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SUMMARY

Calibrations have been made of some pressure transducers in the
pressure ranges O 20, 0-100; and O-760 mm Hy. The pressure step was applied
inatim of 2-3ms. Standard deviations have been conputed and gre used

for conparisons, and for estimation of accuracies in a shock tunnel flow.
A few measurements are presented of acceleration sensitivities.
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1. Introduction

Because of nozzle mass flow requirenments and the rather limited nass
of gas upstream of the nozzle, the mgjority of short-duration wind tunnels
generate nozzle flows at Mach numbers greater than 8. Fl at plate pressures
consequently are nearly always | ess than 107% of the reservoir pressure (PO
and since PO may be around 3000 psi, T one is concerned to measure pressures
less than 0.3 psia on streamwise surfaces or |ess than 25 psia in pitot tubes.

The short flow duration requires that a pressure transducer used to
measure such low pressures must be inside the wind tunnel nodel to avoid pipe
response-time problens, and therefore the small transducer is attractive since
several may be placed in a nodel and used simultaneously. Several centres
have manufactured highly satisfactory transducers fromtheir own designs
(Cornell, AVCO, AEDC, PIBAL), but there are others who have to rely upon
comercially available transducers. Suatable transducers available at NPL
fall into two classes; piezo electric and unbonded Strain-gauge. Though the
piezo electric transducers were of a suitable size they were designed for use
at pressures up to a few thousand pounds per square inch.

The investigation discussed in the present note was concerned with
evaluating the transducers, wusing DC systenms. Recognising that when the
transducers are used in short-duration wind tunnels their output has to be
recorded on an oscilloscope, this investigation was mainly concerned with
providing a valid assessment of the overall accuracy of a typical measuring
chain. It was hoped that the |arge number of measurenents made with each
transducer would result in a sensible conparison of relative nerits of the

transducers. The data from about 450 measurenents are presented in this

Y iatm = 14.605 psi = 101,325 N/u°
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report, though over three times this nunber of calibration measurements have
been made during shock-tube and sol enoi d-val ve devel opnent, and in the com
parison of different transducers of the same type. The neasurenents

presented an this report were nmade in the period Nov. 1965 - July 1966.

2, Methods of calibration

There 18 ample evi dence that sonme pressure transducers 1,2 exhibit a
calibration constant that varies with rate of application of the pressure
pul se. Now whereas dynamic pressure neasurenents behind strong shock waves
or in high tenperature plasmas nust be obtained within, say, 10 psg, in
reflected shock tunnels the total running tine is in the range of 4 = 10 ms
and the required initial response time in the test section 1s not usually
|l ess than 1 or 2 ms due to nozzle flow establishment and cavity response
tines. In free-piston gun tunnels the running time is usually in excess of
25 ms and therefore pressure rise times of up to 10 ms may be tolerated in
Some  Circumstances. It seems realistic therefore to use a calibration pulse
whose rate of pressure rise corresponds with that in the environnent to be
measur ed.

Fast rate pressure pulses (i.e. of the order of a mcrosecond) can only
be obtained in a shook tube. If the shock wave Mach number does not exceed
2, then ideal one-dimensional shock wave cal cul ations may be enpl oyed, and the
calculated pressure behind the incident shock wave used for calibration. The
techni que requires a measurenment of shock wave velocity and the initia
pressure and tenperature in the shock tube channel,  Some problem may arise
due to the bandwidth of the electroneter or charge anplifier, though if the
same chain of equipment is used in the calibration as in the problem under

investigation then the bandwidth is not so inportant.
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Moderate rate pressure pulses {1,e, of order 1 ms) can now be
obt ai ned with rapidly-opening val ves. Such valve3 can be operated
electrically and synchronisation wath t he oscill oscope recordaing i S not
usually a problem These 'semi-dynamic' calibrators have the advantage
that the anitial and final pressures are darectly adjusted under steady-
stat econdations, The pressure pulse rate can be deliberately decreased
by using an orifice ahead of the transducer, (e.g. reducing a 0.1 in
dianeter orifice t0 0.010 1n dianeter ahead of a 701 § transducer increased
the pressure rise tinme from2 ms to 300 ms, )

