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Strength of Welded Joint in Maraging Steels Having Strength

Levels from 200 to 300 kgf/mm?

Mitsutane FUITA, Yoshikuni KAWABE, Hirosada IRIE and Susumu TSUKAMOTO

Synopsis:

The strengh of electron beam welded joint in six maraging steels has been measured and discussed on
the basis of microstructural features and the strength of weld metal.
The strength of the welded joint of steels except No. 6 steel increases proportionally with the increase

in the strength level of the base metal.
comparing with the strength of the base metal.
steel is 759,.

In No. 6 steel the strength of the welded joint is remarkably lower
The joint efficiency is usually about 90%,, but that of No. 6

The lower joint efficiency in No. 6 steel can be explained by the fact that the weld metal have the low

strength as the result of the formation of the large amount of the stable austenite.

The amount and the

stability of the austenite phase increase remarkably, when Ms temperature in the base metal is lower than

200°C.

The maximum strength of base metal for which the strengthening is effective, is more than 300 kgf/mm?

if it is evaluated from smooth tensile test of welded joint.

The maximum strength is 270 kgf/mm? when

welded joint is evaluated from notch tensile test of weld metal.
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WFREITOIz. ZDtk, 60% OEBIFE, B, R
Ba 7ol ZOEXEFIHE WS % Table 2 iR
3. No. 1 7:5 No. 4 ¥ TOMIT LI FROHEKLE
R ARENCHMTH D, ABEHFIEERNLLOT
H%. No. 5 L No. 6 $izFAl—EKEDMTHS.

* SBMEREMHENSEE Tf (Tsukuba Laboratories, National Research Institute for
Metals, 1 Sengen Sakuramura Niihari-gun lbaraki pref. 305)
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Table 1. Chemical composition (wt%) and ultimate tensile strength. (op : kgf/mm?)

Alloy C Si Mn P S N Ni Co Mo Ti Al [4:]
No. 1 0.002 0.011 0. 005 0, 003 <0.005 0. 0017 17.94 8.00 4,49 0. 50 0. 029 201
No. 2 0. 003 0. 008 0, 003 0, 002 <0. 005 0. 0014 18. 11 8.85 4.49 0.67 0. 030 216
No. 3 0. 002 0. 008 0. 002 0. 004 <0, 005 0. 0015 17. 50 12. 48 3.79 1. 68 0. 058 267
No. 4 0. 004 0, 010 0, 005 0. 003 <0.005 0. 0021 18.07 12.02 4, 45 1.35 0. 050 270
No. 5 0. 002 0. 005 0. 006 0. 002 <0. 005 0. 0054 13. 40 14. 81 9, 54 0.21 0. 034 304
No. 6 0.006 | 0.005 0, 002 0. 006 <0.005 0. 0020 18.01 14. 83 6. 49 1.05 0.038 298

Table 2. Procedures for materials preparation.

Alloy Hot rolling \ Solution treatment Cold rolling Welding Aging treatment
No. 1

§ 301 250"(;7 820°C x 1h 480°C x 4h
No. 4 mm= fmm Voltage 40kV

3. 5mm-1. 3mm Currgnt 20mA
No. 5 Therm: hanical treatment ' ion Spee
ermomechanic € Reduction 60% . 200cm/min

