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AYISTRAC T

a ur;qS11v nli•i•pr for the measurement of pressure distribution

on parachute canopies in subsonic flow h&@-*em developed and tested In

wind Lunnel experiments.. he transducer which has a pressure range of

0.5 psi differential is to be fastened to the canopy structure. It employs

* ;-h/train gages, ....n..- t.... teh

are bonded to light steel beams. '"he beams are deflected by the differ..

ential pressure by m-leans of a diaphragn. ;he strain gages are electrically

connected in a h-arm bridge arrangement providing means of compensation

for temriperature and inertia effects. A suitable method to lead the local

pressure to the transducer is proposed.

ie Lransducers originai13-Y developed to be used in connection with-,

parachutes may advantageously be applied for other purposes where high

sensitiviLy, high natural frequency, low temperature drift and low dynamic

response are required.

FU}ILICAt TiiN FJVIIW

'Ibis report has been revriewed and is approved.

-,r the (Com,'ander:

N P.SHPADSON
Chief, Parachute Branch
Aeronautical Accessories Laboratory
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SECI ¶ 2I 1

I N 1t1}t WC 'HU N

The measurement of the pressure distribution of a freely floating

parachute made out of porous cloth poses certain difficulties due to the

rapid motions which either the entire canopy or portions thereof may

perfor, and in the past, several attempts of pressure recording did not

provide satisfactory information.

Since the pressure distribution is an essential information of ad-

vanced analysis of parachute performance, the Armed Forces Steering Com-

mittee asked the University of ilinntsota to pursue on a promising basis

another attempt for the registration of the pressure distribution of a

parachute while actually retarding an airborne object or while freely

floating in a wind tunnel.

The task was formulated as follows: "Establishment of Reliable Test

Methods for Measuring the Pressure Distribution on the Inner and Outer

Surfaces of Porous Textile Parachute Canopies."

In view of the known parachute behavior and the stated requirement,

a system was chosen as shown in Fig. 1. The characteristic feature of

which is that the transducers are fastened to the relatively heavy radial

seams and the pressure is fed through relatively short tubes from the

point of investigation to the transducer. Electric wrires carry then the

signal to the recorder.

By means of this arrangement, the interference between the pick up

and transducer and the parachute surface is avoided as far as practically

possible.

Manuscript released by the author 9 Oct 59 for publication.
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In connection'with this general arrangement, the pres.;ure sensing element

must have the following cha rac teri stics:

a) his.lh sensitivity for conversion of small pressure differentilsl,

b) iainix-,aur wig4ht to avoid interforence with the pa rachute shape,

c) high natural frequency and low dynamic response in view of

the violent motion of the canopy, and

d) simplicity.

1.1 Survey of Available Transducers

An initial study of commercially available pressure transducers re-

vealed that most transduoers are based on one of the following principles:

a) mechanical strain, measured by electric strain gages

b) mechanical strain, measured by electric induction

c) mechanical strain, measured by electric capacitance

d) mechanical strain, measured by piezo electric phenomena

e) mechanical strain, converted to electro-osmosis effects

The comercially available transducers are described in References

1 to 13. None of them appeared to ccmbine the required characteristics

as outlined above.

Reference 14 describes an interesting application in wbich an array

of capacitive pressure sensing elements is mounted in a flexible blanket

to enable the measurement of pressure contours with a relatively high

geometric resolution. Ulnforinnately, these elements do not have the

sensitivity required for the present application.

'4tTP. 59-3.1 2



1.2 General Desip Considerations

As a result of the survey, it was decideci to aevelop an instrument

based on the use of electric strain gages, the mechanical strain to be

produced by means of suitable bellows or diaphragias subjected to the

pressure differential.

As indicated before, the transducer element, which converts the air

pressure differential into electrical sifnils, shall be fastened to the

radial seam carrying the suspension line, and the pressure pick-up on the

inner or outer side of the canopy is lead through short flexible tubes

into the transducer and the electric leads would run along the suspension

)Ines to the recording instrsnent.

