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Abstract: The rolling treatment of steel/ mushy AF20Sn bonding plate was conducted under different relative reduction

at room temperature. The effect of roonr temperature rolling on interfacial mechanical property of bonding plate was stud-
ied. The results show that, for steel/ mushy AF20Sn bonding plate which consists of 1. 2mm-thick 08A1 steel plate and 2.
Ommrthick AF20Sn layer, the relationship between interfacial shear strength and relative reduction is S= 70. 1+ 5. 48r

- r2(S is interfacial shear strength, r is relative reduction) . When the relative reduction is 2. 74% , the largest interfa-

cial shear strength 77. 6 MPa can be obtained.
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1 INTRODUCTION

Steel/ AF20Sn bonding plate is ideal material for
neotype bearing' ' It is widely used in the fields such
121 For this bonding
plate, two things are very important. One is the dis-

as machinery, automobile, etc

tribution of Sn particles in AF20Sn layer, the other is
the interfacial shear strength. The former determines
the life of bonding plate. The latter determines the
safety of bonding plate. The evener the distribution
of Sn particles in AF20Sn layer, the longer the usage
life of bonding plate. The larger the interfacial shear
strength, the safer the usage of bonding plate.

Steel/ mushy AF20Sn bonding plate is prepared
using steel plate and AF20Sn slurry. Bonding with
AF20Sn slurry not only easily realizes the uniform
distribution of Sn particles in AF20Sn layer but also
forms a new type of interfacial structure which is
made up of FeAl compound and Fe Al solid solution

7. This new type interface eliminates

alternatively'®
the interfacial embrittlement at the interface which is
made up of Fe-Al compound entirely. So steel/ mushy
AF20Sn bonding plate is very good.

It is well known that, for bonding of different
metals, subsidiary stress will generate at the interface
in the process of cooling after bonding because of the

8]

difference of physical characters Similarly, there

exists subsidiary stress at the interface of steel/ mushy
AF20Sn bonding plate. This subsidiary stress can de-
crease the interfacial mechanical property of bonding
plate. Therefore, the interfacial mechanical property
can be increased by eliminating the subsidiary stress.

At present, the method of eliminating interfacial
subsidiary stress is annealing!”'. In the process of an-
nealing, the atoms in subsidiary stress region can ac
quire enough energy to move from higher energy e
quilibrium position to lower energy equilibrium posi-
tion and thus eliminate the interfacial subsidiary
stress. However, for steel/ mushy AF20Sn bonding
plate, annealing is not very ideal. Since continuous
FeAl compound layer may form at the interface in
the process of annealing, and it can embrittle the in-

1101 S new technique to eliminate interfa-

terface
cial subsidiary stress of steel/ mushy AF20Sn bonding
plate must be developed.

In this paper, the room-temperature rolling
technology is used to eliminate the interfacial sub-
sidiary stress of steel/ mushy AF20Sn bonding plate
and the effect of rolling on interfacial shear strength

of bonding plate is determined.
2 EXPERIMENTAL

The experimental material was steel/ mushy Ak
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20Sn bonding plate which was made up of 1. 2 mm-
thick O8A1l steel plate and 2. 0 mm-thick AF20Sn lay-
er.

The experimental procedures were described as
follows.

1) Conduct room-temperature rolling. At room
temperature, the steel/ mushy AF20Sn bonding plates
were rolled under different relative reduction Ah/H
on precision rolling mill. In relative reduction Ah/
H, Ah was the D-value between the thickness before
rolling H and that after rolling A.

2) Cut the bonding plate into testing samples for
mechanical experiment using linear cutting method.
The dimensions of testing sample for mechanical ex-
periment are shown in Fig. 1.

112 mm

/|
/ _
Al-20Sn layer Zmm g0 plate

10 mm

Fig. 1 Testing sample

3) Conduct mechanical experiment to measure
interfacial shear strength using universal material
testing machine.