No. 6 e ‘ 850°C x 1h Just focus 500°C x 4h

No. 5 §fit Mo % 10% L% MIBMEBALELTH
e, FoMBIIRSkO®E Bk &M TIT D .
No. 6 5T Mo 7\ 6% +ic<, Ti & L1 &ML
7-4AC, WE{LEA No. 1 205 No. 4 SoHH LD
EFEEO 850°C T\, MILBMBELZ NI E Ligh:
WThHb.
2.2 BEAE
AEFEELA/EX 1.3 mm, 8 110 mm @ o FEJ]
BN 2T, BT — alEgERVT A v 7 VB
(€= Fdv7r— 1) ®iTok. BERMATMIEE L
40KV, ¢ — AR 20mA, € — AEERE &K &
e L, B 100, 200 cm/min D 2 &ML L
fo. TR ESBE BEESEE 100 cm/min Tk 1.3
mm, 200cm/min TiX 0.8 mm THof.
2-3 5|ERAR
BIERBICITTE LY R X fHo 2 B ORBR
B L7, R ETHOKE 16mm, f§ 7mm,
BEX lmm Thsb. FAHOE 7mm ik, KED TH
Tt ko, BESBOBIEFNOER LR Lo
THHETE B, Tibb o IREO BT H ORED
kD bhb &R LicETh 5. IRABRILF
BRBRK L E—TET, BIRPRoOBESBCRS 1
mm DY hKRE (K=3.5) ZWAHATFERTDH
5. chooREAT, BEEEZX 1.3mm sy 8 . D)
FHE L EMORZREBRET S, lmm ¥ THHE LT
EBL U7, F 0%, Table 2iRTRDAEYRL, E
Zgrhc 200°Cx24h i KEME A 1T,

Ff, BEX 11.5mm O 2 v 5 vBEEYHEL,
BEFACRSTHEESBOZ YV EL, FAMES
6mm, g 2.5mm, EX lmm oO/NERBRAFZERL
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Fig. 1. Transverse microhardness distribution of

welded joint aged after welding at 100 cm/min
welding speed.
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Fig. 2. Relation between microhardness in welded
joint and ultimate tensile strength (sg) of base
metals. HAZ min is indicated in Fig. 1. Numerals
are number of the alloy.
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Fig. 3. Relation between ultimate tensile strength
of welded joint or joint efficiency, and ultimate
tensile strength (sg) of base metals.
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Fig. 4. Relation between notch tensile strength
or notch sensitivity ratio of welded joint, and ul-
timate tensile strength (¢p) of base metals.
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Fig. 5. Relation between elongation of welded
joint or weld metal, and ultimate tensile strength
(¢g) in base metals.
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BROR R & F OB RO(Lpf % EPMA T4 L,
FDER R ONFEE Ot LT Table 3 1R
G &L M U BHER &N TR Ni, Co i
0.9, Mo % 0.8, Ti i 0.6 FTHb, ZTOERTIX
Ni, Co i3 1.1, Mo % 1.6, Ti i 2.5 THh%. 8
Kokeh X 0 F 0RO 5 NESTRBEOREWREITK
ek D, BT ARITOBENEME BIRIEFEL
W ki, SATEBREAE, TihobbLEEKEDR
Wiz Y, BHERAER TOASTRBE BV LR
#Hok15. GeTEOFTE TiEH LT WILRKR
T, Ti #% { EAMIBERGERD Ti BERX
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BHRRBIERA TR ASTRRENEL, BEA—A7T
F4 FOFENEZ DRAEOTXFERFIKI>TELDORE
FRE LE. FOERY Table 3 wind. XFelsd
B4 — AT 4 FOERET (220); & (110). DEER
DR s DR, —7, MBI X o TEER A
BROEEELNE L. AEoERRIEF—%L, Ly
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B _EiR oA B A B €y B4 7. No.
6 MOBHMFRENECEBELT, 1) BESED
BEME RIS I 2R - T4, 2) EMEORE:
B O % G E ORI L o CHE T 2 BRENEL
Ba, 3) B X 2 BEEBOWF LM OM & 5 i E
ThHH, BESEOREN MO VIEVES, »3
OnFEZ bhb. No. 6 OBRERF I TEH, £
NEERBCEFR L BESEBE LT\ 5 2k, F1-
Fig. 4 Rz L5 e S BOVIRMEHT 1 L 1
DIERRTZ Eonvb, BESBOWMIME L THEEMT
HEMEF Lz EL bhiw. ¥7-, Fig. 5 R
Lick S, BEMFOMONLMOM L FAECIETFT5
END, BESEBOBEMERM X oTHR T 5 RE
NEL B EZBbhc. BRERFREYBESE
DR TEKET S - Fig. 6 DX ok, BESBEO
O L CHEMTFRER LA LTV 5. Licao
T, BERFREYYH LW 20 FCHEESEOR

Scanning electron microphotograph in weld metal of various maraging steels.

