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Abstr act

The demand for test projectiles instrunented for gathering

I n-bore torsional inpulse data has been steadily increasing.
A test projectile consists of a teleneter, 12

accel eroneters, and the remai ni ng necessary hardware. Cost,
avai lability, and survivability of conmercial accel eroneters
bei ng used have becone a mj or concern. In-house testing of
a new source and different technol ogy accel eroneter show a
cost benefit, higher availability and a nuch higher
survivability rate.

This paper outlines the recent progress of qualifying a new
source and different technol ogy accel eroneter, which | eads
to a nodification of the current Torsional Inpulse test
projectile, along with potential developnents to insure a
nore cost effective, available, and reliable test projectile
to be used in future torsional inpulse tests.

| nt roducti on

Accel eroneters are used to gather torsional inpulse data
because of their high accuracy, w de-band frequency,
anplitude response, small size, |light weight, long-life and
ease of installation. Acceleroneters currently being used
today are of the piezoresistive type. Attenpts are being
made to qualify an acceleroneter with a different

technol ogy, nanely a piezoelectric acceleroneter with a
built-in anplifier. Currently, three sources being tested
and eval uated contain internal electronics.

Pi ezoresi stive vs. Piezoelectric

The accel eroneter currently being used for gathering
torsional inpulse data is a piezoresistive type
accel eroneter. There are several papers witten which define



torsional inpulse and the techni ques of collection and
verifying torsional inpulse data. A list of these papers are
I ncl uded at he end of the paper for reference. A

pi ezoresi stive accel eroneter uses solid state resistors

whi ch change el ectrical resistance in proportion to an
appl i ed nechanical stress. They are nechanically attached to
a cantilever beamand electrically connected in a wheatstone
bridge to produce a differential electrical signa
proportional to vibrational notion. Piezoresistive

accel eroneters offer the advantage of DC response. This
suits them for neasurenents that have |ong duration pul ses.
Pi ezoresi stive accel eroneters use an external source of

el ectrical energy, and have an inherently | ow output

| npedance. Al so for nost applications the sensitivity is
hi gh enough that preanplification of the output is
unnecessary.

The accel eroneter currently being tested for replacenent of
the piezoresistive acceleroneter, is a piezoelectric

accel eroneter with a built-in anplifier. Piezoelectric
accel eroneters use a spring nass systemto generate a force
proportional to the anplitude and frequency of vibration.
The force is applied to a piezoel enent which produces a
charge on its termnal that is proportional to the
mechani cal notion. Piezoelectric accel eroneters have very
hi gh resonant frequencies which suits them for neasuring
hi gh anplitude shock events such as ballistic projectiles,
netal to netal inpacting, and bl ast effects.

Di sadvant ages of Current |nstrunentation

The piezoresistive accel eroneter, shown in figure 1, is
currently being used to instrunment Torsional |npulse test
projectiles. Two problens are associated with using these
accel eroneters for future torsional inpulse tests. Through
repeated test series and quality testing it has been
determ ned that the reliability of the piezoresistive

accel eroneter is about 50 percent. The qualification tests
for the acceleroneters consist of a series of drop bal
tests. A block diagramof the drop ball test is shown in
figure 2. The acceleroneters are tested along the axial and
transverse axis. The acceleroneters are tested for
survivability of up to 20,000 g's and a rise tine of up to
50 m croseconds along the axial axis and the effect of the
20,000 g’'s along the transverse axis. Using this
qualification process the piezoresistive accel eroneters have
approximately a 50% survivability rate. Therefore, twi ce as



many piezoresistive acceleroneters need to be ordered to
have 12 accel eroneters that pass our qualification test.
Second, during 1988, the manufacturer discontinued the
current nodel series fromtheir accel eroneter product-Iine.
However, accel eroneters could be procured on special order
at a premumprice. The projected cost for the

pi ezoresi stive accel eroneter is approxinately $1200 per
accel eroneter. This not only increases the price

approxi mately $400, but decreases the availability of these
accel eroneters. Unless large quantities are ordered at one
time, there could be a shortage of accel eroneters due to the
| ong buil d-up period, since they are no | onger a stocked

I tem

Anot her problemthat exists fromusing the current
accleroneter is the signal conditioner. The problens
existing wwth the signal conditioner are reliability and
availability. In the past, it has been determ ned that the
reuse rate of a teleneter after field firing is about 50
percent. The availability of the signal conditioner is also
an area of concern. It currently takes six to eight nonths
to build and test a conplete tel eneter.

