Resroduced
divil Services Techuical Infermation Agency

AGLINGTOM HALL STATION; ARLINGION 12 VIRGINTIA

— e e e e - ———ry

R T VLR GOV ERB UENT ORCOTTIEER DIAWINGH, B KCTFICATIONS OR
UM DS A AN ) YORL ANY PHRIPPOSK OTHER THAN IN CONNECTION
VO A LT R LY RELATED GOVERNMENT FHOCORMMENT OPRERATION,
P L GOV TN TR Y INC T NO RESPONSIRITITY, NOR ANY

] AR O WAV IKIG AND CUHE PACT THAT THE GOVERNMENT MAY

ves U DORENTTE AT, FURNISH R, OILIN ANY WAY SUPPLIED THE SAID
PN HEET CATTTONS, O OTHRHIG DATA I3 NQ'UTO BE REGARDED BY
Pl Jrsar O o' tHkERWIEIGE A IN ANY MANNER LICENSING THE HOLDEIR
Co ALY ITHER PERSON OR COPPORATICN, OR CONVEYING ANY RIGHTS OR
PORMI 0N PO MANTIACTURE, Ul O SELL ANY PATENTED INVENTION
GRDOM VN ANY WAY I R ATUED THERETO.

s o ]




WADC TECHNICAL REPORT 59-115

O~
(VY

QO
P{! >
Q.
Fq oy
c.-)
L1l
.':'.':_J

-

. -
.Et.- 2= Ty
£ mowsa

DUy

FILE COVY

tosvra 90

ASTIN
ARLINBTORN  [ALL

ARLIIBYOR 12, VIRGIMIA

s

fevay 11585

A TRANSDUCER FOR THE MEASURRMENT CF SMALL
PRESSURE DIFFERENTTALS ON PARACHUTE CANOPIES

HEIMUT G. HEINRICH
and SHUKRY IBRAHIM

DETARTMENT CI" AERCNAUTICAL ENGINLEERING
UNIVERSITY CF MINNESCTA

NOVEMBER 1959

This report is not to be announced or distributed auntomatically
in accordance with AFR 205-l34, paragraph 6d.

- an

- WRIGHT AIR DEVELCPMENT CENTER g

|
|

sYATION



WADC TECHNICAL REPORT 59-115

A TRANSDUCER FOR THE MEASUREMENT OF SMALL

PRESSURE DIFFERENTIALS ON PARACHUTE CANOPIES

HELMUT G. HEINRICH
and
L. ALBERT SCIPIO

DEPARTMENT OF AERONAUTICAL ENGINEERING
UNIVERSITY OF MINNESOTA

NOVEMBER 1959

AERONAUTICAL ACCESSORIES LABORATORY
Contract No., AF 33(616)-6372
Project 6065-60252

WRIGHT AIR DEVELOPMENT CENTER
AIR RESEARCH AND DEVELOPMENT COMMAND
UNITED STATES AIR FORCE
WRIGHT-PATTERSON AIR FORCE BASE, OHIO



FOREWORD

This report was prepared by the Deperiment of Aeronautical Engi-
neering of the University of Mimncsocia in compliance with Alr Foree
Contract No. AF 33{(616)-3955.

The work being aoccomplished under this contract is sponsored jointly
by QM Research and Engineering Command, Department of the Amy; Bureau of
Aeronsutics and Bureau of Ordnance, Department of the Navy; and Air
Research and Development Commrand, Department of the Air Force, and is
directed by a Tri-Service Steering Committee concermed with Aerodynamic
Retardation. Contract administration is conducted by Wright Air Develop-
ment Center (ARDC) and Mr. Rudi J. Berndt of the Parachute Branch, Aero-
nautigal Accessories Laboratory, Wright Air Develcpment Center, is

Project Engineer,

The earlier development and all precision mechanical work was done
by Mr, Mikelis Geistauts, Senior Engineer, while the scientific guidance
and analysis were perfomed by Mr. Shukry Ibrahim, Research Associate; in
cooperation with Dr. H. G. Heinrich, Professor of Aeronautical Engineering.
Other members of the Department of Aeronautical Engineering who have
contributed significantly to the project include:

