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[WARNING

Be careful when working with the 115-volt power connections. SERIOUS
INJURY or DEATH may result from contact with these terminals.

CAUTION

The equipment contains highly complicated circuitry. Maintenance person-
nel should not attempt any maintenance without reading and fully under-
standing the applicable section relating to that maintenance.

THIS MANUAL IS AN AUTHENTICATION OF THE MANUFACTURER'S COMMERCIAL
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EL 66252507 — 14— T ~1 (1)

Figure 1-1(). Recorder, Thermal Oscillograph AN/USM-365(V)1 (sheet 1 of 2)

EL6625-2507—14—TM~1 (@

Figure 1-1 @ Recorder, Thermal OscillographAN/USM-35-65(V)1 (sheet 2 of 2)
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SECTION |

GENERAL INFORMATION

1-1. Scope

a. This wanual provides operating and maintenance instructions for
Recorder, Oscillograph Thermal AN/USM-365(V)1 (fig. 1-1). Also included
in the manual is coverage of similar commercial components (table 1-1)
and various system options (table 1-1), Throughout the manual, the
AN/USM-365(V)1 components are referred to by their commercial part number
designations. Paragraph l-b lists the Army nomenclatured components that
comprise an operable system together with the corresponding part number
designations.

be. A maintenance allocation chart appears in appendix B.

ce Plug-In Units, Electronic Test Equipment PL-1305/U, PL-1306/U, and
PL-1307 are covered in appendixes C, D, and E, respectively.

d. The repair parts and special tools lists appear in TM 11-6625-2507-20P

TM 11-6625-2507-40P
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1-2. Indexes of Publications

a. DA Pam 310-k. Refer to DA Pam 310-k to determine whether there
are new editions, changes, or additional publications pertaining to the
equipment.

b. DA Pam 310-7. Refer to DA Pam 310-7 to determine whether there
are modification work orders (mwo’s) pertaining to the equipment.

1-3. Forms and Records

a. Reports of Maintenance and Unsatisfactory Equipment. Use equip-

rent forms and records in accordance with instructions in T 38-750.

. Report of Packaging and Handling Deficiencies. Fill out and for-

ward DD Form 6 (Report of Packaging and Handling Deficiencies) as pre-
seribed in AR 700-58 (Army)/NAVSUP PUB 378 (Navy)/AFR T1-k (Air Force)/and
MCO P4C30.29 (Marine Corps).

¢. Discrepency in Shipment Report (DISREP) (SF 361). Fill out and

forward Discrepancy in Shipment Report (DISREP) (SF 361) as prescribed
in AR 55-38 (A4rmy)/NAVSUP PUB 459 (Wavy)/APM 75-3L4 (Air Force)/ and MCO
PL610.19 (Marine Corps).

d. Reporting of Eguipment Publication Improvements. Report of errors,

onissions, and recommendations for improving this publication by the indi-
vidual user is encouraged. Reports should te submitted on DA Form 2021
(Recommended Changes to Publications) and forwarded direct to GCommander,

US Army Electronics Command, ATTN: AMSEL-MA-AN, Fort Monmouth, NJ
07703,

e. Administrative storage. For procedures, forms and records, and

inspections requared during administrative storage of this equipment,

refer toTM 740-90-1

1-2



1-4. Items Comprising an Operable AN/USM-365(V)1.

(fig. 1-1) TM 11-6625-2507-14
Federal Hevlett-packard Ttem Dimensions (in.)
Stock No. part number Qty |Height | Depth [Width [Weight (1b)
6625-230-3835 | 7706B OP1h Recorder, Thermal Oscillo-
graph AN/USM-365(V)1
congisting of:
6625-230-3834 TTO6B (with Recorder, Thermal Oscillo- | 1 {19.75 2i.5 | 21.0 {100 (approx)
options 02 graph RD-34T7/U.
and 11
6625-263-6041 8802a Plug~In Unit. Electronic 21| 7.0 20.0 2.06| 5 (approx)
Test Equipment P1-1305/U.
6625-905-1296 8803A Plug-In Unit, Electronic 2 1 7.0 20.0 2.06| 5 (approx)
Test Equipment PL-1306/U.
6625-231-0402 88065 Plug-In Unit, Electronic 2 7.0 20.0 2.06| 5 (approx)
Test Equipment PL-1307/U.
858-1400 Case, preamplifier power 1
supply
358-1400 Case, Recorder, Thermal 1
Oscillograph.




Table 1-2. System Options

™™ 11-6625-2507-14

Hewlett-Packard
Option No. Description Part No.
Option 01 Onits System Cabinet 1061A - Option 05
Adds Master Power Panel 1069-03A
Replaces Power Supply std. 3 foot cord
(8120-1008) with 10 foot cord 8120-1007
Replaces Preamplifier Power Supply std.
3 foot cord (8120-1008) with 10 foot cord 8120-10G7
Option 02 Omits System Cabinet 1061A- Option 05
Omits Power cordfor Driver Amplifier Power Supply 8120-1008
Omits Power cord for Preamplifier Power Supply 8120-1008
Omits Slide assembly for Preamplifier Power Supply (01) | 01060-60310
Adds Recorder and Driver Amplifier Portable Case 358-1400
Adds Preamplifier Power Supply Portable Case 858-1400
Option 08 Specifies 50 Hz System
Option 09 Specifies system voltage ot 230V 9100-2029 Transformer
Option 11 Adds mm /min speeds to Recorder (normally 358-100D (8 channel)
mm/sec only). Changes Second time wmarker 356-100DW (6 channel)
to Minute time marker.
Option 12 Omits one or more Driver Amplifiers 7700-02B
If two are omitted from 7708B system, recorder :s: 356-100N
Option 15 Adds extra event marker between two channels
(normally between channels 1 and 2) 608-100C11

1-10. Additionai characteristics can be given to the
system by including auxiliary equipment such as the
Model 358-800-1 paper takeup with horizontal paper

1-13. Component Description
1-14. Therma Recorder 356-100CW and

table for easy access to the chart for making notes
(see paragraph 1-30). The 7706B and 7708B systems
can also be connected to a Monitor Scope or Numeri-
cal Display by means of the signal cable Monitor
connector.

1-11. System Specifications

1-12. specifications which are applicable to each
channel of the system, including driver amplifiers
and galvanometers, are listed in Table 1-3 For
system characteristics which include the preamplifier

(refer to applicable appendix)

358-100C.

1-15. The recorder displays the system read-out
data on a six-channel chart for the Model 356-100CW
and DW and an eight-channel chart for the Model 358-
100C and D. The recording is visible as soon as it is
made, with the most recent several inches remaining
in view at all times. The recording is made by a
light-weight writing arm driven by the galvanometer.
The stylus at the tip of the writing arm, under con-
trolled heat, traces the variable on heat-sensitive,
plasticcoated Permapaper ® . Recorder specifica-
tions are listed in |a0/€ 1-4 The Model 358-100C
Recorder is shown in Figure 1=2
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Table 1-3. System Specifications

Power Requirements:

| Size: System Cabinet

Portable Cases:

Weight:

115 volts ac (x 10%), 60 Hz, 550 watts.

230 volts ac optional,

50 Hz optional.

Power Cord (accessory 8120~0860) is 10 feet long (3, 28 meters).

T72-5/8 in.{ 1844 mm) high, 24 in. (609 mm) wide, 25-1/2 in. (648 mm)
front to back on rack, 25 3/4 in. (908 mm) front to back on base.

Recorder Case 19-3/4 in. (502 mm) high, 21 in. (533 mm) wide, 21-1/2
in. (546 mm) front to back.

Amplifier Case 7-9/16 in. (199,5 mm) high, 22 in. (570 mm) wide,
21-1/2 (546 mm) front to back,

Configuration 7706B 7708B

With preamps:
In cabinet (typical

Without preamps:

512 Ibs (232 kg) 547 Ibs (248 kg)

Frequency Response:

Transient Response:

Interchannel Cross Talk:

Linearig_:

Noise:

In cabinet 480 1bs (214 kg) 515 lbs (233 kg)
Less_cabinet (Opticn 01) 257 1bs (116 kg) 289 1bs (131 kg)
Portable (Option 02) Recorder 200 lbs (91 kg)1 232 1bs (105 kg)
Signal Conditioners 103 lbs (46 kg) 103 1bs (46 kg)
Recorder alone 160 lbs (73 kg) 175 1bs (79 kg)
NOTE

The following specifications are for the sub-
system of Recorder and Driver Amplifier
only. Full specificaticns depend upon select-
ion of preamplifier for a particular channel.

T706B Sub-system: DC to 3 dB down at 125 Hz, at 10 divisions peak-to-
peak amplitude.

7708B Sub-system: DC to 3 dB down at 150 Hz, at 10 divisions peak-to-
peak amplitude,

7706B Sub-system: 5.0 milliseconds for a 10 division displacement (1¢%
to 90% with 4% or less overshoot).

7708B Sub-system: 4.0 milliseconds for a 10 division displacement (10%
to 90% with 4% or less overshoot).

At least 66 dB below input signals or sum of input signals.

Method 1: After setting mechanical zero of stylus within 11 division of
chart center and calibrating for zero error at center scale
and +20 divisions, error is less than +0. 25 division at any
point on printed coordinates.

Method 2: After setting mechanical zero of stylus within +1 division of
chart center and calibrating for zero error at lower and upper
ends of printed coordinates, error is less than +0. 5 division
at any point on scale.

No noise is visible on recording with zero signal input.
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Table 1-4. Recorder Specifications

Frequency Response:
Model 356-100CW (or DW) has galvanometers

with 45 Hz natural resonance; provide recordings

from dc to 3dB down at 125 Hz (with drive cir-
cuit), at 10 div. peak-to-peak recording.

Model 358-100C (or D) has galvanometers with
55 Hz natural resonance; provide recording
from dc to 3dB down at 150 Hz (with drive cir-
cuit), at 10 div. peak-to-peak recording.

Transient Response:
Model 356-100CW (or DW) with drive circuit,

provides recordings having 5 millisecond rise
from 10% to 90% of final deflection (pulse input).

Model 358-100C (or D) with drive circuit, pro-
vides recordings having 4 millisecond rise from
10% to 90% of final deflection (pulse input).

Damping:
Galvanometer with velocity-voltage feedback,
in combination with drive circuit, provides the
same response as a 71% damped galvanometer,

Linearity:
Within +0. 25 divisions, including drive circuit.
Linearity is measured and defined as follows:

a. Set stylus to mid-scale, then apply dc
voltage for an exact 20 divisions upscale deflec-
tion,

b. Apply, in sequence, 0%, 25%, 50%, 75%
100%, and 125% of voltage applied in step a.
Repeat with opposite polarity. Run paper to
avoid hysteresis.

c. Stylus deflections must coincide exactly at

+20 division line. The linearity error is the
difference between the recorded deflection and
the chart division with which it should coincide,

Hysteresis:
Previous signals do not affect recorded data by

more than £0. 15 divisions.

Galvanometers:
Ine in each recording channel, high-torque,
D'Arsonval movement, Eoach has single-ended
drive coil plus a velocity-voltage pickup wind-
ing; each winding has approximately 16. 5 ohms
at room temperature.

Galvanometer Sensitivity:
Approximately 16 milliamperes per division,

Gain Stability:
Including drive circuit, not more than 0, 1%
change in gair. per 1¢°C within the temperature
range of 0°C to 50°C. Not more than 0.15%
change in gain for line voltages 103V to 127V,

Drift:
Including drive circuit, after 30-minute warm-
up, drift is less than 0.1 division for 20°C
temperature variation within the range of ¢°C
to 50°C, Short term drifi from the line voluge
changes in the range 103V to 127V is less than
0. 05 div,

Limiting:
Galvanometer mechanical limiting just beyond
full-scale by spring bumpers, Electrical
limiting in drive circuit is fully adjustable
for + or - limit,

Noise:
Not visible on recording, including drive circuit,
with zero signal input.

Chart Speeds:
100, 50, 25, 10, 5, 2.5, 1, .5, and .25 mm/

sec on 358-100C models, or mm/sec and mm/
min on 358-100D models. Standard speeds can
be changed on special order.

Chart Drive:
One synchronous motor for mm/sec speeds
plus a second synchronous motor (358-100D
only) for mm/ min speeds.

Power:
115 volts, 60 cycles, 930 watts, including
Driver Amplifier and Driver Amplifier Power
Supply. Changes in line frequency will cause
time-axis errors in the recording.

Size:
17-1/2 in. (444,5 mm) high x 19 in (482 mm)
wide. Front to back 20-3/4 in. (527, 15 mm)
including standard paper take-up at front.

Weight:
About 160 lbs. (72, 5 kg) for 356-100CW,
About 192 lbs. (87 kg) for 358-100C.
Mounting:
On latch slide and frame assembly; locks in
normal and in extended positions,

Writing Arms:
Hot wire stylus for receording on heat-sensitive,

plastic-coated Permapaper Length 4.2 in,
(10,67 mm) for Model 356-100CW (or DW) and
3.4 in. (8,65 mm) for Model 358-100C (or D).

Timer Marker:
Single trace, at right hand edge of the chart, to
record one-second (C,CW models) or one-
minute (D, DW models) timing pulses, or to
mark events.

Local /Remote Operation:
Provided for turning chart drive ON or OFF
selection of chart speeds; operation of standard
marker; operation of one auxiliary marker, if
used.

1-7
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Figure 1-2. Model 358-100C Recorder

1-16. preamplifiers, Series 8800

1-17. The preamplifiers in this series are plug-in
units which are inserted into the system from the
front. The preamplifiers condition the input signals
for the amplifiers which érive the recorder galvanom-
eters and associated circuits. Input and output con-
nections are made at rear connectors through the
preamplifier power supply. Preamplifier specifica-
tions in the system are given in the appropriate
appendix.

1-18. Preamplifier Power Supply 8848A

1-19. The 8843A Power SupplyHRigure 1-3 pro-
vides operating power for up to eight 8800-series pre-
amplifiers, serves as a transfer chassis for signal
input and output circuits, and contains the preampli-
fiers. The preamplifiers, which are interchangeable,
make all connections needed for operation when they
are slid into the preamplifier power supply rack.
They are held in place by two screws.

1-20.  The power supply normally ordered contains
44U Hz and 2400 Hz transducer excitation printed cir-
cuit cards that provide oscillator signals for use by
carrier preamplifiers. The requirement for either
card can be deleted by specifying an option:

Option 01 Less 2400 Hz card.
Option 02 Less 440 Hz card.

1-21. Driver Amplifier Power Supply, 356-400BW
and 358-400B

1-22.  One Driver Amplifier Power Supply is in-

ciuuea 1n each system. The power supply chassis
contains 2 separate supply for each pair of the six or

-8

07706 -3

Figure 1-3. Model 8848A Preamplifier Power Supply

c1ght ariver ampiuiers, It also Serves as a iransier
chassis for the driver amplifiers. The power supply
is fastened to the recorder rear. Input, monitoring,
and remote control connectors are located along the
lower edge of the suply, facing the rear. The sup-
ply may be tipped outward for servicing and for
access to the three heavy-duty connectors which con
nect the driver amplifiers to the galvanometers.

Figure 1-4 illustrates the Model 358-400B Driver
Amplifier Power Sunplv with driver amolifiers
installed.Table 1-6 1ists the driver amplifier power
supply specifications.

Table 1-5.8848A Preamplifier Power
Supply Specifications

Regulated Outputs:
+12V dc at 800 mA maximum,
=12V dc at 800 mA maximum,

Ripple not more than 5 mV under full
load.

Unregulated Outputs:
+18V dc at 600 mA maximum,
-18V dc at 600 mA maximum,
(Current capacity is 1.4 amperes less
current supplied by regulated output
circuits, )

Power Requirements:
115 or 230 volts (switch provided), 50
to 400 Hz, 120 watts full load.

Oscillator Outputs:
440 Hz 127 floating, 14V ac peak-to-

peak, 4 watts maximum, Amplitude
stability +5%.

2400 Hz +2% floating, 10V ac rms,
50 mW maximum. Amplitude stability
+5%.

Weight:

About 26 1bs (11, 8 Kg), less preampn-
fiers.

Dimensions:
in, (178 mm) high, x 19 in. (482 mm)
wide, x 20-7/8 in. {531 mm) front to
back.
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Table 1-6. 358-400B Driver Amplifier Power
Supply Specifications

..+12 volis, 0, svolts, 0, 5mAmax1mum.
-12 volts, 0, 6 volts, 0.5 mA maximum,

_ Regulated lines show not more than 100 mV

 voltage changes for line voltages 103 to 115
“and 115 to 127 volts. Maximum ripple is
100 mV peak-to—peak,

V",Unr
L 417,5 volts, £1.7 volts, 300 mA maximum,
-17.5 volts 11, 7 volts, 300 mA maximum,

Power:
T 115 volts, +10%, 50-400 Hz, approximate-
ly 12,5 watts ior each Driver Amplifier.
Weight:
— Approximately 14 1bs (6, 3 kg).
Fuses:

our 0.5 ampere fuses, one for eachpair
of Driver Amplifiers.,

. Dimensions (inches and millimeters):
15-1/8 in, (384 mm) high x

- (429 mm) wide x 5 in, (127 mm) front to
back.

TM 11-6625-2507-14

1-23. Driver Amplifier 7700-02B

1 - 2 40ne Driver Amplitier [Figure 1-5) is provided
for each channel. The combination of driver ampli~
vanometer simulates the characteristics
simple galvanometer at 71% of critical damping,
negative velocity-voltage feedback from the gal~
vanometer in conjunction with 2 compensation circuit
in the driver amplifier. Driver amplifier specifica-
tions are listed in Table 1-7

1-25. System Cabinet 1061A (Cabinet Option 05).

1-26. The cabinet mounts and encloses all compon-
ents of the recording system. The power panel above
the preamplifiers and the blower system are con-
sidered part of the cabinet.

1-27. Master Power Panel 1069-03A.

1-28. The Hewlett-Packard Master Power Panel
1069-03A provides primary ac power switching and
distribution for systems that are furnished less cases
or cabinet., ‘The panel, which matches the front panel
appearance of system components, is used in custom
installations of Hewlett-Packard recording systems.
See Figure 2-8A for wiring of the panel.

Figure 1-4. Model 356-400B Driver Amplifier Power
Supply (With Driver Amplifiers)
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Table 1-7.

Driver Amplifier Specifications

Input Sensitivity:
~ 100 miliivolts per division (£ 2,5 volts full

scale) nominal.

Input Resistance:
100K ohms, single-ended.

Gain Stability:
Less than 0. 15% change in gain for line voltage
change from 103 to 127 volts, Less than 0.1%
for 19°C change in amplifier ambient tempera-
ture from 0°C to 75°C.

Drift:
Less than 0. 05 div on recording chart for
change in line voltage from 103 to 127 volts
after 30 min, warmup. Less than 0,1 div on
recording chart for 20°C change in amplifier
ambient temperature within the vange 0°C to
75°C.

Frequency Response:
Internally adjusted for operating with record-
ing galvanometer; provides frequency boost of
from +7 dB to +17 dB at 150 Hz.

Weight:
About 1. 3 lbs. (0.59 kg).

Noise:
Not visible on recording, Electrical amplitede
depends upon frequency compensation, and is
typically less than 0. 75 mA rms.

Linearity:

Not greater than 0. 1% non-linearity over entire
+ 400 mA output range.

Output:
Full-scale output equals + 400 mA through an
ungrounded 17-1/2-chm load. Output scurce
resistance above 2000 ohms, typical value.

Limiting:
Fully adjustable for each polarity.

Cross Talk:
With common power supply, interchannel czoss
talk is less than -66 dB.

Signal Monitoring:

~ From connector on Driver Amplifier Pcwer
Supply rear panel. Output level + 2.5 volts for
full-scale on the recording (approximately).
This connector is in parallel with preamplifier
output,

Table 1-8. System Accessories
PREAMPLIFIER POWER (1) Roll Permapaper
SUPPLY ACCESSORIES (green, industrial) 651-58
(8) Connector 5 pin F (Input) 1251-1895 (or black, medical) 651-48

(8) Connector 10 pin M (Aux. Input) 1251-1944
(1) Connector 9 pin M (J33 Remote) 1251-1708
(1) Signal Cable 07727-60010

(8) Grommet 0340-0404
RECORDER ACCESSORIES

(1) Fuse, 0.6 A Slow Blow 2110-0016
(1) Fuse, 3.2 A Slow Blow 2110-0013
(1) Screwdriver (stylus pressure) 8710-0875
(1) 1-o0z tube lubricant 6040-0222
(1) 3/4-0z bottle motor oil 6040-0220
(1) Spline wrench 8710-0876
(1) Lamp bulb 2140-0002
(1) Stylus pressure tester 14015A
For 8-Ch Recorders (4-cm channels):

(2) Record cores (hex) 1490-0773

(1) Writing arm 399
(1) Marker arm 411-3

For 6-Ch Recorders (5-cm channels):

(2) Recorder cores (hex) 1490-0774
(1) Writing arm 398

(1) Rol! Permapaper (green) 651-57
(1) Marker arm 411-10

DRIVER AMPLIFIER POWER SUPPLY
(356-400BW, 358-400B) ACCESSORIES

(1) 9-contact male conn.
(1) 19-contact male conn,

1251-1707
1251-1717

MASTER POWER PANEL ACCESSORIES
(OPTION 01)

(1) Pilot lamp
(1) Power cord

2140-0228
358-1400-C4




1-29. SYSTEM ACCESSORIES

1-30. System accessories provided with the indi-
vidual system components are listed in Table 1-8

1-31. 1 addition to these accessories supplied, 2
norizomal writing tzble with coneealed paper takeup
Figure 1-6is available on specizl order. The Model
358-800-1 Paper Take-up c¢an be cperated with its
horizontal writing table exterded, or retracted to
provide a flush-front system. In the extended position,
the hinged top surface of the paper takeup functions as
a horizontal writing surface. This paper take-up
accommodates up to 200 feet of recorded Permapaper,

and is illustrated in Figure 1-6

1 -9 2 Also optional is the DC Marker Driver
Amplifier Model 14040A. This accessory permits
either + or - dc marker traces to be generated in-
stead of the standard trace, which is applied at line
frequency.

™M 11-6625-2507-14

V68

Figure 1-5. model 7700-02B Driver Amplifier

Figure 1-6. Optional 356-800-1 Paper Take-up
In Extended Position
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Figure 2-1. System and component installation Dimensions.
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SECTION 11
INSTALLATION

2-1. INTRODUCTION

2-2. This section contains information on initial
inspection of the system,

and system installation.
Installation information includes system and compon-
ept dimensions (Figure 2-1), environmental factors
essential to efficient system operation, removing
shipping retainers, preparing cables, and intercon-
necting the system components. In addition, infor-
mation is provided to install system components
(Option 01 System) in a custom cabinet and to provide
remote control circuits for the recorder.

2-3. INITIAL INSPECTION
2-4. M echanical Inspection,

2-5. Cheek the System for external dam-
age, such as broken controls or connect-
ors, and dents or scratches on the panel
surface. |f damage is found, refer to

paragraph -3 for instructions on filling
out the necessary forms. If the shipping
carton is not damaged, check the cushion-
ing material and note any signs of severe
stress as an indication of rough handling
in transit.
for possible future use.

2-6. Electrical _Inspection.

2-7. Check the electrical performance of the System

as soon as possible after receipt; see Section V for
the recommended performance checks. The checks
will verify that the System is operating within the
specifications listed in Table 1-3. This check is a
good test procedure for incoming quality control in-
gpection and for an operational check after repairs or
adjustments have been made.

2-43 through 2-12 Deleted.

Retain the packaging material

2-13. INSTALLATION.
2-14.  Environment.

2-15. System location should be reasonably free
from vibration, dust, corrosive or explosive vapors
or gases, extremes of temperature, humidity, etc.
The floor should be level and must supply support for
all four wheels of the System. Allow sufficient room
at the front for operation with any part of the System
extended forward, and at the rear for servicing with
the access door open.

2-16. System ingtallation must allow adequate
clearance for exhaust of cooling air from the cabinet,
or maximum ambient temperature must be derated.

2-17. Check that the power line voltage, voltage
regulation, power capacity, frequency, and frequency
stability are suitable for the requirements of the Sys
tem. The time-axis accuracy of the recording will
be directly dependent upon the frequency stability of
the power line. Frequency rating of recorder is
shown on nameplate (Figure 2-4, 11).

2-18. Preparation for Use.

2-19. SYSTEM WITH CABINET. The Recorder is
firmly held in the cabinet with shipping screws. These
and other retainers must be released before use.
Prepare the Recorder for operation using the following
procedures, referring to Figures 2-2, 2-3 and 2-4
for location of the shipping retainers:

2-3



™ 11-6625-2507-14

a. Open cabinet rear access door, locate and re-
move four shipping screws which hold Recorder to
cabinet shipping brackets (Figure 2-2, 1, 2, 3,

4).

b . At the front of cabinet, remove two copper
shipping screws which hold Recorder to cabinet
(Figure2-3, 5, 6).

C. Pull up two lock levers (below Recorder panel)
and pull out Recorder until it locks in place, Remove
four shipping screws, two each side, which hold
writing platen during shipment (Figure 2-3, 7).
After removal, push Recorder back into place.

d. Open viewing window and remove tape which
holds stylus guard retainer down on platen table
(Figure 2-2, 8). Leave window open.

Pull out on stylus lifting lever (left side of
platen table, center), hold platen table with one hand,
lift up and out on table locking table. Take out spool
of Permapaper and look in through paper compartment
to identify two chrome plug buttons (Figure 2-2, 9).
Pry out right-hand button to release motor chain, and
interchange with left-hand button. Replace Perma-
paper or install new roll (see paper loading instruc-
tions Figure 3-4).

f. Remove the protective gummed paper from the
viewing window and close the window.

. Use the reverse of this procedure to prepare
the Recorder for re-shipment or storage.

07706-8

L2 T

Figure 2-3. Shipping Retainer Locations, Front

07708-10

Figure 2-2. Shipping Retainer Locations, Rear

2-4

Figure 2-4. Shipping Retainer Locations, Both Sides
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358-1400 858-1400
RECORDER PREAMPLIFIER AND POWER SUPPLY
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Figure 2-5. Portable Cases (S\/stern Option 02)
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FOOT INSERT
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JACK SCREW
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LEFT RECORDER CATCH
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= e
‘J\ (i568) e : RIGHT CABINET SLIDE
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N
\ 18 ’fi: JACK NUT
R

19.0 / eeee R
(482,8) ONT JACK SCREWS

.878 RECORDER GUIDE
(22,2) BRACKET ASSY.
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# NOTE This distance between support bar and customer’s
rack requires a spacer not provided by Hewlett-Packard

07706 -12

Figure 2-6. Recorder Slide Assembly 01060-60370
2-5
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/

TOTAL TRAVEL OF SLIDES

/ 7.50 {190,5)

G - /E./ Ny
¢
N

INSTALLATION AND ADJUSTMENT OF RECORDER

2.25(57,i5)

When the recorder is properly positioned the front

panel fits flush at all points against the lip of the relay 3.
rack. The latch handle (LH) will lock the recorder
securely when in its full in position.

1. Note critical 2-1/4" (57, 15 mm) dimension.
Make this adjustment on both sides of rack be-
fore installing recorder.

Loosen screws (A) and position catch (LC) so
that engaging lip will be 2-1/4" (57,15 mm)
from the lip of relay rack. Tighten screws (A).

2. Place recorder on this assembly. Secure it to’
slide section (note view of slide in extended posi-
tion) using two #10-32 hex head screws on each
side, through slots (C) into sguare bar (D) which
is part of recorder.

CUSTOMER-SUPPLIED
SPACER.

NOTE

Dimensions are in inches and (millimeters).

Side adjustment of the recorder with respect to
bar (D) is provided by screws (F) in slots (G)
located behind paper supply spool.

Push recorder into rack. The recorder panel
should fit flush at all points {o lip of rack. To
adjust, find jack screws (JB) at back of support
frame and jack screws (JF) at front. Screws
(JB) raise and lower the back and screws (JF),
the front.

Loosen check nuts on jack screws. Loosen clamp
screws (E). Raise or lower support frame cor-
ners with jack screws until recorder panel is
flush, Tighten clamp screws (E) and check nuts
on jack screws,

Push recorder to full retracted position, If latch
handle (LH) does not lock recorder securely in
this full retracted position advance recorder for-
ward until slot (S) in slides aligns with screws (A)
giving access for adjustment of latch catch (LC),
as described in step 1.

07706 -13

Figure 2-7. Recorder Ingtallation and Adjustment Data for use with System Option 01
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2-20. System Without CabinetSystem
Option 01 is shipped less cabinet. For convenience,
ase IFigure 2-1 2-6 2-7vhen mounting the sys-
tem components in a custom cabinet. The front panel
dimensions are referenced to the top of each panel.

2-21. Connections
2-22.  INPUT POWER cCheck that the power line

voltage ana trequency is ithe same as shown on the
Recorder nzmeplate {(located on the left side of the
Recorder (recorder extended)). Systems used with
230 volt line power use a 230-volt step-down trans-
former (auto transformer) to power the entire
system at 115 volts ac.

2-23. The system is provided with a 10 foot (3, 28
meter) power cord. Connect the system to an ap-
proved power source, preferably to a 3-wire polarized
outlet. If only a 2-wire service is available, use a
3-wire to 2-wire grounding adapter (standard
commercial) between the system power cord and the
line outlet. Connect the ground wire of the adapter to
an electrical ground such as a water pipe or outlet box
screw if box is grounded.

2-24. inside the cabinet, connect the separate
instruments of the system to the line power at the ac
power strip along the left side of the cabinet. System
power cords are shown in Figure 2-8A.

2-25. SYSTEM IN PORTABLE CASESsystem
Option 02 is supplied in portable cases. The Recorder
is bolted to the Model 358-1400 Case at the bottom as
well as the front and rear. When the Recorder is re-
ceived in a portable case, use the follnwine nracedure
to prepare the Recorder for operation Figure 2-5

a. Remove copper shipping screws, one at
each side, which hold writing platen during shipment.
Access holes are provided at each side of case.

b. Open viewing window and remove tape which
holds stylus guard retainer down on platen table
(Figure 2-3, g ). Leave window open.

c. Pull out on stylus lift lever (left side of
platen table, center), hold platen table with one hand,
lift up and out on table lock lever (above stylus lift
lever), and lower platen table. Take out spool of
Permapaper@ and look in through paver compartment
to identify two chrome plue buttons Figure 2-3,9
Pry out right button to release moior Q}La_ig; gx@ inter-
change with left button. Replace Permapaper ® or
install new roll (see paper loading instructions in

Figure~34

d.  Remove gummed paper protective covering

from viewing window and close window Figure 2-2
10).
e. Reverse ahove procedure to prepare Record-

er for re-shipment or storage.

TM 11-6625-2507-14

2-26. For maintenance access to the Recorder,
remove case cover using the following procedure:

a. Remove two shipping screws on front panel.

b. Remove two screws at rear panel (inner one
at each side near top).

c. Remove four base screws at each side of
bottom section.

d. Use handles to lift carrying case cover,
exposing Recorder for maintenance.

e. To replace cover, reverse removal procedure.

2-27.  INPUT SIGNAL Srepare signal cables and
connectors as shown in Figure 2-9 according to the
requirements of individual preamplifiers, for guarded
or non-guarded input circuits. An access hole is
provided in the lower rear pane!l of the system cabinet
for signal cables; a plate must be removed to gain
access.

2-28. Input connections are made to the 8848A
Preamplifier Power Supply rear panel. Channel 1
through Channel 8 connections are made to Jil
through J18, shown in Figure 2-10

2 - 2 9. Special cables should be fabricated
locally for inputs to preamplifiers, as
shown in applicable appendix. The cables
carry transducer and bridge excitation and
signals. The appendixes also provide in-
formation about making preamplifier front
panel connections.

2-30. OUTPUT S'GNALS Preamplifier signal
outputs are provided to the recorder and other moni-
tors through J34 on the Preamplifier Power Supply
“Figure 2-10 cable 07727-60010. This cable is
shown in Figure 2-8B.

2-31. Remote operati ONRemote Connector
J412 is located on the Driver Amplifier Power Supply

Figure 2-10 The typical remote switching arrange-
ments are shown in Figure 2-11 Included is infor-
matuon on remote chart drive, rémote standard
marker and remote auxiliary marker control.

2-32. AUXILIARY INPUTS AND OUTPUTS con-
nectors J21 through J28( Figure 2-1Chre provided on
the Preamplifier Power Supply for providing external
inputs (such as an external reference voltage for the
phase sensitive demodulator preamplifier) to preampli-
fier and for connecting auxiliary monitor units such as
oscilloscopes and numerical display devices. These
connectors also are convenient test points. An auxil-
iary connector is also provided on sienal cable
07727-60010.

2-33 FUSE LOCATIONS

2-34. Before operating the system, check that system
fuses are of the proper values, as shown in Figure 2-12.

2-7
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CABINET
EXTERNAL
POWER CABLE

AC POWER CABLES
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(SYSTEM OPT 02 ONLY)
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Figure 2-8A System Power Cables, 7706B, 7708B



2-35.

2-36. Review the installation procedure, checking
the cables and connectors for tightness, Check that
St {115/230 volt) switch is set for the correct volt-
age and that the power cord is connected to the power
line,

2-37. The following procedures are used to check
Recerder operation. In addition, calibration voltages
from the Preamplifiers are used to check the elec-
tronics circuits,

a. Press red button at top of System Cabinet to
close Power switch. Back lighted button is lit when
ac power is applied to System,

b. Set Recorder CHART DRIVE control to MM/
SEC position. Red indicator beside speed control
should light. Check paper travel at each speed. Re-
peat with remote controls where applicable.

¢. Set CHART DRIVE control to MM/ MIN (358~
100D and 356-100DW Recorders). Yellow indicator
beside speed switch should light, Again check paper
travel at each speed. Paper motion may not be ap-
parent at lowest speeds. Repeat with remote controls
where applicable. Set MARKER control to 1-MIN
position (358-100D and 356-100DW Recorders).
Marker arm should record at 1 minute intervals
and indicator should blink.

d. Adjust each STYLUS HEAT control at 10 MM/
SEC for dense, well-defined baseline.

TM 11-6625-2507-14

e. Set MARKER control to MARK position. White
indicator to right of control should light and marker
arm should record an ac trace (not applicable with
14040A zdc modification). Repeat with remaote cir-
cuitry where used. Set MARKER output to 1-SEC
position; marker arm should record an ac pulse at
1 second intervals and indicator should blink.

f. Check POSITION control at each Preamplifier
(Phase Sensitive Demodulators Preamplifiers must
have specified reference voltage applied). With
respective ATTENUATOR (or RANGE) control at
OFF, and ZERO SUPPRESSION control at OFF, ro-
tate POSITION control throughout control range.
Corresponding channel stylus should deflect over full
channel width on chart. Set each channel to indicate
chart center.

g. Set each ATTENUATOR (or RANGE) control to
OFF to remove input signals, If desired, fuse F1
can be removed from 8848A power supply to disable
all preamplifiers simultaneocusly. Run several feet
of paper at 10 mm/sec, Inspect recording for base-
line stability (no drift or osciilation). Each baseline
should be within one division of midscale,

h. Apply a known test signal to each Preamplifier,
or use preamplifier calibration signal to check that
response on Recorder chart is representive of cali-
bration signal.

i. Press Power switch to remove power from
System.

P! (CONNECTS TO
J34 ON B8848A Piéc‘?:g:icgs
PREAMPLIFIER
POWER SUPPLY) DRIVER POWER SUPPLY)
07727 — 60010
Ay { v JcHi
D> @- {4 jcH3
J > {7 jce>S
M > - {0 fen7
R D —@— < 3 | GrROUND
v N
H ) @ {12 | GROUND
8 > @ {1 Venz
ED { 4 | cH 4
N\ s
L {7 {8
P> I {10 I i 8
PAIAAAAAAAAAA P2 (CONNECTS
MCMITORE A B D E U LM PHR TO J41i ON
CONNECTOR DRIVER POWER SUPPLY)
07706 -15

Figure 2-8B. System Signal Cable, 7706B/7708B
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SIGNAL CONNECTCOR PREPARATION

a. Slide the preparcd end of the cable into the cable clamp and through the
consector shell. Also slide the end of the cable through the guard shield Conaector HP 1251-1895
extension, for guarded input circuits. For nor-guarded input circuits, GuaRd ~
remove ard store the guard shield extension. g oo Seio 1

b. Wire the connector according to the diagram below, according to < a oy
preamplifier to be used. For guarded input circuits, slide the guard shield & g << P
extension into place after so{dering the signal leads to terminals A and B. N tervian

¢. Press the connecter block carefully into the connector shell. *g’; GuaRD SMiELL

d. Insert the retaining ring. M [ e

e. Tighten the cable screws. hS-

f. Check with an ohmmeter to determine that the cable chields are not A

shorted to the connector shell or to each other.

A

SwigLd

LONVE IS )
- CONNECTCN

GUARDED CABLE PREPARATION R
Si"g[e. T Doubie- - T

PREAMPLIFIER Shield Cable % Shield Cable , i

| MODEL HP 81200718  sneo 77 HP 8120-0800 _s-te v ol Z
ComNECTiTh | - CORRECT/ON | fom e el

8803A - Sy

88068 * e -

8807A ** She ey SGe

® ®
®©

NOTES:

* 1. Connect Ref voitage to pins A and B on
auxiliary connector of the power supply.

#% 9 AC ocutput available on pin C of auxiliary connector

of the power supply.

2. DC input (8807A, Opt 02) available on pins A and 8
of auxiliary connector of the power supply.

NON-GUARDED CABLE PREPARATION

PREAMPLIFIER
MODEL

8801A
8802A
8808A *
8809A *

*NOTE:

Single-
Shield Cable
HP 8120-0718

Sie—

SiG-

oo, | SRELT
CONAECTION

—csa

e

Double-
Shield Cable

s & &

i
(. {

. SwELD
CONBECTIONS
2

HP 8120-0800

‘! b 3/a —ad
-—

16—

Single conductor shielded cable can be used
by connecting center conductor to pin A and
shield to pin B.

CARRIER PREAMPLIFIER CABLE PREPARATION

PREAMPLIFIER
MODEL

8805A

HP Transducers having 5-pin AN connectors {pin
pattern ) use input Adapter 140608 for sig-
nat input connections. For other signal sources,
connect the input signals as shown. The transducer
output leads and transducer excitation leads must
be twisted and enclosed in braided shielding.

TRANSOUCER
QuTPUT

TRANSDUCER
EXCITATION

07706 -16

Figure 2-9.

