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Synopsis :

The properties of KF11T steel which was developed for Grade F11T high-strength bolts
were studied. This KF11T is low-C Al-killed steel containing Cr, Ti, B and reveals
excellent result in cold forging of bolts. The test results of M33 bolts which remarkably
exceed the maximum diameter M24 specified by JIS are summarized as follows; (1) The
mechanical properties of large diameter M33 bolts produced with KF11T were all
satisfactory for Grade F11T high-strength bolts. (2) The delayed fracture test in the air
and sea water of F11T M33 bolts has shown that no fracture occurred in two years. (3)
In the case of Grade F13T bolts, the probability of fracture in exposure test was strongly

affected by chemical composition, nut position and bolt diameter.
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The properties of KF11T steel which was developed for Grade F11T high-strength holts were studied.

This KF11T is low-C Al-killed steel containing Cr, Ti, B and reveals excellent result in cold forging

ol bolts.

The test results of M33 bolts which remarkably exceed the maximum diameter M24 specified by JIS

are summarized as lollows;

(1) The mechanical properties of large diameter M33 bolts produced with KF11T were all satisfactory

tor Grade F11T high-strength bolts.

{2) The delayed fracture test in the air and sea water of F11T M33 bolts has shown that no iracture

occurred in two years.

{3) In the case of Grade F13T bolts, the probability of Iracture in exposure test was strongly

affected by chemical composition, nut position and bolt diameter.

1. #

S OBESHEL L ThAETEN AL AYER
ERD IS U BHNFEE/A S LT 5
», BAETHEED Y N, FESECRL T, B
TR LCE DA S L SRS
DEAS Bl T 5, MHCkTAEF DAL
FAIAAE OB, IBRBTERLIIS T S i
P, M~y AT @ L7 F 9 THilfn =

it st Vg Tt kM 7w a v
Al b ORI A BERIRE o oL, WERM5E
8 HTHhnas, JIS g (JIS B1186-1970) @&
EEREE L ~ALF1LTAEA P OREEERHAE S -0
v, BRM6ES5 Behn, JIS mRahTuw-5 1k
5y, b OBREEEC Y %L, F8T,
F10T. FIIT L fe»TRb, 3IEMEOH&IT
130kg/mm? 12, 42 UorPOiEir M24 & criiliz
BR TV S, COMMBE, B L 5
DRI BEERACHTEREEN ORI T H -

* o HNTAFKERRELFTRE
= AREERFERSAREAIME

R AT E AR E L FRR

- 47 —



T, ZhEFIIMT LSS TR LT
LU0 FILTHE L THETIHTE L oo i)
FCr-TiBH GEABMKEFILT) Thh., &§E
TR FUTOEAN B2 <o 21
o, &~ F -, AR b 0 G
P, & SIWR MM AT LT A
LAy bIEERED® T A I e L
CURNE - FERU 3 6 S S pON

2. R ®E

Al FELE TR ORI, RO L D ImmRE
FoREVG-EEES»EBL, BEOARILE
THTE DRI Lo ob, o mEES Rl
BRAG A BTV B S e SRR, 2O
T HABBETREAA FHNTE RIS
LEFOCTHTATELSABEL Tirhiti.

1) JEOF ¥ THENLNIEL, Eab

SO AMEEGS s LT S e I AF LT

WA R,

(@) BEEIREEEAK, KEANDARET,

FoH 2 REEAL MCLEAEL Y AEARYHE

LTwvaIk,

(3) BOREOBBMOEE TR TV Dok,

(@ mEAEBESE AT OATLLIE,
LLl-oEs s b, KF11T D44 Table 1143
TEIHOEELI WCRFUTHELTERZA
T4l RECr 48 (SCrd) o v it it #
Cr-Mo §f (SCM 3 ~4) D CHEAREA0.33~0.43
FThHog L, KFIIT0.25% LT &16<
Mz T D, ZhEBEOR -, SRR,
fbER RO e F RSN Lo BE
Lteteth T B, ¥ BT S, BIREN
KEGT A= AFAFETHLOT, HED
F ¥ CAAFETOBMBEN T 5, 262
Cr, B k2o Ti i X -» CHEARE S JFH
DHESAFL AR T D,

