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Optimization of Tube-to-Bar Dissimilar FRW of Hydraulic Valve Spool Steels
and the Weld Strength Properties and Its AE Evaluation

Sea-Kyoo Oh* « Hyun-Pil Kim** *+ Hong-Keun Chang*** + Myeong-Suk Oh****
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Abstract

The hydraulic or pneumatic valve spools became essential as the important components
on the production of automatic hydraulic or pneumatic machinaries as mechanical industry
has been rapidly developed. The machining precision is in necessity for manufacturing the
valve spools. They could be unstable in the quality by the conventional arc welding. And
also they have a lot of technical problems in manufacturing because their shapes are
generally smail. By the precision casting process such as lost wax process, the production
cost may be increased. But by the friction welding technique, they will be able to be
manufactured without such problems.

This paper deals with the development of dissimilar friction welding optimization for the
hydraulic or pneumatic valve spool by friction welding and a new approach of study on
real-time quality evaluation by AE techniques.
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Table 1 Chemical composition of Cr-Mo steels

(wt%)
Matenis | C | Si | Mn | P SIN {CriMo| A Cu
- " —]
SNCM220 | 0.18 | 023 | 069 [ 0.020{0013 | 0.40 | 0511 0.16 0.14
SCM435 1 035 | 026 [ 073 |00181 00111 0.3 1099|047 | - | 02

SACM645 | 047 1 028 1 031 (0021} - | - |13017]1092! -
SCMAL5 | 016 | 025 | 073 100090007 - (098] 017 - -

Table 2 Mechanical properties of materials used

Verials Tensle strength | Elongation | Reduction of | Hardness | Heat treat for

(a) Fiction welding and Ae test specimens of
$36(1.D. ¢18) tube to $36 plug bar

(MPa) e(% |arca $(%) | Hv | case hardening

0~30T

SNCMZO 62 17 4 2 | {coburizing)
180T (tempering)
a0~90T

SCMAD a 15 £ 32 | (caburizing)
180T (tempering)
507~ 12%hr

SACMBS % 186 525 25| (Nitriding)
1307 {tempering)
Q0~90T

SCMALS 56 16 40 B | (caburizing)
180T (tempering)
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(b) #36(1.D. ¢18) tube-to-bar specimens for
fatigue test

Fig. 1 ¢(ID. ¢18) tube-to-bar specimens for FRW & AE tests
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Table 3 Conditions of dissimilar friction welding
of $36(1LD¢ 18) tube-to-bar

Viers Rotation | Heating pressure | Forging pressure | Heating time| Forging time
' dlpm) | PAMPa) PiMP) tse) | tlser)
SOMABHXSACMBH
SCMABHX SNCMZ0
134 [} 12 3~ 6
SCMAISX SNCMZ2)
SCMAI5XSACMBS

232 3 o B o] FA rhAEH AL AEAH

LA X7k Fol] ehdE AEERA A5S &dM
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Fig. 2 Nominal stress ratio for fatigue test

Table 4 Nominal stress ratio for each base

metal and dissimilar welded joint
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Fig. 3 6: vs. & and Ny vs. t; for ¢36(LD ¢ 18)
tube-to-bar friction welding of SCM435
X SACMb645
Welding cond. : as shown in Table 3
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Fig. 4 6¢ vs. t; and Ny vs. ; for $36(LD ¢18)
tube-to-bar friction welding of SCM435
X SNCM220
Welding cond. : as shown in Table 3

A5 Jepdch olue] U Agd wE A
AL Fig. l1olAeh o] & A ¥ &34 2
FARANA Fupkoz vhagAHo] Fotel



LA - d

=) 6
T 60 10°
- 2
£ g
g v Tensile strength z
o 55¢+ o Number of cycles o
. 5 3
= <4107 ks
o 0. of SCM415 + Nrof BM SXIO o
o B.M-505 S -
w50 - =] 5
° PO °
B S~y >
< {10* @
M o
45 3
£
oz :?