Signal Connector Preparation
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8-CH [ 8-CH
CONNECTOR| SYSTEM | SYSTEM

Ju, g ch1 -
J12, 322 ch2 -
J13, 323 <h3 cki
J14, J2é ch4 ch3
J18, J25 chS ck3
J16, J26 ch 6 ch4
a1, 321 ch 7 ch$
J18, J28 ch 8 ché

88088
8804300 < OUTPUT +
OUTPUT -
{CHASSIS GRD.)
AUXILIARY SERVO
REFERENCE

CAUTION
COMMON 116 VAC or 230 VAC
LINE VOLTAGES ON
THESE PINS DO NOT
CONNECT

TEST POINT ACCIDENTALLY

AUXILIARY CONNECTOR 1251.1944
(WIRING END MATES WITH J21.428)

J413° el Jé12 Jala  J4I5 J418 CARRIER
POWER  SIGNAL REMOTE MONITOR SIGNAL CONTROL EXCITATION
2-4-6-8 OUTPUT !-3-5-7  PANEL 88054
POWER

GROUND

SIGNAL INPUT CONNECTOR 1251-1895
{WIRING END MATES WITH J11418)

Figure 2-10. System Connectors, Location
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S2:

REMOTE CHART DRIVE

(SPDT, neut. ctr.) Remote chart drive. Set CHART
DRIVE switch on recorder panel to REMOTE for S2
operation. MM/MIN speeds on D, DW models only.

S8, S9, S10, S11: (SPST) Remote chart speed selection. Press

CHART SPEED
MM/SEC or MM/MIN SWITCHES CLOSED
.25 e
.5 R IR
1 s8 s - -
2.5 - e - osn
5. - s -- s
10, s s% -- sn
25 - .- S10 sn
50, -~ $3 SI0 sn
160, s&  S%  SI0 Sty
________ — o — o — — — ——— —
REMOTE STD.MARKER

S1i:

REMOTE speed selector button recorder panel, for S8,
S9, S10, S11 operation. See chart:

(SPST) Remeote standard marker, ac trace, for parallel
operation with front panel control. Use any time with no
need to set recorder panel control. Does not operate
when standard marker is modified with Model 12040A
for dc marking.

S17: (SPDT): For idc modification with transistor amplifier

— e —— —— — — — —— — — — — ——— — — — — — — — — —— o— a2 —— - —

14040A. With modification, panel and remote MARK
circuits are inoperative.

REMOTE AUX. MARKER

S18: Requires auxiliary marker transistor amplifier plug-in.

S5:

DO NOT USE WHEN S5 CIR.CUIT IS CONNECTED.
S18 (SPDT, neut. ctr.) for +dc modification with tran-
sistor amplifies 14040A.

(DPST) For remote ac operation. DO NOT USE WHEN
S18 CIRCUIT IS CONNECTED. Requires auxiliary
marker transformer plug-in.

NOTE 3:

NOTE 1: S17 and S18 circuits shown with 1.5 volt

batter es. Higher voltages may be used by adding
series resistance at the rate of 3,000 ohms per
additional volt.

NOTE 2: Circuits shown with toggle switches; any equiva-

lent circuit closing device may be used.

No. 1251-1707.

Mating connector for J412 is Hewlett-Packard Part

Jai2

(NOTE 3)

DOWN | UP
Sis

115 VAC

MM/MIN
MM/SEC

Ki

K2

+24V0C

STD
MARKER

GND

XISTOR
#2

AUX
MARKER

07706 -18

Figure 2-11. Remote Control Circuits
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SYSTEM CABINET

154 circuit breaker; press to restore service,

E,’
&

PREAMPLIFIERS
Refer to applieable gppendix
RECORDER
Fuge Rating Circuit

F10i 0. 6A Slow Blow Marker
F102 3, 2A Slow Blow Chart drive
F103 1,5A Slow Blow Stylus
Fi04 0. 0A Siow Blow Coatrol
F105 0.5A MM /MIM

s F105 in D", "DW" models only;

2110-4016
2110-0013
2110-J059

at110_0n8
BAAVGTVIRY

2110-0012

remove voll of Permapaper for access,

PREAMPLIFIER POWER SUPPLY
HP
Fuse Rating Circut  Part No,
F1 1ASlow Blow 115V line  2110-0231
F1* 0,5A Slow Blow 230V line  2110-0201
F2 1.5A -18V 2110-0059
F3 1.5 418V 2110-0059
F4 1.6A Slow Blow Osc.Supply 2110-000%
F5 0,25A Osc. -18V  2110-0004

* F1 for 230V line is alternative fuse,

DRIVER AMPLIFIER POWER SUPPLY

TM 11-6625-2507-14

FRONT VIEW

Hp

Fuse Rating Circuit Part No.

F401%0, 5A chl, ch2 2110-0012

F402 0,5A ch3, ch4 2110-0012

F403 0,5A ch$, ch6 2110-0012

F404 0,5A ch7 ch8 2110-0012

* F'401 absent on 6~channel systems,

Qv -19
figure 2-12. Fuse Locations
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SECTION Il
OPERATION
3-1. |INTRODUCTION mentation at the recorder and at the duplicator can
improve the quality of the renroduction. Refer to
3-2. Operating procedures in this section assume Table 3-lfor information on different processes for

hat the installation is completed.

3 - 3. Parts of the Recording System.
3 - 4. System Qperation is performed entirely at

the front panels of the System. Internal adjustments
are typically a part of maintenance (Section V).
Basically, the major components of the System, shown
in Figure 3-2 do the following things:

2. System Cabinet. controls power ON/OFF func~
tton (Master Power Panel 1063-03A in Option 01,

Portable Case Power switches in Option 02).

- order. provides perman-
ent readout of the conditioned signals.

3-5.  Duplicating Permapaper Recording.
3-6. A recording on Permapapei@:an be copied if

it has a dense, sharply defined trace, and if the paper
is free of creases, smudges, and wrinkles. Experi-

3-1.

Figure.

reproducing all Permapaper recordings. Note that
recordings on orange grid paper require different
handling than those on black or green grids.

3-7 Figure ghdws a section of Permapaper
recurumng reprouuced by the offset printing method.

the Reco System.

3-9. PRELIMINARY CHECKA system check is
recommended at the start of each operating day, and
prior to a series of measurements. To check out the
system, perform the procedure in paragranh 2-36.

3-10 OPERATION Refer tofigure 3-2for loca-
tion and identification of the System controls, and
Figure 3-3 for system operating procedure.

3-11 PAPER LOADgbhe procedure illus-
trated in figure 3-4for paper loading. To remove an
old recording and start paper for a new one, follow
the instructions in Figure 3-5

Recording Sample
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Table 3-1. Reproduction of Permapaper Charts

METHOD

QUALITY

RECOMMENDED
FOR

CSDEOTAT YMQ"PD!IC_

DX A AR ALV & AU

TIONS FOR TRANS-
LUCENT (ORANGE}
PERMAPAPER

REMARKS

Letter press
or offset printing

Good to excelient

Large number of
high-quality copies.

Place black paper or
film behind recording
during photography.

Photographic
duplicator, direct

Good to excellent

Small number of
high-quality copies.

Duplicator must
operate by reflection.
Place black paper or
film behind recording
before passing
through duplicator.

Requires handling the
recording for each
copy made; see two-
step process (below)
to reduce handling,

Photographic Some loss com- Small number of Same Make intermediate
duplicator, pared with direct copies, with mini- copy for use as a
two-step cop.es. mum handling of new original; original
original. handled once only.
Photographic Good Moderate number of Same Make intermediate
and diazo copies using stand- copy (as above), on
duplicators ard engineering lab- film or translucent
oratory equipment. stock, then pass this

copy through diazo

duplicator. Original

handled once only.
Electrostatic Fair to good Moderate number of | Generally not satis- ---
duplicators copies. factory.
Thermal Poor to fair Moderate number of | Generally not satis- —---
duplicators copies. factory; danger of

damaging the record-
ing.

Diazo Translucent Permapaper is designed primarily for diazo reproduction. More stylus heat
duglicators, may be needed than with other Permapapers. Use a clear acetate sheet over the Perma-
translucent paper to prevent sticking to the printing cvlinder. Reversing the recording will improve
(orange) quality, but with time axis reading right-to-left. I this reversed copy is on film or
Permapaper translucent stock, it can be used as a reversed original for as many final copies as wanted,
only. with time axis reading left-to-right, and no further handling of original needed.

3-2
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Master Power Switch: A combined circuit
breaker, power switch and power indicator
light. Press to apply power. Press again
to remove power. Press to reset circuit
breaker if necessary.

PreamEIifiers: Refer to the applicable
appendix for tne separate instruments for

control location and identification.

Paper Footage Indicator: Red section shows
amount of recording paper still available.

Red Indicator: Lights when recorder is
switched to 2 mm /sec speed.

CHART DRIVE Switch: Positions are OFF,
MM/MIN, MM/SEC, OFF, and REMOTE.
Switch selects drive motor and turns it on

or off, or allows control from a remote

location. MM/MIN position is active in re-
corder D and DW models only (System Option 11).

Yellow Indicator: Lights when recorder is
switched to a mm/min speed (D, DW models).

7.

10.

11.

~ PREAMPLIFIERS

CHART SPEED Control Buttons: Select one
of nine speeds between . 25 and 100 mm/ sec;
(only D and DW models provide speeds in both
mm/sec and mm/min. )

REMOTE Button: Transfers speed selection
functions to a remote circuit,

White Indicator: Lights for duration of
marking trace, blinks at instant of each
timing mark,

Timer /Marker Switch: Positions are MARK,

OFF, 1-SEC TIMER, 1-MIN TIMER, and
OFF. At MARK, an ac marking trace appears
at margin of chart as long as switch is in
MARK position, At 1-SEC TIMER, a brief
timing mark appears at 1-sec intervals, At
1-MIN TIMER, a timing mark appears at
1-min intervals (D, DW model recorders).

STYLUS HEAT Controls: Adjust density and

definition of recording trace; a separate
heat control is provided for each channel.

07708-21

Figure 3-2. System Controls -

Location and Identification
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2

hs&N

7.

Press Master Power Switch.
Set CHART DRIVE to MM/SEC,
Press 10 MM/SEC speed button.

Adjust STYLUS HEAT controls for dense,
well-defined traces,

Set CHART DRIVE to OFF,

Set Preamplifier attenuator controls (range 8.
controls) to OFF position.

Perform the following steps for each pre-
amplifier: 8.
a. Adjust Preamplifier POSITION control

to set corresponding channel stylus at zero
reference,

b. Calibraie freampliﬁer in accordance
with instructions given in applic~
able appendix.

c. Set Preamplifier attenuator contro: w
the least sensitive position.

d. Apply input signal to be monitored,

e. Reset attenuator control as necessary
for a convenient stylus deflection. Make a
note of the setting for later reference.

Press desired CHART SPEED switch, Se-
lect low speeds for slowly changing variables
and high speeds for higher frequencies,

Use the MARK position of MARKER/ TIMER
control to identify sections of recording or
set to a Timer position for periodic marking
of record.

Figure 3-3.

System Operation
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HEXAGONAL CORE MUST a. LIFT THIS END. USE
BE USED TO ROLL CHART BOTH HANDS TO PRE-
IF FERMA;"A‘PER CHART VENT SNNDI.E‘I3 437

ROM
SLIPPING OUT OF ROLL

b. CUT PAPER HERE
‘THEN REMOVE

R
ECORD c. PRESS TO OPEN:

d. REMOVE SPINDLE: c. PAPER TAKE-UP: PUSH b. THIS END OF SPINDLE CLOSE WHEN
UP AND OUT LATCH BACK INSTALLED FIRST SPINDLE IS

INSTALLED

1. REMOVING OLD RECORD 2. INSTALLING PAPER TAKE-UP SPINDLE

a. PLATEN TABLE LOCK.
PULL OUT TO RELEASE

TABLE. LOCK ALSC
RAISES STYLI OFF PAPER.

TABLE LOCK IN UP POSITION TO RELEASE
PLATEN TABLE.

b. ROTATE LOCKING LEVERS
OUT AND UP.

c. HOLD HAND ON
PLATEN TABLE AND
LOWER GENTLY PULLED OUT TO RELEASE

PLATEN TABLE. TION

PLATEN TABLE
IN OPEN POSI-

PLATEN TABLE LOCK-

3. RELEASING PLATEN TABLE
07708-23

Figure 3-4. Paper Loading Procedure (sheet 1 of 3)
3-5
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b. PLACE PAPER INTO. a. PLACE PERMAPAPER
'RECORDER AS SHOWN ON PAPER SPINDLE

PAPER UNROLLS THIS
WAY T

c. UNROLL APPROXIVATELY 2 FEET OVER EDGE

OF PLATEN TABLE
4. INSTALLING FERMAPAPER )
b. ROTATE TABLE LOCKS DOWN AND IN
TO LOCK PLATEN TABLE d. PRESS 5 MM/SEC e. SET CHART DRIVE

SPEED SWITCH SWITCH TOON \

f. FEED PERMAFAPER h. PUSH IN PRESSURE

i Lk 5 e IN‘HERE EVENLY ROLL EVENLY g
c. FOLD PAPER BACK a. CLOSE AND HOLD g. WHEN PAPER STARTS TO FEED ~
WITH EVEN EDGES PLATEN TABLE PRESS AGAINST CHANNEL INDICATOR
' PLATE ’

5. INSERTING PERMAPAPER INTO DRIVE ROLL

3-6

Figure 3-4. Paper Loading Procedure (sheet 2 of 3)
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2. WHEN PAPER IS FEEDING OUT OF RECORDER
CHANGE MM/SEC.

E SPEED TO 100
a. WITH mEDcSET b. AND SWITCH ON 8 %I NG . v P”E%ERT%:‘ECK PAPER
AT 5 MM/SE c. SETCHART DRIVE TO OFF.

d. WHEN TﬁACKiNG IS e. HOLD PAPER TIGHT

c. GRASP PAPER INBOTH _ PAPER GOES

HANDS AS IT STARTS TO BEHIND PAPER CORRECT AT PLATEN, AND OQUT STRAIGHT.
TAKE U SPNDLE FATER LEAVIC, " RTLETRET
6. GUIDING PAPER OUT OF RECCRDER AMOUNT iNDICATED PAPER

6. GUIDING PAPER OUT OF RECORDER 7. CHECKING PAPER TRACKING

d. FINALLY, PRESS

PLATEN TABLE LOCK
a. PRESS 5 MM/SEC
e. SWING IN TO
COVER LOCK.
b. CAREFULLYY WRAP AND HOLD PAPER
AROUND CORE, KEEP CORE IN POSITION
WITH RESPECT TO PAPER,
ROLLS.QN SPINDLE SEE THAT IT IS _
C R APPING IRy, HOL ENDMUSYOE
WITHIN 1/16° TO BE VISWED ON PERMAPATER
CHART VIEWER MODEL 275
8. GUIDING PERMAPAPER ONTO PAPER TAKE-UP 07706-25

Figure 3-4. Paper Loading Procedure (Sheet 3 of #)
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350 SERIES THERMAL RECORDER
(NOTE 1)

2. CUT RECORDING NEXT b. QLIDE ﬁACK LATCH
TO TAKE-UP ROLL. TO RELEASE SPINDLE

1.

8

LIFIWT “;JGDHT END FlRST USE BOTH HANDS

d. REPLACE SPINDLE, - LOWER RIGHT END OF
LEFT ENO FIRST ‘- SPINDLE IN PLACE AND

PULL LATCH FORWAHD

TO LOCK.

RUN 2 - 3 INCHES OF PAPER AT 5 MM/SEC,
THEN TURN OFF CHART DRIVE h. WRAP PAPER AROUND CORE. TURN ON CHART
DRIVE AT 5 MM/SEC, TO ROLL PAPER TIGHTLY.

{NOTE 2}
HOLD PAPER RA]GHT OUT AND TIGHT i. CHECK THAY PAPER WRAPS ONTO CORE EVENLY.

SENE TNTH %ﬁs %}"%Eo?&[&!l 5 HT TURN CHART DRIVE OFF.

Nots 1: lllustration shows 8-channel recorder. The 6-chennel recorder appears the same, with 6
recording channels and stylus heat controls instsed of 8.

Nots 2: Roll of recorded peper must be on hexagonal core and have ends flat within 1/16 inch
if recording is to be used with the Model 276 Chart Viewer. The Chart Viawer, which
hu-dfwvmwvwmngmdediung,u(supmmo&otofmm

07706-26

Figure 3-5. Removing And Old Recording And Starting A Now One
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(Y

PRINCIPALS OF OPERATION

4-1. SYSTEM OF OPERATION

4-2. Figure 4-1 i5 4 functional diagram showing
the operation of one channel in a thermal recording
system. All channels of the system have the same

configuration from the preamplifier output onward.

The system operates in the following way:

a. An input signal previously conditioned by a
preamplifier is fed into the Driver Amplifier through
a limiter circuit and voltage divider, and mixed with
a composite-feedback signal.

output current flow through the galvanometer drive
coil and resistor R24.

c. The current flow through the drive coil
causes the galvanometer to move a writing arm toward
a final value (representative of signal input) on a chart.

d. The composite-feedback signal consists of
voltages developed across R24 and the galvanometer
velocity coil. When properly adjusted, this feedback
voltage (as modified by the frequency compensation
network in the upper-frequency range) results in the
galvanometer approaching a final value quickly, and
settling at this final value with a slight overshoot

b. The resulting signal is amplified, causing an {about 4%),
rP_REAMPLIFIER MONITOR DRIVER AMPLIFIER 'RECORDER GALVANOMETER I
l(ANY 8800 SERIES) 7700-028B VOLTAGE SECTION
I DIVIDER l DRIVE I
colL
INPUTI PREAMPL [ I LIMITER J_'i_"' ) IDRIVE +1 / CURRENT |
5.GNAL| CIRCUITS I S.G'NA._I CIRCUIT é{;‘;‘@ CURRENT 3 TORQUE |
1 & |
l HER = SHORTED
I ' : H = ! FRame ||
I : & composn'e > colL !
| | @ UPScaLE FEEDBACK 3 l
v
w o DOWN SCALE SIGNAL ‘\
| | 2 2 DAMPING
29 FREQUENCY coIL |
| I 3 . | /N vicivah b DRIVE
v comP NETWORK HEATED
z o T CURRENT  STYLUS
I I ° g = TORQUE
@ O -
[common COMMON DRIVER AMPLIFIER I
| PREAMPLIFIER | POWER SUPPLY | Py }l
POWER SUPPLY I 356-400BW OR DRIVE
|_8848A l 358-4008 TRAIN
—_— —_—— —_— _| — |
A5 o A_c power
D3 ——— -
PERMAPAPER
NOTE: | CHANNEL OF 6 OR 81S SHOWN;
PREAMPLIFIER POWER SUPPLY AND
DRIVER AMPLIFIER POWER SUPPLY
ARE COMMON TO ALL CHANNELS,
AS IS PAPER DRIVE.
07706 -27
Figure 4-1. Therma Recording System, Functional Diagrams
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4 - 3. System Components.
4 - 4 The system components, described briefly
here, are fully discussed later in this section, except
Preamplifier theory of operation, which is given in
gbe applicable appendix for each preampli-
ier.
4-5, PREAMPLIFIER&hoice of 8800 Series).
The Preampiers (one per channel) are interchang-
able, solid-state plug-in units which amplify or other-
wise condition the input signal, Signal and power con-
nections are provided at the rear of the Preamplifier,
which plugs into the Preamplifier Power Supply.

4-6. PREAMPLIFIER POWER SUPPLY or

8848a. The Preamplifier Power Supply 8848A (one
per system) provides all power requirements for up to
eight plug-in Preamplifiers. It also functions as a
transfer chassis for input, output, and monitoring cir-
cuits. The 8849A Power Supply, used in some port-
able systems, supports one 8800-Series Preamplifier.,

4-7. DRIVER AMPLIFIER. The Driver Amplifier
(one per channel) is a solid-state plug-in unit which
normally remains in place during the life of the sys-

4-8.

tem, The amplifier (1) provides power amplification
for driving the gaivanometer, (2) accepts a velocity-
voltage feedback input for optimum galvanometer ’
damping, (3) includes a compensation circuit to extenc ‘
recorded frequency response, and (4) provides electri-
cal limiting for the recorder.

DRIVER AMPLIFIER POWER SUPPLY The
Driver Amplifier Power Supply (one per system) and
the Driver Amplifiers which mount on it are located on
the rear of the Recorder. The Power Supply provides
all operating power for up to eight Driver Amplifiers,
and acts as a transfer chassis for input, cutpat,
monitoring, and input line power circuits.

4-9. RECORDER The Recorder (one per system)
includes up to eight galvanometers for recording up to
eight variables, with multi-speed chart drive electri-
cally selected by pushbuttons. Each galvanometer,
driven by a separate Driver Amplifier, uperates a
recording stylus (see paragraph 4-11).

4‘10 SY STEM CABI NET ‘he sllstem Cabinet or
porianle case set houses tne entire system, and pro-

vides the cabling facilities needed for operation as a
complete system.

*iev] unresuLateD

i
|
| Zl2V] resvaten
L

-i12v
-8V UNREGULATED

- ——— — o —— — — — —— —— — —.
IPREANPLIFIER T,i.ys  PREAMPLIFIER POWER -1
EAM PREAMP  SUPPLY 8848 A Jli-J18 SIGNAL IN
|( ANY 8800~
| SERIES SIGNAL IN
TRANSDUCER EXCITATION
i PLUG-IN) EXCITATION OUT (OR SERVO REFERENCE IN}
J34SIGNAL OUT
| OUTPUT TODRIVER
| AMPLIFIER
| "C VOLTAGES
L OSCILLATOR J21-J28 AUX
_— - T0
AC POWER MONITORING DEVICE
S
-‘!}"5 7730vac] OR TEST POINTS

i J33POWER OUT

| 0SC A, OSC B

l «C

suPoLY

—_— ]

3

i
DINK .M '

Figure 4-2. Preamplifier Power Power Supply, Block Diagram



4-11. Principals of Thermal Recording

4-12. Hewlett-Packard thermal recurding process-
es use a permanent, rectilinear-coordinate, multi-
channel recording paper. The standard Permapaper
uses a base paper which is coated with a black sur-
face, that surface is then coated with a white, opaque
plastic. Grid lines are printed on this white coating.
Application of heat melts the piastic, revealing the
black surface to form the recorded line. A transiu-
cent paper is also available, which uses a transpar-
ent base stock, coated with a semi-opaque plastic.
Application of heat melits the plastic to allow light to
pass through paper for reproduction in a standard
ammonia process duplicator.

4-13. The hot-wire element which creates the re-
cording is carried at the end of 2 movable writing
arm. The writing arm is set into motion by the turn-
ing action of the galvanometer. The hot-wire element
bears against the Permapaper constantly, as the
paper passes over a knife-edge writing surface.
Because this knife-edge is oriented along the
amplitude lines of the recording, perpendicular to
the time-axis, the hot-wire writing surface at any
moment will always be at some amplitude along the

TM 11-6625-2507-14

4-14 . PREAMPLIFIER POWER SUPPLY OPERATION

4-15. rhe 8848A Preamplifier Power Supply acts as
an mpw, output, and power transier chassis, and
supplies de and ac operating power for up to eight
Preamplifiers. The 8849A Power is basically the
same, except that it has only one chanael.

Figure 42 °
operation ot the Preamplilier Power Supply at the
block diagram level.

4-16. Guarded input Circuits

4-17. The Preamplifier Power Supply includes a
guard circuit in the input signal cabling for each
channel. This circuit helps maintain the common-
mode rejection of floating input Preamplifiers such
as the Model 8803A. Note that J21 through J28 output
connectors are used both for signal supply to auxiliary
monitors and as a system test point. Connectors
J1 througn J8 and J11 through J18 include a guard
shield sleeve as part of the connector.
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Figure 4-3. Preamplifier Power Supply 8488A, Simplified Schematic
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4-18.  Unregulated +18 and -18 Volt Preamplifier
Supplies

4-19. The unregulated +18 und -18 volt Preampli-
fier supplies are shown in simplified schematic
Flgure 4-3 Each supply uses a full-wave solid-
.tate rectifier circuit, with 2 single capacitor as
filter. The output provides operating power for up to
eight Preamplifiers. Line power for these supplies,
and for all the other supplies in the unit, enter through
input fuse F1 and are applied to the rectifier circuits
through the common power transformer T1.

4-20. Unregulated -18 volt Oscillator Supply.

4-21. The unregulated -18 volt oscillator supply is

T™M 11-6625-2507-14

supply uses a circnit having the same configuration as
that of the 12 volt Preamplifier supplies described
above. The output provides operating power to plug-
in oscillators in J31 and J32, when excitation is re-
guired by the Preamplifiers used in the system.

4-22 Regulated +12 and -12 Preamplifier
Supplies.

4-23. The regulated -12 and +12 volt Preamplifier
suppiies are shown in simplified schematic Figure 4-3.
Each supply uses a full-wave solid-state
rectifier, with a single capacitor as filter, for a
positive and a negative output in the vicinity o1 18
volts. Each output is regulated and applied to all
Preamplifiers through a regulator transistor which is
under the control of the plug-in regulator circuits dis-

shown ia simplified schematic Figure4-3. This cussed in the following paragraph.
Qi
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—1gV—N\» ' ﬁ PREAMPS
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Figure 4-4.

Regulated Plug-in Card, Simplified Schematic



TM 11-6625-2507-14

4-24. Regulator Plug-in Card.

4-25.  The regulator plug-in card (868-500A-C6)
is shown in Figure 4-4 " Tne -12 and -12 volt
regulated supply is furnished to the Preamplifiers
through transistors €1 and Q2, each of which is con-
trolied by the plug-in card circuits. Both regulated
voltages are controlled by the one VOLTAGE ADJUST
control R4, Orne input of differential amplifier Q4,
Q5 1s maintained at 6, 2 volts by Zener diode CR14;
the other input is maintained at a traction of the -12
volt regulated output, as determined by the setting of
R4. I the -12 voit reguiated output voltage should
vary slightly, this will appear as a change in input
signal levels between the inputs to Q4 and Q5. This
change is further amplified by Q3, and applied to the
series control transistor Q1, with such polarity as to
return the -12 volt regulated output toward its origi-
nal value, The +12 volt regulated line is controlled
in the same manner. In this case, one input of the
differential amplifier Q7, Q8 is at ground potential,
and the other input is held at a value determined by
the voltage divider R12, R13, Assuming regulation
of the -12 volt line, if the +12 volt output should vary
slightly, this will appear as a change in input signal
levels at the input to Q7, Q8. This change is further
amplified by Q8, and applied to the series control
transistor Q2 with such polarity as to return the -12
volt regulated output toward its original value,

4-26. 440 Hz Oscillator Plug-in Card

4-27. The 440 Hz oscillator plug-in card (868-
500A-C14) is shown in Figure 4-5 Oscillations
are generated by push-pull oscillator Q12, Q13, ata
frequency determined by oscillation transformer T4
and capacitor Ci15, Ther:istors TM1, TM2 nrovide
osciliator stability. Output from T4 drives the power
amplifier Q10, Q11. Dicdes CR21, CRZ22 control the
amplitude of oscillation at a level determined by
Zener diode CR23. Oscillator power is provided
from the -13 voit unregulated oscillator supply line,
through regulator Q9. The base of Q9 is held at 16
volts by Zener diode CR1S as shown ir the figure,
This base voltage is supplied from the voltage-
doubling rectifier C13, CR18, and its following filter,
operating from one side of the power transformer T1
and the -18 volt unregulated oscillator supply line,

4-28. 2400 Hz Oscillator Plug-in Card.

4-29. The 2400 Hz oscillator plug-in card (868~
500A-C13) is shown in Figure 4-6 uscillauons
are generated by push-pull oscillator Q20, Q21, at a
frequency determined by oscillation transformer T7 .
and capacitors C18 and C1% in parallel. Thermistors
TM7, TM8 provide oscillator stability. OCutput from
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| OSCILLATOR
Q12,Qi3 Tc” T4 AMPLIFIER T3 [—ecom
. CR - b -
: ™2 22x~isv._ =1 | L] aw.an 14VP-P
g M
- 8
PLUG IN OSCILLATOR 440 Hz h
-18 V UNREGULATED OSC SUPPLY  F4
g AV
Q9
| | ci3 CRI9
| 16V
N = =
07,06 -3?

Figure 4-5.

440Hz Plug-in Card Block Diagram With Associated Circuits
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Figure 4-6. 2400Hz Plug-in Oscillator Block Diagram

T7 is a balanced ac voltage with respect to ground,
which is used to furnish excitation to the Preampli-
fiers used with the system. The Preamplifiers re-
amplify this excitation for use with transducers.
Diodes CR25, CR26 control the ampiitude of oscilla-
tion at a level determined by Zener diode CR24,
Oscillator power is provided from the -18 volt un-
regulated cscillator supply line, through regulator
Q19, located on the plug-in card, The base of Q19 is
held at a regulated -12 volts from the regulated Pre-
amplifier supply, for a regulated supply voliage to
Q20, Q21.

4-30. DRIVER AMPLIFIER POWER SUPPLY
THEORY OF OPERATION

4-31.  The Driver Amplifier Power Supply (358-
400B) is shown in the block diagram, Figure 4-7.

One Power Supply furnishes all operating volt-
;es for up to eight Driver Amplifiers. The Supply
.5 mounted on the rear of the Recorder; the Driver
Amplifiers plug into the Power Supply.

4-32. Two separate unregulated lines are supplied
" each individual Driver Amplifier, at approximately
-47.5 and -17.5 volts, for a total of sixteen unregu-
lated supplies in an eight channel system. At the
same time, two regulated lines provide +12 voits to

each pair of Driver Amplifiers, for a total of eight
regulated lines in an eight channel system.

4-33. Unregulated Supply Voltage

4-34. Unregulated supply voltages are shown in
the block diagram, Figure 4-7. The circuit is

the same for each side-by-side pair of Driver Ampli-
fiers. Each such pair is fed from a common power
transformer, through individual reetifier and filter
circuits as shown, Note that when the Driver Ampli-
fier is removed, the filter capacitor is disconnected,
to eliminate the peak capacitor voltages which would
otherwise be present,

4-35. Regulated Supply Voltages.

4-36. Regulated supply voltages are shown in the
block diagram, Figure 4-7. The circuit is the same
for all the upper side-by-side pairs of Driver Ampli-
fiers, and differs only for the +12 volt regulated line
which feeds the lowest pair of Driver Amplifiers. In
all cases, the regulated voltage is developed across
a Zener diode voltage regulator source, which feeds
the Driver Amplifier load directly. In the case of the
+12 volt supply for the lowest pair of Driver Ampli-
fiers, a pair of 6.2 volt Zener diodes are used.
Potentiometer R9 regulates the +12V supply to con-
trol panel connector J18.

4-7
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Figure 4-7. Driver Amplifier Power Supply, Block Diagrams.



4-31. DRIVER AMPLIFIER THEORY OF OPERATION

4-38. The Driver Amplifier (7700-02B) is shown in
the block diagram, Figure 4-8

The Driver Am-
plifier operates {rom two input signals: (1) the input
signal derived from the Preamplifier and (2} the feed-
back signal returned from the velocity-voltage coil in
the galvanometer and from the current feedback re-
sistor located within the Driver Amplifier,

4-39.

4-40. The following description covers the opera-
tion of the Driver Amplifier circuits.

4-41 LIMITER CIRCUIT Q8-Q9 and Q10-Q11,
This circuit limits the input signal to an amplitude
which will not load the Amplifier or drive the galvan-
ometer writing arm excessively.

Driver Amplifier Circuit Description,

4-42. The negative portion of the input signal is
limited by emitter-follower Q8-Q9 at a magnitude de-
termined by R12, R13 and R26. Diode CR1, in series
with the emitter of Q8, prevents base-emitter voltage
breakdown in Q8 if very large negative signals are ap-
plied. When the negative excursion of the input signal
to the base of Q8 reaches a predetermined level, the
emitter bias cuts off the emitter-collector current.
This bias point is adjustable by R26. Q8 is clamped
in this cut-off condition until the negative excursion
of the input signal drops below the level of limiting,

4 -4 3. The positive portion of the input signal is
limited by emitter-follower Q10-Q11 to a magnitude
determined by R1, R3, R25 and R27." Diode CR2
compensates for the temperature-dependent voltage
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drop introduced by CR1 in the downscale circuit,
When the positive =xcursion of the input signal to the
base of Q10 reaches a predetermined level, the emit~
ter bias cuts off the emitter-collector current, This
bias point is adjustable by R25, Q10 is clamped in
this cut-off condition until the positivec excursion of
the input signal drops below the level of limiting.

4-44 AMPLIFIER Q1!-Q2. This circuit operates
as follows: The input signal is applied to the base of
Q1 via input network R1, R2, and R3. A voltage div:-
der (R1 and R3) attenuates the input signal approxima-
tely 2,5-t0-1, Resistor R2 matches the base-to-
ground impedance of Q1 to approximately that of Q2,
This impedance match insures that the no-signal base
potentials of Q1 and Q2 are essentially equal for bal-
anced amplifier operation. The composite feedback
signal is applied to the base of Q2, Since Q1 and Q2
are connected as a differential amplifier, the signal
across the collectors of Q1 and Q2 is proportional to
the difference between the two inputs at the bases,

4-45. Capacitor C4, across the collectors of Q1-
Wz, ana capacitor C5, in the base circuit of §2, cause
a sharp fall off in high frequency gain beyond the band-
pass of the amplifier. This characteristic guards
against the possibility of high-frequency oscillation,
and removes any high frequency noise from the ampli-
fied signal,

4 - 4 6. AMPLIFIER Q3-Q4. This circuit operates
as follows: The difference voltages from the collect-
ors of Q1-Q2 is applied to the bases of differential
amplifier Q3-Q4, and amplified. Conversion from
push-pull input to single ended output is accon. plished
by taking the amplified signal from the collector of
Q4 only.

LIMITER BALANCED DRIVER
PREAMP 1 circuiT AMPLIFIER A*ILIFIER
SIGNAL  1ag09,a10,QH Q1,02 03,04
H H
1
UPSCALE !
LIMIT POWER
DRIVE
DOWNSCALE DRIVER AMPLIFIER }— CURRENT TO
LiMIT Q5 Q6,07 GALVANOMETER
FREQUENCY COMPOSITE
COMP @._-—-- COMPENSATION FEEDBACK FROM
CIRCUIT GALVANOMETER

Figure 4-8.
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Driver Amplifier Block Diagram

4-9
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4-47. AMPLIFIER Q5 This circuit amplifies the
single ended input from Q3-Q4, and develops suffic-
ient power to drive power amplifier Q6-Q7.

4-48. AMPLIFIER Q6-Q7. This circuit is a Class
B power amplifier. Current flow through either Q6
or Q7 is approximately zero in the absence of an input
signal, Q6 conducts cn the negative portion of the in-
put signal, and Q7 on the positive portion, Single
ended output is taken from the common emitters of
Q6-Q7, and applied to the drive coil of the galvano-
meter,

4-49. FEEDBACK AND DAMPINGThe driver
amplifier includes a feedback circuit to provide an
adjustable amount of galvanometer damping and fre-
quency compensation which obtains optimum galvano-
meter transient and frequency response, The damp-
ing control R in the Recorder is adjusted for the
best transienP response, and the frequency compensa-
tion control R5 in the Driver Amplifier is adjusted for
the best frequency response,

1% of critical damping is required to provide opti-
mum operation, Of this, 27% is provided by the
shorted-coil frame on the galvanometer, and the re-
maining 44% by the composite-feedback voltage.
Figure 4-12 shows galvanometer response both in
frequency and time for different degrees of damping.

4-51. Underdamped Galvanometer. An under-
damped galvanometer has a peaked frequency response
and an oscillatory transient response. This type of
damping (27%) is supplied by the shorted coil frame

on the galvanometer. Currents induced in the coil
frame develop a damping torque which is proportional
to the coil velocity, and in a direction that reduces the
velocity. In this case, the galvanometer oscillates
around its final position before coming to rest.

4-52. Overdamped Galvanometer.

An overdamped
galvanometer has a frequency response which drops
off too soon at high frequencies, and a slow transient
response. In this case, the galvanometer approaches
its final position slowly, giving too slow a rise time
for the recording of short period transient voltages.

4-53.  Optimum Damping. Optimum operation
oceurs at approximately 71% of damping where the
frequency response is down 3 dB at the natural fre-
quency (wn), see Figure 4-9 (A), and where the
response to a pulse input has approximateiy 4% over-
shoot as shown in Figure 4-9 (B). In this case, the
galvanometer approaches the final value quickly and
settles to the final value with a slight overshoot.

4-54. COMPOSITE FEEDBACK CIRCUIT The

composite-feedback voltage is derived from two
sources: the galvanometer velocity coil and the volt-
age drop across R24. The voltage developed across
the galvanometer velocity coil is proportional to gal-
vanometer coil velocity through a magnetic field, and
is fed back to the Amplifier at o polarity to damp gal-
vanometer motion. The voltage developed across
R24 is proportional to the drive current (approxi-
mately 400 milliamperes at full scale) through the
galvanometer drive coil

4-55. The composite-feedback voltage passes
through the frequency compensation network, which
determines the amplitude of upper-frequency feed-
back voltages returned to the base of Q2. This net-
work (R4, R5, R6, R7, Cl, ard C2) is a low pass,
pi-type filter with a cut-off point in the upper fre-
quency range of the amplifier. At the lower and
middle frequencies of the input signal, the network
has negligible effect. In the upper-frequency range,
the network reduces feedback, thus increasing the
closed-loop gain, which compensates for the galvan-
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ometer response rolloff at higher frequencies by in-
creasing galvanometer drive power.

4-56. Since the Amplifier is linear only over a

limited range of output current (primarily due to
saturation of power transistor stage Q6-Q7), the fre-
quency compensation netwerk will boost the Amplifier
output te the saturation level at a lower frequency
when the peak-to-peak stylus excursicn becomes
larger. This effect is shown in Figure 4-10, which
illustrates frequency response of a typical channel in
a recording system. Note that the response starts to
fall off at a lower frequency as the stylus excursion
becomes larger.
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Figure 4-10. Frequency of Typical
6-Channqu Recor()jling &/s)t/el?n

4-57. RECORDER THEORY OF OPERATION

4-58. The Recorder theory of operation includes

explanations of the following mechanisms and circuits:

a, Chart drive circuits: This includes the drive
motors, and the circuits for turning them
on and off. (See paragraphs 4-59 to 4-65)

b. Motor coupling mechanisms: These include
the sprockets and chains between the motors
and the input to the gearbox. (See para-
graphs 4-66 to 4-72)

c. Gearbox mechanism: This includes the vari-
able-ratio gear assembly, solenoid-operated,
for choosing any one of the chart drive
speeds available. (See paragraphs 4-73 to
4-82)
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d. Chart drive mechanism: This includes the
gearing and drive rolls which couple the
gearbox output to the moving chart paper,
(See paragraphs 4-83 to 4-85)

e, Chart speed selection circuits: These
include the swiich, relay, and solenoid cir-
cuits which actuate the speed-selection
mechanisms of the gearbox. (See paragraphs
4-86 to 4-89)

f. Stylus heat circuits: These include circuits
which maintain trace density at different
chart speeds, and the circuits which permit
setting the recording for the desired density.
(See paragraphs 4-90 to 4-95)

g. Power supply circuit: This includes the
+24 Vdc supnly for operating relays and
solenoids. (See paragraphs 4-96 tuv 4~97)

h. Galvanometer and galvanometer circuits:
These are the mechanisms which move the
recording arm across the recording chart,
(See paragraphs 4-98 to 4-101)

i. Standard timer /marker circuits: These
include the circuit elements whivi: provide
timing and markir; facilities during the re-
cording, in addition to the galvanometer
recordings. {See paragraphs 4-102 to 4-105)

i. Special time: /marker circuits: These in-
clude the standard additions to item (i)
above. (See paragraphs 4-106 to 4-110)

4-59. Chart Drive Circuits.

