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SECTION |

GENERAL

1.1 INTRODUCTION

The Gould Model
Preamplifier (Figure 1-1) is a high gain preamplifier
designed to work with resistive transducers,
including strain gages and strain gage based
transducers. It is designed for use with Gould 2000
series recorders, and receives its operating power
from a companion pendrive amplifier located in
the same analog channel of the recorder,

This single channel preamplifier module expands
measurement capability of the recorders to include
strain gages, strain gage based transducers,
resistance téemperature devices and low-level DC
input signals. Common mode rejection of 130db at
dc and 100d.> at 60Hz permits operation in noisy
industrial environments.

‘Calibrated Zero Suppression is provided with four

voltage ranges, each of which has a resolution of
one part per thousand. The attenuator position can
be altered without readjusting the zero suppression
control.

Both the input circuit and the dc excitation supply
are fully floating, which permits the preamplifier
to be operated at potentials up to 500 volts off-
ground. A variable sensitivity (CALIBRATE)
control has a continuous pre-calibrated range
from 1 to 10, and a maximum resolution of one
part per thousand. This calibrated sensitivity
control provides known amplifier gain settings
for each of the 6 fixed gain ranges, assuring precise
direct calibration for all types of signal inputs.

Internal switching is provided for selection of 15
or +10 volt dc excitation, positive or negative
shunt calibration, and bridge excitation polarity
reversal. Low- pass output filtering is internally
selectable to eliminate objectionable high
frequency signal components.

a. Important Features of the D.C. Preamplifier

1. Ten turn calibrate dial for calibration to a
known transducer sensitivity or gage factor.

2. Shunt Cal pushbutton to set calibrate dial to a
known load in conjunction with the shunt
trim pot..

13-4615-30 D. C. Bridge

INFORMATION

3. Zero suppression to +0.1 volt.

4. Zero suppression vernier for setting suppres-
sion between zero volts and maximum range.

5. Bridge balance pot.

6. Either 5 voits or 10 volts excitation,
switch selectable.

7. Internal terminals for bridge completion
resistors, calibration resistors, or *+" or *'—"
cal. selection.

- bi 1677

FIGURE 11 GOULD MODEL 13-4615-30
D.C. BRIDGE PREAMPLIFIER
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'GENERAL INFORMATION

1.2 SPECIFICA'I;IONS

All operating specifications are based on 5 volts excitation, 350 ohms across input and a sensmwty (gage
factor) of 2 0 mv/volt unless otherwise stated. , ‘

Signal Input

(oY R E R REERERTEPERTEY e tretereananeeesseannssess. .. Differential.’
. Impedance ..... P e . beseae e iwapearesavanas 50K ohms
MeasurementRanée 250 microvolts full scale to

- 100 millivolts full scale -

Maximum Sensitivity .........coiiiiiiiiiiiiiiinns e eeen 25 mloromch/lnch full scale with 4
: | actlve arm bridges (gage factor of 1).
Sensitivity Steps ... .. ... i a e yeneeeae s . 5,10, 20, 50,.100 and 200%

 of load full scale and off. .

Maximum Safe Voltage ............ e e 50 volts peak-either input terminal to
' common, 500 volts peak-common to chassis.

Signal Output

CITOUTE & v e o e e e veansanesnsassensaranssnssnsensoasenasons ... Single ended to common.
Voltage: ' : , DR .
LinearRange ...........ccoouuun e tiriiarasesenine.. +B.0voltsinto 2K ohmsor greater.
~~ Minimum Load RESISTANCE © v vevvneerennns s eeeens '. .. Zero ohms (Short cnrcuit proof)
Calibration INAcCUraty ... .....eoeeveenevasoneesas e .. *0,1% of full scale in the 100% of
(at_ 25°C and nominal line voltage) load settmg with the cahbratnon dlal set to 2,
| Attenuator Acduracy e .- ........ e F AP e iO 5% of callbrated step.
Non-Linearity . ... . . e PUTTT xo1%offuusca|e_,
.I'mpédance..., ....... ................ , LessthanSohms ,
" Instability . . . ... .. B .. Ata calibratiOnfSé'tting of'2-and attenuator setting of
| ' ‘ 5% of load full sgale, after 15 minutes warmup,
 Zerowith Time ©.vveveereenn.. VDU verererahenieess s, £25 mv/24 hours.
| . (tO 5% of full scale/24 hours.)
ZErOWIth LiNE « i v eeeeeeeennnannnnnns e, ... £10mv for a 10% line change
| o ' (£0,2% full scale for a 10% line change).,
Zero With Temp ...ulueeeeieininnenns e +vn £10mv/°C (20, 2% of full scale/”C).
Gainwith Temp ... .ovuviniiveneinninenenen, . +0,05%/24 hours after 15 minute warmup.
GaINWIth LiNG . ...t ee st ieevnnnraree sty eeaeens ... $0.1% for £10% line change.

Gainwith Temp .........ovnniiiiniann. e ._....',.'......A....‘.t003%/°C.
' |  page 1.2



"GENERAL INFORMATION

Frequency Response

Without Filter ........coveeernnennen e d -c to 100Hz +0.5% (Less than 3 dB down

v " at 5kHz)

With Internal 5 Hz Filter ............. ... e ereaen R, ... 3dBdown at5 Hz £10%

Filter Rolloff ...... e e e e et 12 dB/octave or 40 dB/decade
Noise . ....... e e e e C e e e . Less than 1% of full scale from dc to 100Hz. |

Common Mode Rejection: o
Common to Chassis . I I S e e e e e e Greater than 100db from dc to

'60Hz at 100 ohm unbalance.

Bridge Excifatiqn

Voltage . R e e e e e e 5 or A10 volts d¢, +0.1% |hiernally selectable.

TEMPErAtUTE o « v o v v v v v oo e oo h e e i0.05%/°
Time . . . ...... e e e e e e e e e e e e e e e $0,05%/24 hours.
1T 7= 10.1% for £10% line change.

Range . . .« v vt v v v v v v e e e e e e e e e -1, -.01, off, +.01, +1volts
Inaccuracy . . .« . o 0 .. e e e e e ke e e s e e e e e . -. e e e e e e ... 0.5%
Non-Linearity . . . . e e G e e . %03%
Resolutfon ...... e i e e e Y e i0,1% ovf‘sqppre'ssionrange.

Stability (after 15 minutes warmup)

CUWIthTIME & v v e e e e e e L o L. £0.2%/week.

“WithTemp .. .. v vi e oo e e e e . +0.05%/° C.
With'line .. ......een e e . . .10.02% for £10% Ime change.
Noise . . . ... i Ce e e e '. 10.05% of suppresswn range.
Environment
‘Temperaiure': . - , ) : :
Storage . . .. ...k .. e S ..., AD°Cto+70°C.
Operating . .. .......... e e er e ... 0°Cto+80°C.

Humidity, Non-Condensing:
Operating . . . . . e e e e e i e e e e 95% relatwe humldlty, 0°C to 30° C.

page 1.3



Physical Characteristics

Dimensions

Controls
Lontrols

Front Panel: :
% Lead Full Scale . .

Shunt:
Cal

Calibrate

Balance . . . v ¢« « o s woe s e n e s e e

NO-TE: No Pen Paosition Control

Internal: |
inputZero....;*.....-.... .....

Output Zero

InputBal . ...

BVCAL v vvee e veeeeee s

10V CAL

GENERAL INFORMATION

Refer to Frgure 23 Outllne Dimensuons

3 6 lbs (1 5kg)

Molded Front Panel, Color:
Light Parchment.

Selects % of load for a full
scale output.

. . Push button swrtchthat connects shunt CAL R,
trim pot, or both across one arm of bridge.

Multi turn-pot for calrbratmg brldge.

Selects_ range and polarity of
suppression voltage.

Provide callbrated setting of suppresslon
- voltage from 0% to 100%.

. Sets mv/v sensitivity of prearnplifier.

Multi-turn pot to balance bridge.

15 turn pot to set zero of mput ampllfter. |
. Single turn pot to set zero of output ampllfuer.

..... boae e Smgle turn pot to balance inputs 1
‘ and 210 common.

e e e e e e 15turn pottosetaccuracyof 1
o ) volt suppresslon.
15 turn pot to set accuracy of 01
' volt suppresslon.

15 turn pot to set accuracy of5volt
brldge excitation,

. Smgle turn pot to set accuracy of 10 volt -
. , bridge excitation.

page‘1'.4'_ L



"GENERAL INFORMATION

Normal-Reverse Switch . . . . ... ... e e e e e e e e Slide switch to reverse the polarity
: ' : of the excitation voltage.

+CAL,—-CAL ... .. ’ N I Termlnals provuded for jumper to produce
CALR,is placed across one arm of the bridge.

BHz Filter . . .. .. e e e e e e Terminals and capacitors provided
’ ' to permit adding an active filter.

Rear Panel:

Guarded Multi-pin Connector (Proprietary).
Mating Connector 11-5407-03‘ supplied.

Card edge mates with AMP 582140-5

Output
. or equivalent.

Power Input From Recorder

Voltage DC . . . ... e e e P .+ .. ... t15volts, £0.6 voits @ 100ma.

‘Line and Load Regulation . . . . .. ... U IR +.5%
2 T7eY <) - S I T N ". bmv max
Voltage AC . . ..... e S v+ . .13 vrms @ 200ma
System Specifications When used with Series 2000 Recordefs |
GAINACCUTBCY .+ « « v v b o v v v o oo a s o s s e . . . i0.7% of fuII scale,
Non- Lmearlty e e e P e - i0.45%offullscale. '

Instability (at 2mv/v cal setting and 5% of load full scale). _ -
+ 0.6% 6f full sc'ale/v24vhour's.' |

ZerowithTime . ..o ov v oo e _ _
ZerowithTemp . o .. oo v v v o v e e e e e e e e e +0.3% of full scale/°C.
Zerowith Line .. ... ... s e e s e e e e e e s .. 20.3% of full scale for a 10%

_ : line change

GainWith Time . . .. ovvavneeecnens e ... £0.15% /24 hours.

Gainwith Line . ... .. ..... R S C e +0 6%fora 10% line change.

‘Gainwith Temp . .. .. ..... e e e e i0.08%/°C
Frequency Response . R DA Refer to Speciflcatlons, 2000

' " Series Recorder Manual.

‘Noise .. ... P e e e Lessthan1% of full scale
' ' : ' : ' eak-to-peak
Maximum Safe Input e e e T .' +50 volts peak mputs1 and2
- S : ' to common.

