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1. Introduction

he power transmission of an vehicle is driven by
torque, which is generated by the engine.There-
fore, the measurement of torque is the evaluation
of the vehicle power system, has an important role.’"”
this paper studies the overall performance of the vehicle,
including whether the braking performance of the vehicle
achieves the best performance, through the torque, power
and revolution of the vehicle engine.The kinematics of the
vehicle takes speed and acceleration as research parame-

ters and acceleration and braking as the main purpose of

*Corresponding Author:
Run Xu,

According to formula we can simulate their driven force and acceleration.
The mechanical formula is used to obtain dynamics is used to simulate.
The driven force increases when torque increases and tire diameter de-
creases. We need torque to increase so this is our plan. Acceleration raises
when torque raises and it reduces when its weight raises. With the de-
creasing of radius of road the centripetal acceleration is increasing in the
condition of light vehicle. It is that it decreases sluggishly before 0.35m/
s2 then it maintains a steep decline to 0.62m/s2 and at last becomes slug-
gish again. It is valued that the economical efficiency about consumed
fuel under different power. In the time of 0.2hr the fuel inflamer inclines
sharply first then turns stable. It is the smallest value. Beyond it the fuel
maintains a high value all the time. The discharged pollution gas decreas-
es with the decreasing initial temperature. The low initial temperature is
good to fuel gas. Meantime the smallest incline range is 300~350K which
explains that it is the most save one.

design.Therefore, the organic combination of power and
movement is the real purpose of evaluating the car. Audi’s
3.0t engine has a maximum power of 333ps, while Mer-
cedes-benz’s A45 AMG has a 2.0t engine of 360ps.With
the increase of horsepower, their dynamic analysis and
kinematics become particularly important. Such as torque
and acceleration analysis. The horsepower of a truck is the
most important factor. It is the main condition that design-
ers should expect in advance that they can finish the task
without environmental contamination. The car’s load and
less inflamer is the embodiment of its design level ability.
The acceleration of the car is the main performance of the

Gyeongsang National University, Metallurgical Engineering Department, Gyeongsang nam-do, Chinju, 52828, Korea;
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car, the acceleration is directly reflected in its function. A
good engine function will be achieved in a relatively short
time. Therefore, this paper explores whether the data of
vehicle design are feasible based on the high power and
acceleration of the vehicle, and discusses the status of
high power and high torque to meet the needs of future
vehicle development. Meantime the engine’s inflamer
properties is also proposed. ©*

2. Calculation Results and Discussion

y
M
|
C x'
—> X
0 F

Figure 1. The relation of torque and Force on tire in car

Figure 1 shows the situation of vehicle tire subjected to
torque and force.
From Newton’s second law

F=ma (1)

A is the tire acceleration, F is the force, and m is the
mass.If C is the center of mass of the tire, R is the radius
of the tire, and Mc is the torque of C.

2.1 Curve of Acceleration and Driving Force

2.1.1 Definition of Velocity

Because the moment of inertia of the wheel.
Jo=mR*/2 2)

Here m is the mass of the car;A is acceleration.

In the reference frame with the center of mass at point
C as the origin, the moment of motion of the particle sys-
tem to point C refers to its moment of motion at this point
in absolute motion

L =2M (my)=%R *mv, ®)

If T take mi as the moving point x ‘y’ and z’ as the mov-
ing point, I have

2 Distributed under creative commons license 4.0

v, =v. +V, 4)
Substitute into equation (3)
L = ZmiRl.' *vo+v,)= ZmiR; *v, +Zmile *y,
®)
Due to the zmiRi‘ - Z miR; =0
So L, =Y M. (mv,)=Y R*mpy, (6).

The moment of force of a particle system on C is the
same as the moment of force of a particle system calculat-
ed at its relative velocity or its absolute velocity.

And the same thing applies to the moment at fixed
point O

La :ZMo(miVi):ZR;*miVi (7)
So the radius is R, and the absolute velocity is vi
The torque of the wheel at O

M,=J.o=mR*/2*w )

2.1.2 Formula of Driving Force

The external force acting on the wheel can be simplified
into plane force system F1, F2..., Fn uses the motion theo-
rem of point C and the torque theorem of relative point C

ma=>F (10)
. do
Because angular acceleration a = ’
i(J w)y=J a=YM (F) 11
dr e’ e c an
It can be converted into
2
m d—f =F (12).
dt
And
2
J a7 _ M (F) (13)
€ 42 ¢

Because O is the origin of the original coordinate, and
C is the origin of the new coordinate.

Let M be the moment, and let the moment of rotation
be

DOL: https://doi.org/10.30564/jmer.v3i2.1774
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M, =M,-M, (14)
Since M, =(mR*/2) -« (15)
Parallel-motion coordinate system
M, =FR (16)
M, =(mR*/2)-a+FR 17)
Because a = Ra (18)
So M, =(mR*/2)-a+FR (19)
Because M, =M (20)
So M =FR+(mR*/2)-alR (21
Calculated and substitute below (31) to
% *
a:2M/3mR:M (22)
3mR
Substitute (21) into the above equation to get
2M  2%9.554* P/
F="" 2220 TR (23)

3R 3R

2.1.2 Formula of Angular Acceleration

Figure 2 is the vehicle state of turn. Rlis the radius of
road; Mc is driven torque; Fc is centripetal force; R is the
radius of tire.

The external force acting on the wheel can be simpli-
fied into plane force system F1, F2..., Fn uses the motion
theorem of point C and the torque theorem of relative
point C

ma =3 F (24)
. do

Because angular acceleration a = I

d

V@ =Ja=3 M (F) (25)
It can be converted into
d’R

m—= Y F (26).

Distributed under creative commons license 4.0

And

dZ
752 =3 M (F) 27)
dt
Because O is the origin of the original coordinate, and
C is the origin of the new coordinate.

Let M be the moment, and let the moment of rotation
be

R1
road

Figure 2. The vehicle state of turn. R1is the radius of
road; Mc is driven torque; Fc is centripetal force; R is the
radius of tire

M, =M,-M, (28)
Since M, =(mR* /2)-a (29)
Parallel-motion coordinate system
M, =FR (30)
M,=(mR*/2)-a+FR (31)
Because a = Ra (32)
So M, =(mR*/2)-a+FR (33)
Because M, = M (34)
So M =FR+(mR*/2)-a/R (35)

Calculated and substitute below (33) to

DOI: https://doi.org/10.30564/jmer.v3i2.1774 3
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FR=M—(mR>/2)-a/R is F =M/ R-"ER¢ (36)
Because F = Ma 37
sz
And F = =ma, (38)
Rl
Because v=v, +at (39)
Substitute (38) to (39) is
+at)’
F= M =ma (40) gains
Rl
(W +aTt)2 la, <R (41)is
a,t’ <R is
a <R/t
* *
arzzM/3mR:M (42)
3mR
Substitute (37) into the above equation to get
2M  2*9.554*p
Fo _2*9.55 /'n 43)

T 3R 3R
3. Discussion

3.1 Vehicle Driving Force and Acceleration Dy-
namics

F KN

1/T 1/KNm

Figure 3. The relation of torque and force at 208KW of
engine if R=0.3~0.4m in car

4 Distributed under creative commons license 4.0

20
— m=1840Kg
----- m=2030Kg
15 | - == m=2300Kg
W — m=2900Kg
L 10t
IS
©
5 -
0
0 0.5 1 15 2 2r5 3

1/M 1/KNm

Figure 4. The relation of acceleration and torque if
mass=1840~2900Kg in car under condition of 208KW

Figure 3 shows the curves of vehicle torque and force
when tire radius R is 0.3~0.47 meters. At this time, the en-
gine power is set at 208K W.As the tire diameter decreases
the torque increases, so does the driving force.When the
torque is SKNm, the force reaches 10KN.

