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Summary

I. Title

Development of manganin pressure gauge

II. Objectives and Importance of Technology Development

The applications of measurement techniques of high pressures are
widely used for productions of the highly expensive new materials,
thus the high pressure industry became a new branch of highly adva-
nced technologies. The high pressure technolgies are essential parts 1n
advanced science and applied industry, though, it 1s becoming very di-
fficult to 1nduce those technologies from foreign countries due to
proetction of highly advanced techniques. The objective of this project
to develop the manganin high pressure gages for high pressure mea-
surements and to improve the techniques of generating high pressrue

and also those of accurate measurements and control.

HI. Contents and Scope of the Study

The basic researches on the development of magnanin pressure
gauges were carried out in the first year.

In the second year, the researches on the manufacturing conditon

1t



and design of gauge were carried out.
The manganin coil and the characteristics of pressure vs. resistance

of the gauge was investigated upto 50,000 psi(about 3,500bar).

V. Results and Application

1. Results

The design of manganin pressure gauge was completed. Heat trea-
tment of coil, electrical connection and stress analysis were carried
out. The characteristics of pressure vs. resistance was 1nvestigated
upto 50,000 psi1 with the interval of 1,000 psi.

The least squared fitted curve was obtained as P,=0.3764(AR.”Ro)

0.0011(ARRo)2
The standard deviation of the residuals was 4 bar which was 0.1

% of full span and was proved as precision 1nstrument.

2. Applications
* Automation of measurements by high pressure gauges.
* Application to develop new high pressure gauges.

* Application to characterize the new maternials.
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Fig. 2-1. Typical variation of cell factor with pressure.



Fig. 2-2. Terminal resistance of active coil.



M 33 27Hd AHOIX] M[E}

Al1d Ad " AzNAE

HAxl A3 gH Alelx=E 71 dE] ol AMFL #Hridezw Cu 82

il

-84 %, Mn 12-13 %, N1 4-5%< A=z & AL 3 eoen A3
Ateitk 74 A Eol <kzk tr=ch, 1889 K. Feussner § ‘¥ o] 9] 3l
Hzx2 Wrhd S A AIREAn olF AYUAY AlzdA S ¢
48 542 e Wrhdel A& AgHEdck Prhde 20-50 T oA
e 2x AY AFE zZn Jgon Al kA= ( long-temm stability)
7t et oA FEldl digk dridde] Feoew ¢sg VIAAH 5

He 231 o wWrhde BESd we 98 A$rr 23 (2.3 X

1075/MPa ) £x¢ o] we < A% Wyl wad Hoeozm U4

Al 2A A ez d#x JUth® wridel A -2 49 =
HH2 BEF 26C IAHeoln o L& Fe AEL] <o #d Hrh
Hunter ®’of wtzw Fe A¥o] glow Htjgle] 40T A AA delutar
Fez} 1.0-1.5% AX gled 25T IAHA Huigke] dveivde o=
Hashal Q4.

P7hde dA F2A4 Yo wis Yol w4 AW 1§ | (cubic
facecentred solid solution ) 3$go=2 <yt Az ( cubic lattice )

o] Tur g=:Moz A AS<¢( hydrostatic pressure ) &tojjla A=A

o] Ao J7+ W AR gedt. 2u dAlEe 97 ¥l



A & gom ez g Az A ( temperature and pressure

seasoning ) & 4AAl sm2A ol Has ¥ 4 ok wrhdd A
gol g r¥AsE batchel met o 10% A= @3 £ oy

Atanovel Ivanova“® & Be wyhd ACAE R AY FTUYF A

gl HFYE 4AAl g ABF AlolRY UEHAIF #HIE 0.5 oz =Y
& Qutm Bustn gt Yamamoto ‘' = A A 0.04-0.32 mm @ H 9
kgl wrhd Ao AolA|Y EAE ZANEE A3 /L Ao Tie A K

o o e 4¥ AFrE AT MPHel Sastm mIEACh ohRE

ct, AlolAE e wWHezes Wed Ay (bobbin ) Heo =&3HA

e Wy, g8l3 & (helical groove ) 9ol Y& FUdFPEl ( colled-

coil )= & WY 8lz dad (hair pin ) dAder Xy Use

37FA WS diiEE ARgEa o

A ge JPY el AgHE wyes 9F(silk)Sez: Ad

d Ay 3dg Addlidel dogz2 e Hdold.  ZdS Adel s A

A= 4y HAg vidle =Zgd A ALIH  old Idols ITHE

ol AZIA F=F Fesieol . Beany Molinar 52 A gUtH

g Adse] AYsid YL FeF ols AA Yoz WYL AAFEA

o] = At FFed olAL dad Asd ABE addFeln. A

Mdze HZE(Teflon ), Fo], &, ¢Fuw, Aty o] A&

THA WHe Bowmanyt Johnsone] es} wWyo] HFH e AE W

__10_



As whE & AlolAlel 9 gg Nyl sl Morrise| &)