_ Common Mode Rejecti'on' .............. . Réfer to Specifi'cat'ions,bpage 1.3 of -thI_S _manual.
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GENERAL INFORMATION

Accessories »
* *Extender Card and Cable Assembly . . . . . . . . e R ..... 887201
*Balance Resistor . . . . . ... ... ... 0. e e e P e s e e ‘ 1-265469-15001

*Calibi'atibn Resistor: | :
. 15K ohm (120 ohmbridge) . . . . . . v o o v v i v v et e 1-265969-156001
50K ohm (350 ohm bridge} .. ... ...« e e e e ... 1-265969-50001
* *Bridge Completion Resistor: R :
1200hm . . . . . ... e e e e e e e e e e e e e e e e e e e e e 242879-121
3500hM . . . ot i e e e e e © e .. 10-240368-350R0
HINPUE CONNBCLOT . « & o 4 v v v e e e s b e e e e e EEEEREREE . 11-5407-03

*Supplied with Preamplifier
* *Ordered Separately



SECTION 11

INSTALLATION

2.1 GENERAL

This section describes inspection checks to be
made upon receipt of the Gould D.C. Bridge
Preamplifier, Model 13-4615-30 with a 2000 Series
Recorder. It covers installation procedures, signal
input connections, and outline dimensions.

2.2 INITIAL INSPECTION

Prior to attempting any electrical connections or
operation visually examine the unit for broken or
loose knobs, dented or nicked panels and broken
or chipped rear connectors.

2.3 INSTALLATION

Preamplifier Model 13-4615-30 may be mounted in
Gould 2000 Recorder frames, or mounted separate-
ly in a Gould rack adapter kit or portable carrying
case.

a. Insertion

To install the preamplifier into its appropriate slot:

1. Slide the preamplifier into the enclosure until
the rear output card edge connector is engaged.

2. Tighten the rear retaining screw. This locks
the preamplifier into the enclosure.

3. Connect the plastic input signal connector
and secure it by turning the threaded plastic
locking ring clockwise.

b. Removal

1. Disconnect the input connections with a
counterclockwise turn and pull.

2. Loosen the rear retaining screw. The preamp-
lifier will move forward about 1/8 of an inch.

3. Carefully slide the entire preamplifier out of
the Gould 2000 enclosure.

2.4 SIGNAL CONNECTIONS
a. Gene_ral

Gould preamplifier Model 13-4615-30 is a direct
coupled differenti°a| in%ut amplifier. Input and

.t

\""»-w\m.,
output are isolated from chassis, but there is no
isolation between input and output.

b. Signal Input Connections

NOTE: For signal input connections, use the
special connector provided with the preamp
(Gould part number 11-5407-03). {See installation
drawing at end of this section).

1. Connections to the preamplifier are made at
the rear. (Figure 2-1). A four wire, double foil
shielded signal cable (Gould P/N 232956)
should be used.

NOTE: The cable from the transducer to the
preamplifier should be one continuous length.
Splices are not permitted, but mating low level
signal connectors may be used if necessary.

2. Connect the double shielded signal cable pair
to the preamplifier signal input connector
pins 1 and 2, and the inner shield to the guard
ring (Figure 2-2).

FEMALE

1 OUTPUT |
"3l CONNECTOR|

MALE

_SSLIDE OUT |
SIDE COVER|

bi 1678/

FIGURE 2-1 REAR VIEW
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3. Connect the transducer excitation pair to 2.

connector pins 6 and 7, and the outer shield
to the sensor enclosure and to the guard ring.

‘NOTE: Detailed instructions fo‘r connecting one,

two or four arm gages is glven in Section 1ll, 3

Operation,

¢. Grounding

1, For most applications, with both the sensor 4,

and sensor enclosure floating, both dotted
jumpers shown in Figure 2-2 should be in
place.

. INSTALLATION

If either the bridge or the sensor enclosure is

grounded, the jumper from AMPLIFIER

COMMON to CHASSIS GROUND must be

removed.

If the bridge is to be operated off-ground at
a potential (500 volts maximum) the jumper
from AMPLIFIER COMMON to CHASSIS
GROUND must be removed.

Both jumpers must be removed if the Preamp
is to be used as a DC amplifier with a ground-

. ed signal source configuration. Observe good

groundmg practice; make certain that the
shield is tied to earth ground at one point and
one pomt only.

PINS 1 & 2: SIGNAL

l

FIGURE 2.3 OUTLINE DIMENSIONS

PINS6 &7: EXCITATION
J: REMOVABLE JUMPER
N  TERMINALS ON
TN AMPLIFIER BOARD
—{ BRIDGE ™ I
o H -
1AMPLIFIER 2> O~ -
' 7-_,—EXCITA“I"IOQ?' | oulyguf
1L . - 1y RECORDEI‘J’
L _to g
SENSOR ST
ENCLOSURE J__.__..o
' - _ 4 L cHassis
AMPLIFIER 37 COMMON .~ = GROUND
" FIGURE 22 TYPICAL SIGNAL CONNECTIONS .~ - \yud 7o
f—t—1.00 -
. A““““ﬁ“ .‘
6.09
1
U0 _ . ——
.12-“; — 1088 ——————=i o o——2.05
5 ’ o P ' -2.98—
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d. Output and Power

The amplifier is designed to operate on + and —15
volt 100ma regulated supplies, and 13vrms, 60Hz
.sine’ wave at 200 ma current. Output and power
connections are provided through an 8 pin card
edge connector on the rear of the preamp. (Figure
2-1). The mating connector is located in the
" recorder chassis. : ‘

The preamplifier provides a 5 volt full scale signal
to the recorder. :

25 OUTLINE DIMENSIONS

Refer to Figure 2-3 for outlihe dimensions.

_page 2.3 _
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ITEM.

SECTION 111

OPERATION

3.1 GENERAL

This section describes and illustrates the controls
of the D.C. Bridge Preamplifier, Model 13-4615-30
and provides operating instructions.

CONTROL

1 %Lload FullScale . . . ... ... ...
2 Cal,Shunt . ... ...........
3 Trim,Shunt . . ... .........

4 Zero Suppression . . . . ... .. ...
(Range, — volts +)

5 ZeroSuppression . . . . ... ... .
(Vernier)

6 Calibrate . .. .. .. oo

7 Balance . . . ... ... e e e e e e

3.2 CONTROL DESCRIPTION
Item numbers listed below correspond to circled
number in Figure 3.1.

DESCRIPTION
A seven position rotary switch selects a full scale
sensitivity from 5% to 200% of rated load of

transducers, plus OFF.

Pushbutton switch to place a calibration resistor,
pot, or both across 1 arm of bridge.

Multiturn pot for trimming calibration resistor.

Selects suppression voltage and polarity.

10 turn potentiometer allows calibrated setting of
suppression from 0 to 100 millivolts.

Provides calibrated sensitivity adjustment from a
gage factor of 1 to 10 or 1 mv/v to 10mv/v for
transducers.

Multiturn pot to correct bridge imbalance.

(o
Sto sUppressio
:ftg ’upp

'7vem|'(‘s‘\|‘

bi 1679

FIGURE 3-1 FRONT PANEL CONTROLS
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3.3 INTERNAL CONNECTIONS

The Model 13-4615-30 D.C. Bridge Amplifier is
designed to offer the user the maximum in options
for convenience.

3.3.1 Excitation Voltage

1. The excitation voltage can be conveniently
selected to be 5 or 10 volts by means of slide
switch $202 located on the amplifier board.

NOTE: 5 volt excitation is assumed in the following
instructions unless otherwise noted. When used, the
10 volt setting will double the effective sensitivity
of the signal source. Signal to noise ratio will also be
improved by a factor of 2 to 1. Make certain the
gage specifications will permit 10 volt operation.
Also be aware that increased voltage means increas-
ed power disapation.in the transducer with result-
ant self heating. This in turn could introduce exces-
sive drift, .

2. Polarity is reversible by means of slide switch

8201 located on the amplifier board. This is

"especially convenient should the transducer

be wired to opposite polarity. It is unneces-

sary to reverse wiring, simply change the
polarity of the excitation voltage,

3.3.2Bal R

The standard 15K ohm bridge balance resistor loca-
ted on the amplifier board can easily be changed
(all the terminals are spring loaded) to vary the
- range of the front panel BALANCE knob. Lower-
ing the resistance of the Bal R will give the BAL-
ANCE control more effect. Make certain that a
balance resistor is installed between E13 and E14
on the amplifier board.

3.3.3 Cal R

1. The bridge amp is prewired such that when a
: Cal R is placed between E1 and E2 (on the
amplifier board) it is in series with the shunt
trim pot, R101. See Figure 3-2. Jumpers must

be in place between terminals E3 and E4, and

. also between E12 and E13, With the front
panel CAL pushbutton depressed, the trim

pot may be adjusted to give a convenient
amount of pen deflection. This allows simula-
tion of a known load on the transducer which
may be referred to by simply depressing CAL.

2. If the fixed CAL R is exactly the right value

so that trimming is not.required, place a
jumper between E1 and E3. FOR EXAMPLE,
IF A SPECIFIC CALIBRATION RESISTOR
IS SUPPLIED WITH THE TRANSDUCER
WHICH 1S SUPPOSED TO GIVE A CER-

~TAIN PERCENT OF FULL SCALE DE-
FLECTION, THE TRIM POT MUST BE OUT -
OF THE CIRCUIT. This is accomplished by -
jumpering E1 to E3. Also see Section 3.8,
operation with calibration resistors external
to the preamplifier. v

3.3.4 +Cal, —Cal -

With a jumper from E12to E13, the bridge amp is

prewired such that when a calibration resistor. is
placed from the “+” input to the '+ excitation
terminal, the amphfler produces a posutlve output
voltage.

To produce a negative output voltage for the same
condition, remove the jumper between E12 and
E13 and place it between E12 and E11

NOTE: To use extemal calibration resustors or

_calibration resistors whlch are part of the trans-

ducer, see paragraph 3.8, Operation with Calibra-
tion Resistors External to Preamplifier,

3.3.5 Optional Filter -

For noisy enyironments an optional 5Hz, 2 pole

- filter is provided by means of inserting C204 into

terminals E5. and E6, and C205 mto termmals E8

‘and E9 (see Figure 3-2).