4-60.  The chart drive circuits are shown in
block diagram Figure 4-11.

These circuits
control the one ("C", "CW'" recorder models) or the
two (D", "DW" recorder models) chart drive motors
in the recorder. The discussion which follows will
assume a "D" or "DW" model, having both MM /SEC
and MM /MIN chart drive speeds.

4-61. when the CHART DRIVE selector switch
S102 is at either of its two OFF positions, motor re-
lays K1306 (MM /SEC) and K101 (MM,/MIN) are inac-
tive, and the corresponding chart drive motors do
not operate,

4-63 Wnhen the CHART DRIVE switch is at its

MM /SEC position, motor relay K1306 will close, and
apply power to the chart drive motor B701 and indica-
tor 1102, for a chart travel speed indicated on the re-
corder panel in millimeters per second, AC power
flows to this motor through a jumper on the standard
marker plug, or through a wattmeter connected in
place of this jumper. The MM/MIN motor is inactive
in this position.

4-11
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4-63.  When the chart drive switch is set in its
relay K101 will close and apply power to the chart
drive motor B101 and indicator 1103, for a chart
travel speed indicated on the recorder panel in milli-
meters per minute, The MM /SEC motor is inactive
in this position.

4-64. When the CHART DRIVE switch is at its
REMOTE position, either the MM /SEC or the MM/
MIN motor may be turned on by a remote SPDT
switch (with neutral center), or equivalent.

4-65. When either motor is in operation, whether
from a setting of the CHART DRIVE switch or from a
setting of a remote switch, the +24 volt relay supply
voltage is fed to the speed selection circuits through
dicde CR2 (MM /SEC) or CR1 (MM/MIN). This al-
lows power flow to speed selection circuits only when
one of the chart drive motors is turned on,

4-66. Motor Coupling Mechanism.

4-67 Recorders are supplied with two models of
motor drive mechanism: the "C" and "CW™ models
use one MM /SEC motor; the "D and "DW" models
use cne MM /SEC motor and one MM /MIN motor.
A power flow diagram for "C" and "CW" models is
shown in Figure 4-12
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Figure 4-12. Power Flow Diagram From MM/SEC
Motor to Gearbox, "C" and "CW" Mode Recorder

4-68. As shown in the power flow diagram, torque
from the MM/SEC motor is coupled to the gearbox
input shaft through sprockets which are coupled by
irive chains, as shown. Speed reduction ratio from
motor to gearbox input is 5:1.
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4-69 The "IV and "DW'" mcdels of the Recorder
operate with a motor-to-gearbox mechanism which

allows the use of a MM/SEC and a MM /MIN motor.
This is shown in Figure 4-13.
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Figure 4-13. Power Flow Diagram From MM/SEC
and MM/MIN Motors to Gearbox
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4-70. When the recorder is used at MM /SEC
speeds, the MM /SEC motor is turned on, the MM/
MIN motor is turned off, and the power flow proceeds
through sprockets A", "B', "C", and "D", exactly
as shown in Figure 4-13. At the same time, this
turns sprocket ""E", which drives sprocket "F"
through its drive chain. Rotation of sprocket "F"
will turn its shaft to disengage its miniclutch, With
the miniclutch disengaged, sprocket "G will not turn,
and both its drive chain and sprocket ""H" will also re-
main at rest. This protects the MM /MIN motor by
isolating it from the flow of power.

4-71.  When the recorder is used at MM /MIN
specus, the MM/MIN motor is turned on and the
MM /SEC motor is turned off, Since the miniclutch
shaft is now not being driven by the MM/SEC motor,
the miniclutch will engage, and the power flow will
now proceed through sprockets "H'", ""G", "F", "E",
“C", and "D". At the same time, sprocket '"B" will
continue to turn from the rotation of its shaft, Asa .
result, sprocket "A" and the MM /SEC motor will be
driven into rotation from the MM /MIN motor, Sihce
the speed of this rotation is only 1/60 of its normal
operating speed, this will neither damage the motor
nor will it place any significant mechanical load on
the MM /MIN motor,

4-13
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4-72. Speed reduction ratio of the motor coupling
mechanism is 5:1 from either motor to the gearbox
input,
4-73. Gearbox Mechanism,

4-74 The same gearbox design is used in "C",
"CW", “D", and "DW' models of recorder, This
unit provides a series of electrically selected step-
down ratios between its input and its output, to furn-
ish a range of chart drive speeds,

4-75.  viewing the gearbox from the output side

(left side of recorder) the ten shafts of the gearbox
ara lncated ae ahown in Figure 4-14 which shows the
possible paths of power flow through the gearbox. The
solid lines show the basic sequence of power flow,

with all solenoids (K701, K702, K703, K704) activated,

This basic sequence gives the highest chart drive speed,

{K702) (K701}
O TORQUE INPUT
h TO OTHER END
{21 L2 OF THIS SHAFT,
O FROM OUT PUTOF
(e e —
MOTOR COUPLING
MECHANISM.
O Q— TORQUE OUTPUT
'o: i i {101 ) 8 FROM THIS END
@i~ OF THIS SHAFT,
O TO CHART ORIVE
(K703)  (K704) GEARING.
07706 -40

Figure 4-14. Gearbox Side View, Showing Basic and
Auxiliary Sequence of Power Flow

4-78.  The dotted lines show the auxiliary sequence
of power flow at each pair of shafts, Each time an
auxiliary sequence is used, a speed reduction is in-
serted into the power flow, as indicated by ratios
shown in the figure. The range of recorder chart
speeds is provided by selecting combinations of the
basic and the auxiliary sequence, Each auxiliary se-
quence is under the control of a solenoid, identified
on the figure, '"Solenoid-OFF" introduces the auxil-
iary (step-down) sequence. "'Solenoid-ON' restores
the basic sequence. The four solenoids (K701, K702,
K703, K704) are under the control of the speed cha.nge
circults. Operatior. of golenoidg,; with the chaft

speeds which result, are shown in Table 4-1

4-14

Table 4-1. Solenoid Operations and Resulting Chart

Speeds

CHART DRIVE SOLENOID .
MM/SEC or MM/MIN [K701 | K702 | K103 | Ki04
.25 OFF | OFF | OFF | OFF
.5 OFF | ON OFF | OFF
1. ON ON OFF | OFF

2.5 OFF | OFF | OFF | ON

5 OFF j ON OFF | ON

10 ON ON OFF | ON

25 OFF | OFF | ON ON

50 OFF | ON ON ON

100 ON ON ON ON

4-77. Recorders supplied on special order, having

speeds other than those in the table, will follow the
same order of speed ratios, with the final chart drive
speeds marked on the panel at the speed selection
switches,

4-78. Each pair of shafts in Figure 4-14. contains
gears and oluh'hne as shawn in Flgure 4 ]_5 These
gears and clutches operate either in a mam seguence
of power flow for "straight-through" in operation, or ip
an auxiliary sequence for speed reduction between
input and output.

c MINI-CLUTCH

8 £.)

TORQUE

IN GEAR BOX
— 1
INPUT

CLUTCH HUB
ASSEMBLY

Figure 4-15. Power Flow Through Gearbox Shafts

4-79. Inthe main sequence of power transmission,
the solenoid (not shown) is activated {solenoid-ON), to
clamp the clutch hub assembly "E" to its shaft,

Uander these conditions, the torque input to the lower
shaft will drive the output gear "F" directly, for a
power output through gear "G"” and the torque output
shaft., The minizlutch "C" on the upper shaft will



automatically disengage, because its output side will
be turning faster than its input side; this reinoves the
upper shaft and its gearing from the path of power
flow.

4 - 80 In the auxiliary sequence of power trans-
mission, the solenoid (not shown) is not activated
(solenoid-OFF), to aliow gear "F" to float on its
shaft, The miniclutch "C" will now engage, because
of the load placed on its output side. The power
transmission path now passes through the gears in
the sequence "A", "B", "D", and "F", for a power
cutput through gear ""G" and the torque output shaft,

4-81 Al gears discussed to this point are located
inside the gearbox, and are subject to solenoid con~
trol., The last pair of gears in the sequence of power
flow is located outside the gearbox, and is not subject
to solenoid action, These gears are mounted on
shafts "A"” and "B" in Figure 4-14 The standard
gears, 10r bU HZ recorders, proviae a 3:i siep-down
ratio. Recorders designed for 50 Hz use include a
different pair of gears choser for a 2, 5:1 step-down
ratio. This provides the same gearbox output, in
RPM, at any one selected chart drive speed, with
both 60 Hz and 50 Hz recorders.

4-82 Torque output from the gearbox is taken
from a 3/4" diameter, gear at the end of shaft ""B".
This gear mates with the train of gears which are
nart of the chart drive mechanism.

4-83 Chart Drive Mechanism,
4-8 4 The chart drive mechanism couples the

gearbox output to the recording Permapaper chart,
The power flow diagram is shown in Figure * 4416

TM 11-6625-2507-14

including motion of the recorder chart: Gear "A" is
the torque output gear at the end of the gearbox output
shaft (identified as shaft “B" in Figure 4-14). This
gear mates with input gear "B" of the "B", "C", "D",
"E", "F", "G", string of gears which follow, with
an initial 2:1 step-down ratio. Gear "G" turns chart
drive roll and a paper take~up pulley, The chart
drive roll pulls the recording chart through the re-
corder. The paper take-up pulleys are coupled
through a take-up drive belt, adjusted for a preset
slippage by the paper take-up tension adjustment, so
that the paper will wind tightly on the take-up shaft.

4-85 The Permapaper chart passes through a
series of mechanisms as it moves from the supply
roll out to the paper take-~up:

2, The recording paper is drawn from the
paper supply roll which is installed on a paper supply
spindle, The roll itself is held firmly between a pair
of spindle discs, one at each end of the supply roll,
to prevent side~-to-side motion of the roll,

b. From the roll, the paper moves upward,
where it is held against a paper brake by a pressure
roller to insure reliable braking, The braking action
is adjustable, to obtain the correct paper tension,

c, From the paper brake, the paper moves up
and over the sharply-rounded writing edge. As the
tight paper passes over this edge, it presents a mini-
mum area to the hot-wire writing surface of the writ-
ing arm, for best recording definition,

d. From the writing edge, the paper moves
down over a flat surface for approximately 8", to pre-
sent the chart for visual inspection as soon as the re-
cording has been made.

PAPER BRAKE ADJSUST

PAPER BRAKE

SPINDLE
PAPER

SUPPLY
ROLL

SPINDLE
DisC

GEARBOX
OUTPUT

PRESSURE ROLLER

= WRITING EDGE

PRESSURE ROLLER

PAPER
DRIVE
ROLL

TAKE-UP
DRIVE BELT

PAPER TENSION
" TAKE-LIP ADJUST

TAKE-UP PULLEY

TAKE-UP SHAFT
07708-42

Figure 4-16.

Power Flow Diagram, From Gearbox Recording Permapaper Chart.



T™M 11-6625-2507-14

S
15
RELAY SOLENOID
K 1301 K701
_:B' RELAY SOLENOID
T ™ k302 K702
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Figure 4-17. Chart Speed Selection Block Diagram

e,

After leaving the viewing surface, the chart

passes around the rubber-surfaced paper drive roll.
A pressure roller holds the paper against the roll for

maximum area of contact to prevent slippage.
The paper take-up shaft then collects the

f.

paper as it exits from the recorder, and winds it

tightly around the take-up shaft,

This recording can

be removed from the take-up shaft as required.

4-86. chart Speed Selection Circuits.

4-87. Chart speeds are selected electrically either

by the chart speed switch butions on the recorder panel
or by an electrically equivalent circuit connected from
a remote location, With either control location. the

%piz%ation is as shown in the block diagram, Figure

4-88. Closing any combination of switches S1, S2,
§3, S4, will close relays to operate a combination of
solenoids as shown. Each solenoid operates a clutch
inside the gearbox, to choose a main or an auxiliary
mode of power transmission for the gears affected;
see paragraph on theory of gearbox operation, Addi-
tional sets of contacts on the relays automatically in-
crease the stylus heat at the higher chart speeds to
maintain constant trace definition,

4'. 80. Chart speed selection circuits are shown in
Figure 4-18 This circuit uses a row of multi-contact
switches, which are mechanically interlocked, so that
pressing one switch button automatically locks the
others in the OUT position, Pressing the REMOTE
switch button allows remote selection of chart speed
by a series of switches, as shown in the figure. The
same sequence of switch buttons is used for both the
MM /MIN and the MM /SEC speeds.

FROM CHART DRIVE
+24vDC —ON/OFF CIRCUITS (FIG 4—11)
REMOTE +24vDC
0oy L1 ¥ 2 o R T
o re . 3 A |
Hﬁlﬁﬂﬂf"&ﬁ“llll P/O P/O
T I Iq* I I PIOI JI302 1/
NC a
, . . b o
I ala ’/:‘KBOI
| . L2
| i 2 KI302 L
P/O | K130 =
PiO2 J— KI304 =
== || £ 1 £
i =
—— o | =
Remote | [ \
swiTcHEs| | [ — =100 po— erol|3 3 2 | i2 |
e L o~
Ll L i 4 soLy soL3 soLi so
Sl 7043 703) 7023 701
+24vDC
07706 -34

Figure 4-18. Chart Speed Selection Circuits
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[ D" "oW" MCDELS ONLY. SEE NOTE

| A ¢ NOTE: WIiTH ‘C" OR "CW"MODELS,
i -———o/:’ o I KIOI 1S ABSENT AND TERMINAL
| 7 CONNECTED TO TERMINAL 8
| KIO! l
E 701 8 6 3 5 7
L
FROM CHARTDRIVE =
+24V T|3OI
AT MM/MIN
PIOI JI1302 1
STYLus s T TO HEAT
sfv;—::};— RIR | : . ' CONTROL
: : \ CIRCUIT
! , 1 ' 3
: ' : :
COMo——— V| V 1 : : :
[} | '
Ki304 Ki303 K1302 Ki30t
07706 -45
Figure 4-19. Stylus Heat Relay Circuit
SEAS GALY  GALV
J1302 P01 CONTROLS P101 J1302 JI301 PIDO3 JIOO08 PLUG cap
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Figure 4-20. Stylus Heat Control Circuit
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4-90. Stylus Heat Circuits.
4-91. The temperature of the hot-wire elemexts of

the 1ecording stylus must be adjvstable, to allow set-
ting for optimum definition, and to accommodate the
preferences of the operators. The temperature must
also be automatically increased at the higher chart
speeds, to allow speed changes wiihout resetting the
STYLUS HEAT controls. The styius heat circuits in-
clude a relay switching circuit, and a stylus heat con-
trol circuit. The relay switching circuit is shown in
Figure 4-19

4-92 Vhen the MM/ MIN chart drive motor is turned
on, the relay K101 (D", "DW" models only) is cloged
to bypass the action of switching relays K1304, K1303,
K1302, K1301. This provides the greatest possible
voltage step-down ratio through tapped transformer
T1301. This ratio remains constant at all MM/MIN
speeds, as these speeds are all low enough to operate
at a fixed stylus temperature. At MM, SEC speeds,
relay K101 will open, and chart speed selection relays
K1304, K1203, K1302, K1301 select combinations of taps
on the primary of T1301 for a voltage step~-down ratio
which decreases at the higher speeds, for an automatic-
ally increased temperature at the writing surface of
the stylus.

4-93  The stylus heat control circuit is shown in
Figure 4-20 mput power comes from the tapped
transtormer 11301, which feeds the standard marker
stylus, the auxiliary marker stylus (if used), and all
the gaivanometer styli.

/0 PR P10
P02 PIOI J302
T1303 RI303 NOMINAL
ACo— 23 s|s +24V0C
6A }" c LOADED
1301 Ri302

cono— 2eb——{ v v ]! T1

cRidC2 -
©7706-47

Figure 4-21 Recorder Power Supply Circuit

4-95.

4-94. Each galvanometer stylus is heated through its
individual step-down auto-transformer, as shown. The
heat at each galvanometer stylue is iadividualiy con-
troiled by the STYLUS HEAT contrel in the primary
circuit of its auto~transformer. The ctandard marker
styluls is heated through its individual auto-transform-
er T1302,

'hen no auxiliary marker is used, the resis-
tor K1301 is present tc control the power supplied to
the standard marker stylus, When the auxiliary mark-
er stylus is included in the recorder, this stylus is
heated from the same terminals as is the standard
stylus, and the resistor R1301 is shorted out at the
auxiliary galvanometer plug, to allow an increase of
marker stylus circuit power. Temperatures of mark-
er styli are not adjustable, other than the automatic
temperature change as a function of paper speed.

4-98 power Supply Circuits.

4-97 The recorder includes one power supply cir-
cuit which provides a +40 Vdc line to operate relays
and solrnoids, The power supply circuits are shown
in Figure 4-21 The circuit uses a conventional ful'-
wave rectifier circuit with solid-state diodes, followed
by a conventional filter. When loaded, the supply
voltage is nominally about +24 Vde.

4 - 9 8 Galvanometer and Galvanometer Circuits.

4-99 The Galvanometer drives the writing arm and
us nue-wire element across the moving recording
chart, tc form the finished recording. This galvan-
ometer is a D'Arsonval movement, similar to that
found in most dc meters. Construction of the galvan-
ometer differs from the meter movement in five
important particulars:

(1) In order to operate at high writing speeds, to
record high frequencies, the galvanometer requires an
extremely stiff suspension. This increases the galvan-
ometer natural resonant frequency, and increases its
drive power requirements.

(2) In order to generate the forces needed for
operation with this stiff suspension, the Hewlett-

—_—————— e —— g

| oava siuAL From PREANP ol FRAME CURRENT TORQUE |
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I WINDING i

| -1 i

SHORTED |

| & FRANE i
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’ |
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H DRIVE CURRENT TORQUE |
L S
RECOROER
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Figure 4-22. Driver Amplifier And Galvanometer Circuits, and Showing Damping and Compensation Adjustments

4-18



Packard galvanometer coil must be many times
larger and heavier thnn the correspondirg elements
of a dc meter movement, as much as 50 times heav-
ier, by weight measurement alone. This increase in
mass lowers the galvanometer natural resonant
frequency. and increases its drive power reguire-
ments.

(3) Because of the power required tc operate
this galvanometer, the magnetic structure must be
of tremerndous size and weight, compared with a dc
meter moveraent: the magnets weigh several pounds.

(4) A D' Arsonval movement requires damping
to control the transient and frequency response. A
part of the damping in this galvanometer is obtained
by winding the galvanometer ccil on a short-circuited
coil frame. The currents induced in this frame as

™M 11-6625-2507-14

the coil moves in its magnetic field will develop 2
force which opposes this motion, to provide approxi-
mduuyas%(wnunn&

{8) The remaining damping required is obtained
from the galvanometer coil itself by adding a winding
whose output is proportional to the rotary velscity of
the coil, The voltage induced in this winding as it
moves through the magnetic field is fed back into the
galvanometer drive circuit, with such phase relatiun
that it develops a current component at the Driver
Amplifier output which causes opposition to the
motion, The amount of velocity-damping voltage fed
back is adjustable, to allow setting the amount of
galvanometer damping,

-

MARKER
' PLUG-IN

: _§|"£—— I TRANSFORMER
l_l d 4 4 4 __Jl

PIO2 PIOI  JI302
AC COM ;
24y —f vi{v S35 7] wisor pioos w00
1101
upbqu DRIVE
, | _REMOTE MARKER \ %cn oo | 8 | coi.
FI0! .
PEY o P tE{Lp— ‘»’-‘-3—|Q5
TIMER/ |
MARKER i \ 4
H *caaoz
T f v ! 3
© MARK | S ——
r o OFF l e7oi | E101 8102
N 1-SEC ! 9 T 5 ' ‘
| > M w o @ |
i o —4-———]
| SIOl o OFF | 17 -l- 6 |
| MARKER X n I
[ K K i 19 8 —o
I K1305 I I
L\ o MARKER
-’*——v——L_ RELAY | |
o o = e 7
° | MODELS WiTH MM/MING
L SPEEDSONLY
2
+24V0C ) .y i
POWER
SUPPLY
07706 -49
Figure 4-23. Standard Timer/Marker Circuits



TM 11-6625-2507-14

AUXILIARY MARKER TRANSFORMER
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Figure 4-24. Modification of Auxiliary Marker

Further information on Items (1), (2), and (3) above
may be found in any standard electronic textbock under
the heading ""D’Arsonval galvanometer”.

4-100 For a discussion of galvanometer damping
refer to paragraphs 4-50 through 4-53 and see
Figure 4-9.

4-101. | plock diagram of the Driver Amplifier and
Galvanometer is shown in Figure 4-22 including the
damping and compensation adjustments. One channel
only is shown; all channels of the recorder have the
same configuration.

4-102  standard Timer /Marker Circuits.

4-103 The standard timer /marker provides a
line-frequency marking at the right edge of the record-
ing chart.

4-104 For "marker” operation, the operator closes
a local or remote spring-return switch to close the
marker relay K1305 and record a line-frequency
marking on the chart. This mark continues as long as
the relay is held closed. The marking is used to
identify points of interest in the recording, the start
of a new series of measurements, a change in test
conditions, etc., or as an added channel to record
on-off events,

4-105 por "timer’” operation, a motor driven switch
closes the marker circuit briefly to record a burst of
line frequency signal which serves as the timing mark,
Timing intervals are at one-second intervals {MM/
SEC chart drive) or at one-minute intervals (MM/
MIN chart drive).” These marks provide a timing
reference for interpretation of the recordine. and for
identifying the chart speed. Figure 4-23shows the
timer /marker circuits which perform these functions.



4-108

4 - 1 0 7 The special timer /marker circuit is associ-
ated with the standard timer /marker or an auxiliary
marker. Circuits using the standard marker are
shown in Figure 4-23 Cperation of the standard
marker 1s inaepenaent of the auxiliary marker {when
used):

a. Standard use of the standard timer /marker
uses a transformer plugged into $1304, as shown in
Figure 4-23 and 4-25 This provides timing and
marking indications at line frequency.

b. The standard iransformer can be replaced
by a "+DC" transistor amplifier, Model 14040A (see
Figure 4-26 This provides an up-scale marking
deflection with + 1-1/2 volts input voltage, a down-
scale marking deflection with a -1-1/2 volts inpyt

TM 11-6625-2507-14

voltage, and a r~turn to neutral when voltage is re-
moved. Timer circuits do not operate with this
marker coil when using this modification. Input
current required is 0. 5 mA.

4-108The auxiliary marker is supplied on special
order only, and is usually installed between channels
1 and 2. Circuits using the auxiliary marker are
shown in Figure 4-24 Dperation of the auxiliary
marker is independent of the standard marker.

a. The auxiliary marker may be used with a
transformer as shown in Figu€ 44234 This provides
marking indications only, at line frequency, by con-
necting 115 Vac to the input terminals.

b. Alternatively, the "+DC" transistor amplifier
Maodel 14040A can be used.

STANDARD MARKER TRANSFORMER

PIO2 PIO! J1302 J1304 — e — — e —-‘
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TIMER/
IKI3053 MARKER STANDARD DC MARKER DRIVER
RELAY AMPLIFIER 1404045
AC COM 24 viv : el oty |
8 4
—E, AMPLIFIER '
8 I
7 } '
2
POWER
5 | SUPPLY I
JI301PICO3  JI0IO |
5
= '3 ) 8 STD , I
) MARKER — .
el e 2 coiL - -
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Figure 4-25. Modifications of Standard Marker
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Figure 4-26. + DC Marker Driver Amplifier 14040A

The + DC Marker Driver Amplifier Model
14040A ic shown in Figure 4-26. The amplifier

plugs into J1304 (standard marker) or J1305 (auxiliary
marker). With no input signal, there is no output
current supplied to the marker coil by output transis-
tor Q102 or Q104. A positive input signal produces a
change in the collector current through Q101, and
allows Q102 to deliver an output current to the marker
coil which gives an upscale (to the left) marker de-
flection which continues as long as the signal is ap-
plied. The common circuit element R103 in the "plus"

card provides an interlocking feature which insures
that Q103 will not turn on its output transistor, Q104.

4-110 4 negative input signal produces a change in
tne col&ctor current through Q103, and allows Q104
to deliver an output current to the marker coil for a
down-scale marker deflection, which continues as
long as the signal is applied. Once again, the com-
mon circuit element R103 in the "plus™ card provides
an interlocking feature.
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SECTION V
MAINTENANCE

5-1 INTRODUCTION

5-2  This section provides maintenance and ser-
vice information for the 6- and 8-channel 350-Series
Recorders. Information includes performance checks
(Paragraph 5-5) which can be used as incoming quality
control checks or as a performance check after repair;
preventive maintenance (5-10); corrective maintenance
(5-58); and troubleshooting and repair (5-136). A
separate section on maintaining the Model 7700-02B
Driver Amplifier starts at Paragraph 5-120. Figures
5-31 through 5-34 contain schematic dia-
grams for the recorders.

5-3  TEST EQUIPMENT AND LUBRICANTS

5-4 Recommended test equipment for performance
checking, troubleshooting, repair, and for making
adjustments is listed in ‘Table 5-1A together with the
performance characteristics required. Other test
equipment can be used if their specifications equal or
exceed those listed. To ensure satisfactory equip-
ment performance, use only the lubricants specified

in Table 5-1B Lubrication intervals are described

in Paragraph 5-20.

5-5 PERFORMANCE CHECKS

5-6  The Performance Checks (Table 5-2) and
Performance Check Test Card (to be filled out during
incoming inspection) are designed to verify specifica~
tions and to provide a permanent record of the per-
formance of the system. These checks verify proper
operation of all circuits in the system and can be used:

a. as part of an incoming inspection check of the
component specifications;

b. periodically, where maximum reliability is
paramount;

c. as part of a troubleshooting process to locate
malfunctioning circuits; and

d. after any repairs or adjustments, before re-
turning the system (or components) to regular service.

5-7 To facilitate checking the 7700-02B Driver
Amptfitiers and their power supply, the test cable
shown in Figure 5-1should be fabricated using 12-
conductor cable with No. 22 awg (or larger) in-

Table 5-1(A). Recommended Test Equipment

Accurate to 0.05%
less than 1.5 K ohms

Voltage Divider

Differential VTVM +10 V/5-digit resolution

Function Generator

AC/DC VTVM 300 V full-scale
Wattmeter 550 watts 50/60 Hz
Stylus Pressure Tester 0-4 grams
Frequency Counter to 40 kHz

Test Cable See Figure 5-1

INSTRUMENT TYPE REQUIRED CHARACTERISTICS USE NOMENCLATURE
Adjustable Autotransformer {115 or 230 volt; 0-130 Vac 5 amp General Test Variable CN-16/U
0-260 Vac 2.5 amp Voltage
DC VTVM 1 mV to 1000 V full-scale Performance Test and | ME-186/U
1 mA to 1 amp Troubleshooting
Oscilloscope de to 450 kHz Performance Test and | AN/USM-2814A
10 mV/cm to 10 V/cm Troubleshooting
Power Supply Stable to within 1/10% Signal Source HP 8084, or
output greater than 1. 5 volts equivalent

power source
Performance Checks

Sine Square Oscillator to 150 Hz

Performance Checks

Monitor ME-2024/U
Signal Source 5G-321 /u
Performance Testing ME-26B/U
Adjustment TS-4304/U
Adjustment HP 1L4015A, or
equivalent
Performance Checks AN/USM-207




T™M 11-6625-2507-14

Table 5-1(B). Lubrication Required

HP PART NO.

LUBRICANT TYPE USE
Machine Oil, No. 10 Oilite Bearings 6040-0220, or
Mini Clutch (mm /min motor, D, DW models equivalent

only)
Mini Clutches (gearbox, all models)

Commercial, such
as Marvel Mystery
Oil, or equivalent

Penetrating Oil Pre-lubrication of gearbox oilite bearings

Gear Grease Paper Takeup and Brake Roll cork discs
Gearbox gears
Idler gears

Paper takeup shaft

6040-0222, or
equivalent

Chain Grease 6040-0223, or

equivalent

Motor Chains and Sprockets

sulated, flexible wire. This cable should contain a
12-post terminal strip to permit access to the con-
nections between the driver amplifier and power supply.
Label the posts from 1 to 12 as shown, and make the
cable any convenient length to run from- the system to

a nearby support for the driver amplifier,

5-8.

source through an adjustable autotransformer sc that
line voltage can be changed :10% from nominal (115
or 230 Vac) to assure proper operation of the system
under varying supply conditions.

CAUTION

AVOID DAMAGE BY REMOVING
POWER FROM THE SYSTEM PRIOR
TO REMOVAL OR REPLACEMENT
OF ASSEMBLIES OR COMPONENTS.

VARIABLE LINE VOLTAGE

5-9 During the following procedures, the system
(or component) should be connected to the power

Table 5-2(A). Performance Checks, Preamplifier Power Supply 8848A

POWER SUPPLY REGULATION,

CAUTION
REMOVE POWER FROM SYSTEM EACH
TIME TEST PROBE IS CHANGED.
a. Install 6 or 8 typical 8800-Series Preamplifiers into Power Supply.

b, Connect cabinet power cable to ac power line through Variac and connect ac voltmeter to
monitor input power to system, Be sure power is OFF at cabinet,

c. Adjust output of Variac to 115 volts ac. 88464 POWER SUPPLY. 433

AUX QUTPUT AND POWER CONNECTOR

d. Connect differential voltmeter (DVM)

to J33-B (see illustration) and J33-H at
power Supply rear.

Turn system power ON at cabinet. Reading
should be +12V, +20 mVdc. (Adjust R4 in
power supply if necessary, and lock into
position.)

Increase line voltage from Variac to 127 Vac.

® © ® @ ® )
S ® O © ® O
,(;? ® 0 6 6

CHASSIS
GRD

o+

n
@

(2]
o

Reading should be +12V +140 mVdc.
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Table 5-2(A) Performance Check, Preamplifier Power Supply 8848A (Cont'd)

Decrease line voltage to 103 Vac. Reading should be + 12V 1140 mVde.
Remove ac power from system, at cabinst circuit breaker.

Connect DVM probe to J33-D.

Turn system power ON at cabinet. Reading should be -12V +140 mV.
Increase line voltage at Variac to 115Vac, Reading should be -12V +140 mV.
Increase line voltage at Variac to 127Vac. Reading should be -12V £140 mV.

Return line voltage to 115Vac, and discornect DVM.

POWER SUPPLY RIPPLE.

a., Turn system power OFF at cabinet circuit breaker.

b. Connect oscilloscope to J33-B (+12Vdc).

c. Turn system power ON at cabinet circuit breaker.

d. Ripple on oscilloscope should be not more than 10 mV peak-to-peak.

e. Turn system power OFF a: cabinet circuit breaker.

f. Connect osciiloscope to J33-D (-12Vdc).

g. Turn system power ON at cabinet circuit breaker.

h. Ripple on oscilloscope should be not more than 10 mV peak-to-peak.

i. Turn system power OFF at cabinet circuit breaker.

OSCILLATORS.

a. Connect oscilloscope and frequency counter to J33-L.

b. Turn system power ON at cabinet circuit breaker.

c. Readings should be not less than 14 Volts peak-to-peak on oscilloscope and between
431. 2 and 448. 8 Hz on counter.

d. Turn system power OFF at cabinet circuit breaker.

e. Connect oscilloscope and frequency counter to J33-M,

f. Turn system power ON at cabinet circuit breaker.

g. Readings should be not less than 14 Volts peak-to-peak on oscilloscope and between
2352 and 2448 Hz on counter.

h, Turn system power OFF at cabinet circuit breaker.

i. Connect oscilloscope and frequency counter to J33-P,

j. Readings should be not less than 14 Volts peak-to-peak on oscilloscope and between
2352 and 2448 Hz on counter.

k. Turn system power OFF at cabinet circuit breaker.




TM 11-6625-2507-14

Table 5-2(B). Performance Checks,Driver Amplifier Power Supply 356-400BW, 358-400B

1, POWER SUPPLY REGULATION.
a. Remove driver amplifier from Channel 1.
b. Connect test cable described in Paragraph 5-7 (Figure 5-1 )etween driver amplifier and
empty receptacle.
¢. Turn system power ON at cabinet circuit breaker.
d. Adjust ac line voltage at J413 of Power Supply to 115 Vac with Variac.
e. Remove preamplifiers from 8248A Power Supply rack,
f. Connect one differential voltmeter (DVM) lead and one oscilloscope lead to the Power
Supply chassis.
g. First touch the other DVM lead and then the other oscilloscope lead to the terminals on
strip E1 of the test cable, and observe the readings given in the following table under
TEST 1,
FOR ALL DRIVER AMPLIFIERS FOR UPPER 4 or 6 DRIVERS FOR LOWEST PAIR OF DRIVERS
(368-4008-C2 PC Board Supplies) (358-4008-C5 PC Board Supply}
TEST 1 TEST 2 TEST 3 TEST 4 TEST 6
Measurements with 115Vac Power Input With 103Vac With 127Vac With 103Vac With 127 Vac
Test | Differential Differential Differential Difforential Differential
Point | Voltmeter Oscilioscope Voltmeter Voitmeter Voltmeter Voltmster
€11 | +20.2V £2.8Vdc | Less than 100mV pk-pk +18.2V £2.8Vde | +22.2V +2.8Vdc +18.2V £2.8Vde | +22.2V :2.8Vde
E15 | 20.2v £2.8Vde | Lessthan 100mV pk-pk 18.2V £2.8Vde | -22.2V +2.8Vde -18.2V £2.8Vde | -22.2V #2.8Vde
E16 | +12V :0.6Vde Less than 100mV pk-pk +12V £0.7Vdc +12V £0.7Vdc +12V £0.6Vde +12V £0.6Vde
E17 | -12V 20.6Vde Less than 100mV pk-pk 12V $0.7Vde -12V £0.7Vdc 12V £0.6Vde 12V :0.6Vde
h. With Variac, decrease line voltage to 103 Vac.
i. Touch DVM lead to terminals given in table, and observe readings in column TEST 2.
For lowermost side-by-side pair of driver amplifiers (356-400BW channels 5 and 6 or
358-400B channels 7 and 8), use readings given under TEST 4.
j.  With Variac, increase line voltage to 127 Vac.
k. Touch DVM lead to terminals given in table, and observe readings in column TEST 3.
For lowermost side-by-side pair of driver amplifiers use readings given under
TEST 5.
1. Repeat steps a through j for each remaining driver amplifier location.
J ! (NOTE 1) E! INOTE 2) N Pl (NOTE 3)
o 12" — 7o NOTES:
N +17, S 1. J1 HP Part No.1251-1423
; 4 % +FILT C 4 'z Elco 01-4220-11S-001
3 5 GNOD {3 2. E1 Jones strip or similar
a 5 = -FILT C 34 3. P1 HP Part No.1251-1730
T0 s 4 = -17.5V { M Elco RM2020-5
DRIVER L +12v (NOTE4) [ £ T0 4. R9 Adjusts J418 Pin 1,
aMpL. |6 > —£=3- T > 6 | sysTem Control Panel +12V
7 > % > 7 power only
ns T3 DAMPING Y
v d rd
6 > = GALVI+ S 16
73 b= GALVE- S 7
8 > GALV V- S 8
AVAAN AWG 22, Maananaan/ VM

Figure 5-1. Test Cable Schematic Diagram

07706-53
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Table 5-2 (C). Performance Checks, System Signal Circuits
1. RECORDER STYLUS MECHANICAL CENTER.

a. Remove fuses F401, F402, F403 and F404 from Driver Amplifier Power Supply

b. Apply ac line power to system through system power cord and cabinet switch/circuit-
breaker.

c. Run recorder at 2. 5 mm/sec chart speed.

d. Stylus in each channel should be within :0. 5 divisions of mechanical center. If not,
see paragraph 5-50 to adjust stylus mechanical center.

e. Replace fuses F401, F402, F403, and F404,
2. VOLTAGE AND RIPPLE (Preamplifier Power Supply).
Perform procedure given in Table 5-2(A), parts 1 and 2.

3. VOLTAGE AND RIPPLE (Driver Amplifier Power Supply).
Perform procedure given in Table 5-2(B).
4. SYSTEM LINEARITY.

a Connect precision power supply (see Table 5 1) to pins A and B of preamplifier power
supply signal input connector for Channel 1

b. Connect either : (1) Voltage divider in paralel with signal input (Table 5-1),
(2) or differentiadl VTVM in paralel (Table 5-1).

d. Set preamplifier attenuator control to appropriate scale for 25 divisions deflection at
maximum power supply voltage,

e. PERFORM STEPS UNDER EITHER METHOD 1 OR METHOD 2:
NOTE

Method 1 checks {or maximum accuracy at +20 divisions,
and Method 2 checks for maximum accuracy at full up or
full down scale. Use Method 2 for channels with 8807A
or 8808A Prearplifiers, and Method 1 for other channels.

Method 1: (1) Set power supply (external signal source) at lowest output.

(2) Set stylus for channel under test to chart center with preamplifier position

control,

(3) Set signal source and preamplifier sensitivity control to deflect stylus for

channel under test -20 dzwsums

(4) Run Recorder at 10 mm/sec char speed or higher to avoid excessive

hysteresis,

(5) Considering +20 division point as 100% value for linearity check, reduce
signal strength of input in sieps of 25%, starting at 25 divisions upscale
(+125%). Note srylus po<m n at each pomt

(b/ When '=-tyms has reached cenlel scale
source) polarity and repeat step 5 from

(7) Turn off recorder and signal source.

(8) Stylus deflections should coincid
marks, and should be within 0.2
intervals.

[s]
i

x) reverse puw:; :upl.u.y (axsua; )
-125% to 9%. Note stylus positions.

neavy lines on chart at +20 division
ion of heavy lines at other 5 division

55
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5-6

Table 5-2 (C). Performance Checks, System Signal Circuits (Cont.)