Slow rate pressure pulses (500 ms and |onger) woul d conveniently be
obtained by manually opening a valve connecting the two pressure levels, the
tank vol une3 or val ve opening being adjusted to suit the required rate of
pressure rise,

At the N.P.L. 1t was necessary to nmake test-section pressure measure-
ments in both shock and gun tunnel facilities, The rate of pressure rise
was known to be in the region of 1to 5 ms, and therefore the nost appropriate

calibration equipment used a rapidly-opening val ve.

2.1 Descriptaon of the NPL calibrator

The N.P.L. design of rapid-opening valve is based on an earlier
version by Pallent1 at R A E. Farnborough, though it 13 not very different
1in concept from the "poppet-valve ® designs by Aronson® and Vessol", except
that an axial notion el ectromagnet is used to open the valve. The
response time of 1 mg is conparable with Vesso though not as rapid as
Aronson (0.2 ms),

The general arrangement can be seen in Fig, 1 together with the

detail of the valve port. The nushroom val ve nove3 downwards 0.2 in when
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the solenoid is energised, and i s ecushioned by a Teflon buffer. The
diameter of the hole in the top plate was chosen to suit a standard brass
transducer hol der that had been previously used for calibration tests in a
| owpressure  shook-tube

The volume ahead of the transducer mount vy was made as small as
possi bl e (about &4 x 10'"2 cCu. in.) since this has a considerable effect on
the fastest rate of pressure rise, The pressure in ¥V, was evacuated through
a small bore tube in the face of the mushroom valve, and brought to an
external connection by a length of plastic tubing so that the valve novement
was not restricted. The vol ume of the vessel VQ was |arger by a factor of

104

compared with the volume between the transducer and the valve, which
ensured that the pressure in v, remai ned constant when the val ve opened.

Despite the sol enoid being designed for operation at 11 volts DC,
satisfactory repeated operations have been aghieved using a 10, 000uF.
capacitor-bank charged to 36 volts DC and switched directly to the solenoid.
The triggering voltage for the oscilloscope was taken from the voltage across
the solenoid

The fastest time for the pressure to reach a constant value was 1 ms,
At pressures below 10 nm Hg, the pressure took up to 3 ms8 to reach its steady
|l evel, but this was still appropriate for the sinulation of shook tunne
nozzle flows.

The transducers were all nounted in standard plates whioh contained an
orifice and volume ahead of the transducer. The dimensions of the orifioe
were 0.1 in,(2,5 M) dianeter, 0.1 in.length, and the volune of the cavity

2

wag about 107° cu,in, (0.16 cc). The response time of this cavity was

approximately 0.5 ms, and was regarded as being representative of an interna
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transducer fixture in a nodel for a short-duration wnd-tunnel facility.
Previous experience had shown that the size of the cavity affected the
scatter of the results, so it was felt necessary to retain the same cavity

volume for all the transducers. The different diameters (Section 2.3) of

transducers meant that the shape of the cavity wag altered to keep the

vol ume constants The dimensions of the cavity ahead of a Kistler 701 A

are shown in Fig. 2.

2.2 Procedure for N.P.L. tests with rapid-opening val ve

If we define the pressure initially ahead of the transducer in
vol une V1 as P1 and the pressure in the main vessel v, as P2 then the
calibration pressure junp is recorded as P, = P, For the routine
calibration tests P1 was 0.1 nm Hy neasured on a Wil |l ace and Tiernan
020 mm Hy dial gauge. The val ue of P2 was read on the appropriate one
of three other wallace and Tiernan dial gauges having sensitivities of O 20,
0100 and@ O 800 nm Hg.