342 I

July 1975

3. KF1IT oM EEE

31 AMEEE

KFIIToOIFMD ¥ ¥ o4+ Photo. 1 1T,
T EERC L D MEE ka Fig. 1ion T,
Photo. 1 720, KFIITH7 274 b+2—7
A4 MR s THs 0, SCM3 it Tl &b
A~k o FREER (GHESET B0
PALBE e Uandg) - Rich, HED T 3T
TLBAHBIT - T AZ b D, I
Fig. 1 iz X hif, 10% #Eo5#EhmTHE O
4, BHiEoEL A — 5 —0fEEc HB 9881
BT A b ESmae L vbh Twv a0 T, jlEE
DFEFTHEHL S AHCINE - T4,

AfREOGREEE N ERLHTREFTHL I &
Vh, BAUF b~z BB R - 1L TS
N3, 23mme ibE4 1000°~1200° C tlhmme
L, 860°C x lhr wifc b L LD b,
BEDD LT & - T 6mme x 12mmi o) HEAR T4
(ERE L, MERSAERA 1T - 7o i, Slh Ry
FERIZB2% LA L F T te, A PRI o D
FFHG THBO T IREVRSHH, EHITT
e —mEA iy LD E R B A (6mmg

e Cremienl componiion ol O SN S 3]
C : Si Mn p Cr B Ti Al
0.20’»0.2550‘ 15~0.350.55~0.90  <0.030 . <£0.03¢  0.85~1.25 0.001~0.003 0.005“-0,040?0.010*-40.035




Vol. 7 No. 3 A A A BISR KF1LT o’)M*ﬁ&: DT 343
= MZ)
100l © M22 p bolt size 490
a M24
3o
E —
180 B ks
) 2 8 o
= — — QU
T = B &
2 i 2
n b © A}
i 90+ i g 20r £
E OO~ 2
: : 3
170 = e
I
60 10
1 |
As rolled As drawn As rolled As drawn

Fig. 1 Change in mechanical properties with light cold drawing of KFI11T
(reduction ratio; M20 13.5%, M22 12.1%, M24 11.3%)
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Table 2 Tensile test results of KF11T and SAE1024 at room and elevated iemperatures

(¢=2.78>107% sec™)

Steel AT * Temperalure

T.S. EL : R_A,

|

(ki) | s (ng/'nil)r.n ; ‘ (kg /) %) i (%) WFlow stress curve
o | B0 | 56.0 ii 8 72 Smooth

KFI1T 05 | 10 | 3.0 ‘ 52.0 ‘ Com 70 P

255 _'I 27.5 ‘ 48.6_ \ 22 Viéﬁ : a

5 ‘ 370 570 ‘ 29 ! . [ P
SAE1024 5.8 150 W 5.5 | 54.5 ;mw, 25 | 6o | - -
R 340 ‘ 0.0 % Rt 56 Serrated R

* A 1. (Aging Index); Increased flow stress after 100°C x 30min aging with the 7.5%

pre strained specirnen
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Table 3 Numbers of bolts cracked by cold
forging of KF11T
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Period forged bolts B/A x 100
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" Dec. '1 15 0007 0 | o

Eiif 7150 ]” S | 0”7
" Feb, 50000 | 3|  0.066
© Mar. | _54 090 ‘7 18 o 075

CApr. | 1303 | 1s 0011

Total | so6675 158 | 70&{7
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Table 4 Chemical composition of 34mmé¢ bar specimens
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Fig. 2 Jominy hardenahility curve for KF11T
steels
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KEUT| B | 024 | 028 | o084 | o.0i3| 0009 | 000 | 109 ; — | 016‘ 0.017 | 0.0020

c ‘ 0.25  0.25 ‘ 0.78 | 0. 011‘ 0.006 ‘ 0.01 | 0.82 | — | 0.017 | 0.032] 0.0021
scM2z 023 | oz | o7a o 015\ 0. 008‘ o | 1z | oem | — -