Agtg Wges wWrhd dg olF W Yoz R 2me  Fu

dol A AFsH FY B wmA 2 o] IFPAE BT

8tz Alelxe] AMEAAel Fa = ZE(drift )7l e Aoz IHANU

=3

a8y Yamamoto i Alo]A] Aol o8 HHHE Hlu FAESE F A
23 A5 4 de anA zeprt i Basa 3l

T kR =ZY AR FR3 K4 e SAAAY AVFH FEE AL

3t 3l EAIYH olE A Y JAYE2E HAE e A

( non-inductive winding ) H=HHo| I Q3s}o},

T—

FUde AVIAY FAH PHoEs HAEFA 2a9xpizn 2z Ao AA

3lal &R 7|9e] HE AT 3L wiAEr] 8] ALY} AF 0 HAIE
Balg 49x A 23 PHo] AgEHM AU AY FHA HAA =

o AT 4GARHe] FE ARGHI AT

Zle(lead ) He W7id ZYe] A& wHozE Folu & IS

Rostocki & 2 o8 A4 9 HE 48 FAHAZ A dH

&0l Qe Z=AA Hi 3 barel o]8] ( hysteresis )& xoles Ho=Z

B3 st Ut

Peggs ™ & A& <& Aolx AW wE gAe we 3 2 s

_.11_



getAl il AA mEr A diRE A ARes TEs Vlee ©

g @ Zolth, ow FE Aolde HY A AL uAYg selMe
A7l dHAe FeA ST AR UH AoAdE Friz dHgE weF

o] Aol FToEA XIdHE Aol =4y,  Lyakhe ®rhde]l A3

A IHAAHoz2 ANH 2z Atolel AL daFH #Zol AA AL

T=( 2.929 —1og# ) /0.0165 (3-1)

4714 T A (Chour delm & 2=(Tclolt, A ¢y ZAH

29 dd Anz WFE @ol Agsimz w@FY AI @AY M0 CE

Hol Ml 222 3o Ao didstd °f 48Aj7te] Hof Yamamoto -

o] nmg AY zAFH F At dAHEE ex Wy opjzy s

AMZE, 7HE By, ¥4 Y Tl mE & 54 HolA Hew

Bridgman & FYUS 140TolA 18AzHE 71d3ta dry-ice 2ol
°F 2A1FE |YEen o AL FI wE UG, (ol&F HF

Bridgman cycleolg} X-grt}) Alexeyevyg Ao AZIAUAE  FwH3

o deol eEE 500-600cC2 LUE ML WAL ALsgon ow 7}

a 3=zl =x7]( capacitor bank )| 2ZL&3}= AYGL
V=400S (RO /C)H/? (3-2)

o2 FAFFATY. A7 Se& Ao duy (am?® )olir R 3L A

g (ohm), Cx #=e AW £F, 6+ Mo &xolg. o Wyosm



Hl A g3 Z2IAE AR Mo A W, ¢4 mechanism F9
g2 o3 Axz A AMEA JIHo]l 9k I3 Wisniewskie
2aAl dAE 5 AR dACdAd e ZYdE 10T HYE Y FolA
36 A17F 7tEstal FHA dAldAME 150t F7IFA A7 EeE S

Altstd ALl Fx2H AFg & point defect A< ( dislocation)

5 Za A2 F gdon EWse Y AsTez AHAY 4+ U

1 Busn ok Se wdd wrkd dd AS olmtk ot Ee

180 ColA 2041t st HeomH £ AAE AAL & AnL AL

stal k., Yamamoto= o7 Xz J]eg AF vludste AdgE 2

d FTAAM 7tE e Aol M FHa AEAA. o] W& Gle-
lesseno] 2l3 1.3 GPa7zlxle] <= Aolx] A ZRte] AHAZAH o= AL I
A ot

?¥ Az ( pressure cycling) = Bridgmane oJajAl =A<k Az

Moz AojAldl ARG A4 ¢EH B & dEHE TRl FEEAN AF

#H  Alolx|el olgg TAAFI AolAY AMELYE FUAIIe T AT
< 3 AT o8y HT YamamotoE oJARe] #H HQFH AL ol

Uty FASY HE 13 A g8 AHzES AAstz 9ok

_13_



Al 24

e W= gy cell &

UH

& ol

o 9.  Thick-wall cylinder ¢j

S olgsl ol]A L radial, hoop, axial stress &
7t g B gdsel e

shrink-fitting, wire winding, autofrettage &

£ HIO

" 313 2e Adne A

—grzr(ddr/dr)

ojct. 2 (-l w3t

Lo

2 b

Pi-—Pu:-“-zfurr d(ln r)

I

1

cell AA

2 s} A g

g ol &4

Reg ztF3d.

