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Abstract : Artificial neural networks were successfully used to research the modeling of aluminum solid fraction , preheat

te mperature of steel plate, preheat temperature of dies, free diffusing time before pressing and the interfacial shear

strength in steel mushy aluminum pressing bonding . Further more , the optimum bonding parameters for the largest inter-

facial shear strength were also optimized with a genetic algorithm .
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1 INTRODUCTION

For steel-aluminum bonding, if aluminum solid
fraction is 100 %, it is steelraluminum solid to solid
bonding ; if aluminum solid fraction is 0, it is steel-a-
luminum solid to liquid bonding ; if aluminum solid
fraction is within 0 ~ 100 %, the bonding is steel
mushy aluminum bonding . For steel-aluminum solid
to solid bonding , it is mechanically occluded together

with only a little physical bonding“]

, so the interfa-
cial mechanical property is generally bad. For steel-a-
luminum solid to liquid bonding, it is metallurgical

bonding that is the firmest one! 2!

. However, at the
interface, the higher bonding te mperature can very
easily result in Fe- Al brittle compound ( Fe, Al; and

Fe Al;) layer that e mbrittles the interface to a certain

extent!31, so the interfacial mechanical property does
not reach its own level. For steel- mushy aluminum
bonding , if the bonding parameters are suitable, the
layer structure of Fe- Al brittle compound at the inter
face can be changed into net structurel 4] , that is , the
e mbrittle ment of the Fe- Al brittle compound layer at
the interface can be removed, so the interfacial
strength of the bonding plate should be much better .

In steel mushy aluminum pressing bonding, the
bonding parameters mainly include aluminum solid
fraction, preheat te mperature of steel plate, preheat
temperature of dies and free diffusing time before
pressing . These parameters have very complex influ-
ence on interfacial structure and shear strength. The
too much bigger aluminum solid fraction, the more
Fe- Al solid solution at the interface and the more
weak bonding , the lower interfacial shear strength ;

however, the too much smaller aluminum solid frac
tion, the more Fe Al brittle compound at the inter
face and the bigger e mbrittle ment of the interface,
the lower interfacial shear strength either. Similarly,
the too much lower preheat te mperature of steel plate
and dies and the too much longer free diffusing time
before pressing, the less diffusing of aluminum
atoms, the more Fe- Al solid solution at the interface
and the more weak bonding, the lower interfacial
shear strength ; the too much higher preheat te mpera-
ture of steel plate and dies and the too much shorter
free diffusing time before pressing , the more diffusing
of aluminum atoms, the more Fe- Al brittle compound
at the interface and the bigger e mbrittle ment of the
interface , the lower interfacial shear strength either.
Further more, these influences of bonding parameters
effect one another. Therefore , there exist complicat
ed nonlinear relationship between the bonding param-
eters and the interfacial shear strength in steel- mushy
aluminum pressing bonding, and this relationship is
rather difficult or can not be determined by conven-
tional regression method .

In this paper, a model of steel mushy aluminum
pressing bonding by using neural networks is maken
according to the experimental data and also the opti-
mum technology with a genetic algorithm is set up
successfully .

2 MATERIALS AND EXPERI MENTAL PROCE
DURES

The experimental materials were 1 .2 mm thick

08 AFsteel plate and industry pure aluminum
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(99 .99 %) . The treat ments such as defatting , descal-
ing must be conducted to the steel plate surface in or-
der to get fresh surface to contact with aluminum
mushy . The industry pure aluminum mushy was pre-
pared by means of electromagnetic stirring method.
The steel mushy aluminum pressing bonding experi
ments were carried out on the bonding equipment (as
shown in Fig .1) . The pressing equipment was model
100 hydraulic press . First, put the steel plate ( being
preheated at some required temperature) into the
lower die ( being preheated at some required te mpera-
ture) . Second, delivered the aluminum mushy ( being
of some required solid fraction) onto the steel plate
surface in the lower die through the mushy transfer.
Third, covered the upper die ( being preheated at the
same required te mperature as that of the lower die)
and descended the press head (after some required
time to result in the free diffusing of aluminum
atoms) to conduct the pressing bonding for 2 min.
The pressure was 50 MPa, and the deviation was *
0.1 MPa. The preheat te mperature deviation of ex-
perimental material and tools was £1 C. In the
course of the bonding, gas shield must be conducted
in order to prevent the fresh surface of steel plate and
the aluminum mushy from oxidization. The thickness
of the solid aluminum layer of bonding plate was 4.0
mm . After the pressing bonding experiments, the
testing samples of interfacial shear strength were
made by using spark erosion. The interfacial shear
strength of sample ( being prepared for treat ment by
using artificial neural net works) was measured ( Table
1) on universal material testing machine .