'Te first attempt ifestablishing a method for measuring the pressure

distribution on textile parachute canopies was concerned with the opera-

tion in the subsonic regime. For possible supersonic experiments, merely

some pertinent recomnendations are given at the end of the report.

In order to establish the design pressure range for the transducer,

the following conditions were selected:

Free Stream Velocity V = 150 mph at sea level

Air "ensity =3 .002378 slugs per cu. ft.

For these conditions; q 'ft? = .L10 psi.

Reference 15 gives the pressure distribution for a textile (silk) canopy

of conventional shape, expressed in the non-dimensional form:

Pl -P2 r
S.. .. ve~rsus -

q a

vAXT TE 59-115 3



where pi = surface pressure on the inner side of the canopy,

p2 = surface pressure on the outer side of the canopy,

r = radial distance frora the axis of s3nonetry,

a = inflated radius of the canopy.

From Fig. 10 and Table 23 of Reference 15, it is apparent that the

value of the differential pressure coefficient P1 - P2 is very close

to 1.50 over t*,he full range of __L values. q

a
Let p be the free stream static pressure and let

A Pi = Pl - PS = difference between pressure on inner side

and free stream static pressure

& P2 = P2" = difference between pressure on outer side

and free stream static pressure

Assuning that the pressure on the inner side equals the stagnation

pressure then AP 1  q. Therefore: p- - P2 -APl -&P 2 = q -tip 2 =

thenceap2 - -O.5q. q q q

Therefore, if the pressure transducer is used to measure the differ-

ential pressure between inner and outer sides, the required pressure range

would be given by P1 - P2 = l.Sq - 0.60 psi.

For convenience, the design pressure range was taken as 0.50 psi.

m,-e Lzansducer itself 15 capable of alantluading, without damage, consider-

ably larger pressure differentials.

By using ,he free stream static pressure instead of the pressure on

the inner side as datum pressure, the maximwu pressure differences to be

sensed by the transducer are reduced by 50%, i.e.,ap l = q = 0. psi.

WADC) TZ •59-115



This arrangement would be desirable for speeds greater than 150 mph.;

the specified pressure range of 0.50 psi would correspond to a speed of

nearly 170 mph.

WADE Th 59-115 5



SECTICN 2

EARLY DESIGNS ANT) TEST RESULTS

2;1 Bellows or Diaphragms

In the early stages of this study, it was not known whether bellows

or diaphragms would have the best over-all characteristics for the present

application. It was, therefore, decided to experiment with both types.

The first design for a pressure transducer with bellows is shown in

Fig. 2, and is referred to as type 1. It consists of two chambers, one

leading to atmospheri' or total pressure and the other to the local pres-

sure. The differential pressure of the two chamberscauses, by means of a

rubber bellot and a small rod, the deflection of a flat beam to which is

cemented a strain gage. The beam is supported at each end between two

knife edges. 1he strain gage deflection is then electrically converted to

an indication of the pressure differential.

The first design of a diaphragm type sensing element is also shown in

Fig. 2 as type 2. It consists of two chambers, one leading to atmospheric

or total pressure and the other vented to the test pressure. The pressure

differentia2 ;cxaas }lhe diaphragm creates a force which is transmitted to

a beam with attached strain gage and the electric signal is a measure of

the pressure difference.

22Sensitivity and Linearity Tests

Wo models of bellow type sensing elements were made and tested.

WADC TR 59-115 6



The results are presented in Fig. 3 which indicates that both models 'did

not have the desired linearity of strain versus, differential pressure.

Special bellows muade of .004 in.thick playtex rubber-were used on these

models after theavailhabl metal bhllows were tried and found to lack the

desired sensitivity.

Three versions of the diaphragm type transducers were originally made

each with a different diaphragn material. The, first diaphragm consisted

of a fine stainless steel mesh disc coated with latex rubber, the second

was a .001" thick brass disc while the third was a plain rubber disc. 'lhe

test results are given in Fig. 3. These tests showed that the plain rubber

diaphragm (diaphragm design No. 3) was the only type with satisfactory.

linearity.

For these tests a Baldwin SP-4 "type L Strain Indicator was used for

indicating the transducer output.

