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P, BETE T PBO SR 4k 5 A AY Lm0 BT VISR B . Tang 45170 3 i 26 28 R el v &5 10 B A R BT
o B 2 0] B Y58 B R AR KRR T . Liu 2 DL PBO SR 4EAE sk bk}, il & T HENE R E A
FARE, J2 8] 5 ) 9 R R0 5 4 0 50.7 1 682.5 MPa,  E R 25 i i 51 A 9 K £ i B R HERS i R
17, LA 2 (P RE o Peng 55UV KE— R B IHLA AN [R] NI R 1 1) SR U i 55 PBO 2R 445 4, IFM HL
FRAS S 2E bR RE, o M FLHR BT E wh s B A O, R BRI R ) T A R v B S BE O T R HE R OCEEE L, B
PRHE T B AF I RE S BC, W T AR ARSI . R A MR ph s 4, He 48U LIS B PBO £F4EMEH
KSR AT R, B PBO £F 4 2t SRS B IR R AL B, I S EMIE = RIS &, Wit T M AEAZ
ROEEFERBAS BT B S A RL, B G M BRI L = B9 T &5 R fE . Chen 55U SR HI e S L 45 G 1
JIWAGRE RIS ALIZ B 40 B, W T H AR A TR 43 A A, 3 Ao 3L I & PBO & & b B2 R 2F
FLJE B9 B R 3L A B A B, 6 H 5 o W A B SN A S A7 LA, 1R 25/ T 2.6%. B F- 551 R F 4l
R 7 i £ T PBO SR 4E Ui s 5 G MORE, IR WRSE T LB SRR, S0 BT TS R R AR | £F 4
ik KR D7 A R Z X PBO 214 52 A5 MRS E BE RS2 . Bl 0 A5 04 3 5 i FRL 97 22 76 PBO F-4141
V) LR T — )2 BN (polyacrylonitrile, PAN) 40 K 2F 4k 55, 43 )2 [BAL 453 2 & 41 KL, 78 PBO 414k 5
I E IR Z [0 B Jeh B ST, AT 488 8 &2 A M RL A LT 5 B o Guo 2511 ¥ PBO 4R i R W T A& 17— Fil
W 232 2ok 90 5 T, LA i L AL T 280 S I oA R T A )2 AR 1 )2 1 15 ) 00 R, o e A 2 45 4 38 Sy L T e
P 3 3R T S W BOASERRE E, AT M T PBO 14 YA WL i, JF A HISE Z A 2L Ak .

DL BRI R, PBO £ 4k B R AFdt o MR BE, vl R R 3 i bkt SIS A 45 G T LR & 41 Rt
1t BRI B A AR RN S i L SRR A4 E 7 3 DL SRR AR B R AT EkobE, AT ARk PBO 1 4 B A 7 B
PERE. SR, O BFSY AR h T A M G PBO SR 4R A AP RH B PR RE . X T g ik
T A S R B SR, QSR T A IR L B ISR S 2T A I v o R AR Ak A R B = 2R 1 1) S 5 A
GBS HT, FEE G T R ER SR P R & i 5 2 A MR 2 2 BT B Rl 2 e PBO £F 4852 & 44
AR ) 5T 1 5 O ARLBE v e = DR AR, A K M B ] T AR 5L B TR R A N

ST BB PBO £ 4k 5 3 b BR 1 e AR St WAL, ik ke AT AF 90 0T 3R 0B e 1k & 1 5 41 44 2
JEHRVE FAALEE R 75 A A ) L, Sk B G 4 v 205 A0 EL AT B 0 0 o7 e v R A A A R AL A fip ke
Zo ARBFFER R KR R 2 IR PR 5 AR 20, i85 AN R AR & 1 M 2 4 A J2 50 PBO 414852 &
Ak, G853 AT FLRE R | 4505 R RO R e e RSO A o AR ST R AR LR L, W SR R R AR i
£F 4 JZ BN PBO ZF 2 - JL AR U 1H 45 G B L ) 4% 33 0 B ) 2w KA, b o 3R SR SE A T 1 R R B
TP B 114 5 5 AE S TE W R AL L, RV AR B it 5 R AL RIE T &2 A A 2 2 R = T e B
AL, 50 35 BRIE B R . RE B ISR A A S 00 R et o3 s 78 T A i I, AR AkK P 2R 2 i
= PBO L1 4 AR T. 224U,y PBO £ 452 4 M RHE BUE By 4 S i) TR R AR it 5%