Calibrations were in 1 mn Hg intervals from2 mmHg up to 20 nm Hg,
then every 10 nmHg to 100 nm Hg, and each 50 nmmHg, up to 760 nmHge The
gain of the system was standardised on each conbination of the charge
anplifier and oscilloscope anplifier setting by using a calibrated DC source.
This was fed into the calibration ternmnal of the charge anplifier and
recorded on the oscilloscope as a | ow speed square wave of |arge deflection

amplitude (5cn) to give as great a reading accuracy as possible. The trace

intensity was reduced to inprove the trace definition.
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The majority of the measurements used a Tektronix 564 Storage
Oscilloscope with a 2463 plug-in anplifier, the stored image being photo-
graphed after each shot. The maxamum input semsativaty of thas anplifier
was 1 my/cm and recourse was made to a Tektroni x 502 oseilloscope when

greater sensitivity was required.

2.3 Characteristics of the pressure transducers tested

The suitable and avail able transducers at the N,P,L, Were either
piezo-electric or strain gauge

The piezo~electric transducers were all quartz except for the one
| oaned from Cornell Aero Labs. which was PZT, a | ead zirconate-titanate
ceram c which i s very nuch nore sensitive to pressure than quartz, but is
not so tenperature stable. Both the Kistler 701 X and the Cornell trans-
ducer were acceleration conpensated

The two absol ute pressure strain-gauge transducers had flush
di aphr agrs.

The main physical and electrical characteristics are tabled bel ow.



Trans- Type Sensit-| Nat. Max.  |Max, | Approxi mate
ducer ivity freq,|dynam c | static |di nensions Length
ress ress, Face ,
pC/psi | kHz peia J (psia) diam, mm mm,
701 A Quarts 5.0 65 3700 6000 1 22
701 s " 8.0 50 150 150 12 22
701x " 4.0 50 3700 6000 11 22
601 " 1.0 125 3700 7500 6 15
{
6QP500 " 0.5 160 4500 7500 6 15
PZ6M " 0.4 | 160 2500 2500 5 15
MQ20 " 205 300 20,000 | 30,000 10 21
CORNELL | PZT wV/V/psi | 19 5 45 13 9
CEC Unbonded 0.36 12 10 20 25 40
k=327 strain
gauge
STATHAM " 0.44 7 10 15 6 15
PA 2221C
3. Anal ysis of pressure calibrations

The raw data of pressure junp and output charge or voltage from the
transducer were plotted directly and the method of 'least squares' used.to
give the equation of the nost probable straight |ine through the points, and
to deduce the standard deviation of the points and of the galibration
constant,  The numbers and positions of the calibration points used in each
pressure calibration range were maintained for each transducer being conpared,

since the magnitude of the standard deviation depends upon this.
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The straight-line equation obtained Promthe |east-squares analysis
has a value for the intercept that is not always zero, Attention was drawn
to this in an earlier paper > where with shock-tube calibrations its value
caused a large uncertainty in the interpretation of the |owpressure
readings. The extent of the gerg offset seens to be related to the fast
pressure-loading rate obtained in shock-tube tests. The physical signifi-
cance of an intercept can be understood for the case where a voltage or
charge output is only obtained above a certain pressure, and this situation
corresponds to a negative value for the constant termin q = mp+tb , but
shock-tube measurements by Pallent ! show data that extrapol ates to an
intercept on the '+q"' axis at zero pressure, (i.e. a positive value for the
constant term.

The calibrations reported in Section 4,using a sol enoi d-operated
val ve, have in nearly every case inplied an intercept on the pressure axis of
| ess than 1% of the full-scale calibration at zero signal, a physical
sitwtion which seems fairly acceptable. The best assessment of the inter—
cept is of course obtained with the |owest calibration range. It is unlikely
that an abrupt threshold of output astually occurs. Far more likely is that
the calibration is highly non-linear to the origin, and that the change in
sign of the constant in the straight-line equation with different transducers
is due to a different curvature in the non-linearity. Neverthel ess, whatever
the curve to the origin, the faet remains that it is not possible to assunme

that the calibration is linear through the origin.
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4. Comrent on the tabulation of pressure transducer calibrations.

