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Introduction.

ThistechnicalnotewaspreparedfortheNationalAdvisory

committeeforAeronauticsas apart of thereporton theI~Irives-

tigationofDiaphragmsforAeronautic”Instruments,!!andthepur-

poseof thispaperis to showthatthechazactezisticperformance

of a sylphondiaphragmcanbe predictedfroma knowledgeof its

stiffnessandof itsdimensions,Theproofisbasedon a mathe- ‘
, maticalanalysisof thistypeof diaphragm,togetherwithenough

experimentaldatatoprovethe~-alidltyof theassuqtionsand.

thesufficiencyof theanalysis.Equatioilsaredevelopedforthe

performanceof sylphonsuiidervariousconditionsof loading,both

for mnoentratedloadsandforhydrostaticpressure,

TheZesultsof theinvestigationwill”beusefulin thedesign

of instrumentsor devicescontainingsylphons,since,by measur-

ingcertaindimensionsof thedia,phxagmandthedeflectionproduc-

edby a known
,

designerwill
.

cozlceiltratedlmd (todeterminethe stiffness)Jthe

be abletopredicttheactionof thesylphonunder



.theabove-mentionedtypesof loadingwithinthelimitsdefined
. .

below.
,.

Theload-deflectioncurveof a s~lphonis lineatovera con-

siderablerang’e,-.andoverthiszangetheerrorsdueto imperfect

elasticity(i.e.drift,hysteresis,andafter-effect)*”havebeen

fou~d’to be less thanoneper centof themximumdeflectionand

so canbe neglected,as faras theobject’of thispaperis con~

cerned,Thediscussionwhichfollows-islimited,therefore,to

therangeof loadi~gforwhichtheload-def~ectioncurveof the

sylphonisa straightlineanddoesnot includea consideration

of theeffectof drift,hysteresisaridafter-effect. “ “

Assumptions.

Thefollowingassuuptio~smillbe made:“

(a)Theload-deflectioncurveof thesylphonforconcentrated

loadsis linear.“(Thiscurvewillbe calledthecharacteristio”

cu.zveof thesylphon-,seeFig.z.)

(b)”Theerrorsdueto imperfectelasticity(drift,hystere-

sisandafter-effect)canbe neglected.

(c)Theexternalspacebetweentwosuccessivecorrugations’is

equalinvolumeto theinternalspacebetweentwosucces@.vecor-

rugationsfordeflectionswithinthelinearrange.
* Thesetermswillbe defi-nedas fellows:
Driftis thechangeof displacementunderconstantload.
HysteresisiS the excess of diq?lacement withloadsdecreasing,

oveztiledisplacementat thesamelead,w~thloadsincreasing.
&;er-effectis theresidualdisplacementat anytimeafterre-

movalof theload.
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(d)5hecross-seat~&MIA~eaof thesy~phbti

Ithasalreadybeenstatedthatas-%ionk

warrantedfromexperimentalevidence.Therange

remainsconstant.

(a)afid(b)are
overwhtchthey

holdgoodwillbe discussedlaterfoza particularsylphon.

Assumption(c]is justifiedby theexcellenta~eementbe-

tweenresultsobtainedexperimentallyandthoseobtainedanalyti-

callyby makinguseof thisassun@ion.Assumption(d)is sti=fi-
,

cientlyaccurateforthepresentpurpose.

A=

‘Q=
1-=

h=

v=

.

Notation

followingnotationwillbe

concentratedcentralload,

used:
w

differenceofpressurebetweeninsideandoutside
of sylphon.

internaldiameterof sylphon)

1
SeeFig.1.

external II !1 !r

deflectionofupperfaceunderload,measuredfrom
neutralpositionofupperf’aoe(i.e.underno load).

makimumcross-sectionperpqndicul~vto axis
.

( ~da
),i.e.A=-& ●

equivalentarea.

lengthof sylphon.

depthof onecorrugation.

volumeof thesylphon.
~averagevolumeof sylphonperunitlength= ~.
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SC=
Sd=
s“=

numberof oorrugation$”i

springstiffness= $

stiffnessof sylphonforconcentratedloads= $
11 ir n ~~distributedloads= $ ‘

stiffnessof combinedsylphonandspringwhen .
hydrostaticpressureis suppliedto thesylphon.

