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Table 1 Performance parameters of PBO Fibers

) Tensile Tensile ) )
Density/g-cm Breaking elongation/%
strength/GPa modulus/GPa

1.54 3.80 129.71 3.98
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Table 2 YC-2 Performance parameters of waterborne polyurethane

Solid content pH & Tear resistance/MPa Elastic modulus/MPa

40% 6.8-7.5 33~45 3.2~5.6
KRB EH A PBO TR L1 4EAT #: 8T % 150 mm X 150 mm, RHARE LZHIGE AW, R
B 1R, X FE&RED AN 20.45%55 18.40% MW 280K, H7ERALE 71 FTHEZE 160°C, BEJG
PATARIFA TSR E R 20.45% 0600 BN 8 MPa [k 3R K S IRE 18.40%1 i I
JehnEZ 10 MPa JEARIE 10 2040, FETFE 24 MPa 4kSARIE . A alRE 0 £ 1 I 1) B AR 4 2T 4k A |2
e, Ho 10 2. 20 25 30 E0500RE 15 4080, 20 7080 F0 30 050, fRIESE 35 AL KA
WhEE, RARBIEAAFIE RS S ER PBO 445 61k, BASHNE 3.
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Fig.1 Specimen preparation procedure
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Table 3 Parameters of PBOfiber composite laminates

Specimen no. Number of fabric Colloid content / Area density /
layers % (kg-m2)
St 10 20.45 177
52 20 20.45 3.48
S3 30 20.45 591
S4 10 18.40 175
55 20 18.40 343
56 30 18.40 516
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Fig.2 Dimensions of the tensile specimen
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Fig.3 Experimental setup for,ballistic performance testing
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Fig.4 Tensile stress-strain curves of specimens
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Table 4 Ballistic limit performance test results of composite panels

QPR B ERIE R AR R AT R R SCRF R AO RE ERLR

Number  Colloid Impact Residual Energy
. . . ] Deformation ~ Penetrated
Testno.  Specimen of content  velocity / velocity / absorption /
/mm or not
layers 1% (m/s) (m/s) J
T1 S1 10 20.45 238 -26 116.5 14.38 13
T2 S1 10 20.45 297 -24 182.3 18.48 i
T3 S1 10 20.45 327 -14 203.4 20.28 15
T4 S1 10 20.45 333 0 211.7 21.04 4
TS S1 10 20.45 327 229 113.5 9.34 =




[ S 7/ B R
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

T6 S1 10 20.45 333 244 106.8 9.48 =
T7 S2 20 20.45 333 -13 230.3 19.08 4
T8 S2 20 20.45 339 147 194.1 13.28 =
T9 S3 30 20.45 342 0 2433 15.52 5
T10 S3 30 20.45 349 111 227.7 13.04 =
T11 S4 10 18.40 292 221 176.4 25.00 13
T12 S4 10 18.40 296 210 90.5 11.50 7
T13 S4 10 18.40 333 262 87.5 11.50 b
T14 S5 20 18.40 319 -13 2113 25.58 4
T15 S5 20 18.40 320 129 178.4 15.26 b
T16 S6 30 18.40 339 0 239.0 16.06 3
T17 S6 30 18.40 349 144 210.2 1516 7
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Fig.6 Ballistic limityof'th€ composite laminates
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(a) Failure morphology of the PBO fiber composite (b) Failure morphology o PBQ fibér composite
laminate (front side) laminate (bac e

% '_
=y

(c) Schematic diagram of primary deformation zone and secondary deformation zone

[ 8 PBO A EAIRAMHH K E/ R EHR X REE
2
%

gy and primary/secondary deformation zones of fiber composite laminates

m/s 1297 m/s i, 3
¥, R HIEH] 14 H118.48 mm. H-EMGE SR AE RGITIAEIE, LRI ahH i LA
B2 200 3 B AN i 5 52 B R U OB M e A BRI RN T R AR T o R A5 AL
R 310 e T AR AR IR, AR SR AR ALK I ABT Y R RO F EER A, R
e IA 20: s BEEBASEERREIER, EABEEEK BRI R, Y b AR
¥, i IR G, BEEBALGRSRA), FAERAERARITR, RABMATFEGR. S5
RN 333 m/s, AT EAWRIIEWRIR, I EEWRRACABIYI R, T B &5
by BN 9.48 mm.
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Fig.9 CT scanning results of 10-layer PBO fiber composite laminates subjec

velocities
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Fig.10 Failure and energy absorption mechanism of composite laminates
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Fig.11 Energy absorption characteristics of composite laminates
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Effect of Polyurethane Colloid Content on the Ballistic Performance of Prepreg

PBO Fiber Composite Laminates

SU Zihan!, LI Xiangyu!, LIANG Minzu'?, WANG Jie!, LIN Yuliang!, ZHANG Yuwu'
(1. College of Science, National University of Defense Technology, Changsha 410073, Hunan, China;
2. State Key Laboratory of Target Vulnerability Assessment, Defense Engineering Institute, ASM,
Beijing 471000, China)

Abstract: To address the issue of weak interfacial bonding and insufficient ballistic performance in poly (p-
phenylene benzobisoxazole) (PBO) fiber composites caused by the chemically inert fiber surface, the
waterborne polyurethane impregnation followed by a hot-pressing process was employed to fabricate PBO
composite laminates with varying resin contents (18.40% and 20.45%) and numbers of fibet layers (10, 20,
and 30 layers). The tensile properties, ballistic limit, failure modes, and energysabsorption mechanisms of
the composites were investigated through quasi-static tensile testing, balhstiedexperiments, and X-ray
computed tomography (CT). The results indicate that this process can effectively improve the formability
and protective performance of the PBO fiber composite laminatess Jh Gomparison with the specimen
exhibiting a resin content of 20.45%, the 30-layer specimen with a resin content of 18.40% demonstrated a
14.86% increase in tensile strength and a 28.33% increase in elastic’modulus. The ballistic limit increases
with resin content. The ballistic limit of the 10-layer and 20-layer speCimens with a resin content of 20.45%
increases by 9.9% and 5.3%, respectively. However, thé increasing effect diminishes with a greater number
of layers. For the 30-layer specimens, the difference i1¥rgsin content between the two resins was less than
1%. The primary failure modes of the compositedaminatesyinclude fiber shear fracture, matrix cracking and
delamination, and fiber tensile fracture. Energy absorption is achieved through the synergistic mechanisms
of fiber compressive deformation, shear, and tensile  fracture. Efficiency of the energy absorption decreases
with increasing impact velocity, while it increases with the number of layers under the same impact velocity.
The effect of colloid content diminishes significantly for numerous layers. The study can provide a reference
for the design of ballistic protection using\PBO fiber composites.

Keywords: PBO fiber; polyurcthane colloid; ballistic limit; failure mode; energy absorption
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