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Section 1

DESCRIPTION
GENERAL

The Endevco® Model 2680 Series of Charge Ampliflers are solid-state alrborne devices designed for
use with plezosiectric transducers. The charge amplifiers are epoxy-potted and hermetically
sealed units contalning a charge converter front end to recelve the transducer signal, an
optional filter to select the flat frequency response of the charge amplifier, 2 gain potentiom-
eter to set the desired gain of the charge amplifier, and a voltage ampiifier to drive the read-
out devices connected to the charge amplifier's output. Since the unit has a charge converter
front end and voitage ampliflier in the cutput, the charge amplifier produces an cutput voitage
proportional to the charge at the input, thus minimlzing the effect of input cable length. The
charge amplifier uses hybrid microcircuits to achieve small size, low weight, and low power con-

sumpt fon,

The case of each charge ampliflier is completely Isclated from the circuit, and an internat
electrostatic shield protects from stray pickup. A dc-to~dc converter installed in specific

models isclates power and signal grounds.

Figure 1-1. Model 2680M12 Charge Amplifier.
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The series of charge amp!ifiers covered by this Instruction manual are llsted below with a brief
description defining each configuratlon. As noted, the difference between the basic models
(2680, 2681, 2682, otc.) is the type of output connectors used and the addition of a dc~to~de

converter, Table 1-1 provides a further breakdown between the basic models.

Basic Model Configuration
2680 ¥iking connector
2681 Viking connector, de-to-dc converter
2682 ITT Cannon connector
2683 ITT Cannon connector, dc-to-dc converter
2684 Endeveo connector
2685 Endevco connector, dec-to-dc converter
2686 Solder pin header
2687 Solder pin header, dc-to-dc converter
2688 Spectal configuration
2689 Special confliguration, de-to-dc converter

Each basic model consists of a series of modifications (™" series) tfo provide seven different
gain ranges and nine different high frequency responses., The ™" series covered by thls Instruc-
tion manual are M1 thru M7, M12 and Mt4, Table 1-2 lists the "™™" series and provides a compari-

son of thelr Input and output characteristics.
ADJUSTABLE GAIN

The charge amplifier's case contains a removable screw to permlt access to a gain potentiometer.
The potentiometer enables the user to adjust the gain to any desired setting within the gain

range of the charge ampiifier.

The galn-access screw s located on the side of the case for charge amplifiers without de-to-de
converters, and on the connector end of the case for charge amplifiers with de~to~de converters.
Refer to Tabie 1-1 for the basic model numbers of charge ampliflers containing the de-to-dc con-

verters, and to Flgures 4-3 and 4-4 for locatlon of the gain adjustment.

The galn adjustment is a 12-turn (typical) 500 000-ohm (%0,1%) potentiometer with wiper Idles as

machanlical stops at the extreme clockwlise (cw) and counterclockwise {ccw) positions, Maximum

i=2



Pt

N

Model 2680 Serles Instruction Manuatl

resistance (minimum charge amplifier gain) is obtained in the extreme cw position. Signals are
present at both ends of the potentiometer, but signal changes may not occur during the final two

turns.

Charge amplifiers shipped as a component of an Endevco system (accelerometer, cable assembly and
charge amplifier) normally have the gain factory-set to a specific gain, and the gain-access
screw solder-sealed fo the case of the charge amplifler. The galn-access screw must be sealed to
the case with solder, glyptoel or epoxy fo- the charge amplifier to meet humidity specifications

during operation.

Charge ampllfters shipped as single items of equipment have the gain potentiometer set to the

maximum rated galn of the charge amplifier, and the galn~access screw temporarily seated in the
threaded access hole. Users of the charge amplifier are then required to adjust the galn to a
desired gain setting prior to application of a charge amp!ifler (see paragraph 4.2). Table 1-2

{ists the gain ranges for each ™" serifes (M1 thru M7, M12 and M14) of charge amplifiers.

QUTPUTS

Each charge amplifier has two outputs, blased and/or unbiased. The outputs can be a comblnation
of a2 biased and an unblased, or both outputs can be biased, o both can be unbiased. The ™"
number following the mode! number Is the determinent (see "Types of Output” cotumn In Table 1-2).
Both outputs are single~ended with one side connected to clrcuit ground. When both outputs for
the M1 through M7 are used simultanecusly, the paratle! combination of both load reslstances must
be 10 k ohm or greater to meet ajl specifications. For the Mi2 and M14, both outputs can be
loaded with 10 k ohms or greater simultansousiy and still meet all specifications, Maximum out-
put voltage Is approximately 0 to 5 V (£2.5 V pk) depending on the speciflc charge amplifler,

The output clircuits are short-circuit proof, thus the ocutputs will withstand an Indefinite short

wlthout damage.

The biased ocutputs are direct coupled with an cutput Impedance of less than 50 ohms. With no in-
put, the charge amplifler produces +2.5 V dc 13% at the output. Output voltage will be approxi-
mately £2.5 V pk around thls bias level. Clipping will occur slightly above the 0 V level and

between +5.0 and +5,3 V.
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The unblased outputs are in serlies with a2 minimum 16 uF capacitance and have an output impedance
of tess than 50 ohms. With the addition of the series capacitor and bleed resistor in the out-
put, a 0.00 V bias level is established. The unbiased output is lingar from 0 to 4.65 ¥ p-p, o

0 *o 5.00 V p-p, depending on the specific charge amplifier used.

Reter to Table 1-2 for further output data on specific ™Y series charge amplifiers.

DC-TC-DC CONVERTER

A dec-to-dc converter is instailed In specific models of the charge amplifier (see Table 1-1) to
isolate power and signal grounds. The isolation of the grounds s required when power is noisy,
or when switching transients are present, or when separate grounds have already been established

in a measurement system.

INPUT POWER

The charge amplifiers operate from a 20 to 30 V dc source (28 V typically). Each mode!l may vary
In voltage range and Input current requirements, this is dependent on the installation of a
dc-to-dc converter. Refer to Table 1-1 for input voltage and current requirements for each

charge amplifier model and "™M" series.

OPTIONAL FILTERS

An optional low-pass tilter is factory Installed in the charge amplifier If specified on the Cus-
tomer Purchase.0rder. Optional filters are available in +two-, four-, and six-pole low-pass
Butterworth filters that provide the charge amplifier with a speclfic frequency response. If a
charge amplifier contains an optional fllter, the model number will contain a three-diglt suffix
(dash aumber} to Indicate the fliter's 5% frequency in Hz. The first two digits are significant
numbers and the third Indicates the numbers of zerces. As an example, the Model 2680M12-101
Charge Amplifier has a two-pole low-pass filter installed with a fiat response up to 100 Hz.

