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The Effects of Grain Size and Deformation Rate on the Tensile

Properties of Mild Steel at Low Temperature.
(Stﬁdies of tensile properties of steels under high-speed impulsive Loading—IV)

Seita SAKUL, Tadahisa NAKAMURA and Masanobu OHMORI

Synopsis:

A mild steel with 0°159C, having three kinds of grain diameter, was tested at temperatures
from room temperature to liquid nitrogen one under 1mpact and gquasi-static tensﬂe loadings.

Experimental results are summarized as follows:—

(1) The increase of lower yield stress with the lowering of temperature was much greater
than that of tensile strength in both static and impact tensile test. Below the temperature
at which- brlttle fracture was observed, the yield stress (br1ttle fracture strength) was almost
constant. .

(2) The transition from ductile to brittle fracture was observed on the unnotched test
piece in both static and impact tension test. The transition temperature registered in the
latter test was higher by 60°C than that in the former. The transition temperature was
also affected by the grain size, i. e., the specimen NI (grain diameter: 0°091mm), no matter
what the deformation rate was changed, had the temperature higher by 40°C than ome with -
N3 (grain diameter : 0°017mm).- This 40°C was quite equal to the difference between the
transition temperatures of the respective specimens (N1 and N3) in Charpy V-notch test.

(3) Although the lower yield strength and tensile strength were functions of deformation
rate as o =Alogé + B (o : yield strength or tensile strength, & : strain rate,” 4 and B : con-
stants) at a given temperature, the deformation rate dependence was larger for the lower 4
yield strength. ~This-dependence increased ‘with the decrease of the temperature, at which
ductile fracture occurred. However, it became very small when the specimen fractured in
brittle manner.

(4) The lower yield stress (or brittle fracture strength) ¢, obeyed quite well the relation
ou=0ci+kd1/? (0;, k: constants, d: grain diameter). The value of % for the impact tensile
‘test was larger than that for the static one. ;

(5) In the range of temperatures at which ductile fracture occurred k was found to be
not a function of temperature but of deformation rate, and friction stress ¢; was a function
_of both temperature and deformation rate. 6;=a exp (—$7T) (a, B': constants, 7T : temperature) )
was found at a given deformation rate. Meanwhile, when the brittie fracture occurred, the
constant 2 became larger but independent of the temperature and of the deformatlon rate,
and ¢; had not any dependence on the temperature but a slight one on the deformatlon
rate. _ (Received 13 Feb. 1963)

BEREAL TV BHINS L D, SITRTHRD ks

i

I. #&
ﬂ‘ﬁ@@?ﬁﬂf@tﬁz BT i, Ok @EHIRR Rz BREMOERIRMEME 1B 2 ERIE R 2 0, iR

W, @Jﬁ%k;@?—ﬁﬁpﬁ@}#%ﬁﬂb‘fw FHES FRR

* EHMIS/AEIOR ALHBE AT THRSE

7o  OEBFEIT K VIR ST I8, RILTI, R EE 2 7 151 8
THEO B EOEERRH T 700, BIRSBLD O ORBLERYE, T8
SREEERET 2R T, FRRBA 2RV B R M BRI

— 28 —



KO SR 51T B BRI B 1 X 2T R 12 b OV AT A O 997

HBHE X > Th, BREELAE TUE, BEER

BERBREF COMKBIZEWT, _f.%\@z%.&m%%ﬁﬁ:b

HTLNTE, WEREOHRRIESTHHILIRE
SRS TR VT, FIREORWEERBA ORIRIC
BUHEE SUCHIBRRBRICR Y, ELLTUT
IR RSOV TER LRERICOV TR~ 2.
etk D TIER S, ou 13, 1RE L ZTHEE—EIC
T5 L, ERNEDLOEKELD, (1) RTRDYE
%. : S
gu=.oi+ kEd —1/2( 1)

2T o, BVX XAk, d ks R CEHEZET
5. EESEGHOIMECEME, 1BE R X CEREER
B8 RTFL, BT o WIRESETI2LE, 278
EERETIZERELAARYD, R o L kD, ou &
MU &5 CRE L EREEORMTHS. 00 Rk, X
NEDED X S EHICIR DD, FIEEIHEOSH &
L, BEREOSA LT, FOX5 LRI »REEL
7o. X BICTEE BREER T OMIEESIRE & VYRR
UYL e - EERIT B O & ORfRE BT

AL R B B O&E
FUENT Table | WWRFHMUKOEKIAT, BESULN 224
X TRBCTFT X5, 3SBHEOMBRELE<. O

B O FH T, EE 22mm F CEEEEE D 1R T
5.