2.3 Vibration Thsts

In order to check the response to external vilbration both types of

pressure ttansducers were subjected to vibration tests in such a way that

the amplitude of the vibrations were either parallel or perpendicular to

the surface of the maemrbrans. These initLal tests showed the superioril

of the diaphragm type of sensing element and this type was then selected

for further development in view of its good linearity and adequate

sensitivity.

The results of vibration tests carried on the transducer shown in

Figs. 4 and 5 are given in Fig. 6 (A to F) for parallel vibration in the

WAX TR 59-li5 7



frequency rang 0 700 cycles per second ... ar.d in Fig,- 7 (A and- B+) fo-6:F-per-6,
P .

"fpendcular-nibrge. 0on in0- the prequency aed n F-.1i00 cycles. 7 ( r seconde+

pedcua vb--o i hefeqec rae 0...10ccls.r eod

4.h. DOr-ft Th-ts

S67far-all pressure calibratihns had been+ 6rrieidout by means of

simple water columb, at constant anbient temperature and without exposing

the transducer to any airflcw. For further development it was decided -to

test the --transducers under more t-alistic conditiAns, and- four transducers,

type 3, illustrated in Fig. 5, were mounted to a metal parachute model as

shown in Fig!. 8 and tested .n the subsonic wind tunnel of the University

of Minnesota. . .

These tests indicated that the relatively thin plexiglass cases were

not rigid enough and as'the most significant result it was found that all

instruments had a marked drift of the zero position with respect to time

when expos--d-to-c onstant: or varying air velocity.

The drift was traced to several causes, the most important being the

change of ambient temperature, the changed rate of heat exchange between

the transducer and the airflow, and the changed pressure' distribution on

the transducer casing. J

After stopping the flow, the instrument returned to zero very slowly

and the time lag before a return to zero -was of the order of 10 minuites

or longer.

"Attempts were made to reduce the drift by using stiff metal cases, by

modifying the pressure connections and by employing different materials

for the case and strain gage beam. Invar and magnesium were tried for

WAuc 'Lii 59-11%5



the transducer case while stainless steel andý invar were uaed for the

strained beam. The use of inar with its extremely low expansion coeffic-

ient was aimed at reducing temperature expansion problems while magnesium

was tried for the case because of its very favorable strength/weight ratio

and thermal conductivity properties.

live gagpe were made as follows:

a) qhree. had magnesium cases and stainless steel beams

b) One had a magnesium case and an invar beam

c) One had an invar case and an invar beam

All five gages were provided with light magnesium holders for mount-

ing on parachutes. Fig. 9 illustrates this version of the transducer

type 4 and mounting bracket.

The five transducers were mounted on the same parachute model and

tested in the wind tunnel with sweeds of up to 100 feet per second. In

addition, one of the transducers was fastened to a panel of parachute cloth

and that panel was placed in the wind tunnel test section. The instruments

appeared to withstand the flapping and flutter satisfactorily but all trans-

ducers showed again the undesirable zero drift. The order of magnitude

of this drift was the same as the deflection due to the full pressure range

and therefore complete]y unacceptable.

WADO TR 59-n5 9



t.." _ iSECTION.3

'LATER DESIGNS

1When ail attempts toA-duce the drift by changing the heat capacity

or the heat transfer characteristics of the 'ransducer .by introducing

dimensional or material changes or by thermal insulation of the case re-

sulted in only very minor 3lriprovements, a complete redesign of the trans-

ducer was undertaken with special emphasis on the drift pr6blen.

3.1 Compensation for 1emperatare Effects

In order to achieve temperature compensation, two identical strain

gage beams (one active and one coiapensating) were used. Both beams were

mounted in identical fashion and subjected to the same temperature con-

ditions, thereby neutralizing any temperature effects in the bridge circuit.

Fig. 9-A illustrates the mechanical arrangement and Fig. 9-B the correspond-

ing wiring diagram.

3.2 Comppensation For Inertia Effects

* In order to obtain compensation for inertia effects, an additional

or "Idummy" diaphragm was incorporated in the design as shown in Fig. 9-A.

