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1 REQUIRLIENT A0 SPRCIFICATION PR A LO/-PRESSURE CALISRATOR

Decausc of +the vory short running times and low densities in the 6" shock-
-tunnel experiments to neasure pitot and surface pressures on nodel s require
transducers with a fast rise-time and the ability to mecasure pressurcs of the
order of 0.1 psi absolute.

The only existing nethod of dynamc calibretion of transducers cmploys
a small shock-tube in which the pressure stcp of the shock wave is calculated
from the known initial conditions in the tube, i.e. driver and channel pressures
and tho measured shock velocity. This method presents gortain difficultics;
in particular the measurcment of shock velocity at very low channel pressures,

It was felt that an alternative celibrating device in which a known
pressure could be so rapidly applizd as to produce an impulse was cssential to
obt ai N meaningful results fromshocxk tunncl cxperiments. It was al so consi dered
desirable to investigate the possibility of deviations between static and
dynamic calibration constants.

The probl emresolved itself i nto applying to a transducer a known pressure
step Wth a mninumrise-tine.

2 PRINCIPLE YD DESIGN OF CALISRATOR

The nethod used was to couplc alarge vessel in which the pressure coul d
be accurately measured to a transducer via a quick-acting valve, To keep the
pressure rise-tine to a mninum pipcwork vol ume between the vessel and the
transducer nust also be a mninum T™he transducer cavity must be very small in
conparison to the vessel so that there i S no measurable pressure drop when the
valve IS opened.

The scheme for this rigis illustrated in Fig,1(a), The valve and its
actuating solcroid are enclosed i N a pressurc vessel 135" 1. D. and 19" long.
The val ve abutts onto an end plate into which ths transducer is fitted,
Pig,1(b) is a photograph of %he cnd plate and valvo assenbly. The valve seat
is a standard "Q" ring and the valve IS held against ths secal by a spring
incorporated in the sol enoid.

The vesscl 1S cormected to a vacuum punp and tho pressure |S measured W th
a Vallace and Tiernon vacuwr dial gauge, There 1S al SO a vacuur connection to
the transducor cavity. This design eliminates any pipework betweon the transducer
and the vessel and kecps the volume of th3 transducer cavity to a mninmum
The typo of valve chosen ensures a relatively l-vge valve orifice for a small
valve movement, 710 usc a lightweight valve was no adventage as the valve weight
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Is negligible conpared with the weight of the solenoid core, The calibrating
rig was installed adjacent to the 3"x 13" calibrating shock tube and utilised
8 common vacuumsystem  Transducers could be readily transferred from the
calibrating rig to the shock tube using the same cable ard associated el ectronic
recording equipment, Fig.7 is a photograph of the test rig with its associated
vacuum equipment and recording instrumantntion

3 DEVELOPMENT TESTS

The sol enoid was designed to operate on 141 volts D.C. and using a 12 volt D.C
supply the pressure rise-tine was in excess of 2 m sec. The voltage was incrcased
in steps to 72 volts and the rise tine was reduced to approximatcly 500 usec
(Fig.2), Fig.3 is a curve showing the effect of solenoid actuating vol tage upon
the pressure rise-tine. 72volts D.C. was chosen as the actuating voltage as
this level was easily achieved using 12 v batteries. Repceated actuation of the
sol enoid at the high operating voltage throughout the series of tests did not
appear to affect its working life.

The pressure in the cavity immediately ahcad of and around tho transducer
was reduced to at least 1 mcron Hy before the sol snoid valve was actuated.  Any
slight lcakage across the valve face was readily apparent in that the pressure
rise-time incrcased by a factor of ten

An attenpt to reduce the valve opening time by reducing the core wei ght by
machi ni ng out 1 of the centre of the core (by weight) showed only = margina
improvement,

The first tests showed that the opening of the solenoid valve caused

considernble mechanical noi se on the pressure record. This was overcone by
fitting « rubber buffer sleeve over the valve stemto act ~s a shock absorber

This can be seen in Fig,1(b).

Valve hcads manufactured from stecl, aluminium and nylon were tried in the
tests but no one head was superior and tha steel head was finally used in all the
calibration tests.

L INSTRUITENTATION

Response tine requirements demand that the transducers be mounted within
the nodel and therefore the transducers nust be small in size, Those in current
use have quartz as their sensing clenent and are avail abl e commercially, These
transducers are normally used to0 mcasure pressures in the region of 2500 ps
and arc being used at the extrenely |ow cnd of their pressure range as no ot her
suitabl e gauges are available at present.



Fxperience of other users of this type of transducer shows that a variation
in calibration constant may exist between the gauge under static and dynamc
calibration'. Static calibration is usually done on a dead-weight tester anl
dynamic calibration in a shock-tube.

