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Abstract

This manual describes the theory of operation, product specifications, and use of the

strain gage conditioners (SGCs) developed for structural testing applications in the

ATLSS Laboratories.

The SGC was developed for use with 120 Q strain gages in a quarter bridge configuration
with user selectable fix::d gains of 1, 10, 100, 1000, and 2000. Bridge voltages can be
varied from +2.00 V to +5.00 V. The bridge operates in null mode which permits
balancing of the bridge for use of the full span of the data acquisition system (+ I0.00 V).
Balancing the bridge is facilitated by two‘LEDs which indicate the bridge balance point.
The circuit also includes an on-board passive low-pass filter with a cut-off frequency of

158 Hz. These specifications satisfy the typical strain gage requirements encountered in

the ATLSS Laboratories.



1.0 Background

1.1 Theory of Operation

Strain gages are sensors which exhibit a change in electrical resistance when elongated or
shortened. The resistance change is due primarily to a change in length of the very thin
foil within the gage as well as transverse dilation of the foil. When the strain gage is
shortened, the very thin foil within the gage shortens and the foil width increases resulting
in a decrease of the gage resistance. Similarly, when the strain gage is elongated, the very
thin foil within the gage lengthens and the foil width decreases resulting in a resistance
increase. A strain gage bonded to a material which experiences a change in strain due to
an applied load or temperature change, results in a resistance change in the gage. By
calibrating the resistance change of the strain gage, the magnitude of the strain can be
determined. The actual magnitude of resistance change is typically very small and
difficult to directly measure with accuracy. Fortunately, there is a well known electrical
circuit which permits more sensitive measurement of a resistance change for a component
in the circuit network, called a2 Wheatstone bridge. As shown in Fig. 1, four resistors are
necessary for the Wheatstone bridge. One or more arms of the bridge can be made-up of
strain gages. When a single strain gage is used in the bridge, it is called a quarter bridge
as shown in Fig. 2a. Two active strain gages make 2 half bridge (Fig. 2b), and four active

gages make a full bridge (Fig. 2c).

Common

Fig.] - Typical Wheatstone Bridge.



The SGCs at ATLSS were developed for use only in a quartér bridge configuration. In
addition to the single strain gage, three fixed value resistors, called bridge-completion
resistors, are required to form the quarter-bridge network. The bridge also requires an
external excitation voltage, E, called the driving voltage. When one arm of the bridge
(the strain gage) changes resistance, 2 voltage change occurs between points b and d (Fig.

1) which is related to the change in the strain by the formula:

E F-uex107®
—»ﬁfm—mii_“_,ﬂe__rum_} [1]

Where E, (V) is the output voltage from the bridge between points b and d , E(V) is the

driving voltage, F is the gage factor, and e is the measured microstrain. The voltage

change, E,, is something a data acquisition system can measure electronically. However,

the actual magnitude of the voltage change is again quite small when considering the
typical values used for the elements of the Wheatstone bridge used in the structures
laboratory. To increase the resolution of the strain measurement, it is possible (and
usually necessary) to gain or amplify the signal. Gaining the signal increases the

magnitude of the original signal.

Typical Fixed Bridge
CompletionResistor pore

a) Quarter Bridge b} Haif Bridge c) Full Bridge

Fig. 2 - Examples of Wheatstone bridges with active arm strain gages.



1.2 Syétem Overview

As discussed earlier, measurement of strain on a test specimen requires several
components including a strain gage, an electrical circuit called a Wheatstone bridge
which permits accurate measurement of the strain gage resistance change, a power suppiy
to provide the driving voltage to the bridge, a circuit to gain the signal from the bridge,

and a filtering circuit to reduce unwanted noise (discussed later). The SGC developed for

ATLSS includes all of these features.



2.0 External Power Supply

Voltage to drive the bridge and power the electronics within the SGCs is provided by an
external power supply illustrated in Fig. 3. The power supply is a regulated triple output
linear supply with specifications shown in Appendix A. The three voltage outputs
provide DC excitation of +12.0 V and -12.0 V for the ICs and the third output, +5.00 V,
is used to drive the Wheatstone bridge and can be varied from +2.00 to +5.00 V by a
trimpot on each SGC circuit board. Pin configurations for power connections between
the power supply and SGC rack are shown in Fig. 4. The power supply is self contained,
grounded, and capable of providing power to four racks of SGCs (32 individual cards). A
cooling fan is recommended when powering multiple racks, especially for long duration
tests, or in hot weather, as the supplies will becore very warm. Fine adjustments can be
made to the power supply output voltages by opening the supply enclosure and turning
the adjustmcﬁt potentiometers. This would be rarely necessary as absolute precision of
the output voltages is not retjuired by the SGC circuit. If the +12.0 V supply is above
+11.0 V and the +5.00 V supply is above +4.50 V, the supplies do not require

adjustment.

Power Indicator LED _..\

'\'H'ﬁ

Power sockets to signal conditioning racks Power switch (onloff)

Fig. 3 - External power supply configuration.



1 Pin Configuration

O 1: +12 Voils
2{ 0 0O )3 2: -42 Volts
'®) 3 +5 Volis
4: Common
4

Note: Sockets located on power supplies and racks
Pins located on cables which connect the power supply

to the SGC rack.

Fig. 4 - Power connection between signal conditioning rack and power supply.



3.0 Strain Gage Conditioning Card (SGC)

3.1 Overview of Strain Gage Conditioning Card

The SGC card is the green circuit board with the necessary components for strain gage
measurement. The circuit diagram is shown in Fig. 5. Eight SGC cards are housed in a
rack-mountable enclosure and a single SGC card is required for each strain gage. Each of
the SGC cards contains three precision (1% tolerance) resistors to complete the
Wheatstone bridge, a fuse to prevent short circuiting the bridge, one IC for amplifying the
signal, a passive single pole low-pass filter circuit, an IC for optical bridge balance, and

two trimpots for bridge voltage and balancing adjustment.

Input and output wiring to the SGC is provided by screw terminals on the back of the card
cage with the wiring configuration illustrated in Fig. 6. The SGC input requires a three
wire hook-up for each strain gage (typical strain gage wiring) as illustrated in Fig. 7.
Output to a data acquisition system is provided as a high (+ positive) and low (- negative)
signal. The low signal for all cards is referenced to the power supply common, and thus
the SGC can be used for single-ended data acquisition systems. Racks of SGC cards in
cabinet enclosures have screw terminals wired to .plugs for rapid connect/disconnect to

test set-ups. Connector pin configurations are shown in Fig. 8.
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Fig. 5 - Circuit diagram.



White Wire From Strain Gage

Black Wire From Strain Gage

Red Wire From Strain Gage

Shielding From Strain Gage (Optional)

Output Voltage From Conditioner (+Signal)
(Wire to Data Acquisition System)

Common Reference From Conditioner (-Signal)
{Wire to Data Acquisition System)

D D B|D|D|D

Fig. 6 - Screw terminal for input to and output from SGCs.

White

Black

! Red

Fig. 7 - Wiring standard for strain gages.



1 2
3 00 ¢
, 0000
sjoleleRlY
110000114
O

15 016

Pin Configuration

N oM R N

+Signal (Gage #1)
Common (Gage #1)

+Signal {(Gage #2)
Common (Gage #2)

+Signal (Gage #3)
Common (Gage #3)

+8ignal (Gage #4)
Common (Gage #4)

11:
12;

13:

15:
16:

+Signal (Gage #5)
Common (Gage #5)

+8ignal (Gage #6)
Cornmon (Gage #6)

+8ignal (Gage #7)
Common (Gage #7)

+8ignal (Gage #8)

Cornmon (Gage #8)

Output from signal conditioning rack to data acquisition system.

'vso000?
5000009

/

Pin Configuration

woN ook W

White Wire (Gage #1)
Black Wire (Gage #1)
Red Wire {Gage #1)

White Wire (Gage #2)
Black Wire (Gage #2)
Red Wire (Gage #2)

White Wire (Gage #3)
Black Wire (Gage #3)
Red Wire {Gage #3)

White Wire (Gage #4)
Black Wire (Gage #4)
Red Wire {Gage #4)

22
23
24:

White Wire (Gage #5)
Black Wire (Gage #5)
Red Wire (Gage #5)

White Wire {Gage #6)
Black Wire {Gage #6)
Red Wire (Gage #6)

White Wire (Gage #7)
Black Wire (Gage #7)
Red Wire (Gage #7)

White Wire (Gage #8)
Black Wire-(Gage #8)
Red Wire (Gage #8)

Note standard wiring convention used to describe wire focations.

Input from strain gages to signal conditioning rack.

Fig. 8 - Connector configuration for input and output from rack-mounted SGCs.
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3.2 Bridge Driving Voltage and Adjustment

The Wheatstone bridge on the SGC card is powered by the +5.00 V output from the triple
output power supply. There is however, voltage loss along the wires which connect the
power supply and SGC card. This results in voltage less than +5.00 V when measured at
the card. To account for this reduction in supply voltage, a trimpot is provided on the
SGC card to permit accurate adjustment of the bridge driving voltage as illustrated in Fig.
9. While it is not possible to increase the bridge voltage higher than +5.00 V, it is
possible to adjust the bridge voltage downward to a suitable round number for simplified
calculation of the circuit parameters. Typically, the bridge voltage is set to +4.00 V. This
permits adequate signal to noise ratio while providing sufficient temperature dissipation
for most 120 € strain gages (See strain gage manufacturers specifications for specific
dissipation requirements). The bridge voltage can be adjusted as low as +2.00 V.
Adjustment of the bridge voltage is made by turning the trimpot located at the face panel
as shown in Fig. 10. The bridge voltage is measured with a standard digital multimeter

(DMM) at the face panel as shown in Fig. 10.

£, a Cap. Select Vo
= y 7]
Lg} 3 pBﬁﬁ 5 rgz Ing utc olitage
5
L1l = 3 +gr\?mw 2
e 5{ L] #12Y g (2aG Fuse] =
Fiitered O TRT piyoAry L T P
Lnfiltered b H
o
E]ZEE ‘5 VI gyR &'W'
Bip A &-B
[k Switeh]| [ 02EP (ﬁ/a/ti (“:ﬁ"\“‘\
T L] i 4R N N, fzt:
' sazzt n_— CulN
)/ 4 Eg R @ e
22 el o » o o B o ety
esdee el 7 288 & B feellae
/'> ® . [
& Gags Wires
Opt. Pins fo Bridge Balance
L
Varighla Gain [RiE] [ZK Muiti ‘{um
tram Gage Bridge Voitage
AR -
‘ &D‘ bEi [ 1K Multi-Tun
® 3 Coarse Gain
3 E £ 5 ‘
a7 Fine Gain
i DO PG|
LCHP.-08 Strain Gage Conditioner '
© C. Higgins 1994

Fig. 9 - Location of bridge voltage trimpot on SGC card.
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/— Bridge Voltage Adju‘stment Trimpot
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Ralancw Balan Baiseue Balsncs Balznce Balunce Balance Balsnce
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e Brie, ol g Sridge Voltage Bridie Voltage Bridge Veitage Bridgs Voltage Bridgs Voltage Brldge Voitags Bridge Voitage

\ Bridge Voltage Test Points

Fig. 10 - Location of bridge voltage trimpot on face panel.

3.3 Bridge Balancing
OQutput from the SGC card to the data acquisition system is not actually zero when the

strain gage is unstrained. This is a result of the wire resistances which attach the strain
gage to the SGC card, offset voltages from the ICs, imperfect matching of the bridge
completion resistors, variation of the actual strain gage resistance, and other sources. The
SGC permits the output to be zeroed so that when the strain gage is unstrained, the output
to the data acquisition system is set to zero (or nulled). This is called null mode. When
the bridge is properly nulled, there is approximately 0.00 V measured by the data
acquisition system which permits the full range of the strain gage to be used. If the bridge
is not nulled, the complete range (& 10.00 V) of the data acquisition system will not be
fully utilized. For example, if the unnulled output from the SGC to the data acquisition
system is +3.00 V when there is no strain, then only +7.00 additional volts can be
measured by the data acquisition system before going out of range or off scale. The
system used only 70% of the available range capability. By nulling the output from the

SGC, 100% range efficiency (or close to it) can be obtained from the data acquisition

system.