Table 3. Microsegregation and amount of retained
austenite in weld metals.

Amount of
Microsegregation * retained

r (%)
Alloy Position Nif Co | Mo | Ti cP:lixtrl\tting i:ti{.d
No. 1| Bonimee | 69| 65105 | b6 | 2 3
No- 2 | Donie | 88| 65 |a7| 6| ? 7
No- 3| Dlntve | da| 08|06 | 05| % 18
No. 4| Dinaie | 0.8 08|03 | a3 | 2 »
No. 5 | Dindene | o3| 08|07 07 | 13 15
No- 6 | Demarke | 05| 00|08 | o8| 3
Average| ponite’ | 0:8] 00| 0.8 | o3

* Ratio to base metal
** Dendrite boundary

ETHb, HE No. 6 SOBESEOHMELAHHMEE
DEWT EHERTE EELIEV. 2T, BESE
DR E 5 5 LIFTHRF oW THRET 5.
BHESB O, Photo. 1 WRLI X 5 &, B4
BlELic=r7 vy s rOBEREEF —RAF 1 b &
LTEELTVA BERGER 2L s BB TH
H. LI 2T, BHESBEOME (cwm) KX DOESE
A LichisTthsbsd.
owm=6pVp+opsVps cereneeeennen (1)
TCT, op: @RAEDHE, Vi @ SR OGEER,
ops : BIECR R R OME, Vos: SHERBER O G
RThD. BHEREOBE (op) 13, ~r=— ek
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Fig. 6. Relation between tensile strength of
welded joint and ultimate strength (op) of
weld metals.

Table 4. Strength of weld metal and M,

temperatures.
Alloy i‘;f;}g(‘ﬁ‘gf?fm v;;te ():1 Ms temperature D(°C():l ‘
Base meltal b:gnc;:rey
Measured{Calculated* |Measured | Calculated**| Calculated**
No.l 156 156 245 241 67
No.2 166 161 230 231 50
No.3 198 166 235 246 42
No.4 196 166 205 215 2
Nob5 221 191 215 214 27
No.6 186 179 135 139 -131

* By equation (1)
** By equation (3}

o ME SR OBGRE R TRAY TREHEIhS.
o (kgf/mm?) = 17.6(%Ni) +21.9(%Co)
+12.0(2%Mo) +33.5(%Ti) —1.05(2%Ni)
(%CO) 212,92 ceieiiii i s (2)
BHER RO SSMEMT EPMA CRIE LM 2 A L
. =, B4 — AT F A MCTeT W AR AR
ROMBEE (opp) EHEEHEK X BT, ANTROVICH D
P 85.5 kgf/mm? & v ie. T hEh OEEE
13 Table 3 D EEPETRDI{EHAHH L.
BlEGBOBE Y EdoBEx A TR L EH
U7 {H% Table 4 iR3. 7ods, FEH LicfHiLEl
HEAR X B LD THBE, WY THARLICL I
LM IO TEOfETRE (B SRy, No. |,
No. 2, No. 6 $irEHIME & 518 6 & @ %A 10kel/
mm? PLFThD, BE-HKLTWwDB LS. L1,
No. 3 735 No. 5 #iTix % DA 30 kegf/mm? FRJE5]

BEDIE 5 MEVWD T, EROHE CHEESROMEY
HETHCIEE DD, COBHBELT, 5|3 AR
R R R AR LT\ B F — AT F A P AEED

4. FoC, COBEA—ATFL P OREEXEF L
7.

F e ATFFA I Ms BBHVE Mp REDMERICDH
BT ERETHD. + T, FHiEBERBERD M
HEA KR ZHVTETR L.

