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Investigation on Additive Manufacturing Fabrication of Fiber-reinforced Composite Goggles
Song Yaxing, Shan Zhongde, Zhan Li, Chen Yiwei, Zou Ailing, Sun Qili
(State Key Laboratory of Advanced Forming Technology and Equipment of China Academy of Machinery Science and
Technology Group Co:ltd, Beijing. 100083, China)

Abstract : Based on the principle of ergonomics, -facial contour was_iteratively optimized to achieve the lightweight design of
the goggles. Different printing parameters including nozzle temperature , printing-speed, layer thickness, nozzle diameter, infill pat-
tern and fiber configuration of short carbon fiber reinforced polylactic acid composite were investigated to evaluate the influence on
mechanical performance. The composite goggle specimens were subsequently fabricated by applying optimized processing param-
eters with nozzle temperature of 210°C, forming speed of 35 mm /s, layer thickness of 0.25 mm, nozzle diameter of 0.6 mm. The
profile offset filling path was selected and the fiber mass fraction accounted for about 10% with the filling direction of 0°. Results
show that the average size error reach 0.218 mm, indicating excellent dimensional accuracy. Besides, several key fitting position

show limited forming defects. This study provide theoretical guidance and experimental experience for further optimization and

manufacturing of composite goggles.

Keywords : short fiber ; composites ; parameters optimization ; additive manufacturing ; goggles

L NG TR NG A S PORHE RS A B i
R /N U 5T LA R R A e A A T
B AE AL 2 0K 25 e i 0k 28 ¥ 17 P By, 9 1
T il 2 R OB & A e . PR RERLR AR
RIS RS | A B R A S A G R B AE T
SRR I IR TN T AR B b JCHk N R A R
o B PR LT, X o AR R BR ) 13 ek B4 B
TEE P DI O I AT ARG SRR IR R
FHEL 3D FTENEAR TR A ME SRR T2,

R R] SR 2R P E— RO , 18 A R 3 R
TS A, A —FRT4 I S S AR T2,
FErP I R URR IR B R B G R 5 Tl B A
RARAE LS B )z s
SESRARET 0] 73 AR 2T 4 2T 4E K 2T 2
AR SEET 4, AN R B 21 e85 52 5 R OE
PEASTR], M E AR 45 45 R s AR AR 20K, 2745
VPRI R LT 4, P OB C T2 W8 ik
IT T PO LT HERG SR NG - T 0 - AR S IR

HEWB : Jest e HAR 5255 45 1 58 5 S0 2 TR 410 1 (SKL2019003), H [ -+ 5 Bl# 5409 H (2019M650612)
WIEEE s o TRB G LT A S, 2N SRR 52 A RIER ARMFE E-mail : shanzd@cam.com.cn

75 H#A - 2020-09-02

SIRREI R, SUBAE, RN, % . ZPZEE SR S S APRHP H B A i OB AT (7] T ARSI, 2020, 48(11):14-19.

Song Yaxing, Shan Zhongde, Zhan Li, et al.Investigation on additive manufacturing fabrication of fiber-reinforced composite goggles[J].

Engineering Plastics Application,2020,48(11):14—-19.


杨超


RWEER 5 LR SR B il i OB 5 15

(ABS) & &ML AT 4ERG s I PE R A BE S A 4
BE BREF YL ABS B AR M AT YR E
AAEHATEN T 20, W5 R WS N 41 4 v 4 i hr
Sif B RIS I, EL 2 AR A AE 2 7 Emmett
Hull 45 ™ X452 A bRH il 55 E— 20 05T, R BT
Yoy it BT L A RO X 22 AR K E S
LU FNEE 1 HORA S, 2R 4 5 R A A
TR B Pt 2 5 i BT P RE 0 DGR TR 2, SR AR
S BRIl OISy ST SR TR AR S
P AR LR A S 4l A1, SR IEERE 3R T Y
J LT 3G SR A 5 ORI Al DURRSE M s v, 27 4
AR IR ] — B L AR AT BN 1) b 55 AR
IV [ 58 S0 28 X JE R AT 4 (0.2 ~ 0.4 mm) 155 ABS
A MEFSE , K B 3D T BRI AE (0 £F 7R 4T ED
D7 1) b B LT SR B 3k 91.5%" ., 55— J Tt ml i
1 AL o £ A B R AR (AR U A W R S5 A LA
SEELAEFTEN 7 1) b A 2T AR ), ATV T B 7 1) 34
SEMIEE U, seah ST R AR i
RHA 5k MLk B A R 455 L0 R A e v J 4R A A
St R A m ECE MY R A e R R A
OB B ITTRR 3 A1 i 3 1 & WF L, S5 stratasys
) FORTUS 380MC, & K H| Roboze ) ONE+400 %5
WA O S ik 7 3 0 PA S84 0L & B b KL
H 7 Roboze 7F 2017 4F ) Formnext J& 2= | ¥ H
T A ARGO 500 3245 50 ik £ 4 15 5% 2R ik ik
(PEEK ) &AM N = B3R % 3 JLAEHE H 1Y)
Tk %% P300 / P350 pro [RIFE S HF T iz PEREE &
R

