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SECTION 1
TYPE 3A10 SPECIFICATION

Change information, if any, affecting this section will be found at the rear of the manual.

Introduction

The Type 3A10 Transducer Amplifier Plug-In is designed
for use in combination with an appropriate oscilloscope and
transducer, forming a Mechanical Measurement System to
check physical quantities such as pressure, force, displace-
ment, vibration, shock, temperature, strain, etc.

The Type 3A10 is a DC coupled differential amplifier
with excellent common-mode rejection and high gain char-
acteristics. It features selectable upper and lower frequency
cutoff, and has a DC offset provision. A 10 M input is
incorporated in addition to the one M) input to accom-
modate high-impedance self-generating transducers. A
variable, calibrated DC-voltage source is provided for
powering a strain gage bridge or other passive transducer.
The instrument uses snap-on panel inserts to denote the
deflection-factor scale for the quantity being measured {in
both U.S. and metric units}. Calibration features for each of
the three input modes allows switching between two trans-
ducers and VOLTS without recalibration.

The instrument will perform as stated under the Per-
formance heading in Table 1-1, within an ambient tempera-
ture range of 0°C to +50°C, provided that it has been
calibrated within an ambient temperature range of +20°C
to +30°C, and is operated within a calibrated oscilloscope
mainframe. Warmup time for rated accuracies is 20
minutes.

Characteristics for the recommended optional trans-
ducers are given in Table 1-2, Where applicable, transducer
accuracy is a combination of linearity (L), hysteresis (H),
repeatability (R) and calibration error. Accuracies are rated
at +25°C, and do not include the entire Type 3A10/
oscilloscope system.

TABLE 1-1

ELECTRICAL CHARACTERISTICS

Characteristic Performance

Deflection Factor

Calibrated Range | 10 uV/div to 10 V/div; 19 stepsin a

1-2-5 sequence.

Type 3A10

Characteristic

Performance

Accuracy

20 mV/div to
10 V/div

Within 3%.

10 uV/div to
10 mV/div

Within 2%.

Uncalibrated
(Variable)

Continuously variable; extends de-
flection factor to at least 25 V/div.

Frequency Response

Upper Bandwidth

Limit (8 Div
Reference)
DC (Direct)
Coupled
1 MHz 1 MHz, within +30%, —0%.
100 Hz to Within 12% of value indicated by
300 kHz UPPER AMP -3 dB FREQ switch
setting. Nine steps in a 10-3-1
sequence,
Lower Bandwidth
Limit
DC (Direct) From DC.
Coupled
0.1 Hz to Within 12% of value indicated by
10 kHz LOWER AMP -3 dB freq switch

setting. Six steps in a 100-10-1
sequence.

AC (Capacitive)

Coupled
1 MQ Mode | 1.6 Hz, within 5%.
10 M2 Mode | 0.16 Hz, within 5%.
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Specification—Type 3A10

TABLE 1-1 (cont)

Characteristic

Performance

Characteristic

Performance

Overdrive Recovery

10 us or less to recover to within
0.5% of zero level after the removal
of a + or — test input applied for at
least 1 s. Test signal not to exceed
Differential Dynamic Range. Speci-
fied aberration (0.5%) based on test
signal amplitude.

Differential Dynamic
Range (DC OFFSET
off)

Maximum Input
Voltage

DC (Direct)
Coupled, DC +
Peak AC

10 uV/div to
10 mV/div

15 V.

20 mV/div to
10 V/div

1500 V.

AC (Capacitive)
Coupled, Input

1500 V, each input.

10 uV/div to 1V,
10 mV/div
20 mV/div to 10 V.
0.1 V/div
0.2 V/div to 100 V.
1 V/div
2 V/div to +1000 V (500 V maximum each in-
10 V/div put).
Common Mode
Dynamic Range
10 uV/div to 10 V.
10 mV/div
20 mV/div to 100 V.
0.1 V/div
0.2 V/div to 500 V.
10 V/div

Common-Mode
Rejection Ratio

DC (Direct)
Coupled

See Fig. 1-2, CMRR vs. Frequency
graph.

AC (Capacitive}
Coupled

See Fig. 1-2, CMRR vs. Frequency
graph.

DC Voltage
Input R and C
Resistance 1 MQ, within 1% (1 MQ Mode); 10
MQ, within 1% (10 MQ Mode}
Nominal 47 pF.
Capacitance
Time Constant 47 us, within 4% (in VOLTS
position).
Maximum Input +20°C to
Offset Current +30°C +50°C
10 uV/div to each input  *20 pA | 100 pA
10 mV/div
20 mV/div to each input  *10pA | 10 pA
10 V/div
Display Shift At
10 uV/div (AC
Coupled)
1 M£2 Mode 12 div 110div
10 M2 Mode 120 div +100 div

Displayed Noise
(Tangentially
Measured)

12 uV (6 uV RMS) or 0.1 div or
less, whichever is greater at 1 MHz
bandwidth, and source resistance of
25 £ or less.

2.5 uV (1.25 uV RMS) or 0.1 div or
less, whichever is greater at 100 Hz
bandwidth, and source resistance of
25 Q or less.

1-2
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Specification—Type 3A10

TABLE 1-1 (cont)

Characteristic

Performance

Characteristic

Performance

Trace Stability

DC Drift With
Time (Ambient
Temperature and
Line Voltage Con-
stant)

Short Term 5 uV/minute (P-P) or 0.1 div
(whichever is greater) after 1 hour
warmup.

Long Term 10 uV/hour (P-P) or 0.1 div (which-

ever is greater) after 1 hour warmup

Drift with Ambient
Temperature (Line
Voltage Constant)

50 uV/°C, or less.

Isolation Between +
and — Inputs (+INPUT]
to an Open —INPUT,
—INPUT to an Open
+INPUT)

10 uV/div to 10
to 10 V/div

At least 200:1, DC to 1 MHz.

Signal Output

Dynamic Range

Atleast+bV to -5 V.

Amplitude

1 V/displayed div, within 20%.

Maximum Current

15 mA.

Load Impedance

At least 400 2 for +5 div of dis-
played signal.

Amplitude Change
Over Dynamic
Range

Within 2%.

Bandwidth

DC to at least 500 kHz.

Output Resistance

50 €2 or less.

DC OFFSET/
TRANSDUCER
BALANCE

COARSE Range
from Electrical
zero

10 uV/div to
10 mV/div

+1V to—1V (within 10%).

20 mV/div to
0.1 V/div

+10V to —10 V (within 10%).

0.2 V/div to
1 V/div

+100 V to —100 V (within 10%).

2 V/div to
10 V/div

+1000 V to —1000 V {within 10%).

STRAIN GAGE
TRANSDUCER
Power Supply

Volitage Range

-1Vto—-11V,

Accuracy

1%.

Current Range

0 to at least 60 mA.

Maximum (Short
Circuit) Current

90 mA.

ENVIRONMENTAL CHARACTERISTICS

Characteristic

Perfcriance

Temperature

Non-operating

—40°C to +65°C.

Operating

0°C to +50°C.

Altitude

Non-operating

[To 50,000 feet.

Operating [To 15,000 feet.
PHYSICAL DATA
Finish Anodized aluminum front panel.
Weight 4.75 pounds,
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TABLE 1-2

OPTIONAL TRANSDUCER CHARACTERISTICS

Specification—Type 3A10

Transducer Range Accuracy Element Type Voltage Out
(at 25°C) {Nominal)
Pressure 3000 psig 2% Bonded Strain-Gage, 30 mV Full Scale
(see page 2-10) (1% L & H, 0.25% R) 350
Pressure 300 psig 2% Bonded Strain-Gage, 30 mV Full Scale
(see page 2-10) (1% L & H, 0.25% R) 350 Q
Force 3000 Ibs f 1% Bonded Strain-Gage, 30 mV Full Scale
(see page 2-10) (0.5% L, H & R) 350 Q
Force 50 Ibs f/ 2% Unbonded Strain-Gage 50 mV Full Scale
(see page 2-10) 50 grams f (05% L, H & R) 350 Q2
Acceleration 10,000 g's 5% Piezo 12 mV/g
(see page 2-10) (2% L) f =30 kHz
Vibration, Vert & 10.025 inch 5% Inductive 550 mV/inch/sec,
Horiz (see page 2-10) Self Generating plus 10 mV/0.001 inch
Displacement 0.1 inch 2% DC to DC LVDT 20 mV/0.001 inch
(see page 2-10) (calibrated and usable (1% L)
within £0.2 inch
Strain Gage 30,000 u strain 1% Bonded Foil Strain Gage, GF~2
(see page 2-10) 120 © with leads
Thermocouple —28°C to +105°C 5% PVC Ripcord 54 uv/°C
(see page 2-10) (+10°C to +105°C) Iron Constantan
Thermocouple --180°C to +480°C 5% Fiberglass insulated 54 uV/°C

