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Real — Time Evaluation of Friction Weld Quality of Small— Type
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Abstract

Both in-process quality control and high reliability of the weld is one of the major concerns in
applying friction welding to the economical and qualified mass-production. No reliable nondestructive
monitoring method is available at present to determine the real-time evaluation of automatic production
quality control for friction welding of special hydraulic valve spool of 16mm in diameter.

This paper, so that, presents the experimental examinations and statistical quantitative analysis of
the correlation between the initial cumulative counts of acoustic emission(AE) occurring during plastic
deformation periods of the welding and the tensile strength and other properties of the welded joints
of $16 valve spool as well as the various welding variables, as a new approach which attempts finally
to develop real-time quality monitoring system for friction welding.
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P; - Friction heating pressure (kgf/mm?)

P, . Upsetting pressure(kgf/mm?)
t, : Friction heating time(sec)
t, : Upsetting time(sec)

t  Total welding time(sec)

U;: Upset during heating time(mm)
U.: Upset during upsetting time(mm)
Ur: Total upset(mm)

Fig. 1 Schematic friction welding cycle(continuous drive brake type)

311

Journal of KWS, Vol. 12, No.2, June, 1994



AES &% &% ABAE opdgg FA AN FA

e B3 g A% VA A 947 &9
Ao e 4 2HH Jo 5L AEH
g3 e R FE AY  Y=F A% & &
AR e 2ol o 24759 Ha A
=9 Ve A FE9 #agxd g w @
37 FAGFEE, D)ol 2REH Al &4
AN Fu7HA] A AE FF ojH el
ER o] A, oz F FAd 2ALE T
AE Z3To g HAztd F4E HE F UARE
3.

2. AE Y

21 A NE Y Ay Y

2 AT A" A¥AEE 79, ¥, &5 ¢
AL FAShe FFo 2ol §F¢¢ WB2F S
o8 poly SCM41572 024 U SAF AjFE ot}
o szAs 948 =24 ¢ J1AF 4AE 48
Table 1% Table 28} .2t}

B A3 #=Q AFAMEE carburizing® tempe-
ringd g A9 A¢2AM H1 G2 1232CHA
923 annealing (863CE 719H/AF 680T7HA
Arg 1108 =5 W) 3 Al 4AZ e
A% Bl Aol Ax& H85(H:B4D BT ol
QA2 =7} 50.5kgf/mm*EA B} g &
& AAoln, v A LR L JAVETF Y EX g
(carburizing) 818 A% H,300, U373 = 7t 85kef
/mm?e]’go] & FHojrt,

Table 1 Chemical composition of SCM415(wt%)
Material C[S [Mn] P|[S|[Ni]|Cr|Mo
SCM415 | 0.16 | 0.25 | 0.73 |0.009(0.007| — [099|0.17

Table 2 Mechanical properties of SCM415
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Fig. 2 (a) AE transducer location
(b) Block diagram of AE mointoring equipment
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Tensile
Material Strength Elongation Reduction Hardness Heat
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863C
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Fig. 3 ¢16.8 bar-to-bar specimen for manufacturing ¢16
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Heating Upset, Ui (mm)

Heating Time, T:(sec)
Fig. 5 Ur vs t; and U vs. t; for $16.8 bar-to-bar friction
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(a) Tensile fractured specimens

(¢) Ductile fracture of B.M.

(e) Ductile fracture of W.I

(b) Fracture surface of BM.

(d) Fracture surface of weld interface

(f) Brittle fracture of W.I

Fig. 8 Fractographs of tensile fractured base metal and weld interface of $16.8 SCM415 bar-to-bar friction welding
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Fig. 11 Comparison between empirical and calculated
equations for o vs. N in friction welding of SCM
415 ¢16.8
Welding cond. ' n=2,000rpm, P,=9, P,=15kgf/
mn¥, t;=1~7sec, t;=4sec

3.7 ¢16 FY WEAZES| A(HE X=

ol6 Frt WB2Z 9 7A7LES A4 188%X339)
20E 7HE3tT, HFEEY 43 ¢3 = Zo
195mmZ =¥EH31H, ol1dFA 871 FHS
b3l nhE S HF SHEA DA ZY Aol o3l
¢ 2 2mmFA & dmme A A o] A 71e ¢3X

¢16.8 weld of
916 valve spool

Finished product
of ¢16 valve spool

SAHF 2R AHA - ABHE - 2B

1759 AuE 7ol 1670 A0 Aol ZHA S
AAB I, 60°—04mmE S VIEBE AF 77 4o
daca =y
Fig.12€ ¢16 ¢ B2 E0 244, Fdd, &
AF &g vehln, Fat7e &3 2o,
(49 mm?
A58, 97 ¢l6, FHE 1 oll, S5 08
ALY (TP S o16X99H !
0ll BFgo =4F
03X9mm #F 479 s/ 270&
Gy HElHo|E 1 4X25 6X25
o] EHAE VAT EA, A HHZFS A

2 3 F 239 A 9162 QA ojd H
WA T HeC58~6201 0, Q413 A&zl ol& 0.2~0.
4mmE FA5E 2 AHold,

B 516 Frt BH 220 AAE A3 Az
o84 ZEE AR 93 Bore dde N=92,
000 countsZ4 ONZ ®$lel Eo71H, ulelA Fig.
109149} o] B AAFEY o] H&o] 99.7~101
%o Beoh &3E AN H 5 AU

4.8 &

016 MEAE vbd 43 FAo AN F2 9
7tell B A7 Aoe g2 2ol 8% ¥ Utk

1. oHE £HA AEE AHS-o = A &3
Z4& A BUE Agslgen, A3 83=%
A counts¥-E 80,500~97,000¢] ¥EE vtEF
Atk old o—N #A AN 3 o] A
=t

0=20.15 N °®

2. ZE HUHE RARAA HaEHn T

LHS
of ¢16 V.S

L.H.S : longitudinal half section
Fig. 12 Appearance of weld, longitudinal half section and finished product of ¢16 hydraulic valve spool
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