As shown in Figure 4 is curve of car acceleration a and
torque M when the weight of car m=1840~290Kg and
Power is 208KW, here use 208KW. When torque is SKN-
mthe acceleration is 5m/s’. In Figure 4, when tire weight
m=1840~290Kg, the curve between acceleration a and
torque m of the car is selected as 208KW.As the mass of
the car decreases and the acceleration increases, the torque
increases and the acceleration increases, they are propor-
tional. Therefore, when designing a car, it is necessary to
choose lighter materials or reduce the amount of structure
to reduce the weight, so as to increase the acceleration
quickly.Increase speed in a very short time.

The curves of the torque and force of the car are shown
in Figure 3. When the radius of the car tire is 0.3~0.4m,
the forward force between the tire and the ground increas-
es with the increase of the torque, and they form a straight
line.The tire radius increases and the forward force de-
creases, which is why the torque constant force decreases.
The difference between them is 2~3KN at 15KNm.There-
fore, the tire radius should not be too large when design-
ing a car.

——————— P=208KW

N —e P=333KW
3L —— P=423KW
—— - P=85.2KW

TKNm

n Kr/min

Figure 5. the relation of torque and rotary when
P=85.2KW, 208KW, 333KW, 423KW in car

DOI: https://doi.org/10.30564/jmer.v3i2.1774
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60
r=0.3m
Br --- r=035m
0+ 0 TTT0C r=04m . .-
v —r=047m
E 30}
>
20
10
O 1 1 1 |
100 300 500 700 900

n/rpm

Figure 6. The relation of v and n in vehicle. N is the ve-
locity. R is tire radius

Figure 5 shows the relationship between torque and
power of an vehicle and the number of revolutions.The
greater the power, the greater the torque.When the pow-
er P= 85.2kw ~423KW is 333KW, the torque increases
to about 8KNm when the number of revolutions is less
than 500rpm.As the number of revolutions increases, the
torque decreases, and it remains at 2-3knm under various
power conditions above 2000rpm.This means that the
faster the car goes, the lower and closer the torque will
be to the limit.When the power is 423KW and the speed
is lower than 500r/min, the torque reaches 20KNm.When
the power is 85.2kw, the torque reaches 4KNm.Consider-
ing the passenger or cargo capacity need not be too low, if
1-5 people in the car, there are some goods, then add 100-
275kg of power. Figure 6 shows that v will increase when
n increases in proportion. Meantime v will decrease when
the R increases.

3.2 Vehicle Driving Force and Acceleration Dy-
namics

8

6_
i =
wv =
~ 4} 7
E El
©

2 -

0 1 1 1 1 0

0 0.2 0.4 0.6 0.8 1

at m/s2

Figure 7. the relation of centripetal and circular accelera-
tion in vehicle under condition of 85.4KW. N is the veloc-
ity. R1 is radius of load.

Distributed under creative commons license 4.0

16 5
nKr/min = ----- R1=1m
oL --- R1=2m ——Ri=3m %
——R1=1.4m
Nm 3 =2
- ~
E *® g
4 -
1
0 0
0 2 4 6 8 10

1/t /1/s

Figure 8. The relation of centripetal acceleration and 1/
t in vehicle under condition of 85.4KW. N is the velocity.
R1 is radius of load

As shown in Figure 7 the rpm is n and it is be left Y-axis
ie.vertical coordinate the right axis is at circular accel-
eration while x-axis is centripetal acceleration. with the
increasing of radius of road the at is decreasing in the con-
dition of 85.4KW and 1.84ton of vehicle. Meantime with
the increasing circular acceleration at the centripetal ac-
celeration a is decreasing sluggishly before 0.35m/s” then
it maintains a steep decline to 0.62m/s”and then becomes
sluggish again. With the increasing of acceleration a the
rpm is decreasing. It is due to inverse relation between
n and a in terms of formula (42). The inverse relation of
at and a is needed to study further to clarify the phenom-
enon. Why are they a parabola with increasing function
there are negative curve here? We anticipate that the fur-
ther investigation to do for it. As shown in Figure 8 the
relation of acceleration and inverse time has been curved.
The a will decrease with inverse time increasing. At the
41/s the at will be steep low and then it becomes softly
low. With the increasing road curve radius from 1m to 5m
a will decrease meantime. It fits to formula well. For the
sake of improving a the small radius will be available and
better. The relation of n and 1/t shows in here with the
blue curve.

thr

Figure 9. The relation of consumed fuel and time(hr) in
engine of vehicle

DOL: https://doi.org/10.30564/jmer.v3i2.1774 5
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1000 |
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400
200 -

0 1 1 I
250 350 450 550 650
TK

Figure 10. The relation of discharged pollution gas and
temperature (K) in engine of vehicle

750

In Figure 9 it is observed that the consumed fuel 1/
E, is inverse proportional to time with the constant of
5.81/100Km. When the time is 0.1 to 0.9 hours the 1/E,is
59 ie. the consumed Fuel is from 0.016 to 0.125 liter re-
spectively. In the time of 0.2 hr the curve gently declines.
It indicates that the fuel inclines sharply first then turns
stably. In Figure 10 it is found that the discharged pollu-
tion gas increases with the increasing initial temperature.
Meantime the big steep range is 300~350K ie. 27~77C .
this explains that the steep rate of them is low.

4. Conclusion

(1) The greater the power, the greater the torque. As
the number of revolutions increases, the torque decreases,
and it remains at 2-3KNm under various power above
2000rpm. When the torque is SKNm, the force reaches
10KN. As the mass of the car decreases and the acceler-
ation increases, so does the torque and the acceleration.

6 Distributed under creative commons license 4.0

This is a destination for us to improve car properties.
Therefore, when designing a car, it is necessary to choose
lighter materials or reduce the amount of structure due to
its weight so as to increase the acceleration quickly.

(2) With the increasing circular acceleration the cen-
tripetal acceleration is decreasing sluggishly before 0.35m/
s’ then it maintains a steep decline to 0.62m/s” and then
becomes sluggish again. With the increasing of acceler-
ation the rpm is decreasing. It is due to inverse relation
between rotation and acceleration.