12




Adjustment of the bridge balance is made by turning the trimpot located on the SGC card
as shown in Fig. 11. The trimpot is accessed through the face panel and balancing is
facilitated by two red LEDs also located on the face panel as shown in Fig. 12. The red
LEDs are driven by a typical 741 operational amplifier (op amp) located on the SGC card
as shown in Fig. 11. One LED will switch on while the other will switch off when the
bridge is near the balance point. The trimpot should be turned in the opposite direction of
the illuminated LED to reach the balance point. It is very difficult to get both LEDs to
illuminate (perfect balance) as this is an inherently unstable condition. It is typically
adequate to turn the trimpot just enough to have the LEDs change which one is
illuminated. If the output must be balanced to absolute zero, a DMM can be used to
measure the output from the SGC card as shown in Fig. 6 and the bridge balancing

trimpot adjusted until 0.0 V is obtained on the meter.
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ruweadd® S J5) R e v [AGmd G
Unfitterad e 3
&
L5 e
§ Uip &B
744 S
Switet p2FEP 1A
smanliasis BERG 4T R
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Vorahie Gain CEI] | 26 Mutti-Turn
Strain Gage . Briclge Voliage
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Fig. 11 - Location of bridge balance trimpot on SGC card.
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Fig. 12 - Location of bridge balance trimpot on face panel.

3.4 Bridge Output Gain
As mentioned earlier, it is often necessary to increase the magnitude of the signal from

the Wheatstone bridge. This is necessary so that a data acquisition system can be used to
measure a strain change accurately. Typical data acquisition systems are 12 bit systems
which permit measurement of data at a resolution of +5 mV. This means that the system
can only measure signal changes in increments of +5 mV and cannot distinguish changes
less than this value. A typical 2.0% maximum elongation, 120 Q strain gage, using a
driving voltage of 4.00 V, with a gage factor of 2.00, has a maximum bridge output
voltage of only 0.04 V (Eq. 1). This value would permit only 8 data points to be collected
by a 12 bit data acquisition system during the entire experiment. If the signal from the
Wheatstone bridge is gained, the output voltage increases and results in greater resolution
of strain for the data acquisition system. If in the previous example, a gain of 100 was
used, the maximum output voltage to the data acquisition system would be 4.00 V and
would permit acquisition of up to 800 data points. This results in a much better

description of the strain behavior for the test specime.
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Gain for the SGC is provided by an IC called an instrumentation amplifier located on the
circuit board as shown in Fig 13. An instrumentation amplifier is a precision component
with desirable electrical operating characteristics and is especially suited for amplification
of low level signals. The instrumentation amplifier selected for the SGC circuit,
manufactured by Precision Monolithics Inc. (PMI), is in an eight pin epoxy package,
possessing low input and output offset voltage, high common mode rejection ratio
(CMR), gain accuracy of 0.5% at 1000 gain, low temperature coefficient, large band
width at high gain, and fast slew rate. Gain is set by a single feedback resistor.
Specifications for the instramentation amplifier are contained in Appendix A. Pin
connections for the PMI instrumentation amplifier are typical for eight pin packages and
instrumentation amplifiers from other manufacturers may be substituted if necessary.
Feedback resistors to the instrumentation amplifier are precision 1% tolerance

components to provide actual gains very close to the nominally calculated gain.
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Fig. 13 - Location of instrumentation amplifier on SGC card.
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There are four preset gain settings selectable on the SGC card. The gain is set by
depressing one of the DIP switches as illustrated in Fig. 14. The DIP switch is the
component located between the two ICs as illustrated in Fig. 15. Table 1 contains the

switch settings and corresponding gain, as well as typical data ranges and resolution for a

12 bit data acquisition system.

Gain=1 Gain=10 Gain=100 Gain=1000 Gain=2000 User Specified
Gain

Fig. 14 - DIP switch gain settings.
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Fig. 15 - Location of DIP switch on SGC card.
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Table 1

Max. Recordable | Strain Resolution for a
DIP Switch Nominal Gain Xrr | Strain(@ +10 V)" {12 bit Data Acquisition’
Position (ue/V) {(ne) (ne)
None 1 479620.0 4796200.0 2398.10
1 10 47962.0 479620.0 239.81
2 100 47986.2 47962.0 23.98
3 1000 479.6 4796.2 2.40
4 2000 238.8 23981 1.20
5 User Installed

“Note : Values were calculated for gage factor of 2.085, and driving voltage of 4.00 V.

Maximur recordable strain at 10.00 V for a typical 12 bit data acquisition system is

calculated as follows:

4-100_0000}1 0 -

MaxStrain,,,, =
xS @itov [F-E-Gain

Where F is the gage factor, E is the driving voltage, and Gain is the selected DIP switch

gain value. Resolution of strain for a 12 bit data acquisition system is calculated as

follows:

41000
R.,. =|=m————15 3

To convert the output voltage from the SGC to engineering units such as microstrain {ue),

a conversion factor is required. Rearrangement of Eq. 1 including gain results in Eq. 4.

4-1000000
X 2= | 4
Faeor [F~E-Gain] @
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Where X, (LE/V) is the conversion factor from voltage to microstrain. In other words,
the acquired voltage is multiplied by X racor to calculate pie. As an example, if the gage

factor is 2.085, driving voltage is 3.00 V, and gain is 100, then 6,394.88 ue/V will be

output from the signal conditioner to the data acquisition system.

3.5 Low-Pass Filter

Electrical noise is inherent in alllelectronic components and as a result, sensors used to
measure structural response include noise in addition to the actual signal of interest. The
noise encountered typically includes both random noise and noise associated with 60 Hz
and harmonics of 60 Hz (a result of AC power lines). One of the best ways to limit AC
noise pick-up is to use shielded cable and ground the shielding. Another way to minimize
noise is to use data averaging. That is, take multiple samples and average them into one
sample. This method is particularly useful in reducing random noise. Unfortunately, data
averaging is typically not possible for higher frequency dynamic tests due to the high

acquisition speeds required for these tests.

An electronic method used to reduce noise is the application of a filter. There are
numerous types of filters and filter configurations. One of the simplest filters used to
remove high frequency noise is a passive Jow-pass filter. Signals in a structures
laboratory are typically signals very close to 0 Hz (DC 'signals). DC means there is no
oscillating component or time varying component, typical for a static test, however this
may not be the case for fatigue or dynamic tests. Noise has time varying components at
frequencies above 0 Hz. Thus, to remove noise from the sensor signal, a filter should
allow low frequency components (signal) to pass unchanged while removing higher

frequency components riding on the signal (noise).

The passive filter on the SGC is a simple single pole resistor-capacitor (R-C) filter as
shown in Fig. 16a (resistor is 1 k€2 and capacitor is 1.0 uF). A Bode plot of the filter

response is shown in Fig. 17 and the frequenéy response is shown in Fig. 18.
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Fig. 17 - Bode plot of frequency response.
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19

10000



The cut-off frequency (determined at 3dB) is 158 Hz. As a result, most of the amplitude
for frequencies below 158 Hz are passed. To determine the amount of attenuation or

amplitude loss at any particular frequency f (Hz), Eq. 5 can be used:

Vour

1
V.

- 2 pi 2 g2 (5]
|4 C R+

Where C (F) is the capacitance and R () is the resistance of the filter components. The
filter response for the SGC is such that for experiments with frequencies above 10 Hz,
there is little or no signal attenuation. This permits application of the SGC to fatigue tests
operating in the lower frequency range. Though it is recommended the filter be used, it
can be switched off if necessary by simply fnoving a single shunt to the position

illustrated in Fig. 16b.
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Fig. 16a - Position of shunt to switch filter on.
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4.0 Use of Strain Gage Conditioning Card

4.1 Introduction
This section describes the typical application of the SGC and a step-by-step praocedure to

facilitate use of the conditioners.

4.2 Step-By-Step Procedure

42.1)
4.2.2)

4.2.3)

4.2.4)

4.2.5)

4.2.6)

4.2.7)

4.2.8)

4.2.9)
4.2.10)

Bond and wire strain gages using the three wire hook-up as illustrated in Fig. 7.
Check strain gage to ensure it is not grounded to the test specimen by measuring
the resistance between the gage and the specimen with a DMM (a resistance
measured between the gage and the specimen indicates the gage is grounded to
the specimen).

Check gage resistance at the ends of /the hook-up wire with a DMM before
attaching wires to the SGC. Resistance between the white and black wires
should be very small, and the resistance b.etween the red and black wires and red
and white wires.should be approxifnately 120 2.

Ensure gain setting is properly selected on each SGC. See previous section for
discussion of gain settings.

Ensure filter is selected on each SGC.

Wire the gage to the SGC as illustrated in Fig. 6.

Plug power supply ini and turn power supply on. Green LED on power supply
will illuminate. One red balance LED will illuminate on each of the eight SGCs
in the powered rack.

Switch on power to the bridge for each gage. The switch is located on the front
panel of the rack. A yellow LED will illuminate.

Permit the conditioners to warm-up adequately (see cautionary notes).

Measure the bridge voltage at the red and black test points with a DMM. Adjust
the voltage as required (+4.00 V is typical) by turning the bridge voltage trimpot.
When driving multiple racks of SGC with one power supply, this procedure

should be performed multiple times to ensure proper voltage to all channels.
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Start at one channel, adjust all bridge voltages and go back to the first channel
and repeat. Repeat as many times as necessary unti! the voltages don’t change.
If a powered channel is turned off, the voltage on other channels may be affected
and the balancing process should be repeated. This process sounds time
consuming, but the system converges quickly to stable accurate bridge voltage
levels.

4.2.11) Balance the bridge. The bridge balance trimpot should be turned in the opposite
direction of the illuminated LED to reach the balance point. It is very difficuit to
get both LEDs to illuminate (perfect balance). It is typically adequate to turn the
trimpot just enough to have the LEDs change which one is illuminated. If the
output must be balanced to perfect zero, a DMM can be used to measure the
output from the SGC card as shown in Fig. 6 and the bridge balancing trimpot
adjusted until 0.00 V is obtained on the meter.

4.2.12) The system is ready for use.

4.3 Troubleshooting
4.3.1 Both red balance LEDs always on: This is a sure indication of a ground loop.

Ground loops are always difficult to track down. Check to be sure no gages are grounded

to the specimen and there are no crossed wires (high wired to Jow or vise versa) at the
data acquisition system. Check the power supplies for all devices wired to the data

acquisition system and ensure they are properly grounded and the reference commons are

properly wired.

4.3.2 One red LED is always on even when the bridge voltage is off: This is normal

operation of the SGC. When the external power supply is on and a rack of SGC is

plugged in, the ICs on the card are automatically powered even when the bridge is not. It

is one of these ICs that drives the balance LEDs.
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4.3.3 The signal is noisy: Check to be sure there is 2 common reference connected to the

data acquisition system. Insure the filter is selected. Follow the procedure in the
previous section to turn filter on if necessary. Be sure to attach the shielding of the stain

gage wires to ground. If use of the SGC filter is not desired, then consider filtering by

extérnal data averaging or other methods.

4.3.4 Yellow power LED does not come on when power is switched on

but one red LED is on; This is typically caused by a blown fuse on the SGC.

Turn off the power to the bridge and disconnect the external power supply.
Remove the existing fuse and replace with a new one. Be sure there are no bare
wires shorting out the bridge at the end of the wires at the strain gage.

and no red LEDs are on: Ensure the power supply is plugged in and turned on.

At Jeast one red LED on each SGC should be illuminated when proper power is

provided to the rack. Ensure there is proper power being provided by the power
supply by measuring with a DMM (see pin designations discussed previously). If
the supply short circuited, it can be reset by switching the power supply off and

back on.

4,3.5 The gage appears grounded to the specimen when checked with a DMM: Unplug
the power supply and re-check the gage. If the gage is still grounded, check the gage and
repair as necessary. If the gage does not appear grounded then it ‘is fine. The reason for
the apparent grounding is that the power supply is tied to earth ground through the AC
socket and the common is referenced to earth ground. Therefore, when a strain gage is
hooked-up to the powered SGC there is a normal and measurable electrical path between
earth ground and the strain gage. The gage should not be grounded to the specimen

before being wired to the SGC and should be carefully checked before being connected to

the conditioner.

