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This Scport describes the design and construction of a snni-dynamic
calibrator for USC?  with tramdmers at sub-a?xxx~hcric  pressures.

Pressure rlsc  times of 500 ps have been a&iaved with prassure  stops  of
the ordssr  of 5 rm Kg absolute. 'iic  results OP c;aibration  checks on three
piczo-electric  transducms  art: corrpzed  ivith shock-tu&  and static calibrations.
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Decausc of tht: vory short running times and low densities in the 6" shock-
-tunnel experiments to measure pitot  and surface  pressures  on models require
transducers with a fast rise-tirno and the ability to measure prcssurcs  of 42%
order of 0.1 psi absolute.

The only existing method of dynamic calibration of transducers omploy~
a small shock-tube in which the pressure stup of the shock wave is c&!cul.ated
from the known initial conditions in the;: tube, i.e. driver and channel pressures
ad tho measured shock velocity. This mtithod  pposznts  czrtain difficultiiz+;
in particular the moasurcmcnt  of shock velocity at very 10~ channel pressures.

It was felt that an altcrnativo  calibratirig  device in which a known
pressure could be so rapidly applied  as to produce an impulsz  was tisscntial to
obtain meaningful results from shot!; tunnel  ~:X~t?rim~nnts. It was also considered
desirable to investigate  the possibility of d&.ations  between static and
dynamic calibration constants.

The problem resolved  its4f into a.pJlyin:;  to a tr.znsduc=cr  a known prcssurc
step with n minimum rise-time.

2 PXtPXXPL~ ,1XD DZYCGI~ 07' C.YX3RATOR

Tize  method used was to couplo  a large vessel in vinich  the prcsouro  could
be accurately measured to a transducer via a quick-acting vriLve. To keep  the
nrcssurf3 risa- timeL to a minimum, pip<work volume between the vcsssi  and the
transducer must also be a minimum. Tha transducer  cavity must be very small in
comparison to the vessel so that there is no measurable  pressure drop wh-hon  the
waive  is opened.

The scheme  for this rig is illustrated in Fig,l(a), 2'he  valve and its
actuating eolonoid  nTe cnoloscd  in a pressure  vossol  I@' I.D. and 19" long.

Thz valve abutts  onto an end plate into ahicil  ths transduc2.r is fitted.

l?ig.l(b) is a photograph of the c-i plate and valvs assembly. The valve scat

i s a standard "0" ring and thi vulva  is hzld  zga.iist  ths soal by a spring
incorporated in the solenoid.

ThG vesssl is conncctod  to :L vacuum pump and tho pressure  is mc.asurtd with
a 'Jall:~e an& Tiornan vacuum dial gauge, Thora  is also a vacuum connection to
the transducer  cavity. This dasiqn climinz., 'es any IApework between the transducer
and the vessel and keJps  the volume of t h 3 t-ansduccr  cavity to a minimum,
Tine typo of valve chosen ensur3s  a rolntively l~:rgc valve orifice for a small
valve  movomcnt. To use a lightweight valve  was no ndvmtagc  as tne valve wi-ight
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is negligible compared with the weight of the solenoid core, The calibrating
rig was installed adjacent to the 3” x I-&" cLaWorating  shock tube and utilised
8 common vacuum system: Transducers could be readily transferred from the
calibrating rig to the shock tube using the same cable and associated electronic
recording equipment, Fig.7 is a photograph of the test rig with its associated
vacuum equip;nent and recording instrumantntion.

3 DIWEL,OPMENT  TESTS

The solenoid was designed to operate on II volts D.C. and using a 12 volt D.C.
supply the pressure rise-time was in excess of 2 m sec. The voltage was ircrreased
in steps to 72 volts and the rise time was reduced to apnro;:imatoly  gc0 &%.c
(Fig.  2). Fig.3 is a curve showing the effect of solenoid <actuating voltage upon
the pressure rise-time. 72 volts D.C. was chosen as the actuating voltage as
this level was easily achieved using 12 v batteries. Rcpznted actuation of the
solenoid at the high operating voltage throughout the series of tests did not
appear to affect its working life.

The prossure  in the cavity immediattily  ahcad  of arxd  around tho transducer
was reduced to at least 1 micron Hg before thz solsnoid v,QJe  was actuated. Any
slight loakago  across the v-~lve face was readily app-trent in that the pressure
rise-time increased  by a factor of ten.

An attempt to reduce the valve opening time by reducing the core weight by
machining out 3 of the centre of the core (by weight) showed only a marginal
impr0vem~n-t;.

The first tests shacyzed  tn?t the opening of the solenoid valve caused
considernblc  mech*nical noise on the pressure record. This was overcome by
fitting a rubber buffer sleave  over the vQvo  stem to r&t T,S a shock absorber.
This can be seen in Fig.l(b).

Valve heads  manufactured from stetil, nluminium 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.

4 INSTR'~~~T,"ITION

Response time rec@remznts  demand that the transducers be mounted within
the model and therefore the transducers must be small in size, Those in current
use h<ave quartz as their sensing clement and are available colnnercially. These
transducers ar< normcilly used to measure pressures in the region of 2500  psi
and arc being used at t‘na  extremely low end of their pressure range as no other
suitable gauges are available  at present.
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Experience  of other users of this type of transducer  shows that a variation
in calibration constant may exist between the gauge urdcr static and dynamic
calibration'. Static calibration is usually don2 on a dead-weight tester ard.
dynamic calibration in a shock-tube.