3 MODELING WITH ARTIFICIAL NEURAL
NET WORKS

Artificial neural networks ( ANN) has been
widely used to realize modeling, estimation, predic
tion, diagnosis and adaptive control in complex non-

linear syste ml® 710

. The back-propagation ( BP) net-
work is a multilayer feedforward and fullconnected

neural networks. It has strong associative me mory

Mushy tranfer

and generalization capabilities , and it can approximate
any nonlinear continuous function with an arbitrary
precision. A three layered feedforward neural net-
works with 4 neurons in the input layer, 2 in the hid-
den layer and 1 in the output layer was used in this
paper ( Fig.2) . Layer I was input layer which used
linear elements Z, , Z,, Z; and Z, to represent the
values of aluminum solid fraction, preheat te mpera-
ture of steel plate, preheat te mperature of dies and
free diffusing time before pressing , respectively . Lay-
er II was hidden layer which used nonlinear ele-
ments . The input of element | was N; which was the
sum of the outputs of layer I after timing weight re-
spectively , and the output of ele ment | was Yj which
was the result of the nonlinear function of Nj named
as f(x) . Layer IIl was output layer which used only
one nonlinear ele ment whose input N was the sum of
the outputs of layer I ( Y)) after timing weight re-
spectively, and the output, also the output of ANN,
was the interfacial shear strength of the steel mushy
aluminum pressing bonding plate ( H) which was the
result of the nonlinear function of N namedas f(x) .
Vi was the connection weight between the input lay-
er and the hidden layer. Wj , the weight bet ween the
hidden layer and the output layer.

The learning algorithm could be summarized as
follows :

Step 1  Select the learning rate 7=10.1, mo
mentum coefficient a=0.1 and Zs= Y;= - 1.
Step 2 Take a group of random numbers within

(-0.5,0.5) as the initial values of Vi and W;.
Step 3
by layer, starting with the input layer as following .

Compute the outputs of all neurons layer

5
net; = X ViZ, j=1,2 (1)
i=1
Y; = f(net)) (2)
3
net = 25 WY, (3)
j=1
H = f(net) (4)
flx) = (1 - e /A +e) (5)
where Vis and W; offered the thresholds for the

Upper die —F—

Mushy

Steel plate———

Lower die”

Platform-

Fig.1 Sche matic diagram of steel- mushy aluminum pressing bonding equip ment
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Table 1 ANN training and predication points
Aluminum Te mperature Te mperature Free diffusing Interfacial/ Sh}/};zr strength Relative

Sample solid fraction of steel plate of dies time error
/% /e /e /s Desired D Output H /%

1 15 300 150 10 57.3 56 .9 0.7
2 15 300 250 25 45 .5 45 .8 0.7
3 20 300 150 15 64 .4 66 .1 1.6
4 20 300 100 15 52 .4 53.1 1.3
5 25 300 150 10 65 .3 62.7 4.0
6 25 200 150 15 43 .9 44 .6 1.6
7 30 400 250 15 66 .9 66 .8 0.5
8 30 300 150 10 64 .9 65 .1 0.3
9 35 300 200 15 69 .8 70 .6 1.1
10 35 400 150 10 67 .4 68 .3 1.3
11 40 100 100 15 54 .1 54 .3 0.4
12 40 300 150 15 60 .5 61 .2 1.2
13 40 300 150 10 68 .1 69 .8 2.5
14 45 300 150 15 62.3 63 .2 1.4
15 45 300 250 10 57 .0 56 .4 1.1
16 50 100 100 20 37 .9 37 .1 2.1
17 50 300 150 10 58 .4 57 .8 1.0
18 50 500 200 10 36 .1 36 .7 1.7
19 55 300 150 15 50.7 50 .4 0.6
20 55 100 150 10 35.8 35.2 1.7
21 60 100 100 15 22 .4 221 1.3
22 60 100 100 10 25.7 25.3 1.6
23 60 300 150 10 49 .5 47 .2 4.6
24 60 500 200 20 38 .8 38 .4 1.0
25" 20 200 100 10 45 .4 45 .6 0.4
26" 30 200 200 15 56 .9 57 .2 0.5
27" 40 400 150 10 68 .8 68 .3 1.0
28" 50 300 100 20 45 .7 45 .6 0.2

