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A Study on Cold Pressure Welding of Aluminium(Report [)
—Effect of Weldability on the Influence of Oxidation Films—
by
M.J. Kang*, C.K. Lee**, K. W. Um***

Abstract

This paper was studied about the influence of oxidized films on weldability in cold pressure- welding.
In preceding studies, the prinicipal foci of the studies about pressure welding were considered several
factors(surface manufacturing methods, surface roughness, pressure welding speed and surface tempe-
rature). But the influence to the growth of oxidation have hardly known well. So the purpose of this
paper consists in solving the question above and proposing the optimal states of the pressure welding.

Therefore the results obtained is as the following;

When the oxidation time is within about 2 minutes, the bonding strength is very good after surface
manufacturing of the neighboring to be bonded.

The more sufaces are fine, the more bonding strength is excellent.

Above all, the optimal condition of cold pressure welding is the state that the characteristic value

is 3895 with smooth surface and without oxidation.
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Fig.2. Pressure Welding Method
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Table 1. Welding Deformation of Metals and Ha-
rdness of Oxides

Deform- Hardness| Hardness
Metal | ation Oxide lof Oxide J Ratio,

Ratio(%) (Hv) |Oxide/Metal
Pb 17 PbO 23 5
Mg 40 Mg O 550 13
Al 40 AlLO3 1800 87
Sn 20 Sn O 380 40
Cu 78 Cu,0 160 4
Fe 81 Fe,05 670 9
Ag 85 Ag,0 135 4.7
Cd 15 Cd o 80 4
Ni 89 NiQ 480 4.9
Zn 92 Zn 0 250 4.2
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Table 2. Chemical Composition and Mechanical
Properties of Aluminium

Tensile
l IElon-
Strength’gation

(ka/ | ()

Chemical Composition (%)
Material

Mn| Mgl Al

Cu | Si | Fe

AA1050-
Hig 0.042/0.067(0. 09| 0.0 5

0. 0:99. 8‘ 19.24
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Fig. 3. Increment of Weight on the Variation of
Oxidation Time
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Fig.5. Specimen of Tension Shear Test for Cold
Pressure Welded Joint

L

Fig.6. Relation Between Bond Length and Various
Pressure Welding States

Fig. 5% Qlgalnk Al95E el Aol

#400,

= ol A B9 KEdE  #100,
#1000¢] Sand Paper24] ¥wl-& s1Tsld EESI
£ [19um Rea z F AEe) B detd BAW Aol T =35}
B 3, W/&MWMN 97 Fig.6& EHlelE 2R ARE @R A
é‘ 5 é"s o] =

3 2 9.1um Rmax ~ B
"ol . ol . EREZE AR A7 BEddds B 4
Dlstance um) Disfgeuce (uvl?o HE BEH 12217} #el) A 5] 81 A AL o w}sf

{ @) Sand Paper #100

{b) Sand Paper % 220

E 3 B 135}
215 15 F4 3
v w
&1 £10 THTE ¢y
£ £
3 Ts
& 75 um Rmax & 5 UM Rues
0
0 80

80 16
Distance {um)
{ ) Sand Paper # 400

160
Distance { um)
{d) Sand Paper #1000

Fig.4. The Results of Roughness Test

ohocdrbvl ted Awlg FA e Yo 1027
Astgdrh ol el ¥4lae 1g9] NaOHe} 9omle)

Fgol o},
1 RBHE W B8
41 B{LRRIS BHEot BIRBIMIERS RIR
Btk SRS #HR2A Fig.7~Fig.119)

=16 —~ 16+ ° e 16
E /\ "E AN -E T= 5min
£ 2 o £ e \ = e & 100
il 7 \A\\ T 2NN z a %400
s R . 4 \A\ =14 o #1000
= = . ) =
\\Q g N N
512 . =12 A B2} e \
AN 2 2

5 5 \ & . \®
2 2 \ N \\\
w % & -
c 10 T=30sec 5 10 c 10 .\'\
2 e 5100 5 2
=4 a # 400 g S
= 8 o #1000 = 8] o