Table 1-3 provides a 1ist of the various filters by dash number and frequency responses of each.

ACCESSORIES

Accessories for the serles of charge amplifiers vary according to the type of output connector

tnstalied on the unit. Al) charge amplifiers are shipped with mounting hardware, and those units
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with output connectors Instalied wil! have a mating connector for connecting input power and
readout devices. Units with solder-pin connectors are shipped only with mounting hardware,

Refer to Table 1~1 for accessories shipped with each charge amp!ifier model.

APPLICATION

The Model 2680 Series of Alirborne Charge Amplifiers are Tdeally suited for In-fllght telemetry
applications and other dynamic Instrumentation systems using transducers such as plezoelectric
accelerometers, microphones, force gages or pressure plckups. The small size, light weight, low-
power consumpticn, and the use of long cables to connect transducers to the charge amplifier,
enables the unit to be used in ground and taboratory testing, rocket test stands, combined envi-

ronmental testing, steam turblnes and other Industrial appllcations.
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Sectlon 2
INSPECTION AND INSTALLATION

INSPECT ION

The charge amplifier Is packed in a protective bag and packaged in shipping cartons contalning
shock-absorbent materials to prevent in-transit damage. However, upon recelpt of the units, the
customer should make an inspection to be certaln that no damage has occurred during shipment.

Obvious damage should be reported immediately to the carrier.

inspect the contents of the shlpping carton and verify that the applicable accessories listed In

Table 1-1 are Included In the shlpment with each charge ampiifier.
INSTALLATION

The charge amplifier case Is drilled with two holes for mounting the unit to the test specimen.
The mounting holes vary in slze and placement for each charge amplifier, thus the user should
refer to the appropriate Product Data Sheet or Performance Specification (~508C or -AE) for an
outline drawing deplicting the mounting holes. These documents are contained In Sectlion 7 of this

Manual. The mounting hardware for each charge amplifier model Is iisted in Table 1-1,
To minimize noise pickup, the case of the charge ampilfler should be grounded to frame ground

through the mounting screws which act as grounding lugs. Frame ground is then connected to cir-

cult ground at some single point to prevent ground loops.
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Sectlon 3
PRE~OPERATION TEST

GENERAL

It is sometimes desirable {(or required) to test the Integrity of a system after Instaiiation. A
suggested method for performing a pre-operation test is the voltage insertion test. Ideally, a2
voltage insertion test performed Tn a callbration laboratory can be used to establlsh normal res-
ponse of the system. The test is not only useful to check the accelerometer/cable/amplifler cir-
cult continuity, but can also be considered a calibration test. If the accelerometer has an open
circuit, the charge amplifier's output signal will be less than normal since only the cable capa-
citance remains In the input circuit. If the accelerometer Is shorted, the charge amplifierts
output will be zero. |f a short circuit exists In the charge amplifier, the output again will be

zero, or considerably lower than normal.

Since the voltage insertion test requires using formulas to obtain data, certain parameters of

system components must be known, or established, pric to performing the test. The internal
capacitance of the accelerometer and the capacitance of the cable must be known. These values
are obtained from the caltbration card shipped with each Ttem. Also, the charge amplifier's out-
put voltage must be established. The output voltage established must be fess than the charge
ampliflerts full-scale output (maximum 5 V p-p, or 1.77 V¥ rms). As an example, the 268(M1 has a
maximum {Tnear biased output of 4.65 V p~p (1.64 V¥ rms) Into a 10 000-ohm {oad. Thus, the output
voltage established for a 26801 should be less than 4.65 V p~p., HNormally, an output voltage is
selected which Is easTly read on the readout device. For example, if an oscilioscope Is being
used, an output voltage should be selected to provide a full-scale output easily determined by

viewing the osciliioscope grid (graticuie).

When performing the voltage insertion test the accelerometer must be isofated from ground., Total

source capacitance should not be more than 10 000 pF for the charge amplifler to meet all specl-

fications.

EQUIPMENT REQUIRED

The following equipment 1s required to perform a vottage Insertion test:

as Oscillatar capable of operating over the minimum range of 3 Hz to 20 kHz.

3=1 4/80
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b.

Ce

d.

S

fe

gc

he

Powar supply, +20 to +32 V dc rated at 50 mA maximum.

T-Block containing a 100-ohm, 1/2-watt, *0.5% resistor. Endevco Callbrator, part number

2924,1 is recommended.

Oscllioscope to verify oscillator and charge ampiifier outputs.

Oigital voltmeter (DOVM) to monitor osciifator and charge amplifler outputs In ac volts, or

¥ rms.

Accelerometer Isolated mounting stud. Endeveo Model 2980 Serles |sotated Mounting Stud is

recommended, Stud s used to isolate accelerometer from ground.

Switch, SPDT (S51)

Switch, DPDT ($2)

VOLTAGE INSERTION TEST PROCEDURE

2

be

Ce

Connect equipment as shown Tn Figure 3-1. Ensure accelerometer is Isolated from ground. As
shown 1n Figure 3-1, the accelerometer acts as a passive transducer when driven by the

oscll tator.

Energlze equipment and ad just power supply for +28 V dc outputs, Allow 15 minutes for equip-

ment to temperature stabllize.

Review accelerometer and cable assembly calibratlion cards for capacitance of sach ftem. Use

the following formula to determine total capacltance (C;,) seen at charge amp!llfier's

input:
Cin = Cp *+C¢
where Cp = Internal capacltance of accelerometer
Cc = Cable capacitance between accelerometer and T~Block

.,
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Establish an output voitage (E,) for charge amplifier. The output voltage should be less
than +he maximum !inear output for applicable charge amplifler. See Table 1-2 or Perform-
ance Speclfication in Section 7. Use the following formula to¢ obtain a voltage Input
{(E;n) to T-Block:

 Egx 103
Aq x Cin

where Ey = Output voltage in volts

Ern = Input voltage to T-Block from osclllator In volts

e
il

q = Charge amplifier galn In mV/pC (see paragraph 4.2.1)

O
]
]

Input capacitance In pF. Includes acceierometer
capacltance (Cp) and cabie capacitance (C.)

between accelerometer and T-Block

Set switch S2 in Figure 3-1 test setup to 0SC position, Readout devices should receive ocut-

put of oscillator.