(see page 2-10)

(+10°C to +480°C)

Iron Constantan

®1
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Introduction

SECTION 2
OPERATING INSTRUCTIONS

Change information, if any, affecting this section will be found at the rear of the manual,

An understanding of the Type 3A10 operation and

Type 3A10

capabilities is essential for obtaining optimum results. This
section of the manual gives a brief functional description of
the front-panel controls and connectors, a familiarization
procedure, general operating information and operation
with transducers as a Mechanical Measurement Systam,

STRAIN QAGE
TRANSDUCER
= BURFLY ¥ 1T0VINDG

TYPE 3A10 "stnes"

| o AMPL VOLTE/ DIV

AN
. WOLTE dmng

o

FUNCTION OF CONTROLS
AND CONNECTORS

STRAIN GAGE/
TRANSDUCER
SUPPLY VOLTS
Control

CAL Button

INPUT Connector
{Strain Gage/
Transducer)

Deflection Factor
{(VOLTS/DIV)
Switch

VARIABLE
{(VOLTS/DIV)
Control

@&

(See Fig. 2-1)

Continuously variable 10-turn dial
provides calibrated DC-operating
voltages from =1 to =11V, Allows
calibration of optional strain gage
transducers to appropriate inter-
changeable deflection factor scales,
A brake is incorporated to lock the
dial when desired output level is
established,

Momentary-contact pushbutton
switch connects shunt resistor in
the strain gage bridge; provides cali-
bration check of strain-gage trans
ducers,

A G-pin connector provides the
facility for strain gage transducer-
signal input and operating voltage
to the strain gage transducer. Two
extra pins are provided for calibra-
tion of the strain gage bridge.

Selects calibrated deflection factors
from 10 UV/DIV o 10 V/DIV, 19
steps in a 1-2-6 sequence. Inter-
changeable deflection factor scales
are used to match the units meas-
ured by optional transducers.

Provides uncalibrated continuously
variable deflection factor between
steps; extends range to 256 V/DIV,

TERTROGNIE &
BEAYENTON, OREODH, U EA

AMPLIFIER
~3dB FREQUENCY

BanAL k©.

D00V s i s

Fig. 2-1. Type 3A10 front-panel controls and connectors,

AMPLIFIER GAIN
Control

(Volts, 1 M Input)

TRAMSDUCER

GAIN Control
{Transducer, 10
M Input)

Screwdriver adjustment allows cali-
bration of vertical deflection factor
of the Type 3A10 to the oscillo-
scope.

Screwdriver adjustment allows cali-
bration of optional self-generating
transducers to appropriate inter-
changeable vertical deflection
factor scale.

241



Operating Instructions—Type 3A10

Four-position lever switch selects
NORMAL or INVERTED strain
gage input, and TRANSDUCER (10
MQ or VOLTS (1 MQ) input to
differential + and — INPUT con-
nectors.

Input Selector
Switch

UNCAL or OVER-
DRIVE Indicator

Indicates deflection factor is un-
calibrated, differential overload is
being approached in the 1 MQ in-
put and strain gage transducer posi-
tions, or strain gage power supply
has a current overload.

+ INPUT Connector  BNC-type connector for applying
external voltage signals including
optional, self-generating trans-
ducers. Positive signal deflects trace

up or to the right in the X-Y mode.

— INPUT Connector BNC-type connector for applying
external voltage signals including
optional, self-generating transducers.
Positive signal deflects trace down
or to the left in the X-Y mode.

mode.

Input Coupling
Switch

Selects method of coupling input
signal to the Preamplifier.

NOTE
See Precharging
information on page
2-5

AC: Capacitively couples input
signal to the attenuator.

GND: Disconnects the input signal
and provides ground reference. Per-
mits charging or discharging of the
coupling capacitor to reduce exces-
sive voltage surge which might
damage the signal source,

DC: Signal is directly coupled to
the attenuator.

UPPER —3 dB Switch Selects upper bandwidth fre-
quencies from 100 Hz to 1 MHz
nine steps in a 1-3-10 sequence.

’

LOWER -3 dB Eight positions select DC, DC OFF-
Switch SET, and lower bandwidth fre-

quencies from 0.1 Hz to 10 kHz in
2-2

decade steps. If the input is AC
coupled, the lower —3 dB point will
be limited by the coupling capaci-
tor.

STEP ATTEN DC
BAL Control

Permits balancing of trace in DC
position of LOWER -3 dB FRE-
QUENCY switch, when switching
VOLTS/DIV,

POSITION Control Positions the display vertically.

OFFSET OR TRANS- COARSE and FINE controls allow
DUCER BAL Controls on-screen display of small signal
variations on relatively large signal
levels. They also serve as balance
controls for strain gage transducers.

SIGNAL OUT
Connector

Mini-phone type connector for
monitoring the displayed signal or
driving recorders. Output is about 1
V/displayed division, up to 15 mA.

FIRST TIME OPERATION

Preparation

The following procedure is intended to prepare the Type
3A10 for immediate use. Also, this procedure is referred to
under Basic Mechanical Measurement Applications as the
basis for operating the optional transducers. Be sure that
the associated oscilloscope (for example, Tektronix Type
560-series) and time-base unit are correctly calibrated (refer
to those instruction manuals), and that the calibrator out-
put voltage is correct.

1. Insert the Type 3A10 into the oscilloscope plug-in
compartment. Tighten the securing latch.

2. Select the VOLTS/DIV deflection factor scale (Part
No. 331-0269-12) and snap it into the scale retainer on the
front panel.

3. Set the Type 3A10 controls as follows:

VOLTS/DIV 10 mV
VARIABLE CAL

Input Selector VOLTS (1 MQ)

Input Coupling GND

(both + and —}

STEP ATTEN DC BAL Midrange

POSITION Midrange



AMPLIFIER -3 dB
FREQUENCY
UPPER 10 kHz
LOWER DC
OFFSET OR
TRANSDUCER BAL
{both knobs)
STRAIN GAGE/
TRANSDUCER
-SUPPLY 1.00

Midrange

4, Turn the oscilloscope Intensity control fully counter-
clockwise and turn on the oscilloscope power. Preset the
time base and triggering controls for a 1 ms/division sweep
rate and automatic triggering.

5. Wait about 20 minutes for the Type 3A10 and oscil-
loscope to warm up.

NOTE

About 20 minutes is sufficient warmup time when
using the Type 3A10 for short term DC applications.
For long term DC applications using the lower deflec-
tion factors, allow at least one hour warmup time.

6. Adjust the oscilloscope Intensity control for normal
viewing of the display. The trace should appear near the
graticule center.

7. Apply a 40 mV (or 50 mV) peak-to-peak calibrator
signal through a coaxial cable to the + INPUT connector.

8. Position the trace two divisions below the graticule
center line, then set the + Input Coupling switch to DC.
The display should be square waves 4 divisions in amplitude
(5 divisions if a 50 mV calibrator signal is applied), with the
bottom of the display two divisions below the center line.

9. Adjust the front-panel AMPL GAIN— VOLTS (1
M®) control to calibrate the display for exactly 4 graticule
divisions {5 divisions for 50 mV).

10. Set the Input Selector to TRDCR (10 MQ) and
adjust the front-panel TRDCR GAIN control to calibrate
the display.

11. Remove the calibrator signal, set the + input Coup-
ling switch to GND and position the trace to the graticule
center line.

®1
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NOTE

At this point, the overall amplifier gain is adjusted to
provide a calibrated display. Adjust transducer cali-
bration as outlined later in this section under Basic
Mechanical Measurement Applications.

Operational Adjustments

Before measurements are made or recorded, some opera-
tional adjustments may be made to ensure optimum instru-
ment performance. These adjustments include step attenua-
tor DC balancing, bandwidth limiting, AC stabilization and
setting the DC zero reference of the signal output connec-
tor.

