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Abstract

This research aims to investigate the ballistic impact behaviors of woven
fabric and its energy - absorption using finite element analysis. The
representative volume element (RVE) model was employed to observe the
inter-fiber friction effect on the effective shear modulus. With the increment of
the compressive stress through thickness direction, the effective shear modulus
gradually enhanced. Increasing the coefficient of inter-fiber friction enhanced
the equivalent shear modulus with the same compressive stress.  According to
the simulation of the ballistic impact of a single-ply woven fabric, the effects
of the equivalent shear modulus, friction between yarns, geometry and
boundary conditions of woven fabric are studied by observing the projectile
velocity and energy transformation histories. Modeling results show that the
lower equivalent shear modulus of the woven fabric contributed to delaying
fabric failure, and caused the anti-bullet capability enhanced. In the conditions

such as no inter-fiber friction or double span woven fabrics, yarns are sliding



easily and causing poor resistance against bullets. In different boundary
conditions of woven fabrics during ballistic impact, the strain wave propagated
faster at the constrained boundaries than at the free boundaries. Thus the fabric
can effectively reduce the projectile residual velocity when four edges were
clamped.

In order to analyze multilayer woven fabric during ballistic impact
effectively, this research presents a single-scale hybrid element model to
simulate the 1-ply and 3-ply woven fabrics. This technique involves modeling
the central-patch model and center-cross model. The projectile velocity
histories, internal energy, kinetic energy and sliding energy of the woven fabrics
with impact velocities of 40m/s, 100m/s and 300m/s were investigated. It was
found that there is a good agreement between the central-patch model and the
full woven model in the impact velocity of 300m/s.. The center-cross model
shows very good agreement with the full woven case in three kinds of impact
velocity. Moreover, the effective models can reduce much computing time than

the full woven model.
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ERAFE HBFHA Y ERZAAFELER S 2§ TP

AL R ERA R RBIAS RES G REFHR > R P

TRTENTE e (ERT S UL 7 B N T [FCA S WA
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12 =3 BAR& iz

ARy A& g Gz Kevlar 4038 # 2 17545 0 7 AL
MR T 4 R A B ehd B 2 SRR Et R g
BAFLIYRARRERBZERT AR BFN 3 A i orE 2R
SR A F AR RRET Y BRELFIRAFSFE R @
B2 b2 S B4 SHHARRET T e B RhEe B
PRAEFEAFREGEH TR ERZPE BRELHEL 2%
AL A - E R ST R RS S LA R BER
FRBPOINASZE L E T EEAZ A1 A 4 FTFIEFApF L % 2xik
o B EIML 2 B W R (S22 TR AR RTED R
AHPEL b R S SR R R R R R L R R R

AR E AR~ PR A Bl R
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SR FHEASORR TSGR EPRF S

2.1 trfF A4

BILF A EY O HE R 2 R T R Blheit B g £
FAEEE . w1 X2 RBL LR M E BRI TS RE
AHERE RBNE I AR F LI LE L FEREY

WA T RBHALE LA BAREH S AHTTE 2R F

—

% * 5 'L A 472 (Finite Element Analysis) si#ic e 4 45 = % & (7 #C
Biom o3 BEEEBALY € A2 MM M 2R A fe 2 R R
3 H ¢ LS-DYNA[19]F TR £ ARl B & e L e 2 A2 FHAE

H B4 Ff2 2 (Explicit Method)¥4 >t e 2 pi i B 32 v Brr /g & @ pF F 2

W e ks P % LS-DYNA 85 A5 521 8 o

211 "R KRk g AR RfEk

% LS-DYNA ¥ > 5% B ff o i pd2 e pr i 5 Bl 2 4 4 5% a * 3t

R OF BB 4 eniF 5o 22 32 (Implicit Method)4p iz, o iR
BRI GZEFAERFRFE R EL o 2 25N (2-1) 5 BT 4250 1 [20]
M+ [Cle+[K]x=[P] (2-1)

12



e M SFRCarn thlico KAMEiig P Avhd (o arg)

[M ]th +[C]Xt+At +[K] Xioat [P]\+At (2-2)

FRERESRBEATREZ N CERE R R ERFT S t+AREE T AP
FEFL AP R R IR E RS ERE HERT
freijzacy MEBFET - BREEHIFLEY om AL REZY O FFERF G