1 Rt

PBO £T 4% JH Wi VT v B4 G5 A1 B A Bl A P2 19 AS 11007330 105 5 £ 4k S 20 4, 1 %5 Bl 140 g/m?,
PERES B 36 1, KPR R SR SR 2060 = B A AL A B A6 77 1 Y C-2 BH 25 7 SR iR 78U 1 0y 1% 2R A 1R 49 1
W, PERES UL R 2,

F 1 PBO HFHMESH

Table 1 Performance parameters of PBO fibers

Density/(g'cmf3 ) Tensile strength/GPa Tensile modulus/GPa Breaking elongation/%
1.54 3.80 129.71 3.98

R2 YC2kMHREMEMHESH

Table 2 Performance parameters of YC-2 waterborne polyurethane

Solid mass fraction/% pH value Tear resistance/MPa Elastic modulus/MPa

40 6.8-7.5 33-45 3.2-5.6
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TR ] #5 AT 4T PBO 474 A AT HUR AL B o 1 5, X £F 4 - 80 A 47 i B Ah B, DAARE T 3 1 90 k5
Bl , K LI AR G 1) 7K 1 R TR RS R il B AR T A R A A B2, TN B AL AR I B BR 2 R
BHG e £F 4 AR 6 A 2 Bris R EE , 2 LR IIR 1R AU R I 43 7K 43, 15328 45 T 1L 1l 3% S e L e b 7
o BT AL, B R 2R & B (BT 5080 70 518 18.40% F1 20.45% 11 PBO 41 4EAii itz ko

K FO6 6 R % PBO TR 21 4k A5 3 55 iN <P R 150 mmx 150 mm (19 97 3 kE, R FHHUE T 25 il &
AN, WEEME TR SR 20.45% 5 18.40% 1Y 2 ZERE Y 7R HE fil K 1 T FHE E 160 °C,
B 5 BAT A ) B B o o X T A il 20.45% (3R RE, B I N 8 MPa JE R X T & & R
18.40% FY AL, JE i 2 10 MPa F£- 08 J 10 min, TR 2 24 MPa k2208 15 o A SRR (9 O/ He s (] 45
R £F 2 A J2 B0rf o, Horp 10, 20 #1030 2430 4 6 15, 20 F1 30 min, f R 25 3 f5 SR FE ST T K % b
B, e 245 B 5 A R % E 5 & IR PBO £F 485 A, RSB 3.

Nozzle
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——
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Heating Cool down with water
L =2 R

Fig. 1 Specimen preparation procedure

%= 3 PBOHUEESRBH

Table 3 Parameters of PBO fiber composite laminates

Specimen No. Number of fabric layers Colloid mass fraction/% Area density/(kg-m ?)
S1 10 20.45 1.77
S2 20 20.45 348
S3 30 20.45 5.21
S4 10 18.40 1.75
S5 20 18.40 343
S6 30 18.40 5.16

2 SLWHE

2.1 R {HSEIG

2 W8 E AR ME GB/T 1447—2005, % HHL T 7 REIR B LT PBO & & A RHAAE P47 v i A i e 52
5o AE RS A 205 mmx 10 mmx4.32 mm, A 2L X KB A 60 mm, 9 i 3 5 X K B A 45 mm, 45 X
e E A 20 mm, WE 2 Fr7R o LA 2 mm/min {8 %2 88 9207 85 R Y T s R, B R, L e

60.0 0.5 45.0£0.5

75

10.0+0.2
20.0+0.5

43+0.2

205.0x1.5 —_— | ——

Bl 2 P R (A7 mm)

Fig. 2 Dimensions of the tensile specimen (Unit: mm)
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H%*%%&ﬁ&h&éﬁ% BT AR BEIA ROT THRA5 BRRE 1 g - 7 A2 il 2, DA T 0 HOCHG B 1 AL
h{%ﬁf&lﬁﬁd’”@ki#ﬁ%@ﬁ??&o