B & AR T2 R A 1 ) & R, 40 1 41
SR G APRHI N ] E B P 3 AR H B A TE . 2020
AR, RN B R, B H B BT — B R
A Y BB = R S BUY  AFE BT & R
K, Toi X RE il Ak AN PR ) A P T R
B E X B B g it T Ak it R sk
LR YRR R FLIR (PLA) & G ARG MU RE b4 il i
FARA = Hl#A B8, IR TA O T 2S5 e it
5, Fe AT IV PN, 38 A B4l A 7= Bl — 2l
M.
1 LIERST
1.1 EZRAMA

K UIRRET Y3 PLA 228F . HAZ 1.75 mm, ik
L1 T U R 0%, 5%, 10%, F il 5

1.2 ZZHEAPE

o B HlE S (WE TR ) CAM-
FAMS00 %4, Jb 5t LR ) 2 AL R 0F 5% e A BR
NCIF

LA i F 72T BB A4 RHA G L: WDW-100
Y, B AR A

=41 . Goscan3D &Y, I & K creaform 23
GiF

Yk S RS (FESEM) : GeminiSEM
500 AU, ff E R IREE R A

BT CAM-FAMS00 4471 il 5 45

1.3 E%or ik

3 Ao R A SO A TR R B T AR AR R AT
PRI , 39 1) A= G A A B, DA A AR HR I
S ES DN O R 12 T e AW Y W R =W ko
A3 5 A A RHE BT OE 1.2 K& by 2 fd 75
KB AP H AR SR S5 1 . M a5l AT A
A4 Repetier Host FEA T A M A4S A A, 111 )5 38 1
CAM-FAMS00 45 it A7 Uil . Hrp & G 24
LR 22 WU I RS 1 HR U0 R B AR B R &
Y, e 258 O REAE B AP H B iy il it

KT REAAHAIEALLL 2 mm / min 91128 5
FXHRAFEREA TR PRI, DUHRL Ao B 4R R 1
WrE T 225 % ife b, 45 29 BEATEN T2
SRR DB T 228 &7 B Bkt
B RIE il |, IR = 4E AT R TR 25 0 F
WHOEHREE . fem ok A T S A AT 4k S5
2 [B) P AT 5 R

#ER51ie

2.1 ¥ B4HKART

R Z OO B BB I R oK [RIRT 58
TRLBR AT AR 52 G A RHE R TR A S BAR 1Y

SRR PR A PG E T A SRR K XS

B BRI, stk AR an
2 7R


杨超


16 TR R

2020 4,57 48 45,56 11 1

TERRAARCEMEH

[
1 1

waﬁi%ﬁ%%%&%k{%%mé%ﬁﬁﬁ

\ ]
1

| pRERTEANN

1k, 1%
ACE A ey
+
I B A5 AR

]

I B Al X e A

RACEA,

B2 EBRH R

FEXT BRI T R AR BT R R, 3 A
R T 24 B 6RO [) AR A T S R A 0 A7 R L, 00
] SR H B I 5485 . Il GB /T 2428—
1998 LA A SKTHIHE R ), DA L R) B R A SE 4
T HRSEOSY B 5 RS 40 kST hR R &
53 (S, M, L, XL), LA AN]SR FH P 895 2K