U+ AP H 4y i 2 38 4o 4258 (2:3)97 7% &
[M ]Xtmt 3 [P]t _[C]Xt —[K]Xt (2-3)

VR REZ M REZ e BRI PFEF I 2 R E S
Por@o 2 FEEAF RN EE R EER AT R EFLTT RS
Flp B KRR B E R AP R TV R CF SR o T S

RfFZE7ARTLSBRAFRF L UL 4vid R 40> £255(2-4) @ [19]

f)=MT (e ][R (2-4)

H[RM A R (R E R R T R R RFT R

)3’4“§ B ide 20 (2 5)1) 2 8 imAar 4250 (2 6)

{Vt+At/2 }: {Vt—At/Z }+ {a‘t }Att (2-5)

13



:&’»]9

A

B A ST

DYNA *

{ut+At }: {ut }'l' {Vt+At/ 2 }Att+At/2 (2-6)

B BRI ERAPET L AL S B 4 258 (27)

{Xt+At }: {XO }+ {ut+At } (2-7)

¢ X} 5 2 B e

2.1.2 P FE#241(Time Step Control)

0O R L EIE N TR ISR T € T F 2
& LS-

£

AR U A A 4

C PER G Py g 1R R FE PR R A Bk

PR G e AL 2 383 B Ao S A7 50 (2-8) T

Al Al
=k g =kT= (2-8)

yo,

He Al Gl 2325 @HiMER CREBERAATY 208 E
MRzl poHPLRR -5 TELBFEHIPES k- B
% » i fc(Safe factor) 5 K (k<1)» g B 5 0.9 ALk s A 477 7 44
Lo AFTY S0 KRR AT it RF > g 5 060

14



22 BAHBET 4 HkhR P

- BEAEAEF S AT HET e B 2.1 5 H A Kevlar T
BE R G 2 A P B[L0]d BlY VRETRF i L LT
Az & e s (warp yarns) 2 drs(fill yarns)p 7 -2 5 a 2 > @ & - R )
AAD st arrEs s BB Ak SRR T 2 pF D A2 BT
e 5 E AR WP SR RS EonT 4 il F LA
Pyt Ui Ak s ANSYS[21] i & end R = g
Ao Bl 2.2 5 S ® goad Fom B[22] ) 7 ORLE R angt FFA5T 0 5
?ﬁ%#”'lﬂ%‘ Flt BRSPS 5 A R AR A B] 2. 3(a)fTor 0 Bl B
H & & M H 48 (representative volume element , RVE)4- ] 2. 3(b)#71+ » %
WE T 5 0.025mms ik PR 2.3(b)=rez2nt LA & KA 4e Bl 2.4 975
A @ %A% 5 SOLIDIBE Gk & & 0.05mm > {245« fx[10]¢ 4
ez HOEMEE o AR KBRS e bAcd 2.1 PR RPAE
(TARGEL170 2 CONTAL173) 1/ f# i+ SR a3 4 55 % o

d o R S A R T R LR R

W

PRI ERC e RAEL A R A EF LR 07 o BRI
AR A AT A LA BRI S - H ALY P e B
WET RG> HEREET LRLB 2.5Q) 477 0 F B - HFII|ET G
RS R RS By E S LER: ) R N =R B ity 4R
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B 2.6 #77 o

tX=02 X=az Tg 2 g8 :

u(0,y,z)—u(a, y,z) = constant

(2-9a)
v(0,y,z)—Vv(a, y,z) = constant (2-9Db)
w(0,y,z)—w(a,y,z) = constant (2-9¢)

ty=0zy=bz T5 2 §g:
u(x,0, z) —u(x, b,z) =constant (2-10a)
Vv(x,0,2)— V(X b, z) = constant (2-10b)
w(x,0, z) — w(X, b, z) = constant (2-10c)
#2=0% z=Cz2 T g 2 &gk

u(x y,0)—u(x y,c) = constant (2-11a)

V(X y,0)— v(X y,C) = constant (2-11b)

w(X y,0)—w(X, y,c) = constant (2-11c)

REFFREFF - HF T Lo b Fe Bagrudod A id A7 R

Bl4c®] 2. 5(b)% 77 » 81 A5 B2 02 o] B R 0

o2 g E SRS Bfes T RE AL PEE AT T RS -

16



T== (2-12)

He YF 4 &

i}
i}

%\'I\iﬁ ’E@'%"‘—‘HI’_ Z‘\'\}i Qf—,fg‘!;'i “E_;f‘:" A:‘; "%\'\_ji 7 \i?f% ’