To facilitate conparison of standard deviations, the slope of each
transducer calibration 'm* has been normalised to unity. It can be easily
shown that each original calculation of standard deviation only needs to be
factored by I/mfor all standard deviations in the same pressure range to be
conpar ed. The val ues of the standard deviations of the neasured charge sg
t he deduced sl ope 8, and the deduced constant 8, are tabulated in this way.
Realistic comparisons of transducer accuracies may only be made if the
pressure range and nunber of calibration points are identical. Four ranges
of pressure have been used; 0 = 20; (Section 4.1) 0 = 100; (Section 4,2)
0 - 500; (Section 4.3) end 0 « 760 mm Hg (Section 4.4). The 0 = 500 nm Hg
calibration range was used only for comparison of the CEC and Statham strain-
gauge transducers since this was their maximum dynam c pressure rating.

A conparative nmeasurement of accuracy has been made at 10 nm Hg and
at full scale on each range. The pressure of 10mm Hy has been arbitrarily
adopted as being representative of flat-plate pressures in a wind tunnel at
a Mach number of 9, The percentage of the standard deviation sqto t he
measured charge q (or voltage from a strain-gauge transducer), at +this
pressure, has been tabulated for each transducer in each of the calibration
ranges. This percentage is only representative of a 68% probability, and
shoul d be nultiplied by 1.6 or 2.0 to give 90% or 9% probability respectively
for a normal distribution. The percent age sq/q is also tabulated for full

scale calibration on each range.
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4 1 CALI BRATION O 20 mm Hg (18 calibration points)

(1) (2) (3) () (5) (6) (7)
FPRESSURE 8 8 8 Fero output {| Percentage Percentage
TRANSDUCER |- ¢ o lLressure |9 &g

mm Hg) q full scale | q 10mm Hg
701 A 9.7(~2) | +.1(-3) | 5.0(-2)0 . 3 0.5 1.0
701 3 B,4(=2) | 3.5(=3) | k2 -2)[0 . 3 Dol 0.8
701 X 8.7(~2) | 3.9(-3) | &.9(=2)|- 0 . 2 0.4 0.9
601 2,0(-2) | 0.X-3) [15.0{-2)|0 . © 1.2 2.4
6QP500 21,0(-2) | 9.7(-3) [12,0(-2)|1 5 1,2 2.5
PZ6M 17.0(-2) | 7.7(-3) | 9.5(-2)| 0.2 0.9 1.7
Mg 20 7.4(-2) | b9(=3) | %9(=2)|0 . © 0.4 0.7
CORNELL 6.6(=-2) | 3.6(-3) | k.8(-2) 0. 1 0.3 0.7

The points used to calcul ate these data are presented as calibration curves

in Figs 3-10,




4.2 CALIBRATION 0-100 mm Hg (11 calibration points)

(1) (2) (3) (&) (5) (6) (7)
e R RN I I el P

(mm Hg) q full scale| q

701 A Sl =1 )] 3.8(-3) | 2.0(-1) 0.3 0.3 3.5
701 § 3.2(-1)| 3.2(-3) | 1.9(-1) -0.6 0.3 3.0
701 x b 5(-1)] 4o 5(=3) | 2.7(~1) +0.0 0.5 4.5
601 bo1(=1)| 4a2(=3) | 2.5(-1) -0.3 0.4 4.0
6QP500 3, 7(-1)] 3.8(-3) | 2.2(~1) +0.0 0.4 3.7
PZéM 8,7(-1)] 8.9(-3) | 5.2(-1) 1.3 0.9 10.0
MQ20 3.,4(-1) | 3.2(-3) | 1.9(-1) | - +0.1 0.3 3.2
CORNELL Lob(=1)| 4. 7(=3) | 2.8(~1) -0.5 0.5 4.4
ioxfECExo- 8.3(~1)| 8.4(-3) | 5.0(-1) +0,L 0.8 8.6
TATI ON

