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Effect of Addltlon of B and Mo on Si-Mn and. S1 Mn Cr Steel.

(Study on hlgh-strength structural steel—II)

Synop51s

Eiichivé AsaNo and Toru Isuipa

Effects of addition. of somé elements on propert1es of Si~Mn structural steel were investiga-

ted. In the report I (Tetsu to Hagané, Vol. 45, No.10 (1959).

1158), the effects of addition

of V were researched, while in this report II, effects of B and Mo on Si-Mn and Si-Mn-Cr

structural steel were studied.

There were four groups among specimens tested ‘
The 1st. group, contammg 4 grades steel, was prepared for testmg the effects of B on pro-

perties of’ Si-Mn steel..

* RTFIMEILAASBEASITTHSE **

The 2nd group, containing 3 grades of - steel,
effects of B with Mo on properties of Si-Mn steel.

g . was for testing the
The 3rd group, containing 3 grades of

EOMEERAR T/ Y RSEMERaHE
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steel, was for testing B, and the 4th group, was for B with Mo on properties of Si-Mn-Cr
steel. ’

All samples were melted by a high-frequency induction furnace and cast into {Okg ingots,
and then rolled or forged down to 16mm¢ bars. )

The specimens were tested under various conditions; such as rolled or as forged, furnace-
cooled or air-cooled after heating and, as quenched-and-tempered.

Mechanical properties as well as hardenability were. tested.

It was concluded as follows:

(1) Addition of B to Si-Mn steel was found to enhance both temsile and vield strength as
well as hardness, with specimens subjected to quenching and tempering treatment. No
appreciable effcet of B, however, was recognized on the strength and hardness of the steel
in the case of furnace-cooling or air-cooling treatment. Addition of 0°0050% B to these grades
of steel was presumably essential to give the best result on the strength of specimens as
quenched and tempered. :

(2) Addition of both B and 0'5% Mo to-Si-Mn steel improved the yield and tensile
strength as well as hardness of the specimen as quenched and tempered. The similar effects
were observed on the hardness of specimens subjected to furnace-cooling or air-cooling. It
was found that 0°0050% B was suitable to give the best effect for strengthening of the steels
after air cooling or furnace cooling, but that 0°0100% B was essential to give the best effect
.on it after quenching and tempering.

(3) Addition of both B and Mo to Si-Mn steel resulted in an increase of pearlitic. hard-

enability, where as addition of only B had no effect on it.

I. # -

T XCH1LEPRBVTIE Si-Mn ?&%ﬁlsci&l&f’é‘ v
BIOZ, ZORFEOEHCONTERELI. AT
Si-Mn FRI LU Si-Mn-Cr Rz T B X T
Mo DB DOWTHEXRR L. T TIE L i bk
RpfcZ &< 60kg/mmi~70kg /mm2 DEIENHFH O
EEEFBRTDHEK bBEEOBIKSS AT Si-Mn F
HBH\E Si-Mn-Cr F2IEE LT L OBBHEE X
LRbDT, TR IETRMTEORSERHELL
L0 TH5.

Si-Mn 3%, Si-Mn-Cr %, E&&EHORAEIIH X
EF Mo 2VWIBOBEIK DWTiE, +TIRHER
FOVOMRILENT VD, VbW HIEE &R
LTBEHEMLAT EEBOT VW 58502 e @widic
<, U.S.8. T-1 §42° Fortiweld &l E&HhHsd. L
L T-1 83t Mn,Ni,Cr,V,Ti, Mo /g ¥ ¥ RsFIcHE
BLTxY, BOoh»aKEHRLTULIAL»EREX
TV fih, BIRMOZHRIE IS Mo PRSI L
ETHETH D EHVDNTWBDT, RIBTIE Mo,
BOnEeifMTRe LTHMIARFALTLEY S
¥, AEEEHBEELE.