—_— ~

Ngtde Z3w2Z il ZHE -n R 2.7@)s & E ~WHD &8
Z A H B2 R0 2 RIARE] Gt R0 4o B 2. 7(b) AT o
PR A SR B ETT REALLE AWM P RE > B MG

=2

V= [ (2-13)

BPNZ 2 23 o2 il B2 ohe MARE ABEAZR R -

N(2-12)2 FER-B)TFEMR BRI T RATAEG LM RS2 Ek
EORA i g
T
G=— 2-14
, (2-14)

XIRGFEHBEORES B 2.8 T HFRY R ELREG =S4 0.6nm
F4ce: 10nm pF o PR 4 € 4 0.64MPa i& b 2 5 852MPa- & F L%

17



PR TeEa 4 e AR e B R cBl 2.9 9t o 12995

a2 AT S5V F T L ELRAE Y 5 0.64MPa pF > E 32 4 il

2
5 a7

I

% 0.43GPa> @ @& B4 ¢ 0.64MPa i+ 3 852MPa> £ 3+ § ¢

A

T4 Hificg o 0.43GPa #4c T 5.22GPay & 7 B4 30 E e 4 flz
PEVEDI0R LR - P REET BEGRE 207 4 iz B
4e@] 2.10 7 FIRy KA s ,ﬁa N EES R s Sl E2F SR
Flt hh &Y BMEEERRRET AR RT o T4 B R R
# % b P g i o

AR F O St 2 2 AR TR H K H s R LA F A
B 211 5 Pt H e # Ao de i i 2 B m a0 - B2 /25 4mm
ZAHIREE BN 2 AR A T gL o gpi < 5 52.04mm %
52.04mm > T G A FHAZ F R G 4eR] 2,12 977 > HfG 2 B F
S¥chord 2.2977 o F - RYRILFRZ R BTN > HApAS § R

g oS #2538 (2-15) % 3 4258 (2-16) %77 -
2w
Z= Acos(7 y) (2-15)

2
z= —A(:01~3(77r y) (2-16)

HY AZapzpgz kty apt g ak giph ; A G222 kE
18



PAER GG B

B 2. 11 2 B 2. 12 A A & < #0aE 2 b TR E B 40@) 2. 13
ST ool AR R F AR 2 BT TP T R R F BT P Al
2. 14 #7 o PR EEE G s E w F H 0 WP AN X2 T g Y
2oy-z- g oo FP R JEiE 2w a2 — RACARE T A 4T o AR G F AT
Bpdds i~ 472 - FF 0~ @29 W < % (SOLID164) iE 5 A4~ % 4] - &
B a8 9B A d & (U Uy, Uz, Vi Vy, Vg, 8x, By, 87) * S8R F 1230 5 0 2 58
14471 4L (Orthotropic elastic material) » #4L% &3]3t & 2.3 7 » H P €3 %
e Gk E, B o] IR RS i N kB o A2
— e R THFYRTAT 234 HHEE RS X EEOP L 2 R
AMHE A REN LSS P4 i scs Bk 5 0.328GPa 1 %
3.28GPa it e 1 i@ * *MAT_ADD_EROSION % z_& #flz B3k 7 5 »
d 3RS ST (B )R #0382 e aif il disF S T
B+ 24 (Maximum principle stress) § 48373 a2 2 4 0w Bt
BB T iR AR R - A E A E Y 2 R AR T
Z AR e LS-DYNA § et A g 9 # o R TS Ak
AR RS W 55 & 3400MPa T G B o FIIE R RFLF 2 e B
oo AL A A 0 A RK G 100m/s  H AW B A 2.4 ¢ o

B A AR AT Y 2K A A A A R T A
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™ E .fsﬁ;.?%k‘«# ERBE a2 AR p e H 5 ¥ (Contact Automatic
Single Surface) & T & & 7 5 o A7 L BRI & o+ B AHE G 2

WH G2 BFAGER G 05 BRERAHRF L P B 0 [
21 BFEAR S Sl B i 2 R R T B R R SRR T e
T4 PR A AT A RS R TR R R o T

4 fifics 3.28GPa i F S ATHCY A MR FE MR T 2

ﬂ_\\

2
|

X FEF R jTars kY £ 2.6 5 kAl T afrarit

% A A SR 5 173,052 pE ol 0P B AR IR P S R E (L2 e
B A% BB 5 288,420 it R A B 0.18% ) g gt H ¥R & © T