40 Lo : 10’

10 15 20 25

. Heauting time. t, (sec)

Fig. 5 6. vs. t; and Nr vs. t; for ¢36(1D ¢18)
tube-to-bar friction welding of SCM415
X SNCM220

Welding cond. : as shown in Table 3
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Fig. 6 6; vs. t; and Ny vs. ¢; for ¢36(LD #18)
tube-to-bar friction welding of SCMA415
X SACM220
Welding cond. : as shown in Table 3
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Table 5 Optimum ¢, 6. Ny zone for dissimilar
friction welding of ¢36(IL.D ¢18) tube-

to-bar
Disimir | SOME | SCOME | SOME | SCMAB
FRW | xSACMES | XSNCVZD | XSACMBS | XSNCMZ2O
U2 | 15 [2~15 18~ 17~
{sce)

|

|

!

i

|

(Omm| A1 e | s | S5<si0 | S0~510
, wone | (MPa)

|

i

(g‘,‘c’ﬁ) ST~ | 002~45104 | 800~4212 | T50~30000

Table 52] o}&A] vhA44-& vlw A shd, ol
FA &AM AT A= ARLvie] %%}
ot ol&2 dAAe] £ (as-welded)o]
v FHAE HyC 58~629F = 2o] 02~04
mmE FA37195] AL 2 A E sy
Zdmsl Mjzedde] o8 vk & zle) r|diXch
a8d fEet BEaFe] 9o xEFEAY #
ZHeo| vimlRel Eoje] rAA sxel 7dA
o] 2= FeaRE olFEA = £xe] §
Astng 1 HArE Baesic)l g 2 QP
ol o] FAN wHASH FHAHIE AdstzmA
shoich

T ool F olFA vhaAgAe] A £4FEEA W AEHT)

EF-Alel AES| &k}

dubr e g srAAZHE)e] Fotel ol wp g
Aol 2] A& ZA dojyr] o
o AE(acoustic emission)® Z7}slv] 2 o Fo
’43‘ 6-1:2] AFAGeA o] FE ol 100%] 4=
Otzg T38ta A ARRE (60 2 Nt
ﬂ& T ZelA OtZ TN HE RN

FNYE vha o] A3k

)rrl

D SCM435x SACM645 dissimilar weld :

Fig. 72 &9 Onz F2ell4] #A Qa7 =r}
6:=95~9%60MPad ] AE F& 36021 ~40123
counte|t},

< 3
= 100 ~ -— e FoT TR,
= 10 5
= v Tensile slrength ‘5
& o Number of cycles =
= T z
T Y v @
N . v
o of SCMAZ5_~ 110° 3
o > N: of BM -
< O [e]
¢ i -~
W90t v 3
@ B.M=90.7 4
@ Nz &
¢
i 410" ¢
85 g
” 8 Q €
80§ | 2
=] =
80 ) ! ' 10°

25000 300C0 35000 40000

Total AL counts, N(count)

Fig. 7 6. vs. N and Ny vs. N for ¢36(1D ¢18)
tube-to-bar friction welding of SCM435
X SACM645
Welding cond. : as shown in Table 3

o] #7ke] ONZ(by 6)°19, AE &3k2| Z7}
of wa} TELW(NY)E ONZ F-7rellA] 57517~
49722 cycled& & # o mAe 7|F 5x
10%cycles) AR Zrelch,

ol 6,-N, N-N9 A33aA AHAL oLt
Zho} AlabE|gicl.

o,=—4.3%x10 8N +0.03N+33.7 (1



eAF-ARE- 4 FE2

Ny=—4.9x10 °N° +0.0004N* —6.TN+55025 (2)

@ SCM435x SNCM220 dissimilar weld :

Fig. 8& <A &2l A Onzell 3ol #A al
A7r57t 6,=540~550MPad ], AE Eake 45320
~47000 counte|v}. wh2br] o] F7+& ONZ(by 6
NE AT 4 glen] IFA2LE(N)S ON7Z T3l
4] 37012~45104 cycled& o & At}

2 60 0
X o of SNCM220 ] 3
.- 59} BM=622 4
& v Tensile strength <
E S8 o Number of cycles Z
- ©
e 671 ¢ 3
< 4107 5
= Nr af BM=5x 10" 2
5 56 - o
¥ 55 ]
© S 9
0 54 o
4 .
2 - B
53 / py
o
52 + ’ = S
5 B 2
2 1 < ~
50 I.J e L t RN R - 103’
40000 45000 S0000
Tolal AL Counts, Ntcount)

