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Study on the Measurement of the Residual Stress by the
Magnetostriction Method
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Abstract

Macroscopic analysis of initial and residual stress is necessary for design and inspection
of steel structures for safety’s sake. The X-ray method has been employed for such ana-
lysis, though it requires extensive experience and high skill together with rather expensive
apparatus. A magnetic method is developed here with a U-shaped probe for the purpose
which is based on the “magnetostriction effect”.

Since the permeability is a function of the stress of a steel test piece due to the eflect,
the inductance of a coil around the U-shaped probe, made of high permeability material,
is a function of the stress of the piece to which the probe is attached. The change in the
inductance is detected effectively by an alternating current bridge having the probe on the
piece and another probe on a dummy test piece as bridge sides. The dummy piece has to
be of the same material and stress—free by heat treatment. A calibration curve of the
bridge output and the stress should be prepared employing two test pieces after heat
treatment.

Comparison of stress data with the probe, om, and those with wire strain gauges, as,
gives fairly good accordance as shown below :

0s=(1£0.06)om+ (0. 6~2) kg/mm2.
The second term, 0.6~2kg/mm?, depends on kinds of steel.

Though this method allows simple and handy measurement of the compressional stress,
the method cannot be apllied directly for the case of tensile stress since the output is a
two-valued function of the stress. Therefore, another method is devised to overcome
the defect. Since the output of the transversal stress is found to be about three times
larger than the output of the tensile stress and it is one-valued function, the tensile stress
can be measured by rotating the probe by 90 degrees and employing another calibration
curve, The method gives results which is fairly close to those measured with strain
gauges with diflerences of the same order stated above.

Above study leads to the measurement of two-dimensional stress by rotating the probe
around its axis. Therefore, the “shear-difference method”, developed in the analysis of
the photo-elasticity, is studied and examined here for its application to this method the-

S TEER
ERESAT  FIFIS4E T A 2 H

1)




oretically. Since this indicates possibility of obtaining two-dimensional stress distribution

by measuring the directions of principal axes and the difference of two principal stresses,

experiments have been performed for the cases of compression-compression, compression—

tension and tension-tension using various kinds of steel.

Comparison of the results with those by the strain gauge method also shows good ac-

cordance withn 2 kg/mmzfor stress less than 30 kg/mm?.

Simiilar comparison is also mode

for welded test pieces andthis gives somewhat larger difference of about 4 kg/mm?2.

Above studies indicate that magnetic non-destructive measurements with the probe deve-

loped here is effective for practical usage in macroscopic measurements of initial and resi-

dual stresses.
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%
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BHLT0.19%g/mm2/’C7 VAT — 1D 1.6%/C TH
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BICHTHLTHBERRVELRLHU LT, BBk
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REFAHOT, MEOTAREERL SN, ZOMF
WREB L, ZORREN—2 161CRY, RER
DEINE 2 & 0.1% L0 # 25¢A /kg/mm? RESRRE
REL 23, COMEMIIZ, RHEOEBEH0.25%%C
ZBEFHCELY, 7254 MEIKL 5~ 0e—354
HARESHICE, (BRED, REAIK) OT, #
37 = 54 MEBSOWEBKOTARENRA SO EE
bz, M OHRFEEMEING 5 &, HiLFWTIRY
254 FOBDPBLN—5 4 FOESHEMLTL 3,
i, BT, 7254 b2lgh, -3
A1+ OFEICEREE 2 v &2 4 FBBDNTL 3, 0D
NiTLTDd, REEMNSZBE, 7254 MEDED
BEEONTY, 20k, BEVTAREMNMETT
55LDEbNG, UL, RERDHO.07~0.25% <
SVETHE, BRVTARERD ZEMIRE IR
—ETH 5T EDX2. 16 5bh b, ThiZ—RKiT,
L ERESN 2RMOBHEATR, BEOFHREIR
REOOLIDPRETIE, BT VEEINENSC
LT, COERIKESTR, FHAETH 3,
REBEPA DRI, Wb 2 —i O REH (S
0.420F, Mn:0.920F, P:0.0521TF, S:0.06 2
T) KBV TR, BKOTAREICRIZTEEIIEY
WAV, FORIBMMORMC K 5B &P
535 THB, F230obD3LdICREDS
FELSFCEAE, FLROASFVOEERKD
THRRENKED, i3, FORMHS—IREH
DBRRBBRENC MO BEBTEZ, LL, T
NIEHICEZ 37713 TH - T, BROTHREIC
BiZTHEERIIVROSERR S L0 ek s ORTF
MNEL DB, —BNICE->T, REMTE, £BES
T, REOEGHERIIPEETILEEITINVER
Do