1. STEP ATTEN DC BAL. If this control is not pro-
perly adjusted, the CRT zero reference point (trace or spot)
will shift vertically due to differential DC imbalance in the
amplifier as the deflection factor (Measurand unit/DIV)
switch is rotated through its range. The shift is more notice-
able on the most sensitive positions.

a. Note the positions of the Type 3A10 front-panel
controls so that they can be returned to these positions
after the adjustment, then set the controls as follows:

Deflection Factor Midrange (10 mV on the

VOLTS/DIV scale)

VARIABLE CAL
Input Selector VOLTS (1 MQ2)
Input Coupling GND
(both + and —)
STEP ATTEN DC BAL Midrange
POSITION Midrange
AMPLIFIER
—3dB FREQUENCY
UPPER 0.1 kHz
LOWER DC

b. Adjust the POSITION control to move the CRT
trace or spot to the graticule horizontal center line.

c. Set the Deflection Factor switch to its most clock-
wise position {10 UV on the VOLTS/DIV scale).

d. Return the trace or spot to graticule center by
adjusting the STEP ATTEN DC BAL control.

NOTE
The adjustment of the STEP ATTEN DC BAL con-

trol should be checked periodically during the use of
the instrument. If the Type 3A10 is used DC coupled,
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Operating Instructions—Type 3A10

or in significantly varying ambient temperatures in
the 10 uV/DIV to .1 mV/DIV ranges, the STEP
ATTEN DC BAL should be checked quite frequently.
It is good practice to check this control and readjust,
if necessary, before any critical measurement is made
under the above conditions.

2. AMPLIFIER —3 dB FREQUENCY. Extraneous var-
iables, such as varying temperatures, pressures, mechanical
resonant frequencies, etc., acting on a transducer can often
interfere with dynamic measurements. Many times an un-
desirable signal can be attenuated by varying the bandwidth
of the unit. To filter out signals varying more slowly than
the desired measurand, adjust the LOWER —3 dB FRE-
QUENCY for best results. Also, by adjusting the UPPER
—3 dB FREQUENCY switch, higher-frequency noise can be
considerably reduced without distorting the desired signal.
Care must be taken not to overly restrict the amplifier
bandwidth.

3. AC Atten Bal (internal adjustment, R405). When the
LOWER —3 dB FREQUENCY switch is used to limit the
low frequency response of the Type 3A10, the unit em-
ploys AC stabilization. This means that when the switch is
set to any position except DC or DC OFFSET, the STEP
ATTEN DC BAL and DC OFFSET controls become in-
operative. VOLTS/DIV balance is then controlled with the
AC Atten Bal, an internal adjustment (see Fig. 2-2). When
transferring the Type 3A10 from one oscilloscope to
another, it may be necessary to perform a minor readjust-
ment of this control due to normal power supply variations
between oscilloscopes.

NOTE

An unbalance of up to 30 uV is normal and cannot
be reduced by adjusting the AC Atten Bal control.

a. Note the positions of the Type 3A10 front-panel
controls so that they can be returned to these positions
after the adjustment, then set the controls as follows:

Deflection Factor 10 mV (VOLTS/DIV scale)

Input Selector VOLTS (1 MQ)
Input Coupling GND
(both + and —)
AMPLIFIER —3dB
FREQUENCY
UPPER .1 kHz
LOWER 10 kHz

b. Adjust the POSITION control to move the CRT
trace or spot to the graticule horizontal center line.

2-4

c. Set the Deflection Factor switch to the 20 4%
position (VOLTS/DIV scale).

d. Adjust the AC Atten Bal control (R405) to posi-
tion the trace or spot to within 1.5 divisions of graticule
center. See note preceding step a.

4. Signal Out DC Level {internal adjustment, R467). If a
signal output is to be used, the Signal Out DC Level should
be checked when first operating the Type 3A10 or when
changing mainframes. The DC level at the SIGNAL OUT
connector should be zero volts when the trace is centered
on the CRT. This adjustment in no way affects the cali-
bration of the unit and may be performed without inter-
action with any other controls.

a. Note the positions of the Type 3A10 front-panel
controls so that they can be returned to these positions
after the adjustment, then set the controls as follows:

Deflection Factor 10 mV (VOLTS/DIV scale)
Input Selector VOLTS (1 MQ)

Input Coupling GND

(both + and —)

AMPLIFIER —3 dB

FREQUENCY
UPPER 1 MHz
LOWER DC

b. Adjust the POSITION control to move the trace or
spot to the graticule horizontal center line.

c. Connect a DC voltmeter or a test oscilloscope to
the SIGNAL OUT connector and measure the DC level.

d. With the left-side panel of the oscilloscope re-
moved, adjust the Sig Out DC Level (R467) for zero
volts out at the SIGNAL OUT connector {see Figs. 2-1
and 2-2).

GENERAL OPERATING INFORMATION

Trace Drift

The environment in which the Type 3A10 is operated
and the inherent characteristics of the Type 3A10 influence
trace drift. Therefore, to determine trace drift for a specific
environment, refer to the Specification section. In an
environment in which the ambient temperature does not
vary much {such as an air-conditioned building), the trace
drift generally will not exceed 10 1V in one hour.



To obtain accurate DC measurements at maximum sen-
sitivity, it is necessary to ground the inputs and DC balance
the amplifier just before making the measurement. This is
accomplished by adjusting the STEP ATTEN DC BAL con-
trol as described earlier in this section under Operational
Adjustments.

Input Gate Current

When using the .1 mV/DIV to 10 LV/DIV ranges
(VOLTS/DIV scale) for measurement with an AC coupled
input, or for DC measurements where the source impedance
is high (in excess of 1 M), the input gate current should be
checked and allowed for, or adjusted to zero. This is par-
ticularly desired at high ambient temperatures (above
40°C). Steps 8 and 9 in the Performance Check/Calibration
Procedure describe the check and adjust procedures for
setting the gate current to zero.

Voltage Measurement

When measuring DC voltages, use the largest deflection
factor (10 V/D1V) when first connecting the Type 3A10 to
an unknown voltage source. If the deflection is too small to
make the measurement, switch to a lower deflection factor.
If the input stage is overdriven, a large amount of current
might flow into the input.

If the maximum input voltage rating is exceeded in
the 10 uV/DIV to 10 mV/DIV range of the de-
flection factor switch, the inputs are diode-clamped
to fixed voltages of + and — 15 volts. If the signal
source can supply more than 1/16 A, the input pro-
tective fuse(s) will open. An open input fuse is indi-
cated by the lighting of the UNCAL OR OVER-
DRIVE lamp when the input coupling switches are
set to the GND position.

Precharging. Where only the AC component of a signal
having both AC and DC components is to be measured, use
the Input Coupling (AC-GND-DC) switches to take advan-
tage of the precharging circuit incorporated in the unit. The
pre-charging circuit permits charging the coupling capacitor
to the DC source voltage when the Input Coupling switch is
set to GND. The procedure for using this circuit is as
follows:

a. Before connecting the Type 3A10 to a signal con-
taining a DC component, set the Input Coupling switch
to GND, then connect the input to the circuit under
test..

b. Wait about one second for the coupling capacitor
to charge.

Operating Instructions—Type 3A10

c. Set the Input Coupling switch to AC. The display
will remain on-screen and the AC component can be
measured in the usual manner.

The above procedure should be followed whenever a sig-
nal having a different DC level is connected.

CAUTION

If the Type 3A10 is connected to a large DC voltage
source without using the pre-charge provision, the
peak charging current (into a 0.1 uF capacitor) will
be limited only by the signal source, and this source
may be damaged or destroyed.

When a large DC voltage has been applied to the Type
3A10 with the input AC coupled, the input coupling cap-
acitor(s) acquires a charge due to dielectric polarization and
acts as a high impedance voltage source with a very slowly
decaying output voltage. This voltage can offset subsequent
AC coupled measurements at other DC voltages and drive
the trace off-screen. A period of at least 10 minutes, with
input set to GND, should be allowed to ensure reasonable
recovery from polarization, and a longer period may be
necessary for critical measurements. If the inputs are
shorted to ground, the depolarization process will require
less time.

Signal Input Connectors

Two types of connectors are provided for connecting
signals to the Type 3A10— a 6-pin Bendix connector for
connecting Wheatstone bridge and other passive circuit
information (see pages 2-10 and 2-11 for additional
information), and BNC connectors for coaxial cables. When
connecting signals to the + and — INPUT BNC connectors,
consider the method of conveying the signal. Sometimes
unshielded test leads can be used to connect the Type 3A10
to a signal source, particularly when a high level,
low-frequency signal is monitored at a low impedance
point. However, when any of these factors is missing, it
becomes increasingly important to use shielded signal
cables. In all cases, the signal-transporting ieads should be
kept as short as practical.