Fig. 8 6 vs. N and Ny vs. N for ¢36(LD ¢18)
tube~to-bar friction welding of SCM435
X SNCM220
Welding cond. : as shown in Table 3
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Table 6 Optimum N, N; zone for dissimilar
FRW of ¢36(1.D ¢ 18) tube-to-bar

Dissmlz | SCMAE | SCMEB | SOMB | SOMAS
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Table 7 List of Ceq, N, Nr in dissimilar FRW
of ¢36(I. D. ¢18) tube-to-bar

Dissimilar SCM435 SCM43H SCMAI5 SCMdl5
FRW XSACMBH | xSNCMZ0) | XSACMBE | XSNCM2ZXO
Cegl%) 0683 054 0560) 0451
OMZ(av) | B0I~01B | 520~4700 | 4061~4975 | 42116~56017
{count) (307) (46160) (45%) (4556)
OaZlav.) %6~%60) 50~50 515~510 50~510
(MP2) (958) 55) (513 (55)
ONZav) | 5BI7~472 | 3012~6104 | 48000~42112 | 2500~3000
(eycle) &) (41058) (45056) (3150)
Fig. 11& ®tagdae] Fridtel aepr A7z
(607} F7he el glen, =3 o)%
HA FeA H2E(Npel Z7HeHe Yeba
Ark B4 wGEke]l we AAY £2 Hx 9 7
5 Fvbkeb Abibste] aAdwige] zhaw|e] AR
o] == Zlo] ohdr} Aztgict
34 2 Of = OolEX ol EXT AL BxE,
olAlZ=A ¥ T2 nichEel ZA}
341 $A Y9 Ax Fxe} mAzA A

Ak 2 A Mzjste] FHAEE £ 5 9l
Lo {34 WHAZo niw @ YA 2
Al 4 ArHEF L4 : HrC 58~62 (Hv 650
~740), A%Ze] : A 0.2~0.4mm).
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Fig. 11 N vs. Ceq and 6, vs. Ceq and Ny vs.
Ceq for #36(1.D¢18) tube-to-bar dis-
similar friction welding

Welding cond. : as shown in Table 3
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Fig. 12 Post weld heat treatment diagram for
dissimilar FRW joints
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Fig. 13 Typical hardness distribution near the
weld interface of friction welded joint
of SCM415x SACM645
Welding cond. @ Ot;Z as shown in Fig. 6
Heat treat cond. : as shown in Fig. 12

ti:

. (1 SCMAIH X SACMES
/ @ SCMALGX SNCM 220
/ A

3

o iR (£}

D SCM TR 5ACMEG15
4 SCMARN® SNCM 220

Fig. 14 Micro-structures of HAZ and weld
interface for dissimilar FRW joint of ¢
(ILD. ¢18) tube-to-bar
Welding cond. : Ot;Z as shown in Fig. 6
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Fig. 15 Fractorgraphs of microscopic fatigue
fracture surface by SEM(x200) for
dissimilar friction welded joint of ¢

36(1LD #18) tuve to bar
Welding cond. : Oti.Z as shown in Fig, 6

Fig. 15 (a)x SCM435% SNCM220.0. 2 o}z -
v A2 g 28& el o - (crack)H s}
mel 8 FEE dA¥E sigdR s Jepyw
a =3 H2ahyrt vlAgS 2] F3 gl
t}. (b} SCM415XSACMB4SE (ayRch H 2 =}
Ry 2d e Jeh 3 glen, (o) SCMA415
XSNCM2202.2 QA7 E7} e o] of Fo
ARRL SiRRe A4 A2 gdyrl =34 el
slth. (d)+ SCMA435XSACMB45R o] &z F 7}
A QAT FH SAC)7 B BAR A4

92 sl glel A4 SIE seknwt vepd



31eh. Fig. 15 ()~ (dF W5 245}e]
Foba A
SACM645, SCM415X SNCM220 =

Qs Qlgel e

2AF-AEE-FEF2

% o
SCM415 %
A4 Az %
9EAAS A4 W2 s

SCM435 X SNCM220,

2o A7 den o5 zgtez e

=3
],
o}.e

2]