The transduccrs used in the present work were the Kistler type 6014 and
701A piezo~-eloctric gauges and a sinilar type of gauge obtained from e research
laboratory in the US A  The Kistler 6014 gauge has a natural frequency of
125Ke/s and a rise-time of 4 microscconds, Its overall dinensions are
6 millimetres diameter by 15millimetres | ong.

The Kistler 7014 gauge has = natural frequency of 6.5 Ke/s and a rise-tine
of 7microseconds. Its overall dimensions are wmillimctres diameter by

26 millimetres | ong.

The Anerican gouge has a rise-time of 3microseconds, The natural
frequency is not quoted. Its overal |l dim.nsions are 13 millimetres diameter by
11 millimetres | ong.  Each transducer was e¢nlibratced in thres nodes, i.e.
static, semi-dymamic and dynamic, using g Tektronix 535 oscilloscope with a

Type D pre-asplifier and a Kistler Type 566 ch-rge amplificr,

The triggering of the oscilloscope trace was synchronised with the
svitching of the solenoid valve in tho calibrating rig so that the rise-tine
of the pressure step could be observed.

5 T33T PROCELURE

Each gauge was cslibrated statically, (by steadily increasing the
pressure in the transducer cavity to a scries of fixed values,) scni-dynendically,
(in the calibrating rig described in this Report), and dynamically in a
shock-t ube.

The tubc used in these tests was the 3"x 4% shock-tube as described
in a note by Stevens 2 Prelini nary calibrating runs in the shock-tube
showed consi derabl e mechanical noiso to be present on the pressure records
before the arrival of the pressure-step, due to diaphragm rupture noi se being
transmtted along the length of the tube. This was reduced to an acceptable
level by lagging the entire length of the shock-tuba with thick felt.

The gaages under test are alsc acerleration gensitive and the ori gi nal
brass transducer nounts were finally replaced by nylon mounts to rcduco the
acceleration response to a mininum  These nylon nounts were also used in
the sem-dynamc tests,



The shock specd across the transducer was obtained by timng the transit
of the shock-wave across two resistance thermoneter detectors in the shock-tube
wal I, a knovm di stance apart. The gauge under test was mounted central ly between
t hesedetectors,

The pressure step applicd t0 the transducer was then calculeted knowing
the shock sweed and the initial pressure in the channel. An atnospheric pressure

driver was used in all the tests.

Tigs.k, 5 and 6, show the calibration curves for the three gauges for each
method of calibration.

6 RESULTS

Exam nation of the points fyom the static and semi-dynamic calibrations for
t he Zistler 6014 gauge shows a slight difference in output for a given pressure
step throughout the pressure range tested, the output being less in the semi-
dynamic mde. In each case the calibration curve is a straight line through the
origin.  Promthe shock-tube calibration however the points are randonly spaced
about a straight |ine which does not appcar to extrapolate linearly through the
origin.

The Kistler 7014 gauge shows sinilar properties although the static and
sem -dynam ¢ points lic on sensibly the same straight |ine calibration

The Anerican gauge, while exhibiting the sane tendencies as the Kistler
gauges, shows a much wider variation in output when conparing the static amd
sem -dynanic  calibrations. In these two nmodes the calibrations are |inear except
at pressures very close to zero where sone deviation fromlincarity occurs. The
dynani ¢ calibration points are random about a straight line which does not extra-
pol at e lincarly through the origin.

It is not understood why the shock-tube calibrations for 211 the gauges
do not pass through the origin, The intercept in each case, although not

significant in terns of the range of the tiransduccr, indicates a possible source
of error if these gauges are used for |ow pressurc mcasurement on the nmanufacturers
calibration alone.

7 CONCLUSIONS

The sem -dynam ¢ calibrator described above does not reproduce the sane
conditions as are gencrated in a shock-tube. It does however show a marked
improvement on the present static method of calibration ard i s considered
adequate for calibrating transducers to be used for surface pressure measurement



on nodel s in the working-section of a shock tunnel where steady flow tines between
5and 8 mlliseconds are expected. For measuring the exact duration and steadi-

ness of uscful running times, where rise-times of the order of 200 m croseconds or
less are expected, the shock-tube method of calibration nmust be used,

The calibrator is simplc to use and has thc advantage that very | ow
absol ute pressure steps can be applied to any transducer, 3xisting dead-wei ght
calibrators do not have this capability.

To avoid errors in pressure level measurament transducers should be
calibrated in the nounting to be used in the shock~-tunncl where possibl e,
together with the associated cables and recording instrumentation,

It is intended to extend the range of this investigation to conpare
calibrations by the three wethods outlined herein at higher pressure levels
where it is believed tnc calibration discrepancies deseribed may become nuch
l ess evident.
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