For frequencies other than 5Hz 0204 & 0205
values in microfarads may be calculated usmg ‘the
followmg formulas

(8ufd) (5 Hz) ,
New Frequency_ E

C204 =

_ (,02ufd)"_(5 Hz) _
New Frequency

C205 =
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1
E E2 E3 . E  EM E13 :D
O E8
'f? 8_0204_8 (g 9 5}5 QE15RE17
o 3 o 8 g 33 28 _PIN2
. - J v % 59, 4o ¥ ®af
ET €4
[I[ § 10£ E9 E12 E14 E16 E18 PIN &
e .
E ' Eszm E $202
w -
NOTE: RIGHT SIDE COVER REMOVED
FIGURE 3-2a AMPLIFIER BOARD TERMlNALSV
+EXC., PIN 7
—9 Q

E3 I(CAL 1

5 or 10 VDC EXCITATION

VOLTAGE SUPPLY

PIN 4)

R4

TRIM

, CAL%

---i'_( cAL

when R1 internal (Single
Arm Gage Connection)

—0 +CAL I—CAL ©
E13 E12 - E11

(CAL 2
PIN 5)

BALANCE

—EXC.,PIN 6

FIGURE 3-2b BRIDGE CONNECTION SCHEMATIC
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3.4 INPUT CONNECTIONS AND OPERATION

Input connections and operating_procedures-vary
slightly depending on the number of active arms in

. the strain gage. The paragraphs below cover four

two, and single arm sections.

Figure 3-2 should be helpful,when making bridge
connections. Figure 3-2a- pictorally shows the
amplifier board terminals used for convenient
jumper and resistor connections. Figure 3.2b is a
schematic of the bridge connections.

" When using the amplifier in conjunction with the

recorders, operate the chart at a moderate speed
during setup and calibration.

" NOTE: Make all signal connectionswith the con-

nector provided with the pregmplifier.'Use Gould

"”,,:P/N 232956 cable or equal

NOTE 5 volt excltatlon is used in the followmg
instructions unless otherwise stated.

3.4.1 Four Arm Gage (Figure 3-3)
CONNECTION

a. Connect Negative excitation lead to pin 6 and
Positive lead to pin 7 of the preamp input
connector.

b.  Connect Positive signal lead to pin 1 and
Negative signal lead to pin 2 of the mput
connector.

c. Connect outer cable shield to sensor enblo- '
sure. Connect both cable shields to input con-
nector guard ring. See section 24c for -
grounding instructions.

d; Check to be sure a‘balance resistor 15 installed
between E13 and E14 on ampllfler board
assembly,

NOTE: To take advantage of the many options
available with the internal jumpers and switches
rqfer to paragraph 3.3, Internal Connections.

" PINS 1 & 2: SIGNAL

J101 _
. o ‘ PINS 6 & 7: EXCITATION
Cm— - —~_ @—\J:REMOV_AB_LE JUMPER
: r : ' A————n . ' : o _ TERMINALS ON
: , ' | : ', _L' , ' NG AMPLIFIER BOARD
| ls—l—dl=n' /oW BRIDGE ~_ ¢
! DTG voc | T T ‘ L. IVCURTR |
‘ 18V | o—p /| AMPLIFIER | ‘ e IR &
I | = —|-3.-v_._/ \ "~ —EXCITATION~ louTPur |.
| -4 | P 1 " Y (recoroe
- i L
* SENSOR S ' B
ENCLOSURE | _E_—__O
= | _L_-CHASSIS
AMPLIFIER 7/ COMMON ~ GROUND

FIGURE 3-3 CONNECTING FULL-BRIDGE SENSORS
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OPERATION

a. Set gage sensitivity/factor on the CALI-
BRATE dial, or set 2.00 if not known.

NOTE: The setting on the CALIBRATE dial
should never be less than 1.00.

b. Set % LOAD FULL SCALE switch to the j.
OFF position.

c. Center the pen trace on the chart, using POSI-
TION control located on the recorder.

fier is now balanced and calibrated, provided
an accurate sensitivity factor was used in

. setting the CALIBRATE dial.

If the gage sensitivity/factor is unknown, but
the calibrated resistance is given, then pro-.
ceed with steps j and k.

Set the % LOAD FULL SCALE switch to
100% and put the CAL R resistor in place
between terminals E1 and E2. Place a jumper
between terminals E1 and E3.

k. Depress the CAL pushbutton on the front
d. Be certain that the gage is not stressed (in no panel and adjust the calibrate dial until the
load condition). proper pen deflection is achieved. Lock the
CALIBRATE dial and record the setting for
e. Set the % LOAD FULL SCALE to the 200% future use.
position and use the BALANCE control to
keep the pen at chart center (zero position). m. A gage or transducer may also be calibrated
by applying a full load condition to the sensor
f. Continue to rotate the % LOAD FULL and adjusting the CALIBRATE dial for full
SCALE switch through each position, keeping scale (edge-to-edge) pen deflection. This
the pen trace at chart center with the BAL- should be done with the % LOAD FULL
ANCE control, until a balance is achieved at SCALE set to 100%.
the 5% position. If the balance control does
not have enough range, reduce the resistance 3.4.2 Two Arm Gage (Figure 3-4)
of the Bal R (E13 to E14). See Figure 3-2.
- CONNECTION

_Return % LOAD FULL SCALE switch to the
OFF position. Position pen to right chart edge a.
(chart zero for + input signal) using POSI-
TION control located on the recorder. Ampli-

Q@

Connect Positive excitation lead to pin 7 of
the preamp input connector..

PINS 6 & 7: EXCITATION
J: REMOVABLE JUMPER
O—\ TERMINALS ON

PINS 1 & 2: SIGNAL

AMPLIFIER BOARD

SENSOR
ENCLOSURE

~—EXCITATIO ou_rTgur
.1y \RECORDER
_ LO ¢

tJd

—E' CHASSIS

AMPLIFIER \/

—

COMMON GROUND

FIGURE 3-4 TWO ARM GAGE CONNECTIONS
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b. Connect Positive signal lead to pin 1 and

Negative signal lead to pin 2 of the input
connector.

c. Connect outer cable shield to sensor enclo-
sure. Connect both cable shields to input con-
nector guard ring. See section 2.4. for
grounding instructions.

d. Check to be sure a balance resistor ié installed
between E13 and E14 on amplifier board
assembly.

e. Install bridge completion resistors R2 and R3
between terminals E16 and E17, and E15

and E16 on the amplifier board assembly.

(See Para. 1.2 Specifications, under Accessor-
ies, page 1.6).

NOTE: Bridge completion' resistors must be low
TC metal film or wire wound types of the same

resistance value as the active arms of the bridge
(£.1%, 1 watt).

OPERATION

a. Operation is identical with that of a four arm

gage with the following exceptions due to the -

sensitivity being half that of the four arm
gage. ' ' ‘

. b. - All % LOAD FULL SCALE settings must be

multiplied by 2 to get actual readings if the
gage factor is dialed directly.

c. Step m from Four Arm Gage operation,

above, is changed to read: A two arm gage or
transducer may also be calibrated by applying
a full load to the sensor and adjusting the
CALIBRATE dial for full scale (edge-to-edge)
pen deflection with the % LOAD FULL
SCALE control set to 50%.

NOTE: The setting of the CALIBRATE dial must
never be less than 1.00. Therefore, if the gage
factor is 2.00 or greater, the CALIBRATE dial can
be set to one-half the gage factor and the % LOAD
FULL SCALE control can be used directly as in
the four arm gage procedure. Alternately, 10 volt
excitation may be used (if the gage permits),
which also will allow direct use of the % LOAD
FULL SCALE control.

3.4.3 Single Arm Gage (Figure 3-5)
CONNECTION =

a. Connect Positive signal lead to pin 1 of the
input connector.

J101

2 PINS 6 & 7: EXCITATION
TN J: REMOVABLE JUMPER

PINS 1 & 2: SIGNAL

TERMINALS ON .
AMPLIFIER BOARD

Y

— —— G— —— o {— ——

ENCLOSURE

AMPLIFIER X7 COMMON

NOTE: Internal jumper from E3 to E4 must bé removed.

—EXCITATIO ouTPUT | -
% ) 70

hy RECORDER

| L0 5

1d

—E CHASSIS

= GROUND

" FIGURE 3-5 SINGLE ARM GAGE CONNECTIONS,

SHOWN WITH TEMPERATURE COMPENSATION
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(SO

b. Connect Positive excitation lead to pin 7 of
the Preamp input connector. For temperature
compensation, as illustrated in Figure 3-5,

- connect a third lead going from the positive
excitation terminal of the gage to pin 4 and
remove the jumper between E3 and E4. The
extra input lead required must be an integral
part of the input cable. Refer to paragraph
6.10, Temperature Compensation. -

c. Connect outer cable shield to sensor enclo-
sure. Connect both cable shields to input
connector guard ring. See 2.4.c for grounding
instructions. :

d. Check to be sure 15 Kohm balance resistor is
installed between E13 and E14 on amplifier
board assembly.

e. Install bridge completion resistors R1, R2 and
'R3 between E17 and E18, E16 and E17, and
E15 and E16 on the amplifier board assem-
bly. (See Para. 1.2 Specifications, under
Accessories, page 1.6).

NOTE: Bridge completion resistors must be low
TC metal film or wirewound types of the same
resistance value as the active arm of the bridge
(£.1%, 1 watt).