0L, N 0L, 0Ty

0 36 3% 40 42 44 0 36 38 40 42 44 0 36 38 40 42 44

Characteristic Value{%) Characteristic Value (%)

Characteristic Value (%)

Fig.7. Strength of Pressure
Welds at Oxidation
Time, T=30sec

KEBREBGE, H4%, H18, 1984 34

Time,

Fig.8. Strength of Pressure
Welds at Oxidation
T=2min

Fig.9. Strength of Pressure
Welds at Oxidation
Time, T=5min



36 ERB - FhR - BET

16 . 16 16 bl %
T=12min T=30min eu 100
e %100 ¢ #100 an 400
a 3 400 s 5 400 o 2 1000
14 o #1000 1ht o # 1000 14

Tension Shear Strength {(Kg/mnf)

Tension Shear Strength (Kg/mm')
=
Tension Shear Strength (Kg/mnf)

12 12
0/0\0
/-/A——\A\\ ol
105 :/—‘_k :\'\:\ 101
-
8 8 8
L 4
0 L 0 Le 0
0 36 38 40 42 &b 0 36 38 40 L2 &b 0 05 2 512 30
Characteristic Value {%) Characteristic Valuel%) . log T _
Oxidation Time(min}
Fig.10. Strength of Pressure Fig.11. Strength of Pressure Fig.12. Strength of Fressure
Welds at Oxidation Welds at Oxidation Welds at
Time, T=12 min Time, T=230 min C.V=44%

-
o~
)

—_
o

Tension Shear Strength(Kg/mnf
]

-
o

—

o

o
m)

—_
r

—_
=
—_
r

—_
w

—_

w

—_
~N
T
—_
N
—_
N

-
—

Y

jry

=

- .
>
f./
>
>

7

—_
(=]

Tension Shear Strength{Kg/mrf)
Tension Shear Strength{Kg/mnf)

Tension Shear Strength{Kg/m

o \& . ° .

ol gl [40% \\3\;‘ Ne 36 % \'\\u\

¢ 2100 . N ex100 | W\

8 asb00 8 anh0Q AN

| 0 o #1000 o #1000
) 0l—
0 052 51230 0 05 2 51230 00 05 2 512 30 0 05 2 51230
log T log T log T log ¥
Oxidation Time(min} Oxidation Time{min) Oxidation Time(min} Oxidation Time(min)

Fig.13. Strength of Fig.14. Strength of Fig.15. Strength of Fig.16. Strength of
Pressure Welds Pressure Welds Pressure Welds Pressure Welds

at C.V=42% at C.V=40% at C.V=389% at C.V=36%

ol AATIEA o] Vel AAH o FEAAAY o7 e M EElie] #ES AHAow Al wk
7F Wlme) 4 E AAH Aol FEFgE E 4 9 2 4P e ow el =g Fig 12~Fig. 161 A
gm e AsARe] Zotel @et 2Esk Asgre o 2w Dol A AsbAEs SR DA
4 99t A ABAZ] FeFE AR FTH AT A
=35 AsAze] 2mino] el Al AW BlEE  Stx =@ W] sln24E ME 4T & F
WS A 24 A ok 80%7HA AEE AR grh =% R gl THE AR At
= Smino] A }%}7} A7t wl$ Astete] o] &l = A A dehdel, 538 143 g B2 A RA
Egde] "argk AEE $A8 XEE & TS Pl A A e ATFe wFgo] 38%, AtshAl



o FnlFo EiEEEEEY A3 #edl)

37
zko] 30sec, Fwis}Z-g Sand Paper #10002 2 7}
FE &4 16.75kg/mmo] glrh. o k& A} 9| HiE
BEd dl& o 7%V sy % 2 ANE e 13t 13b
W gleh
. Bemsmel Wiket wamUole BH € 2
=

77k BERRAA QoA BES BEARACE f@n.*i\{\, XY FResse
- . [ \\ S \...\\8
Zxs] B #R Fig. 17~Fig. 2129 Bonding Lengthfs % *}o = \\\
el vhebdeh 29eld wedx %ol 23 BAAG o | e | 2ok I
AW A gAA R4AA 2 24E A 5 | [2mn 2T \‘\

