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A High-Pressure Wire Gage Using 
Gold-Chrome Wire 

By H. E. DARLINGl AND D. H . NEWHALL' 

PrecisiO'l\ experiments with man!anin wire fOT the 
JlUNMW'ement of high prellStJ.reS are made difficult by virtue 
of the temperature-reaiatanee response of the manpnin. 
The equllibriwn time required for this IDaterial to steady 
out aft~ rapid pre88UTe changes mAkes manganin gen
erally unctt.ited for mael in industrial-control applications. 
For tbi. rea.OD, • atudy _s made of the pressure and 
t •• perature response characteristics of severa) new ma
terials. An aUoy of 2.1 per cent chromium in gold wu 
feund to have much less ensitivity to temperature, 
,....,.ing from +1 to -1 ppm per deg F over the range of 
JO F to 200 F, while manganin -..aries from +5 to -40 
ppm in thi. YOle interval. Thi8 alloy also has a .trong 
pl'tiSure coefficient. Typical valoes are 0.67 to 0.72 X 
10-' ohmjbh)o/psi (or gold chrome as compared to 1.69 
to 1.12 X 10-7 ohm/ohm/psi for the mangarun tested. 
AlthoUCh the p ure"Sensitivity is only 33 per cent that of 
man,arun, the smaUer temperature" sensitivity of the gold 
chrome re ult in ,ood discrimination between tempera
ture and preuure changes. Gold chrome responds rapidly 
to pre ure changes, quickly conlin, to equiHbrium, and 
doe. not sho", the annoying drift so characteristic of 
man,.run. It is pnerally pJ'e.~ ure sea.oned ~ ith a aingle 
application of pre •• ure, .s compared to sevel'aJ cyclea 
\l uaIl" required for man«anin. Its long-term stability 
compares favorably with man«auin. 

lNTRODUcnOH 

I N the laboratory investigation of high-pre&.~ur(' phenome.ns.. 
the uee of a coil of Ulanganjn wire whose reI'i~t nce ehangf>!l 
linearly with expoeure to fluid pressure, has been adopted, 

univE'l'8AlIy &I a preesuTe-lICnmng devic(', &I! 8. TI'Ilult of the pioneer
in! work oC Dr. BridgmM. I 

Manganin ill e!lpCCi8.lIy .citable for the measul't'ments of pTf'8-

pure from 50,000 psi up to value'S that ATe limi d OIlJ~' by the 
almot.ure used. Its retriatance change:! in the ordOl' of 1.7 ohms per 
100 ohms of wiro per 100,000 psi, a vlf,]ue v.hich makes accurate 
",sstan measurements quite 8implo. 

It is well known that manganin changes ita rel!istanc~ s1ishtly 
with temperature, and this resistn.nce ch&Jlg(' is small only over & 

fairly narrow ternp<'rsture range. If the tl'mpersture of the fluid 
departs very much from room tempE'f'ature, lUI appreciable change 
in coil reDstance re8ults. and thia ClUlJlot be d.i8tinguWlcd from Il 
pnlIl8UJ'6~. When prooicion moallUl'E'ments are &ttempt.ed on 
fluidll whOle pre8B9re hM undergone rapid change, a fairly long 
period of time is \lII1l&lly required for the mangAnin coil to corne to 
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equilibrium. This it! dut' in part, at I{'~t, to \.he temperature 
change produced in the liquid by the pre98ure change. 
Altbough the toquilibrium time is a nuill8Jlce in laboratory mOO6Ure
menlM, it can be toll'rated, but this is not the ca.se where high
pressure sensing device'S an' required for control of cont.inuOW! 
indUBtrial prOCC8leb 