B RESUER DRI B R Fig. | mLic. #i31E

HEROEAITIE, ()T e, AR 2ERdk

(@) For static fest

“Table 1. Chemical composition (wt.%)
and grain size of spcimen.
. C Si Mn - P S
0°15 |. 0-21 044 0°013 0°009
. R Grain ‘
. Specimen | Annealing diameter ASTM No.'
N1 1200°C 20h| 0°0913mm 2°9
N2 900°C 1h| 040266 7°3
N3 750°C  1h| 0°0167 8°7

A PTEL, FOIMIE X DIARTES, TOFNA

PHRICGSHFIZ T T L Lk - T, EEIRAROSE
A1, (DYITRTES5AT v L ABED 4 FTRER
BAL, FORICESHFEZTIT I L2 TLRLiL
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B BRI ORERIENE & LT, HiE(920°C), —30°C
(F U7 va — VICHIKRER R T), —78°C (=F
Foua—vE ¥5 474 ZA0HHF), —130°C CAjli=—
FOURHHREEZTET) B & U0 —196°C (RIKRZERFPIEIE
) %z 5AR. SRR O, BIRP KRV
D ERUL, EfE 10mm, AR Smm O3 OT
»5. BIERER LUFLTEIh-Te, YYVE—EHE
=kER V%, Table 1 TR LK Ni & N3 OVEIK
B R V. '
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WEE 140m/s ORENEHT D, FERFAREESERR
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. 4 ~_\ < i 3 s, WEHEE Sm/s (&
g = =14X10%2s 71 72 HONT 20
L—,ﬁmm—J m/s (é=57x102s ") @
jr v > IWETHDH. EHETRFAKK
7 T z P o
Gt cntiner Tt pece Fr < S RBA Cb B
(b) For Impact fest fTE VL, %h%ﬂ’b%{"ﬁﬁﬁ"%
o = ——— =T _ BEn o fca—F - 2o
'mpact- en i
R & [ e —OFITEoTHRIEL,
- - Fized end. i E— R p R 2 RO8R L 7.
— 35 mmr——1 III1. %ﬁ%%&%ﬁ
NCoofant container Test. piece (1) RECTE
( Stainfess pipe)

Fig. 1. Cooling of test pieces for static (a) and impact tensile test (b).

Fig.2, 3%, HRNED

i_‘.zg._'_



&k M %49&(1%‘3)%7%

998

*¢N uswroads Jo soryredord ofisual

o11e1s pue joedwt 9yl uo injeroduwid) Jo 109uY ‘¢ 8ig [N uourads Jo sa3rodosd JfIsud)

onels @cm 10edwI 9} UO o.HE@.rdES J0 uoemm ‘Z w@

(200 dunqeioduzy Buyssy « 20 ) 24njpdsduay mx{wﬁ

i Q %N - QN - : % - — %Q\ ..\1 %V\ = Q%\n QQN I.J c %N. QN.. n %%\.. QV\I %%\l QQNF
m ~ ~ . *\\ _ \.0 . ”/J Q L T T =Xve0 T ooV
S 0 (Fupzx'Sugv) posoeduf,” ::EEP\ < ot K i ‘\\ﬁ\ \
R % R -
S X / * Dy
M 0t \x ¥ ‘ 0 m G2} (spuges's/uge) pogoedur > / (v)orels. , \
I . i .
i °h I /A
L &wmuu\u}\ éﬁ:-il'«\\\ 1 5 &u%uluu'nlﬂ.a!-- AN —|0
W (X (s/wQzo g s) pajoedur (0)I1184S. 1Y S 06 (o w\s? paoedur / (o) Eﬁv,\ .
N . . D el , - oy ebuofT —--- i
< o =i % | o i, T W . vaue fo uorjonpay ,
5 o K4 : uotyebuoyg —--— Y — g N
S ./foo : vaae {0 uoigonpay < » T, | w X
N 105§ T $
N~ 8 T~ 3
oHes ../ o : LN 8
. . 9 . doe :
e | . . w3 | V// % _
~e~d_ l 4 o8 a14efs o
~ m// ] WI e .\ ./ 17, 4 @ _
/// // B % < =~ - nﬂ .
« ///0 / W HQW //JIII, ..%.«. MT
N o - w & M/ (=pm ) No J . pm
xxmo (==-0-mm /) AN a L _I /4/ sfupz 4 pojoedu] . ./// \ x
D0< 74 s/w G f pajoeduy N\ : R ~ AW ~ AR
. Il/// \ E IW 8 //I Q / ./ Iﬂ
/un N \ // & RN lmlll N N Q/VA. (~mo-— ' —v—) R W
, N I BN . s/t e pagoedu] y,
- /w« / 08 W : , g S~o ,/u/
( ~mDeem { X)) oX // We : : IYIDMII/I v
s/wQz e pajoeduy 2 ~ ~ X = 0R- =10
4 : : _ =
\ % : . ypbusys gjsuaf ———- //uwﬁ
X
_, . : . ssays paf uomor ; I [
_ 8% w |00 . — b . ox
I -
A J/!\! ; a0t
ssaugs pjosh uamo ] —— 2N L MM\ 2
_ — ,.. i . L 02/