g%_ 5.4(=1)| 5.5(-3) | 3.2(=1) +0.1 0.5 5.5
TATION

The points used to calculate the data of the CEC and Statham transducers are

presented as calibration curves in Pigs 11 and 12.
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4.3 CALIBRATION O 500 mm Hg (10 calibration points)
(1) (2) (3) (4) (5) (6) (7)
Zero output [Percentage Percentage
PRESSURE s 8 8
q m b pressure E:10} ELl
TRANSILKCER (m Hg) q full scale| g 10 mm Hg
STATIC
CEC 4327 | 3.2(-1) | 7.0(-4) |2.2(-1) |3 . 9 0.06 5.3
STATHAM
PA 222 2.2(-1) | 4o9(=4) | 1.5(-1)| 3. 2 0,04 3.2
SEMI-DYNAMIC
CEG 4327 | 2.7 6.0(~3) | 1.8 0.2 0.5 27
STATHAM
PA 222 2,8 6.1(-3) [ 1.9 5.9 0.6 67
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Bk CALI BRATI ON 0-760 mm Hg (1 5 calibration points)
(1) (2) (3) ) (5) (6) (7)
$RIR§ASI§BUR§LEER 84 8 B Zero out put] Percentage Per cent age
pressure 8q sq
(mm Hg) q full scale| q 10 mm Hg
701 A 1.9 | 2,3(-3)| 1.0 1.7 0.3 23
701 s 3.5 | 4.2(-3)] 1.9 -2.8 0.5 28
701 X 3.0 | 3.5(-3) | 1.6 2.2 0.4 37
601 2.5 | 2.9(-3)| 1.3 3.0 0.3 35
6QP500 3.0 | 3.6(-3)| 1.6 1.6 0.4 36
PZ6M 3.1 | 3.U-3) | 1.7 7.2 0.4 108
MQ20 2.9 | 3.5(-3)| 1.6 4.9 0.4 58
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4.5 Discussion On conparative performance Of the pressure transducers.

Qur objective in making these conparative calibrations was to find if
any of the transducers were suitable for the determnation of |ow absolute
pressures, in short duration facilaties, and to establish their probable
accuracy when used in a shook tunnel.

The percentage scatter at full scale, (Colum 6)

Exam nation of the calibrations in Sections 4.1 « 4.4 shows very clearly
that the val ue of Bq/q for full scale of each calibration (Colum 6) is
approximately the same for the sem -dynamc calibrations of all the trans-
ducers, and is around + 0,5%. The only opportunity for comparing static and
semi-dynamic calibrations was with the strain gauge transducers, and in
Column 6 in Section 4.3 it can be seen that the rapid application of pressure
has resulted in an order increase in soatter.

The percentage scatter at 10 mm Hg, (Colum 7)

Colum 7 shows that very large errors may be made by extrapolating to
10 nm Hg froma higher pressure calibration, |t IS common practice to accept
a calibration constant obtained over a higher pressure range than is to
be used, as in the case of the use of a manufacturer's calibration constant
which is supplied with the transducer. The extrapol ation error mainly arises
fromnon-linearities near the origin, but is also due to the finite accuracy
of the transducer chain. A useful exanple is for the AWRE MQ20 transducer,
In Section 4.4 1t 18 shown that a calibration over the range O-760 nmHg in
50 mm Hg intervals predicts at 10 nm Hg a val ue of sq/q of + 58%, whereas
when calibrated in the range G20 nmHg at 1mm Hg intervals as in Section 4.1

the val ue of sq/q at-10 mm Hg is only + 0,7%,



-17 -

The inplied value of pressure for zero output (Colum 5)

In Section 3 we have suggested that this inplied threshold is nerely a
consequence of the straight-line equation, and that in fact the curve is non-
linear close to the origin. It does however demonstrate that the |inear
part of the calibration is displaced from the origin and account should be
taken of this, The mgjority of the values in Colum 5have a positive
magnitude, but in the present context the physical significance of this value
is not relevant. The SIM PZéM exhibits the largest offset, but this is stil
only about 1% of the full scale calibration.