2.2 HIESLIY

K 20 mm AR AR RN AR AR G OT R B 25 em
P RESL G, SCUR AR B ANE 3 R . SRR N A9 |
BRIZ AL, HAA R 10 mm, iR 4.16 g0 Rl 2 | ﬂ

20 mm caliber ballistic gun

538 % B ORI A 5 RL Ik B WUE U, LA

PR A SR U S O MR FE . TR D 5 A i )

A2 I8 4 B A FAR T, BT T RS " Bullet stock barrier * Target

SR LY B, DT R IE SO LSS SE Y R R AT TR

I — (3T A SRR L (I 30000 1 /D,

PRI 1/60000 s) S BT R S8, AT UL PBO £ 4 JHigh-speed camera

EARA IS R S M Ls s 4. kb

o LG A i A 7 A 5 e AL, 7S U A Y B3 SHIEPEREI LAY S A i

fih % B R 1% & 920 mV, Fig.3 Experimental setup for ballistic performance testing
A HE 2P PBO 214857 £ B HGH By M 5 A BB 1 R S A0 R4 L

0 WAk T %, R T R A R RIS P 0] G R R A R M) P R UM AL Y s B R, S

SROILLE C BB A I8 Shad f o BRI 1T 25 om AR BEE R 225 UM, G 2o [T 15 Ak B AR B33 AU 78 A 48 it

Z IR RIS

3 ZFER51H8
3.1 hIfRMERE

Oscillograph

B4 45T 2 41 30 2 PBO £F 4 & & A it b 450 T —
AP - 1 722 e, JHG SR R R e AR 5 £ 43 B3 sh 425 MPa Max stress —o— S6
B 20.45%GRAE S3) FI 18.40% (X KE S6) . i il
LEWI R L B n] 1, IR S3 1 st B B AN BT T 5 § 300
J£ 73501 4913 il 370 MPa, kL S6 1143514 6305 % 55l S6 elastie modulus 6 305 MPa
1425 MPa. MRt A4 18.40% HOIRBES6 1) 2 \ E
WING 5 F G 4 9 PBO £F 4t (R BUM B 35, < 150 53 blastic modulus 4913 MPa
TEUERR S HAR BT T, 27 4 fe B35 K0 2 37, 55| Specimen !
P R AR AR L (O R Y [ A ) AR R, :

I, BUpLam B 5 s AR e 3 O, TR B A 0% 3 p 18
RAE S3 4T T 14.86%, #PERI 4T T 28.33%, True strain

FE AL AR v, 2 iR 34 35 B0 L B I 0 g A Fel 4 GCRF AR J- R A2 2R

AR NE, B S6 By 2k M Be 3} 2w, 1F A [a] 4 Fig. 4 Tensile stress-strain curves of specimens

JERCT , B i 70 BB AR A LR A SRR B BERAT SR BT AR BB T o A, IR T 0 Bh 20.45%
B 525 M R B T e A A B A, LR R PR T A o EFRAS IR N AR RAR B 588 7y, iR &
TR LT R B B, ARG o L, o R S R A

TERLAR BT T, I IE AN 5 7R, 2 2R A5 J2 ] K S | SR il BB 1k AR 1 K 27 4t
Wr2d . JE 8] S 32 Y VIR A7 5k 0 g B SRR, o R o SR (R 45 5 a5 1k S S
RIS, B SR JR BT ROE 3 . R R Be A g 4R T, SEARAERL R AR T W] A SR PR B A AR
T, 2 DX I B 522 30 200 405 55 Jeg 300 408 JR ARRAE o R 300 5 DX I %) 21 24 0 10 7 3 B L v 5 J3 A% R U s 3 I
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R, L AERH S AR WG G T T L o DL IR AR U R S TR S 2k I T RS B O
i, AR BOE S5 4B SR RE | SEAARHENE: I 27 e BE DA K