HHPo2 JH

__14_

ZA o2

aH| A 2

45goz 2

Lame ®}7J 2](1883)

s A

1 ojide] HdHe

ol gste] ALg WS

(3-4)

(3-5)



) 47

Fig. 3-1. Corss-section of thick-wall cylinder. Solid circles show unstrained cylinder,
and dashed lines indicate the pressurized cylinder.
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Oydmax = P; ( K2 +1)/CK2—1 ) (3-24)
adr)max = Pi k? /( k?—1 ) (3-25)

o] 4<& HE Lame formulae &} e,

—p. k2 _ |
drka oA o, =-13- (6,40, +0,) =- p“kz-____l_lpL:AE hydrostatic

tensile stressz ¥ 4+ gt} F19.3-2 %= WY <+L dl= thick-wall
cylindere] ZHEXE uYehd ZHeolth. A= &4 cylinderel &

T2HE 371K Fad AME ¢ 4 A

— . 2 .
(1) systeme esuvey 2P (Tiys hyarostatic

— 2 74 gtk

(3) =& <" HuUzte AAud Estz A4 e Fasoh

ANAE Aol ALgE celle uAol Tmm, 97e] 29 my AEY

cylinder o]31 z|& & maragingsteel & A}L3}4 o} oltf Young &&
27.5 X 10° psi, poissondlx= 0.3¢0]11 K& 4olm=z 4 (3-20), (3-21),

(3-22) oj] A]

= B 0B (325, _ P — 13.07 =L (3-26)

* 715 15 r ° " 15 r?
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P; , 16 b 3.5 ., P of
= f—— (—)% =— + 13.07T— 3-
0y =5 t—5 O = 1807 (3-27)
— 16 pi 3.5 2 __ qr Pj ,
g — 15 ( r ) — 13 -07? (3 28)

8 HUUS r=r; oAy A

ar)max =— P (3-29)
17
aﬂ)max — 15 Pi (3-30)
16
ax — i 3-31
#rr)m 15 p ( )

Thick-wall cylinder |4 < 7R¥9 AlZe Awed 7} 3 &8

o] Egd o dojyrmz 2] (3-25) ol A

KZ

T'* — Pe T : ]:~ (3_32)
4714 Per wAYdelM stg 4 slE Hy Qe &
Pe = (K¢— 1) */ K¢ (3-33)

Maraging Steel (VascoMax, C-300)2 AL <AZNE7F 294 ksi o] &

2 g2yl Maxwell correlation oz ¢*=¢*/ /308 & F go

22 & 170 ksi o)},

mebd @dgeeld sbe & sk AUrEe Pe =—2x 170 ksi =

159 ksi = 10.963 bar o]t}
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Fig. 3-2. The stress distributions within an internally pressurized thick-wall
cylinder.
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Ay dehd 3@ e BAE AdsE aRe 94

3
G agddMY ASS Agsidel ok oWz A5¥ tiAYIA

(0,~0,.)/282 2 4 93 4ddd €y d8€e #He 71228 do,

P —P. :—-J':ri do . (3-34)

Tk Rty P, 02pd
P, = j“’ _do, (3-35)
A (3-35)¢ t=(a,~0, )/288E do, =2cdr/rojeg

p,=2f tdr/r (3-36)

awrdomw & re wHolmz olye zrdstA gz AAM

AHF] ALE rt=1%Q o]AdF<el overstrained A&y &4 AE A}

ole] At 4HAi¥u ¥igdsF uwiE Fo=z pushoutd AE BAsHA

P*=2r*{  dr/r=27*(ln ro—ln ri) = «* In K? (3-37)

7] P;*e A Adg WL overstrained zpo=z wzEd P F

Foltt, Al AdH APl AgHE AR grEe AF Ft o

Audrz & * oAderw LUtn Pi* & FHuy Ad 48 (ultimate
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bursting pressure )o| == &=t T P;* o]ste] AdHo A=
AdE HEo)l Axe @A WYy} Z2 order 2 Hol Utk o] A2
ol AAs] g4 AUl U7l wEeld. Py* olAe] HAE 4™

B =717 SdsA ®n gde @dol ZuEch  Pi*olslillME

e =71 dsyh FuHER we HASE ASE F ed od d¥
P

A7 Hux WEHush g AT P;* =<* InK!'e ETFF  AA
Foz B £ At 97N *s oAy Aoz RE 2H A5
73

Hool4g o8y & AW aTA WL ALE o (V& AFAA

K:EXp(Pi*/2‘r*):eXp(/§Pi*/2a*) (3-38)

Table 3-12& K7} 20]/4del A% Adr HHo| overstrained He 94

T~

MMM e ALY 5 Yok oW Wy BPSY wde] Wk

AT AY AR WP Al BAL MEY A@AY AN )

JY A4 dREe] 1y A7 Ede mgr AAdy wol A §



Table 3-1 Pressures that would just cause complete overstrain in thick wall vylinders
of various K values > 2.

