load wilh too
high an impedance. it is possible for a fault to exist (eg. wimin the
Sense loop) 10 cause overcompliance; or a fault may exist. in the
overload detector itself. This will show up if the Overload LED
lights wben !he output is switched on after me load impedance has
been reduced.

FURTHER INFORMAnON IN THIS HANDBOOK

Technical Descriptions:
Section 92 -Analog (especially 9.25)
Section 9.4 - Digital (especially 9.4.5)



Section 6 - Fault Diagnosis

6.2.2 Solo LED Lit with FAIL 10 when
Slave Mode should be Active
(Slaving Failure)

AUTOMAnc INITIAL ACTION

l. The 4600 will have defaulled to OU1PUT OFF; the SMPS
remains powered on.

If in Slave mode the 4700 defaulted le OUlPtIT OFF.

RECOVERY ACTION

It is most Iikcly !.hat One of the two interconnecting bus cables has
become disconnected or faulty. or that a digital failure has
disconnecLed the ANABUS_ON or DIGBUS_ON signals.

Slave Mode

1. Set the 4600 and 4700 Power switches to OFF.
2. Check the two bus cables and reconnect if necessary.
3. Set the 4600 and 4700 Power switches to ON.
4. Select !.he lOA range.
5. ULhc4600So1oLEDdoesnotlightandFAll..lOmessagedoes

no! appear· no further action. If the Solo LED lights and the
FAIL 10 message recurs - fault persists.

6-8

Solo LED

FAULT CONDITION

The Bus On Decode circuit on the Sense PCB has generated the
signal BUSON_L false. This drives Sequence ControllerU204 to
latch CK_BUSON false; this is an input to tbe Sequencer U206.
Whatever 'R' state the sequence was in, it will have transferred to
Solo slate S2 (unless Lhere is also a power supply failure or
overtemperature, in which case it will have entered SI state) and
the Solo LED has been lit

In U204, CICBUSON false causes theCLR_ONandCLR_CTRL
signals LO become uue. so that both the On Latch and Control
Latches are reset.

CK_BUSON false also setS CLR_LTKEY false and releases the
reset on the Key Latch which was part of the Slaving conditions.

POSSIBLE FAULT LOCATIONS

• One of lheextemal bus cables disconnected or faulty.
• Sense PeB (page 10.1-4).

FURTHER INFORMATION IN THIS HANDBOOK

Technical Descriptions:
Section 9.4 - Digital (especially 9.4.2).

)
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Fuses
6.3 FUSE PROTECTION

In addition to the electronic protection devices used in the
instrument. fuses are provided to protect against catastrophic
component failure.

6.3.1 Fuse Rep,lacement

Ablown fuse is merely a symptom of failure, in the large majority
of cases the cause lies elsewhere.

CAUTION
Every occurrence of a blown fuse should be investigated to fmd
the cause. Only when satisfied that the cause has been removed,
should a user repl.ace a fused link by a serviceable item.

6.3.2 Reasons For Fusing

The fuses in the calibrator fall into two groups:

a. Clip-in anti-surge fuses in the Power Supplies and Mother
Board protect the power sources from damage.

b. A soldered-in thennal fuse F2 is used in the SMPS Main PCB
to protect againsl the effects of relay RL3 failure during
normal operating conditions. It senses the t.emperatllre of the
inrush limiting resistor which should be shortoo after the
initial SMPS power on.

Section 6 - Fault pjagnosis

6.3.3 Locating a Blown Fuse
The ultimate causes of blown fuses are so numerous that it is
impractical to list them. In many cases the underlying cause, or
the blown fuse itself, will activate an electronic protectiveprocess
which can conceal some of the symptoms.

Fault location in the 4600 should proceed from the primary
indications of fauIL condition (e.g. failure messages described in
Section 6.2). These will lead to particular areas of investigation,
and at this point the relevant circuit fuses should be checked fIrst.
Whether fuses are blown or not. the checks will add to lhe
information available for further diagnosis. The typeS of fuses to
be used can be found in the component lists of Section 10.

Table 6.1 below lists their values and locations.

Location and Designator Value/F=lttlng ProtectlJd Clrcult$

Rear Panel- Power Input Module
2201240V 2.5NUttlefuse/CUp-in
100J120V 5Mii\"tlefuse/Clip-in

Une Supply Main Fuse
Line Supply Main Fuse

2-1
2-1

sensa PCB
F501
FS02
FS03

1A!20mm/CJip-in
1A!20mm/Clip-in
1A!20mm/CIip-in

+5V_REG Maln 5V Supply
+1SV_REG Matn 1SV Supply
·15V_REG Main 15V Supply

t 0.1-13
10.1 -13
10.1-13

SMPS Main PCS
F1
F2

2Al20mmICI1!>"in Power Switch High Voltage Supply Line
147"CfThermaVSoldered SMPS InpU1 Line

10.1-16
10.1-16

SMPS Control pca
F1
F2

Front pes
F101

500mAl20mm/Clip-in
500mAJ20mm/Cfip-111

500mAJ20mmlCIip-in

-22V(2) Supply Une
+22V(2) Supply Line

Mains Transformer tnpU1

to.He
10.1-19

10.1-20

)

Table 6.1 Fuse Location and Purpose

6-9



)

)



Section 7 - Dismantling and Reassembly

SECTION 7
DISMAN-rLING AND REASSEMBLY
This section contains information and instroctions (or dismantling the Datron 4600 to sub-assembly level.
Reassembly is generally the reverse of dismantling, but where it rn&y be helpful. additional notes are given.

)

7.1 General Precautions

7.1.1 WARNING
I

rSOLATETHE lNSTRUMENTFROMTHELINESUPPLY
BEFORE ATIEMPTING ANY DISMANTI..ING OR
REASSEMBLY.

7.1.2 CAUTIONS

1. THE FOLLOWING ACTIONS INVALIDATE THE
MANUFAcnJRER'S CALlBRATION CERTIFICATION;
REMOVAL OF THE BOITOM GROUND/GUARD
ASSEMBLY, REPLACEMENT OF SUB-ASSEMBLlES.
OR PHYSJCALMOVEMENT OF COMPONENTS.

2, HANDLE THE INS1'RUMENT CAREF1.JllY WHEN
PARTIALLY DISMANTLED, TO AVOID SHAKING
UNSECURED ITEMS LOOSE.

3. 00 NOT TOUCH THE CONTACTS OF ANY PeB
CONNECTORS.

4. ENSURE TIIAT NO WIRES ARE TRAPPED WHEN
FITITNG GROUND/GUARD ASSEMBLIES OR LIDS.

5. DO NOT ALLOW WASHERS, NUTS. ETC. TO FALL
INTO THE INSTRUMENT.

7.2 General ,Mechan.ical Layout

Assembly Drawings in Section 10, pages 10.2-2 to 10.2-9;
DA400785 (Finished A,ssembly) and DA400786 (Instrument
A~mbly); show how the 4600 is broken down into sub
assemblies.

7.2.1 Front Panel

The Front Panel layout is illustrated ID Section 3. Page 3-1.

Three INPUT leJminalsand two OUTPUTterminals are provided.
for connection to the Reference Voltage Source (Solo) and Load,
respectively.

Two pushbutton switches are provided for setting the output Ol!

and off. Each houses a red LED.

SixotherLEDs are arranged in apanel above the switches; thePsu
LED is green/red. the other five are red.

The line power is turned on and off by a toggle on the right side
of the Front Panel.

A printed overlay labels an the front panel features.

7.2.2 Rear Panel
(All directions a.r viewedjrom the rear 0/the instrument)

TIle Rear Panel layout is illustrated in Section 3, Page 3-2.

The recessed Power Input plug, Powt't" Fuse and Line Voltage
Selectorarecontained in an integral moduIeallhe leftofthepanel.

The cooling air intake ftller is screwed on to the outside of the
panel at the right side; the 'exhaust vents and louvres occupy the
left side of the panel, above and 10 the right of the Power Input
Module.

The instrument identifteatioo label is situated between the intake
filter and the exhaust louvres, and directly below the panel is me
i5-way D-type digital slave input plug J54.

The &way 'LEMO' analog slave input plug J66 is located on lhe
extreme right of the panel.

]-J



Section 7· Dismantling and Reassembly

7.3 Location and Access

7.3.1 External Construction

Both the front and rear panels are held together by two side
extrusions nmning from front to rear. These extrusions provide
slots for the handles or rack mounting 'ears'. and locating points
for the structural foam covers. .

The bottom cover is fi tted with the tilt-stand and four rubber feet.
Ground screening of the covers is provided by steel plates. heat
slaked to the inside of Lbe covers with electrical connections made
by spring contacts.

7.3.2 Internal Construction

Internal Supports
Four supports are secured to the front panel, rear panel and side
extrusions;

(Page 10.2-5. Assembly Drawing DMOO786 Sheet 1)

(Pan no. 45(684)
A complex angled steel bracket acts as the main internal
support. As well as supporting the righ t sideof the SensePCB,
three corners of the Ompm PCR and the from of the SMPS
box:, it also carries the mains transfonner and the cooling fan.
It is screwed to both the rear panel and the right extrusion.

(ParI no. 45(621)
Screwed to the left extrusion. a full-length steel bracket has a
right- angled extension at the front 10 carry the three INPUT
t.erminals. Its bottom edge, fitted with four swaged nuts, is
turned up at 900 to fonn attachments for the left side of the
SensePCB.

(Page 10.2·7, Assembly Drawing DA400786 Sheet 3)

(Part no. 45(685)
A steel angle bracket is screwed into the rear of the right
extrusion. It supports the rear of the SMPS screening box, and
the SMPS within.

(Page 10.2-15. Assembly Drawing DA400856)

(Part no. 450705)
The fourth support is an angled aluminium plate, screwed 10

the rear panel between the exhaust vents and louvres, supports
a corner of the Output ?CB.

A support for theSense resistor, Output relay and the two Output
terminals, mounted on the SensePCB, is also secured to the Front
Panel.

7-2

PrInted Circuit Boards
The instrument contains five printed circuit boards:

• Sense peB: fitted component side up at the bottom of the left
side of the instrument

Output PCB: fitted component side up at the bottom rear of
the right sideofthe instrumenr. inboard oftheS:MPS screening
box.. A double-sided, finned heatsink is mounted at top ceilter
of the peR, in the direct airflow from the cooling-air fan.

• SMPS Main PCB: fined within its screening box on the rear
right side of the instrument

• SMPS Control peB: fits vertically into slots on top of the
SMPS Main PCB. within the screeningbox. Afinned heatsink
is mechanically and thermally attached to the left of the box,
overlapping the right side of the Output PeB. in the direct
airflow from the cooling-air fan.

• Front Panel PeR: fitted behind the ProntPanel, on the right
side of the instrument

CooUng Airflow
The cooling-air fan is positioned on the front lateral pan of lhe
center support. Ambient air is drawn into the instrument from the
external intake filler on the Rear Panel, through the front/left side
cavity, and forced rearwards through the Output peB and SMPS
Box heatsinks to be expelled through the vents and louvres in the
Rear Panel. The louvres deflect me airflow away from the intake
fiHer.

The construction around the heaLSinks foons an enclosed duct.
bounded on the left by the center support and on the right by the
SlvIPS Box (drilled to allow airflow across the SMPS high power
components). The Output PCB forms the bottom, and the top is
sealed by a flat foam insulator. This minimizes leakage of the
heated air from the sinks back into the rest of the instrument

MaIns Transformer Assembly
This is a self-contained unit, all its connections being made to the
Front peB by removable Mole'" sockets. It is mounted with
insulators and retaineronto a thick spindle. wbicb is secured by a
countersunk screw to the front of the lateral section of the center
support. The other end of the spindle is extended as a thin smb.
which locates into a hole in the frontPCB. The orientation afthe
transformer body is set at manufacture Ilsing foam pads. an
endplate and a Nylock nut to secure ,it to the spindle.

Bus-bars
A feature of the internal appearance of the instrument is the
presence of silver-colored bus-bar strips. which provide a low
resistance path for the high output curren.L Bends position them
correctly, and where they run close together. they are sepzalOO by
insulating foam spacers.

)
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Section 7 4 DismantJing and Reassembly

7.4 General Access

ENSURE THAT POWER IS OFF.
Heed the General PrecauLions 7.1.1 and 7.1 .2.

If, during a procedure, sufficient access has been obtained, then no fllC1.her dismanlling is required.

Removal

a. Remove the four M4 il. 12mmsocket-head oounlersunk screws from
the cover.

FIt1!ng

b. Remove the cover by lifting 8t the front.

Locale the cover at the reM fIrst.. then reverse the removal procedure.
ensuring that the foam insulation is correctly located.

7.4.1

7.4.2

Top Cover

Bottom Cover

7.4.4 Top FInger Plate
WARNING: This preveIll& operators' fingers contacting lhe linevollage

points on me Front PeB.
DO NOT REMOVE tbe plate wbUe the llDe power Is
connected to the lnstrumeot!

Remove top and bottom covers: 7.4.1 and 7.4.2.

Remove insulating. pieces: 7.43.

Removal

a. (Page 10.2-~, DA40U785 Sheez J)
Stmd the instrument in its nonnal upright position.

b. Remove Iwo countersunk screws securing the finger plate to the
SMPS Box. n<>ting which two screwholes in the plate are used.
Remove the finger plate.

Removal

a. Invert the instrument.

b. Remove the four M4 x. 12.mmsocket-head coun~n;unk.screwsfrom
the cover.

c. Remove the cover by lifting at the fronL

Fitting

Locate the cover at me rear flJ"sl. then reverse the tel110va! procedure,
ensuring that the foam insulation is correclly located.

7.4.3 Insulation Pieces

Remove top and bonom covers: 7.4.1 and 7.4.2.

Removal

a, (Page 10.2-2. DA400785 Shees 1)
Stand the instrument in. its nonna! upright position.

b. Lift the lOp foam insulating sheet (pan No. 45(637), casing it out
from under the lip of the caller support, 8I1d remove.

c. (Page 10.2·3, DA400785 Shed 2)
Invert the instrumenL

d. Lift the bonom foam insulatirig sheet (Part No. 450732), using it
out from under me Rear Panel lip and COV17 Contact, lInd remove.

e. Lift the back foam insulating sheet (part No. 450734), easing it out
from under the Rear Panel lip and Cover Contact. and remove.

Ftttrng

Reverse the removal procedure, ensuring that the foam insulating sheets
are correctly located under the lips of the re]ev8l11 Panel and SUPJX>n.

7.4.5 Bottom Finger Plate
WARNlNG: Thisprevents operators' fingers contacting the line voltage

poinlS on the Front PCB.
DO NOT REMOVE tlie plate wbUe the Hne p6wer Is
connected to tbelnstrument!

Remove top and bottom covers: 7.4.1 and 7.4.2

Remove insulating pieces: 7.4..3.

R_mav.,

a. (Page 10.2-3, DMf)()785 Sheet 2)
Invert the instrument.

b. Remove two countersunk sc:rews securing the fmger plate 10 the
SMPS Box., noting which two screwholes in the plate are used.
Remove the finger plate.
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Section 7 - Dismantling and ReassembJy

7.4 General Access (Comd)

Remove top and bottom covers: 7.4.1 and 7.4.2

Remove insulating pieces; 7.43.

Remove top and bottom finger plates: 7.4.4 and 7.4.5.

Removal'

7.4.6 Front Panel Assembly 7.4.8 Rear Panel Assembly
CAUTION:
For most purposes it should not be necessary to remove the Rear
Panel Assembly. To do so will remove much of the mechanical
support for the internal sub-assemblies. Great care mustbe taken
to avoid leaving the sub-assemblies unsupported

)

)

a. Invert the instrument

b. (Page 102-7. DM00786 511. 3, Delail12)
Remo.... e the three M3 nulS and shakeproof washers which secure
the input and outpUt terminalSUpporl brackets 10 the Front Panel.

c. (Pages 10.2-8 & 10.2·9. DMOO786 Shls. 4 & 5)
Disconnect the ribbon connector, soldered into El. trom the·other
end al 19 on the Sense peB. Release the ribbon from its clips on the
Sense PCB.

d. Reinvert the instrument IQ its upright position, taking oare not to
trap the ribbon cable.

e. (Page10.1A. DA400786Sn. 5)
Release !he cables, running along the top rear of the fronl panel.
from their white nylon clip on the Front Panel PCB.

f. (Page 10.2-9, DMOO786 SII. 5)
Release and disconnect the following seven Molex PCB connector
sockets from the FronlPlInel PCB : J25, H8, J17. I19. J2, no and
J13. Ensure tbt they can be identified for correcl refitting lalc:r.
(The Molex cormector at 130 for the Power Switch need nOl be
rem1ved.)

g. (Page 10.2·7. DMOO7M Sh. 3. DetaU 11)
Remo.ve the four M3 x 8mmcountersunk screws which secure the
front panel to the side extrusions.

h. Carefully withdraw Ihe Front Panel Assembly from the instrument
(remember that the ribbon cable is still atached!).

Fitting

Reverse the removal procedure, taking heed of the references at each
stage. Locate !he mains transformer stub into itshole on the PCB. and be
caxcful nollO trap any wiring. Make a final inspe.etionlo ensure thll1 the
ribbon cable and Molex sockets are correctly fined and secured.

7.4.7 Air Intake Filter

Removal

Remove top and bottom covers: 7.4.1 and 7.4.2.

Remove insulating pieces: 7.4.3.

Remo....e lop and bottom finger plates: 7.4.4 and 7.4.5.

Removal

e.. (Pagesl0.2.8 and 102-9. DMOO786 Sheels4 and 5)
Disconnect the. two Molex sockelS from their plugs a1. J25 and J17
on the Front Panel Pea.

b. htvel't the instrument.

c. Release the two cables e4sconnected in (a) from their re!ai.ning
clips. Pull the socket ends clear of the instrument.

d. (Paglll0.2-8, DMOO786 Sh. 4)
Remove the M3 nul aOO shakeproof washer which secure the braid
andthree ground wires to the Rear Panel ground screw. Remove the
leads from the screw, leaving the locmut Wld washer in place.

e. (Page 10.2-7. DMOO786 Sk. 3, Derai19)
Remo....e the two hexagonal'D' lock screws securing J54 to the rear
panel.

r. ReinveTt Ihe lnstromem to its upright position.

g. (Page 10.2·]5. DA.4(0856)
Analog SlaveInpulJ66 internal cable: disconnect the Molex socket
a.t IS on the Sense PCB. Release the cable from ils retaining clip and
pull il clear of the instrument.

b. (Page 10.2-15, DM00(56)
Remove the two M3 x 8mm .screws and shakeproof washers which
secure lhe OutpUl PCB support bracket (pt. No. 450705) to the reat
panel.

J. (Pages J02-5 aNi 102-7, DMOO786Sheefs 1 aNi3)
Remo....e the two M3 x 8nun screws and shakeproofwashers which
secure the Main. Suppon Bracket (Pt. No. 450684). to release the
support from the rear panel. Ensure that the' bni.cket is well
supported from below.

k. (Page 10.1-7, DA400786 Sh. 3, Detail 6)
Remove the four M3 x 8rnm countersunk screws which secure the
rear panel to the side extruSiorul.

)

Carefully withdraw the ReM Panel Assembly from the instrument
(remember that cables are still anachedJ).

Fitting

Reverse the removal procedure, taking heed of the references at each
stage. Be careful notro trap any wiring. Make a fi.na.l inspection (0 ensure
that the wiring and Molex sockets are correctly fitted and secured.

Fitting

Reverse the removal procedure.

a. (Page J0.2-J5, DM00856) L
Remove the foW" M3 x lOmm screws and shakeproof washers
which secure the Filler Support to the rear panel. Remove the
support and filter.

J
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Section 7 - Dismantling and Reassembly

7.5 Sub-Assembly Removal and Fitting

7.5.1 Sense peB 7.5.2 Output peB

Invert the instrument and re·move the bonom cover: 7.4.2.

Remove bonorn and back insulating pieces: 7.4.3.

Removal

FItting

Reverse the removal procedure. being careful not to tlllp any wiring.
Make afirud inspection to ensure that theLEDs and $witches arccoJTectly
oriented, and lh.at the Power Switch Molex connector aJ J30 is correctly
fitted and secured.

Fitting

Reverse the removal procedure. paying due regard to the references at
each stage. Be careful not to trap any wiring. Make a flIlaJ inspection 10

ensure th.allhe wiring, ribbon cable and bus-bar setarecorrecuyfiu-ed and
secured..

Front pes

a. (Page 10.2-8. DM00786 Sh. 4)
Disconnect rhe Ou Lputpes ribbenconnector from 122on the Sense
PCB.

b. (Page 10.2·8. DA400786 Sh. 4)
Disconnect thecompler.e bus-bar set (pan No.450724): TeTnovesix

M3 x 6mm screws and wavy washers on the Sense and OutpU!
peBs; and three M3 x 16 screws. wavy washe.rund spacerson the
SMPS peB. Carefully detach the complete bus-bar set, ensuring
that the strips and foam spacers are not bent or separated ..

c. (Page 10.2·7. DMOO786 Sh. 3. Delail8)
Remove the four M3 x6mm screws and wavy washers securing the
Outpu t pea to ihe rear panel bracket and eenler supports. Carefully
lift me front and ease the board forwll1'd to clear thecontact plate and
wiring lU the rear. Lift it away from the mslrUment and remove.

Remove lop and bottom covel"S: 7.4.1 and 7 .4.2.

Remove insulating pieces: 7.4.3.

Remove top and bottom finger plates: 7.4.4 and 7.4.5.

Remove Front Panel Assembly: 7 .4.6.

Removal

t. (Page 10.2-5, DA400786Sh.1)
Remove the six M3 x 6mm screws and wallY washers securing the
Fron I PCB to the front panel. Lift it away from the panel. complete
with the switches and LEDs (the foam g,askecs adhere 10 the front
panel only).

7.5.3

Remove top and bouom COvers: 7.4.1 and 7.4.2.

Remove insulating pieces: 7,4.3.

Remove Front Panel Assembly: 7.4.4.

Removal

a. Stand the instnunent in its normal Uprighl position.

b. (Page 10.2·15, DM00856)
Analog Sla.llelnpmJ66 intetnal cable: disconnecl the Molcx sockel
at J8 on the Sense PeB. Leave the cable in its clip, but pun the end
cJell1' of the Sense peB.

c. (Pages 102-5 &.10.2-17, DA400786 Sh. J &. DM00788 Sh.1)
Disconnect the Fan Drive Molex connector (two leads) from J50 on
the .right side of !he Sense peB.

d. (Pages 102-8 &. 102-17. DA400786 Sh. 4 &. DMOO788 Sh. 1)
Disconnect the SMPS PeR Molex connector (two cables) from J4
on the right side ofthe Sense PCB. (The Molex cormector at Il2 for
the Output Relay need nOl be removed.)

e. lnvert the ins·trument, taking care nOlto trap any cables.

f. (Page 10.2·8. DM00786 Sh. 4)
DiscolU'lect theOutput PCB ribbon connector from n2 on the Sense
PCB. Pull the cable back to clear the Sense PeB.

g. (pages 10.2-8 and J0.2·J7, DA400786 SII. 4 & DA4(}0788 Sh. J)
DiscOlUlecl the SMPS PeB Molcx COlUlector (two cables) from J4
on the right side of the Sense PCB.

h. (Page 10.2-7. DA400786 Sh. 3)
Remove the M3 nul and shakeproof washer which secure the braid
and three ground wires to the Rear Panel ground s.crew. Remove the
Ihree leads from the screw, lea'" ing the braid, locknut and washer in
place. Relcase the Front Panel Input Grotlnd lead from the clips on
the Sense PeB, and puU it clear of the instrument.

1. (Page 10.2.8, DM00786 Sh. 4)
Disconnectlhe complete bus-bar se t (part No. 450724): remove six
M3 x 6mm screws and wavy washers on the Sense and Output
PCBs; and threeM3 x 16 screws. wavy washers and spacerson!he
SMPs !'CB. Carefully detach the complete bus-bar &et. el1$uring
that the strips lIlld foam spacers are not benl or separated ..

k. (Page 10.2·7, DMOO786 Sit. 3. Delai19)
Remove the two hexagonal 'D'!ock screws securing J54 to the rear
panel.

l. (Page 10.2-7, DM00786 Sh. 3. Deuzi! 8)
Remove the six M3 x 6mmsctews and wavy washers securing the
Sense PCB 10 the side and center supportS. Carefully ease the board
forward 10 clear the lip of the Rear Panel. Lift it away from the
lnstroment, complete with the Sense Resistor, Output Relay IlJld
OutpUt Terminals secured 10 their brackeL

Fitting

Reverse the removal procedure, paying due regard 10 the references at
each stage. Be careful not to trap any wiring. Malce a fHtal inspection to
ensure ilial the wiring, ribbon cables. bus·bar set and Molex sockets are
correctly fined and secured.

)
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Section 7· Dismantling and Reassembly

7.5 Sub-Assembly Removal and Fitting (Contd.)

7.5.4 SMPS Box

Remove top and bottom covers: 7.4.1 and 7.4.2.

Remove insulating pieces: 7.4.3.

Remove top and bottom finger plates: 7.4.4 and 7.4.5.

Removal

a. Stand the instrument in ils nmmal upright position.

b. (Pages J0.2-9 & 102-25. DMOO786 Sh. 5 & DA400792 Sh. 1)
Disc<JlUlect the SMPS Control Mole,,; connector from J180n the top
right sideof the Front Panel PCB (second Molex cont\e(;:tI)r in from
the right).

c. (pages l0.2·8l111d 10.2-17, DMOO786 Sh. 4 & DA4()(JJ&8 Sh. 1)
~connect the SMPS PeB Molex connector (two cables) from J4
on the right ~ideof the Sense PCB.

d. Invert the instrument, talcing carenollD trap any cables. Unclip lhe
cables from the Front P$tlel PCB.

e. (Pages 10.2·9 & 10.2·25, DA400786 Sh. 5 & DM00792 Sh. 1)
Disconnect the SMPS Conlrol Molel( connector from J2 on the
bottom left side of the Front Panel PeB (the Molex connector
nearest the PCB edge next to the ribbon cable).

f. (Page 10.2-8. DMOO786Sh. 4)
Disconnect Ihe three bus-bar strips from the SMPS terminals by
removing three M3 x 16 screws, wavy w:ashers and spacers on 'the
SMPS PCB, Ensure thatlhe !:trip!: and foam spaeers are not bem or
separatt:.d ..

g. ('P.age 10.2-8, DA400786 Sh. 4)
Release !he two J:X)wer inpU[ cables from their clips on the bonom
of the SMPS box., in preparation for removing the box.

b. (Page 10.2.7, DA400786 Sh. 3, Detail 16)
Support lheSMPS OOl( from below. and remove the fiveM3 x 6mm
screws and shakeproof washers securing it to th·e side pllllel angle
bracket and center supports. Carefully lift the instrwnent off the
box., ensuring tha!. the cables from the box do not snag on any parts
of Ihe insU'Umenl. Lift !he wttUmenl flway from the box and
remove.

Fitting

Reverse Ihe removal procedw-e, supporting the box from below. and
beingcareful nono trap any wiring. Make 8 fmal inspectiontoertSllfe lhal

the Molcll connectors on the Sense and Front Panel PCBs, and the bus
bar strips, lire ~rrectly fined and secured.
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7.5.5 SMPS Main PCB

Remove top and bottom QOvers: 7,4. I and 7.4.2.

Remove insulating pieces: 7.43.

Remove top and bottom fmgerplates: 7.4.4 and 7.4,5.

Remove SMPS Box: 7,sA.

;Ramoval

a. (Page 10.2-6, DM00786 SII, 2; Detail J1)
Remove the three M3 x 6mm screws and shakeproof washers
securing the End Plate tI) !he si~ and top of the screAming box.

b. (Page 102-6, DMOO786 Sh. 2; De/ails 10 aM 9)
Remove Ihe two colUllerslDlk screws securing the End Plate to the
internal Control Screen on the SMPS Main PCB. and remove the
End Plare with its gasket, lifting the cables and grommets OUI of the
slols.

c. (Page 10.2-6, DA400786 Sh. 2; Details 8 and 7)
Remove the lwo M3 x 6mni screws securing the air scoop to the
screening box. and remove the air .scoop.

d. (Page 10.2-6. DMOO786 Sh. 2; Del/Ji.ls 6 and.5)
Remove the three M3 x. 12nun screws and shakeproof washers
securing Ihe HealSink, through the box, to the Heatsink Support
Block of the SMPS Main PCB. Remove the HealSink.

e. (Page 10.2-6. DA400786Sh. 2; Detail 4)
Remove the seven countersunk screws securing Ihe SMPS Main
PCB to the screening box (five undemeath the box, and two at the
closed end).

t. (Page J().2-6, DMOO786 Sh. 2; Details 1,2 and 3)
Carefully withdraw the SMPS Main Assembly, including the
SMPS Control PeB and insulating sheet, from the box.

FittIng

Reverse the removal procedure, being careful not to trllp any wiring.
Ensure that the HealSink is correctly secured to the Heatsmk Support
block within the box. Make a final inspection to ensure that theconnector
cable grommets 8Je C<lmctly fitted in their slot ift the end plate.

)
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7.5.6 SMPS Control pca 7.5.7

Section 7· Dismantling and ReassembJy

Mains Transformer

Remove top and bottom covers: 7.4.1 and 7.4.2.

Remove insulating pieces: 7.4.3.

Remove SMPS Box: 7.5.4.

Remove SMPS Main PCB Assembly from its Box: 7.5.5.

Removal

a. Ease the SMPS Control PCB aw~ from the SMPS Main PCB until
the two plugs and sockets (J/PI and J/P28) have separa~.

b. Lift the Control PeB out of its end-slots and remove.

Fitting

Reverse the removal procedure; do not press lb.e PCB home unlillhe plug/
sockel pins are correctly located in their slots.

Remoye lOp and bo~om covers: 7.4.1 and 7.4.2

Remove insulating pieces: 7.43.

Remove top and bonom finger plate:s: 7.4.4 and 7.4.5.

Remove Front Panel Assembly: 7.4.6.

R6moval

N.B. Do not attempllO remove the transformer spindle from !he cenler
support.as theb.rgescuw which retains it is secured with •SlUdlocl:'.

a. (Page 102-5. DA400786 Sh. 1)
Remove theM6 Nylocknut and washer which secure the transformer
to its spindle screw. Carefully withdraw the lranSformer. endpllte
and pad from the spindle; replace lhe endplate. Pad. washer and
loclawt until ready to refit It transformer 10 Ihe spindle.

FItting

Reverse the removal procedure, enswing correct orientation of the
transformer body.

7.5.8 Cooling Fan

)

Remove top and bottom covers: 7.4.1 and 7.4.2

Remove insulating pieces: 7.4.3.

Remove top and bonorn finger plates: 7.4.4 and 7.4.5.

Remove Front Panel Assembly: 7.4.6.

Removal

L (Page 10.2-5 & 10.2-17. DA400786 Sil. J & DA4(){)788 SII. f)
Disconnect the Fan DriveMolex OCltln«:tor (two leads) from J.50 on
the righl side of the Sense PCB.

b. (Page 1002-S, DMOO786 SII.1)
Remove the four M3 x ·8mm screws and shalceproof washers
securing the Fan to the centeJ' suppon. Lift the Fan and lead away
from the instromenl.

Fitting

Reverse the removal procedure. ensuring rorrect orienlation of lite Fan
body. Push the lead grommet into the slot in the <:enter support.
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Introduction and'Categorles

SECTION 8 SERVICI
Section 8 Servicing and Infernal Adjstments

G AN'D I:NTERNAL ADJUSTMENTS

8.1: Introduction

This section provides procedures for maintenance operations
which require removal of covers or partial dismantling.

The operations fall into three categories, as described in Table 8.1
below.

Fron1Panel PCB; Mains Transformerj Cooling 'Fan.

Yes

Sense pea (at yearly intervals)

Differential Amplifier 8.3
Gammon Mode Null
and DC Offset.

Section 5

Section 5

Section 5

Ca~lbratlon

Procedure

Section 5

Calibration
Procedure

Autobias next

Routine
Recallbtatlon

Procedure

Adjust Autobias
before Calibrating

... :~'.- .. ' ....

Yes

Yas

Yes

Yes

Yes

'" ,"
,; .'~ ,

No

Yes

Calibration
Required?

calibration
Required?

Calibration
Required?

8.2

Procedure
&d.lon 8

Procadure
Section 8

AdJustment
Procedure
Section 8

8.4

8.4

SMPS Control POB.

8.5

pea Assembly
and Adjustment

ServicIng
and Time Interval

Clean the Air Intake Filter

1 year (or less in
adverse condrtions)

Output Ampliffer
Autobias Level.

Assy Replaced
and Adjustment

Sensa PCBi Sense Resistor; Output Relay.

Differential Amplifier 8.3
Common Mode Null
and DC Offset

Ou1put Amplifier 8.4
Autobias LeveL

SMPS Main peBj

Repair at Datmn
Sel\lice Ce.nter

Output PCB

Output Amplifier
Autobias Level.

)

TABLE 8.1 CATEGORIES OFSERVICJNG AND INTERNAL ADJUSTMENTS.

8-1

)



Section 8 Servicing and Internal Adjstments

8.,1 Introduction (Contd.)

8.1.1 General Procedural Notes

B. Set Power OFF before anempting to dismantle the instrument
(for dismantling and reassembly instructions see Section?).

b. After servicing ensure that all connections have been made,
and that Top and Bottom Insulating Pieces and Covers have
been replaced. Leave assembled instrument powered-up for
at least 1 hour before carrying om any adjustment. •

c. Although replacement assemblies are set up by the
manufacturer, the internal adjustments in Table 8.1 ffiUSl be
carried out to ensure correct operation. These adjustments
need to be carried out when the assembly is in the user's
ins!TUment. in order to account for interaction between
assemblies.

8-2

Procedural Notes
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Air Intake Filter

8.,2 Cleaning the Air Intake Fifter
(Datron Part No. 45(643)

8.2.1 Servic,ing Frequency

The filter should be cleaned at intervals no greater tfum one year.
In dusty conditions the frequency should be increased.

8.2.2 Removal
(Assemb.ly Diagram DA 400856. page 10.2-15)

Section 8 Servicing and. Internal Adjstmenls

8.2.4 Inspection

Examine the foam f1lter for wear, replacing if links are broken.

\

a. Remove the four M3 x 10mm screws (Pt No 6110(6) and
washers (pt No 613005) which retain the filter grille (part No.

450636). 8.2.5 Reassembly
b. Remove the filter grille and reticulated foam fJlter.

Place the filter in the grille housing and secure the grille to the rear
panel using the screws removed in 8.2.2.

8.2.3 Cleaning

a. Wash the foam filter in a dilute solution ofhousehold detergent
(hand hot).
Rinse thoroughly in clean hand-hot water and dry completely,
withOlit using excessive heaL

b. Clean the grille and the grille holes in the rear panel (use a
vacuum cleaner and soft brush).
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Sec.tion 8 Servicing and Internal Adjstments

8.3 Diff.erential Amplifier -
Common Mode Null and D'C Offset Adjustment
(Reje.r to page 10.1-8)

LFCMAR

)

8.3.1 Preamble

The following three adjustments account for small variations
which may have occurred due to ageing of components. They
should only be necessary at yearly intervals, or after a different
SensePeB is fitted into the instrument. For these reasons both of
the common mode adjustments are preceded b)' a check, which
determines whether or not the adjustment is needed. The DC
offset adj ustment accounts for any changes resulting from the DC
and LF common mode adjustment.

A routine calibration is required after the adjustments are
completed-

8.3.3 Test Equipment Required

AC Reference Voltage Source; Oscilloscope and DVM.

8.3.4 Initial Conditions

Solo Mode
Remove Top Cover· 7.4.1; p7.3.

8.3.5 DC and LF CMRR

a. Remove any input to the instrument and short lNPUT Hi to
JNPUT Lo. using a shorting baror the shortest possible lead

b. Connect an AC Reference Sourceof IOVRMS at 10Hz to the
instrument as follows; do not switch the source on yet
i. Source 1.0 to TP404 on the Sense PCB (between

induclorsL401 andIA02, 10 the right ofreJay RlA02 at
the from of the PCB).

u. Source Hi to the shorted INPlIT terminals.

c. Connect an oscilloscope via a 2.5kHz bandwidth Iimiter as
follows:
i. Scope La to TP404_
ii. Scope Input to TP414 (to the rear left of Relay RIAOl

at the front of the PCB).

d. Switch on the instrument and the AC source, and adjusl the
osciJJoscope controls to obtain a measurable wavefonn.
Ignoring any SO/60Hz line signal that may be present, check
that the 10Hz wavefonnoo the oscilloscope is less than
500VV peak-to-peak.

Ignore operations (e) to (tn) if the 50<llV check in operation (d)
was successful
Note: The term 'FSV' means 'Factory-Selected Value'.

An isolated soldering iron should be used.

8-4

e. Note thepeak:-to-peak valueofthescope waveform. SWITCH
OFF the instrument Carefully unsolder and remove FSV
resisWf R409: suck out the solder from the FSV terminals.

f. Nole the value of the removed resistor. Select a 1% metal
fIlm resistor of value one increment larger, and fit into the
FSV terminals. but do not solder in. Switch the instrument
on, allow to settle "",d note the peak-to-peak value of the
scope waveform.
SWITCH OFF the instrument and remOve the resistor.

C~ out operation (g) only if the peak-to-peakreading in (f) waS
less man that in (e).

g. Repeal operation (f) until the pealc-to-peak reading ha~

passed through a minimum value and started to rise again.
Select the resistor which provided the minimum peak-to
peak reading and refit to the FSV tenninals.

