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The work is focused on comparison of ballistic efficiency of homogeneous laminates consisting of one 

type of prepreg based on aramid or UHMWPE and ballistic efficiency of hybrid laminates consisting of 

combitation of chosen prepregs layered in different order. For preparation of hybrid laminates the two 

types of aramid prepregs and two types of UHMWPE prepregs were chosen. The laminates were subjec-

ted to ballistic testing by fragment simulating projectile FSP G5 and their ballistic efficiency was evalu-

ated by determination of ballistic limit V50. For more complex assessment of tested laminates with regard 

to ballistic efficiency and also their areal weight, the ballistic weight coefficient K, which is defined by 

quotient of V50 and areal weight, was determined for each laninate and then compared. Besides the bal-

listic efficiency the coherence of laminate layers after pressing and after shooting was also observed.
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Introduction

Commercial suppliers of the ballistic laminates 
usually offer only the homogeneous laminates consis-
ted of one type of fabric and one type of matrix. The 
laminates are usually produced by pressing of specific 
prepregs under given conditions. Generally the pre-
preg could be defined as the fabric coated by the 
matrix on one or both sides. Huge number of different 
types of prepregs can be prepared, because many types 
of fabrics of different material and weave and also 
many types of various matrixes are available. The bal-
listic efficiency of final laminate could be influenced 
by different type of fabric material, weave, matrix and 
also by combination of various prepregs and order of 
prepreg layers.

In this work the four types of prepregs was choses 

and combined in the two-part and three-part hybrid 
laminates. The ballistic efficiency of the prepared la-
minates was evaluated by the method of the ballistic 
limit V50 determination, which is one of the most 
common methods of ballistic laminates assessment [1, 
2, 3, 4, 5].

Methodology

2.1 Samples preparation

Samples of laminates were prepared by pressing of 
respective number of prepreg layers in laboratory 
pressing machine under defined pressure and tempe-
rature. Samples dimension was approximately 500 x 
500 mm. Four types of prepregs were used, see Tab. 
1. All the prepreg types were coated by matrix only on 
one side.

Tab. 1 Prepregs used for laminates preparation

Designation Description
Thickness after pressing
[mm]

PH UHMWPE sheet with Higher ballistic efficiency 0.17

PL UHMWPE sheet with Lower ballistic efficiency 0.23

AB Aramid fabric with Basket weave 0.41

AP Aramid fabric with Plain weave 0.45

By combination of different types of prepregs the 
hybrid laminates were prepared. In one hybrid lami-
nate only two types of prepregs were combined. All 
the hybrid laminates were designed to have a total 
thicknes of about 8 mm. The two prepreg types in one 

hybrid laminate were contained in a half-and-half por-
tion. That means the number of layers of one prepreg 
type was designed to reach the thickness of about 4 
mm. The list of hybrid laminates is introduced in Tab. 
2. The numbers in designation of samples represent 
the number of layers of respective prepreg type.
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Tab. 2 Hybrid laminates prepared for testing
Designation Thickness

[mm]
Areal Weight
[kg/m2]

PL17-AB10 8.1 7.77
PH23-AB10 7.9 7.73
PL17-AP9 7.9 7.67
PL9-AB10-PL8 8.2 8.24
PH12-AB10-PH11 8.5 8.76
PL9-AP9-PL8 8.1 8.28

For comparison also the homogeneous laminates
containing only one prepreg type were prepared as re-
ference samples. The reference laminates was also de-
signed to have the total thickness of about 8 mm. The 
list of reference laminates is introduced in Tab. 3.

Tab. 3 Reference homogeneous laminates prepared for testing
Designation Thickness

[mm]
Areal Weight
[kg/m2]

PH48 8.0 6.90
PL35 8.0 6.90
AB19 7.8 8.10
AP17 7.7 8.00

2.2 Experimental testing

The ballistic efficiency of the laminates samples 
was evaluated by determination of the ballistic limit 
V50. The ballistic limit V50 is defined as the striking 
velocity at which 50 % of the impacts of a projectile 
will result in complete penetration (perforation) of a 
given sample on specified attack conditions [6]. The 
ballistic testing was conducted by fragment simulating 
projectile FSP G5 without carrier of diameter (5.46 ±
0.05) mm and weight (1.1 ± 0.03) g according to stan-
dard STANAG 2920 [7]. The distance of the target 
from the muzzle was 5 m. The shot pattern is introdu-
ced on the Fig. 1.