Pi* K _ Pi*/t‘ Pi*/o* K

=Ae dsted demz Ag g¥e P noh WM we, & overst-

rained A7} Add WEe ME 4 UES st AREYT  ol&7

L g4 - 24 ( elastic-plastic) 4dgz A9,

2% 3.300M WEgel Fol W4E wA -4 AAE dAZoz olF

St (0,0, 2 t*ol 2HsA € a8y o7t J/3*E  dod

A Aoz ol dolvpl Brh  wEM w4 -2 AAYL
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Fig. 3-3. Stress distributions within the walls of a thick-wall cylinder which 1n
supporting sufficient internal pressure to force the inner material into

an overstrained condition.
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Fig. 3-4. Stress distributions within the walls of thick-wall cylinder which is
supporting sufficient internal pressure to force most of the material into
an overstrained condition.

Notice in particular, the region ry< r < rz where the wall 1s distorting
under excess tension.

Load

O
O Extension

Fig. 3-5. Schematic illustration of tension test (load versus extension) data for
two different types of material. The downward pointing arrows indicate
where the samples fail and the loads return discontinuously to zero.
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0.856 r, (K=1.17 )7} Sid 72AA zZae Ad R A o) W
gatA "o Ay BEoe Qe o @yl A¥HE AWM FAde
b Ewleld 0144 1,91 FolEE oAL Rz yguE AFT F 1
FRoAe] FEolu wygol glo] wHHEE uws APk

Od 3.4 84 -4 AAV oF Addd ¥dW 2A4d 9 thick-wall

cylinder oA o] 88 ZE¥ojr}, I} A ( excess tension )] 2]

AYEE JAe o, =o%olth  HmA 4ol Z AP Al g

e A%E MolEz a¥m pe 9 B¥E A9 4 AR AR

o aox 2 ag oA @E 4 MsE AGx Ptk Mann-

1ng ¢} KHHYSo] thick-wall cylindered] o3 Ho IdAd gxHL =

2 @ 4+ AE AL HMEY AY A=Bod Y HHe Fae <

4 Age "oz RY dz ¥ 4 demz 1y3.59 Asge I

A€ zie He As gdde & 973 wWshyh oA A=A ¢ ( crack-in-

bulge ) A B 4Adr <49 E W#H3glel & s Adurt A

7l maA RoX= #fIr7t dAadEd. AABeE £ IJd dHE ZA 1)

el dAHE= Aol AR HAZI A dH¥E Aol Ao mE

Ao A ZAHCAM = MY Ee AFs] FAHMoF grh AdAl AREAl

B oZple AdAz YRE AWBZ sl Al westex oz Ads

£ Wb AA ngATAN F2% A shde 9 Al ¢

-

He %E e ZEAeld. wd ddgrt g4 dgelM ASETE
= %

T AMEe HFL loading cycle g IOdlE2 wmE - Aol

B 3yl R FgEles BRE S3e 0oz otz Aol BV Y
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Fig. 3-6. Stress distributions within the walls of a thick-wall cylinder which has
been overstrained by a large internal pressure (P;,)..x and zero outside
pressure. The maximum overstrained condition is shown in (a), and the
stress distributions (b), (c¢) and (d), show the result of progressively
reducing the internal pressure. Note that in (d), the T value would have
been forced below -t* if the material would have allowed this, and oy
is shown more negative than -¢*.
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End support

Fig. 3-7. The Bridgman cone-type of electrical lead-through. C indicates a thin
conical shell of pipestone and I indicates electrical insulation.

Fol wH A (POE Wol uw Ay ¥ Ade uggyoz W

sl AT 9Ae wold Adst " Holth o FrldMe Addd
= P.ol7tx w4 $AsA =W olg olgdAo] autofrettageo]
o},

2% 3.3004 Wgtel A Mol 8 B¥s Az mslz sl @
Ml fArE WHoz B sBd d e §xg & U oA
e @4 Lamedsy e FH=Z o, % 0,9 WIHE P9 Poo w3z

Z2 YeEid 71 Aok

4 Pi'—KZCAPg) + (APf'—APn) rnz
K2—1 (RK2—1) r?

40, = (3-39)




—~fi Tl (3-40)

o] HEL WAHAYH 44 A0 wEz AHE Holo ok

2. Electrical leads

g7l Aol A= A7ZIATE 2Asmg agdre Ar71EF  lead-through

7t "gAolt,  nGATNAN ol xzol: @yl HEe wWrhd AoAy

O

d44dd % heater & & < UL IREL AHZEA 7 levt 7H4

7129l AL conical sealg o]23 Bridgman g3jojtl ( 29¥ 3.7). ©]