Carry out operations (b) and (j) only if the peak-to-peak reading
in (f) was greater than that in (e).

b. Note the value of the removed resistor. Select a 1% metal
fIlm resistor of value one increment smaller. and fit into the
FSV terminals; but do not solder in. Switch the instrument
on, allow to settle and note the peak-to-peak: value of the
scope waveform. SWITCH OFF the instrument and remove
the resistor.

j. Repeat operation (h) until. the peak-to-peak reading has
passed through a minimum value and started to rise again.
Select the resistor which provided the minimum peak-to
peak reading and refit to R409 FSV tenninals.

k. Switch on the instrument and check that the 10Hz waveform
on the oscilloscopeis less than 500\.!.Vpeak-to-peak. SWITCH
OFF the instrument and remove the resistor.

Ignore operation (1) if the 500j.1Vcheck in operation (k) was
successful.

1. Reselect values ofresistor for R409 as described above, and
recheck the peak-to-peak values until a minimum ofless than
50<¥V is obtained. (If this cannot be achieved. a fault existS
which must be corrected before proceeding.)

m. Trim the leads of the successful resistor to size and carefully
solder it into the FS V terminals. Allow to cool and switch on
the insuument.

n. Check that the 10Hz wavefonn on the oscilloscope is still
less than 500j.1V peak-to-peak. Reduce the output of the AC
reference source in IV steps from lOVRMS to 1VRMS,
checking at each step that the peBk-to-peak waveform value
is less than lmV.

p. SWITCH OFF !he instrUment. leaving me AC reference
source and oscilloscope connected. and proceed to 8.3.6.

)
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HFCMRR and DC Offset

8.3.6 HF CM RR
8. With AC Reference Source and Oscilloscope connected as

for DC and LF CMRR adjusunent (8.3.5 above). remove the
25kHz bandwidth limiter (or set the oscilloscope to full
bandwidth).

b. Adjust theoutput voltageand frequency of the AC Reference
SOllKe to 10VRMS at 5kHz.

d. Swil:ch on the instrument and the AC source. and adjust the
oscilloscope controls to obtain a measurable wav'efonn.
Ignoring any SO/60Hz line signal that may be present, check
that the 5kHz waveform on the oscilloscope is less than SrnV
peak-lO-peak.

Ignore operation (e) if the 5mV check in operation (d) was
successful.

Note: An isolated screwdriver-type adj ustment tool mustbe
used. Even so, the presence of the tool in the slot will add
some capacitance and the reading is likely to change when it
is removed. The peak-to-peak readings are only valid with
the tool removed. This adjustment therefore requires some
delicacy.

... Using the adjustment tool, adjust C402 (see Fig. 8.1) for a
minimum peak-to-peak value of the scopewaveform. Check
that this is less man 5mV. (If this cannotbe achieVed. a fault
exists which must be corrected before proceeding.)

f. Check that me 5kHz wavefonn on the oscilloscope is still
less than 5mV peak-to-peak. Reduce the outpul-ofthe AC
reference source in IV steps to 1VRMS. che(;king at each
step that thepeal::-lO-peak waveform value remains less than
5mV.

g. Reset the AC reference source voltage to lOV. Reduce the
frequency of the AC reference source in 100Hz steps to
10Hz, checking at each step that the peak-to-peak. wavefonn
value remains less than 5mV.

h. Reset 1he AC reference source frequency to 5kHz. Then
increase the frequency in 1kHz steps to 20kHz. checking at
each step that the peak-to-peak waveform value remains less
than 25mV.

Section 8 Servicing and Intsmal Ad/stmenfs

8.3.7 DC Offset

a. Disconnect the AC Reference Source and Oscilloscope.
Leave the input short connected.

b. Perform an 'Input Zero' on the DVM to be used (l~V.

lOOllV and 1mV Ranges). Connectthe DVM. set to its ImV
range, as follows:
i. DVMLotoTP404onlheSensePCB(betweeninductors

I..AO1and I.A02. 10 the right of relay RL402 at the front
of the PCB).

ii. DVMHi to 1P414 (to dle rear left ofRelay RI.A()1 at the
front of the PCB).

c. Adjust R41l (see Fig. 8.1) to give a DVM reading as close
tozefO'as possible. and check that this is less than 5~V.

(If this cannot be achieved, a fault exists which must be
corrected before proceeding.)

d. Disconnect and remove the DVM.

FIG. 8.. 1 LOCAnONS OF TRIMMERS C402 AND R411

8.3.8 Return to Use

Refiland secure the Top Cover - 7.4.1; P 7-3

A routine calibration is required after the adJustments are
completed. .
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Section 8 Servicing and Internal Adjstments

8.4 Output Am'plifier Autobias Value Adjustment
(Refer 10 Section 10; pages 10.1-9 and 10.1-15)

Autobias Measurement

8.4.1 Preamble

The following adjustment accounts for small variations which
may have occurred due to ageing of components. They should"be
necessary only at yearly intervals, or after a different Sense PeB
Or OutputPCB is fiued into the instrument. For these reasons the
AUl.Obias adjustment is preceded by a check, which determines
whether or not the adjustment is needed. If the check discovers a
large discrepancy in the standing Autobiascurrent value, a fwther
check is carried out to discover if this is due lO a fault in one of !he
eighteen power transistors which drive the output.

A routine calibration is required after the adjusunent is completed.

8.4.3 Test Equipment Required

lOA DC Ammeter
Suit.able DVM

8~4.4 Initial Conditions

Instrument Power Switch OFF.
Input disconnected from INPUT terminals.
External bus cables removed (for Solo mode).
Remove Top & Bottom Covers· 7.4.1(2; p7-3. ~

Remove !he Bottom and Back Insulation Sheets· 7.4.3; p7-3
Place the instrument on its left side (ie. with the SNIPS box
uppermost).

8.4.510A DC Ammeter Connection

8. Ensure that the Front Panel Power Switch is OFF.

b_ Looking from the front at the boUom of the instrument (now
on the right side), identify the bus-bar screw at connection
E26 on the Output PeB (see Fig. 8.1 and page 10.2-8).

c. ReIease the E26screw and gently lift the bus-bar so that itjust
clears its.swage.

d. Usjng crocodile dips on short leads (and thin insulating
strips where necessary) connect the lOA DC Ammeter
negative lead to the E26 swage only; then clip the positive
lead to the other end of the bus-bar> close le the output screw
at E241 on the SMPS. This places the ammeter directly in
series with the +7.5V_2 supply line to !.he power transistors
in the Output PeB.

8-6

8.4.6 Total Bias Current Measurement

8. Set the Front Panel Power Switch lO ON. The instrument
powers up the SMPS by entering 52 state. This is shown by
the ammeter reading increasing from zero as the class A bias
current is established. Allow thereading to stabilize (approx.
20 seconds). Check that the reading lies between 8.5A and
9.5A.

Carry out the Current-Sharing check procedure 8.4.7 if the iO.5A
check in operation (a) was unsuccessful.

b. Check that the reading lies between 8.82A and 9.18A.

Carry out the Total Bias Adjustment procedure 8.4.8 ifthe±O.18A
check in operation (b) was unsuccessful.

c. SWITCH OFF the instrument. and disconnect the ammeter,
Replace and secure !.he bus-bar screw at E26 on !.he Output
PeB.

E241

Rear ot
tnstrument

r
SMPS Output

peB

FIG 8.1 LOCA nON OFBUS-BAR CONNECTIONS
E26 AND E241

)
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Autobias Adjustment Section 8 SeNicing and internal Adjstments

Keep repealing operation (g) reducing the value of R3 13
until the flIStammeterreading below 8.9A is reached. Select
the resis tor wh ich proy ided the closest approach to 8.9A and
refit it to R313 FSV terrn.i.nals.

Switch on the instrumentand check that the ammererreading
is between 8.82A and 9.00A. SWITCH OFF the instrument
and remove the resistor.

Nore the value of the removed resistor. Select a I% me~l

film resistor of value one increment larger; fit inlo the FSV
terminals, but do not solder in. Switch the instrument on,
allow to settle and note the ammeter reading. SWITCH OFF
the inStrument and remove the resistor.

Keep repeating operation Cb), increasing the value ofR313.
until the ftrSt amrneter reading above9.1A is reached. Select
the resistor which provided the closest approach 109.1 A. and
refit it to R313 FSV terminals.

Switch On the inSlrumentandcheck that the ammeterreading
is between 9.00A and 9.l8A. SWITCH OFF the instrument
and remove the resistor.

Trim the leads of the successful resistor to size and carefully
solder itinto the FSV tenninals. Allow to cool and swit'"h on
the instrument.

Check that the ammeter reading remains between 9.00A and
9.18A.

f.

j.

Adjustment for High Current
Carry out operations (g) to (I) only if the ammeter reading in (a)
was greater than 9.18A.

g. Note the value of the removed resistor. Select a I% metal
film resistor of value one increment smaller, fit into the FSV
terminals, but do not solder in. Swir.eh the instrument on,

.. allow to settle and note the ammeter reading. SWITCH OFF
the instrument and remove the resistor.

Final Check and Recovery
k. Trim the leads of the successful resistor to size and carefully

solder it in10 the FS V terminals. Allow to cool and switch on
the instrument.

Check that the ~meter reading remains between 8.82A and
9.00A.

b.

c.

d.

'e.

I.

SWITCH OFF the instrument, and disconnect :the ammeter.
Replace and secure the bus-bar screw at E26 on the Output
PCB.

Place the instrument upside-down on the bench. Identify the
connections to [he 1X>wer transistors Q120, Q121. Q122:
Q124, QI25, Ql26; Ql28. Q129, Q130 on tbeOurputPCB.
The emiuers are the square pads on the solder side of the
PCB; mese are positioned at intervals along the right side of
the line of the heatslnk, with QI30 at the front.

SWITCH ON LIle instrumentand allow it to settle for approx.
20 seconds. Set a DVM 10 its lOOmV range and connect its
Lo input to the emitter of Q130. Use the Hi input 10 probe the
emiHersofeach of the other transistors listed in operation (b)
in turn, noting the DVM reading for each emitter.

Identify the emitters of the power transistors Q108, QI09,
Q110; Ql12, Ql13, Q1l4; Q1I6, QI17, Q1l8 (also square
pads). They are positioned along the left side of the line of
the heatsink, with Ql 18 at the fronL

Set the DVM to itS lOOmV range and connect itsLo input to
the emitter of Q118. Use the Hi input to probe the emitters
of each of the other transistors listed in operation (d) in tW'Tl,
noting the DVM reading for eacll emitter.

Disconnect the DVM. The readings obtained in operations . h.
Cc) and (e) should be between -50mV and +50mV. If any
reading is outSide this value, afaull:y component (most likely
the transistor) may be causing the deviation. A reading of
volts, rather than mill ivohs, could represent a catastrophic
failure,

SWITCH OFF the instrument. After correcting any indi
cated f<lullS. reconnect the ammeter as in procedure 8.4.5,
and use procedure 8.4.6 to check the total bias current again.

f.

e.

b.

8.4.7 Current-Sharing' Check
(Only to be carried out Jf the Total Bias Current Measurement
Procedure 8.4.6 Operation (aj was WlSuccessful)

a.

d.

g.

c.

8.4.8 Total Bias Current Adjustment
(Only to be carried out if the Total Bias Current Measurement
Procedwe 8.4.6 Operatiofl (b) oflly was UllSllccessful)

a. Note the ammeter reading_ SWITCH OFF the instrument
Identify FSV resistor R313 at the renter front of the Sense
PeB. to the rear of the test Iink TIA02 between U3 10 and
U405. Carefully nnsolder and remove R313~ suck out the
solder from the FSV Ierminals.

m. SWITCH OFF the instrument, and disconnect the ammeter.
Replace and secure the bus-bar screw at E26 on the Output
PeB.

8.4.7 Return to Use
Adjustment for Low Current
Carry out operations (b) to (f) on1y if the ammeter reading noted
in (a) was less than 8.82A.

Refit the Bottom and Back Insulation Sheets - 7.4.3~ p7-3
Refit Top & Bottom Covers - 7.4.1/2; p7·3.
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8.5 SMPS Tuned Circuit - Faults and Opti'mization

Two variable resistors on the SMPS Control PeB adjust the
pulsewidth and maximum frequency of the signals which drive
the tuned circuit on the SMPS Main PeR. These controls are
jmeractive and. me tuning operation is delicate. Access to detect
the results of tuning entails removal of the PCBs from the
screeningbox and application ofpowerand signals byreconnlXlion
to the instrumenl This leads to a potentially dangerous situation,
be.cause of !.hepresence ofhigh AC and DC voltages on !.he SMPS
MainPCB.

User fault diagnosis might lead to the conclusion thata component
or components within the box is defective. In this case, to
safeguard peoonnel and equipment. contact the nearest Datron
service center. The box may be removed from the instrument as
described on page 7-6, but DO NOT DISMANTLE TIIE BOX.
Further investigation wUl be carned out by the service center.

nefore removing the box from the insnument,.read!he following
warnings:

WARNINGS:

1. DO NOT attempt to adjust the drive signals to the ttmed
circuiL

2. SWITCH OFF !.he instrument before removing the box.

3. DO NOT DISMANTLE THE BOX

8-8
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SECTION 9 TECHNICAL DESCRIPTIONS

9.1 PRINCIPLES OF OPERATION

9.1.1 Introduction

Functional Diagram
Fis. 9.1.1.1 illustrates the basic principles of the 4600.

Instrument Description and Slaving Options
The 4600 Autocal Tr.ansconductance Amplifier is an accurate DC or
SinewaveAC current source, whose oUlput arnplitude (and frequency for
AC) are determined by user inputs (within the specifications detailed in
Section4). In 'Solo' mode, it takes its AC or DC reference voltage inpul
from any suitable source. Ut 'Slave' mode, it increases the DC and AC
currentoutputs ranges of the 4700 compatible series ofcalibrators, up to
a maximum of 11 Amps (DC or RMS AC). For Slave operation. the
option requirements for the models in the range are as follows;

4700 Option 20
4705 Option 20
4708 DC Current Options 10 and 30.

AC Current: Options 20 and 30.
DC and AC Current Options 10. 20 and 30.

For al1 models, the finnware must be at issue 5 or later.

9~1.2 General Description
(Refer to Fig. 9.1.1.1)

Transfer Functions
As a 'Black Box', the 4600 dermes a transfer function which is a linear
'Transconductance'. Between OC inputvoltage limits of+11V and -11 V.
the output is a current whose value lies between +11A and -llA and is
defined by the linear equation: lout;;; Vin x 1AN.

For AC voltage inputs, the same equation operates, generating output
currents between O.9A RMS and llA RMS corresponding to input
voltages between 0.9V RMS and l1V RMS. at frequencies between
10Hz and 20kHz.

All outputs are subject to the specifications given in Section 4.

Forward Amplification
A DC or AC 'voltage is delivered to the input of a non-inverting
Differential Amplifier, which acts as a rIXed-gain buffer to maximize
common-mode rejection. Its conditioned output voltage is inpUllo a
'Sense Amplifier" which drives a power amplifier capable of delivering
the full range of outpUl currents.

sensing the Outpu
All the load current is passed through an internal series resistor. This
provides a sense voltage which feeds back negatively as the other input
to the Sense Amplifier, thus controlling the overall transconducumce.

Dlgltal Control
Ut Slave mode, a digital interface transfeTS control information from the
slaving 4700-series calibrator to command the 4600, and retrieves status
data. Solo mode is controlled by internal digital circuits.

For both modes. the Switch Mode Power Supply and Output On/Off
switching are subjected to digitally-ronlroUed sequencing to maintain
safety, and protect the internal analog circuitry.

callb,,*Qt

)

Reference
.---------.. VolUIge

...........----....
eu,""t
SOUR»

OUTPVT lOld

)

)

FIG.9.1.1.1 4600 FUNCTIONAL DIAGRAM
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Section Dlv1slons
This Section describes the opermion of the circuits inOOlpOrated into the
4600. The object is to provide back-up information for those who are
engaged in fault dia.gnosis on the insnum.ent.

9.1.3 Circuit Descriptions In Section 9
)

The description is split into four main divisions;

9.2 Analog CircuIts:
This describes the main operational citcuits which are directly
concerned with generating the analo,g output of the instrument.

9.3 SMPS:
The Switch Mode Power Supply is pennanently operative in Solo
mode. but is turned on in Slave mode only when the lOA range is
selected on the slaving 4700-series calibrato'r. Itis themarnsupply
for the analog output, and so is treated separately from the other
power supplies in the instrument.

9.4 Digital Circuits:
Because the 4600 can be operated either in Slave or Solo mode,
there is 8. basic need to ttaru>fer It from onemode to the other. When
outputting its Tated maximum current of 11 A (IX: or RMS), safety
must be prmunount when turning the output on and off. These two
requirements have led to the design. of automatic digital systems.
Which place minirn.al onus on the user. to perfonn the transfer and
protect the circuitry. These systems are described in some detail
within this sub-section.

9.5 Power Supplies:
This deals with both inguard and olltguard supplies and their
distribution. but not the SMPS.

9.1-2
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9.2 ANALOG CIRCUITRY

)
9.2.1 Introduction

The circuits described in this .section perfOYTl1. the following functions:

DIfferential Amplifier:
Buffers the Input Reference Voltag~, maximizing common-mode
rejection.

Sense Amplifier:
Senses the C1llTent output as the voltll8e IICroSS the internal series Sense
Resistor, wruchcarries Ihe full oulputcurrent. lruses the sensed voltage
to detennine the amount of drive to \he Power Amplifier.

Power Amplifier:
Converts the drive from the Sense Amplifier into a current in the range
-i lA to +llA IX: or RMS AC. This current is passed out of the Fron [
Panel OUTPUf 1+ terminal, and is returned to the internal Output
Common OV_2 through the internal series 'Sense" resistor via the
OtlfPUT 1- tenninal.

The Differential and Sense Amplifiers are located on the Sense PCB. the
Power Amplifier occupies the Output PCB, and the Sense resistor is
moUJl1ed separately wiLhin the instrument.

Fig. 9.2.1.1 illustrates the analog techniques by which the 4600 conVelts
its Reference Vpltage input into a defined current output.

D/,gltal Proo...et (see sect. 9.4)
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FIG. 9.2.1.1 4600 ANALOG CIRCUITRY - SIMPLIFIED BLOCK DIAGRAM
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Section 9 - Technical Descriptions Analog Circuitry - Slave and Solo Modes
9.2.2 SI,ave and Solo Modes
(Circuit Diagram DC4()(J786 Sheet 1, page 10.1·2 and Circuit Diagram DC400788 Sheel 4, page 10.1-11)

Solo/Slave Mode· Analog Differences
In the action of the analog circuits, the only differences between the two
operating modes is that the input reference 'Voltage enters III different
tenninals, and in Solo mode themanual uro and gain adjusttnentcircuits
are connected.

Solo Mode Input Connection
The OC Calibratoroulputvoltage is applied to the two frontpanel INPUT
terminals in Solo mode. Two-wire connection can be used, but the
voltage arriving at the 4600 input tem'rina1s will be affected by the
resistanceofthe connectorleads, so it is preferred louse4-wire connection
to sense the reference voltage at. the 4600 input tenninaJs.

The input voltage is transferred internally from the frontpaneI terminals
as Hi]R and Lo]R, via pins E15-1!2 to the Sense PCB III I1()..1{3.

'The Input Ground terminal is connected directly to the internal case
ground, and thence to the tocalline grOlUld.

Slave Mode Input Connection
The Slaving 4700 output voltage is applied via the rearpanel analog bus
connector in Slave mode. Four-wire connection is used to deliver the
reference voltage directly to the Differential Amplifier iUput switch, so
that the 4700 senses lIS outpUt voltage on the 4600 Sense PCB.

The input voltage is transferred intemally from the rear Analog Socket
J66 as Hi_R, u,_R, I+_R and J"_R, to the Sense Pea at J&-l/2/3/4
respectively.

The Analog Socket Guard connection is passed into the Sense PeB as
GU_R at J8-5, across- the internal Guard barrier, and via E401 as
EARTHST to me outguard loca1lineground.

S'aveJSolo Mode Input SW1tchlng
(CirclluDiagram DC4()(JJ88 Sheets 2 &4.pagu 10.1-7 & 10.1-11)
Section 9.4 (Digital CiIcuits) describes the SlaVe/Solo mode states. AI.
far as the analog circuits are eoncerned, the mode changeoveT is effected
by the staw of the signal SOLO_Ho received in-guard from opto.c:oupler
U212 at pin 8. When SOLOJI is ttue (high)., it is inverted by the relay
driver at U401-15, and so selects Solo modeby energizing relays RUO1
!UId RlA02. When SOW_H is false (LOW) the relays are unenergized.
selecting Slave mode.

Four-pole relay RL402 perlonns the inputchangeoverswitcbing. InSolo
mode only; relay RL401 oomteets the slider of Differential Amplifier
zero offset potentiometer R411 to +1SV.JB. and introduces a manual
gain control circuit in parallel with the input resistor of the Main
Attenuator connected ac:ross the Diff. Amp. output.

}
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(Circuit Diagram DC400788 Sheer 4. page 10.1-11)
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Differential AmplIfier
U402 is connected as a non-inverting, differential-input buffer, both sets
of input resistors being equal 10' provide high conunon-mode rejection.
Its gain is controlled by feedback resistors R413JR414 to the inverting
input, and lU1 atlenualOr on the non-invening input (R4081R409 to mecca
OV_1) provides fine gain setting during manufacture. The gain is
frequency-compensa1ed for AC operation by C403 andC404. and across
the input auenuatot by tJ:'i.nuner C402 and padder C425. Overall gain of
the stage is approximately 0.7. Diodes ~Ol and 0402 protect against
inadvertent application of excessive input voltages.

Main Voltage Attenuator
R415 and R436 for:ms the main voltage attenustor, connected between
the Diff. Amp. and the Sense Amp. In Solo mode its attenuation is also
affected by the trimpot R417 (padded by R416) in parallel with R415.
R417 is manually set during calibration of Solo mode. to adjust the 4600
DC gain; R4l6 is nonnally only selected at manufacture. C424 is
provided to allow the AC frequency response in Solo mode to be
manually calibrated. its range of adjustment being set by C406.

Sensa Arnptlfler
The non-inverting input to The Sense Amplifier is derived·from the input
reference voltage, and the inverting input is theSe~ voltage (developed
llcroSS !heSenseresistor which is connected in series with the total ouLpu t
current). So 'the Sense Amplifier as a whole acts as an error amplifier,
whose output is proportional to the difference between the two inputs. Its
output·is fed a.o;. a current 'I_DRIVE' to a buffer stage on !he Outpm PCB.

The Sense presmplifier U403/U404 is alow-noise compound ACroc
circuit. DC oomp~:mentsof the input signalfrom!h.e Main Attenuator are
amplified in U403. and then applied as offset null conlrol to U404-8 via
ilttenuatorR4231R422. CapacitorC411 controls U403 frequencyresponse.

Because the Power Amplifier has to be able to feed into inductive loads,
it is necessary to ensure thatnon-linearicies in the SenseIPowerAmplifier
loop response do not cause oscillations over a range of output load,
amplitude and frequency conditions. 'The design ofthe cascaded integrator
U404JU405 sets the dominant pole of the response to achieve this
flexibi lity.

U405 uses the full ±15V_lA supply to linearize its output swings,
whereas U403 and U404 supplies are further regulated by 0403 and
0404 to approx. ±6.8V to achieve low prcamp. noise levels.

The Sense Amplifier output is passed out of the Sense PeR at 122-6 as a
current, to drive the Power Amplif:l.el: buffer on the Output PeB.

Input On/Off
During the Output On sequence for both Slave and Solo modes, the final
operation is to permit the input reference voltage to control the output in
state R5 or SS. This is done by releasing two PET short-circuits in the

" Main Attenuator. During Output Off. the shorts are reimposed when
transferring from R5 to R4, or from S5 to S4. 'The signal IPON_H is used
to accomplish the changes; it is passed into guard via optocoupler U214
at U214-8 (refer to SeC/ion 9.4).

When lPON_H is true (high) inSlate R5 or SS, MOSPET Q402 conducts.
pulling the gates of FETs 0401 and 0403 down below conduction
threshold. The FET source.-drains become open-circuit, removing the
atlenua10r shorts. In all other states lPON_H is false (Iow), Q40'2 is CUt

off. and the PET galeS are released to acquire Common OV_1 potential.
This allows the source-drains to conduct, short cireuiting both ends of
R444 CO common OV_1 and removing the voltage input to the Sense
Amplifier.

Test Unks
The test links TlAO 1 and TlA02 are provided so that the Sense Amplifier
can be tested in a negative feedback loop of its own. isolated from the
Power Amplificr and Sense Resistor. This is mainly for use during
manufacture. or when a fault is suspected on the Sense PeB.

9.2-3
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9.2.4 Current Amplification
(Circuit Diagram DC4()(fJ89, page l0.1-J5)

Buffer
MIDI is C{Jnnected as a non-inverting, unity-gain, differenti.al-inpu~

buffer, The output cllltent from the Sense amplifier is driven via 121-6,
RIO] andRIOS intoCommonOV_2,whichistheoutputcurrentsink. The
output currentatMI01-6 is driven viaRI07 and RI02 ba.clcinlOCorrunon
aV_I. which is theInput Referenee Voltage andSense Voltage common.
Thus the differential input lO M10l is referred to both commons, in a
sense which rejects common-mode disturbances between the two.

The buffer output evenrual1y drives the two complementary sets ofthree
DarlinglOn output stages, but it first needs to be inverted and level
shifted.

Inv~rslonand Level·Shl1Ung
The complementary invertets QI03 and QI04 are patallel fed from the
buffer output Th1s eventually causes !he Darlingtons to give a push-pull
drive lO their hearsiclc: QUtpUL M the two transislOrs are in common
emitter mode, lheir collector outputs are inverted.

The two inverters are biassed to euablish the correct class A conditions
for the DarlinglOns. QI01 provides a 'lAmA COfIlitant current drive to Ule

bias circuit, to shift the levels of the splir buffer outpu~ to me pot~ntials

required for lhe inverters. These potentials also need to compensate for
variations of the mean Darlington current. so the negative end of the bias
chain is taken to the output ofan 'Autobias' generator, which senses each
of the Darlington emitter currents, and carries out the averaging process.

Emitter-fullowers QI02 and QI05 buffer the outputs from the inverters
before driving the Darlingtons.

Autoblas
The output DarlingtoTUi operate in class A pu!lh-pull, to eliminate the
crossover distortioll in the outpUt which would be assocjaredwith class
B or C operation. In class A. even with no input, a standing bias cwrent
is established through each of the 18 Darlington traru:isum. whose
collectors are thennally attached to the heatsink. Variations of heatsink
temperature can occur (particularly 'for a few minutes after II cold start
up), and unless compensation is applied, these variations, orcomponent
ageing. could caUSe the standing bias CWTent to drifL

To reduce the drift to a manageable level, any compensation mUlit detect
variations in the total current affected by the heatsink ternpe:rature, and
provide a bias which re~tores il to its correct value. Fortunately in cws
A. any currenllaken off as output incTeases the currcrrl in one side of the
push-pull output by an amount equal to thtidecrease it causes in the other
side. So the lOtal currenl affecled by the heatsink temperature remains the
sum of all the. individual transistor CUJ"reflts, and can be represented by
their mean value; regardless of the value ·of OUtpul current.

In the 4600, the compensation is applie>d as a form of <Autobiss', which
detects the emitter ClJlTent in each of the output trmsis tors, calculates the
mean value to determine the amount of bias 10 be generated, and then
superimposes that bias onth~drivevoltages to Ihe two inverters Ql03 and
Q104. The necess aryprocessing is done on the Sense PCB. using analog
techniques (CircuiJ Diagram DC400788 Sheel3, page 10.1-9).

92-4
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Autoblas Generation
Each oithenine positive-side Darlington OUtpUftransistors h8l> its OUtpUl

currentsensed separately, by a low-value resistor placed in series with its
emitter. The nine voltages across the resistors are summed at astar-point
to fonnthe +SENSE signal. Similarly the ne&ativ~sideSlaI-point~ the
SENSE- sigJlll1 These two signals (together with their associated SMPS
±7.5V supply line potentiBls) are passed to the Sense PCB viaJ21 andn-~

to drive the Autobias Generator. The bias supply, (±15V_OP OD

Common OV-2) is also Pll88ed to the Sense PCB to power the circuit

Thus the Autobias Generator has two inputs:

The +SBNSEsignal referred to the SMPS +75Vsupply-linepotential.
applied to the inverting input U308-2;
The-SENSE signalrefe.ttedto theSMPS -7,5V supply-Iinepotet\tial..
applied to the non-inverting input U308-5.

Both halves of U308 are corneclA!d as differential amplifiers to reject the
±7.5V corrunon-mode components of !he inputs. The two outpUts are
summed into !he.inve:rtinginputofErrorAmplifiaU310. to becompared
against a reference voltage produced at the junction of R313 and R314.
U310 is connected as an integrator to match the slow slew rates of
thennally-dependenl variations, andnotbe affectedby anyACcomponenls
of signals .in the Output Amplifier. The output current from U310 drives
the bRSe of current-mirror Q316, whose collector draws current through
the Output Amplifier 'AUTOBIAS'line.

Variations in the mean of the emitter currents of the power TrBnSistors in
the Output Amplifier will thus cause variati.oru in the current in the
AUTOBIAS line atJ21-n(CircuitDia8ramDC400789.ptJg~10.1-15).
To show mat the action gives the required compensation we need to trace
!he sense of the aulObias signals from cause 10 effect.
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Autoblas Sensa
Consider me case of the hears ink. warming from a cold startup. Intrinsic
conduction in all the powerlrans istors will increase due to the temperatu;re
rise. so the compensation should be applied in $uch 11 sense as to oppose
!he increase.

For an increased conduction, emitter currents will a1s<J increase .and the
summed +SENSEsignal will be driven mOle negative with respect to the
+7.5V supply line; similarly the -SENSE signal will be driven more
po~itive with respect to the -7.5V line.

These changes are transferred to the Sense PCB. affecting the input
differential amplifiers. Because of their input connections, both output
voItages from U308 at TP507 and TP508 will rise positive, causing the
summing point at TP509 (Q310--2) to follow. The voltage at this point
will rise more positive than !he OAV at the reference input to U31O-3.
Thus the output volUlge at U310-6 will ramp negative due to the positive
input lUld the integrator action. Less current will be driven into cUIrent·
mirror Q316 base. so its collector current will draw less through the
AUTOBIAS line in the Output Amplifier.

On the OulputPCB. QlOI sources a constant2.4mA into the AU1'OBlAS
line. Because the current minor collector is drawing less. the difference
must be sunk into the buffer MIOI negative supply, and MIOI-6 moves
mO.re positive. 1'h.is will start the heatsink (output) voltage moving
negatively, assisted by the greater positive movement atQ104 base. The
main Output Sense loop responds by sending M10I-6 mor·e negative to
absorb the diverted current, pulling the voltage at Q1D3 base down until
the heatsinkvoltageis restored ,and both inverter bases have the same (but
less) complementary bias.

With less bias on the invenerbases. the output transistor base currents are
reduced on both positive and negative sides of the heatsink. As a result
the standing currents in the output transistors (which had increased due
to the temperature rise) are reduced, to restore the original values.

The same stabilizing effect is felt when cha.'1ges occur due to ageing or
power supply varia Lions. or when ambien t temperatures fluctuate. Because
the response of m.e Autobias loop is slow, and the Autobias Generalor's
input amplifiers reject common-mode; and alsobecause the bufferotitpUt
MIOI-6 is AC-GQupled to the inverter bases by C1l3 and C114; the
aUlobias is &$ effective for AC outputs as it is for DC. limiled only by the
gain of the Autobias loop.

Section 9 - Technical Descriptions

Current Output Stage
(Circuu Diagram DC400789.page 10.]-15)
All of the Darlington lra.nsistor collectors are elecllically and thennally
connected to the·heatsink. including the six drivers. The stage therefore
provides & single totem-pole current output via the heatsink to the 1+
IenninaL the current being returned via the! - terminal to Common OV_2,
with all contributing current sources operating in push-puIl parallel. The
stage is biassed in class A to maintain acon.srantintemal power dissip.ation
via the heats.ink. which is force-air cooled to stabilize the internal
ternperalure. Use of class A conditions ass·ists the effectiveness of the
autobias in compensating for tmavoidable temperature variations, as
mentioned earUer.

Over1emperature Sensing
Thermistor R160 is thennally (but not e1e<;1.rically) connecled 10 the
heatsink to sense hearsinktemperar:ures. R160's negative temperature
coefficient of resistance determines the operation of the Overtertlp LED
and its associated delector circuit. This is described in Sation 9.4.5 on
Page 9.4-9.

9.2·5
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9.2.5 Current Output and Sensing

Current OU1put Routing
(In.lerconnecticn Diagram DC400786 Shut 1, page 10.1-2)
The oUlpulcurrentsignal '1+' travels from the hearsink oUloftheOutpllt
PCB via El02 to the Output Relay contacts. and from the closed contacts
to the Front Panel OUTPUT J+ term.i.nal as the 'I+_OUT' signal.

The current returns via the 1- terminal then as '{-_OUT' 10 other OutpUt
Relay contacts. and from the closed contacts to umninal RH of Ihe
precision Sense Resistor. After passing through the sense resisloT, the
output current passes 10 the Output PCB to be sunk into tlle SMPS
Conunon OV_2.

Output Current Sensing
The Sense Resistor is 4-wire connected in the 1- output current path and
to the inverting input of the Sense Amplifier. The Sense connections go
viaE407 and E408 into the SensePCB, where the SENSE_Hi voltage is
applied la the inverting input of the Sense Amplifier 10 close the whole
output negative feedback loop. The SENSEJ-o connection is taken to
the voltage amplification mecca - Conunon OV_1.

A simplified functional diagram ofthe loop and a descriptionofits overall
action is given in Secrion J, on Page J-3.

Internal Load
(Circuit Diagram DC400788 Sheet 4, page 10.1·11)
During the On/Off Sequence, an internal 180 load (R437 in the Sense
PCB) is connwted across the output relay contacts via 112-3/4 and Sense
PCB relay RU03 contacts. This load is open-circuited by RL403 only
in states R4 and R5 (Slave mode) or states 84 and S5 (Solo mode).
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9.2.6 Output OniOff Sequence

Thedigitaloperation 0 fthe OnIOffSequence is de.scribedinSection9 .4.3
starting on Page 9.4-4. The aim of the sequence is 10 turn on the output
safely, wilh deteCtors lIlert to potential faults.

Effect on Analog Clrcul1s
The effect of the sequence on the analog circuitry is the ~amewbether in
Slave or Solo mode, and whether the output is being sequencedon oroff;

State SMPS Output Inlernal Input
Relay l.oad Reference

Contacta Voltage

R1; 81: disabled open connected Off
R2;S2: enabled open connected Off
R3;S3: enablfK/ closed connected Off
R4;S4: enabled closed opsn circuit Off
R5: S5:. enabled closed Dpen circuit On

Detector ActivIty
Because of the effects of the sequence, the analog fault detectors can be
active in more than one state. For instance the overdrive detector can
sense excessive input voltage in all stales and light ics warning LED.
Analysis of the information prOVided by the From panel LEDs or Slave
mode messages, is more relevant to fault diagnosis than to circuit
description, and is therefore conducted in Section 6.

)

)

)

)
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240V
Unelrput fnrusn Umlter.

Rlterand
2O().370VOC

... UNIE IU
x Rectifier Cl.mlnl

UNIUU lAonltcr

UneVoll Si;I....
$eloa

:J1DDrlv& r-+- MOSFET Resonant
HF Bridge

Transformers Power I-- Tank
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I

Ddve Pulse Sense and OutpUt Sen!XI Unes I
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and Gatlng Amplifiers .. ,

+7.5V
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·7.5V

FIG. 9.3.1 FUNCTIONAL BLOCK DIAGRAM OF±7.5V GE.NERAnON LOOP

9.3.1 General
(Refe.r Jo Fig. 9.3.1)

)

)

)

Purpou
The SMPS provides the ±7JVpowerrails for the outputamplifier. Since
the amplifier opente$ in class A. the power requirement is constant at
approximately 135 waUS. A resonant $wilCh topOlogy is used ro feduce
conducted and radiated noise spikes. Noise radiation is further reduced
by housing the SMPS in a welded aluminium enclosure.

Impl.ment~lon

Two MOSPEr switches. synchronized to the output of a vea, drive 11

seriel>-rescmant Le tJmk cifcuit. The inductanu of £he tank: is formed by
the lealCage inductance in the series primary windings of two separate
transformers. A cascaded power tnmsfooner rontributes the majority of
the inducl3nce. driving a bridge rectifier to provide the 7SV rail supply;
the other JenSeS tha pOwer traiLsfonnct primary cur:mJt for monitoring
purposes.

Control
Therail voltages are continuously sensed. Rail error voltages control me
frequency of the VcO. which closes the loop by adjusting the frequency
of ,the switching wavefonns for Ihe MOSPET switches. A reduced rail
voltage increases the frequen:y of the VCO. which resu1~ in an increase
of cwrent into the tank. circuit, raising and restoring the rail voltage.

Protecllon
Unde:rvoltage, overvoltageand overpower detectors are also provided. 10

protect against catastrophic variations of the rail voltagesor excess
amplifier standing current.

9.3.]
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9.3.2 ±7.5V Generation Loop
(Circllit Diagram DC400790 ShJ I page 10.1-17)

Line Irtput
The switehingstage is powered from u.DC supply of between 210 and 370
volts which is derived from the power line. Rectifier D1 is configured
automatically by a line voltage sensing ci:rcuit and relay located on the
front PCB. 1l is connected either as a full·wave bridge (for 220V·240Y
ACoperation), or as ahalf-wave voltage doublerby aborting the IWO lines
L1J'-l"E_RLA and LINE_RLB (for lOOV-l20V AC operation).

