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Friction Welding of Inconel 713C and SCM 440
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Abstract

Friction welding technique was studied to weld the turbine wheel and shaft of a turbocharger.
The welding parameters were selected to investigate the effects of variables on welding quality of
Inconel 713C and SCM 440. Experimental results showed that the turbine wheel and shaft could
be successfully welded by friction welding. The heat affected zone was identified to be 2 mm
from the weld seam. After welding, the hardness profile was found to have sudden increase and
decrease for Inconel 713C and SCM 440 respectively. Tensile strength of welded specimens was
higher than the required strength for all of the studied welding parameters. The central portion
of fracture surfaces by bending had no defects such as crack.
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olvet &3 =89 F2 H7} 7iEe) de REL
AARLZ AHo] YA &3 A&tk £ &
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7] (turbocharger) & E{%¥l ¥ (turbine wheel) 3 £&
ulZd 8 H 7] Yt AYHAY. HEl 8 A5
Inconel 713CE AH8-3t3 glon, F AHE+= SCM
4408 AHE-Et T itk AR AEF e AlEA
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FAC ARG, 9 g2 MY, Ax 9 1A
H JAL Frheld AF A4 g1 SHAM F
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2] (quenching and tempering) & AAl3lY &4 F
o AMBE7 A Ho 2 g § UEE Fig. 29
(b) &} o] B8 TS FAAA 7HE T
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Fig. 2 Specimens to be welded

Inconel 713CE YA 7] (Ni-base) WEYF 71+
hEHQ 23T (superalloy) &} 32 a20A &
2 ATE FAFD S AAdS yatsgde
vehdth, 2xo e} A} s A 2%
Aol A3 ge] Inconel 713CE 2 800 T 7HA
%7} F713kE 84 (temperature strengthening) 2
BAFed oy’ MEEN;A)Y 2%d o8&
& YA (slip system) ®3}oll 710}, SCM 402
AE-E8d FF4(Cr-Mo alloy steel) 22 o=
480 T ool 17T} FEHo] 35 "o
A= BAL 23 9lvh. Inconel 713C8F SCM 440¢]
71A1% A2 Table 19] YENA. Inconel 713C
E 1 FEHo] SCM 4400 Hl3 o 7] &
o 1 Wy H3o] A},

Table 1. Mechanical properties of Inconel 713C and

SCM 440
Inconet 713 Inconel 713C SCM 440  Remark
Yield strength > 658 MPa = 83% MPa 20 T
MO e > 735 MPa < 250 MPa 700 T
5 —3'—' e ___f/[____,__}] Tensile strength = 740 MPa > 980 MPa 20 T
i H H
1 b Elongation > 3% > 12% 20 T
friction weiding
Fig. 1 Welded turbine rotor
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(continuous drive friction welding machine) ¢l Y&
NITTO SEIKI A}9}] FF-8001-C RdS& A3t
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phase) & Al 24| (upset phase)¢] ¥ 71X 2 =
A e o HA vk dAdA s A 49
atol| A vk A A (faying surface) o 2]z ) g m)

N
ARl

A schematic diagram illustrating design and
arrangement of a continuous drive fricion welding
machine:

1 — spindle drive

2 — brake

3a — clamping device, rotating

3b — clamping device, non-rotating

4a — component part, rotating

4b — component part, non-rotating

5 — hydraulic cylinder

upset pressure

toraque
)

speed

=

friction pressure axial length 10ss

time

continuous drive friction welding :
data, real time dependent.

process parameter

Fig 3. continuous drive friction welding and process

parameters”
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Fig 4 Specimens for inspection”
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Inconel 713CS+ SCM 4409) what &4

312 e Alg¥Ee F§ gd AEE AAEA
o QAR EY FEE HE B4 25 94 o
& A% 45 grsln, 39 $9d #3e
44 432 Pggd. AF AEH 39 ga A
o= ZWICK 1494 H5 A|g7|E AE3tAt
vlo] 22 H)H A A% (micro Vickers hardness) &
Ao = MATSUZAWA SEIKI DMH-1 A& A @7]
2 A}g3tdxn, Hald 73X (Brinell hardness) &
# ol = AMSLER DIA-TESTER 3-B A% Al@7&
AH8-8+ ot

AR ol sl 4 ZHL WA Bol HgR B
% vtEAE 29 & X¥E oy o7
= AEE A, vhEgy, gAastE, vhE g
oA Eolzis Zolo} 2 vlaALHr] 23 Wy
o A5Gt Table 2¢] 84 =AL Jehid
o & FHAFE 1340 pmlE AR A Y
Z24 2% Fd3ch 4343 61 Alg ZA0NA
SCM 440 & Z o] Inconel 713C &7 Bt} 5 mm ©
& A2 SCM 4409 vpEAY Fo ¥y A&
Z7H7171 918 RAoidth. uhEtELe 4.51
MPaZ Az ZA &1, 52 gA%E3) ofd &
Aol el Zio] AR T (axial length loss or burn-
off length) & vl% Al ¥ st