II. FRORBBKURBSE

A A L AR R EAEERP I TER L, 10
kg oO/NESEBLE L, ZhE 35mm§ Ly MIEGE

ot

LicDb, WNELBERE T lémm OIHIC/FML LT
TEGHICH LA, oo s § =4 — B AERER B I35 mm
FOEL Y b X DENIRR L. T ool
RS Table | 2R &L, ko Si-Mn REFE
e BERBEMTME LD (MBR), B& Mo %%
HETMELIcLD (MBM %), Si-Mn-Cr BEENH
KBRZBEM T/ cbo (MCBR), 3L B & Mo
ZHbETmaicbo (MCBMR), ©4%RTH5.

IR — R E N SR THHDT, £F
AL OHEROLE2F 2 T, RO ZORE, F
IS 28385 5 VI SIS Uiz R D TR
Boa{1ia27chs, Cr,Mo, B g UARimEn T i,
AL TERCHT G DDT, HHDOL&ME
WETHEEA, PEROBMIEIC X % o2 L,
Vs oA ~URBREARICL BAOHEE L Ko
7o

III. RBEEBIUZE
1. Si-Mn §J(MBR)DERIMIcSXET B o -

Fig.- 113 MB RO5FE D HERER, Fig. 2 3@EER
BEREZTTLOTHS. TNICIDHE BEESL (=
) BEXOWEE LIKBIC 3517 5 RS, BHEME T,
B OBEIZ X HZE(LDEMERD Sty Ll
A, BR) 2 LAHE TR, 2289 L@
BbhTL5%. $hbb, B, TIERESE MB-2,
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MB-3, MB-1, MB-0 QIEFTH P, i iET
5 BIRHNEL 0°0050%, 0°0100%, 0°0025%, 00000

Si-Mn #i# X O Si-Mn-Cr #fic JI¥ T B3 X Mo O%E 587
Table 1. Chemical compositions of the specimens. (%)
Series Marks C Si Mn P R Cr l Mo Ti B*
MB—0 0°15 0414 | 131 0°016°). 0-0191} — i = — —
. MB—1 0'15 |" 07484 | 1%26 | 0°017 | 0°018 | — & '— 0-01 | 0°0025
* MB—2 0°15 0°376 | 1°11 0*018 | 07019 | — | — 0*01 | 0°0050
MB—3 016 07468 | 1°03 0°025 | 0°019 — | = 0°02 | 0°0100
MBM— 1 0.16 | 0°5281 1°17 | 0017 | o-018| — 049 | o0-01 | 0-0025
1 MBM—2 0°17 0°4% | 1°16 | 0°019 | 0°019 — 060 0701 | 0°0050
MBM—3 0717 0588 | 1-03 0°018 | 0°020 — 0°62 0-02 | 0*0100
MCB—0 0'21 | 0%412 |- 1°43 | 0°023| 0°025! 0°50 — — —
T MCB—1 0°20 | 0468 | 1°40 | 0°022| 07025 | 0°50 — 0°0!1 | 070050
MCB—2 0021 0438 | 148 0022 | 07023 -48 — 0°04 | 0-0100
v MCBM—1 0°20 | 0°624 | 1%48 0019 | 07022 | 0°51 0°86 00l | 0°0050
* Percentage, added.
o 500
~ 523
X/00 3
x NES44
X g/ RN
1. ST ——
PN/ an===N
@ NS
7 R Ll T 17
2 4/ A B C D E W S50 6060 W0
S lempering temperature ()
-~ 50 ®—® MBO A: Furnace-cooled
‘\é 70 O—O MBI1 B: Air-cooled
\Q‘ X—XxX MB2 C: As rolled
< gﬂ A—A MB3 D: As oil-quenched
~ . E: As water-quenched
§7ﬂ Fig. 2. Hardness of Mn-Si steel.
S
w4 %ThB. MESiC B IRME 0°0050% DA, B
x . e e
N2 X, BIEMS L bICRE LAY, TOHBOBRMET
R :
S i, WFR LIRS, BEERIRETFEL 5. KA
V) DV T b E0f L AkERERSAES . B RNE
% 0°0025% 5 L U8 0°0100% TV, B & %o < iEhnL
e v DX IR LT, HER 0 BR e WL THLE LR
Sw V. BERIEEEIE 500°C ~700°C MR E L. THUE
N7, [ | HEEME LTS BREND T LEFELT, HOD
\ Q& L——’ vic] R0 - = ~ > © ) E—_,}!\;;’i
;§§% . ‘:\_A__ A=, Ym‘x‘ﬁfnfﬁ%bff};@fbé- T3, 650 cu_ti f;:b\&
§§M — W, B D LIREED S o & I ETII H T 0 2538 <
870 ' 75D MEOERSEDIS C & bSO,
A B C D E 0 B0 W 8500 Z® MB FROFBEMESMARIT, B s LKETIESES
Tempering temperature (1) 7 254 REV—54 MEBITSHS. 7274 MES
©—® MBO A: Furnace-cooled R BIRMENRET T O T/HhE L b, BRELIRET
0770 Mz c Asroneat B E A E Y VN4 MRPRBERET, C<hTho
&—4o MB3 D: As oil-quenched - W7 =54 bBFEEL TV 5. 600°C BAEDHERL %
Fig. 1. Mechanical properties of Mn-Si stgel. o

