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EFFECT OF SOME ALLOYING ELEMENTS ON WELDABILITY
OF LOW ALLOY STRUCTURAL STEELS

: Haruyoshi Suz(ukz'v, Dr. Sci. and Hiroshi Tamura

Synopsis:

Nickel, chromium or molybdenum was added singly to a base composition of C 0*14 (0°18

for Mo series only), Mn 1°10 and Si 0°35%.

Eighteen heats of small ingots, about 3°5kg in

weight, were melted in a high-frequency induction furnace and then rolled into bars of a

~ diameter 16mm. .

Tensile and V-Charpy impact tests as well as a simplified weld maximum hardness test
» with a taper bar specimen, were 'made. under conditions of both normalizing and water
quenching followed by tempering at 650°C. From these test results the followmg conclusions

were summarized:

1. By Ni addition, the tensile strength was remarkably increased, while the yield strength
only slightly, especially in quenched and tempered condition.

2. In the quenched and tempered condition, the addition of Cr was very effective to improve

 the mechanical properties, increasing the tensile strength and decreasmg the reduction of area

and elongation.

3. Mo increased tensile and vyield strengths greatly both in normalized and quenched

and tempered conditions.

4. The transition temperature in V-Charpy tést was lowered by Ni addition up to about
1%, but raised slightly by addition of Ni more than 19%. Cr and Mo considerably increased - -
the transition temperature. Generally, notch toughness was improved more by ‘quenching

and tempering than by normalizing.

5. The as-welded maximum hardness was 1ncreased only a little by mnickel addition less
than about 195, however it was increased as remarkably as in case of Cr or Mo addition.

6. The allowable strength limit of the steels which showed satisfactory weldability, was -
found to be as follows, provided the element were added singly to the above base cornp081t10n

In the normalized condition:

. T.S.
With nickel 62~63 kg/mm? °
With chromium 62~63 4

With molybdenum —
In the quenched and tempered condition:

T.S.
-With nickel 71~72 kg/mm?
With c¢hromium 66~67 ¥
With molybdenum 70 7

I. %

BEE AR AR O 1E 0 OIS HER S ) I BIE 1K & &8
EAT HEANRIPAT, ThETIED BAE R
BEehlLd LEHIZL i &, ¥% < OMEMR» Th
NCE7. BEETTORMTREED S THAT 55
HOEER BB 3R S OIRR I 58ke / mm? BE
T, BT X OMEMLERE»o/ Vanity §f (Mn-

il

Y.S.
39~40 kg/mm?
34~.35 ”

Y.S.

44~45 kg/mm?

1 56~57 7

45 7 . - . .
V-Ti) a5 iz4otklias (Vanity iz 20 Ni,
Cr, Mo 7x &%i%m) Tid eOkg/mm? ¥ TT, B[R
A 60kg /mm? DL L THEER IF TL2»SEAM
ELTREICEY DD E L CEEE D 52kg / mm?

* E 32 4 AXSEERSIWCTHE
ORI ATEIe AR A B, BE
CORE SR R AT AR IR R

— 37 —



130 &% & & WHUE F 25

Mn-Si % B ABRME L THRE L EH27ED b
D HFAMBRDIELRE SNTVWS. BEIRLOENR
SNBHMERETEIEMOBERICS Y, FEMEPL

YLURAREE D X LT EY \t@-zsmemm—fu:m El-k?g/-\.
[Rat W27 2N

— Wi L Vr & Al THrAZ /I RPN P U

THEDLRES>ELTWD

SEZFEL I INS OBEEBERBERNMORAELD
FERER 2155 BT, BAYEASHIRVERTTZEERD
BB EET, EARKSH 0°149% C,0°35% Si, 1710
% Mn EEODH DT Ni, Cr kX0 Mo %8 &I
U 7o REBRF/NBRZRIEL T, BiHEds X AR JAEE
L7358 BN 5586, UIREM I X WA RS N
OEALEER T, Ni, Cr BX X Mo %ZhFhim
DEA LT DIMICEIRTHINL AR S h D1 EHE
BIFREDIRR M SAITEA L Lic. UTFX0ER
FaROEEZ DN 5.

I $H +

BEMERAMLILCRCEBTELIRFRENC ESEE
LV BRI AN CRB A SR 113, EA R4 C 0014
%, Si 0°35%, Mn 1°10% BEDH Diz, Ni 0~3°5

%,Crmqs%,Moo~1weﬁﬁzf%a%n%n‘

BHMicimU 725 18 BOLOEEE L. 2D 5 %
Mo FZTREEEEICEH VT Mo-B ROERZFRLSE
SMPBIERERNIME L TIFERLZT LTV AR »

Bafiol. SMMORMEE, & < BARMFTEHNGE
FREFSEERICIRAAL, WM E S 3'5kg BEO/IRER
BESUF CEMREEE, £ 16emm OIBIEEL, X
&1z 900°C ‘-ﬁ-hnz?h {mAI ‘f:}i‘-ﬂ%‘ébniﬂ!%‘»:—rﬂ%

U b OBAEHOILESHTRERE Table | wid. Z
no ORESHTFER TR L OBEEES (0°14%C, 0°35
% Si, 1°10% Mn) » 5 Cyx 0°019%, Si X ® Mn
BTG 001% BEOZMETLE. £k Mo %

‘ TCHM 0°1840°1% FBEELAEY Ni 50wk Cr T

kh«fﬁoowe&EﬁML%wm%%@C#ﬁH#
SI|EAL0 L Bbh 5.