Adjust oscliilator for a frequency between 20 and 50 Hz, and for an output voltage obtained
for By, In step do Verify osclillator frequency on oscilioscope and output voltage on

DVM.

Set switch 52 to OUT position and ensure switch S$1 Is in CAL posifion. DVM should Iindicate
the value of voltage established for charge ampiifler's output (E ) In step du This Is
accompl Tshed by setting the oscillater's cutput to £y,, and applying this voltage to the :
Tnput of the T-Biock.

Since both an Input (£;,) and output (E,) has been estabiished and verified, the voi-
tage Insertion test can now be used to verify system Integrity anytime the system is sus-

pected of being faulty, or assurance that the system Is performing to specification.

Set switch 81 to OPR (operate) position and $2 to OUT position for normal system operation.

ALTERNATE TEST METHOD

An alternate test method (charge insertion} can be performed to the system. The alternate method

permits no check of the accelerometer for an open, but does Indicate a short by lack of amplifier

output., The test does provide "in-place" caltbration of the charge ampilfier. The advantage of
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this test Is that the oscillator output voltage (E;,) can be Inserted anywhere betwesn accel-

erometer and charge amplifier without affecting system test.

Qe

bl

Ce

de

Se

fe

Connect equipment as shown In Fligure 3-2.

Energize equipment and adjust power supply for +28 V dc output.

Allow 15 minutes for equipment to temperature stabiilze.

Establish an output voltage (E,) for the charge amplifier. The output voltage should be
less than the maximum !inear output for the applicabie charge amplifier. See Table 1-2 or

Por formance Speclfication ftn Section 7.

Again, the formula for Input versus output is:

£ o B x 10 3
In Aq x Cip
where E, and E, are in V

Cin Ts series capacitor in pF (1000 pF)

Aq s charge amplifier galn in mV/pC

Repeat steps 3.3.e through 3.3.1 to establish a charge insertion test for checking acceler-

ometer shorts and charge amplifier Integrlity.

3-4
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{ POWER
' swrLy
+ -
ISOLATED
ACCELEROMETER r'-ao-a- el |
r—-=-" -ou ) 32-A 120
o I 20 out
H PT 0 VERT
i ’ ! Ein | gy CHARGE b OSCILLOSONCE
! e | I ppyr | MELIFIER Eout 086
t [ "}'?:c ; ] Cin {GAINEA)
C, SHIELD 100 (M4 ‘ ! oot
{ L Tt & J2-n O
L R ) :__ ad _1 SHIELD ¢SEE NOTE) +
- — - — |- 2 o
ose .
st
O—f{.\n.._.........ql
AL
OSCHLLATOR
NOTE: OUTPUT COMNECTOR J7 PIN ASSIGNMENTS SHOWN ARE FOR RIASED OUTPUT AND
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PERFORMANCE SPECIFICATIN FOR OTHER MODEL PIN ASSIGRMENTS,
Figure 3-1. Voltage Insertion Test Setup.
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WTE: OUTPUT CONNECTOR J2 PIN ASSIGHMENTS SHOWN MRE FOR BIASED CUTPUT AND
POWER INPUT FOR 2680M1 THRU 2680M7, REFER TO PRODUCT DAFA SHEEF OR
PERFORMANCE SPECIFICATION FOR OTHER MOOEL PIN ASSIGHMENTS,

N

Figure 3-2, Alternate Charge Insertion Test Setup.
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Section 4
OPERATION AND GAIN ADJUSTMENTS

USING THE CHARGE AMPLIFIER

The 2680 series of Charge Amplifliers are designed to operate with piezcelactric accelerometers
and other transducers. In all cases the fransducer and connecting cabie must form the equivalent
of a capacitive input device. Total source capacitance for the input should not be more than
10 000 pF, or as spacifled on the Product Data Sheet, or Performance Specification, contained in

Section 7.

A simple block diagram of a system using the charge amplifier is shown in Figure 4~1. To prevent
ground loops and excessive nolse, The transducer should be mounted on an Insulated stud. The
charge amplifier case should also be grounded somewhere In the system to prevent stray pickup.
Coaxial cable Is to be used between tfransducer and charge amplifier. The sensitivity of this

system Is not appreciably affected by the cable capacity.

Readout devices such as oscllloscopes, osciilographs (for hard-copy print-outs), digital volt-
meters, etc., ¢an be used to analyze the shock and vibration data. These Instruments are

selected according Yo user preference and requirements.

At 1000 Hz, the biased and unblased outputs of the M1 through M7 series of charge amplifiers
(268M1, 2680M2~--26B(M7, 2681M1, 268iIM2---2681IM7, etc.} are in phase with the Input. The
1-10 m¥/pC low-gain outputs of the MI2 and M14 are in phase with the input signal, while the

10-100 mv/pC high~gain outputs of the M12 and M14 are 180° out-of-phase with the Ilnput.

POWER
SUPPLY
+ -
FEZN 20
ACCELEROMETER o 2o
AXIAL " 928 .
E,: CABLE ASSEMELY /7| |1 mmg]m READOYT
7 | Jiew DEVICE
(4 LLL/ 20 -
L7777/
{SEE HOTE)

NOTE:  J2 PIN ASSIGAMENTS SHOWN ARE FOR BIASED OUTPUT AND POWER
INPUT FOR 2680M1 THRU 268047, REFER TO PRODUCT DATA SHEET (R
PERFORMANCE SPECIFICATION FOR OTHER MODEL PIN ASSIGEMENTS,

Figure 4~1. Typlcal System Hookup Using a Model 2680M1 and Monitoring the Biased Qutput.
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GAIN ADJUSTMENT

Each charge ampiifier provides two outputs, and the gain potentiometer is common to both outputs.
Those charge amp!ifiers (M12 and M14) with dual blased or dual unbiased ocutputs have a 10:%1 ratio

maintained betwesn both cutputs by the common galn potenticmeter.

THEORET ICAL GAIN ADJUSTMENT

Gain 1s ilmited by the full-scale ocutput requirement. The gain setting along with the sensitiv-
ity of the transducer will determine the overall sensitivity of a system (accelerometer/cable/
charge amplifier).

