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,"i(j H, ::;, DAllSO:-; cL al.: Dc\'['I{J[ll1lcnL~ in the ~\ecllmte )IenRllrcmellt of High PI'CSSllres Metroiogin 

of' lIH'tho<1s 1,,\' ",iti"it II", <!('PI'IHh'IH'(' of (,Ili'etiH' 111'(':1 upon 
I'rh;illrc' IIla\' I", c1.' I' ·1'1l111",rl willi ,'(JII.,iti, ·,':ti>1,· ""( 'llr:,,'\", Till' 
1'1'(''''111 1'111';'1' dl'"b ii, d"laii \l'illl 1\\0 illri"!I('IHIt'1l1 IIH:lho<ls, 
i('rlllt'd '111' ""illlil"1'ill " "lid "110,," Illt'tli.,ds, nT('nll\' <11' \ '( " 

]()I,,'d.1i i Ilf' :\l1li.,I1:11 'I'liysi,'al La iJOI''' I 01',1' for thi~ ]>1I1'1;OS(' , 
S",'('ral ('al'l,\' ilt ll'lllpls to lll('aSUl'e the!;\' e1ist ort ion ('Ireds 

h,\' 1 he 1: ,';(' 0[" hi,~.dl jl/'('~,';l1 1'\J 1I1(;rCl1r,)' lllanOlll('Il'l'S of \"ariouR 
forms It-rl to \','1'\' illl'OnsistonL cOllc,ll1;;io",; as t.o the order of 
llla~JllI lId(; of I Ill: dTI'C'lS to he expt'CI"<! (HOLllOHN &, SeJi ULZI~ 
1!)1.-,: ('n IJ.II;1IJ-:L1:-'- ,\:. K.\tfD 101;;; ](I-:\,I-:S &, DJ';WEY '1927; 
,\II:\,EH~ ,.:; ,J ESSl"I' 1f131; TI 1';ATTl I,; &, EnEL 103'1), :\hCllEt.S 
II!):!:!. I!):!l, In:l:! ) lIas rii';('l1ss('r1 applil':\tioll~ LO the r1iO'I'l'('lltin.1 
1,1'1'(' ()I'l'i "loII " ',\'lillri,'l' ,,~s('IlII.I,\', Tit,' IJlOSt, n'l'('llt" alld h,v far 
1 I.,' Il il hi. "()lIll't'I·III·II>ii\'(', illv('sl iglli inll of t itiH I<illd i~ t hal, of 
~ 1:1\ 1'1'')' 11I1I1 ItiM l'Ollf'It;,(IIl·H. lIHillg 'L \1,111 PI"'HH lIl'iH('d r1itrf'I" '))l inl 
11II'),('I))'Y 111"1111111"\('1' illMial l(,d nt (.11(' 1111 pl'ri;\1 Colll'gn of ::ki(,lIcc 
alld 'i'('('itJ1nlo;jY ( 1lJ.:TT, j·IAYI';S &. l\I.;ll'l'l'T 1U.,)4: BET'l' & 
:\ 1':\\'IT'l' \ Uti3) , Tite measurcments, covering n. rn.ngc up to 
700 har~'*, wcre difficult, and the resulting distortion fn.ctors 
fOf six pressure bah.ncc asscmblies of similar design vn.ricd 
among I hell1sclves b~' much morc t han would be expected 
from their construction, It secms th:1t morc extcllsi ve data 
will bl' nC'cC'ssar,v I)('for(' a final aRscssment of the high prCSiHlrc 
Illcn;lIry eollllllJl (':tn be m:lde, l-tOJWUCK &. CIU~[ (1!):n) a.nd 
HOEHUGK &. TllSlm (1!)'),~) IHwc dca,lt with" recont develop. 
1l11'J1t of the Illllitiplc·colllilm tYIW of Il1C'l'Clll',Y nmnolllet,er 
cOI'prilig til(' l'illlgl' IIp to about 200 bn,fR, 

The (Iistort ion crrors of the "eontrolled·clcn.rn.nce" typo 
of pl'l'SHllre balnn('o nsed at, t,he Xationnl BllI'eau of ::-ilalldarcis. 
\\'nsitin~lon. h(lv,~ hO('11 consicllJro(l hy JOlll'SON &, -'\I'; WllALL 
(1!l.':3) and h,Y ,1'1I1 :-'-",):-'-, CltOS";, Jlll.l:& B(I\\'~IA;\ (H);;7): bl'C' 
also 13I';~;\Jo:'I"1' <'\: \'on,\!, '\\)0:3), It is itol'c'd that, thc I'csults of 
diJ'l'd, t:oJ1lp:trisoJ18 betwcen (,he mcthod~ of calihration dr\'c· 
loped ;,t the i\'B:::i and tho Nl'L mn.y 1.>e avn.il,\hk in the Ileal' 
future , ,\ccollnts of the distort,ion errors of various dl'si,!:(n of 
pist()J\.cylin<lcl' assemblies from the point of vic\\' of clastic 
thco!'y have also been published by ZllOKO\'SKH (1I)GO) . 
l')A;lI01LO\' (10GO), EHI1lCl' (1!)a5, 1!)4!), 19,)1) and ~A 
1 O(\:~. 1 !J(4) , 'J'he~o aULhors, ho\\'ever. givo primary attention 