3 o -
PAol7) g =4 #4Y K] Mu gt 3 B s 8 400 @2 s nl{ggo
g7l ol 7} At} 9t o #1000 9: o #

ol AAAE F4elA vehd Ak ¢ & O 3e 350 57 w0 ot 36 38 40 42 &b
43 & viebd e}, 53] Dieo] Fo] 10mmgls] uls) Characteristic Value [haracto/erisﬁc Value
=4x] 369, #10002] Sand Paper2 s}2ar & 30 (%) (%)
sec wa| gk 274 A gAlels 12.1mm o] »§-%  Fig.20. Bonding Length Fig.21. Bonding Length
o35k Aelsigl om =ik ool At A7 of Pressure of Pressure
o A6l glelA Fig. 22~Fig, 2601 4 2.ed =] So] = ge};s at T (‘)Velds at

- xidation Time, xidation Time,

Aoz Ashaizre] 2mine] Hul A& A gFAle] T=12 min T30 min
o Wge aqx ZA god 5min°l 7 shabel A
AarAe]: 2R E oA ARRE HA4 olu] il AbslEFo] A el gk dgpe nal
A = VEbykSe] ALERA o] 2mm—€ A FhshE A g AAREE YRRt

13t 13t 13t

12} —a~ 12F—o 12r

R —_ = 0. -

—_— \‘}\o [ § (3

€ ~ \0§_\°\ E Q\Q‘,\ E | = .

z \0\\. :\ = - \‘\ o = e \,jmb_

= nt N £ nt N =nt =,

z s 5 X 5 AN

s -~ 3 ANV

104 £ 1o} 10 A\

E T=30 sec 2 T=2 min & T=Smin

T e 3100 8 ® 4100 S * 5100

® 5 % 400 2 %400 @ 54400

9t 021000 9F | o #1000 9F | o%1000
0 ': N N s L ! " " 2 n 1 " 0 I‘.‘. 2 L L L 1
00 36 38 40 42 kb 0 36 38 40 42 &b 0 36 38 40 42 4k

Fig.17. Bonding Length of

Characteristic Value
©,
o

Pressure Welds at
Oxidation Time,
T=30 sec

Fig.18. Bonding Length of
Pressure Welds at

Characteristic Value
(%)

Oxidation Time,
T=2 min

ABERBEE, F4%B B1HR 19864 35

Characteristic Valye
(D

(1

Fig.19. Bonding Length of
Pressure Welds at

Oxidation Time,

T=5min



38 ENE - FEKR - BRI
131 13t 13r
12 —12f —12f
€ E g —
€ = | T = |
TP ot ::3>\ il "\ﬁ\
=4 e & AN c RN
@ N\o — %\ < S
- ..\. -o\ o ;Q\-"\ o
=10 RN " E S}
s bl % N o 42 % z 40 %
S o %100 o o100 & e 1100
o 22400 28 400 a 8400
91 |o%1000 9t 1081000 91 | 021000
0. X OJ 0: .
0 05 2 51230 0" 0.52 51230 00 05 2 512 30
log T logT logT

OxidationTime(min} Oxidation Time{min) Oxidation Time{min)
Fig.22. Bonding Length of

Pressure Welds

Fig.23. Bonding Length of
Pressure Welds

Fig.24, Bonding Length of
Pressure Welds

(C.V=44%) (C.V=42%) (C.V=40%)
13 13
120 =~ 12 ?‘ZQR
— | RN = N\ ]
E AN E AN (a) 36% 2 min # 400
E BN = g
=M NI =M1 S
o
Y [3e% £ 6%
2 s %100 5 e 2 100
2 a el o a = 400
9 o #1000 9 o 81000
0% 01 b) 36% 2min # 1
0005 2 51230 0 05 2 51230 (b) 36% # 1000
log T log T

Oxidation Time(min)

Oxidation Time{min}

Fig.25. Bonding Length Fig.26. Bonding Length

of Pressure
Welds
(C.V=38%)

of Pressure
Welds
(C.V=36%)