0 A Y ¢ REPR R g 5 173,052 hih kST R 7 s
5 o

PR SE E OS2 IR R T RN R
BEERAL a0 810 002 S B 1 4o 2.15 407 o B OBET T 4 HOHKc
5 3.28GPa PF o FIzk ¢ >N @rfF {5 A0ps PET ST A % T4 HH S
0.328GPa ¥ » F1zk § *~ e {5 6Tus PFF Sk F > 7 P AT L T 4 0

B PP o R R R ePpE I ERRE > T T 4 R R R

\-“\

£ 7 B s

e

ot 2 R AR 4B 2.15(a) 4T 0 E d SR E EE
B R3S o oLt R 3F S 0 4oB] 2.15(C)HTF o gt vhd At
T B B R S R T R EF SRR RS R
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YoM T AR Foa RS S 0 Aol 2.15(b)% B 2. 15(d) R -
R A &HHT 4 BT HET X EFRFOR S B g T

= IR SN LR ER LIRS L S AR O LA T

BB 2t P o BT 4 Bz 5 0.328GPa TiFIH 8 Sz
A [
B

23 BWEREAS 5P

B0 FRET B PR Ay Y BRI E RS R
Gl 2 gz IR GEA BIREK S 08 05 F Rpl g E R Rk
[REGFELLE TR LR RGBT RRFE e FHTL T

X ETF AR B G e A E R R R R

o A A

BoBEELFRETRRF I ERGRF AL R Fla ) 4L F
P2 boa @ g B F A EBEFERY ALDEB S EF N E
AR R TR AP Y SR RN EV LG 2T
JBE R 2 B T FI3kdE 4 ends i (Loss of projectile kinetic energy,AEqk)
A S Bk T ch= fEa & % 23 fT ! S F s % i (Yarn strain energy,AEys) »
S S # #9 @0 (Yarn kinetic energy,AEy) ¥4 2 B ¥4 i (Frictional sliding

dissipated energy,AEs) o it & = #2538 4T !
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AE, =AE +AE, +AE, (2-17)
Fl3R4p 2 o ie AEp T& &

1
A, =2 m(vi —vy) (2-18)

LI N iEe L A i Fe P AR A b 2 S A B S ) i E
%mfr’*nb "';’F&F'%Fﬁg lﬁ’ﬁﬁz—lﬁ]Tﬁ%xﬁfﬁvI pﬂi?F"*tmwﬁiz’ ﬂﬂ'b"ﬁi (2-

18)v ¥ %
1 2 2
AE o =Em[vi =v(t)°] (2-19)

Ao v(t) Ziz- FRMRZER > F I sk AR T F A
W ehfoa SEF2 B %o a & LSDYNASD -5 ¢ » 57 & 4 Bicdh i
BIrR P EE SO U F EATHAZR Y HRZEHFLFIL > LE R

Bd Aol k- A& b o fr@ Ay i 0 (Hourglassing mode) » F] gt

‘%”“

R VEBIAI KRB S R AR R KWL AL SRR AN
FTRE S ViR B AZE R R 10% AL R AV X e 7 8 % [23)
A Y DR R T s R

B i BE R BRI TR AR Gk BB 2.16 4

PR 8Os B > AR B ilcs W 5 02 05 ks F £ ok ¢
22



2BV B o FIE =05 d SRR B k> TR R R

PEEARBILG ; E p=0 PF o d AR E B4 (T o F)pL L R
RN LN K Al A

FUREAR BEGEEFREFE R VT ST e FRT

X W PR R - B 2. 17(a) 1 o WP BT FlEk 2 A0 A A

100m/s > -7 ** %X

LG ¢ o B R T S 1 3R

—if

R BT o b B p=05 P B h SRR 1 b £ Fsk o A f
B0 F Sk AR ABR RPN D F g p=0 pFo skt R AR
LRk EF A FH o AR AR ERA AN E G o d B 2.17