Line Voltltge Detector
(Circuit Diagram DC400792. Page 10.1-21)
Beca.use the SMPS is required 10 draw II heavy current from the line
supply. il does not receive its power tluough the mains trlUlSformer, but
takes it di:rec(]y from the mains input module. The line voltage selecror
PCB on the Rear Panel of the instrument operates only in conjunction
with the primaries of the mains transformer:; so 8. separate, automatic
means of detecting the voltage of the line input is used: This shorts the
two lines LINE~RLAand LINE~RLB whenever the input voltage is less
than 200V and removes the short for inpul voltages greater than 2OOV.

The detector is located on the Front Panel PCB and is powered from the
+1OV_RAWJ)(J supply (the rectified main digital supply, taken across
the reservoir capacitor CI04). MOSFEf QIOl and relay RUOI are
powered from the Front Panel FP_+5V supply.

Afler being switched by the Front Panel Power switch, theline input spli ts
into lWO paths: P_UVE and P_NEUT driving the Mains Transformer;
MAINS_LandMAINS_Nbeing fed to the SMPS bridge JeCtifier (which
is sensed by the detector).

The sensed voltage is applied across diode-resistor chain DI01/DI021
RIOI/DI03, including the LED inopto-coupler UlOl. 0102 is a200V
zencr in reven;e bias to positive half-cycks of line input.

During negative half-cycles bolli Dl02 and 0103 are held in forward
bias, so virtually all the input voltage is developed across D101 (RIOI
-carrying only lhe D101 leakage cUITenl) and the UlOl LED is cut off.

During positive half-cycles both 0 I0 1 and the U 101 LED are in forward
bias and 0103 is cutoff. The LEDCUI1'eJlI is controlled by lhe input
voltage acting on the 2QOV zeneT Dl 02, and RIO1. If the input voltage
is less than 200V peak (e.g. 120V RMS peaks at around 170Y), then the
ZcnCT does not enter avalanche conditions and the LED current is below
lighlLhreshold. The LED is only lit for instantaneous voltages just it.t
excess of 200V (200Y RMS peaks at about 280V). causing VIOl
transistor ID conducL

At power on, when the +1OV supply voltage is rising, the time constant
RI02/ClOl holds baclc any increase atQI01 gate for approximately half
a second. During this time QI01 does not conduct and relay RLlOl
remains unenergized. Thus for a safety delay ofhalf a second the SMPS
rectifier is connected as a full wave bridge (>200V condition), not as a
voltage doubler (<2.00V condition).

Once the delay is fmished: if the li:lw input voltage is in excess of 200V
the LEO is lit , UlOI transistor conduction holds QlOl gate below
th.re6hold and RLIOI remains unenergized; but ifthe input voltage is less
than200V the LED isnotlit, QI01 conducts asCIOl charges. mdRLI01
energius to short LINE_RLA and LINE..,RLB. Under lhe latter
conditions the SMPS acts as a voltage doubler to establish the correct
high-voltage supply to the SMPS resonant tank driver switches in
response to the lower line input voltage.

Atpowerot!, diode D112conducts to discharge Cl01 rapidly throughthe
digital circuitry, restoring safety conditions as the line voltage subsides.
So if power is inunediately restored, the half second safety delay is
reimposed .

Bridge Rectifier CirCUitry
The output from the rectifier is smoothed by two series·connected
reservoircapacilOrs C3 and C4. During lhefl!st second following Power
on, relay RL3 contaCl remains open. TIlls allows the series resistor RI to
limit theC31C4charging currenl. The relay contactcJoses after 1second,
and remains closed to maintain high efficiency. Fuse F2 is A !henna] fuse
strapped ID RI, which will blow if RI tempeTalllrcexceeds 150°C (e.gif
RL3 contact failB to close). A line input ruter minimizes differential and
common-mode noise being conducted ba.ck alo-ng the power cable.

Power Switches
The power switches are N-channel power MOSFETs Ql and Q2,
connected in series across the DC supply. They receive their inwt from
the in-guard SMPS Control assembly via pulse transformers Tl and 1'2.
TheMOSFETs are switched on alternately for 2.5J.LS. each on-pulse being
followed by an adjustable short period when both devices are tumed off
('dead bands'). During the pulses they feed current in turn (allemlUing
polarities) into the resonant ta:nk circuit.

Ringing on the gate drives is damped by R·e networks. and resistors R7
and R8 preventloca1 oscillation of the power MosFETs Ql/Q2.

)

)

)
Power Switch ON sequence

):,i---------t•• --.-.-- -

: i;
! . l i

+Ran .... l···-.,............~~...;·,-···.·.·I .... _.. ··I-·-·
i ! I i
. • : i r----I--- -----I---------!--- -----f---------f--- ----- ---

; ,_L_ .. _.. __ L.,. 1 i ..... L. ~.~
: !-Rail

DV

Voltage at juncllon of
Capacitors C7 and ca

Power Transformer
PMmary Current

FIg. 9.3.2 TANK CIRCUIT WAVEFORMS
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SMPS - Supply Generation

Resonant Tank Circuit
The tank is a series tuned circuit with a resonant frequency of
approximately 200kHz, comprising C7 and C& together with the leakage
inductance of cascaded power transformers T4/5 (Ull-H). The 2.51l'S
current pulses. being applied .... ill, the center-node of the tWo MOSFETs.
are forced to be sinusoidal; so li half·sine of current is produced in the
power transformer primaxy for each pulse applied.

The magnitude of the primary CWTent is determined by the magnitude of
the supply voltage, the reflected transformer voltage. and the
characteristic impedance of the resonant tank. Fast·recovery diodes D7
and D8 restrict the voltage across C7/C8 to be always within the supply
rails of the switching stAge.

When a switch is turned on. the charging current rise is held back by the
leakage inductance, so the capacitor voltage (Vc) rises sinusoidally to
Cro s the upply voltage level (Vin) just after nI2 of the resonant cycle
("'1.3Ils). As it continues towards its overswing of 2Vin. one of the
dAmping diodes conducts at Vin + the diode drop and so Vc can inercuse
no further. The leakage inductance field collapses, forcing current
through the damping diode and transformer primary (to the load). The
current falls linem-ly to :reach zero at about the half-cycle poiN (",,2..511S).
at which time the swilCh stops conducting. leaving the capaci torch lII,ged .
Setting the ON times of the switches to 2.5/lS (tuned to half a resonant
cycle) ensu:res that the energy stored in the inductor field is close to its
zero-crossing at the point of breaking the series connection.

The series resonant circuit cannot 'ring' during the dead band, as it
requires at least one of the switching MOSFETs !o be conducting to
complete the series resonant circuit, and both are switched offduring c.his
period. The capacitor remains charged.

When the complementary switch is turned on. the C1llTenl in the
transformer is reversed, and the process is repeated to charge the other
capacitor. By this means, altemate half-cycles of sinusoidal current are
passed through the transformerprimary. separatedby short periodofzero
currenL The two capacitors alternately charge and discharge, so that at
their junction the voltage waveform is virwally trapezoidal.

Because thepowerswitch ON times remain constantat2.5J!S. an inCTelL'>e
in the frequency of the VCO is manifested as a reduced lenglh of 'dead
band'. The mean power in the tank is in<."Yeased., resulting in an inere llSed
mean current in the power transformer primary and thus a higher DC
vollage across the rail reseJVoir capacitoTS. Conversely, a reduction in
VCO frequency reduces the voltage on the rails. Fig. 9.3.2 shows the
transformer current and capacitor voltage wavefonns.

Caution:
The voltage waveforms are included only to assist understanding of the
tank action. and arein idealized form. Under no circumstances should an
attempt be made to view the waveforms directly, as high SO/60Hz
common-mode voltages are involved. In any case, probing this circuit
will introduce distortion and radiation. so the results are not worth the
danger and difficulty ofmeasurement. Th.e Cummtwaveform in the taJlk
circuit can be safely viewed at the secondary of transformer 13 (fP301
on the Sense PCB, or TP3 on the SMPS main PCB),

4600 User's Handbook - Section 9 - Technical Descriptions

Power Transformers
T4 and T5 are cascaded to minimize electrostaticnoise coupling to the in
guard 7.5V rails. To minimize conunoll·mode transfl!T, the power is
transferred across guard via low voltage, ground-related, balanced lines.

±7.5V Voltage RaIls
The output from T5 secondary is bridge·rectified by hjgh·freqllency
Schottk)' diodes DII-14. each diode having its own damping nelwork,
Six low-impedance electrolytic capacitors are used for bUlk-smoothing
on each of the supply rails, and further L-C fl1tering reduces output
differentia1no ise to the required leveL Any common.mode HF no ise on
the output bus is filtered out by C32-34.

Voltage Regulation
The on-time of both MOSFETs is fixed at 251ls, but the dead time is
varied automatically by adjustment of the swilChing frequency (and
hence the switching mark/period ratio). Sensors on the 7.5V rails control
the duration of the dead time using a negative feedback loop. and so
regulate the uil voltage.

Current Monitor
Transformer 13 is present for two purposes:

To provide a safe lest poin~ for viewing the tank circuit current
waveform, TP3 (and TP 301 on the Sense PCB) are ground-related,
so no large common-mode voltages occur at these test points.

To sense the mean current in the umk circuit which, because the tank
peak voltage remains constant, is a measure ofthe power provided by
the ±7.5V supply. The rectified and smoothed sgnal PWR_SIG is
passed to the Sense peB, where it is compared against a reference
voltage to become ilie signal OVPWR_H (refer 10 Sub-section 9.4 j

on page 9.4J2; Circllit Diagram DC400788 sheet 3 -page 10.1-9).
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9.3.3 ±7.5V Control
(Circuit Diagram DC400791 Sheet 1 page 10,1-19)

SMPS - Supply Control
)

*7.SV
Error AmpUfierS<>ilaQ
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+lSV(2) f--

1NHIBrr

D-t> ~

R4s1~ ~~
~
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Fig. 9.3.3 SMPS GENERATION AND CONTROL CIRcurr BLOCKS
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±1.5V Rail Vonage Sensing
The sense amplifiers M 1-7 and.Ml-l provideinvertingmdnon-inverting
unity gain buffers for the balanced ±7.5V rails. D1, D2 and R3 form 8.

'Sense Conunutator', so that the Error Amplifier always senses only the
rail whose '(oltage magnitude is the lesser. This method accOlmts for
occasions when the rail loads are unbalanced (for instance when a DC
Current is being output from the 4600). ensuring that the most-heavily
loaded rail is the one which is actively regulated by the control loop.

Error Amplifier
The error amplifier is in two stages: M2-1 is a unity-gain buffer, while
inverting amplifier M2-7 detennines the control loop gain. D20 biases
M2-5 and tracks the temperature coefficients of D1 and D2. The error
amplifier output from M2-7 controls the frequency of the vea in M3.

veo
M3 is a PLL device used only for its yea (the comparators are not
connected). The yea frequency end-stops are set by C3. R17, R18 and
R19, and controlled between these limits by the error amplifier output
into M3-9.

9.3-4

2.S~s Monostable, +2 Stage and Gatfng
The VCOoutput from M3-4 is passed to monostableM4(1-T) where the
positive-going edge at M4-4 triggers a positive pulse at M4-6, whose
pulse-width is set at 2.5J.l.s by C6, R20 and R21. The monDstable operates
only when the PSUEN_H signal on M4-3 is active. The positive M4-6
pulses are applied to the four AND gates (M?).

M4-7 Q2_L output clocks a ....2 bistable M10(8-13), which enables pairs
ofM? gates in rum. steering the 2.5f1s pulses from M4-6 altematelyto the
two powerswitchdrivers. Thus the drivers are switched on and offin the
following sequence: Q4/Q5 on; both off; Q61Q7 on; both off; and so cm,
As all the .on' times are fixed at 2.51J,S, and as the vca frequency isv aried

by the action of the error amplifier; so the effect of a change in the ±75Y
rail volta.ge is to alter the duration of the 'both off times in the sequence
of driver conduction.

)
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VCO Output

Frequency typically lower
than tank resonance.

Positive edge triggeri ng
the 2.5~ mono at M4-4.

,--------t -t -r L

M4-7 (Q_l Oulput)
LeveJ-<tlang-e triggering
the ...2 bistable at "'10-11.

)

M10-13 (Q Output)
Steering the 2.5jJS mono
Q ootput through M7(1,2,3)
and M7(4,5,6).

M10-12 (Q_l 'OUtput)
Sleering the 2.5}.1S mono
o output through M7(8,9.10}
and M7(11,12,13).

ltt~~~.~~l~rm~$m~iWE'<--------,-----!,. ,'!-,---
,

. ,

-'----------,------".I •

M4-6 (Q Output)
Applied to one input
of all four W gates.

o

.L- ...J~~~~tt11~ilij~~jjill!_! _

,M7-3i4
2.5J.lS pulse, steered by
...2 bistable to feed
Q41Q5 oover.

,
, I ,

----J_f--------;-----;-----JltlW1iilll------;----~--

M7-10i11
2.5j.1S pulse, steered by
+2 bistable to feed
0:6107 dri\l8r.

_----;' ---,..--- ~~~j:m~~@:;:§M::i!-------,-----,----- -----J;;~j:@f.1&.!_o---
,

ele.2.5f1SDead BandI 2.51lS Dead Band ' 2.5!J.s 0 Dead Band ' 2.5}!S

HighSide~ ~, 0

~c__----.,~r---___c~c__-----,~r---
LowSide: '~ ~

, , 0

MOSFET Power Switch"

Conduction pattern.

Dead Band lower limit
must be ~ lOOns

FIg. 9.3.4 SMPS POWER SWITCHES - TIMING

)

)

Power SWitch Drivers
The output-; of the two gates in each pair are connected in parallel to
provide sufficient current to drive the following totem-pole driver stage.
Each driver is AC coupled to irs output pulse transformer, the time
constants being long enough to avoid serious distortion of the output
pulses. Any ringing from the pulse transformer is limited 10 rail voltag,es
by clamp diodes D4-D7. Both the drivers have identical action, and they
are switched on alternately, interspersed by dead bands. Two MOSFET
clamps (Q2 and Q3) are cross-ccmnected from one driver 10 the other to

ensure lhat the driver which is not switched onhas no input. This prevents
the catastrophy of both power switches in the SMPS Main peB being
turned on at a time.

Drlve OUtput
The secondaries of the two pulse ll'ansfonners are connecled 10 two

similar trans formers on the SMPS Main PCB, whose primary center- taps
are grounded. The windings of all four transformers are electrostatically
screened to the same ground via the MAINS_E line, tD minimize
common-mode transfers. A series C-R filler is placed across the each of
the primaries on the SMPS Main PCB. to damp out any ringing in !he
cascaded transformers.

The subsequent drive to the main switching circuitry is described earlier
under the heading of 'Power SwilChes',

)
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9.3.4 SUPS Control Sequencing
(Circr~it Diagram DC400791 ShJ 1 page 10.1-19)

SMPS - Control Sequence

PSUEN_H
Enables Startup

MS·9/ll
1 second mono pulse

Ml0·2 (Vea Inh)
When High stops VCO

±7.5V Output Voltage
being sensed by
undervoHage detector

Me·ll7
±7.5V FAIL_L betore level·
shifting for input to Mlo-S.

M4-11 (Via MOSFET)
Forces l00ms-clelayed 'read'
of the ±7.5V FAIL_L output
from the detectors.

M10·3 (lOOms mono Q_L)
Triggers M10'D' input'read'.
State 01 VCO Inh depends
on state ot±7.5V FAIL_L.

Bl'---'--- ....:.- _

\

)

Startup Successful

FIG.9.3.5 SMPS STARTUP WAVEFORMS

Startl.lp Unsuccessful

SMPS Sta;rtup Sequence
'W'hen the 4600 output is off, M]O(l-6) is in .reset. This holds the

HlBIT' input to M3 active III +l5V, so the veo is inoperative. Thus
the power switches are both tumed off, the power supply is not running
and the 7.5VrailsareatOV. The l-secondmonostableM5(8-14) is timed
out in reset state.

Some 500ms after the output is switched on (or the 4600 recovers from
a fault) lhePSUEN-H signal alPl-l is taken fromOV to +15V, remaining
active a: ...15V until either the output is switched offor a fault occurs. It
is passed via a spike futer to M5-I2, MS-5, M4-3 and R46. At M4-3,
PSUEN_H high level enables the 2.5Jlsmono in preparation for the vca
clock pulses. It has no effect aIM5-5, this is connected for the SMPS off
sequence.

The rising edge ofPSUEN_H at MS-12 generates a 1 second positive
going pulse at M5-1O (negative-going at M5-9) which sets MIO(l-6).
The •~L' output at M 10-2 falls to av, removing the inhibit from the M3
vea, also setting the Soft-Start integrator (M2-14) on its ramp-up. The
VCO starts to oscillate at a low frequency, so the 7.5V rails start at low
voltage and ramp up as the vea frequency is increased by the soft start
ramp.

9.3-6

WhenM5-9 '~L' returns to high after its I-second pulse. the rising edge
couples through R39/Cl2 10 theMOSFET switchQ8, turning iton briefly
andclockingthemonostable:M4{9-]5). Diode Dl1 prevents the negative
baclcswing on the gate of Q8 roupli1lg through the device capacitance Md
triggering M4 directly.

M4 output duration is =100ms, and when it times out the rising edge of
its ~Loutput (M4-9) is used to 'read' the D input ofMIO, which is the
output from the over-undervoltage detectors, If all is well and the SMPS
is runrring, then 0 will be high and lhe D-type will not change stale, vea
Jnh stays low and the SMPS continues 10 run. IfD is low for any reason.
the D-type will change state and inhibit the veo.

If the deteclOr ouiputs go low while ihe S:MPS is running, M4 is clocked
via C91R33. Again the D input is read after M4 times out, and the SMPS
will be shut down if 0 is still Iow. Because of the lOOms delay, the
sequencer ignores any 'gliteh' low outputs from the detectors whose
duration is less than 100ms.

Diode 021. and resistors R491R32 interface the ±15V swings of the
detectors into the CMOS logic device.s running from +15VJOV supplies.
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MB-117
't7.5V FAIL_L' belore lavel-shltting.

M10-S ('01
'±7.5V FAIL_L' after lavel-shifting.

M10-3 (lOOms mono Q_l)
Triggers MW '0' input 'read'.
State of veo Inh depends on
stale 01 '±7.5V FAfL_L'.

M10-2 ('ICO Inh)
When High slops veo

-15V

+15V

ov

+15V

OV

+1SV

ov

Gllteh Blanking

_'-----7-----

True SMPS Failure

FIG_ 9.3.6 SMPS GUTCH BLANKING WAVEFORMS
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SMPS Off Sequence
Vv'hen PSUEN_H is Iaken low to disable the SMPS. the falling edge
lriggers M5(l·7) at MS-5. A lOms positive pulse is produced which
resets MIO{l-6), whoseresultingposillve 'QV output isVCOInh. This
inhibilS the vea and the SMPS is disabled.

Undervoltage Detection
The Undervoltage Del:ector circuit is a standard window detector whose
window is determined by twin bandgap refetences n8 and 09, Both 7.5V
rail volLBg~ are resistively divided (R231R24 and R27/R28) Lo be
compared against the 2.45V inputs to the two comparators. When both
rail voltages are grea~ than .6.5V, the ope:n-eolleclOT outputs of both
comparators (M6-1n) areheld at +15V by R26. Ifoneor fue rail voltages
falls below 6.5V, its comparator output pulls born M6-1 and M6-7
towards the -15V rail. This provides anegative-going trigger edgevia C9
to !.he monostable M4(9-15) at M4-11, resulting in a OV pulse at M~9
which returns lO +15V after lOOms.

After Ihe lOOms delay, the ris.ing edge of the M4-9 pulse clocks bistable
M(I-6),and the comparalOf output low stale (level-shifted by R49/R32
on to the 'D' input of the bistable) results in a JXlsitive 'Q..L' output at
MI0-2. This is 'vea Inh' which causes the VCO oscillations to cease,
disabling the SMPS. Booause of the delay, the sequencer ignores any
'glilch 'low outputs from !heundervoltage deteclOI' whosed\JrllJion is less
than lOOms (see waveforms in Pig. 93.6).

The bistable 'Q' output at MlO-l changes to low, pulling Ql 0 emitter
down with it. Because lhe signal PSUEN..H is still active-high, QI0
condu·cts to set the SMPS_FAlL_L signal to active·low.

O\fervoltage Detection
The conunulated output from the 7.5V Sense Amplifier has a second
function - to drive the Overvoltage Dele.;ltor (M1-9 via R501C30). The
detector is a high-gain inverting amplifier whose TefeTence is set by
divider R81R9 at 10.2V.

Under normal operating conditions, this will always be greater than the
input from the Sense Amplifier, so Ml-8 is se! close to the positive rail,
keeping DID cut off.

If the 7.5V rails rise to 11V (for instanc:e by the control loop becoming
open circuit), lhen after a delay of 2 seconds due to R50/C30, Ml-8
clurnges polarity to the ·15V rail. 010 conducts. pulling down the
Undervoltage Detector output, and providing a negative trigger edge lo
M4-11. As a result of Ml-8 being negative for more than lOOms, the
SMPS is disabled and the SMPS_FAlL_Lsignal becomes active-low (as
described above forundervoltage detection). Again, 'gliteh'low outputs
of less than lOOms from the overvoltage detector are ignored.

SMPS_FAIL_L
QlO acts as a gate to activate the SMPSYAIL_L signal only when the
external PSUEN_H signal is active, and the SMPS has boon intemally
disabled. QI0 collector is low only when M 10·1 is low (signifying thar
the high at MIO-2 has inhibited the VCO) and the divided PSUEN_H at
Ql0 base is high. causing collector conduction. The SMPS_FAIL_L
signal thereforebecomes active low only when the external state requires
the SMT'S to operate, but an internal cause is preventing it from doin.g so.

The SMPSYAlL_L signal is passed via the SMPS Main PCB to the
Sense PCB, where an internal LED (0326 - sa Circuit Diagram
DC400788Sh13.page10.1.9) is lit when the signal is not active, but goes
out when the signal is active low. It is ORed there with two other signals:
the PSUFAll.._2 signal and the 15V_3 signal; to form PSUFL_H, which
is passed ou l of guard to change the front panel 'Psu' LED from red to
green for any one of the three original failures, In Slave mode,PSUFL_L
results in an 'FAIL 9' message on lhe 4700-series slaving calibrator.

93-7





Digilal Cl/euils - Introduction 4600 User's Handbook - Section 9 - Technical Descriptions

9.4 DIGITAL CIRCUITRY

9.4.1 Introduction

Fig. 9.4.1.1 is a simplified block diagram of the 4600 digital circuitry.
It shows the main functional blocks and signal paths associaled wi.th

$.e)ecti()n of -Slave or Solo mode, and the oucput OnIOff switching.
These are examined in more deta..i.l in the sub.sequent descriptions.
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FJg.9.4.1.1 4600 DIG/TAL CIRCUITRY - SIMPLIFIED BLOCK DIAGRAM

The digilal section of the 4600 has to deal with both Slaved and Solo
·operation.

In the analog bus cable between the 4600 and its controlling 4700-series
calibrator. a dedicated line (J66-4) cam·es 11 signal 'ANABUSON_L'.

Also. the di,gital bus cable carries the signal 'DIGBUSON_H' on J54-9.
When both bus cables are connected, these two signals are passed onto the
Sense PCB, where they are used to select Slave mode. IfEITHER of the
bus cables is disconnected. its signal is lost and the 4600 reverts to Solo
mode.

The Sense PeB accommodates the central digital circuits .of the
instrument.

Circuit diagram DC400788 sheet 1 (Section 10, page 10.1-5) contains
mostly those functions concerned with interlacing the Slaving signals
carried on the Digital bus.

Sheet2 0/1 page 10J -7 shows Output On/Orf control and sequencing for
both modes, plus the optc-isolating Out-guard / In-guard interface and
from panel LED driver circuits.

)
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9.4.2 Slaving Interface
(Circuit Diagram DC400788 Sheet 1, page 10.1-5)

4700 Processor Control
Once the 4600 is COIUlected in Sla.... e mode, its operation is controlled as
a separate peripheral by the cenlral processor in The controlling 4700,
connected via an externa] 15-way cable: the 'Digital Bus'. In the 4600
the bus at 154 is connected to the Sense PCB, entering via J7 whose fifteen
lines are shown on diagram DC400788 sheet 1.

Sense peB DIgl1al Bus Connections
At 17, three lines carry the control sign1lls 'IA_H_D_L'. 'fRD_L' and
'IWRJ..:. These defme the operation of an AddressJOata bus 'lAD4-0',
which occupies a further five lines. One inPUt, (signal CAL_RST) is not
used in the 4600, another carries the cable shield potential, and the rest
refer the 4600 digital common potential to that of the controlling 4700.

Sense pes Digital Bus Interface
This interface is de.~igned for use in other insmunents as well as the4600,
so only foufofthe full rangeof32 addresscs are used, UI02 and UI03
are not fitted in the 4600.

The main functions are to buffer, latch, decode and activate addresses
received from the 4700; thus receiving control data into the instrumenl,
or lransmilting retrieval data back to the 4700. The GAL UI05 is
responsibte for latching and decoding received addresses IOgether with
accompanying control signals, converting them mainly into chip-selects.
TI1is routes subsequent data to or from the selected device.~. UL05 also
controls the send/receive mode of the interface buffer VIOl.

Interface Buffer U101
U10 1 is 3. stan<l:u-d three-stale bi-directional buffer with send/recei ye
control. Its five daUl channels B4-B01D4-00 (carrying the Address!
Data bus) are controlled to send orrecejve data, by the SDATA_H signal
from U105-13 at UIOl.l/l7; the address conLrol logic ensuring that
,addresses carmot be sent. only received. D4-00 are connected as a bus
AD(4-0) for distribution to the required devices. The three channels B7
B5/D7-D5 (used for the control signals) are set to receive only, their
controls being COIUlected to fixed potentials. They are passed via spike
filters to the appropriate inputs of GAL UI05.

Address latch U104
The 4700 sets the IA_H_D_L signal high to identify the incoming word
on B(4-0) as an address. and not daUl .. The signal is decoded by U105 10
clock the Address Lalch(U104) when the new address iswrirtenon to the
AD bus. The addre.ss latch drives the decoder inputs of 0105 so that the
read and wrile strobes can activate the decoder outputs when IA_H_D_L
is low. Out of32 possible addresses only four (0, 1,2. and 3) are used.
The latched address is decoded by DIOS to chip-select the addressed
device during the subsequent data transfer.

AD Bus Peripherals
Two latches (V108 and VI (9) and four lhree-Slate buffers (0106. U110.
U III and U112) are chip-selected by U105. The two Iatehes lITe used as
a register for commarfds from the 4700, and the four buffers pass status
infonnaLion back to the 4700 when read.

9.4-2
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Address Oe-coder U105
UI05 has two types of input. Five lines sre allocated to the output of the
Address Latch (A4-0), and five for the following control signals:

Buffd lA_H_D_L (pin 2) sets VI0S to deal wilh Address
latching or decoding;

Buffd IWR_R (pin 4) pulsed low 10 write address or
data, depending on Slate of
IA_H_D_L;

Buffd IRD_L (pin 3) pulsed low to read retrieval <U.ta,
when lA_H_D_L is low;

POR_L (pin 11) low for 500ms at power on, and
whenever regulator USC 1 detects
a power failure.;

CK_B VSON_L (pin 1) clocked low by the fIrst 30m.s
dock after both external bus lines
are connected with 4700 active.

BUS ON Decode
UI07-3!6provide an 'AND' function so 'that rhe 4600 cannot be in Slave
mode unless both Analog and Digital Bus connectors are plugged in at
both ends. The ANABUS_L signal is passed via the connected Analog
bus cable to set Ul07-II2 input to OV (instead of being pulled to +5V).
The signal is invened at U107-3 (this can be canbcrcad via U110 and the
external digitalbus).and is 'NAND'ed with DIGBUSON_H at U107-6.
DIOBUSON_H i·s driven by the 4700 +5V supply.

BUS ON Delay
U315 is an offset voltage comparator whose' +2.4SV reference
'REF_2V5' is sh'ared with the overpower detector circuit (the other half
of U315 on circuit diagram DC400788 sheet 3, page 10.1-9). Changes
in the st',le of U107-6 are delayed by approximately 300ms before
reaching changeover potential at the inpUt to U315-5. 'This acts as a
debounce when the external cables are being connected or disconnected.
ResistClr RIll speeds up the transitions when detected and provides
hysteresis. The output at U315-7 passes oUl as the signal BUSON_L to
the OrVOff Sequence Controller U204-6, where il is clocked through as
the signal CK_BOSON_L, used to synchronize the sequeocer U206-2
(DC400788 sheel2, page lO,l-?),.

Slaving Signal CK_BUSON_L - Resat Inhibit
The CK....BUSON~Lsignal is used by U105 to inhibinhc Resei command
(decoded from signals RDandWR when both are true) if the Analog bus
is disc.onnected. TItis is needed to, avoid resetling the 4600 in Solo mode
if and when Reset is required for any other device which may also be
connected to the same Digital bus.

U105 Decoder· Address and Command Decodes
The tables in Appendix 1 relate each encoded UIOS input to its decoded
output. For the Command Decodes. a '~deGroup Name' is anached
to, link each inpm to its Grouped Output. presenting inputs andoulputs on
separate tables to utilize the available space. These names broadly
describe the effects of the commands.

)

)

)

)

)
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Addrf)ss Selection
Under the control of the processor in the slaving 4700, address selection
proceeds as follows:

The current address is placed at the inputs 10 the Address Latch U 104;
TIle 4700 causes U10510 generate the LTAD_R signal which clocks
and latches the current address into U104:
The new latched address is passed 10 the A4-0 inputs of U105 to be
decoded inLe the chip·select for the addressed register.

Command Data
Two registers (U108, U109) share the same address 'Wj2H_L'. All
operational commands emanating from the 4700 are wriuen as data into
these two latches (refer 10 command group 'Write Data to Address
W01_L' in the UI05 Decoder table in APPendix 1).

RetrIeval Data
FOUTDon-invening3-s.tatebuffeTS carry retrieval data and are accessed by
'read' chip-selects from U105:

Ul~ by R00_L (V105 pin 14)
U110 by R01_L (V105 pin 16)
Ull1 by R02_L (Ul05 pin 17)
U112by R03_L (V105 pin JS)

A buffer is deselected by ilS chip-select signal being false (high). Its
ou tputs are then at high impedance. When its chip-select is true (low), its
inputs arc buffered without inversion onlO the AD bus.

U106
All inputs are pulled lo'v, so when selected, all AD bu's bits are low.
This is used by the4700processorto determinewhether the DlGBlJS
cable is connected.

If this common in!e1face were lO be used in other peripherals on the
external Digital Bus, theinputSlo UI06 could be hard-wirro toolher
codes, and be interrogated as a means of identifying the rr..sponding
peripheral. However, II differenl set of addresses would be used.

UllO
This reads the state oflhe Command Lateh(UI08 and Ul09) OUlpUtsi
the condition of the front panel On and Off keys (so that in Slave
mode. these keys can duplicate the slaving operation of the 4700011
and Off keys); and the stale of the ANABUSON_L signal (buffered
and inverted by VI 07-3). The 4700 processor reads baclc
ANABUSON_L 10 ensure that the analog bus is cormected.

UHI
Whereas UI10 reads the state ofLhe front panel OnIOfIkeys. UI11
reads Ibe actual commanded On/Off stale. It als:o retrieves fault
infonnation:

LTPSUFL_H: The Switch Mode Power Supply has tripped off
or another In-Gullld supply has failed.

OvrEMP_H: The OutpUl Assembly heatsink temperature is
excessive and the Switch Mode Power Supply is
disabled until this condition cluu.

OVDRLD_H: The input is being overdriven or the output
overloaded (excessive voltage dern~).

In, each of these cases of failure, Ihe output has been sequenced Off.

U112
The inpulS are stales which occur during the output OnIOffsequence.
They areprovided fm'diagnostic use during manufacrure. and are not
programmed for retrieval by production 4700-series ~bra.lOTS.

Section 9· Technical Descriptions

Interface Control Deeodu
Two further outputs from U105 are used 10 control the operation of the
slaving interface (refer to •CommandDeCodes - Grouped Outputs' on the
UI05 Decode table);

LTAD_R: To read or write a register, its address is first
written to !he Address Latch 0104 by setting
~H_D_L high and pulsing IWR_L low with
the required address on the AD bus. This sets
LTAD_R low at UIPS-12 andUI04-11. When
larched. theQutputsfrom UI04drive lhedecoder
inputsofU105, so lhalthereadand writestrobe&
can activate the decoder outputs when
lA_H_D_L is Iow.

SDATA_H: To read one of the retrieval data buffers U106,
U110. UIl1 orU112;IA_H_D_Lissellow, and
IRD...L is pulsed low. While IRD_L is low the
signal SDATAJI a1 U105·13 is true, setting Ihe
Bus Buffer 0101 into its 'send' mode (VI01.11
17). The data from the addressed retrieval buffer
is thus driven from the AD bus onto the external
lAD digital bus back to the slaving 4700.

, .
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9.43 Output 001011 Seq .encing
(Circuit Diagram DC40a788 sheet 2, page 10.1-7)

Digital Circuitry - On/Off Sequence
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FIG. 9.4.3.1 OUTPUT ON/OFF SEQUENCE - STA TE DIAGRAM
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Slave/Solo Control
The 4600 is designed to operate., at any time, in one of two modes:

Slave mode, in which the 46(X, output is referenced to, and
controlled by. a controlling 4700-series calibrator;

Solo mode, where the 4600 output is referenced to any suitable
voltage source, but otherwise controls itself.

Mode selection is thus neCessarily carried OUt by the 4600 itself. Two
signals, one carried by each of the external bus cables, are decoded on the
Sense PCB (refer to page 9.4-2) to generate signal BUSON_L,

When the external Analog and Digital bus cables are rorrectly connected,
BUSON_L is true (low). H the 4600 is already operating in Solo mode
when the cables are connected, !he4600automaticaIly llJInS its oUlputoff
and reverts to a Slave mode state with output off. The OUTPUT ON key
on either the 4700 or 4600 must then be pressed to reassert output on.

Similarly, ifoperating in Slave mode, B USON_L is true (low). Removal
of anyone of the cables will set BUSONJ- false (high), and the 4600
turns the output off and reverts to a Solo mode slate with output off. The
OUTPUT ONkey on the 4600 must thenbe pressed to rcassert oUlpUt on.

The actions required to effect these mode changes fonn part of the
scqUCJ1cing circuilry described below,

GAls U204 & lJ206 - SIgnal Processing
The logic diagrams fOT the GAL U204 Sequence Controller can be found
in Appendix 1 to this section. on pages 9·Al-2/3. TIleyrelateeach of the
eight U204 outputs 10 its constituent inputs.

The State diagram is given on the foldout of this page~ and tables for the
GAL U206 Sequencer can be found in Appendix 1 to this section, on
pages 9-Al-4/5. They show how changes of inputs generate the Output
On and Off sequences.

9.4-4

Power On or Re~t
(Refer 10 Fig. 9.4.32)
The power on reset signal POR_L is asserted true (low) when the
regulator,U50l (Circuit Diagram 400788 sheetS, page lOX) detects a
power failure, or during a delay of some 900ms (CS02) after the
instrument has been switched on. At Power On this signal sets all U206
outputs to high impedance by driving U206·ll high via U207-8, to
prevent the energization of in-guard relays by signals derived from U206.

The slaving reset command from the 4700 (BUSON_L low with both
RD_L and WR-R low together) is ORed with POR_L in the Address
DecoderUI05 to generalethesignal RST_L. U205 synchronizes RST_L
to the falling clock, and when CK_RST_L is true the sequence controller

204 is reset U204 in turn resets the Key Latch by Ul09-l3, also
resetting the On Latch and Control Latch y Ul09-l and UI08-1 (sheet
1) respectively. The three signals LTKEY, ONBIT and SELBlT all
become false so that if the output is,on. whether the 4600 is in Slave mode
or Solo mode. the Output Off sequence starts (refer to the slate diag am
for U2(6). The rest of the system is not reset until three falling clock
edges later at U206-9 (refer to 'Clock Depen.dence', on the nexJ page).

Transistor Q201 provides a signal PSUCLP.-L which affects the line
input to the SMPS. To avoid excessive inrush current to !he SMPS
reservoir capacitors, a resistor and fuse are placed in series with the input
to the bridge rectifier circuit at Power On. PSUCLP_L false (high)
energizes relay RL3 on the SMPS Main PCB, whose contact shorts the
fuse F2 and resistor Rl. For nonnal operation. POR_L and the delayed
CK_RST_L are both false (high), so PSUCLP_L is pulled high by Q20l,
the relay is energized and the resistor/fuse short is applied.

At the instant of Power On, POL_L is true, so the short is absent.
PS UCLPJ- cannot go false until the delayed CK_RESET_L is also false
some 1 second after Power On, when the +SV S1Ipply has settled. If
regulatorU501 senses a fall oflSOmV in the+SV supply, PORJ.,isagain
driven true, so PSUCLP_L and CK_RSTJ- go true, followed by the
delayed CK_RST_L. The output is sequenced off and the Tesistor/fuse
short is removed Wltil!he +SV supply is restored.

I
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(
Output On/Off Sequenclng
Whether in Slaveor Solo mode,the outputis sequenced on in a controlled
way paying due regard to user-errors or any fauhs which may exist within
the in-guard analog circuitry. Four signals are returned via opto
couplers, which when true inhibit the output on sequence:

PSUFL: True ifany in-guard power supply fails, including the
Switch Mode Power.Supply (SMPS). 1n the CllSe of
the SMPS, PSUFLcleilrs to false (in-guard) when the
SMPS enable (PSUEN) goes false in response to the
fault. For this reason the PSUFL signal is latched
om-guard in U204, and cannot be cleared until U204
isresetbyCK_RESET. PS UFLstarts lheOutput Off
sequence, and the SMPS is disabled.