4.3.6 Bridee will not balance; This is typical of a mistakenly wired gage or a bad strain

gage. If there is an improper three wire hook-up or the gage resistance is very different
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from specified (much different than 120 ) then the SGC will not balance. Check
wiring and strain gage. Disconnect the stain gage wires from the SGC and ensure proper

resistance of the gage by measuring with a DMM. Repair or replace the gage and check

wiring configuration.
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5.0 Cautionary Notes

5.1 Sign convention of the output

The sign convention of the SGC output is positive for compressive strain and negative for
tensile strain. To change the sign to the more conventional positive for tension, simply

use a negative sign for the X, used by the data acquisition program when converting

voltage to engineering units of microstrain.

5.2 Gain Selection
Be sure to select the highest practical gain such that good resolution is achieved while the

strain reading does not go out of range of the data acquisition. See Table 1 for examples

of gain ranges and limitations.

5.3 Temperature sensitivity

All electrical components are sensitive to temperature changes. The operating
characteristics of most electrical components change with temperature. To ensure proper
performance and eliminate output voltage drift due to temperature changes, warm-up the
SGC and strain gages a minimum of one hour and preferably overnight. This time permits
all components to reach an equilibrium ‘temperature. Better performance is achieved

when sufficient time is permitted for warm-up, and the SGC can operate continuously for

many days/weeks without damage. .

5.4 Temperature Compensation

Typical gages are temperature compensating over normal operating temperatures. The
SGC does not provide internal temperature compensating gages as part of the circuit.
Therefore, if extreme operating temperatures are used for an experiment, a separate strain
gage should be bonded to an unstressed piece of material which is at the same
temperature as the stressed test specimen. The temperature effect can be removed during
post-processing of the data by removing the thermal strain measured on the unstressed

material. See individual strain gage manufacturer literature for information regarding
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specific gage temperature compensation performance and to determine if an external

temperature gage is necessary.

5.5 Shunt Calibration

While the actual gain of the SGC card is very close to the nominal gain value, shunt
calibration of each SGC card is suggested to obtain the most accurate measurement of
strain on the laboratory floor. A shunt calibration device is available to verify the gain
accuracy of the SGCs. Each card should be calibrated for the specific gain value to be
used in the actual experiment. A written step-by-step procedure, developed by Perry S.
Green, is provided in Appendix B to illustrate the process required for shunt calibration
of the SGC cards. Gain linearity for the instrumentation amplifier is not assured for gains

over 1000, therefore gain accuracy should always be calibrated for very high gains.
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6.0 Advanced Options of Strain Gage Conditioning Cards

6.1 User Installed Filtering

The on-board passive low-pass filter can be modified to provide a frequency response
different than the default filter. Installation of a capacitor into position C, and movement
of the capacitor selection shunt as illustrated in Figs. 19a and 19b is required to change

the filter. The capacitor value should be selected according to Eq. 6.

I 1
C= |~ s 6
\/: 1000%-7c* - f2, [6l

Where f,, (Hz) is the desired cut-off frequency (3dB attenuation at f,, ), and C(F) is the

necessary capacitor value. High quality, tight tolerance (5% or better), nonpolarized

50WV capacitors such as Panasonic V-Series stacked metalized film capacitors would be

required.
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Fig. 19b - Position of shunt to select capacitor 2 for filter.

6.2 User Installed Gains

Amplification of the bridge output can be modified to provide a gain value different than
the default values. Installation of a new resistor into position Rs and selection of position
5 on the DIP switch as illustrated in Fig. 20 is all that is required to provide a unique user

gain value. The resistor value should be determined according to Eq. 7.

(5000002
R, = |——— 7
Gains ~ \ Gain—1 71

Where Gain is the required gain, and Rg,, (€) is the necessary resistor value. High

quality, tight tolerance (1% or better), 1/4 Watt resistors are required for accurate gains.
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Fig. 20 - Location of additional resistor required for user installed gain.

6.3 Variable Gain
It is possible to change the SGC from fixed gain to variable gain. Installation of two

trimpots, a jumper wire into position 3, and selection of position 5 on the DIP switch are
required as illustrated in Fig. 21, Additionally, on the back of the SGC card, one small
copper trace must be removed as shown in Fig. 22. This option is one which should be
carefully considered before installing. When variable gain is used, shunt calibration (a

time consuming procedure) is required before each use of the SGC card.
The trimpots for the variable gain should be 3/4 in. rectangular, cermet, multi-turn (10 or

more) sealed trimming potentiometers (Boumns Model 3006 or equivalent). One trimpot

should provide coarse gain adjustment (larger resistance value) and the other should
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provide fine gain adjustment (smaller resistance value). Modification of the face panel is

also required as illustrated in Fig. 23.
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Fig. 23 - Location of additional holes required in face panel for variable gain option.

6.4 Internal Shunt Calibration
Single point internal shunt calibration is possible with the SGC. A strain gage, precision

resistor, and two switches are required. This is a very difficult option to install, as
additional holes must be drilled in the face panel to permit installation of the switches.
See Fig. 24 for the salient features of this option. If variable gain modifications are made
to the SGC cards, internal shunt calibration would be a logical option to permit accurate

determination of the actual circuit gain set by the variable gain trimpots
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Component Specifications
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Specified SGC Component Values

Identification | Specified Value Rating Tolerance _ |
Resistors - - !
Rt 549 KQ 1/4 Watt 1%
R2 489.0 Q 1/4 Watt 1%
R3 499 Q 1/4 Watt 1%
il R4 249 Q 1/4 Watt 1%
R5 User selectable 1/4 Watt 1%
R6 121 Q 1/4 Watt 1%
R7 10 KQ 1/4 Watt 1%
R8 510 & 1/4 Watt 5%
R9 1.0 KQ 1/4 Watt 5%
" R10 22 KQ 1/4 Watt 5%
R11 User selectable 1/4 Watt 0.1%
Capacitors
a1 1 uF 50V 5%
c2 User selectable 50V 5% il
“__'{rimpots
Trimpott 2 KRQ 3/4 Watt 15 turn cermet
Trimpot2 1 KQ 3/4 Watt 15 turn cermet
LEDs
LED1 Yellow T-13/4
LED2 Red T-13/4
LED3 Red T-13/4
Fuse “
Fusel 2AG 1/8 Amp |
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Complete Parts List

Item Vendor Vendor id Cost per Unit No. Reqg'd
SGC BOARD

Circuit Board Lehighton 19.00 )]
LED Yellow Digi-Key HLMP-4719QT-ND 0.19 1
LED Red (2} Digi-Key HLMP-4700QT-ND 0.19 2
LED Holders Digi-Key 1LU4002-ND 0.05 3
Header Pins Single Row .1 in, sq [Digi-Key 2440-6213TG-ND 0.03 23
1% Bridge Resistors 121 Ohm __{Digi-Key 121XBK-ND 0.02 3
1 % Gain Resistors 25 Ohm Digl-Key 24, 9XBK-ND 0.04 1
1 % Gain Resistors 50 Chm Digl-Key 49.9XBK-ND 0.04 1
1 % Gain Reslstors 500 Ohm Digi-Key 499XBK-ND 0.04 i
1 % Gain Resistors 5500 Ghm __ (Digh-Key 549KXBK-ND 0.04 1
1 % Filter Resistors 1KOhm Digi-Key 1.00KXBR-ND 0.04 1
1 microFarad 50 V Capacitor Digi-Key P4675-ND 0.71 1
5 % Resistor 2.2K0hm PA Peters CF 1/4 0.01 2
5 % Resistor 1KOhm PA Palers CF 1/4 0.01 1
5 % Resistor 500 Ohm PA Paters CF 1/4 0.01 1
Shunis PA Peters PPE-PLS-MJ-02 0.04 2
Jumper Wires 0.4 in Digi-Key 023345-04 .02 1
741 Op-Amps PA Peters 741 0.72 1
AMPQ2FF Inst, Amp Allied 830-2270 5.25 1
Op-Amp Sockets PA Peters PPE-5CS8 0.04 2
5 Position Dip Switch PA Peters AMP-3-435640-6 0.75 1
SPDP Switch PA Peters PHi-10002 0.99 1
Tip Jack Black Digi-Key JJ118-ND 0.34 1
Tip Jack Red Digi-Key J117-ND 0.34 1
Fuse Clips PA Peters LF-111501 0.09 2
Fuse 1/8 Amp 2AG PA Peters LF 225.125 0.48 1
15 Tum 2 KOhm Trimpot PA Peters 3006P-2K 1.05 1
15 Tum 1 KChm Trimpot PA Peters 3006P-1K 1.05 1
2 circuit Housings PA Peters AMP 640440-2 0.07 6
3 circuit Housings PA Peters AMP_640440-3 0.15 2
4 circuit Housings PA Peters AMP 640440-4 0.19 1
Shielded 2 cond. Wire 22 gage {Newark 50F3477TWMO 0.21 1
Shielded 4 cond. Wire 22 gage (Newark 50F3478BWMO 0.77 1
‘Twisted 2 cond. Wire 22 gage iNewark 87F4391WM 0.45 1
RACK HARDWARE

Enclosure (rack of 8} Vector CCK128/90 80.14 1
Face Plate H.T. Lyons 1/8 x 5-1/4 x19 in. 4.10 1
8 Term. Beau Barrior Block PA Peters 72206 1.35 8
POWER SUPPLY

Power Supply PA Peters SLT-12-31010-12 78.52 1
Enclosure Clreuit Specialist  |LA-7 13.28 1
A/C Power Cord PA Peters . AEC SK-086 1.90 1
Cables {4 Cond. 18 gage) Newark S50F3460WAD 6.00 4
Amp Connector Receptical PA Peters AMP 206429-1 .19 8
Amp Connector Plug PA Peters AMP 2064291 1.41 3
Amp Crimp Pins PA Peters AMP 66351-2 0.15 32
Amp Crimp Sockets PA Pelers AMP 66360-2 0.15 32
Amp Cable Clamps PA Peters AMP 206358-1 1.80 8

38




A.1 Triple output power supply.
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A.1 Triple output power supply.
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A.2 Instrumentation Amplifier.

FEATURES

* Low Offset Voltage 100pV Max
* Low Drift 2uV/C Max
¢ Wide Galn Range 1 1o 10,000

+ High Commen-Mede Rejection .awwm. 1154B Min
» High Bandwidth (G = 1000) rrrereeen S 200kHz Typ
» Galn EQUAtion ACCUTACY wmmsmrrrmissssneviores 0.5% Max
» Single Resistor Gain Set

+ input Overvoitage Protection

?,3’?/««)

§e2t AMP-02

HIGH ACCURACY 8-PIN
INSTRUMENTATION AMPLIFIER

A referance pin is provided to altow the output to be referenced
1o an external DC level. This pin may be used for offset correc-
tion or level shifting as required. In the 8-pin package, sense is
internally connected to the output.

For an instrumentation amplifier with the highest precision,
consult the AMP-01 data sheet. Forthe highest input impedance
and speed, consult the AMP-05 data shaet.

* Low Cost PIN CONNECTIONS
= Avallzble In Die Form
ne [T .,
APPLICATIONS ne % ::
» Differential Ampiifier 76, {7] (5] ne, we I3 [14] u.cf
= Strain Gauge Ampiifier - [z} [71 v, - {7 73] v
* Thetmocouple Ampiifier o %} out o 51 SEMSE
* RTD Arnplifier v~ [¥] [5] rerensnce ne [£] 1] our
* Programmabie Galn Instrumentation Amplitier v- [ 73] REFERENCE
* Meadicat Instrumentation EFGXY MINI-DIP e 1 (3] ne
* Data Acquisition Systems (P-Suftix)
16-PIN SOL
ORDERING INFORMATION ' (8-Suffix)
T, =425°C
OPERATING
Vigg MAX Voas MAX PLASTIC TEMPERATURE

(MY (mv) &PIN RANGE BASIC CIRCUIT CONNECTIONS

100 4 AMPO2EP XIND

200 Y AMPOZFP XIND
1 Buninis ble on ai and industrial tesriperature range paris in

CerDIP, plastic DIP, and TO-can packages. For urdering information, see
PMI's Data Book, Section 2.

GENERAL DESCRIPTION

The AMP-02 s the first precision instrumentation amplitier avail-
able in an 8-pin package. Gain of the AMP-02 is setby a single
external resistor, and can range from 1 to 10,000, No gain set

" resistor is required for unity gain. The AMP-02 includes an ingat

protaction natwark that allows the inputs to be taken 60V beyond
sither supply rait without damaging the device.