(3) In the time of 0.2 hr the curve gently declines. It in-
dicates that the fuel inclines sharply first then turns stable.
The discharged pollution gas increases with the increas-
ing initial temperature. Meantime the big steep range is
300~350K ie. 27~77 C . this explains that the steep rate of
them is low.
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1. Introduction

he power transmission of an light vehicle is driven

by power on the gradient, which is generated by

the engine. Therefore, the measurement of power
is the evaluation of the light vehicle engine system on the
gradient, has an important role !"**!. This paper studies the
overall performance of the light vehicle, including wheth-
er the gradient performance of the light vehicle achieves
the best performance, through the power and revolution
of the light vehicle engine. The kinematics of the light
vehicle takes speed and acceleration as research param-
eters and acceleration as the main purpose of design.
Therefore, the organic combination of power and move-

*Corresponding Author:
Run Xu,

According to formula we can simulate their driven force and acceleration
on the slope. The mechanical formula is used to obtain force and theo-
retical dynamics in the slope. The driven force decreases when rotation
increases. When power increases the acceleration increases. it reduces
when its weight raises. It is found that the a will decrease as slope be-
comes high from 5 to 11° to 22°, which fit the formula too. Meantime as
the radius is high from 0.3m to 0.4m to 0.47m a will be low. The needed
force will increase as the slope decline becomes big at the same power.

ment is the real purpose of evaluating the light vehicle.
Audi’s 3.0t Engine has a maximum power of 333hp, while
Mercedes-benz’s A45 AMG has a 2.0t engine of 360hp.
With the increase of horsepower, their dynamic analysis
and kinematics become particularly important. Such as
force, acceleration and rotation analysis.The horsepower
of a truck is the most important factor. It is the main con-
dition that designers should expect in advance that they
can finish the task without failure.The light vehicle’s load
and acceleration etc. less trouble is the embodiment of its
design level ability. The acceleration of the light vehicle
is the main performance of the light vehicle, the force and
acceleration is directly reflected in its engine function. A
good engine function will be achieved in a relatively short

Gyeongsang National University, Metallurgical Engineering Department, Gyeongsang nam-do, Chinju, 52828, Korea;
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time in a slope. Therefore, this paper explores whether the
data of light vehicle design are feasible based on the high
power and acceleration of the light vehicle on here, and
discusses the status of high power and high acceleration
to meet the needs of future light vehicle development on a
slope.

2. Calculation Results

As shown in Figure 1 it is a vehicle driving forwards along
the slope with 8. Here a is the tire acceleration, F is the
force, and m is the mass. If C is the center of mass of the
tire, R is the radius of the tire, and Mc is the torque of C. O
is xy original point and C is X’y point.

If the vehicle runs at slope plane with 0, there is md’R/
df=XF and J.d'¢/df=3M,

F =msind (1)

Figure 1. The relation of torque and Force on tire on the
slope load in light vehicle, here q is slope angle

2

Referring to C %- "R pR-= M, ()
ReferringtoC M, =F, R 3)
Substitute to below (4)
F—-F =ma 4)
Obtain
2
F:(Mc—mf )/R:MC/R—% (5)

8 Distributed under creative commons license 4.0

2
le M, - ’"f L FR ©)
Dueto F, < F @)

Substitute (5) into (2)

o™ o R=TY ®)
2 2
Ie
2M (1-1/R)
D — ©)
m(R-1)
Or due to
F—-F =ma (10)
M a
Isa=(F-F)/ m=————sind 11
(F-F) 2 (11)
Ie
2 .
a =§(——s1n¢9) (12)
and
F=M/R-"2 (13)
2
Prove too above equation.
Substitute (12) into above is
F=2M Mo (14)
3R 3

3. Discussion

- - - m=2.03ton,slope=5°
20
—— m=2.9ton,slope=22°
15
P
4
e
w 10 |
5 -
0
0 100 200 300 400 500
n/rpm
(a) r=0.5m

DOL: https://doi.org/10.30564/jmer.v3i2.1800
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24 - == m=2.9ton,slope=22° ,r=0.4m
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~16 | W —— m=2.03ton,slope=5° ,r=0.3m
<
w12 |
8 -
4 -
0 1 1 1 il i
0 100 200 300 400 500
n/pm
(b)

Figure 2. The relation force and rotation in light vehicle
at the 85.2KW

Figure 2(a) shows the curves of light vehicle force
and rotation when tire tire radius R is 0.5 meters. At
this time, the engine power is set at 85.3KW. As the
tire slope decreases into 5° the torque decreases some.
meantime the force decreases with rotation ie. rotation
increases the force decreases too. It fits to formula well.
When the rotation is 100r/m, the force reaches 5KN
steeply. Then the force changes to decrease sluggishly.
At 400r/m it reaches 2r/m. As the tire radius r decreases
into 0.3m the force will be higher than that into 0.4m. It
fits to the formula well too. At rotation being 300r/m it
will be constant at radius 0.3m & 0.4m. It is due to big
0 resulting big force in terms of formula (14). Table 1 is
the parameters in this study. There are mass, tire radius
& powers respectively. When the slope is above 20° the
high force is needed. It needs small radius, high power
& heavy weight for the moment of inertia optimum de-
sign. Otherwise the cease fire will happen due to weak
power.

As shown in Figure 3(a,b,c), when horsepower is
115~575 & tire mass is 2030~2890Kg, they are the
curves between acceleration and rotation of the light
vehicle. As horsepower increases the mass of the light
vehicle increases the acceleration increases, they are in-
verse proportional. It is due to the big horsepower firstly
then the mass little. Therefore, when designing a light
vehicle, it is necessary to choose big power one and the
light weight as possible, so as to increase the accelera-
tion a very short time and save cost.

It is found that the a will decrease as slope becomes
high from 5 to 11° to 22°, which fit the formula too.
Meantime as the radius is high from 0.3m to 0.4m to
0.47m a will be low. So it is chosen that the small slope
and use small tire radius is to promote acceleration in
motion.
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Figure 3. The relation of acceleration and torque in light
vehicle if R=0.3, 0.4,0.47mm

Table 1. The mechanical parameters in light vehicle

No. Ttem light vehicle mass /Kg | Tire radius /m | Engine power / KW
1 2030 0.30 85.3
2 2300 0.35 208
3 2900 0.47 423
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Figure 4. The relation of force and rotary in light vehicle
at the 85.2KW and 208KW

The force will decrease a little when power is 208KW
to compare with 85.3KW from Figure 4 (a,b). It expresses
that the a little more force is produced in high power as
the value is near neglectful. In addition the little decrease
happens too below 50r/m due to relatively high velocity.

10 Distributed under creative commons license 4.0

Meantime the force will maintain a about constant after
this point with a sluggish decline. This is since the low
torque caused by high rotary and slope angle increases
which results in some drag down. These two factors in-
teract together to offset force. This is a main reason to
be found sluggish force decrease here in this paper. The
needed force will increase as the slope decline becomes
big at the same power.

4. Conclusions

(1) According to formula we can simulate their driv-
en force and acceleration on the slope. The mechanical
formula is used to obtain force and theoretical dynamics
in the slope. The driven force decreases when rotation in-
creases. When power increases the acceleration increases.
it reduces when its weight raises.

(2) It is found that the a will decrease as slope becomes
high from 5 to 11° to 22°, which fit the formula too.
Meantime as the radius is high from 0.3m to 0.4m to 0.47m
a will be low. The needed force will increase as the slope
decline becomes big at the same power.
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As the market competition of steel mills is severe, deoxidization alloying
is an important link in the metallurgical process. To solve this problem,
principal component regression analysis is adopted to reduce the dimen-
sion of influencing factors, and a reasonable and reliable prediction model
of element yield is established. Based on the constraint conditions such
as target cost function constraint, yield constraint and non-negative con-
straint, linear programming is adopted to design the lowest cost batting
scheme that meets the national standards and production requirements.
The research results provide a reliable optimization model for the deox-
idization and alloying process of steel mills, which is of positive signifi-
cance for improving the market competitiveness of steel mills, reducing
waste discharge and protecting the environment.

