"a t 2 2 4 & R
 MHERE2ES TRHEKRP L

-k mt -

D



() 039

(CIP)
/
— : » 2004. 3
ISBN 7-5025-5312-6
1. s . . _
V. TQ327. 1-62
CIP (2004) 020464
*
( 3 100029)

. (010) 64982530
http: // www. cip. com. cn

*

850mm X 1168mm1/32 6 104
2004 6 1 2004 6 1
ISBN 7-5025-5312-6/TQ « 1948
: 16.00




1975

FRSP
3481t 2003 FRSP
60 28 172
FRTP CCL 2003
94. 4
1984
1986 1998
FRP
FRP 7~8

19



2004



w w W w

w W =~ w DN =

w o w

DN

w o w W W =

- 14
- 16

16

- 19
- 21

v 94
- 24

< 25
- 26
- 28

+ 30



l

&2
=~ w Do —

DD Oy O Y Oy O Oy Oy O Oy O

—_

—_ =

(@a] =~ w Do —

o N O

- 30
- 30
© 33
- 33
- 34
- 34
< 35
.. 36
- 36
- 36
- 38
- 38
- 38
+ 39
=+ 39
- 39
- 40
+ 40
- 41
- 48



R TS T T R I B B e e T e e T N B T B S IR EES BN BN SURE N BN

I S e T T T e R~ T = T S N

= w N

NeJ co ~ [op) ol

11
.12
.13
.14
.15
.16
.17
.18
.19
. 20
.21
.22

SMC
BMC

RIM

SCRIMP, RIFT, VARTM ceseeeeeerereareenanns

GMT
TWINTEX

FRTP

(VARI

)



7.4.23
7.4.24

- 162
- 171
- 173
- 175
- 181



GRP

90 %

(PMCO) .



(glass fiber reinforced com-
posites) )
(GRP-glass fiber reinforced plastics) ,

o



Q)
(2)
(3)
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2.2.1

(D



= (cm)

=—  (cm)
b b
2-1
2-2 o
2-1
) /X 10" /X10% | /X10° /X 10°
/(g/cm?)
MPa MPa cm cm
7.8 10. 10 20. 59 0.13 0. 27
2.8 4.61 7.35 0.17 0. 26
4.5 9.41 11.18 0.21 0.25
2.0 10. 40 3.92 0.53 0.21
/ 1. 45 14. 71 13.73 0.21
/ 1.6 10. 49 23.54 1.5
/ 1.4 13.73 7.85 0.57
/ 2.1 13.53 20. 59 1.0
2. 65 9.81 19. 61 0.75
(2)



(3

4

(5

Os

)

. 5s,



2-2

%

MPa GPa % MPa GPa
ASTM D792 | D638 D638 | D638 | D790 | D790
25 1. 55 93.1 12.41 2.5 186.2 | 7.58
24 1.74 79.3 11.72 2.5 196.5 | 9.10
40 1.70 | 148.2 15.51 2.5 265.5 |10. 34

SMC
( 30 1. 85 82.7 11.72 |<<1.0| 179.3 |11.03
22 1.78 51.7 11.72 0. 4 124.1 | 9.65
50 2.00 | 158.6 15. 65 1.7 310.3 |13.79

BMC
22 1. 82 41. 4 12.07 |<C0.5 88.3 [10.89
22 1. 82 33.8 10.55 |<<0.5 87.6 | 9.93
( 55 1.69 | 206.9 17. 24 206.9 |11.03
( 30 1. 37 86. 2 6.895| 1.3 193.1 | 5.17
50 1.64 | 255.1 15.51 1.6 317.2 |15.51




I/ % 107° C W/ | X10°| % | em/
MPa | J/m g+ | | (182

) MPa) (m*K)| V/m | (24h)| cm
D695 | D256 | D785 |UL-94 D696 | D648 | C177 | D149 | D570 | D955
172. 4| 954 D 698 | 14.0 | 177 1.4 [15.7 | 0.25]0.002
137.9(1102. 4 @) 698 | 14.0 | 204 1.2 [15.7 | 0.8 ]0.000
220.6| 1219 @) 698 | 14.0 | 204 1.4 |15.7 [ 0.4 |0.001
165.5| 848 ©) 698 | 14.0 | 204 1.2 |15.7 | 0.8 ]0.000
158. 6| 434.6 @) 698 | 14.0 | 204 1.4 [15.7 | 0.2 ]0.001
220.6|1028. 2 @) 698 | 14.0 | 204 1.4 |15.7 | 0.2 ]0.001
137.9| 227.9 ©) 698 | 12.0 | 260 1.4 [14.8 | 0.5 [0.001

153.7 @) 698 | 12.0 | 260 1.4 |14.8 | 0.5 [0.001

206. 91325 ©) 651 | 12.0 1.4 7.871 0.5
151. 7| 742 D 721 | 15.0 | 204 1.44] 9.84| 0.5 ]0.003
186. 2| 1749 8.0 204 13.8 | 0.5 [0.002




MPa GPa % MPa GPa
ASTM D792 | D638 D638 | D638 | D790 | D790
( 80 2.08 | 551.6 27.58 1.6| 689.5 |34.48
)
s 13 1. 07 19.3 140.0 0. 34
)
23 1.17 30. 3 38.9 1. 034
- 20 1.22 75.8 6.21 2.0 106. 9 6.0
25 1.61 | 127.6 8.62 3.0 193.1 | 7.58
6 30 1.37 | 158.6 7.24 3.0 199.9 | 8.27
66 30 | 1.48 | 179.3 8. 27 1.9 | 241.3 | 8.96
10 1. 26 82.7 5. 17 9.0 110.3 | 4.14
30 1.52 | 131.0 8. 27 4.0 193.1 | 9.65
30 1.56 | 144.8 8. 96 6.6 | 220.6 | 9.79