The dummy diaphragm acts on the compensating beam while the main diaphragm

operates on the active beam. The compensating beam plus dummy diaphragm

tends to duplicate the inertia and damping characteristics of the active

beam plus main diaphragm and the two effects are in opposition in the

WAl TR 59-eU5 10



:.bridge circuit. Cf course the dunW diaphragr is provided with holes .to

prevent pressure diffepentials across it. Fig. 10 gives the dimensions

and general arrangement of the main and du mm diaphragvs.

3.3 Isolation of. Pressure Sensing Element Froum the Casing

..... In brder -W 6nsuren latively g9od Iisolation (both the~mal and me-

chanical) -of the pressure sensitive elements from the case, the active and

compensating beams and the dummy diaphragm were mounted in a system of

tapered rings out of invar material with flexible rubber rings and tight-

ening screws (Fig. 10-A) to provide the desired fixitV for tte beam ends.

Ihis adjustment is carried out in the initial calibration and the screw

heads are then permanently sealed off.

Since the pressure measuring elements were now relatively isolated

from the case, the material used for the case did not appear to be as

critical a feature as before. Plexiglass was used again at this stage be-

cause of its light weight, electrical insulation and transparency advantages.

Two identical transducers incorporating the principles mentioned above

were made. Thsts conclusively showed the effectiveness of the principles of

separate compensation and of mechanical and thermal isolation. However,

for a given size of beam and diaphragm, the sensitivity was reduced to about

one half the value .in the earlier design; a relatively small drift persisted

and this drift ippearej to be associated with the inherent unsymmetry of

the two-anm bri-dge arrangement.

WADC 'R 59-115
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3.1,.i-Arm l3ridge a"emen-

In order to double the sensitivity and reduce the 'residual drift, a-

"four-arm bridge arrangement wis tried vi th the two active beams, opeating

first in unisonm and thea in opposition. It was found that the unison beai

arrangement resulted in more effective compensation of the residual drifts,

and this configuration has been retained for future designs.

3.5 improved Diaphran

1Efforts were then directed toward bhe improvement of the diaphragm.

A circular rubber diaphragm had been used but tests proved that_u tng.an

--annular zubber ring type of diaphragm would be more advantageous. The

final result consists of a circular aluminum plate which is cemented to a

rubber disc (dimensions may be seen in Fig. 13).

ThA use of the four-arm bridge circuit occasioned a need for either

small strain gages or larger beams. Consequently, type A-18 strain gages

were used. Fig. 12-A shows tihe internal arrangement of the transducer

employing four type A-18 strain gages and Fig. 124B gives the corresponding

wiring -diagram.

.6 -General De. sign farameters

Referring to Fig. 13, the force P due to the differential pressure

on the main diaphragm is applied at the mid-point of the strain gage beam

of effective length 1, width w and height h.

wai Th 59-llS 12



Assuming the beam to 'be simPly suPported, the stress-at the midrpoint

etoP is given by: .

Where M .is :,the bending momentk y i the distance from the Neutral Axis and ; -
-if -.. *1

-Its the I$ment of Inertia.. .

" he maximum stress is-given by: aP1 h 12 3P1
. ... . ...... -- 2 2 .wh 3  12

herefore,. the maximum strain and hence the resistance change of .the strati.-

gage will'be proportional to the differential pressure, and to .the effective

.. " length of the beAm ftd inversely proportional to the beam width and the

square of its thickness.

The diaphragm area, beam length and width are determined by the physical

dimensions of the transducer and of the smallest availabWq. Strain gages.

The desired sensitivity may. be obtained by varying the beimý;thickness. Very

--- thin -beamis- (0.003 in. th-ck shot relatively greater tendency to drift and

a stainless steel beam 0.089 in. thick was found to -give a good compromise

between sensitivity and drift.

iWAJC 5-9-l15 13
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EST EQUIR14ENT AND rmbT 1b&JLTS

4 .:: i

Ii e i -n -~m ..