Article history

Received: 21 May 2020
Accepted: 21 May 2020
Published Online: 31 May 2020

Keywords:

Deoxidization alloying

Principal component regression analysis
Linear programming

Optimization of dosing scheme

1. Introduction hardenability of the steel. Thus the content needs to be

controlled. The presence of P and S in the steel will harm
he deoxidation alloying in the steelmaking process

is an important process in steel smelting. Deoxida-

tion alloying means that for different steel types,
different amounts and different types of alloys need to be
added at the end of smelting to remove oxygen elements
as much as possible to make the alloy elements contained
meet the standards, and finally make the finished steel
have certain physical properties to meet specific require-

the safe use of the steel. The phenomenon of cold brittle-
ness and hot brittleness will appear, reducing the plastic
toughness of the steel. The content needs to be strictly
controlled.

The general research direction is to establish a mathe-
matical model for the deoxidation alloying link through
historical data, online prediction and optimization of the

ments.

The deoxidation alloying of molten steel mainly con-
cerns the content of five elements of C, Mn, S, P, and Si.
As basic alloying elements, C, Mn and Si play the role of
solid solution strengthening, which significantly improves
the strength and hardness of the steel and improves the

*Corresponding Author:
Zinan Zhao,

type and quantity of the alloy input, while ensuring the
quality of the molten steel and minimizing the production
cost of alloy steel.

Scholars have done a lot of research on the deoxidiza-
tion and alloying of molten steel. Hu Jingtao established
the LF deoxidization and alloying model, studied the
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feeding amount of aluminum wire in molten steel, and es-
tablished the minimum cost model by simplex method and
considering the price factor ""; Chunxia Zhang used the
artificial neural network BP model to deal with the yield
parameters of alloy elements, and used the multiple linear
programming method to calculate the optimal ingredients
of alloying operation, and obtained the engineering results
A practical control model for deoxidization and alloying
. However, BP neural network algorithm requires a large
amount of data, and will inevitably appear “zigzag phe-
nomenon”’, which makes BP algorithm inefficient. Zhe Xu
used the fuzzy modeling method to study the prediction
method of the recovery rate of molten steel alloy elements
and the optimization of ingredients in the ladle refining
process ©; Wenle Zhang studied the particle swarm opti-
mization algorithm and simulated annealing algorithm for
the LF refining furnace alloying, and analyzed the main
factors affecting the recovery rate of alloy in the ladle re-
fining process ¥, and the convergence speed of simulated
annealing algorithm The performance of the algorithm
is related to the initial value and parameter sensitivity.
Ruonan Cheng, et al. Used Pearson correlation coeffi-
cient to get the relationship between different factors and
element yield, established BP neural network model opti-
mized by multiple linear programming to predict the yield
of C and Mn, and analyzed the optimal proportioning
scheme with SPSS . However, Pearson correlation coef-
ficient method does not consider the impact of the number
of overlapping records on the similarity. Yu Dai, et al.
Obtained the main factors that affect the rate of C and Mn
by using the grey correlation model. On this basis, the
multi-objective optimization model with the lowest price
and the lowest element content error was established for
the burden problem. So we can get the best proportioning
scheme ', However, the subjectivity of grey model is too
strong, and the optimal value of each index needs to be
determined currently. According to the formula of alloy
yield, Huiling Zhou, et al. Obtained the historical yield
of C and Mn elements, and established the model of in-
fluencing factors of yield based on factor analysis. Then,
the multiple linear regression equations of C and Mn el-
ement yield and influencing factors are established, and
finally the predicted values of C and Mn element yield
are obtained . Fangyu Liu, et al. Calculated the yield
of C and Mn based on the data, screened out the main
factors influencing the yield by Pearson correlation coef-
ficient, obtained the prediction equation of the yield of C
and Mn by multiple linear regression analysis, and then
verified and improved the prediction model by BP neural
network, finally realized the optimization of the cost of
deoxidization and alloying of molten steel *. Pengmai

12 Distributed under creative commons license 4.0

Liu, et al established the BP neural network model for the
prediction of the recovery rate of C and Mn elements, and
further improved the model and algorithm to improve the
prediction accuracy of the recovery rate of elements .
Combined with the research of scholars, based on the idea
of mathematical model, a reliable prediction model and
optimization model are designed for the recovery rate of
elements and the proportioning scheme, so as to improve
the utilization rate of raw materials in the deoxidization
and alloying process and reduce the production cost.

2. Factors Affecting Yield

The yield of alloying elements is an important indicator
to be concerned during the deoxidation alloying process.
The element yield reflects the utilization rate of important
alloying elements in the alloying batching scheme and
reflects the feasibility of the scheme. Too low an element
yield will cause waste of raw materials, reduce production
efficiency, and cause environmental pollution. Studying
the yield of alloying elements has a positive effect on es-
tablishing the deoxidation alloying batching scheme.

2.1 Principal Component Analysis

In production, there are many factors that affect the yield
of the alloy, such as the end temperature of the converter,
the net weight of the molten steel, and the addition of raw
materials. For multi-factor high-dimensional problems,
a mathematical model based on the principal component
analysis method is established. Subsequent problems are
solved by evaluating the contribution of the principal
component and reducing the dimension.

Principal component analysis uses p-dimensional vec-

—

tors X = (xl,x2,~~,xp) false. Standardize the original

— T
indicator data x; = (xil,xiz,,, X ) i=12,...n.Then

A

construct the sample matrix.

X X Xip

M _ Xy Xyt Xy,
sample — : : : : (1)

xnl xn2 xnp

Through the above changes, a standardized matrix Z is
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obtained. Then find the correlation coefficient matrix for
the standardized matrix.

VAVA

2z, 2
b ==
n—1

n—1

R=[rij]pxp= 4.j-=12...p 3

Ty

Solve the characteristic equation of the sample correla-
tion matrix.

Zﬂj ZﬂjZO.SS 4)

Determining the value of m can satisfy the infor-
mation utilization rate of more than 85%. For each

/lj (j=1,2,-~~,m) , Solve equations RB = ﬂﬂ,, can get the

unit feature vector b/? . Convert standardized index vari-

ables to main components [J; - ZlTb]O] =1.2..m

. Among them, U, is called the first principal component,
U, is called the second principal component, and U, is
called the p-th principal component. Finally, comprehen-
sive analysis and weighted sum of the m principal com-
ponents are obtained to obtain the final evaluation value,
and the weight is the variance contribution rate of each
principal component. The principal component analysis of
the factors affecting the yield of C and Mn alloys can be
achieved.

2.2 Regression Analysis

Based on principal component analysis, a prediction mod-
el of alloy yield can be established. However, the accuracy
of Principal component analysis prediction model is not
high, and its accuracy is about 50%. In order to improve
the accuracy of prediction, the principal component analy-
sis model was optimized by means of multiple regression
analysis "\

In principal component analysis, the principal com-
ponents, expressions and variables that satisfy the infor-
mation contribution rate of more than 85% have been
obtained.

U=Wx (5)

At the same time, the alloy historical yield is trans-
formed into a column vector and combined with the
sample matrix into a new sample matrix. The principal
component analysis is carried out on the new sample ma-
trix, and the new characteristic roots and eigenvectors are
obtained. The linear coefficients of each principal com-
ponent can be obtained by multiple regression analysis of

Distributed under creative commons license 4.0

the corresponding eigenvectors and principal component
matrices.