Hkal o supporting steel pluget S<4 &, pilpestone o3 conical

sleeve 2 A= ok,  Z7ldl =HY FEIbsAel derE WUES

A L vj@l gEIFAY g2 I¥Y FL2 heavy oil® 4E & Vel
o

e 3 B ARl H&Hm Asl AEAHol Fo}

= 4ol Uk

°f 3. & AME=Ec ¥y Aol & wiEs T, 2HRAHAZE 28,

A7y, maraging steel Fof AEEHC

cm Azsd gEc AA odze We A¥e AN AL AYSA

& 24 A7|H lead-throughorx] =93 T el Q4= XA
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2829 2 Atelel AA EAleld ol ¥ wiA, HriHEA A=,

AFE A R ARFol wet gEixid. dA AR EHe AEEE plpe-

stone, pyrophyllite, Fo], &8, HZE, YdE, 5 FE, A=,

o ZFAl 2z, FElEel Utk

A 34 Aolx A F

a9 3-8 2 A wWrhd 4E Alelxe] Fxeolth  AelXe= W

(cap), AA wAF( supporting nut ), & (body ) % 7] A3ZHF=

T AT

A7 F= 48 A ZdFH} 2x B FZYE olFofAH glen &

Ha(plug)Ee 4 A 3 #71E e F ( feedthrough ) o} ¢
g 4% &S I Utk AAWA, 3 % wAl= maraging ste
steel ( VascoMax C-300 ) oz A 2+t o}

C-300e 18.59% Ni, 9% Co, 4.8% Mo, Ti 0.6%9 =S 3z

2 glem F @§F d4E Niom waE e g

£710] dg] olm 9tk Table 3-2+ dxz Z<9 C-300%e] 7]A
]

TujA]l VascoMax =2 74X 30/35 R.¢] solution annealed Atef

olmz Hgs dAArt Yasith M zAL AAlM AR Aol
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Fig. 3-8. (a) Structure of manganin pressure gauge.
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Table 3-2 Mechanical and physical properties of VascoMax C-300 maraging steel
following heat treatment.

{_———_—— . ]
Tensile strength (ksi) 294.0
0.2 % yield strength (ksi) | 290.0

| Elongation (% ) | 11.8
Reduction of area (%) | 56.6
Hardness Rockwell “C” 54.3
Thermal expansion coeff. /in./in../°F | 5.6 X107°
Modulus of Elasticity (ksi) | 275X 10°
Density (g cm?3) 8.0
Thermal conductivity at 68 F | 14.6 |

BTU./ (ft) (hr) (CF)

]

490 C, 6Alztel Hxlg]l Feo Aol F£&=&&  0.001 inch/1inch o]t
Vascoel VascoMax &= Teledyne Vasco Ale]l Atsolct,  VascoMax g
# ( 18% Ni maraging steel )ol& 318t 2AoA 1x 73 L4
et JAA 2FFR2 H¥ el Foh 1960 dt] Fol 2 maraging
steelo] 2/ 2 wole #3 g42 Co(Fd3d o=t T~12%) &
Alaslgovmg Co-7}3 18% Ni maraging steel o] ¢}, 19803ty =
Telydine Vasco= CoE& Ag3A ¢ Tig 73z & Ti- 73

18 9% Ni maraging steel & A/j&dc. o1& olg ZZ4 Ctype



T type o2 TE3st3ens T typeol <ot & ¥ola Z|AI4d AHEE
HlRstth,  VascoMax 7+& ©@47l obd Niel F faggseoln IEHo
Z¥ carbon-freeo|tt, H%x maraging steel & 1960dt] X &3¢

F8o08 INCO( International Nickel Company )odA Z17% 739 7H

FeT2 AFEY § A F3 274 =28 Aolx, load cell, n

Atd i) 712 2xole flexure, I FE TEE, ¥AIl @ 84

sl ARE =AU AA C-type 18 Ni 2502 ofZz 1535 2 #A§HA
o] torsion bar z Atg{ Ht ¥ FFAozA9 F8Aol UYEH
ol Zt¥ HFol AMGEHAUCL

A ZA AR dAE xde oS 2

(3) A& F =43y 15A0%F AWch
3

TAEE 54 R olded 71&E 43 gA 3. A
olz] Yile= 3ZAFoz AFIHFow HAr]l AsHeo nze =AY Hs

S S8l @7 FEEY dn AA Yale SAe AR AZEY &

228 dFstd Ziast EA AleledlM a ol ThwstEs SN

s+ F19.3-93 o] H HdF(steel cone ), 5y Hd #HA
( 1nsulaling conical shell ), A= ( electrode Y& FA =] 2) © 1
G LAl QFe] TGHA  zolo 2l gq=FH ox RH 7ol LR

st E#le] &% AAARE 60° ol R AHAAE 1%, A

AFe) BZE Prhd Bol dd™el I Yol gW X ZYol 93

A =1 geze A3 1me wrhd Mol HEZE HHz HAsE o
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d=0o]  glth