SCM3 ‘ 0.35 ] 0.29 i 0.79 | 0.012

1

0.018| 0.11 ¢ 0.15 | 0.17 ‘ r |
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Fig. 3 Distribution of 34mmg bar (KFIIT
B) cross section hardness after tempering
for lhr at various temperatures
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Fig. 4 Change in average hardness of KF11T
34mm¢ bars cross section with tempering
temperature (860°C W.Q.)
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Fig. 5 Change in tensile properties of KF11T
34mm¢ bars with tempering temperature
(860°C W.Q)
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Fig. 6 Change in impact test values at 0°C of
KF1IT 34mm¢ bars with tempering
temperature (860°C W.Q.)
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ee :
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¥ Test pieces : JIS N0,4
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Bar —— Drawing — Cutling —— Hot forging
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—— Thread roiling —— Heat treatment
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Fig. 13 Production process of M33 bolt

Table § Tempering temperature of bolts
for exposure test

: Tempering temperature

Quenching ) °cy e
Steel condition TS, T.S,
- 1401‘:g/mm‘2 120kg/mm?*

A BAOCC—-W.Q. 180 460
KF11T B 7 365 445
e " 330 425
SCM22 ¥ 410 . 500
SCM3  855°C—0.Q. 420 480

git, A P FlEXL, BEARBROSTRS
T LB LT 180mm b L, Kb Gk
i, FIIT & 1201(g/mm2 F13T 7% 140
kg/mm? w270 % CBEL F LR A R L
7o 'f}m@@ﬂlﬁ]mﬁ% Table 6 =134,

4-1 RJL FOEEEERE

HiE L hREL AL+ @, Table 6 o>E0
P&t & DA B A Table 7 i3, - o
Fahhmd Lo, JlEHE 120kg/mm® @4,

WCEROBEL FILT oABEmE LTy
L5, 140kg/mm? o4 o T, { S UGRBTAN

Photo. 2 Fracture mode in wedge test
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Table 7 Mechanical properties of M33 bolts (average of three measurements)
i T T e Impact test at 0°C| oo ... |[Hard-
Strength Tensile test (JIS No. 4) (HS .N.O:__"‘_)__ ’l We.dge test” ‘ ness
Steel 0.2% | T.S. EL R A Absorbed |Crystal- |Fracture Fracture.Of h(;?ﬂd
(kg/mm?) offset energy linity | load mode * s10€
(kg/mm?®) [(kg/mm?} | (%) | (%) | (kg-m) | (%) | (t) (HRC)
120 113.3 | 118.8 \‘ 17.7 | 60.1 ‘ 56 | 45 ‘ 86.7 ‘ o0 ‘ 35.1
A - - JEUPE A o ——
140 126.5 139.1 16.0 ' 57.4 ‘ 2.5 90 ‘ 98.7 ‘ b,b,b ‘ 40.4
120 112.1 ‘ 120.4 19,0 ‘ 60.9 ‘ 5.4 50 85.5 ‘ cce 357
KF11T B | i I .. e . LI —
140 | 124.8 5 139.4 ‘ 16.0 | 55.6 | 2.8 80 | 100.0 ‘ bbb | 39.9
120 ‘ 112.6 ‘ 1209 ‘ 18.0 61.8 ‘ 5.1 47 83.8 ‘ C,C,C i 35.3
C —_— - | - - — e mm e e - .- - '\
140 { 123.6 ‘ 141.1 ‘ 16.0 ‘ 55.3 1 3.0 ‘ 80 98.5 ‘ c,b,b i 40.7
120 ‘ 114.4 i 119.0 ‘ 19.7 62.1 \ 12.4 I 1] L 83.5 ‘ c,c,C E 3.4
SCM22 | e i ! o
140 1 126.4 { 139.5 ‘ 16.7 57.0 | 2.6 80 i 92.6 ‘ ¢,bb 139.0
120 { 105.9 ‘ 116.7 | 14.0 ‘ 50.0 1 3.1 I 47 i 90.0 ‘ cb,b ‘ 39.6
SCM3 T : | - _—
140 ‘ 115.0 ‘ 133.1 } 14.0 ‘ 81 1 24 ‘ 70 ‘ 80.8 | aaa ‘ 43.0