2.5.2 RELHNELDORE
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£—2.3 tERASOBKOTARECRIZTEE

Ex- A C 4 Sig Mn o S 4 & ”Z

#4,/K/ni
21 0.25 0.32 0.38 0017 262
22 0.28 041 0.4 4 0,021 243
23 028 0.25 0.58 0018 207
24 022 0.32 038 0018 269
25 0.21 0.24 0.45 V025 252
26 0.11 0.22 0.37 0016 226
27 011 015 035 0020 211

WSRO FHREICESERITTAEBRTFO- o
HIFRRREND 5, T TR, WMOBMEREEIC &
DREMNED L HICENT E2DERD 4 D>DBA/ICD
WTHIE LTz,

(1) {ERgEst

FELUTBARNERET 2bicB 8525 ¢
T TIIERRELIT00~650°C iz, 1.5B:RENE Lotk
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WREEIT, B L7cE E TR, HRNAMATRY
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LT B—A—2F7+4 MAGICL 72 O 5 5BEBL
T, Y187 254 b EN=F 4 H 5 12 BEEEC
L, WREILTIARET 5,

(3) ERiRMbgESE
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BRBICT 3, TTTR, AE (T30CHHR) PlEic
fn#E L TG Lz,

4) AR

MESE»SCRABLT, A ZTREAMHEIELT, BEE
ERWTREERANE NS 05, TR, 850°C ichn
BLT 12COKTHREANEB L T,

Zh o OEROERER—2. 1TiITRT, ZORH» S
bipdZ Eid, [FURLERETE, RO THERE
DREIIHONTH 508, BUEREBEL S &, K
ERAKELBRBENSTETHS, BEIMILE
T ORI EBRINT UTE - e BB GREgEst#) o
RO T ARED 194¢A /kg/mm? Th 353, (EiREE
LTI O R 2RELL DI, REMN 1.5
CHIML T2, $72, KEEANEB LS &, B
OFARBREIRESBL LREMH O 0.5%ETF
2 TLE S, —HIERGES, Touesh, BRR{bEsto
Mic IREOHERE SN,

PEoz iy, BROTHRER, EEOBYEE
HEd - L bBEINZOTREVMEEDN S, £
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L DB & DRiC, REDZENTNT Lick DEY
PN DB, BT OEENENEITHS, L
ML, EANOEAICE, BREMSEEICET LTH
%, TN, &BEEMETA DL, 2FKIZN—51

FNTHBD, AT VA FOWHMECHET AIC
HELTOS, XEICL B &7 V¥4 + OBR
DTAREIRT =514 FORL/10THD, =354
ZRIETRN LS 7274 PEDRE 8K WV D
T, TOXIHICRKREBEL L >TU 5B,

—iic, BERROEYNEET 258, MHEEL
T3, FESMBEZDOTEH D, PLOEE»OD
MB LS, BB X AREOHEMSERICRED
DT, [ URMEA LIcPPET, RIEBREES IR
NIEB SO ENHIFERDM L,

2.5.3 BELEEFMOBE

JEIEIC & O B ORLT- BB A5 5 & Bk
OBREDE B8, HROTHRENE LT BT
WEhb, 2T, FEHEE, ThicEHACY
D AN ERERT (100X30%13), 20&%FAL, &
BT OS&BHTFOEMIRBL D EEREEZ L 5, &
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F—2.4 EZEHMERIOTHERE

