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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-SUH35 dissimilar steels of £12.3mm,

#16mm, #20mm and J424mm in

diameters) were performed, comparing with the other FRW matches of materials such as SUH3 to SUH31, SUH3 to STS303 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, ¢l6mm, ¢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. ) .
C Si Man P S Cr Ni Mo Ceq.
Mitls.
SUH3 042 2.00 023 0.026 0.010 10.34 025 0.75 1.51
SUH35 057 0.13 9.26 0.036 0.007 40.34 3.38 0.15 7.09
SUH31 041 190 060 - - 1516 1400 - 278
STS303 0.08 049 1.67 0.024 0.275 1786 870 - 272
STS304 0.08 0.35 1.60 0.017 0.028 18.54 8.78 0.28 2.77
Note : Ceq. = Carbon equivalent
Table 2 Mechanical properties of base materials
Tensile Yield .
Prop strength  strength  Elongation R:?uacrt;:n Hardness
Mils. 7 o B gy W
(MPa) (MPa)
SUH3 941 12 29.8 48.0 411
SUH35 1082 796 234 284 484
SUH31 895 720 30.0 40.0 310
STS303 638 263 64.0 50.0 200
STS304 687 435 614 60.0 235
$12.3 ilfs_g
Q?OAU 24.0
SUH3 / o
85.0 85.0
e

(b) Room temperature tensile test specimen
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Fig. 1 Shape and dimension of test specimens
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B Ao Al4-¥ SUH3¥ SUH35] Wigt HAnhahay =
Ag A3 8 FnEH(LR, 1986 wAAHATH, 1979,
Vill, 1962; Tasako, 1970; Okita, 1979; Oh, 1974; Oh, 1980; Oh,
1982; Gelifman, 1965)9) 9]&l & oJ&] AP27 Fo|A] Table
33} Zo] A4 2,000pm, RHE7HEYH(PYE 60~180MPa,
A QFE(P)S 120~360MPa 12]m A AlZH) L 3sec 8
o & WIAFIR £HEY oJSAERIFAR)E B
59} Hwalr] sk 7HAAIZHe)E geFskAl A v}
AL AAEEh olgRe Axe AR, FFAUA,
AME 52 7ok BAIET 93 HLE AN A0}
AAZHe)E A% sHTHAE, 1999).

SUH3 A @A R febae] g A6 29 Al
HHEL AR 93 ARt

9, Aldolele] B]APH f(scatter) & ] EiA AHIAE,

u}E- 84 (friction welding, FRW)A| &, AEAIR Sof Slojy &Y
3 =0 A8 Zh7h 379 AlEHEE A8l dHlolEle] HaE
S 73 deole Fy 2 FH IR (curve fiting) AT 221
182 e HrasdS o83 2] 7845 (regression  analysis)
olafjA] el on, vlaeHoA doizl 7FEel AEYTE]
ADA 2 =269 HOR, 1983; 2, 1982).
SHAN Fo JERYE AR A%E didsE] JaiMe
SHAAREE 248 o HAEE 7] AETEEH 84 ¥
WA71ZE ol AEE F7] AE] F 77 AHEE e
(Oh, 1982; Oh et al, 1983; 2, 1982; Oh, 1983), ¥ A&
Z7] AEY3 $47 T ABARAE TE7] Y] Axfd #
st uk 348t viEh, 1999).

A &R A o) BAEE AEYS EA 7] st Fig. 29
(@ 2 O #o] nP=E MA(RIS 150kHz sensor)E nhEHE-3]
Z1A1S} vl @A 310mmel f)R]e] AR (chuck)ol] -2
391, S8 AZAA(acoustic couplanf) 2y 18] X(grease)E A}