R a5 - W 1,
x1 RAERSEESHIS mm
RS H S M L XL
L] 56.89 5932 60.68 6442
[ 134.07 140.97 145.03 15470

SURUES B 8 N s SR E T T A I i
SR TR R e BB RPN T s A AL
BEXT IR B X B BE B 3 S5 B R B R R A
BB IE WAL 082, [R5 RS A R b k2
IR Ol Wl 1 R W1 7 L L i N
PRUERAF IR ISR . 3 BB AR T RA T 1k 45
WK 3 s

| A e T e Y e G LA
1 1 — 1 o il
1" ORAAE WS
i 1 Lif [ .. ™ !
1 1) 1 s ]
L BERMRHAR! ERIINL AL RS

B3 4 O RS T 245 S
2.2 IEHRBTHM S FHRAETFR
(1) WIS | B 3R 2 (] JEE B X hr e ) 2%
PERERY SR
RIT WK IR B (4) BB B (B) F1JZ (] &
(C) ARV AT X 4T EAE A A ) 2% BE A 5 i)
AL, SR A IE 2SS, S HE 3 E AR, I

HE A2 5 A 50 158 2 F He A i 56 1 T
PE,BEFE Lo(3*) IR RAA TR, 2805 K1
PEFEILER 2,

#2 TREEMKER

IKF- A/ C B/(mm-s™) C/mm
200 25 0.15
2 210 30 0.20
3 220 35 0.25

FTER i #bm R AR IR , >R HIT REATRHATR AL
A2 mm / min BT A XHRRE BEA TR AR RE I
i, LRLAsR BEVR A PO I T 22809 B dE bR .
IEASSE SR B S PSR SETE R L 3,
£3 EXTHER

LM A/°C  B/(mm-s')  C/mm  FIGRE /MPa
1" 1(200) 1(25) 1(0.15) 37.96 +0.50
2 1(200) 2(30) 2(0.20) 40.98 +0.32
3 1(200) 3(35) 3(0.25) 40.55+0.75
4 2(210) 1025) 2(0.20) 41.20 £ 0.60
5 2(210) 2(30) 3(0.25) 4238 +0.40
6" 2(210) 3(35) 1(0.15) 41.41+0.82
7 3(220) 1(25) 3(0.25) 4270 £0.57
8 3(220) 2(30) 1(0.15) 40.18 £ 0.64
9" 3(220) 3(35) 2(0.20) 41.08 +1.24

TETE S I T2 S 80/ B B 525 41, mi
S Y B S 220 °C L Y B B Sl 25 mm /s 2 ] R
i k1 0.25 mm B, BE R R AR B B A, I8 B T
42.70 MPa ; 7£ W 3k I B 4 200 °C % 3 BN
25 mm/s.JZEEE K 0.15 mm B, BELFRL 55
22, N 37.96 MPa, XtSLmab otk 2204,
Wi E Rt TES A SR LE 4. =R
] S ) PR 28 A 2 B R/ INHE T R SR TREEBE (C) >
WKL (4) > MIEHE (B), BIVZ [0))5 & B 28 A0
FEAE s B S0 fe K, LR Sk IR B T O 3
JE TR s /N, el TS AR
A2B3C3, B IREE A 210°C, BUE HUEE 35 mm /s,
RN 0.25 mm,

R4 REMTER

miH A/ C B/(mm-s™) C/mm
K, 119.49 121.86 119.55
K, 124.99 123.54 123.26
K, 123.86 123.04 125.63
W2 R 1.83 0.56 2.03
ESVN52 C>A>B
IR s A2B3C3

(2) WS B AR AIECE B AR X AR ) 2 PERE Y 32
UEPSIKE 8

I B FIIRE AR XHT ENREPER A )
AV RE A R RUAL, 0] BB A R Sk AR (0.4,


杨超


RWEER 5« LF AR S SR B il i OB 5 17

0.5,0.6 mm) FIA[H] A 78 i A4 7 =X 7O S 7
RO S AR A MR A AT ) A T SR S
5T, &l 4 A S s BB 4 AT FERE E 24
ORI, 7 A 32 S IS AR 3 I 1, X4 g g
B2 0.6 mm B, AR RARGE B B 5 45.63 MPa.
TG AR/ )N, I B R (R 5 7 A 3 3k [
B, TSR BB YERE . Wil 5 s, —FAFE IR
(AR A R L fof P B S e AN J8 2, G v o e O
Bt i, HARE TS S sn i Ao B 2 T 3.98%,
FHEC IR AR h R T 1.30%.