M, (°C) = — 16.5(%Ni) —21.5(%Ni) (%Mo)
~1.82(2,Co) (2Ti) + 715.9 ceeeeerenneesennnn (3)
ik R% Table 4 wind. kT s Mg R
Sl & S EEANSIEB LTV ADT, (3) KT My

 RERBECEALC Ehbnh. Mo BER M &K

b 110°C EBICHD L IhTWHDT, FEOE
BREERe My BERERNTehD, L0 5 FC
AT+ VOBE LT AERER TS, &
Fo. ISIELIBD B e B/ANIRE A 0 BRI LI
B KT E et i B R X RET T RE L. £ ORE
H. No.5 » No. 6 SACEBYEA— AT 71 FHED

Bizzas, Noo 1 285 No. 4 TR L g 22
Fo. L=, No. 1 26 No. 4 SROEREA — AT
FA4 FPRIARRERLDTHASS. i, No. SHOLTH
L M, BEARRELCSDC EnDb, —ids] k&
Eadic < L7 VA MICERET B EBbhs. L,
No. 6 DA — AT+ 14 M3 My RENFEFCEA
HRECHTHD LV b.

BEAREAL L\ Ts\ = v T v o A b OFRERE] 120
kef/mm? 7cD CEREA — AT F1 b a3 RAERE ~ v
5 A VCERT D L, BESBROMER (L)X TRl
BUIAEL D BT 5. Table 4 iR Lic & 5 FHREE
D3 5 HER X DL No. 3 & No. 4 #Ti%, ko
L AEET S FEEHEE 10 kgl/mm? BES LD,
#7-. No. 5 88 CITBHECIR s DML % RS T Lic
Crivmiss SOREHGTHETS &, BEeEO M
EREE B TS, oz ki, Ti FREOD
feus No. 5 SO FOMEEC (2)REZHV5
= LREYTTI T ERER LTS, /iR, REA -
254 F OBERBHPC BT AREEEEEL, T
T o R o SR TR R A B IR UL, BESED
M ()R THETEDLZ LRI,

No. 6 OB ESBOBEN BT DL, HED
s — AT 7 A PASECEHRL, Lo+ —A
F o FMBRETHDERLLD. ZDX DA —AT
4 PR L, BEMTEE LRFHORLETIED
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DENL, B M BRENHERLE L7 b 5 5.
Table 4 &WiRd X 5 CHFHLELED B, M, BE
2 200°C P ETHBZENI ODLBELRUTHD b
z X5,

MmN 200°0C DL Eo$iTd, BESBDIZ S
R X DB AME T LT 5700, MFESEHN 90% %
Bk g 5T 5. BHESBOBENEL kb ok, £}
MR HEE S W TE RS 5 = L oire, &
BB CRENE LTV 22 L0 s. Thbt, &
ESBEAHR LUK R0 &S T EBE IR X
DRV TEEIET L, % SER ISR 0 BE 11/
MEOELSIBH, A —AF+ 1 P ABYET LD T
DK T35, &<, BPELcEoH© Tiz
I LTV EETHY, BERGOBRELIE R To
My BEXTFHEABKEL. Lot Ti k
DTRBILR I HEEHE, BESBORITIRGE X o
M RIEWC & CRENDETHS 5.

42 BAEYRFORAEE

R R R EIE L O B BEEM T, B
REDDHETE Lic MG E I RE O3 BRI AE SR
BN ERBHD. ZRMEIEIREN R T B 10T,
T DFEATIET X 2 MR E O LR R R RIS & W
SNTD. vz — RO VT T Tl RA
HMEARINT LAY 0T, Fh bl U CHERTE
DR BRI O\ T kNS .

Fig. 7 wRIMEE M4 0BT I h TR 3t
e x W BB & DR B BRMICTRT. £, B
PMAKETHFEL TV B ERERORRSEE & 57 L
7.