3 RESULTS AND DISCUSSION

3.1 Relationship between relative reduction and i
terfacial shear strength

According to the experimental data, the relation-
ship between the relative reduction of rolling and the
interfacial shear strength of bonding plate is got( as
shown in Fig. 2). After regressive analysis using non-
linear theory, the regressive equation is got as:

S=70.1+ 5. 48r- r* (1)
where S is the interfacial shear strength, r is the
relative reduction. The regression coefficient R is 0.
998 21. This illustrates that regressive equation (1)
has built a correct relationship between the relative
reduction of rolling and the interfacial shear strength
of bonding plate. Let the derivative of Eqn. (1) equal
to nought, the condition for the largest interfacial
shear strength is got: r= 2. 74%, and the corre
sponding largest interfacial shear strength is 77. 6
MPa. This value is nearly 10 MPa larger than that of
the original bonding plate.

3.2 Analysis and discussion

For steel/ mushy AF20Sn bonding plate, the ex-
pansion coefficient of AF20Sn layer is much bigger
than that of steel plate. Therefore, in the process of
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Fig.2 Relationship between relative
reduction and interfacial shear strength

cooling after bonding, the shrinkage of AF20Sn layer
is much greater than that of steel plate. Since the
strength of AF20Sn layer is much smaller than that of
steel plate, the shrinkage of AF20Sn layer is restrict-
ed greatly by steel plate. Thus there exists crystal lat-
tice distortion region in both sides of AF20Sn and
steel. Fig. 3 shows the cross section schematic dia-
gram of bonding plate, in which EF is the interface,
ACEFDB is AF20Sn layer, EGIJHF is steel plate,
EGHF is the crystal lattice distortion region of steel
plate, and CEFD is the crystal lattice distortion re-
gion of AF20Sn layer. It can be seen that, the closer
the position from the interface is, the more severe the
crystal lattice distortion generates, and the most se-
vere the crystal lattice distortion generates at the in-
terface. Therefore the largest subsidiary normal stress
which is determined by crystal lattice distortion gen-
erates at the interface. In AF20Sn side, the sub-
sidiary normal stress is subsidiary normal tension
stress. In steel side, the subsidiary normal stress is

subsidiary normal compression stress.
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Fig. 3 Cross section of bonding plate

For AF20Sn side at the interface, £ and F are
two free edges where no subsidiary normal stress ex-
ists. Therefore, before the subsidiary normal tension
value ( as
region), there are two transition

stress reaches the largest shown

in Fig. 4, ¢ —
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Fig. 4 Subsidiary stress in AF20Sn side

regions of subsidiary normal tension stress(as shown
in Fig. 4, a —c and ¢ —d’ regions) at the interface.
In @ —c¢ region, the subsidiary normal tension stress
increases gradually to the largest value from a to ¢ a
long horizontal direction. If a square unit is got at a,
the stress diagram in x dimension ( horizontal direc
tion) will be shown as unit 1 in Fig. 4. The left edge
is free one, where no stress exists. The right edge is
the inner one where a subsidiary normal tension stress

0,7 exists. From force balance differential
equat ion! %!

0T, 09 _

dy s = 0 (2)

it can be got that, if 00,/0x Z0, 00,/0, Z0, there
exist subsidiary shear stresses ;,Xl and T,;, and T;Xl
is smaller than T, ;. T, is the subsidiary shear stress
at the interface. At ¢ or in ¢ — region, the sub-
sidiary normal tension stress reaches the largest value
(as shown in Fig. 4, unit 3), O3= Oy3= Oyaes that
is, 00,/0x= 0, from Eqn. (2), then 09,/0,= 0,
that is, Tj,“: T.= 0. Therefore, there is only sub-
sidiary normal tension stress and no subsidiary shear
stress. From a to ¢, the subsidiary shear stress
changes from 0 to some value then back to 0 again.
Therefore, in @ —c¢ region, there must be a largest
subsidiary shear stress, just as unit 2 at b in Fig. 4,
L= T In ¢ —d region, the right edge is free
one. The distribution of subsidiary stress is the oppo-
site of that in @ —c¢ region( as shown in Fig. 4). A-
mong the subsidiary stresses at the interface, it is the
largest subsidiary shear stress that is vital for steel/
mushy AF20Sn bonding plate. It can couple with the
external shear stress and the sum breaks up the bond-
ing of steel plate and AF20Sn layer. Therefore, if the
largest subsidiary shear stress is eliminated, the inter-
facial shear strength of steel/ mushy AF20Sn bonding
plate can be increased.