Fig. 1 Shot pattern

The shot distance from sample edge and the 
distance between two neighbouring shots was mini-
mally 28 mm (5 projectile calibres). The ballistic limit 
V50 was determined from 6 valid shots within velocity 
range 40 m.s-1, whereof 3 shots perforated the sample 
and 3 shots did not perforate the sample [5].

The two-part hybrid laminates, in which the two 
different types of prepregs create only two parts of 
thickness 4 mm, were subjected to ballistic testing 
from both sides. These types of laminates are 
following: PL17-AB10 vs AB10-PL17, PH23-AB10 vs 
AB10-PH23 and PL17-AP9 vs AP9-PL17.

For more complex assessment of tested laminates 
with regard to ballistic efficiency and also their areal 
weight, the ballistic weight coefficient K, which is de-
fined by quotient of V50 and areal weight (1), was de-
termined for each laminate.

� =
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Where:
K    …Ballistic weight coefficient [m.s-1/kg.m-2]
V50   …Ballistic limit [m.s-1]
AW…Areal weight [kg.m-2]

The higher value of the coefficient K the better uti-
lity properties of the laminate.

Results and discussion

3.1 Ballistic efficiency

Illustrations of the sample of the two-part hybrid 
laminate after ballistic testing are introduced on Fig. 
2 and Fig. 3. The Fig. 2 shows the UHMWPE front 
side of the hybrid laminate PL17-AB10 and Fig. 3
shows the aramid back side of the same hybrid lami-
nate.

Fig. 2 Front (striking) side of hybrid laminate PL17-AB10

after ballistic testing
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Fig. 3 Back side of hybrid laminate PL17-AB10 after ballis-
tic testing

The results of ballistic testing expressed by the bal-
listic limit V50 and the ballistic weight coefficient K for 
hybrid and reference homogeneous laminates are in-
troduced in Tab. 4 and Tab. 5 below. 

Data in Tab. 4 and Tab. 5 are intoduced also in 
form of graphs below, see Fig. 4 and Fig. 5. 

The graph on Fig. 4 shows the comparison of the 
ballistic limit V50 for hybrid and reference laminates. 
The columns are divided into groups of samples, 
where the same two prepreg types were used. The 
margins of each group are represented by the two ty-
pes of the reference homogeneous laminates relating 
to the respective group.

Tab. 4 Results of the ballistic limit V50 and the ballistic weight 
coefficient K for hybrid laminates; symbol (r) means “reversed” 
composition of laminate mentioned in row above

Designation
V50

[m/s]
K
[m. s-1/kg.m-2]

PL17-AB10
722.6 ± 
13.4

93.0

AB10-PL17 (r)
671.4 ± 
15.2

86.4

PH23-AB10
736.5 ± 
19.7

95.3

AB10-PH23 (r)
694.9 ± 
19.4

89.9

PL17-AP9
686.0 ± 
15.5

89.4

AP9-PL17 (r)
644.9 ± 
18.0

84.1

PL9-AB10-PL8
687.7 ± 
15.0

83.5

PH12-AB10-PH11
735.8 ± 
18.2

84.0

PL9-AP9-PL8
664.7 ± 
17.5

80.3

Tab. 5 Results of the ballistic limit V50 and the ballistic weight 
coefficient K for reference homogeneous laminates

Designation
V50

[m/s]
K
[m. s-1/kg.m-2]

PH48 741.1± 9.6 107.4
PL35 660.6 ± 7.9 95.7

AB19
666.5 ± 
10.6

82.3

AP17
617.1 ± 
11.2

77.1

Fig. 4 Comparison of the ballistic limit V50 for hybrid and reference laminates; blue columns = reference UHMWPE laminates, 
yellow columns = reference aramid laminates, blue-yellow columns = hybrid laminates
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According to graph on Fig. 4, which compares the 
ballistic limit V50 of different laminates of similar thic-
kness of about 8 mm, the ballistic efficiency of homo-
geneous plain-woven aramid laminate (AP17) is lower 
than of the basket-woven one (AB19) and the lower 
ballistic efficiency of UHMWPE laminate PL35 in 
comparison with AH48 was veryfied.

The ballistic limit of the homogeneous aramid la-
minates is similar or lower than of the homogeneous 
UHMWPE laminates.

The ballistic limit of the hybrid laminates with 

UHMWPE front side is always higher than of the re-
versed (r) composition with aramid front side.