1/

X 10°° W/ | X10°| % cm/
MPa | J/m (eg+ | ) |€1.82
) MPa) (m*K)| V/m [ (24h)| cm

D695 | D256 | D785 |UL-94 D696 | D648 | C177 | D149 | D570 | D955
310. 3| 2385 V-0 | 535 | 4.0 204 1.85| 11.8 | 0. 50 |0.008

V-0

111. 3 V-0
96.5| 74.2 HB 21.0 104 1.3 | 18.3 | 0.14 |0.002
117.2| 95.4 HB 47.0 162 22.8 1 0.29 [0.004
165.5( 121.9 HB 17.0 215 |5.6~119.7 | 1.10 |0.004

11.0

182. 7| 106 HB | 698 [ 13.0 249 1.4 | 15.7 | 0.90 |0.002
96.5| 196. 1 V-1 | 675 |18.0 149 4.4 1 19.7 | 0.14 |0.001
124.1| 95.4 HB | 256 | 12.0 221 6.7 | 14.8 | 0.06 [0.003
172.4| 95.4 HB 17.0 216 6.2 | 20.5 | 0.05 [0.003




MPa GPa % MPa GPa

ASTM D792 | D638 D638 | D638 | D790 | D790
20 1. 21 100. 0 6. 34 5.0 127.6 5.17

40 1.64 | 151.7 14.13 3.0 255.1 |13.10

20 1. 04 44. 8 3.72 3.0 57.2 3.59

20 | 1.22 | 100.0 8. 62 1.8 | 131.0 | 7.58

1. 05 41. 4 2.07 5.0 75.8 2. 21

1.42 | 60.7 2.83 [40.0| 89.6 |2.76

6 1.14 | 81.4 2.62 |38.0| 108.3 | 2.76
66 1.13 | 81.4 2.76 |60.0| 117.2 | 2.83
1.14 | 62.0 2.34 [110.0| 93.1 | 2.28

1. 31 58.7 1.93 50.0 82.7 2. 34

1. 34 58.7 2.76 50. 0 96. 5 2.76

1.06 | 65.5 2.62 |50.0| 88.3 |2.48

10 -



1/

X 10°° W/ | X10°| % cm/
MPa | J/m (eg+ | ) |€1.82
) MPa) (m*K)| V/m [ (24h)| cm
D695 | D256 | D785 |[UL-94 D696 | D648 | C177 | D149 | D570 | D955
121.4| 90.1 HB | 698 | 20.0 | 154 | 3.7 19.7 | 0.06 |0.003
144.8| 79.5 V-0/ 1582 | 11.0 | 266 | 1.9 15.0 | 0.01 [0.002
5V
172. 4 159 HB 24.0 ] 146 | 8.1 17.3 1 0.03 |0.003
120.7 53 HB 21.0 102 | 2.7 19.3 ] 0.10 [0.002
69.0| 235 |R107~| HB 53.0190.6 | 0.92 |13. 7~ 0.30 |0.006
115 19.7
110. 3 69 M78~| HB | 814 | 45.0 | 110 | 1.50 | 19.7 | 0.22 |0. 020
80
89. 6 53 R119| HB | 930 | 46.0 | 75.0 | 1.15 | 12.0 | 1. 80 [0.016
103. 4 48 R120 | V-2 | 698 | 45.0 | 76.7 | 1.63 | 12.0 | 1.50 [0.016
86.2| 640 M70 | V-2 | 698 | 37.0 | 129 | 1.30 | 15.0 | 0.15 |0.006
59. 3 64 |M68~| HB 53.0 | 54.4 (0. 98~16.5~| 0. 08 [0.020
78 1.60 | 21.7
75.8| 37 |M9a~| HB | 791 37.8 | 0.83 0.15 |0. 020
101
82.7 27 R115| V-1 [465~| 33.0 | 129 | 0.88 | 15.7 | 0.07 |0. 005
930

11



MPa GPa % MPa GPa
ASTM D792 | D638 D638 | D638 | D790 | D790
1.30 | 65.5 3.31 1.0| 96.5 3.79
0.89 | 34.5 0.69 |200.0| 34.5 1. 24
- 1.08 | 67.6 2.76 0.5 96.5 3.45
AISI 1008 7.86 | 331.0 | 206.7 | 37.0
7.75 | 448.2 | 206.7 | 22.0
ASTM A-606
HSLA
AISI 304 8.03 | 551.6 | 193.1 | 40.0
2036-T4 2.74 | 337.9 70. 3 23.0
ASTM B85 2.82 | 331.0 71.0 2.5
ASTM AZ918 1.83 | 227.5 | 448.2 3.0
ASTM 6.59 | 282.7 75.2 10. 0
AG40A
©) .