4-3. B{LEsfiol Wikel PSR HMEE

(c) 44%, 5min # 1000

Photo. 1.2 FR{LKGRIS] #ibol =& #H£4W L
bl Aolsh RAA L2 KM Gl aE F
9o gue 2 WYl FdAolA ok (A @ 445, 30min % 00
3 2} 0} & = C n
T Aot Aeld) 2 A A=A xARE ¥ Photo. 1. Fractograph by Optical Microscope
F et F 2A A K ol % A AT (400D

Journal of KWS Vol.4, No.1, Mar., 1986



WREE g FrgcDD

|4 RBHES A3t HEd AR Ve
T Aoy TvHE ukals £ob. = Akg
17:8] A 3te} o Eol AbEA|zke] A5 2 A
<+ w5 Aoz, o]zl Crack-closings 4 & 4k
S 23 AT EA W Fel ol AFAE
AP MNE 7AHT AR

ASA17Ee] A ek o Eo] A FY Brdel A Crack-
Closing Displacement(C. C. D)7} o}3 w] 4 &}A] =
Heprl fAlS 93] ga A FAu R " =
F EdAAS A dANE TR Fe] W tFE
AbsHEel gt 7139 A7t HelAn webd J g
A FE o FEE GF Uk ok Wme e Ed
& A7k Ashe) o] BILHERS St 2t
W Eeletn AR}

Landh-2

7t
A

m bt

>

o
7
B

T 4mm okFulg shA) o wEESd Ad B

felite] Egdkel 712+ 93¢ HRWEZ AT

%3} ek 2 F#Re A9t
l

- BER B $89) 2u3E KFdAY B
fEksifo] 2min ool w7t BAWEIL S5l
=8

2. 31 BERBRE 542 38%0x we] W
Hm ABAAE Qled dolFe o 4
st

3. ZAAAAYE A5 C.C.DE C.0.D (Crack
Opening Displacement)$} 4 2 FIFIBILRE o] &
I = Aelelw BHEE 2= oS Bzt
Hojop & A2 R}

2 1 &8 3

1. A.B. Kinzel, of Metals,
Welding J. Vol.23, (1944,) p.1124.
2. R.F. Tylecote, Investigation on Pressure Weld-

Pressure Welding

RBEERGE, F4%, B 1, 10864 34

10.

11.

12.

13.

14.

15.

16.

. D. Pugh, Ph. D. Thesis,

. J. M., Parkes,

39

ing, Brit. Welding J., Vol.1. (1954) p. 117-135.
R.F. Tylecote, D, Howd and J.E. Furmidge,
The Influence of Surface Films
Welding of Metals, Brit. Welding J, Vol. 5,
(1958) p.21-38.

on the Presure

(1954) University of
Birmingham

E. Holmes, Surface Contact Deformation of Me-
Brit, Welding J. Vol.6, (1959) p.29-37.
Welding, W.].

tals,
Recrystallization
Vol. 32, (1953) p.209S-2228,
G. Durst, The Effect of Surface Work in the
Pressure Welding, J. Metals, Vol. 8, (1956) p.
328.

L.R. Vaidynath, D.R. Milner, Significance of
Surface Preparation in Cold Pressure Welding,
Brit. Welding J. Vol.7, (1960) p.1-6.

. M.G. Nicholas, D.R. Milner, Roll Bonding of

Aluminium, Brit, Welding J., Vol.9, (1962,)
p. 469-475,

M. G. Nicholas, D.R, Milner, Pressure Welding
Rolling at Elevated Temperature, Brit, Welding
J., Vol.8, (1961) p.375-383.

Osamu Ohashi, T. Hashimoto, 4 Few Factors
that Influence Cold Welding, Jap., Welding Soc.
Vol.47, No.1 (1978) p. 37.

H. A, Mohamed, J. Wahburn, Mechanism of

Solid State Pressure Welding, W.]. Vol. 54,

(1975) p. 3025-310S.

Yamashi, Cold Pressure Welding, Jap. Welding
Soc. Vol. 30, (1961) No.1, p.3-10, No.2, p.
70-79.

R.F. Tylecote, The Solid Phase Welding of
Metals, Edward Arnold Ltd., (1968)

BHET, BFBETER, FWEL, (1985) pp.138
~147.

R T8 (KS Bossl, KS B 0802)



