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INTROMICTTON

The roquirement for the design and constem ! lon f6 farse seporosndm ting
sagnet syntemy for fuaion vesearch bas ralsed o pumber of new qoest fons
veparding the propertfes of compoklte Supeeconduct Iny «onductors.  doe ot
vheae, the eifect of mechaniral siress on Lhe currept-caryving coparity of
“x]h’n, is nf major .mportance in deterzining the feanibllity of tonvtructing
targe magnets wWith this materiat., A tvpiral experiment oo determindng <uch
dara invalves the measurement of «fitfcal curvent versns migac je tiedd whitle
‘he ronductor 1s belng mechantoally strained to var Gues dokceen,  bedmques
sre well develuped  or the carrent and fleld measurements, but fmach loss wo
tar the scourate mes surement of strain at Vlquldvebeiiom comperatare Jooog hipl
ragnetic fields For this reason, we lave ubsdertaken o stmds o commeyoind,
et t=foll wiruin gages for ase woder these comdtt fons. The sofirwition

Ao daped can alse be appliod to the gne of straldn suGues e dlggned e thaels

i woapervondict lng magnet s,
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VEVFRIMENTAL LECK SOUES KU RS

A the start op tine stady. we decddvs that the fellomieg Jmld b
investigated:

@ Theemal rereiitt Aspparent <traind dw te the miameeih

Crain gaRe and substrate expansion cestti. fente

Sorent cap
COma . ions and tvpleal substrate materiale .

® Dimltatbons o gage excftation power fer both p

centinmous
fatfon.

® Temperature

the gape favtor.

L] et fo teld srferts npoto 10 0L

Alter reviewing ¢

sting dnformition [i=131 on the uee ol strain gages

under conditfons siralar 1o those ot dntefost here, we desided that strain

«
gares wsing n1ckel-chronfun (il Kars ) =train-sens

todls were mest

applicable.  Theretore, tor all tists wa nsed gt “Tihet ntoried,

epoxv=pheno] fe=resin=backed serain w owith modinfed Karma strafn-sensing

tell WKY. Mo testod Haore-Meawirements, Do WK-X

SAD- 0 amil

Hh=X

X-IS0RG- 50 strada wopes. The 3290 p1id 1o 31K mm o squares the Moo
AP Hs BV mm Tomg and 18 ma winde and o twioc 1he grid atea ot the
1290, The strain gapes wery bended with Micre=Meacarement s M-Tond 600

adheslve, vyred tor 2 b2 9970, For all tests, the straln pages were wives

(o fnele=act b —arme cquadearn bridges ueing threc-wi

Compensar fon o

vatlatien o1 lead=wite resist. with temoneur .

R .
Referenee to g vampans of producs name does nel Tmpay approval op

tesommendat fon o the product by the Pndversity of Calitornta o the U,s,

Energy # rohomd Deve Lopaent Administration to the excluslon of alhers tieat

mry he suitable.

———————NOTICE

Thit depart war [iepared as an
4 b the Unind Siates 4

o the Lewnt State Uncers

T
RASITEY

Fulnew l sy Infrmerieen op
prontts Amband s eppeves e o

wnfringe privarely owmed phts
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Thermal-Zeroshift (Apparent-Strain) Tesis

For tests of thermal zeroshift (apparent sirain) versss temperature, we
mounted WK-XX-125AD-350 straln gaged having compensations (XX) of 6, 9, 13,
and 15 ppm/°F on each of the following moterfialss 316 wtainlesn ageed (58),
21~6~9 §8, OFHC Cu, o NhJSn mulidfilament conductor, and a NHTH muitifidament
conductor. (n the back of each sample, we also mounted a Micro-Measurements,
Inc. CLTS temperature sensor.

The samples wers run four at a time, with repeat datas taken on three in
a gecond run, Far any set of four samples, ue needed to record 20 chasnels
of data, 1.e., data from 16 gages and 4 temperature sensora. To do this
convenisntly, we wsed a smati, computer—vontroiled data avquisleion system
capable of handling 100 channels with a sean rate of 10 chawnels per sevond,
This system powers the channels sequentially with palsed constant cusrete aud
uses an integrating Jiglital voltmerer to measure the cutpur soliape witlomg
amplificarion. The unta are rerordel on Jigital magnetic tape and then
computer analyzed and plotted frem this tape.