Hz sehe Qg hste BT

oz Azbsw, SCM435X SACM6B45E 7=
3 oR(0)2) Fhe) wel A4 Az 3

veha elehn weiziet,

A%

SEL TR RICEI S

2

4

FA chagael Algw

W sge o)F

%
ZHAHE AEM SCM415X SNCM220, SCM
415X SACMB45, SCM435 X SNCM220, SCM435 X

SACM6452}

K<
=

X

off

(7=, Nzs
o Tk g4
RA) B AFATHE e o] Lo ¢

zgos # o ¥ o)FA oEEA
nhdgy 27t} AEWVL, $HE
el X &= o33 Q) et}
AR AE, g7 $uae A

e sted,

2 o)Al vhEeA A3 sl

o HA ghEAe

Ly

&S MY
AA7}E e} 3
ol g A Eo] 100%°]4 el
el A AYA oz =F3

T o % oA wEEAHAl AE AHE 3He
o] ﬁgol FAA e do) HZ2eme el
AE®] W$E Faloln 25wt AR, ol 5%
zo} AE®] AAlS T3l on AEd 9%
44 Ao AAZ Hrr) ssA sk

I o B oelEA uva}%—zd FARAAE, 9=

1.0
=
7t

)7 S4F) & AEZo] wagee] 3%
& wow, wade) B 4% A4

27 s v 44 R Y s 2
o Slsi A4l Fe PE W) noln, A
B9 WA ke mAReld dofre.

2 "4
5 & 3121 & #
1) American Welding  Society, "Welding

Handbook”, Vol. 2, p.747, pp.672-763, 1991
2) M. Arrington, “Acoustic Emission”, Speed-
tronics Ltd, Huntingdon, pp.25~59, 1988
3) Kaiser, J.,
Auftreaten von Geraeuchen bein
Dr.-Ing. Thesis,

Munich, 1950
A, AAE, i A,
E B - L P i - P B L) I B
%t AE 54 mA& %, daSse3
'94 FAZYA =13, pp.71-75, 1994
2 At Wi, 2], delE, R R
o WEAFES A5 ¥ o ¥ vhEEA
AEel| &3k A7, grefokaets] ‘¢ EA A
=%#, pp.177-181, 1994
_9_/11]-‘,}, _Q_Z#i]— X‘lEH‘H 717—1;{- g_rﬂﬁ “AE
o] 2% 43 WBF obi 83 FAL] A
7 g7, JGEeAE3 x|, Voll2, No.z,
pp.97-107, 1994
SK. Oh and KK, Wang, "Effect of
Welding Parameters on Weld Strength and
J. of
Korea Soc. of Marine Engineers. 7(1), pp.
22~33, 1983
8) S.K. Oh, KK. Wang, G.R. Reif, "In—process
Quality Detection of Friction Welds using
Acoustic Emission Techniques”, Proc. of
63rd Annual American Welding Society
Convention on Kansas, USA, Tech. Sess. 5,
Apr, Welding Journal of AWS, Welding
Research Supplement, Vol. 61,
312-316, 1982
S.K. Oh,

Friction

“Untersuchungen unber das
Ugversuch”,
Technische Hochschule,

4)

“w) 8 F )

5)

6)

7

Acoustic Emission in Friction Weld”,

No. 9, pp.
9) "Studies on Strength Analysis of
Welded Joints
Monitoring of the Welding Using Acoustic
Ph.D
Graduate School, Keio Univ., Japan, pp. 1~
314, 1982

and In-Process

Emission Techniques”, Thesis,



o

o
T

4

10) S.K. Oh, "Quantitative Analysis of Friction
Weld Strength by Acoustic Emission”,
Transaction of KSME, Vol.7. No.2. pp. 226~
236, 1983

1) 2AF, ‘o128 ovjAdye] 2|g opag-A
Zd=E A1), HE Z1AEE A, A 229, A 3
%. pp. 184~190, 202, 1982

b ogE AR RAe] ¥ oo o)l FA shAgxle HAel SHAE=EAY L AER7}

12) U3, A F, e obadgol v w
Zgeke] FgF-5F7to sy, k43
37, Vol.3, No.2. pp. 1~9, 1985

13) WA, o<, “7te] mhadgA o vl '
kel -4} mEEIte] tEte]”, of
248t3), Vold, No3. pp. 32~42, 1986



