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Polymer matrix composites are a widely used category of composites whose properties are
viscoelastic and highly dependent on temperature. One of the most important steps in the
construction of polymer matrix composites is the curing process, which causes the creation of a
network of transverse bonds. This process can increase the glass transition temperature and
improve the mechanical properties. Epoxy, as a matrix, has desirable properties such as good
thermal resistance, high tensile strength, and very good chemical resistance. However, epoxy has
disadvantages, the most important of which are its brittleness after curing and inadequate impact
resistance. In order to solve this problem, polyurethane, which is an elastic polymer, is used as a
modifier to improve the mechanical properties, especially the hardening of epoxy. Compared to
pure epoxy matrix, epoxy/polyurethane composites have better mechanical properties and
thermodynamic performance. To achieve the best result for composites with epoxy matrix with low
percentage of modifier and suitable natural properties, optimization of the manufacturing process is
the essential factor that should be considered. In this article, the multi-objective optimization of
manufacturing parameters in epoxy resins used in the manufacturing has been carried out.
Experiments and optimization have been done by RSM/CCD method. The effect of three parameters
of temperature, time and weight percentage of polyurethane on the yield strength and Young's
modulus of epoxy/polyurethane composite has been investigated and according to this method, the
most optimal values were selected for the maximizing of responses.
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Factor Coding: Actual
Yield stress (MPa)
X1=B:temp

X2 =C:time

X3 =A: %pu

C+: 35946 T 22.1249

C: time (hr)

Cube
Yield stress (MPa)

15.0975 12.9156

13.953

6@

15.9458 17.1939 A+:15.946

A: %pu (Yowt)

C-:2.4054 ’ 22.6232
B-: 88.1079

17.8813  A-: 4.05396
B+:111.892

B: temp (°C)
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Interaction

24 B temp (C)

Young’s Modulus (GPa)

T T T T T

105396 0898 10 12873 15446

A: %pu (%wt)

Young’s Modulus (GPa)
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Interaction

" ¢ time (hr]

405396 7.00698 10 12473 15948

A: %pu (%wt)

V- oplods AV 0093 NE-Y 63l 3 gs 9 il Swiie



Ol (5340 9 Ylownld Lass RSM/CCD by 43 S 93l ans pilo wsdlis Sialyd Julge 5 )bwdisg

Interaction

e € time (hr)

Young'’s Modulus (GPa)

881079 94054 100 105,945 1188

B: temp (°C)

Sl Je yo cole sla,eSB Gle (olsd slo 36 (o) 0 O S50

il Jguo 2 Fg0 S 4195 S dom F (uiy 0 —F-F
Sl 0als 0ols L Kb Jgde 1 S0 ((uow dw) Slaig,y lb donws i & ISS (o

P B il g ol mhaw 0 A )l 4 conl b by e STb Jgoe diiin 45 09d o0 605 A PSS G ax g b
Ol gl ;o A g aid F 15 053 Gl gl 0 CaS ol (Jle 4y bgyye SOL oo jlade ariin 9 01 1,8 355 (YL o
g aslas Slssl Sl Jole g0 cpl Joles 4 S5 Jgow B,C (sl dg, (gdomms i 10 09 oo oalice a5 jghailen .ail o 045

O 6l g, b Aoy SS a4 a5 Cul S @ eVl ad )T 18 095 il Jlade 0 B as el Sl gl o) Jlake aiy

ilse Fostie 5 e Kb Jde 4 g pe Sl s (G aw )90

3D Surface 3D Surface

7 7
=¥ =¥
g S
©n 0
= =
=} =
= =
o o
= =
R R
£ g
3 3
> > 20539%
88.1079
B: temp (°C) ~ ) A: %pu (%wt)
A: %pu (%wt) 405396 111892 C: time (hr) 35946 15945

V- oplodds A 0093 N E-Y 63l ul 3dgs 5 il wiiue Y-



Ol (5340 9 Yloawls Lious’

RSM/CCD gy &3 w99l s pile widlin 3islyd Jolge 5 jlwding

Young's Modulus (GPa)

3D Surface

B: temp (°C)

3.5946 111892

C: time (hr)
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Factor Coding: Actual
Young's Module (GPa)
X1 =B: temp
X2=C:time

X3 =A: %pu

Cube
Young's Module (GPa)
2.04877 1.53412
C+:3.5946 | 1.27591 1.71126
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£
[0}
£ 1.74588 1.28123 / A+:15.946
5
A: %pu (Yowt)
C-:2.4054 * 1.82302 230838 © A 4.05396
B-: 88.1079 B+: 111.892

B: temp (°C)
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A:%pu =4.05397 B:temp =99.5615

T

2.4054 3.5946 13.06 2323

C:time = 2.4054 Yield stress = 21.3195

T

13 23

Desirability = 0.860

Young's Module = 2.21021
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