OVTP: True if the outpUt stage hearsink temperature is
excessively high, and the Output Off sequence is
started. When the sequence is fulished, the SMPS is
switched off unlil OVTP clears to false.

OVDR: True if the selected input (Slave or Solo) is being
overdrivcYL The output is sequenced off.

OVLD: True if the output voltage (compliance) be£cmes
excessive. The output is sequenced ()ff, but this
action wi U sel OVLD false in-guard. The OVLD
signal is therefore stretched to approx. 1 secood by
monostable U202-7. Thisllllows time for the slaving
4700 to acquire the fault signal. and the
OVERLOAD LED remains lit Wltil the monostable
times OUI.

Thc logic sense of these signals is arranged so that at Power On, they will
not become active. Ifan opto-coupler fails, then the control function will
be desele>eted or the stal\ls will indicate li fault.

Clock-Depen donee
.i\.ll state changes in tIll.' sequences occur on the edges of a 301ns clock
waveform, generated by astable U201. This allows time for rclay
contacts to be made for one state before passing to the next. The output
is sequenced on the rising edges by U206. whose inputs. from U204 Me
also synchronized to rising edges, whereas those from U205 arc
transferred on faIling edges.

When RST_Lgoes true at U205-13. the clockedCK~RST_L from U205
12 to U204-90ocurs on the next falling clock edge; but CK_RST_L from
U205-18 to U206-9 is transferred some 90ms later, due to the lhreeexlra
stages ofU105. During this time the reset action ofU205 has lime to force
U206 to sequence the output off, before U206 is itself resel

Power On Status
(Refer to Figs. 9.43.1 (Page 9.4-4J an4 9.4.3.3 [Page 9.4-7})
From Fig. 9'.4.3.1 it can be seen that Slave Slate Ri is the Power On
condition. and RL is also entered whenever the delayed CK_RESET
signal goes true.

SI Signal CK_BUSON is faJse if one of the external bus cables is
not connected, so in this case the status transfer.; to either SI or
52 at the nex.t rising clock edge, dependent on the condition of
the LTPSUFL (true if an analog power supply fault is reported)
and OVTP (true if the Output PCB heatsink temperature is
excessive). State 52 is the quiescent output-off state for Solo
operation. State SI is only enIered in the event of a fault as
reported by LTPSUFLorOVfP.

R1 If the external bus cables are correctly connected. then
CK..,BUSON will be true, then the sequence remains in its
quiescentSlaveoutpul-offstat.e RI until furtherinstnlctions arc
received from the 4700.

U206-
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OE L

(0.._;OU1pVl
wnenhlgh)

CK RST l
(Cleari On Latch.

'Control Latah & K"l' Latch)

U204·
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CLOCK
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l.JS01

l....IIJVlr..._-J( 0201
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(Inae.rls SIolPS

Inrtl1lh Linlk Resl"ol
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FIG. 9.4.3.2 INSTRUMENT RESET - SIMPLIFIED DIAGRAM
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Solo Mode 'On' Saquenclng
(Refer 10 Pigs. 9.4 .3.1 (Page 9.4-4) and 9.4.3.3 {Page 9.4-7J)
Fi'Om Fig. 9.3.3.3 it can be seen that the Front Panel ON key provides a
rising clock edge to the key latch U109, whose permanently-high D input
results in LTKEY_Lrme{low). Conversely the OFF key resets the latch,
via U204 and CLR_LTKEY_L, to set LTKEY_L false (high). On the
next falling 30ms clock edge after either of these actions, LTKEY_L is
clocked to the output of the Clock Sync Latch U205. SE CK_LTKEY_L
at U206-6. What happens next depends on the current status of the ani
off sequence, and the conditio1l5 of the other U206 inputs.

52 U!lder normal Solo mode output-off conditions, the statUs is

quiescent in S2 state, and the SMPS is powered up - PSUEN
true turns the SMPS on via ",pto-coupler U212-5 and J4B-4
(refer 10 Paras 93). The OFF and SOLO LEDs are lit.

$3 When the Front Panel OUTPUT ON switch is pressed.
CK::..LTKEY_L at U206-6 is true and the status transfers to 53
stale at the next rising clock edge. providing the SMPS isnot in
the process ofbeing turned on. The PSUEN delay rnonostable
U202-10 causes CK]ODLY to be true for approx. 1 second
after the sequence enters S2 stale, to inhibit selection of Power
On until the SMPS has powered up and settled.

In S3 state U206-14 OFF_L signal is false (high), so the OFF
LED is unlit. Note that both ON and OFF key LEDS remain
unlit during sequencing on or off.

The OPON_L signal at U206-17 is true (low), energizing the
output relay (A) which connects the OUlput stage and sense
resistor to the Front Panel OUTPUT terminals. OPON is
transferred into guard via 213-8, also removing the inhibit
placed on the overload detector in. SI and 52 states
(OVLD_INH_L goes false at U213-8).

TheOPOC signal remains false, ensuring that the intemalload
is not removed from across the output (relay RL 403 on the

Sense PCB remains un-energized, so the 180 resistor R437
across the output is TIDt open-circuited ~ see circuit diagram
DC400788 shee/4 page 10.1-1 I).

From 53 statc the sequence tracks through to S5 OIl successive
rising clock edges. so long as the CK~LTKEY_L signal
remains true and the Key lat,h is not cleared by the signal
CLR_LTKEY_L. To clear the Key Latch either the OFF key
must be pressed, or there must be a power supply failure, an'
overdrive, overload, overtemperature or reset condilion; OT £he
external bus cables must have been connected (refer IQ the
U204 transfer-function diagrams in Appendix 1).

Digital Circuitry· On/Off Sequence

84 This state can only be entered from S3 ifCK_LTKEY is true at
thenextrising clock edge. The only action is to open-circuit the
imernalload resistor mentioned above for S3, with the faults
associated with: CLR_LTKEY_L (true) absenL This is done by
tile OPOC_L signal at U206-16 going true.

S5 The [mal stage in setting the output on, is to activate the
reference voltage from the external voltage sourCe. To do this,
the IPON signal is set true, which open-circuits FET shorts to
'Conunon l' in the Sense Amplifier (see circuit diagram
DC400788 sheet 4 page 10.1-11).

Solo Mode 'Off' Sequoncing
S5 -S2

Once the output is on, the instrument status l'emains at S5 until
something occurs to set CLR_LTKEY true (low). For normal
operation, this will be by the Front Panel OFF key being
pressed; the other causes are sh<lwn on the 0204 transfer
function diagrams in Appendix I. Then CK_LTKEY is set
false and the status is sequenced back through 54 and 53 to S2,
by successive rising clock edges.

S2 Ifthe Output Off sequence was started by pressing the OFF key,
then the starns remains quiescent in S2. If it was started by a
power supply failure (LTPSUFL) or an overtemperature
(OVfP), then status transfers to SI. Hut if the external bus
cables were reconne<::ted while the output was on (although this
is not recommended), the CK_BUSON (true) signal will
initiate the Output Off sequence back to 52, and then the next
rising clock edge will cpuse a transfer to Slave mode RI.

S1 This is really a holding stateforpsu andovertemperature faults.
When the fault is cleared, the status reverts to S2.

Stave Mode Control
The external Digital. Bus cable carries nine signaJ.lines 50 that the 4700
can address peripherals connected to the bus. To read or write an add.;·css
the 4700 writes the required address into the Address Latch UI04, with

the AddresslData controlliJle lA_H_D_L set to 'Addres~' (high). To
write command data to the 4600, the address decode from U105 chip
selects the Control Latch UI08 and On Latch UI09.

Control data is written into these latches via the internal AD(4·0) bus.
Each bus Hne carries a separate signal bit, and the whole combination is
decoded by Ul07,U10& and U1Q9 forspeeific pU!1JOses, as shown in
Table 9.4.3.1, bel'Ow.

(

(

(

(

AD4 AD3 AD2 AD1 AD0 Decode
TES~_H TEST2_H TEST1_H ONBIT_H SELBIT_H

X X X 0 0 Output Off - Power Supply Off
X X X 0 1 Output Off - Power Supply On
X X X 1 1 Output On - Power Supply On

0 X X 1 " Output Off - Power Supply Off - Enable Tes! Mode
0 0 0 1 0 Test - No LEO selected
0 0 1 1 " Test - Solo LED selected
0 1 0 1 0 Test - On LED selected, 1 1 1 " Test - Off LED selected
1 0 0 1 0 Test - Overload LED selected
1 0 1 1 0 Test - Overdrive LED selected
1 1 " 1 0 Test - Overtamp LED selected
1 1 1 1 0 I Test - Psu LED (green off I red on selected)

I
Table 9.4.3.1 AD(4-0) Intornar Bus - Command Signal Oecodos

9.4-6
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Slave Modii Signals from 1he 4700
(Refer /0 Fig. 9.433) .
The Slaving 4700 uses two main signals to control me Output On/Off
switching in the 4600:

'SELBIT'; tnle when 4700 lOA range is selected. Its function is
to turn on the SMPS, ready to set the output on.
'ONBIT'; tnle when 4700 lOA range and Output On are selected.

When me 4700 is not in the lOA range, both signals are false.

Slave Mode 'On' Sequenclng
In Slave'mode, the 4600 output can be switehed on and offusingthe from
panel keys on either the 4700 or the 4600. The 4600 ON and OFF key
stales are returned as KON_H and KOFF_H to the digital bus interlace
and thence to !he 4700, which processes them to set the ONBlT bus
message eiLher true or false. Thus ultimate control still remains with the
slaving calibrator, as the Key Latch U109-8 remains cleared (high) by
BUSON_L true whenever me 4600 is in Slave mode. In the following
sequence description, either the 4700 or 4600 front panel ON/OFF keys
will produce the required effect.

Consider the condition before the 4700 lOA tarI&e is sel(}Cted. Both
SELBIT and ONBIT signals are false. and with me two external bus
cables cOMected, the BUSON signal is trot';. The 4600 is already
powered on, in RI state.

Once the 4700 IQA range is selected, the 'SELJ?IT true' signal is
transmitted across the digital bus to lhe4600. This is decoded by U105,
and latched into UI08/1(}9to giveSELBIT~truealU108-3. SELBIT_L
is applied to U204-7 and. providing no power supply or overtemperature
faults are signalled. the CK_SELNPSUNTP_L is set true al U204-15 and
U206-4, -on the next rising 3O.m.s clock edge.

R1 Under normal Slave mode lOA unselected conditionS, the
Slams is quiescent in RI state, and me SMPS is powered off.

R2 CK_SELNPSUNTP_L true sets the conditions required for
transfer (rom state RI to stale R2. The only effect on U206 is
l:O set PSUEN_L true at U206-18. PSUEN Inletums meSMPS
on via oplo-coupler U212·5 and 1413-4 (refer to Paras 93). The
OFF LED is lit.

R3 \\'hen me 4700 or 4600 Front Panel OUTPUT ON switch is
pressed, the 'SELBIT and ONBIT true' signal is ttansmitted
across the digital bus to the 4600. This is decoded by UI0.5,
latched into U108/109 and combined at U1 07-11 as ONBIT_L
tru.e, which is latched on the next falling 30ms clock: edge into
U205. CK..,ONBIT_L at U205-6 and U206-7 is true and, the
SlaNS transfers to R3 stale 111 the next rising clock edge,
providing the SMPS is not in me process of being turned on.
The PS UEN delay monosrable U202- 10 causes CKyODLY to
be true for approx. 1 second after the sequence enters S2 stale,
to inhibit selection ofPower On until the SMPS has po wered up
and seuled.

R3 (Contd)
The OPOC signal remains faJse. ensuring th;11 the interna110ad
is not removed from across Ihe output (relay RL 403 on !he
Sense PeB remains un~er8ized. so the 180 resiSlOr R437
across the output is not open-circuited - see circuit diagram
DC400788 shee/4 page 10.1-1).

From R3 state the sequence tracks through to R5 on successive
rising clock edges, so long.as the CK...ONBIT_Lsignal remains
true and the Conttollatch U108 and On latch are not cleared (by
CLR_CfRL_L or CLR_ON~).

R4 This state can oruy beenlered from R3 if CK_ONBIT' is tnieal
the next rising c1ockedge. The only action is to open-circuit the
intemalload resistor mentioned above for R3. This is done by
the OPOC_L signal at U206-16 going true.

R5 The flnal stage in setting the output on, is to activate the
reference voltage from the external voltage rource:To do this,
the IPON signal is set true, which open-circuits PET shorts to
'Common I' mthe Sense Amplifiet (see circuil diagram
DC400788 sh.eet4 page 10.1-11).

Slave Mode 'Off' SGquen<:lng
RS - R2

Once the output is on the instrument .status remai:lls at R5 until
something occurs to se,t CK_ONBIT false (high). For normal
operation this will be by the 4700 or 4600 Front Panel OFF key
being pressed; oilier causes are shown on the U204 transfer
function diagrams in Append ix 1. Then CK_ONB IT is set false
and the status is sequencoo back through R4 and R3 to R2. by
successive rising clock edges.

R2 and R1
If the Output Off sequence ·was started by pressing the 4700
OFF key, then the status remains quiescent in R2. If it was
started by a power supply failure (LTPSUFL) or an
ovettemperaxure (OVTP), then status transfers to RI.

If an external bus cable is disconnecled while the output is on
(aliliough this is not recommended), theCK_BUSON (false)
signal initiates the Output Off sequence to Rt, and then to S2.

R1 If the Output Off sequence' was started by selecting a 4700
output range Or function other than lOA while the output was
on, then the 4100 would first have cleared ONBIT, and then
SELBlT. The ONBIT_L signal atU101.11 is set false (high).
and ihe S ELBIT_H signal at U108-2 and U107-13 is set false
(low). This initia!es a transfer- to R2, then R1.
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In R3 stale U206-l4 OFF_L signal is false (high), so the OFF
LED is unlit. Note that both ON and OFF key LEDS remain
unlit during sequencing on or off.

The OPON_Lsignal at U206-17 is hUe (low), energizing the
output relay (A) which connects the output stage and sense
resisior io lIle Front Panel OUTPUT terminals. OPON is
transferred into guard via U213·8, also removing the inhibit
placed on the overload detector in RI and R2 states
(OVLD_lNH..Lgoes false at U213-8).

9.4-7

N.B. Note thal to sImplify this diagram the fu,lI effects of CK_RST_L haw
been omitted. This In lormal:lofl is given in the logic diagram s of U204
Transfer Functions, In AppendiX A

FIG. 9.4.3.3 OUTPUT ON/OFF - SIMPLIFIED SCHEMATIC
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9.4.4 In-Guard/Out-Guard Opto-Couplers
(Circuit Dlagram DC400788 shut 2, page 10.1·7)

Five devices (1]210 - U214) are used to transfer digital signals across the Guard isolation barrier.

Digital Circuitry - Opio-Isolators

Status Signals
(from inguard 10 outguard)
Four fault signals are passed out of guard from the in-guardde.teetors on
the Sense PCB, to affect the OnIOff sequencing:

Control SIgnals
(from out.guard to inguard)
Six contr·ol signals from the sequencer output are passed into guard to

alter the states of the analog circuitrY: giv ing effect to the sequencing
commands:

PSUFL (U210)

OVTP (U210)

bVDR (1]211)

OVLD (U2l1)

True when the SMPS or any other in-g11ard
supply has developed a fault.
True when the Output Assembly hewink
tempenUUre is excessive.
True when the differential ampiifier is being
overdriven.
True when the OUlput voltage is excessive
(overcompliance).

.Opto-Coupler Power Supplies
On the. (}Ulguaro side of !he barrier, the opto-isolators are tied to the
general digital +SV regulated supply via a separate roule (+SV_7) from
the +5V and Common star points. This route is separately decoupled to

limit the effects of any rapid in-gullJd edges which could otherwise be
transfened, via the opto capacitance, to the rest of the digital circuitry.
For !:he same purpose, each of the signal paths on the ou19uard side ofthe
opto devices has individual HP decoupling.

All the inguard oontrol signals except PSUEN are powered from the
Sense Assembly ±15V_8 supply for relays. PSUEN is destined for the
SMPS. so it is tied to the SMPS ±15V-.-2 to avoid circulating currents,
whichcould olherwise pass through the main sense resistor. Theinguard
status sigRaIs are powered from the ;I;15V_3 roure. so their opto LEDs
(U21O, U211) are also referred to the ±15V_3 supply.

SOLO (U212) When true. switches ilie source OfinpuI from
the Analog Bus cable to the Front Panel
rnpUT terminals, and enables the internal
calibration adjustments.

PSUEN (U212) When true, initiates power-up in the SMPS.

OVLD INH
- (U213) When true (low). inhibits the overload

detectOTin Rt, R2, SI andS2 stales.
OrON (U213) When true, energizes the relay which feeds

the high current from the Output Assembly
to the Front Panel OUTPUT tenninals.

opoe (U213) When true, disconnects the internal load
from across the output of the Output
Assembly.·

IPON (U214) When true, turns off sholting PETs in the
Sense Amplifier.

9.4-8
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Digital Circuffry - LEDs. Detectors and Signals

9.4.5 Front Panel LED Signals
(Circuit Diagram DC400788 sJu:el 2, page 10.1.7)

Eight stal1ls indicator LEDs arelocated on the Front Panel. Two are fitted
into the ONIOFF keys. the remaining six are positioned together in the
upper right-hand group. The operation of the LEDs, under rhe control of
their driving signals. is described below.

LED Supplies
The CO!TUTlon cll:lhode of the red/green Psu indicator 0111 is taken to the
DV_RAWJXJ line, which is the commonoutput from the bridgerectifier
WOOl on the FrontPanel. This is thercctifi.erused ID drive the Sense PCB
+5V main cligii.a!supplyregularor, sotheOV_RAW_(XHineis tied ID the
Common star-point for that supply, from which the Psu LED signals are
driven. Each of these signals lS true (to light its LED) when hi-gh; they
cannot bot:h be lit at the same time.

All other LED anodes are connected directly to rhe Sense PCB +5V_5
supply line, via J9-2.0 on the Sense PCB and 131·20 on'the Fro!'!t Panel.
Their cathodes are driven by signals, derived from the Sense ]>CB digital
circLlilT)', which are true (to light the LEDs) '.':hen low.

ON Key LED
This is lit only after all the stages of the OutpUI On sequence have been
completed, that is in either S5 or RS state.

OFF Key LED
This is lit only in stages RI. R2. S 1 and S2 of the Output On sequence.

N.B. To avc>id an ambiguous indication to the user. th", transitory states
R3, R4. S3 and S4 ensure thalbothON and OFF LEDs are not lit.

Solo LED
This is lit only when the sequencer U206 has activated Solo mode, i.e is
in one of the five stales S1 10 SS.

The ON lIlld OFF key LEDs and the SOLO LED are driven, directly via
isolating diodes. by outputs ONLED_L. OFFLED_L and SOLOLED_L
respectively from the Sequencer U206 in the Sense peB.

Section 9· Technical Descriptions

Overtemp LE[)
TIlls is lit by the TEMPLED_L signal being true (low). TEMPLED_L
origin.ates at a. thermistor, attached to the heatsink for the power stages,
in the Output PCB (Circuit Diagram DC400789,page 10.1-15), Oneend
of the thermistor is connected to +15V_3. and the other (signal RTl) to
the inverting inpmoftheTemperarure SensecomparatorU301-2(CircuiJ
Diagram DC400788 sheet 3. page 10.1-9). At normal heatsink
temperaruresthe high thermistor resistance in series with R337 holds
RTlllt dow enough voltage to ensure that U301·1 open-collecloroUlpl.il
is pul1ed high by R339. As the temperanrre rises above nonnaJ, t1le
negative tl'.ermal coefficil<nt of the thermistor reduces the thennistor
resistance so that RTl voltage rises above the reference. pulling U301
1 low. This is signal OYERTEMP, which is tme when low.

OVERTEMP is inverted by the open-collector buffer 0318·7/10.
becoming OVTP_H at the input of the opto-isolator U210-3. At nonnal
temperatures the OplO LED is conducting (OVTP_H low) and the
transistor collector output at U210-6 is low; but when a high heatsink
temperature sends OVTP_H high, the LED cuts off and so does the
transistor, sending U210-6 high. This signal is transferred v iaTP215 and
buffer U203 to U204·3, where it is combined with other signals to affect
the On/Off sequence.

The Qutguard OVTP_H signal is also passed to the external bus interface
at UI11-lO for transmission ID any controlling 4700. and to the LBD
Driver at U208-2. The signal is inverted at U208-15 as TEMPLED_L.
which energizes the Overtemp LED on the Front Panel by pulling its
cathode )0w_

(OIIerdrlvo LED See overleaf)

9.4·9
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OverdrIve LED
This is litby the OVDRLED_Lsignal being true (low), indicating thlll the
Input Referen~ Voltage to the 4600 is too large (>1l2.25VI).
OVDRLED_L originaLes as the voltage output Vin of the main
differential amplifier (gain '" 0.7), at TP414 (Sheel4). This voltage is
passed to the inverting buffer (gain '" 0.3) at U314-6 (Sheet 3).

Overdrive Comparator
The buffeu.d signal is applied to a window comparator with hysteresis at
U303-4(l (whose ±2.45V reference D303/D305 is shared with the
Overload contparalllr). If the buffer output is between ±2,45V, both
comparator open-collector outputs at 303-1f2are pulled high at inverter
U304-1/2 by R322. BUlifthebuffered voltage (DC or peak AC)isoutside
this window, one of the comparator outputs and the inverter input U304-
1/2 will be pulled low.

Single Pulse Detection (With GUtch ReJection)
The inverted comparalOr output at U304-3 is applied to two delay
monostables at U305·12 (lSIllS) and mOS-4 (9Oms). ltis also applied to
D308, part of a diode OR gate with D304 (but used in negative logic as
an AND function). With no overdrive, the U304-3 is low at OV_3
potential. This pulls TP306 low via D308, and the mono output U305
9 is open-colleCtor,

Any overdrive output from the comparators will appear at U304-3 as a
+15V pUlse (AC), or the positive--going edge of a +15V DC level. This
signal releases diode D308 so TP306 can rise. But the pulse is also
appiied!..O U305·I2, which when triggered generate~ a I5ms negative
going pulse at U305·9. This takes over to pull TP306low after a2Wns
positive 'pip' at TP306, due to propagation time in U305. The pip
amplirude is reduced by lIbsorptionin C312 and U3{}4-6/8 remain below
threshold level.

If the positive output pulse from the invertor at U304-3 is less than 151Il.S.
then it will rerum to low before them ono times outand TP306 willremain
low. But ifit persists until after the mono has timed out. then both diodes
will be cut off, and TP306 will be pulled high by R324. Thus TP306 is
set high only if the comparators respond to an overdrive which persists
for more than i5ms. This is illustrated in the wavefomlS of Fig. 9.4.5.2.

AC OverdrIve Detection
The circuit described above cannot detect overdrives for AC of higher
frequencies, as the compara1or pulses will be short enough to be rejected
a.$ glilches: SO the inverted comparator output is applied to a second
mono. Any posili vepulses applied to U305-4 will cause anegative-going
output pulse from U305-7 of9Oms duration: (the lowest frequency on AC
is 10Hz). This is buffered by Q303 which charges C319 via R336 until
U305 is lriggered. TransistorQ314 drains constantcw:rent from C319' so
repetitive overloads reduce the voltage on C319, which is applied to

comparator U312.

Fot low frequencies, Q314 collector voltage has time 1.0 recover belWeen
successive comparator output pulses. No pulses cause !:he input to
comparator U312-11 to fall below its +4.7Vreference on U312-10, and
U312-13 vol tage remains low.

At higher frequencies, Q314 collector voltage is not able to recover in
time for the next pulse, so this second pulse drives U312·11 below its
reference thre.shold. U312-13 open-collector output and the NOR.gate
inpUt U304-9 are pulled up to +15V by R390.

The input is· always corrected to rhe Overdrive detector, even when the
output is off.

9.4-10
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Detector Output Gatlng
Under no overdrive conditions TP306 and U312-13 are atCommon av_3
potential. Thus the NOR- gate output at U304-10is at +15V. Providing
the output mono U306-6 has timed out, U304-5/6 are also at OV_3 and
U304-4 is also aI +15V. Both diodes 0333/334 ate CUt off and the
OVERDRIVE_L s.ignal into buffer-inverter U318-4 is pulled to +15V by
R388.Thus OVDR_H at U318-13 is low (false).

OC and AC overdriv,es result in +15V pulses :B:t TP306 or U3i2-l3.
U304-1O goes low. triggering the DU!put mono at U306-5 to generate a
16Oms. +lSV pulse. So both NOR-gau outputs are set to OV_3. The
OVERDRIVEJ, signal is lnle, and mUSt remain trUe until at least the
160ms mono times ouL Thus whenever a real (non-glitch) overdrive is
detected, the OVDR_H signal is held true (high) for at least 16Oms.

Fig. 9.4.53 illustrates this AC case.

Overload LEO
This is lit by the OVLDLED_L signal being troe (low). OVlDLED_L
originalesas the voltage developed across the 4600 outpmload, due to the
output current flowing in iL This voltage is picked off the instrument side
of the output relay. and passed into the Sense PeB at J12·3 (CircuiJ
Diagram DC400788 Sheel 4, page 10.J-ll), At the 'Hi' side of the
intem.a.l load resistor R437, the signal SENSE_OUT goes to the non
inverting buffers at U302-3 (Sheet 3).

Overload Comparator
The buffered signal (buffer gain 0.66 by R330/R335) is applied to a
window comparator at U303-9/1O (whose ±2.45V referenceQ3031Q305
is shared with the Overdrive comparator). If the buffered output is
between ±2A5V, bDth comparator open-coHector outputs U303-13/14
arepuUed. high at NOR-gate U313·6 by R344[R350. But if the buffered

....oltage (DC or peak AC) is outside this window. one of the comparalOT
outputs and the NOR-gale input U313-6 will be pulled low.

Overload Detector Inhibit
The other NOR-gate input at U313-5 iSCOIi.lrolledby the OVLD_INH_L
signal which is true only duriiig the OnJOff sequence states R1, R2, S 1
and 52, when OPON is false. When it is true, 0313-1/2 are low, mIS
s is held high and U313-4 is held low. So no low-going pulses from the
comparator wilI be able to affect the NOR-gate output. In the other On!
Off sequence stu.es. the inhibit ~ removed.

Remainder of Ov-erload Detector
The descriptions for the Overdrive Detector apply equally to the
Overload Deteetor, as the Glitch Rejection, AC Overload Detection and
Output Gating circuits are virtually identical.

)
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Psu LED
This is the only two-colour LED on the Front Panel. It lights green for
user·confiden~when the signal PSUOKLED_H is true (high), but this
is merely an Inversion of the PSUFLLED_H signal which lights the Psu
LED red if Ihere is a fault in the Switch Mode Power Supply.

There ate !Wo signals each of which can set PSUFLLED_H true:
• The PSUFL signal when true;
• The OVPWR signal when true.

PSUFL
This is a composite signal which is ORed from three other signals:

SMPS_FAIL_L i~ true only when an oveIVoltage ot
undervoltage has been detected in the SMPS AND the PSUEN
signal is true (i.e. does not go true ifthe SMPS is powered down).
This signal is derived in !.he SMPS Control PCB at the collector
of QI0, which is at +15V_2 when the SMPS is operating
normally (refer to Circuit Diagram DC400791, page 10.1-19).
and is passed through the SMPS M a1n PeB to the Sense PCB at
J4C- t. and to MOSFET Q311 gllt.e.

When false. SMPS_FAIL_Lat +15V_2turnsQ311 on, lighting
the internal confidence LED D326 and providing a low input to
NOR-gate U319-8.

When true, SMPS_FAIL_L atOV._2 £urns Q311 off. extinguish
ing LED D326 and providing a high input to NOR-gate 0319-8.

PSUFAll.._2istruewhen the 15V_2 supply on theSMPS Control
PCB has failed. It is sensed by Cl) in the SMPS Control PCB.
whichcondLl.(;!S when the 15V_2 supply isoperating normally, so
PSUFAll..._2 is false at -15V_2. Failure of the supply turns~
off, so PSUFAll.._2rises to DV_2 (true). It is transferred via the
SMPS Main PCB to the Sense PCB at J4C -2, and to 0310 gale.

Whe~ false. PSUFAIL_2 at -15V_2 turns FET Q310 off, setting
U318-2 to +15V_3. U318·15 is pulled down to OV_3. lighting
the internal LED 0330 and providing a low input to NOR-gat.e
U319-2.

When true. PSUFAlL_2 al av_2 turns Q3-iO on sening U318·2
to OV_3. The inverter-driver is open-collector allowing R386 to
pull 0318-15 to DV_3. extinguishing LED 0330 and providing
a high input to NOR-gate U319-2.

PSUFAIL_3 is true when the 15V_3 suppl.y on the Sense PCB
has failed. It is seru;ed byQ309, which conducts when the supply
is operating normally. so PSUFAIL_3 on U318-1 is high at
+15V_3. U318-16 is pulled doWl'l to OV_3. lighting the internal
confidence LED 0329 and providing a low input to NOR.gate
0319-1.

When the supply fails, Q309 is turned off, so PSUFAIL_3 true
sets U318-1 to -15V_3. The inverter-driver is open-collector
allowing R383 to pull U318-16 to +15V_3, extinguishing LED
D329 and providing a high input to NOR-gate U319-1.

When the three power Npplies are operating normally. the three inputs
to NOR-gate U319 are low. Its output aL U319-9 and U318-3 is high, so
PSUFL_H at U318-14 is low (false).

When anyone of the three supplies fails, one input 10 U319 goes Iow and
PSUFL_H goes troe (high).

PSUFL_H is transferred out of guard via n<m-inverting opto-coupler
U21O-2n, buffered by U203-6114, and diode ORed by D205/D206 with
OVPWR_H.
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OVPWR
This originates as signal PWR_SIG in the SMPS Main PeB (refer to
Circuit DiagramDC400790.page 10.1-17). TransfonnetTI forms part
ofthe SMPS resonant tank circuit, and its secondary voltage is a measure
of the c\JJ'tem floWing in the tank. This voltage is full·wave ~tified by
D9/DI0andsmoolhedtobecomethePWR_SIGsignal, Becausethetank
circuit operateS at II constant voltage, IUld because the transformer
secondary voltage represents tank current; PWR_SIG is a measure of
current which only noods scaling 10 represent power.

The significantpointofinterest is thepo int sr wruch the power in the tank
(and hence in the 4600 cunent output citcuil:1)') becomes excessive. So
the scllling required for PWR_SIG allhis point can, and is; performed by
a comparator. PWR_SIG is transferred l() the Sense PCB tl! 14A-3. ([he
raw secondary voltage is also transferred to the Sense PCB at J4A-2 to
give a safe test point - TP301 - for viewing the tank current waveform
using an oscilloscope.)

Thecomparator U315 is powered fr9m +5V_5 and OV_5, the laner being
connected to (lase grOIDld, as is the cen1er-tap 0f the lank current monitor
transformer in the SMPS PCB. PWR_SIG is scaled by divider R302/
R303 and applied to ~ comparator U315-3 to be compared wilh the
2.45V reference 0301. Under normal operation U315-3 is less positive
than U315-2. so the comparator output at U315-1 is at OV_5 and
OVPWR_H is false. Once the referencevoltage is exceeded by increased
tank power; !he output starts to rise and positive feedback via R303
reinfcm:es the rise so that the oulput rapidly switches 1O 5V_5, so
OVPWR_H goes true.

Generation of PSUFLLED and PSUOKLEO Signals
Asmcntionedearlier,OVPWR_H isORed with PSUFL_H by D205/206.
The ORed signal is inverted by U208-6111. and applied to the sequence
controller U204-4. The result of either PSOFL_H or OVPWR_H going
true is that CK_LTPSUFL_H goes true unless thereset mode is operativc
(refer to the transfer function diagrams/or U204. in Appendix Ita this
section).

The output CK_LTPSUFL_H is fed Ollt ofUW4 at ~in 14. (Note that it
is alro fed back internally to construct other U204 logic OUtpUlS.) It is
passed to the interface register U111-6 fOT transmission as status data to

any controlling 4700, over the external digital bus. In the 4600, it is
passed through AND-gateS U207-2!3f4/6 (unless Tesr mode is selec!eci)
to LED Driver U208-1. where it i.s inverted at U208-16. Q202 buffeT
invertS it again l() becomePSFLLED_H, whichis·transferredto IheFtont
Panel peB.

The outpUt on U208-16 is passed through another driver stage of U208,
emerging inverted atU208-10. This output is again inverted by Q203 to
become the PSUOKLED~H signal.

Green/Red Psu LED States
At the Front Panel PCB. PSUFLLED_H is fed to the red anode of Psu
LED DIll, whereas PSUOK!..EDJi drives the green anode. Under
normal operation, PSUOKLEDJi is high and PSUFLLED_H is low
(even if the SMPS is not powered up) so only the green Psu LED is lit;
but when an oVeJPOwer occurs or one ·of the three power supplies fails.
then the two signal stales are reversed and only the red PN LED is lit.

)
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Digital Circuitry" Test Mode

Test LED
The Test LED is provided for Slave mode, IQ indi~ that the slaving
4700 has entered Test mode, and that any other 4600 LED indications are
part of the 4700 test

4700 Test sequence
The 4700 SelfTes[ is composed of fout stages, and Ihe 4600 is tested as
a supplement to stages 3 and 4:

1. HardwllTe Test
Lmnediately after the Te.st key is pressed, followed by the Reset
key, the 4700 program tests its hardware. No test of the 4600
hardware is performed, but if the 4600 outpUt is On, it is
sequenced orrw st!l.teR1. Consequently the Psu LED is litgeen.
The Test LED is }it, and remains lit throughout the test sequence.

2. Display Test
The display testitselfdoes not affect the4600. But on completion
of this test the 4600 LEDs are lit, then extinguished, in the
following sequence; Overternp, Overload, Overdrive and Solo.
The PS1I LED is cycled from green to red to green.

3. K~y LED Test
Each 4700 key LED is lit in turn, followed by Lhe 4600 ON key
LED and OFF key LED.

4. Key Test
After the Key LED lest is completed.,. the 4700 MODEl
FREQUENCY display shQws a double offset '0', ro indicate !hac
the Key Test stage is enabled. The 4600 ON and OFF keys are
also available for testing in this mode. When either key is
pressed, its LED lights and the previous LED is extinguished.

Implementation In the 4600
As soon as the 4700 'test key is pressed, the 4700 requeslJi Test mode in
the 4600 vill. the extema! digi tal bus. by setting SELBIT fa3>e and ONBrt
irue. (For nonnal operation lhis is an invalid command.)

In the Sense Pc""'B, the SELBIT and ONBIT states are passed via the
internal AD bus to the Control Latch U108 (Circuit Di<JgramDC 400788
sheetl. page 10.1.5). For the Test sequence, U10& output sets both
U107-9 and U101·10 high. The NAND gate output at UI 07-8 i$ 5et low;
this is the 'TESTEN_L' signal, which places the 4600 into Test mode.

TESTEN_L is clocked into U206 by U205 (Shed 2). The effect of
CK_TESTEN_L when true is to prevent U206 from supplying Ihe
OFFLED.J., ONLED_L and SOLOLED_L signals to drive the
corresponding front plIllel LEns. It also drives U203-1 via U207-11 so
that the front partel warning LEDS will not be lit. Thus the Psu LED is
green, even if there had been a power failure. U207·11 is passed via
U208.5/12 as TEStLED,.L true, to light the Test LED.

Section 9 - Technical Descriptions

LED Test
After testing its own LEDs in stage 3 ofthe test sequence, the4100 cycles
the signals TESTl_H, TESTI_H and TEST3_H via the external digital

bus, to test the 4600 LEDs. The 4600 internal AD bus versions of these
signals are latched in the Control Latch m08, and passed to a~er
U209. C}CTESTEN_L!it U209-1/14 enables Ui09 decoded outputs,
which lire cycled by its inputs to light each LED in turn. Diodes D202,
D203 and 0204 isolate each U209 low (driven) output from the
COITesponding open-collecror outpUtS of me sequencer U206.

The Pm LED, which is normally green. will turn red when its code is on
the deooder inputs. The unconnected outpUt U209·7 position is encoded
by the 4700 for 'no LEDs', so for this decode just the Test LED and the
Psu green LED are lit.

Key Test
At the end of the LED te&!, when the double offset '0' is on the 4700
MODE/FREQUENCY display, the states of the 4600 ON and OFF keys
are returned to the 4700 via the external digital bus.

Thesignals OFFKEY_H and ONKEY_H are passedfrom the Front Panel
to the Sense PCB at J9 -I &and J9 ·19, lUld read back onto the internal AD
bus at U110. When either of the keys is pressed, and the oorrespondiJag
slate change is read by the 4700 in Test mode. it sends the appro-priate
codeba.ckto lhe4600to light the pressedkey's LED. To theUStt, the two
4600 keys appear to behave in the same way as do otherkeys on the 4700.