et Y FHE HEE FHE HIH {ASAAMA A7IA

g Wa% o2 U§ wete Ul o A8d

d7hd e 5Y

M

AN

Isabellenhutte ( enamel coated, A7 0.09 mm )A} A Foz2 gz

o] Cu, 86 wt% ; Mn, 12wt% ; N1, 2wt %% olal 45L&

rhde ZE HEe Gz sled B aTdlMe

Az 7haol folds Ayt ¥ HIZES AHEE AWE

Z GEE AT, ZLe FFH FEeEe AASI

sjete o @

Bl

Table 3-3 3} %

i

dol AF3SZHo|l A7

A3l ¥l AgE A W

Aol 2FAML olg£3 wloj™el( bi-filar) 7] (winding) &

Table 3-3 Specification of Isabellenhutte manganin wire.

Electrical resistivity at 20 C

Temp. coeff. of resistance at 20 C

Thermal EMF vs. copper betw. 0-100 C

Coeff. of thermal linear expansion

betw. 20-100 C

Melting point

’ Density at 20 C 8.
\ - |

_..35_.

043 Omm?/m
< ;10x1078/C
- 0.6 uwv./C

18x 107%/C

s}

A

c}




Prhdds FeAde dde HHe syon A HEANGE

EHS 7iRKel FHA(cleaning )& Tt <dHEs S

ukl
7hd &
s dWAVIE

FAstA 719 #oA (e 10 Yol BT A

Al 2hete] @A S G

Steel cone

Fig. 3-9. Plug and electrical feedthrough.
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d7hd 4" AMe e |l As ZHstza AAR Az #

dA77F Zgsit, AHA7F FReA FFe Aq¥y WHEtE FAHIe 2
kst 1%  shunt network & ol&3t= AL & 4dHA 7lsold.
shunt & & sty 71 Aggs FFsld 22 *3 W¥HEE W By
Aol HFEZ FAZG  BAE 04 AAZIZE AMHERE F U
F19.3-102 #|2F < AA AAAL =& ez AW 74 arm
Agt Co WE AHE 1200200 1:19 wvE ZERE ZAHIC

S, &+ decade #x3go g tHFE stepo] 0.02% ojA trimming o]

AT A FIEL R, = Ryoln gxz=AMe #AHEge Ry ot Arm

P

De] shunt #A&g olgstd 3yl AL ZFg 47 Ao Ha

7} 8L olFH A/C=B/Dojmx A/C=1 o2 B=Do|ty, BE

9x A& (Rp)S ;oA Ry +R 7 2}

shunt 4g a¢l e TFarl s BEFAYL AET £ dod EF

o
o
1%
1
il
gt
e
kW)
9,

A3} active posteo X zsted decade =z I
@ Delldel shunt 32 AFe IFFE Ay Y=A AYLS FEAH 2

o S5, S, 2 H¥H axyxE F F UH.

AN

I/REZI/a-i—l/Sl +S20]C+,
HoRl= 2718 A F Aol 428531 AF+E RE 3mE r&sc}

o} A

BE rheostatd] 93] AT S+ o} A2} g e 5

o

hel #lede]l e A /uMAe 4 zd (active coil ), P A

A, F/54E 22 B Ul H&EEd.  Cabled addE ARE St

o



T Az AHd|2 YFEe] stray signalz BE R3 3o

Rheostat

Offo S e E——

XL

e
-

&
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i

)

o

o
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o
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.

Active coil

RO or Rp

Fig. 3-10. Electrical schematic of manganin gage indicator.
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Grbd AelAel B4 Al #E 4¥ AXNmE aW4-1F 2o
Gl WAl =@ ZFe Y8 FAER Adh Ateld F& AP (Jacket)

s olgsle zhsted PEL TG FAEY Ssmg Aolste W4

o 19533d Newhalle] ols sidd x4 =dH4 54 4#HA ( con-

trolled clearance deadweight piston gauge, Harwood Model DWT-

200D ) E ol&stun. 3 =4 34 dFAl SAALE= dHol

Gl Aol Zgshe Wolgke Aeldl Slale] FAE Bol wAsE U4

<~ wsd FHAEES

A} olEe BEH HA, 2 HA, FHAYH o,

_1_?__
el WE A wwEAe Wi Be s o doz Addch®

__E’__Mi g C I“Pair“/PMi) '_trc_ L
A, [ 1+Cac+ a )(T-T, ¢)J( 1 4+ bP]

(4-1)

A A wyhd Alolx|el A3 sl DMM(digital multimeter, HP 3478A)
2 ZEA3ta o]lAe computer (Tidcam-AT) ¢ 1interface sl =AF7]%

gt & s gt ol & 0 psiolial 50,000 psi 7kl 2,000 psi Zb
Z]

lo
il
.
o
2,
N
.