III. 8 & A &

Bk 18 BORIESIC OV TEERE S5 Xk OUE A e AL ER
oW THERERBIC X 2 mpEEOBlE, V-v ¥

— T TERER 1T X B IR D i ks X ORBRMEM TR I
DWUIRESZETOBM{LEORET 2707

EANRRAERE UCIERE L 23R EH o—8» 5, B
SRR RERDE 1/21n, &K 110mm, ¥
¥~ FIZIE 12mm A, EX 55mm BEOHRML -
MEHIDHEL, 930°C T 1 BefmEiigkEEA L, 650°C
T | R DR 2T O Db X N FNABRE<TEE D
AE A T BT .

BEREAICIIEE 3/8in @ ASTM iEHES IERERH-

S B &I 0°005% BED B RFINL AoV TE (A%t 35mm, L/D=4) 2F, &< Z5[3ExE
Table 1. Chemical analysis of test steels.
2 | Melt "Chemical composition
g2
&% | No C Si Mn P S Ni Cr Cu Mo B Al
Al 0*14 | 034 | 1709 | 0°028 | 0°020| 0°25 | '0°06 | 0°25 0072
S| A2 | 0714 | 0°38 | 102 | 0°028 | 0°020| 0°27 | 006 | 0-25 0+054
L | A3 | 0714 | 0°42 | 1°01 | 0°028 | 0°020| 069 | 006 | 025 0°028
» | A4 | 0°13 | 045 | 1°00 | 0°028 | 07021 | 0-89 | 0706 | 0°25 0029
< | As 0°15 | 0%36 | 1°19 | 0025 | 0°021 | 1*05 | 011 | 0°25 0°072
4 A6 | 0715 | 0740 | 1-17 : 0°024 | 0020 | 149 | 0°09 | 0°25 ! 0°033
= | A7 | 0°15 | 0°40 | 1°18 | 0%026 | 07020 | 1°93 | 0-10 | 0°25 | 01024
Z| A8 | o115 | 047 | 1-14 | 07025 | 0°020| 359 | 005 | 025 | 0°010
g | Bt | 014 | 023 | 107 | 0036 | 0-019| 016 | 0°16 | 0-24 0009
S, B2 0714 | 029 | 1°10 | 0°034 | 0°020 @ 0°16 | 033 | 0°04 0°008
‘g§eo. B3 ! 014 | 0°35 | 1°20 | 0°035| 0°020| 016 | 050 | 0-24 0013
S5l B4 | 0715 | 0°35 | 121 | 0°029 | 0°020| 0°15 | 0°71 | 0°23 0°050
<9 BS5 | 0°15 | 0740 | 1°11 | 07029 | 07020 | 0°15 | 0°92 | 0°23 0014
O Be | 0714 | 0°43 | 1°06 | 0%029 | 0°020 ! 0-15 | 1-39 | 0-23 0°008
E Ci | 017 1 0'35 | 1710 ! 07011 0:027| 023 . 005 | 021 014 020054 | 0°032
_§ g, €2 | 0717 | 0°36 | 1°1l { 0°0i2| 0°018| 023 | 007 | 0°21 ~ 0°35 | 00052 | 003t
-g,'g: C3 0-18 0-35 1718 | 0°013§ 07025} ©0°21 | 0705 ' 0%23 . 0°56  0-0054 | 0°03l
g, Cs 019 0°26 | 1°13 | 0°012 | 0%032| 0°23 , 0°06 | 023  1°16 | 0-0046 | 0°031
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Fig. 2 a. Effect of nickel content on tensile
properties of normalized steels.
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DI X > TR R IFA P03 3EM = ORR T, 1
DY 62~63kg /mm? TEHEMAEIX Ni 1-59 B
LI 5. U < HEARMEDR T Fo 41 e
DOBAL D DI E»THREORLIOBELN, SRR
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Ni Bt 5.

Fig. 9, WBRILL Cr 04T, thicky Cr %
Bzl 7o5a OEENRIFLHO5 RS S OIRR
VIBEEE T Ni L [fR 62~63kg /mm?, iR{iNEWX Cr
0'7% RET, E-RUCLBARROEEIISIRMA X66
~67kg /mm? BE, RINEIX 1°0% Cr BEL 5.
LZT NiOBAREREIRFTHL-DEEEED

m/cms?,
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Fig. 9. Evaluation of weldability. based on
the tensile strength. Chromium was added

* singly to the base composition of C 0°14
Mn 1*10 and Si 0°35%.
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Fig. 10. Evaluation of weldability based on
the tensile strength. Molybdenum was added
singly to the base composition of C 0-14
Mn 1°10 and Si 0°35%.
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IHEHEDE, Nify 1% BEE CRESOEME & D
A USRI BT 545, Ni §9 1% DAL, B 5\
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THE EFFECT OF HEATING RATE ON THE PROPERTIES
OF HEAT TREATED STAINLESS STEEL (1)

Synopsis:

Seita Sakui, and Tsutomu Mori

In ordr to investigate the effect of heating rate on the phenomena in the heat treatment
of cold-rolled 18/8-stainless steel, two kinds of heating rates, i. e. 10¢°C/s and 10°C/mn were

applied.

The temperature at which the specimen began to soften was far higher in rapid heating
than in slow heating. This difference between both temperatures decreased with increasing

reduction of thickness of specimen.

The a phase which had been derived by cold rolling began to disappear at about 500°C in
slow heating and at about 600°C in rapid heating. At the temperature higher than 800°C,
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