Method 2: Elg Set power supply (external signal source) to lowest output. -
2) Set styllus for channel under test to chart center with preamplifier position
control.
(3) Set input signal level and preamplifier sensitivity control to deflect stylus for
channel under test for exact full upscale reading.
54; Run recorder at 10 mm/sec chart or higher to avoid excessive hysteresis.
5 Redﬁce signal strength of input to 0% in steps of 25%, and note stylus position at
each point. )
E% Reverse input signal F11)0Ia(|ty and set to deflect gi/l us fully downscale.
Reducgsg_nal strength of input to 0% in steps of 25%, and note stylus position
at each point.
ES; Turn oft recorder and signal source.
9) Stylus deflections should coincide with heavy lines on chart at full upscale and
downscale positions, and should be within 0.5 division of heavy lines at other
5 division intervals.

f. Repeat steps a through e for each remaining channel.

SYSTEM FREQUENCY RESPONSE.
NOTE
For the frequency response check, a Model 8801A, 8802A,
or 8803A Preamplifier is recommended for the channel
under test. System frequency response should be within
3 dB from DC to the upper limit (depending on system and
preamplifier) as follows:

7706B 7708B
PREAMPLIFIER
" Frequency | Rise Time | Overshoot Frequency | Rise Time | Overshoot
8801A 125 Hz 5 msec 0.5 div. 150 Hz 4 msec 0. 4 div.
8802A 125 Hz 5 msec 0.5 div. 150 Hz 4 msec 0. 4 div.
88034 100 Hz 7 msec 0. 6 div. 110 Hz 6. 4 msec 0. 6 div.

a.  Connect Function Generator (oscillator, see Table 5-1) to pins A and B of preamplifier
input connector at rear of preamplifier power supply for channel under test.
Monitor amplitude of oscillator output with VTVM.

b. Center recording stylus of channel under test with preamplifier position control.

C. Run recorder at 25 mm/sec chart speed.

d.  Set recorder stylus heat to maximum for channel under test.

e.  Set Function Generator to 10 Hz signal.

f.  Set preamplifier attenuator (range switch) to most sensitive position.

g. Adjust Function Generator amplitude for 10 divisions deflection centered on center scale
of recording channel.

h.  Note amplitude of Function Generator output.

i. Increase Function Generator frequency to maximum (see Note) without changing
amplitude of signal.

j.  Adjust COMP control on driver amplifier for 7 £0,2 divisions recording.
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Table 5-2(c). Performance Checks, System Signa Circuits (Cont.)

k. Lower Function Generator frequency to 55 Hz without changing amplitude.

1. Adjust damping control (inside front of recorder next to galvanometer connectors,
R1002-R1016 in 358-100 or RIOOI-R1006 in 356-100) for 10 + 0.5 divisions recording.

m. Set Function Generator frequency to maximum specified in Note.

n. Amplitude of recording should be 10 divisions+3 dB. If not, repeat steps e through n.

0. Return stylus heat control for channel under test to normal range.

p. Perform steps e through o for remaining channels.

g. Turnrecorder CHART DRIVE switch to OFF.

SYSTEM TRANSIENT RESPONSE.

a. Connect Function Generator (see Table 5-1) to preamplifier input at rear of
preamplifier power supply.

b. Set Function Generator to provide square wave output of frequency noted at start of
Check 5 (System Frequency Response) for combination of system and preamplifier.

C. Set Function Generator amplitude to provide 10 division deflection for channel under
test.

d. Run recorder at maximum speed, briefly.

e Inspect recording. Rise time should be 4 milliseconds or less (5 msec for 8803A), and
leadi ng edge of square wave should show no more than 0.4 division overshoot (0.6 div.
for 8803A).

SYSTEM DRIFT.

a. Connect system power cord to Variac (Table 5-1) output, and monitor system input
voltage. Connect power supply (signa source) to preamplifier input.

b. Allow system to warm up for 30 minutes.

c. Perform Check 4 (System Linesrity).

d. Set attenuator of preamplifier in channel under test to most sensitive position.

e.  Set output of Variac to exactly 115 voltsac. Run recorder at 25 mm/sec.

Set output of signal source to convenient calibration point.
Set output of Variac to 103 volts ac. Note position of recorder stylus.
Set output of Variac to 127 voltsac. Note position of recorder stylus.

At either extreme, stylus position should not vary from origina position by more
than 0,1 division.
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Table 5-2 (C). Performance Checks, System Signal Circuits (Cont. )

8 SYSTEM INHERENT NOISE (Less Preamplifier Noise).

a. Remove signal cable 07727-60010 from driver amplifier power supply input connectors.
Note which power supply jack each cable connector goes to, for later replacement.

b With ajumper wire (single female pin each end) or jumper plug, short input of driver
amplifier under test to ground, as snown in following diagrams:

CH4

CHS CH6 CH7 CHB

Jali J415 Jalil J4is

6-CHANNEL POWER SUPPLY 8-CHANNEL POWER SUPPLY

C.  Run recorder briefly, at 25 mm/sec chart speed.
d. Noise observed on recording should not exceed 0.1 division peak-to-peak.

e. Repeat steps a through ¢ for each channel.

NOTE

All channels can be tested simultaneously by using severa
jumper wires, or by permanently wiring jumper plugs for
J411 and J415. Do not jJump monitor connector P4 of the
cable as this may damage preamplifiers. Mating connector
for mating jumper plugsis HP Part No. 1251-1663.

9. STYLUS LIMIT ADJUSTMENTS.

The upscale and downscale limit adjustments restrict the positive and negative excursions of
the stylus from within 10 divisions of chart edge to 3 millimeters beyond chart edge. These
adjustments are made by first driving the recorder to its upscale stop and adjusting R25 (+LIM,
Figure 5-27) for the desired limit, and then drgvmq.the recorder to its downscale stop and
adjusting R26 (-LIM, Figure 5-27) for the desired limit.
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0. 1 divison
(0.2% of 50 div. chart)

DESCRIPTION JI CHECK
1. STYLUS MECHANICAL CENTER: CH. 1
CH. 2
Each channel - within £0. 5 division. CH. 3
Remove fuses to zero stylus. CH. 4 40, 5 division
CH. 5 ™~
CH. 6
CH. 7
CH. 8
2. VOLTAGE & RIPPLE (358-400B or 356-400BW): +12 volts
-12 volts
L | +12 volts Ripple, peak-to-peak,
| 1 -12 volts 100 mV max,
3. VOLTAGE & RIPPLE (8848A): +12 volts, 20 mV
. -12 volts, Adjustable
-12 volts adjustable to +140 mV through R4
on the top rear of Preamplifier Power Supply. +12 volts Ripple, peak-to-peak,
-12 volts 10 mV max.
4.  LINEARITY: within 0.25 division _J] CH.1
CH. 2
Total system. Precise voltages applied to CH. 3
Preamplifier input. Monitor voltage with CH. 4 0.25 division
differential VTVM. CH.5 (0.5% of 50 div chart)
CH. 6
CH. 7
CH. 8
6. FREQUENCY RESPONSE: CH.1
_ _ ) CH.2 Basic Response:
Including Transient Response and Rise CH. 3
Time. 10 divisions peak-to-peak ampli- CH.4 7708B: o
tude at chart center. CH.5 0 to 150 Hz within 3 dB
CH. 6 7706B:
CH. 7 0 to 125 Hz within 3 dB
CH. 8
7.  DRIFT: 0.1 div CH.1
CH. 2
Short term drift for Pine voltage variation CH. 3 o
from 103-i27 volts after 30 min. warmup. CH.4 0.1 divison
CH.5 (0.2% of 50 div. chart)
CH. 6
CH. 7
CH.8
8. NOISE: Max. 0.1 div. peak-to-peak 8ﬂ %
Observed as inherent system noise. CH. 2
.5
.6
.7
.8
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Table 5-3. Recorder

Troubleshooting Guide

Remove paper guide from table:
Pull down at one end of guide and
release paper guide leaf spring
with slight push of small screw-
driver or spring.

PARTS CHECKED DEFECTS NOTED REQUIRED REPAIRS REFER TO
t. Stylus 1. Bent or twisted. Defects 1 through 6 - Replace stylus Fig. 5-8
2. Broken side wire support. Fig. 5-4
3. Broken welds.
4. Broken connection.
5. Side wires twisted out of
parallel.
6. Nicked.
7. Carboned (blackened). Clean with cleaning fluid such as
Chlorothene, or equivalent.
8. Mounting contact Clean with fine sandpaper; do not
corroded. remove contact plating.
9. Mounting adapter Clean with fine sandpaper; do not
corroded. remove contact plating.
2. Platen 1. Carbon buildup. Clean with Chlorothene, reduce
tknife edge) stylus heat level to prevent carbon
deposit.
2. Slight nicks or burrs. Use fine emery stone to remove
sharp edges.
3. Deep dents, nicks, Replace platen (remove 2 mounting
hurrs. screws on platen upper edge and
pull platen upper edge and pull
platen from table).
3. Chart Table 1. Carbon or other Clean with Chlorothene.
contamination.
2. Dents, nicks, burrs. Remove sharp edges with fine
emery stone.
3. Burrs or nicks on radius Remove sharp edges with fine
at bottom of table plate emery stone. Replace table if
one end of table bottom has large
amount of wear.
4. Pressure Roll | 1. Seized. Clean bearings with Chiorothene
and cil sparingly.
2. Slight burrs or nicks. Remove sharp edges with emery
stone.
5. Drive Roll 1. Squeaking or chattering. Check drive rol! guide edge clear-
Guide ance near pressure roll. Adjust to
about 1,16 inches (1,6 mm) by
loosening mounting screws and
moving Drive Roll Guide to or from
Drive Roll. Tizghten mounting screws.
screws.
CAUT!ON
DO NOT RUN RECORDER WITH
LOOSE DRIVE ROLL GUIDE OR
WITHOUT PROPER CLEARANCE
OVER WHOLE RADIUS OF GUIDE
SURFACE.
6. Drive Roll 1. Cracks or cuts. Replace Drive Roll.
2. Slick or dirty. Remove Permapaper. Fig 3-




PARTS CHECKED
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Table 5-3. Recorder Troubleshooting Guide Continued (Cont.)

DEFECTS NCTED

REQUIRED REPAIRS

¢. Run recorder at highest speed.
d. Clean surface of drive rcll with
Chlorothene dampened cloth.

CAUTION
PO NOT SATURATE DRIVE
ROLL WITH CHLOROTHENE
AND BE CAREFUL THAT CLOTH
DOES NOT GET CAUGHT IN
DRIVE ROLL.

e. Wait uptil drive roll is complete-
ly dry.
i. Stop recerder.

Inctall Doarmanancr
ISRAEs TCTINAPRPTT.

(1)

7. Brake Roll

1. Cracks.
2. Dirty or Shick.

3. Sticking or jamming.

Replace Brake Roli.

Clean with Chlorothene while turning
by hand.

With proper brake adjustment, Brake
Roll should {urn smoothly. Fovr pos-
sible defects can caw . brake roll
jamming:

Bent brake roil studs. Replace
Brake Roll.

Side plate bearings dirty or too
tight.

Brake disc washer not lubricated.
Brake Roll adjustmer: too tight.

8. Steel Idler Gears

1. Gear teeth badly
worn. *

Replace defective gears. Replace
gear box output snaft gear if adja~
cent idler is worn.

9. Paper Take-Up

1. Paper too loose or tigint
on spindle.

a. Run recorder at 25 mm/sec.
Stop recorder. Adjust take-up
clutch screw untii slight finger

. pressure depresses paper be-

tw -~ drive roll --ac take up
sp:adie.

b. Rur recorder at ui hect speed
and adjust paper tension.

c¢. Repeat adjustments at slow
speeds.

d. Check operation at higi,
medium and slow speeds.

KOTE

Take-up may operate
erratically at slow
speeds ii clutch screw
is noi locked.

e. Tighten clutch lock {(CCW rota-
tion) after each adjustment.

REFER TO
Fig. 3-4
Fig. 5-2
5-5
Para. 5-26
Fig. 5-5
Fig. 5-18
Fig. 5-24
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5-10. PREVENTATIVE MAINTENANCE

5-11. preventive maintenance is recommended
every 1000 hours of operation or every six months
deflending upon the operation conditions, 1able 5-
15 recommended as a check chart for preventive main
tenance as weil as an aid for minor repairs, adjust-
ments and troubleshooting.

512. MECHANICAL CHECKS

5-13. Refer to Operation  Section I, (Figure 3-3)
and check for proper operation before continuing.

5-14. Switch power to the system OFF. Inspect the
Symptoms of mechanica or electrica

overload. Check for dents, rust, corresion, or
othcr evidence of mechanical O €l€Ctrinal abnea
Check that ail system components are securely
mounted, including the cable Connectors. Check the
cables for strain, breaks, frayed insuiation (particu-
larly a bends), and that the cables are free when the
recorder is moved in and out.

515.  The following steps will check the recorder
mechanical operation:

a  Recorder Slides. Check that the recorder Slides
in and out smoothly and locks in the normal {closed)
position (see Figure 5-2).

b. Paper Take-Up. Hold the paper take-up shaft
and check for a small amount of play in take-up shaft

REMOVE SCREWS TO
LUBRICATE BRAKE
AND BEARING

PAPER TAKEUP
LCCK

SWIVEL PLATFORM
FOR GALVANOMETER
BANK

ACCESS HOLE TO
SPRING ANJUST
PAPER SPINDLE

MARKER STYLUS
ADSYST

BRAKE COLLAR

SLIDE HEX NUT

TABLE LOCK AND
. SHAFT ASSEMBLY

BRAKE ADJUSTMENT

DRIVE ROLL

s

RECORDER LATCH oTI06-58

Figure 5-2. Recorder on Slide Assembly
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rotation. ( If the ten nsion is too tight or loose, refer
to paragraph 5-103 for adjustment.)

c. Paper Loading. Refer to Figure 3-4 and load
Permapaper into the recorder. Apply power and run
ten feet of paper at the highest paper drive s-peed to
correct any mistracking resulting from paper loading.
Approximately 3/32 in. of the platen table surface
should be visible to the right of the chart. Check
that paper take-up is working properly.

d. Paper Tension. Inspect paper travel over the
writing edge at the highest MM/SEC speed. The
paper should remain tight against the edge during
travel, not curve over it. Adjust the brake screw to
tighten paper (see paragraph 5-25).

e. Paper Tracking. Run approximately 5 feet of
chart at the 5 mm speed with one channel stylus
centered. Remove the recording and measure the

distance between the trace and the edge of the channel.

The measurement should not vary more than 0.5 mm
from center. Repeat procedure at the highest speed.
The same specifications apply. If paper weave
exceeds the limit, check paper loading techniques
and paper tension. Check Table 5-3.

f. Paper Parallax. Check parallax with paper
drive motor OFF and Permapaper tight against the
platen writing edge. Carefully mark the two outer
recording channels, along the knife edge of the piaten,
with a pencil and inspect the lines. The lines must
lie on the same time Iine, within 0.25 division. I
not, check paper loading technique and chart tension
(paragraph 5-25).

TM 11-6625-2507-14

. Writing Styli. Remove each stylus by loosening
clamping screw (see Figure 5-4, lift writing arm
straight up. Inspect the writing surface. It should be
clean and straight. If the stylus is bent, it sometimes
can be straightened with tweezers; if not, replace it.
If the stylus is burred or twisted, replace it. |nsert
good stylus in gavanometer clamp and secure in place.
The flexible stylus heater leads should form parallel
loops with each other. Tighten the stylus heat lead
screws (Figure 5-8). Now check the overhang of each
stylus over the writing platen edge (see Figure 5-4).
The writing element should overhang 2/3 of its length
(the middle I/ 3 of the element provides the most
uniform heat).

NOTE

improper overhang can result in
poor trace definition across the
channel, an erroneaous indication
of system non-linearity.

1. Stylus Pressure. When pressure is too light
the trace will be faint and not clearly defined. When
pressure is too high, friction will cause noticeable
hysteresis and non-linearity. Refer to paragraph
5-39 for adjustment procedure.

2. Marker Styli. Inspect each marker for cleanli-
ness and good mechanical condition. Run a few feet
of recording a highest chart speed with the marker
held for continuous oneration. Inspect the recording.
If unsatisfactory, replace the stylus. To adjust -
marker amplitude, refer to paragraph 5-41.

STYLUS LIFT GUARD
SCREWS

SCREWS FOR

GALVANCMETER
ADJUSTING PLATE
(FRONT AND REAR)

LOCKING WUT
AND SET SCREW

0770655

Figure 5-3.

Looking Down on Galvanometer Bank
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3. Stylus Heat. Apply power to system; set paper
drive to 25 mm/sec, and adjust each Stylus Heat con-
trol for best trace. Rotate each POSITION control
on the Control Panel from one extreme position to the
other and observe the corresponding channel record-
ins. Trace definition should be the same over the
entire channel width. In case of a sudden change in
definition at one point, inspect the writing surface
(beneath the paper) for a nick or burr at that point.

If the change in difinition extends over some portion
of a channel’s width, check for a defective or improp-
erly inserted stylus. Check Table 5-3.

4. . Stylus Deflection. With the Preamplifier
POSITION controls set dternately to the extreme
rotation points, check the stylus deflection. The
mechanical stops on the galvanometers should limit
deflection to not more than 2 mm beyond the edge of
the recording channel (or 1 mm when writing arm
motion is toward an adjacent marker arm) (Figure
5-8).

5-16. ELECTRICAL CHECKS.

5-17. The electrical checks to be made are included
in the Performance Checks given in Table 5-2.

5-18. CLEANING.

5-19. Cleaning may be required at much shorter
intervals than specified in paragraph 5-11, depending
upon the particular environmental conditions.

a. Remove power from the system, open rear
door to the system and remove any dust or dirt
accumulation with a vacuum hose.

b. Clean all front panels, controls, viewing win-
dow, etc., with a clean, lint-free cloth, or with a
wax impregnated polishing cloth.

Remove Permapaper and clean deposits from

the” writing edge of the recorder  ten with a cleaning
fluid, such as Chlorothene. Clean drive roll and
the paper brake roll (see Figure Figure 5-5) With Chlorothene.
Use it sparingly and let roll s dry thoroughly after
cleaning.

d. Clean each stylus with Chlorothene. Do not use
steel wool or any cleaner containing abrasive metal
particles.

A Clamping Screw and Pressure Adjust

PRESSURE
CLAMPING SCREW

SCREW

B Elements of a Heated Stylus

MOUNTING BASE

SIDE WIRES

WRITING ELEMENT
{STYLUS)

STYLUS WELDS

C Proper Overhang of Stylus on Platen Knife Edge

STYLUS
OVERHANG

GALVANOMETER (AXIS
PERPENDICULAR TO

|
—

"~ KNIFE EDGE (PLATEN)

O/ PLANE OF PAPER)

07706 -56

Figure 5-4. Stylus Check and Replacement
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PLATEN TABLE
LOCK FLANGE

BRAKE ROLL

LOCK
ADJUSTMENT

SPINDLE
SHOULDER

MARKER ADJUSTMENT

INSHAFT ASSEMBLY

PAPER GUIDE BAR

IDLER GEAR7

. ADJUSTMENT SCREW
rFOR PAPER GUIDE

“

4

- PLATEN TABLE

/7
ADJUSTMENT SCREW
FOR PAPER GUIDE

DRIVE ROLL (UNDER GUARD)

\ LOCK SUPPORT

37706 -57

Figure 5-5. Recorder Check Points

5-20. LUBRICATION.
(Gear Box Lubrication. see paragraph 5-70)
5-21. Major lubrication is performed during each

recorder overhaul. Minor lubrication should be
performed during other maintenance check points

such as periodic preventive maintenance and after
minor repairs and adjustments (see Table 5-3). The
guide to proper lubrication depends on recorder usage.
Recorders operating for long periods in the upper half
of the speed range probably will require lubrication
only every 2000 hours because the gear box is practi-
cally free running, i.e,, most of the clutches are
disengaged. If the recorder is run at the slower
speeds for extended periods, more frequent lubrication
is required. Futher whenever an extended recording
period is anticipated (on-line for 30/60/90 days)
lubrication and overhaul prior to the recording period
will help to assure uninterrupted service. For a list
of required lubricants see Table 5-1B.

5-22. ADJUSTMENTS AND REPAIRS
5-23. ADJUSTMENTS FOR PROPER PAPER FEED.
5-24. The paper drive and brake rolls feed and guide

the paper through the recorder and require special
Attention to keep the paper speed and tracking aligned.

5-25. Brake Roll Adjustments and Repairs.

5-26. Install Permapaper in recorder. See Opera-
tion, Section Ill, loading procedures for paper un

the recorder at 25 mm/sec speed: stop recorder
when paper has settled on platen. Use a screwdriver
and turn the Brake Adjusting screw (Figure 5-2) about
five turns counterclockwise. Set the recorder to run
and dowly turn the Brake Roll Adjusting screw clock-
wise while watching the paper as it travels over the
platen. Stop adjusting the Brake Roll tension when
the paper has settled snugly on the platen clearly
showing the platen knife edge.

a Set the Mark-Time switch to Time. Check the
recorder timing at 25 mm/sec chart speed with a
millimeter scale for accuracy. If the adjustment is
correct, the timing marks should be 25 mm apart.
Make fine adjustments with 1/4 turns of the Brake
Roll Adjusting screw. Check timing again and make
fine adjustments at both 100 mm/sec and 5 mm/sec
chart speeds.

b. Under certain humid conditions, with the Brake
Roll adjusted too tight at the lowest chart speeds, the
paper stretches as it passes between the platen and
the drive roll resulting in false paper timing because
the paper contracts after passing the drive roll. Check

5-15
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the accuracy of the paper speed timing again with a
millimeter scale.

5-27 If any of the following symptoms are evident
in the recorder, it is probable that it could be cause
by Brake Roll or Drive Roll malfunction:

a. Paper not tracking properly, i. e., paper moves
to one side or the other. See Paragraph 5-28.

b. Paper weaving, i. e., moves side-to-side in
regular pattern.See Paragraph 5-29.

c. Chattering noise, i. e., uneven tension caused
by dry cork disc or bad bearing. See Paragraph 5-30.

d. Irregular paper speed, i. e., speed range drops
or paper-stalls. See Paragraph 5-31.

e. Uneven paper tension over platen, i. e., paper

on one end of platen is tight, loose on other end.
See Paragraph 5-32.

5-28. PAPER NOT TRACKING PROPERLY. The
surface of the Drive or Brake Roll becomes slick
from paper residue after long usage, preventing proper
traction. A worn roll can be determined by inspection
and touch after it is cleaned with Chlorothene.

NOTE

New rolls have a rippled surface that
disappears shortly after use. Loss of
ripple does not indicate a bad roll.

Other indications theat the roll is deteriorating are
minute surface cracks or inability to maintain proper
speed. Correct fault by replacing defective roll.

5-29. PAPER WEAVING. If the rolls are not worn
(see above paragraph), weaving is caused by dirt or
other foreign matter on the rolls.Clean with Chloro-
thene.

OVERLAY PLATE
REMOVE - PLATE. TO.
REMOVE WIRING

ONLY

SHOULDER SCREW
toF2 | OF 4
NO. 10. REMOVE
AFTER SHOULDER SCREWS

'NO.10 OUTPUT
LOCATING GEAR

CHECK ROTARY PLAY
BETWEEN OUTPUT GEAR
AND Ist IDLER

HOISTING MHOLES

BRAKE

~ADJUSTMENT

IDLER
SHAFTS

Ist IDLER
GEAR

07706-58

Figure 5-6. Recorder Removed from Cabinet, Prepared for Gear Box Removal



5-30. CHATTERING. This is usually caused by
lack of lubrication on the brake roll cork disc, which
causes positive traction instead of the slipping clutch
action desired; or a defective brake roll bearing (S).
Remove the right brake roll support (three #8 oval

head screws) (see Figure 5-2). Clean cork disc with
Chlorothene. Allow it to dry. Then lubricate with
grease, HP Part No. 6040-0222.

CAUTION

DO NOT ALLOW GREASE TO CON-
TAMINATE RUBBER ROLLS.

Check the bearings for out-of-roundness, too tight fit
of roll stud and bearing, presence of burrs or foreign
matter. Brush wash with Chlorothene (do not sub-
merge bearing in fluid); remove burrs;, check for out-
of -roundness. Replace if defective. Lubricate with
machine oil (#10O) before replacing bearings in record-
er side plates.

5-31. IRREGULAR PAPER SPEEDS. Most problém
that cause irregular speeds can be attributed to drive
and/or brake roll trouble: rolls need cleaning, digisc
needs lubricating, etc. , see preceding paragraphs.

5-32. UNEVEN PAPER TENSION. The brake roll
causes this uneven pulling on the paper. When the
cork disc is dry (no lubricant), there is no slipping
action and the brake roll tension becomes constant at
the disc end, pulling the paper taut over the platen
edge. Follow brake roll removal and disc lubricating
prodedures in paragraph 5-30. Incomplete adjustment
of the Brake Adjusting screw can cause uneven ten-
sion; see paragraph 5-26.

5-33. _Other Causes of lmproper Paper Feed

5-34. Play in the paper spindle support from the
left spindle support spring can cause paper weave. To
increase the spring pressure, simply remove the
spindle (and paper from the spindle) and gently push
the spring inward from the access bole (see Figures
5-2 and 5-5) on the recorder side plate. Do not ex-
tend spring beyond spindle support inner surface. Too
much spring action can cause spindle hub wear.

5-35. Uneven wear on paper guide bar (see Figure
5-5) or along the bottom radius of the table can cause
improper tracking. If the guide bar is wdtt  unevenly,
it can be rotated to a new position by loosening screws
at either end. If the radius of the plate is uneven, it
should be replaced.

5-36. Damage to the recorder side plates and/or
platen table locks can cause improper paper tracking.
The recorder side plates can be damaged during
shipping. If the side plates have been bent, it is
sometimes Bossible to repair the damage. Loosen
all support bar screws on’ the front pane and chassis,
being careful not to loosen or remove screws attach-
ing parts to only one side plate. Relieve some weight
At the recorder front end; the side plates will tend to

™ 11-6625-2507-14

correct themselves.  Tighten al screws that were
loosened and check the side plates with a straight edge
for twists or bends. The straight edge should be as
long as the side plates. Imperfections should be less
than 1/32 inch. If the bend does not straighten, the
side plate should be replaced since the side plates
support the paper spindle and can cause poor paper
feed if the bend is severe enough.

5-37. Damaged platen table locks. The lock support
shaft assembly may be damaged so that the table locks
out of sguare. Check this with the table assembly
down. Inspect the table lock flanges for enlarged

slots causing uneven locking. Check the table lock
support for damage and wear; the platform link for
loose shoulder sc screws.

5-38. STYLUS AND GALVANOMETER ADJUST-
MENTS AND REPAIRS.

5-39. _Stylus Pressure.

5-40.  Check stylus pressure with the calibrated
pressure gage 14015A (see Figure 5-7). Lift the
stylus at the center of the heating element support
wire. Lift as close to 90° as possible. The stylus
setting should be 2 grams. Run the recorder at

5 mm/sec speed. Lift the stylus with the gage until
the stylus stops writing on the paper; the gage should
read 2 grams. If the pressure is not correct, adjust
the stylus pressure screw (Figure 5-8). Turn clock-
wise for less pressure and counterclockwise for more
pressure. The adjustment should be made I/4 turn
at atime. Check that the stylus remains level with
the paper for correct definition.

5-41. —_Marker Amplitude.

5-42. Run the recorder a high speed with the
marker held for continuous operation. If the marker
trace amplitude is insufficient, the amplitude can be
adjusted approximately 3 mm. Use a No. 10 Allen
wrench and adjust the setscrew located at the side of
the marker (Figure 5-8). Adjust through the coil
opening. Access is through the recorder side plates
(recorder extended) for right or left marker.

5-43. ___Stylus Mechanical _Stop.

5-44. The mechanical stops prevent the stylus
excursions from exceeding 2 mm beyond the channel
edge or 1 mm toward an adjacent marker arm. Set
these limits by loosening the stylus Travel Adjustment
screw with a screwdriver, setting the stops and
tightening the screw. Refer to Figure 5-8 for screw
location.

5-45. __Stylus Overhang.

5-46. The proper position for the stylus heating
ribbon on the platen is shown in Figure 54. In the
center of the channel, the ribbon overhang is approxi-
mately two-thirds of its length, which is required for
a constant density trace when the stylus moves to its
positive and negative maximum positions. The center



TM 11-6625-2507-14

oAy

Q_m

X3

y RING

égfﬁ%,_—

| ; STYLUS OFF PAPER

L a. Calibrate stylus pressure tester by holding

“— vertically at eye level, with 2-gm calibration

w7 2-GM cap on hook, slide knurled ring toread 2 gms.
fJ‘T CALIBRATION
1 CAP b. Measure stylus pressure by hooking tester

c. Adjust stylus pressure to 2-3/4 gms with
stylus pressure screw.

\ under writing arm side rod above the stylus
! (gage perpendicular to writing arm). Read
A gage just as stylus loses contact with paper.

Figure 5-7. Calibrating and

one-third of the ribbon provides the most even hesat
gradient. Improper stylus overhang can be suspected
when the trace density is uneven and the stylus appears
otherwise in good condition, i. e, the ribbon is not
bent or twisted, etc. To adjust for overhang error,
refer to Figure 5-8. The callouts refer to Channel 1
adjustments, which are typical for al channels.

a. Loosen all stylus lift guard screws.

b. Loosen the galvanometer adjust plate screws
in front and rear of the galvanometer magnet.

C. Loosen the locking nut on the adjusting plate.

d. The adjusting setscrew will move the magnet
to the rear of the recorder when turned clockwise.
Loosen setscrew and push the magnet to dide assem-
bly forward. All adjustments are not complete until
the galvanometer adjusting plate screws are tightened.
Tightening these screws tends to upset the adjustment,
therefore, the adjustments may have to be repeated
until the stylus overhang is accurately two-thirds of
the ribbon length.

e. Check all screws and nuts for tightness before
completing operation.

5-47. Galvanometer Sensitivity.
5-48. The galvanometer sensitivity is governed by

the gauss strength of the magnet, which is adjustable
by the magnet shunt attached to the left side of the

5-18

Measuring Stylus Writing Pressure
magnet pole pieces (Figure 5-9). The shunt is adjust
ed by a hex-head at the front of the shunt. Lower
the paper tracking table to gain access to the adjust
ment.

a  Turn hex nut clockwise for less sensitivity or
counterclockwise to increase sensitivity. Sensitivity
is 160 mA for 10 divisions (see Figure 5-22).

b. Check the adjustment by running the recorder
and letting the paper track properly before making
another Sensitivity check. Repeat-the above if neces-
sary, making small changes each time until the proper
setting is reached.

NOTE

The maximum adjustment of the shunt
cannot exceed 5/8” beyond the shunt

housing. If this does not correct the
linearity problem, the magnet strength
must be restored.

5-49. Stylus Mechanical Center (Zero).

5-50. The Permapaper must be feeding through the
recorder correctly with no weaving or diding to one
side.

a. Unplug the galvanometer cable.
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Figure 5-10. Model 358-400B Power Supply With Modd 7700-02B Amplifiers
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Loosen the setscrew at the bottom of the stylus
adapter slightly (Figure 5-8) with the spline wrench
supplied; see Accessories in Section I.

¢. Mechanically swing the stylus adapter with the
spline wrench to the desired position and tighten the
setscrew. This adjustment may have to be done
repeatedly as tightening the setscrew may move the
setting. The final cheek of the stylus center position
is made with the recorder running.

d. Adjust the stylus pressure as described in
paragraph 5- 39. Stylus pressure must be corrected

ior proper sensittviry and dampmg.
5-51. PAPER TAKE-UP ADJUST'MENTS.

5-52. The paper take-up should keep the paper
snug on the take-up roll after data has been recorded.
If the paper is too loose or tight, it can be adjusted
by turning the knurled clutch adjustment on the left
side of the paper teke-up (see Figure 5-24, item 5).

5-53. Adjust the take-up when any of the following
are observed: paper loose, paper tight, take-up er-
ratic particularly at low speeds, take-up chatters.

~a Loosen the clutch lock nut (see Figure 5-24,
item 6) by turning counterclockwise.

b. Run through the paper loading procedures in
Section 1lIl Operation. Start recorder and run paper
until it has settled evenly over platen table.

C. Install paper core on paper take-up spindle by
inserting spindle with sguare hole mating square left
support bolt.

d. Compress spring by pushing slightly on washer
alowing take-up spindle end to dip into paper take-up
right support slot (see Figure 5-24, item 4).

e. Lock spindle in place by dliding spindle retainer
forward.

f. Check paper loading instructions for paper
positioning on take-up spindle (see Section III).

5-54. Paper Take-Up Clutch.

5-55. The clutch should be adjusted when the re-
corder is running.

a.  Run the recorder at 25 mm/sec for a prelimi-
nary check to see that the paper is snug between the
drive roll and the take-up spindle.

b. Adjusting clutch screw clockwise will tighten
paper tension; counterclockwise loosens paper
tension.

C. Paper tension is proper when it will depress
dlightly with light finger pressure.

d. Run recorder a maximum speed and make
minor adjustments on the clutch screw until paper
tension is proper.

€.  Repeat step d at the lowest speed making
adjustments for proper tension as indicated.

NOTE

Paper take-up may be erratic

particularly at low speeds) if the clutch

screw has not been tightened. If cor-

rect performance cannot be achieved

by adjustment, see paragraph 5-26

and Figure 5-24 for disassembly and

repair procedures.

f. Make a final check to see that The tension

proper for low, medium and high speeds,
the clutch screw in place (Clockwise).

5-56. CORRECTIVE MAINTENANCE

5-57. DISASSEMBLY OF SYSTEM COMPONENTS.

NOTE

Driver Amplifiers and Driver Ampli-
fiers Power Supply are removed from
the rear of the Cabinet.

5-58 Driver Amplifier Removal,

Driver amplifiefs are held in place with two
screws, one on each side (see Figure 5-10). Loosen
screws and pull Driver Sfraight out. Mark each
Driver removed so that itwill be returned to the
same location. This will avoid re-adjustment for
frequency response.

5-60. Driver Amplifier Power Supply Removal.

5-61.  The Driver Amplifier Power Supply can be
handled by one man even with the Drivers installed
as it weighs about 27 pounds.

a Remove al connecting calles along the lower
edge of the power supply chassisand remove the top
two Drivers to get at the maunting screws for the
power supply.

b. Remove the upper screws and lift the power
supply to release from the retaining studs . Swing the

upper edge of the unit outward. This will be supported

at the bottom corners.

C.  Reach dowrrinto the inside &f the power supply
and remove the three cables attaching the supply to
the recorder.

d.  Hold the top and bottom of the supply and lift
free of lower supports. Turn the supplg/ dightly to
clear the cabinet door and remove from system.

5-62. Recorder Removal and Repair.

5-63. Remove the recorder only when the repair,
overhaul, or modification cannot be performed in
cabinet.




WARNING

THE RECORDER WEIGHS APPROXIMATELY
200 POUNDS, MANUAL REMOVAL OF THE
RECORDER IS POSSIBLE WITH TWO OR
MORE MEN BUT DUE TO THE WEIGHT AND
SIZE, A HOIST IS RECOMMENDED. THE
HOIST SHOULD BE CAPABLE OF LIFTING
THE UNIT FROM THE CABINET AND MOV-
ING IT TO A WORK BENCH. HOLESARE
PROVIDED AT THE UPPER EDGES OF BOTH
SIDE PLATES FOR ATTACHING A LIFT BAR.

a Remove al connecting cables from the rear of
the recorder.

b. Release locks and pull the recorder out so that
it is extended from the cabinet as far as the dides
will allow.

C. Remove the two hex-head screws from each
side of the recorder which hold the recorder to the
latch slides (see Figure 5-2).

d. See WARNING above and remove the recorder.

Support the recorder on the work bench with
pieces of lumber approximately 2 inches (50 mm) x 4
inches (100 mm) x 2 feet (. 6 meter). Place one 2 x 4
flat at the front of the recorder directly behind the
latch locks. Do not rest the recorder on these locks.
Place the other 2 x 4 on edge a the rear of the re-
corder at the point where the side plates are cut out
(see Figure 5-6).

5-64. Gear Box Removal.

5-65. Prior to removing the Gear Box, remove al
wiring behind the overlay plate a the left side of the
recorder. Carefully note each wire location, as in-
dicated on overlay plate. This is particularly im-
portant if the recorder has both mm/sec and mm/min
speeds. Remove the Gear Box as follows:

a.  Remove the four mounting screws (2 sems, 2
shoulder locating) a each side of the Gear Box (see
Figure 5-6). With these screws removed, the gear
box is held in place by the two sems screws located
between the removed screws. When these two screws
have been removed, the gear box will drop free from
the recorder as indicated in Figure 5-11 aad the unit
can then be removed by sliding sut from the rear. To
do this, the rear 2 x 4 is placed so that it supports one
side of the recorder. After removal, place 2 x 4
support under both side plates.

b. Set the gear box on the work bench and remove
the Chain Drive Cover (not shown) by removing the
four screws.

C. Remove the four screws at the bottom face of
the base plate to remove the gear box from the assem-

bly. Tip the gear box in towards the chain and sprocket
assembly to disengage the chain from the yoke sprocket

as indicated in Figure 5-12.
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5-66. Gear Box Overhaul,

5-67. Lift the gear box from the motor assembly
and place on the bench. Remove the four No. 10 sems
screws from each solenoid plate (see Figure 5-12)
and the cable clamp from the solenoid wires. Remove
the solenoid plates (see Figure 5-13). since solenoids
1 and 4 fit snug over the shaft 9, ease the plate off
dowly to prevent damaging the solenoid stop hinges.
Remove the four shoulder locating screws holding
front gear box side plate. (Figure 5-13) Remove the
front gear box plate slowly. Jiggle slightly if it dues
not clear from the gear box easily.

NOTE

Care should be taken not to upset the
gear train shaft locations. Position

the gear box on the bench as indicated
in Figure 5-14 for further breakdown.

a. A tray to hold gear and shaft assemblies can be
made out of a piece of plywood and the separators out
of 1/2” (12 mm pieces of pine. This tray not only
keeps the gear and shaft assemblies in their correct
order for re-assembly, but also keeps these assem-
blies from being damaged. As indicated in Figure
5-14, the top two mini-clutch and shaft assemblics are
removed and placed in the top compartments of the
tray in the same order they were removed from the
gear box. The next row of shafts (#1 and #2) are
removed and placed in the tray in the same manner
as the first rows. The next four clutch and shaft
assemblies (#4, #3, #8 and #7) are removed together
since the gears interlock. Slowly pull shafts from
gear box keeping all assemblies intact. As each shaft
assembly is removed from its place in the tray, note
the compartment and shaft position so there will be
no trouble in re-assembly.

b. When al the shafts are placed in the tray in
their proper sequence, inspect all bearings (Figure
5-14) for excessive wear. Wash, do not submerge,
side plate and bearings in Chlorothene. If the plate
and bearings are submerged, the oilite bearings will
dry out and wear badly. When the assembly is com-
pletely washed, dry with cloth or compressed air.
Repeat with other sdeplate. Qil al gears and both
side plate bearings so that the bearings will become
saturated while working on rest of gear box. Oil
bearings in two steps:

(1) Oil with a penetrating oil such as Marvel
Mystery oail.