~= widthof gapbetween.springand sylphonbefore
beingcoupledtogether.

T-HEC)R33TICALDISCUSSION..,

Lawsof Deflection.

Considera sylphondiaphragmwithitstiisvertical,itsloK-

er surfaoefixed,andwithitsuppersu~faeeconsistingof a rigid

plate(seeFig.1). Whenconcentratedloadsareconsidered,it

will be assumedthatthey are applied vertically at thecenter

of therigidplate. Thediscussionwhichfollowsappliesonlyto

therangeof deflectionsforvvhiohtheload-deflectioncurveis .
.

line=-.
. Fromassumption(a)andthedefinitionof stiffnesstheve

follows:

(1)L = Scy

It willnowbe provedthata relation

(2)P = s~y

similarto {hatexpressedby equation(1)existsforloadsproduc-

edby hydrostaticpressure.

.



. -6+

{ Considerthesystemconsistingbf a sylphonwithan applied

outsidesir. Whilethesylphonisyieldingto theinfluenceof

thisload,theeffectiveforce,i,e., theforcetendingtodefW3~-

thesylphon,is (L- Sty). Hencedu~ingtheinfinitesimaldis-

tance dy theworkof deformationis (L- Sty)dy. Thetotal
4

?orkofdeformationor theincreaseJ.npotential.energyof the

systemwhenthedeflectionhasreacheda value yl.is

Now supposea hydrostaticpressureP appliedto thesylphon

tendingto nullifythedeflectionproducedby L. Thenif y is

thedeflectionOf the Sylphon measured fromits ori@nalpo’sition

underno load,we oanexpressP as a continuousandsir.tgle-

valuedfunctionof yl - y as follows.Denote yl - y by D.

(4) P = AXD + A=D2+................ AnDn

where A -A2,. ~> .● .....,.....● ,, An are constants,.,

, Supposethat P is takensufficientlygreatexactlyto nuili-

fy thedeflectionproduoedby L. Duringthecyolejustcomplet-

ed~nounconservativeforoeshavebeenintroduced,.ifwe neglect

thehysteresisandinternalfrictionin acardancewithassun@ion “

(b)andIgnorethe smalleffectdueto.viscosityof theair. Gon-
.

seWently,whenthedeflectionhasbeenreducsdto zeroby theapp-

licationof thepressureP, theworkthusdonecanbe equated

J

-,

●
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to * Scyiz, thepotentialenergywhi~hwasadded

‘.~henit deflectedundeztheizfluer.ceof theload

Therefore

.

to thesystem

L,

Substitutingfrom(4)thevalueof P

.

Thisequationmustholdforanyvalue of yx: hencethe:coef-

ficientsof ylz mustvanishidentically;i.e.

i

~andAa =&=...... An=O

.

.

Equation(4)nowbecomes

(4a) -f’= AID

orP= AZ(E - Y)

Sincewe areconsideringonlythelinearportionof thedefiec

tionw“rveof thesylphon,itmakesno differencewheretheinitia:

positionis taken:consequently(4a)maybe written

(4b) P = Aly

where y isnowmeasuredfromtheposition of the

of thesylphonbeforethepressu.~eP was.applied..
A theconstantAl by Sd,(4b)becomesidenticalwith

1uppersurface

Ifwe replace

(2)andthus
.
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,

.

provesthevalidityof thelatter.li’x~erimentalsoverifi.e~equa-

tion(2)(sseFig.3).

EquivalentArea.

Dividingequation(1)by equation(2)thereresults ,

.

1L ‘P~ (yconstant)

Nowtheratio So/Salhasthesamedimensionsas hasarea.