The standard deviati on, Bs of the calibration constant (Colum 3)

The values in Colum 3 Section 4.4 show that there is little difference
between the transducers, all of thembeing near to + 0,4%, At the | ower
pressure ranges (Section 4,1) then the 601, 6gP500 and PzéM are significantly
worse than the others.

The standard deviations s, of the transducer output (Colum 2)

q
This is the most inportant termin the comparisons in any one of the

calibration tables, it being a measure of departure of the points from the

best straight line through the points. I'n the highest pressure range
(Section 4.4) the best transducer is the Kistler 701 A, Section 4.1 for the

‘0 = 20 mm Hg range shows that the Cornellis best, wth the AWRE MQ20 a close
second. It is not surprising that the Cornell transducer was best since it

is designed to be used bel ow 5 psia, unlike the MQ20 which is designed for use
up t0 20,000 psia and yet apparently operatesin a |inear manner down to 0.05

psia, a remarkable operating range.
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Calibration of strain-gauge transducers

The nost interesting aspect to emerge fromthese tests was the
difference in response tine for the two strain-gauge transducers. I'n
Fig. 15 on a time basis of 10 ms/div. it can be seen that a pressure jump
of 100 nm Hg takes 70 ms to be recorded within the Statham transducer whereas
the CEG transducer reaches its plateau within 7 ms. Providing this equili-
bration time is allowed, then there is very little difference between the
performance of the transducers, a feature which is verified in Colums 2, 3
and 4 of Section 4.3. It certainly shows that the transient response of the
Statham PA222TC is not in keeping with its quoted natural frequency of 7 kHz,
(which inplies a rise time of 5 ws,) It is clear now that the anomaly
reported by Pennelegion 5 whereby a shock-tube calibration of' a different
PA222TC was only a small fraction of the statie calibration, was due to this
equi libration tine. This type of transducer shoul d obviously not be used in
shock or gun tunnels, nor in a rapidly-sempling pressure swtch.

Comment on the oscilloscope traces. (Figs. 13 = 15)

In F1g, 13 are the responses of the nost sensitive transducers that
were tested, to pressure steps of 10 nmHg and 100 nm Hg. The burst of
oscillation during the first 40 ma is due to nechanical conduction of
vibration arising from the solenoid shaft hitting its mechanical stop.

The most suitable response in Fig. 13 is fromthe Cornell transducer, though
at 100 nm Hg the Kistler 701A and 7018, are nearly as good. I't is noted
that the signal fromthe Kistler 701X continues to clinb and only just levels
out at the end of the trace. This formof "creep" is most disturbing and
woul d seem to be present with the M0 in Fig. 1. There 1s no sign of

"creep" on the 7014, 7018 or Cormell (0 - 100 nmHg) in Fig. 13.
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The left-hand traces of Fig. 14 are for pressure junps of 10 mm Hg
absol ute. The signal/noise ratio is poor, though the plateau |evel can be
estimated fairly closely. The inprovement in the traoea for a pressure
junp of 100 nmHg is seen to be very reasonable.

On a longer time-base of 10 ms/division the outputs fromthe strain-
gauge transducers are shown in Fig. 15,  They both show that the pressures
take longer to indioate their steady value, and that even at 10 nm Hg the
transducers take about 20 ms to indioate a steady pressure.  The quality of
the traces is very reasonable at a pressure junp of 100 nm Hg. No el ectrical
filters have been enployed for these tests other than the normal bandwi dths of

the charge amplifier and osoil | osoope.