Laser trimming reduces the input of{set voltage to under 1 oopv.
Output ofiset voltaga Is below 4mV and gain accuracy is better
than 0.5% for gain of 1000. PMI's proprietary thindilm tesistar
process keaps the gain temperature coefficient under 50
ppmi~C,

Dus to the AMP-02's dasign, its bandwidth remains very high
aver a wide range of gain. Slew rate is over 4V/ps making the
AMP-02 idazl for fast data acquisition systems,

@ - g+ (99

FOR SOL CONHECT SENSE TS OUTPUY
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A.2 Instrumentation Amplifier.

AMP.02 HIGH ACCURACY 8-PIN INSTRUMENTATION AMPLIFIER

ABSOLUTE MAXIMUM RATINGS

Supply Vollage evenearssnasmeenees EEBY

Cammon-Mode Input Voltage ...... [{V-)— £0V] to {(V+} + 60V]
Dittarentiat input Voltage ... f(v-}~6evite {(V+) + 6OV}
Output Short-Circult Duration e semermeesssnsrensassnee GOAMENLOUS
Operating Temparature FAange cureermiesvrens ~40°C to +85°C
Storage Temperature Range eeemeeemere e B5°C 10 £ 150°C
Junction Temparature Range e =559 10 +150°C
L ead Temperature (Saldering, 10 sec) RO ...+ |+ 1 ¢

PACKAGE TYPE ’ 9] A {Note 2} Bic UNITS [f:{"-

&Fin Plassic DIP (P} % % <

16.5in SOL (S) %2 s cr
NOTE:

1. Absolute maximum ratings apply 1o both BICE and packaged pars, unless
otherwise noted.

2. @, Is specified for worst case maunting canditons, ke., ., is specified for
dévice in socket for P-DIP package; 8., is specified for device soidered 10
printed circuit board for SOL package.

ELECTRICAL CHABACTERISTICS atVg = 5V, Vo, = OV, T, = £25°C, unless otherwise noted.

AMPOZE AMPO2F
PARAMETER SYMEOL CONDITIONS Wi TYP MAX MIN TP MAX UNITS
OFFSET VOLTAGE
T, = +25°C - 20 100 - AD 200
Input Ciset Voltage Vies Aocs T, $485°C -~ 8% 300 - 10 350 W
inpit Oflset Votage Doft TCV. o5 —40°C ST, 5+85°C - 05 2 - 1 4 purc
T, = 428°C - 1 4 - 2 B
A
Output Offses Vollage Vaos 507G 5T, $+85°C - 4 W0 » 9 26 my
Output Oliser Votiage Dt TGV —~0CsT, £ +85°C - 50 00 - 100 200 avreG
\ +4 8V to k1 8V
G = 1000 t1s 128 - 10 1S -
G w 100 115 128 - 10 18 - "
G=30 100 e - 45 106 -
Fower Supply - G~ 88 %0 - s d -
Rejecton V, = 44,8V 0 478V
. w&O‘CSTASQ-BS’C =
G = 1000 110 120 - w5 110 - 3
G u 100 1o 120 - 105 116 - P o
G =10 g5 110 - 80 95 -
Gmi 75 50 - 70 75 -
INPUT CURRENT
. T, = +25°C - F 10 4 20
Input Bias Current L -20’(: ST, 5 +85°C 12 30 20 w0 rhA
input Bias Current Drift TGl ’ —~40°C 5T, +85°C - 150 B - 50 - pArC
T, = 4250 - 2 5 - 4 10
topu Citses Curent los oo 2T, s+85C - 18 18 - 3 oA
Tput Offset Current Drift TClos —ArCsT, s +B5°C - 9 - - 15 - Al
INPUT
. Oitterertial, G 5 1000 - 1% - - 10 -
Input Resistance Ry Comemon-Mode, G w 1000 - 185 - - 165 - Ga
: T, = +25°C (Notw 3 211 - - 11 - -
Inpit Voltage Range WA AeGsT fnss"é 11 - - 1 - - v
A
Vo= 311V
G w 1000 15 120 - 1o 115 -
G w100 18 120 - 110 115 - ™
G0 100 1§ - 95 110 -
Common-M G 80 a5 - 75 /0 -
Rejection CMR
Vo ym 11V
~40°C ST, % +85°C
G = 1000 110 120 - 105 $15 -
G =100 110 120 w 108 115 - 4B
G=10 1 110 - 80 105 -
G=1 75 90 - 74 s -
o
g/89, Rev. C
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A.2 Instrumentation Amplifier.

AMP-02 HIGH ACCURACY §-PIN INSTRUMENTATION AMPLIFIER

ELECTRICAL CHARACTERISTICS atVg = 15V, Vi, = OV, T, = +25°C, unless otharwise noted, Continuved

AMP-OZE AMP-02F
RARAMETER SYMBOL CONBDITIONS M T™P MAX MIN TP MAX UNITS
GAIN
G = 1000 - - 0.50 - - 06.70
Gain Eguation G S0k Gmi100 - - .30 - w 0.50 %
Accuracy R Gt - - 0z - 0.0
Gul - a.02 - - 0.05
Gain Range & 1 - 10K 1 - 10k viv
Nonlineanty G w110 1000 - 0.008 - - 0068 - %
. 1 5G 51000 .
Femparature Goefficient [ Notes 1.2) - 20 50 - 20 50 ppmeC
QUTFUT RATING
T, = +25°C,
Gutpit Voltage v LR @Mz 8 - 1z %13 - §
Swing our Ry = tha, _
ST, 5+85°C 214 %12 £1% 152 -
Posilive Cutrent Limit Cuipul-to-Ground Short - a2 e - 22 - mh
Negative Current Limit Cutpul-to-Ground Short - 32 - - a2 - mh
KROISE
10 w TkHZ
G = 1000 - 5 - - 8 -
Vollage Density, RTI e, G=100 - 10 - - 10 - v/ HZ
Gwil - 8 - - 18 -
Guly, - 170 - - 120 -
Noise Current Density, RT) b foy = 1H2, G = 1600 - 04 - - 04 ~  pavHz
0.1Hz 1o 10Hz
G 1000 - 04 - ™ 0.4 -
input Noise Voltage @ G w100 - 0.5 - - 05 - RV
il Gut0 - 12 - - 12 - e®
Gut b w0 - - 10 -
PYNAMIC RESPONSE
Geut - 1200 - - 1200 -
Serail-Signal G w10 - 300 - - 300 -
Bandwicth (-3d8) BW G =100 - 200 - - zo0 - kHz
G = 1000 - 200 - - 200 -
Slew Rate . SR G w10, R =1k 4 & - 4 ] - Vigs
" To 0.01% £10V Step
Serting Time te G =110 1060 - 0 - - 1] - H]
HOTES:
.1, Guaranieed by design.
2. Gain tempea does not include the affects of external component drifL
4. input voltage range guaranteed by common-mode rejecion test
3 8/89, Rev. C
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A.2 Instrumentation Amplifier.

AMP-02 HIGH ACCURACY 8-PIN INSTRUMENTATION AMPLIFIER

ELECTRICAL CHARACTERISTICS at V, =18V, V, = oV, T, = +25°G, untess atherwise notad. Continued

AMP-O2E AMP-O2F
PARAMETER SYMBOL CONDITIONRS MIN TYP Max MiN TYP MAY UKITS
SENSE INPUT
Input Hesistance A - 25 - - 25 - j Ce]
Voitage Range - *11 - - +11 - v
REFERENCE INPUT
Eapust Resistance Ry - &0 - w 50 - e
Voitage Hange - +11 - - 311 - v
Gain 1o Cutput - 1 - - 1 - v
POWER SUPPLY
Supply Voltage Range Vg 4.5 - 118 4.5 - +18 v
T, w4250 - L] € w H &
Supply Gurrent lgy »»‘4‘0°C ST, $+85°C _ 5 6 - 5 & A
SIMPLIFIED SCHEMATIC
O Ve
I I =
s b3 VWA O SENSE
2 F 3 i
5% |
WA + i
’_< \ 2500 our
/ o .
Lo AAA ) REFERENCE
N + [
Rgt Aoz
p] 4
WA VA
Y ® @ =
O V-
] 8/89, Rev. C
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A.2 Instramentation Amplifier.

AMP-02 HIGH ACCURACY &-PIN INSTRUMENTATION AMPLIFIER

DICE CHARACTERISTICS

DIE Si2E 0.703 x 0,116 inch, 11,948 sq. mils
' (2.62x 2.95 mm, .73 2q. i)

RG,

-iN

N

V__ .
. REFERENCI
ouT

Vs

RG,
SENSE

RN RN

connect Substrate 1o Ve

For additional DICE ordering Infarmation,

refer to FMU's Data Book, Section 2,

WAFER TEST LIMITS at Vg =215V, V=0V, T, =+25°C, unless otherwise noted.

vt b,

P

Etoctrical tests ara parformed al waler probe 1o the limits shown,
£ standard product dice, Consult factory te negotiale specifications

: AMP-02GBC
; PARAMETER SYMBOL CONDITIONS LIMITS uNTS
i
Inpist Offses Voltage Vios 200 RV MAX
Ql Output Oftset Voltage Voos 8 WY MAX
, V, w248V 0218V
Power Suppl G = 1000 110
( 3 Re.m“g;” PsA G 100 118 dBMIN
} Gut0 5
Gat 75
gt Bias Current I 20 A MAX
Irput Oftset Currenit los 10 A MAX
input Voltage Range VR Guaranieed by CMA Tests +11 v MIN
VotV
€ w 1000 110
C::fz::::odﬁ cua 6= 100 10 dB MIN
g ' Gw10 5
Ge=1 75
] Gain Equation G224 G100 07 % MAX
Acuracy RG
Output Vohage Swing Vour f, =12 1z v MIN
: Supply Current ey 6 A MAX
4 KOTE:

s 1o variations it assembly metheds and normal yield loss, yield atter packaging is pot gueranteed for
based on dice lot quatiScatons through sample ot assably and testing.

o
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A.2 Instrumentation Amplifier.

PML

AMP.02 HIGH ACCURACY 8-PIN INSTRUMENTATION AMPLIFIER

TYPICAL PERFORMANCE CHARACTERISTICS

46

TYPICAL DISTRIBUTION OF TYPICAL DISTRIBUTION INPUT OFFSET VOLTAGE
INPUT OFFSET VOLTAGE OF TCVipg CHANGE vs SUPPLY VOLTAGE
ok g | T e T = T
o0 |- Th e a2t woo vt | &0 UNTFS Tar d5C
Wy &SV FROM 3 RUNS 140 FROM 3 RUNE —4
200 nmeeg V‘ - aflY 3
o frnad 120 g
B o FE
2 g £
E o 5 o g M~
E we — 1 e g ]
3 i e g
— ¥ § -3
e “ 3
L -
e - — »
o L-‘M L] -0
G 80 -8k 4D W2 O W M B K 100 ¢ %% D4 GBS TX RO [ERR TR TR I o it g atd 213 it
NPT DFFSET? VOLTAGE V) Fivoy VG POWER SUPPLY YOLTAGE (WGLTS}
TYPICAL DISTRIBUTION OF TYPICAL DISTRIBUTION OUTPYT OFFSET VOLTAGE
OUTPUT OFFSET VOLTAGE OF TCV00s CHANGE vs SUPPLY VOLTAGE
R o e A S Fiad) T 4 T
bl § \'i‘ ::g;c :?: ::E‘Ns ] Y ::cct:.n;r:u“s - Tan o
a0 Vg muisy o 10
- ™ £
[ - E 03
i M : B
] 2 1w B o
5w = £ g L~
Z o g " g 8%
=0 s 3
E) - -1.9
‘oo |
® e ® -5
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ol T T ' T
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A.2 Instrumentation Amplifier.