The largest subsidiary shear stress is the result of
crystal lattice distortion which results from the
shrinkage difference between steel plate and AF20Sn

layer in the process of cooling after bonding. There
fore, only the shrinkage difference between steel plate
and AF20Sn layer is removed can the largest sub-
sidiary shear stress be eliminated. For steel/ mushy
AF20Sn bonding plate, the yield strength of AF20Sn
layer is much smaller than that of steel plate. If a cer-
tain external force, which is bigger than the vield
strength of AF20Sn layer but smaller than that of
steel plate, exerts on the bonding plate, AF20Sn lay-
er will produce plastic elongation but steel plate will
not. This will result in the deformation difference be-
tween steel plate and AF20Sn layer. If this deforma-
tion difference equals to the shrinkage difference be-
tween steel plate and AF20Sn layer, the largest sub-
sidiary shear stress at the interface can be eliminated.
This is the basic thought of the room-temperature
rolling technology.

In room-temperature rolling, when the relative
reduction is in the range of 07 2.74% ( as shown in
Fig. 4), the plastic elongation of AF20Sn layer in-
creases gradually with increasing relative reduction
and the shrinkage difference between steel plate and
AF20Sn layer reduces constantly. Therefore, the in-
terfacial shear strength increases gradually with de-
creasing the largest subsidiary shear stress at the in-
terface. When the relative reduction is about 2. 74% ,
the plastic elongation of AF20Sn layer completely re-
moves the shrinkage difference between steel plate
and AF20Sn layer, and the largest subsidiary shear
stress at the interface is eliminated. Therefore, the
interfacial shear strength reaches its largest value.
When the relative reduction is more than 2. 74%, the
plastic elongation of AF20Sn layer not only removes
the shrinkage difference between steel plate and AF
20Sn layer but also results in new elongation differ-
ence between steel plate and AF20Sn layer. This new
elongation difference also results in a new largest sub-
sidiary shear stress at the interface. The bigger the
relative reduction is, the larger the new elongation
difference will be, and the larger the new largest sub-
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sidiary shear stress is. Therefore, the interfacial shear
strength decreases gradually with increasing relative
reduction.

3.3 Comparison with annealing

The annealing tests were conducted at 350, 400,
450 and 500 C for 6, 12 and 24 h, respectively, and
the cooling manner was cooling with furnace. The re-
sults show that the highest interfacial shear strength
is 71 MPa which is much lower than that after room-
temperature rolling. Fig. 5 shows the typical interface
of steel/ mushy AF20Sn bonding plate after anneal-
ing. The right side is AF20Sn layer, the left side is
steel substrate. The juncture of AF20Sn layer and
steel substrate is the interface. It can be seen that the
interface becomes a thick Fe-Al compound layer. If
Fe Al compound becomes thick layer, the interfacial
embrittlement inevitably generates. Although anneal-
ing eliminates the interfacial subsidiary stress, the
thick Fe-Al compound layer embrittles the interface.
Therefore the highest interfacial shear strength after
annealing is much lower than that after room-temper-
ature rolling. It can be said that room-temperature
rolling is a new and good method to eliminate the in-
terfacial subsidiary stress and thus increase the inter
facial mechanical property.

. - - -
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Fig. 5 Interface after annealing

4 CONCLUSIONS

1) The room-temperature rolling technology is a
new and good method to eliminate the interfacial sub-
sidiary stress and increase the interfacial mechanical
property of steel/ mushy AF20Sn bonding plate.

2) For steel/ mushy AF20Sn bonding plate
which is made up of 1. 2 mm-thick 08Al steel plate
and 2. 0 mm-thick AF20Sn layer, the relationship be-
tween interfacial shear strength and relative reduction
it

S=70. 1+ 5.48r- r’

where S is interfacial shear strength, r is relative

reduction. When the relative reduction is 2. 74%,
the largest interfacial shear strength 77. 6 MPa is
got.
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