BMEMOEBCKST 2F5REEEISIZTERNER L CREBHE D HE

999

B AXVEE N1 2ELASIVEE N3 28R,
EEHES X0 20m/ s TEIERRMBR AT O ok &
®, BEEEHEC S IETREORERRLZLDOTS

% JREDERTIC L B 7 5 TRRA &5 3R S OB,

VWFNOEREECE VTR CERTH DL, BRA

OHIMIBEESRIOFNIDWVWHUSHLL, LkisT
ARBIC I DI EBRR BRI S. FRFIE» 5—78
°C T, REEIRT & &b RAE, &% QL&
Bl COsi@B T, 5RRIeonwTh oo
BRIzFECTHS. LiL, HEERES IO 20m/ s
DRERTIE, —130°C w5 LKA GhREI Ligs
AP E—FTZ) OHIMIP LMD, EBIEED
—196°C WintUEZ OMIMIIT & A ERD HRhs .
Fig. 2, 3 WRELLNLHERE N1k X O N3 O

O MR OIRE T AL R LR, Wi

OEBEECTE VT, OIRERHFRBRCHESNS
L EROBIEEBREROTES 25N 5. WE N1 &
X OV N3 O o8 LT LAERIZ, #r95 RO AT
13 —196°C BT, HES[RMBRTIE —130°C DIT DR -
ETENLTNECL-> THD, EEEZRIE {ILHIRE
LITTU, BRAREMLEVWZ EBRDLNE. 20

TV ORE N2 e oV Th A< AU Th - T, &M

RS LILHIEE, HENIELNEID :b'fi»@‘/\
EELTTIE, RS (EEREaEE) B—EiE
BB EEFLTVS. FREOERE, Oblco~
BERMTRG, B OB ORHEO v e

 —ERARY THEDRLLLATHY, OIS

BY X oTh, #IEEERBRTEON TS, &
Vo, IR ZBERRBRA D OHE, MOBEITRDE
VL, 3 oD, TR b BIRE, EEERS LT
REOPIFFEYILZOST LTI ORE - 7225,
TEU D THOME (35 VIEEMETEES 100%)
Wb 8n L%, FERBIPBRELZR L2 &
LHEPOBRETH 5.

(2) ZHEEOYE |
AEBR OIS X OCEEWHS ERBROBEFE DO
YIKHy, 11100,000 ThH5H. BHEEN, I
AT 5 L IT X - C, BIEERBICH TS
BREEBL, W oOE & D i iR THY 80
°C -, W TH UG SR i T $960°C BRI BT 5 25,
EHEEE 5m/s L 20m/s OMITERIELRD
Sz, 1 o

Fig. 4 13508 N1 OBk E L5 R Sk X T
EHEEORE R, FARBELC OV TRLELL DT,
EBEREED LRATEbEINS.

 Yield stress and fensile strength ( hg/m?)

G =A 108 & +B cerriveiremnnnniann (2)
I TR ETIBERA X, & 1 IBHE, A & BiEK
THD. BUREOLEI, OIS EEOYE
LRI, BEEMSICT S XY, BREICHL TEE
Tdb. RPHEREREE L T IRERE T, R
B3RS X T A BEEOREN, HEOETL LK

LRV AS D, FRIECBR AL THB T

5LV, Tabb, Hikrb —78°C £7T, Fig.4do
EMRODE ((2) AP 0EA) 1l 5 25, —130°C
B L, SBRECREMELTT —196°C T
1, ISTEIET 5. 23°~—65°C OIEW: IR
T, M. Evers®d, fligkOER A OV T FEERORE R Z
WEL TW5S.
OEEN T DIBMNK LT 572 DI 25D Tho
T, BRAID locking O HHBEKT B 70D TERWEE X
BnG. BRAS X OBEER S T 5 BRI D