{EMD

AMP02 HIGH ACCURACY 8-PIN INSTRUMENTATION AMPLIFIER

TYPICAL PERFORMANCE CHARACTERISTICS Continued

VOLTAGE GAIN (36}

POWER SUPFLY AESECTION (08}

YOLTAGE ROIEE GANIITY (nvrfHa)

CLOSED-LOOP VOLTAGE
GAIN vs FREQUENCY
) 1 T
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T
w T{ﬁ‘ SN
0 Ga‘ﬂl
RN
I
* } \
-Xe }a HH
“‘0“ ;m 100k 1 L)
FREQUERLY (H
POSITIVE PSR
vs FREQUENCY
T ””lfg'.',liﬁ“ inﬂ H]
S i & toa
ST [T n‘r.‘;-r Q&_‘wl
T IR a .
= LT T
P BT e s
« i
“© ! I: [ E\\
|_1| | Iy
) T, if.’zs’c E ;
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FREQUENCY MHp
VOLTAGE NOISE DENSITY
vs FREQUENCY
hid T £
s L
0 X gy ron i
NI sl
T
" - : -
JLINT I R 1L
I W1 L I
CCHNE LI
(LI i
t " 1m0 kLY

COMMCK-MODE REJECTION {d6)

POWEN JUPFLY RESECTIOHN (58]

VOLTAGK ROBR (nv /il

40

e

COMMON-MODE REJECTION
vs FREQUENCY

{1
NI T
T

1l

[

TR
b
i

FREGQUEMEY (e

NEGATIVE PSR
vs FREQUENCY

s voon L1

L
2t [T ¢

NI
L34 y \:
N NN
I I
il
:
L

RTI VOLTAGE NOISE
DENSITY vs GAN

1 W oy
VOLYAGE Game (G

COMMON-MODE REJEC U {48)

TOTAL HARMORIG DISTOATICN (%}

COMMON-MODE REJECTION
vs VOLTAGE GAIN
bl %ﬁ TTTI
Tan o23E
Vg s 1Y
e
1720
P
10 ’ =
/
150 //
: gi'
8
. Il
1 w 0 ix
VOLTAGE GAN (G
TOTAL HARMONIC
DISTORTION vs FREQUENCY
1000
Tar e : =
» 1
Vorer= 20Vpa
X1}
v
a.610 G109
£ it
L) T
- = 10T
I NH]
W 0 ® ™
FREGUEMCY M5}

0.4Hz TO 10Hz NOISE
Avy= 1000

HOSE VOLTAGE {2000¥/div}

TIRE (sc

47

8/89, Aev. C



[EMD

A.2 Instrumentation Amplifier.

ANMP.02 HIGH ACGURACY B-PIN INSTRUMENTATION AMPLIFIER

TYPICAL PERFORMANCE CHARACTERISTICS Continued
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A.2 Instrumentation Amplifier.

AMP-02 HIGH ACCURACY 8-PIN INSTRUMENTATICN AMPLIFIER

APPLICATIONS INFORMATION

INPUT AND QUTPUT OFFSET VOLTAGES

instrumentation amplifiers have independent offsel voltages
associated with the input and culput stages. The input oliset
component is directly multiplied by the amplifier gain, whereas
output offset is independent of gain. Therefore, at low gain,
output-offset-arrors dominate, while at high gain, input-cifset-
errors dominate, Overall offset voltage, Ve referred o the
output (RTO) is calculated as follows:

Vo (RTO) = (Vo5 X Gl + Veos

where V|, and Vi are the input and output olfset voltage
specifications and G is the amplifier gain.

The overail offset voitage drift TGV, referred 1o the output, is
a combination of input and output drift specifications. Input off-
set voltage drift is mullipfied by the amplifier gain, G, and
summed with the output offset driflz

TCV,g (RTO) = (TCV o X G} + TCVaos

where TGV, 5 is the input offset voltage drift, and TCV s Is the
output offsel voltage drift. Frequently, the ampiifier drit is re-
tarrad back tothe input (RTH which is then equivatent toan input
signal change:

TCVos (RTl) =TCVios +E9é99§

For example, 1he maximum input-referred drift of an AMP-02EP
set 1o G « 1000 becomes!:

TCV,yg (AT = 20VrG 4 JOBVEC 2. 4uvrG
1000

INPUT BIAS AND OFFSET CURRENTS

Input transistor bias currents are additional errar sources which
can degrads the input signal. Blas curreats flowing through the
signal source resistance appear as an additional offset voliage,
Equatscurce resistance onbothinputs of an 1A wilt minimize ofi-
sat changes due lo bias current variations with signal voltage
andtemperature. However, the difference between the two bias
currents, the input offset currant, produces an efror. The magni-
tude of the arrar is the offsat current times the source resistance.

Acutrent path must always be provided between the ditferential
inputs and analog ground to ensure correct amplifier operation.

.Fioating inputs, such as thermocouples, should be grounded

closé to the signal source for best cammon-mode rejection.

GAIN
The AMP-02 only requires a single external resistor to set the
voltage gain. The voltage gain, G, Is:

G-.S.t?_k'c._l.4.i
Rg

and
50k0
Ao G -1

The voltage gain can range fram 110 10,000. A gain set resistor
is not required for unity-gain applications. Metal-film or wite-
wound resistors are recommended for best results.

The 1otal gain accuracy of the AMP-02 is determined by the tol-
erance of the external gain set resistor, Ry, combined with the
gain equation accuracy of the AMP.02. Total gain drift com-
binos the mismatch of the external gain set resistor drift with
that of the internal resistors (20ppm/*C typ). Maximum galn
drift of the AMP-02 independent of the exteznal gain set resistor
is 50 ppm/°C,

All instrumentation amplifiers raguire attention to layout sc
thermocouple effects are minimized, Thermocouples formed
between copper and dissimilar metals can easily destioy the
TOV, 4 perlormance of the AMP-02 which is typically 0.5aV/°C.
Resistors themselves can generate thermoelectric EMFs when
mounted parallel to a thermal gradient.

The AMP-02 uses the iriple op amp instrumentation amplifier
configuration with the input stage consisting of two transimped-
ance amplifiers {ollowed by a unity-gain differantial amplifier.
The input stage and cutput buffer are laser-timmed to increase
gain accuracy. The AMP-02 maintains wide bandwidth at ali
gains as shown in Figure 1. For voitage gains greater than 10,
the bandwidth is over 200kHz, At unity-gain, the bandwidth of
the AMP-02 exceeds 1MHz.

ok LI
Ta »eB'T
¥y nxtst

VOLTAGE SAIN (dB)

W R K oM

FAEQUERCY M2}

FIGURE 1; The AMP-02 keeps its bandwidth at high gains.

COMMON-MODE REJECTION

ideatly, an instrumentation amplifier respands only to the differ-
eace between the two input signals and rejects common-mode
voltages and acise. In practice, there is 2 small change in output
voltage when both inputs experience the same common-moede
voltage change; the ratio of thess voltages is called the com-
man-mode gain. Common-mode rejection (CMA) is the loga-
rithi of the ratio of differential-mode gain fo common-mode
gain, expressad in dB. Laser timming is used 1o achieve the
high CMR of the AMP-02.
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A.2 Instrumentation Amplifier.

AMP-02 HIGH ACCURACY 8-PIN INSTRUMENTATION AMPLIFIEH

-

ENSE

{5OL-16 OHLY)

FIGURE 2: Triple Op Amp Topology of the AMP-02

Figure 2 shows the triple op amp contiguration of the AMP-02.
With alf instrumentation amplifiers of this type, it is criticai not 1o
excead the dynamic range of the input amptifiers. The amplified
differantial input signal and the input common-mede voitage
must not {orce the amplifier's output voltage beyond £12V (Vg =
+15V} or nonlinear operation will resuit.

The input stage amplitier's output voitages at V, and V, equals:

Vi »—(1 +%) \-%Q»;‘ch

. ~GYD L ven
2
- 2R} ¥o
Va»-(1 *RG.} > + VoM

Vo
= G + VoM
2

where
V, = Differential input voltage
= {+IN} ~ {~IN}
V.. =Common-mode input veltage

cM
G = Gainof instrumentation amplifier

[H4 Vg-aad v, can equal +12V maximum, then the cammon-mode
input voltage range is:

CMVR = :{12\1 —9%“)

GROUNDING
'sljhe maijority of instruments and data acquisition systems have
opatate grounds for analog and digitai signals. Anatog grousnd
may also ba divided into two or mare grounds which will be tied
together al one point, usually the analog power-supply ground.
in addition, the digital and analag grounds may be joined, nor-
maily at the analog ground pinonthe Ato D converter. Following
this basic practice is essential for goad circult performance.

Mixing grounds causes interactions between digital circuits and
the analog signals. Since the ground fatutss have finite resis-
tanca and inductance, hundreds of millivolts can be deveioped
between the system ground and the data acquisition compo-
nents. Using separate ground returns minimizes the current flow
in the sensitive analog return path to the system ground point.
Consequently, noisy ground currents from logic gates do not
intaract with the analog signals.

Inevitably, two or more circuits will be joined tagether with their
grounds at ditferential potentiats. In these situations, the differ-
ntial input of an [nstrumaentation ampiifier, with its high CMR,
can accurately transfer analog information from ane circuit o
ancther,

SENSE AND REFERENCE TERMINALS

The sense terminal complates the feadback path for the instru-
mentation amplifier oulput stage and is internally connected
directly to the output. For 80U davices, conaect the sense lef-
minal to the output. The output signalis specified withrespectto
tha referance terminal, which is normally connected to analeg
ground. The reference may also be used for offset correction ar
{evel shifting. A relerence source rasistance will reduce the
common-mode rejection by the ratic of 25kSWR .- If the refer-
ence source fasistanca is 1€, then the CMR will be reduced 1o
8248 (25k0/10 « BBAB).
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A.2 Instrumentation Amplifier.

AMP-02 HIGH ACCURACY 8-PIN INSTRUMENTATION AMPUIFIER

OVERVOLTAGE PROTECTION

instrurmentation ampiifiers invariably sit at the front end of instri-
mentation systems where there is a high probability of exposure
to ovarloads. Voltage transients, failure of a transducer, Of
removal of the amplifier power supply while the signal source is
connectad may destroy or degrade the performancs of an un-
protected device. A commaon tachnique used is to place limiting
resistors in series with each input, but this adds noise. The AMP-
02 inciudes internal protection circuitry that limits the iaput cur-
rent to =4mA for z 60V differential overipad {see Figure 3} with
power off, £2.5mA with power on.

AMP.0Z INPUT
OVERVOLTAGE TOLERANCE

4 T 11
?.I.H'C POWES DFF

3P ‘ »218Y
) e
g
/ POWER ON

-t

LEAKAGE CURRENT (mA]
L]
——

i
£

-3

-k
I B0 80~ 30 8 B W ® W 10
OIFFERENTIAL INPUT VOLTASE

FIGURE 3: AMP-02s input prolection circuitry fimits input
current during overvoltage conditions.

POWER SUPPLY CONSIDERATIONS

Achieving the rated parformance of precision amplifiers in a
practical circuit requires caretul allention to external infiuences.
For example, supply aoise and changes in the pominal voltage
directly aftect the input offset voltage. A PSR of B0dB maeansthat
achange of 100mV on the supply, not an uncommon value, will
producea 10uV inputoffset change. Consequently, care should
e taken in choosing a power unit that has a low output naise
level, good line and foad regulation, and good temperature sta-
biity. in eddition, each power supply should be properly by-
passed.
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A.3 Connectors to and from SGC racks.

CPC {Circutar Plastic)
and Metal-Shelt CPC
Connectors

AN

Catalog 82021
Revised 12-92

CPC Connectors
Series 1

Part numbers listed are for Standard Sex Connectors
connectors only: order

cantacts separately.

Related Product Data:
Comlacts—~pages t1 through 13
Contact Arrangements—page 14
Compunent Dimensions—

Dlmenslonlng:
Bimensions are in inchels and milimeters,
Vahtes in brackots are melnt equivalents.

page 16
Accessories-—-pages 30
miough 37 Square Flange Receptact Free-Manging Recaptach Plug
::;fﬂg“ﬂ"w Characterlstics-— {Accepts Multimate Pins} (Accepts Multimate Pins} (Accepts Muliimate Sockets)
B
Applitation Toollng—page 52
Technical Documents-—page 53 A Squsrs Flange Frov-Hangieg g
Receptatle
“ 114 208061-1 2061531 208060-1
139 2067051 208705-2 206708-1
! — 17-16 206036-1 - P06036-3 2080371
i e 206838- 206838-2 2068371
23-37 206151-1 208153-2 2061501

fleverse Sex Connectors

Square Flange Receptacie

Free-Hanginy Receptacle

Plug

(Actepts Multimate Sockels} (Accepls Mulimate Sockets) {Accepts Multirmaie Pins)
N Sqpare Flange Free-Hanging Plug
— 114 206430-1 206430-2 2084291
! 17-14 206043-1 206043-3 206044-1
23-37 206306-1 2063062 2063051

Replacement Coupling H

‘Impac: modified plastic '

For drawinys, technical data or
samples, contact your AMF sates
enginesr of cali the AMP Preduct

Infermanan Center 1-800-522-6752.