Professor J., D. Akerman Director of Rosemount Aeronautical
Laboratories, U. of Minn,

Mr. Mihkel Schonberg BFesearch Laboratory Foreman
Mr. Miles Mock Senior laboratory Machinist
and & number of gradvate and undergraduate students of the University of

Minnesota.
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ABSTRACT

2
i Fressure ;{‘gngds_mcer for the measuremant of pressure distribution
on parachute canopies in subsonic flow ha-e—be:éﬂcfeveloped and tested in
wind Lunnel experiments, The transcucer which has a pressure range of
0.5 psi differential is to be fastened tc the eanopy structure. It employs
:'il"-‘-h/)‘tr;in gages manuiasiured-hy Boldein-limrwiarittem-Gerporation, which
arz bunded to light steel beams., “The beams are deflected by the differ-
ential pressure by means of a diaphragmn., ihe strain pgages are electrically
connected in a Li-arm bridge arrangement providing means of compensation
for temperature and inertia effects. 4 suitable method to lead the local
pressure to the transducer is proposed.

e Lransducers originelly developed to be used in connection with
parachutes may acdvantageously bes applied for other purposes where high

sensitivily, high natural frequency, low tempersture drift and low dynamic

. L -
response are required. &A‘ —
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SECTION 1

INTRUIUC TICN

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 entirs canopy vi portions thereof may
perform, and in the past, several attempts of pressure recording did not
provide satisfactory information,

Since the pressure distribution is an essential informsastion of ad-
vanced analysis of parachute performance, the Armmed Forces Steering Com-
mittee asked the University of itinnesota {0 pursue on a promising basis
ancther attempt for the registration of the pressure distribution of a
parachute while actually retarding an airborne object or while freely
floating in & 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 Farachute Canopies.”

In view of the known parachute behavior and the stated requirement,
a gystem was choseﬁ as shown in Fig. 1. 'The characteristic feature of
which is that the transducers are fastened to the relatively heavy radial
seams gnd the préssure is fed through relatively short tubes from the
point of investigation to the transducer. Electric wires carry then the
signal Lo the recorder.

Ry means of this arrangement, the interference between the pick up
and transduvcer and the parachute surface is avoided as far as practically

possible.

Manuseript released by the author 9 QOect 59 for publication.
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T

In connection with this general arrangement, the pressure sensing element
must nave the following characteristicss
a; hirsh sensitivity for cenversion of small pressure differentials,
by wmininun welght te aveid interference with the pavachute shape,
¢) high natural frequency and low dynamic response in view of
the violent motion of the canopy, and

d) simplicity.

1.1 Survey of Avallable Transducers

fm initial study of commercially avallable pressure transducers re-
vealed that most transducers are based on one of the following prineiples:

a) mechanical strain, measured by electric strain gages

b) mechanical strain, measured by electric induction

¢) mechanical strain, measured by electric capacitance

d) mechanical strain, measured by piezo electric phenomena

e) mechanical strain, converted to electro-osmosis effects

The commercially available transducers are described in References
1 to 13. HNone of them appeared to ccmbine the required characteristics
as outlined above.

Reference 1l describes an interesting application in which 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 resoluti::;n. Unfortunately, these elements do not have the

sensitivity required for the present application.

WADC TR 59-115 2



1.2 QCeneral Design Consilderations

As a result of the survey, it was decideda to develop an instrument
based on the use of electric strain gages, the mechanical strain to be
produced by means of suitable bellows or diaphragus subjected to the
pressure differential.

As indicated before, the transducer element, which converts the air
pressure differential into electrical sipnsls, shall he 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
intc the transducer and the electric leads would run along the suspension
lines to the recording instrwment.

‘he first atiempt Qestablishing a rethod for measuring the pressure
distribution on textile parachute canopies was concerned with the opera-
tion in the subsonic regime. For possible supersonic experiments, .ierely
some pertinent recommendations are given at the end of the report.