THIER—5 4 FHRBI LN ZDR—F 4 MIB
ZEMLAV MB0 2 Bifsingokyy MB-1 %

"¢, BRI CRAOEERLAE MB-2 TN
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Fig. 3 |13 MBM ROSEEABREREZRL, Fig. 4
BIEERBRASRERT. B l, BEad ULREBEsY
W H LUBERMEE, MBM-1, MBM-3, MBM
-2 OEICE L, ZhEsT 5 BiimEar:, 0°0025%,

0%0100%, 0°0050% T 5. LicH-2THEED MB %
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s
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A B ¢ b £ 300 30 600 650 700
Tempercng temperature (C) -
O—0O MBM1 A: Furnace-cooled
X—xX MBM2 B: Air-cooled
A—A .  MBM3 C: As rolled
D: As oil-quenched
Fig. 3. Mechanical properties of Mn-Si-Mo
steel.
500 —
A x
S
<N x
CONS \
<] =2
N 300 ESS
R Q?ﬂo /. 7N
§ &Y
100

A B C D E W0 360 650 W
lemperirg temperatire (C)
O—0 MBM1 A: Furnace-cooled D: As oil-quenched

X—X MBM 2 B: Air-cooled E: As water-quenched
A—A MBM3 C: As rolled

Fig. 4. Hardness of Mn-Si-Mo steel.

OEA EFESLFAL IS5, BEED 0°0050% D
BaD, BMEBIUSERMELIHKEERD. kR
BIIZIE 0°0100% & 0°005% B TaH % D EEXLV. fth
F, FAUMZHAB LRSI, WIS IUGRREE &
iz, BIRm#EOZWIEEEFHL %Y, MBM-3, MBM
-2, MBM-! oJTd27. L»L,l0HEHIMBM
-3 & MBM-2 LDEEbT »TH5. BREITOW
ThE2L<AUEM3ELNE. 20X S TBRMNE
B% I E— SRR E oM L2 HFTE 5P, —
FEFRFEESETCH LT, B % 0°007% LL LN
ThiE, SEMTESLELLDEVIHED 1HD,
—fiziz b B ORFIRINEY 0°010% HiEitH D T &4
RO TS, KEROBE THLHEEMEROTRH I