CHUNE, (2)RDOADKDMC EDTRENS. Table2
RN E O RRLIBEORR K onT A iR

00

F.
(3) HESREORE.

FrEHEB A AV, B0 I OEES R T, ©
FEBEEDOFIERRD N, BENERKCLHITE

} a2 1 - 1 I
10°F 02 102 107 / 10 107 103

Strain rate (sec™)

Fig. 4. The lower yield stress (—O—) and .tensile

strength (--x--) of specimen N1 as functions of
strain rate at various temperatures.
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Table 2. Values of A (kg-s/mm?) in the
equation (2) for the lower yied point
(Y.P.) and tensile strength (T.S.)

X

Tem- N1 _ N 2‘ N3
erature P
P |v.p.|T.s. |Y.P.|T.S. |Y.P.|T.sS.
20°C 6°0 | 45| 68| 37| 6°8| 4°7
—30°C 7°0 48 7°2 4°3 7°6 51
— 78°C 8°0 .5*5 7°4 5*3 | 8°8 6°1"
—130°C 7°5 55 8°2 6°0 | 10°6 86
—196°C 3°3 3°3 30 3°0 39 3°9
— 00
Nt a ‘
) /Q\ /—O\\e\ II‘/'f]aétgnum

2 >< — _— 1000 3

" /{ N - T~ | Fnerg, ~
g N \\A bt | absorbed ~
S SO / | daw §
~ T\\\\ A\\“;\; m___ﬁ___—) §
X ~— Z | Vil RS
< /6 Pk, LN strength 1600 &
2 /X o) &
R o : 3
oL 1 =
3‘\:/ % 4 400 N
S 5
5 g/ 5
8 200 X

. ,// 2

xx
—7 /
I
L Il 1 R
0‘40 4 40 80 120 60 200 240

Testing femperature (°C)

Fig. 5. Rusults of Charpy V notch test on
specimens N1 (—@—, —O—, --O--) and
N3 (—X—, —A—, ——A-).
FOBERREIZ LR S (Fig. 2, 3). $7bb, B
RLEE D/ S WEUR N3 i L ¢, RESHERTH S
B N1 oo—RE R X O BTN MER—IRE dhR
W, ZEREE T, RL, FRENE 30°C B LT
4y 50°C WERICBEEIL T\W5. F—atl N1, N3 @

VYRR A &RV T, BHEL v v e —RBRE T D7

fERZ Fig. 5 WRd. MHEENCIRREE, M
BRI = & L ¥ —fH, BE{Es D ORI EE &2
oo BRI EY, BUERRPICRLER L 7o E— R IR T
WO, ¥B i BAREET AW ELLL D TER L.
Photo. 1 (T %2R FeERC& DIV E—REH ghAR O
—flr, BREFNER I CBRTNEOERETT. FIICD
Rz k4, Ni, N3 FRt e b, S E— IR R i
i, ThChilEBEBEERTEAEZRL TS, |
e URBRITED £ &, BB OUIRENERT D
&2 CTREBEEHE, TbbRAmRSHBTELD

Photo. I. A load-time curve with specimen N3
in Charpy test. Impacted at 30°C
M.L.: Maximum load, Y.S.: Yield strength

Table 3. Yield stréss at the notch root in
Charpy test.

Specimen . ‘ . .
: i N1 N3

108 kg /mm?

10°C ‘ 85kg /mm?2

30°C . 75 94

60°C 66 77
100°C 61 - 66
130°C 58 66
160°C 58 66

Nz ofdic, fhRERN bocE &® skin

stress OFEEZ{TLS &, TIREDOBIRGIIVE, Table

3DE5ITEE. HEHTRRICK T EBRERORE
RIS AL, EEEERAMOESRER THE LS THR
BRI DETREVEEZTTS, L OREICHT HZLIX
TR EHLTWS. i, TR A ovF —ihifise
B, BRI N1LIEZ N3 k0§ 40°C BWBERBIREZR L T
W5 o Eaa b, ZofEik, RicoicsERRCE
FLTRBOBBIREDR LB L. L, FERHR
TUHRD TR WEE THE b G EB IR, R
ERTIIE 160°C 7 L 200°C HWRETE b D, K
ERICH TS Y v E—RBROBEEEE K sm/s T
L5, EEGEE 5 kX O 20m/s OFEL[FRHERIT
HR, v v —sBRA I RV EBIREZRTE
BEEO—DOVE, RBRAOUKECE T HREE S RE
CREVEDTHSI. o
BEStAKSH OB BEHMENY, TOILFRSB—ETH S