A grf>.Ilt. dt'al of work hlU! btll'n dout: in (J(>rmany on the de
velopment of alloys of gold, silvl.'r, and copper, for too purpose 0{ 

dl'veloping rt'Sistance v. il'f' that 1.11t' \)(·t ter tcmperature-resi!ltance 
propertie than ma~anin.· Of t~!I(', alloys containing 2 to • 
pI'r ('cot chromium ill guld havl' t<hown the m08t pro~. The 
renllukabIe terupemlure pro~rtle of th~re alloys havo bfoeu in
vestigt\tN at length by the BUnl&u of Standws with tho objee
tive of llhin& gold chrome w; a primary standard of resistanco.' • 
~fau'riall'imilar t.o t.hnt supplil'd to the Bureau of Standards wae 
obt&inC'd (rom Sigmund Cobn ADd tctrtRd at Foxboro. An ex
Cl'lIcnt 3greeuwnt hetwt'en our I8mples and thOll6 reported by the 
Bure~lI hall been a. gratifying check ou the I\CCUCB.('y of our mea&
ureml.'nt IRehruqUI·. Their probablt! 5('.lll'itivity t.o preesure alt.o 
wnll prfIdJclRd b.\' the Gl'nntlllll. Experiment. has shown that 
gold chromo iflsuitablc Cor measur~Olpnt of l'ugb prl'l!Sure to "ahlel 
of the ¥aIne order as mlUlglllliu. 

Gold-cnromium wire has prOJX'rti f>tI whil'b make it particularly 
Ruitablr for a pn'88un-lICrlliiog elt'ment for ilJdu.etrial purpo..'<Cs. 
It rt'.sponds rp.pidl) to prossure ch&llgel:, it hns a high dE'gree of 
discriminlltioll between tmnpt>ra.turu and pre&;ure effectd, it has 
a<lequate pr MUr~Tf·si!ltance Sl'nsitivity, and material with II high 
drgt'tlft of uniformity is available. 

T-EldPERATu'ltE VXRf< US RESIST\NCE PROPERTIEs-ExPERI

MENTAL PROCli:l)URE 

.'f anganin Samples t~) be t.('8tRd \Vpre ('it.hl'r loosely wound on 
a ccranllC bohbin of smaIl size to rlidlitAtt- handling, or were IIClf
~upporlJng coil:! ItS ID thf' csse of prcs.;ure-seTl!ling units. Thl' coile 
t bus ""ouod containrd lockl'd-in ml,<,hanical strains which of 
l1ecf>6Sity had to be removrd hef()rc thp ('oils bl'C'l.ml' stable. For 
mnnganin coils, this 8tabili!in~ prOCt'M W&l; 8.I't·omplished by the 
Uile of t.he Bridgman cycle. This COnsUlted of ex~ng the com
plC'tl'd cqils to temperatures of - '100 F jl)r a p!'riod of at lea3t 2 
hr. lOud then pladng tbem in an OVf>n "t a tempera ture of +250 F 
for a (Wrio<l of Ilt I ,lISt 8 hr. Tlu~ cycle "1\8 re('ommended by Dr. 
Bridgman to produC'C the greate t .lability ill Ul&nf!;anin win>. and 
froquently it lI'M found that lIevI' ral ~uC'b cycle. were necessary 
before complt'te .Ulhility WI\Ij attained . Coils were wound 1I0n

Inducti'lely, Ilincp lUI meaaurerncntll wt're made at 1000 cycles, in 
ordt'I to avoid contal't~potential difficultiClO. 

Mea.!mreIl\('nts of the reaistAnc(' of thl' COIls we.rc made by an 
automa1ic twtrfunction recorder dt:\'elo~ at Foxboro for this 
pur~. The l't'Cordinf( chArt was positioned according to the 
WmpN&ture of an uil bath in wLicb tbe sample W&8 placed, and 
the recordiOg ~n movl'd acroes the chart in ret!poll8P to retliBtance 
changes, The w-mperalure f'('nsitivity of this instru!Il!'nt h&d a. 

• ~W~lu;tefI'e flir Wideratand.maoometer und Wlderet&ndsther
momeUl." by Alfred Schull6, Ch.emiMr-Z.;tung, vol. 111, July, 1943, 
p.228 . 
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reproducibilit.y of lit degJi', whilt' UW rf'8ista,u:e meaaureffit\l1t 
W9 arturately n:pt>atabJ.Eo to 10 J)pm change. Samplr8 ~tlJ't' 
placed in 8 wt'll-stirred oil bath, Ilnd the tcmp<'mture of the hath 
slowly rnlsud thro~h the tf-mperature int.t'rval dE'llired. When 
~be tempera.ture cycle Will! completed, a coutilluou~ record of ~ 
I!UstJ\nee ebAngel! was obtainPrl . From such recorJs, thE' !W('oro· 
panying curves were pJotW. Thu.~ t<{'\"\>ralspools of IIlIlnt;Allio 
..... ere found which Iuld I'x<.'eptiolllt.lly good tomp(>mtuN' r hl1"'" 
teristil:S tor the oonst.ruction of pn'SSure N'liJ~. 