(2) Before re-assembly of gear shafts to side
plates, il heavily with #10 machine ail.

C. As indicated in Figure 5-15, the mini-clutch
shaft assembly is disassembled and ready for inspec-
tion of the roller bearings and springs. These mini-

5-21
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Figure 5-11. Removing Gear Box and Motor From Recorder

clutches normally cause no trouble if they are cleaned
properly and all the springs are in place. Do not re-
assemble if any of the springs are missing. Check
the inner surface of the gear hub for excessive wear
(beyond a bright polish). If the inner surface of the
gear hub has been scored, it must be replaced.

d. Check the following.areas of the clutch assembly,
referred to in Figure 5-15:

5-22

When all of these parts are inspected, clean the whole
shaft assembly with Chlorothene.

(1) Excessive shaft wear (replace shaft if worn
down)

(20 Make sure the two setscrews on the mini-
clutch are tight.

(3) See that the rollers are in working condition
when spring loaded.
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Figure 5-12. Removing Gear Box From Base Plate

5-68. Spring C Butch Assembly.

5-69. Note the position of the shaft before removing
from the tray. Disassemble shaft (see Figure 5-16)
as shown, and wash each part thoroughly with Chloro-
thene. Inspect clutch hubs as well as shaft ends for
excessive wear (beyond polish). Inspect clutch spring
inner surface for wear. Also check gear teeth. Any
part worn beyond a polish should be replaced.

a. If arust color residue was evident before:
washing clutch with Chlarothene, the cluich nrobhablv
ran dry of lubricant or the wrong type of lubricant
was used in its packing. The only grease to be used
in this gear box is HP Part No. 6040-0222. [ any
nylon gear in the box is stripped, make sure no
shavings from the stripped gear are imbedded in any
other gear of the box. Nylon shavings are bard to
locate, so it is necessary to wash out all gears with
a stiff bristle brush. Clean and re-assemble these
gear shafts. When installimy the mini-clutch gear,
be sure that the springs do not fly out when depressing
the rollers.

NOTE

Do not grease any gears. It is
more convenient after the gear
box is assembled.

b. Figure 5-17 illustrates excessive wear of the
clutch and hub assemblies. These parts will wear
when the gear box has been run for long periods of
time without a maintenance check, wrong methods of
packing the clutches, or if the wrong grease is used.
Trouble will aso be evident if the recording paper is
alowed to double around the drive roll of the recorder
and jam the drive roll and gear box to a sudden stop.
If paper jamming is corrected but the gear box tends
to run roughly or chatters, turn the power off and
locate the damaged part immediately. Damaged
clutch sleeves result when there is not enough clear-
ance between the clutch dleeve and the solenoid stop
(see Figure 5-18). Clearance procedures are given
in paragraph 5 - 85.

5-23
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Figure 5-13. Solenoid gear box plates.
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Figure 5-14. Gear box, disassembly and reassembly.
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5-70. Gear

5-71. When the whole gear box is clean and all
defective parts replaced, the gear box is ready to be
lubricated (see Figure 5-19).

z.% Grease the shal* adapter working surface liber-
ally with grease, EP Part No. 6040-0222, as shown
in Figure 5-19 (a).

b. Liberally coat the inner surfac ¢ of the chutch
spring with Figure 5-19 (b), and install it
with 2 twist with the key stud facing the shaft adapter.

¢. When the ciutch spring is seated properly on
the shaft adapter, Figure 5-19 (¢) completely fill the
remaining cavity so that there is no air pocket. Coat
the cuter sv.{ace of the clutch spring with grease.
Coat the inner working surface of the clutch sleeve,

Box Lubrication

Figure 5-19 (d)witha keavy surface grease and in-

stati over cluich spring, wnich is aireaay on the shait
adapter.
CAUTION

SPRING KEY STUD AND NOTCH ON
SLEEVE MUST MATE FOR SHAFT TO
FIT PROPERLY. CHECK THAT THESE
TWO PARTS ARE FROPERLY ENGAGED.

Fill any air pockets with grease after the ~lutch sleeve
is installed. Coat the working surface of the clutch
hub and gear assembly as indicated in Figure 5-19(e),
and install on shaft only up to its

clutch,

d. At the shaft aiapter there is a hole that must be
plugged “pefore ‘the assembly is forced together. Do not

AP T
L1

BUSHING @

GEAR
SPRING
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force the clutch hub and genr together until the hole is
plugged to prevent the grease from escaping (Figure
5-19 (1)).

NOTE

If the adapters a not have this hole,
they are usable since this was added
as a modification.

As the clutch hub and gear is forced into the clutch
spring in a twisting manner, note the darkening of
the clutch sleeve imdiicating that the grease forced
into the spring cavity earlier is now being forced
throughout the clutch assemblv leaving no air pocket.

NOTE

This lubrication procedure must be
foilowed for proper endurance of the
gear soX,

Check that the clutch hub and gear hits bottom on the
shaft adapter. This check is to be mad~ with hole open.
There must be a bottcming effect in this assembly.
Lubricate the four spring clutches in this manner, but:
Do not grease the fi ini-clutches, Oil mini~
clutches liberally through oil hole. Rotate the mini-
clutch gear to ensure complete spreading of oil on
working surfaces.

5-72. Shait and Clutch Re-Assembly.

5-73. Since the lower four shaft assemblies of the

gear box are interlocked, they must be installed using
the following nrocedure:

SHAFT r
s

BUSHING—~——gy |
GEAR AND 44 |
CLUTCH—gp |
HUB
CLUTCH .
SLEEVE
CLUTCH
SPRING
SHAFT

CLUTCH
SHAFTER
ADAPTERS

GEARS

SHAFT
4

124418071

Figure 5-15. Mini-Clutch Assembly, Components
5-26

Figure 5-16. Spring Clutch Assembly, Components




a. Install the mini-clutches as indicated in Figure
5.14 g(itf)t with the shaft ead just inside the bearing
enougn 1o hold the assemblies in place. Keep these
two shafts out of the side plate bearings as much as
possible until the next two shafts are installed. Slip
the next row of cluich shafts into the bearines as indi-
cated in Figure 5-14 (c) just enough to mesh al mat-
ing gears. Tip the gear box side plate on its back
slowly: see Figure 5-14 (d). If the shaft assemblies
are in their proper places, they will fall into the side
piate bearings under their own weight with a little
juggling of the assembly. If the gears do not mesh
properly, DO NOT force them; this can resvit in gear
damage. In proper seguence, install the shaft assem-
blies that remain. Install the top row mini-clutches
last, see Figure 5-14 (&). The upper four shafts can
be installed in pairs without jamming as in the lower
four shafts.

b. Install the front bearing plate on the shafts to
complete the gear box assembly. Then to ensure that
the shafts are positioned correctly, rest the gear box
on a flat surface before tightening the four shoulder
screws. Rotate the upper mini-clutch gears manually.
Tightness or difficulty in rotating rears indicates a
lack of end play of one or more shaft assemblies. End
play should be at least 0. 004 inch. Recheck cleaning,
lubricating procedures and inspect bearing and shaft
for out~cf roundness. If the gears rotate freely
except for ore or two positions in a full turn, check
the gear teeth.

CAUTION

IF A NYLON GEAR IS STRIPPED,
CHECK fURROUNDING CLUTCH
MECHANISMS WITH MAGNIFYING
GLASS 7O SEE THAT NO STRIPPED
PIECES ARE EMBEDDED IN THEM
CR ASSOCIATED GEARS. NYLON
FIBRES CAN DAMAGE GEAR TEETH
AND CLUTCHES

c. Instal’ the large sprocket on the input shaft
and test the complete ;ear box by manually turning
the sprocket, chrcking for smocth, free operation of
the complete gea- train from simple finger pressure.

d. Output gears on the outer side of the gear box

Qlate should be inspected for damage (see Figure 5-18).

The output gear should be replaced if worn since it
drives the drive roll through five idlers. A damaged
output gear can result in damaged idler gears, drive
roil gear and,’ or the gear box itself.

5-74. ldler and Drove Roll Gears.

5-75. Remove the five idler gears held in place
with retaining rings (see 5-5). Ciean the gears
- with Chlorothene; look them over closely for flaws;
' grease gears and oil bearing. Replace gears.
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5-76.  Testing Gear Box Components.
5-77.  The gear box should be given a running check

before the solenoid plates are assembled. Install the
gear box on the motor mounting plate using the four
No. 10 screws (see Figure 5-12) and the procedures in
Paragraph 5-86. Apply 115 Vac to the motor leads at
the terminal strip. 'If the input sprocket is properly
aligned and planes paralel, the gear box should run
smoothly. If it chatters or runs irregularly, it

usudly is caused by misaignment of the yoke and
sprockets.
5-78. Greasing the Gears.

5-79. When the gear box runs smoothly, store the
motor and brush grease HP Part No. 6040-0222

on al: gear teeth, using liberal amounts. Rotate
sproc ke’ by hand to make sure al gears are fully
greased. Run motor to run off any excess grease.

WARNING

DO NOT ATTEMPT TO CLEAN EXCESS
GREASE FROM GEAR BOX WHILE:
MOTOR IS RUNNING. STOP MOTOR
AND TURN INPUT SPROCKET BY HAND
WHILE CLEANING GREASE FROM GEAR
I. WHEN GEAR BOX HAS BEEN
CLEANED RUN MOTOR FOR 1/2 HOUR
BREAK-IN PERIOD.

5-80. Checking Solenoid Operation.

5-81. The solenoids mounted on the side plates
(Figure 5-13) must be checked for proper operation.
The solenoid is mounted in a steel U-bracket, Figure
5-13 (c). The arm assembly is also steel. When the
solenoid is actuated, and the brass rivet heads are
peened flush with the surface of the arm; through
usage, the arm becomes magnetized to the H-bracket
when the solenoid is energized. This prevents proper
selection of paper speeds.

5-82. REPLACING RIVET. The rivets should be
replaced if the rivet head is flush with surface of the
arm. Remove the two screws holding the solenoid
stop to the aim. The arm will spring back revealing
the brass rivets. Remove the old rivets with a sharp
edged tool. Push the rivet shank out with a drift
punch. Insert new rivet (Part No. 0361-0363) and
flange the hollow rivet shank with center punch.
Usudly the flanging will flatten the rivet head a little
but the 0.008 to 0.010 inch maximum extension of the
rivet over the arm assembly plate, see Figure 5-13
(c), will require dight tapping with a light hammer.
The rivet head provides the air gap necessary to keep
the arm assembly from being magnetized.

5-27



TM 11-6625-2507-14

DAMAGED CLUTCH HUB ADAPTERS

DAMAGED CLUTCH SLEEVES

—~
&
n

DAMAGED CLUTCH SPRINGS
(JAMMED GEAR 80X)

07706 -69
Figure 5-17. Excessive Wear on Clutch and Hub Assembly
DAMAGED OUTPUT
0.015" CLEARANCE
BETWEEN SLEEVE
AND STOP
015" SHIM
—
- R
INPUT SHAFT
SLEEVE SOLENOID
07706 - 70

Figure 5-18. Gear Box Assembled, Clearance Between Solenoid And Clutch Sleeve Indicated
5-28



5-83.  After instaling the rivet, ‘assemble the
spring clutch sleeve stop and check the solenoid
operation by connecting a 24-volt battery and switch
in series with the solenoid winding; green (+), black
(-). If the solenoid does not release the arm when
the switch is opened, the rivet is not providing a
proper air gap and should be replaced. Normal care
in this operation should bring desired results. Check
each of the solenoids for proper operation and air gap.

5-84. ASSEMBLING SOLENOID PLATES TO GEAR
BOX. Remove the gear box using procedures described
in paragraph 5-64. Install one solenoid plate to gear
box first by attaching plate with four No. 10 sems
screws. Attach leads to 24-volt source and check
for 0.015 in. clearance between solenoid stop and
clutch sleeve crease (see Figure 5-18). If the clear-
ance is insufficient, shims are available on order in
three sizes (0.003, 0.005 and 0.010 in. ) to-correctly
adjust the stop distance to the sleeve, see Figure
5-13(d). Both solenoids must be checked. Use the
same procedure to install and check the other solen-
oid plate and solenoids.

NOTE

Each solenoid must be located in its
proper place for correct recorder
paper speeds. It is possible to erron-
eously locate solenoid lead wires
through the wrong cutout in mounting
plates and result in wrong terminal
connections, see Figure 5-13 (b).
Each solenoid side plate must be
mounted to proper side of gear box or
recorder will run at improper speeds.

5-85.  Reassemble the gear box to the mounting
plate with the four No. 10 screws (see Figure 5-12).
Plug-in motor to drive the gear box. Energize each
solenoid to test the clearance between stop and spring
clutch sleeve by pushing on solenoid core screw, see
Figure 5-13(b). Average finger pressure will change
the clearance between stop and sleeve and indicate
whether clearance is sufficient.

5-86. Gear Box Installation.

5-87. Ingtal the gear box on the mounting plate as
indicated in Figure 5-12. Place chain on input sprocket
and tip. the bottom of the gear box away from the motor
so that the sprocket chain can be looped under the
sprocket on the yoke. When the chain is in, the proper
position, fasten gear box to the mounting plate.

a. Check for proper alignment of the input sprocket
with its mating sprocket on the yoke with a straight
edge, as indicated in Figure 5-20. When properly
aligned, the chains and sprocket will not chatter or
cause a heavy chain noise. If adjustment is needed,
adjust the sprocket on the gear box, not the yoke
sprocket.
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b. To adjust the proper tension in the chains, the
yoke must be moved on the gear box baseplate. The
motor is moved to adjust the chain from motor sprocket
to yoke. Check the proper alignment between motor
sprocket and yoke sprocket as the other two sprockets
were checked with a straight edge. The proper tension
of the chains is about 3/ 16" depression of the chain
between the sprockets the chain is mounted on. When
all chain adjustments are made, the chains must be
lubricated with chain grease HP Part No. 6040-0223.
Check for loose screws or set screws. Run the motor
with the clip leads and actuate one solenoid a a time
to check the proper clearance of the solenoid stop to
the clutch sleeve. As the gear box is running, press
solenoid mounting screw when the solenoid is actuated.
This check ensures the proper clearance of solenoid
stop, if when pressing on this screw, there is no
ticking of the stop to clutch deeve. If there is a
ticking, depending on how hard, remove the proper
shim from the solenoid mounting plate. When this
last check is made, the gear box cover and chain
cover are installed, the solenoid leads are installed
on the terminal strip and the motor oiled.

C. The gear box and motor assembly is now in-
stalled in the recorder by reversing the disassembly
procedures. Check the play between the small output
stud gear and its meshing idler gear (see Figure 5-6).
If there is no play after all mounting screws are tight,
loosen the eight screws fastening the motor and gear
box mounting plate to the two support bars of the
mounting plate. The eight screws on the bottom sur-
face of the mounting plate alow the gear box stud gear
to move away from the first idler gear alowing dight
play between these two gears.

d. Check this play again after the eight screws
have been tightened. With al proper aignments and
adjustments made and the gear box terminal strip
wired up, taking care for proper placement of wires,
apply power for a complete check of the gear box and
paper speeds before installing recorder back in the
cabinet. Temporarily reconnect driver amplifier
power supply to rear of recorder and connect ac line
cord to power source. Check recorder speeds as
outlined in paragraph 5-25. If speeds do not corre-
spond with speed selected, check solenoid leads for
improper terminal connections.

5-88. Galvanometer  Disassembly

5-89. The individual galvanometers for all channels
are alike except for the marker channel, usually chan-
nel 8 (see Figure 5-21). These conventional D’Arson-
va moving coil galvanometers have the coil snugly
housed in the air gap between the poles of the large
U-shaped Alnico 5 magnets.

5-90. The platen table locking mechanism and gal-
vanometer bank are linked together so the writing
styli move up, out of the way of the table. This helps
prevent styli damage during paper loading. However,
a large paper loop over the platen will damage the
styli if the styli are dropped heavily on the paper.

5-29
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Figure 5-19. Lubrication procedures for gear box clutch assemblies
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5-91 The galvanometer inserts can be removed
and repaired or overhauled without removing the mag-
pet from the bank. However, if the magnet becomes
badly damaged or loses its magnetic strength (rated
a} 8000 gauss) it can be easily replaced by removing
the top styli guard and the screws hoiding the magnet

plate (see ‘Figure 5-3
The coil is
?ié?dx.yRsl,Eu'\s/l p(gr\nQeNGon OIL.ASSEMBLY

orsion wires inside a coil hous-
ing which is mounted in the air gap of 'he magmnet.
Both torsion wires are rigidly clamped te hola the coil
so that the stylus will maintain a zero-signal position
at the center of the recording chart. The torsion
wires thus function not only to suspend the coil, tt
also, like the spring in a meter movement, to provide
restoring torque to return the stylus to zero when no
signal information carrent passes through the coil,
and to determine the position of the stylus when signal
currents pass through the ccil

5.-.9.3 Fach galvanometer has ar adjustable magnet
shunt permancntly mounted to the side at the pole
pieces. The magnet shunt has two functions, (1) to
adjust sensitivity of the galvanometer, and (2) when
fully pulled in, to maintain the magnet gauss at fuil
strength so that the galvanometer can be removed
from the magnet. When the shunt is fully pulled in, it
can be seen in the hale of the shunt housing (see

TV e B AN

Figure 5-9

STRAIGHT EDGE
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CAUTION

ONLY WHEN THE SHUNT IS VISIBLE

IS IT SAFE TO REMOVE THE: COIL
FROM THE MAGNET WITHOUT LOSING
THE MAGNET STRENGTH.

5-94 Disassemble the galvanometer as follows:

a. Remove the stylus from the galvanometer by
loosening the clamping screw (see 'lfigure '5_"é

b. Remove the screws attaching galvanometer
insert to the block (see Figure 5-23

c. Unplug the galvanometer cable, remove the
cabling from the galvanometer cap and gently pull the
galvanometer insert from the magnet (see Figure 5-23

d. Use masking tape to remove all foreign matter
from the magnet gap. The magnet must be clean of
filings or chips.

e. Gently lower the new coil into the magnet and
attach the mounting screws. Firmly push the galva-
ncmeter coil to the front of the magnet and tighten the
mounting screws. If there is no mechanical rubbing
when the stylus holder is moved from side to side,
the galvanometer is mounted correctly. If the galva-
nometer does touch the sides, the mounting screws

ALIGN SPROCKETS

YOKE

07706 -72

Figure 5-20. Alignment Sprockets



TM 11-6625-2507-14

must be loosened and the galvanometer recentered in
the magnet gap. The galvanometer must be properly
set for correct performance.

f. Connect all wiring removed from the defective
coil to the new coil.

g. Turn the shunt adjusting nut counterclockwise
until the shunt is flush with the rear of the shunt
housing.

h. Check the galvanometer coil with the circuit in
the following figure (Figure 5-22

i. Make final adjustments of the shunt (either
clockwise or counterclockwise) until the 10 divisions
deflection for 160 mA current is correct.

j. All newly installed galvanometers must have
the stylus mechanically centered and the stylus stops

adjusted (see paragraph 5-43

1 Cable 7 Galvanometer Insert and 11 1/4:20 x 3/8" Long Binding
2  Lug and Wire Assembly Magnet Assembly Head Screw
3  Stylus 8  Galvanometer Mounting 12 Galvanometer Adjusting
4  Stylus Mounting Adapter Plate Plate
Assembly 9 Platform Link Pin 13 10:32 Hex Head Screw
5 Cable 10  Platform Link 14 Galvanometer Shield
6  Marker Stylus 15 Galvanometer Insert and

5-95. Paper Take-Up Disassembly.

5-96 The paper take-up is driven by a rayon belt
irom we drive roll (see Figure 5=24). The pulley,
cord and pressure discs assembly acts as a slip
clutch keeping the tension constant across take-up
spindle, when the cork discs have proper lubrication.

5-97 If the paper take-up is performing badly or
an overl'}aul is‘scheduled, disassemble the take-up as
follows (see Figure 5-24

a. Remove paper take-up spindle (1) by releasing
spindle lock (2).

b. Remove two 6-32x 5/8 in. sems screws (3).

c. Remove right bearing and retainer assembly
(4), attached to front panel by two screws (4a).

Magnet Assembly

07706 -73

Figure 5-21. Bank of Gavanometers for 8-Channel Recorder



d. Remove paper take-up adjust (5) and lock (6)
holding the square end of paper take-up shaft (7).

e. Slip the pulley belt (8) irom pulley (9).

f. Remove carefully the pulley and friction clutch
assembly (7) (8) (9) (11) (12) (13) (24) (15) from the
bearing and retainer assembly (10).

5-98. CLEANING AND LUBRICATING PAPER
TAKE-UP wash all take-up parts with a grease
solvent such as Chlorothene. The groove in the
pulley may need brush cleaning to remove all foreign
matter.

5-90. When thoroughly dry, lubricate the face of
the cork dises (12) (13) used ca both sides of the
pulley (9} with grease HP Part No. 6040-0222. Oil
all oilite bearings with machine oil HP Part No. 6040~
0220. Coat the end of the take-up shaft (7) with grease
HP Iart No. 6040-0222.

5-100 Assembly of Paper Take-up.

5-101 Reassemble the pulley and clutch assembly
as shown in Figure 524

NOTE

The spring (15) must be oriented with
the turned-in-end facing the take-up
adjusting knob (3). This end of the
spring mates with the slot in the pulley
shaft. The spring is compressed and
released by the paper take-up adjust
(5) for paper tension adjustments.

a. Install pulley and clutch assembly (7) - (15) on
bearine and retainer assembly (10).

b. Slip pulley take-up belt (8) on pulley (9).

c. Install pcoer take-up adjust (5) and lock (€) to
hold pulley and ciutch assembly (7) - (15) in place.

d. Slide take-up belt (8) lower loop on (16) with (19)
adjusted to minimum belt tension position.

e. Install the other half ~f the bearing and retainer
assembly (20) with the two 6/32 sems screws (3).

f. Attach the right (4) and left (10) bearing and
retainer assemblies to the recorder front panel with
(4a) and (10a) screws.

g. Adjust the take-up spindle adjust knob (5) for
proper paper tension after loading paper in recorder
(see Section III).

5-102 ADJUSTING PAPER TAKE-UP PRESSURE
PULLEY The pressure pulley (16) is adjusted by
the offset shaft on {19). Changing the position of the
offset shaft lessens or increases the belt tension.
This control should be adjusted during overhaul and
when it appears that the paper is not being taken up
properly on the take-up spindle (paper not taut, or
unevenly taken up). The above indicates the beit has
stretched but may perform properly if the slack can
be taken up by the pressure pulley adjustment (19).
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Figure 5-22. Checking Galvanometer Sensitivity

5-103 The folluwing adjustment is made with a few
turns of paper on the paper take-up spindle. Since
the load increases as the roll of paper on the spindle
increases, it is advisable to check paper tension with
a half roll or more on the spindle also.

a. Loosen the 10/32 setscrew (21) witha 3/32
Allen wrench.

b. Turn pressure pulley (19) with 1/2" spin-tight
wrench until the paper on the spindle tightens.

c. When paper is taut and evenly snug on spindle,
lock the pressure pulley with setscrew (21).

d. I pressure pulley adjustment does not takc up
slack in pulley belt, replace belt.

5-104 mMM/MIN Speed Option.

5-105 When systems are supplied with both milli-
meter/second and millimeter/minute speeds ("D
and "DW" models), the assembly shown in Figure
5-25 is attached to the gear box mounting plate.

5-106. DISASSEMBLING SPEED REDUCTION

ASSEMBLY Refer to paragraph 5-64 for procedures
to remove the gear box. After the gear box is removed,
remove the chain drives from the assembiy by loosen-
ing the four screws holding each sprocket gear shaft
support.

5-1 0 7 Inspect the MM/MIN mechanism as follows:
a. Loosen the setscrews on the sprockets, remove
sprockets, chain drives, and mini-clutch.

b. Examine the sprocket teeth and chain drives for
defects, i.e., missing teeth, damaged chain link, etc.

c. Brush clean the chains and sprockets with
Chlorothene.

d. Disassemble the mini-clutch and clean with
Chlorothene. Do not soak in fluid. Reassemble.

5-108. REASSEMBLING SPEED REDUCTION

ASSEMBLY The gear box should be removed from
the mounting plate before reassembly of the chains
and sprockets.

5-33
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1 Galvanometer Cable 9  Stylus Heat Jumper older 16A  Irsert Screw

2 Machine Screw 10 Stylus Heat Jumper | models only 16B Insert Screw

3 Stylus Mtg. Adapter Assy. il Setscrew 17 Sems

4 Pigtail 12 Adapter Base Assembly 18 Shunt Block

5  Adj. Screw (Stylus Pressure) 13 Stylus Stop 19 Sems

6  Writing Arm 14 Stylus Stop 20 Shunt Step Block

T  Split Sleeve . 15 Machine Screw 21 Magnet

8  Screw (Stylus Holdown) 16 Galvanometer Insert Assemb.y 22 Shunt Adjustment Assy.

23 Shunt Cover
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Figure 5-23. Exploded View of Galvanometer Assembly
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10A
g -
; / 25
| y—
1 Spindle, Paper Assembly 11 Cork Friction Disc 23  Bearing, Bronze
2 Latch 12  Pressure Disc 24  Washer, Flat
2 Screw 13 Cork Friction Disc 25 Spring
4 Spindle, Retainer PTU (R.H.) 14  Pressure Disc 26  Sems
4A Screw 15  Spring 27  Spacer
5 Clutch, Screw 16 Pressure Pulley & Bearing 28  Washer Spacer
6 Clutch, Lock Nut 17  Ring, Retainer 29  Plunger, Spring
7 Shaft, Paper Take-Up 18  Washer 30 Nylon Screw
8 Belt 19 Stud 31 Setscrew
9  Pulley & Bearing Assembly 20 Retainer, Spindle (L.H.) Inner 32  Pivot Pin
10 PTU Bracket Assembly 21 Setscrew 33 Nylon Washer
10A Sems 22  Ring, Retainer 34 Front Panel

07706 - 76

Figure 5-24. Exploded View of Paper Take-up Assembly
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5-109. 71 o nnart |
mounting plate with four #10 screws, see Figure 5-25

Teactnll UM onwanlot chaft cunnart ta the

5-110 Assemble the three sprockets on "Y' shaft
with the 2-3 /4" diameter sprocket next to the motor,
the 2" diameter sprocket in the middle of the support
with its associated chain and the 1-1/4" sprocket to
drive the gear box input shaft.

5-111 install the chain from the motor to the 2-3/4"

diameter sprocket, using a feeler gage to adjust for
0.004" end play on shaft "Y". This should be done
with the middle sprocket free and the end sprocket
tightened flush on the end of the shaft.

5-112 [pstann "X sprocket shaft support to the
support plate, see Figure 5-25

NOTE
The cut-out on the plate and the offset
angle of the sprocket shaft support
should be aligned on the right side to
assure proper end play and chain adjust-
ment.

5-113 mstall chain on sprocket in the middle of
"X support arbor, inserting sprocket shaft through
both sprocket and support assembly, see Figure 5-26
Install washers between same sprocket and support
assembly at the side nearest to the mini-cluich. Be
sure that the shaft is inserted in such a manner that
its flattened sections are not mounted on the bushings

5-114 mstall chain on mini-clutch sprocket and
place sprocket on shaft. Insert the mini~-clutch into
the hub with the setscrews aligned with the flattened
parts of the shaft. The right-angle cutouts on the
mini-clutch should be as shown in Figure 5-25.
Tighten the mini-clutch setscrews through the open-
ings in the sprocket hub. The shaft end should be
almost flush with the mini-clutch sprocket hub.
Adjust the shaft for 0. 004" end play by using feeler
gage between washers and the center sprocket.
Tlighten setscrews on center sprocket. Recheck end
play.

2- J-.:‘I-..5 Install "X" suppcrt assembly with its attached
mounting support plate to mounting base (see Figure
5-25) using retainer plate on the other side of the
base. The middle sprocket on "Y" assembly, which

was left free, can now be alignéd with center sprocket

on "X'" assembly and the setscrews tightened. Adjust
for proper chain tension (1/16" to 1/8" slack) and
parallelism of shafts. Tighten the support assembly
to the base plate.

NOTE

If equipment is not to be completely
overhauled, cleaning and lubricating
can be performed without disassembly
of sprockets and chains.

5-116 MN/MIN MOTOR ASSEMBLY

Loop the chain over the mini-clutch sprocket and the
sprocket attached to the motor shafi and make the
following adjustments:

a. Align motor over the four holes; insert screws
and adjust chain slack for approximately 1/8" and
alignment with mini-clutch gear {see Figure 5-26).
Tighten screws and check complete assembly for
proper operation.

b, Manually turn the main drive motor shaft clock -
wise. The mini-clutch sprocket should not turn, but
the clutch inside will turn clockwise.

c. Manually turn the main motor shaft counter-
clockwise (more efiort will be required to rotate it in
this direction); the mini-clutch will engage turning all
sprocket and chain assemblies.

d. Manually turn the MM/MIN motor shaft counter
clockwise; ail chain and sprocket assemblies will turn
clockwise.

5 - 1 1 7 After all parts are in com-
plete alignment and all chains have the proper slack,
the assembiy can be lubricated. Oil all cilite bearings
and mini-clutch with oil HP ¥art No. 6040-0220
through the oil hole in the hub. Lubricate all chains
and sprockets with grease HP Part No. 6040-0223.

a. Apply power to the large drive motor and ob-
serve that the 60:1 motor shaft dees not turn. Apply
power to the 60:1 motor black and blue leads: all the
chains and sprockets should turn in the clockwise
direction.

CAUTION

LARGE MOTOR MUST RUN CLOCK-
WISE LOOKING AT SHAFT FROM
FRONT. IF THIS MOTOR IS RUNNING
IN COUNTERCLOCKWISE DIRECTION,
DAMAGE TO 60:1 MOTOR WILL
OCCUR. SMALL MOTOR MUST NOT
BE OVERLOADED.

b. Remove the power to both motors.
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SHOULDER SCREW
TAPRED HOLE

MINI-CLUTCH
. NOTE LOCATIONS OF . o
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Figure 5-25. MN/MIN Speed Motor Assembly
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LUBRICATE GEARS
WITH WP NO.6040-0222
GRELSE
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E701
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Figure 5-26. Lubrication and Points and Componentfor Speed Drivers, "DW", Records

5-118. MM/MIN GEAR BOX INSTALLATION
Attach chain to gear box sprocket and tip the tcp of
‘he gear box towards the large motor and while loup-
ing the chain on the mounting sprocket. Check that
soth eprockets are in alignment to minimize chain
noise. Attach the gear box to the base plate with the
{our mounting screws.

a. Attach cable from the kit drive motor assembly

bracket to terminal board E-701 and attach the sole-
noid wires as follows:

(1) Black wire to E701-3

{2) SOL 1 White and Yellow wire to ET01-12

5-38

(3) SOL 3 White, Orange, Yellow wire to E701-1
{4) SCL 3 White, Orange, Green wire to E701-2

(5) SOL 4 White, Red Yellow wire tc E703-13

b. Repiace chain cover.

c. [Instzll entire unit in recorder chassis and
reconnect recorder cable to terminal board ET701.
Install the recorder iu the cabinet, as well as the
power supyl; and drivers. Reverse the procedures
of paragraohs 5-57 through 5-63.
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Figure 5-27. Driver Amplifier Limit and
Compensation Controls

5-119 MAINTENANCE OF 7700-02B
DRIVER AMPLIFIER
5-120. INTRODUCTION

5-121.  This section contains instructions for the
maintenance of Driver Amglifier 7700-02B. These in-
structions include troubleshocting, replacement and
repair of components, and adjustments after repoir.

5-122. PERFORMANCE CHECKOUT

5-123 make the periormance checkout given in the
applicable Recording System manual to ensure that a
new or repaired Driver Amplifier meets system
specifications.

5-124 TEST EQUIPMENT

5125 Required test equipment is listed in Table 5-4.
‘The test cab’e shown in Figare 5-1 must be fabricaled
localiy.

5-126 TROUBLESHOOTING

5-127 1t is most desirable to check out the Driver
Amplifier while directly connected to the Driver Ampli-
fier Power Supply. However, tc gain access to all the
components on the printed circuit Goard, it may become
necegsary to remove the Driver Amplifier from its
physical location and reconnect it back to the power sup-
ply through the test cable shown in Figure 5-1. The"X"
dimension of the cable will vary with the individual se! -
up. It should be long enough to aliow the Amplifier and

test equipment to be placed on a bench behind the System
Cabinet.
NOTE

Excessive cable length can cause Ampli-
fier to oscillate. Use cable as short as
possiblie; be sure to ground Amplifier
case.

T™ 11-6625-2507-14

5-128 g is assumed that the Driver Amplifier has
been localized 2s a faulty component by direct substi~
tution of a known grod unit. To localize trouble within
the faulty unit, proceed as follows:

2 Tann ofi neamvoan to Ronnwding Ber il nann
K. AT Uiy POWET U RECOTGING oyEiThn.

b. Remove Driver Anplifier {rox; Driver Amplifier
Power Supply.

c. Visually inspect Driver Amplifier for signs of
burned components, broken leads, or damaged
printed-circeit board.

NOTE

I the symptom of a faulty Driver Amplifier

is that it continuously blows the fuse in the
Driver Amplifier Power Supply, do not plug

in the fauity Driver Amplifier until it has been
checked out for a shorted component. One of
the causes for 2 blown fuse could be a defec-
tive insulating washer unuer one of the pow:r
transistors (Q6 or Q7). This is indicated by
burned-out resistors R22 and R23.

d. If Driver Amplifier checks cut visually, place
it on bench close {0 Driver Amplifier Power Supply.

e. Interconmnect Driver Amplifier tc Driver Ampli-
fier Power Supply with test cable,

{. Set stylus mechanical zero to chart center,
g. Turn on Recording System power.

h. Check voltage across R24 with Recorder stylus
centered. Voitage should be zero = 100 mV.

i. Check voitage across R24 with Recorder stylus
upscale {left). Voltage should be + 1 volt + 10%.

j. Check voltage across R24 with Recorder stglus
downscale (right). Voltage should be -1 volt & 10%,

k, If voltages in steps h, i, or j do noct check qut,
check dc voltages of circuits (see driver amplifier
schematic diagram figure 6-4

1. Check for ampiitier escillauon (up to 3 Mnz) by
placing cscilloscope across R24. There should be no
oscillation.

m. H osciliation is detected in siep 1, use oscille-
scope to isolate circuit causing ssciilation.

n. To isolate a fanlty component within a circuit,
turn off Recording System power and disconnect test
cable from: amplifier. Then, use an ochmmeter and stan-
dard test procedures to scate the faully component,

5-129 REMOVAL OF PRINTED CIRCUIT BOARD

5-130 To remove the circuit board {rom the chassis of
the Driver Amplifier, first remove leads {from top and
bottom (as applicable)of pins 1 through 10 on the printed
circuit board. Then loosen screw

and slide out circuit board. When replacing
circuit board, secure in place with same serew. Then
connect loads to pins 1 through 10, observing the
color coding of leads to pins as shown in
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5-131 ADJUSTMENTS

5-132 Table 5-4contains instructions for making
frequency compensation and damping adjustments.
These adjustments must be made every time a Driver
Amplifier is replaced in a Recording System. The fre
quency compensation control is lscated in the Driver
Amplifier (R5, see Figure 5-27 and the dampir.: con-
trol in the Recorder In addition, the limits of stylus
travel are adjusted a° the Driver Amplifier. The plus
and minus limit adjustment controls are shown in
Figure 5-27 Adjust using the procedure in Table
5-2(c), step 9.

5-133  The fre uency compensation adjustment

(step 9 in Table 5-5 is maue at 4 frequency (Hz)
dependent upon the Recording System and Preamplifier
being used with Driver Amplifier 7760-02B. This
frequency may be determined as follows:

5-134 TROUBLESHOOTING
5-135 GENERAL

5-136  The best approach to troubleshooting the
7706B and 77088 systeras is to obtain as much infcr-
mation as possible from the recorder itself and front
panel controls. But as in most equinmoart consisting
of sub-systems, troubleshooting can be divided into
two categories or levels:

a. System troubleshooting, in which the trouble is
identified with a specific function and subassembly of
the system.

b. Troubleshooting the section or component iso-
lated by system troubleshooting (see Table 5-3for
recorder).

5-137 When a malfunction is evideat or suspected,
disconnect the inputs to the System and make the Sys-
tem Performance Checks in Table 5-2  If the System
does not check out, reier to the functional diagrams in
Figure 5-28 and 5-29ana tnen to ine 1roubieshootng
Tree in Figure 5-30 If the System is apparently

3 operating properly, check that all inputs are within
Preumps 77068 11088 limits of the specifications. For example, the input
2B01A 125 Hz 150 Hz signal may be intermittent or have a small signal-to-
8802A 125 Hz 150 Hz noise ratio. Damaged connecting cables may be
8:D3A 100 Hz 110 Hz causing noise or intermittent connections.
Table 5-4. Equipment Required for 7700-02B Driver Amplifier
Instrument Characteristics Application Nomenclature
D-C VTVM, 1 mV to 1000V Used to measure Amplifier '
zero center 1 mA to 1 ampere cutput during troubleshooting ME-186/U
Oscillcscope Min. bandwidth of 5MHz Used to detect Amplifier os AN/U&4-28]A
10 mV/cm to 10V/cm. oscillation during trouble-
shooting.
Test C ible See text (para. 5-127). Used as a patch cable to Fabricated by user

See Figure 5-1.

Function Generator | Minimum frequency range

of 2 to 150 Hz.

Minimum output range of
30mVrmsto2V rms.

Continuously adjustable.

connect Amplifier to its
Power Supply; also exposed
terminal board in center of
cable allows access to Amp-
lifier connections.

Used when making frequency
compensation adjustment.

to requirements of
system location.

sG-321/u
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Tusn off Recording System power.

Set stylus mechanical zero to chart center.

Connect Function Generator to preamplifier input.

.

Set DAMPING control of Recorder galvanometer to center of its travel.
Turn on Recording System and Function Generator.

Center stylus by using preamplifier positicn control.

= T R I

Set Function Generator for a 2 Hz sine wave, and adjust its amplitude for a
10 division peak-to-peak recorded signal.