T, B IRHIEDS 0°015%, 0°020% D4 Ty MTIE

BEPRERIIEREPICTELTHEL TR Y, BRMIX
Mg TH otz LicHd>T B iFEmiEd 0°010% HEH
DIRFRTHD, TESNE, ORIV SAEITBE
EDIMIHI W REE VR XS. '

o MBM FE%0 MB RiC Mo % 0°5%
ML7cdbDTHDHR, BEhd LB XUCHENEREROER
LIRABIZ I WVT 0°5% @ Mo DIRINIC L D, BIEEN3A
TH5 20kg /mm®*~30kg/mm? Dl bE 35, EicfE
Rikd Mo DIFINIC X W LM L3 5. Table 2 34
BEAROBREERLIZLDTHS. —H3ERE O
LT AU OET B X CHHBERO KT b+ 5
THB. TDX S BHMIHEE DR LA Mo DI X
5L DPHBVIE Mo & BEOEEHRICL D S0
AR DFEFR CIEBA S 2> Thow. '

BERR LIREEDS 700°C Wb @& < i, ik vb i
5L < BOEEE EhD THIFITK D 5D, Mo O3hF
LEVBETCOBER LKEO T LB UETT3. ©
CREETNET L3 600°C IWTHER LEE, MUt

PBETTHZ LT, ZoOERIE MB % MBM %
EBLAHDTHYD, &K MB RTIE, Z DERH

WHESBLVW. ZOERICE, RILmoWH, Fe:B o
IR EBE R VDA, BESEAICIZ S AT <,
HIRT 2 T4 FBRRRHEAIC L DTV EOREFF bR
HITBER . ‘
MBMZGROBEHBEMEIEELE LIRETE, 7254
FER—35 4 MABTH B, EAL LKETRT TR
TR A MRONR—5 4 bBEBEPNRTL 5. 7254 ¢
SRRV, BRmMRCHE 0BEERAVS, FkoMB
RE VIR ATHS. ERLKETCIT hv— 244
FOFREA, Vo4 rOFEI AEYL, BERUIBEM

— 16 —



Si-Mn 8% X ¢° Si-Mn-Cr St X133 B X 08 Mo o%® 589

650°C L) EDHDIET = 54 S FABDdLND.
koo MB REtk#¥sL, 20 MBM FCrxghk
T 254 FBPLRBHATH D D b= R E A A 650
°C DIERLIKEBOI DI ETEFL TS, Z OfHR]
1 E L C3ERE CREEE RTBEMEOSVMBM
-3 (B=00100%) TWHUBLV.

3. Si-Mn-Cr #i (MCB%) @%W%ﬁﬁkk;&
+BOYE _ .
. Fig. 5 i MCB %3 EtHEE RS, Fig. 6 il
ERBERZRT. BRI, s LIREBICkT o8
X, 33EM® XX MCB-2, MCB-0,
b, THICHETS B IFMER 0°0100%, 0°0000%,;
0°0050% TH%. L2 TIDHEAD B OFHRIETH
BTV, BARIEBIC KT, BE, 3BRVESI,
%ﬁ%b@%ﬁ&i&bB%m%®%w&2%<kb.
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L%k <F LT, MCB-2, MCB-0, MCB-1 ODIJET
HB. LorL, ZOIFEDERE, TL{bTNLTHsD
T, BEMOEE SRRSO LEEZLRR
z® MCB Zofixx xic I-1 ¢~/ MB FRic
Cr %) 0°5% HMLI=dDTHHR, HikdLIIT
R UREEIC B\ T 0°5% O Cr O X v, B3k

D E P 10~20kg /mm2 BEMET L. RIS
Table 2 iCRT X 5, MBR X D 2L@mEL, U0
ETLbTrTdhHs. o MCB Fx 0-2 T~k
MBM R & L THD L, ﬁlﬁwmﬁwéﬁé,ﬂ
X TIE MCB %2 MBM %X b dEV. HRELUIRK
BECiz MCB #ix MBM %D 5 b BiREMEDER MB
M-1 L EIERCTH 55, BEMEOS, MBM-2
MBM-3 & b7 D&y, iy MCB % TiE, Bo
EBRBDLNLVDITK L, MBM RT3, %h@%
ERPEVBDLNE D E Ebhb. .

