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A Study on Bonding Mechanism of Aluminum Clad Steel

by Cold Rolling

Synopsis:

Y

Mitsuaki MAEDA and Seizo TESHIMA

A number of studies on bonding mechanism of clad metals by cold rolling have been reported, but

a¥definite conclusion of the bonding mechanism has not yet been recognized.
In cold clad practice, it can be thought that the factors affecting the bondability may be kind of

metals, surface

condition, thickness ratio of metals, temperature, relative slip, and so on.

Several factors affecting the bond shear strength of aluminum clad steel by cold rolling were exa-

mined. Further, the temperature of the bond during rolling was measured by I. C. thermo-couple.
As the result, an average temperature of about 650°C in 0-05 sec was obtained.

From these facts it may be suggested that the bonding mechanism by cold rolling is mutual fusion
of metals at contact part under high pressure and high deformation by frictional heat caused by rela-

tive slip of metals.
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Table 1. Chemical composition of materials (wt %).
C Si Mn P S Cu
Mild steel
0-09 0-01 0-38 0-011 0-019 0-04
Al Si Cu Fe
Aluminium
99-5 0-30 0-02 0-18

Table 2. Composition of chemical polishing reagents.

\ H,SO, HNO, H,PO, (NH,),SO, H,O
For aluminium 500 (cc) 100(cc) 500 (cc) —_— —
For mild steel 100(g) 250( g ) —_— 130(g) 1000(g)
Fe S=ra1/rpg rrrrerieeen ~(2)
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Fig. 1. Shape of metals combined before cold

rolling.
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Fig. 2. Test piece to measure shear strength of
the cladding.
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Fig. 3. Layout of Iron-Constantan thermo-
couple to measure the temperature

Fe-Al interface in cold rolling.
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09.2ALH : Yield stress of hard aluminum

00-2ALO : Yield stress of soft aluminum

C :cleaned by chemical polishing

W : cleaned by wire brushing, O : soft aluminum

H : bard aluminum, 1, 2 : thickness of Al sheet in mm

Fig. 4. Relation between shear strength and

cold rolling reduction.
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(a) Macro view of sheared off test piece

(b) Small Al fragments are seen on steel surface.
(lower reduction)

(¢) Much more Al fragments are seen on steel
surface. (higher reduction)

(¢) r=72%

Photo. 1. Surface of bonded part after bond shear

test.
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Fig. 5. Relation between shear strength and
maximum rolling pressure for each

coorking condition.
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Relation between shear strength and the
reduction ratio of both metals.

Fig. 6.

EBFRbI T3, i<, HE5EELE
LD EEIDEBMBKED VEILEA U BT
Wit Bibh b,

Fig. 4, Fig.5 XU Fig- 6 X b, |XEIELET L8
AT REGERE L RER RIFTTEELKETFTH D,
KEAE SR, MHE, HERLIOELEL LTI, oh
LORFRARELTH L OCBUIRIFIEERGES
N5 Erbrs.

Fig. 7 13, EAEECHT 0T 0Ed LKL
HEJES] Prax OFREDOBRE o v P LERKTHS.
DR BT O DIEFEIREEVE, dX Prax DIEH 22 L
Frin t—FiLk b0, ZhIOMM»HMIK - TH
MTROEBKREL, LB O2TEX2EOEET LD
TTFNINREIERE L B0 EEZ LS. dX P X
EIOBCERTHETHY, LORPLHIRED F-iE
EHRECEELRETHRFEELONS.

Photo. 2 5 X O3 WEBREOMBEFTELY R T. B
RECIIEAR LD B, ETEIEL 5 LEEN
IR D2TW5S. ZOERER lp BITe, XMAZX 5
EESWITEREZOERNE L, RENEDDOIE LN
Ot EREMEIC L oTEERBITEELTVWA.

Photo. 4 1%, HEIEDMEOEFERMIC IV 5 IEEEIE R
RTH5 - BEFBNORETIR LT, REQRERE LTk
IR XOENT X HEEE N OE(L, BE S OB
MCLBBERTEENEZONS. BEDBE, B
Iy 0 0 23~ FTORNEIEINICHE~IEB IS »
DT, BEBTC/AHBERLETES. IMToENIC
L BEREH OB DT, FhFh Erana? 2
BrIDGMANI®) ST XD TCHANLRTWS. Fhitk b L
IFEALFEBHEHTELRBETHD. LicH>C, Photo. 4
DEIEFRBEERELDTIEVID LEELZLNS.

: 7
4

£ * WH2 -~
~ | 5 - 7

2 o woz2 ..

~ /,

. x WO e

< ”

o rd

o .

w 10} & 7

° <

< X O x
6 P g O

» 5SF

S ° -

&

o -

7

i 1 3 1 Py 1 2 L
0 10 20 30 40
d X Prox
Pmax : maximum rolling pressure
Fig. 7. Relation between shear strength and

dX Ppax. d : relative slip.
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(5/7)
(a) as cold rolled, (b) tempered at 500°C for | hr.,
(c) tempered at 530°C for 3 hrs.

Photo. 2. Cross section of bond layer. (reduction
50%5)
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(a) as cold rolled, (b) tempered at 500°C for | hr.,
(c) tempered at 530°C for 3 hrs.

Photo. 3. Cross section of bond layer (reduction

70%)
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Reduction : 70%, Rolling speed : 10m/min.

Photo. 4. Temperature of the Al-Fe boundary
during cold rolling.
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