When making single-ended input measurements
(conventional amplifier operation), be sure to establish a
common ground connection between the device under test
and the Type 3A10. The shield of a coaxial cable is nor-
mally used for this purpose.

In some cases, differential measurements require no
common ground connection®, and therefore are less sus-

IThe DC plus AC voltages on the test points (with respect to the
chassis potential of the Type 3A10) should be limited to the levels
listed in Section 1 under Maximum Common-mode Input Voltage
characteristics. Higher levels will degrade the common-mode rejec-
tion ratio and exceed the input voltage rating of the unit.
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ceptible to interference by ground-loop currents. Some
problems with stray magnetic coupling into the signal-
transporting leads can also be minimized by using a differ-
ential rather than a single-ended measurement. These
considerations are discussed later in this section under
Differential Operation.

It is always important to consider the signal source load-
ing land resulting change in the source operating character-
istics) due to the signal-transporting leads and the input
circuit of the Type 3A10, The circuit at the input connec-
tors can normally be represented by a 1-megohm or
10-megohm resistance to ground paralleled by 50 pF,
depending upon the setting of the Input Selector switch, A
few feet of shielded cable (20 to 40 pF per foot) may
increase the parallel capacitance to 100 pF or more. In
many cases, the effects of these resistive and capacitive
loads may be too great, and it may be desirable to minimize
them through the use of an attenuator probe.

Attenuator probes not only decrease the resistive
capacitive loading of a signal source, but also extend the
measurement range of the Type 3A10 to include substan-
tially higher voltages. Passive attenuator probes having
attenuation factors of 10X, 100X and 1000X, as well as
other special-purpose types, are available through your Tek-
tronix Field Engineer or Field Office.

Some measurement situations require a high resistance
input to the Type 3A10 with very little source loading or
signal attenuation. In such cases, a passive attenuator probe
cannot be used, However, this problem may be solved by
using an FET Probe or the high impedance input provision
of the Type 3A10.

High Impedance Input

When the Input Selector is in the NORM, INV or
TROCR positions, the input resistance to the Type 3A10 is
normally 10 megohms. Generally, this is adequate for use
with most transducers requiring a high input impedance;
however, a higher input impedance is obtainable by dis
connecting the internal 10-megohm resistors.

The high input impedance provision applied to signals
that are small enough to permit the use of the unattenuated
positions of the Deflection Factor switch (10 mV through
10 UV on the VOLTS/DIV scale). The attenuated positions
of the switch do not permit a higher input impedance than
that established by the attenuators.

In the VOLTS position of the Input Selector, the input
resistance is about one megohm, established by fixed resis-
tances to ground. This position of the switch does not per-
mit the use of the high input impedance provision.
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To obtain a very high input impedance, unsolder the
wire straps (see Fig. 2-2) between the input line and the
internal 10-megohm gate return resistance. Either replace
the straps with a high value of resistance (such as 100 M)
or remove the straps and leave the circuit open. If left open,
the signal source must then provide a DC path for the FET
gate current,

NOTE

When the wire straps are removed from the amplifier
circuit board, the + Gate Current and — Gate Current
internal adjustments are disconnected. The deflection
factors in the 20 mV to 10 V range (the entire range
if the VOLTS position of the Input Selector is used)
will be incorrect.

The uncompensated gate current is typically less than
100 picoamperes, but may be several times higher, de-
pending upon the operating temperature, The signal source
impedance is therefore an important factor, since gate cur-
rent will produce a DC offset, which may result in signifi-
cant error where small voltages are of concern,

The high frequency response will also depend upon the
signal source impedance, since various shunt capacitances
between the source and input gate must charge and dis
charge through that impedance.

Display Polarity

Single-ended signals can be applied to either the + IN-
PUT or — INPUT connector, If the + INPUT is chosen,

Fig. 2-2. Location of contrals on Amplifier circuit board.



positive-going changes in the input signal will cause the
trace to be deflected upward, and negative-going changes
will cause the trace to be deflected downward. If the
—INPUT is chosen, input-to-display polarity relationship
will be reversed, as shown in Fig. 2-3.

Deflection Factor

The amount of trace deflection produced by a signal is
determined by the signal amplitude, the attenuation factor
of the probe (if any), the setting of the Deflection Factor
(VOLTS/DIV) switch and the setting of the VARIABLE
control. The calibrated deflection factors indicated by the
deflection factor scales {12 scales are provided for different
measurands, and will be discussed under Basic Mechanical
Measurement Applications) apply only when the VARI-
ABLE control is set fully clockwise into the switch detent
CAL position.

The range of the VARIABLE control is at least 2.5:1. It
provides uncalibrated deflection factors covering the full
range between fixed settings of the Deflection Factor
switch. The control can be set to extend the deflection
factor to at least 25 volts per division (VOLTS/DIV scale).

To reduce noise and obtain a more usable display when
the Deflection Factor switch is set to the most sensitive
positions, use the AMPLIFIER -3 dB FREQUENCY
switch settings which do not appreciably distort the desired
features of the signal under observation. See Fig. 2-4.

Bandwidth Selection

In addition to the common-mode rejection of unwanted
signals, many times an undesired signal can be attenuated
by varying the bandwidth of the unit. The AMPLIFIER —3
dB FREQUENCY switches on the front panel of the

S
LYY
s
o N\ S SINE

NN

Fig. 2-3. Signals applied to the + INPUT connector produce an
upright display, while signals applied to the — Input are inverted.

®
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Fig. 2-4. Improving signal-to-noise ratio by setting bandwidth;
(A} signal applied with UPPER —3 dB point set to 1 MHz,
(B) same signal with UPPER —3 dB point set to 10 kHz.

instrument control the low-frequency and high-frequency
half-power points (-3 dB points) of the amplifier when the
input is DC coupled (if the input is AC coupled, the lower
-3 dB point will be limited by the coupling capacitor).

Varying the bandwidth of the Type 3A10 is useful, for
example, when displaying a low-frequency signal. By
reducing the high-frequency response, the noise in many
cases can be considerably reduced without distorting the
desired signal, as is shown in Fig. 2-4. Likewise, undesired
line-frequency signals can be filtered out by restricting the
low-frequency response of the unit. When using the
AMPLIFIER —3 dB FREQUENCY switches, care must be
taken not to distort waveforms by overly restricting the
amplifier bandwidth,

Voltage Comparison Measurements

Some applications require a set of deflection factors
other than the fixed values provided by the Deflection

2-7
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Factor switch. One such application is comparison of signal
amplitudes by ratio rather than by absolute voltage.

To accomplish this, apply a reference signal to either
input of the Type 3A10, and set the Deflection Factor
switch and VARIABLE control so that the reference signal
covers the desired number of graticule divisions. Do not
change the setting of the VARIABLE control throughout
subsequent comparisons. The settings of the Deflection
Factor switch can be changed, however, to accomodate
large ratios. In doing so, regard the numbers on the
deflection factor scale as ratio factors, rather than
deflection factors.

Differential Operation

Single-ended measurements often yield unsatisfactory
results, because of interference resulting from ground-loop
currents between the oscilloscope and the device under test.
In other cases, it may be desirable to eliminate a DC voltage
by means other than the use of a DC-blocking capacitor,
which would limit the low-frequency response.

These limitations of single-ended measurements are
virtually eliminated using differential measurements.
Differential measurement is made by connecting each of
the inputs (+ INPUT and — INPUT) to selected points in
the test circuit, or by using the multi-pin INPUT connector.
If the BNC + and — INPUT connectors are used, the Input
Coupling switches should be set to the same position (AC
or DC), depending on the method of signal coupling
required.

Only the voltage difference between the two signals is
amplified and displayed in differential measurements, while
the common-mode signals (common in amplitude,
frequency and phase) are rejected.

The ability of the Type 3A10 to reject common-mode
signals is indicated in the common-mode rejection ratio
(CMRR). CMRR is at least 100,000:1 at the input
connectors for the lowest deflection factors (10 mV to 10
UV on the VOLTS/DIV scale) when signals between DC
and 100 kHz are DC coupled to the inputs, To illustrate
this characteristic, assume that a single-ended input signal
consists of an unwanted 60-Hz signal at 1 volt peak to peak,
plus a desired signal at 1 mV peak to peak. If an attempt is
made to display the described signal (single-ended
measurement) at .2 mV/DIV, the 60-Hz signal will produce
a deflection equivalent to 5,000 divisions and the 1 mV
signal will be lost.

if the same 1 mV signal is measured differentially with
the 60-Hz signal common to both inputs, no more than one
part in 100,000 of the common-mode signal will appear in
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the display. The desired signal will produce a display of five
divisions with not more than 0.05 divisions of display
produced by the common-mode signal.