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

the following conditions were selected:

Free Stream Velocity V = 150 mph at sea level

Lir Vensity = ,002378 slugs per cu. ft.

g’
]

For these conditions; q = 3§ V2 = .L00 psi.
Feference 15 gives the pressure distribution for a textile (silk) canopy

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

5 T ) r
varsus _—
a a

WAl Th 59«116 3



where pj = surface pressure on the inuer side of the canopy,

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

il

r = radial distance from the axis of symmetry,

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 Pl =~ P2 is very close

r q

to 1,50 over the full rangs of .. values.
a

. Let P be the free stream static pressure and let

difference between pressure on inner side

AP =P -Pg
' and free stream static pressure

difference ‘between pressure on outer side

ATy = Py - Pg
and free stream static pressure

Assuming that the pressure on the inner side equals the stagnation

rressure then Apj = q. Therefore: Py = Py AP ~4P, . 4 -A‘p2 =1.,5.

Hence Ay, *= -G.SQ: a a _ a
Therefore, if the preséure transducer is vsed to measure the differ-
ential pressure betwsen inner and outer sides, the required pressure range
would be given by py - p, = 1.5q = 0.60 fasi.
For convenience, the desi gn pressure range was taken as 0.50 psi.
ine transducer itself is capable of withshanding, without damage, consider-
ably larger pressure differentisls.
By using lhe free stream static pressure instead of the pressure on

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

sensed by the transducer are reduced by 50%, i..,ADP] = q = 0.4 psi.

WAIC 7R 59=115 - b



This arrangement would be desirable for speeds greater than 150 mph;
the specifled pressure rangs of 0.50 psi would correspond to a speed of
nearly 170 mph.

WADC 1R $9-115 5



SECTICN 2

EARLY DESIGNS AND TEST HESULTS

2:1 Bellows or Diaphragms

Tn 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 pressaore transducer with bellows is shown in
Fig, 2, and is referred to as type 1. Il 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
rebber bellow and a small rod, the deflection of a flat beam to which is
cemented a strain gage. 1The beam is supported at each end between two
knife edges. ‘The strain gage deflection is then electrically converted to
an indication of the pressure differential.

The first design of a diaphragmn 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
differential acrcgs }he diaphragn creates a force which is transmitted to
a beam with attached strain gage and the electric signal is a measure of

the pressure difference.,

'2.2. Sensitivity and Linearity Tests

Two models of bellow type sensing clements were made and tested,

WADC TR 59=115 6



The resulis are presented in I‘ig. ) which indicates that bot.h models did |

Jnot have the desimd 1inearity of s’oram versus. dlfferential pressure.

Special bellows made of .00L4 in,thick playtex rubber-were used on these
models after __the_availablé& matal ballowa wers tried and four;d 0 lack the
desired sensiti\_ripy.

Three versions of the d_iaph_ragm type transduceré wer_é pri‘éina‘lly made -
each with a different diaphx.'a‘gm maj;erial, The, first diaphragn consisted
of a fine gtainleés st,eel mesh disc coated with latex rubber; the second
was a 001" thick brass disc while the third was a plain rubber disc. ‘he
test reéhl_ts are given in Fig. 3. ‘'These tests showed that the plain ruﬁber_
diaphragm (diaphragm design No. 3) was the only type with satisfactory .
linearity. | | 7

For these tests a Baldwin SB-L Type L Strain Indicator was used for

indicating the transducer ocutput.

2.3 Vibration Tests

- In ordsr _to check the response to external vibration both types of-
pressure transducers 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 membrane, These initial tests showed the superiority
of the diaphragm tyi:e of senging element and this type was then seiected
for further development in view of its guod linearity and adequate
sensitiviiy.

The results of vibration tests carried on the transducer shown in

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

WADC TR 59-115 7
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frequency range 0 - 700 cycles pcr second and in Fiq. 7 (A and P) fo:P per-

' pendicular v:\.bratl on in- the frequency range O - 100 cycles ney second.