YRR, AR EERS O EORMKE L TEbSh
5. THRAREALDFRTHOTREADO LS CRFTED.
Gu=0u(Ty &, ) errereeereeeniainennccse (3)

T, ¢ BIXCdRLNTHEE, BERE, H&NERT
5. T, ¢ BNEEDL, 0y 13dDHOEFESK (1) R T
FbXh5. Fig. 613, HENCHEGRERDOFHIROE
Yd 2%, e TR A 64 220, XHBRIEET
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'Fig. 6. Relation between lower yield stress

and grain diameter at various temperatures.

—--O-- static, —@— impacted at 5m/s.
BohiiERe, &y, HE (HE FSmm)ﬁ%E
ﬁ%mowfﬁbk%®fﬁé-;®F%M(l)f%
IBRELTWS. BB IEERB T, 20°~—130°C
TR OERIIENANTIATTE Y, HE5 BRMEHT
1%, 20°~78°C ¥ CEFTH 5. DL LoBEHFEIL, A
RSP A EERRES T BT H D, TN L
T, BEEREEOR - B IREEE T, BT, R
<k OERASICHEMS 5. Table 4 C&AHMEBRENITH
.HékQE%ﬁ?.kﬁ@ﬁw%@ﬁﬁﬁﬂfm,ﬁﬁ
WEEOEIIC LB RO TREL LB, BECI>TE
ES7. —F, BERECRERTE, k=50—E
HEmy, BRERES ICREOWTFICHEFLEW
&% Table 4 »BIERTE S, BIADERHIT BREAER

TREOREE, Hasn, CoHEN, AVERBACEHY KX

Table 4.

HesLop, PETCHe)gl"’J:O‘CZl)]}\/\ﬁ_%ﬂq,"CjQ y, HEMHE
&%@FAK%U%k®ﬁM,i%%®%%kl<~ﬁ
. —FHEERHEOSE, Haan 50k OfEIXHED T
ﬁ%<,%ﬁ%%Hme%@ﬁ(=5)®ﬁ2%K%
LT 5. AERTEBRREORE, WEREL 2D
I8 BIGT
(ﬂ%ﬁ@tm%ﬁﬁbfkb,zhﬁ%ﬁ@@m%ﬁ
ZkORECEDERTHAS.

B3R XX, R E R, R EORIMLIT X
ST FET 5, Hihicd V22 EOTHERLEDLT
(HROFWIIEDE . '

(4) ou=0u(T, &, d)ITOWVT

(DHRPIEBRFEETHS L FRFIC, BRIV HES

%D, FRAO friction stress ¢; 1E, d=c0, T
o Bk R ORRRIG 1 % B0k U, BT D, BRAL, 1

BIEF75 L X o T 5 1F % H i OEH, Peierls-
Nabarro force 7 S X BN TH D, kb TR ICHE
LTV B ERRIC o TAET BIS N EROEAREDT
Rtk B OEER X OEREERFEZ
2 BB, BBLT L DROELTIE, oi &k TH
F B AN DA R BAIINE 5. Fig. 71T
EOBEEICY 5T LETR U EEREDCEE, kI
IREEICERR (Tabled) T, ZWEEDOLOEK TS .

B. FEMERREwC S &, RINERE EEBE E@b"ﬁ‘h?ﬁ*
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LN
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/ /1'7"3 1072 /5 - / 70 10% 11'73 10%
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Fig. 7. Effect of strain rate on k in the

equation (1). —@— ductile fractured at
20° to —78°C and — X— brittle fractured
at —196°C.