OPERATION

a. Operation is identical with that of a four arm
gage with the following exceptions due to the
sensitivity being one-fourth that of the four
arm gage. :

b. All % LOAD FULL SCALE settings must be
multiplied by. 4 to get actual readings if the
gage factor is dialed directly. ~ ‘

c. Step m from Four Arm Gage operation,
above, is changed to read: A one &rm gage
may also be calibrated by applying a full load
to the gage and adjusting the CALIBRATE
dial for half scale (center-to-edge) pen de-
flection, with the LOAD FULL SCALE
control set to 50%. '

NOTE: If the gage factor is 4.00 or greater, the
CALIBRATE dial can be set to.one-fourth the gage
factor and the % LOAD FULL SCALE control
can be used directly as in the four arm gage proce-
dure. ' T ‘

3.5 EVALUATING STRAIN IN MICRO INCHES
PER INCH '

This section tabulates full scale sensitivities in
micro inches (uin) per inch for different settings
of the % LOAD FULL SCALE switch. Examples
of sensitivities for several settings of the CALI-
BRATE control are also given. . o

ATTENUATOR FULL BRIDGE HALF BRIDGE QUA"ﬁTF:R- BRIDGE
» SETTING OPERATION OPERATION OPERATION
(% LOAD FULL SCALE) _
5% ~ 50uin/in 100 uin/in 200 uin/in
10% 100 uin/in. 200 uinfin 400 uin/in
20% 200 uin/in. 400 uin/in 800 uin/in
© 50% 500 uin/in 10‘00'uin'/in' | 12000 uk'irn/in’
100% 1000 uin/in 2000 uin/in 4000 uinfin
h 200% 2000 uin/in " 4000 uin/in 8000 uin/in

Gage factor (CALIBRATE

TABLE 3-1 TYPICAL FULL SCALE SENSITIVITIES

Control) set at gage factor of gagde as specified by strain gage‘ =

manufacturer (must be between 1.0 and 10.0). Excitation voltage set to 5 volts.
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Examples of changing fuII scale sensitivity by vary-
ing the setting of the CALIBRATE Control (Atten-
uator @ 100% F.S.):

CALIBRATE Control Setting SENSITIVITY in uin/in F.S.
Full Bridge operation 2.1 (matching gage) 1000
with gage factor of 4.2 (Double) 2000
gage equal to 2.1 8.2 (Quadruple) : 4000
Half Bridge operation 2.3 (matching gage) N 2000
with gage factor of 46 (Double) 4000
. gage equal to 2.3 6.9 (Triple) 6000
Quarter Bridge operation 3.5 tnatching gage) - 4000
with gage factor of 7.0 (Double) 8000
gage equal to 3.5

TABLE 3-2 EFFECT OF CALIBRATE CONTROL

73.6 OPERATION AS A DC AMPLIFIER

" The DC Bridge Preamplifier can be satisfactorily
used as a sensitive DC amplifier. Remove the Bal R
(the 15 K ohm resistor) from terminals E13 and

© E14, Remove the shorting link from between ter-

‘ minals E12 and E13. Also remove all boridge com-
* pletion resistors (R1, 2, and 3).

The following list indicates % LOAD FULL
SCALE switch settings and corresponding voltage
sensitivity for various CALIBRATE dial settings.

VConnect the input signals to pins 1 and 2 and the
shield to the guard ring, See section 2.4c for
grounding information. '

D-chmpIiﬁer Operation — Typical Ranges — Full Scale Sensitivity in Millivolts

] Calibrate Vernier Setting
Attenuator {Gage Factor or Millivolts Per Volt)
Setting
(% Load Fult Scale) 1.00 2.00 5.00 10.00 -
5% 0.250mV . 0.500mV 1.25mV | 2.50mV-
10% 0.500mV 1.00mV 250mVv - . - 5.00mV .
20% 1.00mV 2,00mV 5.00mV 10.0mV
50% : 2.50mV 6.00mV 1225mv - | 280mv
100% 5.00mV 10.0mV '25.0mV. - 60.0mVv
200% 10.0mV 200mv ' 50.0mV 100.0mV

3.7 USING CALIBRATED ZERO SUPPRESSION

Zero suppression permits the steady-state compon-

_ent of acomplex signal (load) to be suppressed allow-

ing the dynamic portion to be amplified and re-
corded in greater detail.

Zero suppression can be used either in strain gage
applications or those where the Bridge Preamp
is used strictly as an amplifier. -

3.7.1 Application No. 1: Usmg Zero Suppression

with a Strain Gage { o
L— 5
ﬂj‘ )
C A
- . g

a. Set up the brldge as descrlbed in paragraph
- 3.4.

b. Turn ZERO SUPPRESSION (VERNIER) to
full oounterclockwrse position.

c. Apply a Ioad to the strain gage and rotate the
% LOAD FULL SCALE control until the pen o
approaches chart edge :

d. Set the ZERO SUPPRESSION  (range,

—~VOLTS+) control to the appropnate range o
and polarity. . '
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NOTE: For calculating output of bridge, refer_to
paragraph 3.10,''Computing Calibration Resistance
and Calibration Deflection”’.

e.  Advance ZERO SUPPRESSION (VERNIER)
dial clockwise until pen approaches chart
zero,

L
f. Advance % LOAD FULL SCALE control
clockwise until desired sensitivity is reached,
keeping pen to chart zero with ZERO SUP-
PRESSION (VERNIER).

g. The load now may be varied around the static
portion to obtain more useful information.

3.7.2 APPLICATION NO. 2: Using Zero Suppres-
sion with a D.C. Signal

a. Set % LOAD FULL SCALE control to
the OFF position. :

b. Set CALIBRATE dial to desired sensitivity.
¢. Connect signal to the input leads.

d. Center pen trace on chart using POSITION
control located on chart recorder.

e. Tu>rnvthe ZERO SUPPRESSION (VERNIER)

dial fully counterclockwise.

f.. Rotate the % LOAD FULL SCALE control
clockwise until pen approaches chart edge.

g. Set the ZERO SUPPRESSION (Range,
—~VOLTS+) control to the appropriate range
and polarity.

h. Advance the ZERO SUPPRESSION (VER-
- NIER) dial clockwsie until the pen reaches
chart center. ’

j.  Advance the % LOAD FULL SCALE control
until the dynamic portion of the signal
approaches the chart edge.

k. Read the static portion of the signal directly
from the ZERO SUPPRESSION (VERNIER)
dial.

3.8 OPERATION WITH CALIBRATION RESIS-
TORS EXTERNAL TO THE PREAMPLIFIER

Transducers which contain a built-in shunt resistor -
to give a % of full scale calibration signal can easily
be used with the preamplifier. (Refer to transducer
manufacturer’s instructions for connections.) :

Transducers of this type fall ihto 2 major‘types:

A) those with the calibration resistor connected
to the negative excitation terminal of the
bridge. ,

B) those with the calibration resistor connected
to the negative output terminal of the bridge.

If the transducer is type A, to obtain a positive
calibration place a jumper between terminals
E12 and E11. Remove the jumper between E3
and E4 and place between E3 and E2. Connect
lead from the free end of the resistor to pin 4
(CAL 1) of the input connector, Depressing the
“CAL" pushbutton on the front panel places
the resistor across one arm of the bridge. To obtain
a. negative calibration, place the jumper between
E12 and E13 instead of E12 and E11.

If the transducer is type B, to obtain positive
calibration, place a jumper from E12 to E16.
Place jumpers between E2 and E3. Remove all
others. Connect free end of resistor to pin 4
(CAL 1) of the input connector. Depress the
“CAL" pushbutton on the front panel to obtain
a deflection. ‘ ' s

To obtain a negative calibration, place jumpers
between E2 and E3, and E3 and E4. Remove all
other jumpers, Connect free end of resistor to
pin 5 (CAL 2) of the input connector, Depress the
““CAL" pushbutton on the front panel to obtain
a deflection. : , o »
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3.9 CALCULATING OUTPUT OF A STRAIN
GAGE BRIDGE :

Calculate the output of the bridge by:

e, = KEE where:
a. e = Output voltage in microvolts
b. K = Gage factor
6- e‘ = € 1 = 6 2 + 6 3 - 6 4 _
4 :
Average strain in microinches/inch.
d. E = Bridge excitation in volts.
NOTE: Use signs (+) for tension, (=) for

compression and zero {0) for inactive arms,

The expression for e_ holds good for any number
of active arms of aobridge as long as zero (0) is
substituted for inactive arms in formula c.

3.10 COMPUTING CALIBRATION RESISTANCE
AND CALIBRATION DEFLECTION

The formula for
resistance is:

calculating the calibration

Rg x 108
Re =-——— —Rg

KNE
For calculations of sLmuIated strain it is:
€ = Rg x 10

KN (R, + Rg)
Rg =  Resistance of each active gage
'K = Gage factor or voltage sensitivity of
transducer.
N = Number of active gages
Rc =  Resistance of ;:alibration resistor.

Simulated strain
(microinches/inch)

m
]

(85
OR

(A L > _ Simulated calibration
L = load for any transducer.

OPERATION .

Example No. 1: Strain gage bridge with four active
arms each 120 ohms. Gage factor of 2.00, with a
15K ohm calibration resistor. ‘

¢ - 120 x 108
-~ (2.00) (4) (15000 + 120)
120
= .1209
= 992

992 micro strain

99.2% of full scale

The general formula CAL deflection for a 120 ohm
bridge with four active arms, using a 15K ohm
calibration resistor is:

198.4
gage factor

% full scale =

Example No. 2: 1000 Ib load cell with 350 ohm
bridge & 4 active arms. Sensitivity factor 2.00
millivolts/volt of excitation, using 50K ohm cali-
bration resistor.

( AL - 350 x 10° -
L (2.00) (4)_ (50,000 + 350)
_ 350
= 4028
=  8691lbs.

86.9% of -fuyII scale

The general formula for CAL deflection for a 350
ohm bridge with four active arms, using 50K ohm
calibration resistor is: :

o _ 173.8 . 1738

% full scale = gage factor ©F sensitivity factor.
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SECTION 1V

THEORY OF OPERATION

4.1 GENERAL

The Gould D.C. Bridge Preamplifier, Model 13-
'4615-30 consists of a differential input amplifier
with variable calibrated gain, a stepped attenuator,
an output amplifier, and a regulated, isolated D.C.
power supply which provides excitation voltage to
the transducer. In addition, the amplifier has cali-
brated zero suppression and selectable filtering
for noisy environments. See Block Diagram,
Figure 4.1. '

4.2 INPUT AMPLIFIER

‘The input amplifier consists of dual transistors
Q201 and op amp U201 with associated circuitry.
The transistors are low bias current, low voltage
drift types and are supplied with a constant current
source comprised of Q202, CR201, CR202, R209
and R210. To keep voltage drift to a minimum, the
collector resistors are low TC wirewound types.
U201 provides additional gain to maintain gain
accuracy. Multiturn pot R206 zeroes the amplifier.

R203 is a gain balance pot to set common mode
rejection. The gain of the amplifier is determined
by the setting of the front panel “calibrate’’

: potentio'meter R103, and varies from 525 to

262.5. The output of U201 is connected to
attenuator S203, "% load full scale” control.

43 ATTENUATOR

The output of U201 is connected across resistor
string R212 through R217 to common. The
resistor ratio’s determine the percentage of full
scale deflection from 5% to 200%. The attenuator
is connectqd to the output amplifier U202.

44 OUTPUT AMPLIFIER

The output of the attenuator is applied to U202,
the output amplifier, which provides further gain
for the transducer signal.

45 DC POWER SUPPLY

The power supply is operated from the secondary

‘of an isolated transformer. The AC is rectified by

full wave bridge CR207 and filtered by C208.
Q205 and U203 provide a regulated supply for
transducers. The supply is selectable for either 5V
or 10V by S202. The polarity is reversible by
means of S201.