Eod at Test
When the 4700 Test or Zero key is pressed, the 4700 addresses the
Control Latch UI08, and rem<Wes the latched TESTEN code from its
output. The 4600 reverts to OrVOffSequence swe RI. and awaits further
programming from the 4700.
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U204 CombInation Transfer Functions· Logic Diagrams

STROVLD_H (PinS)

OVDR_H (Pin 2)

CK_RST_L (Pin 9) 0--------1

Jni~mal~10fIS

--.~
----0 IPIn 14} CK_LTPSUFL_H

---0 IPn 13} OVDRLD_H

KOFF_H (PIn SI

OVTP_H {Pin 3} IPin 19} CLR_LTKEY_L

CK_RST_L (pIn 9)

InlemaI·Conn«:Ii:>n

'------------0 {p1n17} CK_BUSON~L

Jntem~ eom-mon.
A

(Pin 14) CK_lTPSUFL_H

c--<> (pin '3) OVDRLD_H

OVTP_H {pin Il}

(p1n'2) CLR_ON_L.

CK_RST_L (Pin 9)

~ 1Il1"",&) C<lnnedl""

'-----'0 (P1fl 17) CK_BUSON_l

(
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Output On and Off Sequence Tables

(

U206 Output Previous Conditional slales referJed 10 U206 input Resulting U20~Oulput States alter U206 clock
State to be Established at the tlme U206 Is elocked SOLO soLOLE 0 PSUEN OPON OPOC IPON OFF ON

Entered Slate {lg') 112'1 {tS') It'rl li6'I (1.5') {141 {13"

Rl Power On

IAny Other $tate CK_RST WllrUe F F F F F F T f

SoloS1 Of 52 CK_BUSON (2'l true

R2 Rl CK_8USON 12" true aod CK_(SElBIT true and
LTPSUFL false and OVTP false) {4'} true F F T F F F T F

R3 R2 CK_ONBIT 111 true and CK_POOLY {SI false and
CK_{SELBIT true and LTPSUFL false and

OVTP false) [4'} true F F T T F F F F

R4 R3 CK_ONBIT {7'1 true F F "" T T F F F~

RS R4 CK_ONBIT {71 true F F T T T T F T
--

De-acllvatlon

U206 Output Previous Conditional states referred to U206 Input ResulUng u206 Output Slales after U206 clock
State to be EstabUshed at the time U2Q6 Is clocked SOLO SOLOlED . PSUEN OPON OPOC I?ON OFF ON

Enlered Stale {19'] {12'1 ItS'} (171 {1G'} (1S-'}. {14'1 (t3')

, R5 --- (State achieved during activation} F F r T T T F T

R4 RS CK_ONBIT {71 false F F T T f f F F

R3 R4 CK_ONBIT [71 false F F T T F F F F

I R2 R3 CK_OO81T {71 lalse F F T F F F T F

R1 R2 CK_ISELBLT true aod LTPSUFL false and
OVTP falsej 14'\ laIse F F F F F F T F

Notes:

Input TESTEN_L turns oH SOLOLED_L, OFF_L and ON_L so that they are driven by LED test.

Sequencer U20G pIn numbers in curly braGs·s.
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Solo

Activation

U206 Output Previous Conditional ~t8te~ referred to 'U206 In.put Resulting U206 Output States after U206 clock
S,ale to be Established at the lime U20615 clocked SOLO SOLOLED PSUEN OPON OPOC IPON OFF ON

Entered Stale {19'! (12') lW} (17') (1S') (lS'1 (14'1 (13'1

91 Remote R1 CK_BUSON (2'} false and- CK_(LTPSUFL false and OVTP false) P') false T T F F F F T F

82 Remote R1 Of } CK_BUSON 12'} false and
Solo S1 CK_(LTPSU'FL false and OVTP false) (3') true T T T F F F T F

S3 52 CK_BUSON !2'}lalse and

CK_(LTPSUFL false and OVTP false) 13'1 true and

CK_LTKEY {B') true and CK_PODLY !S'l false T T T T F F F F

54 $3 CK_LTKEY Wl true T T T T T F F F

S5 S4 CK_LTKEY Wl true T T T T T T F T

De-activation
- ..

U206 Output Previous Condlllonll} slates referred 10 'U206 input ResUlting U206 Output Stales after U206 clock
Stale 10 be Established al tile time U206 Is clocked SO~O SOLOLED PSUEN OPON OP~C IPON OFF ON

Entered State 119'1 112"1 (1S"1 P7'! l1&'l !lS'} {14"1 113'1

S5 -- (State achieved during activation) or - ~. T T T F T,

I
54, SS CK_LTKEY l6"1 false I 'r T T T F F F

$3 84 CK_LTKEY {G'l false T T T T F F F F

S2 S3 CK_LTKEY (6'Jfalse T T T F F F T F

91 82 CK_(lTPSUFL false and OVTP fa)sell3'j false
.,.

T F F F F T FI

No·tes:

InpUI TESTEN_L turns oH SOLOLED_L. OFF_L and ON_L so thal they are driven by LED lest

Sequencer U,206 pin numbers in curly braces.
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( SECTION 10 Servicing Diagrams and P,arts Lists

Contents of this Section

10.1 Circuit Dlag,rams and Component Layouts

Inle'rconnection Diagrams , 10.1·2
Sense PCB .. 10.1-4
Output PCB 10.1-14
SMPS Main PCB ., .. ., 10.1-16
SMPS ControJ PCB , _ 10.1-18
Front PCB 10.1-20

10.2 Assembly Diagrams and Parts Lists
(The Pans Listlor Bach assambly is generally placed immediately behind its assembly diagrams)

Finished Assembly ,............ 10.2·2
Instrument Assembly 10.2·5
Top Cover 10.2·11
Bottom Cover , , _ 10.2·12
Mains Transformer 10.2-13
Han<ile 10.2·14
Rear Pansl " 10.2·15

Sense pes " ' 10.2-17
Output peB. 10.2-19
SMPS Main PCS 10.2-21
SMPS Control PCB , 10.2·23
Front pes 10.2·25

Analog Bus Cable 1'0.2-27
Digital Bus Gable _. 10.2-28
Output Lead Kit ' _.... 10.2·29
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D~TFON .NSTRV~S ~T) PARTS LIST 22-Feb-69 DEse, ~ssr'FI~ISHEO INSTHUKENT 4000 ORa ~Ol LP400785-.

D&S!G FA'!T NO DESCRIPTION PR ltl(: MAtlUF' ClASS UH OUAIlTI1-r CJt/ll'IGI:S

(

(

40036i·Z tlA~OLl: I\S5Y DA'ffi01I SF:F.: DRC ilA
400'786-1 ASSY INSTRUMENT 4600 DA1n')tl SEI:: ORG F.A
400794-1 ASSY COVER ~P 4600 O/lTIlON SEE DRC E;A
400795-1 ASSY COViR IlOT'roH, 4600 DA'1RON SEE Dl\G i:A
420098 LABEL SERIAL/ASSY ~, RS .554-79) EA

420110-1 RATI Ne L.ABEL SE:E DIlG £A
H006)-1 ~IT RACK HT.;; 1061 OATROll SEE ORG All -
H0151-1 KIT INTEIlCONll EC'I'IOtoI LEAO HOD DATIlotl SEE ORG An -
440154-1 KIT OUTPUT LEAD 46<10 DP.TR01>l SEtt ORG All -
440156-,1 KIT IISY 60H~ 4600 D"TflOiJ se::: DRG Art -

450199-1 TILT 5TANO SEE ORG EA 1
450200-1 MOULDED F'OO'I' SEE DRG EA .;
450201-2 TILT STAND PLATE SSe: ORC; EA 2
450224-2 FOOT PIIO SEE ORG i:A
450234-1 PACKltlG 80X SEE ORG EA

4'50641-1 OVERL.A\, HOO SEE ORG i:A
450542-1 HIIO! I» ENGLI\l'ID ilAlXOE SEE ORG EA
4506)1-2 I»SUL.ATOfl HOD seE ORe EA
'50132-1 INSULATION OOTTO!l 4600 S"£ ORG £J\
4507)4-1 INSULATION SA'ex 4600 SEE DRC i:A

611005 SCREW Hl X 12 POtIP~N SZP EA 6
611,038 SCREW M4 X 12 SkT cSX SS BLk IONIC EA 0
611019 SCREW M4 X 6 SKT' GRUB HTSBZP EA 4
,613005 WASHEIl Hl INT SHAKEPRoor EA.8
617013 RIVET POP 2.4 DOlleD HD CEoRGE 1VCKER E\'ilLET TIIP/D/33/BH EA 2

630101 2,Omm liE); XEr UtlBRA~O 2 .. O"m .!lIP EA
630109 2 ,5m.. Hg)( J(F:Y UI'BRAKO 2.51Ml A/r Ell
63Dl1l rlNGBR CDNTIICT (60 STRIP) HAU1Ol1E ELECT 97-500A EA
630315 TAPE PVC INSULATION J8~ WIDE 314 TYPE 33 AP
630224 BAG ANTI ST~TIC PINK 0)( INDUSTRIes ~OOG (445X5711610) EA

85024.3-1 HANOBOOK USERS HOD S:';l!: DRG £i,
900001 ADHESIYE CY~OCRYLATE AViJel. AVO~l.SOtlD M
920012 MAINS LeAD/CONH BELLIUC L,El!: L/949 EA
920209 FUSE 2.5.0. 32~m OUI-B LI'l'"!'L£rvSE 31102,5 EA

En<l

















DATRON IrlSTR.lJH£NTS LT!} PAR1'S LIS'! Q2~Nov-86 DESC, .\SSY IIlSTRU/,\·ENT ~6'\J ORG NQ\ LP4001a~-J REV, 0 PIIC&: Ill';

DltSlG PART 110 OIlSCRIPTION ?!lINe HANUIi' 'CLI\SS UM QUAIITITY CltAtlGts

DATl'lON UlSTRUt-lEtl'rS L'ID PlIII'fS LIS'!' 02-tlov-ae DESC. ASSY INSTRUMENT HOD

Ml
EA2
EA. 1
EAS
EA4

AR 1
t.Rl
1\11 1
£AI

EA)
EA 25
EA7
EA)
BA6

EAl
Ell 4
£AI
EA 1
EA4

Ell
Ell
Ell
AR
EA

All 1
E'" 1
Ell 2
E!\2
Ell 27

EAJ
eA 10
eA ~

E:l\ll
EA 3

BAS
EAl
6,\6
EA4
Ell 23

EA
£A
£10.
EA
EA

Ell:!
ElIl
EA 1
EA 1
EAl

EA
Ell
EA
EA
Ell

Zh 1
Ell 1
EA 2
Ell 1
EAl

EA
EJ\
EA
EA
£A

CLASS UK OUl\NTITY CHAtlGES

DRe !>lO, LP400766-!

SEll ORG
SEE DRG
SEE DRG
3S9-380
543-41J

399~:;18

6471 StRISS 2J-Ol-20
4e09-GL
D20UB~2

SEE ORG
SE:13 ORC·
SE:E DRG
SEI': PIlC
SEE DRG

SEE DRG
SEe MC
SEg D~G

SBE D~G

SEI!) ORG

SEr. ORG
SEe ORG
S:;:~ D~C

SEe ORC
SEE: ORG

SE::: ORG
SEE DRG
Sill: DRG
Slle ORG
SEC O/lC

SEE ORG
SEE ORC
SEE DRG
SEE ORG
SEE DRG

PRINC MANU?

R.S.OOHPO~BNTS

HOLEX
HOLEl(
CANNON

OJ\1'AON
DA'l'RON

DATRON
OATneN
DATROIl
OATRQIl
DATRON

DESCRIPTION

SIDE EX'I'IlllSION
sVPi'ORT BflKT INl'1J'l' ~SRM HOO
FRONT PAN'EL 4600
EARTH BOX SHPS .60'0
AIR DEFLBCTI~~ SHIELD 4600

SHPS IIEATSIHK
INSULA.TlOIl SIDE
TRA.NSFORMER MTG POST 4600
HAIN SUPPORT SRKT 4600
R~ BOX SUPPORT HOO

INSULATION SHEET SHPS 4600
BOX EIlO PLATE SlotPS Hoo
MAIHS SCRE£N 4600
BUS BAR SET 4600
GASKET MAINS SWITCH ~600

GASKET FROIlT PANEL sWI1C1I 4600
INSULATION SIDE
GASKET $HI'S SCREEN 4600
!'1XR£: 16/.4 pVc IF GRN/YEL ns
STD CA.BLE TIE 32_ RS

Assr SAP~r TERMIIlAL BLK
ASSY SAFETY TeRMII'IAL RED
ASS\' SAr~Y TERMINAL GRtl.
A5Sy HA IN S TRANS 46 00'
ASSY PCB SSNSB 4600

ASS\' pca OUTPUT 4600
ASS\' pca SHPS Hl'IIl 4600
ASSY pca f'llONT 4600
ASSY PANEL REAR 4600
ASSY FRONT INPUT CA~LE

SCREW M3 X 8 POZICS~ TT SZP BC
SCREW MS X 12 POZICSK SZP
SCREW H6 X 10 POZIPAN SZP
Z~$IlRT LIGIJTWE:IGIlT M3 PR1lCISI011 SCREIl 00 ROSAN 113 LIGH'rllEIGHT
WASHER H3 IHT SHAX£PROOP

S~EEVE KS. 4.B~ VLW
HOUSING 4WAY
CAIMI' 'l'tl'lMl",M. cO PL
'0' SCREW LOCK
SCREW H3 X 6 POZIPAN SZP

SCRSH H3 X 12 PO~IP~N SZP
SCREW 113 X 6 POZlCSK SZP
SCREW H3 X B POZICSK SZP
S~RCW H3 X S POZIPAN SZP
sCRllW il.l X 16 POZIP/lN SZP

400686-1
400687-1
400691-]
400787-1
400788-1

400789-1
400790-1
400792-1
400856-1
~006?3-1

450190-3
450621-1
450626-1
450630-1
450633~1

450634-1
450638-1
450664-1
450&84-1
450685-1

450700-1
450701-1
450104-1
450724-1
450130-1

450731-1
45073)-1
450738-1
521006
5901)13

590032
605051
605057
606028
611004

611005
611007
~11(1)

6:1016
611017

611035
611<>47
611068
6)2054
613005

DESIG PAllT NO

i>13009 SOIDER TA.G 4 !lA fl>rP
613029 WASIlER 10 WAvY SS
613033 WASIlER MS SZP SCHllOrQ 21100-104
·H30)S-I WASIlI:R LARGE M4 SEB DRA\flllC
U3036· WASHER M6 INT. SHAtp.

614030 SPACER 113 C[,EJlR X 8 HARWIN R6363-02
615002 NUT 113 PULL SZP
615023 lll,l'l' NYLOC~ 1(6
630018 GROMMET 4.0 0110.. R S COl1PONEN?S 543-197
630020 CLIP ~BLE 4 DIA. 3H 70e

630029 '['AI'S 1/4" X 1/32" DilL. SIDED 3H 4032
630110 CLIP CABLE 6 DlJ\ 31{ 710
630191 CLIP RIDBQN CIID[,S RICHCO OP'CC-J
630269 CLIP ~9L£ SELP-ADIII!:S1VC RICHOO MWSB
630313 LAB8L DANGCR HIGH VOt.TMB

630315 TAPE PVC INSllI.IITION )8HM WIDE 3101 TYPE 33
900009 LOCKING OCHPOUND LOCI('I'I'!'1i: 222
900013 ~DIIESIYIl CYl\tlOCRYUTS t.OC'I'ITE 496
920201 PAN 24V AXIAL P/l.PST 814

End

(.

(

c









P~RTS LIST 2S-Oct-38...---_... . ~

DESC, nSSY COV!R TOP 4600 DRG ~O, LPiD0794-\ REV, 0

DESIC PART HO

450649-1
450703-1

Bad

DItSCIUPTION

TOP OOVER 46110
IlAATH SH&&'I' 4600

PIIIOC HJlIlUP HIINUP PART IlUHB~

S£& DllG
SEE: DRG

CL/lSS UH QUAUTITY CII"'~GES

DA'rllON IHSTRl"HBIfTS I;m PARTS LIST 25-OOt-88 DESC I o\SS1 COVI'.X 8O'l'TOO 4600 ORG tlO, LP~0079S-1 PAGP. N(h

(

DESIC PART NO

450U:l-1
~S/l70j-l

DESCRIPTION

BO'M'OH roVEll 4600
~RTH SHEE:T 4600

PRIHC KANur Ml\llUP PAR':' IlUHBt.R

SBfJ DM
snORe

CLASS UM OUIl~"I'I'Y CKAIlGES

BA!
Ell 1



OE~GNATOR OArRON DESCRIPTION PRINCIPAL MANUfACTURER'S Ne. USED
PIIA1 No. MANUfACTURER PAR. No. " .. Ivy.

4!!01"lS -2 ... ,. I
4~OIcr7 - I ... _lUll 2
4S01~-1 ..~ pu..-rl:' 1
....50%2.0-1 HMJb\.e ~A.C.~!. 4-

lo.AA.1 p"" v.~ X tU U',
c.D,_ X,:" (""'hop ?

.. • ~i x IJ:i." Lt.IJr. ~Plto;" I%2-x 1Y4'tfbP 2

-

-
_..

..

~TES_ o..ti dcJtronq-S-"7. rU,UItilllllrflGalm

SEE SHEn I fOR I.ATEIT ISSllE ...- !'l.":r ,.'u.. I\..c '\.1:> 1\..1._. 1\.2 I\. I\. :\. I\. \. I\. I\. \. l:Iir.gulD~ HAAlbL€ AS5Y
.e6' '" ~~I~ ~"fu "' ..... "' " " "

_.
PoI!.t .\. '\. \. "\. "\. "\. \. "\. \.

_...
I Z"::'2..... - 'M,} \. '\, \. " Q,afl -" 400',%,4.

(

(

(

r

c
c
(

(

DATROtl ItlSTllIJMElIT5 LTO PIIRTS LIST O~-Nov-8~ OSSC, flSSY MAINS TRNlS 4600
•.••••••••••••••••__•• .."'{••..:...... • •••••••:. oQ,. .

3000)1-1 TRI\tISF HAIN SS! OP.G EA 1
605057 lJ:RUlP 'i'ERHIlIAL GD i'lL MOl-EX 4e09~G[' E~. l$
605052 SOCK!:'! ~Il ll-HflY .1· MOI.EX :n-Ol-2085 Ell 1
605053 n \lAY SQCKr.T 1'101.(;:;( Ell 1
605051 HOUSING ~WAY I{OLEX 6411 SE)RI~ 2~-01-20 EA 1

59000Z SLEEVE NP ) X Z5MM eLK H6L"~HAtIN H30 EJI

End

DESIG PART NO DESCRIPTION PAlIIC MIIUUF MANUF P~RT NUHBER CLASS UH Q~N'rl'l'Y CIIAtlGES

(

('

(

(











CATRON lNST~UM~NTS LTD PIIR'fS LIST 09-0ec-BB D~SC, ASSY l'MiSt. IlEM HOO DUG iJ(l, L,,~oOa~&-l 11t:'I, l'N~I': !Iq:
lio ••"" ...... I'i. __... __ ....... iWlIo ... .... if ____ •••

.~._~...... 1ill""' ... Ilil' .............______....... ___ .......... _ _ ••~ .. r. , ......... ~, .... -,.. .. - ..... '!tIII ....

DES-IG PART NO DESCRIPTION PRme W>11UE' ~~NUE' P/lRT NUHa~t CLIISS UM QUhtlT11'Y C!lIlU<';F;~

(
--------_. ------------------------_ .. -.,-- -- --"--- -- --- ----_ ... --------------------
4110872-) /lSSf RFJlR INPUT CABLE Ol'.TRON S,":!: ORe; Ell
4~064)-1 /lIR E"lIil'ER 4600 see DnG r:fI
450211-1 CONTAC1' PLATE 4600 Sl::~ i)1;G 1:A
450627-2 P/lIlEL REIIR 4600 ~EE ORG l-:lI
450636-1 /lIR PILTER SUPPORT 4~OO S:::Z DP.G l-:Il

450705-1 OUTPUT STIIGE SUPPORT SRKT 4600 Sf.E DllG l-:JI
51200'0 WlIlE 7/.2 PTFt lKV SLK B5G210 TYPE C /lA
5nUJ WIRE 7/.2 PTFE Ill" BPN BSG210 TVI'll .:; Ml
5J 2222 WIRE 7/.2 PTf'E IKV RED BSG210 'TYPE C JIIl

~ 5J2l33 WIRE 7/.2 PTFE IKV ORI\NC£ aSG210 TVPE C 11£\

C 5124H WIRE 7/.2 PTF£ UV YEL BSGJIO TVPE: C /,It
512555 WIRE 7/.2 PTfS lKV GRN 85G210 '!'YPI:; C 1111
512666 WIRI'! 7/.2 PTPE:. J KV BLU l:lSG210 TYPr:: c fiR
5J2777 WIRE 7/.2 PTFE: IKV VIO llSG].IO TVPP. C IIR

C 54C1D02 WJRE J/.1 TJNNED COPPER 854109 22SWC AR

540009 WIRE BRAID J/8" TINNED CU HEAD BRAIDING LT~ 12-5-004& /lR I
560~06 CIIBLE 2 CORE PTPE SC MH 465
590001 SLEE~E ~IP 1. 5 It 20llil 8LI( !IELLEIl ~lJIIUl HIS ~.J\ 5
590003 S£.EEVE liS. 6,41l\1l\ nw. i'l. S. COMPON E::IoITS 399-5H /lR 1

(--- 590004 S1.i:EVIl: PTPB 111!1ll E1I.K HEl,.L611MAtl F'EIO All 1

591)032 SLEEVE liS, 4,a""" YL\/ R. S. COJo!PON ENTS 399-:>16 IIIl l
5911<l15 . SOLDeR SLEe;VE DIM 4.8 RAY FAST CWT-:> <'11 ].

603D52 HOtlSlNG 8 WilY .1 " NOLE.X 6471 S.mIES 22-01-20 61\

(
605053 SOCKE:T HOUSING Jl WAY • 1 "PITCIl I~LEX 22-01-2125 F.,\ I
60~()~7 ClUMP 'l'l!:IlHllU,L CD Pi. MOLEX 1909-GL Ell :0

605163 SOCKET HOUSlNG 6 WAY , 100 PI TCH ~lOl.EX 22-01-.065 1;1, I
611006 SCREW H3 X 10 POZJPf\N $ZP £1\ 4
611015 SCREW /13 X 8 POZ!CSK SloP F:/I 1
6110JS SCREW M3 X 8 POZIPAN SloP Ell 2
&13QOS WASHIlR /013 IN']' SIlAKEPROOF f~\ 6

6))Qn WIISUFJ< HJ sQ. SPRlNG BliP FA ~

920Q63 TERMINAL M3 RING TAKBRO "~1.25-3 UI 1
9~02D6 MI\INS I Nl'tJ'r HODU I.E pO'rn:n 7100-0001 1'.11 ,I
920209 PUS!! 2,511 32.... QUJ-B Ll1"l'I.I:lPUS£ 31202.5 1::11 1

l!:nd









DATRON IIlSTRUHEN'I'S LTO PIIRTS ~IST ~l-Mar-89 DESC, IISSY PCll seNse 4600 eRG NO, LP400768-1 REV, 4
... __ "" •• _ __ •••_._.... _ w .. ~ .,· " .. • ..·!"I·-_.. .. ---- .. PAGE NO.

DES IG PART ~1O DESCRIPTION PRINC MANu!" CU.SS UH Q1JIHI'l'I'rf CHPloIc.es

(

(

RI01
R10i
RIO)
RI04
RIDS

RI06
R]07
R10e
11]09
Rll0

RHI
0202
Rl0)
R204
R105

R206
R'OS
R'09
R210
RUI

R2l2
Ril3
R214
!l215
ili16

Rn7
R2U
R219
R220
R222

R2B
R225
R226
R227
Rna
R229
R230
R2Jl
R232
R233

R2J6
R231
R23S
RH9
R2~O

090177
090105
013321
090177
090105

011 002
011002
01100..
013012
011 003

OH75J
019762
012003
090n7
OB321

011053
090131
090131
090131
090177

090162
090162
090117
013321
013321

012740
090162
018250
018250
09C1&3

090131
OU002
012211
011301
011301

011301
011101
012211
OO047S
OUOOl

011500
090111
09017/
011500
019312

R&S ~TWK IKJ X S 2\
RES PACK 10011. X 4 2\
RES HP 3Kl2 1\ .1211 SOPPH
RES NTWK 3~J X S 21
RES PACK 10011. ~ 4 ~l

RES HP 10KO .\ .12W SOPPH
RES HP .OKO 1\ .121-1 50PPH
RES HP 100~ 1\ .12W 50PPH
RES HP JOK1 1\ .1211 50PPH
RES Hr lOOK 1\ .1211 50PPN

RES HP 475K 1~ .1211 SOPPH
RES HP 97_6 1\ .12\1 SQPPM
RES ..IF 2001( it .121-1 50PPM
RES IlTIIK 3KJ X B 2\
RES HP 3K32 1\ .. 1211 ~OPPM

RES HP 105K 11 .12\1 SOPPM
RES PACK 10K X 4 2\
RES Pl\C~ IOK X 4 2\
RES PIICK 10K X 4 2\
RES NTWK 3K3 X 8 2\

RES PIICK 270R x 4 2\
RES PIICK 27011. x 4 2\
RES NTWK IKJ X 8 2\
RES MP JK 32 1\ .1211 50PPH
RES 11~ JKJ2 1\ ,1211 50P?H

RES HP ~14R 1\ .1~W 50PPK
RSS PIICt 270~ x 4 2\
R~S MP 82SR 1\ .12W ~OPPH
RES HP a~5R 1\ .12W 50PPK
ReS ~~ 10K x a 2\

R&S PACK 10~ X 4 2\
RES MP 10~0 1\ .IZW ~OPPK

RES HP 21\21 1\ .12W 50PPK
RES MP lK30 1\ .12W SOPPK
RES Mr 1K30 1\ ,1ZW 50PP~

RES MP lK30 1\ .12W SOPPH
RES MF lK30 l' .12w SOPPK
RES MF 2K~1 l' .12W 5~PH

RBS cr 4~7 5\ .2SW
RES HP 1KOO 1\ . 12W ·50PPH

RES MP lStR 1\ ,12W 50PPH
RES PACK 101( X 4 2\
RES ~TWK IKI X 8 2'
RES HP 150R I' .12W 50PPH
RES HP 93.1 1\ .12W 50PPH

BECKHI\N
SElCKK/lN
1I0LSI-.\jRTMY
BElCl\l11Itl
DElCKH.~N

HOLS\'>"JRTHY
HOLSl-.\jkTHY
1I0LSI-.\jRTHY
HOLSWOR'rtJY
HO~SI'lORTHY

HOLS.....RTH'l
1l0LSI-.\jRTliY
11':>!.S'-KlUTHY
IUCKIiJ\N
HO'..51ICRTHY

HO~S\oIORTHV

BECKHAN
SI::CKHl\N
S"CKH/lN
BECKMAH

AB
/lB
BECKHAtl
HOLSWORTHY
Ho~sW()n Till'

HOL-SWORTHV
AB
HO t.SWOR'1'llY
HO t.SWORTIlY
BECKHAIl

BOCKAAIl
HOt.S~THY

HOt.SWO!l'fHY
HOLSIlORTHY
1I0LSWORTIlY

HOt.SWOIlTHY
HOl.SWORTHY
IIOI.SWORTHY
lH'lOOII
HO£.SWORTHY

HO~S1olOfl'l'llY

BECKHAH
BECKHA"
HOt.SWORTHY
HOt.S"'OR1'HV

L09-1-RII\3
L08-)-RIOO
Hac
L09-I-R3X3
L08-J-'RI00

··HBC
Hec
H8C
HBC
HBC

HBC
HeC
H8C
1.09-1-0310
HBC

HBC
UJS-3-R101(
L08-3-Rl01\
I.OB-3-RIOl<
L09-1-R3JO

'170-83-270R
770-63-270R
L09-1-lnK3
H8C
HBC

HBC
770-01-270R
HBC
HBC
L09-1-1l10K

L08-~-RIOK

H8C
H8C
H8C
flec

HSC
Hac
Hac
CFR25
HllC

!lac
UJ6-)-R10~

1.09-1-!l3~J

nsc
HBC

A

A
A
A
A
A

A
A
A

A

1\
A

A
A

A

A
A
A

A
A
A
A
A

A
A

EA 6
EA 2
&A 6
1::/1 
SI\ ~

~ 19
eA 
&.11
~4

EA-

ElIl
Ell· 1
&.)
e.>.
e.>.-

EA
&A.
Ell 
EA
EA-

Ell:!
EA
EA
Ell 
EA -

P.A 
1'.<\
2A~

1o:A1
&A -

!;A

EA 
EA
ell
EA

t-'l6
Ell 
EA 
~ 
FJI

DATRON r~STRUHE~ LTD PIIRTS LIST 23-Mar-S9 DesC, IISSY PCB SENSE 4600 ORG NO: ~P4007BB-l Pilei: NO: 2

DESCRIPTJOO PRr~c MAlltIP MANUP PIIRT HUMBER CLASS UM QUANTITY Cflll~G~$

(

RZU
RI01
RJ02
Rlo·3
R105

R306
R307
R308
P.3<19
RJIO

R31l
RH2
RJll
RJH
R315

R316
Rl17
R:ll8
R319
Rl20

R321
Rl22
Rl23
R3:14
RJ25

R326
R321
RJ28
RJ29
Rno·
RB1
Rl3'
R13J
RI).
R33S

R336
R337
R338
RD9
RHO

R341
RH2
R343
RH~

RJ45

011003
011001
011001
013573
011821

011821
0lH21
01l8n
011B21
011821

01.2001
012001
OOOOOP
013651
1)12213

011003
011101
01J922
011003
011500

01316i
01)161
on012
011002
011313

011100
013)21
OU012
012001
014211

DLnil
OUOOl
012003
013573
014321

013161
01 ]3.31
011002
013011
011500

011500
011003
01]003
01:'161
012003

RES HP 100~ l' .12w SOPPH
RES HP 1KOO 1\ .12W 50PPH
RES H? 1KOO 1\ .12W 50PPH
RES HF 357K 1\ .12W SOPPM
RES HF lKS2 1\ .1211 50PPH

RES HF 1~a2 11 .12W 50PPM
RES HF 1K62 1\ .12W 50PPH
Res ~P 1~82 1•. ]2W SC~PM

RES HP lKll2 11 ,12W SOPPM
RES HP IK!2 1\ .12W 50PP~

RES MF 2KOO 1\ .12W 50PPM
RES HP 2KOO 1\ .12W 50PPM
Res PSV
Res HP JK65 I' .12W 50PPH
RES HP 221K 1\ ,I:1W 50PPH

RES MP lOOK 11 .12W SOPPM
RES MF lKIO 1\ .12W 50PPM
RES Hr )91'2 1~ .12w 50PPH
RES HF 100~ 1\ .12W 50PPM
RES HP 150R 1\ .12W 50PfH

RES HF JKI6 I' .12W SOPPM
RES HP 3_16 I~ .12W SOPPH
RES HP 10~1 I1 .12W 50PPM
RES H~ 10KO 1\ .12W SOPPM
RES MF 137K 1_ .12W 50PPH

RES HP lSOR 11 .12W 50PPM
RiS HF 3K32 1\ .12W 50PPH
RES Hr lOX1 1\ .12W SOPPH
REs HP 2KOO 1•. 12w SOPPH
Res HP 21\21 1\ .12W SOPfH

RSS HP JXJ2 1\ .12W ~OPfM
RES HP 10KO 1\ .12W 50PPM
R!$ HF 200K l' .12W SOPPM
RES MP 357K 11 ,I2W 50PPM
RES HP iKJ2 11 .12W 50PPH

RES Hr 3K16 1\ .12W SOPPH
RES MP 1~)3 1\ ,1211 50PPH
RES Hr 10KO 11 .12'" SOPPH
RES HP JKOl 11 .12W 50PPM
RES HF IS0n 1\ .12W SOPPH

RES Hf' l~OR 1\ .12W 50PPH
Res HF lOOK 1\ .12W SOPPH
RES HP 10~K 1\ .12W SOPPH
RES HP JKI6 1\ .12W 50PPH
RSS Mr 200K 1\ .12W SOPPH

1I0r,sWORTHY
IIOLSWORTHY
110LSWORTHY
HOLSWQRTliV
HOLSIlOR'l'IIY

llOLS\oK;RTHY
.HOLSIlORTllY
IIOLSWOR'MIY
IIPLSIlORTHY
1I0LSWORTIlY

HOLSWORTHY
flOl.SllOATliY

1l0LSIlORTHY
HO:J:IlORTIW

HOLSWORTHY
HOLSW::lR'l'HY
1I0LSWOWJ'IlY
1I0LS~lOR"IY

1I0LSWORTtlV

flOLSIlORTHY
HOLSWORTHY
HOLSI«lRTtIY
IIOLSIlORTIlY
HOLSWORTllY

HOLSWORTHY
1I0LS\o.lORTHY
HOLSWORTHY
HOLSIlORTHY
1I0LSIlORTln'

tlOLSWORTHY
1I0LSI\QRTHY
HOLSWORTHY
HOLSIlORTIIY
1I0~SIlORTHY

HOLSI«lRTHY
HOLSIlORTHY
1I0LSI«lRTHY
IIOLSIlOA'I'IIY
IIOISI«lfl'I'IIY

HOl,.SI«lR1'HY
Hor.sWOllTHY
IIOLSllOll'l'hy
1I0LSWOR'l'II'{
11OW,'WOHI'llY

H8C
H8C
HBC
H8C
H8C

HBC
118C
IIBC
H8C
118C

HBC
H8C

H8C
HBC

IIBC
u8e
flBC
IIBC
IIBC

H8C
H8C
H8C
H8C
H8C

H8C
HSC
H8C
HS·C
HSC

HSC
H8C
HS·C
118C
HBC

HBC
liBC
HOC
\lOC
IIBC

.H8C
lIac
H8C
IIse
IISC

I'.
A
A
A
I'.

A
A

A
A
I'.
1\
A

A
A
A
A
11

A
A
A
A
A

ElI
EA 
EA 
EA3
El\i\

EA
EA 
El>. •
EI\ 
£/1 -

EA3
£A
EA 5
eA I
Ell 1

eA
EA I
EA 2
EA 
Foil -

EA6
EA •
EA 
EA 
FA

EA
£1\
EA
ElI
EA-

EA 
P.II •
EA 
Ell 
EA

EA 
EA 1
Ell 
£:A
~:i'I -

F.II 
10:/\
\;/\ 
~:JI 
~:JI



_ ...a .. ..,. or •• _ .. _ _ •• _ • •• .. ...

(
REV, 4

Cu.SS IrM (\llIIH'Pr'I'Y CIIIIll(,'ES

DRG NO, LP400788-1Desc. ~SSY PCB SENSE 46QO21-Mar-eg

D!:SCR l PT I011
, .'

Di:S IG PART 110

DATROIl INSTRtlHlI:N1'S LTD PARTS r.XS'l'..._-------------....- ~~...~~...

11348
11.349
~3S0

11351
1115,)

IDSS
fDS6
IIlSl
1I1S8
113S9

Rn!
i:JH
RlJ5
1l:;7S
kl'J1

R378
1137'
RlSO
R)8~

lnoz
RJ84
R365
l\J8~

11)87
IU08

R)gO
R392
/t393
113~,'

R195

R396
rlH1
III~a

Ilj~9

fl101

IUO)
11401
R~04

IUOS
K406

R~08

IH09
11410
p.~ 11
1\ ~ \ 2

013~1l

01"1500
OlJ161
013012
ODl61

0)100]
011 GSI
OJ 1621
0ls62J
063103

01l0C2
(,110')2
011002
011(0)
01100:!

011002
014751
Oil002
01\002
OH'/51

011001
014 751
0llG01
OiS62~
011002

oUOOl
01100.3
011002
011002
OOOOOP

00"001'
01,212
OIIOOJ
OH751
080H2

080142
08014 2
Oan139
080136
08013&

080131
oonoor
OHI02
00012
(JUlol2

RES HP )51~ I' .12W SOPPH
RES lU' 75011. J\ .12W SOPPH
RES MP IK16 1\ ,I2W 50PPH
RES ItP )01<1 1\ .12\01 50PPH
RES H}' )~16 1\ .l2w 50PPH

RES .11' lOOK H . 12W 50PPH
liES MP IK~~;~ 12101 ~OPPH

ill'S HI' U~:l le .12101 50Pl'H
liES Hr ~~62 1, .12\-1 50~H

liES C'l' 1 O~ llORt S!'r

RES Hr 10,0 I ~ . 12W 5l.pp~

RES H~' \ ~t:C : ~ ,: 2101 SOPI'H
RES HP JOKP I~ .12101 sOPPH
RES HI' 100~ I~ .12\-1 SuP,PH
Res Kt' 101\0 n • 12~1 501'1'11

RES loll' JOhO 1\ .12W SOPPH
RES Hr 4K15 1\ .12W SOPPH
RES Hl' InKO 1\ .12101 SOPPH
RES MP 10KO li ,12101 sOPPM
liES MP ~K7S I~ ,I2W SOPPH

RES HP IOKO l' ,l2W 50PPK
RES HP 4~7S 1\ .12W SOPPM
RES Hr 10KO l~ .l2\o1 SOpp~

ll~ Hf' ~1·'6' ) ~ .12W 100l'PH
RES MP IllK<'I ) ~ .12101 SOPPH

RES Mr lOOK It .12W 50Pl'M
RES ~j.' lOOK l1 .12W SOP1>ll
RES Hr JOKO " .12101 SOP~M
J{ES Iif' JOKO l\. 12W 50PPIl
RES l-'SV

RES I'SV
[t),;S HI·' 22KI I' .12101 SOPPM
/t],;S HP 101:0 l' I ~w SOPI'l1
/t~S HP 4K1S l~ ,I'W SOP?M
liES YL 28K135 o.O~,

RES FL 2eKI,S O,05~

RES I'L 28KI2S O.O~~

Res FL 56R25 0.05\
p.1:.'S ~'L 371,50 O.OSt
/t],;S FL 37~SO O.OS~

RES FL 104K~ O.OSt
r,~ N;v
Res ~F ,IKO 1\ ,I," 50PPM
Res C1' 50K VEAT H/T
PotS ~r "KO l\ .12W SOPPH

IfOr.swoR'rlIY
1I0LSIOOIl'l1I'l
!·IOLSWOA'P1I'{
tlOI.s~J()R'rtIY

1l0LSWOI!TII"

11Ot.S~'rllY
IfOf.s~lOI\TIIY

IInr.SWO~11IY

IIOt.S...">;l THY
Il£Cr.~l

110LS''*.JRT/ly
IfOt.s_~HY

1I0LS~'I'H~

110LS_TIIr
llOt.SI/Ot:my

1l0I,sI!OllTHY
oI0LS\IOIl TIIY
IlOf,S_'l'I'Y
"or,s_'f\ly
110 LS",JOkTHV

1I0LSWOlITIIY
tlOJ,SWJI.1'IIV
1I00S,""JIl'lHY
S'r~'1'IT!:

llOI,SiolOIlTIIY

tlOLs;lQIl1'IIY
UOI,S'IOIl1'11V
IIU I.5'WOII I'll V
liOf.S_TIIV

1l01.sWflRTII',
Ilor,SWOH'I'tlV
IIOLSWOll1'IIY
VrSHI\Y t11\11N

YISIIIIY MANlI
VTSllAY MANll
VISlIAY HA'lll
'HSII'I\Y HAHH
VISIIAY MAIl!1

VI SIIAY MANN

IIOLsWOIlTIIY
1l0URIJS
II0r':;l·J()RTIIY

HBc
tI~C

tl6C
118C
tlf>C

uac
HSC
tI~C

uuc
'/:lP

H8C
lIac
IIBC
tlOC
Hac

IIBC
HUC
IIBr:
118C
IWC

116·j,
II6C
lIee:
t-;K~

1I0C

li8r:
tloe:
1I0e:
lIec

tl8C
1I8C
H8C
S10)"

SHf~r,

$1 1111.
SIO:lL
Sl03L
510':,

Slo~r.