OF # M E Bkt (FHF7 €5 BN 0 L RGRT X EF L2

3

$i 2 foacdeB 2.17(0)2 B 2,07 ()57 > VARG RAR G B4 0T
* PR R RS R A SR BE R eE(S i F R F U
PEE 13 Tan B A[17]2 R A% B % 0 RIE R F X 3 B EE o BT
WY 2T EMEF DR R TR EUVER > FRES AT EERER
B E o B IS 2 R RS 0 TIPSR 4 2 Bl U e A
FRp AT P AR AR e A i R ISR P S R F (e R AR > A7
J& S PR T 0 B A Bk g chih R B ISR R R
A A T PR R A AT A P R iR E T -

Rom A R R B (S 2 BURDERT > B
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Pl 4 B .
% n=05FF o s L HrE N B R G AFAcR] 2.18 1F 0 A
R F A B chbo EITRE o d BV M A BrF BT o
R 0~40us P S 36 % B2 50 27 e A0 S fTit BT 4 0 BIARIT R F R §
FghiEite FEEA R A RE L LAY FRBBF BRI
BT B E A A T 66.8% 0 S B AL r Lt b 5 29.5% 0 A B
FEA AT BB 0 X 5 FIZRAE & B R 60 4.5% o
% W=0 ¥ Sk F X e R R A O RFAcR] 2,19 Hron 0 B IRE
SR R R E B R G B R R A i B B
2 PR D 0~30us B R E S £ FlE R st e fH A @ HF
B A LA R T B R i B G B s
68.7% » @ Mo S F B i 4T d VB 5 2850% ¢ FIM T F Y L GBS v
PR AhET F R AL RS RVRERA S ERBRIL RN ELF o

EE;hF'&;I"ftgw ) ;I"mfﬁ—?? 7‘ oy lﬂmﬁ/{i o

2.4 ﬁ.&’iﬁ%‘ﬁﬁﬁ?ﬂé%
AE R RS T B R ek 2 B BB FRIER S
BX B EARY B HBIEREE DL R Ry FHRRF RN
Rk RGBS T IR RO RBRRT Az 7

i k22 T X IR R AT B G S R ) B S R
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i IR R R RS N RS L FT

B 2.20 2 Pl & s # A-dek i 2 B P H0A 0 - BEIE 5 4mm 2
IR L E N BT S R F Y o g o R 4 5 52.04mm X
52.04mm » FFESEET S F 5 VA F A2 A B 4R 2.21 4ton 0 H G
2 A fliched 2597 0 BB R G HBIERSEF D B o 5 - LM

e EFARE R 2 RSN > HApaa R RS ficiolr 2 75V (2-15) % 2 4R

N

F(2-16)7om » HP A SRS 2 Jrtg o ASBREE R A G D
B2 R B SEBR DS B o
1995 B 2.20 2 Bl 2. 21 A & € w2 ehd TR E A0 2. 22

Arom oo B R IEE e B E e LA HFI X2 TG U R Yz TG o e
d S EAT AR D FRERB 2L O e €S R
BRREEIRBELE R WA RELAAT REF R
342720 BRMAE > F AR B HFFE e L LR R0 R HBiER

%A G 171.859/m* @ EEESEES S F H0A] 5 168.47g/m? A IR d A
BEESR S cng i P T A RIFA R E F LR g A Y P R
FIZR & Slh 7 B B TR ) 2 Mok a2 Y B ik 5 0.5 73
ST R TR L

TR G B R 2.23 S EE

2

S
:;g

80ps B ' 0 7 o g ko S X T ) 2k 68 2 %)W) o Y p=0.5
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Pl MR A T EEER S 0 T X IR SR GF A FBIRE § p=0
ool R R B P R R SR RAP e S RS o L 8
B 2.16 HEspedm st # 254000 > ¥ G p=0 pF > FESEES 3 5
GRS G-

F e P R RS SRR ST X S o FIIk 2 @ R FEAR e R
2. 24(a)*75F > VP AR I H IR F 2 e 10 Flahad R R ARG
PA B BRIERST 2 g B % B Flofad R AR ¢
b oo o d B 224V ERLRFAD EBLLS TR
d N FEIERF T R AL FH 0 F ) BEALG RE BEERET ]
Fh oo AR X2 R 2 BAl 4ol 2. 24(b) % B 2. 24(d)
oo TR HR RS T e & Foh it od 2V I H BEERE T X
L SER AN S SO RN [F 5 ST 0N o sk ERE K A