- ATTENUATOR

EXCITATION |
, ———4—< AC=13VRMS
VOLTAGE o o N
—a_o—{FILTER

CAL

SUPPRESSION

OUTPUT

FIGURE 4-1 BLOCK DIAGRAM~D.C. BRIDGE PREAMPLIFIER
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4.6 ZERO SUPPRESSION

A stable reference voltage is provided by zener
 diode CR203 in conjunction with the current

sources formed by Q203 and Q204. A plus or
minus reference is provided depending upon which
end of the zener is connected to common. It is
then divided down to provide either .01 volts or .1
-volts suppression full scale.

The amount of suppression is variable by means of
front panel potentiometer R104. The output of
the control is.applied to R224 and summed into
the inverting input of the input amp.

4.7 OPTIONAL FILTER

For noisy environments an optional 5Hz, 2 pole
filter is provided by means of inserting C204 and
C205 into the terminals provided. This does not
behave as a true 2 pole filter due to the gain
configuration. It rolls off at -12db/octave until
approximately -30db and then becomes a single
pole filter with -6db/octave attenuation.

Formulas for calculating C204 and C205 for fre-
quencies other than 5 Hz:

(.8 ufd) (5 Hz)

New Frequency

C204 =

(.02ufd) ( 5 Hz)
New Frequency

€205 =

THEORY OF OPERATION
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SECTION V

CALIBRATION

5.1 GENERAL

. In addition to detailed calibrate procedures, this
section contains paragraphs on troubleshooting and
maintenance.

5.2 CALIBRATION
a. General

The Gould D.C. Bridge Preamplifier, Model 13-
4615-30 has been accurately calibrated before ship-
ment from the factory and should give long trouble
free service. Should recalibration be required, it
should be performed by qualified technical person-
nel only,

NOTE: Performance checks in this section specify
limitations based on optimum “‘‘new-equipment’
values. Should any results be unacceptable, please
see the troubleshooting section of this manual or
~ your Gould Service Representative.

b. Test Equipment Required

Proper test equipment is essential for accurate

calibration. Use the equipment specified below or
its equal.

3. AC Source.

*+,05% accuracy (or Settability
and stability). ' '

4, DC Source. *.05% accuracy Fluke Model
343A.

5. Power Supplies 5:15v @ 150ma, 5% ac-
curacy S ' :
6. Auto Transformer. Variac W5MT3AE

7.  Extender Card and Cable Assembly: Gould
P/N 887291,

8. 2000 Series Recorder.
c. Preliminary Procédure
1. Set Front Panel Controls as follows

%LOAD FULLSCALE,......;....‘....,:...off'

SUPPRESSION (—VOLTSH) .....ovvvnn... off
VERNIER DIAL (SUPPRESSION) .. ... Remove
VERNIER DIAL (CALIBRATE) ....... Remove
SHUNT (CAL) +\vivrerenneeranneinnnn . N/A
SHUNT (TRIM) « . eeoeineineeninnnen N/A
BALANCE ......... e . N/A

2. Load Output with a 2Kchm resistor.(piw2'é5).

1. Digital Multimeter, AC/DC. Fluke Model
8100A. 3. Remove right 5|de cover from preamp (Figure
, , o 5-1).
2. Oscilloscope. Tektronix Series 530 with
: 1.A7A plug-in, -
T _ e
' - R219 R206 011 T mm
C a0 em (o
' g g . Qsa : d ?2
of 2| [0 8-ca-85 Q L Q“‘ e (N 7es
‘5 L g 3,38 % _PIN2
6V E o w1 A+ -
] = E10. - rpe
DI & : E9 E12 EW4 E16 su TR
, 2 1v . —PIN 5
nzsa@
i s201 szoa
E & n241 :
| NOTE: RIGHT SIDE COVER REMOVED

FIGURE 5-1 CALIBRATION COMPONENT LOCATIONS
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Connect input to power source: +15Vdc and
13Vrms or power from a series 2000 recorder.

Measure voltage at TP1 to Pin b (common).
It should be approximately 10 Volts (Figure
5-1).

Measure voltage at TP2 to common. It should
be approximately 10 volts. (Figure 5-1).

Make certain that capacitors C204 & C205
are not in the circuit. (Not connected to E6
or E9.)

Check that there are no oscillation's on
output.

Allow unit to warm-up for 15 minutes.
Amplifier Calibration
Short inputs to common (E11 & E13 to pin

5) and set front panel controls as described
in‘paragraph 5.2c. '

Connect voltmeter to the output (pins 2 & 5).

Set the output to zero (0) volts £5mv with
R219 (Figure 5-1).

Set the front panel CALIBRATE pot approx-
imately 1.5 turns from the extreme counter-
clockwise position.

Set the % LOAD FULL SCALE switch to-

the 5% position and use R206 to set the
output to zero (0) volts 50mv. (Figure 5-‘1).

Tie the “+” and “-" inputs (E11 & E13)

together and apply a 10 volt peak-to-peak -

60Hz signal between the inputs and common

(pin 5). Connect an oscilloscope to the
output (pins 2 & 5) and adjust R203 for a-

minimum output. (Figure 5-1).

Remove signal generator. Short input to
common as in step 1 and set % LOAD FULL
SCALE switch to the 100% position.

Set the front panel CALIBRATE turns
counting “dial to 2.00, and lock it in this

" position. Apply a 10.0- mv DC signal to the

input. Adjust the CALIBRATE pot (Slot
under plastic’ knob) with a screwdriver for
5.00 vDC +5 mv on the output. Secure the
turns coutning dial to the shaft.

Bridge Excitation Voltage

Set %LOAD FULL SCALE switch to the OFF
position. Short inputs to common, o

Place a 100 ohm, 2 watt resistor between pins
6 and 7 of the input connector. Connect a

voltmeter across the resistor (Hi-to pin 7).

Connect as oscilloscope with ‘‘Hi-Cutoff”’ at '
1KHz across the resistor. . 7 S

Set the 5-10 volt switch, S202, to the 5V
position and the Normal-Reverse switch,
S201, to the NORMAL position. Use R241 to
adjust the voltage to +5.0V i5mv. Noise
should be less than 5mv peak-to-peak (See
Figure 5-1). o

Change S201 to the REVERSE position.

' " Voltmeter should read -5.0V *5mv. Noise

should be less than 5 mv peak-to-peak. Return
to the NORMAL position. o '

Set S202 to the 10.0V position. Use R235 to
set the voltage to +10,0V *10mv. Noise -
should be less than 10 mv peak-to-peak (See
Figure 5-1). . -

Change $201 to the REVERSE position.
Reading should be -10.0V *10mv. Noise
should be less’ than 10mv- peak-to-peak.

Suppression Voltage

With inputs shorted to Common (E11 & E13
to pin 5) set the % LOAD FULL SCALE :
switch to 100. Set the CALIBRATE dial to =
20. ’ oo iy

Take remaining vernier turns counting -dial-
and set to 00.0 and lock. Adjust the ZERO
SUPPRESSION-VERNIER pot (slot under

plastic knob) with a screwdriver fully counter- -

clockwise. Place the dial on the shaft and
secure in place with set screw provided.

Monitor the output (pins 2 & 5) with a
voltmeter. Be sure output reads zero voits £5.
mv. Adjust R219 as required (See Figure 6-1).

Turn SUPPRESSION VERNIER to 10.0 and

lock. Apply a'+10.0mv £0.06% DC signal to
the input (E11/E13). Set the —VOLTS+
switch to the.+0.01 position and use R228
(Figure 5-1) to set the output to read 0.00
Volts b mv. o '
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switch to. -0.01 position. The output shouid switch. The error at each setting should be with in
read O volts £25mv, the limit listed. If errors exceed those in table,
repeat step 5.2.d. If still excessive, see paragraph
Apply a +100.0 mv £0.05% DC signal to the 5.2.a.
input. Set the —VOLTS+ switch to +0.1 and
use R229 (Figure 5-1) to set the output to. j. Common Mode Rejection Check
read 0.00 Volts £50mv.
1. During the common mode rejection check
Switch the input to -100.0mv and change the remove the 15K ohm balance resistor from
—VOLTS+ switch to the -0.1 position and terminals E13 & E14.
check to see that the output reads 0 Voits 7
+100mv. 2. Connect a 100 Ohm resistor between + and -
input (pins 11 & 13). Set the CALIBRATE
8. Remove the input and return the —VOLTS+ dial to 2.00 and the % LOAD FULL SCALE
switch to the OFF position. switch to 5%.
9. Return the SUPPRESSION VERNIER dial 3. Apply a 10 Voit peak-to-peak 60Hz sinewave
to 00.0 and lock. between common (pin 5) and chassis ground.
Monitor the output with a scope and connect
g. Ampilifier Zero Check (=) input to common. The output should be
, less than 1 Volt peak-to-peak. ‘
1. Set controls as follows: .
. 4. Remove (-) input from common and connect
% LOAD FULL SCALE OFF the (+) input. The output should be less than
NORMAL/REVERSE Switch NORMAL 1 Volt peak-to-peak.
Bridge Voltage Switch (5202) 5V
k. Frequency Response
2. Short inputs to common, ' '
» ‘ 1. Set % LOAD FULL SCALE switch to 100%
3. Connect voltmeter to the output. Check for and CALIBRATE dial to 2.00.
0 +5 mv. If not zero see step 5.2.d, above, .
for calibration. 2. Apply a 7.0 mvrms, 60Hz sinewave to the
: input. Monitor the output and increase
4. .Set the %LOAD FULL SCALE switch to the frequency to 1KHz. Output should not de-

Switch the input to -10mv and the —VOLTS+

5% position. Check for 0 £50 mv as in pre-
ceeding step.

TABLE 5-1 INPUT/OUTPUT VOLTAGES FOR %

LOAD FULL SCALE SETTINGS

%FULL
SCALE D.C.
SETTING | INPUT +.05% | OUTPUT | ERROR

for each setting of the % LOAD FULL SCALE

- crease more than 40mv below the 60Hz read
‘ing.

3. Swntch frequency to 3Hz. Monitor output
with -an oscilloscope (DC coupled). Set
amplitude on output to be approxnmately
10V peak-to peak

4. Place plug-in capacitors C204 and C205 inthe -
circuit by inserting in terminals E5 and E6

5 +.25 mv +2.5V 25mv and E8 and E9. (See Figure 5-1).
10 +50mv +2.5V 25 mv ,
20 +1.0mv +2.6V 12.5 mv 5. Increase ,frequency‘ until output decreases to
50 +2.5mv +2.5V 12.5 mv 7 volts peak-to-peak, Frequency at this point
100 +6.0mv | +26V 5.0 mv should be between 4.5 and 5.5Hz.