12 -



1/

X10°¢ W/ | X10°| % cm/
MPa | J/m (g e | ) |€1.82
) MPa) (m*K)| V/m [ (24h)| cm
D695 | D256 | D785 |UL-94 D696 | D648 | C177 | D149 | D570 | D955
110. 3| 27 R123| V-0 135 1. 61| 15.0 |<<0. 02/0. 007
24.1| 27~ |R50~| HB |1046| 40.0 | 57.2 1. 16| 23.6 0.01/0.018
117 96
96. 5 21 |M80~| HB | 768 | 34.0 | 93.3 | 067 | 20.3 0. 25/ 0. 005
85
331.0 B34~ 233 6.7 33.7
52
448. 2 B8&0 256 6.8 24.0
551.6 B8&8 279 9.6 9.0
337.9 R8&0 488 |1 13.9 88.5
331.0 Bhn 85 11.6 51.0
227.5 Bhn 85 582 | 14.0 40. 2
282.7 Bhn 82 233 | 15.2 62.8

13
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3.4.1
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3.4.2

3-1 o 3-2
FRP o
3-1 1991~2002 GF. UP, FRP
/X 10%t
1991 1992 1993 1994 1995 1996 1997
GF 9.69 | 12.08 | 13.4 15 16 17 17.5
UP 6 8 11 13 15 16 20
FRSP
11 13.3 14.5 15 15 17 22
(GF/UP)
FRTP 1.5 2.0 2.5 2.5 3
CCL 2.0 3.5 4 1 4
1998 1999 2000 2001 2002 2003
GF 18 20 21 27.3 36 17
UP 25 32 45 50 58 80
FRSP
25 30 48 50 54 60
(GF/UP)
FRTP 3.5 8 10 15 17 22
CCL 7 12 11 9 9 12.4
. 1993~1999  CCL . 1/2, 2000

25



3-2 FRP/ /t
1998 1999 2000 2001 2002
39800 43900 44400 41600 40300
FRSP(GF/UP)
49600 53250 64350 73450 84150
FRTP(GF/TP)
2150 2200 2350 2720 2892Y(731)
CFRP(CF/epoxy)
138400 | 165150 | 194180 | 189970 191725
CCL(cloth/epoxy)
229950 | 264500 | 305280 | 307740 319067
@ , () o
1999
1987 (32.681),
b
600g, (
7. 1kg) ( 6kg) ., 0
11kg,
3.4.3
(D



( N ), SMC  BMC

. FRTP ( ),
. (
) hY A Y
, PP ( )
, PP ,
FRTP . .
(2)
D 2002 58 ,
(DCPD) .
® 4000t, FR-
Sp
6 .
©) 20
. , UPR (
) o Bakelite ,
6000t/
@ 2002 10 .
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( ) o
3-3, 2001
N 3740
3-3 2002
/% /%
( ) 65 2
22 ( 1
SMC, BMC 10 RTM )
3-4 2001 N
/%
18 22 16
20 13 32
SMC/BMC 44 26 31
2 N N
RTM 9
6 13 (a) 7
4 (b 7 (o) 14 (D
5 9 —
100 100 100
: (a) ; (b 3 (o) 3 (A
(7%, (7%,
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280°C
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D 3
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FRP
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6.2.1

o

( )
(PP) - -

\ 10% ~30%
(PET. PBT), (POM)
60°C . ABS 70°C . PA

(
, 400°C ) s
6-1.

-41-
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6-1

~

/X 10° /°C (ASTM D648 )
J/(kg + K) | /(107 /K) e
( ) |ASTM D696 1. 89MPa 0. 47MPa
ABS 1.26~1.68 | 6.0~13.0 60.0~93.3 | 76.7~107.2 | 76.7~118.3
1.26~1.68 | 9.5~13.0 60.0~98.9 | 93.3~103.3 | 98.9~107.2
1.26~1.68 6.0~9.3 87.8~110.0 | 101.7~118.3 | 107. 2~122.2
1.26~1.68 6.5~9.5 54.4~82.2 | 85.6~107.2 | 92.8~118.3
20%~40% — 2.9~3.6 93.3~110.0 | 98.9~115.6 | 104.4~121.2
— 8.3~9.0 — 76.7~85.0 82.2~93.3
AAS 1.26~1.68 | 6.0~10.0 71.1~93.3 | 101.7~107.2 | 107.2~110.0
AS 1.34~1.42 3.6~3.8 60.0~96.1 | 87.8~104.4 —
20%~33% — 2.7~3.8 93.3~104.4 | 87.8~110.0 | 101.7~115.6
1.93 5.8~10.2 | 107.2~126.7 | 51.7~60.0 | 93.3~121.2
2.10 8.0~9.5 87.8~115.6 | 46.1~60.0 | 85.0~112.8
— 2.9 121.2~137.8 | 60.0~93.3 | 98.9~143.3
— 2.9~5.2 132.2~143.3 | 110.0~148.9 | 151. 7~154. 4
( ) 2.10 6.0~8.5 93.3~121.2 | 48.9~57.2 71.1~98.9
1. 89 15.0 107.2 54.4~60.0 | 101.7~112.8




/X 10°

/°C (ASTM D648

)

J/ (kg » K) /(1077 /KD o
( ) ASTM D696 1. 89 MPa 0. 47MPa

66 1.68 8.0 82.2~121.2 75.0 190. 0
33% 1. 26 1.5~3.0 82.2~148.9 251.7 257. 2
MoS, — 5.0 82.2~121.2 126.7 —
6 1.68 8.3 82.2~121.2 68. 3 185.0
30%~50% 1.67~2.10 2.0~3.0 93.3~148.9 210. 0 221.1