GlJld Chromium. Sample!! were prepOJ.re<l hy eitlwr winding the 
\\ite on ceramio hobbins 01' were fornwd into self--l!llpporting 
coils, as in thP case of the manganilt tlurnpit's . J l WIlS fouud t.hat 
the gold-chrome wire wa.'! quit<, :<E>n .. itivp to mp(' hilnicni bll ndJing 
or <,old-working, T~ I()('ked-ln 1I1rR.inl! dbappear with !"xte n
eive baking at 300 F. Subjecting the wi l'p to temperatures of 
- 100 }.' WII.Il foulld to hAve litt.!t' ef}'ert on i~ u'mp!'raturE' proj)(''' 
til'll, eo the Bridgma.n ~ycle, lU' u!!ed in tht' preparation of ma~lI.

nUi coil!!, ~lUl aba.ndout>d In favor of ('xlen&iYe baking II.t 300 F . 
Csre tnlli't bl" taken not to t'XJX'!I<' the wiTf' to t{'mp&rature~ greater 
than 350 F, as the mawl'ill.I "'ill be mltny times mort' !OI"nHitive t{) 
tetnpt'ralure chang!'! after 8u('h a iJ't'atment. 

-The gold-chrom~ wire am(l.lgamat~M rel\dily with 8oldt'r, so ran: 
m1,lst be e.'tercilled when th!' soldering t" c hniqul' is user! . Spot.
weMlng is reoomm .. nded. 

Ezpnimental R~,fuL/,8. Tb .. t .. rnrl(>ratu n"resi~ t.'\nc!" proper! ie~ 
0{ a. typical sample of gold chronIC an' .hown in Fig, J. Thi~ 
illustl-Iltes th!" effect upon the tempt'rntul't· pl'opfl rtit'1! by extensive 
b3ltmg at 300 F. A U'mpt'ratur!' coefficienL of from - I to + 1 
ppm per de-g F c.&n bE' obtailled n>sdily ovor a tempemture ra ng!' 
of 80 aeg F. The AamplP ~hown I'ontsilwd 2.1 per (,pnl ('hromium 
in gold and wa. in a dt'ltd-l'Oft ullIle81,·d (,ondition.This appear~ 
to be the comuination that btl~ t.h .. It':lst 8I"l1l!itivit.v 1.0 temlJera
ture. 

A comparison of t1lC' tem1X'ralurE'-n'ai~taI\N" prop(' rtit'!O of gold .. 
chrome, manganin, and Ad,'n o('!" wir!' an> IIhown In Fig. 2, all 
I~ing p lott...-d to the same f'<' tl l!". Tht' advantngffi of tht' USf' of 
cold chrome over mangnnin Iln' at oncl' evid,·nt . Advance, "'m('b 
also has all exnellent temppJ·:\tlll~ properly, un[Ol'tullUtt>J)' ha.~ a 
very s nail pressure coefficient. 

'{he properti!'ll of alloys containing difTerpllt J)('n~ .. ntagel of 
chroITte in gold are shown in Fig. 3, from which it is evident that 
almoet any cOf'fficil'nt, p<lf!itivc, negal iVt', Or ru·i1.l'ly zt'ro, C3.n he 
obt.9,ined hy 8uitable choicp of.aUoy C'OInpO:!ilion ant.! h('at~trt"at
ment. H ard-drawn wirt'i or all /lno~ proportion" do not n'Mpond 
to baking pr()('edurll8, bllt Illwtl,Yij hay!" a. larg!" ~mpprnture "0-

efficient. For this rll&!\On, half-hard or dN.Ld-slJfl wirE' j" Te('om
nwnded for prerision resistors and prp/IiIlul'f' coils. Iblf-h:ml \\'in' 
wiII have a 2 to 4 per cent eIOn&alion. \\ hill" 110ft wi,..' will baY(' I.'; 
to 16 J?Cr rent. elongation on a ruptUrE' te~t. 