8. Maintaining same amplitude as in step 7, set Function Generator ‘o required
frequency as instructed in paragraph 5-133,

9. Adjust frequency compensation (COMP) control of Driver Amplifier for a 7
division peak-to-peak recorded signal (3dB down).

10. Set Function Gererator for 2 Hz square-wave, and adjust amplitude for a 10
division peak-to-peak recorded signal.

11, Run recorder at 25 mm /sec and adjust DAMPING control to obtain 0. 4 division
overshoot on leading edge of square wave.

12, Repeat steps 9, 10, and 11 until requirements of steps 9 and 11 are satisfied

simultanecusly.

5188 SYSTEN THOYERERMIBANG

5-189 System troublnshootmg consists of cbserving
{5 indications on the recording chart and relating
| these indications to the functions of a particular sec-
tion or circuit. Basically, all channels function in-
i dependently except for a commaon power supply for
the preamplifiers and power supply for each pair of
driver amplifiers. System power is controlled by the
circuit breaker switch. Therefore, if the whole sys-
| tem is dead, then check the ac input. If none of
the channels respond to the separate CAL and POSI-
TION controls on the preamplifiers, either of the
common power supplies could be defective and should
be checked. Recorder electrical problems are
evidenced by some malfunction of the chart drive,
speed selection, or stylus heat control circuits.
Mechanical troubleshooting hisits are distributed
throughout the paragraphs on recorder maintenance,
paragraphs 5-11 through 5-118.

10 SEEFTBRIL TR EEERIS NG

?Eﬂ%‘ n, Troubleshooting can be greatly simplified if
This is done by interchanging the connecting cables
|| between components. The common output cable from
the preamplifier power supply is divided into signal
connectors (J411 and J415) at the Driver Amplifier
Power Supply chassis: one for even-numbered chan-

checking is done by substitution in the signal flow path.

nels and one for odd-numbered. If . odd-numbered
channel is not functioning, interchanging the connec-
tors will aid in identifying the problem area, either
within the input circwitry or within the Driver-gal-
vanomeier circuits.

AAAAA - EFD TR

at the Preamphﬁer Power Supply chassis, connector
J33. Cable interchanging can be carried through to
the recorder, isolating Driver Amplifiers, and to the
galvanometer bank, if the problem leads to the gal-
vanometers.

st

I LAS Drwer Amphflers can be easﬂy mterchanged
at the rear of the System. Mark each amplifier so
that it will be returned to the original channel. When
an amplifier is suspected, refer to the schematic and
theory of the Amplifier to troubleshoot. An extension
cable to remove the amplifier for bench work is
diagrammed in Figure 5-1. Refer to paragraph 5-127
for recommended troubleshooting procedures for
driver amplifiers.

AT AL PV B b anlm mme ba imad

ik 2P 4. Operating the Recorder controls can be used
to identify electro-mechanical troubles. Use the sche-
matics to check through each function, relay action,
indicator light, etc. Refer to the theory of the Re-
corder in Section IV for an analysis of the electrical
and mechanical operation of the Recorder.

5-41

B3l 44t G
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CAUTION

DO NOT USE A SHARP METAL OBJECT

SUCH AS AN AWL OR TWIST DRILL FOR
THIS PURPOSE. SHARP OBSECTS MAY
DAMAGE THE PLATED-THROUGH CON-
DUCTOR. MELT SOLDER BEFORE RE-
MOVING.

5-145 REPAIR
5-146. PRINTED CIRCUIT BOARDS

5-147 e printed circuit boards used in the system
are of the plated-through type consisting of metallic
conductors bonded to a base board of insulating mater-
ial. The metallic conductors are extended through the
component mounting holes by the plating process.
Soldering can be done from either side of the board
with equally good results.

6-148 Following are recommendatinns and pre-
vauuouns pertinent to etched eireuit repair work.

a. Avoid unnecessary component substitution; it
can result in damage to the circuit board and t6
adjacent components.

b. Do not use a high-power soldering iron on the
circuit boards. Excessive heat may lift a conductor
or warp the board. Ten watts is sufficient power for
a soldering iron or pencil used for circuit board
work.

c. Use a wooden toothpick to remove solder from
component mounting holes while solder is melted.

5-149. COMPONENT REPLACEMENT

5-150. Apply heat carefully to aveid damage to the
plated-through conductor holes and to the replacement
component. The following procedure is recommended:

a. Remove the defective component.

b. Melt solder in component lead holes. Use
clean, dry, heated soldering iron to remove excess
solder.

c. Bend lead of replacement component tc correct
shape and insert component into the lead holes. Using
heat and solder sparingly, solder leads in place. Heat
may be applied to either side of the board. A heat
sink (longnose pliers, heat-sink tweezers, etc) should
be used on the lead between the component and the
point being soldered when replacing transistors and
diodes to prevent excessive heat from damaging the
component.

d. Through-hole plating breaks are indicated by
the separation from the board of the round conductor
pad on either side of the board. To repair breaks,
press conductor pads against the board and solder
replacement component lead to conductor pads on
both sides of the board.

e. After soldering a new component into place,
remove excess flux from the soldered areas and apply
electrical varnish or lacquer to protect against con-
tamination and corrosion.

8800-SERIES 356-400BW OR 7700-028 ' GALVANOMETER
PREAMPLIFIERS 358-4008 DRIVER DRIVER AMPLIFIER
AMPLIFIER PCWER
l SUPPLY l
MPLIFIER | ——— l
SIGNAL \, l\ r 1 SIGNAL \
INPUT /™ l 1 1 +1
AMPLIFIER : : AMPLIFIER
[ . - FEEDBACK I
1
+i2v w‘_

POSITION
SIGNAL

+i75v

p» MONITOR
OUTPUT

-V
COMPENSATION

l DAMPING
CONTROL

I w—s

07706 -80

Figure 5-38. System Functional Diagram
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EL 66252507~ 14— TM=9
Figure 5-33. Driver amplifier power supply models 356-400BW,

358-400B, 956-400C,and 958-400C, schematic diagram.
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Figure 5-34. Driver amplifier 7700-02B

schematic diagram.
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CAPACITORS, FIXED, VARIOUS-DIELECTRICS, STYLES M, CN, CY, AND CB.

157
;o.:mlmv (Y SIGNIFICANT 716, ca cN cy
T 10, ]
£0 SIGHIFICANT @10 bl “‘""'cm,_ﬂzlm ML IDENTIFIER (BLACK DOT) MIL IDENTIFIER (SILVER DOT) MiL IDENTIFIER (BLACK DO
M'ml’u:a TOLERANCE 1ST SIGNIFICANT FIGURE 1ST SIGNIFICANT FIGURE IST GIGNIFICANT Fil
PAILUREZ-RATE LEVEL TERMINAL 2D SIGNIFICANT FIGURE 2D SIGNIFICANT FIGURE [ 2D SIGNIFICANT F
{ESTABLISNED RELIABILITY _{ I
TYPES ONLY ) x INGICATOR
OR FILM FROMTLY —T_ _{ METHOD A
H . ~ CODE MARKING F iLmM-
COLOR CODE MAAKING FOR COMPOSITION TYPE RES!STORS ‘;“;LF%R RESIS y HMULTPLIER MULTIPLIER
CAPACITANCE TOLERANCE CAPACITANCE TOLERAMG
TABLE | . L CHARACTERISTIC OPERATING TEMPERATURE |
COLOR COODE COMPOSITION TYPE AND FILM TYPE RESISTORS. MIL SPEC IDENT MiL SPEC IDENT |
= " (uwﬂ?i (SILVER) — DC WORKING VOLTAGE
BAND A BAND B BAND C BAND D BAND E r OPERATING TEMPERATURE
FIRST SECOND RESISTANCE FAICURE MULTIPLIER
COLOR  (SIGNIFICANTE COLOR  |SIGNIFICANTE  COLOR L‘LT"U” COLOR | TOLERANCE | COLOR | RATE | TERM VIBRATION GRADE CAPACI TANCE TOLERANCE _
FIGURE Fi (PERCENT ) LEVEL INDICATOR
e ' X X3 CHARACTERISTIC METHOD 8
BLACK ... ) ° BLACK..... ' BROWN... | Me1.0
2ROWN. ... 1 ' BROWN. ... 0 RED. ... PeO.l REAR
feo....... 2 2 RED... 100 ORANGE .| Re0.01 _‘
CRANGE.... 3 ORANGE ... 1000 veLLow..| s-0.00¢ :“
YELLOW. ... : 4 YELLOW... 10,000 § SILVER.| +10 (COMP SOLD- MICA-DIELECTRIC PAPER -DIELECTRIC GLASS-DIELECTRIC, GLASS CA!
TYPE ONLY) ERABLE MULT (BROWN )
GREEN..... s s oreen. ...| 100000 | GoLD. . .| 8
) ] BLUE..... 000,000 f RED....| #2 (NOT AP- TOLERANCE {GOLD}
PURPLE.... ? PURPLE . . r PLICABLE TO
(VIOLET) (VIOLET) ESTABLISHED (A) 82UH +10% (8) 330UH t5%
CHAY...... ) oRay s SILVER. .. 101 RELIABILITY).
wHITE . ° WHITE. ... ? 00LD 0.1
T COLOR CODING FOR TUBULAR ENCAPSULATED RF. CHOXES. AT A, AN EXAMPLE OF
OF THE CODING FOR AN 8.2UH CHOKE I8 GIVEN. AT B, THE COLOR BANDS FOR
A 330UM INDUCTOR ARE ILLUSTRATED.
BAND A — THE FIRST SIGNIFICANT FIGURE OF THE RESISTANCE VALUE
(BANDS A THRU O SMALL BE OF EQUAL WIDTM.) TABLE 2
DAND B — THE SECOND SIGNIFICANT FIGURE OF THE RESISTANCE VALUE. COLOR CODING FOR TUBULAR ENCAPSULATED RF. CHOKES.
BAND C — THE MULTIPLIER (THE MULTIPLIER (S THE FACTOR BY WHICH THE S1ONI- INDUCTANCE
TWO SIGNIPICANT FIQURES ARE MULTIPLIED TO YIELO THE CcOLOR | FICANT | MULTIPLIER | TOLERANCE
NOMINAL RESISTANCE VALUE.) FIGURE (PERCENT)
BAND D — THE RESISTANCE TOLERANCE. BLACK 0 i
BAMO E — WWEN USED OM COMPOSITION RESISTORS, BAND € INDICATES BROWN [ 10 |
ESTABLISHED RELIABILITY FAILURE ~RATE LEVEL ( PERCENT FAILURE wEo 2 00 2 [~ TEMPISATURE COEFFICIENT TEMPERATURE COEFFICIENT
PER 1,000 HOURS). ON FILM RESISTORS, THIS BAND SHALL BE APPROXIMATELY
1-1/2 TIMES THE WIDTH OF OTHER BANDS, AND INDICATES TYPE OF TERMINAL . ORANGE 3 1,000 3 a IST SIGNIFICANT FIGURE IST SIGNIFICANT FIGUFE
RESISTANCES IDENTIFIED BY NUMBERS AND LETTERS YeLow | 4 20 SIGWIFICANT FI-RE [ 2D SIGNIFICANT FIGURE
(THESE ARE NOT COLOR CODED ) GREEN 5 | | [ wuLTIPLIER i — MULTIPLIER
SOME RESISTORS ARE IDENTIFIED BY THREE OR FOUR DIGIT ALPHA NUMERIC BLUE 6 c— CAPACITANCE ° ~ = ®ANCE CAPACITANCE TOLERANCE
DESIGNATORS. THE LETTER R IS USED IN PLACE OF A DECIMAL POINT WHEN VIOLET 7 VY ;
FRACTIONAL VALUES OF AN OHM ARE EXPRESSED. FOR EXAMPLE: oRAY r} 1 ; 2 2 7
2A7 « 2.7 ONMS  IORO = 10.0 OHYS WHITE °
L_ MiL IDENTIFIER
NONE 20 (BLACK DOT) FRONT
SILVER 10
FOR WIRE - WOUND - TYPE RESISTORS COLOR CODING IS NOT USED, IDENTI- r : MIL IDENTIFIER
FICATION WMARKING IS SPECIFIED IN EACH OF THE APPLICABLE SPECIFICATIONS. SOLD _ |DECIMAL POINT (BLACK 0OT)
EXAMPLES OF COLOR CODING MULTIPLIER IS THE FACTOR BY WHICH THE TWO COLOR FIGURES REAR
ARE MULTIPLIED TO OBTAIN THE INDUCTANCE VALUE OF THE
(GEN) CHOXE COIL. AXIAL LEAD RADIAL LEAD
a8 c ot c o® €
w
4l
- R”
§ H § ©  SOLOERABLE
+1 -
NOMINAL RESISTAMCE 3900 OHMS NOMINAL RESISTANCE 1,400 OHMS NOMINAL REBISTANCE 54uD Gmdd
RESISTANCE TOLERANCE 5% RESISTANCE TOLERANCE +i0% REGISTANCE TOLERANCE 20%
PAILURE RATE LEVEL M TERMINAL GOLOZRAGLE
COMPOSITION-TYPE RESISTORS fILM - TYPE RESISTORS

# W BAND D 1S OMITTED, THE RESISTOR TOLERANCE 1S +20% AND THE RESISTOR I8 NOT MIL-BTD.
A. COLOR CODE MARKING FOR MILITARY STANDARD RESISTORS. B. COLOR CODE MARKING FOR MILITARY STANDARD INDUCTORS.




|
|
!
ILERANCE (GOLO) =
(8} 330un t 5%

ILATED R.F CHOKES.
[ INDUCTANCE
| TOLERANCE
{PERCENT)

. THE TWO COLOR FIGURES
ANCE VALUE OF THE

CHOKES. AT A, AN EXAMPLE OF
AT B, THE COLOR BANDS FOR

STANDARD INDUCTORS.

CAPACITORS, FIXED, VARIOUS - DIELECTRICS, STYLES CM, CN, CY, AND CB.

[+ ] CN

WL IDENTIFIER (BLACK DOT} MIL IDENTIFIER (SILVER DOT}

1ST SIGNIFICANT FIGURE 1 8T SIGNIFICANT FIGURE
-1 20 SIGNIFICANT FIGURE 20 SIGNIFICANY FIGURE
o _i;

uuu’h‘l.l!ﬂ
CAPACITANCE TOLERANCE
CHARACTERISTIC
r OC WORKING VOLTAGE
OPERATING TEMPERATURE

HM.TIPLIER
VIORATION GRADE

CAPACI TANCE TOLERANCE
CHARACTERISTIC

MICA -DIELECTRIC PAPER-DIELECTRIC

TEMPERATURE COEFFICIENT
1ST SIGNIFICANT FIGURE
2D SIGNIFICANT FIGURE

MULTIPLIER
CAPACITANCE TOLERANCE

cY

ML iDENTIFIER { BLACK DOT)
1ST SIGNIFICANT FIGURE
ZD SIGNIFICANY FIGURE

:h mmcnon

lilLTIFL!ER
CAPACITANCE TOLERANCE
OPERATING TEMFERATURE RANGE

INCICATOR

GLASS-DIELECTRIC, GLASS CASE

— TEMPERATURE COESFICIENT
IST SIGNIFICANT FIGURE
20 SIGNIFICANT FIGURE

MULTIPLIER
~ CAPACEITANCE TOLERANCE

MIL IDENTIFIER
(BLACK DOT) FRONT

REAR

AXIAL LEAD

éééb

MIL IDENTIFIER
{ BLACK DOT)

) _MIL IDENTIFIER REAR

.-( (BLACK DOT )

RADIAL LEAD

c8

ML IDENTIFIER (BLACK 0OT)
1ST SIGNIFICANT FIGURE

20 SIGNIFICANT FIGURE
MULTIPLIER

CAPACITANCE TOLERANCE
CHARACTERISTIC

MICA, BUTTON TYPE

TEMPERATURE COEFFICIENT
#F— IST SIGNIFICANT FIGURE
- 2D SIGNIFICANT FIGURE

MULTIPLIER
CAPACITANCE TOLERANCE

FRONT

DISK -TYPE

C. COLOR CODE MARKING FOR MILITARY STANDARD CAPACITORS.

TM 11-6625-2507-114

TABLE 3 — FOR USE WITH STYLES CM, CN,CY AND CB.

2 \
coror |4 sie | Sie |uuLmipLigs| CAPACITANCE ToLERAKCE C ' VOLTAGE m..':‘..“:‘:s " GRACE”
FiG. | FIG. CW JCN JCv J B JeuJcnlca] cw TV, ch [

BLACK ﬂ;:."ﬂ' [ [ ' $20%] +20%) A -85 4y + 70°C WT
BROWN ] ' 10 s|le s

RED 2 2 100 | 2% 2%it2%| C -5 +83T

ORANGE 3 3 1,000 $30% D o { 300

YELLOW a a 10,000 3 ~35°7+25°C]10-2.000Hz
GREEN s E) 5% F 500

BLUE 6 6 —58%7, H30%C

PURPLE
| (VIGLET) L4 7

GREY 8 8

WHITE 9 )

GOLD 0.1 5% 25%

SWLVER | CN 0% | Bo%|ion|tiew

TABLE 4 — TEMPERATURE COMPENSATING, STYLE CC.

couon | TEArEAATINE |1 88 | worewien o
e OVER 10 UUF | 10 UUF OR LESS

BLACK o o({o i +20UUF |cC
BROWN -30 [ io +i%
RED -80 212 100 2% +025UUF
ORANGE -150 3[3 1,000
YELLOW -220 44
GREEN -330 s/s 5% +05 VuF
BLUE ~470 6|6

KN -0 | 7|7
GREY LK 0.0
WHITE LN ) 0. +i10%
GOLD +100 £1.0 UUF
SILVER

i THE MULTIPLIER IS THE NUMBER BY WHICH THE TWO SIGNIFICANT (SIG) FIGURES ARE MULTIPLIED TO OBTAIN
THE CAPACITANCE IN UUF.

2. LETTERS INDICATE THE CHARACTERISTICS CESIGNATED (N APPLICABLE SPECIFICATIONS: MIL-C-5,
MiL-C-25D, MIL-C~1i2728, AND MIL-C-i0950C RESPECTIVELY.

3. LETTERS [MDICATE THE TEMPERATURE RANGE AND VOLTAGE - TEMPERATURE LIMITS ODESIGNATED IN
Mil-C-1i0090.

4 TEMPERATURE COEFFICIENT (N PARTS PER MILLION PER DEGREE CENTIGRADE.

ESC-FM 1794-T1

Figure 5-35. MIL STD, resistor and capacitor
color code markings.
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TM 11-6625-2507-14
APPENDIX A

REFERENCES

Tne following vpublications contain information applicable to the

AR/ US-365(V)1:

DA Pam 310-Lk

DA Pam 310-7

SB 38-100

TB 746-10

TB 9-6625-1870-50

™M 11-6625-200-15

T™M 11-6625-537-15

TM 11-6625-537-15-1

TM 11-6625-700-10

TM 11-6625-322-12

Military Publications: Index of Technical Manuals,
Technical Bulletins, Supply Manuals (types 7, 8,
and 9), Supply Bulletins, and Iubrication Orders.

US Army Equipment Index of Modification Work Orders.

Preservation, Packaging, Packinz and Marking Materials,
Supplies and Equipment Used by the Army.

Field Instructions for Painting and ¥r=serving
Electronics Command Equipment.

Calibration Procedure for Wattumeter TS-430/U and
Weston Model 310 Series.

Operator's, Organizational, DS, GS, and Depot
Maintenance Manual: Multimeters ME-26A/U,
ME-26B/U, ME-26C/U, and ME-26D/U.

Operator, Organizational, Field, and Depot Mainte-
nance Manual: Differential Voltmeter ME-202/U.

Organizational, DS, GS, and Depot Maintenance
Manual: Voltmeter, Electronic D:m-202A/ Ue.

Operator's Manual: Digital Readout, Electronic
Counter AN/USM-207

Operator and Organizational Maintenance Manual:

Signal Generator SG-32.'LB/ U.



TM 11-6625-2507-14

TM 11-6625-2507-20P

TM 11-6625-2507-40P

TM 36-750
TM 740-90-1

Organizational Maintenan:e Repalir Parts and
Special Tools List: Tu:corder, Thermal
Oscillograph AN/USM-365(V)1.

General Support Maintenance Repair Parts and
Special Toois List: Recorder, Thermal
Oscillograph AN/USM-365(V).

The Army Maintenance Management System (TAMMS).

Administrative Storage of Equirment.
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APPENDIX B
MAINTENANCE ALLOCATION

Section | INTRODUCTION
B-1. General.
This appendix provides a summary of the maintenance operations
covered in the equipment literature. It authorizes categories
of maintenance for specific maintenance functions on repalrable
items and components and the tools and equipment required to
perform each function. This appendix may be used as an ald in
planning maintenance operations.
B-2. Maintenance Functions
Maintenance functions will be limited to and defined as follows:
a. Inspect. To determine serviceability of an item by
¢omparing 1ts physlical, mechanical, and electrical characteristics
with established standards,
2. Test. To verify serviceability and to detect inecipient
electrical or mechanical fallure by use of speclal equipment
such as gages, meters, etc. Trils is accomplisaed with ezxternal
test equipment and does not include operation of the eguipment
and operator type tests using internal meters or indicating

devices.
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¢. Service. To clean, to preserve, to charge, and to add fuel, 3
lubricants, cooling agents, and air. If 1t is desired that |
elements, such as palnting and lubrlcating, be defined separately, 1
they may be so listed.

d. AdJust. To rectify to the extent necessary to bring into
proper operating range.

€. Align. To adjust two or more components or assemblies of
an electrical or mechanlcal system so that thelr functions are
properly synchronized. This does not include setting the frequency.
control kno% of radlo receivers or transmitters to the desired
frequency.

f. Calibrate. To determine the corrections to be made in
the readings of insbtruments or test equipment used in preclse
measurement. Consists of the comparison of two lnstruments, (
one of which 1s a certified standard of known accuracy, to
detect and adjust any discrepancy in the accuracy of the
instrument being compared with the certified standard.

g. Install. To set up for use in an operational envirorment
such as an encampment, site, or vehicle.

h. Replace. To replace unserviceable items with serviceable

like 1tem.
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1. Repair. To restore an iltem to serviceable condition
through correction of a specific fallure of unserviceable conditioan.
This function includes, but 1s not limited to weldlng, grinding,
riveting, straightening, and replacement of parts other than the
trial and error repiacement of running spare type ltems such as
fuses, lamps, or electron tubes.

J+ Overhaul. Normally. the highest degree of malntenance
performed by the Army in order to minimize time work in process
is consistent with quality and ezonomy of operation. It conslsts
of that malintenance necesgsary to restore an ltem to completely
serviceable condition as prescribed by malntenance standards 1in
technical publications for each 1tem of equipment. Overhaul
rormally does not return an item to like new, zero mileage, or
zero hour condition.

k. Rebulld. Thes highest degree of materiel maintenance. It
consists of restoring equlpment as nearly as posslible to new
condition 1n accordance with original manufacturing standards.
Rebuild is performed only when required by operational
considerations or other paramount factors and then only at the
depot maintenance category. Rebulld reduces to zero the hours or
miles the equipment, or component thereof, has been 1ln use.

1. Symbols. The uppercase letter placed 1in the appropriate
column indicates the lowest level at which that particular

}maintenance function 1s to be performed.
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B-3. Explanation of Format.

a. Column 1, Group Number. Column 1 lists group numbers, the

purpose of which 1s to identify components, assemblies,

b. Column 2, Functional Group. Column 2 lists the noun names

of components, assemblies, subassemblies and modules on which
maintenance 1s authorigzed.

¢. Column 3, Maintenance Functions. Column 3 1ists the

maintenance category at which performance of the specific
maintenance function 1s authorized. Authorization to perform
a functlion at any category also includes authorization to
perform that function at higher categories. The codes used

represent the varioas maintenance categories as follows:

Code Maintenance Category

C Operator/Crew

0 Organizational Malntenance
F Direct Support Maintenance
H General Support Malntenance

D Depot Mailntenance

d. Column 4, Tools and Test Equipment. Column 4 specifies,

by code, those tools and test equipment required to perform the
designated function. The numbers appearing in this column refer
to specific tools and test equipment which are identifled 1n

Table I.
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e. Column 5, Remarks. Self-explanatory.

B-4.. Explanation of format of Table ITool and Test Equipment
Requirements.
The column in Table I, Tool and Test Equipment Requirements

are as follows:

applicable tool for the malntenance function.

b. Maintenance Category. The codes in this column indlcate

the malntenance category normally allocated the facility.

¢. Nomenclature. This column lists tools, test, and
maintenance equipment required to perform the maintenance
functions.

d. Federal Stock Number. This column lists the Federal

stock number of the specific tool or test equipment.

€. Tool Number. Not used.
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SECTION II. MAINTENANCE ALLOCATION CHART

MAINTENANCE FUNCTIONS

GROUP
‘NUMBER

TOOLS AND

COMPONENT ASSEMBLY EQUIPMENT REMARKS

NOMENCLATURE

INSPECT
TEST
SERVICE
ADJUST
ALIGN
CALIBRATE
INSTALL
REPLACE
REPAIR
OVERHAUL
REBUILD

(=]

RECORDFR, THFRMAL OSCILLOGRAPH AN/USM365(V)1 Perform visual inspection.
3 thru 6,10 Fault isolate a failure to one
of fellowing assembliess:
PL-1305/u
PL-1306/U
PL-1307/u
Pover Supply 356-L00BW
Driver Amplifier 7700-02B
Power Supply 68L8A
Galvancmeter
Mechanical Section Cabinet
[} 10 Lubricate mechanical portion of
recorder,
[} 8,10 Make following adjustments when
necessarys
Zrake Roll
Drive Roll
Stylus Pressure
Stylus Mechanical Stop
Stylus Overhang
Stylus Mechanieal Center
Marker Amplitude
Galvanometer Sensitivity
Paper Takeup Clutch
o 10 Repeir by replacement of
following e
Knobs
Fuses
Galvancmeter
Easily replaceable mechanical
items
See note.

(=]
(]

=)

1 thru 12

B-6
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TOOLS AND | .

GROUP COMPONENT ASSEMBLY EQUIPMENT REMARKS

NUMBER NOMENCLATURE

INSPECT
TEST
SERVICE
ADJUST
ALIGN
INSTALL
REPLACE
REPAIR
OVERHAUL
REBUILD

[+
.

PLUG-TH UNTT, FIECTRONIC TEST EQUIPMENT FL-1305/U Perform visual inspection.
thru 7,9,11] Fault isolate a failure to a
discrete component (must be
tested while being powered by

recorder).

)
n

H 3 thru 6,10
i 10 Repair by replacement of
discrete components

FLUC-IN UNTT, SLYCTRONIC TEST EQUIPMENT PL-1306/U o] Perform visual increstion.

H 2 thru 7,2,11{ Fault ‘solate a failure to a
discrete component (must be
tested while being powered by
recorder).

34 3 thru 6,10
il 10 Repair by replacement cof discrete
components.

PLUG=TH UNTT, LECTROVIC TEST BQUIPMENT PL-1307/U o) Perform visual inspection.

H 2 vnru 7,%,11) Fault isolate a failure to a
discrete component (must be

i tested while being powered by
| recorder).

# 13 thru $,10
" | 10 Repalr by replacement of
discrete components,

FOWER CUPPLY 356-BO0EWOL I8} Perform visual inspection.

i 1,%.6 Fault isolate a failure to &
discrete component (must be
tested while being powered by
recorder).

i 19 Repair by replacement of
iiscrete components.
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MAINTENANCE ALLOCATION CHART
MAINTENANCE FUNCTIONS
(1]
ROUP = TOOLS AND
G COMPONENT ASSEMBLY [ wi, : g u 3la REMARKS
NUMBER g o ol el 9Q xj<| 3] EQUIPMENT
NOMENCLATURE i - S g FA IR f} I % 5
[ alsiE
[+ 4 = a. om
2 MBI Wiy
Zlr|lo|<i<]olflicixino|x
DRIVER AMPLIFIER 7700-02R 0 Perform visual inspection.

H 2 thru 7,9,11 Fault isolate a failure to a
discrete component (must be
tested while being powered by
recorder).

)id 2 thru 7,9
" 10 Repair by replacement of
discrete components.
POWER SUFPLY OBLoa (V] Ferform visual inspection,

H 1,3,4,6 Pault isolate a failure to a
discrete component (must be
tested while being powered by
recorder).

H 1,3,5,6,10
i 10 Repair by replacement of
discrete components.
MECHANICAL SECTION o] Perform visual inspection.
o 10 Fault isolate a failure to one

of following:

Belt Takeup 1500-0738

Chain Silent 1500-0706

Chain Silent 1500-0708

Gear Train Assy 358-TO0A

Guide Adj Paper Ind 358-150

Marker and Coil Holder Assy
608-100=C3

Hub Roll Paper 154-100-C3

Paper Spool Assy 356-100-C3

Motor Syne' ronous 115V 6OHZ
3140-0334

Paper Spindle Assy 358-100-C25

Pulley Groove :Ml-1

Pulley and Clut:  Assy
358-100-C23

Pulley and Pin Loca!ing Assy
358-100~C18

Roll Drive 158-100-C2
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MAINTENANCE ALLOCATION CHART

MAINTENANCE FUNCTIONS

GROUP = 4 TOOLS AND
NUMBER NOMENCLATURE 51 [8]5]. [213]8]=|3|2] covpment REMARKS
[ SjV]z @] < <= IIi=
SHEHHEHRRAYE
» -4
HEREERBEEEHALE
Timer Sequential 6O0Hz
140026
Sprocket Wheels
Springs
Gear Box
O e
4 10 Repair by replacement of
faulty pe:t..
CEAR BOY 350=T00A D Perform visual inspection.

D 10 Fault isolate a failure to a

faulty part.
o] 1c Lubricate gear box after all
repairs.
24 10
g 10 Repair by replacement of
faulty parts.
CABTNET 0 Perform visual inspection.

H 12 Fault isolate a failure to
plugs, connectors, and power
cords.

" 10 Repair by replacement of plugs,

connectors, and power cords.
HOTE

For other repairs, see
individual assemblies.
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TanLE 1. TOOL AND TEST EQUIPMENT REQUIREMENTS

TOOLS AND
EQUIPMENT

MAINTENANCE
CATEGORY

' NOMENCLATURE

FEDERAL.
STOCK
NUMBER

TOOL NUMBER

1,0 TRAICFORMER, VARIABLE POWFR CM-16/U 5950-235~-2086
2 #,5 YOURETRR YEm106/0 6625-120-3537
3 0,H,D 0SCTLLOSCOPE AN/UM-2014 6625208 2201
ki 6,4, YOLMMETER, ELECTROWIC vE-202( Y/u 6685700 -0 8
5 9,8, CENERATOR, SIGNAL (Ce371/U 6625 ETh wTOUT
[ 0,%, ILTDETER ME-268/U G485 w Sk Babho]
7 ,0 SMTTIETER To-bi0( Y /u £625-hof=3630
- 0,4, YL PRECSURE TECTER P k015
G ol COUMFTET!, b OTHONIC DICITAL HEADOUT AN/PM-007( ) G426 <511 =536
10 0,1,0 TOOL KT, TIECTRONIC EQUTREIT TH-I05/0 G1E0=610-E1TT
11 H,0 THT , SFMICOHDUCTOR DEVICE To=lri6/0 G425 1153 =2608
1z U MULTDMETER AK/USM-023 6525999 -7h65

B-10
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APPENDIX C

PLUG-IN UNIT, ELECTRONIC TEST EQUIPMENT
PL-1305/U

NOTE

This appendix provides operating and maintenance instruc-
tions for Plug-In Unit, Electronic Test Equipment
PL-1305/U. Throughout the appendix the PL-1305/U is
referred to as Model 8802A Medium Gain Dec Preamplifier

figure C-5



T™M 11-6625-2507-14

Figure C-O Model 8802a Gain DC Preamplifier
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SECTION |

DESCRIPTION

C-1. INTRODUCTION

C-2. The Model 8802A Medium Gain Preamp-
1ifier is & plug-~in unit used as a com-
ponent of & TTO1B, TTOLB, TT08B or 7858B
Recording System. B8802A option 61 is
mounted singly in a portable case with a
built-in power supply for bench-top oper-
ation. Option Ol consists of the 88024
Preamplifier, a model 884OA Power Supply,
and Carrying Case Model 860-1400. A
multichannel Power Supply, Model 88484

is available for mounting up to 8 preamp=-
lifiers.

C-3. The preamplifier is a direct coupled six stage
amplifier, with balanced inputs and calibrated zero sup-
pression. It accepts an input signal in the range of
millivolts to volts, to provide an analog data rzcording
from dc to 150cps.

C-4 CHARACTERISTICS

ignal Input: Balanced to ground.
Input Impedance: 180K ohms +1%, resistive, each side,
to ground, in parasllel with approx-

imately 100 pF.

Output:  Single-ended to ground, with capability of +3
volts maximum across 1000 ohms minimum.

Output Resistance:

Approximately 50 ohms.

C-5. PERFORMANCE DATA

Sensitivity: 1 mv input (single-ended or differen:ial)
produces 100 mv output at calibrated gain.

Offset Current: 0.5 pa maximum. This is a current
which may exist in the input circuit and develop a
voltage across any external source resistance.

Attenvation: X1, 2, 5, 10, 20, 50, 100, 200, 500, 1000.
Accuracy is £1%.

“ommon-Mode: Common-mode rejection ratio, dc to 150

cps, -60 db typically, but can be a minimum of -4&
db (250:1).

Common-Mode Tolerance:+12.5 volts maximum onihree most
sensitive ranges, +£125 volts maximum on next three
ranges, 300 volts maximum on other ranges, for
no more than £1% change of differential sensitivity.

Zero Suppression: Suppression precedes single atten-
uation and GAIN control, and may be used with
single-ended or balarced inputs. Suppression
ranges referred to input are £2 and =20 volts.
Error of suppression is z0.25% of suppression
range, +0.25% of indicated suppression maximum.
On the three most sensitive attenuator ranges
only, suppression cannot be used above £12. 5 volts.
Suppression is derived from the system power
supply, with individual Zener diode regulators.
Internal control is provided for amplitude trim.

Calibration: 20 mv, £1%, internal, derived from zero
suppression supply.

Bandwidth: DC to 10KC, within 3db.

Noise: Less than 10mv peak-to-peak at the output, over
0 to 150 cps bandwidth. Less than 50mv peak-to-
seak at the output, entire bandwidth.

Drift: 100 mv/10°C maximum at output, 0 to 10°c.
10 mv maximum for line voltage variation from
103 to 127 volts. S50mv. for 8 hours.

Linearity: Over the range of -2.5 to
+2.5 volts, departure of the ocutput
from a straight line through O and 2
volts output is less than %5 mv for
a load resistance of greater than
5,000 ohms, and less than 25 mv witk
a 1,000-ohm load.

Gain Stability:  0.1%/10°C maximum, 0o 46°C. 0.1%
maximum for line voltage variation 103 to 127
volts.

RECORDING SYSTEM SPECIFICATION:
50 divisions edge-to-edge.

Full scale is

Drift: 1 div/10°C maximum, O to 40°C. 1710 division
maximum for line voltage variation from 103 to
127 volts. 0.5 div. for 8 hours. at co” =tant
ambient.

Gain Stability:  0.5%/10°C maximum, Gto 40°C. 0.5%
maximum for line voltage variation from 103 to
127 volts.

Linearity:  0.25 division maximum non-linearity.

Sensitivity: 1, 2, 5, 10, 20, 50, 100, 200, 500 and 1000
mv/div., corresponding to .05, .I, .23, .5, 1,
2.5, 5, 10, 25, and 30 volts edge-to-edge on 2 30-
division chart.
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Frequency Respanse: 0-125cps within 3db, 4 in. stylus,
10 divisions peak-to -peak amplitude.

9-136c¢cps, 3 wn. styius, 10 divisions peak-to-peak
amplitude.

Tronsient Response: S milliseconds, 0 to 907, of 1Q div-
isions displacement. 4 in. stylus, 4% maximum
overshoot.

4 milliseconds, 0 to 90% of 10 divisions displace-
ment, 3 in. stylus, 4% overshoot.

Noise: Less than 0.2 division peak-to-peak.

C-6. FRONT PANEL DATA

RANGE: A ten-position rotary switch with ten gain posi-
uons. A SIGNAL USE-OFF push-button is con-
centric with the range switch. Waen the amplifier
is calibrated to its normal gain, the positions
correspond to recording sensitivities of 1, 2, S,
10, 20, 50, 100, 200, 300, and 1000 mv/division.

GAIN:  Variable control to provide overlapping gain
between RANGE steps.

BALANCE: Screwdriver adjustmenr to correct for in
hevent unbalance in the input amplifier.

CALIBRATICN: Screwdriver adjustment
sets calibration voltage level and
zero suppression level.

POSITION:  Variable control to precisely set the zero
signal output of the preamplifier for zerc signal
input.

CAL-OFF.-ZERO SUPPRESSION: Five-positioir rotary
contro! plus an OFF position to select the 100 mv
calibrate voltage or one - :ac zero suppression
voltages (+2, +20 volts).

ZERO SUPPRESSION: 10-turs jotentiometer used to set
the precise value of zero suppression voltages up
to either *2 or +20 volts.
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INSTALLATION

-7 INTRODUCTION

- 8 Before operating the Preamplifier, the signal and
pad must be properly connected, and the Preamplifier
hould be balanced and calibrated.

-9 CONNECTION INPUT SIGNAL

a. Supplied with the power supply ac-
essories is a S5 pin connector 1251-1895
hich mates with the power supply rear
nput connector. Connector wiring is
hown in figure C-l1. Connector con--
truction is shown in figure C-2.

1Ge
1G~

DOUBLE SHIELD
EL6625-2507~14-TM-19

SINGLE SHIELD

Figure c-1. Input Connector Wiring

Diagram

o construct the signal cable:

‘1) Disassemble the input connector by removing
the retaining ring on the face of the connector.

2) Remove the guard extension shell from around
the signal terminals (A & B). A guard con-
nection is not used with this preamplifier.

:3) Slip the connector shell over the signal leads

with the connector clamp facing away from

the lead ends.

Table C-1.

Figure c-2.

(4)Connect the signal + lesd %o pin
A, and the signal - lead to pin E.

(5) Connect signal cable shield to pin
C. Connect a Jumper wire between
C and the guard shield, as showa

in figure C-l.
(6) Slip the connector shell over the comnector,
replace the retaining ring, and tighten the
connector clamp as desired.
(7) Connect the signal cable to the appropriate
input connector at the rear of the power sup-

ply.
%

GUARD
SHIELD

<

GUARD SHIELD
EXTENSION

EL6625-2507 14~ TR~20

Signal Input connector
1251-1895.

c-10 CONNECTING TO PREAMPLIFIER OUTPUT

C -

1 1Refer to Table C-1 for output con-

nector wiring.

