1170 % L

¥ 66 £ (1980) ¥ 8%

B

F—TF 4
VWAL ¥R

UDC  620.192.63 : 539.4.014 : 620.173.26
i

P e Y B AN OLDERMD

CIHIE Sl ) -

Stress Relaxations Test on Some Commercial Steels Using

the Oding Ring Method

Tetsumori SHINODA, Shizuke SHIMANUKI, and Ryoichi SASAKI

Synopsis :

Stress relaxation data for some commertial steels were obtained by means of the ring method originated
by Oding, and were compared with that obtained by the conventional tensile method. The date obtained
by the ring method agreed with the tensile data within an error 109, comparing the remeining stress
ratio, RSR (residual stress/initial stress). This agreement, however, was imparied when the ring spec—
imen was loaded to an initial stress greater than its yield strength. The initial stress in the ring test
specimen was capable of being set to an arbitrary value to an error of less than 69 by using the
unique relationship between the initial gap spacing of the ring specimen and the shape constant, A.
The stress relaxation tests under an-isothermal conditions were easy to perform using the ring test
method. The value of RSR in isothermal part of the test was influenced by the heating rate to reach
the test temperature, within only the first 3 or 4 hours of the test.
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Table 1. Chemical compositions (wt%) and heas treatments for the test specimens.

( Steels Cc Si Mn P S Ni Mo Cr V or Cu Heat-Treatmentst | ¢,2 | SD3
i 900°C, WQ &
Ab533B 0.17 0.27 1.20 0.019 0.014 0.59 0.54 Tr V:Tr 650° C 4h, AAC. 52.3 \%
o
. 950°C, AAC &
- A542 0.13 0.23 0.43 0.009 0.007 0.06 1.02 2.29 Cu:0.07 610°C, 4h, AAC. 74.3 A%
' A543(1) 915°C, AAC & 65.5
0.17 0.33 0.37 0.011 0.004 3.44 0.53 1.68 Cu:0.12 | 650°C, 4h AAC, \%
A543(2) 915°C, AAC. —
k’ HT80(1) 930°C, RQ & 80
' 0.12 0.26 0.76 0.005 0.004 1.00 0.50 0.49 V :0.02, 650°C, 40min AC. P
Cu:0.23 After the above,
> HT80(2) 1100°C, 2min, OQ.| —
. 935°C, 9h, BAC,
STPA24 | 0.11 0.37 0.50 — — — 0.93 2.00 — 750°C, 20h, FC. 26.6 A%
18-8 0.06 0.40 1.28 0.005 0.020 9.59 — 19.2 — 1100°C, OQ. 16.4 \Y%
. 1) AG : air cooling, FC : furnace cooling, ACC : cooling at 60°C/min, BAC : cooling at 600°C/h, RQ :roll quenching, WQ : water
) quenching, and OQ : oil quenching.
& 2) ay:0.2% offsct yield strength (kgf/mm?).
3) SD:stress direction. V and P show the stress directions perpendicular and parallel to the rolling one, respectively.
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Fig. 2. Remaining stress ratio (RSR) vs. time
curves by means of the ring method.
The initial stresses, ¢o, are shown beside
each curve in the unit of kgf/mma?.
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Fig. 3. Unique relationship between the RSR and
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Fig. 5. Comparison of the RSR vs. time curves
obtained by means of the ring (A) and
th tensile (O) methods.
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Table 2. Comparison of the values of RSR obtained by means of the ring (R) and

the tensile (A) methods.

Tem g i Remaining Stress Ratio (¢/0,)
Steels ocp' Lof o, (i
) (kgf/mm?)| (%) 0.1h lh 2h
A 29.5 | 0.22 0.87 0.66 0.62
550 R 440 | 0.23 0.84 (0.035) 0.65 (0-015) 0.61 (0-016)
A 27.3 | 0.22 0.70 0.48 0.42
R 55.3 | 0.29 0.64 (0.0000% | 5745 (=0.042)1 57,7 (—0.095)%
580 0.29% 0.70% 0.50% 0.46%
R 31.8 | 0.16 0.75 0.55 0.51
A 15.6 0.16 | 0.69 0.50 0.44
HTS0(1) R 31.9 0.17 | o0.69 (0-000) 0.47 (0.060) 0.41 (0.061)
A 94.9 0.22 | 0.70 0.45 0.39
600 R 44.9 0.23 | o0.65 (©-071) 0.40 (0-11D) 0.34 (0.128)
A 27.8 0.27 | 0.69 0.38 ‘ 0.32
R 53.0 0.27 0.69 (0-071) 0.36 (0-053) 0.31 (0-03D)
A 17.1 0.22 | 0.51 0.38 0.32
625 R 42.8 0.22 | o0.47 (0.078) 0.35 (0.053) 0.26 (0-16)
A 13.3 0.18 | 0.63 0.44 0.40
sTPa2e | 600 | R | 397 | ous | o4z Qg7 | os2 @3 | oy (-3
R 19.4 0.08 0.58 (- 0.42 (0.045) 0.37 (0.075)
A 9.1 0.29 | 0.86 0.78 0 48
650 R 18.0 0.29 | o.es8 (©0-21) 0.58 (0-26) 0.28 (0-42)
18-8
A 8.5 0.24 | 0.73 0.52 0.48
0 R 16.9 | 0.2¢4 | 0.48 (039 0.32 (-39 0.28 (©-42)

