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Abstract:

In this paper, not only the development of optimizing of friction welding with more

reliability and more applicability but also the development of in—process real-time weld quality(such

as strength and toughness) evaluation technique by acoustic emission for friction welding of the engine
exhaustive valve(SUH3-SUH®35 dissimilar steels of #12.3mm, #Jl16mm, #20mm and #24mm in
diameters) were performed, comparing with the other FRW matches of materials such as SUH3 to

SUH31, SUH3 to S7S303 and SUH3

to STS304. As an important result, the techniques for

dissimilar friction welding optimization of engine heat resisting steels SUH3 and SUH35($12.3mm, ¢
16mm, ¢20mm, ¢24mm) and its real-time weld quality evaluation by AE were developed, considering

on both diameter and carbon equivalent effects.
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Table 1 Chemical composition of materials used(wt.%)

Comp.
Mils.

SUI3  {0.4212.0010.2310.026(0.010|10.34{ 0.25 {0.75({ 1.51
SUI3S  |0.57(0.13(9.26 [0.036]0.007140.341 3.38 [0.15] 7.08
SUIB1L 10.41§1901060) - - |15.16}1400] - |2.78
STS303 |0.08{049(167{0.024|0.275{17.86| 870 | - | 272
STS304 {0.08[0.35]|1.60[0.017]|0.028|1854| 8.78 0.281 2.77

C|Si |Mnj P S Cr | Ni | Mo |Ceq.

Note : Ceq. = Carbon equivalent

Table 2 Mechanical properties of base materials

Prop. Tensile | Yield | Reduetion
strength | strength | Elongation Hardness
of Arca
7, ay & (%) 7 (%) (Itv)
Mils. (MPa) | (MPa) ”
SUII3 941 512 234 480 411
SULI3S 1082 79 29.8 284 434
SUTI31 835 720 30.0 40.0 310
STS303 638 263 64.0 50.0 200
STS304 687 435 614 60.0 235
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Table 3 Welding condition for dissimilar friction welding

of bar-to-bar

Rotation| Heating | Forging | lealing | Forging FRW
Case | speed | pressure | pressure time lime matcrials
n(rpm) | PyAMPa) | PAMPa) | ((see) | tAsec) match
60 120
100 200
SUI-SUII3S
1 2,000 140 280 5 3
(9123, ¢16,
160 320 420, $24)
180 360
2 2,000 160 320 1~12 3
120 300 | 45 | 25 | 49 |quin.
313000 -
% 20 | 4~5 | 25 |[g103|SUH3
4 ) 000 a0 180 15 9 SUNH3-STS303
- ’ (411
_ ) 000 20 180 15 9 SUNS-STS304
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Case 2



3.12 88=23 8HF Ax(iggr)del 42y

Table 3(Case 2)# #& ZFZAoA SUH3Z SUH3S( ¢
123, 616, 620, 424mm)E vl#& s A2 A, Fig. 3
ol A gt vpE A GH P SERIIFEHP)E 42 160,
320(MPa), f» = 3(sec)o® 3to] sFRZFAANTH(E)S W
A 7IHE A ot 2 g GNP E 33 1827} Fig. 40lth

Fig. 4914 1&gt % SUH3 ZoA s
i, d¥gio] SUH3 AR wrel 2o srrse
dmryow 4Fd HIAYYES o4 5 AATh wpAILA AR

£l F7hgkol wet A3 ABE F7HEA ¢ = 5~Tsec, 5~
75sec, 6~8secAtol7b ol $E & 100% °l ¥ 7HE Y@
A E Jeda gt o] e
A ggola 7hFAZre] Fol FEE JAdY AAE ¢
7] A&7 Mo QAR WA vER I, 4ol ‘7}‘?}
of wet g Jael o AFF=I FUhEt 1 =
Tsecol Aol Mt QAT oy AYE Holm U
o, ol AL 7tdE 2 AEAINH YA Fo] HR3A H
ol APy = HHEe 3 ARFre daRE F
23| 7lgisty] o3g7] MEoz YU’

webA] Ot Z(optimum ¢ zone) (by o), &, HH 714
AlZhel M9 AEH AA §123, 616, 620, ¢24mmol

O -

e &3 A B

wel Zbzh 5~7sec( $12.3), 5~75sec( 416, $20), 6~
Bsec(#24)9 & & & gtk o wWo UFFEE =A
SUH39 QAA=RT o, Hy olFAEC] 104%7

gy ol $168 ¢24mmel SUH33 SUH35¢ A
7 E Qe A uFRHFEZEE WS n = 2000rpm,
ul@71g et P, = 160MPa, @ 27148 Py= 320MPa, #t
ANAFAL £ = 5~T5sec( $20) L 6~8sec( 424), &7t
kA ZE £ = 3secet & 5 Qo)
ojg} o] o] 7px WEA SHAY el Ao
et OnZolMe Hi EHY UAFRYG oFEKE
Table 591 YeER AT}

oA LR QAZ3AE 5(MPa), sFEIFHAT f(sec)
Tte] Atolol= Agd Aol EAFC old, g, ¥
#@AN e & gol mEFHAG

$123:

5 ,--0480¢, " +6.167¢, ° - 185441, +749 (R*-0.99) (1
¢ 16

o ,-1280,%-30.74¢, %+ 225651, +266 ( R*-0.97) (2)
$20

0,=-4.652¢, “+56.978¢,+611 (R*=097) 3
424 :

0,--0.318¢, '+ 2.2517, “+ 18305, +645 ( R*-0.97) (4)

7|4, R 7)o Zlcoefficient of determination)@ e}

Wk,
ow
780 | boea
7 A
quBM A | - N

750 |- (SUH = T41vPm) 7 1y
g e I

S 720+ . S

v z B
- S ¢R3
gaso- QI"Z \
(416)

ﬁaeo- [« 73
= (20)

B0} & s 'tz

(24
800 L. i 1 1 ) }
0 1 2 3 4 5 6 7 8 9 10 11 122 13
Heating time, ¢, (sec)
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Table 4 Tensile strength and joint efficiency and Ceq. of each

dissimilar  friction welded joints with different
diameters
Dissimilar . . . .
. SULI3-SUHG SUI3-SUI3]
FRW joint
Mcan Ceqg. 430 215
J 215
(%)
Diamecter
rame 6123| 616 | 420 | #24 | 49 | o103
(mm)
7, of BM
741 741 ( 741 741 800 ]00
(SUII3)}MPa)
H
Av. al o, i
. %5 775 785 77 805 831
OuZ (MPa)
Joinl cfficiency | 102 105 106 104 101 104

Nole © Av. - Average Av. o, - TMPa

Cexy. - Carbon equivalent

%Mn | %NL, %Cr +%Cu oMo %V
4 T T a0 w10

Av. joint efficiency - 104%

Ceq.~%C+
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Welding condition : Same as those in Fig. 4
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Table 5 Optimum welding conditions of FRW for each
dissimilar friction welded joints

Dissimilar FR™W

SUI3-SUII3G SUTE3-SUI3L

joints
Diameter (mm) | 4123| 416 | 620 | 424 49 ¢103
n
2000 | 2000 | 2000 | 2000 | 3000 | 3000
(rpm)
r
160 | 160 | 160 | 160 120 9B
(MPa)
Optlimum 7
welding ) 320 | 320 | 320 | 320 300 220
L (MPa)
condition ;
1
5~7 |5~75[5~75] 6~8 | 4~5 | 4~5
(see)
L
3 3 3 3 2.5 2.5
(see)

Dissimilar FRW

- SUH3-STS303 SUI3-STS304
Joinls
Diameter (mm) ¢11 411
n
2000 2000
(rpm)
ry
80 80
. (MPa)
Optimum I
wclding . 180 180
. (MPa)
condition "
1
15 15
(sce)
12
2 2
(sce)
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Welding condition : Same as those in Table 5
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Table 6 Optimum N zone for dissimilar friction welded

joints

Materials SUH3-SUH35
Diameter (mm) $123( 9016 | 620 | ¢24
Optimum ¢; Zone

5~7 |5~75|5~75| 6~8
(sec)

. 52696 | 54530 | 64836 | 73938
Optimum N Zone

(counts) 81311 | 83092 | 89344 |104541
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AL w7 E An WA olF A SUH3Y SUH3S
(¢123, 416, ¢20, ¢24mm)2] vl#&H HH3 A-re
AEe] 9% vl @ &3y F4(FR, A4l 3 vty
A AAZEAES WEsta, A Astye: ggat gbo
aofst 4 gt}

1) AL WE7F SUHIH SUH3S(612.3, ¢16, 420, ¢
209 ol %A wt2 W AN 7% AEel oF &%
ANZE wE R HAAG R A 7lEe] A

Sadwe] 938 nesol AusYn.

2) AHNEHZAL 3Hd4F 2000mpm, "FER7IEUHE 160
MPa, g4 @271t 320MPa, G4l 2 AIZE 3secd
w, ut@7tE A o] 123U W 5~Tsec, 416, ¢20%
o 5~75sec, ¢249 W 6~8seco] ¥wra At

3) HEEPL ARFE o (MPaS HE AT fisec)rt
ool FYH uuAZLt EAse, 1 Yunudge o
&3t 2ok

6123 : o ,=-0480t,+6.167¢, *- 18544t + 749
416
¢ 20
$24

o =1.28t,°~30.74¢, * +225.65¢, + 266
D 0,=-4.652t, “+56.978¢t, +611
:0,=-0318t, *+2.251¢, “+ 18.306¢, +645

4) 9 HHEYY 042 = 5~Tsecl ¢12.3), 5~T5sec( ¢ 16,
$20), 6~8sec(g24)d W2 o] FEE 100% ol d=z
2 AE %9 W9 ONzZe 7hZ 52696~81311,
54530~83092, 6483689344, 73938~104541 counts$)
o] ¥ on, nALHRY AR YE o/(MPa)} &
H 59 AEE % Nl(counts)}e] A& A# A4
g3 o] =&

$123 : 0,= -32617x10 'N?+678x10 'N + 724
#16 0, - 8432x10 "N -25624x10 'N* + 0.023N+134

P20 : 0, -3712x10 "N*- 1.393x10 "N + 0.015N +306
624 1 o, - 1769%10 "NT-9908x 10 "N+ 0.014N +190
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