Signal Interconnections

MODEL 8802A PREAMPLIFIER POWER SUPPLY
8848A, 8848A -~ OPTION 0i 8849A
8848A - OPTION 02
+ SIGNAL INPUY JIi PIN A (TYP CH 1-~8) J3 PIN A
SIGNAL - SIGNAL INPUT Ji1i PIN B J3 PIN B
INPUT INNER SHIELD J11r PIN C 43 PIN C
OUTER SHIELD Jit PINC J3 PIN C
SIGNAL CUTPUT J2i PIN E (TYP CH 1-8) J2 PIN E
CUTPUT GROUND J2i PIN L J2 PIN L
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c-12. BALANCE AND CALIBRATION

a. the tollowing steps are Tt

r

e tor gl onera

tion and ne~d be repearca only as the preamphifier ages,
or whenever componeats have been replaced:

4y

)

(3)

(4)

()

(6)

(7)

(8)

£}

After 10 minute warm-up period, sot the CAL
ZERO SUPP switch to the OFF positon.

Set the signal USE-OFF butten in the OFF
position, i.e., button extending about 5/16 in.
If not, push in to release.

Set POSITION control for zero ourput (chart
center).

Rotate the GAIN control throughout its full
range. There should be no change tn output
indication.

If change 1s observed, adjust the BALANCE
control for zero change in output while rotat-
ing the GAIN control.

Turn the CAL-ZERO SUPP control to the CAL

nacirion
POSIION.

Rotate the RANGE switch to the 1 MV/DIV
position.
Adjust the GAIN control for an output of 2

volts: 20 division deflection on tne recorder
chart.

Set the CAL-ZERO SUPP switch to the OFF
positior:.

C-13-ZERO SUPPRESSION OPERATION.

a.

fig. C-3

Without ZERQ SUPPRESSION:

(1)

2

(3)
4)

(5)

Set CAL-ZERO SUPP switch to OFF.

Set the signal USE-OFF push-button te OFF
(button extended 5/16 in.).

Set the POSITION for desired baseline.

Apply signal and push signal USE-OFF push-
button in (button extended 1/8 in.).

Advance RANGE control for convenient output.

With ZERO SUPPRESSION:

1)
(2)

(3)

6)

Set the sigral USE-OFF push-buttonro OFF.

Adjust the POSITION control for desired base-
hinc.

et the CAL-ZERO SUPP switch to the desired
zero suppression range.

Set the signal USE-OFF push-button to the
USE position.

Set the RANGE switch for minimum gain and
adjust the 10-turn potentiometer for original
baseline.

Advance the RANGE control to the desired
sensitivity and readjust the potentiometer to
maintain the baseline previously set.
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NOTE

The voltage being measvred is the algebraic sum of the
voltage suppressed, as read from the zero suppression
dia!, plus the voltage iandicated by stylus deflection if
other than zero.

20 volts maximum suppression, ALL RANGES, witk
1000 division dial, is equivalent tc 0.02 volts/dialdivision
or 30 dial divisions per volt.

2 volts maximum supnression, ALL RANGES, with
1000 division dial, is equivalent to0.002 volts/dialdivi-
sion or 500 dial divisions per volt.

RAMGE Sw:tch . Voles Input/50 Zero Suppression Dial Maximum Zero Suppression
Setting Chart Division Division/Chart Division In Chart Division
MV /Chart Division Detlection Suppression Range Suppression Range
20v oy 100V 1ov
1000 50 50 500 20 2
500 25 25 250 Lo +
200 10 10 100 100 10
100 5 5 50 200 20
50 2.5 2.3 25 400 40
20 H 1 10 1000 100
10 .3 .5 2000 200
5 .25 :-‘.-2'5'—{ 2.5 i 4000 || 00
2 1 L I { 10000 ! | 1000
1 .03 L_;O-b"; .5 | 20000 1] 2000
NOTE

Figures within dashed lines indicate ranges which should
NOT be used above 300 dial divisions (50 V).

Figure C-3. Range Setting. Input and Zero Suppression Chart
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SECTION Il

FUNCTIONING
C-14. INTRODUCTION C-20- ynen the switch 52 is in the 20 vol: Zero Sup- |
C-15 pression ranges, the +10 volts from Ql is connected |
- - The Medium Gain DC Preamplifier, Model across the ten-turn precision potentiometer (R13). The |

8802A, consists of the input circuitry and two amplifier
blocks. The first amplifier block is operated at selected
fixed gains ina l, 2, 4 ratio. The balance control cir-
cuit is included in this section. The second ampm‘ier
block has constant gain. The POSITION control circuit
is in this section. The continuous GAIN control is be-
tween the two amplifier blocks. The overall gain of the
amplifier is the product of the gain of the two blocks.

C-16. CAL-ZERO SUPPRESSION CIRCUIT

C-17.The Power Supply used with the 8802A preamplifier
furnishes a +12 volt source for the calibration and zero
suppression circuit. This is used to produce a very
stable +10 volts by means of the current regulator Ql
and the Zener diede CRL (Fig. C-4

C-18 The base and emitter voltages of QI are both pro-
portional to the +12 volt source, thus maintaining their
relationship, even though the source may vary. R8 has
positive temperature coefficient o compensate for any
changes in emitter to base voltages due to temperature
changes affecting Ql. The constant current through Qi
is applied to the Zener diode CR! in parallel with a 2K
ohm load. The CAL ADJUST control is a facto~y adjust-
ment to set the value of collector voltage at precisely 10
volts, by adding a small stable voltage in series with the
special temperaturc compensated Zener dicde CRl. The
voltage of CRI is between 9.2 and 9. 6 volts.

C-19 When the, CAL-ZERO SUPP switch (S2) is in the
CAL position, ' “fig. T=5 the +10 volts from the col

lector of QI is appuec to_une series-paraiiel resist
vrs Ril through Ri5. The voitage at the juncrion of

Ri4 and R15 isthe 0.02 voltcalibration source and this

voltage is fed to the input of the preamplifier.

Figure C-4. Simplified schematicc CAL-ZERO

Suppression Source

potentiometer is bridged by R12 which is szlected so
that the combination R12 and R13 presents the proper
2K ohm load to the +10 volt source. The potentiometer
is adjusted to set the exact values of zero suppression
voltage to be applied tc the preamplifier. When S2 is on
the 2 volt ranges, the voltage across the potentiometer
is reduced to +1 volt by Rll, Ri14, and R15. Polarity
reversal is accomplished by injecting the suppression
voltage into one side or the other of the amplifier, at the
Junction of either Rl and R2 or R17 and R18. 10 volts
from Ql is equivalent to 100 volts signal at the input.
Positive suppression is defined as a voltage which will
cancel a positive signal applied to input terminal A.

C-21. INPUT CIRCUIT THEORY

C-22 me input signal is applied to the Aand B terminals
of connector J1, which is connected to the signal USE-
OFF push-button switch on the RANGE switch. The
signal from the push-button switch to the CAL-ZER!
SUPP switch, which will then pass the input signal in any
position except the CAL position. This signal is then
applied through resistive networks to the bases of the
input transistors Q2 and Q3. These networks prevent
excessive signal currents from damaging the input tran-
sistors, allowa high and stable value of input resistance,
and isolate the input t.ansistors from the effects of un-
balanced signal source resistance. Additional factors of
attenuation of 10 and 100 are provided on each side of
the input.

C-23. INPUT AMPLIFIER CIRCUIT THEORY

C-241pe input amplifier block consists of transistors
Q2 through Q9 and their associated ccmponents. This
block is made up of four direct coupled differential
amplifiers. The input signal is applied to th.: base of Q2
and Q3; the output from this section is taken from the
collectors of Q8 and Q9. The BALANCE control is in the
emitter circuits of Q4 and Q5 and is used to correct for
the inherent unbalance of the input circuit.

C-25 The output from the fourth stage is fed back
through resistors to the emitters of Q2 and Q3. Thie
serves to maintain linearity and gain stability for th
input amplifier block. Shunts are applied to the feedback
loop to increase gain by factors of 2 and 4. The shunting
resistors, R21 and R22, are selected by the RANGE
switch. Signal gain for the input amplifier is approxi-
mately 160 times, in the most sensitive range. The
GAIN control provides smooth gain variation with over-
lapping gain for each RANGE step, by shunting the
inputs to Q10 and Ql1.

|



c-26. OUTPUT AMPLIFIER CIRCUIT THEORY

C-271 The output amplifier hiock consists of (ransistors

Q10 rhrough Q12 and associated components, connected.

in a differential to single-ended ourput configuration.
The differential signal from the input ampliier 1s
applied to the bases of Q10 and Ql1. A portion of the
output from Q12 is also fed back into the base of Qll to
maintain the stability of output stages. The POSITION

TM 11-6625-2507-14

control pruduces variatioas in the voltage applied to the
base of Ql1 for the purpose of exactly setting the posi-
tion of the writing arm stylus. The POSITION control is
connected across the +12 aad -12 volt sources. The gain
of the ouiput amplifier is designed to be of such value
that nominal gain will be attained with the smooth GAIN
control in the middle of its range, thus zllowing more
flexible operation. The gain of this stage is approxi-
mately 2-1/2 times.
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SECTION 1V

M A

C-28. REMOVAL AND REPLACEMENT

a. Power Supply

(1) Disconnect all conmectors at the ampiifier
power supply rear, checking that these can
be replaced in their proper order when re-
installing the unit.

(2) Remove the four screws which hold the front
of the rack slide assembly to the cabinet and
pull part way out.

(3) With the help of an assistant, press the lock-
springs on both sides of the rack and pull the
unit out the rest of the way, and place on a
work bench.

{(4) To replace amplifier power supply, reverse
the preceding steps.

b. Amplifier (s)

To remove the amplifier(s), remove the screws
from the top and bottom of the amplifier front panel, and
slide the amplifier out of the rack.

To replace the amplifier(s), slide the amplifier
into the slot in the weldment, and seat the amplifier
connector firmly into the power supply connector.

c. Regulator and Oscillator Cards

These cards are located at the rear of the ampli-
fier power supply under a black plastic cover and are
accessible at the rear of the power supply. For access,

remove the power supply (a above), and
proceed as follows:

() Remove the white nylon screw that is on the
black cover.

(2) Remove the first two amplifiers on the left
(viewed from the front). This will make the
second screw to be removed from the black
cover available. Remove this screw and re-
move the cover.

(3) Locate card(s) to be removed using figure
C-6 as a guide.

(4) Remiove the two screws that secure the card
to the chassis, then pull the card out of its
connector.

To replace the card(s), press the card firmly into
its connector. DO NOT INSERT THE CARD(S) INTO
THE WRONG CONNECTOR SOCKET. Replace the two
screws through the bracket and into the chassis. Re-

C-10

NTENANCE

place the black cover and replace the nylon screws.
Replace the two amplifiers.

d. Fuse(s)

The power supply circuits as well as the amplifier
circuits are protected by the fuses located at the rear of
the power supply. Refer to paragraph C-30
for fuse type and location.

C-29. CHECKS AND ADJUSTMENTS
a. Power Supply

(1) Remove each power supply fuse in turn, and
check that its value matches its required
value.

(2) Check for 115 volt power line.

(3) Prepare other parts of the system for normal
operation and allow at least 15 minutes warm-
up time.

(4) Connect an accurate voltmeter for 12 volt
measurements, connecting between pin R(the
power supply ground) of connector J33 and pin
D(-12V). Set the -12 volt VOLTS ADJ control
for a reading of -12 voits on the meter.

(5) Now connect the meter between pins R and
B of the same connector. Voltage should be
within £.25 volt of the +12 volts required. I
outside the limits, the -12 volt setting can be
changed to divide the error, as long as the
reading at either potential is within £.25 volts
of the 12 volt point.

If any of the dc voltages or the 440 cps excitation
voltage are not present, the power supply should be
checked to see that power is applied (line voltage 115V
rms) and that the fuses are not blown. If any of the dc
voltages or 440 cps excitation voltage are present but
are not the correct values, check the fuses.

Remove the amplifiers toeliminate shorts in amp-
lifier (s) from causing apparent power supply problems.
s

The dc voltages +12 and -12 regulated depend upon
the +18 and -18 volt unregulated sources so that if the
regulated voltages are not present, inspect the unregu-
lated points.

The ripple on the unregulated supply is approxi-
mately 2 volts peak-to-peak at 120 cycles when fully
loaded with 1.4 amps. If the ripple is 60 cycles, it in-
dicates that some of the appropriate diodes CRI1 through
CR10 are open.

If it is not possible to obtain £18 voits, it may be
that any of the diodes CR1 through CR10 are shorted.
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Recorder

QOutputs Diode Assembly

cover removed \;?lta%e test points Model 868 -500-C7
E ¢ Sk Fl

N\ 2 == D L=

: COloDE aSEECT G-
40 KC MOPA Card iy — ot Ha

838-500A-Cl6 or

| 2400 CYCLE MOPA h
Card 868-500A-Cl13
Connector {Not
required for this
Preamplifier)

(A i
Regulator Card / v
868-500A=C6 b !
Connector /

440 Cycle MOPA
Card 868-3500A-Cl4
Connector (Not

"~ quired for this
:amplifier)

Black Plastic

72 W— i_ﬁw-?-lﬁ__im—-,—il‘;_i—-efjl‘

¢

figure C-6. Preamplifier Power Supply ( Top View)
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C-13/(C-14 blank)



Regulated £12 Volt Problems:

If it is not possible to obtain +12 volts, check that
.he unregulated voltages appear at connector J30 (pin C
-18 volts, pin H +18 volts, pin A common).

Check to see that QI and Q2 are not shorted to the
‘hassis. These transistors are located on the chassis
etween channels 1 and 2 (Ql) and between channels 4
and 5 (Q2). Check for short by removing the rack from
the cabinet and removing the amplifiers from the rack
to expose the transistors.

TM 11-6625-2507-14

If Q1 and Q2 are shorted, the regulator will not
function and the +12 volt points will assume a value
clese to 18 volts.

If +18 volts is present and Ql, Q2 do not appear to
be shorted to the chassis or otherwise inoperative, the
problem appears to be isolated to the 868-500A-C6 card
as far as the £12 volts is concerned.

C-30. FUSE DATA

See list below:

FUSE LIST
Symbol No. Description Location Circuit
F1 (115V) 1.0 Amp Slow Blow Fuse Rear Panel 115V Line Power
F2 1.5 Amp Fuse Rear Panel -18 Volt Supply
F3 1.5 Amp Fuse Rear Panel +18 Volit Supply
Fgq* 1.6 Amp Slow Blow Fuse Rear Panel Oscillator Supply

* Not active for this Preamplifier.

c-15
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APPENDIX D

PLUG-IN UNIT, ELECTRONIC TEST EQUIPMENT

PL-1306/U

NOTE

This appendix provides operating and maintenance
instructions for Plug-In Unit, Electronic Test
Equipment PL-1306/U. Throughout the appendix
the PL-1306/U is referred to as Model 88034 High

Gain DC Preamplifier fig. D-1
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LOW LEVEL 4@  PREAMP

7 RANGE
1V /0=y / DIV

200 100 55

"CAL ADJ

uV/ DN-MV/DIV  CAL USE

CAL & ZERO SUPP |

Figure D-1. Model 8803A high gain dc preamplifier.
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SECTION |

DESCRIPTION
D-1. INTRODUCTION
HP Model 88034 is a plug-in High Gain De Preamplifier designed for
use in the HPT701B, 7702B, T706B/T7TO8B or 7858B Recording Systems.
88034 option Ol is mounted in a portable case with built-in pover
supply for uench-top operation. Option Ol consists of the 8803A Pre-
amplifier, a Model 88494 option 01 Power Supply, and Carrying Case

A a1 OLS v lA~
BOUC L CODU= [ 4UU,

D-2. CHARACTERISTICS

SICNAL INPUT: Isolated from chassis and from output (circuit is guarded)
with guard shield connected isolation impedance is greater than lOll ohms in parallel
with 3 pf.

INPUT IMPEDANCE: 1 megohm minimum in the pv range . ] S

independent of gain
5 megohms minimum in the mv range

Impedance is measured by placing a 1K ohm in series with the input signal and
noting the change in gain. Up to 500K ohms may be inserted in series with the

signal to measure the input impedance in the mv range.

IMNPUT OVERLOAD: Input circuit is not damaged by differential signals of +60

volts peak in the pv range, and £ 500 volts in the mv range.

OUTPUT: The curput is isolated from chassis and input. The output

is automatically grounded when preamplifier is installed in the recording system.

OUTPUT IMPEDANCE: 100 ohms. If the output filter damping control is not set for
proper damping, the impedance can be as low as 50ohms and as high as 150 ohms.
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OUTPUT PROTECTION: A sustained short circuit across the output terminals will
not damage the preamplifier,

D-3. PERFORMANCE DATA

OUTPUT CAPABILITY: 3 volts into 1K ohm load.

GAIN: 12 fixed steps plus an OFF position are provided on the
range switch. Gain steps on the range switch are labelled in pv/div. or mv/div. and
cover the following ranges: 1, 2, 5, 10, 20, 50, 10G, 200, 500, 1000, 2000, and
5000 pv/div; 10, 20, 50, 100, 200, 500, 1000, 2000, and 5000 mv/div. These steps
correspond to gains of 100, 000, 50,000, 20,000, 10,000, 5000, 2000, 1000, 500,
200, 100, sO, 20, 10, 5, 2, 1, 1/2, 1/5, 1/10, 1/20, and 1/50,

GAIN ACCURACY: Initial gain setting is based on a calibration from the built-
in calibration source (or an external source). Ratios of fixed gain steps are within
+ 1% for gains of 5000 pv/div. to 20 uv/div. and 2% from 10 uv/div. to 1uv/div. The
accuracy of the 1000:1 attenuation is maintained at 1%, if the preamplifier is re-
calibrated, whenever the pv or mv range is changed.

GAIN STABILITY: (System) Less than £1.25%/ 10°C from 20°C o 40°C.
Less than £0. 5% for variation from 103 to 127 volts.

(Preamplifier only)
TEMPERATURE: Less than 0.1%/10°C from 20°C to 40°C.

LINE VOLTAGE: Less than $0.05%, all other ranges
103-127 volts.

COMMON MODE REJECTION: Range Maximum Source DC 60 Cycles
Unbalance
uv Range 1K ohm 160db 120db
mv Range 500K ohms 100db  60db
AC COMMON MODE TOLERANCE (Frequency: 60 cps)
Tolerance
Sensitivity (Volts RMS)
lpv/div. 10
2 pv/div. 20
Suv/div. 50
10 pv/div. 100
20 yv/div. through 5000 puv/div. 220
10 mv/div. 100
20 mv/div. through 5000 mv/div. 220
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DC COMMON MODE TOLERANCE: +300 volts.

CALIBRATION: An internal calibration voltage is provided. . This voltage
is derived from a zener diode reference. In the puv range, this voltage is 200 uv
+1% and is inserted in series with the input signal. In the mv range, this voltage
corresponds to 200 mv £ 1% at the input terminals. It is inserted after the 1000:1
attenuator and is independent of the input signal connection.

ZERO SUPPRESSION: Zero supprescion ranges are +£1, £10, £100 mv or volts,
With the 1000:1 attenuator in the uv range, zero suppression ranges are in mv,
When the 1000:1 attenuator is in the mv range, the zero suppression ranges are in
volts. Settings within a range are determined by a 10-turn 100 divisions/turn dial.
Accuracy ic £1% of full scale. Resolution is 0.05% of full scale, Temperature
stability is £0.05%/°C for the range of 20°C - 40°C. Stability is +0.02% for line
voltage variations from 103 to 127 volts.

FREQUENCY RESPONSE: (Preamplifier only) DCto 20 cps within £1%.
DC to 3db down at 110 cps.

FREQUENCY RESPONSE: (System) DC to 20 cps £ 1%.
’ DC to 3db down at 100 cps for 10 divisions peak to peak on 4cm channels.
DC to 3db down at 90 cps for 10 divisions peak to peak on 5cm channels.

STEP RESPONSE: (Preamplifier only} 3 milliseconds rise from 10% to 909

of final value for step input.

STEP RESPONSE: (System) 7 milliseconds rise from 10% to 90% of final value.
LINEARITY: (Preamplifier) Better than 0. 19 of full scale output

(5 volts) Sensitivities of 2pv/div. or less; .2% at luv/div.
LINEARITY & HYSTERESIS: (System) Better than 0.25 divisons over 50 divisions.
NOISE: (Preamplifier only) Noise over a dc to 400KC bandwidth
is 2.5uv peak to peak referred to the input plus 1.5mv peak 1o peak at the output

in the pv range; 3.0 mv peak to peak referred to the input plus 1. mv peak to peak

at the output in the mv range at zero signal.
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NOISE: (System) Sensitivity Noise Divs. Peak to Peak
1pv/div. 1
2 uv/div. 0.5
Suv/div. 0.2
10uv/div. 0.1
20 uv/div. negligible
10mv/div. 0.2
20mv/div. 0.1
50mv /div. negligible
RIFPLE: In addition to the noise, there is a ripple which appears if

the output is not zero. This ripple is primarily 880 cps and does not affect the trace
in a recording system. Its peak to peak amplitude is less than 0.25% of the output
for an input signal and less than 1% of the output for a position signal.

ZERO DRIFT: (Preamplifier) For 24 hours at constant ambient, drift is
less than £ 1 uv in the pv range, and +1mv in the mv range referred to the input.
Output drift is less than £0.1mv with the position control set for zero output.

With the position control set for £2.5 volts output (25 divisions) with no signal, out-
put drift is less than £ 10mv.

TEMPERATURE COEFFICIENT OF DRIFT: (Preamplifier) +0. luv/OC in the puv range
+£0.1 mv/oc in the mv range referred to the input. +0.1 mv/OC at the output with

the position control set for zero output. With the position control set for £2.5 volts
output with zero signal, output drift is less than 4mv/°C.

DRIFT (ZOOC - 40°C): (System) Sensitivity Drift In Divisions
1pv/div. +2.5
2 puv/div., £1.5
Suv/div. +0.9
10 pv/div. +0.7
20 pv/div. +0.6
SOuv/div. through  +0.5

5000 pv/div.
10 mv/div. +0.7
20 mv/div. +0.6
S0mv/div. through 0.5
5000 mv/div.

With the position control set for £2.5 volts output with zero signal, add £0.9 div.
to the above numbers.
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OFFSET VOLTAGE: Less than £5puv in the pv range; 7 mv in the mv range,
Offset voltage is the equivalent dc voliage which exists in the preamplifier input
circuitry in the absence of a signal. Offset voitage can also exist in the external
input circuits and may be as large or larger than the preamplifier offset. Therefore,
for certain low level dc measurements, offset voltages must be taken into considera-
tion.

When measuring a change in a dc voltage with or without zero suppression, it is
not necessary te consider offset voltages, since the change in input will produce the
proper change in preamplifier output, regardless of the initial signal or offset. The
principle is used to calibrate the preamplifier by switching the "CAL" signal on and
off, and noting the shift in output.

When measuring the absolute value of a smail dc voltage, the offset must be
considered and proper connection made. In order to determine the offset, the input
signa! must be reduced to zero without changing the input circuitry so that a refer-
ence can be established. This offset can be measured and subtracted 11, . cac!
signal measurement, or it can be nulled at either the input or cutput of the preamp-
lifier.

Nulling at the output is accomplished by setting preamplifier output to z~ro
(or any other desired value) with the POSITION control. The signal must  :«duced
to zerc and the amplifier RANGE switch kept at the desired value.

Nulling ar the input is accomplished by using the zero suppression to nuli the
offset voltages, so that with the signal set to zero there is no change in cutpu: when
the preamplifier RANGE switch position is changed. This technique has the advan-
tage of allowing measurements 10 be made at the various RANGE switch settings
without re-compensating for offset.

Switching the 1000:1 attenuator produces an additional offset which corresponds
to not more than £2 pv in the pv ranges or 2 mv in the mv rarges (£ 20 mv at the

output or £0.2div. on the recorder sensitivities of 10uv/div. or mv/div.).

OFFSET CURRENT: +1 nano-amp maximur), this is an equivalent dc current
which exists in the preamplifier input circuit 11d generates a voltage across any

external source resistance. This applies to the pv range only. Approximately

*1 PA oun mv range.
STABILITY AGAINST LINE VOLTAGE VARIATIONS: (Preamplifier) For line voltage
variations from 103 - 127 volts, the cutput zern will remain within £2mv and the

output level within 2.5 volts position voltage and no signal will remain wi hin £30mv.

D-7
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The gain will remain within £0.05% at sensitivities up to 10 uv/div. and within
+0.25% at sensitivities up to 1uv/div,

STABILITY AGAINST LINE VOLTAGE VARIATIONS: (System) For line voltage varia-

tions from 103 - 127 volts, the output zero will remain within 0.1 div. and the
output level with 25 divisions position deflection and no signal will remain within
+0.4 div., The gain will remain within £0,3% at sensitivities up to 10 uv/div. and

within +£0.5% at sensitivities up to 1uv/div.

The above specifications are for 1K source impedance and for a rate of change

of ambient temperature not to exceed 10°C/hour. Specifications (gain stability and
drift) apply after 1 hour warmup in the Sanborn 7700 Recording System. The pre-

amplifier will operate in ambients to 60°C without damage.

SOURCE IMPEDANCE ABOVE 1K OHM: Source impedance above 1K ohm can be used

with the following affects:

(1)

()

(3)

Increased noise in the puv range with 10K ohm source impedaice. Noise refer-
red to the input is no more than twice the noise as with 1K ohm source.
Increased mv range calibration error by the percentage:

R source
K. =+ x 100
R source + 5 megohm

with R source expressed in megohms (total error 0 to + 2% for 50K ohm source
impedance).

Increased 1000/1 attenuator error by the percentage:

R souzxce
K, =] ————— x 100 -K
R source + R,

in

Ao ———

Where Rin is the uv range input impedance and Kl is calculated from (2) (total

H

error 3% maximum for 10K ohm source).
The 1000:1 attenuator error can be reduced to the percentage found in step (2)
above, by recalibrating whenever the range is changed.

POWER REQUIREMENTS: -17 at 90 ma

-12 at 20 ma
+12 at 20 ma
SV 440 cps 1/4 watt

WEIGHT: 6 pounds.

DIMENSIONS 2" wide x 7" high x 14.9" deep.
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D-4. FRONT PANEL CONTROLS

USE-CAL SWITCH (S4): A two-position toggle switch which disconnects the input
connector and shorts the input in the Cal position. This allows calibration in the
presence of an input signal.

GAIN TOGGLE SWITCH (1000:1 Attenuator) (Labelled puv-mv/div) (S3): Changes the
gain by a factor of 1000:1.

RANGE SWITCH (Gain Step) (S1): The range switch provides 12 fixed steps plus an
OFF position. The gain steps on the range switch are in pv/div. or mv/div. and
cover the following ranges: 1, 2, 5, 10, 20, 50, 100, 200, 500, 1000, 2000, and
5000 pv/div; 10, 20, 50, 100, 200, 500, 1000, 2000, and 5000 mv/div.

GAIN: A variable control for setting the gain of the preamplifier.
This control provides overlapping gain for the range steps.

POSITION: A variable control capable of covering +25 churt divisions
(£2.5 volts). This control is used to set the zero signal output of the preamplifier.

CAL-ZERO SUPFP. (mv or volts) (S2): This switch controls the selection of the calibra-
tion voltage, and the zero suppression ranges of £1, £10, and £ 100 mv or + , +10,
and + 100 volts.

ZERO SUPPRESSION DIAL: Ten-turn, 1000 division dial with lock, this dial determines

the settings within the Zero suppression ranges.

FRONT OUTPUT JACK: Two-circuit miniature jack, for connecting an external

indicator to the preamplitier.

D-5. ADDITIONAL CONTROLS AND CONNECTORS

CAL ADj (R43): A recessed front panel screwdriver adjustment for setting

the initial accuracy of the calibration and zero suppression voltages,

SCREWDRIVER ADJUSTMENT (R50): Calibrates the 1000:1 attenuator, located inside
the guard box on the printed circuit board assembly 860-1500-C3. This is a

factory adjustment, and is locked with Duco cement.

SCREWDRIVER ADJUSTMENT (R54): Sets the damping of the output filter located near
the rear connector on the filter assembly board 860-1500-C11.
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INPUTS: J3, shielded and guarded 5-pin connector at the rear of Power
Supply, Model 8849A option Ol. J11 through J18, shielded and guarded
5-pin connectors at the rear of Power Supply 88h8A.

OUTPUTS: J2, 10-pin connector at the rear of Power Supply, Model 88494,
option Ol J21 through J28, 10-pin connectors at the rear of Power
Supply 8848A. Jh, 16-pin connector for power input from and signal
output to Power Supply, Model 88L49A, option Ol. J1 through J8,
16-pin connectors for power input from and signal ocutput to Power

Supply B88L4BA.
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SECTION 11
OPERATION

D-6. INTRODUCTION

Before operating the preamplifier, the signal and load must be properly
connected, and the preamplifier should be calibrated.

D-7. CONNECTING INPUT SIGNAL

&. The amplifier includes a guard shield in the input circuit to obtain high
common mode rejection. Supplied with the sccessories is a 5-pin connector, Part No.
1251-1895, for connecting & double shielded gignal cable to the twin-ax guarded in-
put connectors on the rear of Power Supply, Model 8848A and Power Supply, Model
884oA, option Ol. Prepare the connector for connection to the signal cable as
follows:

(1), Use a screwdriver to
pry out the retaining g;g;
ring. CAUTION: The
retaining ring is
spring steel.

SiG = —
SIG+ -

D)

SINGLE SMIELD DOUBLE SHIELD

(2) Force the connector
forward and out of
the shell with a

(3) When the conrector is
out, remove the bress
guard extension from
the rear of the
connector.

GUERD SMIELD
[ZRIA LR

SIGNAL INPUT CONNECTOR 1251-1895

MODEL 8803A PREAMPLIFIER POWER SUPPLY

i 8848A, 8848A-0PT 01,

g 8848A-0PT 02 8849A-0PT 01

SIGNAL
INPUT

SIGNAL
CUTPUT

+SIGNAL INPUT

=SIGNAL INPUT
s INNZRA SHIELD

JITPINA(TYPCHI-B) | 43 PINA

JITPINBITYP(HI-8) | J3PINB
411 GUARD SHIELD “J3GUARD SHIELD

JITPINC JAPINC

i GUTER SHIELD
g SIGNAL QUTPUT
GROUND

Figure D-2.

J2EPIN EITYP CHI-8) | J2PINE
J2VPIN LITYPCHI-B) | J2PIN L

Signal connector wiring.

D-11
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%. Connections when source is floating and ground is desired at the amplifier:

tae

O— “fs. :::_/14 {F::.:\T Gu:rd
Aty ] B
g_‘rj‘c':::. St .

B. Connections in presence of a known common-mode signal:

ey el T
o 1

‘_jz":::{ ﬁ_—:_t"‘"" Z

C. Connections when source is grounded and a ground loop voltage is present:
Guard

N = O o \
o/

' 2o fooy =
C
r@- ==="=7_ Ground at Amplifier Site

Q O

||'-@_
? {

(. S ]

D. Finally, connect the signal cable to the appropriate input connector at the rear
of the power supply.

N O T E The outer shield is generally not necessary. It may, however, be re-
quired to prevent large common-mode voltages from coupling into the

unshielded circuits of nearby equipment.

Figure d-3. INPUT SIGNAL CONNECTIONS
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b. Two conductor double-shielded cable (HP 8120-0800), is recommended for use with
the input connector.

Inner Shield
/  Outer Shield

|.71/22+_1/4"' 1/4"_.3

Connect the cable to the connector as follows:
(1) Sl
N*7 had

{2) Prepare the cable as shown in the above diagram.

(3) Tin the outer and inner shield with solder. CAUTION: To prevent a short between
4 .

ninter cshield do not annlv exceccive heatr
1© LT ng ouier snield, C¢o not apply excessive nheat.

(4) Connect and solder the signal cables (A) and (B) to the connector.

(5) Slip the guard extension over the guard on the connector. Connect and solder the
inner shield to the guard exteasion. CAUTION: When making this connectiun, be
careful not to short the inner shield to the signal connections.

(6) Commect and solder the outer shield to the ground connection (C) on the connector.
(7} Slide the comnector shell over the connector, insert the retaining ring, and tighten
the clamp assembly as desired.
¢, Having constructed the signal cable, the input signal source is connected to the cable

as shown in Figure D-3

D-8. CONNECTING THE AMPLIFIER OUTPUT.

e. The OUTPUT of the amplifier is a filter network, When the damping is set properly, the
amplifier has a frequency response and output impedance as specified (para D-2).

b. The signal output is availsble from the 10-pin connectors at the rear of the
8-channel Power Supply, Model 88L8a, J21 through J28, from a 10-pin connector at the
rear of the single channel Power Supply, Model 8849A, option Ol, and from a front
panel jJack on the preamplifier. Note: The output is automatically grounded when the
preamplifier is installed in Model 8848A or TTOLA Recording Systems.
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D-9. CALIBRATION

a. Set the USE-CAL switch to the CAL position. This disconnects the input signal and

shorts the input terminals.

jo

the 10 uv/div. position.

1z
.

=]

Set the GAIN toggle switch (uv-mv) te the puv position, and rotate the RANGE switch to

Adjust the POSITION contrel for zero output on the chart.

Adjust the GAIN control for 20 divisions (2 volts) change in the output while switching the

CAL-ZERO SUPFRESSION switch back and forth between OFF and 0.2 CAL.

Calibrating in the mv range is the same as above with the exception of setting the GAIN

toggle switch (uv-mv) to the mv position.

D-10. OPERATION WITHOUT ZERO-SUPPRESSION

Set panel controls: CAL and ZERO-SUPP to OFF and RANGE switch to OFF. Set USE-
CAL switch to USE and adjust the position control for zero output. Then apply the signal and

advance the range switch for a convenient output. At high gains, reset the baseline to correct

for offset with the position control.

D-11. OPERATING WITH ZERO-SUPPRESSION

a. Set RANGE control to the OFF position, the USE-CAL switch to the USE position, and
adjust POSITION control for zero output. Set CAL and ZERO SUPP switch to the desired

Zero suppression range.
SWITCH SETTING

+100
+ 10
+ 1
-1
- 10
-100

MAXIMUM ZERO SUPP

pv/div. mv/div.
+100 mv +100 volts
+ 10mv + 10 volts
+ lmv + lvolt
- lmv - lvolt
- 10mv - 10 volts
-100 mv -100volts

ZERO SUPP IN VOLTS/DIAL DIV.
pv/div. mv/div.
+100 mv/div.
+ 10 mv/div.
+ lmv/div,

+100 microvolts/div.
+ 1Qmicrovolts/div.
+ lmicrovolt/div.

- lmicrovolt/div. - lmv/div.
- 10 microvolts/div. - 10mv/div.
-100 microvolts/div. -100mv/div.

b. Set RANGE switch to minimum gain (5000 uv) and adjust the 10-turn potentiometer for
zero output. Advance the range switch to the desired sensitivity and readjust the helipot to

maintain the baseline previously set. The voltage being measured is the algebraic sum of

the voltage suppressed, as read from the zerc suppression dial, plus the voltage read on the

direct wiring recorder.

D-14
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SECTION Il

FUNCTIONING

D-12. INTRODUCTION
fig D-6
The High Gain Preamplifier, Model 88034, is a sensitive and stable dc to 100
cycles chopper amplifier which operates by changing the input signal into a 440 cycle signal
“ by means of an electromechanical chopper. The Preamplifier amplifies the modulated output

| signal of the chopper and converts the waveform to an amplified copy of the input signal.

D-13. INPUT CIRCUIT THEORY

a. The signal is connected to the input connector as described in paragraph D-2,
and internally coupled to the chopper through the USE-CAL switch and the limiter con-
sisting of CR9, CR10, CR11, CR12, R63, R64, which preven:is excessive iput signals

applies the signal to cach side of the input transformer (T1). The secondary output of
the input transformer is a 440 cycle square wave,

b. The "A" terminal of the input socket is connected to the chopper arm through a 100 ohm
resistor apd the CAL and ZERO SUPP switch., When the CAL 0.2 position is used, this
calibration voltage is developed across the 100 ohm resistor. When zero suppression is
used, the voltage is taken from a ten-turn precision potentiometer which has imv, 10mv,
or 100 mv across its terminzls. A portion of this voltage is injected in series with the
input depending upon the setting of the ten-turn potentiometer. Moving the CAL and
ZERO SUPP switch selects the resistance network which gives the required suppression
range and polarity.

¢. The built-in power supply furnishes the source for the CAL and ZERO SUPP voltages.
The power supply is a standard full wave rectifier configuration utilizing the 440 cycles
excitation for its input. A low noise 6.2 volt Zener diode stabilizes the output of the
power supply and provides the constant voltage for the calibration and zero suppression
networks. The CAL ADJUST is provided, for the CAL zero suppression circuit, to adjust
for tolerances in the potentiometer and Zener diode.

d. The resistor R48 and the thermistor TM1 provide temperature compensation for the Cal
and Zero Suppression network,
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Tl.= 1000:1 attenuator consists of R39, R40, R50, R59, R60, and R61 and the switch S3.
The mv-uv switch (S3) connects the input directly to the preamplifier through the limiters
in the uv range and through the 1000:1 attenuator in the mv range. RS50 sets the accuracy
of the 1000:1 attenuator,

D-14. Amplifier Theory

&

D-15.

The amplifier is a transistorized amplifier having seven stages of amplification and an
overall gain of 100, 000, The signal from the secondary of T1 is applied to the first
stage, amplified, and directly coupled to the succeeding three stages. A dc fesdback
from the emitter of the third stage through R11 to the emitter of the first stage stabilizes
the operating points. A portion of the output of the fourth stage is fed back through a
resistive networs resulting in overall gain steps of 200, 100, 40, 20, 10, and 4 for these
stages. The gain control (R22) influences the attenuator circuit by producing overlapping
variations of gain for the range steps. The negative voltage thus fed back maintains
linearity and an accurate gain for the first stages of amplification. The emitter follower
output of the fourth stage is coupled to the fifth stage through C7 and directly coupled to
the sixth stage and from the sixth to the seventh stage. A negative feedback voltage from
the emitter of the seventh stage through R28 to the emitter of the fifth stage stabilizes the
dc operation points for the last three stages of amplification. Capacitors C9 and C10 by-
pass the ac signal from the dc feedback path and provide the high ac open loop gain.

Gain stability and linearity for the last three stages are obtained by means of a feedback
voltage developed across the feedback winding of the output transformer T2 and R21, R25,
R27, and R58. This network provides a change in gain of 5, 50, and 500. Also introducec
to the fifth stage is a 440 cycle voltage from the POSITION control which, when amplified
and demodulated, produces variations in the dc output level of the preamplifier for the
purpose of positioning the writing arm stylus.

