
  
Abstract— The objective of this work is optimizing the contact 

force due to an impact in a Glass/Polyester composite plate. We use 
experimental data collected during an impact test that we inject in 
Modde V 5.0 software which uses the experimental designs method. 
Two factors are taken into consideration: absorbed water mass and 
the drop height, the studies response is the contact force. The 
analysis, gives us the effect and interaction effects of each factor on 
the response. The exploitation of the reached data gives us a 
mathematical model that manages the level of the force absorbed at 
contact with weak energy on this type of materials.  
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I. INTRODUCTION 

HE composite materials bring much solution to designers 
and manufacturers but also cause many 
problems. One such problem is the impact 

strength during use or during phases of manufacture 
or maintenance. These materials are often solicited on climatic 
conditions should therefore be taken on account in the current 
study.  
 

II. EXPERIMENTAL DEVICES AND TESTS 

A. Material  

The Glass/Polyester plates tested are prepared with the 
following stacking sequence [03/90]s. The specimen dimensions 
of impact are: 150 x 100 x 4.5 mm3[1]. Campaigns 
hygrothermal aging followed by impact tests at low speeds have 
been carried out [1]. The aging conditions are: temperature = 50 
° C and relative humidity = 95%. 

B. Impact device  

All the impact tests conducted by [1] are performed on a 
drop tower falling weight [2]. This device allows using 
customizable masses and drop heights values (the mass used 
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in the tests conducted by [1]: m = 1,852 kg). The drop height 
is adjusted by an infrared sensor that stops the engine during 
the rising phase of the mass. A second infrared sensor placed 
just above the level of the plate to impact, triggers 
debouncing when the mass hits the plate, thus providing a 
single phase impact on the plate [2] (Fig.1). 

Fig. 1 Description of the impact device 

 C. Experimental designs and analysis 

The experimental designs method is applicable to many 
disciplines and to all industries. It is used when you search for 
the relationship between a quantity of interest, y (contact force 
"F"), and variables, xi "M" and "H" in this work. 

M: Absorbed water mass expressed as %; 
H: Drop height of the mass (m); 

y = f (xi)  ⇔  y = f (x1, x2) ⇔ F= f (H, M)            
(1) 

Both factors are represented by a graduated and oriented 
axis shown in Figure 2 (a). The range of variation of each 
factor is defined by a low level noted -1 and a high level noted 
+1. 
    The level “x1” of factor 1 and the level “x2” of factor 2 are 
the coordinates of a point in space experiment (Figure 2 (b). 
Thus, an experimental design is represented by a set of 
experimental points. Consolidation domains of factors define 
the "field of study". This is the area of experimental space. 
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(a) 

 
(b) 

Fig. 2 Factors range variation. 

The results of the experiments [1] and the codification of 
experiments design involved are given in Table I. 

TABLE I 
ESTABLISHMENT OF THE EXPERIMENTS MATRIX 

 
Factor 2 (M) : Experimental 

design (coded units) 
Factor 
1(H) 

-1 
(L.L) 

0 (C) +1 (H.L) H (m) M (%) F (N) 

-1 (L.L) +1 0 -1 0,5 0 3217 

+1 (H.L) -1 0 +1 0,75 0 3730 

-1 (L.L) +1 0 -1 0,5 0,24 3165 

+1 (H.L) -1 0 +1 0,75 0,24 3711 

-1 (L.L) +1 0 -1 0,5 0,36 3140 

+1 (H.L) -1 0 +1 0,75 0,36 3702 

-1 (L.L) +1 0 -1 0,5 0,48 3002 

+1 (H.L) -1 0 +1 0,75 0,48 3500 

0 (C) 0 0 0 0,625 0,24 3438 

 
 
Note:  
H. L: High level (For M=0.48%, H=0.75 m)      
L.L: Low level (For M=0%, H=0.5 m) 
C: Centre (For M=0.24%, H=0.625 m) 
 

In Table I, the value 0% of the water mass absorbed "M" 
represents a non-aged specimen (when dry). Other values 
express the level of moisture absorption expressed as content 
of water absorbed after a certain aging time (Fig.3). 

 

 
Fig. 3 Moisture absorption according to the square root of time. 

D. Mathematical model 

Variation analysis in the response with each factor and 
their interaction is established using the Modde V5 
software. The model of plan chosen is 
"The Central Composite Design Face Centred (CCF)" [6]. 
Nine (09) tests must be conducted and six 
(06) coefficients must be determined. We 
must therefore resolve 
a system of 9 equations with 6 unknowns, the equation sought 
is as follows: 

 
𝑦 =  𝑎0 +  𝑎1𝑥1 +  𝑎2𝑥2 +  𝑎12𝑥1𝑥2 +  𝑎11𝑥12  +  𝑎22𝑥22 +  𝑒

      (2) 
 

The analysis is done by the MLR (Multiple Linear 
Regression) to obtain the values of (a0, a1, a2, a11, a12) and 
a22. This method is used in the case where there are 1 to 3 
answers without missing values of experiment data.  