B0 T 5 RE
WEHE | B E . i /xg

HBHA AL
1 EEH B - 198
2 ” - 202
3 ” - 206
4 ” - 191
5 - 193
6 4 - 200
11 HAKM - 199
12 ” - 180
13 ” - 193
14 ” - 201
21 E 5 55 M\ 102 226
22 4 097 213
23 ” 0.96 225
31 oA nm 1.00 218
32 ” 1.0 4 212
33 " 0.96 216
AHEEM G | BT A 2.83 7461
A2 | #fa oM 280 56(7)

NERED T ARE & OBRERS L,
FFIERAED, £BEMSEERAVERE 0X R LAE
O ERTF ORIEE L b, TOHER, BRENT
DREMEhIcFACES (FELFEEER) i—ED
By (&1, 30mm) oBSc keIl shizi
BHTO¥A n, HERNFO BMIhIEH (B
HiD) KEFiCE—&EE G0mm) DRSOl
nNEEE n E43E, EESOIGEMI, Z0ORT
DEESICHH LR ENEE LT 30T, BIHME
e, e=m/n, EFEDLTIENTES, £—2.41TH
ELBME LA O T AREO—FIART, COFE
mEbh b kS, TEOMMEIARICREEEsN
TEY, FRETEER, $800CTHD, ThiIA:
EREE AT 2TV AR, FER X ZHTFOEEH
(L, CORBEOXSIc, EEAHmE, ThicE
B & OfREBHT ORICEBHEh - 7o b i TH
3o LIchinT, HEFMEE CNICEAFET, B
VDFHRREDEBELALEH SDNILD - DIEEE
9o 212, BEEEShRERAE (GI3RA 300x30%
1.2) 3, BHEEEMERELRD, HBREE EOR
BEEEOBERE—4ICRT O i, BEEShIANK
HBERBHLSSENTHWED80H0 5, L7 b
T, BRELAEXLN-TED, BRUOTHERED,
AR TR > T B,

WEH RS HEEH OB AR, N EFEUEH
FEREM THEIE gl 21F - TP S hid i 57580,
2.5.4 BBEELHIEEDOBBER
REOTAREICEEERIZTEELN ZRFO—
DI, (KIREMOERICE T SE7 = 714 MERROK
XL BENELOLNTH,
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FE—4 OAREZEMOBMEER
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MEEE (EE100) 2H-T, *OWEEFEEE
Yt (J IS «G+0552) 2bB0THEN, 20
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REICERIZD, KIEICDONSEH, i sORBA
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66 73517 008 0.25 187
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KPR A B % - S | BROTAEIL
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102 6.7 8 013 006 310
103 688 0.13 005 300
104 837 009 030 221
105 6735 0.15 o3 252

2.6 1CRT, i, F—EBRRF LRI REIUE
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I 0. 1% T TREEICHd 3B BRDINEEX
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I8 C ER TR E0D, —HEYD 50~602A < 51
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RIREWD LEL, GULHESERCSTVT EHER
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fEme LTiE, B—ERBRRE 00X 5 ickE UBHETE
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CHVLDEDNOTRIEEIC G 2082780 23k
OARWIRBRS Tk, BEREET 25413, &BR
DG TEINESREST ZHENS B, UL, —
WX D 50~60p4 A3 DTHRMTEZ % £#90. 2kg/m
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RE U8, ECAMBREBOEAICREZL SOy
ZETH 5,

2.6 A=Y e LRERONT
2.6.1 A= wJVERELIR

NEDBIC, RNV REEDES, BREM DL
DT, HEERBF TN YR E2ESRFNIEKE SN
EVIHER, §2.4.2(1)IKBOTER, 20T ED
DIEMER & BEM OFBEOBEICENT 5 C Lic s
D, TNBKERBEO—D LD, TOEEIOY
TEZES, 27, #¥R, HEFIMIEM LEL
HHE, RUER, ECHL, 20EREOLDT, T
NERESIRFNITE SN, CORNEHELfE-
T, ZOPENBIEEE 2 SOEERY, s ET
3¢, BROMBADZBELIILTILENTE 5,
72, CORETIR/NS vREE ST28, SBRIEMI
TARAEELTTRHET 50, TONER K = 3% L
T, PEEAE LT EICX D EMEEABLXE S,