- ? . e.o.. . E ..i.. e. . ..l .1... .
SI - °SZ "" i -

A Century carrier amplifier apd-recording pystem etuprising the fol-

lowing components was used for these tests:

a) -Century Model 408 Recording Oscillograpl-

b) Century Model 507 Amplifier

-. c) Century Model 808 Power Supply

d) Century Type 850 Galvanometer

The following settings were used for all tests:

- Bridge Excitation: 5 volts

Gain Multiplier Setting: -1

4.2 Pressure Measuring Equipment

A micromanometer (Meriam Model A-750) was used for all further pres-

sure calibrations. This micromnanoeter uses Silicone 200 (Sp-Grav 00,82

at 200C) as the liquid column and has a maximum range of 10 inches. It

is designed to read pressures to 0.001 in. of the liquid column.

1.3 -Tst Results

4.3.l Sensitivity and Linearity..,Tsts

The sensitivity will be defined as the.. galvancuieter deflection

for a specified pressure differential.

The linearity is definod here as the maximum difference

WADC TR 59-15 214



bhtwoen trxperi ,,ental calibration curve taken on increasi#g read-

ings and the most favorable straight line. Fig. 16 shows the results

obtained. The sensitiviV was 0.221 Pn/in.'Wf/ ater. The maximum

linearity error in the range 0 - 10 inches of H20 pressure was 0.02

in. of galvanometer deflection.

1,.2. Slipstream Drift Teat

The transducer, with its two chambers interconnected to equalize

the ptessure on both sideq of the diaphragm, was placed in a wind

tunnel test section and its response was noted for different flow

conditions such as starting- and stopping of the flow, change of air

speed, etc. The results for this test are given in Fig. 17 A and B.

The maximum zero drift for the airspeed range 0 - 120 mph was 0.05

in. in the recording with settings described above.

4.3.3 Ambient Temperature Drift Test

The transducer was placed in a small thermostatically controlled

electric oven with its two chambers interconnected as before and the

drift was recorded over the desired temperature range from 80OF to

120 0F.

The results of temperature drift tests showed a relatively wide

scatter among transducers of the same configuration. For the gage

described, the best value for the average temperature drift was

S.0.0018 in/ 0 F in the specified range, and this drift appears to be

acceptable.

4.3.4 Response to External Vibration

The transducers were fastened to a mechanical vibrator and
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given Voth trafsverse and axial vibrations in a range of 0..- 630 cpS.

*Results of i series of vibration tests on this sensing element may

ibe seen in Fig. 18 for transverse vibrations and Fig. 19 for axial

vibrations. Both responses appear to be acceptable.

h .3.5 Response to Fluctuating i-ressure

In order to examine the frequency response characteristics of

the transducer when subjected to a fluctuating pressure, a special

apparatus was set up consisting of a variable speed motor driving

a cam over a flexible tube connected to one of the transducer

chambers. This produced pressure pulsations which could be varied

between 15 and 4000 cycles per minute. The transducer response

was recorded on the Century oscillograph. A record of a series of

lynamic pressure tests is piven in Fig. 20.

By subjecting the transducer simultaneously to an external vi-

bration and an internal pressure fluctuation, conditions closely

resembling those of flutter or flapping of the parachute canopy

could also be simulated and studied. Results of these tests are

given in Fig. 21 (pressure fluctuation combined with transverse

vibration) and Fig. 22 (pressure fluctuation combined with axial

vibration). Summarizing the results of the temperature drift, the

mechanical vibration and the combined vibration and pressure

fluctuation tests, It airy be stated that none of these environmental

conditions induced an effect which would invalidate the usefulness

of the transducer.
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SECTION £5

FVRi¶IER MODIFICATIONS AND DMPMVKNENTS

"Attention was then directed to the problem. ,of. mounting the pressure

transducer on the parachute canopy, proiriding convenienit and rugged

electrical connection between the transduc'r and the recording equipent

and finding an effective method of pick up of the pressure from the

inner and outer surface of the canopy to the transducer.

5.1 Electrical Terminal Connectionn

Soldered connections to the four transducer terminals had been

adopted in the experimental models. These were discarded in favor of a

four-pin socket and plug arrangement which provides a quicker and better

electrical connection capable of withstanding severe vibration and

flutter.