Values of K (kg/mm?3?) in the equation (1) at various test conditions.
‘ 20°C —30°C —78°C —130°C —196°C
Static : 1°50 1°51 1°65 1°90 4°80%
Impact (5m/s) 2°95 2488 2°80 5°50% 5°55%
Impact (20m/s) 3°15 3°02 2°98 5+00% 4°90%

* . Brittle fracture
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Fig. 8. Effect of temperature on friction stress
¢; in the equation (1). —@— static,
—A— impacted at 5m/s and —X— at
20m/s. '

S BB 51375\, friction stress o; LIEE T &
DOBfR%Z Fig. 8 WWRLLH, MEOMIITKROT L &
BIRs b 5. ' o
oi=aexp(=pT) (LGEE—FE) = (4)

ZoTa, BRERTHS. ORI ERES
T AEERDHBL oD DT, MEHEREEETIE, KPR
TRLEXSWE—-0RY, o WREETKRELZR
. WY, Sm/ s BB, 20m/sEED LT R ITOWT

(DHROEF Z kw5 &, Theh lna=44(kg/

 mm?), 0°64X1072(1/°K); In @ =4°92(kg/mm?),
v B=0"45X10"2(1/°K) ;. HXG Ina=50(kg/mm?),
p=0"45X1072(1/°K) £ 72 %. BaroNOIIZSHEEI0LS —1
DEEERBRT TR R2llE +5 cLicXy, nha=
234 O¥AE dyne/cm?), B =0°62X 10-2(1/°K) &
BTV, BOMEE, FEROBHRR CEEE L
QRTT, EHEER 174X 10°S -1 T 5 EEEE 5m/s
ORBTHRD SNAIEEEPE Y BRI 2T V5. 07 O
IREEREEY, BECEEEONE £ 5T, Fig.
QTR LTz o MEETHEORE, BREEICHE K
CHL, BEOETEE SO KEEI—EEL A
3. ZRCELT, BEREORETIE, BREOHE
RE LB, ’
CLRORECE L, TR FHIMRE o Dl
Ex X OBREERTER, o NEE & ERREOH
HiLEy, EPEREEOHRIO>TEETS VST
LTHOoT, WD (5) RCXDTEMS TS T L5 T

60 . B,

y
el
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& 40 .
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Fig. 9. Effect of strain rate on friction stress
g; in the equation (1).

&5. |

cou(T, 6 ,d)Y=0i(T, )+ Ek(&)d 12 (5)
L7235T, Fig.2, 310 L7HHE X OEE3EER
BROBEERTICE D725 BREAD LR, £hEh20°C
~130°C % L O} 20°C ~—78°C ¥ TlX, o; DOMEAIDZK
UREYS. %72, Fig 4 WAL L 5 G BRESER

EECHEINC X DT EET 5D, 0; & k OV

LAFEZS THHRTHE. B, ARG
ZROTEROAESRECERT L LIICAELLBD
1, friction stress ¢; QDEMIC L 57-HDTH5. Fh

W, EREEORETORLERT DY, COGRD

REETCX50NE, BEOESICHT 5B O
KIIFLZ2Z 213, ELVBRTHS. ~
CRICHL T, IBERECS I BIBMRE S (ks

5EEE) 13, WRTHRHESILNE X5, BECEDRR

’C\“, )
0u(Ty é,d)=0i(E)+ R d—1/2 e (6)
oi BPTPERSLEMRERTFELZ L 20 TH 5.
IV. #& . E |

0 15%C MOMBKEZZE X T, Hilr HWkERE

CTORERET, FERBRE OF%EL S G HHTS [BRRR

Brds oy, WOT L SEEReEe. |
(1) HEEOETIX 5 TR A & BIEEM = o
i, R X CERCThoBA S, BREICEN TR
CeBbLaLL, MEmELRTRELTCE, MRk
X (FEMRERE) BIEEAS—ETH 5.
(2) FBRBRAZEVCD, B, HRWE[EERR
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On the Hydrogen Embrittlement of a Quenched Plain Carbon Steel.

Synopsis:

Toshimi Y AMANE

To investigate the hydrogen embrittlement of a quenched plain carbon steel, the specimens
of 0°3% carbon steel were annealed at 700°C, and quenched in a martemper oil and in water.
Then, tensile tests of the specimens were carried out right after the specimens were made

to absorb hydrogen through electrolysis.

The volume of hydrogen which the quenched and

annealed specimens absorbed was measured and the internal friction of the specimens before
~and after absorbing hydrogen was measured by a transversal vibrating method.

The experimental results were as follows:—

(1) The degrees of the hydrogen embrittlement of the specimens quenched in water,
quenched ‘in a martemper oil and annealed at 700°C after hot rolling, were 7°2 38°5 and 42°8%
 respectively, where the degree of hydrogen embrittlement was shown by {(eo—e)/ec} X 100,
and ep was the reduction of area before hydrogen absorption, ¢ was the minimum value of -
reduction of area owing to the increasing of the volume of absorbed hydrogen in the steel.
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