* Testing sample
to - 1.
Step 4 Compute system error
1 i 2
E=, 2.(D,- H) (6)
P ou=a

1 1 i1

Fig.2 Back-propagation structure of
artificial neural networks

neurons in hidden layer and output layer because the
output values of Zs and Y; were constant and equaled

where  p represents the total number of patterns, H
is the ANN outputs and D the desired outputs ( the
experimental data of interfacial shear strength) .

Step 5 If E is small enough or learning itera-
tion is big enough , stop learning .

Step 6 Compute learning errors for all neurons
layer by layer

Gy = (D - H) f'(net) (7)

§ = W;Syf (net)), j=1,2 (8)

Step 7
of E

Update weights along negative gradient
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Wj(t +1) = Wj(t) + I]5HYj + which corresponds to high C values. At last, some
al Wj(t) _ Wj(t - 1)] (9) individual is close enough to the maximum of f-
Vj,-(t +1) = Vj,-(t) + IZé}Zi + For our example, m=28, n=4. After the ge-
o Vi(t) - Vi(t-1)] (10) netic algorithm being worked over 9 000 iterations,
Step 8  Repeat b éoing to Sfep 3 the optimization point is (34 %, 324 C, 216 C, 16
y .

Randomly select 24 samples to train the ANN
and the re maining 4 samples to verify the generaliza-
tion capability of the ANN. After 87600 iterations,
the outputs H of the ANN are close enough to the de-
sired outputs D, not only for training samples but al-
so for testing samples . The results are shown in Table
1. The maximum of relative erroris 4 .6 % . This fact
shows that the ANN is good enough .

4 OPTIMIZING WITH GENETIC ALGORITHM

After modeling the relationship between H and
(4, Z,, Zy, Z4) by using ANN, a nonlinear func-
tion containing 4 variables, H=(Z2,, Z,, Z;, Z,)
has been obtained. The aim of this paper is to find a
proper group ( Z, , Z,, Z;, Z4) to maximize H, this
is a nonlinear optimization problem. The gradient
methods generally used encounter one difficulty, i.
e., they often result in a local maximum .

A genetic algorith m could overcome the difficulty
that gradient methods encountered since it is a kind of
optimization algorithm based on the law of evolution
of living things , i.e ., survival of the fittest, natural
selection, inheritance and variation. Considering a
nonlinear optimization problem in 7 dimensions :

C= f(xi, x2, -, Xy) (11)

Randomly select m points within n dimensions
to construct the population, C was used to evaluate
every individual , superior and inferior. The genetic
algorithm was summarized as follows :
(1) Compute G (i=1,2, ..,

Half of the population would survive , the sur

m) for every
point
viving probability is proportional to the corresponding
value of C; for the ith individual .

(2) Crossbreed Copy the m/2 surviving indi-
viduals firstly and pair them randomly, then ex-
change part ele ments of every pair randomly to gener
ate new individuals .

(3) Mutation
domly in the population, and mutate some ele ments

Select several individuals ran-

in the selected individuals (add a small random num-
ber) .

(4) A new generation has been generated Re-
turn to (1) and start to breed next generation . In this
way the whole population would move to the area

s), i.e., the optimum parameters are 34 % for the
value of aluminum solid fraction, 324 C for that of
preheat te mperature of steel plate, 216 C for that of
preheat te mperature of dies, 16 s for that of free dif-
fusing time before pressing, and the corresponding
H, namely, the maximum interfacial shear strength
of the steel- mushy aluminum pressing bonding plate is
70 .8 MPa. This optimum technology has been veri
fied through further experiments .
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