50

4305 45.63
<
= 40 3701
" f
il
H
z 30¢
=
20 . . .
0.4 0.5 0.6
M3k B / mm

Kl 4 RISk EARM R e B
50

40 ]
30}

20 -

PSR / MPa

10 -

0
s B SR B R A B
P S RIFIS R
2.3 YIRS FRAETR
S T Y3 A A AR S A AT A R DL &

Lr Y ) WIRES & R4, Hoh s 4 42 2 A M Rk
W BEsR AR RS2 B U T EE AR S, A
[F] AT AR i 2 OB B 122k . RS
RS X B A MR A BRI R i R, R EOR
] & 5 AT LT 4E S5 MPRE, AT BN A8 b A AR T 3
(WAL e Wl e N W N Ea e o R vy S = A Ul
5 P () 5

501
07
§ ol 3848 A=
= ;
B30t
bl
=
= )
10 I I I
0 5 10

G/ %

[ NN EiEa R s g g S NAL T 'S

H & 6 W] LA H, AR A5 i BE LT 4 2 &1
BRI R A YL E IR E] 10% B AR
P A3 BE Ak 42.70 MPa, P8 B A3 T 47 4
T 0% AR RS T T 10.9%.

SRR FT A ) 45 A B %o O T F 122 v R
S RLAEE, 20 B T = FOR R FTER 7 1 RF 0°( $ir
5 ] ) 45° F1 90°( T ELP7 M7 M) ) $TERRECERGHT
i Sy VERE, Q0 El 7 BT, W 0° J7 1) 4T ERAE {4 fif
SR EEf A, 15 5] 47.87 MPa ; U 45° J5 1A 3T ERRE 4
PR YR 2, K 41.76 MPa ; Mi#% 90° J7 16137 EI
FECE T IE 25 A PERE R BRI, B Jr2f kR 2z,
{LiE %] 15.73 MPa, SEIREE SRR, £F AL I ) % )
PR RERS I 2, 2 AT kU S R R T T — 3k
BF, AT S0 AR A AERG s A e B 25 R
50| 46.08
40.F
30 +
20+
10 -

FHHSEE / MPa

0

HFE /()
7 ARIRUSE S R BB i
2.4 RIGHEHT
T FIR T 2SO EF e R3S R 8 v
RERUAIESE , DLAbdr HGEATER S84 5, U il i Y
FhbRAERY S 1 B 2T 438 18 A2 5 MR B B, ]
8 JIi7m o

x5 PEBETHNSH

Wik RUEHE / JRRIE W B s B B/
W /°C (mm-s) JF/mm 4% /mm” /% (°)

210 30 0.25 0.6 FEWE 10 0

S M L XL

8 DUFIHRAERS S H e R RS

N H BRSO X B 34 ot T
KT8 RS, -5 B R R T A, St
RGFRZE PGS ISEAE L, W3 6.

M 6 i LLE 2RS35 w7
o] b ROFR2Z /N T 0.80%, ROTiR2ZHB/N, ik
— BVl H B R i 22 = R AL, LA
BT ZHEE e o, R =S EoR W S 2l
S H BRI SOE RS R 22 SR 018 9 B


杨超


18 TARIELN 2020 4,45 48 35,465 11 11
#x6 RERNSIFEERTIRESIT
TSP S M L XL

{bf K/mm 9% /mm & /mm K /mm % /mm & /mm K /mm % /mm & /mm K /mm 9% /mm 5 /mm

1 142.63 84.07 55.77 149.66 83.71 56.09 153.63 83.81 56.56 164.21 84.09 56.29

2 142.62 83.55 56.52 149.45 83.37 56.36 154.02 83.62 55.96 164.77 83.92 56.32

3 142.42 84.00 56.30 149.41 84.01 56.14 153.85 84.11 55.34 164.86 84.52 55.83

Y{E 142.557 83.873 56.197 149.507 83.697 56.197 153.833 83.847 55.953 164.613 84.177 56.147

MG 143.094 84.305 56.192 150.178 84.305 56.192 154.726 84.305 56.192 165.509  84.305 56.192

" /%  0.38% 0.51% 0.01% 0.45% 0.72% 0.01% 0.58% 0.54% 0.42% 0.54% 0.15% 0.08%

i RAE 26 003 N EHE AL B B R RGT R
220 0.218 mm, £ S5 AL, BV S L SR G
B IEAE R R o PR 2 B I B A A RN
b, EE AR TR A5, B R O B
BLCPR ARG FE R SCHE, By R i T