to the l'til:\ lishlllcnt of the c1isLortion factors bv ca.lculation 
rathnr than by cxperiment, The present pap;)r, 'on the ol,hcr 
hand, deseribcs direct cxpcrimental mct,hods which arc inde· 
pcncit-nt of other prcssnro strmdards, n.nd practically indepen
dent of detailed ehstic thcory, to which appeal is made only 
in the Cl\leulation of small correction terms, 

2. Formal Theorctical Basis 

CL) General 
As n. basis for discussion of the methods described 

in thi::; p,'lper it i~ uscful to develop a numher of forma I 
expressions for the changes of effective area of a 
piston-cylinder assembly consequent on the distortion 
clue to the applied pressure, Initially, these formulae 
will not involve any assumption as to the form of 
distortion; later, however, the results of introducing 
c:crtain siniplifying assumptions will be examincd, 
Unle~s otherwise statcd, it is assumcd only that thc 
piston and cylinder are initially straight and coaxial, 
thr,t there is circular symmetry in all planes perpen
dicular to the axis, and that the pressul'e transmitting 
fluid in the interspace flows in accordance with the 
normal laws of viscosity, 

The essential features of the system are shown 
dia~ralllmatien,lly in Fig, 1. The upward force due to 
the fluid prcssure P applied t.o the ba.se of the piston, 
corrccted for thc forces due to thc prcssure a.nd 
J11.m'eJl1(mt. of t he flnirl in t.he gap between the piilj-.on 
nnd cylinder, j" baliLIl(;('(l by the Lot::d downwilrd forcc 
dll(, to til() load, 11', We denotc by ~. and R t.he radii 
of tIl!' llndist.Ol'Lc!l piston and cylinder rcspect.ively, 
'It(.r) a,nll U (,I;) t.he increascs in these ra.dii fo1' i1 total 
applieci pres"lIl'e P, p{x) t.hc prcssnre in thc intcrspl1Ce, 
<tnd 2 It(,c) the mdii'll scparation, at thc axial distance 

'* 1 ba.r - 106 dynJcm2 ~ 105NJm2 • 

,I: ll1('nstlred from the lowcr cnd of the pist,()l1, I t Il(' 
lo!:d Jr.llgl',h of cl1ga,gement" .Ill' t.lln dfer:t.i\'<' arc" of' 
the s,Yskm c1t thc "pplie(l prcHSllre P, and writ!, 
H - I' = 211, where a,ll of 11, fl. , 'IL and {' ill'(' \'('1',1' 

sl11<tll compared with /', P and pare alwaYH to be inLer
pretcd as the amount by which the actual pressurc in 
the system cxceeds thc ambicnt prcssure - nOl'l1Ullly 
i1tmospheric - to which thc balance is cxposed, and 
t,he effective area as a factor of dimensiolls L2 which. 
when multiplied int,o the total npplied pressnre, give:; 
tho t,ot",l downwal'cl forco pl'Ovirl{'(l 1y t,he lond whillit 

x=l 

x-a 

Axis 
Fig. 1. DiagrtlllllHatic sketch of pi:..:ton-cylinucf asscmhlr (clearance shown 
greatly ('xaggcratcd). - - Undi~tf\ l'lt!t1 hOllnd nriC'~ of }1bt.! .n and e;vlillllt'r, 

- - - Dist(}r~ct! boundaries of JJi~~()n nnd ('~tlindrr 

is rcquired t.o maint.ain tIl\) piston in cquilibl'ium, For 
small a.pplicd prcssures whcn distortion is negligible, 
we have from elcmentf1ry considerations, 

(2,1) 

neglecting second and higher-order terms in 2 HII', 
where Ao is the effeetivc area. at zcro pressure , 

To obtain t.he more general formulae whcn dis
tortion is prcscnt we notc that the fluid forces acting 
on the piston have the following com,ponents: 

a) upward force duc to applied pressure on bf1sC of 
piston 

Pn),2 [1 + 2 u(O)/r] ; 

b) upward force due to fluid friction on flanks of 

piston I ( d) 
2nr S -hd~ dx , 

o 
I 

= 2 nr S [-- d(1
Jh

) + .E. (~- dU)] dx 
dx 2 dx d,l; 

o 
0) upward force due to vertical component of ap

plied pressure on flanks of piston 
I 

~ nr J p ~,~ 'd,c 
o 

Tlms thc total upward force acting on the pist,on is 
I 

Pnr2 [1 + 21L{O)fr] + 2 nr J [- c.!l:'fl- + 
o 

+ ~ (~ + ~:)] dx • 
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