The samples wery hung on g rod at the top of o helium crvesiar that
contained a small amount of helium fn the hottam. By slawly lower log and
ratsing the samples, we could obtain a complete set of datw 1rum ryom
temperature to 4.2 K and back.

The cerves in Fig, § show the thermad zerosldits tor o supes that wore

mouated on OFHC coppers The data for the other fier camples sfe similay, but

are shifted wp or downt slightly acoording to the expdasion o ttle tent of the
substrate material,

Thyve interesting test result, are showm in this flgares

®  ihe best colpensatfan frem roon ambient Temperature to SO0 F Qs 1

ppa/ Py this was true for gt sanple wets rials tested,
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in curve ncar 20 K,

@ There 18 a sharp reversal fn the apparent-st

similar to that measyred by Telinde }4,5,61.
& The sjope of the apparent~=<train curve e very large at 4.2 K,

{ndlcating that operation at uniform temperiature iy easential to

accuraie medsurements.
Flgure 2 shows the apparent=stratn curve cxpanded near 4,2 K for 3
WK-)5-12%AD~150 strafn gage with a 15-ppm/°F w1on bomded to the

NE pEaskTeoent s, Far o cbe [-K faqervat

2024-T3 aluminum bead used Tor pap -
berween 4 . the appdfent strain is approxipately ~I150 om/m. For
1his same kage bonded to UFHC copper, the carrespondfng apparent strale §s

about =210 .m/m.

Self~fat ing Cests

We pectopaed 4 umber - test~ 1o measure seli-heating scconbiitts In
Rages having 15=ppm/"F (om ensatinn.  Qur purpose wis (o determine upetat tng
sanditions ander wh)-howe cunld obtaln reprodus Ible, acourato data ot mainum

amsitivice,
For these tests, bridge e 1041 ton Wae either pulsed cepstant s orrent
4N ms o, M s wll) or cuntinuous Cu o atant s uTfent.  ST1ain-Rase curfent wae

In fer srraineage prid poves fanged fre

viaried s that the disoipation le
1ote Mhe melom Gurang the Gta el the nrtent s s (e e ere
tosted hoinh v diret Mt with bl ca s ot with o Lcating ot Dow

W e il foened ta Fimie Tt drd

Corntng Righ Vaonur troase fataloy, Soo

Trom the eapone f st
Cetradn RapeS ot Caosate s

at109-10

Four 1% pprs boGespansars

Mt were testods ATE S e st Soudesd ot 00 T aluminnm beam e

The daar e ot b aitl the planie ol the

[ P

i
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ganes vertival 1o provent e Ham bubbles Trom being entrappsd over th Qike

srida. None of thye tested straln guges zeroshileed permanent iy doring ey

of the gelf-heating tescs.

Flgure 3 shows the self-heardng zereshifts for one of the 125D atrain

rex tor varinus stralp-gage corrents under four different test condbtions:
@ Pulued vonstont current vithout any protective coot fng,
® Pulsed vonstan, current with a protective coating of sfliione prease,
@ Continuous canspant current wlthout protective coal ing, and
& Continuousw ronstant current with a protective voating of silicime
grease.
lhe strain-gage enrremt ranged fyom 8013 my .0 0R/e m"! e omd (BH
s/ mz) for continuuds cunstant caereat and to [{EmA (150 mb/o mtlinr pal wd
constint current,  The plotted data ate referenced to o Jemd atrain=gape

carree,

The reanits shown in Fig. 3 are typical of these obrained duriog 1his

serfes of testn. The following cbscrvations «as be mades
® For pulued constant currents to 10 mA (150 mUItm;‘) 1o the 1LYAD gteain
gages there bnoao wdgatfleant dEorence ta (he welt-heat tog
zeroshlits obwerved with snd without

A cnating ot aflfone grease on
the gare.

® For riralaegige currente bo b3 mA (43 mhiemt sy the self-heat fng
sorosh Ut L aearly (ndepeodent of whether the ogrslp-sue «as et

Is puised of cont fnuous or dhecher the ga

oo b9 o fa et saeted with

silhone grease.

two WR=1S=250B1- 359 strain pag

af The sam 1ot numbie w

lso tested

for

Tioun stralnejage carrents rangipg from G00% mA MO T allAe e e U5 ad

Q0% mafem). N protect Lve cout (og e usod.
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grid area of the 125AD. Therefure, o special lot (DG-KO9FGI4) of modificd

Karma Fodl wlth Ds=ppm/ T conpenaat bon wan pursbased and put on reselve at
Micro-Heasurements in sufflefent quantity to make abuut 1300 2508G strain

gagea. We standordized an one straln-gage pattern and one lot of material

to ceduce the number of varf{abl

that could influence strain measurements
fo high mognetic fields at 4.2 K.