* See Photo. 2

FEXRAHEOMSCM 3 4 T+ %, Table 7 Licautfc bipun, Sofodic by ERAE

D < AVRBIC L 2 KR L, Photo. 2 i ELfe b bl DOEERE 00 FOlEEE S

85 I EHEE, O, REEo 3 gEod o MG Lic » ol S 0B Ry R e, &

P i, M LA A Do TR, BEEEGH
42 HHEB g lE A mBEARSORER, IARERBRESO
BERARETSBE, Bt - oflhs

Table 8 Tightening condition and bolt tension in exposure test

1 Tensile Low bolt tension | High bolt tension
Steel ; strength Torque  |Bolt tension INut rotation/Bolt iension
. L Gg/mm®y | kgemy |ty | (degy ey
! 140 | 248 i 60 | 240 | 88
A - e & .
‘ 120 | 226 ‘ p | ” ] 77
kewr| | % | s | v o]
120 ‘ 240 " ” ‘ 78
| 140 ‘ 236 " s | ss
1 C _ ‘
| 120 ] 256 p t p ‘ 78
o | 2 ” l " ‘ 88
SCM22 , Lo
120 ‘ 250 #” | # ‘ 77
‘ 140 ‘ 246 | ‘ P
SCM3 | e i
| 120 ‘ 258 | P | » | 84
_ 1 .
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BB 7 B IS B

WEFA L BT N.=0.75x o, % A,

FHEREA LEE N =11xN,

T, oy BERECIRERS
Aot 42 UEL A by e i

TaHE R, ZHIZX S TFIIT, M334E4 1+
N., N #fohnr N,=49.4t, N=54.4t k7
Do BEAEOT L OETNT, fiEv I 0EL
AL, bog R X AEEDETIT TG
Wohae0t BEE L, o bR DD SEA
FifhrTw, 25 7 % 1+ (snug tight ; {(ifF s,
Py 25kgem, B 6.5t) H240° 0 » PO
BRAE TR L, Z0X s i Lo TRF
BT Ao A e B AGN ), Table 8 @
IS5

43 BBRA B

431 BT &

Table 7 OF 11T, FI3T 7 % AM33HE A hic
S\ Table 9 i 5T 4 TR % % 3

Table 9 Exposure test condition for delayed
fracture of bolts

Environment Bolt tension ‘ Nut position
Air | High | Ground side
# . __é- -_ fl ‘ Sky side
. #” o i - Low ‘ ”Grroumnd.sic.{e
77”// ‘ /:____ n._gky cm-i-e_ o
g;wate;' } . High ‘ —_— o
_ . ! —_ Lo; ‘ S

Sea water

hCHE, 1E&EOFHEEL FRFELEI0RTSH
b, Chbux 1 AO#BFikEfTeri. T L L
TH, SM50B /EX 60mm x g 120mm x f& X
1200mm % 2 fE R CHEA L, Sttt BoRAi
fgommx{E X 3mmaoiFad 54 , KF11T
I, A T ROBRAEECE DT R
R DD, ABEE—F +— o X 0sE L
M24, § F& 135mm oFEa oo T 4,
Table 9 & ] —Gaft CUREREE & 17~ oo

iEhE A - i KFILT o i ->0T 351

432 RBER

HEEBAE, REARLNEFIATELLR ~ER48E
473, @AhrARM8E 4 At b, HE WEH
MFEIH) F CCRH2EIEFERLT%, ZOH
DA PRI A ¥ L4 L Table 10 @
Lawled, cokpLUTOZ Lahng,