PRESS ORE MIS.u>UltEMEl'i"r>; 

Ex~rimtnJ.al Prou.duTf . The m ll teml UM'd ill thf' constru c
tion of maJlganiu coils "'lUI ~leI'h-'tl 011 the ham of uniformitl' of 
resiat~'e, and minimum . temI,,-'ratuN'-l'l'8iNtan('l' proJll"l't .. i~ 
T he roangauin wirE' was of ~ o. 38 gagp, tl nllblf'-bilk and oou!>I!'
silk plWl Dylotl~ur8id insulation . Coils \\'o'/,(' wound lIonultiul'
tirely, UBing a small pi,'c,c of ~jJ~ht't t.i as a "lurting form. and wpn' 
interleaved for aeveml lll}'PI's. Th('n the ('o il was h18}wrJ 1W(-'Uf('ly 
with st.rong thread, forming II fi rlll, ~lf-~upporting unit , wtllrh 
could be handled readily for O1f>untiug ill pre~~ute cella, Although 
the finisheod coil"I\PP"AI'8 Lulky, its CroHS 8I'<'tion is mO!lUy porous 
insulating materiAl. allowing pre8Sure fluidl' readilr to penl"trutJ> 
t he structure. Wh~e a tlmnlJer phy",icnl l'i7.e was required, tb!" 
nylon braid WllS omitted., and the ('oils were wound all befort' with 

. t hin paper between IaYeni to minilnizf5 the IJOIl~jbilil:-' 0{ shurlil< 
Coils were usually of 60 or 12Q-ohm rl'~iJltall('t' . 
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;\ !angaoin \'Oils were fir1!t swhilized by the use of the Bridgmau 
cyele, and then I'xpoot'd t.o S('Vf'r~1 applications of pres8UI'(-' to a 
valuE' gTf'llwr than that fol' which tip), ~' er(-' w hI' u!>l'd . 

The gold-eh.roroe win' wile of :\0. 36 gag(" tint.! wa~ slX'ciall) 
covered with !l quadrupl .. layer of II) lon , roils uh o were wound 
lloninductivel~ .. ~t.!l.rting wiLh a Rpll.ghetti ('ore, a.utl utliqg a douhle 
laYl"f or onioll~kin pnJ}f'r Iwtwl't'n la~'PJ'!l to minimizf' th!" poqi
bili!)' of shor ts and 10 makt' a fin(ll' r I'oil. Ladng of tht' coil with 
thretW, atl befort' , milk,·!> a firm stru l' \ur .. , 
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Tb4" gold-chrome ('oile art' mbillz"d hy baking a.t 300 F for at 
Ir!tsL 36 hr. PJ'eIlI!ure-seMOning was Il('c"mplished by a :'lingle ap
plieatioo of PJ'{'/lIruTt'. 

F·jni.'lh<.....t maugnltin and gohl-ebrnnll' ('oil" are Hhown in Fig. 
4. 

PrtUUTf Eq"ipmffl,/,. lnitiI11I're!!sur'e nwaqurement ~ were made 
with the c~oJ)(>r8tion of Ih ... hij(h-pl't'~ure l&horatory of the 

WatRrtown Arsenal, where pre!lll1U'(~ up to 150,000 pbi wert" a.vaila
hIt'. M"iU!uremenUi Wf're referred to the ID.Ilnganin-l'oiJ iitand
ardR as clllibratl'd in Dr. BridgmAn's Ia.boratory, 

Later me8.8urmnentJ! were mad(' in thll Foxboro high-pressure 
laborat(\r~' with equipment desigtlP.d and built by D . H. Newhall. 
A t.ypi('o.l prf!Ssure-ce1J assembly iij "hown ill Fig. 5. 

Our present high-pre!l8ure IlIhorator.V was dl'l'igned and built Iry 
the IIl1l'wood Engillf'er;ng Company, A view of tM lahoratory 

Fro. (\ \' IIi:W " If 10 H-J'''Il""t· no. L''''OJI.\ TOR Y 
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i~ aLl,"'n in Fig. 6. The 10\\ -pre8~ure pump, iIlt<'1lJ'ifier, (,ont.rols, 
Ilnd prr'~"u,.e cell am plainly visible in this vipw. 