200 +10 Omv +26V | 126mv |

6. " Remove input signal and remove capacitbrs
(C204 and C205) from circuit by inserting
them in E5 and E7, and E8 and E10. - :

"~ h. Amphfler Accuracy Check

Table b-1 lists the mput and output voltage
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p.

Amplifier Noise

Short inputs to common (E11 & E13 to pin
5). Set CALIBRATE dial to 2.00 and the %
LOAD FULL SCALE switch to 5%.

Observe output with the oscilloscope “Hi-
Cut-off” frequency set to 100Hz. Noise
should be less than 100 mv peak-to-peak.

Set “‘Hi-Cutoff’’ to 1KHz. Noise should be
less than 150mv peak-to-peak.

Bridge Excitation Voltage Noise Check
Recheck the noise levels per step 5.2.e to
make certain they are within the specified

limits.

Suppression Voltage Check

(1f any of the following voltages are not as speci-
fied, repeat the Suppression Voltage calibration
per step 5.2.f.)

1.

With inputs shorted to common, set the %
LOAD FULL SCALE switch to 100. Set the
CALIBRATE dial to 2.0.

Monitor the output with a voltmeter. Be sure
output reads zero volts £5 mv.

Apply +10.0mv £.05% dc to the input. Set
the —VOLTS+ switch to OFF. The output
should be 5.0V +10mv. ’

Turn the VERNIER SUPPRESSION dial to
0.0 and set the —VOLTS+ switch to +.01.
The output should be the same as in step 3

above.

Set the VERNIER SUPPRESSION dial to 5.0.
The output should be +2.50V £25mv.

Set the VERNIER SUPPRESSION dial to
10.0. The output should be 0.0V +2bmv,

Change the input to +100.0mv. Turn the
-VOLTS+ switch to +.1. The output should
be 0.0V £50mv. '

Change the input to -100 mv. Turn the
.WVOLTS + switch to -.1. The output should
be 0.0V +100mv. . :

° . S
T et SR Y \-.'"»‘_ )
Y N e

9. Change the input to -10MV. Set the -VOLTS+
switch to -.01. The output should be 0.0V
125 mv.
10. Turn the -VOLTS+ switch to OFF.
g. Final Check
1. Set the front- panel CALIBRATE dial to 2.00
and lock. Check the zero in the OFF posi-
tion: +5mv. Check the zero in the 5% posi-
tion: +50mv. If tolerances exceeded, return
to step 5.2.d. Return the % LOAD FULL
SCALE switch to the OFF position.
2. Excitation voltage switch, S202, should be on
5 volt.
‘3. Connect a 4-arm 120 Ohm bridge to the
amplifier as shown in Figure 5-2.
J203-7 >—
J203-2
J203-6 D>—
42031 >—
| RESISTORS SHOULD BE..25%, 1WATT METAL FiLM.

FIGURE 5-2 INPUT BRIDGE
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10.

1.

12,
- 13.

14,

Place a 156K ohm resistor between the CAL R
terminals (E1-E2) and a 15K ohm resistor

. between BAL R terminals (E13-E14) on the

P.C. board (see Figure 5-1).

Place a jumper between E1 and E5, between
E3 and E4, and between E12 and E13.

Connect a voltmeter to the output and in-
crease the sensitivity step by step from
200% to 5% keeping the output to zero
+50mv with the BALANCE control.

Return the % LOAD FULL SCALE switch
to the 100% position.

Depress the front panel SHUNT CAL push-
button. The output should read approxi-
mately +4.9 volts.

Remove the jumper between E12 and E13
and insert between E11 and E12. (This jump-
er determines the direction of pen movement
when CAL button is pressed. Depress the

SHUNT CAL pushbutton. Output should -

read approximately -4.9 volts. Replace the
jumper between E12 and E13.

Change S201 (Figure 5-1) to the REVERSE
position and repeat Step 7. Output should
read approximately -4.9 volts. Return S201
to the NORMAL position.

Set S202 to the 10V position. Repeat Step
7. The output should be approximately +9.8
volts. Return S202 to the 5 V position.

Remove the jumper between E1 and ES3.

With the SHUNT CAL pushbutton depressed,
use a screwdriver to rotate the front panel
SHUNT TRIM Pot from'the extreme counter-
clockwise position to the extreme clockwise
position (approx. 4% turns). The output
should read approximately +4.9 volts (CW)
to +1.8 volts (CCW). Return the TRIM
pot to its center position, approximately
+2.7 volts on the output.

:Remove test bridge and turn % LOAD FULL
SCALE switch to OFF. '

5.3 SYSTEM CALIBRATION CHECK (PREAMP

PLUS RECORDER)

Install preamplifier into Gould 2000 Series Re-
corder, and perform the following procedures:

NOTE: In order for these steps to have any signi-
ficiance, the 2000 Series Recorder must be pro-

1.

- perly calibrated.

Gain Accuracy

Turn recorder on and run at 5 mm/sec. Use
Pen POSITION to set trace to CENTER

- ZERO.

Apply DC voltages to all ranges as listed in
‘Table 5-2. Deflection should be within limits
listed. On the 5% and 10% of % LOAD FULL
SCALE settings it may be necessary to use
the Pen POSITION adjustment on the re-
corder to re-zero the trace.

TABLE 5-2 VOLTS APPLIED/RECORDER DEF-
LECTION FOR % LOAD FULL SCALE SETTINGS

% OF LOAD VbL-TS RECORDER
FULL SCALE APPLIED DEFLECTION
5 ‘ £ 0.25 mV Full scale +0.7%
10 +05 mVv Full scale £0.7%
20 £1.0 mV | Full scale £0.7%
50 | +25 mV | Fullscale £0.7%|
100 £ 5 mV | Full scale +0.7%)|
200 £ 10 mv | Full scale £0.7%
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b. Linearity i
1. Set the "% Load Full Scale’ switch to 100.

2. Set the line voltage to 90% of normal and the
chart speed to 5mm/sec. Apply a 1 Hz
triangular wave from a function generator.
Adjust the amplitude and pen zero for full
scale deflection on the chart.

3. Increase the chart speed to 200 mm/sec. and
run approximately 500 to 600 mm of chart
paper. Measure the variation from a straight
line of a positive and negative going
waveform. The maximum error should be less
than 0.45% of full channel width.

4. Set the line voltage to 100% of normal and
repeat Step 3. Error should be the same as in
Step 3.

c. Zero with Line

1.  Set the line voltage to nominal and the chart
speed to 5 mm/sec. Short the input to the
preamp and set the pen to zero.

2. Decrease the line voltage to 90%. the zero
should shift less than 0.3% of full channel
width.

3. Set the line voltage back to nominal and
recheck the zero. Increase the voltage to
110%. The zero should shift less than 0.3% of
full channel width.

d. Noise

Short the input to the preamp lifter and set the
. chart speed to bmm/sec. Position the pen on the
~zero line. Run the chart at 200 mm/sec. for
approximately 300mm.

The trace width should be less than 1% of full
channel width. '

5.4 TROUBLESHOOTING

Troubleshooting may be performed in conjunction
with the schematic (located behind the parts
section) and the bench -equipment listed in
paragraph 5.2, When the preamplifier is used with a
Gould - 2000 Series Recorder, refer to -the
troubleshooting table in Section V of the recorder
manual.

CALIBRATION

5.5 MAINTENANCE
a. General

Maintenance on the preamplifier is limited to
cleaning only.

CAUTION

1) Before attempting to clean preamplifier, turn
OFF power and remove from enclosure.

2) Avoid use of chemical cleaning agents which
might damage plastic or printed surfaces. Do
not use chemicals which contain toluene,
Cellusolve, acetone or similar solvents.

EXTERIOR

Remove loose dust with a soft cloth or small paint
brush. Dirt which remains can be removed with a
soft cloth dampened in a mild detergent and water
solution. DO NOT USE ABRASIVE CLEANERS.

INTERIOR

Dust in the interior should be removed occasion-
ally due to its electrical conductivity under high
humidity conditions. Blow off accumulated dust
with dry low pressure air. Remove any dirt which
remains with a soft paint brush or a soft cloth
dampened in a mild detergent and water solution.
A cotton-tipped applicator is useful for cleaning in
narrow spaces and/or printed circuit boards.
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SECTION VI
APPLICATIONS

6.1 AN INTRODUCTION TO STRAIN

~ Strain is a fundamental physical phenomenon. It
exists in solids at all times, due either to loads or to
the weight of the material itself. The terms
“strain’’ and ‘‘physical deformation’” are
synonymous. In engineering strain refers to the
change in any linear dimension of a body which is
due to the application of either internal or external
forces.

“Strain’’ as defined above refers to total strain, but
we are primarily interested to “unit strain’’ which
has much greater significance. Average unit strain is
the total deformation of a body in a given

direction divided by the original length in that

direction. Unit strain as determined by a strain
gage is expressed in microinches per inch.

Change in Length
Original Length

Strain =

{microinches)

or

E:...A_E'.—
L

The word “strain’ (or “micro-strain’) when used
alone normally refers to “‘unit strain.” Engineers
and scientists have attempted for centuries to

measure strain accurately, but only the last two -
decades has seen outstanding advancement -in the
art of strain measurement, made possible by the
development of the bonded resistance strain gage.

6.2 WHY MEASURE STRAIN?

The measurement of strain can be beneficial to
anyone in industry who is interested in developing
or producing a superior product. During the past
two decades strain measurement has opened up an
entirely new branch of engineering called
“experimental stress analysis.”” The strain gage has
been used so extensively and so successfully in'the
aircraft industry that it can safely be said that
without it aircraft performance and safety factors
would be far below their high present day levels.
Today, the bonded strain gage is finding its way
into all heavy industries. From strain gage data,
engineers can produce better machine designs
which provide superior performance and reliability,
weigh less and cost less to build. Strain gages are
used in hundreds of industrial applications from
strain analysis of smoke stacks to metal distortion
in turbine blades, and from the flight of an arrow
to the flight of an airliner. The only limit of strain
gage applications appears to be the imagination of
the user. ,

6.3 ACCURACY

Strain gages are electromechanical transducers that

ACTIVE
STRAIN
GAGE

- BRUSH
OSCILLOGRAPH

BR

WHEATSONE

~ BVOLTS

a3 R
LS 3terusn o

_ BRIDGE
Iee

AM?LIFIER

DC

|

FIGURE 6-1 BASIC STRAIN RECORDING
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are applied to the surface of the material. The

strain gage exhibits a change of electrical resistance
with a change in strain. The change is linear, and
may be measured with suitable instrumentation.
The method, although indirect, is precise.
Accuracies of 1% are obtained with standard
equipment, properly applied and operated with
reasonable care. Accuracies up to 0.1% can be
achieved by experts working with special
apparatus. {Figure 6-1)

6.4 SENSITIVITY

Sensitivity of a strain gage is determined by the
electrical conductivity of the sensing element
material and its configuration. It is predetermined
by the manufacturer. “’Gage factor” is a measure of
strain gage sensitivity. All commercial resistance
strain gages have a positive gage factor. This means
that an increase in strain produces an increase in
strain gage resistance. Strain (€) has been defined as
the change in the length (AL) divided by the
original length (L). The unit change in resistance
that the strain produces is defined as the change in
;es)istance (AR) divided by the original resistance
R).