(1) FUIToO@EECHE Y 4 U T 2ok,

SCM3ni&TdHh5,

(2) F13TOMEETIE, ol s i L

Table 10 Bolt numbers of delayed fracture
during 2 year exposure test using 10
bolts under each test condition shown
in Table 9 (as of March 15, 1975)

e Tensile strength
. E
. T (kg/mm?) 140 120
... Environment - I
(Steel Tt e | L._ }!: .L ‘ H
| airs 0 ‘ 1] o] 0
e _
A | AIrG 6,6/ 0,0
- Sea water 0 1‘ 0| 0
e
! Air § 3 6‘ 0| o0
KFUT R —
B | Air G | 9] oo
(M33) — e B .
Sea water 4.21010
ars | 7| o]0 o
c | airG o 9] o] 0
Seawater‘o 1‘0‘0
ars  o| o] olo
SCM22 (M33) | Air G| 003 000
iSea water 0‘ 0 O‘ 0
| air s \10|9 0‘0
SCM3 (M33) Air G ‘ 7/10| 0 4
Seawater|8‘*|0‘
Air 8 ' 0‘ Lo 0
KFIIT (M24) | Air G io‘ 00
Sea water | [) ‘ ‘ 0 : 0
. S-:-Nut;tr)sition is sky S1de
G : Nut position is ground side
L : Low bolt tension
H : High bolt tension
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) Bolt size : M33X 180mm!
3 Nut rotation(deg.) : 240
24 Nut position : Ground side
Tensite strength © —140kg/mm?
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04 06 08 10 2.0 4.0 60 80 10.0 20 30 40 50
Time to fracture {month)

Fig. 14 Weibull probability diagram for delayed fracture test of bolts (as of March 15, 1975)

TuvAD, SCM3 gL EL, 2WTKFILT

T, SCM22 ABETHL,

(3) B—RETL A P ESDELIE S SRR

BEEELIZ W

{4) KEPOBETIE, F v FPRIKERTCRTT

BE S NIRRT AR 02T,

(5) WEKPToOBEREAERRET L DA,

(6) Ao pERAEGIE S AW S

L5 TH LB ER TR,

Fig. 14 i3, Sl3kiE s 140kg/mm® o &H#Ak
DOM33FE N e F oy FEEEC I - TR, 7
v b A E M R CASIREE L & & OB
e Weibull R 7o » F L7obh D TH S,
o T, MBS S S ENEEE LT
(D EwFELTA, 2o Chy SCM3 o F &
SCM22 @AM LIRS BRD,

5 ¥

i)

FEESHFUTEIA A FH#H & LTHR%%
LK FII T 2w, AR, fEAR-BEY
YLk SR E OB LoEAMIZEL A L
DEIEA TV, ZOMBORESR L F ~OBEIEE

ol THEE Lic, XILEKFIIT & SCM22,
SCM 2 3 L b R 120kg/mm? » 140kg/mm?
OM33FEA P HFEGEL, F e FEGERC X DEH
NEST A STREs LR oBEARBOE
M oWT Al ChEORBBRYELYD
LHEMTO LSS,

(1) KFUTa&@@EEEe 4 <h, £ 3
ETRTOERELEN T TR,

2 KFUITi IS tiEsh - % g KiE
M244# 0 b X D REOFILT - M33# 4 %
el FoERARETH D,

(3} WEF120kg/mm? OM33A v b Tk, SCM3
DANENEE LT, KF1IT k SCM22
LT A A B i,

(4) EE 140kg/mm? OM33H v b TlE, W
NOSET L EABELE LT 54, SCM3
S % ¢ SCM22 ix b,

(5) mEOEVES, R—-RETL A MES
INEGERNBE LT (D,

(6) KFBTETIL, Ao toEgtoBE
oAb s, Lo LEkg iR s nks
il DREEEA S E 25 D BT,
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