43 A 7 A9 Lol & dAFHA FEAE
A AAEE, vhaAghy, A, WA Fo]
2R o] e &4 zAo2A dgEA] ¢
ttn & 4 ok AuEtd o) ¥ 7ER] grel 4
g of vl gA oM Zo] 2RFE Fo|H A
A Qo] 2B FE go] F3, N2 vl ©A A

Table 2. Welding conditions

Fricdion  Upset  Burn-off

Diameter (mm)
No. ———— vpressure pressure length

Inconel
';cl‘;“ce SCM 440 (MPa) (MPa)  (mm)

81

278 AgH = Fig. 19 YR AT 2o
Shatel olsf A=z Doy E A (flash) 7 A3
. 83 T ¥ EYAE JEEH 2Y
Inconel 713C %] SCM 440 Bc} H4 g9}, &4
& #8583 ¥ EFYAY ZVE ¥uEe B9
SCM 440 %] Inconel 713C & ¥} W4 A4, o]
9} k& ZA|e] Yrlel 3719 zlo|= Table 29
BE &3 =44 diste U g2 Yehy
+=4d] Inconel 713C7} SCM 4409 ®]}3td o) $- 2
12 FEE ZTUE AME A998 5 Y. &
T 24 ¥He dist A&o] Inconel 713C
Zo] SCM 440 Bt} =7 wj&4] Inconel 713C =
ZHPA] Aol F3, uepr] EHE AFst
AYgE 4947 ohatd o] A4l (dissipation) ©] Inconel
713C Zo] B} ZAHEZ FHAY £ £
ol Al Btk 123 Inconel 713C & Z) A
o= Zuek o] BaAFHEY o) FHL vl G
Al e e A ga 7ol &L Al ¢t
F43) F7138l= A GA A BEoHY. oA
L HadxdA 458 AH-S ngsidA E Wy
E £33 A (upsetting & W A7) S
g FEI FUT 7170 g3 REAE Aew
Bzt

VG NP2 43 HF9 Inconel 713C A3 W
sto} HE A=E Byl A% Aotk AgR
9] 7=+ Inconel 713C8} 1B F =7} 71Ee] €

Table 3. Tensile strength of welded specimens

No. Tensile strength (MPa) Fracture position Remark

1 35 35 4.51 14.12 12.0
2 35 35 4.51 14.82 14.9
3 35 35 4.51 14.02 22,5
4 35 40 4.51 14.02 22.5
5 35 35 4.51 16.17 22.5
6 35 40 4.51 16.17 22.5

ARIAHPEE F15% Pk, 19974 128

1 869 Inonel 713C
2 - - product
3 791 weld seam
4 898 Inconel 713C
5 846 Inconel 713C
6 872 Inconel 713C
567
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ok 2 °o]f+= Inconel 713C QAL E=7F SCM 440
AARE B} Z7) gFo|t}, Table 30 QAR =
ZAH%E JeEUAD. R 24 ARAAE 740
MPa Bt} 31 Inconel 713C oA mtds]o] gtk
F22¢ 498 AU 234 39 9% AH e
A= AFZAE7) 791 MPag 24 Q137 T v
AN LA FGEUY o] FS o
BEHRE A o HAsF &5 A 2o
o] &L A £HYW 7h¢d 22 D (material
transfer) o] EFE3AU A9 gl BRo2A &
H Ao B9 e 779, £48% £
Al 83 (pseudo-welded or quasi non-welded
portion) 2} #23 &3 Agoz P,

2 gd AHE $9 AA dHYE A g2
AlHE 88 dHZ S X3l £ 86 3
315 & 7H3te] Hejxe A, AgEe §e
2 gzt 83 F4L FrE) qEd 9
T 2 A} BAZ 2o g2t EF AHL v
Eo] vlmate Zol vt} o] F§ g
HAle A AFE FA 359 EX §F 2
A3t F7izhel A AA) A JeEd 5 ¢l
= 83 A 9% BEg R Eed 23 o)
At FAI M EE= Fig. 59 Jebd AT o]
23 RF9 FHrt Holm, BWo] vy F
H R gA B £ §A SR E & SR
Ate] Fo 2uk Vb= Fig. 591 A 4%
o2 Ha golzlith. welM Table 24 el R
|- =49 diFtd fA £HRI AF AT ¥
HA F=E A HH8E 7ME d/E s
o & BA9 A+E A&t 3}, 4+
UE FAF 8 HE AAH S 50% 2 3A &3 a9
AL HF AFEY L4 o]Fdo 2 d}. B2 A