1I8C
)29';W-SOK
IIBC

A
r,
A
t.
A

1\
I<
~

1\
1\

...
1\
1\
A
/\

A

"A
A
A

A
A
A
A
A

;..
1\
1\
A

A
A
A

A

1i".A -
1:JI 1
~:A 
E/: ..
Ell -

!!A
EA
U
1:A
I::J,

EA 
EA
FA 
t:1\ 
BI. -

f.;A 
1'.1\
1:.\
1.:A
Ell

I:J\
~;;l 
1:/\ 
1:1\
t:A -

ElA
t':/~ ,.
1::1< •
[(A

I;A -

t,.. ~

FA
l::I\
L;,

1:11

r
(

(

(

(

c
c
(

OA1'901l INSTRIIMEIlTS LTD PARTS LIST 2)-Har-6~ DESC, ASSY PCB SENS~ 4600 1lEl<J NO, I.P4007BO-1 PAGE tlr):
... a:J. .L.:ll..lll.~.a a.: ~.,..:.. _.". J •• -4 __ "~.".!' ._ _

OESIG PM,!, NO O~f:TPTION PR IHC iiAHUp CloAS.!> "M QIII\tITI'I'Y CUI\IIr.r:S

RU)
n4H
IlHS
R41';
R417

R4)9
RI,CI
fU23
IlU3
R4~4

aUI
r.4)2
RO)
R1H
!l,\)~

R06
R4)'
ROd
RH9
IIHQ

IIHl
RH2
IIH)
R4H
IIHS

RH6
"SM
CI<l1
CI02
::103

Cl0-l
clns
CI06
CI01
ClOd

C109
C110
r.lll
001
<:21\2

aeon 7
OJ2~7C1

000141
OOOGOP
065009

013922
01l61C1
016~11

046613
C12BOO

016610
016810
012000
01H23
01 l 004

oeo14o
008082
012000
OH 758
OH 7~$

080139
011008
o1100e
011000
0&111.2

011 SO)
1\00518
100172
100472
100472

lQl1172
100472
j 0002
loon2
IOon2

1011472
IOhH2
150002
110035
1 Hl041

~E:S 1'1, jOH4 O. O~t
RES MP ,67R I~ ,l2W 50PPH
Res ,'I. 20KO O•. OS~
R~ P:W
RES c:T ::OO~ '!F-RT HIT

RE:S Mr )~h' \\ .12w SOpp~
R£S M¥ 383R J~ .12w SOPPH
It!!:.!> t-:f' IiKUl 1\ ,I~W S~I'I'H

RES ~~ 681~ 1\ .1~W SOPPM
RES '11" 2~oa ) ~ .1 ~w SOPPI1

RES Hr' 68111. H ,12W SOPPH
R!::S Ht" 661R H .l ~w SOPI'H
\IF.s H~' 2001< I' .12W 50l'PH
RgS Hf )92~ 1\ .12W 50PPH
aES Hf lHOCl 1\ 12w SOPPH

RES PL 289R3 0.05\
Res WW l8R S' i.Sw
R!::S Hr 200R l\ ,12\01 50PPH
RES HI' 47AS 1\ ,I2W SOPPH
lfl:S H~' 47115 1\ .12w SOPPM

Rr.s pL 56K25 0.05'
RES HP 10RO 1\ .12W SOPPH
RES MP 10RO I\ .12W SOPI>H
RES HP loon It .12W SOPPH
k~ rL 2!K125 0.05\

RES HP l50~ 1\ .12W 50PPH
aES er 5RJ S\ .2Sw
<;AP Cl' 4mr 10~ 100Y
CAP Cl> 41171' lOt 100V
C/\P Cl' 41nl' IO~ 100Y

c~p Cl' 4H7P 10\ IClOV
CJ,P Cl> 4111 f' 10' IOOV
CAP Cl' 4117F 10~ 100V
CAP Cl' 41171' 10\ 100'V
CAP CP 4t17I' 10\ 100Y

CAP CP 4lrJF \0\ lOOV
e;,.p Cl' 4117F 10\ IOIlV
CAP 01' lour 20\ 16V
CAP PI': nOtlF' ~M 63'1
CAP fit: l<lllf' 20\ J(lOV'

v l 5'1" Y tlANN
1101SOOIl'l'IlY
VTSIrIlV a>.Ntl

fJOIIRNS

11l"lI.SW"1:lTIIY
II()f.s....OI<T1IY
11l1l,S\oJ(JWl'IIY
IIOLSi!-.lfJI(~t'ltY

1101.SWOWfIIY

IIOL$.I-,QR'l'HY
t10r.swol<TIlY
IIC'LS~,I(}/t'~'HY

IICI,SWOI<'t'IlY
:IO"S\oJ()wttly

'1I9111\Y HAl'Itl
WEI,WVN
HOLSWORTltV
ItOLSWOR'I'ItY
IfOl.swDI<'fItY

YISIIAY HAHN
1I0LS['lOR'I'IIY
1I0LSWORTIlY
1I01.5WORTIIY
VISIIIIV HA>lN

UOLSWORTIlY
NEOIIM
l'II'I.J~S

I>fllLIPS
PIIII.IPS

PHILJPS
I'UII,IPS
PIIII,IPS

A'IIILlf'S
1'1111.1 PS

PtllI.IPS
1'1111.]1'&
I\VX
W1HII
IHMA

SIOlJ,
IltiC
Sln~J,

3296H-~OO~

lIee:
118C
JIUe:
118C
flUC

lIoe
118(;
IIMC
IltiC
Ilee:

SIO~I,

W21
lIec
lIec
IlUt:

Sl021,
lIec
118C
U8C
SI01I,

118C
Ct'H2~

1222 6311 1'H n
2222 ~30' 194 n
2'22 .30 191/2

2~21 630 19111
22~2 630 ,~·1;2

2222 ~3(l 1,;/1J~

2~:12 630 19112
2222 ~3(l 19'1'2

2221 63() 1 ~1 'i'2
2222 bJO I H!2
1'APIOHHiF
H~S2

1'~S2

1\
1\
1\
,t.

1\

1\
!I

1,;,\
1·:11
1':1,
I'.~

I'"

I'"
l~t\

/.:tI
1:11
1'.1\

t:A
F.I\
I::J\ ..
t'-A
1:J\

1'.1\ I
t:tl I
tJl J.II
t:A
t~ -

1:Po
K~ 
I:A
t~1\ ..
).:/\ -

1'.11 
t::t\ ..
1';/\ )
1:1, )
1'.,\ ,

(

(

(

C11\l
,;;:1\.\
C.ln'j
C.~I~"

("'" ..d'}

I ~1IC10Q

1',"006
1041\.l.l
111;0}1
l1hUJJ

CAP nT 41)71' 200' 16V
CM> fl'r 41!1F '00' I ~V
CJ.,t> U')'\jK Itll' X 7 ~,,~

CM' tI'I'\oJ~ 1I1f' X J 21J~

CM' trl'\J~ Itlt' x I ;d,1

I\VX
t,V~

."llllI'l'A
11111U,Th
104111<1,1'/\

'l'/\P1H'IHI6t'
'1'A1'1H Im I, I·'
4321"
41211
U211



( DATROH INSTRUMENTS LTO PARTS LIST 2J-Har-&9 DESC, ASSY PCB SENSE ~~OO OOC: NO, LP4007U-l REV:· 4 PAGE NO.
_._~_._- ..-._-_. __ ._~-

~-.-""~--_.
........-. _..a~.~.~~~.........·..·__·_u_.____~ .....-_.... __ ..---_. ....... loa .. _____

DES!':; PAR'!' 00 DESCRJP'!'JON PR 1I1C HAtll1P HANUl" P/lRT IlUMBER CLASS UH QUANTITY CHANGES
----------

________________________ ._A___
-------------------- --------------------

ClOl 150006 CAP 0'1' 4U7P 200\ 16V AVX TAP4R7HI6F ,. EA -
C307 110051 CAP PE 470}IP 10\ 63Y WIHII H~S2 EA 6
C)08 110039 CAP PE 470~lF 20\ 6JY WIHA tl~Sl EA 2
C309 150006 CAP D'l' 4U7F' 200\ 16V AVX TAPiR7H16P A £11-
c)10 150006 CAP DT 4U7F 200\ 16V .\'IX TAP4R7HI6P A EA -

C311 110039 CAP PE nON? 20\ 6JV WlHA HKS2 EA -
C312 1 OOi 71 CAP CP 410PF 10\ 100Y PHI LIPS 2222 6)0 19471 EA 2
CJI3 1100S1 CAP PE 470UF 10\ 6H WlMA H~S2 EA -
C) 1'. 100411 CAP CP 470PF 10\ 100Y PHI LIPS 2-222 630 19471 EA -
C31G BOOH CAP pe 4701<F 10\ 63Y \ftHA H~S2 EA -
C317 1S0OOS CAP 0'1' ~U7P 200\ 16V AVX '!'AP4R7M16P A EA -
<:318 llM51 CIlP PE 001<'" 10\ 63Y WIHA HKS2 EA-
C3H 150002 CAP 0'1' IOUF :i0\ 16V AYX TAPI OH16~ I< ~ -
cnl 110OS1 CAP PE HONP 10\ 6JV WlHA I1KS1 I1J\ -
C)22 150002 CAP 0'1' lour 2<1\ 16Y I<YX "API0l/16F' I< EA -

C32) 15001S C;'P 0'1' 10UP 20\ JSY AVX TAI'IOH3SP A V.
C32~ 100lS1 CAP Cl' 150PF i' lOOV PHlL1PS 2222 68J HI51 EA
eJ25 150015 CA!' ::T IOU? 2C~ JSV !<vX 'l'AP10H35F' A F'.o. -
C3:6 110051 CAP PE 470NF ,0\ 63V WlMA HKS'.l ~A -
CIOI 104025 CA·P CD IOONP • BO\' 20\ 50V 51f)lEllS 11)7149 ~A B

etO) HOO7(i-! CAP' VAR 16PF 1'ROOSER S~~ ORe A eh 2
C~03 104025 CAP CD 100HP ~60\-20' 50Y 5J£H~S 6) 741 9 Foil .
C40~ 10-1057 CAP' CA 39PP 10\ 10CV S'I'€II~'ITe Ase 30~ ~A 1
C406 !OOOor CAP - F'SY ~A I
C407 ~3006~ CAP PS 4N7P 1\ 160V PHILIPS 425 H,'02 VI 2

C408 110042 CAP pe 100Nl' 20\ 6)V WIHA HKS2 EA '2
C409 110042 CAP PE 1.001lF 20\ 6JV \I1HA IoIKSl EA -
CUO 150(2) CAP 0'1' 33UP 20\ 25V AVX T1IP33H25P 1\ E.II
C4U HOO78 CAP PP ItlF 5' 100V ~I[HA I'KP2 EA
C41J 150023 CAP DT 3)Ur 20\ 25Y .'VX TAPnM~5r 11 Eh -

CH) 101025 CAP CO 100l<P t80\-20\ SOY 51E.~eNS 937H9 EA -
C414 130089 CAP PS 4N7P 1\ 160Y PlHL1PS 425 14702 I'l/I -
C416 150021 CAP t:rl' nul" 20\ 16V AVX TIIP47HI6P 'A £1\

CH7 104025 CAP CO 100l<F' 080\-20\ 50V SIEM£IolS a37... , EA -
CU8 104025 c.o.p CD 100tlF ~80\-20' SOY SIEMENS 9J7H9 EA-

CH9 150023 CAP DT nup 20\ 25V AVX TAP3JH2SF A eA -
cno 15002) CAP 0'1' )3lJP 20\ 25Y AVX TI\P3JM2~1' A P.A -
C~il 10402S CAP CO 100NF +80\-20\ SOY SlEl15:tlS 83)44' EA -
C422 110041 CAP PE 10NP 20\ IOOY WlMA F~S2 ~:A -
t~23 104025 CAP CD lOONP '~0~-20' SOli SiEMWS 83H49 El\ -

C42~ 140016-) CAP V"R 161'1' 'l'RO~SER SEE MC 1\ EA -
C·l·25 104058 CAP CA 331'1' 10\ 100Y S1'£A1' I TI:: ASC 30'. ~:JI

C426 150016 CAP D'l' HiP 20\ 35V AVX ThPIRo.HJ5~' 1\ £A
CS~1 104025 CAP C~ IOO~P tSO\-'20l soy SH:Hf~S 937449 ~:" -
C502 150006 CAP DT 4U 7~' lOO\ 16_Y AV 'I. TAP4R'I1-i16f' A E:lI -

DATRON ItISTRUH£loITS LTD PARTS LIST .3-Mar-89 OESC; IISSY PeB SENSE ~600 OOG 110: LP400'80-1 Rt::V, 4 PAce 110, 6
••••••••••• g •••••••••• ............ ... c::::>==-..=-= ~£~.C.L •••_~.~_.~•••••••••••• _y __ ._• ..........~_.~_M.M__ .. 1c.".~ ....W~U.4 ...

DESIC P}'RT 110 DeSCR I PTI011. PR IN<: WlNUI' HANU'" PhR'r tlllHBEIl ClASS 111'1 QUAIl'I'I'N CII"NG~~S

---------- -------~------------------------- ----------------- .. ---- -_ .. _.. _--_ ... _-_ .. -
CS03 10~026 CAP CO Htlf' '50\-20\ 50V S r f'olF)lS 837,419 ~:" 30
CS04 l%OI~ CAP [Y[' 100111' 20\ HY AYX 'rA?-' onM 16F' ;, ~:JI I
C505 1114026 CAP CD 47fIF' .50\-20\ SOV SI !::ME)lS 'BJ7H9 1':1', -
c50r, 104026 CAP CD 4711f' .50\-20\ SOY SII::liI,lNS tl37H9 ~:II -
C501 104026 CP.P CD ';7111' '50\-20~ 50'" • (EI1~~lS IlJ7H9 1(.(1 -
C50e 104026 CAP CD 47111' tSO~-20~ 50V &IEME:tlS BHH? f,'J\ -
C50$ 104026 CAP CD 4?tiP +~0\;-20' 50V SIEl1I::NS BJ7449 I::A -
C510 104026 CAP CD 47UF t50Y.-20\ 50\' 51F.HE2lS B37449 ~:J\ -
C51l 104026 CAP CD O,W .50\-20\ 50'1 SI&I~:N'S 837149 ~ -
C512 104026 CAP CD 4 ?rIP t SO, -20" SO'I SIEMENS BJ7449 &/\ -

cS1) 104026 CAP CD 47tli' t~O'-'O' soy SXeHDiS &37449 F'.A -
C514 10lQ26 CAP CD nrlf .50\-20Y. ~o'{ SlEI4.I;t~S 837149 EA •.
~51~ 104026 CAP t.:D 0141' t50\-20\ ~OV SIEHD:S B31449 rJ. -
C516 104026 CAP Cl) 4?UI!' t~O'-20\ 50JV S:E)lUO S 1137419 £I. -
CSI7 150020 CAP m' 10UF 20\ 25V /4.VJf TAP'10M2Sr /\ ~!I

C5lB IS0020 CAP O'l' 10UP 20\ 25V AVX TAPI0H2SF A EA-
CSi9 IS{)020 CAP 0'1' 10UP 20\ nv IlYX 'l'A!'10M25f' A ~-
C520 150020 CAP DT 10UP 20\ 25v I\~~ 'l'ApI0H25r A E:J\ •
C521 104026 CAP CO 4711F' +50\-20' SOY ~I'-'lEllS 837149 ~-
C522 104026 CAP CO 4?IlF +SO\-2'0~ SOV S~~:MENS BJ7H9 .:1\ .
C52J 104026 CAP' CO ~7lIF' +50\-20\ 50V SlD<E:llS B37449 t:A -
C:524 10402S CAP CD 41NI!' 050'-20\ SOV stDlEltS BJ7449 EA -
C525 l04026 CAP CO 'WO' oSO'-20\ 50y SI EMills !i3744 9 Ell -
C526 150015 CAP D'l' IOU, 20\ 3SY AYX ,.API0H)5P A eA -
CS27 150015 CAP DT IOU? 20\' 35\1 AVX 1"l\PIOl'435r A F.A -
C528 104026 CAP CO 41UP ~SO'-20~ SO" SIIlt4Er1S 1l37H9 eA -
CS2' 104026 CAP CO "'rH' +50'-20\ SOy SI~&llS IH7449 t:l\ -
C5JO 10',026 CAP CO nur t50\-20\ SOV SIEMENS 8)7449 t:A -
C531 104026 CAP CD OUf' +SO'-20i Soy SIEHtNS 831449 10:1. -
C532 104026 CAP CD 47ff-P t50\-20\ SOY SI£IolE:llS 837449 ~A .
CS)) 10"026 CA.P CD ONE' '50\-20\ SOY srE:l'lEllS 837449 ,:1, -
CS14 150020 CAP D'l' IOUI' 20. 25'1 AVX 'r'A~IOH2S!' A PoI,
CS3S 150020 CAP D1' lour 20t i5v hVX "hP10M2'jP A ~:!I -
CS)6 104026 CAP CD nnF .50t-20~ SOY Sll::I1E:1:lS IlJ"l~ 4 9 t:J.
C537 1040'S C/>.P Cl) 47Uf' +50\-20\ 50V sn:HI::NS B3-}H9 t:i\

C538 I SOO~O CAP D'I' 10UP 20\ 2SY AVX 'rA P I (lH HP A b:A
C539 I~H026 CAP CO 47tlP +SO:j-20~ ~ov SIEMf.NS IlJHH ~:I\

CHO 104026 CAP ':() -! 7HI' '>50~-JO\ SOy Sll':,m~s IBJH9 P.A
CSH 104026 CAP CD 47tW +50t-20\ SOY S 1~I·'E:NS B17H9 p.~

CS42 V14026 CAP 0:0 .''1IP +50~-20\ 50Y SI£}I~lS ~n449 1,:1\ -

C50 180024 CliP At 10UP SJV plIll,II'S 030-38109 A P.h 1
C5H 180024 CAP 11£ 10UP 6)Y PHILIPS 030-381'19 A 1-~h -
C5~) 180044 CAP 1.1: noup 40V S'fEATI'l'E E~HlXillF, l ne t:A 1
0101 213006 DIODE ZfI 5V SW 1l111'l'nOOE '1'VS~OS ~. 2
D201 220044 OlODS LE RED IIIEPP Gl 1II.IW·-1100 ~:h 4



nA'I'ROll IIISTRI1M£IlTS 1.'IlC PAn'rS loTS'!' 23-~11r-8~ DESC: ASSY pea S~SE 1600 ORG 1l0·: LP~001'88-1 It 1;'1 , ~ l'AGE: 110,
o. ~ • _ ' ......... a , .. ..., ........... _ .. -.......... ~-'_. .. "''''4_ 00& ....... "" ~ ... "" ... ",!,~I'" "!.II & ... L .... "'~ ~ J"'_W ~~MMW~~.M~~4•• ••• _ •• ~~ .. .... ..I. ............. "'~

Ilf.STG PART tlO OESCAIPTIOII PR !tIC I1AN UP MANUr PART NUMBEn CLASS UM QUAtlTt1'Y CUANGES-----_ ......- ------------------------------ -------------------- ------------
D~02 200001 DIODE: CP 75..... 7SV f'I\IRCIIILD l1HUll SA IS
;'l20} 200(0) DlCoDE GP 7SIll~ 7SV FAlRClIlI,O HI-4J48 E:;>, -
020~ 200001 DIODE CP 75-nL-' 75Y {,';\WClill.D 1I141~O EI\ -
ll~O5 ~OOOOI OJOll~ Cl' 7SmII 15v f'l\TllCU (LQ ltH1H EA
11206 ~OOOOl DIODe GP 75i11A 75V I'A mr.H 11.0 1Il~ 148 &>. ..

D301 211012 DIODE W 2V'S 20PP~l FEkHMI'rl ~~;.; Sa EA
1130) 2140J 2 D!CoD~ W 2V15 20PP!t .'8I<RIINTJ tH~S8 Ell ..
D3G~ 20[1001 DIC,I>E: GP 7~lnA 75V •·... IIlCUII..D llBl~ ~ l;i\
!J30S 21~012 DIODE ZtI 2\1115 20PPI-l .'8f<1lMI·rl Z/I~5a r::f\ ·
f1306 20000\ DIODE: GP 15...... 15V F·AlkCIIII.D ItI~HU EA -
D307 "OOOul lHope GP 15101\ 7SV F~IRCHII,D IIHHC r." -
0.106 200001 DIODE: GP 1SmA 75Y '·/o.lHCIH;.D H14H8 e:l'. ·
0309 2100~7 DIODE: W ,!V7 ~OOmW PIII1..1PS O~~'9C4'!7 A e:.', '1
(\325 :<102.0 DIODE ~dl 2\V '0011\\'1 pt! TL.lI'~ tlZ:--:,9C:P, ;. I';;' I
il3J6 2i.01H DIODE 1£ R!lO IIlE:!"F (:1 11I0I-IP-170C' v.. -

!'U19 2200.. DIOD~: I.E R£D IlJE!"F (;: IlI.MP-1700 I':A
UJJO 220C.-4 DtOIl~ I,E kp.r, III E:~'f' ';1 IlI.HP-I'/OO ~

DJ)} 200001 DIODE: GP "Is ...... "l5V PIIIRCIIII.D lNH~U 1,:11 -
DJH 200001 DIODE GP 75""' '15V f'AI Rr.11 I 1.0 1N~J 16 I-:A ,.

D315 200001 oWOE: GP 1SmA 15V f',~l'kc.lllr.D Hl-1HO ;.:rl -

tlD6 200001 DIODE [~P 7S~'" 1Sv F... ll\CU n.o HI1H8 ~ -
D))7 210056 D1OI)\,; 'l-Il SVo 4 OO"'~! PIUI.IPS B~X79C5Y& ;~, f::..-t.
on! 200001 IlTOOE: GP 7511'1.". 1SV PAIRCtl1'LD HH148 &A -
Il)Jg 2MOOl DIODE GP 7SmA 75V l"A mClI!w jNll~8 r.... -
Il'o()) ~HOIl D·IODE 1.tI on 5PP!-: C ~1'I'rAALI\n W82?'. 1·:1,

OiO, 2HOIJ DIODE' 'Ell OV2 SPPH CENTRI\!..AB 111829)\ F:A ·
0·\05 1J3009 [)IOOE 1.11 ISV SW UtlJ'I'·RODI:: 1-"S510 I,:;'
M06 213009 DIODE ZU 15V 5~) UtUTRODI:: ·"YS5J. 5 l!:f\
D501 200002 DIODE GP 1'" 50V FAInCHILO lII1001 I(A ~
DS02 213006 PlOD&: W S\' 5'" IItIIT~OOe 'I'Y5505 ~ -

0503 ~OOOO' DIDIlE Cl' III SOV !'ATRC';?!"!) HHOill [~f\

D50~ 213009 D100E EH 15V sw IINI'l'RUf,<: 'I'VSS) S r::A
0506 200002 D!ODE GP lA 50V P", IRCIIILe IfHOOl [,;t,.

D507 ;'BOOS DIODE Ul IS\' Sw Ilrll'l'lloDI:: 'I'YSSI5 t·~ -
0201 25000~ TRAJI PNP '1'092 NA'rJONAL 2iolH06 f"'-

Q202 2S0004 TRIIN PtlP '1'092 NATION;' L 21lJ90!i I".A
Q203 250M4 TA.llto1 PHI' 1'092 NA1'TOHAL 211)906 F",-
Q)O) 240006 TRAIl NI'll 'r092 HCJ1'O{lOI-ll 2t090'i F:JI 5
Q.)04 240006 '!'R...N tlP~1 '1'092 M01·01<01.... 211J90, ~:, ·
Q]09 250004 TRAil ptlP W92 NA'rTlJN... I, 211)906 I~\ -
0310 23MlO TRAN J FE1' 11 CflAIl SU.rCDtlTX JI08 l'~~

0)11 230078 TRArl fot05f'ET N CHAN SIt.ICONIX (jSl"/O I,;.,
OJH 240006 TRAU L~ptl '1'092 HO'l'OROlJ\ 2NH01 1,:1\
0315 240006 '!'flAN tlpt, '1'092 HO·I'OROr.A 2113ylH I':;'
Q)I~ 210006 TR/o.tl UpN T092 MO'l'(lR0LA 2U391'o1 ,.:/\

DATROIl IIlSTRIJMEIITS UfO PAR'l'S l.IST 23-Mar-69 OF-SC, ASSY PCB SP.NSE 46011 f1!le; IlO, I,P4"ll'lllO- I HI';·, 1 I'M:t; Ill),
~u~_~~~~~~~~da••••••• ~ _................. _... .&. .... _ ...... .-1'4 .;,. J~"",,_.'._..la<a:a ••' ....... __·, "1_' , --'- _.. _. ,- ~ , ,. - ............. '" .....

DESIC PAli'r 110 DESc.ATP1'If>'1 f>1<lNC, HANIIF :;/.Nflf p.~wr l!1!lln~'!< CIJ\SS Ilr·1 ~~llt,'J;i~l'i'lJ r.ljiING~:~

. -' _.. ---- ------------------- -- ---_ .. _-

(

(

(

o~nl

C-lOi.
01f>l
O~()-l

O·\OS

0106
v·101
lP
UIOl
U102

UI03
UIO~

(JI05
11106
Uj07

Ul0a
U\O~

0110
U~ \ I
tlll2

U2J\
11202
U20J
020;
1)205

11206
U20J
U200
1l2ll9
:.1210

1J211
1l2ll
112\]
1l2! ;
(1215

11301
U302
1I.l03
U.l04
In05

IIlO~

IUOO
IIl09
11 110
1-1312

23"Oj6
2)[,,)'13
2)r,O.l6
2lc.o02
230002

2)'1002
23(002
20(,131
28C08..
OOCOOII

0000011
270008
400036-1
2.flll~2-1

280 166

270';19
2B016~

23002~

;'0002·\
20002·\

290149
2000~0

2001 J7
;00839-1
270060

-100640-1
280166
290069
270071
220017-3

220017-)
220017-3
1200\7-3
220117-)
280166

260075
260050
260091
28DOH
2eD068

2000·68
2GOQ~2

200068
~6(.'05 .)
2~OO?1

TRAIl J f'I"J' 'I C'IIArl
1'HAll M',sn:r 11 CII;\II
1'(lAtl Jf'h'I' 11 CIIMI
1'HAII Jf'h"l' 11-(;111111
"I~Atl J f'F.T tl-I:llr.ll

TRAil JFF:T N--CUMl
1'1lAU .U·h"f Il' CUMl
le OT(; I\lIf'l'~ ;IS :0
IC PHi IlIIH'O COl'! U
IIOT I" 1'r.'~:0

1101' FI'ITIW
TC DTC niP FI.Oi>B D 3S
... SSY C... I, 460C rllTrc
re DIe; OIWt'& 1S
lC I1IG f/!\llf'l2 ~~

lC DIG nIP 1"1,0". P 11r.
le 11'~ rl.lf' FII;'I' )) Xi.
IC DIC mWH JS
rc !lIG IlIWf'(; 35
le DIG IlIlFf'b 3S

TC IlICo CKOS TIMFR
IC 01(; W>liO RTI<IC P'R~-c

IC 01(; 1I11~'f4 )$ X2
ASSY CA I, 1600 r.rl'J1H..
le Dlt; 1'I,IP 1'1.(\1'6 D )$

ASSy GAL 4~OO S\,;Q~C

rr. DIG N/HID2 XoI
rc DIG I\H IVFJI DIIRLHlGTOH Y.7
le: DIG [\~:,:00lo:l( ;'T01 OC X2
0f''J'O 1501. [\IIAI..

OP1'O I SOl. OUA ~

01''1'0 ISOL lJl'AT.
0l''l'O 1501, !Jl.IhL
OI'TO ISOI. OIlAL
IC DIG rlAII02 Xi

IC LIN v COMP DUAL
I C I,W 01' AMI' f'r:;T l/P OW\ L H 2
le LW CONI' QUill)
IC DIG 110112 QUAD
IC DIG t~l~ R1'RIG PRec

re OTe MOrlO 1\1'lllO pllec
IC LIN 01' AMP DUAL
IC DIG HClllO RTRH; PllSC
IC LlIl 01' AMI'
IC ~1Il (XJH~ QI)"'O

S \I" CI'lIU
S I r.11~(,tllY.
!,;I\.ICOIJLX
SJI,Ic:orllX
SII.If.OlIIX

Slr,lCOHIX
SIJ.ICI>IIIX
1'1111.11'5
l'I<J'!()I,or,1I

t:ATTOHAL
Il!\TRON
M01\lROI,A
'l'eMS

UIITIl"lNAL
'1'~Xi\S

M(J·I~'I'C'I.iI

Hi)1\~IIO I..~
MD'I')HO loA

IN'n:RSII,
1'I1.d~.IIOI,A

PII'I.IPS
IV,'!IH(')}-I
t1r\"['!QtlAI,

IlA~'1l0N

n:x.AS
5I'UAGlIF./EXJ\R
~A1'[()IIAI,

[SOC(l~1

TSOCOM
ISOCOH
I5OCOM
T5OCOH
TEXAS

t1ATIOtlllL
IlATIOlI1lL
NATIONAL
H011:lROLA
HO'roROI.A

H01'OAOLA
SIGf'lE'l'TCS
HO'l'OROLA
51GllETtcs
IlA'l'rOllAl.

J 11)'\
1151'/11
JIOll
J~~i
J}O~

J)O~

J301
PC? ~ 1It'!'?4 4 P
'1C.liO

1)loj74[·,S)74~1

S~:t~ IWG
MC14J~jllCp

5.1 H 1.ICOI'OO 11

llMHr,S17SIl
~U~/'lIlC'rJ"'N

flCJ 1 ~OJ1":1'

~1r:11 3(1111CI'
t-h::)4~\O)I)CP

lCM1555 IPA
.ICH'DDOCp
pn~IIC1'~HP

St:K IlllC
Ofot'j11,s)71tl

SEll Ollt:
SIl'I4 IlL'I'OO Il
IIl,tn" 03i\/XIl2203CP
OM"~I,51 %11
Sl::~ ORG

seE DRG
St:E: OIlG
SJ:.:E DIlG
S~E [)1l0
SII).4IIC"OO~1

LJoIHO~N

~~·.~2CN

LH3J9tl
HCH~Olll~:l'

HC14536DCP

MC145Jeecp
(olE5Sl2N
HCH53DDCP
He55lUl
lJ.j3351l

11

11
A

11
11
11
11,.

K~

K"'~
to:;,
I':J\
I':"

~~

.:11 ·
I·~r,

I':J\
1·~I\ ·
EM -
~:!\ 'J
1;/, 1
t:II 4
t:A 3

<:11
j.:r,
t:h -
t:ll -
I·:.r,

(
EA
Efl
Ef, -
I::.~

t-:.r~

~"
E.~ -
~:II 1
f:f, J
1-:tI 5

I'A -
EA -
~:tI

~:I\ -
f:A -

F.A 2
ru. 2
FA 2
£i\ 2
EA -
BA ..
EA
PJ. ·
(o(A

I::h ·



DATRON mSTRUllEtlTS LTD PARTS LIST 2)-Har-~9 DESC, ASS~ ?CB S~SE ,500 DRG t~; LP40C7S8-1 PP.Gl> ao:

DES IG PAllT tlO DESCP I PTHlN FRUlC '·'A~U~

le DIG NOR. QUAD HOTOROLA
le I.IU OP AMP fET !lP DUA L 412 NATIOllA r.
le LW v COI·IP DUAL NATIONAt.
I C DI C OR IVt;;R D.~R LUIGTON ::7 r.XI\R
IC J)IG tlOR,) );3 HOTOROLA

(

(

U31)
U3H
U315
U31&
UJl~

U40J
IHO~

U-I03
UiOi
U405

U50l
U50~

U503
RL401
R(,402

RlA03
L401
LH12
J~

JI0

J12
J21
J4A
JiB
J';C

JSO
J54
J8A
Jail
&401

E404
El~05

£407
E108
&501

'1'1,301
TI,302
TL3M
TL304
TL30S

Tl,401
'1'10402
T['101
TFlG2
TPI03

280013
26005~
2600?S
290090
280045

290090
260121
260022
260027
~60073

260122
260094
260095
33[.03~

no 0.31

330017
370001
370001
601068
601033

604033
60~076

60~0ge

601098
604098

604033
605169
604033
6Q40'33
6LOO'0)

612024-1
6l.Q29-1
620003
620003
620003

604046
60-1046
6Q4046
604046
604046

6010H
504046
620007
620007
r,200~7

Ie DIG D~IVER DAR~IHGTON X7
le LW OP AMP FET I!'
le LW 01' MIP CIIOPPER
le LW 01' AMP
le 1.1<1 01' AM?

Ie LHI RE:(; • !IV/0.51'.
IC 1.111 IIEG +15 V lA
le LItI REG -15V lA
RELAY JPNO lPllC
Rj;:UY 2PNO 2PNC

rELAY lrco HINIATURE
CHOKE RP 10UH
CHOKe RP IOU!!
PLUC pen 20WAY ,1" LP
PLUG pec ,-WAY .1"

PLUG PCB .-WAY .1"
PLUG pee !6-WAY .1'lL1" GRID
PLUG pea 4-WAY ,1" ~OD.E:G.
PLUG pce ~ -WAY ,1 n 90D£G,
PLUG pee 4-WAY ,I" 90DEG.

PLUG PCB ,-WAY ,1"
SOCKET PCB 15 WAY I)
PLUG pce 4-l/AY ,1"
PLUG pea 4-WA~ .1"
soLO~ PItI

STANDOFF' H3 X 1~ .
STA~DOFF' 1-13 X 12
SOLDER PIN
SOLDER PIN
SOLDER pItI

!>LUG pca I-WAY "1"
PLUG pee 3-WA't' .1"
PLUG pCil 3-'WAY .1"
PLUG Fce 3-l/AY ,1"
PLUG pca 3-WAY .]1'

PUlG PCB 3-WAY .1"
PLUG pell )-R~Y .1"
'rEST POItW 'J'ERMWAl.
TEST POINT TERM WAL
TEs'r POHlT TI::RH ltI.<L

E:XAR
t.'l'
[,!NEAR TECillIOLOG',
f'AIRCIULD
NATtOtl.AL

SGS
SOS
SGS
SDS
SDS

OHROll
SIGtlA
SJGl4A
31i
t-f~,l.E~

HOLEX
3H
MCLE:X
HO~EX

HOLE:X

IiVLEX
AMP
!<lOLF.X
HOLEX
HARWUl

DA'l'ROIl
O"TRON
HARW]H
HAflw]/1
HARWHI

["to LEX
HOLEX
MOLEX
MOLE:)(
HOLEX

HOLEX
HOLBX
HICi<OVAR
HJCROVAII
HICIlCVAIl

MCHOOIUBC~

LN12CN
I,.,'1290:ltl
Y.R2202CP
i1C140251lCP

XFl2;l02CP
[,'1'105511<::11
L1'Cl 0~2CNO
UA714I1C
LF411CN

L361
L781 SACV
L7~15ACV

S3-24V
S2-24"

G2E184PHKl2DCP5
SCIO/lS
SC10/25
]5~2-6002

22-29-21)1\

n-2~~2041

]599-6002 !JH
22-12-2014
22-:2-2041
22-12-20,.