",2 h Drift Tbsts

- “56 farall press'ure"'calibrafﬁns"hard ‘been carried out by means of
‘simple water columh; at constant ambient temperature and without exposing
the transducer to any airflow. For ﬁr{hcr.dcvelo;inent if.‘ was decided to

- type 3, :Lllustrated in Fig., 5, were mounted to a metal parachute model as

shown in Fig. § and tested ;’:).n the subsoni_c wind mngel o‘i_‘ the Un.uversij:.v

of iﬁinccsota. _ ._. I ' ‘

These tests indicatgé that the relativeiy thi’f; plcxiglass cases were
not rigid encugh and as .r_:i;he fncst sigﬁificaﬁt result 1t was found that'éil

:i.rist_mmenﬁs had a markcc drift of t;he Zero posijlz:ion with respect t.ro time'

when expcfscﬁ—tb—c onstant: or varying air velocit&.

The drift was traced to several causes, the most important being the
change of ambieht temperature, the changed ;éte of hea_t e‘}change between
the transducer and the airflow, and the changed pressure distriution on
the transducer casing.

After stopping the flow, the instrument returned to zero very slowly
and the time lag before a return to zero was of the ordsr of 10 mi:mtes
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

WADC TR 59=115 8



- th; tr‘a_x;lsducer case v;hilo s‘tqinlegé. §teei and invar/ were- used for the
Sﬁrained beam. The use of invar with _its extremely lowlexpansion cceffic-
ient was aimed at reducing temperature exﬁansion problems while magnesium
was tried for the case because of its very favorable strength/wéight ratio
and thermal conductivity properties. {

Five gages were made as follows:

a) Three had magnesiun cases and stainless steel beams

b) One had a mignesium case and an invar beam

c) One had 8.;1 invar case and an invar beam

A1l five gages were provided with light magnesium holders for mount-
ing on parachutes. Fig. 9 illustrates this vexrsion of the transducer
type L and mounting bracket.,

The five tranaducers were mounted on the same parachute model and
tested in the wind tunnel with ‘s;jaeds of up to 100 feet per second. In
ad&ition, one of the transducers was fastened to a panel of p_arachuta 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 completely unacceptable.

WADG TR 59=115 9
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LATER DESIGNS

'-;"_“Tgf_izé}ién' all attempts to re—cﬁge the drift by changing the heat’ capacity i
.or the heat transfer characteristics of the *ransducer by intrdducing' o
dimensional or material changes or by thermal insulation of the case re-

"sulted in only very minor :Tlxribrovements, a complete red'es:i& of the trans-

ducer was undertaken with special emphasis on the drift problen.

3.1 Gompensa’ﬁpr; for "I'emper_a?tr‘ire Effects

In order to achieve temperature compensation, two identical strain
.gage beams (one Aac_tive and one compensating) were used. Both beams were

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

ditions, thereby neutralizing any temperat.ure- effects in the bridge circuit.
Fig. 9-A 1llustrates the mechanical arrangement and Fig. 9-B the correspond-

ing wiring diagram.

3.2 Compensation For ITnertia Effects

“ In order to obtain compensatlion for inertia qffeéts , an gdditiona]_._;__
or "dummy" diaphfagm was incorporated iﬁ the design as shown in Fig. 79-A.
The dummy dial')hragm acts on the compensating beam while the maln diaphragm
operates on the active beam. 'The compensaiting beam plus dﬁzmny dia}:;hragm
tends to duplicate the inertia and damping characteristics of the aci";ive

beam plus main diaphragm and the two eﬂ‘ects are in opposition in the

WAIC TR 59=-115 . 10



‘and general arrengement of the main and dunmly diaphragms. .

Fa -

:.br:.dge circuit. Of course the dumw diaphragn ie provided with holes to

, prevent preselure differentials across it.. ¥ig. 10 gives the dimenswne

3 3 Isolation of Pressure Sensin_g Llement. From the Casing

~ In order W §NsuTe. reletively g‘e\od isolatwn (both thennal and me -

chanmal; of the pressure sensitive elements from the case, the active and
compensating beams and the dmmy diaphragm were mounted in a system of
tapered rings out of invar maté_:grial with flexible rubber rings and tight-
ening screws (Fig. l__O-A) to pre"}ride the desired fixity for the beam ende. ,
This adjustment is carried out in the initial calibration and the screw
heads are then permanently sealed off. |

Since the pressure measuring elements were now relatlvely isolated | —
from the case, the material used for the case did not appear to be as
critical a feature as before. "-q'flexigless was used again at this stage be-
cause of its light weipght, electrical insulati_.on and tranelparency advantages.