The transducL'rs used in the present vfork were the Ristler type 601A  pnd
701X  piezo-cloctric &;Luges  nrd a similar type of gauge obtcained from a research
laboratory in the U.S.A. The Kistler 6011: gauge has a natural  frequency of

125 Kc/s  and a rise-time of 4 microseconds, Its overall dimensions are
6 milli;nstres  di(ametor by 15  millim&res  long.

The IUstlor  701~1 gauge has a natural freq~ncy  of 6.5 Kc/s  and a rise-time
of 7 microseconds. Its overall dimensions  are II millimotres  dianeter by
26 millimztres  long.

The American gauge  hhs a riDL'-~-tin2  of 3 microsecon&s. The natural
frequency is not quoted. Its overall dj.tnvnsions  arc lj millimetres  diamc;ter by
II millimatres  long. Each transducer was calibratti  in threa  modes, i.e.
s tntic  , sorni-dymmic  LarxZ  dymmic, using t. Tektronix 535 oscilloscope with a
Type  F) pr+xnplifier and a EZstler Type 566 ch-rgc  amplifier.

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

5 'i!BT l?;:OCXEUR%

Each gauge was caJ.ibmted statically,  (by steadily increasing the
pressure in the transducer cavifjr  to a series  of fixed values,) semi-dynamic,ally,
(in the calibrating rig described in this %pert),  ord dyna&cally  in a
shock-tube.

The tube used in these tests was the 3” x I$-" shock-tube as described
2in a note  by Stevens . Preliminary calibrating runs in the shock-tube

showed considerable rrechanisal  noiso to ba present on the pressure records
b&ore  the ,arrival  of the pressure-step, due to diaphragm rupture noise being
transmitted nlong  the length of the tube. This F&S reduced to an acceptable
level by lagging the entire length of the shock-tuba with thick felt.

The gaages  under test ar3 ,A0130 accrl?ration scnqitive  and the original
brass transducer mounts were finally replaced by nylon mounts to rcduco the
acceleration response to 3 minimum. These  nylon mounts were also used in
the semi-dynamic tests,



The shock speed  across the transducer was obtained by timing the transit
of the shock-wave across two resistance thermometer detectors in the shock-tube
wall, a knovn?  distance apart. The gauge under test was mounted centrally between
these detectors.

The pressure  stcy, applisd  to the transducer  was then calculated knovJing I
the shock slccd  and the initial pressure in the channel. An atmospheric pressure
driver was used in all the tests.

Figs.Lt., 5 and 6,  show the calibration curves for the three gauges for each
method of calibration.

6 ~KGXULTS

Examination of thti points from thlc static and sLmi-dynamic  cnlibrntions  for
the Kistlcr 60-1:~ gauge sho:vs a slight difference in output for a given pressure
step throughout the pressure range tested, the output being less in the semi-

dynamic mode. In each case the cA.ibration curve is a straight line through the
origin. Prom the shock-tube calibration however the points are randomly spaced
about a straight line which does not appear to extrapolate linearly through the

origin.

The Kistler 701A gauge shows similar properties although the static and
semi-dynamic points 11'c on sensibly the same straight line calibration

Tne American gauge, while exhibiting the sake tcndcncies  as the Kistler
gauges, shows a much wider variation in output when comparing the static and
semi-dynamic calibrations. In these two modes thy calibrations are linear except
at pressures very close to zero where some deviation from linearity occurs. The

dynamic calibration points are r‘andom about a straight line which does not extra-
polate linearly through the origin.

It is not understocd v&y the shock-tub3  calibrations for ~11 the gauges
do not pass through the origin, Thd intercept in each case, although not
significant in terms of the range of the t?ansduccr,  irdicates  a possible source
of error if these gauges are used for low pressure  mcasurcmcnt on the manufacturers
calibration alone.

7 coIL'CLusIoWl

The semi-dynamic calibrator described a3ove  does not reproduce the same
conditions as are genarated  in a shock-tube. It does however show a marked
irnprovcmont  on the present static mGthod of calibration nrd is considered
adequate for calibrating transducers t;,  be used for surface pressure measuremGnt
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on models in the working-section of a shock tunnel where steady flow times between
5 and 8 milliseconds are expected. For measuring the exact duration and steadi-
ness of useful  running times, where rise-times of the order of 200 microseconds or
less are expected, the shock-tub<  m&hod  ol" c,alibration  must be used,

The calibrator is simple  to use and has the advantage  that very low
absolute pressure steps can be applied to any transducer. Xxisting dead-weight
calibrators do not have this capability.

To avoid errors in pressure level  measurcm\;nt  transducers s'hould  be
calibrated in the mounting to be used in the shock-tunntil  v&are  possible,
together  with the associated cables  and recording inst~mentntion

It is intended to extend the r,ange of this investigation to compare
calibrations by the three matP&s outlined horein  at higher pressure levels
where it is believed tnc calibration discrepancies described  may become much
less evident.
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