Tensile breakage

Substrate stratification

(a) Front view of the specimen (b) Side view of the specimen

5 WERRSHLARE IFIE 5

Fig. 5 Morphology of specimens after quasi-static tensile testing

32 SHIEMREE

WESE PBO £F 4 )2 5505 #O AR A 1 00T 3L T 1 B L A8 T 2 s80RE R B ek R AT AR A 1 S e L AR,
J&T 26 KEERBIE, Hh S SEER R A BN 17 Ko SLHR AR BT, R i i A
YN 24, TI~TI10 K& A& 20 (20.45%), TI1~T17 JAR IR & f 4 (18.40%) 4o 4 i % 2T 4
B 2 BOK 25 52 2 B8N, S BN AR B i FET 4 250 2 A SRS RO M o SC B0 45 5 KOt I 1) <
FE . R ARIE R RE I AR A LR 4,

x4 BEREERRMEEMNNER

Table 4 Ballistic limit performance test results of composite panels

. Number of Colloid Impact velocity/ Residual velocity/  Energy = Deformation/ Penetrated
Test No. Specimen

layers  mass fraction/% (m-s™) (m-s™) absorption/J mm or not
T1 S1 10 20.45 238 -26 116.5 14.38 No
T2 S1 10 20.45 297 —24 182.3 18.48 No
T3 S1 10 20.45 313 -14 203.4 20.28 No
T4 S1 10 20.45 319 0 211.7 21.04 No
TS S1 10 20.45 327 229 113.5 9.34 Yes
T6 S1 10 20.45 333 244 106.8 9.48 Yes
T7 S2 20 20.45 333 —-13 230.3 19.08 No
T8 S2 20 20.45 339 147 194.1 13.28 Yes
T9 S3 30 20.45 342 0 2433 15.52 No
T10 S3 30 20.45 349 111 227.7 13.04 Yes
T11 S4 10 18.40 292 —21 176.4 25.00 No
T12 S4 10 18.40 296 210 90.5 11.50 Yes
T13 S4 10 18.40 333 262 87.5 11.50 Yes
T14 S5 20 18.40 319 -13 211.3 25.58 No
T15 S5 20 18.40 320 129 178.4 15.26 Yes
T16 S6 30 18.40 339 0 239.0 16.06 No
T17 S6 30 18.40 349 144 210.2 15.16 Yes

i V50 w1 A A A U AR BRSSP 2 Y o R (— O B R /D, — IR
R B e KB ) T I AT A, OF EOR L ZE (EAE 15 m/s LAY, DUA GRS (9 — 2otk . SuE AR B
JEW KR N

Vso = (Vp,min + Vnp,max)/z (1)

Vp,min - vnp,max< 15 (2)
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2 vy R R BRERE , v SR 2 G AR (9 S AN IR T R, v APRILR T S E B R
i 1) S5 KA o o B

Kl 6 IR T AR e A & it M 2 40T PBO SR 4E 52 & B i) 3 28 A PR . S 36 0 745 e A Jo 4t 43 0Ch
18.40% A4 10, 20, 30 J2 & A iy 8 12 BR 4351 4 294, 319 F1 344 m/s. AR $0h 20.45% 19 10,
20 1 30 J2 524 MK 3 B BR 3 1 R 323 336 i1 346 m/s. Fifi 5 21 4kl 2 508 hn, 52 4 M s i B 3 4
P v, AL TR 2R R0, S A ) U S B B AR RN T Y 24 10 34 20, 30 1, FEAR
AR NI B R S SRR T, wpil I U AE AR N AR BE B RN . N 7 S e bR, i DL AR JE B T ) B R
TR AR TE X

350

T
250+ = S1 . ;e ~ .5.3246
7Q . T S
e oS2 o £4ms : o v 340 b 344}
» 200 ~S3 ‘ g
& V'S4 b 120l
2 150} @55 T bk B 323
§ =6 © : 344 m/s T; 320 }
E 100 ¢ ! W g
% 50 F L § 310 29 Colloidal mass fraction
z 336m/s | Z —0— 18.40%
A () . L 3 300 1 —0—20.45%
0 1 290 294
280 290 300 310 320 330 340 350 360 10 20 30
Impact velocity/(m's™) Number of fiber layers