Two identical transducers incorporating’ the principlee ﬁlentioned above

were made.. Tests conclusively showad the effectiveness of the principles of

- separate compensation and of mechanical and thermal isclation. However,

for a given size of beam and diaphragm,-ﬁhe sensitivity was reduced to about
one half the value in the earlier design; a rtélatively small drift persisted
and this drift Bppeared to be assoca.ated with the inherent unsymmetry of

n

the two-am Bridge arrangement.

WADC iR 59-115 n
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3.7 i-Arm Bridge Airangement . P -

-:b,-

In o';rde'r to double thé’: sensii-;ivit"'jr‘ and reciaice the residual "drift, a

four-arm brldge arrangement Was tried wi th the two activa beams: Ope”ating

. first in unison and then in oppos:.tion. It. was found that the un:Lson beani N

7 arrangement resulted in more effectiva compensat.lon of the residual drifis,

and this configurat;.on has been retained ;‘or future demgns.'

3.5 Improved Niaphragn

Efforts were then directed toward the improvement of the diaphragm.
A circular rubber diaphragm had been ﬁsed but tests proved that _u_slng.an
- annular rmbber ring type of d:.aphragm would be more advantageous. ’Ihe

f:l.nal result consists of & circular alvminum pla‘be which 1s cemented to a

rubber d:LSC (dlmensu.ons may be seen in F:Lg. 1")

Thé use of the fcur-arm bridge circuit occa_sxoned & need for eitll;er
small strain gages or larger beams. Consequently, type A-18 strain é;ges
were uséd. Fig. 12-A sh,ows_ the internal érrangement of the transducer '
'ew1p10ying four typé A-18 strain gages and Fig. 124p g:ives the corfésponding

wiring -diagram.

- 3.6 _General Desiegn rarameters

Rei‘erring to Fig. 13, the force I due to the differential pressure
on the main diaphragm is applied at the mid-point of the strain gage beam .

of ei‘fective length 1, Wld‘l‘h w and heig'ht h.

WADG TRt 59-115 12
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K Assum:mg the boam to be simply sm.pported the streas at tha md,-point -
dne “to P is given by: ) d. 2y |

Where M is .the bending moment{ y ig the distanco from the Neutral Axls and ,; A
I 2 7 L T
— L.is r.he Iuoment of Inert.ia. g

The max:unum stress is given by-- 6max = %]-'- , -g- . h3 3P21
— wh? ~ wh

o 'Jherefora,‘ t.ha maxin_mm giirain and hence the resiatance change-‘of tha strain i

gage will be proportional to the differential pressure, and to . the effective B
i 1eng_’gh cf the beam aad inversely proportional to the beam width and the
sqﬁare of its thickness. N .

Tﬁe diaphragm srea, beam lenét.h and width are detem:iried by the physiéal
dimensions of the transducer and of the smallest availab],e cH;rain gages, |
The desired sensitivity may be obt.amed by varying the. beam thicknese. Very

- -——thin-beans (0,003 in. thick) show relatively greater tandenc;r to drift and
a stamless steel beam 0,009 in, thick was found to give a good compromise

be tween sepsitivi_ty and drift.

WATC TR 59115 | 13



3 N e i i

| i T

- .;’-,

lowing components was used for these tests:

a) Century Model L08 Recording Cscillograph

b) Century Model 507 Amplifier
. ¢) Century Model 808 Fower Supply
d) -c;nq;éy Type 850 Galvanometer
’Ihe fg;.lovdné'-spttings were used for all tests:
Bridge }.-zxcitatippg 5 volts

Cain Multiplier Setting: -

4.2 Pressure Measuring Fquipment

ﬁ::“ “\k ‘\ ‘ I ) \\ m E 51
: ' Il - Y o SECTIOND Ly

- . TEST EQUIBMENT AND TEST RESULTS

n
F

b A Cent:ury carrier amplifier ar;d recording system ccmprising the fel-

A micromanometer (Meriam Model 4-750) was used for a1l forther pres-

sure calibrations.