There are a number of factors which can degrade
common-mode rejection. The principal requirement for
maximum rejection is for the common-mode signal to arrive
at the input FET gates in precisely the same form. A
difference of only 0.01% in the attenuation factors of the
input attenuators may reduce the rejection ratio to
10,000:1. Likewise, any difference in source impedance at
the two points in the source under investigation will
degrade the rejection ratio. Attenuator probes which do not
have adjustable R and C may reduce the rejection ratio to
100:1 or less.

Outside influences such as magnetic fields can also
degrade the performance, particularly when low level
signals are involved. Magnetic interference may be
minimized by using identical signal-transporting leads to the
two inputs and twisting the leads together over as much of
their length as possible.

DC Offset Operation

By using the DC OFFSET controls, it is possible to use
the Type 3A10 differentially in a slide-back mode to
observe a small AC signal whose DC component may be
considerable. The offset is continuously adjustable from +1
volts to —1 volt when the Deflection Factor switch is in the
10 YV to 10 mV positions (VOLTS/DIV scale). tn the 20
mV, 560 mV and .1V positions, the 1V offset is effectively
multiplied by the input attenuator to a range of 210 V,
The effective DC offset voltages internally available for all
the Deflection Factor switch positions are summarized in
the Specification section.

Signal Output Connector

The front-panel SIGNAL OUT mini-phone type
connector (Tektronix Part No.: 134-0057-00, Black;
134-0052-00, Red) provides an output sample of the
vertical deflecting signal for monitoring or driving
recorders. The output DC level is proportional to the
display position; the zero DC level is adjustable to the
screen center. The output amplitude is about one volt per
displayed division, with up to 15 mA current capability.
Bandwidth of the output signal is DC to at least 500
kilohertz at the upper —3 dB point.

BASIC MECHANICAL
MEASUREMENT APPLICATIONS

General

The following information describes the procedures and
techniques for making basic measurements with
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transducers, employing the Type 3A10 as part of the
Mechanical Measurement System. In general, any
mechanical quantity that can be converted to a change in
resistance, capacitance, inductance, current or voltage by a
transducer can be measured. While the given techniques
apply to many transducers, the specific application
procedures given in this section are limited to transducers
available as optional accessories for use with the Type
3A10.

Transducer Measurement Concepts

A Transducer Measurement Concepts Book (Kenneth L.
Arthur, Tektronix, Inc., 1970) is supplied with the Type
3A10 to augment information given in the manual. This
book should be referred to for theoretical and operational
concepts, detailed descriptions of transducers, appropriate
instrumentation for their employment, typical application
techniques, conversion tables, a glossary of terms, material
characteristics and other information useful in transducer
measurement applications.

Deflection Factor Scales

Twelve snap-on deflection factor scales are available for
use with the Type 3A10, permitting the oscilloscope
display to be calibrated in measurand units per graticule
division. The measurands include pressure, force,
acceleration, vibration (velocity and displacement),
displacement, strain, temperature and volts. Where
applicable, the scales indicate U.S. units on one side and
Metric units on the other side.

To install, slip the scale over the switch knobs and lodge
the left edge under the tabs on the left side of the plastic
scale retainer. Apply outward pressure on the latching tab
on the right side of the retainer and snap the right edge of
the scale under the tab. To remove, unlatch the scale and
lift it out of the retainer.

Calibrating the Mechanical Measurement System

Complete calibration instructions for using transducers
provided as optional accessories to the Type 3A10 are given
in Figs. 2-7 through 2-14, These instructions can be used as
guidelines in setting up transducers similar to these types.

To calibrate the system using other transducers, the type
of transducer must be known. Self-generating types require
different calibration methods than powered ones. If doubt
arises as to the specifications of a particular transducer,
refer to the data sheets supplied with the transducer. Also,
the Transducer Measurement Concepts Book contains
information to aid in understanding various types of
transducers.
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A known quantity that the transducer is designed to
measure (pressure, force, weight, etc.) is always the best
standard to use in calibrating the system; however, the
quantity can be simulated electrically using the General
Calibration Equation discussed in the following paragraph.
Where applicable for maximum accuracy, precise shunt cal-
ibration information for strain-gage type transducers is
given on the data sheets.

General Calibration Equation For Self Generating
Transducers

Many times it is necessary to simulate a quantity when
calibrating the Type 3A10 for use with a self-generating
transducer. This is accomplished quite easily by applying an
accurate calibrator voltage to the Type 3A10 input,
calculating the amplitude of vertical display that should be
present, and then setting the TRDCR GAIN to provide that
amplitude.

The vertical display amplitude is calculated using the
General Calibration Equation where

Calibrator Voltage (VOLTS)

Transducer [VOLTS Deflection [UNITS
Sensitivity Factor DIV

UNITS

= Divisions of display

EXAMPLE: For a vibration transducer whose sensitivity
is 10.56 mV/.001 inch, 10.5 mV is the quantity we wish to
simulate at .001 inch per division. By intuition, it appears
that if the Type 3A10 is calibrated correctly, we could set
the Deflection Factor switch to .001 inch/DIV, apply a 40
mV calibrator signal, and observe slightly less than 4
divisions of display. Using the General Calibration
Equation, we can solve algebraically for the exact display
amplitude that the 40 mV signal should produce.

.  dieotay < .040 (VOLTS)
ivisions of display = 0105 (VOLTS)X-Om {INCH)
.001 (INCH) DIV
DIV
- 40X 10.5
= 3.8 divisions

To establish the correct amplitude of display for the
same transducer using the Metric system, the equation is
the same; however, some conversion is required.
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The general calibration equation now becomes:

Conversion
Calibrator Factor
Voltage Metric Unit
Divisions (Volts) X ( USA Unit
of = Transducer Deflection
Display Sensitivity X Factor
(Volts/USA Metric Unit
Unit) Div

Using the previous example for Metric Readout:

0.040 (Volts) X 25.4 (mm/inch)
105 (Volts/inch) X 0.020 {(mm/Div)

48 Div

Calibration of Passive Transducers (Transducers
that require an external power supply are passive
transducers, such as strain gages)

The Tektronix strain gage transducers are provided with
built in shunt calibration resistors. When pushing the CAL
button a resistor is paralleled with one arm of the strain
gage bridge unbalancing it by a known amount. This
amount is indicated precisely on the transducer data sheets
and also on the deflection scales. The calibration of each
individual deflection scale is accomplished by adjusting the
transducer supply voltage.

When using a transducer without the built in shunt
calibration the deflection sensitivity is calculated by taking
the manufacturer supplied transducer calibration data and
calculating the deflection sensitivity as follows:

Typical Pressure Transducer

Range 1000 psi Output (full scale)

3.4 mV/Volt (supply)

With the supply set at 10 Volts the full scale is
34 mv/1000 psi or 34 uV/psi. Sensitivity in the 1 mV/div is

1 mV/div

34 0V/psi = 29.4 psi/div

In order to get a deflection factor of 25 psi/div in the
1 mV/div position reduce the supply voltage by

25
294 X 10volts = 8.6 Volts

NOTE

Make use of the back of the Volts/div scale to make
your own scale.
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Fittings for Pressure Transducers

Fittings such as reducers and unions may be required to
join a pressure transducer to a test line. Keep couplings as
short as possible and use O rings to minimize pressure loss.

The pressure transducers have female fittings with an
internal thread of 7/13-20 UNF-3B. This fitting is made
according to Military Standard M.S. 33649 (previously
AND 10049 and 10050) and connects to a flared 1/4-inch
tube male fitting of the same size, as specified in M.S.
33656 (previously AND 10056). An O ring having a
.351-inch inside diameter (.072-inch diameter cross section)
should be used as a seal.

To connect the transducer to fittings with different male
or female threads, use one of the following: a flared
1/4-inch tube union with 7/16-20 UNF male thread on
either side (specified in M.S. 24392 and AN 815), a flared
tube-to-pipe thread nipple (specified in AN 816), or a flared
tube reducer (specified in M.S. 24399 or AN 919).
Reducers (e.g., to connect the transducer 7/16-20 UNF
fitting to the Tektronix Engine Analyzer System cooling
adapter 1/2-20 UNF fitting) are probably available at
airplane parts shops near local air fields.