(a) Projectile impact velocity-residual velocity

%6 PBO Z&HRmMHIEKFR

Fig. 6 Ballistic limit of the composite laminates

7 2 BRI 38 24 4 v B A I o 43 0 mT 4 T S A PR 2 R B AIR (10 2 ) I, $2 T ek BH
S, BETE T 29 m/s, HEWEH 9.9%:; 20 2B, SHE M BRAE T T 17 my/s, IR 5.3%; 30 2B, 2 F8E A AR 15
TE R BR AR, AN 2 m/s, SEBRAS 2 1%, SE A 550 T8 A B E BE 19 52 ) 28 ek 55, 2 Bt & A AR
PP A1 i S B AR T 45 2k - AR ST (14 10 7 4% 3 280 3 R X 41 4 i) KPR . B IR A 1=
BT BB 52 . SR (A A R AR, 1 )2 (B 8 4, DA B A X & £F 4k P AR T 5 7 58 4 B o T A
B, PR, JE AR S5 2 43 BTE 18.40% ~20.45% X [i] A, L3 Al RS 2 90 o g A i £ K584 o i 1 o 8y 94

HEFR A ) A R AR 5 S TE b o M B 2 IR AR, AR AR I R A i 2 2 5 3 S AL Y 3 2
So TEMERRSZMT, MERE R R 4R IR B0 B S, AR 1A 55 o DR 2 2 o1 L o i 0iR BE 5 5E a 5 o ek
o Ja T v AR R AN AR, N 7 I TE A R B R PN AR A, BB R A AR R S R R T P S T RN A AN
R Z R HAR S AR L W P . 255 B 7 ARG 55 AT LA H s AR 4A 5 0 £ (18.40% )
TR Y AL 45 A 555, mral opih 2 B 2 B 43 2 5 2R - SR A, URE S6 v il 5 ifT G B 8 SRy
T 64, A0 2 30 S PR T P Je o B bR IO G 8, R A TR R R, T R 2 AN GRS B Y 2 )
PRI, £ 43k K BE AR | 0 A A B, O R R R SE AR RRAE, N ) Cik R AL i B IR Z A4, 2 5
WG B 1 £F 4R B0 A R, BB FE O 7840, DRIk, 390 A et A0 5 17 v M 44 5 22 0 8K (20.45% ) 1R 1) AL 1
RhAs TR, JERE Serk A, WA O 2 R ET 23 2, PRUE R ) 7 8 BE T 1) PR A% 3 , 10RE S3 Hh i i
e T2 0 S 9% R P AR A T s, 0 I AR RS Bk T, R AT RS R RS . 2 AR T AR
[ BN i 1 TR S £ TN o T8 = =1 17 N o R T B = L L A = 4 ) N T RS | AN o) N[ S
Wi, AT AR A5 BE 73 110 B AR B

Wil 5 2T 24 2 B0 BT G A 5 i X 5L AW R ) 5 W 28 T 0553, A 30 2, 2 RS IR 1 o AR A T
AR PR AR ZE AR 1% Bl A HRZEE I, Rk 4 1A 5L B2 R T 2% B 1 A8 R, FE AR R B AL N 5 2 2
MY R AR A S S, SO PUR M E BN R . SR 4 A R AE RN 2 8] I 7 3 AR RO
SER, JC A 5 R A R 40 E A A G BT R B, S5 SO X B T AR B A R e 2 R i s S5 Ak . A

(b) Ballistic limit velocity
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PBO ZF4E 52 & b Rk S0IE B 1A« % T v 2R S5 4, 7 v B AR AR AR 1 o DA SR AL ST Tk TR R AR,
D)5 SR T 2T A 2 AR 5 R AR i
33 KHER

7 Sy BT B b PBO £F 4 53 & Bl S5 i M SR B 30 o AE B LR B Oy 327 m/s IR 00T, 3
U Az ] 3, b B A T T AR T AR 20.28 mm, 4RV B i & 333 my/s A, BB g AR, 1Y
T A8 e R 28 9.48 mm, 4% 327 m/s TIFRAK T 53.25%. I, JEEJE J7 1] © 8% B 28, 42 & Mk rp i i 1 13
W R T4 F A Ak, TR X L 25232 ) 10 5 ) 0 S USSR A o e B R S R AV
JEE R g, £ A 32T 0 R Aot SRR 1) T R S B U0 I 2L, T 45 AR AR AR T 5 IR 4 J2 AE IR RE ML 4
W55, FEE AR REROR T R, ZIER S G0 SN 0T 5E 05 )2 6 AR PTT Sk iR 81 R s
IS5 — 30, BAL) b TR e S A B A PR, B A R ) e R T B e M G . R, B
W RE ML Eh 27 e h A 32 2 5% 1) B 35 U0 2, WRABRICRFRAR . 25 R R W, R0 1R i S AR BR ), &2
G F BRI LS KA

