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Relationship between Joining Phenomena and Yield Strength of Substrates of Dissimilar Friction Welding*

by KIMURA Masaaki**,

KUSAKA Masahiro**, SEO Kenji** and FUJI Akiyoshi***

The present paper describes the relationship between joining phenomena, i.e. the friction stage and the yield strength of substrates of
dissimilar friction welding. The materials used were oxygen free copper (OFC), commercially pure titanium (P-Ti), commercially pure

aluminum (A1050) and type 7075 aluminum alloy (A7075).
using a conventional friction welding machine.
Main conclusions are obtained as follows.

The combinations of P-Ti/OFC, A1050/OFC and A7075/OFC were joined by
The same friction welding condition was used for all combinations.

(1) The friction process, i.e. joining behavior, friction torque curve and welded interface behavior was observed different for each joint.

The welded interface of P-Ti/OFC joint sparked, and intensively flew from P-Ti substrate.
The upsetting also occurred at only A1050 and A7075 substrates for A1050/OFC and

side during the friction stage after initial peak torque.
A7075/0OFC joints, respectively.

The upsetting (deformation) occurred at only P-Ti

(2) The temperature of each joint during friction welding process was measured at centerline, half radius (1/2R) and periphery portions.

The maximum temperature of P-Ti/OFC joint was much higher than those of both A1050/OFC and A7075/OFC joints.

The maximum

temperature of A1050/OFC joint was almost same as that of A7075/OFC joint after initial torque.
(3) In P-Ti/OFC joint, wear and adhesion of surfaces started at periphery portion (outer surface) of OFC substrate, and they extended

toward center portion (center axis).
the wear state.

In A1050/OFC joint, the wear and the adhesion started at whole surface of A1050 substrate.

Then, the P-Ti substrate adhered to OFC substrates after the weld faying surface of P-Ti substrate became

In A7075/OFC joint, wear and

adhesion started at periphery portion of both A7075 and OFC substrates, and they extended toward center portion.
(4) It is considered that the joining behavior, friction torque and welding temperature were affected by the relationship between the loaded

friction pressure and the yield strength of substrates.
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a1, EREFRERA (JIS C1020BD-H, LLF, OFC &
VW), TEMRHM T (JIS TB340H, LA, P-Ti £\ H), T¥
FA#E Al (JIS A1050BD-F, LLF, A1050 L\ 9) Z2HTNC
Al-Mg-Zn &4 (JIS A7075-T6, LLF, A7075 &\ 9) DIME
16 mm OFIRAEE AW, SR OBMAMNEE %
Table 1 \Z7RY. KM EI%Z, Fig 17T & 9 ICHEE
HERZ 12 mm [CEEMTIL, F¥ v 7N TOREZIE
TBIDIZONHERD 3 HEZ AT L TR & L.
i, EFERIEORELLERET S0, OFC #AEBRA
IZ Fig. 1(b)\ZRd & 9 ICEEEHmE 2 S 1 mm BN 72 ¢

0.7mm ® R VREFNZNES 6.0mm, 3.0 mm, 1.0 mm

Table 1 Mechanical properties of materials used.

et T8, 0.2%Y.S. El

(MPal (MPa] (%)
OFC 270 262 18
P-Ti 397 362 27
A1050 111 110 28
A7075 672 619 10
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Fig. 1 Shapes and dimensions of the friction welding specimens.

Table 2 Experimental combination of materials.
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(b) Friction torque curve

Fig. 2 Joining behavior and friction torque curve during friction
welding process of P-Ti/OFC joint.

BOTHMENCH 725 A1050 I3 —FIICER L T 2)D X
NIANY ZHEH LTI V2 IZEEL 2. £ D%, 3)~5)
L EEEREEI SN 5 L, A1050 IO A T/NY 23 L 7-.
28, NY O, EEE R V2 1T Fig 3(b)D X 5 122K
IIZIE—E THEB LT,

HIRIZIBUNT A1050 L 0 REBFBEIRSERIE D @y A7075 & H
WA, T b AT075/0FC O REMERAR & BEEE H v i
MOBRE Fig. 4 1RT. DIZERL 2B CTH 0, BB b
VT BEML THK 6 Nm TIRIE—EDHEEZRT, Wb
DA D (A LN BIVBRSGFETS. 0%, 2)0 X5
12 A7075 U EETE LA TQR)DOYI kv o ~ L BliE L 7=,
728, I kv o Ofi Fig. 3(b)IZsR L 7= A1050/0FC D5
BLIZEALERPED N hoTz. LT, BEILY
DRI LT 3)D L H 12 OFC |~ L7z A7075 &

A1050 OFC
side side
1)
2)
3)
4)
5)
10mm
—
(a) Joining behavior
30 [y e
1050/0FC joint ]
25F -
£
g 20F2) ]
g 15FY (3) @) (5) ]
: |
.O
€ 10}
=
£
5 5 -
(1)
opla” e pal,
0 1.0 2.0 3.0 4.0 5.0

Friction time, s

(b) Friction torque curve

Fig. 3 Joining behavior and friction torque curve during friction
welding process of A1050/OFC joint.
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(b) Friction torque curve

Fig. 4 Joining behavior and friction torque curve during friction
welding process of A7075/OFC joint.
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Fig. 5 Relationship between friction time and burn-off at various
joints.
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Fig. 6 Temperature cycle curves.
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Fig. 7 Appearances of welded interfaces after welding.
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Fig. 8 Relationship between yield strength and temperature of
materials used.
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