Gage factor (Gg) is defined as the unit resistance
change divided by the unit strain. That is:

_ AR/R

N

‘The measured gage factor stated on each strain
gage package should be used in alI instrument
calibrations.

6.5 AREA OF STRAIN MEASUREMENT

In use, each portion of the strain gage is intimately
bonded to the member being tested and accurately
follows its movements in both tension and
compression. It measures the average of strains all
along the gage length. If strain is localized in a
small area, a short length gage must be used. Gages
only 1/64" long are available for use when working
space is limited.

For measuring large strains up to 10% elongation
special 'post yield” strain gages are available.

6.6 ROSETTES FOR COMPLEX STRAIN
MEASUREMENTS

Single-element strain gages are designed to measure
only those strains that are parallel to the strain
gage axis. Transverse-axis sensitivity of a
single-element gage is usually less than 2% of the

APPLICATIONS

normal “‘strain—axis’’ sensitivity and has negligible
effect on output.

Where strain directions are not known, it is
necessary to use mulitiple array strain gages called
rosettes. The individual elements in a rosette gage
are arranged to facilitate later calculation of both
the magnitude and direction of the principal
strains. Three separate channels are required to
measure or record the strain data from a three-gage
rosette.

The two most common types are the rectangular
rosette which has gages oriented at 00, 450 and
900 and the delta rosette with gages oriented-at 00,
600 and 1200. When the direction of principal
strain is known approximately, the rectangular
rosette is used so that the center gage can be
oriented in the estimated direction of the principal
strain. When the direction of the principal strain is
completely unknown, the delta rosette should be
used. V

6.7 DURATION AND FREQUENCY OF STRAIN

Three general classes of strain work are
encountered. The first is long-term measurement of
static or slowly changing forces. This requires gages
which provide consistent output under changing
environmental conditions. The conventional strain
gages used with proper temperature compensated
strain gages, are both available for these long term,
drift-free measurements.

The second class of strain work deals with rapidly
varying strains of high magnitude. This work
requires gage grid materials of. high fatigue
resistance. Isoelastic wire gages were developed
specifically for this type of application, but they
create difficult ‘problems in temperature
compensation. = ‘ '

The third class of strain -work deals with a
combination of static and dynamic strains plus
transient temperature conditions. The new
temperature-compensated foil gages are quite
satisfactory for this class of work.

6.8 DESIRABLE CHARACTERISTICS OF
STRAIN GAGES

An ideal universal strain gage would contain the
following characteristics: .

1. Ability to measure strains accurately under
static or dynamic conditions.

2. Small size,

light weight and negligible
thickness. L
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3. Suitable for observation and

remote
recording. -

4. Unaffected by temperature, vibration,
humidity or other ambient conditions.

Easy to install on member being analyzed.
Good stability and negligible hysteresis.

Lérge linear output in response to strain.

Inexpensive.

© ® N o 9

Dependable and not subject to aging or
fatigue.

10. Capable of operation as an individual strain
gage or in multiple rosettes.

6.9 ETCHED FOIL STRAIN GAGES

Today the “etched foil” strain gage contains
practically all of the foregoing features. Several
hundred different types and sizes are commercially
available from a number of sources. Bonded
resistance strain gages are available today that will
satisfy most engineering requirements.

Etched foil strain gages offer significant
improvement over the earlier wire-grid gages in
both electrical and mechanical performance, along
with better application flexibility. Each grid
element is many times wider than its thickness,
providing a large bonding area. The end loops of
the grid reduce transverse sensitivity of the gage
and also reduce creep and hysteresis. Very thin
gages are available in which the total thickness is
less than 0.002 inches, allowing extreme flexibility
and close contact to the mounting surface,

Etched foil gages have strain sensitivities from 5%
to 20% greater than equivalent bonded wire strain
gages.

a. Transverse Sensitivity

Etched foil gages are designed for minimum
transverse strain sensitivity. Relatively low
resistance in the loop ends, which join adjacent
grid elements, results in very low transverse
sensitivity factors of between 0.5% and 2.0%,
providing greater accuracy in two-directional stress
fields such as torque measurements.

b. Hysteresis and Strain Limits

Actual tests show the combined hysteresis and zero
shift obtained with etched foil gages during strain

APPLICATIONS

reversals of £1500 microinches per inch, to be less
than 0.1% of the total strain excursion, Accurate
strain measurements can be.made up to 5%
elongation with properly selected standard
self-compensated foil strain gages. Special high
elongation foil gages are available for large strains
up to 15% elongation. o .

c. Fatigue Life

Many of the larger epoxy resin backed etched foil
gages operated at a reversed cyclic strain level of
+1500 micrainches per inch, will have a service life
greater than 3,000,000 cycles. Increasing the strain
level to £2000 microinches per inch will reduce the
strain gage life expectancy by a factor of 10 to
100, depending on environmental conditions.!

d. Operating Temperatures

Etched foil gages are available which will operate
from —3200F to +12000F for static measurements
or +18000F for dynamic work. It is not practical
to cover this entire range with a single gage.

e. Physical Construction and Versatility

Foil strain gages have a distinct advantage in their
thin flat form which places the strain-sensitive grid
close to the material under test and conforms
accurately to surface contours. Flexible
construction is achieved by using very thin
fiberglass laminates and epoxy base carrier
materials. These thin gages are excellent for
contour fitting and fast curing applications for use
at normal room temperature.

6.10 TEMPERATURE COMPENSATION

Temperature compensation is one of the most
important and. one of the most frequently
over-looked . factors. in the field of strain
measurement. It is possible to start out to measure

“strain and end up measuring ambient temperature

changes. One large company had to scrap more
than a million dollars worth of strain data because
adequate temperature compensation was ~not
achieved by conventional “dummy” gage
compensating techniques. Any strain gage will
respond to all strains in the test material whether
the strains are thermally induced or produced by
an external force or load. If you wish to record
strain and not temperature changes, it is urged that
you pay special attention to the temperature’
compensated bridge circuits, temperature
compensated strain gages and temperature
compensated lead wire systems which . will be
described later.
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a. Self-Temperature-Compensated Gages - »

The terms ‘’‘self-compensated’’,
‘‘temperature-compensated’’, or
“self-temperature-compensated’” are applied to
strain gages intended for use on materials having a
related thermal coefficient of expansion. The gage
alloy is so processed that the combined effects of
thermal coefficient of resistance in the gage and
thermal coefficient of expansion in the mounting
surface result in essentially zero resistance change
due to temperature. This results in a very low value
of "apparent’’ or ‘‘temperature-induced’’ strain.

When transient temperature conditions are
encountered, best accuracy will be obtained by
using temperature-compensated strain gages,
available from several sources.

Self-temperature-compensated strain gages are
designated by an extra letter and digit in their type
number which indicate the expansion coefficient
of the material for which the gage is designed. For
example, C6 in the Budd Company type number,
or S6 in a Baldwin type number, would indicate
that the strain gage is designed for use on materials
which have a thermal expansion of 6 parts per
million per degree Fehrenheit (6 PPM/OF).

b. Temperature Compensation in Lead Wires

Lead wire resistance and capacitance also change
with temperature. Therefore, lead wires from strain
gages to the amplifier must also be temperature
compensated.

Many people make the mistake of connecting a
single strain gage to the Wheatstone bridge with

THREE IDENTICAL LEADS IN
COMMON SHIELDED CABLE

b~
— 1V =
L7
—— TEMPLRATURL

COMPENSATELD
STRAIN GAGLE

- +

f———— &5 v 1y ———

FIGURE 6-2 TEMPERATURE COMPENSATED
THREE-LEAD WIRE SYSTEM
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only two lead wires. Variation in ambient
temperature introduces a variable resistance in one
leg of the bridge, causing the measuring instrument
to see a strain that is not there. Compensation for
temperature variation in the leads can.be provided
by using the “‘Siemens’ three-lead method shown
in Figure 6-2. In this three-lead method, two of the
leads are in adjacent legs of the bridge which
cancels their resistance changes and does not
disturb the bridge balance. The third lead is in
series with the power supply and is, therefore,
independent of bridge balance. The four-wire lead
systems described in paragraph 6-11 are also
temperature compensated.

Each lead wire between the strain gages and the
amplifier should be made exactly the same length
and the same size of copper wire so that each lead
wire will have exactly the same resistance. The
three (or four) lead wires should be run in the same.
cable or laced snugly together so that all three are
subjected to the same ambient temperature
conditions. Changes in ambient' temperature along
the lead wire cable will not affect the strain
measurements if the temperature is uniform at any
cross-section along the cable. For long runs the size
of the copper lead wires should be sufficiently
large so that lead wire resistance is small when
compared to the resistance of the Wheatstone
bridge circuit. In strain gage work, never use the
shield as a conductor.