B9 S H B = s
2.5 mIEIEHHT
JELBIR 2T Ak 18 5 S5 AR BUE B4 H BT &1 10
JR o A RERIOR R B AL S SRR G HE
B, AT LU LA W R B9 32 LB B R S5 B

10 ShAE SR A 3R 6 A bR H 55

it — 20 VAL A B B N ER B sk B, A1
FESEM MEATHOMERAE, UL 11, 4nf&l 11a s, 4
LR F BT TER 7 ) 53047, S SR AFAE AL B BR P . 3
FER) 5041 77 RB IS AT RUR PR A Y7k 3R T, $E
BAMBIY 125 RE . FLBER RS 3222 22 55 it
PR AR S HERR EE Y . AR SRR Z ] R
U 1) 5 S T 2 7R Ao R v e v 0 A 3 T
fith, Qi 116 iR, S 4Epi i g a0 28, B4R 4 51

22 8] 1 L i 4 A s

a—x 200 ;
1L A5 HEFEE SEM BT

b—x 1000

3 Hig

(1) B T AR T 22 S5 S AN [R] AR A TR AR i
HEAT BRI, AE X E B ARG A 3% 1 A s T A ] B
HAT T R Fe B kAL . s N AE AL
KA IR A S5, PRAES B BLah i B 5 1 i
A

(2) IEAESEEG 3 TSkl B SO 3 32 12 ] JE
FE,ARAR T PR B R UL A 5 R A T AR
LA (0.4 ~ 0.6 mm), WP {4 fi i 35 B A28 ) 44
DR IR 5 WA T 5 %8 500 Ml o L) R TR T 58 =
BEAE AT REAE AP PE R S M AN fb 3, e s g
BT I G s LR BE R 2T 4E B n 3G 4 5R E
MR YE IR B 10%, Fr i B s 4l JIg 32 T
10.9% 5 ZF 4 X Jy 2 PERESE ) i 2, S 47 4]
SRR BT ) — B, W] SRS R AR LT A G s A
Mo

(3) i T2 S8k, S BUsEk R 210°C,
WY 35 mm /s, JZ2BEREE A 0.25 mm, B E
£ 0.6 mm, 56 i B I 8 A, £ 4 i BN
10%, £F 475 1)y 0° EATI HARFTED, B2 R
SPiRZER 0.218 mm, 7E S HEIG A H A7 B B | 55
Wi Ak OB SR, RIS BE A , HLNFRET 44
RN ELZE , FLmAS &R

S & X
(1] BREESE, SKRSEHE, RIS . SR BRI A bR AR R SR ]
PRIR (7). EARRER 2009, 28(6):2-12.
Chen Xiangbao, Zhang Baoyan, Xing Liying. Application and

development of advanced polymer matrix composite[J]. Materials


杨超


RWEER 5 LR SR B il i OB 5 19

(2]

(3]

[4]

[5]

(6]

[7]

(8]

[9]

China,2009,28(6):2—12.
Mahieux C A. Cost effective manufacturing process of
thermoplastic matrix composites for the traditional industry:the
example of a carbon-fiber reinforced thermoplastic flywheel[J].
Composite Structures,2001,52(3—4):517-521.
/R XU &, A I, 45 P RE AT 2 s S I 2 5 5 kL
3D ITERBHR RS [9]. A= iR 2016,59(15):26-31.
Tian Xiaoyong, Liu Tengfei, Yang Chuncheng, et al. 3D Printing
for high performance fiber reinforced polymer composites and
exploration on its applications[J]. Aeronautical Manufacturing
Technology,2016,59(15):26-31.

LR I . AR5 S G FRHE AL TR R A5 WA (D],
RN - ZRBH 2B, 2017.

Hong Tengjiao. The research on additive manufacturing equipment
of fiber reinforced composities based on FDM[D]. Chuzhou: Anhui
Science and Technology University,2017.

Zhong Weihong, Li Fan, Zhang Zuoguang, et al. Short fiber
reinforced composites for fused deposition modeling[J]. Materials
Science and Engineering A,2001,301(2):125-130.