This microranometer uses Silicone 200 (Sp-Grav = 0.82

at 209C) as the liquid column and has a maximum range of 1C inches. It

is d_ta‘sig_ned to read pressures to 0.001 in. of the liquid column.

he3. Test Results

l{.3 1 bensit.lvity and Linearity Tests

'Ihe sensit.ivity will be defined as the galvancmeter deflect.ion

for a specified pressum c,iifferent:l.al.

The linearity is defined hers as the maximum difference

WAIC TR 59-115 : 1L



: }3ct$-;(=en";_g‘--axperimep'tai calibration curve taken on incmgsiixé read-
ings and the most favorable straight line. ~Fig. 16 shows the resuli':;s
cbtained, The gensitivity was 0.221 ;Ln/:l.n t}f water, The maximum
linearity error in the range 0 - 10 1nches oi‘ Hy0 pressure was 0.02

: in. of galvananeter deflection.

l

L. 3.2 ol;.patream Drift 'Ibst

The transdueer, with -its two chambers interconnected to equalize
~the piressure on both sidss 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 aii‘
speed, #tc. The results for this test are given in Fig, 17 A and B.
The maximum zero drift for the airspeed range O - 120 mph was 0.05
‘in. in the recording with settings describad above.
L.3.3 Ambient Temperature Drift Test

The transducer was placed in a small thermostatically controlled
elsctric o-ven with its two chambers interconnected as before and the
drift was recorded over the desired temperature range from 80CF to
120°F,

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
.0.0018 in/°F in the specified range, and this drift appears to be
acceptabls,

L.3.4 Response to External Vibration

The transducers were fastened to & mechanical vibrator and

WADC TR 59-115 : R
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given both transverse and axial 'vibrat.io_n:s in a range -of O.- 630 cps.
. Results of & series of vibration tests on this sensing _elémenti"m'ajr
be seen in Fig; 18 for transverse vibrations and Fig. 19 for axial

vibrations, Both responses appear to be acceptable.

L;.3.5 PResponse to Fluctvating rFressure -

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
beatwsen 15 and LOOO cycles per minute. 'The transducer response
was z".;?corded on the Century oséillograph. A recofd of a series of
d nemic pressurs tests is given 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 fluciuation ccmbined with axial
vibration). Summarizing the results of the temperature drift, the
mechanical vibration and the combined vibration and preséure
fluctuation tests, ¥t wry be stated that none of these environmental
condi tions induced an effect which would invalidate the usefulness

of the transducer.

WAIC TR 59-115 16
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SECTION §

FURTHER MODIFICATIONS AND IMPROVEMENTS

Att.ention was then directed to the pmblem of mounting the pressure
_ transdx.cer on the parachute canopy, proiriding convenient and mgged
electrical connection between the transduc-ar and the recording equipnent
and finding an effective method of pick up of the pressure from the

inner and outer surface of the canopy to the trapsducer.

5.1 Electrical Terminal Connections

Soldered connections to the four tranaducer te;rminalls had been
adopted in the experimental modalsl. These were discarded in favor of a
four-pin socket and plug _,arrangément which provides a quicker and better
electrical connection capable of withstanding severe vibration and
flutter. |

5.2 Transducer Case Material

The FPlexiglass ':I'bransdncer case was replaced by a laminated phenolic
- ¥ase material availa;ble under the trade name of "Consoweld." ‘this méj:e-
| rial has better dimensional stability, greater mechanical strength, good
machining properties and temperature resistance. Fig. 23 illustrates
the gensral arrangement and cietailed— dimensions 701‘ the final version of
the transducer incorporating the four-pin terminals and Consoweld case.
Fig. 24 ias an exploded viey of the transducer ‘listing the main parts.