BEMTIRE X, Fig. 3 R L7 X 51 No. 6 gf%
BR< ERMEBECHA LT ERALTv5. 300 kgl/mm?
® No. 5 S THEEIHTEA K Z X 7, 270 kgf/mm?
DEFMFHREL G SR T B, T, RHERED 360
kgf/mm? fROC 300 kgf/mm? BTG HE 5
NTUWBWMELH DY, BEEKTFRIE CHM LSS,
FEMEREE 300 kgf/mm? T3 % 22 R AR IC 3 LT 7o
WIEERRLTWS,

BERT OBEE 5 5\ LB S B b P ER
(K 3.5 DYID R &M FET B YIRRE CHRH L1-5
BORARELEL Th L. BEBRCTYRENS D
ity YIRGREEL 2 1 LUFic7e 5 O B3R 270 kgf/
mm? LU EOETH D, ZOMER, B oUREEL
PDINFE e B L A% THD. L, BFCE—a
B X5 R A B CRBE S COMME F ot
Lieinoicicd Th A 5. BESBCY Y K21\ fHES

1
(438 kgf/mm?)

——Base Metal
----Welded Joint

(Over 300 kgf/mm?)

Strength Evaluated from
Fracture Toughness

v
s’
4

200 300 400
6g of Base Metal (kgf/mm?)

Fig. 7. Schematic illustration of relationship bet-
ween the strength used in structural and ultimate
tensile strength (o) of base metals. The solid
mark indicates the maximum strength of base met-
als for which the strengthening is effective.

Strength Used in Structural Design (kgf/mm?)
w
o
o)

Sy, Fig. 5 R Lis X 5 MR 270 kgf/mm?
D & FHRK 245 kgf/mm2 OY)RBEEL, FhL Eo
RMBE CIHCETLTWS. Thbb, BEEME
5B RSBV Y R ENFETHEE, BHERER
270 kgf/mm? D) EDCIXPIRRER EF Lo T
270 kgf/mm? D EEMRED R ABME CTH D L2 X 5.

5. #%

200~300 kgf/mm? DEEEKED 6FEEHD = L= — 2
SCES E - ABEYHL, BOARBOBERFEON
REXBE Lc. B DohifRko s Ths.

(1) WBEEROEEE LB ERFIZ, WTFho
o KR OB BG B % BT O B S L R AT X
AR THD. D, BESIBOEW R Bk
SHRT 284G, ThbbBEESBOEI I L, B
EHEFRE LR R AEACh 5.

(2) BREMTFREIBMOMEKEDE T LS
78h, ThbofFRL 90% Uk <ch s, L
L, BB U CRESBORENZE L EVER
DMFRIZTL 75% LR ERRT.

(3) BEMAFRECKEIREEYS LETHESE
DR, EE LTHEESB IR LTV 28R &
EOBRROBE L AFRCKE L, X boliEkasER

il
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MRk e 200~300 kgf/mm? » = A = — O O EEM T RE

MR LT VDBYEF — AT +1 F ORERC HIRFT
5.
(4) EBhe#FoRLRTEM0 My EBEE 200
°C L bTHD. -7, HFEHEOE MO M JRE
(2 135°C ThO, BHESBCEROA —AT F1 b2
BELLNSEETHD. Lien>T, B0 M i
FEAL 200°C A ETHB T LA, v — SHIICE LT
BRI TN EABLDD 1 DOIRETHS.

(5) BEHEoBLANL, BHoEEELORA LR
L7, BEROBEYEEMTRE CIMITL L, B
ke 300 kgf/mm? T ¥ 7 _ERMEE AT LRACE
LT\, HIRBRE CHHEi-¢5 &, M oOS5A LR
W RERTBREE 270 kgf/mm? THEBICK FL, - OBEEN
BRAEGETHDLZ L xH LM L.

K0 e, APFRFETCY I D EIFE TR
PRSP ZEAT, PULARRIE RIS, T —m AR
HaeimE, %< OBE R\ WM R R O
G, B X ORBAERIC 0 & ot B TR R O I
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