5. Repeatability of the charge anplifier,

The data presented in Tables 3-6 was obtained using a Kistler charge
anplifier Type 566.  Earlier work, not presented here, 5 used en SIM PVi6
eleotrometer anplifier as an inpedance converter to feed the oscilloscope.

I'n both units a calibration DC voltage was injected into the whole system
end used for normalising the results. The stability of the output voltage
was superior with the charge anplifier as opposed to the electroneter, but
no figures are provided in the handbooks for gain stability, whioh nust
clearly affect the calibration of anytransduecer using the units.

The comparison test that was devised was to apply 10 equal anplitude
pressure junps (10.0 nmHg) to a transduoer (Kiatler 7018) coupled firstly to
the charge anplifier, and then to the eleotroneter anplifier. The oscillos-
oope traceswereread by a travelling microscope end exanined for scatter.

It was found that the standard deviations were 0.3% end 0,5% for oharge and
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el ectrometer anplifier respectively, which suggests that a 1% scatter of
data at this charge level is the worst to be expected due to fluctuations in

anplifier gain,

6. Aoceleration sensitivity of pressure transducers,

Most wsers of transducers are aware of the false signals that san be
caused by aoceleration forces and that these are usually present in
impul sively-driven  faoilities. The acceleration forces can be coupl ed
through the wind tunnel structure or mgy result from deflections of the node
under the influence of aerodynamic forces. The signal froma pressure trans-
ducer may give no direct intimation that an accel eration conponent is present.
Several American centres have used accel eration conmpensated transducers, or
have |ooated accelerometers on the principal axes of their models and fed
proportional oancelling signals to the pressure recording circuits,
Some tests were therefore nade to appreciate the extent of acceleration
i ndependence

A nmeasurenent was made of the (output)/(peak g) and cross-axis sensi-
tivity for five of the transducers, The cross-axis sensitivity of an
accelerometer is defined as the ratio of the voltage or charge output due to
aocel eration applied perpendicular to the min axis, divided by the basic
sensitivity, and is expressed as a peroentage of the axial-sensitivity. In
this instance the pressure transducer was regarded as an accelerometer and the
sensitive axis as the plane perpendicular to the di aphragm The transducers
were assenbled in their nounting plates as if for a pressure calibration, and
the plate was then firmy olemped parallel to the table Ff a Pye=-Ling VT 1005

vibrator. Sinusoidal table accelerations of 2 - 3peak g Were applied in the



frequency range 10 = 10,000 Hz, The table acceleration was nonitored by an
Endevco accel erometer Mdel 8-2213, The sane procedure was followed with
the transducer plate ¢lamped perpendicularly to the vibration axis.

The fol lowi ng table conpares some of the transducers for acceleration
sensitivity. It will be noticed that though the two accel eration-conpensated
transducers have a 5:1 i nprovenent on the unconpensated transducers al ong
their pressure sensing axis, their cross-axis sensitivity is very mich worse,
It is notable that a specifically designed accel erometer has a cross-axis
sensitivity of |ess than 5% which is considerably better than for these

pressure transducers.

ranstuer | ELiZ, pressure e E
ﬁgﬁ 1.5 mm Hg 20 50
701 8 1.5 15 10
701 X 0.4 30 100
P2TS0-3040 0.3 ® ®

Notes (i) 701 S is shock-mounted in an '0" ring assenbly.

(i) 701 X and CORNELL are accel eration conpensat ed.



FIG. 2

Transducer
Plane of transducer diaphragm

= %o
T % o e 3 u
o1 . S o385 o
S = - "
T LI 00 = } @
0-98” diq | K3
0-135[" |- 25" diq.

s | 131 "dia. o

3 I 1-0” dia. Toa" 3

% - ey ]

1L
™
[
3 ¢

|

b4
/
/ imm [.dia (
2:0'dia. |

.
[ I / . ' 7
O"ring 18 1/dia. 925, inch
0-07" chord dia. dia. |
— —m
Scale 2: |

Location of transducer plate




-23 -

maxi num dynamic range of 10 psi absolute, and could only w thstand a steady
pressure of 15 psi absolute, a feature which made them unsuitable for use in
the NPL 6" shook tunnel where the final equilibration pressure after a routine
run was around 45 psia (3 atm).