52

Rings Available T Note: Maremn wig mSabon . it 100 12.54], excep
Shell §ize Pan Ho. )
11 206063-3 {
13 Theror1 b
17 2p5958-1 !
17 233582-1"
23 208251-1

8 AR LOSSORATIL wAERIE ST BT BenE TLERL I TN £25657.470 ¢ OLLLT NEEELT O CERTE S E-ThE AT

| for arrangement 23-24 which witl azcept insutation dia. of 150 {2.3%] max,

- . A————

hmﬂ saiadis g



A.3 Connectors to and from SGC racks.

CPC (Circular Plastic)

and Metai-Shedl CPC Catalog82021
Conneclors AN Revised 1292
u ol lonkng:
Multimate Contacts Dtﬁ:rr\':tuan’; :?e in inches and mifimatery.
Series 1 Valyes in biackets are metrc equivatems,
Chans contain dimensions in inches aver
D @ millimolars
Type Hl+ (Crimp)
Current Carrying
Capabilities Type i+
Contact—
Contact Size—156
#in Dlameter-062 [1.57]
*Test Current—13 ampares

(Singfe comact, free-gir lest current:
not be construed as confact mling
surrent. Use only for tgsting.)

Socket

Materiais:

Cantact Body-—Brass
Spring—Staintess Siesl

Contact Finish:

A~ GODO1T5 [0.00038) goid an the
electrical engagement area over
000050 {0.00127] nickel.
B—.000030 [0.00075] gold an the
elecirical gngagement area over
.D000SD {0.00127) mickel,

C—Tin

*Note: Total current capacity of each
conladt in any given connector is
deprndent on the heat rise resulting
{rom the combinatien of electrical
soads of all contacts in the conneclor

Ve armangement and the maximum
i ambient temperature in which the
- connecior will be operating. Extraction Tool No. 305183
Wire Size Range i, Bia, Gontact Sirig Eorm Cantact No. ioose Plee fonlact Ho. Tooling Mo.
AWG fmmz] Range Finish Lode Pin Sockat Pin [ Agplicater Hazd Teo
[= BE4256 §6424-6 - =
Jao-oe A §ITET BEa347 564793 b64a-3 46659821 900657
3026 0.05-0.15 o B §6425-5 §6424-8 B6A294  Go4ZE4
014-.0630 A E6393-7 §6384-7 — — § )
0.35-0.76 B 56956 B398 eGioed  geiony  sesd 80225-2
295 085 [ BEI066 661088 651077 661092 25632141 a00eT
26-24 0,12.0.2 ot A 561067 GE108-7 661073 6b109-3 oF o
o B 661066 561088 BBI07-4 661094 A66908-22 90277-13
240-.080 [ 66102-7 BE104-7 661032  B5105-2+= 45530541 Q0066-7
Posaon A 66102-6 66104-8 681033 661053 or or 800574
e B £6102-0 £6104-9 §51034 661054 ABGHOT-22 40277-13
o100 T B5342-5 863415 BGA00-T 663601 26632421 200675
2420 0.206 PR A 65332:7 663317 664003 66399-3 or or §0225-2
i B 56332-8 66331-8 £5400-4 663594 466942-12 96277-13
[ 655645 665695 665665 668652
Dal-tase A g B6E63-7 . GG56E-3  GBSEL-3 465383.21 90331-1
e B B6564-8 EBEEG8 66565-9  BbAES-4 .
080-.100 c 66085-7 661007 660682 &66101-2 A466325.21 LET4
1816 0.8-1.4 Aoraes A G056 661008 ©6099-3_ 66101-3 of or 90067-5
e B 660989 66100-9 560094 66101-4 466906-12 K0277-12
410-1504 [+] 665571 66588-1 66602-1 G6601-1 46675221
i 0Bz emdm ] Giioiz sl cewpa  Geeoia  orsdegsgre  S0%102
[+] 563566 - BBasaH 663617 663602 aeeTaG.aT
. 080-.100 =
1814 0.8-2 o A 663559 §53z2-9 86361-3 _ 66360-3 or $0310-3
i B 1663580 1-668E2-0 G6ag14  66360-4 46692322

“Teasa sue-cnangs applicators are used in AMP masmanes shown on pags 52. excest Tk AWMP-O-FATIC SirpperiCrimper Maching.
. TTraon aronGHiTos a1e Ul OAly i the AMP-O-HATIC Stnppar Camper Macnine. sage 32,
SEsarvnry REND 1901 No. S0277-1 Is avaiiniia for Fele recair use only.
«Crmarss can sy be ysed for Sedes 1 connectors ‘Arrangement No. 23:24. Saries & connecions (Arangement Nos, 23-13M. 231814 and 23-22M) and VOE conseeters
Ciffraes LrrrEing iSUIATON with diamerars grater than 100 [2.54), contacts €30 oNYy S0 wSea lor Serms 1 connedinis {Arrangement No, 23-24), Series 4 connectors
hmgrgeem Hos, 23- 130, 23-164 ang 23-224; ard VDE conneciors,
Irggrren Voo Taeezer Style—No, $1002-1
Insarmon Yoo ior Fign Deasity Appik No, 211300-1 tor
Erzanuen Tow Ra, 305183

dia. greator ian 070 {1.78] Ho. 271306-2 for indulation dia. iess than O7G |1 78} Instuethion Shest No, 156735,

AR T —f PUOLE TETEAASLU TN BVAAST.C L @ EROL INT IRGRNET TUGCEMTER PHECUE C-800.22

RELE
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A3

CPC (Circuiar Piastic)
and Metal-Shell CPC
Connectors

Connectors to and from SGC racks.

Catalog 82021

AN Aevised 12-92

CPC Connector Accessories

Pimensioning:
Dimensions are ininches and milimelass,
Yakies 1 brackets are Meins FQUivatents,

Cable Clamps
Chens contamn dimensions innches over
roifimeters,
Cable clamps provide sirain Standard Size
refief and can be usec on Clamging
alt series receptacles &r¢ tnsert
plugs‘ o Glasping
! ¥
Materlat: i g
Black ihermoolastic heat- A% Dia. =
glabilized. fire-resistan, seltr t =)
exfinguishing. $4V-1 rated : -
L A =
i
1
oo
Dimensions Catile re Pzri Ho,
Shell . 0.0 e ingivigually Beik
{Max.) Packages Packaged*
| H25 1.250 529 Y . g 208062-4""
. A 20.56 3% 3 836 5:8-24 UNEF-28 206062-3 1400}
i 850 1.400 H53 P ¥ - 206966-2°"
i 13 0413 35.56 1153 2:4-20 UNEF-2B 206966-1 1200)
1
faw 1,125 1,440 A3 . 208070-3*"
?IW ki ok 58 i P 15,1620 UNEF-28 206070-1 “2001
! 1.609D 1.558 J03 . ~ 1ag.t 206138-2"
; 23 40.64 3oz 17,86 1:3,8-18 UNEF-28 2061381 ($00)
i 3
1 “NumpErS i PAERNESRE ATRTY N My DT.es. Thie MirsmLn quaniny of pans Al can D Sroered
| *"Packaging mCiyORS WO SIremS EhEd § 255 11T Serew rength 500 {12 7L sheli size 23 serew ongih 628 I EE]
5 Notes: 1. Clamgnng 31e8s adjusiania Gy wvvaming of ehanging Gamping nsans, The Guarsty ©f nEens SUNE-@s Al BECh assembly 15 3%
i Tottows: for si2¢ 13 came Ci4—2¢ Sne inser: for ail oner cable glamps. o MSETE '
H 2. Componenis los alf catie ciaos aoe packaged anzesambied. This inchiges ing 2208 2370 e I2eas anG the clamping @sefs
3. Cablo clamps can be reaees 2 ety oMo plugs of ecemacios, of GO DACK-She ariandens pane 52
2 Hpoucettant SCrows £40 £vE 3T 2 -0 the folivang sizes: 3 tn 952}—18024.1. 12 n (12 T~19024-2. 38 {15.53—19624-3,
1 v, {25.4-19024.3,
3. Sate SAMD INSANS Mok 50 Fazaralely

The clamc ng arga Gar
agjusted oy rsversing |
clampng ~£27as s Co
helow.

“fo

targe Size

Ciammng
Insge
-~ _
H =] Camping
H ser
iSen Note 5

Fet drawings. technical data o
samplas. cor sour AMP
ermnesr or z. &
inlarmation Cg e 1-BO0-522-5752

P

teces:

& TEL e g N
goncermir; ceble crlar o T
refer 10 Ir v ucuon Shess
1S 7582, W
Simeasions Cztlle Par ko,
Shell < - 0.0 Theead fgwiduzgy e
{Hax.) Patkaged Packaged”
850 1,450 453 . . 70635827
1 2188 36283 1951 5.8-24 UNEF-28 206358~ 1200
33 i 3555 1Foe 3.4.20 UNEF-28 2075081 2a7008-2™
113 1.658 704 - 20632227
17 2873 ik 17.85 15.16-20 UNEF-2B 206322-7 1100)
o 1,608 1.653 1.125 P 206312-2"
Cm—g— 23 iy Azt 28 55 1-3 818 UNEF-28 206512 3
W, oats R pEIECTTACRS FRety 0 LS4k e L quankity of pans i3l can ba Inened
- - gorewrlong 300 112.7, sren wzes 13-23 w sngth BRE TTE SE

50 SR8 N SCIORS 7R LI
| Cimting BreBEs ACSIRIG Ly 7
Gl s, Yar Si26 23 R0 & %
Lomesrgms Dralicsza
Labi

g ¢ changng aamming o568, The auer iy o neans IUDDRED A7 SAGT BESAMOTY 5 B
1 'mgerds; ioe 57 GINET SBL.S 5 ARIPS. WO INGATI

ceages SMDRSEMLIES “- g nclutes e TAT § FAINP. WD BLTEAT 3G e Clam;
1o Frgh OF MECEDIAGAS ST ONIO DBCK-8ne: Salenpers (Lagh sz
igger; Siges: 3 B 3521802449, 5 ¢ 132.7]—15024-2.

nseng.

PETY

28 115 20190203,

o

a-

LHDG

fegIg ~LT 3

I
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MTA-196
180 {2.54]

A.4 Connectors for header pins on SGC card.

AMP MTA-160 and MTA-156 Connectors and Headers, Cataiog 82056
£57-100 and SL-156 Connectors Revised &84
' !
MTA-100 IDC Connectors——Closed End and Feed-Thru E
H
Materiz! and Finish 1~ Closed End Connectors
Housing —ulo4v-2 ates. iyp2 65
ard 612 nylon. ses Telow fos color ot
1£.94Y-0 -3ted. nylon, black 275 ..
Eontacts —Phosphos hronze, post lin 1699) A ——m—'i
plaied. o1 90030 {6.00076} pogt it~ l—-;,s - b
plated over nicke! i ! fay ——— Y..._I f ‘:z:
268 P T = '
Note: Connectors with contacts l;'?;gl 622 s1as BT o V7. s . T
000015 10.00038] ;;ms: goid plated ) L -%jfl : : { l
serf rickal, il H 1 .
:;mim:.?m: r::; ::Jp;:-,w o tesuee h _'i_ " ;@T‘%D;@
B e ] RL !
. . H . ,.I?w. o [
UL94Y-2 Color Coding by il et
Wire Size Whthout PolarizingTabs
28 AWG —Gregr
25 AWG—Bue
24 AWG - Natural )
22 AWE —Fog (Gt KL ———
1

i

U.84V-0 —Black
228
15.860]

Ear rhating half, see pages
10 thr 14,

With Polarizing Tabs

Feed-Thre Connectors
-
Y L I“‘”’“‘“ B
i
e, . ' nos
! ity 1342,

4

I

‘t—" o
; 1

.
308 2as 1 s gy o —
LAE R LS Py THgi0 U ey O-w M

|+ R
L - .
| L
0 : 00 :
’ iz 250} THP-
Witheut PolarizingTabs

With Pofarizing Tabs

Foe topwogs T 22 67 SAYIAY LT10 04 SMP 58 85 angeoses s eall g AMP S-pluct intorssacr Senter 1-BL-C2 4TI
fwarsors ey cLM L 3 T Y ETHAUS LR ESS Sommneise LTS Varae N DIAKES Are MENC EQuvE R T
SpeioE 07 I AT ST TEN BV N pasles Test sarel 2ons
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A.4 Connectors for header pins on SGC card.