zxsgch 4 ZAPL 9F WY T 58 oY
S & 1zzidez 58 AW @e WA sz sm olg oA
03] Zgsted olg BWIT #ol AT @& sy HEs sgch o

W EE HAE AAstd AEEr HolAe A A SAHEEA SAHA
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Ag4 ex W3l 3 Ay WHIIL A HE=E olE EAEy]l #E

o ex B4 IUH 9F PA =Y AgE A% AL U4

AgA] zgde] ALtz FA FEE EF7] sl 54 JEHAE
29 ( Ruska, spindle type) ¥ FHIRFE 1:12 4o 48 HE #4

2 AFE3 o

Hanger
Manganin gage
Digital multimeter I

=7

Deadwaeight

—
I!l . Control panel
= =]

o

Computer Plotter

Fig. 4-1. Exprimental arrangement for measuring manganin pressure gauge.
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HA Wbl del 9xE S4e ARl Sk ddel Ze wrkd

il

ex@ AN AGse Xl Azkl mE AU HY O H%H

o]
Pale 23 4-260] JERAQY. AL 30 T4 AL S5% HAAaE

wolyl o olF Ha IAF e AAVES & F Atk Aecdd =

ol z7] A AdH 7x FUol 127.702, & BHAFYe] 125.7 L2

-

oldou Axe Fo Age BFE 0.517% i sgoew o #He

Yamamoto 7} #|Al3 0.5~0.6% A% T4x @FH F LA Ut

. A R
L
@ 0.2
4 o0fp—— o
g-—o.a
o ~0.4
Y
ﬂﬂﬂﬂnuuu 0
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Fig. 4-2. Resistance change of manganin coil by heat treatment.
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Table 4-1& Aza @rhd Aol A azns 2As] 98 @

H W3l wE 2 B IAd(ref, coil )3 g Zx] FHY ( meas
coil ) o HaEgS FAHsA I Aolges AT F 2y Azl o
Ag F7HE Algtstd YER Aol HelAd & & Adxel AHIE FU
E ogEI Aoz Ay wHd wAld Alen Az AFYL olf
g ARy

P=3.1291 ( 4R ) (4-2)

2 P o714 PE: bar, 4RE mQ @selth, HE  AolA

ZEE A 1ppm olael A@e A AolAE Pmsb 3.2 X

107* @/ bar 2 2.7 ppmel2g wEHawt 3o, Aeolx] H=v  wWrhd

-

sede] Zolol we wWssiEe "ed Pmel wet HEeE Qole A

A4g 4 Ytk wEs 4 @D FAAss 4 @D Al 54 %

For HAGY Aoz ABHY Ha APEL o8 HY ML

Asslel ohew e ARHE A

P, =0.3839 ( 4R/R, ) (4-3)

oA71A P, & kbar g9z IFAlE dHolx, R, = ¢ ZAA] el =
71 A gelw tirlgte 0ok, olAS P, o AR ( residual el Hs

Hxlx= 1l barz A F7re]  0.3%° HD3tych 28 4-301 43I

AR/R, 9 #AS Y, aA4de=m oL Ay HE @A«  UA

g Ax AlelAE way a4g Tgsn gezmz 4 @-DF ge 2




Table 4-1. Manganin pressure gage test results

el T

pressure ref. coil meas. coil diff. dR dRRO
(psi)  (bar) (Q) Q) Q) (m2) (mQ./ Q)
0 0 | 1220830 122.6755 0.5925 0.0 0.0000
2,000 | 138 | 122.0829 122.7210 0.6381 45.6 0.3717
4,000 | 276 | 122.0834 122.7649 0.6815 89.0 0.7254
6,000 I 414 | 122.0829 122.8101 0.7272 134.7 1.0979
8000 | 552 | 122.0831 122.8550 0.7719 179.4 1.4623
10,000 | 690 | 122.0830 122.8992 0.8162 223.7 1.8234
12,000 | 827 | 1220829 1229425 | 08596 | 267.1 21771
14,000 | 965 | 122.0830 122.9870 0.9040 3115 2.5390
16,000 | 1,103 | 122.0832 123.0319 0.9487 356.2 2.9034
18,000 | 1,241 | 122.0831 123.0744 0.9913 389.8 3.2506
20,000 | 1,379 | 122.0831 123.1199 1.0368 444.3 3.6215
22,000 | 1,517 | 122.0830 123.1640 1.0810 4885 3.9818
24,000 | 1,655 | 122.0829 123.2071 1.1242 531.7 4.3339
26,000 I 1,793 | 122.0827 123.2510 1.1683 575.8 4.6934
28,000 | 1,931 | 122.0822 123.2951 1.2129 620.4 5.0569
30,000 | 2,069 | 122.0830 123.3389 1.2559 663.4 5.4074
32,000 | 2,206 | 122.0827 123.3829 1.3002 707.7 5.7685
34,000 | 2,344 | 1220831 123.4271 1.3440 751.5 6.1255
36,000 I 2,482 | 122.0830 123.4720 1.3890 796.5 6.4923
38,000 | 2,620 | 122.0828 1235131 1.4303 837.8 6.8289
40,000 | 2,758 | 122.0829 123.5562 1.4733 880.8 7.1794
42,000 | 2,896 | 122.0830 123.6004 1.5174 924.9 7.5389
44,000 | 3,034 | 122.0832 123.6449 1.5617 969.2 7.9000
46,000 | 3,172 | 122.0830 123.6852 1.6022 | 1009.7 8.2301
48,000 | 3,310 | 122.0829 123.7263 1.6434 | 1050.9 8.5659
50,000 | 3448 | 122.0830 123.7680 1.6850 | 1092.5 8.9050