BHSIE S S T X e il RIS O R BAo B 2.25 57 40 i

Ik

=+
T~
T EY ISR A B ko< EIFREC > d B B AEEERY

B i A oA B L BARIT 0 A 4] L 40.2%% 54.4% > @ A

i

AL AT Bl 0 5 02% 0 o ISR X e SRy b B
ARFBOFIHEFHRAIFTLEE RS RATHY TEF 57 § HRS
Fig A S B TP EF 218 HEIERR T i L ES Y AREA
BE R B § L S o L RUSEES B NI 2 i R -
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R A24c @] 2.260 4 e I > B ik A4 (Single span, u=0)z_ 4
BH chpUl A 4§ BT FEEEET B #4 (Double span, p=0.5)2 ¥ 5 > F]

B R A3 SRR FANER (-8 I S5-I O F

25%$#§%%ﬁﬁ%@

THEHBETER LR KSR AP R A N
WHBERET oW e FHRL-AFHIE e FaL B ER
B X EF P RET F R A R R R TG R
FEHNEELF L R RSB AR 227 s BT ERER L
WEE o RAF R GEc: 05 X EEERIALE L 2 TR BRER
e 5 20us 2 e %750 o BlP Sl F %22 BHEm o d N H e f g
d BEXL o X EFL LR R E TR EFHEAKED bW T F

;'L o

a

Bl 2.28 S B # @R ixi LA H T SAl BEhE: 05
e P RIARLEB L 2 TALR o LR R S 20us 2 Rl 350 d B¢ Y
SR AFFHFR I N EAF I R PR X EFFL LR e
SR B Tt PARBIEZ R R R B XA e B
BHAAL AR > 2 LA 2 R RBHERL AR o

Bl 229 B Rhixit Lo B adod » Sam Biiks 05

2 PE LB L 2 TALR o BRER R 5 20us 2 fle %250 d B7
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Mo F A2 ABFF R 0 H e F 72 e d o g0 BiRk o &R
2.2 e FHTZ VB RTEREAFFRT > v FFT2 kT R
TR FEFR e F RO RET Rl R R 0§ #R T
BB F e b FRELAREF »? S Hh o

IR A PR RO R B LR R
R i S eI I3k 23k R R ARAC B 2.30(@) %7 0 d BIYF
PRI FRTZ mEFE T L EFLRIRER TR ar gk
2 S R B ISR R T MR 0§ T X B R B
B2 PR S 80us o vt pE A FAIRIZRGE R dod 2.7 7 0 TBF IR
PREFFRFE Lo FHL A FHAINE e B aIoA o FES L
80us 2 AR 4~ B 5 51.9m/s ~ 75.9m/s 2 & 90.6m/s > £ 77w if F] T2 Yo 5
FEONPGEN 4 RGBS EAAEHTZHET o s FRIR ST
FsBar 4 Bosi o R F R E G EARE 0 B 2.30(C) 5 A i 0E 2 gk Y
B B (S 2 BB AR PR T ORI AT A B BB AR o
KA € 2SeR= ek “«WQLR% ALFH - FIPIREFLD e F F T2 B
BEREESEE LR F I RE R S Ly s PR T
2§ ii 4o ®) 2.30(b)% @ 2.30(d) 7 o A FEIRAF B A2 A ks
FHREL e FRPHLNHFF L EFF LT BRSO Ft iR
it 3 BoAom AR T Duan £ A1) I~ 2 HEHB R FER
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EET X 7L ET - R

RSt ow i F R X PR A Y B 23 S A
B 2.18 477 @ Sl F A B HEE B RIOA PG EEAS Y QBB 2.
LA WA R T G R iF A R A EESY ST AR
B FF LGB RS QBB 2.31()7T 0 B R G A
FRA A X BFLF v B E Y IR H o F S B i £ 4T
$ B @ S R g ) B T W Bl e g AL

I B BR (L Sl F AT S FI R O BB

i

h i ow P E R GRS RS W AR AR 2.31(b) T o B
R SUEIILER IR (G S ¢ Sk S & el S E R

A T A E B R *#«'ﬁ"ﬁvsb BofTae £ T4 R 0 @ S

BAREY FH IR R ARRT LTS SR A u s
AT R SR R R BRI 2 S B R iR

FHERBEREF AL BRAR Ry f R 4 A2

43 L A4
o R A

Y
i’:é
_{
g
k-
fyv
=
\\\?'g’r

B g LR i E & Tl -

T BTG ARF AT o MR X B T L RuR - ehiE A
v R SRR ] ] o S R R R
F A it o
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