ANP

Catalog 82056

MTA-100 and MTA-156 Connectors and Headers:
Revises 4-94

CST-100 and SL-156 Cannectors

Connector Ordering
fnformation

The “Bese Pan Numbers™
Crart 2 right shows the
pase par. number and num-
er of gircuits aveilable for
tre descrised conneciors.

Prefixos 2nc sutfixes are
dererminec Dy the number
of ireu’t pos tions in the
norneslor For exampe tne
agplete patt number fora
10-posit:or cicsea enc o™
recior withour polarzieg
1abs for 22 AWG wire wo.ld
e
Base numper §40440 olus
prefix-znd-suffix
P o <0
The ¢orrect eragring wm-
e 8

0

16404400

Notes:

1. Gorrecior cieats can be mokded
ciosec for keyng 2urpeses.
$A-umrns may apply

2, Gonneciors with sontacts 000075
[6.00636) pos: o ¢ plated over
ricka! avaiatie LDan mEuess
M mmums may 2pply

1, Cortact AMP Incomsotated lur
ava izble tirgud 51I28s,

&, Qe circult sizes are availabia
upan request. Mmimums Tay
apoy '

01,942 Color Coding by
Wire Size

28 AWG —Gez2n

25 AWG —Bie

24 AWE — L=

22 AWG — Rt

ULO4Y-B T 2ok

Fzr manng ~2°. see pages

G 14

MTA-100 IDC Connectors — Closed End and Feed-Thri (Continued)

Base Par Numbers and Cannestor Availability

Closed End Feed-Thry
Connector, Type Without Taba With Taby Without Tabs With Tabz
LWieSize  gonmector No. ol Goruotor No.of Connector No.of Gonnsctor No. ol
Part Nos, Circuits Purt Nos. Circuts Partfos.  Clroults Part Nos. Clreuits
Standard YLB4V-2, Tin Pisted -
22 AWG \ S y g . N
2.3.0.4 mm? o g43813  2-28  G40620 228 5445.. H 15-
24 AWG - -
0o mm gaga4t  2-2B  BA3Bd 228 B4OGRY 2.08 844565 2315
26 AWG . )
BM2.0.5 mm sapad2 228 64mEls 228 gi0G2a 214 B4dsEs 215
20 AWG . . ) . )
b 0B-D.00 mer Gepady 214 Baamigr 2-Y $40623 2.14  BAASER .15
Tape Mounted on Real yLgav-, Tin Plated
22 AWG -
5304 mm AD4BE  2-70 644511 — - - -
26 AWG
B wm ga0ssy @10 Bashiz nge - — - -
26 AWG
012035 marr Gi047C -6 6451 3 - e - -
28 AWG 2047 .
B oB.c08 M £2047" 2-5 BSR514 - — - -
Standard YLIAV-Z. H0D030 {n.wore;/som plated
22 AWG N . -
0304 mm garpa7 228 Geabdr 28 Bat124R 2-14 - —_
e pme ooaas | .28 Geeta0 226 eAwE 24— -
76 AWG , - - .
012015 me Gelzags 214 Geaddl 2T -
LED*. ULSAY-2, Tin Plated iSe2 hol2 4}
22 AWG
0.3-0.4 mmt 641833 ¢ 23 - _ 841653 23 - -
24 AWG s .
0.2 621535 &3 - - 641654 2.3 . -
26 AWG = M
0.32-0.75 mm' ge1526 23 -— w  B41655 23 - —
26 AWG o
0.08-0.69 mm? 61537 22 e —~  BA1ESE 23 - -
Standard ULSAV-0, Tin Plated (Giotd is avalizble. minlmums may apply.)
22 AWG .
D364 i eaas0p  2-15  B44083 215 BAASTS 215 B44SYE 218
mans oa 215 stz 215 676 215 6§79 218
26 AWG - -
512015 mn- GeagzE 215 seam3 2418 G44s7T  2-15  B4dsBY  2-15
4 BT zonnolons ané SEsred D mae selts G200 |0 36~L.E1 damerer posis of 5Quate Lals
Cannegtor Length
Ka, of Dim. Preftix/ No. of Blrn, Prafix/ No. ol Dim. Prefix/
Cirouits A Sylix Clreuits A Sultlx Clreytis A Sutix
200 1.100 . 2000 i
2 598 -2 1M Fred 31 2 508 20
300 1,200 j . 2100 .
3 752 3 2 ahas 12 a 53.34 2t
LAD0 1.300 .. 2200 .
4 in 16 -+ W B, i3 2 s5em 22
= 1.400 2300
5 o7 5 "‘ BEE -4 #3 55,42 &3
800 = 1,500 .. 2400 ]
s i52¢ 5 b 8.1 1--8 24 §.96 2-4
700 1.600 o 2500 .
7 A 7 1% b 1--6 25 535 2-§
00 1.700 . 2600 -
B 2092 e 17 4348 1. <7 25 56,04 2--6
500 1.600 | 2700 o
8 22 66 -9 B 4572 -8 G 27
1.00 1.900 2.800
hd 54 1-4 b 4828 -2 28 Fiiz 28

Sar vy RO Zal S8 I SaNTie TOHAS yt 85 ga es evprese 5 Ta TR ARP Srezuct I3t matioR Dekr *GLIE22-6730
5 vges 8 Be VimTats £V T epers i gt aneeier Vi 45 7 S7EEA2S A% FEIG AR,
BeapAynens st gttt Tirs A EMF retstec 140 At T e oy
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A5 SGC rack.

CCA135/00 - Assembled Subrack with 21 pairs
of Snap-In Guides

CCA13C/80 - Assembled Subrack with continuous

guide plate

CCK13F - Subrack Frame only

Subracks, Card Mount Modules & Racks

Card-Mount System

+ Guide positions at 25" increments

» Adjustable slots

« Construction: .0B0" thick aluminum, clear anodized finish
«» Sidewall stots provide adjustability to 17

+ Por 45" X 6.5" cards

» Rear struts for mounting connectors

Subrack with continuous groove guide plates allows maximum
flexigility in card placement.

]

) [ e77

i Tﬂ— - 050

i . i
—t

MRS TSI ITS W
T
080 — : LY 160
Guide Plate Detal

CCK13F is a subrack frame kit, It will acceps cardrmount modules
(see nexi page) and snap-in {CG2-655, p. 62) or screw-maunt card
quides (CGR-65M. CG2-5EP, p. 62).

Part No.,

Description

Dimensions (HxW x D)

Version

CCK125/90
CCK13F/%0
COATIZE/9D

CCA13C/S0
CCK13s-H/90
CCK13S-HT/90

COKEFO0
CCA145/50
CCAI55/90
CCA17S/90
CCK18F/90
CCK 1008

Card cage kit

Carg cage frame kit
Card zage assembly
Card cage assembly
Card cage kit

Card cage kit

Gard cage frame Xit
Card cage assembly
Card cage assembly
Card cage assetmbly
Card cage frame «it
Card cage kit

3U (5.257 X 197 X 97
34 (5,257 X 19" X §7
3 (525" X 197 X ¢
31 (5.25") X 10" X 8"

35U (5.257) X 10.25° X 9°
3U (5.25%) X B.24" X 8.12°

30 (6.25) X 19" X127
auy (5.257) X 18" X 12
4U¢7.000 X8 X 127

5U8.75° ) X 18" X 12"

6U {10.30°) X 19" X 15.75°

7U {1225 X 19" X 5"

esfeatons subiest io change WOy ~ouce.
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Kit with 21 pairs of snap-in guides

Frame only

Assembled with 21 pairs of snap-in guides
Assembiled with continuous guide plate (see above!
Half-size kit with 14 pairs of snap-in quides
Modified. haif-gsize kit with 11 pairs of snap-in guides
Frame only

Assembled wilh 21 pairs of snap-in guides
Assembigd with 21 pairs of snap-in guides
Assembled with 21 pairs of snap-in guides

Frame oniy

Kit with 27 pairs of snap-in guides



A.6 SGC card trimpot.

3/4" RECTANGULAR / MULTITURN
CERMET / INDUSTRIAL / SEALED
= Low PC board profile - enly 1/4" high

m Panel mount option available {see page 67 for details)

a Transparent housing avaifable, setting visually without
hook-up and instrumentation {"P* style only}

Model 3006

Trimpot® Trimming Potentiometer

Electrical Characteristics
Standard Resistance Range
.............................. 10 to 5 megohms
{see standard resistance table}
Resistance TORIANCE v +10% std.
{tighter tolerance available}
Absolute Minimum Resistance
........................ 1.0% or 2 ohms max.
{whichever is greater)
Contact Resistance Variation
eereereesrpessensneresne 1.0%0 OF T QRN fRAX,
{whichever is greater)
Adjustability
Voltage . 0.01%
Resistance
Resoiution ...
Insutation Resistance ..
1,000 megohms rnin.
Chetactric Strength
Sea Level .
80,000 Feet
Adjustment Ang

Environmental Characteristics
Power Rating (400 voits max.}
70°C

075 walt
50°C e (3 WL

................................ -85°0 to +125°C
Terperature Coefficient

+100ppm/*C

Seal Test varrreveaesiinee 85°C Fluorinert”
Hurnidity ..... MIL-STD-202 Method 103
86 hours

(3% ATR, 20 Megohms IR}
Vibration ........ 20G (2% ATR; 2% aVR)

SHOCK e 506G (2% ATR: 2% AVE)
Load Life

.............. 1,000 hours 0.75 watt 70°C
(4% ATR}
Rotatienal Life vereeenrs 2000 CYCIES
3% ;1% or 1 ohm.
whichever is greater, CRV}

Physical Characteristics
TOIUE 1evvnrrrriareesaamamssnsne 5.0 gz-in. max.
Mechanical StOPSs e Wiper idles
Terminals... .. Solderable pins
I o p——— 0.04 oz.
Marking ..... .- Manufacturer's

trademark, resistance code.
terminal pumbers, date code.
manufacturer's model number
and style

Standard Packaging
P&Y Style .. .25 pes. per tube
W Style 50 pes. per tray

3G

COMMON BIMENSIONS

o—

%
Labry:3

.35 -
I s 093
j @\ 00, 507 S ok,

1852015 o3 "B
b 1 oree EWE
3006P
f. 1 B .
1 __é - i
. T
w2 i 500
58
1
Y
Gen f s
.25
3006W

s L d PPIIAB o
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STANDARD RESISTANCE TABLE

Papular values listed In boldface. Special
resistances availatie,

HOW TO ORDER
so006 P -1 - 1032

Model _.—J
Style

Standard or Modified
Product Indicator

-1z $tandard Product

.7 = Transparent Housing

Resk Code
Oplional Sullix Lefter

Z = Panel Mount
{Factory instalied)

Cangult factory for ather pvallable options.