It is alsocleazthatthisratiofoza givensylphonisdependent

onlyon thegeometricalandphysicalcharacteristicsof thesyl-

phon. Consequently itmaybe consideredas a certainproportion ‘

of themaximumcross-sectionalarea ~ of thesylphouandwillbe

calledtheequive.1.entarea of thesylphon.Thephy”~icalsignifi-

canceof’theequivalentareamaybe seen~iost clearlyperhapsby

consideringthata

sameaeflec.tionof

tralload L, and

of this L to the

givenhydrostaticpressureP ~roducesthe”

thesyiphonas doesa certain ‘concentratedcen~

t“nat%h.eequivalentareais definedas t-heratio

given”P. Itsusefulnessconsistsin thefacts
thatit isa constantfora givensylphonandthatit eublesone

topredicttheperformanceof thesylphonunderanyspecifiedcon-

ditions,oncethedeflectionforoneconcentratedloadis known.

Thevalueof theratio~d or Aq,willrowbe derivedin terms

of knownconstantsanddimensionsof thesylphon.

Returningto equation(5)we have



) “P=q
(5) Pdv‘

P=o-

.

;

.

.

,

.

and

or

w =
P=

.

f

Y=Y~
. . . sdvydy=; s~y:

dy=o

whence

(8)$ =Aq=v

Now v maybe computedfromtheassumptiont-hatthesylphdn

ismadeup of successivecylinderseachofheight h andalter-

natelyof diameterdl,and~.

If thereare

v ;~=
1

or ‘ ,.,
(9) Aq=~

E~erimental

Forpurposes

2n corrugationsthen

finh(dZz+ %2 )
2nll = ~ (dl’+ d22)

(d.’+ d=’)

verificationof thisresultrillbe given

of comparisonit willoftenbe convenient

presstheequivalentareaas a percentage

later.

to ex-

of %hemaximumarea.

.

dlz(10a)or 3.00~ + d22
= lCO ~7r— per cent..

.J

* Seeassumption(c). - ‘

-—
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.Perforiianceof SylphonUnderanyCombinationGf Loads.

Fromequations(1),(2),(7),and ($3). . .

(11) L f AqP=Sc (Yl2Y2)

where YI Is thedeflectionproducedby L

and “Y2 is thedeflectionproducsdby P

Equation(11)containstwoconstants,Aq andSc, whichde-

pendonlyuponthecharacteristicsof thesylphon.Aq canbe

oomputedfrompurelygeometricalconsiderations‘outSo mqstbe&
determinedby experiment.Froma singledeflectionwith& concen-

tratedloadit ispossibleto obtain Sc, providedcareistaken

thattherangeof loadingforwhiohtheload-deflectioncurveis

linearisnotexceeded.It isalsopossibleto determineAq
froma secondexperimentwithdistributedload,butit isusually

preferableto computethe“value of thisconstantfromequation(9).

Performanceof SylphonandSPringin Combination.

. Supposethata sylphonis distendedby a springeitherinter-

nalor external(seeFig.4), The.performanceof thespringmaybe.
expressedby

“ (12) L = Ssy

Assumethat,withthe’springandsylphonnountedbutnot

ooupledtogether,tinereexistsa gap g betweenthecouplings.

If thetwoarenowcoupledtogether,g is reducedto zeroandtinr

top’of’thesylphonis

fromtheknownvalues
,

*

deflectedan amount yl.. yl canbe

of g, SC,andS~ and,consequently,

comput5L

there-
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aCtiOaof thespzlngandthesylphonuponeachother

computed,as willbe shown.

arid

h = E@z=S=(g-yl) .

L s~g
“Y== Sc+-s=

(13)

.

Nowleta pressureP be appliedexternally(orsuctioni~

temally). Equatingtheforceexertedby thespringto theelastic
.

resistanceof thesyiphonandtheload,thereresults

Ll+s*y=L1-scy-t4P

where y ismeasuredfromtheneutralpositionof thecouplings

whenthesylphonandspringarecoupledtogether.
●

Then(15)AqP= (SO+ SS) Y

or

(15a)P ‘(sd+~)y

Thequantityinparenthesesis thestiffnessof theco~bina-

tionof springandsylphonand (15a) naybe written

(u5b) P = Sy
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E:meriaer.talVerification ofFormulaforEquivalentA~ea.