A measurement system incorporating a 2680 Serles Charge Amplifier and a transducer has a maximum

sensitivity (A;) determined by the formula:

Es
As = Desired FS (H
where Ag = Peak system sensitivity in mV/g pk
Eo, = Charge ampliflerts peak fullwscale output in mV¥ pk

FS = Charge amplifler's desired peak full=-scale output in g pk

R

The amplifier's charge gain setting {Aq) ts computed by:

A
Ag = SS (2}
q
where Aq = Amplifier's charge gain setting in mV/pC

Sq = Transducer's charge sensitivity In pC/g

As an example, supposa a system consisting of an Endevco Model 2680 Series Charge Amplifier
(which has a 2.5 V pk, or 2500 mV pk full-scale output) and an Endevco Mode! 2272 Accelerometer
is used as a system 1o measure 50 g ful! scale pke The formula used to determine the desired

system sensitivity In mV/g is:

A = Es (In mV pk)
$ " "Desired FS (g pKk)
2500 mV
= 50 mV¥/g pk
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With the charge sensifivity (Sq) of the accelerometer glven as 13 pC/g, the gain setting of the
charge ampiifler Is:

(4)

_ 50 mV/g
13 pC/g

3.85 m¥/pC

If a rms full-scale level Is used for calibration, adequate galn margin should be included for

the anticlpated crest factor.

4.2.2 PRACTICAL GAIN ADJUSTMENT

To apply the thecretical gain data In a practical situation, adjust the galn of the charge ampili-
fler with a known source capacitance and input voitage during calibration. Ffigure 4-2 is a typi-

cal test setup used for galn calibration.

PONER
swrLY
+ -
c 2 25
oeat ‘I’:m OSCILLOSCOPE
] 1.._...._ CHARGE J2-t;
OSCILLATOR n APLIE (ER
q, ¥,
T <2 et 14y out
32-D
+
ow

NOFE: OUTPUT CONNECTOR J2 PIH ASSIGNMENTS SHOWH ARE FOR BIASED QUTPUT AND
POMER ENPUT FOR 268041 THRU 268(H?. REFER TO PRODUCT DAYA SHEET OR
PERFORMANCE SPECIFICATION FOR OTHER HODEL PIR ASSIGNMENTS.

Figure 4-2., Typical Gain Callbration Test Setup.

The charge appllied to the input of charge amplifler In Figure 4-2 is determined by:
(5)

Gcal = Egq Ceal

where Ecal = Oscillator output in ¥
Ceay = Series calibration capacitor In pf
Qca| = Charge appiled to the charge ampiifler in pC
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The charge gain of the amplifier (Aq) is determined by:
(6)

A. = Eout - Eout
q
Qcal Ceal Ecai
where Equt = Charge amptifier output In V
Aq = Charge gain of charge ampiifier In mV/pC

Transposing formufa (6) we find that:
(N

Eout = Aq Ecal Ceal

Therefore, if C.yy in Figure 4-2 is exactly 1000 pF, then:
(8)

Eout = Aq Ecat
It Coq| Is other than exactly 1000 pF, use the following formuta:

Ceal (9)
Eout = Aq Ecat _‘jgga‘”

In the theoretical example in paragraph 4.2.1, the charge gain of the charge amplifier is to be
adjusted to 3.85 my/pC, as determined by formula (4). To callbrate the charge amplifier In a
practical application, set the oscililator output (Figure 4-2) tc some convenient value, €.g.,
Ecal = 200 m¥ rms, Assuming that series capacitor C.a| is exactly 1000 pF, the gain

of the charge amplifier Is adjusted unti! its output is:

Aout = Aq Ecal (o
3.85 x 200

770 mV rms

During gain catibration the oscllloscope must be monitored to ensure the output signal Is not

clipped or distorted.
REMOVAL AND RESEALING GAIN-ACCESS SCREWS

Charge amplifiers used In calibrated airborne systems have the gain-access screw solder-sealed to
the case for operating In abnormal environments. The Instructions provided Tn paragraphs 4.3.2
and 4.3.3 are to be used when removing and reseal ing the access screw., Endevco recommends only
new access scrows be Installed in charge amplifiers. Access screws can be procured from Endevco

under part number 11003 (see Table 4-1),.

44
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4.3.1 EQUIPMENT REQUIRED

Table 4~1 lists the equipment required to remove and seal the galn~access screw, and to a‘jus‘r the

gain of the charge amplifier as defined in paragraphs 4.2.1 and 4.2.2.

TABLE 4-1. EQUIPMENT REQUIRED.

| tem Pur pose
Power Supply, +20 to +32 V de, 50 mA max. Source supply for charge ampliifier
Oscittator, 3 Hz to 20 kHz Input signal to charge amplifier
Oscilloscopa, OC to 5 MHz Monitor charge ampiifier output signal
clipping
Digital voltmeter (DVM) Monitor charge amplifier voitage output
Capacitor, 1000 pF, *14, shielded Provide input capacitance to charge ampli-~

fler. Endeveo Model 2947 recommended

Soldering Iron, Naerrow Tip, 200 W To solder-sea! access screws to case
Rosin core solder, £3-37 To seal access screws o case
Oven, temperature minkimum of +100°C Jo preheat charge amplifler

Accessory Kit consisting of:

Allen Wreanch, 5/64, with handle Remove access screw. Endevco P/N EHM453
Allen Wrench, 0.05 Adjust gain potentiometer. Endevco P/N EMM35
Accoss Screws (two) Seal gain-access hole. Endevco P/N 11003

4.3.2 REMOVING ACCESS SCREWS

a. Preheat oven to +100°C.

b. Place charge ampiifier In preheated oven for a pericd of time sufficlent for charge ampli-
fler to stabilize at +100°C,

¢+ Remove charge amplifier from oven.

d. Insert Allen wrench (with Insulated handle) in access screw to be removed (see appropriate
Figure 4-3 or 4-4), and place soldering Iron adjacent to access screw as shown In the

dlagram.
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CAUTION
When removing access screw, cars
should be observed to prevent molten
solder from entering charge amplifler

interior.

8. Apply forque cw to Allen wrench and remove access screw when solder seal s molten.

SEALING ACCESS SCREWS

New access screws should always be used to seal the gain adjust hole. Installing used access

screws could prevent the charge amplifier from meeting humidity specifications.

a, install a new access screw in gain adjust hole.

b. Preheat oven to a temperature of +100°C.

cs Place charge amplifier In preheated oven for a period of time sufficient for charge ampli-
fler to stabitize at +100°C,

d. Remove charge amplifier from oven,

e. Apply a small amount of rosin core solder 63-37 to recessed area around access screw fo form

a solder seal. See Figure 4-3 or 4-4 and use fligure appropriate to charge amptifler.