— 9.0 82.2~121.2 | 93.3~218.3 | 204.4~218.3
66/6 1. 68 — <121.2 76.7 221. 1
6/12 1.26~1.68 — 82.2~121.2 210. 0 —
30% ~35) — 12.0 93.3~148.9 | 93.3~218.3 | 204.4~218.3
6/9 — — 9.3 57.2~60.0 | 165.6~171.1
6/10 1.68 9.0 82.2~121.2 82.2 165. 6
30% ~35% 1.67 7.3 93.3~148.9 225.0 215. 6
11 1.26 10. 0 82.2~148.9 54. 4 148. 9
30% 1.76 3.0 93.3~148.9 172.3 180.0
12 1.26 10.0 82.2~121.2 54. 4 145.0
30% — 7.5 121.2~148.9 | 95.0~173.9 160. 0




/X107

/°C (ASTM D648

)

1/ (kg « K) /(1077 /KD e
( ) ASTM D696 1. 89 MPa 0. 47MPa
1. 67 2.8 85.0~100.0 124. 4 140.0
— 3.4~4.0 287.8 282.2 282.2
— — 287.8 285.0 285.0
— — 287.8 296. 1 296. 1
F, 1.05 10.0 260. 0 — 121. 2
Fis 1.17 8.3~10.5 204. 4 — 70.0
F, 1. 38 8.5 148.9 90. 6 132.2~148.9
F, 0.92 4.5~7.0 176.7~198.9 — 125.6
Fi 1.93~1.97 5~9 148.9~182.2 71.1 104. 4
— 1.0~3.2 200. 0 210.0 265. 6
Fi — 8 165.6~179. 4 76.7 115.6
PFA — 12 260. 0 — —
1. 30 5.2~5.6 148.9~173.9 173.9 181.1
— 4.7 260.0 273.9 —
— 5.5 148.9~198.9 202. 8 —




/X107

/°C (ASTM D648

)

1/ (kg » K) /(1077 /K) o
( ) ASTM D696 1. 89MPa 0. 47MPa
1. 67 3.6 121. 2 148.9 160. 0
0.27(D)? 5.0 287.8 132.2~137.8 —
1.05~1. 67 — 54. 4~69. 4 60. 0~76.7 57.2~82.2
1. 26~2. 10 — 65.6~69. 4 — —
1. 26~2.10 — 65.6~69. 4 — —
(CPVC) 1.38 — 110.0 94.4~112.2 | 101.7~119. 4
1. 67 8.1 90. 6(8800h) 123.9 170.0
1. 67 8.5 104. 4 110. 0 157. 8
20% — 3.6~8.1 85. 0~104. 4 157.2 173.9
25% — — 104. 4 162. 8 166. 1
— 7.5 90. 6(8800h) 100. 0 165.0
— 8.0 143. 3 — 140. 6
1. 34 5.2 79.4~104.4 | 100.0~129.4 | 110.0~137. 8
20%~30% — 2.2 115.6~129.4 | 132.2~148.9 | 137.8~154. 4




/X10°

/°C (ASTM D648

)

J/ kg« K> | /(107°/K) .
( ) |ASTM D696 1. 89MPa 0. 47MPa

(PPS) — 5.5 204. 4~260. 0 136. 7 —
40% — 4.0 204. 4~260. 0 218.3 —

1.17~2. 30 6.0~9.5 50. 0~121. 2 50.0~85.0 | 115.6~190.0

30% 1.26 1.1~6.1 115.6~176.7 220.0 225.0

1.59~1.76 2.5~6.0 121. 2 115.6~126.7 —
1.34~1.68 3.0~4.5 148.9~176.7 | 148.9~187.8 —
1.17~1. 34 0.8~4.0 176.7~260.0 | 176. 7~260. 0 —
1.01~1.33 | 0.8~2.05 | 176.7~287.8 | 176.7~315.6 —
— — 129.4~165. 6 — —
— 3.0~6.0 148.9~232.2 | 107.2~232.2 —
— 3.0~5.0 148.9~232.2 | 107.2~232.2 —
— 8.0~30.0 260. 0 — —
0.80~0. 92 2.0~5.0 >315. 6 482. 2 —
DAP — 1.0~3.6 148.9~204.4 | 165.6~232.2 —
— 1.0~4.2 148.9~204.4 | 160.0~282.2 —




/X107

/°C (ASTM D648

)

Vikg+ K> | /(077 /K) .
( ) ASTM D696 1. 89 MPa 0. 47MPa
— 5.5~10.0 121. 2 60. 0~204. 4 —
— — 121.2 — —
— 2.0~5.0 148.9~176.7 204. 4 —
— 1.5~3.0 148.9~176.7 204. 4 —
1.5 260. 0( ) 348.9 348.9
— 1.5 260. 0( ) 287. 8 287.8
F, — 6.6 260. 0( ) 287.8 287.8
— 4.5 260. 0( ) 287.8 287.8
1.76~1. 84 10.0~20.0 87.8~107.2 — —
148. 9~260.0
— — — 93.3~232.2 —

O (D)



(PP) . (PVO)
, (UHMWPE)
, . , , (PU)
, (
) 1~2 ,
6.2.2
( R N ,
, (PHR)
( )
, (UPR) (EPR),
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(D
6-2

6-2

0500




6-3
g/em® | 1,12 1.13 | 1.19 1.19 1.19

MPa | 80 | 72 55 65 76

% 5 8 1.8 3.5 3.5
MPa | 3300 | 3000 | 4300 3600 3650

MPa | 145 | 135 100 125 140
MPa | 3100 | 2900 | 4000 3300 3550

C 102 | 80 67 100 86

(28 mg/ 60 | 75 90 95 80

)




6-3 , . N ( )

; , ( )
6.2.3
(FRTP-fiber reinforced thermoplastics)
(FRP) 1/3 .
(FRSP-fiber reinforced thermosetting
plastics) ) ’
6-4
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7-1

7-1

5

0540



(D

(2)

(3

é“

. 55 .