Optional Accessories

Many optional accessories are available for use with the
Type 3A10 to complete a mechanical measurement system.
These include ten transducer packages for measuring
various quantities, four interconnecting cables of various
types, two 6-pin Bendix connectors, a strain gage adapter,
and a strain gage cement kit. The individual components
that comprise the transducer packages can also be ordered
separately. Transducer specifications and operating
instructions can be found in Figs. 2-7 through 2-14. Refer
to the foldout sheet (Fig. 2, back of diagram 5) for ordering
information.

Pressure Transducers (Fig. 2-7). Two pressure transducer
packages are available; one for pressures up to 3000 PSI| and
one for pressures up to 300 PSI. Each package consists of a
transducer and its associated deflection factor scale. A
6-conductor interconnecting cable (Tektronix Part No.
012-0209-00) is required for connection to the Type 3A10.

Force Transducers (Figs. 2-8 and 2-9). Two force
transducer packages are available; a 3000-lbs. load cell and a
50 Ibs./50 grams Universal transducer. The load cell
package consists of a transducer, a load button, two eye
bolts, and a deflection factor scale. This transducer requires
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a 6-conductor interconnecting cable (Tektronix Part No.
012-0209-00) for connection to the Type 3A10. The
Universal transducer package consists of a transducer
connected to its cable, a 50 Ibs. adapter, two deflection
factor scales, various tools and a 50-gram weight.

Acceleration Transducer (Fig. 2-10). This package
consists of a 10,000 g's accelerometer and its associated
deflection factor scale. A low-noise microdot-to-BNC
coaxial cable (Tektronix Part No. 012-0211-00), and a
mating cable connector (Tektronix Part No. 131-0404-00,
Amphenol 5116-92900) is required for connection to the
Type 3A10.

Vibration Transducers (Fig. 2-11). Two vibration
transducer packages are available; one for vertical
displacement and velocity and one for horizontal
displacement and velocity. Each package consists of the
transducer and two deflection factor scales. Each requires a
coaxial cable with BNC connectors on both ends.

Displacement Transducer (Fig. 2-12). This package
consists of a transducer, a deflection factor scale, and a
.040-inch feeler gage. A 6-conductor interconnecting cable
(Tektronix Part No. 012-0209-00) is required for
connection to the Type 3A10.

Strain Gages (Fig. 2-13). The strain gage package
consists of a box of five 30,000 ustrain gages. A strain gage
adapter (Tektronix Part No. 015-0169-00) is required.

Thermocouples (Fig. 2-14)}. This package consists of
three thermocouples for a range of —20°F to +1000°F, a
deflection factor scale, and two binding post-to-BNC
adapters.

Cables and Connectors. Four 20-foot low-noise
interconnecting cable assemblies are available for
connecting the transducers to the Type 3A10; a coaxial
cable (Tektronix Part No. 012-0136-00) having BNC
connectors on both ends, a miniature coaxial cable
(Tektronix Part No. 012-0211-00) having a microdot
connector on one end and a BNC on the other, a
6-conductor shielded cable having a 6-pin male Bendix
connector on one end and a 6-pin female Bendix connector
on the other, and a 6-conductor shielded cable (Tektronix
Part No. 012-0210-00) having a 6-pin male {Tektronix Part
No. 131-0618-00) Bendix connector on one end only. In
addition, 6-pin male and female (Tektronix Part No.
131-0961-00) Bendix connectors are available separately,
permitting any length of cable to be constructed. Table 2-1
lists the function and wire information for each lead in the
6-conductor cables. See foldout sheet, Fig. 2.

@
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TABLE 2-1
Bendix

Connector Function Wire Wire
Pin Color | Gage

A Ground and (+) Excitation Red 22

B {+) Output Orange| 26

C (—) Output White 26

D (—) Excitation Black 22

E Shunt Calibration Yellow 26

F Shunt Calibration Blue 26

OQUTPUT

OQUTPUT

o
o (—OEDC

SHUNT CAL

SUPPLY

§ CAUTION ,\g
The orange, white, yellow and blue leads have a black

conductive-plastic outer sleeve, which must be
stripped back in order to avoid shorting.

Strain Gage Adapter. The strain gage adapter is a unit
which when connected to the 6-pin INPUT connector
becomes an extension of the Type 3A10, providing an
interface to which strain gages can be connected. The unit
contains a modified Wheatstone Bridge made up of three
internal arms and an External Arms selection switch. In the
1 EXT ARMS position, all three internal arms are used and
the strain gage becomes the fourth arm. In the 2 EXT
ARMS position, only two internal arms are used, requiring
two strain gages to complete the bridge. In the 4 EXT
ARMS position, all three internal arms are disconnected,
allowing four strain gages to be connected in a bridge
configuration. A built-in variable shunt calibration
resistance is connected across one arm of the bridge by
pushing the CAL button on the front panel of the Type
3A10. The Gage Factor control on the unit permits
adjustment of the shunt calibration resistance to match the
gage factor of the strain gage. While the unit is designed
primarily for use with 120-ohm strain gages, gages having
other resistance values can be used in the 2 and 4 EXT
ARMS positions; however, in the 4 EXT ARMS
configuration, the bridge calibration must be modified by
the Calibration Equation printed on the unit. Refer to Fig.
2-13 for additional information. A schematic diagram is
included in the Diagrams section.

Any passive transducer can be connected to the strain
gage adapter if a Bendix connector is not available. If more
than one strain gage is active the strain readings must be
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Fig. 2-6. Strain Gage Adapter Schematic Configurations.

divided by a factor greater than one. See Fig. 2-6 for
example.

Gages 1 and 2 measure full strain (tension). Gages 3 and
4 measure approximately 30% of full strain (compression
due to Poisson Strain). The total output of the bridge is 2.6
times the output of the single strain gage 1. If the vertical
sensitivity was set up with the 1000 ustrain calibration the
ustrain/div reading must be divided by 2.6.
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Fig. 2-6. Example: (Metal bar under tension with 4 strain gages.

Cement Kit. The strain gage cement kit contains room
temperature curing epoxy cement, a tube of RTV clear
silicon rubber coating, 10 neoprene pads and metal plates,
40 pairs of cementable wiring terminals and 2 rolls of clear
Mylar film (18 feet X 1 inch X .001 inch). Refer to
the Transducer Measurement Concepts Book and Kit
Manual for complete instructions for attaching a strain gage
to a test member and preparing it for making
measurements.
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- 186186 =l
A X

G-pin Bandix mala
connectar PC1H-10-6P
See Pages 2-10 and 2-11

7/16-20 UNF-3B
Internal Thread

For 1/4° flare
tube use O ring
o5 seal

See Page 2-10
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General

The 300 PSIG and 3000 PSIG pressure transducers are balanced bonded strain gage units forming four active arms of 8 Wheatstong
Bridge, ss described in Chapter 2 of the Transducer Measurement Concepts Book, Two strain gages are oriented radially on a diaphragm, and
two circumferentially, As pressure is applied to one side of the diaphragm, the diaphragm deflects, straining the gages bonded to the
opposite side, A shunt calibration resistor is built in to provide 1/2 FS (160 PSIG for the 300 PSIG gage, and 1600 PSIG for the 3000 PSIG
pagal,

Specifications
INFUT Mechanical Resonont Fraguency
Mueasured Fluids Fluids compatibla with 17-4PH 300 PSIG Gage 24 kHz
Stainloss Steal 3000 PSIG Gage G5 kHz
Prassure Fange 300 and 3000 PSIG Accaleration Error
Excitation Up to 15 volts 300 PSIG Gage Less than 003% FS/g
Resistance 360 12 nominal 3000 PSIG Gage 001 FS/g maximum
OUTPUT EMNVIRONMENT |
Waltage 2.0 mV ivalt (nominal) full scale Oporating Temperatura Rangs —100°F to +250°F
Ruesistance 360 £ nominal Compensated Temperature Range  0°F to +200°F
PERFORMANCE MECHANICAL
Combined Linearity  Within 1% F50 Matarial 17-4 PH stainless steal
& Hysterasis Fitting (thread size) 7/16-20 UNF-3B
Repeatability Within 0.256% FS0 Connector Gepin Bondix
Prassura Overload 1.6 X F50 Weight 3 oz, max.
Zero Balance Within 6% of FS0

Oparating Instructions

1. Set the Type 3A10 and oscillescope controls as described in the Preparation staps of the First Time Operation procedura given
parlier in this saction,

NOTE
The graticule center line represents z2oro transducer output, Be sure that the oscllloscope trace |s centered.
2. Select tha correct deflection factor scale (PRESSURE; PN 331-0269.01 for 3000 pei, or PN 331.0269.02 for 300 psi) and install.
3. S0t the Input Selector to NORM and set the Deflection Factor switch to the indicated calibrating position and set supply to 10V,

4, Connect the pressure transducer to the multi-pin INPUT connector via a G-conductor cable (Tektronix Part No, 012-.0209-00).
The transducer can either be free {atmospheric pressure) or connected to a static pressure,

5. Sat the AMPLIFIER —3 dB FREQUENCY switch to DC OFFSET and adjust the TRANSDUCER BAL COARSE and FINE
controls to position the trace to the graticule horizontal center line,

6. Push the CAL button an the Type 3410 front panel and adjust the — SUPPLY voltage 1o give the indicated deflection (3 div for
psi, or 5.3 div for kgffcm?), Push and release the CAL button several times to check that the zero point has not shifted or moved (balance
the zero point if necessary) and that the calibrated deflection is attained.