4-6
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ROSIN CORE
SOLOER

GAIN ADJUSTMENT

SOLDERING 1RCH

SOLDERING IRON

ACCESS SCREW
WRENCH

i
g
3/8 DA MAX
T

Figure 4-3. Galn Adjust For Charge Amplifiers Without DC-to-DC Converters.

Pt

00 NOT
REUOVE

SOLOERING 1RON

GAIN ADJUSTMENT

Figure 4-4, Gain Adjust For Charge Amplifiers With DC~-to-DC Converters.
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Section 5
THEQRY OF OPERATION

5.1 GENERAL

The Model 2680 series of Alrborne Charge Ampiliflers are designed for use with pilezoslectric
transducers, and plezoelectric transducers are self-generating devices requlring no electrical
excitation. The electrical charge generated by the transducer Is proportional fo the stress on
the plezoelectric crystal. In an accelerometer, the output Is proportional to acceleration; in a
pressure transducer, the output is proportional Yo pressure, etc. For any fransducer, the charge

generated Is Independent of the amount of external capaclitance attached to the transducer.

———)

| I
]

Figure 5~1. Plezoslectric Transducer Equlvalent Clrcult.

. S

A simplifled equlvalent clrcult of a piezoelectric or capacitive transducer is shown In

Figure 5~1, The open-circult voltage (e} Is equal to the charge (q) divided ﬁy the transducer

capacitance (Cp) as noted In the following formula:

6. = q
o = ——
Cp
where 6, Is expressed in V

is expressed in pC

Cp Is expressed in pF

1f the open-circult voltage is known, the transducer charge can be calculated by q = e, Cpe
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5.2

Atl Endevco transducers are provided with a callbration certificate which specifies the charge
sensitivity expressed In pC per unit measurand. For an accelerometer the sensitivity is given in

pC/g where:

0 = Pk iCrms
* g g pk g rms

For transducer sensitivities given only in terms of voltage, the charge sensitlivity can be calcu-

tated from:
0. = Eca) (Cp + Ceay?
s 1000
where Qs = charge sensitivity In pC/g
Ecay = factory supplled voltage seasitivity In mv/q
Cp = Internal capacitance of transducer In pf

Cea| = external cable and amplitfier capacitance when

cal Ibrated, In pF

The values of E.,), Cp, and Ceay are usually [isted on the callbration certificate,
Since tha charge sensitivity Is not affected by capacitance connected external to the fransducer,

no additional calculations are necessary.

For example, the typical voltage sensitivity (E.,;) of the Endevco Model 2272 Accelerometer
Is 4,0 mV/g, typical capacitance Ts 2700 pF, and the accelerometer Is callbrated with 300 pF of
external capacitance. Thus, the typical charge sensitivity Is:

4 (2700 + 300)
1000

Qs=

1t

12 pC/g

CHARGE CONVERTER

A functlonal block diagram of a baslc alrborne charge ampllifier Is shown In Figure 5~2. The
Taput circuit consists of a charge converter (the heart of the charge amplifler) which accepts
the etectrical charge from the transducer and converts It to a voltage proportional to the Input
charge. The charge converter Is essentially a high-gain voltage amplifier with negative

capacitive feedback. In operatlion, the ocutput voltage which occurs as a result of the charge



e
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Tnput signal s fed back through the feedback capacitor C;¢ in such a direction as to maintain
the voltage at the input at, o very close to, zero. Thus, the Input charge Is stored In the
feedback capacitor, producing a voitage across it which Is equal to the input charge divided by

the capacitance of the feedback capacitor,

¢
i1t
L)
AN
POTENTIONETER
R £,
CHARGE. 1N Ot CONVERTER =

Q)

Figure 5-2. Basic Alrborne Charge Amplifler Functional Block Diagram.

The transfer characteristic (conversion galn In mV/pC) of the charge converter depends primarily
on the value of the feedback capacitor.. When the amplifier is operated within spscification

Iimits, the equation for conversion gain simp!ifies to the relationship:

In effect, a charge converter Is a circult which appears to have a capacitive Input Impedance so
large that the effect of varying Iaput transducer o cable capacitance is lInsignlficant. Thus,
large variation of source capacitance Is possible without any appreciable change in overall

system sensitivity.
GAIN POTENT IOMETER

Each 'M" serles (M1 through M7, M12 and M14) of the series of charge ampiiflers has a specific
galn range {see Table 2-1). The gain of each charge amplifier Is set by a 10~turn potentiometer
to any desired setting within the galn range. The gain Is externaliy adjusted after removal of
an access scrow. Both the charge convarter and voltage amplifler galns are flxed for optimum

stabllity,
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5.4

5.5

YOLTAGE AMPLIFIER

The final stage of the charge amplifler is a voltage amplifier. Bacause of Its low cutput impe-
dance and 0.5 mA minimum output current the charge amplifier Is capable of driving tape recorders
directly. The outputs are both biased, or unbiased, or a combination of each. Blased outputs

are directiy coupled, and unblased are capacitively coupled.

TRANSFER CHARACTERISTICS

The transfer characteristic of any amplifier is the relationship between the output and the fnput
and s generally given by the ratio of the electrical output divided by the electrical input. |If
both input and output are expressed in velts, this ratio is non-dimensional and is called the
voltage gatn (or galn) of the amplifler. With the unique properties of charge ampliflers, how-
ever, it is more convenient to express the transfer characteristics as the ratio of the voltage
out fo the charge in. This quantity is called the charge gain of the amplifier and Is expressed

in "mV out/pC in®.

A typical system (accelerometer/cable/charge amplifier) equivalent circuit Is shown in
Figure 5-3. Note that charge gain Is Independent of source capacitance. In the clrcult shown,
Cp s the fransducer capacitance; Ct is the fotal external shunt (cable) capacitance; and

Cp + Ct Is the total source capacitance for the charge amplifier.

O O™ o

- .1 |
GENERATOR Sy [+ Aq o

o T T l

OO
\ /N -~ AN S
T T Bl
TRANSDUCER CABLE CHARGE
AMPLIFIER

Figure 5-3, Typlcal System Equivalent Circuit,.