Demodulator

The demodulator is a synchronous switch biased to operate inside the dwell times of the
input chopper. This is done to minimize changes in gain that might be caused by changes
in chopper dwell times. Q8, Q9, and Q10, Q11 are alternately turned on and synchron-
ously connect the signal at the secondary of the output transformer (T2) to capacitor C15.
The capacitor provides peak detection and the ripple components are reduced by the
filter,

D-16
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The demodulator is divided into two sections: the emitters of Q8 and Q9 are connected
together to one side of the modulation transformer (T3) secondary, the other side of the
secondary is connected through R36 to the bases of Q8 and Q9. These transistors are
biased by CR7, C16, R35, and R36 to operate inside the dwell times of the input chopper.
During the positive half cycle of the 440 cycle switching signal, the polarity of the modu-
lation transformer secondary is such that the bases of Q8 and Q9 are negative with respec
to the emitters. The two transistors will conduct heavily offering a low impedance to the
output signal of the amplifier which appears at the secondary of the output transformer.
This signal then appears at the collector of Q9.

. In the other section of the demodulator, Q10 and Q11 are connected and operate identical-

ly to Q8 and Q9. These transistors are triggered by the negative half cycle of the 440
cycle switching signal and the output appears at the collector of Ql1. The junction of
collectors Q9 and Q11 is essentially a summing junction with each transistor offering the
signal alternately at a rate of 440 cycles. The output therefore is a signal which is an
amplified version of the input signal; this signal is filtered and appears at the OUTPUT

connectors.

Output

The demodulated signal is applied across the low pass filter consisting of L1, Co, C21,
and R54. R54 sets the damping of the filter network and when set properly, the amplifier
has the frequency response and the output impedance specified. Improper setting allows

excessive overshoot or too low a frequency response.

Guard Shield Circuit

The guard shield circuit is provided so that cable capacity to ground (with an unbalanced
signal source) will not manufacture a differential signal out of a common-mode signal.
With normal (non-guarded) input signals, the equivalent source and the cable is:

R1, R2 = equivalent source resistance

Cl, C2 = cable capacity

Cl
| =
SIGNAL -
SOURCE —NVV\—I N
R2
COMMON-MODE c2
SIGNAL T

Figure D-4.®, Guard shield circuit (sheet 1 of 2)
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b. R1/C1 and R2/C2 form a pair of filters, If thest two filters are not identical, (if, for
instance, Rl is different from R2), then the common-mode component at one input t:erm-I
inal of the preamplifier is not the same as the common-mode component at the other in-
put terminal. This difference in common-mode signals is a differential component,
which is amplified along with the desired signal, and cannot be separated from it.

1f, however, the cabling between source and amplifier uses a shield, connected to the
common-mode voltage, then the equivalent source and the cable schematic diagram is:
SHIELD

' e e
| Rl
SIGNAL | N,

SOURCE rWVr-r &
~ R2 —
c2 I~

|

|

| I /
T e —— — !

Figure D-4®- Guard shield circuit (sheet 2 of 2)

¢. Now both terminals of each capacitor are at the same common-mode potential, so that no
common-mode signal component can flow. The R1/Cl circuit and the R2/C2 circuit will
therefore not attenuate the common-mode signal, and the common-mode potential at one
input terminal of the amplifier will equal common-mode potential at the other input term-
inal of the amplifier. In this way, there is no differential component made out of the
common-mode signal.

D-18
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SECTION IV
POWER SUPPLY

D-18. DESCRIPTION

a. Power Supply, Model 88L49A, option 01, provides all the operating voltages,
including 440 cps excitation, for one model, 8803A preamplifier. The power supply
mount3s at the rear of Portable case, Model 860-1400 (for one 8803A preamplifier),
gg two power suppiies mount at the rear of Two-Channel Module, model 860-200 or

0-200A.

b. Power Supply, Model 8848A, provides all the operating voltages, including

440 ¢33 excitation, for up to eight preamplifiers. The power supply mounts at the
rear of the B-channel-wide rack which holds the eight preamplifiers. The connector

N B —— » - A - - — - - 3
channel 15 1ocated bebween the power supply and the preemplifiers and ia an integral

part of the power supply.
D-19. POWER SUPPLY CHARACTERISTICS
REGULATED OUTPUTS: +12 volts, 100 ma 8849A, option 01, 800 ma (8800-20A).
-12 volts, 100 ma 88484, 800 ma (8800-024).
UNREGULATED OUTPUTS: +17.5 volts at 100 ma.
i ~17.5 volts at 10C ma.

AC OUTPUTS: 5 volts, RMS, at 440 cps.

| REGULATTON: 88494, ovtion Ol

| Regulation of the +12 and - 12 volt outputs, with 103 to 127
volt change in line voltage, give 150 mv overall change in
output voltage. With temperature changes from 25°C to
60°C there is not more than 250 mv change in output voltage.
88l8a

Regulation of the +12 and - 12 volt outputs, with 20% change
in line voltage, give 40 mv overall change in cutput voltage.
With load changes from zero to full load, there is not more
than 2% change in output voltage. Temperature coefficient

is 0.6 mv per centigrade degree of temperature change.

RIPPLE: On the +12 and - 12 volt lines, ripple is less than 5.0 mv
peak-to-peak.

D-19
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FUSES: 884oa, option Q1

Three 0.5 ampere fuses; one in power line circuit, one in

+17.5 volt circuit, and one in the - 18 volt circuit.
8848A

i . oo in oo 1
unregulated oscillator supply; 1.5 amp fuses in +1

volt supplies.

LINE SWITCH: Selects 115 or 230 volts ac.

D-20. POWER SUPPLY OPERATION

a.

(2)

88494, option Ol
A line switch is provided on the power supply which selects 115-230 volts ac. An Aux.

ON/OFF switch is alzo provided which is designed for bench operation of the power sup-
ply. Input and output connectors are provided at the power supply rear, for use with the

associated preamplifier. These connectors are:

OUTPUT (J2) Terminal "E" is the signal output; terminal "L" is
the signal ground.

INPUT (J3) Terminal "A" is the "+" input; terminal "B" is the ""-" in-
put; terminal "C" is the outer shield terminal and chassis

ground. A guard ring provides the guard shield connection.

88L8A
No controls are required as a part of power supply operation. For adjustments, the

VOLTS AD]J control R4 in the - 12 volt line can require adjustment to bring the output
voltage to within its required limits, :or both the - 12 and +12 volt supplies. The Re-

gulator Assembly is the center card mounted at the right side, when viewing the assembly
from the rear.

The VOLTS AD]J control will be found at the top center of the regulator card within this
assembly. To adjust, connect a voltmeter having at least 2000 ohms resistance, and an

error of less than 1/4 volt in the vicinity of +12 volts, to test point }J33-B. After at least

D-20
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two minutes warmup, check the volimeter; it should read between 11.75 and 12,75 volts,

If outside these limits, set the VOLTS ADJ control to bring the voltage between these

limits.

Input and output signal connectors are provided at the power supply rear for use with the

associated preampli

INPUT (J11-J18)

jer. These connectors are:

Fight connectors, each a 5-pin male connector, for

the eight channels. Each socket has pins A and B

oUrUT (J21-328) Fight

connectors, each a 10-pin female connector,

for the eight channels. Terminal "E" is the signal

output: terminal "L" is signal ground.

oUTRUT (J34)

1h-pin male connector with galvanometer output for

eight channels.

10
e
2
[

option v1(L) and E8LEA(J1).

B
"
b
H
k
I

O @OV WD Qe

Pollowing connector information is applicaple fo the 884394,

FUNCTION

+Input signal.

-Input signal.

Guard potential.

Not used.

Not used.

Not used.

Not used.

Not used.

ot used.

Qutput signal.

-18V Unregulated.

L4O-Hz chopper excitation.
Not used.

L4ho-Hz chopper excitation.
+12V regulated.

Signal ground.

-12V regulated.
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D-21. EXCITATION SUPPLY DETAILS

a. 88LOA, option 01
The 440 cps excitation supply is provided by plug-in card 860-500-C2.

b. 88Lk8A
The 440 cps excitation supply is provided by plug-in card 868-500A-C14, There are no

adjustments or controls on these supplies.
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SECTION V
MAINTENANCE

D-22. INPUT TEST POINTS

a. Tiepin 1 of the input transformer T1 to pin 3 of T1. Connect an oscilloscope between
1 and 2 of T1. The indication wili be a square wave of proper amplitude which is a
peak-to-peak signal twice the value of the dc input signal. Use no more than 20 to 30 mv
of dc input signal. Remove the jumper between pin 1 and 3 of the input transformer,

Output Of First Block

jor

Measure the dc voltage at terminal 9 (main board) with respect to signal ground. DC
voltage at this point should be approximately - 0.6 volts. The square wave will have the
peak-to-peak voltage indicated below with the (uv-mv) switch in the pv position:

DC Inpur to Input Range Contrel Peak-to-Peak at
Amplifier (uv/div) Terminal 9
50 v 1 20 mv
100 pv 2 20 mv
250 pv 5 20 mv
500 v 10 20 mv
1 mv 20 200 mv
2.5 mv 50 200 mv
5 mv 100 200 mv
10 mv 200 200 mv
25 mv 500 200 mv
50 mv 1000 2 volts
100 mv 2000 2 volts
250 mv 5000 2 volts

c. Position Control Check
Set the oscilloscope for 440 cps. Connect to terminal 4 (main board) and signal ground,
and look for null as position control is rotated throughout its range.

d. @6 Operating Current

Measure voltage at terminal 11 (main board) to determine whether output block Q4, Q5

and Q6 are functioning. A voltage of approximately - 0.9 volts appears at this point.
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i
N

D-23.

D-24.

Square Wave Output

PR TP TP A elo o B 2 see o wleo oo 2ELE e - 2 Lot e
[R=413 VUi[‘S € k'lU‘yCdk WEICEH L1IT UL 131puUl tU LT AliipJRiliTr QU LT ELRpUR L& g

a
maintained as listed in b above.

Unfiltered Output

Connect oscilloscope across C15. Ripple should appear as shown in the following wave-

form: 2 2

SETTING ZERO OUTPUT
set USE-CAL switch 1o AL position.

Set output to zero by means of position control (R23) located on front panel.

TROUBLESHOOTING

e msksaees Ay SaSfr VN esal  a a TJARALS RSN AEL AT S Ak MABAWS LA EBLs

Should a malfunction occur, it is most likely to be in one of the following categories:

Symptom Component Check

Noise (probably 60cps) Input cable or Open or grounded guard shield or open

connector signal wires.
Noise (usually exces- Chopper (K1) MU metal shicld dislocated. Adjust so
sive ripple of 440cps) that it is tight against its locating pin
and as far distant from chopper as
possible.
Noise {random) Q1 Transistor Replace transistor.

Other Possible Malfunctions. Listed below are other possible malfunctions
that might oceur, and the resultant symptoms:

(1) Failure of any component between terminals 2 and 9 on the schematic will probably

cause the dc level at test point 9 to be far from its normal value.

(2) Failure of any component between test points 9 and 11 will probably cause a devia-
tion in the dc level at test point 11 from its normal value.
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(3) Failure of any of the demodulator transistors (Q8 through Ql1) will probably cause

a large gain error and excessive ripple as measured at output,

(L) Failure of any component associated with the demodulator switching circuit will

result in effects similar 10 a failure of a demodulator transistor.

D-25. REMOVAL AND REPLACEMENT

a. Power Supply

(1) Disconnect all connectors at the amplifier power supply rear, checking that these

can be replaced; in their proper order when re-installing the unit.

(2) Remove the four screws which hold the front of the rack slide assembly to the

cabinet and pull part way out.

(3) With the help of an assistant, press the lock-springs on both sides of the rack and

pull the unit out the rest of the way, and place on a work bench,

(4) To replace the amplifier power supply, reverse the preceding steps.

b. Amplifier (s)

(1) To remove the amplifier (s), remove the screws from the top and bottom of the amplifier

front panel, and slide the amplifier out of the rack.

(2} To replace the amplifier (s), slide the amplifier into the slot in the weldment, and seat

the amplifier connector firmly into the power supply connector.

c. Regulator and Oscillator Cards

(1) These cards a2re located at the rear of the amplifier power supply under a black plastic

cover and are accessible at the rear of the cabinet, when the rear door of the cabinet is

opened.
(2) Remove the white nylen screw that is on the blackcover.

(b} Remove the first two amplifiers on the left (viewed from the front). This will make
the second screw to be removed from the black cover available. Remove this screw

and remove the cover.

(c) Locate the card(s) to be removed usingFigure D-5 as a guide.
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Recorder
Black Plastic Qutputs ) Diode Assembly
cover removed Voltage test points Model 868 -500-C7
Fs " F3 F2 \ Fl
\, =22 88 . . L=
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Figure D-5. PREAMPLIFIER SUPPLY (TOP VIEW)
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(4) Remove the two screws that secure the card to the chassis, then pull the card out of

its connector,

(2) To replace the card(s), press the card firmly into its connector. DO NOT INSERT
THE CARD(S) INTO THE WRONG CONNECTOR SOCKET. Replace the two screws
through the bracket and into the chassis. Replace the black cover and replace the
nylon screws. Replace the two amplifiers,

Fuse(s)

[{=1

The power supply circuits as well as the amplifier circuits are protected by the fuses
located at the rear of the power supply. Refer to paragraph Dp-27 for
fuse type and location.

D-26. POWER SUPPLY, CHECKS AND ADJUSTMENTS

2. ueneral.
(1) Remove each power supply fuse in turn, and check that its value matches its required

value.
(2) Check for 115 volt power line,

(3) Prepare other parts of the system for normal operation and allow at least 15 minutes
warmup time.

(h) Connect an sccurate voltmeter for 12 volt measurements, connecting between
pin R (power supply ground) of connector J33 and pin D ( 12V). Set the -12
volt VOLTS ADJ conirol for a reading of -12 volts on the meter.

(5) Now connect the meter between pins R and B of the same connector. Voltage
should be within *.25 volt of the +12 volts required. If outside the limits,
the -12 volt setting can be changed to divide the error, as long as the read-
ing at either putential is within %.25 volts of the 12 volt point.

(€) Connect an ac indicator between pins L and H (J33). Reading should be o
nomina® 14 volts peak-to-peak. This may be done easily with a calibrated
oscilloscope. This procedure checks the 440 cps excitation for four of the
emplifiers (1 through 4). Check that the other four amplifiers have LLO cps
excitation prerent by connecting the indicator between pins 11 ’J5 through
J8) and pin H (J33). If excitation is not present, or low, check the
oscillator sup;ly fuse Flb, transistors Q9, QlO, Qll, and the L4O cps osell-
lator plug-in card 868-500A-Clh.
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{ ¥ any of the dc voltages or the 440 cps excitation voltage are not present, the power supoly

2
i =1
=y

hould be chocked to see that power is applied (line voltage 115V rms) and that the fuses a.

0

not blown If any of the dc voltages or 440 cps excitation voltage are present but not the cor-
rect values, check the fuses.
(o) Remove the amplifiers tc eliminate shorts in amplifier {s) from causing apparent powe.

supply problems.
{¢) The dc voltages +12 and - 12 regulated depend upon the +18 and - 18 volt unregulated
he

wmnailatand altagos are Rk nracnnt  imaront thia s | P N
reguaica voitages arc not preseiut, inspect tne unreguiatea points.

sources so that if th
(&) The ripple on the unregulated supply is approximately 2 volts peak-to-peak at 120 cycles
when fully loaded with 1.4 amps. If the ripple is 60 cycles, it indicates that some of the
appropriate diodes CR1 through CR10 are open.

(e) If it is not possible to obtain £ 18 volts, it may be that any of the diodes CR1 through CR10

are shorted.

5. Regulated £12 Volt Problems:

) (1) If it is not possible to obtain + 12 volts, check that the unregulated voltages appear at
connector J30 (pin C -18 volis, pin H +18 volts, pin A common).
(2) Check to see that Ql and Q2 are not shorted to the chassis. These transistors are
located on the chassis between channels 1 and 2 (Q1) and between channels 4 and 5 (Q2).
Check for short by removing the rack from the cabinet and removing the amplifiers from the

rack to expose the transistors.
(3) £ Ql and Q2 are shorted, the regulator will not function and the +12 volt points will

assume a value close to + 18 volts,
(L) If £18 volts is present and Ql, Q2 do not appear to be shorted to the chassis or other-
wise inoperative, the problem appears to be isolated to the 868-500A-C6 card as far as the

+12 volts is concerned.

. 440 cps Excitation Problems:

I

(1) Remove the amplifiers to eliminate this source of trouble.

(2) Check that piz B on J31 is approximately - 15.5 volts. If this value is not obtained with
the 868-500A-C14 card removed (refer to paragraph D-33 for location and re-

moval instructions) the most likely source of the trouble is a failure of Q9. Q9 is located
between channels 7 and 8 on the rack and the rack must be removed, as well as the amplif’

in order to get at Q9 for check or replacement.

D-28
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(3) If this voltage appears at pin B of J31 then the source of the trouble is in the oscillator

circuit Q12, QI13, or the output amplifier Q10, Q11 may be at fault.

(%) The oscillator portion of the circuit can be checked by removing Q10 and Q11 and mea-

'suring from either base to power supply common, Voltage across these points should be

approximately 16 volts peak-to-peak and nearly sinusoidal.

D-27. MAINTENANCE DATA

Note: The following list is given for quick reference during maintenance.
FUSE LIST
Symbol No. Description Location
F1 (115V) 1.0 Amp Slow Blow Fuse Rear Panel
F2 1.5 Amp Fuse Rear Panel
F3 1.5 Amp Fuse Rear Panel
F4 1.6 Amp Slow Blow Fuse Rear Panel

Circuit
115 Line Power
-18 Volt Supply

+18 Volt Supply
Oscillator Supply
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APPENDIX E

PLUG-IN UNIT, ELECTRONIC TEST EQUIPMENT PL-1307/U

NOTE

This appendix provides operating and maintenance
instructions for Plug-In Unit, Electronic Test
Fquipment PL-1307/U. Taroughout the appendix, the
PL-1307/U is referred to as Model 8806B Phase

Sensitive Demodulator Preamplifier (fig. E-1).
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SECTION |

GENERAL INFORMATION
E-1. DESCRIPTION

E - 2. The Model 8806B Phase Sensitive

Demodulator Preamplifier is a plug-in

signal conditioner used as a recording
systen component, or as an individuasl

unit amplifier.

E-3. The Preamplifier provides a de sig-
nar output proportional to the rms value
of the input signal component that is in
phase, or 180° out of phase, with respect
to a variable phase shift reference cig-
nal. Application flexibility is possible
through interchangeable plug-in phase
shift modules.

E-4 ‘Complete specifications for the
rreamplifier are included in Table E-1.
Specifications are measured at the pre-
amplifier output after a one-hour warm-up
using test equipment whieh does not de-
grade the characteristic being measured.
Calibration in terms of "Divisions" cor-
responds to a nominal output level of
100mV per chart division of recorded
paper. Charts have 50 divisions edge-
to-edge. Chart center corresponds to
approximately +2.5 volts.

Figure E-1.

SANBORN PHASE SENS |
88068 DEMOD
4 RANGE MV RMS/DY

IAlS

EL 6625—2507—-14—-TM~ IS5

Model 8816B Phase Sensitive
Demodulator Preamplifier



Table E-1. Electrical Specifications

MAYTMIM CATIBRATED SERNSITIVITY: O.5mV
rms/div corresponding to a gain of 200

ros AC to DC.

10,
Accur-
Lo s e 2 VA VT A -
i WO RKRNLy ~Zp0 LU AL WU
20 kHz; 3% 20 kHz to 40 kHz. OFF posi-
tion provides gain of zero for baseline
poeitioning. Smooth GAIN control permits
continuous adjustment between ranges.

FRY, B N .
~Le DU 4

SIGHAL INPUT: Ploating and guarded,
transformer !solated; 1 megohm input
resistance.

RIFERENCE INPUT: Differential, trans-
former coupled S5C0 K ohm input resist-
ance each side to ground. May be used
single ended.

R-FERENCE VOLTAGE RANGE: Two ranges, 3
to 20 volts rms and 20 to 133 volta rms
(internal switch).

REFERENCE FREQUENCY:
frequency of 400 Hz.

Standard fixed

REFERENCE VOLTAGE PHASE CONTROL: 0°+to
90° atal, 2° zradations; 0° or 18C° ref-
erence phase switch; lead (+) and lag
(=) reference phase switch. Dial ac-
curacy on any range (after calibrating
for zero error at 90 position of dial)-
¢, 180°, 27¢°, $0.5°; other angles 5

SIGNAL CHANNEL PHASE SHIFT: Maximum

™M 11-6625-2507-14

tude causes a regligible output change).

COMMON~MODE REJECTION AND TOLERANCE:
(Signal input): greater than %0 dB
50 Hz to 10 kHz, 500V rms maximum com
mon-mode signal.

OUTPUT CAPABILITY:
1000 ohms minimum,
ground.

+3 volts DC across
single ended to

OUTPUT IMPEDANCE: Less than 5 ohms.
FREQUENCY RESPONSE: ! Tess than 3 dB
down at 1/5 of the reference frequency.

DRIFT AT OUTPUT: Temperature: less than
25 mv/10°, °to 40°C. Line Voltage:
20 mV maximum, 103 to 127 volts.

BASELINE OFFSET: (Equivalent input
signal due to coupling from reference
channel): 50 Hz to 20 kHz, 250 uV rms
maximum. 20 kHz to 40 kHz, 500 uV rms
maximum.

GATIN STABILITY: 1 Temperature: less than
0.25%/10°C, 0°to L0OOC. Line Voltage:
0.1% maximum, 103 to 127 volts.

NOISE: 1 Less than TuV rms x v 8806B
freq. resp., refered to input.

RIPPLE: © Less than 25 mV peak~to-peak;
predominnant frequency 2x carrier refer-
ence frequency.

LINFARTTY: > Departure from straight line
through zero and +2 volts output over the
range of ~2,5 to +2.5V 1s less than *

$12.5 mV for load resistance of 1000 ohms

variation in phase shift through signsl
channel (any range compared with 100 mv/
div range ): 50 Hz to 10 kHz *1 ; 10 kiz
to 20 kiflz +2 ; 20 kHz -~ 40O kHz *3 .

QUADRATURE VOLTAGE TOLERANCE: Preamp-
lifier performance is within specific-
ation on any range if rms value of in-
put voltage is not greater than that
which causes full scale (50 div) output
change when signal and reference are in
phase. (When signal and reference are

in quadrature, a signal of this amplie

or higher.

CALTBRATION: 1 volt internal, accuracy:
+19 50 Hz to 10 kHz; *2% 10 kHz to
20 kHzj +3% 20 kHz to 40 kHz.

1 When preamplifier is used in a recording system,
these specifications are affected by performance of
the recorder and driver amplifier (consult data
sheet of appropriate system for details).
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SECTION I

INSTALLATION

E-5.  |N RECORDING SYSTEMS.

E-6. The Model 8806B can be installed
in TTOlA, TTO2A, TTOMA, TTOGA, TTOGB, or
TT08A Recording Systems for 1, 2, b, 6,
or 8 channels of recorded information.

See the recording syster instruction
manual for Installation instructions.

E-7. AS A SELF-CONTAINED INSTRUMENT.

E-8. The 8806B is operated as a self-contained
instrument using the Model 860-500 Power Supply,
for use with 115 or 230 volts, 50-400 cycles, The
Preamplifier and Power Supply combination may be
housed in 2 Model 860-1400 Portable Case for single
channel operation,

E-9. SIGNAL CONNECTIONS

E-10.1wo inputs are required for the Model 8806B

Table E-2.

Signal

Preampiifier; an ac signal input, and a reference
signal. The ac signal input can be applied single
ended or differentially. Two conductor shielded
cable 3/16" O. D., with single braided shield is re-
quired for connecting the signal source to the input
connectors. If high common mode rejection is re-
quired, use double shieided cable for a fully guardec
input circuit. The inner shield connects to the com-
mon mode potential of the signal source to reduce
capacitive and resistive currents between the signal
conductors and ground. The outer shield is grounde
to prevent capacitive coupling of the inner shield
common mode potential into other circuitry. Wire
the input and output signals to the appropriate Powe:
Supply connectors as indicated intgble E-1.

E - 1 1 rhe Model 8806B output is also available at
wie « 2 caimplifier front panel QUTPUT jack. Wire
the mating connector as follows: Plus (+) signal
output to tip, and ground to sleeve. Refer to the
appropriate system instiuction manual for output
connections to all Preamplifiers in a system, using
one multiple output connector,

Interconnections

NOTE

When connected as shown, a signal in-phase with the adjustable reference
signal at the + lead will give an up-scale deflection on the recorder, or a
positive output from the Preamplifier.

MODEL 88068 PREAMPLIFIER POWER SUPPLY MODEL
8848A, 8848A — OPTION Ol 8849A
8848A — OPTION 02
AC SIGNAL + Jit PIN A (TYP CHI=8) J3 PIN A
INPUT ! - Jil PIN B (TYP CHI=8) J3 PIN B
INNER SHIELD JIl GUARD (TYP CHI-8) J3 GUARD
OUTER SHIELD JiI1 PIN € (GROUND) J3 PIN C (GROUND)
+ J21 PIN A (TYP CHI~8) J2 PIN A
REFERENCE -
- J21 PIN B (TYP CHI-8) J2 PiN B
INPUT 2
SHIELD J21 PIN F  (TYP CHI=8) J2 PIN F
SIGNAL J21 PIN E (TYP CHI=8) J2 PIN E
QUTPUT
GROUND J2i PIN L. (TYP CHI~8) J2 PIN L

! FOR SINGLE ENDED AC INPUT SIGNALS,

2 FOR SINGLE ENDED REFERENCE INPUT,

CONNECT UNUSED INPUT TERMINAL TO GUARD.

CONNECT UNUSED REFERENCE TERMINAL TO GROUND.
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OPERATION

E-12. FRONT PANEL CONTROLS

E-13.

E

PREAMPLIFIER

a. RANGE MV RMS/DIV: Ten step attenuator
plus OFF position. At calibrated gain, recording
gensitivities as marked on panel.

b. -CAL 1V-USE: Selector switch concentric with
RANGE switch, for inserting an internal calibrated
signal (equivalent to 1 volt) to provide a 20 division
stylus deflection (2 volts output) with RANGE swilch
at 50 MV RMS/DIV.

c. GAIN: Potentiometric control provides smooth
gain with a ratio greater than 2, 5:1, and overlap gain
for each RANGE position, Control has locking device
to maintain settings.

d. POSITION: Potentiometric control adjusts dc
voltage output to vary stylus position at least +25
divisions. Control has locking device to maintain
settings.

e, OVERLOAD: Indicator lamp; illuminates when
peak voltage swings are overloading the signal amp-
lifier,

f. OUTPUT: Miniature jack for connecting an ex-
ternal monitoring device; i.e., oscilloscope, meter,
ete.
14. FIXED FREQUENCY PLUG-IN MODELS

a. REF PHASE: Dial 0° to 90° in 2° incremenis;
operates in conjunction with the 0°/180° switch and
the +/- switch {(quadrant selectors) to shift the ref-
erence phase 360°, in four quadrants. Figure E-2
illustrates control settings and respective refercence
phase shifting.

b, 0°/180°: Miniature toggle switch; selects the
1st and 4th quadrants (0°), and the 2nd and 3rd
quadrants (180°).

¢, +/-: Miniature toggle switch; selects the
directicn of the reference phase, leading (+), or
lagging (-).
E - 15VARIABLE FREQUENCY PLUG-IN MODELS
a. KHZ: Frequency range switch; six position

0%180° TOGGLE SWITCH TO I80°
+/- TOGGLE SWITCH TO +

fan

selector switch covers reference frequency bands
trom 50 Hz to 40 kHz.

b. PHASE 0°-360°: Potentiometric control con-
centric with KHZ switch; reference phase from 0° to
360°; counterclockwise rotation of control retards
reference phase, clockwise rotation advances refer-

ence phase,

e, 0° SET: Momentary pushbutton activates quad-
rature null circuit; i. e., provides quadrature signal
in conjunction with CAL 1V-USE switch.

E-16. ADJUSTMENT CONTROLS

E-17. adjustments to the Model 8806B and Fixed
Frequency Plug-In Modules can be performed rou-
tinely to insure maximum instrument accuracy. The
control descriptions, locations, and adjustment
procedures are included in Section V.

E-18. REFERENCE VOLTAGE RANGE SWITCH

E- 18 A two position slide switch provides range
selection of the ac reference signal input. This
switch is one of the internal controls and is identified
in Section V, Figure E-6as REF VOLT. Ip the up

- position, the reference voltage range is 3 to 20 volts

rms, and in the down position the reference voltage
range is 20 to 133 volts rms. For optimum instru-
ment performance, the 90° ADJ and 30° ADJ controls
( Fixed Frequency Plug-In Modules only) should be
checked when the reference voltage range switch
setting is changed. Refer to Section V for adjustment
procedures.

E-20. CALIBRATION

a. Place CAL 1V-USE selector switch to CAL 1V,

b. Place RANGE switch to OFF.

c. Adjust POSITION control for center-scale on
recorder or zero volts on output indicating device;
lock the control,

d.. Place RANGE switch to 50 MV /DIV, and adjust

GAIN control for 20 divisions stylus deflection or
2 volts on output indicating device; lock the control.

0°/180° TOGGLE SWITCH TO 0°
+/- TOGGLE SWITCH TO+

0%180° TOGGLE SWITCH TO 180°
+/- TOGGLE SWITCH TO -

Figure E-2.

I \I
m 14
0°/180° TOGGLE SWITCH TO 0°

+/= TOGGLE SWITCH TO -

Quadrant Phase Shifting

E-5
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E-21. OPERATION

E-22. Dperation of the Model 8806B assumes that
the installation (preceding section) is complete.
Figure !E-3 illustrates a typical input circuit config-
aration to the Preamplifier.

RC & 30° LAG
SIGNAL (NFUT

R X C
; 88@%

/
§ REFERENCE SIGNAL L~

Figure e-3. Amplifier and Input Circuit

E-32. OPERATION WITH FIXED FREQUENCY
PLUG-IN MODULE

E-24 To determine the vector (phase angle and
amplitude) of the input circuit shown in Figure E-3
set preamplifier and plug-in controls as follows:

a. Set the REF VOLT internal range switch to the
appropriate position for reference voltage to be used.

b. Calibrate the Preamplifier as described in
paragraph E-2C.

c. Set Plug-In controls to agree with approximate
phase of input signal, Figure  E-l4 illustrates the
Plug-In Control settings, with the arrow representing
the input signal phase angle; i.e., 30° lag with re-
spect to reference signal.

«  90°
180°—— — o
o V1/- ToceLE swiTck To-
prye  O718° TOGGLE SWITCH T0O®

Figure E-4. Input Signal and control Settings

d. Adjust REF PHASE dial for maxinum output in-
dication, and adjust RANGE awitch to obtain an output
that is nearly full scale (exceeding full scale output
can cause an overload condition), The dc output volt-
age is proportional to the rms value of the input sig-
nal, and the input signal phase angle is indicated by
the REF PHASE dial setting.

NOTE

If the OVERLOAD indicator on the Pre-
amplifier becomes lluminated, decrease
sensitivity by turning RANGE switch
counierclockwise until OVERLOAD in-
dication is extinguished.

e. For maximum phase angle information, it is
recommended that the reference signal phase be dis-
placed from the signal input phase by 90° to obtain
an output null indication. From the REF PHASE dial
and switch settings obtained in Step 3-13c, displace
the reference phase 90°; i.e., REF PHASE dial to
60, +/- switch to -, and 0°/180° switch to 180°.
(Note that a 90° displacement is also achieved by
setting REF PHASE dial to 60, +/- switch to +, and
0°/180° switch to 0°).

f. Slowly adjust REF PHASE dial to obtain a null
at the output. The final REF PHASE dial setting, less
90° (or 270°) is the phase angle of the input signal.



SECTION

T™M 11-6625-2507-14
AY

PRINCIPALS OF OPERATION

3-25. CIRCUIT DESCRIPTION.

E-26. The Model 88068 measures the amplitude

of an in-phase, or 180° out of phase, component cf
a signal with respect to a reference voitage, The
Preamplifier requires two inputs: the signul to be
measured, and a reference voltage which provides
the time base for phage comparigson. The Preamp-
lifier expresses the in phase, or 180° out of phase,
component as a proportional de voltage cutput which
is positive when the signal is 180° out of phase with
the reference. The reference phase may be shified
to any angle by contrnis on the plug-in phase shift
modules. The reference voltage is taken from the
system under meagurement. This voltage is trans-
formed to a2 square wave, differentiated, and then
used as a drive for the demodulator gating circuitry.
A block diagram of the Model 8806B is iltustrated in
Figure E-5

Je

E-27. SIGNAL CHANNEL DESCRIPTION.

E-28.1he Signal Channel has a transformer igso-
lated input zmplifier with feedback attenuation for
decade range changing, followed by a 1-2-5 attemu-
ator string, isolation amplifier, smooth gain
control, full wave gated demodulator, and cutput
ampiifier inciuding an active filter.

E-29 REFERENCE CHANNEL DESCRIPTION.

E - 3 O The reference channel has a transformer
'oupled amplifier with feedback selectior for range
‘hanging, followed by an RC phase shifter, high gain
lipper amplifier, and difierentiator wiich provides
arrow gates to the demodulator. Output of phase
shifter is shaped to provide the calibration signal.

MONTTOR
FEEDBACK FEEDBACK OUTPUY
300K | 3 NG ~
1SOLATING o Ehron hRoR » + i
500K | TRANSFORMER ' “eas SIGNAL ("(“' SIGNAL A GAIN |DEMODULATOR pos | AMP CUTPUT
—AAA—nti] Py 24P r * y ~
YR
o | I g "
y -
\ <
= RANGE DEMODULATOR
SWITCH oL O
—B-
Fe———— -
! ¢
! FILTER +
REF ! t
r“s;ﬁ_t:m LEVEL | °‘,ﬁi§'§§"' 1
1
500K 7 \ i |
——AAA—] Il
ISOLATING : r::‘n ] PHASE | CUPPER >
S00K | TRANSFORMER ! INPUT ' SHIFTER H AMP
] / “ 4 1
! l : ::: l '
& L " CAL DELAY :
tosess EteH s
SEE NOTE ! | causra
- | B : SIGNAL
< i@l auao
< <1 source !

WOTE: DOTTED CONNECTION MACE WHEN FIXED
FREQUENCY PLUG-IN MODULES ARE USEN.

| PLUG -IN MODULE '

e e 3

Figure 8-5. Block

Diagram Model 8806B
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SECT

ION V

MAINTENANCE

E-31. ADJUSTMENTS

E-32. mternal adjustments io the Model 8806B and
nxeqa ¢requency Piug-In Modules are recommended
for optimum irstrument performance. Adjustment
procedures should be perfurmed as a periodic opera-
tional check, or after repairs have been made to the
instrurnent. The adjustment conirois are illustratec
in figure E-0 descriptions and adjustment
procedures are described in the following
varagraphs.

E - 33.CONTROL DESCRIPTIONS

a. REF VOLT: Located inside Prearaplifier; two
position slide switch accessibic when side panel is
removed; selects reference voltage range; in up-
position, range is 3 - 20 volts rms, in down position,
range is 20 - 133 volis rms.

b. CAL ADJ: Located inside Preamplifier; screw-
driver adjustment accessible when side panel is re-
moved; sets calibration voltage applied to input when
CAL 1V-USE switch is set to CAL 1V.

c. 90° ADJ: Located inside Fizxed Frequency Plug-
In Module; screwdriver adjustment accessible
through the hole in reference phase dial when dial
is nlaced at the 90° position; sets 90° point of ref-
erence phase control.

d. 30° ADJ: Located inside Fixed Frequency Plug-
In Mcdule; screwdriver adjustment zccessible
through the hole in reference phase dial when dial
is placed at the 30° position; sets 30° point of refer-
ence phase control.

e. COMMON MODE REJECTION ADJUST: Locat-
ed inside Preampiifier; screwdriver adjustment
accessible when side panel is remcved; vrovides a
variable setting to minimize common mode signal
outout,

f. HIGH FREQUENCY PHASE ADJUST (+ REF
INPUT): Located inside Preamplifier; screwdriver
adjustment matches high frequency phase tracking
of reference channel to signal channel; control is
adjusted at factory prior to shipment.

g. HIGH FREQUENCY PHASE ADJUST (-REF
INPUT): Same as ghove.

E-34.ADJUSTMENT PROCEDURES
E-35. Cal adj.

a. Apply sufficient reference voltage and an ac-
curate 1 volt in-phase signal.

E-8

b. Placc RANGE switch to OFF, CAL 1V-USE
to USE, ard adj. POSITION control for zero volts
output,

¢. Place RANGE switch to 50 mV /DIV and adjust
GAIN control for 2 volts sutput.

d. Place CAL IV-USE to CAL 1V and adjust Cal
Adj control for exactly the same voltage as obtained
in ¢ abtove.

e. Repeat procedure to assure proper calibration,

E-36. 90° Adj

a. Apply sufficient reference voltage and a nearly
full-scale in-ohase input signal.

b, Place the REF PHASE dial to 80°.

c. Adjust the +90° ADJ control, R205 (accessible
through hole in REF PHASE dial when dial is set at
90°) and simultaneously actuate +/- toggle switch
for the same output indicaticn when toggle switch is
in either pogition.

3-37. 30° Adj

a. Place the REF PHASE dial to 30°, and adjust
the 30° ADJ control, R202 (accessible through holz
in REF PEASE dial when dial is et at 30°) and
simultaneously actuate toggle switch for the same
output indication when +/ - toggle switch is in either
position,

E-38. Common Mode Rejection Adj.

a. Place REF PHASE to 90°; connect the two in-
put leads and the guard shield together.

b. Apply a 10V ac input at 40 kHz (or highest
frequency of Plug-In Module being used).

¢. Adjust the Common Mode Rejection Adj control
and simultaneously advance RANGE switch (to higher
sensitivities’ for minimum output offset.

E-39. INSTRUMENT REPAIR

E-40. All components in the Model 8806B and as-
sociated Plug-In Modules are identified by reference
designation on the schematic diagrams, ( fig. E-T,
E-8, and E-9).
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00 a0* CaL REF PHASE ADJ
ADd ADJ AD VOLT (- REF INPUT)

{R202} {R205) (Riz4) {53 (7]

L/

COMMON HIGH FREQUENCY
MODE A PHASE ADJUST .AENT
ADJUSTMENT  (+ REF INPUT)
(Ct) {Cie)

Figure E-6. Adjustment Controls.
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Figure E-9. Fixed frequency plug-un module module 8806B-03B.
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