”

7-2



BRI (1R)

TERESE =

7-2
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7.2.1

(D)
(SMO) , (BMOC)
(2) (RTM)
(
) (
),
(3)
BMC o , BMC, ZMC,
T™C , PA. PP, PC., PBT
4)
(5) (SRIM-structural reaction
injection molding)
RTM ,
b A o b

-57-



7-1

SMC/BMC
RTM
/C| 25~50 25~50 35~70 25~40 100~150 25~120 80~130 20~100
0.5~24h | 0.5~24h | 10min~2h | 0.5~24h | 1~10min |0.5~30kg/h|2~5m’/min| 20~ 90min
SMC 3~20
0 0 <0.5 0.1~0.5 0.03~0.2 0.1~2
/MPa BMC 1. 8~14




SMC/BMC

RTM
(D
(D
(D)
(1 2 (1 (D (1)
(D .
2 (2) (3) (2) 2)
(2) . (2) (2) )
(3 (3) ’ (4 (3) (3
) (5)
(D
(D
1
(D (2) (1
. 1 ’
(1) (1 (2 (1)
N (2) 2 (2) (2)
2 ’ . (3) (3)
(3) (3)

(4) BMC




7. 2.

7. 2.

2

(D
(2)
(3)
€
(5)

@)
(2)
(3
(4)
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O O

O O
O O @) O
RTM O O @) O
O O ©) O
MMD | SMC O O O
BMC O O O
O @) O O
O O @)

FW @) O O
O O @) O

O @) O
O O

. 1. MMD (Matched Matal Die) .
2. FW (Filament Winding) :

3.0

. O




7-3 /
SMC BMC (RTM)
/mm % 3.2 1.6 1.6 6.4 6.4 6.4
o o 0]
: % ) ) ®
6.4~152mm  :1°~3° 2° L
152mm :3° 3°




SMC | BMC | (g7m)
/mm é ; 1.143 2.032 1.524 2.0329 2.032 1.524
/mm g 6.4 12.7 25.4 12.7 12.7
/mm %% +0.254 | £0.254 | £0.254 | +20.508 | +20.508 | +0. 504
A } 2~1 2~1
¥
NN




(RTMD)

BMC

SMC

524mm,

1.

20%,



7.4.1

FRP

-65-

7-2

7-3,



R —
SR | %’?M

7-3

(D
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(3)

© 06 00 e

Q

50%
35% ~45%
30% ~40%

4

@ b

) ;
9 / b

@ b

@ :

0670



(5

(6)

-68.
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7-4,
U
AR B . n
S RLT U i
BUR(E il
Ep e |
T2
(¥t i)
ISR 2
— (EEA)
I
L
T En FRP 2P 5l BN
IR
YT
7-4
(8)
74, ’
(9)

-69.



7-4

No XXX X HS8. 4.1
JP XAXX X X Xkg s lot
1 GF.:EM?*450-100 X Xm . lot
:JRPG 700 Xkg s lot
2
X X
; : X Xkg/nt ( X Xkg)
: X X'min
4
5 SM-M450 X 3-RC570
6 :50°C ,120min
7 s
8
9 N X X X
10
10%
1 s s s
7-5,



7-5

71




7-6

7-6,

(10)

0720



140kg |

(MH)
(3. 6m?, 16kg) 7-7.
7-7
/min /min /min
2 X5 5 10
1 X15 30 45
2 X 20 15 35
2 X30 45 75
1 X5 5
2. 2MH 170
(7. 3kg/MH) 3 )
[(2mX3mX1.5m(H), 27m?,

7-8,

-73.



7-8

/min /min /min
2 X15 20 40
2 X20 N 30 50
3 X30 20 50
3 X60 60 120
3 X30 180 210
3 X10 10
7. TMH 8
(18. 2kg/MH) ( 1 )
,
s N N
7-9,
2mX3mXxX1.5m (H), 27m?*

140kg

4/ GO/ )
o« 74 o



25/

12
3000MH
(3m X 9m,
80°C) 1 , 400 ,
7-9
/
700X 10. 5kg 7350
#30F 120X 18m? 2160
#450 400 X 32kg 12800
400 X 80kg 32000
45X 15kg 675
1400 X 2. 7kg 3780
58765
12% 7050
7050
N 3000 X 3. OMH 9000
N 3000X 7. 5SMH 22500
N 3000X 6. 0MH 18000
3000 X 6. 0OMH 18000
22. 5MH 67500

0750




/
25X 10kW « h 250
400000/200 2000
200
2450
135765
10% 13576
149341
7.4.2
(D
(
25~30mm ) ,
, . 7-5,
. 30 % .
(2)
(3)
@) o
@ R 15kg/min,

-76-



7-5

CRCNCR
5

S)

4)

S)

0770



(5)

(6)
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25mm
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(0
7-6,
BUR(FL Uk
| SRR b
PHIRIEH T