5.2 aducer Case Material

The Plexiglass transducer case was replaced by a laminated phenolic

bkse ,,.aterial available under the trade name of "Consoweld." rihis mate-

rial has better dimensional stability, greater mechanical strength, good

machining properties and temperature resistance. Fig. 23 illustrates

the general arrangement and detailed dimensions of the final version of

the transducer incorporating the four-pin terminals and Consoweld case.

Fig. 24 is an exploded view of the transducer listing the main parts.

WALE TR 59-115 17



.a -..

5.3 Iounting Bracket ... /

For mounting the transducer on the radial seam of the parachute

"canopy c,4ose to the desired pick-up point, a simple mounting bracket

made"of a Plex ,glass bas6 and light metal, clamp was designed.- its dimen-

sions are given inFig. 25.

Figs. 26 and 27 are two photographs 6f tLi transducer and mounting

bracket.

The pressure transducer with its bracket was mounted on a para-

chute model and tested in the subsonic wind tannel.

It successfully withstood repeated opening shock loads and accel-

erations without apparent damage' to the internal mechanism or externa4.

connections.

5.4 ulethod of_:ressurc -ick-u

An effective method of pressure pick-up was devised and tested. As

indicated in Section 1, it consists in attaching the mounting bracket on

a radial seam of the canopy close to the desired pick-up point and using

a short piece of flexible plastic tubing connected at one end to one of

the pressure leads of the transducer and cemented at the &ther to the

textile canopy at the pressure pick-up point by means of a two component,

rubber base 'cement known as Fuller Resiweld Adhesive Number 2. This

cement is described in the Fuller Technical Bulletin RTB-13A. After the

tubing has been cemented to the back face of the canopy, a pressure pick-

up hole is pricked on the other face of the textile surface by means of a

heated needle point.

144 ' 59-115 18
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" t-wing to ehe 1w airspeeds obtainable in the ieWr t h

tunnel where tets on textile parachute models-aye possible, the ma.ximum Ul

press-re range is only &bout i/lO tho specified-range of the transducer;

under such severe limitations, the sensitivity iS too low for quantita-_.

tive --pressure distribution tests cn parachute canopies,' and more exten- " ,""- ,F" - -. -j ,

sive experimental work is recommended.
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&TC 'ION 6

F]TWWL CALIB:ATL(CN$ AND TY'ICAfb CALIBMATIGN REULJT'S

Five pressure transducers of the type ilJYstrated in Fig. 26 were

built iffd.. calibrated prior to delivery to the ?rocuring Agency. 'they

were subjected to the different types of tests described earlier. In

the course of this calibration, considerable diffiadties were experi-

enced, which, however, were not due to the transducers themselves but to

the calibrating equipaent.

After eliminating instrument errors and inaccuracies, reliable cali-

brations for all-transducers were established. They provided tir: t.'ns-

ducer output in microvolts per psi differential pressure per vcji f

fl. A sample and summary table is given below.

6.1 Final Calibration Euipment

In order -to avoid calibration errors resulting from incorrect ampli-

fication factors or fluctuations of the power supply, a Leeds & Northrup

Precision ilillivoltneter was substituted for the Century Amplifier system

for measurement of the transducer output. Pridge excitation was provided

by a battery and the TC excitation voltage was accurately adjusted to

5 volts.

The use of this system made it also possible to determine the initial

bridge unbalance.
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' .... 6,2 ~rTypical Calibration Pssul4 ' .'

-~ t- F~g.28 illustrates'a tqca Tasuer Clibrati on Curv~Fo

the- experiuental Aoints a-bestfbting stfaipht Tine was obtine-tror.

which thI following characteristics could-be calculated:

.Sen'tivi'ty in microvolts full scale

9C.a-ibraton Factor in micro-volts per psi per volt exci tati on

.. axiinum deviation inT-per cent -of full scale

-T.he temperature drift, measured as a zero shift with chahges of the

anbient temperature between 800 and 1200 F. was measured; this drif t de-

ýends to a certain extent on the rate of change of the ambient temperature

and the tests correspond to a rate of 30 to ho F. per minute. For tests

of short duration, i.e., one or two minutes, thie zero-shift is consider-

ably &,iialier.