MCB FROFAMSEHMMBIE L S LR T/ -5 4 P
T/ I A l\llj(k_?‘&“)flx‘%) R LUK TIIMB
M% L E2/k<FULXSIT, V54 bHIIT, §HKRD
T 254 ML TPCFEELTVS. ZD7 274 D
BURTED 1-2 @ MBM FRX D (2008, HickE
ﬁLMFbsm% DEDOTIE b V—2F 4 FHdTh

CRDLND.

Z @ Mn-Si-Cr $RicX5ic Mo % 0°5% (ﬁjjm,f»
Mn-Si-Cr-Mo fOEHIMEE%* MCB fHeEUL<
Fig. 6 {C7RY. ZD 0°5% Mo DIIMT & Y o>ic i
PRI E A LT 585, MBRIC Mo 2Nl 7ci& D
[ TS OEA R Shw TRy, & FiTH
Rz X 51 MBM ROBER LIREH 650°C Bl R 7R
NIEB ¥ X U Mo & < iT Mo O3hR X ABICTHE T 518
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Table 2. Yield-tensile ratio of Si-Mn and Si-Mn-Cr steels.

. Yield-tensile ratio
Mark - 500°C 550°C T 600°C T B50°C T 700°C
) Air cooled | As rolled temper temper . temper | temper | temper
, : , !
MB—0 | 07670 0690 0890 — | o085 | 0665 |
MB—1 | — 0°668 0-880 0°895 0-850 | 0°855 |
MB—2 | 07680 0°800° 0°890 0870 |  0'915 |  0°870
MB—3 | 0825 0°780 0860 0°810 |  0°855 | —
MBM—I —_ — 0-985 0-945 0+950 — 0*855
MBM—2 - — 0945 0°965 0°970 0°945 0°875
MBM—3 — — 0:920 0°970 0970 0960 0°865
. . |
MC B—o0 “ 0°580 0780 — 0°910 | 0°940 0873 .1  0'815
MCB—1 — 1 0710 0°946 0906 | 04897 0°850 | 07825
MCB—2 |, 0460 — 0955 0°920 , 07940 0°900 0°900
MC BM—1 ! — — 0°940 0°910 0+950 — 0°865

A& D7chs, @D Mn-Si-Cr-Mo §ADEIRAIMTT T
LEORLAFUEMAT IR, Tikbb, 650°C LLE
OEER LIREETIE Mo # £ 27 < &7\ MCB %5
RDMMELITEAELELRL LS.

4. Mn-Si F¥I X Mn-Si-Mo SRIODEEAMEICE
XETBOPE . :

B % 930°C 1T Lh {REHEZESL, HAbL LA
HE Lienb, 950°CIhnghL, —uiBe Nitbhza1T/e>
7z Fig. 7@ —WHR AT X VSN s I =4H
N RERT.

- MB REEAMENE, MTHL»R XS, A
WEARTL, BlNall X 521358 DoNh LDk,
T =7, KM ORGEERBIRMESHTIZEE A
TH D, WiEH Fig.2 @ MB FOBEAE S OfHE & 4

55
50
45t
40
75
30
2%

L

20
/5
70

ol
i35 70 15 20 2% 30 3 9% W 5
Distance from the quenched end.(am)

. Fig. 7. Jominy curves of Mn-Si, Mn-Si-Cr,
Mn-Si-Mo and Mn-Si-Cr- Mo steels.

LB, oFix MBM FROBEAM, Mo % 0'S
YLz L XD, Mo & ¥\ WMBRITHE~AW
HLUBLSBRIFAH NV F2E5N0%. 0 pearlitic
hardenability 1Z%f35 Mo OBEAMREKIT 1+3°14
X (%Mo) TRENBDEL WV bILBHM, 4 Mo % 0°5%
EThuE,  BEAMERSEUE 26 27D, FEFE MB R
MBM ®D H /v P i3 hiE, MB Ro2:6fF
Lo AEERL TS, MBM Rk MB %RictMo
BLXOBEFEMLZLOTHY, TOBEAMkDHLIETE
HOBELERIZLD LD EIBEEIND - BESE
FTZAEL TRHEANY FITREDL VO, ik OFipE: -
OBABNEFEARR M ETEOTHY, LTFLDL B
IINEIEFT 5O TRAEVT EICXB2L0EEbh
5.