1)
(EEHL)
=i B

Mg

(8)

PR &

fef i
SR

[ A

7-6

A

VRIS 7]
i}
Y ERER

AP AE

) EGEA
HETF

7-10,



7-10

No XX X X H8. 4.1

.GP XX XX XXkg , lot
1 GF:RS7 2300 X X kg

:GRPG X Xkg
) .
X X

: X Xkg/m* (X Xkg)
3 :20min

:50°C ,60~90min
4 NN

X X kg,
5
X kg
6 :50°C ,120min
7 9
8
9 NX X X
10
.10%

11 ’ N N ’




(9

7-11

+ 81




(10)

0820




(10 , 60kg)
7-12,
7-12
/min /min /min
2 X10 10 20
1 X10 15 25
1 X 15 15
3 X10 30 40
1 X5 5
1. 33MH 105
(48kg/MH) ( )
9 N N
@
7-13,
( )

. ImX2mX1m (H)

: 30 /(750 /

0830

)



7
3000MH
1 300
1 200
1 150
1 100
2 100
1 100
, 1 150
1 50
2 300
1 50
1500
7-13
/

300X 25kg 7500

400X 50kg 20000

45x 10kg 450

1400 X 1. 5kg 2100

30050

12% 3610

3610

0840




/

3000 0. 2MH 600
3000 X0. 6MH 1800
3000 0. 5MH 1500
' 3000 X 0. 8MH 2400
2. 1IMH 6300

750

150000/200
125
25 X5kW « h

200

1075
40735

10% 4073

44808

7.4.3
(D
(RTM)
5
o 7-7. 7-8,
RTM




0. 5MPa, ( 50%)

....................................................

A

7-7

S AL TR A

B e

PHETE A RIAOLT 4

7-8
. 86 .



( ) . RTM
7-9,

B AR

SR
S b

B

EEL: I
R E (A

T T IR
SRR A

7-9 RTM

b

(VARI-vacuum assisted resin injection) ,

b b

(2)

Vetrotex RTM,

o N (
. 87 .



TWINTEX),

~
w
~—

© O e

-88.

Vetrotex

PU. PP,



(5

(6) RTM
@
@
©)

-89-



ii. o

f.

i. ( ‘ \ )

ii. N . o

iil. o

g.

i o

ii. o

1. o

h. N N N o
(7) RTM

RTM 7-14,

7-14 RTM
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0. 3mm

(8) RTM
O RTM RTM

@ RTM

, 7-15,
. 91 .



7-15

/
300X 4. 5kg 1350
400X 0. 6kg 240
1000 X 0. 2kg 200
400 X 16kg 6400
1400 X 0. 1kg 140
6000
14330
3000 0. AMH 1200
3000 0. 3MH 900
3000 0. 5MH 1500
. 3000 X 0. 7TMH 2100
3000 0. 6MH 1800
2. 1MH 7500
LPC 80X 60kg 4800
8 1200
(3 ) 900 2670
2. 1MH 4350
26180
10% 2618
28798
3% 864
29662




: 12m X 1. 6m

. 25kg
: 60min
. 48 /(1008 / )
: 21/
29 29 39
N N 49 N N 4
: 3000MH
7.4. 4
(L
(D B

-93-



(2)

7-10,
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4

@ .
@ .
©) , .
@ T, .
®
(3
N N ( .
)\ o
(6)
@
a. 100A (ERPS ¢« PO0O1—1985)
b. 1. 25mm
0. 98MPa
275MPa
c. 100mm
3. 0mm
6000mm
d. : SM+GM, 1.25mm

, 55°, 1.75mm
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f. 80°C, 2h
g. 60 %
h. 11kg/6m ( )
i. 15kg/h (1.36  /h)
i 7h/ ., 20 /
k. 85%
@
a. . 7ThX15kg/h=105kg (9.6 / )
b. . 20 X105kg/ =2100kg/ (191 / )
(7) FW
@
(6) o
b. 191/ (1.36 /h)
c 3/
. . 1
1
1
d. 3000 /  «h
e 78000
30000
25000
3000
7000
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8000

5000
78000
f. (10010 ) 3.000
@ 7-16,
7-16
/
400 /kg X 400
1. 1kg/
120 /m* X 480
4m?/
300 /kg X 1650
5. 5kg/
960 /kg X 4224
( ) 4. 4kg/
6794
3000 /h +
6618
1.36 /hX3
50 /kg X
550
11kg/

0970




/
(21h/ )
8 2845
2 22
($100X10 )
2867
85% 19799
10% 1980
/ 21779
3% 653
/ 22432
(8) FW
)
b o
@) 7-17,
7-17
N JISK 6919)

s




(9 FW
FwW 7-18,

7-18 FW
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7.4.5 SMC

@b)
(Sheet Molding Compound)
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SMC ( ),
25~55mm

, . SMC

s . s o 7-11,
SMC s :
HMC — SMC, 50% ~
60 %05
XMC —— SMC, .
, 8076 ;
TMC — SMC, SMC  6mm, TMC

50mm, s ,

(2)