E. predictive quality of the model 

R² and Q² provide the best summary of model fit. R² is 
overestimated and Q² underestimated by measurement to 
quality adjustment of the model. 

R² and Q² values are usually between 0 and 1. 
They are given by equations (3) and (4) respectively. Q² may 
be negative for models extremely poor. Values close to 1 for 
R² and Q² indicate that the model is very good with excellent 
predictive power. 

 
𝑅2 =  𝑠𝑠𝑅𝐸𝐺

𝑠𝑠
             (3) 

      𝑄2 =  1 − 𝑃𝑅𝐸𝑆𝑆
𝑠𝑠

 = R² adjusted   (4) 

The sum of squares of Y corrected for the mean, explained 
by the model is given by: 

SSREG = •  (Yi est – Ymoy) ²           (5) 

The total sum of squares of Y corrected for the mean 
expressed by: 

SS = •  (Yi) ²          (6) 

 
Predictive Residual Sum of Squares 

is given by equation (7): 

          PRESS = ∑ e(i)2N
I=1        (7) 

With e (i) prediction 
error for the ieme treatment plan experiences=Yi   -  𝑦𝑖∗ 

Experimental 
table  

(current 
units) 
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III.   RESULTS AND DISCUSSION 

A. Predictive coefficients of determination 

Figure 4 illustrates the values of the two coefficients R² and 
Q².  

Indeed, R² = 0.9917 and Q² = 0.9251 tends to 1, which 
shows that the descriptive quality of the model is satisfactory. 
So, we conclude that our prediction model is acceptable. 

 
Fig. 4 Predictive coefficients of determination. 

B. Suggested model  

The results and the values of static test combined with the 
coefficients are reported in the table 2 below: 

 
TABLE II 

MODEL COEFFICIENTS 

Variable Coefficients 

Constant 3438 

H 264,843 

M -102,877 

H² 25,1181 

M² -96,6824 

H x M 0.2571 

The proposed model equation (8) expresses the 
variation of contact force as a function of the factors: 

F = 3438 + 264.84H – 102.88M +25.12H ² - 96.7M² + 
0.26M.H     (8)                    

C. Analysis of model coefficients  

The histogram in Figure (5) 
shows the factors influencing the contact force as well as their 
interaction. It is found that the coefficient associated 
with height is the most dominant because the impact energy is 
proportional to the drop height. The second major factor is 
the absorbed water mass. In fact, the action of moisture in the 
material after exposure to hygrothermal aging causes a loss of 
stiffness in the structure, which explains the decrease of the 
impact force and reveals a loss of the mechanical properties of 
the material [1,7]. Note that in this histogram, the coefficients 
are multiplied by the factor 2 represents the number of the 
factors used in the investigation. 

 

 
 

Fig. 5 Factors influencing the contact force. 

D. Analysis of the response surface  

The suggested model is a second level equation with H and 
M as variables, the path of the function curve gives the 
response surface (see Figure 6). The curve is shown as iso-
surfaces equivalent to values of specific contact 
forces. It reveals that the combined 
effect of increasing the absorbed water mass and a decrease 
in the drop height reduces the contact force. 

 
Fig. 6 Contours of the response surface F = f (H, M). 

E. Predicted force  

Figures (7) and (8) show the evolution of the predicted 
force Fp by the model according to each factor. 

The same findings in the analysis of the response surfaces 
are made, an increasing evolution of the contact 
force with height drop increase and opposite effect of an 
increase in the absorbance of humidity. 

 
Fig. 7 Predicted force as function as the absorbed water mass M 
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Fig. 8 Predicted force as function as the drop height H. 

The rising trend in the level of M reduces the intensity of 
the contact force. The opposite happens when the height 
increases. Following optimization of the contact force is made. 
The chosen criterion is a minimization criterion [4] of the 
contact force as a function of H and M. The results obtained 
are presented in figures 9 and 10. The response is recorded for 
the minimum value of the high (Hmin) and the maximum value 
of mass of absorbed humidity (Mmax). Figure 10 shows the 
influence of the presence of moisture on the value of 
the contact force. 

 
Fig. 9 Optimization of force F depending on H and M (M=0,48%). 

 

 
Fig. 10 Optimization of force F depending on H (H=0,50m) and M. 

IV. CONCLUSION 

The application of the experimental designs method helps 
us to find an analytical expression relating the response F 
(contact force) to factors studied. Through this study shows 
that: 

 
 Increasing the absorbed water mass decreases the contact 

force and make a loss in material rigidity. 
 Increasing the drop height increases the contact force. 
 The interaction of the two parameters was demonstrated 

by the graph of response. 
 A predictive model is established in this study. 
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