The Cornel| transducer had no threaded portion, and no gonvenient
stops on its body for "0" rings to locate. The recomrended rmunting7 was
to use a rubber annulus between the transducer and the underside of the nodel
surface with adhesive on both sides of the washer. This renoved the probl em
of clanping forces on the body of the transducer causing distortions which
mght otherwise cause non-linear response.

Wth all the tested piezo-electric transducers the netal case forned
one electrical connection to the outer screened conductor of the coaxdial
cabl e. V¢ have found that earth | oops may be minimised if each transducer
is electrically isolated fromthe nodel (this is easily achieved if "0" ring
supports are used), and also from the tunnel. VW ensure that the screened
| eads fromeach transducer are independently brought out of the tunnel and
find their conmmon earth in the other neasuring circuits. In general the
strain-gauge transducers have all four arms of the bridge isolated from the
case, but need to be balanced very carefully to minimise the pick-up of hum

vol t ages.

8, Concl usi ons.

\\¢ have endeavoured to assess sone of the commonly avail able comrercial
pressure transducers, for response and accuracy of calibration in a short-
duration facility, such as a shock or gun tunnel. Because of co-operation

from Cornell Aeronautical Laboratories, Buffalo, NY., USA, and from the

Atomc \eapons Research Establishnent at Foul ness, Essex, we have been able to
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subject their 'in-house' developed transducers to the same test environnent

The conclusions are not as clear-cut as we had hoped would be the
case. Ve Dbelieve however, that we have established a method ofconparing
the repeatability of transducer calibrations.

On the basis of the tabulations in Section %, the Kistler 601
AVL 6QP500 or SIM PZéM appear to be |ess satisfactory than the others at
pressures in the region of 10 nm Hg, though their accuracy is quite
conparable with the others at 760 mm Hg. The Cornell PZT50 = 30AC proved
to be the nost accurate transducer and had a full-scale probable error of
+ 0, %6, which for a normal error distribution would in practice mean + 0,5%.
This figure is of course appropriate to the whole chain of neasurenent. The
full-scale probable errors of the Kistler 601, AVL 6QP500 and SLM PZéM were
about + 1,0% at the |ower pressures, which is a working accuracy of + 1,6,
These figures are of course pertinent to a pressure of 20 nm Hg. The
sensitivity of this second group of transducers is inadequate for use at
| oner pressures, whereas the Kistler 701A, 7018 and 701X and Cornell can go
very nmuch [ower in working pressure before their signal/noise ratio
deteriorates.

It is very clear that the two types of strain-gauge pressure
transducers tested here should not be subjected to fast pressure pul ses of
short duration since they may not indicate the correct output voltage wthin

the running-time of the w nd tunnel
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Appendi x_

Definition of synbols used for standard deviations in tables in Section k4

If we define the straight line equation obtained fromthe |east-squares
anal ysis as

q = mp+b wher e
q 1s the devel oped charge (pC)
for a pressure jump P (nmm Hg)
m is the calibration slope
b is a constant
we are in fact assumng that p is precise, and that all the uncertainty is

contained 1n t he "q' val ues.

Pol | owi ng usual procedure, the standard. deviations of m and b are

‘2 1
. - s f I
= -
4 nr‘Pi - (Epi)
E(&qi)z
where 8 = ———— e e
4 n-2

and n is the nunber of separate points (913 p,).
The val ues of &y, 8y and 8, fromeach of the transducer calibrations has
been divided by its specific value of' ‘'m'and put into the tables in

Section L,

D 80840/1/R54 k4 4/87 XL
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