Fig. 29 illustrates the standard arrangement of the transducer ter-

.4naiis` and the coa-rcsponding.fl iagram.
".._Appendix f is a typical iressure r-ansducer Data Sheet.

'alibra Lion Curve, Data t-;heet and Circuit ibagram as shown in

liTs. 28, 29 and bppcniix I were attached to each one of the five trans-

ducers submitted to. lie i rocuring tgency.

':he fo£lludng table uummarizos their performance charac ýeristics:

Transducer No. i 2 3 4 5

censiti vity I
(,nicrovelts full scale) / 1263 1155 1268 1268 120?

C.alibration Factor
(iicrovclts per psi per volt) h98.5 h60.O 507.3 h99.9 he83.2

..ax.:um ;;eviatlon + 2.375 1.731 .630 ,394 .250
.- -] scalt) - 1.818 .866 .9h5 1.261 675C

'.Teftpe ra ture D~ri f t(efull-scale/bi) .082 .033 .131 .112 .036

"J.A:.c T.l 59-31- 21



'Ind tunnel experiments indicated satisfactory over-all operation but

ci.wihg to the low airspeeds obtainable, the maximum pressure range was only

about 1/10 the specified range of the transducer and consequently the

sensitivity was too low for quantitative pressure distribution tests.

Therefore, after evaluation of the five pressure transducers by the Pro.;-

cuting Agency under the full pressure range, it will be possible to de-(

tennine whether or not further modificaLions need be introduced to the

transducer, its mounting or the method of pressure pick-up.
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SECTION 7

1ECCMMENDATIONS FOR FUR¶LHSR DEVELGKMEN T

Originally, the application of pressure transducers for the study

of pressure distribution on parachute canopies was arranged Into one study

concerned with an instrument for:

a) Subsonic parachutes, and'

b) Supersonic parachutes.

The present transchcer is designed for use at subsonic speeds. It

may also provide the basis of the design to be used in the supersonic

regime but a number of design modifications and further development might

be required. In particular it would be necessary to increase the natural

frequency, attempt to reduce the size and weight, modify the method of

fastening, and review the required sensitivity.

It is also felt that the temperature drift may be greatly reduced and

the operating temperature range very sensibly extended by introducing'.on-

stant input voltage type of span compensation with a temperature sensitive

resistor placed in series with each input lead.

A development along these lines appears to be promising but it would

exceed the scope of the original task.
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A rHM OIX I

UtRSSfIJI" TRAINSDIIC"P' PAPA SjfiI:I

Serial Number: 5

-ode: Special design for pressure measurements on parachute canopies
(P:roject No. 3, WAXt Contract No. AF 33(616)-3955)

tressure 7anpýe: + .5 psid

,lecttrical Confi guration: ti-arm t.:heats bone Bridge
"Z ach ann consists of an A-18, 120 ohims, S1 -4 strain gage element

'11erminalse Input 1 &- 1 Green & Red

(ig. 1-7 Output : 2 9- 3 Jlack & White

'xcitation: 5 volts il..,. or A.C. P-S

Sensitivity:- /, £02 iicrovolts full scale

Ualjbtatlon V'actor:::- t.t !icrovolts per psi per volt excitation

. ne-a. ty:- .-*aximnua deviation: + .25*0 ' full scale
. 76'i full scale

Ze ro "hIf' with Thp'ibmcra Lure:4-- , f0,6 Lull scale/OP
("',eip. jahe: u,6-J20....

"The Sensitivity, Calibration Factor and Linearity were calculat4
from the experimental calibration curves (Fig. 2). 'tko curver"'-
were plotted for each traniducer and a maean value was calculated1

'ihe zero shift depends on the rate of change of the ambient
temperature. ':he values Aiven correspond to a rate of 3 to 40F
!:er minute. For tests of short duration i.e. one or two minutes
the zero shift is considerably smaller.
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