The yield of the alloy can be predicted according to the
coefficient matrix when the independent variables (influ-
encing factors) are given.

3. Optimize the Batching Plan

Based on the actual production requirements of cost and
elements, new constraints can be added to the prediction
model, and the method of linear programming can be
adopted to make it more in line with the reality, and the
mathematical model of cost optimization can be estab-
lished.

3.1 Objective Function

The objective function is set to cost. The constraint condi-
tions are set as yield constraint, element content constraint
and non-negative quality constraint.

16

0= (m,-s,) ©)

a=1

At the same time, Set the addition amount of various
alloys. The cost of the alloy batching scheme is the prod-
uct of the amount of raw materials added to the alloy and
the unit price.The cost constraint is the requirement that
the cost be as small as possible.

3.2 Yield Constraint

According to formula 4 and decision variable m,, the
yield prediction formula is

y=Bx= B(xl,x2,-~,x9,ml,m2,---,ml6)T.

Where B represents the coefficient matrix. It should be
pointed out, X,,X,,***,X, indicate the nature of molten
steel itself, which is set as a constant in the cost optimi-

zation model. m;,m,,---,m,; decision variable. The

yield constraint requires the alloy yield to meet the basic
requirements.

x=[x] ()
At the same time, the yield should be no more than 1.

[x]<x<1 (®)

3.3 Elemental Content Constraints

Different types of steel require that the content of each
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element must conform to the national standard, so the cle-
ment content constraint condition is the requirement of the
target composition of molten steel.

16
Z c,; X,m,tb,P ©
Bl <= < Bu,

! P+ AP /

In the formula, J represents the element to be al-
loyed, j=1,2,---,m; c, ;represents the content of j
falseelement in the i -th alloy; ¥ ; represents the yield of

element j. m, represents the amount of alloy added; b].

falserepresents the content of element j in the original
molten steel; P is the weight of the original molten steel

(kg); AP represents the added weight of molten steel

(kg); Bl ; represents the lower limit of the requirement of

the j -th element in molten steel; Bu ; represents the up-

per limit of the requirement of the j -th element in molten

steel M1,

3.4 Non-negative Constraints

The minimum alloy addition amount is 0, the addition
amount below 0 has no practical significance and should
not be considered here.

3.5 Linear Programming

In above constraints, AP in the inequality of the require-
ment for the target component of molten steel is related to
the alloy addition amount ma, that is, the constraint condi-
tion is not a general form of linear programming problem.
To use the improved simplex method, first need to use m,
to represent AP, and to reduce the constraints to the gener-
al form of the linear programming problem ", Assuming
that all the alloys are put into molten steel, the linear con-
straints are obtained.

P(Buj—bj)S LB

J
Z Caj__ aS— aj a

a=l Ve, X; a=l1 X;
(10)

After adding relaxation variables and residual vari-
ables and combining the cost constraint and non-negative
condition formula, a general mathematical model for cal-
culating the minimum cost alloy addition in the process
of deoxyalloying can be obtained. The constraints are as
follows.
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y Bu, P(Bu,—b,)
c,——2 \m +m,  =—""T
;[ 1 X J : y 4
Y Bl P (Bl -b)
cC, —— -m =
;( al Zl }”a n+2 Z]
(11)
; Bu, P(Bu, —b,)
Cpp —— M, +m,, | = m__m
; am Zm a 2m—1 /'L/m
N Bl P(Bl,-b,)
c ——" —-m, = m m
HZ:I: am Zm a 2m Zm
ma20(61:1,2,---’n;j:1’2’...’m)

This model is suitable for the calculation of various
elements in alloys. In the case that the alloy contains only
one alloying element and this alloying element exists only
in the alloy (such as aluminum), the addition amount of
the alloy is not involved in the model calculation, and the
formula can be directly applied.

g < XM tOP

< Bu.
/ P+ AP /

(12)

4. Result Analysis

The data comes from the D question of the MathorCup
Mathematical Modeling Competition 2019, including his-
torical data of steelmaking and description of various al-
loy materials. In order to solve the problem, the following
assumptions are proposed: it is assumed that the occur-
rence of abnormal data is due to the reaction of steel slag
or the special effect of the deoxidizer; it is assumed that
only the composition of the feed is optimized, and the in-
fluence of the addition of alloy ingredients on the furnace
temperature and other factors is not considered; Assuming
that the historical data of steelmaking and various alloy
materials in the appendix are accurate. Through principal
component regression analysis and linear analysis, the
model of C and Mn alloy yield and optimization of the
batching scheme can be obtained.

4.1 Principal Component Analysis

Using MATLAB, the main component analysis of the fac-
tors affecting the yield of C and Mn alloys was achieved.
The results are shown in Table 1 and Table 2.
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Table 1. The contribution of principal components to the
yield of C element

No Contribution No Contribution No Contribution
1 21.4085 7 5.175471 13 2.772642
2 12.38908 4.348705 14 1.887782
3 9.86408 9 4.101478 15 1.815436
4 7.824739 10 3.869279 16 1.592202
5 5.918989 11 3.355877 17 1.355792
6 5.646582 12 2.833679 18 1.254072

Table 2. The contribution of the main components to the
yield of Mn element

Table 4. Parameters of regression equation of Mn element

Coefficients Standard Error t-Stat

Intercept -0.000360189 0.05966 -0.00604
X Variable 1 -0.125833415 0.026164 -4.80947
X Variable 2 0.060258365 0.036076 1.670331
X Variable 3 -0.04655231 0.044574 -1.04438
X Variable 4 -0.004954195 0.046203 -0.10723
X Variable 5 -0.303739654 0.05332 -5.6965
X Variable 6 0.206682512 0.055104 3.750742
X Variable 7 0.037777314 0.058931 0.641044
X Variable 8 -0.171483094 0.061788 -2.77536
X Variable 9 -0.128368788 0.068568 -1.87214
X Variable 10 | -0.052147585 0.070356 -0.74119

No Contribution No Contribution No Contribution
1 25.9899 6 6.124138 11 3.009176
2 12.78127 7 5.195127 12 2.801144
3 8.351011 8 4.785061 13 2.196297
4 8.048026 9 4.319319 14 1.763164
5 6.761434 10 3.676696 15 1.341023

Draw a histogram of the principal component contribu-

tion.

Knowing the regression parameters and the number of
types of ingredients, a regression equation can be estab-
lished to predict the yield of C and Mn elements online.

4.3 Linear Programming Results

For the convenience of calculation, the net weight of mol-
ten steel can be set to 70,000 kg. Establish a linear pro-
gramming model and solve the cost-optimized batching
plan. Related data is drawn into Table 5.