Tuble 1 lists the informatfon used in the selection of the gIge operating
current of $ mA for the 2500G conflgurutlon, For comparisen, this fnformatfon
in alne given for the 1258 vimfigurarion. Nete that for pulsed wmstant
current, the prid-power Jdigsipation )a 44 m'»J/cmz only during the &U-ms
on-t ime.

Our reasons for selecting thiy &4 mifemd | wor dissipatfon Tor the SH0RE
KRy were:

@ 5 A to the strain g

15 an vasy gunber to remembor.
® The power disuipatlon is consistent with Walstrom's 10 mi/cm’ [Ket,

B

, and Bower's 44 mh‘/rm2 {Ref€. 7], both obtained for continnous
CORHL ANt CcarrTent .

@ The relf=heating serashifts are the same for pulaed and ont uous
constant current.

e The selicheating zeroshift of =90 .m/m has proved to be very stable
and repeatable fn our tests,

® The output voltage from an vhgual arm bridge {5 abor LHS OV per on'm,
The vorresponding ourpnt voltage trom o 100D asvrmerric brlage s
about 5,542 LV per cnd/me These outpat voltages are rodat luely hsh

and ensure a good signal-to-nyfse ratlo in most apptication.,
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Standafd poriable sunstantevoitage vxeitation strain Indicarors smh

an the BLE made | 120 cap be used wfthout wxrveding 45 sMiem s the

stratn gage.  Such stealn Indivators see partfeulaely uneful lor

checkout, fur troubleshoat tng, and 1ot fast measurements of o tew

channels of data.

fredtminary Gape Factar Data

For meaxuting the temperature dependence of the gage fartor, we honded
the Rages to on alnmipan Plexure that wan iitst mirabned to o seldectmd value
in bending throagh the use 0l sapperts of varion  diameter und Uan was
temperature cycled.  Sfuce

The wfraln i the Ploope temiins conntaal ot a3}

tempratutes, the gage Taetee can de comuuted fron the tempe et e -digendsat

Epal valtages To cempeasate for dpparent sira’

Wettects g we bl

determing ! thi. quantiey fu o tempefatute o de with 2ero applicd wtrgin.
Ve cut strae ted this comnstant~strain apparatus in o manners Jtnilar 1o

that dess cthed by Tetude (31 Te mntalze ditterentiul s ontrne Do oitects,

the alumlinur 1lexure and the sfde ~apparts sefe o U ont from tae sgmge 260

clumdonn plate ®1th toe vare o i

ation. Jhe fixtare Isoslown disg

A fod
Tn Thee noam! ansemsied in Fig.

A UL W dug, the date for e STl ars st ien WIEh D i ratire ote

R N IR

K tar, bBewenes o

e the apjoratus feo fued

K- RO C

GRLIG, e dn e g Bt e

aul

Compeeetan gt appling ctratas ot 1905 /o

e wnuPed fave Tactare gt

4.2 8 Lar Joar

Bntens o b e T Y Sl ana 908 Tk s O e

RO R P R

A g tatoer 8

S U coepieas i, the faa afol soe Cactels dote

the b et
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We c-tiamate the error hand for these resulis to be aliout *004 For
oxample, a measured gage factor that is 5% higher at 4.2 K than ar amhienr
temperacure could have a triue value anywhere (n the range from +4.6 ro +5.42.
This corresponds to an error of ‘4 .m/m In srrain measutement at (000, m/m,
For compartsot, the momufacturcr’s gage factar at amblent temperature s
quoted to an Inaccuracy of 17, which corresponds to a *1% . m/m error in stealn

e

suremene at 1000 .m/m.