The charge gain in mV/pC of the system is defined by the formulas

Ao = fo
q qi!‘l
where Aq = charge gain of charge amplifier in mv/pC

@, = charge amplifier cutput in mv

= charge amplifier input = transducer output in pC

L
—
o]

1
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Sectlon 6
PERFORMANCE TESTING

GENERAL

The procedures cutlined in this section provide a complete performance test of the charge ampli-~

fier. In most cases, an abbreviated operational test consisting of the three tests listed below

will sufflice to ensure the charge ampiiflier is operating normaliy:
Paragraph Test
6e3e1 Galn Range
6.3.8 Amplitude Linearity
Be3411 Freguency Response

The Modei 2680 serles of Charge Ampllfiers with speclal features (l.e., any "M" number not
listed in paragraph 1.1 or tho 2688 and 2689 series) could require changes to the tests outllned
herein. The Performance Speciflcatlon for each charge amplifier. contalning special features

should be referred to for possibie changes to the tests to be cenducted.

TEST EQUIPMENT REQUIRED

Tabie 6-1 lists the test equipment regquired to perform the tests. Accuracy required of the test
equipment is standard laboratory accuracy. The majority of tests are comparisons of the Input to

the output, therefore, absolute readings requlring extreme accuracy are el iminated.

TABLE 6-1. TEST EQUIPMENT REQUIRED

item Pur pose
Power Supply, +20 to +32 V dc, 50 mA max. Input voltage to charge amplifier
Osclllator, 3 Hz to 20 kHz input signal to charge amplifier
Oscilloscope, DC to 5 MHz Monitor Input and output
Digital voltmeter (DVM) with V rms scale Monitor Input and output

6~1 4/80
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TABLE 6-1. TEST EQUIPMENT REQUIRED (CONT'D}

[ tem Pur pose

Harmonic Distortion Meter, Monitor distorion
Less than 1% toterance
Temperature chamber capable of providing Galn stabllity test
an environment of -55°C to 100°C

(~67°F to +212°F)

Megohmmeter DC to dc tsolation test

Variac, 0-260 V ac Ripple voltage test

Filament {transformer, 6.3 V ac Ripple voltage test

Shielded capacitor, 1000 pF %1% input capacitance to charge amplifier,

Endevco Modal 2947B is recommended

Potentiometer, 1000 ohms, 2 W Voltage divider
Resistor, 10 000 ohms, 1/4 W, *5% Charge amplifier load
Resistor, 2500 obms, 1/4 W, 5% Used in output impedance test
Switch, SPDT Switches Input/output to readout
devices
6.3 PERFORMANCE TESTS

The 2680 serles of Charge Ampllfiers shouid never be driven directly with an osciflator. All
tests should bg conducted using an Endevco Model 29478 Shielded Capacitor Assembly (1000 pF *1%),
or an equivalent, as the Input capacitance to the charge amplifier. The charge ampiifier's gain
potentiometer Is set to maximum (fully cw) for ail tests unless otherwise specifled. FEach test
will referance the Product Data Sheet, or a paragraph number In the Performance Speclfication for
the user to obtain test parameters for specific charge amplifiers. |f the referenced paragraph
number does not conform to a certain Performance Speciflcation, the user can locate the test

parameters by using the title heading of test being conducted.
The performance tests cutlined in paragraphs 6.3,1 through 6.3.12 contain sufficlent instructions

to perform each test individuaily. |t Is not necessary to conduct the tests in sequence, or

refer to previous tests for equipment setup.

4/80 , 6-2
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Figure 6-1.

J2 PN ASSIGNMENES SIOWN ARE FOR BIASED OUTPUT AND POWER
INFUT FOR 2680M1 THRU 268(M7, REFER TO PROOUCT DATA SHEET OR
PERFORMANGCE SPECIFICATION FOR OTHER MODEL PIN ASSTRMENTS.

Per formance Test Setup.

Instruction Manual

Connect equipment per Figure 6-1. Ensure J2 pin assignments conform to charge amplifier

being tested.

See Note In Figure 6~1,

Energize equipment and allow 15 minutes to temperature stabilize.

Adjust power supply for +28 V dc output.

Ad just oscillator frequency to 100 Hz and an output amplitude of 50 mV rms.

Set voltage dlvider potentiometer to its maximum output (fully cw).

Set test setup switeh S1 to QUT position.

NOTE

A charge ampllfier's gain is not

electrically continuous at extreme

ends of the galn potentiometer.

The output could be erratic (minit-

mal, or no change} at both ends.

6-3
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6.3.2

643.3

6.3.4

ge Adjust charge amplifier's galn potentiometer through its compiete range and monitor DVM
for change in charge ampliflerts output. Each ™" series charge amplifiert's output
should vary according to limits listed In Adjustable Gain Range column In Table 1-2, or
as spocified in paragraph 2.3.1 In Performance Specification.

h. Remove test setup lead from charge amplifier's connector pin 42-C and connect to J2-8,

Repeat step g. for charge amplifier's second output.

CURRENT DRAIN

e

b.

Ce

NQOISE

Qs

be

Ce

de

G

fe

gc

h‘

Connect equipment per Figure 6-1. Ensure J2 pin assignments conform to charge amplifier
being tested. See Note in Figure 6-1,

Energize equipment and allow 15 minutes to temperature stabilize.

Adjust power supply for +28 V dc output and monitor mA current meter on power supply for
current drain of charge amplifier. Current drain for each mode! serles should be as |lsted

in Table t-1, or as specified in paragraph 2.4.2 of Performance Specification.

Connect equipment per Figure 6-1. Ensure J2 pin assignments conform to charge amplifier
being tested. See Note in Figure 6-1, _

Energlize equipment and allow 15 minutes to temperature stabilize.

Ad just power supply for +28 ¥V dc output,

De-energlze osclllator, o reduce its ocutput amptitude to zero.

Ground 1000 pF Input capacitor by setting voitage divider potentiometer to its lowest posi-
tion (fully ccw),

Set charge ampiifier’s gain to maximum rated setting by adjusting gain potentiometer fully
ccw (minimum resistance).

Set test setup switch St to OUT position and note DVWM (mV rms scale) for charge ampiifier?'s
maximum residual~-noise output. Maximum residual noise s Iisted in Table 1-2 for each "Mn
series charge amplifier, or paragraph 2.3.1 In Performance Specification.

Remove test setup lead fram charge amplifier's connector pin J2-C and connect to J2-8.

Repsat step g. for charge amplifler's second output.

RIPPLE SENSITIVITY

Qe

b-

Conntect equipment as shown in Figure 6-~2. Ensure J2 pin assignments conform to charge
amplifier being tested. See Note In Figure 6-2,

Energlize equipment and aliow 15 minutes to temperature stabilize.