NOTE

It is parmissible to reposition the trace to a new graticule line wusing the POSITION cantral, since this will not upset tha
transducer balance,

7. Connect the transducer to the line or apparatus under test, using the necessary fittings,

8, Set the sweep rate and vertical deflection factor as desired to obtain the optimum display. Refer to the Operational Adjustments
information given earlier in this section for setting DC balance, low- and high-frequancy bandwidth limiting, ete,

Fig. 2-7. Pressure Transdueer (Tektronix Part No, 015-0161-00 and 015-0162-00).
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General

The Toroid Madel 39-59 3000 Ibs, force load cell is a balanced bonded strain gage unit fTorming four active arms of a Whaeatstone Bridge,
as described in Chapter 2 of the Transducer Measurement Concepts Book, A shunt calibration resistor is built in to provide 1/2 FS calibration,

Specifications
Copaeity 3000 Ibs, Tension or Compression Accuracy 1% (0.5% Linmarity, Hys-
Bridge Resistance 360 £2 nominal tarosis & Heputuhilit'fb
Input LUp to 16 volts Oparating Tempaerature Range -1"C to +647C, +136"C
Output 3.0 mV fvalt (nominal) full scale max imum
Connector Bondix PC1H-10-6F
Material Stainless steel

Oparating | nstructions

1. Set the Type 3410 and oscilloscope contrals as described in the Preparation steps of the First Time Operation procedure given aarlier
in this section,

MOTE
Tha graticuls cantaer ling rapresents zero transducer output, Be sure that the oscilloscope traca is centered and set supply o 10 W,

2. Snap the FORCE deflection factor scale (PN 331.0269.03) onto the Type 3410 front panel,
3. Set the Input Selector 1o NORM and set the Deflection Factor switch to the indicated calibrating position.

4, Connact the load cell to the multi-pin INPUT connector via a 6-conductar cable {Taktranix Part Mo. 012.0209.00). The transducer
shiould nat yet be under a load.

. Set the AMPLIFIER —2 dB FREQUENCY switch to DC OFFSET and adjust the TRANSDUCER BAL COARSE and FINE controls
to position the trace to the graticule horizontal center lina,

6, Push the CAL button on the Type 3810 front panel and adjust the — SUPPLY voltage to give the indicated deflection (3 div for Ibs, f,
lor 6.8 div for kgfl, Push and release the CAL button several times to check that the zero point has not moved (balance the zero point if
necessary) and that the calibrated deflection is attained.

NOTE

It |s parmissible to reposition the trace 10 a new graticule line using the POSITION control, since this will not upeset the transducar
balance,

7. Connect the load cell to the apparatus under test. For tension measurement, use the eye-bolt fittings, For compression measurement,
use the load button, making sure that the eyve-bolts and load button are scresved in tightly.

8. Set the sweep rate and wvertical deflection factor as desired to obtain the optimum display. Refer to the Oparational Adjustments
information given earlier in this section for setting OC balance, low- and high-frequency bandwidth limiting, ete.

Fig. 2-8. Force Transducer {Load Cell}, Tektronix Part No. 015-0163-00.



Operating Instructions—Type 3A10
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General

The Statham Model UC3 Universal Transducing Cell is basically an unbonded strain gage unit forming four active arms of a Wheatstone
Bridge, as described in Chapter 2 of the Transducer Measuremeant Concepts Book, Without accessories, the deavice operates in comprassion only,
A Statham Model UL4 B0 Ibs, force load cell accessory is supplied, and it has an internal adjustmaent screw which permits mechanical bissing of
the transducer for operation in tension as well a8 comprassion. Other accessories are available from the manufacturer, A wiring disgram is
shown in Section 7 of this manual,

|Spacifications

Force Range (LIC3 only} 60 grams {compression only) Output 16 mV fvelt {nominal) full

Force Range (with UL4 50 pounds (compression or scale {12 mV/Volt with adapter)
accassory) tension) Accuracy 2% (0.5% Linearity &

Displacament Rangs A2 mm Hysteresish

Bridge Resistance 350 11 nominal Operating Temporoture Range ~54°C to +120°C

Rated Input 5 volts, 7.5 volts maximum Electrical Connaction 20 fr-conductor shislded cable

Other sdapters for measuring pressure, foree, displacement, and with Bandix PCOGA-10-6P

blood pressure aré available from Stratham Instruments, | ne., connector

Oparating Instructions
NOTE
This procedurs applies to all three cparating modes of the Universal call, The G0-0b, load cell can ba attached,

1. Set the Type 3A10 and oscijloscope controls as described in the Preparation steps of the First Time Operation procedure given earlier
in this section,

NOTE
Tha graticula canter ling represents zaro tronsducer output, Bae sure that the oscllloscope trsce I8 centerad,

2. Select the correct deflection factor scale (FORCE, DISPLACEMENT ; PN 331-0269-04 for B0 Ibs. 1, or PN 331-0269-09 for 50 grams
fl and install on the Type 3410 front panal,

3. Set the Input Selector 1o NORM, the Deflection Factor switch to the indicated calibrating position, and the supply voltage to 4 volts,
4, Connect the Universal transducer to the multi-pin INPUT connector, The transducer should not yet be under load,

5. Set the AMPLIFIER —3 dB8 FREQUENCY switch to DC OFFSET and adjust the TRANSDUCER BAL COARSE and FINE controls
to position the trace to the graticule center line.

6. Push the CAL button on the Type 3410 front panel and adjust the — SUPPLY voltage to give one of the following:
a. Deflection indicated on scale (3 div nominal for lbs, 1, or B.5 div nominal for kgf),

b, Mumber of divisions correlating to force given on Tektronix calibration data sheet for precise calibration (EXAMPLE: if 28
grams is given on the sheet, adjust the voltage to provide 2.8 divisions at 10 grams f/DIV),

¢. Number of divisions correlating to a known force or weight applied to the transducer [such as using the supplied 50-gram
weight), Optimum accuracy is achieved by this method,

Push and raleass the CAL button several times to check that the zero point has not moved (balance the rzero point if necessary) and that the
calibration deflection is attained,

NOTE

It is permissible to reposition the trace to a new graticule line using the POSITION contral, since this will not upset the transducer
bBalance,

7. Connect the transducer 1o the apparatus under test. If the 50 |bs f load cell is used, adjust the internal mechanical biasing screw to
center the transducer no-load zero point as desired within the compression/tension range. Readjust the Type 3A10 POSITION as'necessary.
Compression results in upward deflection on the CRT screen, tension results in downward deflection (either condition can be inverted by
placing the Input Selector in the INY position).

8. Set the sweep rate and vertical deflection factor as desired to obtain the optimum display. Refer to the Operational Adjustments
information given earlier in this section for setting DC balance, low- and high-frequency bandwidth limiting, etc,

Fig. 29, Low-Force Transducer (Tektronix Part No. 015-0164-00).
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Operating Instructions—Type 3A10

Weight: 1.0 oz.
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Ganeral
The Columbia Model 902 accelerometar is a piezoelectric device having a high crystal capacity, Piezoelectric transducers arg dascribed in
Chaptar 2 of the Transducer Measurement Concepts Book,

Specifications

Acceleration Ranga 10,000 g's Frequency Response Sea graph

Accuracy 5% (2% Linaarity) Resanant Frequency 30 kHz

MNaminal Sensitivity = 12 pk-mV/pk-g Oparating Temperature Range 74°C w +120°C

MWominal Charge Sensitivity 2 picocoulombs/g Physical Data 303 stainless stael, with a

Maminal Capacity = 10,000 pF #10-32 tapped hole for

maunting (stud supplied)

Waight 1.1 0z

Operating Instructions
1. Set the Type 3410 and oscilloscope controls as described in the Preparation steps of the First Time Opoeration procedura given sarliar
in this section,
MOTE

The graticule center ling roprosonts zaro transducer autput, Be sure that the Input Selector is in the TROCA position and that the
trace s centerad,

2. Snop the ACCE LERATION daflection factor scale (PN 331-0269-05) onto the Type 3410 frant panal,
3, Sot the Deflection Factor switch to 1 g/DIV,
4, Apply a 40 mV {or 50 mV) calibrator signal ta the + INPUT connector and set the + Input Coupling switch to DC.