ox 2

Table 3 Welding condition for dissimilar friction welding of
bar-to-bar

g3l Hlo|Z2 AAME nPAZh

ZHZHES Table 49 JUeldiglon, s A (level)d|
AZAGE Fol7l A8A F5E 7 (post amplifier)o| A 35dB
gaing A FEIY L, &5 F(noise)S AAZ7] AiA FAH
Si(threshold voltage) S 1.0VE A3l 28-S $33tch
201l ALRE Q1A E 7](Toyo Bawldwin UTM-25T)
dlAel, AFEEE 2mmmine 2 Fsrt.
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Rotation | Heating | Forging | Heating | Forging FRW gl SUH39] ®RAlle] QA7bw(741MPa) Bl Y %8 of
Case| speed |pressure|pressure| time | time materials o P - — W T
n(tpm) | Pi(MPa)| PA(MPa)| ti(sec) | ta(sec) match F k. &3 ol&He AYA=ER B o, Pr-160MPa,
e P=320MPadd W7} 71 QA7%ESL 57 veitene of o
o 20 7F 7V HAAE P, Pgre g AZHECE ol S7HE o
AAREIE Z7ethrt P=160MPa, P=320MPa%l w7} =
1| 2000 | 140 | 280 | 5 3 | SUH3-SUH35
> (9 12.3, 416,
160 320 920, ¢24) Table 4 AE instrumentation and operating parameters
180 360 . - PZ Type R-15
2 | 2,000 160 320 1~12 3 150KHz resonance frequency
3 | 3000 120 300 4~5 2.5 #9 | SUH3- Model 1220A
’ 95 220 | 4~5 | 25 | ¢#10.3|SUH31 Pre-amplifier 40dB fixed gain
. 100-300kHz filter
4 | 2,000 80 180 1.5 2 SUH3-STS303 : -
(411 Post-amplifier 35dB gain
5 | 2,000 %0 180 L ) SUH3-STS304 Threshold voltage 1oV
(g1 at comparator (80dB : gain + threshold)
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Fig. 3 Typical relationship between heating or forging
pressure and tensile strength for the welded joints of SUH3 to
SUH35( ¢ 12.3, 4 16, ¢ 20, ¢ 24)

Welding condition : Same as those in Table 3, Case 1
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Fig. 4 Relationship between heating time and tensile strength for
the welded joints (SUH3-SUH35) (412.3, 416, ¢20, ¢24)
Welding condition : Same as those in Table 3, Case 2
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oldellAl & & Sl%ol, vhEEE R APAAFFANAA,
Aig, dEFEES ndd =EF vpEEy ARz
wHEZFAARRE 1 = 1~Tsec(OnD)ol A S neid o & &
A7k HE AL Ad glvka A4EE, e A3 gE A8
o] npagxel A= 22 Aol vehuth

lo

Table 5 Tensile strength and joint efficiency and Ceq. of each
dissimilar friction welded joint with different diameters

32‘5\;‘“]‘2;1 SUH3-SUH35 SUH3-SUH31
Mea(l}%)ceq' 430 2.15
Di(a‘n;‘ger $123| 416 | 620 #24| 49 | 4103
(S%IH();) (113&12/;) 741 | 741 | 741 | 741 | 800 | 800
gtv,i ‘(71(4;;) 755 | 775 | 785 | 771 | 805 | 831
Joint efficiency | 102 | 105 | 106 | 104 | 101 | 104

Av. g, = 736MPa
Av. joint efficiency = 104%

Note : Av. = Average
Ceq. = Carbon equivalent

_ 9Mn , %Ni , %Cr +%Cu_ %Mo _ %V
Ceq. =%CHE= 440" ¥4~ 10 5% 10

50 6
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= °
‘\’\1 /./J\ ™ c
*Saf ™ 1 &£
£ . 5
w /' \ Q€
8 / 8 E
L | Vs BE
w5 20 / 3
o'w 7/ \‘ oz
g g // 0112 1 s ‘xf
59 . \ 5 =
S W
g 10f / P e i SR £ %
o / P "~ [
- ~ ]
el X -
== B\

0 i, Jswes. SO, JENE) | 1
2 4 6 8 10

Heating time, t, (sec)

1

Fig. S E, vs. 11, ¢ vs. t; and & vs. 1; of friction welded joints
of SUH3-SUH3S in case of 412.3 bar-to-bar
Welding condition : Same as those in Fig. 4
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%x AT 4E NS € 5 A%tk aelA SUH39]
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A7t @A JelgE & 4 Aok £3AWAA FAmAs)
Harb Hedl, 7ol 9§ vjAxEe 23] e A&7}
Z71 Ao g Ayztgh 2A9 7§ 7247 SUH3-E Hv4ll,
SUH35: Hv4849] AEZS 71A &, £4AHe] A% Hv560
HAe2A SUH3RTE ok 36% ‘532w, HAZ(heat affected
zone)e SHAAANA F$ 22} 3~4mm Fwolrh ol § 7
9] peak €3 F AAxzEMA A F Y& Aoz A
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Fig. 7& EAle} G HHAZ) ¢4 vpahgdRe 22& 7
AFEl7l flEl FAEAHe s Add FdWdM npEEHAR
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HAu}LEHZAQ n=2000 pm, P;=160 MPa, P,=230MPa,
h=Ssec, f=3secZ EHE APWL AHE3AL, o] g