Note) The figures in parentheses show the error of the RSR of ‘R’ relative to that of ‘A’,
*) The averages of the RSR in the two ring tests wiith ¢1=0.29 and 0.16%.

1) These errors are relative to the averaged RSR.
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Fig. 8. Comparison of the initial loading curves
obtained in the ring and the tensile tests.
(a) Completely elastic in both the ring
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— 120 —




F TS YV TEICED W 2 OERMOG NEMRE 1175

T T T —
O Base Metal
[ 1 A533 A Welded Metal
10+ @ HAZ
HTBO(I){ O Base Metal
A Velded Metal
— HT80(2) v
G 9 A543(1) m
X A542 <
STPA24 ®
s 8 i8-8 ©
E 12 Cr Steel®
>
]
< 7
6r 4
5 R A
15 20 25 3.0 35

Initial  Gap Spacing do (mm)

Fig. 9. Unique relationship between the shape
constant ‘A’ and the initial gap spacing.

H+5. —F, () RDX5EEERETD oe-ct BARA
BAMERGC IR B L, ) v ZETOREIIET o LEIR
REREETD 0oB' EA—H LIc 5. Hic 18-8 o X
5. RSR offiikGEmr k& WiBe (Fig. 4 &
B i, TOXEIKREL LB EELDRD. EHK(0)
Mok V) v/EETo gel BRA HBHANCTR S
L, EBEOIGTIN 6! THB DK L, RSR &5t
B LB 06 HEWADT, RSR K RS
Lk b, ey v ki X 5 RSR 2355 R X
B X v EE O D D OIXRIIGTI% 66 Tlg
< g TEHEi Lizicdd dahis. fek, U v IR
B COMERETH A, ) Rxv & (BR)=C -
dy) /Ady THY, F1 el (EE) 12 ARSIV d BELT
IOCBIIETAH0E LT, Ry ¢ (RiR=@—
dy)/Ady L1s%. L o>T A NERERIVEbL LR
VIR D, ERPOBIIIIBIERECHEICRD EELDR
5.
WIREE 4 1k BEIG T OfHER MY ToWHRE,
FOIEREREYMB = LB L. Fig. 9 KR
horoie, RBRABRAA LT 2, Mk
B, 4 ZYhBiE dy o—HBHBEKTHB. Vv
BORBBELY LT By, TR E TE 3ETHEE
I FATHHECHET B ENMETHH. FHNIESH
D}|XL, () XLy & IO dy, OPEBREL T
INEWC EEREELT,
|dao/Gal | AAJA| -oooeeveemeinaananianinennen (6)

*D o (2) ROBRIE oo-¢! BIRVPMMBHINCZDOTIRILOC LIER
I,

Thzbhb, L A offik Fig. 9 wind 4-d, B
FRIDHEEL ao PEETD L, T OREEEIL, do=
2mm, A=930, 04=55 L&\ T, 13T 6% &ich.
4-2 RSR O{HAIENKEM
ABFFR CUIIE JIREFLETE o Hl ey G RMAD 4 3
DTEY, ZOHEFOTLREE L HWY SR HEE(LE D
X
—l/E*-do/a't:ko‘”t’"----"-------------'""'-----(7)

TEHLEIIBD, 2T E* 3FRBREE oY v I/,
E(>0), 2(>1) 8 IO m(—1<m<0) 1IFEBRIEE K
FTHMRERTHS. (1) RI VKA BLRhS.

RSR=0¢/0y=
[1+E*k(n—1)tm+1gq#~1/(m+1)]-1/(-0
exp [— EXktm+1/(m+1) eveeeeeeenn n=1 (8)b

®a KXo, n>1 oML, 52 bhit TO RSR
i oo DIME L LA THZ LD, TD g
WEML n, b ZoMRERORERER XTIk
THZENTFHEINDE. ~BCRECEVWEEIL AR
%< k 2V \0T, RSR @ o, KEMHIZ/NXL, B
EOBEWBEIIMT n 2VNEL, EBRREVDT, g
TWEHEIREL LB THA S K, Fig. 4 A 5D L,
B AHEEHAE X oBFEARD LS. LrLED
EEE 5 & RSR 0 oy KEHEITFEPE L8O TH
5. ZHE— OB RER OREREESEMCLL
FrlcbtELbNRS. n REER 1 ELIS L,
@b HLbv, RSR ik oy CIRFELIRVZ LS.