Table 5. Alloy batching plan (70,000kg molten steel)

Inputs kg
Type
T 1T TP ‘ ! 5 m i HRB400 | HRBS00 | Q345B
P prineipl Comonent FeV55N11-A 5 6
Figure 1. Cumulative contribution curve of each compo- Low Al ferrosilicon 2 4
nent to C and Mn YIeld Vanadium Nitrogen Alloy 4 2
FeV50-A 40 34
4.2 Multivariate Linear Analysis FeVS0-B 0 0
Multiple regression analysis was realized, and the regres- Calcium Silicon Aluminum 75 24
sion equation parameters as shown in Table 3 and Table 4 FeAl30Si25 0 0
were obtained. Silicon Aluminum Manganese Alloy Ball 10 6
. . Silicon Manganese Slag 34 36
Table 3. Parameters of regression equation of C element
FeSi75 2 4
Coefficients Standard Error t-Stat FeSi75-B 3 0
Intercept 0.001047457 | 0.038356467 | 0.02730847 Petroleum Coke Recarburizer 35 40
X Variable 1 0.031558432 0.017285959 1.82566858 FeMn64Si27 1550 0
X Variable 2 -0.090083783 | 0.022720995 -3.9647817
FeMn68Si18 0 1360
X Variable 3 -0.044355624 | 0.025666782 -1.7281334
- SiC(55%) 132 165
X Variable 4 0.003899704 0.029307903 0.13305981
X Variables | -0.187262273 | 0.033143873 | -5.6499817 Silicon Calcium Carbon Deoxidizer 24 30
X Variable 6 0.172774933 0.034694712 4.97986356
X Variable 7 0.141638615 0.035154676 4.02901213 5. Conclusion
X Variable 8 -0.008886455 | 0.038369742 -0.2316006
X Variable9 | 0.194959025 | 0.039497437 4.93599184 Based on principal component regression analysis and
X Variable 10 | 0.064962114 | 0.040714985 1.5955333 linear programming, optimizing the deoxidation alloying
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batching plan is of great significance to actual production.
The optimization model has universal significance and can
be used in the production of any steel mill. When a large
amount of process data is known, principal component
regression analysis is used, and the main factors solved
are used linear regression to obtain an optimized batching
plan.

This optimization model is more directional and spe-
cific than regression analysis alone, and more general and
applicable than linear programming alone. It can not only
predict the yield of alloy elements online, but also obtain
the optimization results of batching schemes, reduce costs,
increase the yield of important elements, and improve the
market competitiveness of steel mills; reduce the quality
of scrap materials and play a positive role in ecological
and environmental protection.
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ARTICLE INFO ABSTRACT

Fly Ash Cenospheres (FACs) are obtained from the coal power plants in
the form of hollow spherical particles by burning the coal. FAC was start-
ed to use in early 1980-1985 as lightweight filler material in producing
composites of cementitious and at present many researchers are focusing
on use of FAC as filler in polymer and metals. In this paper, the systemat-
ic review on research activities and application of FAC in manufacturing
light weight products are done. The influence of FAC on the physical and
mechanical properties of incorporated polymer and alloy-based compos-
ites were summarized. Prospects of future for its use were also suggested
and summarized in this paper.
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1. Introduction Engineering materials are mainly classified as metals

and alloys, plastics, ceramics and glasses, and their com-
he demand for high-performance materials in the

latest technical materials is growing day by day.

Composites are a mixture of two or more chem-
ically distinct materials which will have improved prop-
erties over the individual materials "\, These composites
could be synthetic or natural and were flexible in nature
because of their important properties like elevated high
bending stiffness, modulus, chemical resistance and spe-

binations will form the evolution of composite materials
as shown in Figure 1 . The metal filled plastics in which
plastic fibers are acting as reinforcement in metal matrix.
In metal matrix composites various reinforcement materi-
als were used like fly ash, cenosphere as ceramics. Where
as in case of fiber reinforced plastics natural and synthetic
fibers are used as reinforcement to get better properties

cific strength for multifunctional applications **!. Com-
bining two or more conventional materials can create new
high-performance materials. In the current manufacturing
industries hybrid materials play a significant role.
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METALS AND
ALLOYS!

metal-matrix composites,
steels, ceramic-mairix composites,
alumiﬁium alloys, {including ordinary reinforced
copper & brasses, concrete and steel-fibre rein-
titanium, etc. forced concrete)

pLAsTIes CERAMICS &
resins (epoxies, efc.), GLASSES
thermoplastics,

rubbers, glass, )
foams, fired ceramics,

textile fibres concrete,

fibre-reinforced plastics
(including GRP, CFRP,
glass/PTFE coated fabrics),
FRP-reinforced concrete

- vy

Figure 1. Classes of engineering materials, showing the
evolution of composites

Two Greek words: Kenos (hollow, void) and Sphaera
(sphere) coined the term Cenosphere. Cenosphere is a
hollow ceramic microsphere contained in fly ash, as it is
a natural by-product of coal combustion during electric-
ity generation . Cenosphere is recycled from the waste
stream as a portion of the fly ash produced in coal com-
bustion. They are consisting of alumina, inert silica, and
iron. The cenosphere size ranges from 1 to 500 microns,
with an average compressive capacity of 3000+psi. with a
white and dark gray colour . They are stated to as hol-
low spheres, microspheres, hollow ceramic microspheres,
glass beads, or micro balloons.

The actual worldwide use of ash ranges greatly from
a minimum of 3% to a maximum of 57%, but the global
average is just 16% of total ash *. Throughout India as
well as in many other countries, thermal power plants are
the primary sources for power generation. India has about
40 major thermal power plants, and they have produced
about two thirds of the country's power demands. India
generates about 110 million tons of coal ash per year from
the annual burning of about 300 million tons of coal for
electricity generation. About 73 percent of India's total
electricity generation capacity is thermal, 90 percent of it
is based on coal ",

1.1 Syntactic Foams

The synthetic foam concept was originally invented in
1955 by the Bakelite Company (New York) for its light-
weight composites of hollow phenolic microspheres bond-
ed to a phenolic, epoxy or polyester matrix """, Syntactic
foams are examples of composite particulate materials
consisting of hollow spherical fillers in a resin matrix '
Similar to solid particulate composites and fibre-rein-
forced composites, these hollow spheres are called micro
ballons incorporated in the matrix. The Micro balloons

have been used in syntactic foams, can be made of glass,
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ceramic, steel and aluminium available in different sizes
[13,15]

These matrix materials have more influence on the ten-
sile properties. The tensile strength could be enhanced by
a chemical surface treatment of the particles, such as sila-
nisation, which allows for the creation of strong bonds be-
tween glass particles and epoxy matrix. Including fibrous
materials often improves tensile strength. Syntactic foams
are typically structuring of two phases, namely matrix and
micro-balloons. Due to the presence of porosity inside the
micro-balloons these foams are known as closed porous
foams. Nevertheless, air, or voids can be entrapped inside
the matrix during the manufacture of syntactic foams. The
presence of air or voids within the matrix is called open
cell porosity and thus gives syntactic foams a three-phase
structure ¥\,

The main contribution of syntactic foams to enhancing
composite performance relies primarily on nature's buoy-
ancy and insulation.

Buoyancy characteristics- including high strength, low
density and low water absorption make the material suit-
able for applications with sub-surface buoyancy.

Current syntactic foam applications include the buoy-
ancy modules for Remote operation of underwater vessels
/ Autonomous underwater exploration of underwater ves-
sels / Ship hulls / Helicopter and aircraft parts.

Insulation characteristics - Syntactic foam has a low
thermal conductivity coefficient which gives it superior
properties, especially under highly compressive loads. It
can be used for Liquefied Natural Gas (LNG) and indus-
trial applications in underwater plumbing, load bearing
insulation, subsea and insulation. The material's strength
enables it to be used as a light weight, load carrying struc-
ture for marine, military and acoustic applications "'\

Many syntactic foam applications include: Deep-sea
buoyancy foams, Thermoforming plug aids, Radar trans-
parent materials, acoustically attenuating materials, Blast
reducing materials, Sports goods such as tennis rackets
and soccer balls, Drilling devices, Riser buoyancy, Up-
stream SURF ancillary gear, Mooring buoyancy, Deepwa-
ter buoyancy, Subsea buoyancy, Defense / oceanographic
buoyancy.