22-~S-::04i

16'601-::
22-29-20.1
22-29-2041
H2105AOl

SS& ORG
SEe DRG
H2105AOl
112105AOl
1I::105M1

22-10-20;1
n-10-2031
22-10-20~1

2:: -1 0-2031
22-10-2031

~2-10-2031

22-10-2031
TYPE C30
T~'PF: CJO
TYPE C;O

A
A

A
A
A

eA 
£1\ 
t::A 
fA
Ell

fA 
~:~

1:11
EA
t:II

EA 
EA 1
&A )
£P, 
EA -

EA 
£l\J
fA 
EA
EA

EA
I::A 
I?II
1,;A 
eA -

el,
tu, 
),1< 72
RA 
PJ', -

DATRON ItlSTRUHEHTS LTU PARTS LIST 2)-H~r-8~ OESC: ASSY pCB SI!:NSE 4600 ORG HO, LP400?88-! REV, 4 PAGg 00: 10

OESIG PART NO DESeRIC'TION ;IJ\I'UF PART NUMBER CLASS UH OUA~T1TY CHANGSS

("

TPl()<j
TP105
Tp10S
TI'101
'tploe

TpI09
'1"1"110
'1'1'111
'rr!l~
1'1'113

Tpt li
TpU5
TP1l6
TI'201
'1'1'202

TP203
'1'1'204
':'1'205
'1'1'206
TP201

Tp20e
TPJO~

TP210
TP211
Tp212

TP213
TP2H
'1'1'215
'1'1'216
TP~17

'1'1'218
T?2~~
'1'1'220
TP2U
'1'1'')01

'1'1'30-1
'1'1'3 OS
'1'1'306
'1'1'307
TPIM

1'1'309
TP)lO
q'P311
TP312
TPIl)

S~0007

';20007
620001
530007
620007

620001
620007
620007
630007
62C007

620007
620007
620001
620007
620007

620007
620007
620007
620001
620007

630007
6200.07
620001
620007
S~OOo7

620001
620007
620007
620007
$10007

,,20007
620007
620007
620007
620007

620007
620007
620007
620007
610001

62000~

62000~

6:0007
520'001
620007

TEST POHlT TeRoiItl/'l ~
TES!' PO IlIT 'l'ERHItlA L
7£S1' PO IllT TER~ln~A L
TES'r M m"r q'ERMI IIA L
TES')' POl/IT TERMINAL

TEST POl~T TBRMINAL
TEST pOIllT 1'eR~lIUI\L

TEST POUl'; 'J'ERHItIAL
TEST pomI' q'E:ll~IItlAL

TEST POUlT Tr.RMWAL.

TEST POINT TF.P.HINAL
TES1' PDIJJ'r 'r~:llmtl,\L

TEST 1'01111' TElllHLlAL
'I'EST PO tNT Tt:R.tltIAL
TEST POIII'r q'F.RH mAL

TEST POINT TB~~iHlAL

'rE:S'!' POUlt TER"'ltlAl.
TEST pomf 1'£PHWAL
TEST POUlT TERHItlAL
TEST pOIUT 'J'ERHltlAL

TEST POINT TERMINAL
TBST POW:):' TERHltlAL
TEST POIUT TERHIUAL
TEST POHIT TERNrtlAL
'J'I::ST PO IHT TERMrtlAL

TEST PO I»'}' TERMINAL
T~ST POINT TERHlrIAL
T~ST POINT TER~INAL

TEST POIIl'l' TSRH!NAL
TEST 90INT TERMINAL

TEST POINT TERMINAL
TEST POI.NT 'l'ERHltIAL
TEST pOIllT 'l'ERHHlAL
TEST POINT TEPHINAL
TES~ PO I liT TEllMItIAL

TEST MINT TERMINAL
TEST MIllT TERIHtlAL
TEST POIllT TERMINAL
TEST porolT TIi:R14HIAL
TEST POINT TERHItlAL

TEST POINT TERMINAL
TEST POII1T TeIl.fIUIA L
TE:ST PO INT TEIIHIllA L
TEST POWT TEllflUlAL
TE:ST POINt TERI-lItJAL

MICROVAr.
flICROVAr.
MICROYAR
"ICROVAI:
flICROVAR

MICROYAR
HICROYAR
mCllOYMt
tHC1WYAR
HICROVAR

loltCROYAR
H felllJV All
MICKOVAP.
ttICllOVAR
M,CHOVAII

HICRO~hR

MICROVAR
HICIICWAR
M1CKO_AII
MJCllOVAR,

IHCROYI\R
MICROVAR
Hl'.:llClVAR
HICIWVAR
IHeROVAR

MI<:ROVIIR
MICROYAR
HICROVM
MICROVAR
MICROVAR

MICROVAR
IlIC~OVAR

MICRO'rAR
HI{;ROVAR
MICROVAR

MICPOVAR
l'trCROYAR
M1CROVAR
IHCROVAR
MICROVAR

HICROVAA
MJCROVAR
MICkOVIIR
HICROVAR
HTCIlOVAR

,.,.PE e~o

'tYPE 00
T"tPE C~O

TYPE C30
TYPE C30

riPE C30
1"{1'r. C30
1'VPE <::30
t'YPE C30
,'YPF. C30

T'."PE CJO
'I'INl ':30
t'YPE: C10
TYPE C)O
TYPF. C30

TYPE C30
'J'YPI> CJO
TYPI:: C3G
TYPE C1D
t'YPE C30

TYpe C30
TYPE CJO
T'r?E C30
TV!'E C30
TYPE (;]O

TYPE C10
TYPE C30
TYPE C30
TYPE C30
'h'PE C:lO

T'!pE C30
TYPE C30
TYPF. C30
'l'Ype c30
TYPE C30

'r.'PE C)O
TYPE C30
TYPE C30
'tI'PE C30
WPE e30

TYPE C30
'!'YPE e30
'rYPE CJO
q'YPE C30
TYPE C30

Ell 
~:II 
I':A 
1:,\ "
EA -

~~" 
~:/\ 
t:.:\ 
Ell 
,i/\ -

fiA •
I:JI 
l:A 
I~ 
~:JI -

r::A 
E/\ 
1'.1\ 
1':'\
I!A -

I>A 
Eh 
I1A [,,, -
~A -

B.... 
El< 
FA 
~:A 
FA -

FA 
tiA 
1:1\ 
l:A 
I:A -

~ 
fiA 
1:,'\ 
f~'\ 
t;{, -

fA .
f:l\
I·:JI
f:JI
1·:1\ -



DA'rROIl mSTRl)/olENTS L1'D PARTS 1,151' 2)-Har-89 DESC: IISSY pce SENSE: ~6~0 DRG NO: LP~007B8-1 PAGE NO, 11

DF.S le rAP-T 110 IlCSCR I ~'l' r()~l J>R INC f1ANU~ MAHlJf' PART NUMBER CLASS UII QUAN'rl1'Y CHANGES

MTG BRKT OUTPUT TERHItlAL 4600
;·ITG BRKT RESIS'COR ,,6(\0
~1~SVLA1'ION PAD ,)';;'I'f'O,'
BUS BAR SET ~500

HIRE: 7/.2 PT~E IKV ORANGE 85G210

'l'Pll',
TP101
TP~O~

TPi01
TP~OS

1'P,OS
Tp·I07
Tp·108
1'P4 o~

TP~lO

TP411
TP412
1'P4I3
1'P4J'
TP';J5

TP501
TP50Z
TP503
TP50~

TP506

TPSO~

1'1'506
'1'P509
'1'P51 0
P501

PSO,
1"503

;~0007

620007
6"0007
6"0007
620007

6~0007

620007
620007
620007
620007

620007
620007
620007
620007
620007

620007
620007
62000'/
6200(\;
620007

620007
620007
620007
:>20r07
910208

720206
920206
ooe083-1
330052
330053

~0066e-1

4006B9-1
HO~15-B

420<)96
-I 20U "-I
-150624-1
450625-1
450727-1
450735-1
51?333

5D1H
512177
S12BBB
54(l006
540022

TSST ?OH~T T .!HHlJ.~[.

TEST l'OItlT TE:ur'JlI'A'.
TE:ST POHIT 'I'1::11t·HiJAf,
'l'SS'I' PO Itn' 1'I~J<l-H '!,\[.
TEST P01IlT TElliHlU,L

TEST ;>OH'T' "'l:.'1liilL"'AL
1'1::5'1' POlll'r n;RHINAJ.
TEST PO rllT 1'E11f1ll1.~L
TEST POW'l' 'i'EI<t-tlllAl..
TEST P01ll'r or"RHINAl.

n;ST POIll'l' n;RMWA!,
TEST POWT TERfllll"'L
TeS'T POIll'!' 'l'ERHIllAI.
TEST pOlll'r TER~IWAL

TEST POIN~ TERMINAL

'J'ZST PO IllT Ti:R 111 HA L
Ti:ST POINT TERMINAL
1'E:S'l' POWT TERMIN/.l.
TEST PO!NT TERMII~AL

TEST PorUT TER~HNAl.

TEST POIIlT TERMIIlAL
TEST POINT T£RMHIAL
TEST POINT TERMHIAL
TeST pOINT TeRMINAL
ruSE lA 20HH l.llC(Pl

F~SE lA ~OHM LBC(rl
ruse lA 20~1 LBC(F)
RES Wl-l (lOA Sltml'l'l
RELAY POWER ~PCO

RELAY RETAINING CLIP

ASS¥ SAFE'TY TEmHNAL SRN
ASSY SIIr£TY TI::A,IIUkl. l>LUE
PCS S~NSE HOO
j,MlEL SF-R lll[,/ASSY No.
LAUEL SSIJ HAI,UING 12 X 12mm

~1[ RE 7/,2 f'TFe 1"'1 yr;r,
~rllE: 7/.2 PTFE: IK'I YTO
~rIRE 7/.2 PTFE lK'I GRY
WTRE 1/.4 nLAC, PTFE 2S0V
"WE: 20SWG 'l'INl'IW CIl.

HICI!OVl\fl
HICROVAR
HICROVAR
MICHOVI\I"l
HICflOVAR

MICROVI\R
IHCROVAR
t-IICIlOVAR
HIC"OVId~

HICROVAR

MICROVAR.
MICIlOVAR
HlCROVAR
flICROVAR
HlcnOVAR

MICROVAR
MICRO'IAR
HICIlOVAR
HICROVAR
M1CROVAR

HICIWVAR
H1CROVAR
HlCnOV~R.

HICROVAR
BELLHlG L£E

BElLWG LEE:
BEL:./NG LlE:

SOS
st.:,;

DM'llON
IWI'ROU

RS

B5G210
BSG210
eSG210
BSG210
R. S. COHPO/olENTS

TYPE <:;3(;
TYPE C30
TYPE C30
'l'YPE c)O
1'YPE <:30

'ryP£ C)O
'TYP!:: C30
1'YP~ C)O
TYPE CJO
'TYPE C30

Type c)(l
TYPE CJO
TYPE C30
TYPE C)O
T~PE CJO

TVP!> c30
TYPE CJO
TYPE C30
'l'VPE c30
TYl'e CJO

TY?E C30
TYPE CJC
TYPE C30
TYPE 00
{,}127B. '1.,

L1127l3.'"lA
L1427B/11\
SEe ORG
SP~-DC21\!

S9-HA

SEE DRG
SEE DHG
SEE DaG
S51-793
SE:f; /lRG

SCE ORC
SEE DIIG
SWORG
S~E DRG
TYPE C

T'iF'E C
T'!PE C
'P';PE C
T!PE "
3S5-062

A

EA 
,:,\ 
r;A 
~:A 
CA -

E:J\ -
~:A 
l\l\ 
<:A 
fA -

EA
1::,0. 
EA
EA 
EA -

EA
l!1\ 
E:A 
E:A 
EA-

EA 
j;;A 
PoA 
EA 
E:A

€A •
Ef. 
EA
EA
,:11.

Aft i
I\Il
/11·:
hl(

M

(

(

(

(

(

nl'!"5IOtl ItI£'I'ilmIE~ITS LTD PARTS LIST 23-Mar-89 DESC: ASS¥ pea SENSE 4600 DRG 110: [,N00188-1 PAGE /010' 12

DESIG PART 110 DESCR I PTlOH PRHlC WlNuf' HAI1IJl" PART rllJlIBER C~~SS UM QUANTITY CHANGES

59{)O02
5~OO04

502001
605051
605057

605059
(;05060
60506.1
605061
605070

:>1100.:
~Il 006
6lJOl(,
~1~OO5

6U029

61303S-1
613053
61S;)02
615017
6jtlOO~

"30024
6}OO29
530036
630243
900004

920)26
~20 15~

ST1 999085
S!'2 99908S
ST3 999)05

S'J'4 99908S
ST5 99908S
STD 99S0BS
ST7 99 0 06S
ST<l 9990BS

ST9 99908S

Fond

SI.EEVE tlr 3 y. 2SHK ~I ,K
SJ,IC!:'.'E PT!'I' 1"'.L 111.1'
TEr.iililAf. F3V,
1l0US :::r~G ,HJAY
CRIMP TE:R~'ltIAL GO PL

SOCKET PCB 8-',IA"; 1>1 L
SOCKET PCfJ 1'.-''''~Y OIL
SOCKET PCEl 16-\'IA'[ DIL
';OCKET PCEl J4 Hi'Y DIL
SOCKET PCB 20-W/.' DI~

SCREw H3 X 5 ~ZrPAN SZP
SCREH l-I3 X 10 POZIPAN SZP
SCREH H3 X B POZIPAN S~P

WASHeR H3 1111' SIIArlOl>~OO~'

~IASfIEll In "A''.' SS

WASHEr: r~"RGF; Il'l
wASHEr. H~ HAV': SS
I'UT ;'1 !'1JLI.. S2P
HUT :':)C~ ".. ON P
Pi\O ;"I'.~1'c.; 'iDl b

BEA~ ~ERAHIC 16 ~;G

"'APE: 1,."" X 1/:)2" DOL.s:nED
llE/,D CEPAHIC I B SHG
8EI\0 Gr,ASS 2,'1 ;: 0 Bl :: 1.6
STLICOtlJ:-~ r::U13B8n COHi"OUJ)()

FUSE HOWER pen 20111·;
E~AT$ItI}'; '1'O-~~o

STA~-?O:NT DC rIOT ~/T'l'ED

STAf\-POW'!' OB 1101' FI'l"PED
STAR-POINT 16 riOT FI'ITc;o

STA~- POHlT 08 "0'1' !'!'M'ED
ST/.P-?OWT oe I;oT FITTED
STAR-POrt/or De nOT ~/'M'ED

STAr.-?OI1lT 08 rlO'1' FIT'i'ED
STAr-PO HIT os lIOT FITT~O

STAR-?Ol1l'l' De NOT FITTED

llr:r,J,m"'ANII
IlEI,l.mHI\N
fl0l.EX
fl()[,EX
flOLE'.X

JERHYl'/
JE/{fIYN
J EI</o1YN
J81<IIVII
,1F:llflYN

PARI: RuVAL PORCELAIN
3H
PARK ROYAL ·PORCELAIN
i'.A"SOr.. (f'RI:I-'O?i'iSj I,T
r,:;

I:ELL:-1G "'<:E:
AAI'ID

HZO
f';;:J 0
02-0'.-5114
,"71 SERIES i~-Ol-~O
oe-56-01:0

J~)-)eQ08

33J-]801."
In-!BOI~

J23-}0021
~~3-180cO

S:::E: DIlC

'T'OlB-On~n

No2
;032
Nol
i-1S:'J.i3B/3
S55-5BB

A
A
Po
A
A

~';fI I
AL< J
1:;'\ n
lOA I
l;A ,

fA 11
cA ?
"t, 13
1::1\ 1
EA 6

El. .;
Eh 2
[':11 ,
1,;1\ 5
!;A It

EA ~

f;A 2
EA 0
F:A ~

F:A 3

~ ... 12
AR 1
E~. ·1
Ell 01
1111 1

EA
~A

EA
:~A 
1::1\

EA 
rl\ 
I·;A 
~:A 
F;" -







(
DA1'RON fHS~U~~S tTD PA~TS LIST 23-Jan-B~ DESC: ASSY pca OUTPUT 4600 DRG HO, tP~007B9-t AtV, 2 PACE tlO,

DESIG PM1' H.J DESCRIPTION PR!NC ~IAHU" CWlSS UH QUAIl'fI'I'Y eni\NGe5

(

(

(

IlI01
III 02
RiOI
R104
Rl0S

Rl06
RI07
fldOB
1\109
R110

RIll
R112
RID
RiB
R115

RU&
RI17
nU8
RU9
RI20

Rl21
R122
RIB
Rl~4
R12S

R126
r<l27
RI2e
R129
1'1130

R1H
R132
Rn3
RIH
RIl5

1\136
fll3 ,
ll1Jd
RIJ9
RHO

RHl
RH2
!l143
RH4
1<145

012001
012001
011500
012210
012001

015118
012001
016610
016810
012210

011500
000150
05006S
011621
008021

OH6J1
0'06021
OU62::!
OU8021
0·00i50

0500115
011622
006021
OHon
008021

011022
,,060:1
000150
050085
011622

008021
01l6J2
008021
011622
008021

000150
050085
011622
00S021
OH022

0080n
011022
008021
000150
050085

RES HP 2KOO 1\ .12W 50PPM
RES MP 2~00 1\ .121-1 50P?fl
RES HP ISOR 1\ ,12W SOPPM
RES MP 22111 1\ . 12w 50PPH
R£S MP 2KOO 1\ .12W 50PPH

RES MP SIR I 1\ .12W 5UPPM
RES HP 2tOO H .1211 50PPH
RES MP 6B1R l' .12W 50PPM
RES HP 661R 1\ .1211 SOPPM
RES HP 2211l 1\ .1211 SOPI'M

RES HP ISOR 1\ . 1211 '50PP~1

RES CP ISR S\ .25W
RES HP 10R 1\ 0,7511 100PPN
RES HP 16K2 1\ .12W SOPPM
RES ww OR~7 S\ 2.5w

RES HP 16K2 1\ .12W SOPPH
nES WW OR47 5\ 2.511
nES MP 16K2 1\ .12W 50PPM
RES ww ORi7 Si 2.S11
RES Cl' lSR 5\ ,25W

RES MP 10R H 0.75W lo,lOI'PM
RES HP 16 KZ n ,12'~1 501'1'1'1
RES w-r on47 5i 2.5101
RES HP 16K2 It .12>1 50PPH
RES l~ OR47 5\ 2.5W

R.ES HF' 16K2 n .12>1 50PPM
RES 1-1101 ORi7 Si 2.511
RES CP 15R 5\ .25>1
RES HP 10R )\ 0.75>1 IOOPPM
RES HP 16.2 1\ .12W 50PPH

RES ~~ OR47 5' 2.5w
RES HP 16K2 li .12101 50PPM
RES ~ri OR47 5~ 2.5>1
RES Hf' 16t2 1\ . 12\; 501'1'1'\
RES ww ORi7 Si 2.5>1

RES Cl" 15R 5\ .25',1
RES HF iOR 1\ {}.75>J IOOPPM
RES MP 16K2 1\ .12>1 SOPPH
RES WW OR47 Si 2.5~r

RES HF 1&K2 1\ .12W SOPPM

RES WW OR47 5\ 2.5W
RES HF 16K2 H ,12',1 SOPPM
RES WW OR17 5\ 2.5W
RES CF 15R 5i .2511
RES /iF 10R 1\ 0,151'11001'1'1'1

1I0LSWORTIlt
1I0!.SIIOR·l'HY
flOl,.so'OR1'IIY
HOLS~IORTIlY

1I0LSWDa'rlj)'

HOLSWORTHY
i10LSWORTI~Y

1I0LSWClRTIlY
HOLS"'ORTHY
HOLS\"ORTIl Y

HOr...~HORTHY

i'l&C'UH
WELW,N
HOLSWORTHY
WI:LWYN·

IlOLSWORTHY
we:tWYH
HOLSWORTHY
WELWVH
NOOHH

WE:LwYH
IlOLSWOIl'l'HY
WELWYN
HOt,sWOIl'WY
WEL.WVN

HOLSWQllTflY
WELWYN
NOOIIM
IJELW'YN
IIOLSWOHTUY

IIELWYN
IlOLS'IOP.TflY
wELWyl'l
HOI.sWORTHY
:4ELIoIYtl

rlEOIIM
WEI.Wytl
HOl,SWOP' THY
IJEl..wytl
llOl.SWORTHV

WI:LWYN .
HOI.S';QR:rHY
WELWYN
NEOHH
WELwt.N

HBC
BSC
Hac
JI6C
HBC

"'BC
NSC
"'8C
HBC
HBC

HBC .
Crfl~5

Hms
HBC
W21-0R47

HBC
W21-0R47
Hec
Wn-OR47
CpR25

l·;r·'?S
UBe
H21-0R1)
HOC
w21-0R'\7

HaC
W21-()R47
CPR25 .
Hf"R~

H8C

I"'Jl-I)~47

HSC
w21-0IH 7
flllC
w.n- 'JP. 07

CFR~S

MFR5
H8C
W21-0R'! 7
HBC

W-n"OR~ 7
H8C
W2I-OR47
crR2S
MFR5

t.
A
11
A
A

1\
A
A,.
A

A
A

1\

A

11

A

A

11

A

A

A

A

~

£A 
~ 2
£A
EA-

EA •
Efl 6
£AB
£lA. le
EA le

£A
EA
E!>. 
l>1l •
EA -

F.I\ 
EA 
EA 
EA 
Efl -

EA 
EA 
EA 
Io:i\ 
EA-

!;:fI 

EA 
Ell 
EA 
EA -

EA 
EA 
EA 
EA 
~ -
EA 
EA 
EA 
EA
EA -

OA'l'P,OH lIlSTllllHF.:HTS LW PflR'l'S LIs'r 2)-JQn-09 DESC; A.sSY PCB OUTPUT 1&00 ORC NO, LP100789-1 PIIGt:: 1)(.);

.DCS!G PART NO CLASS I)H QUANTiTY CHANGES

RHo
1'141
11148
R149
R150

R1S1
R152
RlS3
11154
1\155

R1S6
IllS7
R150
fl159
Rl60

fll61
Rl62
IH63
Rl6q
R165

CIOl
Cl02
C101
CI04
Ci07

Cl06
CI09
CHO
C113
CIH

CllS
0101
DI0~

0101
0102

QH)3
0;;.04
0105
Ol07
0108

0109
0110
0111
0112
0113

O1l6~2

0~6021

011622
006021
01.16::2

006021
OoOHO
050085
011622
008021

o11 ~;r2

OOe02l
011622
00002!
090!SS-1

000102
000102
050085
0.5006S
01511e

12:0029
120029
104055
160006
10'4026

104026
150015
150015
150015
150015

110'042
200006
200006
nooso
250004

240006
250004
240006
250021
.50031

2S0013
250032
250021
2S'0032
450034

DESCRIPTION

RES Hr l6K2 1\ .1211 50?PN
RES ffil ORi7 S\ 2.5W
RES ~IF 16K2 U ,12'W 50PPM
RES WW ORI? 51 2.51'1
RES MF 10X2 1\ .1211 SOPPH

P.ES WW ORi? S1 2.SW
RES Cl' lSR 5\ .2511
RES HP 10R 11 0.75W 1001'1'11
RES ~F l6X2 1\ ,1211 SOPPH
RES WW OR47 5\ 2.5W

nes MP 16K2 1\ .1211 50pPM
R5S IM OR~7 5\ 2.5\1
P.ES HP 16K2 U .12\1 50PPM
R6S ww ORi7 5\ 2,511
T~ERHlSTOR ~~ )OK

RES CF' 1~0 51 .2511
RES er ).0 51 .25\1
RES MP 10n 11 0.75~ 100PPM
RES MP 10R .\ O,75W 1001'1'11
RES HP SIRl 1\ .12\01 50PPM

CliP ?C 6trBF 20\ IOOV
CliP ?C SN8P 20\ 100Y
CAP C~R MULTILAYER 3U)F 50V
CAP I\E 47ur·2SV
CAP CO 47HF +SO\-20\ SOY

CAP CD 47HF +S01-20\ SOY
CAP DT IOUI' 20\ 3Sv
CAP DT lour 20\ 3SY
CAP DT lour 20\ 3SV
CAP D1' lOur 20\ 35Y

CAP PE 100NF 20i 63V
DIODE GP lA &OOV
DIODE OP lA 600V
TRA.1l J PE1' I t..!M 2m4A
TRAN PHI' T092

'.'1lllN !'IPN T09:1
TRAN PilI' T092
TRAN t-IP14 'I'092
TRAN pHP
'tRAM PIlP TO 220

TRAIl PHI' Tono
TIlM! PilI' T0220
TRAN PHI'

. 'l:lIAII PHP 1'0220
'TRA'I PNi' 1'ono

PRltrC MNuF

J!Ol-S'''ORTII Y
IIEl-WYN
1l0LSWORTIIY
WELWYN
IIOL-SWCll1'liY

WELWVIJ
1'1 EOHH
WEI.IIYH
110 L-S'«>R'rHv
WELIIYN

HOLSWOIITIIY
IIELWYIJ
IIO!.SWOll'fIlY
WELWYN
DALE-ACI

Ht::Oll/ot
Nf;Olll1
WELWYN
WELIoIYN
HO~WORTH~

10111'./1.
WII'./I.
SPRIIUGE
PIIILU'S
5UiMI;;NS

SIEME:NS
AVX
AVX
AVX
AVX

IilMA
FAllICIIIlD
PAIClCllrLD
SlLl'=ONIX
NA'rIOflAL

MOTOnOLA
NI\TIONAL
1l0T0P,OLll
HO'!'OROLA
Ho-ronoLA

HOTOROLA
HO'roROLJ>,
I'\()'\'O~O;.JI

MO'rol!OI.Jl
MOTOROw\

MANUP PART t:UMB£R

H,6C
W21-0R47
HOC
W21-0R47
H8C

112]-01117
Cfll:lS
HPR'S
IlB·C
W21-0IlP

IIBC
W21-0RO
lIec
W21-01l0
set; l>lIe

CPCl25
CFR25
HFR5
IotPR5
HBC

FXC2
P'~C2

1C202.5U33 5HOSOB
016-16479
837H9

B3HU
TAPIO/ol15F
T;'PltlH15F
TAPIOH35F
T1IPIOMjSF

HKS2
llHQ·OS
11'14005
J50B
2N3906

21013904
2N390~

2N390i
BD110
HJE15029

HJE15029
HJE1S0'9
61>140
M..T1!:1~029

HJE15029

1\

A

A

A

A

A

A

A
A
11
A

A

A

eA
ElI
Efl 
EA 
Ell -

EA 
£A 
EA
eA 
EA ~

El\. 
&\ 
CA
CA 
EA 1

EA2
!i.A
Ell 
£A
EA-

EA 2
EA 
EI\ 1
EAl
EA 2

EA 
EA
EA 
EA 
EA -

&Al
EA 2
CA 
EA 1
EA 2

EAZ
&A
EA
EAl
tA9

EA
EA
~::A 
FJI 
~-



Il~;f':' !\S~y PCEl OIJTPlJ'l' HOC DRC NQ, LP~o0189'1 PACE 1l0:

PART 110 DP.S':RII'1'ICtl I'll lIIC IlMlU}' CLI\SS iJ'H QIJI\NTl'!"t CI~I\NGES
1.._, _

MANSO!. (PREFORMS} LT 1015.3638/3

QI I'!
0115
Ul16
QI17
(1118

0119
QllC
Q-121
QI22
QIl3

OIH
0125
VI ~~
QJ 27
Q128

Q12~

Ul30
III 0 1
J21
El6

E?1
n9

8nd

i500J2
250021
'50032
2500i2
250032

'BOOH
240017
2400n
240047
210031

240047
240047
2400n
240031
240'047

240047
240047
260065
400900-1
6J2026-\

612025-1
on001-J
410414-1>
450635-1
45070'-)

540002
590004
605059
6J J 017
6110i7

6120'53
613005
613029
615002
630243

TRI\tI PIIP TO 220
TRAIl PIIP
'l'AI\tI 1'111' '1'0220
l'RAN I'IlP '1'0220
TRAN PilI' '1'0220

TRAil UI'Il
TRAIl 111'11 T0220
TR,vi tlrll TOiio
TRAN tlPrI '1'0220
TII:.vl NpII

"RMI tH't1 "0220
"·RM IIPtl "0220
"RMI tlPtl 1'U220
TRNI IIPtl
TAM UrN '1'0210

"llAtl Nrll 'rono
TR.... II IIP!l "ono
le LIN or "HP
.... SSY RIUUON C"8Le tuOO
STANDOFF IU X 6

ST/\N DOFF .ll X 5
STANOOPF 1'13 X 1
PeD OUTPIJT 1600
IIEl\TSIN~ 160Cl
TIIE:RMJlL PM 110N -l·NSIJLII'f'lIlC;

IlIRE 1/,1 TlUllf:D COPPEll
SL~Ev~ pyrE l~ DL,
SOCK~r I'CD O-WAY UIL
SCREW H3 X 16 1'0tll'....1l szp
SCRE~ HJ X 20 POZIPAN SZ?

5P"C6R Hl\LE/rr::MJlLoB x 1~l'Il\
Wl\SIt~~ 101') lilT SIIAKEPROOF
WhSHF:R 101.1 WAVY ss
Nu·r .1} rut.L SZP
BEAD GLASS 2,~ X O.Bl X 1.8

HO'I'OAOI,A
H01'OAOLII
MOTOROI,A
HO'I'OIIOI.ll
H01'OROLA

llO'l'UllOL./\
M01'ORor,,,
1010'1'01101....
HOTOIIOLA
HO'I'OROI,A

HO'I'()ROI,'"
HO'JYlRnf,"
HO'I'OROI,/\
HOTORO[,"
/olO'['QROW.

HOW.lROIW\
MCYI'OllUL./\
pm
OhTHOII
\lllt'nOII

l>JITIlOl1
l)J\'l'RON

os~ J 09
IIEl,l,mi<NI
Jenl'IYIl

HAnlll!l

/'.JE15029
B0140
Hole:15029
MJ·E15029
MJE15029

BIllJ9
HJE15028
HJE1S028
HJE150a
BOlJ9

~7E15028

HJ~IS026
M,)P.lS028
BI)lJ9
.1.JE:15026

IIJEI5U28
IIJElSU28
Ol'27FZ
SEE ORG
SEE ORe

SEP. ORG
S£E OM
SEll ORG
SEE OOC
SEE ORe

22StlG
PEiO
JU-IBOCB

A

A

A

A

£/\ 
EII
611
EA 
Ell

Efl 3
Ell ~

EA
Ell •
EII-

EII
eA
Ell 
EA 
eA •

E/\ 
EA
Ell
EA
EA

s....
E,\
E,\
£1\ 2
EA 2

All I
I\R I
E/I ).
EA 10
eA3

Ell 1
EA!
EA 2{>
Ell 13
EA4

(

(

(

(

(







DI<"~ON lHSTRUHENTS t.TD Pl<"1'S ~IST 03-No~-66 DIOSe, ,~S~;Y rCB srws HAW 4600 DRG 110, LP100'(90-1

DESIG PM1' NO OESCRt P"ION PItHlC MJlNUF HlINUP p/lwr NUMUE!! ct:.\SS Vii QUMl'l'!'I'y CIl/ltI(;~S

\\'PH5Y.2IUN02S
WPIl~K210NC2';

WPHS~210N02S

16Ps2ln00
161'52/2200

16PS2/2200
16PS2/2,OO
16PS2/nOQ
161'52/2200
l6PS2/2200

16Ps?/noo
161"52/2200
16PS,/2200
16PSvnOO
16PS2/2200

161'52/2200
161'52/2200
2n2 630 1~lS2
2222 630' 19152
CDOBK303tlXSC£l/S~500DA

(

(.

(

(

RI
R3
R4
R5
R6

R?
RO
R9
RIO
RU

R12
Rl).
IlH
illS
RIG

Ill?
RIO
C3
C4
cS

C6
C7
Cll
C9
CIO

ell
Cl2
CD
CH
C15

CI6
e11
C16
CI9
00

C21
e22
C23
C24
C25

C26
C27
C30
CH
cn

Ooa08l
007393
0,07393
OoOSGO
000'560

000330
(003)0
000141
00047~

000104

()O0150
000150
000150
000150
000151·

000151
000105
180066
160'066
104024

104024
140040
140040
1500:22
104024

lO~021
104024
IC402~

160067
180067

160067
160061
Jo0061
100067
180067

180067
100061
180061
180067
180061

180067
100067
100152
100152
10J3j2

RES WW 120R 5\ 7W
RES HO 39K 2~ 2\01
RES MO 39K 2\ 2W
RES CF 56fl 5\ .25W
RES el" 56R 5\ .25W

Res CP 33R 5\ .2511
RES Cl'" JJR 5\ .25U
RES Cl'" 24 OR Si .25W
RES Cl" 40 5\ .25W
RES CF lOOK 5\ ,25W

R~S Cl" 15R 5\ .25W
RES Cl" 15R 5\ .2SW
RES CP ISR 5\ .25W
RES Cl" 15R 5\ .25w
RES Cl" l50R 5\ ,25\1

Res CF lSOR 5\ .25W
RES Cl" IMO 5\ .25\01
CAP AI:: 66~~F 200"
[:Ap AB 680tJF 200Y
CAP CD 10~P +60\-20\ IOOV

CAP CD lOnP .SO\-201 100V
CAP pp lOoP 5\ 2KV
CAP pp lOoP 5\ 2KV
CAP OT 2U2P ~O\ 35V
CAP CD lOnP +60\-20\ lOOV

CAP co 10nl' +80\-20\ 100~

CAP CD IOn!" +8()o\-,:01 100V
CAP CD 10nP ~80\-20' 100V
CAP AB 2200UF 16V
CAP /lE 2200Ur 16Y

CI<P AE 2200UF 16Y
CAP 1<£ 2200UF 16V
CAP r\E nOOUF 16Y
CAP AE 2200Uf 16V
CAP AS 2200UP 16V

CAP AE 2200UP 16V
C~P AE i~OOUF 16v
CAP AE 2,00UF 16V
CAP AE nOOUF 16V
CAP AE 2200UP 16V

CAP AS i~OOUF 16v
CAP AI:: 2200UP 16V
CAP Cl" 1n,SF 10\ lOOV
CAP Cl' InSF 10\ 100V
CAP 'CD 3n3F +40-20\ SOOV

'/TH
S~ECTROSIL

ELECTROSIL
flECIIH
Il£CHH

tII':C:HH
NECflH
NECIIM
I'IE:(.'III-I
NEGfll-l

Ne;GIIH
1'180111'1
t1WII~1

14E:CIIM
NOOHH

rlOOflH
UOOHH
rllPpOt!
rllpPON
IT'l'

1T'f
STc:/l1'lte
S1'£.I\T1TE
AYX
ITT

I'M'
ITT
l'fT
ilUD1CON
RUllICON

RU8lCON
RUBlCON
RIJEICQN
RUllICON
RUBleC>N

RUBIeC>1J
IWl>ICON
RUlHCON
RUBICOll
ilUSlCON

IlUBICON
RU8ICOl<
PIiILIPS
PHILIFS
!lOCK

KII210-~-UO-5\

PP2
F'P2
cm,s
crR25

cm25
cm2S
erR2S

,'Crn2S
efR25

CFR25
crR2S
crR25
crR25
C~'R25

CI'R2~

CFR,S
W1RH6S012 00
NHRl-!680/200
WPH5K210N02S

WPH5K210NO,S
HK9I81l
MKPI61l
l'/I?£R 21-D5 I'
WpH5K210N02<:

A
A

A
A
A
11
11

A
A
A
A
A

A
I<

J;;r,
Ell
Ell 
E;/I

Ell -

EA 2
Ell 
F'.II
~II

Ell

EA~

!':II 
EA 
EA 
EA2

EA 
Ell 1
EA 2
EA 
Ell

~/I 
r.ll
EA 
EA
EA -

E/I 
EA 
EA
Ell I"
EA -

EA 
E/I
1;:/1 
EI\ 
Ell -

Ell 
EA 
EA 
EA 
EA -

EA
Ell 
E:A
EA 
U ~

c~rRON INSTRUMENTS LTC P/lRTS LIST 03-Nov-08 DESC, ASSV PCB SHpS HAlN 4600 DRG NO, LP4007~O-1 PAGE tit',

DESIG PART NO DESCRIPTION PR IllC MANUr MANur PAR~ NU~BeR ClJ\SS UM OU/l.N'l'IT¥ CIlAtlGES

(

CD
CH
e3S
CH
Cl7

c38
CH
C<lO
CH
cn

C43
CH
C15
CH
Pl

05
07
08
09
010

011
012
DB
OH
Ql

02
'1'1
T'
'1'3
'1'4

1'5
RL3
L1
L2
L3

WIOl
Ji
J3
J14
J28

£211
E242
t:l2i3
g1011
EJ012

ann
102332
140017
HOOl1
140009

140009
180041
laoOH
104055
104055

104055
10,055
110053
Ho09'9
20~015

200001
200030
200030
200001
200001

,00031
200031
200'031
20(0)1
2)0099

2~009,)
)'50001-1
3~()O02-1

350(0)-1
3000)1-1

300033-1
330054
370037-1
370036-1
370038-1

5<10027
604091
620003
6.0003
604090

612004-1
612004-1
612004-1
620006
620006

CAP CO ln3F .~0-20t 500~

CAP CO 3n.3F' .40-20' 500V
CAP PP 150llF lot 2S0V
c~p pp lS0UF 10\ 250v
CliP SUPP 202F 2S0V

CAP SUPP 20JP 2,OV
e.... p liE: 100UF 40V
CliP AE; lOOUf' 40'/
CliP CEll' MUl.Tll.J>.YER 3ulF 50V
CliP CER MULTJLIIYER lulP 50V