4=V VEEELTE, DElR~IEs>, RE
FHEEEOZE DHEICERH L EMOELBREL
E—3BBA TOEMBREL D2 o0BEZ oh, HIER
KPR OFHCEBRETH 5,

HEEE, WEFEELES, TOBRE, §2.4.2
(iii), (n)icd~7c X BdHEERE L0, iR
AU HFRENH LOTHYBICIESL L ENTE B, L
L, RUHETRWESAIE, §2.5kcil~ikck3ic
BROSHREICEEERTTEL ORTFEHD, T
NOPECOBEDMCENTL 2DT, &H5TOMN
FEFRATRETH %, T, L, BOBERELFLIC
HFRFE SN, EBRORIEOEAIIE, AEELE
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M OFRBER B DK IR DT TN THEE, MER %
FERIE L0,

2.6.2 A= vJVEREDE

1=V y VBZEDD B, BEDMER §2.4.20)C,
W—FE LB T RORBE I OWTRDIA, T DIHIC
BT, TOMDBRELOREERSB LD, 4=V
» MIERARER R (140x140x13mm) 7 #raf
LT, EnmEREBOFZLADEEME L, ¢ OF
&, No. 1z 2RiERICNo. 2 Ry 2HEHER & L,
Z LT, [A—RBATI0EAEL, Sk EBNDED
bDRKE, ZOMDOIOEFT—4 & L,

—O— 15 5 &)
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gp 2000+
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I} 5 10
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B—2.19 HBRFOMKOTHRE

F2.7 4=y VEERRRE O (st Bf: pA
g Ao 2 % 3 Ao 4 f 5 fo 6 Ao 7

& 95 # 956 #£ |96 # {95 #* 9 b £ 1956

1 0| -40 20( -30( -70( -40{-130| -50| -40(~160{ -60| -40

2 20| -80 40 -40| -40| -30(-110|-100| -50]-160| -60| ~70

3 20| -80 40| -50! -80( -401-140| -80| -40}-160| -70] -80

4 20| -90 70! -207-100} ~40]-120}|-100| ~-40|{-170| ~-80| -80

5 20| -80 50| -60] -60) -20)-160] ~70| ~20{-170} -80] -40

6 10| -80 20| -50[-100| -40{-160| -90) -50}-180| -80| -50

7 20|-100 40| -60[-100] -60|-150 =90 | -10(|~-180 -60 -60

8 20| -9¢0 20| -50] -50{ -40|-130} -80| -40}-170| -80} -80

9 30| -90 20| -20] -70{ -20|-140{ -80} ~-80}{~-160| -80}{ -50
10 20| -80 68 -30|-100 -10-140{ -30 ~-90{-140 -70| =50
SF 1y 18} -81 38 -41 -77| -34{-138]| -77} -49{-165| -72} -61
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o] ¥
P 96| X IL| K 96 & 96| & 96 i 95
1 0) -40 80 20 20 0} -10| -50| -40] -20 20 20
2 201 -20 80 0 20 01 -20 60 | -30 0 20| -10
3 0| -10 50 0 40 0] -40 20 -50¢f -10 10 0
4 10} -20 60 20 20 0] -10] -40} =201 -20 20 0
5 0f -20 50 30 10 0 0| -20} -20] -30 0 0
o -10) -10 80 20 20 20| -30f -40] -50} -50 4] 0
7 -10| -10 60 30 10 0] -40( -40] -40} -40 0 ~-20
8 -10} -40 50 0 0 0f -10} -50{ -40{ -40 0f -10
9 0] -20 40 20 0 0] -20 20f -10) -30 10 -20
10 20| -40| 50 0 0 of -40} -40/ -50 0 o -30
i1 0f -10 60 10 0 10| -40( -40§ -40} ~30 0 0
1z | -10]| 10| 60 20| =zol 20 o] -40| -10] -20 0 0
R o] -23| 60| 16| 12 3| 22| -27| -37] -24 6| -7
F—4 OHEIR, EHMETI60ELT, BE £—2.9 HBA ORERMEL HMRE (WHEID
RO, BEREEEAHEERE KO RDi, Bf 1 pA
§_270C%@¥\:§%%Z—<To E]_ZIQLCﬁ:\'TctﬁlCC A s 1 fo2 -
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