R
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Ce Ground 1000 pF Input capacitor by setting voltage divider potentiometer to Its lowest posi-
tion (fully ccw).
d. Adjust power supply for +28 V dc output (+26 V for charge amplifiers rated for operation
between +20 and +32 V dc, refer to Table 1-1).
e. De-energize oscillator.
fe Increase variac output until secondary voltage of fijament fransformer Is 4.25 VY rms
(6 ¥ pk}. This can be measured with DVM between + and - terminals of power suppiy.
g. Output ripple should not exceed 10 mV/V of Input rippie. Use oscilloscope to monitor
rippie.
::RT OSCILLOSCONE
! SHIELDED -]
I cwsciren | In
i 1000 pF
] 1 |L 3G U .
> : : CHARGE " o
3 n -
QSCILLAIOR ::t:;gn | S INeUL  MIPLIFLER ﬁ:”;
(SEE HOTED
w I
4 4 $2-0 P
S2-A J2-D
DISTORT HOM
METER
FILAHENT
YARIAC Rt rransromer ¢ HOTE: 2 PIN ASSIGHMENTS SHOW ARE FOR BIASED OUTPIT AN PONER
IRPUT FOR 268041 THRU 26B(M7, REFER TO PRODUCE DATA SHEET OR
PERFORMANCE SPECIF{CATION FOR OTHER MOOEL PIN ASSIGHMENTS,
POWER
SUPPLY

Figure 6-2. Ripple Sensitivity Test Setup.

6.3.5 QUTPUT [MPEDANCE

Qs

b.
c.
de

S

Connect equipment per Flgure 6~3. Ensure J2 pin assignments conform to charge amplifier
being tested. See Note In Figure 6~3.

Energize equipment and allow 15 minutes to temperature stabtilze.

Ad just power supply for 28 V dc output.

Ad just osclilator for a frequency of 100 Hz and and output amplilitude of 0.1 V rms.

With test setup switch S1 In LOAD QUT position, monitor charge amplifier E, on DW, Label

this as Eo1.

6-5 ‘ 4/80
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6.3.6

4/80

go

h'

Set switch $1 to LOAD IN position and monitor Es on DVM. Label this as Eqoe Lo

Cafculate charge amplifier's output impedance as:

E -
Ry =—2L=Eo2 , 2500 LoAD RESISTANCE

)

Ensure that Ro Is no greater than 50 ohms {unless otherwise specified in Product Data
Sheet, or paragraph 2.2.2 In Performance Specification).

Change J2 pin connections fo test charge amplifler's second output. Repeat steps ¢ through h.

PONER
SUPPLY
. -
LoAD LOAD
CAPAGITOR $2-A 120 T ouT
1000 of
11
2-C +
il 0 CHARGE 41
OSCILLATCR oyt | MPUIFIER oW
7|
(SEE HOTE) ok i
2500
oS

HOTE: OCUTPUT CONNECTOR J2 PIN ASSIGNMENTS SHOWN ARE FOR BIASED CUYAul AND }
POWER 1HFUT FOR 2680ME THRU 26B(M7. REFER TO PRODUCT DATA SHEET OR o
PERFORMANCE SPECIFECATION FOR QTHER HODEL PIN ASSIGNMENTS.
Figure 6~3. Output Impedance Test Setup.
MAX MM SIGNAL OQUTPUTS AND BIAS LEVELS
e Connect equipment per Figure 6-1. Ensure J2 pin assignments conform to charge amplifier
being tested. See Note In Figure 6-1.
b. Energize equipment and allow 15 minutes for temperature stablllization.
Ce Ad just power supply for +28 ¥ dc output.
de Set voltage divider potentiometer to Its maximum ocutput (fully cw).
e, Ad just osciliator freguency for 100 Hz.
fo Set test setup switch S1 +o OUT position.
NOTE
Clip level Is the point at which visible
cilpping of signal occurs. Non-|inearity
\
wili occur approximately 50 to 100 mV {

below cliipping.
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Monitor oscilloscope and Increase oscillator output amplitude until ¢lipping of the charge
amplifierts output occurs.  Increase oscllliator output 50%. Compare clip levels to Iimited
output voltage on Product Data Sheet, or paragraphs 2.2.3 and 2.2.5 in Performance Specifi-
cation,

De-energize osclilator and monitor dc output with no Input signal to charge amplifier. Com-

pare to Product Data Sheet or paragraph 2.2.5 In Performance Speclflcation.
Remove test setup lead from charge ampiiflerfs connector pin J2-C and connect to J2-B.

Repeat steps e. through h. for charge amplifiert's second output.

POWER REGULATION

A

be

Cs

d.

f.

Connect equipment per Figure 6-1. Ensure J2 pin assignment conforms to charge amplifler
being tested. See Note In Figure &6-1.

Energize equipment and allow 15 minutes to temperature stabillize.

Ad just power supply for +28 V dc output.

Ad just osciliator for a frequency of 100 Hz, and set test setup switch $1 to OUT position,
and then adjust osclilator output amplitude unti! charge amplifier output is 1.0 V rms on
DM,

Yary power supply output voltage and monltor OVM for a change in charge amplifier output

level. The output ileve! should not change more than 10 mV per volt change on power supply.

AMPLITUDE LINEARITY

Qe

be
Ce
de

Qs

fl

Connect equipment per Figure 6~1, Ensure JZ pin assignment conforms to charge amplifier
being tested. See Note in Figure 6-1.

Energlze equipment and aliow 15 minutes to temperature stabillze.

Adjust power supply for +28 V dc output.

Set voltage divider potentiometer to Its maximum output (fully cw).

Adjust oscillator frequency for 100 Hz, and set test setup switch S1 to OUT position, and
then adjust osclllator output amplltude until charge amplifierts output Is 100 mV below clip
loval on oscilloscope (note DW for mV rms Indicatlion).

Decrease osclllator output amplitude In 10§ steps unti! charge amplifier's output has been
reduced to 0.17 V rms on DW,

Non-|inear ity through this range should be less than 0.5% of best straight line, Refér to
Product Data sheet, or paragraph 2.3.4 in Performance Specification for amplitude linearity

Iimlts of charge amplifler under test.
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6.3.9 DISTORTION

de

be

Ce

d.

Sy

6.3.10  GAIN

Ae

be

Ce

d.

fa

4/80

Connect equipment per Figure 6~1. Ensure J2 Pin assignment conforms to charge amplifler
belng tested. See Note in Figue 6-1.

Energlze equipment and allow 15 minutes to temperature stabllize.

