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ABSTRACT

This paper describes the engineering design and constructional
details of a solid-state signal conditioning system developed for use
with the DX velocity gage. This circuit was originally developed for
and used on HEST V. More recently the circuit was redesigned to add a
reactive balance control, and 192 channels of these devices were built
for use on ROCKTEST II. The paper discusses dynamic response of the
system including frequency response, step function response, and over-
all system response with a fast-rise velocity pulse imparted to the
DX gage. Also included is a description of a novel method of synchro-

nizing the carrier oscillators in a multichannel system to avoid carrier

beats.
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card cages (fig. 1) with 12 bridge balance, amplifier, demodula 5i

nal conditioner) cards and one oscillator card in each of 16 cages. Th

cages were designed for rack mounting in standard 19-in. racks All
power servi‘es and input-output connections were locate on the rear
panel (fig. 2). In order to prevent carri

output, which usually occurs if several oscillators are used in a car-

rier system, an oscillator synchronizer wac designed and applied to the

total system; this device will be described in the detaziled discussions

which follow. Carrier beats are produced in a carrier system with
several oscillators as a result of slightly different oscillator fre-
quencies together with the inevitable stray magnetic coupling that
exists in system wiring. This condition produces low
sions of the static output voltage from the carrier system and

quite objectionable in reduction of data. The usual commercial practi

S

to prevent carrier beats consists of assigning one oscillator in

LSRG B e

tem as master while all others are slaved and simply serve as isolatio

1S 1501iail

amplifiers. The objection to this method is that if the master oscil-

lator fails at a critical time in a test, the entire carrier system
lost. Through the use of multiple (but synchronized) oscillators, th
system designed for ROCKTEST II is not subject to this type of cata-

strophic failure. Loss of one oscillator will result in loss of only

12 channels of information. On the other hand, loss of the oscillator

S LAl

synchronizer will not cause loss of data channels, although some chan-

nels may be contaminated with carrier beats This method of operati

was considered to offer the best trade-off in terms of possible failur

modes. The use of multiple power supplies reduces the probability

large data channel losses resulting from component failure in this
area.

The printed circuit cards used in this system wer: made from
1/16-in. glass epoxy with 2-o0z copper. After etching, the remaining
copper on the circuit boards was coated by hot tin fusing. The contac

pads at the socket end of the board were protected with a hard gold

plating 50 nillionths of an inch thick. Components used were standard

tolerance d:vices readily available from

electronic parts supply hous
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ranze of +75 Hz (approximately) about the nominal value of kHz.

oscillator circuit diagram is shown in fig. 4. The loaded outpu
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roximately 10 volts RMS.

(

Signal conditioner cards

- . = . . e \ = =
y Each signal conditioner (fig. 5) consic
fgation

bridge circuit, demodulator, filter, and amplifier. The buffer am

of a buffer amplifier,

1
Ll -

fier serves to isolate the oscillator from other channels, thus reducing

power requirements of the oscillator and reducing the likelihood oi

N cross-talk between channels. An excitation control is associated witl
a-

the buffer amplifier which allows channel-by-channel ccntrol of excit
tion. The bridge circuit is made up of the transducer, bridge comple-
on resistors, and a means to resistively balance the bridge. Th

chan-~ _
ti bridge output signal is transformer-coupled to the ring demodulator.
ation ]
. Oscillator (carrier) injection into the ring demodulatcr is accomplished
1ilur . ¥ S eSSy
X with another transformer as shown in fig. 6. The phase-sensitive outpu
f of y 3
3=-kHz compo-

from the ring demodulator is connected to the filter where
filter is a modified ellip-

vé

nents and higher harmonics are removed. The

tical funciion low pass design. To provide reactive balance, o
‘ is derived in the bridge circuit and injected into the
m:' e a phase~-shifting network.

B The filter output is connected to the inverting input of an oper:
d , tional amplifier with feedback set for a gain of 150. The operational
E amplifier s an integrated-circuit device with input ard output

iouses .




frequency compensating networks. The device used in this design was th
type 709 orerational amplifier.

Calitration or the system is performed by the usval method of
shunting adjacent corners of the bridge with a resistor. 1In this design
provision for automatic calibration was made by use of a relay mounted
on each card. In addition to connecting the calibration resistor, :
spare form C set of contacts has been brought out for remote indication
of the condition of the calibration relay.

Oscillator synchronizer

The oscillator synchronizer (fig. 7) furnishes thz means by which
all oscillstors are maintained at the same frequency in order, as pre-
viously discussed, to avoid carrier beats. The synchrcnizer makes us

of a 3-kHz fork oscillator with a frequency accuracy of ip.Olf. The
3-kHz signel is amplified through a power amplifier stzge which is
terminated in 50 ohms. This circuit diagram is shown in fig. 8. The
synchronizing signal is wired, by means of coaxial cable, to all card
cages. The signal is presented to each oscillator cardé through a
diode-resistor network located on each oscillator board. The syncaro-
nizer will pull the oscillator approximately 100 Hz frcm either the
high or low frequency side of the desired 3 kHz. 1In practice, each
oscillator is set to 3 kHz after warmup so that in the remote possi-
bility that the oscillator synchronizer fails, the unsynchronized
oscillators will be approximately correct. This is done because of the

411 ®

effect of carrier frequency on bandwidth and noise output.