W 2] {e)
yood welded s g su8
qunsi noneve lded ] 108 s0%

Fig 5. Many fracture surfaces have the quasi non-
welded portion from 20% to 50%.
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9] ddAoA FAL £HE Fig. 59 (b) 9
©9 F2 A=, & dud A4 GAH 6] jsto
20%~50% A==2Z Jepgoh. a8z A8R 9
& 7183 3 P.T. (penetration test) A A}3}od =
Abs] B A3 FAF £ - R 29 (crack) o] SA3
= AoE ¥y AL

SCM 440 9] 84 F A 38 HE 249
VA7AT-AE g BAE o] 43t a2,
A" SCM 4409} Q3= HAol% Inconel
713C 17 = Hh Aot 83 HA =Ao
25E SCM 4408 Ax 318 & + g,
Inconel 713C QA= 740 MPad] t-g3}= SCM
440%] A X 240 HB =3+ 255 HV(0.5 kg) ©|t}.
SCM 4408 A= 482 83 A AXEE 2dz 3§
4% 5 Jov &3 F 2 (annealing) 74 o
A A= o] dAFER o]E mestdol
t}. Table 20 Fo1R £ ZAd st kR 4]
A3 A3 83 Mo SCM 440 A X AL 337
HB =+ 355 HV(0.5 kg) 7} A&t walA
SCM 440 %9 &3 ¥ 7 =% 240~337 HB =&
255~355 HV(0. 5 kg) H ¢l Eofof 3},

44 = WP &4 ¥ F= EXE Fig. 69
YERIATE SCM 440 Z2 1~3H 43 ZddA
Ax7} 3¢ B 433 2 3L ez Ao
a3 SAR FT ML E % R AV 33THR &
A ¥ AL B 5 e ol EY 59
(annealing effect) 7} 83} 4 Aoz Azy
o 2 oz A|g3te ZASE Ag 24 A
SCM 440 AjEH ) FHR F =5 280~330 HB &
o7t B A3 FEA B EFH AHE A
g & ARG 4~68 £ =HAAE A HY
o] F7 HluEA n=A EX3n Qow, 3
& BE3A = MR FAL gEL 44 3 A9
R YEIYr] dEd FAYE F o
Inconel 713C & & 1~6¥H €3 =4 BFdA &
A EY H=rt 4 Folels AL B £ 9
o}
RE 43 239 d¥ Fig. 69 A= EX:= &
HHE FAOZ Inconel 713C 202 = AR &
7FlQ Y7 Z24Ela, SCM 440 Zo 2 Awr}
o HAS £ ojde AxE EARE A
FE FTHoZ RAFY oI Ax BXE &
HAE T4 22 Inconel 713C9 SCM 440 FZE o0 2
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Fig 6. Hardness distribution after welding: all profiles show sudden increase for the part of Inconel 713C and
decrease for the part of SCM 440 near the weld seam.

22} 2 mm A E HE 9L (heat affected zone)
s} #A5o] g}, Inconel 713C &2 HAE £7l:=
vhdg el o vy’ AHEBNANY y 71A
(matrix) 2¢] F32 A 43} (dissolution) & &)
o] AR 4= I, F njR L P Foll REHO
2 &89 vy’ MEEo] vjd8H F FYAd o
ey A F2 dEe vy 4EEEY G o4
3tA &L HEE 7|7 vAHAE @4e
Yot 27] 2x 9 BHEE £ e 2§ A A
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BZE o B g 2T yzhE o g )4
A7) diEelch. wEA opALH F Inconel
713C % 49 FFdE 4 2r)e HEEH 83
Ao A vAT HEE] FFEA
43 F A= F7He] 9<lo] Ak SCM 440 ZFojl
A TBREE R AR daE vhEdd 9% 4
HelZ A9 4 ok Fig. 79 @& £H M
Al 2] "Hojzl 2o 2 w2 dlA}o] E (martensite)
zZolnw, (b d9dFE 2 #H o) E (ferrite) 9
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Fig 7. Microstructure of SCM 440 part after welding:
(a) shows martensite far from the weld seam
and (b) shows the mixture of ferrite and
pearlite in the heat affected zone.

He}o) E (pearlite) o] EFHo vehta
o
4. 2 £

ol AP 53 £ ¥F 59 &4 =4
3 4 g #dse o2 dx%E

(1) % 3]d4 1340 rpm, "H3SHE 4.51 MPa,
JALH 14.02 MPa, vlE @Al e Zdo]l &%
2 22,5 mm, SCM 440 v}2AW & A 35 £ 40
mm, Inconel 713C w}2AA 2 A 35 mmE &3
z7A02 3o A3 7|AH Ao HFHE ¢
Atk

2 A%, A=, 23 dad Fel= AEA

570

A7, ALF, vl A9 do] Axg
slofl N zHet=] gghet

(3 12 &4 =AM SCM 4409 448 A 73
T HYE 280~330 HB 2 3¢ o} £ Fo] 8
T AZE =AY 5 U

(4) SCM 4409] &4 dF Ax Walr) 2934
Uetuyes 949%%E £3402 ¥E 2 mm 9
el A=}
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