« 101 -



i 55 s 4
>
8 /‘*\\ T

<
SMC il K °ve®e @>

VRS LE] ] SR A Y Iz e

| |

P o
LS AR DD (U | ]

| 4
[ 1
iRl g >

l % e e
fifsifE 0

7-11 SMC

@6 e 6
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4
(5
( AY A A AY
A} A )\ AY A
(6) SMC
SMC 7-19,
7-19 SMC
SMC
SMC SMC| A SMC
(iMC)
% % % %
) ) ) ) g ) )
UP 60.0 [ 16.9 | 70.0 | 16.6
up — | — | — | — |500]1L4| — | —
— | — | — | — | — | — [800]222
40.0 [ 1.3 30,0 7.1 | — | — | — | —
PVAC — | — | — | — |50.0[1L.4|20.0] 5.6
PBQ 0.03 [0.008| 0.03 |0.007| 0.02 |0.005 0.03 |0.008
TBPB 1.0 03] Lo |02] L5)|03]L0]|0.3
150.0(42.3 | — | — |200.0]45.7 | — | —

103



— — [180.0| 42.6 | —

10.0 | 2.8 | 10.0| 2.4 —

1.0 0.3 1.0 | 0.2 1.0 | 0.2 1.

88.7 | 25.0[126.9| 30.0 |131.4| 30.0|252.0

(7) SMC
SMC 7-12,
120~150C,
12MPa, .
2m’ 2000t
3MPa N N
o 90°C, 1MPa .
SMC
55C ,

.- 104 -



B

EE Nl
EE =R
& ]

s fib
7-12  SMC
SMC 7-20,
7-20 SMC
/% 50 /(mm/s)
/C
/ 150/140
/MPa
10
4
/Pa 9.33X10*
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(8) SMC

SMC . OSMC
X ); @ \ \ e
/ / ; @ ; ®
N b Y
A} M
SMC N
7-21.,
7-21 SMC N
SMC
/min 1~8 60min~1 30~200
/°C 100~160 15~40 20~ 60
/MPa 5~12 <2
SMC .GF .GF
/% 20~40 25~35 25~30

+ 106 -



SMC
/kg <50 <50
/mm 1.2~20 1.5~1.0 2~12
D SMC s SMC
/ , 3mm
Imin o O~®
s 1000 .
20000 o
SMC
3000~4000 s
(9) SMC
SMC

0 SMC

, SMC
« 107 -



b ’

SMC , s
500~1000 SMC o
FRP R ,
s 300 R
SMC o 500~ 1000 ,
RTM ( )
7-13 FRP o HLU SPU
100 / s
150 > T
—o— PARTEET
-+ SMCJEHL
00F Y —N——————— —o
K !
= |
SO =}
|
|
|
|
0 2000

E e VAL VED)
7-13 FRP

1000 / 100,
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SMC FRP
SMC HLU SPU 40%
SMC o
(10) SMC
SMC FRP
O SMC
o SMC
7-22 SMC

JASOM 406—87

JISK 7062
JASOM 40687

SMC

JASOM 406—87

JISK 6911

+ 109 -



JISK 7112

JISK 7054
JISK 7055
JISK 7110
@ ( ,
, Do
@ SMC ( . )
@ o
©, ,
© . .
A / A AY
/ / .
@ , ,
(11> SMC
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7-23 SMC
, FRP ( )

7-23

SMC

SMC

SMC
SMC

SMC

SMC

7.4.6 BMC

( Bulk Molding Compound )
« 111 -



BMC,

BMC DMC (Dough Molding Com-
pound) , , BMC DMC,
(1
o 7-14,
, SMC
6~12mm, 25mm;
, 3mm,
15% ~20%; . 25% . BMC
SMC, ,
M

I I P el " L - .. |
FRFRE AL FIEEA BUBMC 2L B TR P DAL T

7-14 BMC
¢ 112 -



ZMC Vetrotex BMC,
(2)

BMC

(3)

@

4

@© . ( BMC
SMC  30%)

@
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(5

( . . .
AY A} ) AY
( N N )\ N
(6) BMC
BMC . .
@© , SMC \
@) o Pot s
7-15,
A
W | e
gy T A — — 4,
g * g
07 1 %5 [j [J
FHRIZEA « PR AR FEAN [ A Y I . L
4£ A Pot [ FEZEATM BHAE 5. FRIEsE, B
BUR Py IR fl il TR E R
7-15

- 114 -



©) . BMC BMC

o 7-16,

FEHFRESE BMC

BIRR -t

h

7-16
a BMC ,
b ) BMC,
c , BMC o
d. ; ,
e. ) o
» c~e o
(7) BMC
D 2.5~3mm ( 1mm )6
@ R 1 .
6 1° ( )
@ .



(8)
7-24,

7-24

(M BMC
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: 2kg
: 9000 /(430 / , 18 / )
.21/ .3 . 21h/
. 1/
. . N 1/

: 3m1n/

: b 000MH

300t 45000
3000

13000

6000

12000

1500

1500

1000

500

83500
@) BMC
, 7-25,
¢ 117 -



7-25

/
500 /kgX 2kg/0. 99 1010
1010
5000 X2 _
1. 260
560
10X 10 100
400/(2 X5 ) 40
140
21X 27kW « h
g 32
32
8 82
2 56
138
1880
10% 188
2068
1% 21
2089
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(10) BMC

@©
@
®) 7-26.,
7-26
( )
2h

(11) BMC
BMC 7-27,

7-27 BMC

« 119 -
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b. ¢ 7-18)

/s
7
.
7
/s

B 5 s
- o Bl LR
— | / SEER BT
= /’\ e (e
=t
[ : [ =
=
E | [ :
M N I B A B\ i
TETE B
7-18
(2)
7-19,
. PU
(3)