Performance

Static characteristics

The =-kHz system herein described was tested witt 2,000 feet of
cable between the velocity gage and the signal conditioner. The resid-
ual carrier and noise at balance was typically % millivolts peak-to-
peak (1.75 millivolts RMS). The noise voltage at full output of 8 volts
DC was 25 nillivolts peak-to-peak (8.7% millivolts RMS). Gain for a

system of 1his type is difficult to state in meaningful terms without







effect transistor (FET) to switch a ealibration resistor in and out of
the signal conditioner bridge circuit., In operation, a resistor is
selected to compensate for FET characteristics so that an output is ob-

tained which is equivalent to the calibration resistor ipplied in the
conventionsl manner. Then, by driving the gate of the 7ET with the
square-wave output of a function generator, the calibration resistor is
switched in the bridge circuit at a rate set by the function generator.

The response of the system to a step input is shcwn in fig. 12.
This response shows an overshoot of about 18% which, bssed on second-
order linear system response theory, corresponds to a system with
damping factor of about 0.5. This overshoot is not obj:ctionable in
practice because the velocity transducer is obviously iacapable of pro-
ducing a step output. This is based on the fact that tae velocity
transducer is, in reality, an overdamped accelerometer. The transducer,
then, approximates a linear second-order mass-cspring-damper system with
damping so zreat that the output of the transducer is ypredominantly a
function of the velocity of the motion imparted over tr= frequency rang:
of interest.

In order to investigate the practical dynamic resosonse character-
istics of the entire system including the transducer, tasts were made
on a drop tower located at the Civil Engineering Resear:h Facility (CERF)
on Kirtland Air Force Base. In these tests a velocity transducer and
two reference accelerometers were mounted in a canister near the base of
the drop tower. A shock force was imparted to the canister by the
sudden release of a UO-pound weight suspended several feet above the
canister. The canister used compressed styrofoam as a pulse-shaping
isolation pad and, upon impact, the canister was accelerated and allowed
to fall about 3 feet. Results of these tests are shown in fig. 13. The
velocity pulse shown has a rise time of about 0.8 millisecond. During
the tests, the 3-klz carrier was monitored simultaneously with the sys-
tem output. The upper trace in the photograph (fig. 14) shows the
carrier. In addition to the reference accelerometers, velocity was
monitored directly on the drop tower by means of a set of pin-contacts

displayed o1 e raster scope. Thus, the drop tower offers a means tc
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rrated rodu locity-time history. raster sc furnishe
1 edg 1 locity imparted to igter nt ing the
transducer. cldentally, ti :elerometer trac ] yields a quick
luation of approximat elocity rise tim ince the base width of
the acceleration pulse approximates the velocity rise time.
It was concluded from these tests that the carrier system follows

l-millisecond or greater rise time with no overshocot and that the
relocity transducer has a rise time of 1 millisecond or greater and

therefore camnot produce the overshoot that the system shows in response

Concluding Remarks

The kilz carrier system described herein attained a higher degree

T 4

performince with the DX velocity transducer than is available with

any known commercial system of this general type. A commercial system

s available which allows greater system bandwidth; however, cost and

SH

complexity are considerably higher. The greater system bandwidth cannot

be utilized effectively with the DX gage because of the basic gage limi-

sations discussed previously. The only advantage of this system appears

single coaxial

be the ability to multiplex several DX gages on

able. In light of our operating experience, this 1is considered to b
that

undesirable mode of operation since in field use this requires

clectronic sienal ()‘,y‘ditj_wnimr' elements be located in the wv¢ l.‘k'iﬂ"

simply creates additional failure hazards as well

anister,

introducing the possibility of shock sensitivity. The system for

ROCKTEST IT deseribed herein achieves what is generally concluded to b

the greatest bandwidth capability of the DX gage (i.e., 1-millisecond

described herein was

¥ r ¢ annel including the rack mounting cages and oscillator

aya

rise time) at a modest cost. Cost of the system

U

oy $ "
Sy Hearonl L.

e e '










<R B

L..-“J’

=

o

>

& ON9/S170A 'O SLI
“ A Y100 802 F

o NGOSZ 1A

o 100005 95+ 938

% YN0 100N €21 4
(q]

E

%

Figure 3 Oscillator circuit board
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SCALE: Vertical 1 volt/cm

Horizontal 1 msec/cm

Figure 12 Response to step input



Upper trace: Signal conditioner output

Lower trace: Accelerometer output

|

SCALE: Upper trace Vertical 1 volt/cm
Horizontal 1 msec/cm

LLower trace Vertical 200 mv/cm
Horizontal 1 msec/cm

- 3 1 ~ 1 y
Figure 13 Drop tower tests, acceleration and velocity
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Upper trace: 3 kHz carrier

Lower trace: Signal conditioner output

|
I |
i ‘

PR INSSTE S

A,A_TA‘TT T TR SN EOSEPU NS SN /SIS GO REYD) LI

SCALE: Upper trace Vertical 500 mv/cm
Horizontal 0.5 msec/cm

Lower trace Vertical 1 volt/cm
Horizontal 0.5 msec/cm

Figure 14 Drop tower tests, system input vs output