Specdications are subject ty change zheul ~ance.
»Flugnned is a tegistered trademare of 34 00



A.7 SGC card filter capacitor

o
¥ i 3 * 0 Stacked Metailized Film Capacitors Suitable for Replacemont
naSOI‘IIGs = Ef!es s 0 of Monolithic Ceramic Capacitors in Most Cases '
FEATURES:
 High voluinaune stiicancy = Liw Sa50a%00 1hoane * Panasonic V-Serles
+ Stieaed G nonnhaTve comstgson- Coon " - Stacked Metallized
1BmobTRivIn Mnge: ~ATG i = 'S Temperzivee }—-—-4' (hr, 4T Tian A - 5
LothaMRAGIC: 200 ppm + DsRsEbe HOWK ISXY Gapaciter Film Kit
1,0% + Asulglios resictance (25C); 1000M4 k¥
y A PASAZKITND® 160 Vol K)...
‘mﬂ“g"“ and coupg o B - Ptse. g o tom PATOOKIT-NDt {100 Vot K}
o e b % 2k forrag - il inclutes 10 pach of hozn parts indlcatod
e Pt froiob g TEime PN v boeiow £ of 1), 180 capactiors, 10 choh of
o S wem h tha valves Letad in the chad, Pdce sntiudes
PANASONIC ELGYCROSSREFERENCE « A tapedt prts v O ent it sl bk Wi 20
ewnans; BIZE09, . Snem leas space. 1or +asy SIOFEGE 2nd quick aTTO34,
(T Comest rmtimrenes o Inoies @snde ty 2541
Cimerndons {mim] DigH Prieing Fenrsonic
oty ’ ?no' [ T e i Bt e 1 00 1 000 1800 % Par: Ho. J
Hulk Package )
001 73 12 50 ) T FAGIENG” 132 140 .00 B1.06H TR EEQVIFOA
) ; aolz |t 12 50 50 3 PASIEND 138 10 59,00 ga00n soooh ECOViHiEL
] ags T 32 50 50 PaBIG-ND 131 1.8 70.00 oo 51 oom ECOTHISLL
jeoe 73 2z 50 50 PASIE-ND 144 520 72.00 57 o o
k) ra Az 59 50 : FA517-M0" 147 12,25 L, &‘.ﬂu ECQ-V -
EX 3z 50 50 T PABtRND 156 1250 7590 e o Mk
| lm Bouo@ @ omme 8 om Rz Em gad | W
o [T 1z 50 )
¢ T | 73 3z 50 50 i gtszwu' :g :325 e L2 ggf;a‘ sacom ECoviTaL
: 73 3z 50 5o N 2 d
Qo8 v T3 EE3 (X 50 PASZTIRD" 177 14,75 B0 gmx :: x-m Eggz:mt
. soe2 ' T3 38 50 50 PASZAND' 186 1650 40 sou sr00 Ecavinas
et 73 20 50 58 | paszsNDt 153 15.28 2t.00 % noan SCoNACLL
mar | a1z’ 73 aa 5o 56 L pashn 20¢ 7 100 B0 s eca-ri
s H i 1 i PREEGHD" o 750 To4 00 97,0004 5100 GV IHIELR
| 018 " <5 55 52 P4666- WD 21 1025 199.00 109000 95.00M Ecovinna |
| oz 73 W8 55 59 . PEGRTND 23 ¥9.25 V500 07.00M 10000M EEQVINZRA
i 7 3 48 T4 50 PAGER-HDY" nhs .00 11500 T22.00M 114 00N ECOAHATHIL
PABED DT 2500 1 135 00 i} St
e 3 i i 28 e i 28,00 67.00 TR BoM VAE 00 4 ECOVIHIBAR
: L7 y . } PaBTiND 158 30.75 18400 1771000 180.001 ECQVIHATLL
oa7 ;13 52 73 50 3 ; Iroak et ECGaTLL
l oss . 1A 58 08 50 PASTNDT | sar x5 2200 o 1oagun peovngea) |
fota 173 55 500 50 © pAGTANDT 545 326 25800 g Zeoou Ecowmeeul
] 1173 73 53 0o S0 1 PaTANDT 623 5175 305.00 7 oM ! e
M 1 *3 30, i 50 __PAETEH ERL) 9. ] 31,00 ECQVTHIOSA,

A.8 Power supply enclosure.

Maierd instrerient Cases/Aluminum Boxes @lock Slesi Uppers)

DIMERSIONS PRICE EACH
1 o

CAl NG

LA-4 $ 530 ]

{ La-§ 3,28 .00
LA-6 7. 7Y

A2 1328 o

g" 675 572

- 7.81 6.7

£ 929 a2

E-d 965 902

59



A.9 SGC card 1% resistors.

1% METAL FILM FIXED RESISTORS

Avallabie In1/8, 1[10 & 1[16 Walt chlp, 1/4 Watt Fixed

whan orderng.
i) .
¥ 243K
. : 255K 44 90:9K 165K JEK  SNK
19 9 a2 e ™y - 280 . 14K K PIK A9EK 53,1 124 22
Ha 25 a3 Ty 287 S 1.05% 200K 3 W /IK SLIK 113K B
HE 1 22 154 294 107K IMK MK K s2aK 7K 2, BMK
e e 2 w5 158 an 78 110K 210K 4, MIK 200K BIEK 0K o JEK B4OK
1 2z &4z BLS 162 > LI 218K 412K 1506 287K Sdak . soa oK 57X,
124 27, 453 BGS 165 ath 1356 221K w2 54K 204K 5. TosK 198K SHHE
127 243 7 aga 887 19 e 8 £18K 6K 4328 WEK WK ENEK 107K aran
79 249 75 03 74 2 2K 23K 442K TheK 05K 0K 190K X 7K
73 =5 @&y w1 s E] 849 124K 237K 453K A 3LEK  80AK 210K
ar 281 ARS 53 ' 33 127 484K 1 34K 6LEK 115K 215K 403K THK
7 58,1 we 187 -S| 1305 243K 4756 174K EIK 634K 1 21K 412K
1ag 74 523 i 19t x5 [ 10 K 487K WER 30K BesK 12K 422K K
1wy 20 S8 02 196 w4 715 1,87 261K 4. 182K 348K eask £24K 252K L2X BoRy
150 87 543 105 B/ ok £AOK X BIK BE.IK [F2id 2 2K [
154 254 562 107 3 bl 143K ErK 18.1K BRBK 1508 453K pdSK
6.1 518 Ho 268 402 74 147K K 5. 1988 gred  7LEN 133K 245K 4G5Ik BGEK
52 ] 550 m 218 412 w7 14 287K 549K - 200K 137K ATEK EBTX
38 M 15 422 [ 150 2 552K WAk WK TSOK 10K B ASTK 209K
e + o3 it pd sz 825 1.58% 361K 5.764 2.0 TE2K 143K KK
74 (1] 2y =g P 85 1826 3 550K 80 &K T 47K T SHiK
78 o (T2 10 453 1] 216K 604K 2K 206X 50K TEX
2 43 6.5 wr 263 4 87 1.69K d2aK 815K 26K AszK B2SK 5K 27K 5365 .00
17 7 8.1 w0 e s w0 BT 3K 834k B
Panasonic 1206 0305 0603 0402 oy Tomrneran
. Availahle in 1/3 1/106 & 1116 e L
i Fewet Rsting Mirimem Mariamm
Aty wi BEWY"~sractond Yol i Lo
N g f
06 WEW-(STW | BY (T MoV W e s
om TWLEWT IRy b T 1 i
g g | 1.’“!;“4 e - gy v 3 f W8 | K DT " .
ulms“ o Seléaneg Hual o [2.0% un:u L, [ e
o wvifence of mecaicel Simage Dip Tian: 270" e | A b e gt €) gty
576,70 4] sesonns. 100 PPM. —
mc«mmw«mvmmcww muwmncwvu " Ptk Rt % Rscstance Vaoet, or maK. ROWY Bt sbovet, whichever b less,
* Avadinbls tr ok (RCWY £ 2.8 RCWY x 2.0, a1, ke -
B T g DigHRey B Pricig N Prratotic
J Oicription vt : L L) ] 1 N R L L kLT T ] Prt Koot
mm‘ui%%mmmwmsm;--sﬁm :raa 420 VBT 050 0537 OGS0 ] PeVaues FTRND 0 o 0 — % 00K i T2EM | ERHENToY
S P06 T4, G Mec Fin Hesrvor, Bu A78 160 950 450 GED FoViloe s RTHD" 985 ALTE E EREAENFxr
1O Wat, 0805 % Ewmnmmmm Tn“hsj m:m ZW0 12 diET 040 080 | PeVahm 4 CIRAD” mu mv 1685 w.'uw EREEERFronly
I D908 1%, Py R Fikm 31 + 200 200 135 04f o) 081 i PevVioesTORMD® (081 fade FRFEF0
mawmmmmommwﬂn amn-'s:m ET] 16 M 30 K AT | Pevaer HIRND zrwu zl:ml !lm mm TREIKFmoy
108 e BT 1% g Kt W ® X moat | povies WA B g ER3-JEKF eny
.msmwmwmmmauswn wvm 10 R BT ET I L PeVows LIRHD Lk sm mw [k sm ERIFAKFroaX
/15 WaT 0202 1% Ctwp e £l Recein iy + 200 pig. L - FoValua o LLT-H0" . 83,08 msa mm ERMIRKFrx
YAGEO vrs.s ‘ I m“" " e I e,
aries B}

e L < mwmﬂ
maMFmMmﬁmﬂmmmmwmwngmm ¥ i o 20 porficant figure -
system ta cepasit layers of mxxod metils ano cassvative Matonals omo Bard w1505 e Ledd 3rd sigrefican gurs o |
a cazofully treated high grade ceramce subsimate. the resistors are coated with -
layers cigivyﬂobkn 1aciper, Characteristics Tohrance

1™ Yamperces Cyting, ~65" to = 150°G
Qeners! Specificationn: Lo Powot Deretrny Eurvs
Power Ratingt 114 Watt, Max, Working Voitage: 250V, lax. Overiond " e
Valtsge: 500, fntad * 7 T0°G, T Fe N
Cychlngr «~65°C fp « 150°C. Rnitnnen Hangn: G.oR !n 1.ouun. P
Resistanca Toleranca: 1%, E @
Elwcirical Specifications: g K
{Sar “Generl 5 beiow). Al T3 e mken at +25°C 2 - ¥
THHZ and 85% relrve Nutmicily, uniess sted omeress, Type: MF25 Style: 7 vwrm TO-200CHE. %},
AN.S5 Powsr Hatingr 174 Wan Resistance Tolersnce: = (% ~ fmemn Sasoacs (5] 20 40 60 80 150 50 TAD 1E0RY
Tamperature Costficient: = 100PPLLG i Tt Ambiignt Tempariass |'Cy
. - Peicing

wr-un. [} 200 u au o oM 1008 ShoM 41,5060
' m\ﬁw % Nty T fan Ay Vo - X BN -
i e . et 0, TRABRND) 5 ezt 2z 18,240 AT 12,508 - - —

3 (am .‘a'frz £ Seryinry Vo - U - TRNLC

008 ot irastmied o 5,000 ¢, 000 pEK, o G, T3 SXTR-NE) - - = 20500% 17.60M H.I0M 1211 S0 200
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APPENDIX B

Shunt Calibration Procedure
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LCHP-08 STRAIN GAGE CONDITIONER CARD CALIBRATION INSTRUCTIONS

. Plug the Signal Conditioner Rack into Power Supply

. Plug the Power Supply into 120V 20A outlet.
. "Turn the Signal Conditioner Power switches to the ON position (to the right).
The Yellow Power Light will illuminate.

_ Set the Gain position on each card to the desired gain setting for calibration.
Record the Gain position on the Data Sheet.

OFF OFF OFF . OFF OFF oFF

m

ON oN ON ON aN y oN
GAIN = 1 i0 100 1000 2000 USER OPTION

. Let the Signal Conditioner Rack "warm up" for at least 30 minutes; one hour is preferable.
6. Record the Rack Number and Signal Conditioner Card Numbers on the Data Sheet.

i 2 1 3 4 5 ; 6
CARD ll /
me

No. LOCATION E
* |

7 g

. Starting with Card 1 and continuing through Card 8 on each Signal Condidoner Rack,
perform the following :

A Attach the leads from the Fluke 45 Dual Display Multimeter WH |-
to the output terminals of the Signal Conditioner Card. - T 2. =
The multimeter should be set on DC Voltage (V=== ). o 2 — =
B. Attach thie 3-wire input from the Shunt Calibration Box tothe £ O gp | 22 5
input terminals of the Signal Conditioner Card. o | R 2
C. Attach the leads from the Fluke 70 Series It Multimeter ) 2 g
to the Test Points on the Signal Conditioner Card. o -
(Red to Red, Black to Black). The multimeter should be = A Wi -
set on DC Voltage (V=" ). O . .""'7 RD
D. Put the Swithch on the Shunt Calibration Box in Position 0. S -
E. Set the BRIDGE VOLTAGE to 4.00 VDC by adjusting SMTT2UER 2

the Turn Pot with a Boumns pot tumning device. Read the value
on the Fliuke 70 multimeter and record it on the Data Shest.

F. Balance the quarter bridge by adjusting the BRIDGE BALANCE
Turn Pot with a Bourns pot turming device until the display on the
Fluke 45 multimeter reads less than +/- 1.00 mVDC. To balance the
bridge, turn the pot in the opposite direction from the illuminated Red
Balance Light.

G. Record on the Data Sheet, the Shunt Calibration Box data for the
following Switch positons 0,1,2,3, 4,5,0,1,2,3,4,5,0

. Detach leads and 3-wire input from Card 8, switch the display on the Fluke 45
rultimeter to Resistance { Q), connect the clips to the WH and BL wires
and record the value on the Data Sheet. Now connect the clips to the RD and BL
wires and record the values for Switch positons 0, 1, 2,3, 4,5 onthe Data Sheet.

&~

March 9, 1995 Rev. 0
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