ClIP CER HULT1LlIYER 3u3F SOV
CAI' Cl'lR I1UL'l'lLIIYER ~u)F SOv
CAP PE 47NP 10\ ~30V

CliP supp 2n 21' 250V
DIODE BR 4A 800V

OIOOE GP 15"'" 75V
DIODE LP 3"!tiOOV RECT
DIOOE LP 31\/600Y RECT
DIODE GP 75mA 7SV
DIODE GP 7SIi!A 75V

16/V45V SCllO'l"l' RSC.T
16.1\/~ ~v SCIIOTT Reel'
1611/4SV SCIlOTT REel'
16A/4SV SCIlOTT REel'
THAN HOSFET N CHilli SOOV

TRMI MOSl"ET tl CHI\II SOOV
GIITE DRIYE Tx ASSY
GATE DRIVe 'l'x ASS~

CURREl'lT TX
POWSR Tx PR HIAlly

POWER Tx SECONDI\RY
ReLAY 11'1'10 PQWER MONOS1'ABLE
CHOKE CH
CIIOKE OUTPUT (POWER INP)
CHOKE OUTPUT (POlo/Ell JNO)

WRIE 2,~S OIA POLYE$T£f\ CU
PLUG PCR lOWAY VERT
SOLD£ill PIN
SOLDER PIN
PLUG PCB SWAY VERT

STANOOr? H3 X
STANDOFF H) X
STIINDOFF M3 X
roWEl! TURRET
SOLOER TlJRRET

nECK
BECK
TF:LP-f'\INl(~N

l'eLEPlJNKEN
WIMII

WIMf,
STI:./I1'ITE
Sn:I\Tn'E
SP'RAUGE
SPlIAUGE

SPRAUGE
SPRAUGE
loll"'"
WIHA
IHT RE:CTIFlEllS

P/\IRClULO
pHILlPS
P>lIL1PS
FAIllCIlIl.D
FAIRCHILD

UNITROOE
UHITRCDE
Ul'lt'l'ROO!:1
Utll TROll C
IXVS

IXYS
DIITRON
llATRDN
DAl'RON
DJlTROtl

llAWOl'
SOS
1MT~ON

DATRON
DATaON

Hr-WIRE LTD
IlAIHHN
HAR'llN
HARi1iN
Il'!'Rllltl

DJ\'l'RON
D},moo
DATROH
tll<RIIIN
HARWIH

CD08K~03NXSCR/SK5000 A
CD08Kl03NXSCR/SK500D A
9982
991>2
HPJ-Y

HP3-~

EKH OOPD 310G
EKH OOPD 310e
3C20ZSU335H050B
3C20t.5U335KO$OB

3C20Z5U335M050e
3C20ZSU3351{0501l
MKS4
loIl'3~~

kll'U4 K

H11148
8Y'\I'l5C
9YII$SC
IN4148
IN4148

USD~45

USD945
USD94S
USD~4S

I XTH12H50

IXTH12N50
SEE ORC
SEe ORG
SEe DRG
SJ::E DRG

SEll DRC
DKh-5V
seE ORc
SEE DRG
SEE DRG

G2
~20-99910(lS

1121051101
H2105Ml
10120-9990505

SEE DRA~lNG

SEE I>AAWlllC
s:&E DllMiING
11900l-01
H9001-0i

EA 
E:A
Ell 2
EA 
EA 3

F.A
Ell '2
£A
EA 4
£A-

EA
EA
EA
EA
EA

EflJ
EA2
EA 
EA 
EI\-

EI\
EA 
EA 
'eA ~

EA 2

Ell 
Ell 2
EA 
EA
EA

EA
EA i
Ell I
F./I ;,
211-

AR
EA
EA
EA 
EA

Ell 9
I"JI 
'EA 
EA 1'~

EA -



UATHOH IN~mUM~HTS L~ P~RTS LIST OJ-Nov-OB O£SC, IISSY PeD SMPS HAiN ~60~ ORG HO. LP400790-1 Rl;V: U PII',;S Itv,

'»:5IU PNl'r IlO DESCRIPTION I'RItlC AAtl.Ur CV-SS UM QUAII'I'11'Y CflllllCES

,:1013
f:IOH
1-:10:<1
f:IOl2
1';1023

EI021
f~ 102'5
f:1o~6

f:1031
,:10J2

,:1033,
t:l03~
1'1'1
1'1'2
'['1')

TP1
'PIr,

'.'0"06
/,20u06
621"106
620006
1>20006

~20006

620006
0,D006
620000

, 620006

620006
620006
620007
G20007
610U07

620007
9~OO~5
920J91
i007QI-l
~10411-1

~506)9-1

150650-1
450651-1 '
450686-1
5~2000

~12222

5tHH
512555
512666
512999

560008-)
560009
590()03
590004
590'GJ2

590(6)
590076
59007$
605052
605053

605057
6li004
611012
611015
6110.16

SOWU\ 'l'imRI':'!'
SOWfl. 1111l1u:r
SOI,llll' '!'1J111n."
SOJ.llr.1l 'j'lmIH:T
SOLOER l'URllE'r

SOLDER 1'lIRflE:T
SOf,ll£1l 'l'URRe7
SOUlf.1l 11mflf~r

SOLDER 'nIRIlI,,"
SOLDER WRRET

SOLD ER l'tJf\ll E:'l'
SOLDER WRR ET
TeSr POINT TElU11NIIL
'l'&ST POINT TeRHI~L
TEST POINT 1'KRHINAl-

TI':ST POINT TERMINAL
F<.ISE 2~ JOHN QlJICK ElLOW
!'USE 'fIlERI1tIL 147 000 C
ASSY PCS S~PS' CONtROL 4600
PCll SIo!PS HAUl

INSULATION PAD
CONTROL SCREEN SMPS
'tX SeRf-EN SHPS
II~TSINK SUPPORT BUX:K ~PS

WIRE 7/.2 PTF& IKV BLK

WIRE 7/.1 PTTe IKV REO
WIRS 7/.2 P'I'FE IKV Y~L

WIRE 1/,2 PTFE IKV URN
WIRE 1/.2 PfPE JKY BLU
WIRE '7/.2 PTF& IKV \oIff1

CASI,El i-conE: 7/.1 'p11'e se
CADL£ 8 CORE 7/0.2 PVC SC
SLEEVE liS. 6,1",,, YLW,
SLEEVE PTFE lmM BLK
SLEEVE HS. 1.8"n YLW

TY-WRAP
SOLDEn SLEEVE D1A~.7,3

SLEEVE liS 12.7 II.T,
SOCKET PCIl 8-WIIY .1"
12 IiU',V SOCK ET

CR I~P 'rERH1NAl. GD 'PI.
SCR~W Hl X &PO~JPAN SZP
SCREW HJ X 12 POZICSK StP
SCREW,MJ x 8 POZIC5K 5ZP
SCREW MJ X e PO~lPAN 5ZP

IIIIR~IW

IIA1tHI;~

IIA RH HI
II/1f1WItI
llilRWlrl

Ij~RW lH
IlARW(rI
I-IIIRIHN
HlIllWIN
HIIRWIH

HAAIIIN
WIRIIIN
HICROYAIl
MICROVAR
HICROVlIR

HICROVAR
IlF:LLIHG LEE
OMI
OIl'l'ROII

SEE OOG

B5G210

8SG210
BSGllD
DSG210
BSG21tl
8SG210

R. s, COHp(lNEN'rS
H~LLeRI1I\N
R:S. COMPONENTS

p~NOOI'r

R/lYf'IISl'
RS
MOl-EX
MOLex

HOLEX

II~OOl-Ol

119QOI-01
119001-01
\19001-01
119001-01

119001-Ql
H9001-01
119001-01
119001-01
"19001-01

H9001-01
H9001-01
T\'Pll C30
TYPE CJO
TYPE CJO

TYPE CJO
LI127B
l!150
seE ORG
SEE ORI\WING

Sl;;E IlRG
ses ooG
ses OIl\;
TYPE C

TYPE C
TYPE C
TYPE C
TYPE C
TYPE C

SEe onc

J99-52~

FEIO
399-518

pl,T) I
nrr-7
)9~-406

22-DI-2005

4809-GL

£A
EA
Ell 
EA
EA-

EA 
Ell 
EI\ 
£A 
EA -

E/I 
Ell
E/\
EA
Ell

EA
E.\
EA
;::.\
;;R

/In
AR
~R

/lR
/lR

NJol 160
HJol 535
/lR I
I~,n 1
AR

EA 1
Ell)
AR 1
F.i. 1
EA I

EA 13
Ell J
1</1 2
Eh -I
IU\ S

(

(

DrlG NO: LP,j rJO '19Q' I RI~'1, 0 PAG!:: tl'),

D~lG PAltT NO

f>12001-1
~1300S

613029
l>15002
619001

6)000)
6)0004
610018
6)0024
6)0029

~)02a5

630310
630313
nOD6
920207

OESCRl P1'! ON

ST/ltIOOfT Ml :< 1
WASIIER H3 HIT SU/lKEPROOr
llllSURR MJ WIIVY SS
rlUT H) £o'IJLL SZP
ausfI lrlStJL, , 1'0220

C~II' 1" l.a
CLIP 1" 6.1
GROI~I1£T 1.0 DTA.
BEIID C~ll~HI<: 16 SWG
':'APE 1/1" ~ 1/;;2" 1>U1,.SIOBO

I'CB GU I 01': ~<:{\ HOUt"~

GROM/1E'l' 6,5 010\
LJ\Bf:E. Dl\UG~:R It I ell 'lnL'rAGE
FUS!) ItOLDt;l1 FC!) .OM'l
Il E:S I STEIl MTC (JlllICKI>I'

rru Ne MAtlU f

IJA1R0U

1'1111,11'5

Sf:S
S~S

R S OOMP()NEtlTS
PIIRt; 1l0YIll. \'(lnCELIII N
)H

Il!CIIO
It S (XJr·n>OtlF:rITS

IU!.I,LlIIG l,E£
"'I'M

t1t\IIVF PMT ~lJMUI!:Il

S~E IlI/AIIIHG

563~9C

eNS
CND
51)-19'/
tIo~

4032

CVel'1l N"I
S4l-2'H

r,IH6
18111

ClJISS UII QIJIIU'r1'l'Y Clli\I'I~ES

EA
EA ~

EA 'F
e:... a
EA 1

E:/I 7.
EA 1
E,\ 7.
Foil 12
IIIl I

f:A 2
E:III
I':A ~

fA I
~ I







DATRON IllSTRUHc:NTS LTD PARTS LJST 03-tiov-&a OE':;C, IISSY I'CB SliPS COtl~'ROL 4600 IlRG IlQ, LP400HI-1 RE:V , 0 PIIG£ !le..
-~,_..__.._-_ ..._~-... .............. ............. _ •• ~ •• _~ ...._~-----_•• _ •• ~~•••~£~.y••• • ~.~~~a •• www •• _~~_·· ..................

OESIG PART !l0 DE:SCRIPTIOIl PRI~l. MAHUl' HANUr PART NUHBER CLASS VH OUANTITY CHANGES
-- - ...- - -- -- ------------------------~--~---------------~-~---- --------------------

RI OHMl Res ~·!F I!;OO le .12\'1 50PPfl HOL~JORTH~ HBC A EA
R2 OJ~OOl RES Hr I~OO I~ .12\"1 50PPIt, HOLSWOR1'lfY HBC A E.~ -
R3 00002 RES cr 4n 5Q .25101 I~E:OIIH l:fR2S A t~.. 8
R4 000171 RES cr OOK S~ .~SII JlEOIIjj crR2S A E/\ J
RS 000102 RE:S CP I~O se .1S11 HEOItH Cf'R,5 A t~ 2

116 OOOSlJ RES cr 51K 5'- .251-1 trE:OHIot crR2S /\ F.I\
R7 000472 ;tE:S cr 40 S~ .~51.f Nroll~1 CF'I:2S A EA-
Re (Hnll RES tll' 2K21 It .1~(.J 50Prtl HOLSWORTHY H8!.: A F:A
R9 OH7S1 RES Hf 4K7S 1"\ .1211 50PP~1 IIOI.S(olOR1'1I~ 118C " I:A
RII 00(\225 RES cr 2H2 st .25t! NI:XlIIH (;f'R2S A I:~

RI2 01 HlOl RGS ~1F 11;00 l~ .I'W 50PPM HOLSl-KJR1'IlY 118C A I'A -
RIJ 0\:,011 RES m' 3KOI n .121.1 SGPPM tlOLS~IORTIl~ II~C ;, f::!\ 1
PH 01H91 IrES ~IP 41;99 1<- .1211 50PPM JlOLS~:OR'rIlY IIDC A ~ 1
RIS OO(\OOP RES FSV 1:,\ I

( RI6 OOuIO) RES Cl' 10. 5~ ,25H l'IEOJlli crR2S A I·:" 3

RI7 ()O(I~7) RES cr 47K S~ ,25101 NW"" CI'R2S A I'~

RI8 000102 RES Cl' 1.0 5\ . 15H NEOII.. Cf'R25 /\ I:t. .
RI9 0600) RES C'l' 10. Y£1l,], SIT Bf:CKMlIN 72XH 1:1-
R2D 061·502 RES CT 5K VEllT SiI' BEC.IWt nXtI f:1\

( R21 011001 RES HP IKO() l\ .n" SOPPr-t IIOI,sworlI'll Y 118<: A I:J\

1122 000172 RES Cl' 4.7 5t .251.1 tlEOllH CI'R2S /I ~A

R23 01 ~371 RES MP 2KJ7 H ,12'1 -SOPPM 1I0LSWORTHY 1l8C A f:A 2
R24 OllHI R.ES HP IK43 H .12\01 SOPPt·j IIOl.StIOH1'IIY IIBC /\ 1'/\ 2

(
1l2S 00041·1 RES cr 410. St .2Sfl NEOIIH CFR25 /\ Eh
R26 000472 RES Cl' 4K7 5t ,25101 NOOIIH Crlt2S A Io~,\ -

iln Oi~371 RES Ml'" 2~)7 ~ \. .12101 50PPH f10LSHOR'fHY IlSC A F.II -
R,a 0ll4Jl lIES Mf' IK43 1\ .12W SOPPII 1I0LSwtIH"'11~ 118C A f:'A -
R29 00047:4 R.ES CP H7 5\ .25101 NOOIIH cPR25 A V.A· -
fdO DOO&21 lIES cr 620R St .,511 tlE:OlI1I CI'R2S A I::A I
11,1 DOOl74 RES Cl' 410K Si ,25\01 IIE:OIIH Cf'R2S A 1'.1\ -

RJl Oll 002 RES t·p IOKO H , !2W SIl?P11 IIOLSI 1[;. R'I'H·Y HOC A EA
Rn ooa·rr2 liES Cl' 4':7 ~\ ,2514 NOOl'Y crR2S /I ~:II

IlH 000103 RES Cl' :01: 5~ .~s» flOOll1 CPrt2~ A I::A -
R)$ 000101 ~ES cr 100R S'o , 2:;~) tIEOII'" C-FRJS A 1::1\
J(3S 000103 RES CP 10K 5' ,25\01 tlW!1/o! CrR25 1\ EA -
R37 00010) RES Cl' 10K 5\ ,25101 NEOlflot CFJl2S A £A -
RJe 041004 liES MP 11100 It ,121-1 50p~r HOLSl-.'OR1'HY H8C A f"-'
RH O()QIO) RES ep lOK st ,,51; NWHM CF'R25 A P.A -
1<40 0OO1H nES Cf' 430K 5~ . 25fl tlt;(»lt1 CI"R2S A 1·:1\
Rt,l 000184 RES Cl' lOOK S~ .25101 tl£Oml Cf'It2S A F.i\

r.12 00002 RES Cl'" '1r.7 5. .25101 tIEO,I}; Cl'R2S A E.\-
IlH 000103 liEs cr lQK 5' .~SH "EOUH Cf'R2:; A t~~

R·H OnOlO) RES ':f' 101' 5t .25H IlE:OIlH crR2~ A 1-.:11
rHS 00U103 RES Ct' 10. 5\ .J51-1 t1EOllH O'k~~) t, t:i\ -
RG6 000~1) Res Cl' 22t; 5~ .25H tlOOI~ n'u25 to 1-:1\

DATR'Otl TllS'l'IlUHtllTS 1,'1'0 PARTS LIST O~-llov-8e O&SC; ASS"( Pe8 SKI'S CONTROL 4600 DRG 00; LP400791-1 REV, 0 PAGIl fIO, 2
••• a •• _ •• _~•••••••••_. •••••• a ••• ...... "'~.. .~c~ •• a ••cg;.~••u ••••••••••••~se__.s •• e== __ •••• ~.~._._.~ ........... ................

OESJG PART NO DESCIll PT I ON PRJNC t-to.NUP WltlUr PAIl'!' ~UH.BE:ft C~S$ UH QUAtlflTY CH/\HGtS
---------- ------------------------------ ------~--------~---- --------------------

R47 1l0C2n RES cr 2~2 5~ .25101 tlOOHM Cf'R2S A- EA 1
R48 000172 RES Cl' 4n S' , 25~' 1100IIH CP1125 A Ell -
1149 011002 R£S HI' 10KO II .12W 50PPH 1I0.t.S\lORTIlY H8C A. ell -
RSO 000224 RSS CP 220K 5\ .25W UE:OIIl'l Cf'R25 11 ~

Cl 1 003J 1 CAP CP J30PP 2\ 100V PlIJLrpS 2.22 S83 S8JJl EA

C2 11 004 2 C"P PI! lQQtlf' io' SlV WJHI\ HKS2 EA
CJ 120040 CAP PC InSP S\ 100V \'IIWI PKC2 A EA
C4 110041 CAP PE loom' 20\ 63V WIHI\ HKS, &1. -cs 11tlOH CAP PE 1OOt~F 20\ SJv WUIA HKS2 EA -
c6 100152 CAP CP In51' 10\ lOOV P11ILIPS 22H 630 19152 e1I

C7 150006 CAP DT 4U1F 200' 16V AVX TIIP4R7M16P A EA
C8 150006 CAP DT 4U7? 200\ 16v AVX TAP4R7M16F A E:I\ -
C9 1101120 CAP PE 47~P 20\ S)V WIHA HKS2 EA
C10 1l00}9 CliP Pi: nOlll' 20\ 6JV WJHA Il~S~ EA
CI2 \ 10042 CAP PE 100NF' 20l 63V WJMA HKS2 &1.-

CU 110030 CAP PE 1Nl' 20\ 100V WIHI\ f'I;S2 £A I
CI4 150015 CAP DT IOUF 20l 35V AVX TAPIOHlSP A EA )
C15 120011 CAP P·C IOnl' iO\ 100V WIHI\ FtC2 EA I
C16 180047 CAP AE 1000UF 40V EeC SMVB EA 2
C17 160047 CAP AE 1000Ur 40V SCC' SHvn EA-

Cl~ 104026 CAP CO 4 JHP +50\-20\ SOy SIEMENS B3?449 EA 10
C19 104026 CAP CD 47Nf' +50\-20\ 50V SIEHENS 1)31449 EA -
C1<l 1 50015 CAP D'I' IOUI' iO\ lSV An TAPIOtl35f' " EA-
C,1 150015 CAP DT IOUP 20\ JSV AVX TAPIOM35P A EA -
C22 104026 CliP CO 4JtlP +50'-20, SOy SIEHENS 13)7449 i:P. -

C23 1040,6 CAP CD 47HI' +50\-20\ 50V SlEHENS 8J7449 ~-C24 1040i6 CAP Cl) 47NF .~O'-20' SOV SIE!'IE~S BJ7H9 EA-
C1S 104026 CAP CD 47NI' +50\-20\ SOV SIElot£l.~ BJ7449 EA -C16 I04C7:6 CAP CD OIlP +SOl-20\ Soy SIEMENS 337449 EA
CH 10402'6 CAP C.) nur +S~'-20\ 50V SIElot~'NS ~J14H EA

C211 :04026 CAP cc lill!' .50\-20\ ~Ov SI F.Hf:·~S 8.17449 EA-
C29 104026 CAP co niif'" +SO\-20\ SOy S'~I:HS !lJ14 4 9 1.:11 -
C)O 150020 CAP D'I' lour 10\ 2SV AYX TA-P1OH2Sr A Ell
01 200001 DIODE GP 75..... 7SV PAIRCHILD lN41H EA
DJ 200001 DIODE GP 7SIhA 7SV ,'/\ ,RCHILD 1'1l4 Hoe £A-
DJ 200001 DIODe GP 75m,b. 75'1 f'AlRCfllLl'l 1I14H8 &r\-
IH 200002 DIODE GP lA SOV f''''I~CIIILD IN401)! 1'".11
05 20GOD2 DIODE GP lA SOV PAWClIlLO IN400) F'.11
1>6 200002 DlOOE GP lA SOV 1'/\ INClIlI,D lIUOo.J I::A -
D7 200002 DIODE GP lA 50'1 PArRCIIILfl IN4001 f:/I

l)S 2HOl2 DIODE ~N 2V45 2'OPPM rERR~NTr ZI14S'S F.A J
I)~ 2l~1)l2 DltlDE; ~N ,V45 20PPH 1'£IIHAN'rl ZIl45B I:A
ilIa 200001 DIODE GP 7SlIlA 7SV f'AIRCI·IILD IN4148 Ell
0)1 221)010 DIODE GP SB 11.1'. ltJ57 I I A KA
011 20'h)Oj DrOOE OR 1/\5 100'/ !'I [CAo-F:I.EcrnOt-lJCS ~j.{)01 ~~'I



OAnoN INST/lUIoIENTS LW PARTS LIST 03-Hov-88 DESC. ASSY PeB SHPS CO~TROL 4600 DRG HO, L?400791-l REV, 0 PAGE NO,-."1II•. 1I!l'9.1!!1 1I!! 'IlI...... IlIo.JIII•• lli ;w.· !!IIlllW.!IIiiI.lIIo............ ..,.. .

D£SIG PART NO DESCAIP'I'IOH PRINC MA!'lVr AAN<Jf' PIIRT NUMBER CLASS lJH OUAflTITY CHANGeS

... i'::H:OVA"f
Hi Clh)VAri
HICRQVAR
IHCROVAR
IH::ROVAIl

;"ICftOVAR
l-tICROVAIl
1Hc'I!OV!II1

SLQIol QLOlI! I,\~LI.I NC LEE
s'LO\I BLOW BI::LI.I NG LEE:

Oil
OH
D15
016
011

01~
Pl~

020
()~l

02

03
0'1
05.
06
Ql

08
09
010
m
M2

loll
1014
H~

H6
~17

Ha
M9
HID
T1
T2

PI.
P28
£1041
£1042
1:1043

TP1
Ti'2
'l'P3
l'P~

TPS

TP6
TP7
TPO
rl
1'2

213009
213009
210240
200001
200001

~000()2

?ooa02
200001
210200
230103

230103
2400H
2$0011
240014
250011

230078
240006
H0006
260039
260039

28014 5
280178
280178
260015
280085

260006
2600S1
280011
3S0002-1
]S0002-1

~OSlll
605110
620009
620009
&20009

~20007

620007
620007
620007
620007

620007
620001
620007
920084
910084

DIODE 1.1'1 lSV SW
DIODE 1.1'1 15V 5101
DI<:lDe Zll 24'" 400..101
DIODE GP 75MA 15'1
DIODE GP 75ft\/>, 75'1

DWDE GP lA 5~V

DIODE GP lA SO...
DIODE: GP 7511\A iSV
Dl<:lDE Ztl 20V 40010101
TRAM MOSl'F.'1' N CHAN' 60Y/2. OA

TRAN MOSFET N CHAH 60V/2.0A
TRAil NP~ T092
T~AN Pt'P T092
TRAN UPtl T092
TRAil PtlP '0092

TRAM MOSFET N CHAN'
TRAN IlPIl '!'O92
TRAN 11PIl '!'O92
IC LIN OP AMP QUIID
1C LIlI O? AHP OUAO

IC DIG
1C DIG /,!D!l0 DUAL
IC DYG 11DNO OU.~L

le ~l~ v CONI' OUAL
IC DIG QUAD 2 I/P AND

le DIG REG iSV lA
IC DIG REG -15V lA
re DIG FLIP/FLOP D.DUAL
GATE ORIVe T~ ASS~
G~TE DRIVE Tx ASSY

SOClli:'l' pca HCfllt 10WAY
. SOC~ET pea HORIZ 5 WAY
PIN VERO 1.0~ SS
PIN VERO 1.01'11'1 SS
PIN ";:RO I. OHM SS

TEST POINT TERMW~i.

TES'~ POIHT TERMINAL
TEST porN'!' TeRMINAL
TESTPOWT TERHrIlA~

TEST POINT TERHIIlA~

TEST POINT TERMINAL
TEST Poml' TERMIW\L
TEST POWT "l':l!MIN,\L
puse 500mA 2S0V 20~m

PUSE 500mA 2S0V 20~m

UNITRODE
UNYTRODE
PIULIPS
f'AYRCIlII.ll
1'/\ IRCIIIIJ)

rAIRCHILD
rA III tit! LD
PAIRClI.ll,O
PIl1 Lfl'S
SUPERTElC

SUPEllTE:I
tlATIOtlAL
HATIOtlAL
tlATrONtAL
tiA'l'IONAL

ULICONIX
MOTO~OLA

!1OTOROUl
NATIOtlAL
NATIONAL

HOTOROLA
PHILIPS
PHILJPS
NATIONAL
HOTOIlOLA

MOTOIlOLA
HOTOROLII
HOroROW,
DATRON
D1>.'l'RON

HARWltl
liARWUI
fl S Cl'HPO.tleNTS
It S COJolPONI':NTS
R S COMPONENTS

TVSS15
TVS51S
.aZX?9C24
IH414e
Ifl41U

IH~OOI

H14001
IIHH8
llZX79C20
THOI06N3

1'IlOI06N3
BCl37
BC327
aC337
Dcn7

BSI?O
2NH04
2Nl904
LH·324N
IJi]24N

HCHOi68
HEI'~538£

H£?~S28B

I.M2903N
HCH0818CP

MC1S1SCT
MC791SCT
flC14011BCP
SEE D~G

SEll DRO

1420-969 10 05
H20-S89 os 05
,33-854
U3-854
433-854

TYPE C30
1'YPE ClO
ITPE e30
TYPE ClO
TYPE 00

1'1'1'1: C3lJ
TYPB C)O
TYPE clO
L2<J80A/,SOO
l,20801l/,SOO

Ell
BA
~
EA
EA-

EA
£A
Foil 
EA
gJ.

EA
BA 2
EA ·2
SII 
EA-

EA 1
EA 2
EA
EA
Ell -

EA
EA
£A
~ 
£A -

EA 8'
Ell 
BA 
EA 
E~ -

(

(

CATROti ItISTRUMEflTS LID PARTS LIST Ol-HOV-88 flRSC: ASSY pce SHPS CONTROL 4600 DnG NO: LP400191-1

DESIG PIIRT lIO DESCll'lPTIOI'l PR rHC ~llltlVf' CLASS UN QVANTI1,\, CHANGES

JERMYN TQ18-0080
R S OOMPoIlEI'lTS 543-197
PMIK RoyAL POIlCELA IN 1102
KMlSOI. (PRF.roll~lS) L'r M53638/3
rs 554-311

399-518
02-04-51H
6411 SERIES 22-01-2~

4809-GL
J23-18008 A

H0418-B
512333
513,,01
590001
590007

590032
602001
605051
60S051
605059

6051)60
605061
611006
UlOOS
615002

6.18004
630&18
630024
630213
900003

920()09
926126

pea SHPS CON'f'AOI.
WIR£ ]/.2 PTP£ IKV ORANGE
WIRE 7/.2 PTFE l~V PINK
s~eEVe UP 1,5 )( 20M!1 BLK
[~CING TAPE 2.5MM

SL£evS .. HS. 4.6""" nil
TERMItlAL PSV
HOllSIt<G 4WI\Y
CRtM~ TERMINAL CD PL
SOCKeT pea B-WAV OiL

SOCKeT pc~ 14-WAY OI~
SOC~ET pea 16-WAY PIL
SCREW HJ X 10 POZIPAN SZP
WASHER MJ INT SHAKEPROOP
HilT 113 FUL.L SZP

PAP MNTG, T018
GROM~I£T 4.0 OIA.
~SAD CERAMIC 16 SWC
BEAD Gl.ASS 2,4 x 0.81 x 1.8
llEATSllRHlK COMPOtJl-lD

IH!:ATSltl~ '1'0220
~'lJSE 1!<J1.OP.lt pca 20HM

BSG210
BSC;)lO
IlE!.LERHANIl
ALPHA

Il.S.COHPONEtlTS
H'OLEJ::
IiOLl':~

H()L~X

JERMY.N

JEJU1YN
JERHYN

'l"IIBRMAI.oV
BEI.I.llll; l.f:E

SEF. Dnc
TYPF; C
Type C
HIS
LC1)~

.123-18014
J2l-la016

60738
1,141:6

,,.,

IIR
EA
EA 1
£A3
EA 1

EA 4
EA)
EA2
EA2
EA2

EA2
EA I
r", 4
EA 20
Ml 1







DAtRO~ INSTRUMENTS LTD PARTS ~IST !6-Mer-89 DESC, ~SS~ pce FRONT ~600 ORG NO' LP100792-1 nev, i

DESIG PMT NO DESCRIFrlOll I'R1NC III\t,UP MAllUF PMT llUMUSI\ CUSS UM QUI\iI'l'I'L'Y CIIAJjc;l::S

6130]2 WASHER 112.5 SZP tA 2
613014 w~SHER ~2.5 lilT. SHA~p. EA '2
615006 NUT ~2.5 FUl.~ SZP EA 2
630243 BEAD GLASS 2.4 X 0.81 X 1.8 HllHSOl. (PIl~roRMSl 1,'1' l1'536311/3 EA 10
630309 ~HRg SlIDDLE PeD OOVNT RICHQO W5-.\-2-01 F:J\ I

700063 SWITCII 21' 2.POSN ROCKeR PL£SS8V 40e/l/3&521/110 A el\
920146 FUSE HOLDen PCD 20MH BELLING LEE L1426 F:J\

End

OATROto! ItlS:rnUMEHTS L1'O PARTS LIST 16-l\ar-S9 DESC, ASSY PCB rRONT 4600 PIIGE 11",1ll';V, 2

f::JI J
tI\ 1
I::A '2
f'_\ 3
<:..\ '2

An I
£11 2
FJI I
Ell 4
1'.11 '2

l::h
Ell
F'J1 
1'.11
I!;A

&'I
1::1\
AR
IIR
IIR

t::J\ 
E:.>. 5
f,A
1';"\ ~

1::"

~l
f:l\ I
E:~ I
Ell 2
Ell -

S-:..,
EI\ J
EA J
Ell )
EA '2

CLASS UH QUAtI'l'ITY CIINlGES

A

ORG NO, LP4001~2-1

HIIIlUP PART NUHBSR

TYP!: C
III 5
6471 SeRIES 2:-01-,0
08-56-0120

6NIJ?
DKla-5V
22-29-2041
22-29-:iOBI
22-29-:1:121

22-29-2081
'22-29-:l:12I
2'-29-20H
:il2-29-206l
12-29-2061

SEE: ORG
SRI. BLACK/Rl':~

SRL BLACK/RW
L2080A/,500
SEe ORc

554-793
SEE DRG
1'YPE C
TYPE C
TYPE C

HBC
nac
'l'APIROH35P
SW'I! 2200Ur/40V
SliVIl 2200Ur/40V

EG4700/16
11'14005
BZX55C200
IN4H6
W'OOl

1<001
liY57124
1!V57124
KV57121
HV57124

KV57124
1'IJotP5aOl
H14H8
IN1I48
lRf'DllJ

PRINC HIIHUF

DATRON
SCHIlOOW
SCI!IIOOIJ
Il!':LLlNG LE!':

RS

IlSG210
BSCHO
eSG210

i\SC210
IIELLE:RHANIl
I-IOI,EX
MOLEX

1I01.S~IORTIIY

llOLS\«lJI'l'HY
.llVll
STC
STC

ST&'IT1TE
FtdllCIIILD
'l'1l0,tPSOI'I
FAIIlCIULD
HI CRD- tl.£C1'ROlll CS

MICRQ-ELECTROI'IICS
GI
Gt
G[
GI

Cl
I I1-Y
FA 11l<:nr I.D
rJlIRCHILD
IR

H.;>,
SOS
HOLE:X
~lOLEX

HoLEX

HOLEX
flOLSX
MOLEX
HOLEX
HOLEX

DE:SCEII PT I OH

PLUG PCB 8 Will' .1"
PWG PCB I2-WhY ,1"
PLUG pea .-\o!/lY , I"
PLUG pce 6-\olAy .1"
PLUG PCB 8 WAY ,1"

QPT(· I SOL :0 KV
'll:LA\' ]PND POWEll l-l()!IOSTABLE
PLUG peB ~·W.'( .1"
PWG PCB 8 WIlY .1"
PWG peB 11-loIAY .1"

ASS\, RIBBON CABLE 4600
SI/ITCH 11' C/O
SWITCH 1P C/C
FUSE 50QmA 250V 20mm SL0W BLOW
pca FROt-lT

RSS MF 56~2 1\ .12W SOPPM
RES MF 1HOO \, .12W SOPP~

CAP DT IVF 20' J5v
CAP AS 2200UP 40Y
CAP AS 2200UP 40Y

CAP AE 410avp 16Y
DIODE GP lA 600V
DIODE ZN 20DY 500mW
DIODE GP 15~ 7SV
CIOCE BR lAS 100Y

CIOCE BR lA5 100Y
DlOOE LE: RED RECT
DIODE LF: REO nECT
DWDE L!: RED RECT
uIOD!: LE: RED RECT

DIODE LE nEO RECT
DIOD'E LE BICOLOUR R/G
PIOPE GP 75.~ 15V
DlUOE bP 15~~ 75V
TRAN HOSFET N CHAN 60V a.BA

LABEL SERlJIL/ASSY No.
LABBL 5$0 WAR~lNG 12 X 12m~

WIRE 7/.2 PTPE l~V BLK
WIRE 7/.2 PTFE 1~V eRN
WIRE 7/.2 PTFE lKV RED

WIRS 1/.2 PTFE l~V B1U
SLEEVE NI' 1,5 X 20HM BLK
HOUSING 8 WAY ,1"
CRIMp 'tERMINAL QO PL
SCREW H2. 5 X 6 P01.! PAN SZP

015622
OU004
150016
aOO:21
160027

uoa04
JMOO'6
2130.l9
200001
209003

209003
n0015
220045
220045
220045

220045
220046
200001
100001
230101)

22003f
J~0054

6040JJ
604081
60~OS6

604087
604066
604033
604015
604087

400899-1
100061
700061
9200e~

UOUO-B

,4:il0098
420112-1
512000
512111
512222

512666
590001
605052
605051
611011

OESIG PART NO

J3!
5102
S103
PlOl

RIOl
RIO.
CI01
CIa'
CI0)

CID4
0101
0102
0103
DIO~

0105
0106
011>1
0100
0109

0110
0111
DU2
;)U]

Q101

VIil1
Rl.lOl
J2
J13
.Il1'

Jlll
J19
no
J25
J30

( .

(









".~1'RCII IIIS'mllMEHTS LTD Pl\!;l'S :"151' 2S'Oct-S6 CES,~, 1\:;5Y ,~"'BL£

CIJlSS U,I QUIII-!TI'l'1' CIlJl.NGE5

Rev, 0

MM 1500
t:A 1
EA 1
"R 1

DRC tlO, I.P400843-1

rOG2B)06CHAD62
FCJ :m3 06CllI.062
399-394

Li:'rlO
LEf.lO
R S COMPONENTS

pr>m~ hANUPDESCRIP110l1

CABLE a CORE 7/0.2 pvc se
6\lAY CABI.E Hl<'r PWG
511.W CADLE HIlT SCCH:T
SLEE:VB: SILICON IIllIll eLl;

5~0009

~0'1097

505182
590055

E~d

DESIG PART NO

(

CoES1G PART I<!O DESCRIPTION PRINe >UlNUF NhilUF PART tIUl·IBER CLJ,S5 UII OUh1l1'I1'Y CI!MIG<:S

Dl\rno~ I~STnVHENtS LTD PARTS ~ISt 31-J3~-69 O~CC, ASSV CI\~L& co~no~ 4600 REV, 1

HH 1500
EA 2
El' 2
,~R 1

ORC ~O, LP~ou852-1

35S9/15SF
8215-8009
3357-0215

CARLE FLAT 15 \IA't ROUND JAcr£T 3;1
PLUG HWAY DELTA PIll' 3H
CABLE MOUNT HET JUNe SHE!.!. 3H
TkPE PTPE 0.5mm '!'IIK " 30.... l)ALAlI

nOOl->
6Q4102
606036
';30~7.;

Znd



I)I\T~ON JNS'I'llU~\ENTS LT:) PI\H'rS LIS1' U-Jil~-69 U~S~: ASS! CAOL~ S[G OUTPUT 460~ onc NO: ~r400853-J IU;V: 1

IlF;SJG PIIR,' NO ugs~nIP'flOtI MMlU f PflR': NUt'lOER CL.~SS UH QUAt1"l"Y Cll/ltltil::S

~30555 Wlnr. 24/,2 pvc I, SKY GIHl DE~61-12 /\fl J
550008 CAm,r. :2 cone 50/,025 RUBDeR STC 4 ~ilI2:: i'iH I
590030 SLF:EVE [CS 18,OtIM BLK HZLl,ERr-;AtI SF'MIB-6BK I,ll !
<;20165 PLUC BUI/CII PHI Hfrl OIA BRlI DEL1'Il0rl SS5/Elntl lltlP Ell 2
9:<0169 PLUG BUNCII PIN HIM 01•. BW llELTHOtl 55S,'flLU BNP E:A 2

9202l.1 PLUG BunCH PW 1/-t!'1 DL", o:3p. .., DEL'mml 555, 'enN BliP EA 2

E;,d

(

(

(

(

(

(

(