The ballistic limit of the hybrid laminates with PL 
prepreg is higher than of the homogeneous PL35 lami-
nate.

The ballistic limit of the hybrid laminates with PH 
prepreg is similar to the homogeneous PH48 laminate.

The graph on Fig. 5 shows the comparison of the 
ballistic weight coefficient K for hybrid and reference 
laminates. The columns are arranged in the same way 
as on the Fig. 4.

Fig. 5 Comparison of the ballistic weight coefficient K for hybrid and reference laminates; blue columns = reference UHMWPE 
laminates, yellow columns = reference aramid laminates, blue-yellow columns = hybrid laminates

According to graph on Fig. 5, which compares the 
ballistic weight coefficient K considering also the areal 
weight of the laminates, the ballistic-weight efficiency 
of homogeneous UHMWPE laminates is always the 
greatest and of homogeneous aramid laminates is the 
lowest.

3.2 Coherence

Besides the ballistic efficiency the coherence of 
hybrid laminate layers after pressing and after ballistic 
testing was observed [8, 9]. During the hybrid lamina-
tes preparation the orientation of one-side coated pre-
pregs had to be considered. On Fig. 6 the develop-
ment evolution of the hybrid laminates with regard to 
UHMWPE/aramid boundary coherence after pres-
sing and after ballistic testing is shown. 

Fig. 6 Scheme of UHMWPE/aramid boundary coherence after pressing and after ballistic testing
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If the prepregs in the two-part hybrid laminates 
(see Fig. 6, schemes at the top) were oriented in the 
same direction the UHMWPE/aramid boundary did 
not cohere after laminate pressing. If these prepregs 
were oriented in the opposite direction (matrixes of 
two prepregs were oriented to each other) the boun-
dary coherence was good after pressing and also after 
ballistic testing.

If the prepregs in the three-part hybrid laminates 
(see Fig. 6, schemes at the bottom) were oriented in 
the same direction the UHMWPE/aramid boundary 
did not cohere and the aramid/UHMWPE boundary 
cohered after laminate pressing. 

The UHMWPE/aramid boundary in the three-
part hybrid laminates was improved by one layer of 
film adhesive and pressed again. Both boundaries co-
hered after pressing, but the aramid/UHMWPE 
boundary did not cohere after ballistic testing.

If the both boundaries in the three-part hybrid la-
minates were improved by one layer of film adhesive, 
all the layers of the hybrid laminate cohered after bal-
listic testing.

Conclusion

The ballistic efficiency of the UHMWPE/aramid
hybrid laminates consisting of two different prepregs 
was observed. The two types of hybrid laminates were 
studied: two-part hybrid laminates and three-part hyb-
rid laminates. For preparation of the hybrid laminates 
the four different prepregs were used (AP, AB, PL and 
PH). The ballistic efficiency of the hybrid laminates 
was evaluated by determination of the ballistic limit 
V50, which was compared with the ballistic limit of the 
reference homogeneous laminates consisting of only 
one type of prepreg. All the laminates were designed 
to have a total thicknes of about 8 mm.

It was found out that the ballistic limit V50 of the 
homogeneous AP-aramid laminate was lower than of 
the homogeneous AB-aramid laminate and the ballis-
tic limit of the homogeneous PL-UHMWPE laminate
was lower than of the homogeneous PH-UHMWPE 
laminate. The ballistic limit of the homogeneous ara-
mid laminates was similar or lower than of the homo-
geneous UHMWPE laminates.

The ballistic limit of the hybrid laminates with 
UHMWPE front side was always higher than of the 
reversed composition with aramid front side.

The ballistic limit of the hybrid laminates with the 
UHMWPE front side was always higher than of the 
homogeneous aramid laminates and similar or higher 
than of the homogeneous UHMWPE laminates.

With regards to results of the ballistic weight co-
efficient K, which considers also the areal weight of 

the laminates, the ballistic-weight efficiency of the ho-
mogeneous UHMWPE laminates was always the gre-
atest and of homogeneous aramid laminates the 
lowest.

The coherence of the UHMWPE/aramid boun-
dary in the hybrid laminates after pressing and after 
ballistic testing was also observed. The two-part hyb-
rid laminates cohered in case, if the different prepregs 
were oriented in the opposite direction (matrixes of 
two prepregs were oriented to each other). The three-
part hybrid laminates cohered in case, if the both ara-
mid/UHMWPE boundaries were improved by one la-
yer of film adhesive.
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