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Effect of Friction Welding Conditions on the S¢trengths of
Joint of Ti-6Al1-4V Alloy Bar '
Tomio NISHIKAWA and Minory OKADA
Synopsis :

The friction welding conditions to obtain the good strengths of the joint of Ti-6Al1-4V alloy are inves-
tigated by evaluating the tensile, bending and Charpy impact properties of them: The friction welding
is capable in air under 2 400 rpm of the rotation speed. The strengths are improved to the equivalent
strengths to those of mother material when the up-set pressure is increased. In the case of the specimens
obtained from the inside of the section of the joint, the up-set pressure to obtain the equivalent property
to mother material on Charpy impact value is the highest, and it to obtain that on bending strength is
higher than that on tensile strength. In the case of specimens with burr, the up-set pressures to obtain
those on tensile and bending strengths are same and higher than those of the specimens without burr, but

they are lower than that on Charpy impact property.
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Fig. 2. Sampling of specimens (mm).

Fig. 3. Procedure of bending test (R=2¢) (mm).

HBRELTHERTLON—RANTH DN, ~YEELE
FEFHTLEELHD 55, ZOHE, SV RERLLE
WMEOBABOMENEETHHDT, AU MAEFIERR
BAR-RO Y A E TR R2ERL, ~ ) ELOBE
L ABEO T T ok, U EORBRITTXTEEDE
DOYFEEETHLDTHS.

3. BRRUER

3.1 ERFERBOBREG Y Oias

FEEEINBE LI L Q KIER T Ui bEETEI 6
DRBL, EBETO-Y BERT . EENEE, JEk
L, 77y PRI S ERCERC X 5L E
ML TAS - Y 2B L, ZoR/ETRSEREZR
T. ) OBREOHEADOREBRM, TihbbEE
DX FEEEEC X STRRS. & h b oOREDHIE
Photo. 1 iz77%-3. Photo. 1 \ZFEEEOHEMTTH D,

— 130 —

>3




Ti-6A1-4V & &HBOBEBEERTFUHEICRIETEEL GO E 665
(a)

| =
O|
= £
ol ©,
s -
3l °
2 ¢
gl 5
Il o
[]] o
2 =

v
C |
21 o
3| &
Ly =
t 2.2 [ 3.2 | 4.2 | 2.2 ] 3.2 I 4.2
P } 0.25 kgf/ mm?
P2 2.4 [ 3.7 kgf/mm?

(b)

Friction welding condition
Macro - structure of joint

t, 2.2 | 32 [ 42 [ 22 [ 3.2 | 42s
P, 1.7 kgf/mm?
P2 2.7 | 7.4 kgf/ mm?

Photo. 1. Macro-structures of friction welded joints (tz=11s).
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(a) Heat affected zone

b) Center of joint

Photo. 2. Micro-structures at 3 mm under surface of friction welded joint.

450 T T T T 1 1 1 T 1 4 1 T
1]
400 X i -
2 30 00 Proo T %0y P0R 0
Tmm -
300 ; L !
250 S R 1 1 1 1 1 1 1 1 1 1

(a) Hardness distribution at
3mm under surface

450 T T T, T T T T T T T
“o - '. i

2300 agoeA A0 T 00000
300 = ] Imm | —
250 (] 1 ] l: 1 !‘_1 1 ‘ll ] [} 1

(b) Hardness distribution at center

Fig. 4. Hardness distribution at friction welded
joint (Dotted lines show the width of heat affect-
ed zone. ¢;=4.3s, P;=0.83kgf/mm?, t,=10s,
P,=5.1kgf/mm?) .
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Fig. 5. Effects of friction welding conditions on
tensile strength (¢,=4.2s, £,=5.55s).

— 132 —




Ti-6Al-4V & &EOBBEERFHACRETEELFORE 667

i llllllTl i LI LI

g 8

T T T 1117

L1 1111

8

Nominal max. bending stress, kgf/mm?

100 —
€0 | ]
B & P =127 kgf/ mm2 1
30r A P1=0.78 T
O P=0.12 T

10 [N | N N R
01 03 06 1 3 6 10

Up-set pressure P, , kgf/mm?

Fig. 6. Effects of friction welding conditions on
bending strength (¢;,=3.9s, #,=5.35s).

Photo. 3. Appearance of fractured bending test
specimens (#,=3.9s, P;=0.78kgf/mm?, #,=5.3s).
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Fig. 7. Effects of friction welding conditions on
Charpy impact value (¢;,=3.9s, £,=5.85s).
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Photo. 4. Appearance of fractured tensile specimens with burr (£;=4.2s, t,=5.5s).
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Fig. 10. Effects of friction welding conditions on
tensile strength at joint with burr (¢,=4.2s, f,=
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