MBM FRiT&E5.2 Cr & 0'5% &t 5 MCBM %
(B=0'0050%) ® H < ¥4 Fig. 7 @R 8
@ pearlitic hardenability 12433 Cr OB AMAE
3 1+2°33(%Cr) TRENDHDH, MnZ DDA
TTEARSITFRIERAL T 5 Cr OhRITH » bh
B bRTwWs. R X 2T Cro5% DEED
BE A Z T 5 L 22 LB, Fig. 7 MCBM
-1 {3 MBM & H# LT HrC 40 DL b & THNE
ZHELLEOBEAMERL T 5.

IVv. #

Si-Mn %3 XU Si-Mn-Cr ROERENTICE LIF
T B HXT B+Mo OEEII DN THEELLERELSE
FInE SEDLsDThD.

(1) Si-Mn & (MB %) =i+ 54E0BEMD
ZHRE, BRI LB ITELS LOKETIED D

I
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A5, BRUQEZTIE, BSHIUFERES & L
L5, ZOBSOBIRIMNOEET 0°0050% Tzr@fab
5.

(2) Si-Mn @ITxL, 0°5% © Mo kX UARD
B%ﬁ#«&ﬁﬂu?h«ik&'&f;i L, BAabLULBIOERELD
IRETWITND, @é%;o%lﬁ%b‘ﬁ%, fEREE B
UBLL LTS ZOHEOBIRMERELS LK
FETIX, 0°0050% DBECREE it DHEEREL DIREE
TiX 0°0100% DEME WIEZTR Liz. La»L B #»
0"0100% LA ETVE, BARAMTIHEA X hdTEL LS.

(3) Si-Mn $ic Mo & B % f L 754 Ol
W E oM EORERE, FOES (R UKECK

T, 53RV &S T 20~30kg/mm?) 7»54T, Mo &

BOMEYNRETHEE Bbnb. L LEER LIEEN
650°C P ke e g, BoshBiliz L A LlkL, Fic
Mo OHHEBHI 5. ’

BHLBIVCERLWT L O REZBSWTCHEDEI
f,kﬁ@iﬁ%k%bf@k,ﬁé,aﬁbﬁéﬁﬁ

. LEhRo385 5.

(5) vazi=A ~ﬁrr'“ﬁkm)knit%ﬁ®%*% Si-Mn D
BeAMEC 3 LT, BRI S E DRRA LA, Mo &
Bafraivindiud, BAMIERICRIFLLY, 2O
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On the Cause of Deﬂect1on of the Turbme Shaft during Heat-Indication Test.
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— On the Type A, C' and D deflections —

Hideo SHIMODA, Shinsaku ONODERA, Akira TORUDA,

‘Ryosuke HoMMA and Hiroshi Y OSHIDA

Synops1s - .

In order to investigate into the cause of various deﬁectlons liable to take place in turbine
shafts during heat-indication test, the authors reproduqed deflections experimentally using
model shafts as big as about 1/3~1/6 in dimensions of an actual shaft.

Thus, it was made clear that, besides the physical properties of a shaft itself, surface
conditions of a shaft such as the way of sticking of dirts and scales, and conditions .of
machined surface possibly would be important causes for appearance of the deflections.

A new type of deflection which, though seemingly resembling. the type C deflection, would
be due to causes quite different from the said type C was found and designated as type C'
deflection. Further it has been made clear that, as well as the deflection of types A and D,
this C' type probably would be ascribed to an asymmetric thermal emissivity on the surface
of a shaft. :

The results thus obtained frorn the tests of model shafts were confirmed in pract1ca1 heat-
indication tests of turbine shafts -
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