AT AL, 20, AR, 45 AT AR s IV SR e vk (R A
BIEHOPEREDETE (1], ST4ER G F1KE, 2014, 31(4):15-19:

Zhao Yuhua, Li Qifeng, Wang Junwei, et al.’ Study of short
carbon fibers / thermoplastic polyurethane composites[J]. Fiber
Composites,2014,31(4):15-19:

Ning Fuda, Cong Weilong, Qiu Jingjing, et al.” Additive
manufacturing of carbon fiber reinforced thermoplastic composites
using fused deposition modeling[J].

Engineering,2015,80:369-378.

Composites Part B:

Hull E, Grove W, Zhang M, et al. Effects of process variables
on extrusion of carbon fiber reinforced ABS filament for additive
manufacturing[C]//International Manufacturing Science and
Engineering Conference.American Society of Mechanical
Engineers,2015.doi.org/10.1115/MSEC2015-9396.

TR AL I, 5 PAG66 JHEFUE / RIRAGI S A BRI
F JAERERTIE (3] AL TR RBTRL, 2020,47(12):147-151,

Hao Zhi, Song Weihua, Sheng Xiang, et al. Study on the
preparation and property of PA66 short fiber / NR composite [J].
New Chemical Materials,2020,47(12):147-151.

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Bey B R, UED . O AT R R AR B R ]
JAERERESE [9]. A BLEERTEE, 2020, 34(2):22-27.

Duan Yuxing, Zhao Miaomiao, Su Bo. Preparation and properties
of aramid short fiber reinforced silicone rubber damping materials
[7]. Silicone Material,2020,34(2):22-27.

R K . O ) A R AR B K AR FE A TiB
21 45 TiB,P 3 4 B AL 5 45 TR 2 (9], T O, 2014(7):105-
111.

Lin Yinghua, Lei Yongping. High volume fraction and length-
diameter ratio of TiB short fiber and TiB,P reinforce Ti-based alloy
composite coatings by laser synthesis in situ[J]. Chinese Journal of
Lasers,2014(7):105-111.

Tekinalp H L, Kunc V, Velez-Garcia G M, et al. Highly oriented
carbon fiber—polymer composites via additive manufacturing[J].
Composites Science and Technology,2014,105:144-150.
Compton B G, Lewis J A. 3D-printing of lightweight cellular
composites[J]. Advanced materials,2014,26(34):5930-5935.
TRAES VR, 55 | AT AR S A R R A A
BRICAPHT [7]. 7 B RHC A 24 AR, 2019,40(2): 76—
81.

Zhang Dewei, Shen Bo, Li Shaoming, et al. FEA of flow field
of short fiber and rubber composite material during extrusion
process[J]. Journal of Qingdao University of Science and
Technology: Natural Science Edition,2019,40(2):76-81.

TEAG A, FA S AU T, 5 IR 100 0 Jo & 24 4% 1) MR 1] 5 1 4L
S5 M [EB/ OL]. dtst: FPIERHZIESCIELL [2016-04-25].
http: / / www.paper.edu.cn / releasepaper / content / 201604-305.
Wang Chuansheng, Yu Benhui, Yang Hongyu, et al. Flow field
analysis of short fiber tread rubber radially oriented extrusion head
[EB / OL]. Beijing: Sciencepaper Online [2016-04-25].http: / /
www.paper.edu.cn / releasepaper / content / 201604-305.
Roboze.Materials. [EB / OL].https: /  / www.roboze.com / en /
resources / argo-500.html, 2020-7-9.

FEURAR, BUBAE, 50, 45 . 3D FTENS A RPRITfLAR A P RER
MR (7], AL TR, 2020,31(10):1 2401 245.

Yan Dongdong, Shan Zhongde, Zhan Li, et al. Influences law of
mechanics properties of 3D printing composite open-hole plates[J].

China Mechanical Engineering,2020,31(10):1240-1 245.

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

AT = H

AT HAAT AN R RS N AR AS )24 STy ) e AR ] o WS e B T Y B o A 2o AR RIS s T AR R )
Sy FE S g TV AR A T = EFE BT (LR AR R AR TS BT ) 20, A8 e st o 1L AR A8 B i i, AR I — A 5 Am
1 www.epal973.net, A PR ZATAEATHUFIA NNFAERS LRI 55 o 38T RAEE 20 A IR R, 951k i Ja 4, A2
A NIRSR, By 1520 - A TR B AR S Rl A NGB S0 FESTHE YA

(TAZWH N & &AL


杨超