1.2 Cenosphere

The cenosphere (spherical shape) improves the flow ca-
pacity in most applications and provides an even distribu-
tion of the composite matrix filler material. Cenospheres
are 75 percent lighter than other commonly used minerals
as fillers or extender. It is possible to use them in dry or
wet slurry form due to the natural properties of the ceno-
sphere ''”. Cenosphere is easy to manage because of its
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inert properties and has a low surface area-to-volume ratio
and is not influenced by liquids, solvents, alkalis or acids
etc.

These hollow spheres used as an extender for plastic
compounds and are compatible with thermoplastics, latex,
polyesters, plastisol’s, epoxies, phenolic resins and ure-
thanes ", Synthetic cenosphere foams have shown supe-
rior mechanical properties compared to those fabricated
with microspheres "', Due to lower production costs of
cenospheres often replace mined materials. the cenosphere
will support the finished product properties by increasing
electrical insulation, durability and better sound proof-
ing "*. Cenosphere compatibility, especially in cements
and other building materials, such as wall coatings and
composites, and also used in a wide range of other items,
including sports equipment, insulation, vehicles, marine
crafts, paints, and fire and heat protection devices .

Currently, the manufacturers have begun filling the
cenospheres in metals and polymers in order to make
light-weight composite materials with higher strength,
when compared with the other types of foam materials.

Table.1 Chemical composition of fly ash cenosphere

SL.No Element % of composition
1 Silicon Oxide (Sio,) 93.28
2 Aluminium Oxide (Al,05) 0.33
3 Ferric Oxide (Fe,0;) 0.57
4 Calcium Oxide (CaO) 0.63
5 Loss On Ignition 4.80
6 Magnesium Oxide (MgO) 0.34

2. Literature Review

A few inquiries were recorded concerning the physical
and mechanical properties of polymer and alloy compos-
ites reinforced by fly ash cenosphere.

2.1 Cenosphere Reinforced Polymer Composites

Das A and Satapathy BK " prepared composite by adding
cenosphere and Polypropylene and to study their structur-
al and mechanical properties such as flexural and tensile.
Morphological properties of the composite were studied
using Wide-angle X-ray diffraction (WAXD) and scan-
ning electron microscopy and they found that increase in
tensile and flexural properties increased with 30% of rein-
forcement.

Labella M et al * prepared the composite by adding
Vinyl ester filled with fly ash cenospheres. By adding
the cenosphere the flexural strength decreased by 73%
while the flexural modulus increased by 47% at 60 vol. %

Distributed under creative commons license 4.0

cenospheres. They also found that coefficient of thermal
expansion decrease by reinforcing the composite with the
cenosphere.

Chand N et al ™ studied how cenosphere could be used
as a filler to improve the mechanical properties of the
polymer matrices. Due to the homogeneous dispersion of
cenospheres in polymer matrix it also exhibits improved
wear resistance of high density poly ethylene composites.

Takuya Morimoto et al * have investigated porous
particles filled phenolic composites. They found that the
fracture toughness and the wear rate decreased as the vol-
ume fraction of hollow particles increased.

Gupta N et al ! have done the work on syntactic
foams. The mechanical properties and density of the syn-
tactic foam could be changed by using different inner ra-
dius but cenospheres of same outer radius in the matrix.

Chauhan SR and Thakur S ** were prepared the speci-
mens with varying particle size cenosphere reinforced vi-
nyl ester composite It was found that cenosphere particles
of submicron size as fillers contributed to the improve-
ment of the specific wear rate and the mechanical prop-
erties significantly, for all the vinyl ester composites it
decreases with sliding distance and after certain duration
attains approximately a steady state value.

Sampathkumaran P et al ¥” have carried work on fly
ash cenosphere reinforced different polymer composites,
and they found that improved properties of both physical
and mechanical properties with respect high density poly
ethylene (HDPE) and low density poly ethylene (LDPE)
polymer composites.

Divya VC et al *® have carried out work on the com-
posite, with a high density polyethylene, cenosphere and
multiwall carbon nanotubes (MWCNT), and they found
that these composites showed better mechanical properties
than the composites without cenosphere and MWCNT.
The addition of cenosphere and MWCNT increase the
flammability property of the composite.

Jalageri HB et al™ have prepared the cenosphere/multi
wall carbon nano tubes reinforced polymer composites,
and they found that the composite with 0.5 wt. % exhib-
its higher impact strength, and for 0.1 to 0.2 wt. % of
MWCNT were found good flexural and tensile properties.

Ren S et al®” were demonstrated that Fly ash Ceno-
spheres-hollow glass microspheres / borosilicate glass
composites (FACs-HGMs / BG) have outstanding me-
chanical properties both at room and high temperatures
can be used in the near future as potential candidates for
structural materials or temperature-resistant buoyant ma-
terial.

Balaji R et al®" prepared phenolic composites filled
with Cenosphere, and studied their thermo-oxidation,
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properties and its characteristics. They found that decrease
in the thermal degradation occurred due to composite
filled with the cenosphere.

Wang MR et al ** prepared the geopolymeric based
composites by adding metakaolin and fly ash cenosphere
based geopolymeric slurry. They found that by the trans-
mission electron microscopy and scanning electron mi-
croscope in alkaline condition fly ash cenosphere did not
dissolve. 40 vol. % of this composite gives promising
material for intermediate-temperature thermal insulation.

Bora PJ et al ** were prepared the composites by solu-
tion-processing of Polyvinylbutyral (PVB)-FAC, PVB-
CoOx-FAC and PVB-NiO-FAC. Such composites are
suitable for applications focused on microwave absorption
such as robotic engineering, radar, electromagnetic gasket,
military, aircraft and unmanned vehicles.

Balaji R and Sasikumar M ** were prepared the com-
posite of cenosphere filled phenolic of ceramic woven.
The oxyacetylene ablation test and Thermogravimetric
Analysis were used to study the ablative properties and
thermal properties. They found that thermal degradation
of cenosphere filled composites increases with the in-
crease in concentration of cenosphere.

Sambyal P et al** have studied the advanced poly (an-
iline-co-toluidine)/flyash corrosion resistance properties
on mild steel substrates using powder coating techniques,
and noble potential for epoxy with copolymer-coated steel
coated specimens relative to epoxy-coated steel. They no-
ticed even low corrosion current for 2.0 and 3.0 wt coat-
ings. Copolymer composite loading per cent at 3.5 wt. %
NaCl solution.

Sharma J et al ® have carried out work on effect of
fly ash cenosphere on dielectric properties of low-density
polyethylene (LDPE) and found that the variation of the
relative dielectric constant with frequency indicates the
presence of material interface polarization processes at
low frequency. They also found that there is little variance
in alternative current conductivity with rising cenosphere
concentration.

GU J et al ®" characterize filler/matrix and hollow
structure characteristic (porosity). They have investigated
damping properties of the composites in the temperature
range of 40 to 150 0C and they found better damping
properties than matrix.