Ad just power supply for +28 V dc¢ output.

Set voltage divider potenticmeter to its maximum output (fully cw),

Adjust oscliiator frequency for 100 Hz, and set test setup switch S1 to OUT position, and
then adjust osclllator output amplitude until charge amplifier's output Is 100 mV below clip
lavel on osciiloscope {note DW for mV rms indlcation). The total harmoric distortion
Indicated on distortion meter shall be no greater than 0.5% for signals within the output
{imitss Refer to Product Data Sheet, or paragraph 2.3.5 in Performance Specification for

distortion !imits of charge ampllifiers under test.
STABILITY TEMPERATURE

Insert charge amplifier In a temperature chamber and connect equipment per Figure 6-1.
Ensure J2 pin assignments conform fo charge ampliifier being tested, See Note In

Figure 6-1,

Energize equipment and allow 15 minutes to temperature stabilize. Ensure temperature
chamber is set for ambient envircrment.

Ad just power supply for 428 V dc¢ output.

Adjust osclllator frequency for 100 Hz, and adjust output amplitude for a 1.0 V rms output.
Oscillator output amplitude can be verified on DVM by setting test setup switch St to IN
position. The 1.0 V rms output must be checked prior to each reading of charge ampiifier's
output af lower and upper temperature {imits in steps j. and I.

Remove positive (+} test lead of DWM from test setup and connect lead to wiper of voltage
divider potentiometer.

Adjust voltage divider for a 1.0 V rms indication on DWM, This Is same Indication as oscil-

lator output In step d. This setting on voltage dlvider potentiometer must not be changed

during tests.

Remove DVM positive (+) lead from wiper of voltage divider and reconnect as shown in
Flgure 6-1 test setup.

Set test setup switch S1 to OUT position.

Set test setup switch S1 to IN position and verify oscillator cuput Is 1.0 V rms. | f

not, repeat steps d through | and then set switch S1 to QUT position.




.

Model 2680 Serles lnstruction Manual

NOTE
For operating temperature extremes of charge
amplifier under test for steps j. and l., refer
to Product Data Sheet, or paragraphs 2,3.3.2
and 4.1 in Performance Specification. As an
example, lower and upper opsrating temperature
extremes for 268(M1 thru 268(M7 Is =55°C +to
+100°C (~67°F to +212°F)

Je  Vary temperature chamber environment from ambient down Yo charge amplifier!s lower operating
temperature iimit. Allow temperature chamber to stabilize at lower 1imit and then note DVM
for charge amplifier's gain.

Ke Set test setup switch S1 to IN position and verify oscitlator output is 1.0 V rms. Set
switch to OUT position.

| e Vary temperature chamber environment from charge amplfier's lower operating temperature to
upper operating temperature limit. Allow temperature chamber to stabillze at upper |imit
and then note DW for charge amplifier's gain.

m. Compare charge amplifier's gain In steps j. and | The gain shall change less than *1,5%
over operating temperature range.

n. Remove charge amplifier from temperature chamber.
6.3.11  FREQUENCY RESPONSE

a. Connect equipment per Figure 6-1. Ensure J2 pin assignments conform to charge amplifier
belng tested. See Note in Figure 6-1. '

be Energlze equlpment and allow 15 minutes to temperature stabilize.

c. Adjust power supply for +28 V dc output.

d. Adjust osclllator frequency for 100 Hz, and adjust output amplltude for 1.0 V¥ rms output.
Osclltator output can be verified by setting test setup switch 51 to IN positlion. The
1.0 V rms output must be checked prior to each reading of charge amplifier's cutput in

step I.

6-9 4/80
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e, Remove positive (+) lead of DVM from test setup and connect lead to wiper of voltage divider
potentiometer.,

f.  Adjust voltage divider for a 1.0 V rms Indication on DVM, Thls is same Indication as oscli-
lator output In step d. This setting on voltage divider potentlometer must not be changed
during tests.

g. Remove DWM positive (#) lead from wiper of volitage divider and reconnect as shown In
Figure 6-~1 test setup.

ha Set test setup switch $1 to IN pesition. Verlfy oscillator output amplitude Is still
1.0 V rms and then set switch to OUT position,

NOTE
The charge amplifiert's frequency range of
interest depends on types of filter used.
Refer to Table 1-3 for model versus fre-

quency range.

te Vary osclllator frequency over charge amplifiert!s range of Interest and observe oscilloscope
and DPW for gain versus frequency response. The charge amplifler's output level must fail

within limits listed in Table 1-3, or paragraph 2.3.2 in Performance Specification.

6.3.12 DOC-TO-DC CONVERTER

This test Is performed only on charge amplifiers containing a dc-to-dc converter, These charge
ampiifiers can be defined as Those units with the "basic" model number ending in an odd number
(2681, 2683, 2685, 2687 and 2689). The test checks the Isolation between power ground and signal

ground.

a. Place a shorting cap on J1 INPUT connector.

b. Connect a megohmmeter between power=-ground pin and signal-ground pin en J2 QUTPUT connector,
Refer to Product Data Sheet or drawlng in Performance Specification for correct J2 pin
assignment. As an example, J2 pin F is power ground and J2 pin D is sigral ground for
2681M1 through 268IM7,

c. With megohmmeter set to 50 V dc, the isolation between power ground and signal ground shall
be as specified Im Product Data Sheet, or Power Supply lsolation paragraph in Performance
Specification for charge ampllfier under test. As an example, charge amplifiers 2681M1~XXX

through 2681M7~-XXX shall have as isolation betwsen both grounds of 50 megohms or greater.
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Section 7
DRAWINGS AND DOCLMENTS

. The followlng drawings and associated documents form a part of this instruction Manual. Only one

of iIne items d., e. and f. will be included to support the charge amplifier of interest, Line
item do will be Included for Models 268(M1-XXX through 2680M7-XXX Charge Amplflers. Line item e.
will be Included for 2680M12-XXX and 268(M14-XXX Charge Amplifiers. Line item f, will be a
Performance Speclfication applicable to the charge amplifier of Interest (but not for line items

de and B4}

a. = Technical Data 311 - A!rborne'Sys?em Selectlion Guide.

be Endevco Warranty, Form 124-1

Ca Endevco Offlces, U.S., Canada, and International

d.»  Product Data Sheat - Serlies 2680 Alrborne Charge Amplifier

e. Product Data Sheet - Models 2680M12/268(M14 Airborne Charge Ampliflerss

fo Performance Specl fication
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