CHTS80(2) = A543(2) @ X 5 & MHERHNCILE Ie ikt

Tit, RBREEOCL ETrANRZE L, THRbHOTAR
ENGTICIEHRAT % X 5 REREE Y LTw55D
LEZONS., ZOMBBEABRORES & LEBRTOILD
A ORED & B U CHBRE.

4.3 TRTO RSR

REFEE D RSR ~0&E), fEHiR T iR o g
BE R B~4h) WHATHIRECOWTL, HYE
NED I X oTHIBH IR TS, T OIXEBRDIGT
REEEM OB ETREZ L THAH S, Pl FEleE
UEsf2EsE sy, oEstxEELckT, A
EEEY FFREIWEWSIEHBE LR S.

A eE T s a0 SE,  58022550°C
BIREEE b 5 2 1o, 580°C —E TREB L1cYs
& X bEW RSR %, ¥ 58022600°C 0 L% 5 2 7o
BEAE, B\ RSR 2irdz &SRS, v,
Fig. 7 08 B2 &, ch b FRIREEREE—K L
V. ZHIRBEERCH S BEIIR OBV SARIVC

— 121 —




1176 # &

% 55 4 (1980) 4 8 =

EERRBL T 5. B, BEY EFLCE, BETS
BT, REREE S —REC N R A EASED bh b
(Fig. 7). zo X 5 BERS 1, #RELUTREAL
D RSR ks i+ 8/ NI TAHZ Ltie b 5.

5. &

) v ZRBREA G, W< on0EAE O ITERR
BrRinL, UTo#EREZY b L.

D vy 78R ty, BRTOF— 258D, i
RIRERBRBEL o T OETIBIT — 2 % RD
bhn. BEIGHE RSR GREIG/PAGT) <
LicEa, BEOFERREC I 2ERCHL, Vv
B X DR ERRE 10 UNT—#%T5. Ll
it SV b LA E i ATR 2 5 2 B & —FirESL
7th, Vv 7D RSRIZFIERRIC I D2 Z2hEk&ELTF
¥hbh. WMECLORWBRIRH A YR ETE dy &0
—FBREFIH LT, Vv /BRI 5 HG v &
EHAE 6 UADEE CHEECRETE S,

2) EEoOBIEAE R L7 A542, HT80, A533B ¥k
X OY A543 o 4 gRRE DL FEILL, 3IEZ OIEF T
EFF5. chb4ifEo RSR OEE, WBREEER L
KRG TI% B BB T A 2 o4, Larson-Miller o<
5 A2—2 (C=20) ZHWT—RNEETE 5.

3) WG/ RSR 1k LT TEHEERMA /NI
{, BRATRELRIERRD P, ILITHERCE

[

5 EHBOPNIL e BHANED OIS, BbELE L
WIRRR IR ZE ek R CiE,  RSR 3w iz &
ho EREE Lo,

4) FiREE Okt < ER T TD RSR ~ng
i, HERERR(3~4h)cilkT 5. 580°C LT
+25°C DIERAIR DIREZE(LE 5 2 TRD 7 RSR 11,
FOEE OEE T TRD RSR &3 A S,

X Bk

1) JIS Z 2276 (1975) “&BHKHOFIEY 5 7 % —
Vo2 VARG

2) J. €. RitTeEr and R. McPuErson : JISI, 208
(1970), p. 935

3) WM. 5. Onunr : BecTHHK Mali#HOCTPOEHHUS
XXVI (1946), p. 1

4) I. A. Oping : “Creep and Stress Relaxation
in Metals” (English Ed.), (1965), p. 265
[Oliver & Boyd]

5) R. L. BRowN and M. CoHEN : Metal Prog.
(1959%, Feb., p. 66

6) HmHEEsF, BE OB ExKRR—:#H, 20

(1971), p. 7
7) #Hlzwx J. H Girrus : Phil. Mag., 2 (1964),
p- 7

8) S. V. GracHEV and V. YA. ZuBov : Phys.
Metals Metallog. 15 (1963), 6, p. 47

9) mEE, MELE : EE%ELT, 36 (1967),
p- 222

10) ¢ B, EEoDiz, 11 (1959), p. 1321

— 122 —