In udditioQ to the high-pre6SUre equipnH'nt, a dead-weight as
sl'mhl.v was con~tructed for 1llf'!lI>urement of pressures up to 
:W,OOO ])t<i , Fip:. 7. Preosure coils WPrC clI.liLrl1tcd with reft'rt-nCt! 
to thl~ dpad-weight assembly, Pond p..·riodic chocks Wf>/'" made with 
thf' Wat('rto""Tll!tll.ndard Il.nd Dr. 13ndgm .. n'~ lahoratory. 

All meMurement.s were made with specially a.dapted Foxhoro 
iustruments or with specially dl'signcd IIltcroating-current bridges. 
Accuracil's of measureml'.nt were in most cases better than 0.1 
ptlf cent. 

Experimental RtUrult8. All mcasuremt'.llts on gold chrome wl're 
compared to ItUUlganin stunda.ds. Fig. 8 shows the pressur<--re
llistance cha.raeteristics of two typical gold-chrome samples. Tile 
two I18.mples had received a. different dcgrlJe of annealing after the 
drawing proeess, and had been baked a.fter being formed into a 
coil as described previously. 
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The prell8U,re c.oefficientR of 0.716 and 0,673 X 10-7 ohm/ohm/ 
psi arc typical of several ~ll.Jllplps u>.ted. A remar'knhle cipgree of 
linearity of resi~lallce cbaU/l:t' versus pref;sure ~a8 not!'t! and, ev('n 
more irnporiallt, the cOlllph'!,· ail!!('lIce of drift, ,,,' 1l1lllOyilllr wit It 
mallgnnin. LiIH'arity "'>IS good to lef,~ thaLl 0 .25 pf'r (·(mt.. 

The gold-chrome alloy was found to (,)l1ow rapid thl\ngc.o of 
pressufP, coming to C'quilioriuru within a Second or ~n. :-10 hy~
tereais during pn'MBulo-eyrling was observoo. "hen f'in;t ex
posed to prCiisure, the gl)ld-chrome ('oils showed an initial zero 

shift, bu t in all ('!\."t's thi!3 WIl8 well under 1 PCI' ct'nt of the initial 
"alue. Furthermore, all measurable zero shift OCCtU'red in the 
first pressure oyclP , as ('ompared with manganin, which ofkn re
quired !leveral cycles beforto repeatable results would hI' obtained. 

Fig. 9 shows thr teInp<'raturc-resistanee properties of a 2_1 per 
cent gold-chrome coil which had been pres!lurizeu to greater than 
100,000 psi several times. It is intcreating to nole that one of the 
effects of exposure to presslIre-cycling is to perform the aame t.\"PC 
of stabilization to tempernture as accomplished by extende-d bak
ing of the new coil. 

For purposes of comparison, Fig. 10 shows the pressurc 9f'nsi
tivity of a Foxboro manganin coil a.~ compared to s typical gQJd-
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chrome eoil. The manganin coils had pre8>'ure c(wlficif'nts rangil)g 
fft.Jm 1.69 t.() 1.72 X 10 7 ohm/ohm/p~i. Th.erdor.· it appears 
that gold chrome has ahollt 33 per cent of the seIl~itlVit.Y of good
quality mangILllin. hut its ability to disorillliuate j,(~tween pressure 
ehaIlges and tem~rature changes more than o,,"rwt'ighl'd thie 
loss in Rl'llhit,ivity. 

Recent ob8(,rvations on gold ehroml' hll\"c eonfirmoo these 
earlier findings 011 tho:> linearity and stability of t.he prcssure char
acteristics. SincE' 2.1 per cent gold chrome 80 ne!lrly fulfiU8 all of 
the requiremf-u\.t:< of a prussure-sensing clevieI' for indul'trial-eoo
trol appJi(JatioDs, it is recommended that thi~ mawrial be con
sidered seriously I\H a stuudard for preSllure measurements, r(
placing the existing manganill standard for application to inclUil
tria.l-control prohlE"lll8. 
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