Advant age of Modification

Pi ezoel ectric acceleroneters with built-in anplifiers are
bei ng i nvestigated as a new source for acceleroneters. There
are several advantages in using a piezoelectric

accel eroneter. One mgjor advantage in using a piezoelectric
accel eroneter is design flexibility. Electronic gain can be
used to reduce transducer size and increase transducer
sensitivity. By electronic filters, frequency response can
be designed for specific applications or to suppress the
accel eroneter’s nechani cal response. The quality of the
signal is independent of the cable notion or |ength,
therefore solder pins can be used with smaller nore flexible
| ower cost cabl es. Another advantage of using piezoelectric
Is the reduced cost conpared to the piezoresistive

accel eroneter. At present prices, the piezoelectric

accel eroneter with built-in anplifier, would cost

approxi mately $500. Secondly, the piezoelectric

accel eroneter requires a | ess conplex signal conditioner
than the one currently used for the piezoresistive

accel eroneter. Since the signal conditioner will be
sinplier, it will he easier to build, which will increase
the availability of the signal conditioner. Also the signal
conditioner wll contain less circuitry, which will inprove



its reliability. Another advantage to using piezoelectric is
the low current |oad that the accel eroneter requires. The

current load for the signal conditioner will decrease since
the piezoelectric acceleroneter requires | ower current than
the piezoresistive acceleroneter. This will increase the

telemeter’s operational tine and thereby enhance field test
oper ati ons.

Projected Results

Usi ng pi ezoelectric acceleroneters with built-in anplifiers,
the total cost of a Torsional I|npulse test projectile could
potentially be reduced by $15,000 per round. Using a

pi ezoel ectric accel eroneter, wll also allow the signal
conditioner to be built quicker and therefore nore
avai l able. Since the signal conditioner contains |ess
circuitry, the signal conditioner will be nore reliable and
have a higher survival rate. Wth the signal conditioner
being easier to build with the piezoelectric accel eroneters
rat her than using the piezoresistive accel eroneters, the
build and test tine of a teleneter nmay al so be reduced.

In sunmary, using piezoelectric accel eroneters reduces the
Cost O a test projectile, increases the battery power to
the teleneter, allows the signal conditioner to be nore
avai |l abl e and reliable, reduces the delivery tine of a

tel emeter, reduces the build-up tinme of a test projectile,
and causes a qui cker turnaround between firings.

Current Status

Prelimnary circuit boards have been desi gned, breadboarded
and tested with excellent results.

Five airgun tests were conducted with an instrunented
telemeter (Figure 3) to qualify three new sources of

accel eronmeters (Figures 4-6). The tel eneter contai ned two

pi ezoel ectric acceleroneters with built-in anplifiers from
each of the three sources. Axial acceleration and the
transverse effects of the axial acceleration were nonitored.
Prelimnary data reduction indicate that good data was
collected fromtwo of the three accel eroneter sources. O her
sources for self contai ned accel eroneters are being

I nvestigated to determne their availability and
applicability to this program



Concl usi on

After successful qualification of one or nore sources of
accel eroneters, instrunentation and projectile hardware for
two Torsional |Inpulse test projectiles (Figure 7) wll be
procured and fabricated to field qualify the design
nodi fi cations. G ven that successful data is received from
live field test firings of the two Torsional I|npulse rounds,
then test rounds will be built and standardi zed usi ng

pi ezoel ectric accel eroneters.
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