_43_




3.0 +
2.9 .

2.0 Lt
15 .
1.0 .
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Fig. 4-3. Characteristic curve of manganin pressure gauge.

Aoz Ha AL ek
P, =0.3764 (4R/R,) + 0.0011 (4R/R,)? (4-4)
olE AlFe AUAH mrlzx FE UAd¥ EAo] vlisAl A&t U=

s & % 9t} £ P.ol el FEUE A4AsE 4barryt Hx

g 9 4 Utk aP 44 4 (@43), (-9 FAE A e
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Fig. 4-4. Residuals of linear and quadratic fit equations.

Yamamoto &= 4] (4-4) & W#a 4JR=R, (A, P+B. . P2)o dez
Azl A AReE 2Hsgon ® A7 AU o9 Hlmsk] Table.
t-2¢] UERITh  ZBdozm B a7 Ade e dTAEH IAA

1

G 9lee o 4 ok 1x @ AFE Aelxlel A¥ PEE 4

3
d7hg Alelx]e] BIAME BEAe CF(cell factor)z dehd F UG

ookellA Fw u ok AlelAel e 5ol @Hs dygeld CF
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Table 4-2 Comparison of pressure coefficients of manganin gauge

Researcher | Insulation Diameter | Ag* 10° B, ¢ 10* | G, * 10
| , |
(mm) (bar™1) (bar™1) ()
Harwood ¥ fiber glass 0.1 2.3739 —1.82 4.8
S. Yamamoto‘¥ double silk 0.1 ! 2.25-2.45 —1.0~20 | 1.3-—90.2
| Atanov(?? — 0.08 241 |
C.Y. Wang'®” — — I 2.37
KSRI | enamel 0.09 2.6553 —19.10 11.6
i i R

o o

1

e A7 "AclAW AAME wAMgolmz ofzlel serlE 2
2ol et CF gtel wWas Ha AFEL olgstd e =g A44

o O3 #Hru
CF=—0.0204 P+ 2.6580 (4-5)

A= thrigterle] cell factor CF, @& 2.6580d 2 & & Ji A4

o] 71271 me& 0.02047} "ok P45 A3 Frle wWE CF S

2 2 AHolth, CFe 8 F7ld wEt wid FAE Roled ©

Grid He exd w2 Ay Wy AAW Fud S slodAE

A A & oAE §U% Aoz A= og MUt BE

drhd mUe exdsll we Ag Wt de 2H (AP o
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Fig. 4-5. Variation of cell factor with resistance change.

20 ~50C DolA e Holm XEAN FHelz 4o Isabellen-

hattele]l 71& =tmel ol  20celd AL olE A 30T o

A 50 ppm, 40 collAl 200 ppmel A3 F4LE Hole oz ey 3l

tt, w0 TCeolx 40T 7ixlel A AF W= 10 ppm/Tol HE
2 f4¥eoz gitetd dbar/crt @ AA fE FHEE ABS WY

e ZAlg HED ol 9L wAYE F glerzs 2EHY  AlA

o] &FHA "R S olgdld &% ¥A FY (dummy or ref. coil )& A
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skl P A =URY AYAE A smed e m4g stax
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Fig. 4-6. (a) Resistance variation of active coil.

(b) Resistance difference vs. time.
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2459 e,

o
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e A JFM4 P,=0.3764 X ( AR/R,) +0.0011 X ( 4R/ R,D? o8
AR A SA4 W »Ae HE ¥AE 4barz el
0.1%° s&lidst= AW AZ[gelArch

(3) Alolx|e] AHFY H7l= Aoz g H3AFHola AAE 2 &}

AM2e P =0.3839 X (4R/R, Dolnl ol7$ Azlel BF WAE
11 bar2 Ftel 0.3 %ol & 23t}

(4) CF2 BA" Aolx] EAAL CF=-0.0204 X P+ 2.6580 24 ¢}

=

7l mE g v&Ag dAag dEg & AU

(5) Aolxle = BEA Z9y <HA ZUz FAHHEE 2 Ael@gs

_—

Z2Asle Lx L 1/102 JA3Z =29 F Uk
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