&7 ST PBO 2745 A ot 3 T A AT 551
Fig. 7 Failure morphology of the strike face of the PBO fiber composite laminates under typical service conditions

32 S AR IR, LR S A AR D | R A A TR R, s AL b A 5 A B 7 B AR UM RS, 3X X
S BT el 25 WL B 22 77 AR — i B ), (EL R S0 DX A oA A A 1 5 5 i 2, DR IR 220 s L AR/ N R
Wi TESOE ARG SER , WA BT A A RN L T s, R B A AL TR LK
R, oS B S T A G M S AL RE ke R v g e 5 AR AE

AHFFEH 5 1) PBO T HE G B 25 547 8 S AL G PERE LT 4- S & bR E AR — B SRk s
Thies, JZ (8] ST 25 A 0 R R 2 3 56, R ) A 3 R S R AR 20 J2 BE D AR R S THEO . T AR Y, [ 7
A TR A AR SR O 2, T A e SAUARAY) 7 A A T A B U T SRR R R IR B
B, B AR S R R SR T Y G AR A P R R I, I O R RO A FESOLRMIAE T, S2.
S3 20 (5 ity 20.45% ) 1A ) a0 950 T 249 ) BRSO W S A TV s, DR R AR 5 v, TR AL T B i 5 PR R
SEIR, JZ 45 ) o, whili RE i TE 24 vh TR R R IX R, 51 K B 5 21 2k B4 Jmy R R S AR T 5 TS5
S6 21 (5 K H 0 18.40% ) 1A A A 590 T 5%t R V88 20 A PAY D o 68 452 2 b, TG I 8 TMT s, 90 AV e 5%
T SR YER BRI RO g, AN £ 4 A 29 RO s, i BE B S B e e T i ot S R S S AR L, T
A SR PR R S o AR [ S | R [R) R AA B e 23 BT, 20 J2 B A TS 20T TR Y I T, 30 S R A A i S
R P R R R S S L 2 R T AR ARV A /N DX, SR AT S B AR A o ) ) 24
55 22 )2 2 4k 0y [ AR 2 AE g 0 1Y 0, O A5 5 5 1 OB RO, LA IR A . R A0 AR R
Ji Rl S v it IO T R Ao 2% () T 4 5 R R S R 23 2 BRSO N T 3 5 )2 () B4 AR L 2 R R T4
FHLA I BE 1, IATIIAT 2808 ] 5245 M o0 J2 R B9 B 35 RS 20.45% AL 52 B4R 400 1M1 I3 ) g DA A
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5 40 ITIRAE . R e TR PBOZTAE A 3 M LB 1 RE A S %7

2, 62 R A e I & B iR AT A 45 R A L JR) 9 TR S Dy 32 AR R R U 2K i R iR
18.40% FFE Al 52 B Jm) 8 H IR o T PN Jed oty 0 8 A58 T 9 52 5 e SRR X, PRI G 5 T L T 286 295 A X iR
1, it B8 AT E A S PR T PN S R R )R A 2 R U AR L, 5% R T AR AR S )
RERFIEDLIC
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'8 PBO £ 4ER S HURAMOES K T/ A X R B

Fig. 8 Schematic diagram of failure morphology and primary/secondary deformation zones of fiber 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 ben-zobisoxazole (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 mass fractions (18.40% and 20.45%) and numbers of fiber layers (10,
20, and 30 layers). The tensile properties, ballistic limit, failure modes, and energy absorption mechanisms of
the composites were investigated through quasi-static tensile testing, ballistic experiments, 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 laminates. In comparison with the specimen
exhibiting a resin mass fraction of 20.45%, the 30-layer specimen with a resin mass fraction 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 mass
fraction of 20.45% increases by 9.9% and 5.3%, respectively. However, the increasing effect diminishes with
a greater number of layers. For the 30-layer specimens, the difference in resin mass fraction between the two
resins was less than 1%. The primary failure modes of the composite laminates include 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: poly-p-phenylene ben-zobisoxazole fiber; polyurethane colloid; ballistic limit; failure mode;

energy absorption
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