Table 6 Optimum welding conditions of FRW for each dissimilar
friction welded joint

Dissimilar FRW
joints SUH3-SUH35 SUH3-SUH31
Diameter (mm) 6123 416 | 920 | 924 | 49 | 4103
n (rpm) | 2000 | 2000 | 2000 |2000 | 3000 | 3000
P,
160 160 160 | 160 | 120 95
Optimum |_MPO)
welding P,
condition | (MPa) 320 320 320 | 320 | 300 220
t; (sec) | 5~7 {5~75|5~75|6~8}4~5| 4~5
t; (sec) 3 3 3 3 2.5 2.5
Dissimilar FRW SUH3-STS303 SUH3-STS304
joints
Diameter (mm) $11 g11
n (rpm) 2000 2000
P,
80 80
Optimum | (MP2)
welding P,
condition | (MPa) 180 180
t; (sec) 1.5 1.5
5] (sec) 2 2
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Fig. 6 Hardness distribution near the weld interface offriction
welded joints of SUH3 to SUH35 ( ¢ 16)
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Fig. 7 Micro-structures of BM, HAZ and weld interface of
friction welded joints of SUH3 to SUH35 (¢ 16)

Welding condition : n=2000rpm, P;=160MPa, P,=230MPa, t;=5sec,
t,=3sec
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Welding condition : Same as those in Table 5, Case 2-5
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¢16, $20, ¢24) of each FRW material
Welding condition : Same as those in Table 3, Case 2-5
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Fig. 10 AE counts vs. Diameter of specimen (¢ 12.3, 416, ¢20,
#24) of FRW SUH3 to SUH35
Welding condition : Same as those in Table 3, Case 2

$123 :
N=1759.01 #,° + 6643.394, — 645 (R*=10.98) 5

416 :
N=1026.61 #,> — 1759.81 #; + 37427 (R*=10.99) (6)

$20 :
N = T724.86 t,> + 1313.64 ¢ + 38387 (R*=0.99) @)
$24
N = 424.42 t,> + 4107.6 4; + 43108 (R*=0.99) ®

Fig. 12& o¢,— N9 #A48 HoFm ok T3 g,— N9
FAAEAL L7 Ho] =&HAU)

$12.3 :

or= —3.2617x10°N° + 6.78 x 10 'N + 724 (R’=094) (9)

916 :
o= 8.432x 10 PN® — 2.5624 x10 TN + 0.023N+ 134
(R*=0.949) (10
$20 :
o, = 3.712x10 BN — 1,393 10 "N + 0.015N + 306
(R?*=0.99) an
624 :
o, = 1.769x 10BN — 9.908 10 "*N? + 0.014NV +190
(R?*=0.99) (12)

ZAupHog o|FA rlERHL Fg 11, Fg 129 4 9~
(12914 & = Slxo] nh8H Fol AE £ N& 33T
2, FA AAztel o 83HAY AT 0F AFHE S
A, ol2A BAlEs rEZIA R B AdA® AEC| 98|
opgg Al EHEAC A AN Aot JMsde ¢+
2AATHON, 1982; 4}, 1999; Oh et al., 1983; Oh, 1983). =, wpat
€4 ol N o] ONZ W8] o] 1 v A E o
&5 A Est 2A SUH3S] Alxch gom, 1 olg8ge
100% o4& 834 ATl Hga oz & gl g<lo]
7Fede St

Fig. 11, Fig. 1214 2t &4 thet A 19 H9(0n2)
g 4 O~4 (129 digstd 3 HAH AE F3e| H9
(ONZ)E- Table 79 YeERIATE

Table 7 Optimum N zone for dissimilar friction welded joints

Materials SUH3-SUH35
Diameter (mm) 6123 416 420 #24
Optimum #; Zone (sec) 5~7 | 5~75|5~75 6~8
52696 | 54530 | 64836 | 73938
Optimum N Zone (counts) ~ ~ ~ ~
81311 | 83092 | 89344 | 104541
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Fig. 11 N vs. t; in fn'ction~welding of SUH3 to SUH35 (¢12.3,
616, ¢20, 424)
Welding condition : Same as those in Table 3, Case 2
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