5, Datermine the amount of acceleration that the calibrator signal must simulate, using the Genaral Calibration Equatiaon given earlier
under Basic Mechanical Measurement Applications in the text.

EXAMPLE : Suppose that the transducer has a voltage sensitivity (see note below] of 11.4 mW/g and that a 40 mY calibrator
signal is applied to the Type 3A10, Then
__A0(mvl
1.4 (mvigh X 1 (g/DIV]
MOTE
s, Detarmine the voltage sensitivity of the accelerometer, teking Into account the approximate 670 pF for the 20-Toot

lowi-noise cable, Rafarring to the calibration data card supplied with the acceleromatar, reduce the given open-circuit voltage
sengitivity by 7% to derive a nominal sansitivity,

= 3.5 divisions

b, To abtain a more accurate sensitivity figure, use the following equation:

Charge Sensitivity (pC/gl
Voltege 5 T e
oitaga Banaitivity Crystal Capacity (pf) + Cable Capacity (pF)

6. Adjust the TRDCR GAIN cantrol to pravide the amplitude derived in step 5 (which was 3.5 divisions in the exampla).

7. Disconnect the calibrator signal and connect the accelerometar to the + INPUT connector via the 20-foot miniature coaxioal cable
{Tektronix Part Mo, 012-0211-00). Connect the accelerometer to the apparatus under test.

£, Set the sweep rate and vertical deflection factor as desired to abtain the optimum display. Refer to the Operational Adjustments
information given earlier in this saction for setting DC balance, low- and high-frequency bandwidth limiting, etc.
MOTE
To reduce the drift effects caused by changes in temparature whan using the higher input sensitivities [,001 g/DIV, thermally

isolate the accelarometer by placing an insulating matarial, such as a styrofoam cup, over it and put Lower Fraquancy bandwidth
in 1 kHz,

Fig. 2-10, Acceleration Transducer (Tektronix Part No. 015-0165-00).
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Operating Instructions—Type 3410
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General

The vertical and horizontal vibration transducers are inductive, self-generating devices as described in Chapter 2 of the Transducer
raasurament Concepts Book, These units employ Mark Products L-114A Dual-Coil Geophones as the vibration-datecting elemaents, and
contain discrete circult components which electrically integrote the velocity output to provide an output proportional 1o displecament,
Schematic diagrams are shown in Section 7, Diagrams, The relationship batwesn acceleration, valocity and displacemant is discussed in
Chapter 3 of tha Transducer Measurement Concepts Book,

Specifications
Coil Resistance 840 ohms Frequency Respanse Seo graph
Coil Inductance 0,126 Hanry Displacement Range 10,025 inch
Voltage Output (Nominal) BBO mV/finch/sec, and Agcuracy 5%
10 mW/001 inch Operoting Temperoture Range  —40°C 10 47170
Waight 6.8 oz

Oparating Instructions

1. Set the Type 3A10 and oscilloscope controls a8 described in the Preparation steps of the First Time Operation procedure givan
sarlier in this section,

NOTE

Tha graticule contar |ing represents zero transducer output, Be sure that the Input Selector is in the TRDCHA position and that the
trpca I8 cantorod,

2, Select the correct deflaction factor scale (VIBRATION: PN 331026006 for displacement, or PN 331-0269-07 for velocity) and
install an the Type 3410,

3. Set the Deflaction Factar switch to the top position [e.g., 1 X 102 inch/DIV on the displacement scalel,
4, Apply & 40 mV (or B0 mV ) calibrator signal 1o the + INPUT connector and sat the + Input Coupling switch to DC.

6, Determine the amount of vibration that the calibrator signal must simulate, using the General Calibration Equation given earlier
under Basic Mechanical Measurament Applications in the text, The voltage sensitivity of the transducer is stamped on the transducer body,

EXAMPLE (Inch Scalel: Supposa that the voltage sensitivity of the tronsducer is 10,6 mv/.001 inch and thot a 40 mY
calibrator signal is applied to the Type 3810, Then

= 40 (mv] ) ,
1006 (mV7.007 inch) X 11.001 inch/orv) - 3-8 divisions

EXAMPLE {Metric Scale): The same position on the metric side of the scale is at 20 X 10~%. If the conditions given in the
Inch Scale example exist, then

CAL VOLTS (V) x 25.4 (mm/inch] - 0.040 X 25.4
Transducer Sens (V/inch] X Deflection Factor (mm/div] 105 X 0.020

6. Adjust the TRDCR GAIM control to provide the amplitude derived in step 5.

= 4.8 Div

7. Mount the transducer to the apparatus under test. The vertical vibration transducer must be operated within 207 of an absolutely
vertical attitude, and the horizontal unit within 57 of an absolutely horizontal attitude,

8. Disconnect the calibrator signal from the Type 3410 and connect the transducer output to the + INPUT connector via a coax ial
cabla. Since the transducer has two output connectors, be certain to choose the correct one to match with the deflection factor scale.

9. Set the sweep rate and vertical deflection factor as desired to obtain the optimum display. Refer to the Operational Adjustments
information given earlier in this section for setting DC balance, low- and high-frequency bandwidth limiting, etc.

Fig. 2-11. Vibration Transducers (Tektronix Part No. 015-0166-00 and 015-0167-00).
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Operating Instructions—Type 3A10
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Ganeral

Tha displacemant transducer is o TransTok 201000 integrated packege, consisting of a precision linear verisble differantial
transfarmer, o solid state oscillator and 8 phase-sensitive demodulator. 11 is a DC to DC passive inductive device, When the transformer core
is displaced axially within the transformer, an output voltage change dirsctly proportional to the displacement is produced, A schematic
disgram is shown in Section 7 (see foldout sheet G) of this manual,

Specifications

Displacement Rangs

Agcuracy
Input, volts DC

0,100 inch {calibrated and
usable within a range of +0.2 |
2% (1% Linearity)

11V max; = 3V min

Qutput, valts DC

Fraquancy Response
Operating Temperature Range
Connector

nchj

20 my/.001 inch
Sea graph

64 C to +60°C
Bandix PC1H-10-6P

(See Page 2-11)
Oparating Intructions .

1. Sot the Type 3410 and oscilloscope controls as described in the Preparation steps of the First Time Operation procedure given
aarlier in this section.
NOTE

Tha graticule centar line rapresants zaro transducer output, Be sure that the oscllloscope trace |s centerad,

2. Snap the DISPLACEMENT deflection factor scale (PN 331-0269-08) onto the Type 3810 front panal,

3. Set the Input Selector to NORM and adjust the =SUPPLY dial to indicate the voltage given on the calibration data sheet supplied
with tha transducer [approximately 7.5 volts),

4, Connect the transducer to the multi-pin INPUT connector via a G-conductor cable {Tektronix Part No, 012-0209-00),
6. Set tha Deflection Factor switeh to 50 X 103 inch/DIV (or 1 mm/DIV).
G. Position the core-extension shaft to indicate zero volts (trace centered). This is the mid-position of the transducer range,

7. Mount the transducer to the apparatus under test, The slotted holes on the mounting flange permit displacement adjustment, Also,
the spring may be removed from the core-axtension shaft to minimize force on the device under tost (the shaft hos a 1-72 thread size). When
the trace is centered, secure the transducer to immobilize it,

NOTE

In mounting the transducer, avold the use of conductive materials (such as metall on the plastic front flange of the transducer,
Conductive material in this area will degrade the linearity of the device,

&, When the transducer is properly mounted, check the displacerment calibration by using a .040-inch feeler gage. Slight adjustment of
the — SUPPLY voltage may be needed, {If the metric side of the scale is used, more input voltage is required. Set the Deflection Factor
switch to .2 mm/DIV, and using the .040-inch {1.02 mm} feeler gage, adjust the — SUPPLY voltage to provide 5,1 d