6.11 LATERAL DEFORMATION (Figure 6-3)

Another possible source of errors in strain
measurement is lateral deformation as produced by
a.given longitudinal deformation. In a specimen of
uniform cross-section, this relationship is known as
Poisson’s Ratio. '

By definition, Poisson’s Ratio is the ratio of the
transverse contraction per unit dimension in a bar
of uniform cross-section to its elongation per unit
length, when subjected to a tensile stress. When the
material is subjected to compression, an equal and
opposite effect takes place. For cold-rolled steel,

for example, the Poisson’s Ratio is 0.278; for

various aluminum alloys it is 0.330 to 0.334.
Poisson’s Ratio must be taken into account
whenever a temperature-compensating strain gage
is mounted directly on the test specimen in simple
tension or compression at right angles to the active

~strain gage. The single gage output will be increased.

directly in accordance to Poisson’s Ratio for the
material involved.

page 6.4



APPLICATIONS

\ A A /

COMPRESSION

'YX

FIGURE 6-3 TYPICAL DEFORMATION OF A RECTANGULAR BAR
UNDER TENSION AND COMPRESSION TESTS

6.12 BASIC STRAIN RECORDING CIRCUITS

The Wheatstone bridge circuit can be made up with
one active strain gage and three fixed resistors, two
‘active strain gages and two fixed resistors or four
active strain gages. A basic Wheatstone bridge
circuit is shown in Figure 6-4 with one active strain
gage (Rg) and three fixed resistors (R1,R2, and
R3). Potentlometer (Rp) is used to balance the
brtdge with no load applied to active strain gage
). Variable resistor (Ry) provides an adjustment
£i)rldge excitation and thereby adjusts the bridge
}output

R CACTIVE
) STRAIN
3 GAGE
Ry
% G
R, >
R2 R3

i

FIGURE 6-4 BASIC WHEATSTONE
"BRIDGE CIRCUIT

During normal strain measurements, the change in
resistance (AR) of a resistance strain gage is so
small in comparison to the unstressed resistance of
the strain gage (R), that bridge linearity remains
excellent. Bridge output can be considered directly
proportional to changes in strain gage resistance as
long as the strain gage receives constant current
excitation.

When connecting the strain gages in a bridge circuit
it is important to remember that the Wheatstone
bridge output will be directly proportional to the

difference of resistance changes in any two
adjacent arms. Also, in any two opposite arms, the
Wheatstone bridge output will be directly
proportional to the sum of the resistance changes.

Until a few years ago, A.C. carrier frequencies were
used almost exclusively for the excitation of
passive type transducers because they worked
much better than anything else that was available.
Now solid-state electronics have permitted the.
development of appropriate D.C. amplifiers that
have the necessary sensitivity, stability and noise
rejection characteristics which makes them
satisfactory for most applications.

D.C. Excitation Features

1. - Frequency response is limited only by the
characteristics of the amplifier selected.

2. Operating simplicity is achieved by
elimination of . reactive balance, phase
adjustment and the balance/operate control.

3. Instrument versatility is improved since
universal D.C. amplifiers are also used for
many other applications.

4.  Longer lead lengths can be used. Reactive
transmission losses are eliminated.

5. Cross-talk interference Wlth other circuits is
minimized by eliminating the higher A.C.
frequencies. )

6. It is not necessary to synchronize adjacent
D.C. amplifiers to eliminate ‘“beating”
because the higher carrier frequencies have
been eliminated.
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a. Assumed Circuit Conditions

Performance of the strain recording circuits
illustrated on the following pages is based on these
assumptions:

1. Constant current strain gage excitation, {I¢).

2. Minor changes in the modulus of elasticity (E)
of the material due to temperature changes
are neglected.

3. In Fighres 6-10 and 6-11 transverse effects are
neglected.

4. All the bridge circuits on the following pages
receive excitation from the Brush Amplifier.

b. One Active Strain Gage

When one active strain gage is used, a Brush strain
recording system is normally calibrated for a
sensitivity of four microinch per inch of strain per
chart division. The internal calibration system in
most Brush strain amplifiers permits adjustment of
amplifier gain so that this sensitivity may be
_obtained for any 100 to 1000 ohm strain gage with
a gage factor of 2.0 or higher. If desired, the
system may be calibrated for a lower sensitivity.

c. One- Active Gage Without Temperature
Compensation

The simplest but least accurate method of strain
measurement employs only one active strain gage
as shown in Figure 6-5. The inactive arms of the
bridge circuit are completed with precision
wire-would resistors or unstressed mounted gages
of the same resistance value as the active gage.

With one active strain gage mounted and connected
in a Wheatstone bridge circuit as indicated in
Figure 6-5, the output of the bridge will be:

1. Proportional to the change in bending load,
or...

A

2. Proportional to the change in axial load, or...

3. Proportional to the algebraic sum of the two
above loads.

4. Also proportional to temperature changes.

Since this arrangement does not provide
temperature compensation, it is not acceptable for
‘accurate static measurements. It is useful only in
“the . laboratory where temperature is closely
controlled, for dynamic measurements where it is
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not necessary to measure static strain or where the
static strain is of such short duration that
temperature change effects are slight.

NOTE: This circuit is not temperalure compensated. W
USE WITH CAUTION!
ACTIVE \
STRAIN —0
GAGE
O
C 7 . AXIAL »
+—, ¥ LoAD !
MATERIAL PRECISION
UNDER TEST BENDING WIRE-WOUND
LOAD RESISTORS

FIGURE 6-5 ONE ACTIVE STRAIN GAGE
CONNECTED TO BRIDGE

d. One Active Temperature-Compensated Gage

One of the most popular techniques for securing
temperature-compensation is to wuse a
temperature-compensated strain gage which
_exhibits a very low temperature coefficient when
mounted on the proper material. The bridge
circuit, shown in Figure 6-6 should be completed
with three unstressed, temperature-compensated
gages mounted on the proper material. This
arrangement performs well for both gradual
changes ‘in ambient temperature and transient
temperature changes.

Temperature compensation in the lead wires is
accomplished by using the “‘three-wire lead
system’’ shown in Figure 6-6.
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FIGURE 6-6 STRAIN GAGE CONNECTED TO
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With one temperature-compensated strain gage,
mounted and connected in a Wheatstone bridge
circuit as indicated in Figure 6-6, the output of the
bridge will be:

1. Directly proportional
bending load, or ...

to the change in

2. Directly proportional to the change in axial
load, or ...

3. Directly proportional to the algebraic sum of
the two above loads.

4. Independent of temperature changes.

This arrangement is used-only when axial loading
remains constant during the measurement of
bending loads or where bending load remains
constant during the measurement of axial loads, or
where the algebraic sum is desired.

e. One Active Gage and One Compensating Gage

One method to compensate for temperature
changes in the material being tested is to apply a
second strain gage to material of same
composition, same head transfer characteristics and
in the same temperature zone as material under
test, but not subjected to strain. The
temperature-compensating gage is connected in the

bridge arm adjacent to the active strain gage.

Both the active gage and the compensating gage
should be identicai. This not only means identical
resistance, gage factor, type and manufacturer, but
from the same lot number of package and applied
to the surface in exactly the same manner. The
bridge should be completed with two identical
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FIGURE 6-7 ONE ACTIVE AND ONE
- INACTIVE STRAIN GAGE CONNECTED

APPLICATIONS

precision wire-wound resistors or two identical
unstressed gages mounted on a common plate or

_ heat sink at the instrument.

When one active strain gage and one
temperature-compensating gage are mounted and
connected in a Wheatstone bridge circuit as
indicated in Figure 6-7, the output of the bridge
will be: o

1. Directly prbportional to the change in
bending load, or ...

2. Directly proportional to the change in axial
load, or ... ‘

3. Directly proportional to the algebraic sum of
the two above loads.

4. Independent of temperature Changes as long
~as these prevail uniformly at active and
compensating gages.

This arrangement is subject to the same limitations
as the previous circuit of Figure 6-6. Temperature
compensation in the lead wires is achieved by
running three identical leads in a common shielded
cable.

f. Two Active Gages

Most Brush strain recording systems, using two
active strain gages, can be calibrated to a sensitivity
of two microinch per inch of strain per chart
division, or twice that of a one-gage system.

g. In Adjacent Afms of the Bridge

An excellent strain recording circuit is achieved
when two active strain gages are connected in
adjacent arms of the bridge and subjected to strains
of equal magnitude but of opposite sign. The
bridge circuit is completed at the instrument with
two identical precision wire-wound resistors or two
identical unstressed gages mounted on a common

plate or heat sink. : '

With two active strain gages. mounted and
connected in a Wheatstone bridge circuit as
indicated in Figure 6-8, the output of the bridge
will be: P : -

1. Directly proportional
bending load.

to the change in

2. Independent of axial loads.

Independent of torsion.
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4. Independent of temperature changes as long

as these take place uniformly throughout the
material. :

5. Twice as large as the output from a single
gage.

This arrangement is an easy method of achieving

temperature compensation and determining the ',

bending stresses in a member independent of axial
thrust or tension. Temperature compensation in
the lead wires is accomplished by using the three
wire lead system. '
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APPLICATIONS

NOTE  Connect Steain Gages to terminal block in vicinity and ron
four identical leads in common shielded cable to amplifier
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FIGURE 6-8 CONNECTING TENSION AND
COMPRESSION STRAIN GAGES

h. In Opposite Arms of the Bridge

To obtain the sum of two separate strains install
two .active temperature-compensated gages and
connect to opposite arms of the bridge. In this case
temperature compensation in the lead wires is
secured by using a separate three-wire lead system
for each active gage.

i. Four Active Gages

Most Brush strain recording systems using four
active strain gages can be calibrated to a sensitivity
of one microinch per inch of strain per chart
division, or four times that of a one-gage system.
-Satisfactory temperature compensation in the lead
wires will be achieved by connecting all four strain
gages to a terminal block in the vicinity of the
gages, with identical jumpers. Then run four
identical leads in a common shielded cable to the
amplifier.

With four active strain gages mounted and
connected in a Wheatstone bridge circuit as
indicated in Figure 6-9, the output of the bridge
will be: » '

1. Directly proportional

to the change in
bending load. -

<Lt
s

FIGURE 6-9 CONNECTING TWO TENSION AND
TWO COMPRESSION STRAIN GAGES

2. Independent of axial loads.
3. Independent of torsion.

4. Independent of temperature changes as long
as these take place uniformly throughout the
material.

5.  Four times as large as the output from a single
gage.

This arrangement is often used for the following
reasons: '
1. Temperature compensation is achieved
without difficulty.

2. Bending stresses can be measured independent
of axial thrust or tension.

3.  The bridge circuit produces maximum output.
j.- Two Active Gages and Two Compensating Gages -

This Poisson’s (Py) arrangement of strain gages is
frequently used to measure strain produced by
axial .thrust, load or tension by mounting four
gages directly on the material under test. Two
active gages are mounted parallel to the center line
(axial) but on opposite sides of the member. The
two temperature compensating gages are moutned
at right angles to the two active gages. As shown in
Figure 6-10, the two active gages are connected in
opposite arms of the ‘bridge to add their output
and each of the other gages is connected adjacent
to an active gage which not only provides
temperature compensation, but increases the
bridge output in accordance with Poisson’s Ratio
(Py) for the material involved. '
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