WAIC TR 59~115 17



5.3 iiiount.ing nBracke’t

1. or mountiln-g the _transducer on the rad:ml seam of” the parachute
ca;xopy close to the des:.red plck-up ,)omt, a .;J.mple mounthng bracket
made of a plex:,glass base and lighf metal.clamp was des ﬂned,: its dimen-
_alons are given in Fig. 25, : R

" Figs. 26 and 27 are two photographs of the transduder and mounting
bracket. -

The pressure tfansduce&‘ with _;ifs bracket was mounted on a paré'- :
chute model and tested in the subsonic wind tunnel.

* 1t successfully withstood repeated opening shdck load_sr and accel-

era_igions without apparent damage’ to the internal mechanism or externa‘i

connections.

5.i Hethod of I'ressure lick-up

An effective method of pressure pick-up was devised and tested. As
indicated in Sec tion 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 ;iece of flexible plastic tubing connected at one end Lo one of
the pms;ure leads of the transducer and cemented at the E'ther to the
toxtile canopy at the pressure pick-up point by means of a two componeni;,
rubber base ‘cement known as Fuller Resiweld Adnesive Number 2, This
cemer}t is described in the Fuller Technical Bulletin Ri1B-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.

WALC TR 59-115 _ ' 18



(wing to the lgiu airs peeds obtainable in t.he return czrcult of the

| tunnel where tests on textile parachute nodels—a,re poss:Lble, ‘rm ma_mmmn__ .

\-. Y

pres sure range is only &bout 1/10 the specified-range of the transducer;

unde,r such severs limitations, the bensitivity is t.oo low for quantita~

I

t:Lve prassure distribution tests ch parachute canopies y and nore exten- Lk

sive experimental ‘work is r‘ecommended. o

WALGC TR 59-115 19



SICTION 6

FINAL CALIBHATICNS AND ='1‘Yr1é)§1_. CALIBHATICN RESULYS

Five pressﬁ;fe iransducera of thé_ type ilia}gsﬁrgi;gd_ in_ I_?‘ig éé were
-t‘q'é'x"é"‘s’ﬁ;t)jected t0 the different types of tests deseribed éarl:i_.er. In
the course of this calibration, considerable difficulties were experi-
enced, which, however; were not due to the transducers themselves but to
the calibrating equipn;ent.

After eliminating instrument errors and inaccuracies, reliable cali-
‘brations for all-transducers were established. tThey provided tl:: fions-
ducer output in microvolts per psi differential pressure per vc).;g-

DA sample and summary table is given below.

6.1 Final Calibration Equimment

In order to avoid calibration errors resulting from incorrect ampli-
fication factors or fluctuations of the power supply, a Leeds & Northrup
Frecision itillivoltmeter was substituted for the Century Amplifier system
for measurement of the transducer output. BEridge excitation was provided
by a battery and the 'C excitation voltage was accurately adjusted to
5 volts,

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

bridge t;nbalance .

WADC YK 59=116 20



Coag e

’ 'ﬁ?=5fzaqﬂYpical Calibrati°§ Beoultd . .4

B ‘ ‘.“—w Fig. 28 111ustrates a ‘qyp:Lcal 'l‘ransducer Falibral;ion f'urve. F-rom L 1
- i { o
fhe- experimental poiutb a bestl, i‘ib ting stralpht 1ine was. obtained—i‘ron T

o - . é T

which tm,- iollowing characteristics could be calculated-

W

benblt:.vihy in microvolts full scale L R ,r
- :

e : * thbration }lacto“ in microvolts per psi per volt excitation '
- — - - [

ianmum dgviation in_-per cen’c of j’ull scale

_ . _ _ Y

The temperature drlft, measured as a zero shift w:Lt.h changes of the ‘;

i e i gl S e

- anbient temperature betwsen 80° and 120° P, was measured; this drift de-
rends to a ceriain a#tent on the raté of cﬁange of the ambiént ;:_rtemperature
. and the'tests correspond to a rate of 3° to I;O F, per minuts. F,or tests
. _of short durauon, i.e., one or two minutes, . the zero-shift is consicier- :
ably smaller. .
¥ig. 29 1illustrates the standard arrangement of the transducer ter

iinals’ and the cor—rcsponding.ﬁiagram.

ple-no.u: ¥ is a typical tressure ﬁ'anscmcer lata Sheet.