Foursylphonsweretestedin orderthatexperinente.1~onfiz-
,

mationof theprecedingar&lysismight,beobtained.Theconstruc-

tioncharacteristicsof theseSylphonsaregivenin thefollo~ing

table:

.Table1.

. No.1 No.2 No.3 No.4

InternalDiameter cm. 9.5 4.1# 9.5
ExternalDiameter cm. ::; 11.9 6.13“ 11,6
ThicknessofMaterial cm. 0.011 0.0250.025 0.025
Numberof Corrugations 11 10 12 21
Material(Brass)

Fig.2 sho~s

Thevalueof Sc

(1) Se=;

Fig,3 shows

thecharacteristiccurvesforthesesylphons.

oanbe obtainedfromthesecurves,sinoefrom

performancecurvesforSylpkonNo.2 determined

experimentally.Extensionandloadstendingtoproduceextension.
of thesylphonareconsideredpositive.Thecurvesarelinearv
overtherangeshowninFig.3. It wasfoundthat,whena load

producinga deflectionof -0.35cm,wasapplied,thecurvewasno

longerlinear.Thepointsinwhichthelines L = const.outthe

axisof deflectionsis obtainedfromthe dnaracte~isticcurveof.
thesylphon,Thepoints

pressuremaybe computed

“q -%=0, when
.

*

in whichtheselinescuttheaxisof

fromWuation(11)by putting

LP=—,Aq.

. .



,

, -12-

or,ifprefsrred,thelinesmaybe drawnthroughtheproper

pointson theaxieof deflectionswiththerequiredslope.This

slopeis easily’provento be %d fromequation(11). Theslope

appearstobe negativeinFig.3,butit shouldbe remembered

that

tion,
+0.4

4

thepTessuresshownherearenegative.

Fig.3 showsthatSylphonNo.2 willgivelineazload-deflec-

curvesfroma deflectionof about-0.2cm.to at least

cm. Thepositivslimitof lineardeflectionsmqybe much

higherthan+0.4cm.,butthetestswerenotcarriedto thelimit.

Froma considerationof thewayin whichthefamilyof

curvesin Fig.3 wasconstructed,it is clearthateachinter~ec-

tioriof a.line L = const.withtheaxisofpressuresoanbe used

to determine

therelation

thevalueof Aq.

Thiswillbe
.

~ as determined

%=

Consideringsuoha pointwe have

-.

utilizedtoprovidea checkon thevaluesof

analytically.
.
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Table2.

EquivalentAreasof Sylpiion.

SylphonNo.1.

4.32 91*Q 28.3 , 21*1
2.14 45.0 . 21.0. 1.07 23.0 21.5
0.42 9,0 21.4

d A.. . . . . . . . . . . . ., ..21.25 73.4 75.2

Thedifferencebetweenexperimentaland oomputedvaluesis 2.4$$,

Sy3phon?S0.’2“ .

15.75
10*40

::%
1.55
1.00
0.45

Av. , . . ●

1361.0
908.0
453.0
227.0
136.0
91.0
45.0

● ✎✌✎✎✌

Thedifferenceis 1.3$,

.

64.5 1361.0
% & o 908.0

21.5 453*()
10.7 227.0
Av.. . .“., . ● ● . ;

111.3 86.4
87.3
90.6 .
85.7
8?.8
91.0
100.0

● .*.. ● 89.83

SylphonNo.3.

29.55 21.1
20;6
21.1
21.2!

.*,*. . 21.00
Thedifferenceis 1.7$.

SylphonNo.4.
26.0 ~270.O
20.8 1814.0
15.3
10.2

1361.0
907.0‘

5.0 453.0
A.. . . . . . . . . .

105.7 87.3
87.2
89.0
88.8
90.6

● .*.*. 88.58

. Thedifferenceis0.5$

81*7 80.7

72.4 71.2

83.4 83.8 ‘

●
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Theagreementbetween

of Aq indicatssthatthe

independentof theelastic

-i4-

theexperimentalaridcalculatedvalue;

equivalentareafdranysylphonis

propertiesof

. .

.,

.. . .

,.. . .

thesyiphonandmaybe.

{9)

,..

,.
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