WORK [N PROGRESS

The folloving tasks are eurrently underway or 111 begdn shortly:

® Measurement of gage factar varfatlon vith temperature for the

WE-15~790BG~150 tvaln gages.

ey For this

e Measurement of magnetoreafstance ta 12 LU o1 the

rlmene, we shall mount gages In the three artheamal o

" redtions

to the magnetic fleld on a “ar that can be strajned st 4, while
it 1s {n the magnette fleld. Wo shali vse an exiSting, operational
teastle-test appafatus desipmed tor megsurkng steadn degeadat fan at
critical=rurrent Nb)Sn rondurtors. I this sanner, we can measure

the mignetie feld elfoct as o function st tield=gape of bepfat fon am

background strain level.

® Evaluatfon of tatgh proteetive caat inyr, thal are not wie

@ Evalustion of other straln gages that miyht lave desirable
characteristics at 4.2 Ko vog,, lewer magnctoreststan e, Hlatier

apparent=strain rurve near 4.2 ¥, or perhaps hoth.


http://tli.it
http://opor.it
http://-ippiir.it
http://di-gr.nl.it
http://lf.il-

~1l0-
SUMMARY

Re have completed the tellowtng work related to evaloating and cer: iy

strain gapes o1 e an Tiguid nediam at bigh rornetse fields:

@ AppaTent-sitaln test- to scloct optimun seli-tometatare rorpeasat o,

osHAfL tests using puleed and sontinmous e an’

& Selt-hearing

Lorreat with and withour J protective coaling of <l vone prease

cotdom ot g standard straln gage ty 431 anticipated fntore

APplications URK-152290K. Y0, Tot Ko, DE-KouFriio,

el it Lt Karma

Patyhase and resessation oo Jarge 1ot

“trainssensftive 81 of 3%-ppa/ Foompeacat fon.

& eluctbon ciom eprimur crrainegage power B es Eparfen Ll o dnaga g

cnrrent b allow o high degter of Cleaabllity in selecting puised ot

CONEARNSNS L CRSTARL = BITEO) s E At e T et ant Ve fage straln

tndfator, f

SUOTERRREY ST gage Dacheds at wd K medeeited ot

® Hrellminary =

1000 . avfe In tensbin and oempressaon,

ACENOWTFDOMENT

1 the .S, Fnergy Re

Pt work wan gea Getped tndet the auspie

el Pevelopment Adeandst et fon a1 comtract Noo We TaS=big- 4K,
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Tuble T. Informatlon Relevant to the Selection of Strain-Gage Current for

4.2 X Uperation

Stratn goge
Characterintic WE-15-125AD-350  WK-15-250He= 350

Strajn-guge current

(pulsed or cont(nuous), mA 3.5 5.0
Grid area, cﬂz 0.1 0.2
Power diwsipation in grid, oM/cmd 43 44

Nominal selt-reating zeroshift relative
ta J-mA struln ~gage current (2024-T3

aiuminum bram), wbim -75 ~%0

Br fdge vutpul with cupstant current
excitation at 1006-,m/m strain
W@F » 2.15), WV

@ Fqual-arn bridge 1414 14HO

® 10:1 anymmetrie bridge 2344 D]
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FICURE CAPTTONS

Flg. 1. Thermal zerushift lapparent ftraind for WK=XX-,20AT-350 wtraln gages
on OFRC copprr sample for self-temperature comperyatdon XX = D6, 0%, 13,
and 15.

Fig. 1. Thermsl zerushift (apparent arrgin) on expanded scalp negr 4,2 K for
WK=15~1254D-330 strain gage on 2024~T3 aluminum beam.

Fig. 3. Self-beating zeroshifts verswn struin-gage rotsept for opp
WK« 15+129AN=150 utrafo gage far pulsed and continteud conatant ~ irrent b hige
epxeftat lon, with and without o protective coating of sflitone greawe.  Al}
data are referenced to 1 mA.

Fig. 4. Comparison of self-heating moroshifes for pnls

and eont iprons
rongrant-eurrent bridge excllation versyy correat through one WE-17=2%50kK0- P
Strain gage Baving noe protective coating. &4 gata v referemoed v 1 m,

Fig. 5. Comparinum vl self«hvat g serostit{es tag twn stealn gages with
different grid arcus and no coating, cerdus power dissipat lon In geid, for
pelsed constant=current bridpe excitativa, AN data are referencsd to l-ma
strafns-gage carrenl.

Fige 6, Gage favtor test flxture (disansembled).

Fig. 7. Gage factor test fixture (o, wmhiced).
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