.'-. ,alnbz'al.icn Curve, lata “heet and Clrcult iagram as shown in
tips. 28, 29 and Zppendix I were attached to each one of the five trans-
ducers submiited Lc ‘he ivocuring .gency.

“he following table summarizos their performance characieristics:

‘fransducer Ho, ik R 2 ¥ 3 r- h 5
Sensitivity ' : - S &
(microvelts full scale) il 1263 1155 | 1268 - | 1268 1202

(alibration Factor . : : L.
(nicrovclts per psi per voltj] L98.5 160.0 507.3 L99.9 | L83.2

Yaximum leviation + 2,370 1.731 630 .39k .250
{7 ©:11 scalz! ‘ - 1.818 866 915 1.261 750
'j,,lempemLure irift _ 7

{7 full-scale/%r) ° .082 .033 131 (112 036

WALC TH 59-115 21




“ind tunneI_L experiments indicated satisfactory- over-all operation but
mnngto the low airspeéds obtainable, the maximum pressﬁre range was only
'_ a_bout’l./lo the specifiéd range of the trans;cbmer and corsequen_tly the

= sensitivit;v was teoo low for quantitaﬁ.vé pressure distribution tests,
W'rl'herei‘o?fe, after eﬁaluation of the five pressure transducer_s by. the FPro= -
curing :’-‘xééﬁcjr under the full pressure range, it will be pos'siblerto de-
teimine whether or not further modifications need be introduced to the

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

WAIC TR 59-115 _ 22



SECTION 7

RECCMMENDA TIONS FOR FURTHER DEVELOFAEN T

Urigirnally, the application of pressure transducers for t;he study
of pressure disf.ﬁbﬁtion on parachute canopies was arranged into one study
concerned with an instrumen t f-orz |

a) Subsonic parachutes, and’

b) Supersonic parachutes.

The present transdicer is designed for use at subscnic 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 regrired. In partienlar 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'poh;
stant input voltage type of span compensation with a tomperature sensitive
resistor placed in series with each input lead.

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

excged the scope of the original task.
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AFPENDIX T
FRESSUIE TRAHSDUCKE DATA SHIES

serial Number: 5.

Sodel: b‘peﬂcial design for pressure measurements on parachute canopies
' ' (rroject No, 3, VAIC Contract No. AF 33(616)-3955) :

tressure Tange: + .5 psid

vlectrical Configuration: l-arm “heatstone Bridge
sach arm consists of an A-18, 120 ohms, Sk -4 strain gage element

Terminals: Inmt

TFig. 1) Gutput

P Y

1l &l Green & Red
2 & 3 rlack & White

Pxeitation: 5 volts NG, or A.C, I&5

Sensitivity:® /;' 202 uicrovolts full scale

talibralion vactor:™ 483.8 icrovolts per psi ver volt excitation

Iinearity:ss  ~axinmin deviation: + 250 < full scale
i ' - . 780 - full scale

Yero Shife with lempera ture s ._0-56 " full scale/CF
(“ewp, Jange: L0-1200F; _

% TJhe Sensitivity, Calibration Vactor and Linearity were calcurlatgé;}
from the experimental calibration curves (Fig. 2). 'o curves:
were plotted for each transducer and a mean value was caleulated.

‘he zero shift depends on the rate of change of the ambient
temperature. ‘The values .iven correspond to a rate of 3 to 4OF
rer minute. Jor tests of short duration i.e. one or two minutes
the zero shift is considerably smallier,

wiiC ik 59«115 .25
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THAT MAY IN ANY WAY BE RELATED THERETO.

NOTICE: WHEN GOVERNMENT OR OTHER DRAWING 3, S8PECIFICATIONS OR
OTHER DATA ARE USED FOR ANY PURPOSE OTHER "."{AN IN CONNECTION
WITH A DEFINITELY RELATED GOVERNMENT PROCLIMEMENT OFERATION,
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OR ANY OTHER PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR
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