Angadi SB et al ®® have prepared epoxy composite
reinforced with cenosphere. They have carried out experi-
mental investigation on drilling characteristics of prepared
composite. They have considered drilling aspects, such as
hole, thrust and drilled hole surface roughness. They have
prepared specimens at different wt. % of cenosphere in
epoxy resin as the composite matrix, and found that the
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reduced thrust forces of lower diameter drill bit, whereas
greater surface roughness were found for lower diameter
drilled hole. Cenosphere addition of 60% shows a signifi-
cant reduction in surface roughness and thrust force.

2.2 Cenosphere Reinforced Alloy Composites

Chandel V et al ® Identified potential applications of Al
7075 alloy as matrix and cenosphere as reinforcement in
the aircraft and space industries due to lower weight to
strength ratio, creep resistance and high wear resistance.
They suggested that composites are likely to overcome the
cost barrier as well as the various physical and mechanical
properties for use worldwide today and serve a wide range
of applications.

Vikrant C and Onkar SB " found that cenosphere as
reinforcement in Al 7075 alloy as matrix have been used
widely in various applications because of their lower
weight to strength ratio, wear resistance and creep resis-
tance such as aircraft and space industries.

Goel MD et al “" studied the compressive deformation
by varying densities and cenosphere sizes at different
strain rates (from 0.01/s to 10/s) of aluminum cenosphere
syntactic foams. It was found that relative density will not
affect the densification strain, strain rate and cenosphere
size. But, relative density and cenosphere size affect the
plateau stress and energy absorption of syntactic foams.

Birla S et al ! using casting technique and CaH2 as
a foaming agent prepared the Al-Si-Cu-Mg-cenosphere
hybrid foams (HFs) of varying relative densities. They
have found that the addition of cenospheres up to 30 vol.
% improved the yield strength, plastic collapse stress, and
plateau stress. Hybrid foam energy absorption is increas-
ing with cenosphere size decrease and relative density
increase. It was also discovered that densification strain is
almost invariant with cenosphere size.

Rohatgi PK et al '’ studied the mechanical behavior
and microstructure f die casting AZ91D magnesium al-
loy -fly ash cenosphere composites. The presence of fly
ash cenospheres in AZ91D has been reported to result in
significant refinement of the surrounding matrix alloy,
which becomes more intense with the increasing weight
percentage of fly ash. They also investigated that the hard-
ness of the composites based on AZ91D was improved by
the introduction of fly ash, the composite toughness was a
maximum where 5 wt. % fly ash was added and becomes
slightly lower with the addition of 10 and 15 wt. % fly
ash.

Kumarasamy SP et al ¥ carried out work on the Hy-
brid Aluminum Metal Matrix Composites (HAMMC)
by reinforcing constant quantities of fly ash cenosphere
(10%) and varying quantities of graphite (2%, 4% and 6%),
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cenosphere, hardness and tensile strength were found to
increase and vice versa for graphite addition. Owing to re-
inforcement particles, the improved tensile strength of the
Aluminum matrix from 178 N/mm” to 213 N/mm’ as for
the composite is concerned. The wear resistance improves
considerably with the addition of cenosphere and but
there is a wear rate decreases with graphite addition due
to its self-lubricating nature. They found that minimizing
the surface roughness of developed composite, the cutting
speed and % of graphite addition have the major contribu-
tion.

Huang Z and Yu S were carried out work on 5 wt. %
and 100 microns of fly ash cenosphere particles integrat-
ed in the AZ91DMg alloy to manufacture in situ Mg2Si
and MgO strengthened AZ91D / Flyash composites using
compo casting technique. They observed that the ceno-
sphere particles were distributed homogenously in the al-
loy matrix, and filled with the alloy matrix on most of the
cenosphere particles.

Vishwakarma A et al ' carried out the study on anal-
ysis of various cenosphere sizes at different applied pres-
sures and sliding speeds for dry sliding aluminum alloy
(LM13) cenosphere syntactic foam behaviour. They have
found that the coefficient of friction, frictional heating and
the wear rate decreases with the decrease in cenosphere
depth. They also found that the yield strength of syntactic
foam increases with the decrease in cenosphere size, the
wear rate also decreases with the decrease in cenosphere
size and the increased strength often leads to increased
wear resistance by decreasing the size of the cenosphere.

Uju WA and Oguocha INA ™7 prepared the composite
of Al-Mg alloy A535 reinforced with a mixture of 5 wt. %
silicon carbide and 5 wt. % fly ash with varying wt. % fly
ash particles. They found that by adding fly ash and sili-
con carbide, the coefficient of thermal expansion of A535
goes on decreasing.

Saravanan V et al*” found that 10 vol. Cenosphere
percent reinforced aluminum alloy (AA) 6063 composite
as the most suitable material for brake disks instead of
more costly particles of aluminum oxide ( Al,O5) or sili-
con carbide ( SiC).

Luong DD et al ™ found that energy-absorption poten-
tial of A4032 / fly ash cenosphere composites were higher
at higher strain levels.

3. Conclusion

The role of density, hardness, wear resistance, co-efficient
of friction, slide wear and strength properties of ceno-
sphere reinforced polymers and alloy composites were
clearly identified and summarized.
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The density value drops when the thermoplastic poly-
mers is filled in with the fly ash cenospheres. With the
addition of cenosphere filler, the hardness value of ther-
moplastic polymers had improved. With the introduction
of FAC fillers, the compression and impact strengths de-
crease, and the variance in the compression strength value
was least for LDPE.

It was found that slide wear resistance of cenosphere
filled composites showed better results when compared
with the un-filled composites. Further, the wear loss also
increases with the increase in load of both un-filled and
filled composite specimens.

Cenosphere reinforced polymer samples coefficient of
friction values were slightly lower than those of unfilled
counterparts. Filling cenospheres in polymer and alloys
has made a significant contribution to reducing friction,
and increases wear resistance.

The investigation of the polymer materials has been
confirmed as the best option for wear resistance appli-
cations, particularly HDPE. Owing to its improved slide
wear properties, lower friction coefficient, lower percen-
tage reduction in compression strength and impact energy
compared to other polymer materials.

It was observed that with the addition of weight per-
centage of fly ash in both the polymer and alloy compos-
ites, there was an improvement in tensile strength, com-
pressive strength as well as hardness. Whereas in the case
of both polymer and alloy composites the ductility de-
creases with the percentage weight percentage of fly ash.
It is also concluded that with an increase in particle size of
fly ash cenosphere reinforced alloy composites the tensile
strength, compressive strength & hardness decreases.

In case of alloy composites, it was found that fly ash
cenosphere was mainly added in aluminium alloy when
compared with the other alloys. FAC reinforced alloy
composites have shown a vital applications in the aero-
space industries because of their light weight, high tensile
strength and hardness.

As fly ash cenosphere is made with hollow spheres, it
was observed that the distribution of FAC at molecular
level in polymer and alloy composites matrix were not
much uniform and also the chances of getting blow holes
due to its porous nature. To overcome this problem and
getting the newer techniques for the preparation of FAC
composites, becomes challengeable in the current sce-
nario.

From the above literature review, it has been concluded
that the fly ash cenosphere reinforced polymer and alloy
composites had played an important role in the structural
applications, aerospace industries and naval applications
because of their light weight, wear resistant, anti-corrosion
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and buoyancy in nature. In the current scenario the pro-
duction of composites with low environmental impact and
strong commercial viability has become a big trend. Thus,
the use of FAC in polymer and metal matrix composites
also plays an significant role in greenhouse emissions by
avoiding the other widely used mineral fillers.
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