« 123 -
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— EELET YRS

oooooooooooooooooo

7
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7-19
D 0.5~2m/min, .
@ o
©) : (4026 ~80%)
@ ; ,
® ;
©
€9
)
@
(5)
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© 00 o660 S

~
BN
N

0. 9~25mm,
( s
. 50mm ( 6mm)
. 100mm ( 6mm)
60% ( )
2150g/m

Im/min (60m/h)
- 125 -



20/ (Th/ )

90 %
380m/ (810kg/ )
7560m/ (16250kg/ )
(8
@
@ 7560m/  (16250kg/ ).
)
. 1
@ 3000 /.
©
40000
1000
2000
4000
4000
51000
(Il 3000
@l : /m)

« 126 -

7-28,

7h)



7-28

/
)
300 /kgx0.8136kg 244
500 /kgXx0.5424kg 271
400 /kgXx0.7350kg 294
2000 /kgx0.0147kg 30
2000 /kg X 0. 0074kg 15
70 /kgX0.1470kg 11
865
3000 / +h
127
0.0423 * h/m
/kW « h
11
0.556kW « h/m
8 100
30000m 135
373
1238
10% 124
/m 1362

(9




g

P o =

=

7-29

7-29,
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7-20,

L %Hﬁ BEX LK
Tkt L5 ?O
W 5 o \ol I
s ETIR {8
7-20
5~15m/min, 3m,
(2)
(3)
@
@ ( )
® ) .
@

+ 130 -



4

@© .
@
(3
7.4.9 RIM
(D
(Reaction Injection Molding)
RIM,
(0. 5MPa)
) (0. 5~1.5MPa)
’ 7_21 o ’ ’
C )
( A}
) b 9

SRIM (Structural Reaction Injection Molding
) o

(2)
« 131 -



ftli

7-21 RIM
0.2~0.4mm
3
)
) .
@ ’ o




4

(5)
7.4.10
(D
A .
101325Pa . \ 7-22.,
H=H )
| | &R
r'i-;-:'.‘{r_ﬁ | [l F
sk I_I]l """""""" 1\_. Al ) e 52
ok Tk — - -
=2 e
AR (1L e
e T W L Bz T |
7-22
(2)
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(5)

. 134 -



7.4.11

(D

) | o | ,
7-23

(2

(3 0 | | |
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© 0 006

€Y

6m,

©

12m,

(5)

7.4.12

@)

7-24,

(2)
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@ , .
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SCRIMP (
—— Seeman Composite Resin Infusion Molding
Process) o
9]
) ; .
@ ; ;
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&) (
60~100C),

@
(5

7.4.13 ( )

D

’ s 120’\’180°C0

5X10°Pa o 7-25,
(2)
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(3
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7.4.14

@y

60 ~ 100°C
7-26, 60°C

1 [ [REAEH

M

7-26

(2)

.- 141 -



~
w
~

O~©®

© O e

PVC ,

@ ®

4

( 60~100°C),

® 00 6

7.4.15 SCRIMP, RIFT, VARTM

(D
SCRIMP (Seeman Composite Resin Infusion Molding
Process ), RIFT

. 142 -



(Resin Infusion under Flexible Tooling ——

Y, VARTM (Vacuum Assisted Resin Transfer

Molding )
o 7_27 o
EF (i L= B 4
e aobet TER R N R
P
'-_:.ll.'!|||':;!'|\|"|L" #liuk

ik @) et b 4 40
! MR

| ==

7-27 SCRIMP, RIFT, VARTM

, RTM,

SCRIMP ,

(2)
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RTM, , RTM

©® ©

@ ®

(4

@

@ ;

® .
@ SCRIMP

(5

7.4.16 GMT

(D
(Glass Mat Reinforced
Thermoplatics) GMT,
SMC ,

b

+ 144 -



@ ( )
PP. PE. PA, PC. PBT. PET, PVC )

9

o ?

410°C, 5.0 X 10°Pa,

GMT,

fitli
BT e
Pt

7-28 GMT
1— 32— 33—
4— 30— 6—
7— 3 8—
PPG Azbel ;
20%~45% ( )e

. 145 -



0 o 6 ~25mm
; GMT, 7-29,
20%~70%, Wiggins Toape
TrEl
T I
E C—— "1 ¢ ) ( D)
() O C )
7-29 GMT
GMT GMT
ZOQC o
10~20MPa, 30~100mm/s,
60~80°C, GMT
GMT 7-30, 30~60s,

(2)
PP, PA. PE, PET, PBT, PVC

(
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50mm,

10mm

= 0 ®oe © 86006

® ©
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D
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7-30

GMT

23‘um);
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(5

7.4.17 TWINTEX

(1)
TWINTEX Vetrotex
. 7-31,
TWINTEX
@ - o
| sz
W /4 BT AR

B

IBIEET Yk

7-31 TWINTEX
. 148 -



TWINTEX “ 7,
(2)
N PP, PET. PA

N GMT,

® 0 6

€

(5)
GMT . .
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7.4.18

(D
(melt),
1ON300C9

o 7-32,

(2)
PP. PA., PS. PC, PPO. PBT., PET. PE,
PPS

(3)
@© ;
@
©) .
@
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7-33 -

(2)

PP, PA, PBT., PET .,

~
w
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©@® 00 06
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(5

7.4.20 (VARI )
(D
VARI Vacuum Assisted Resin Injection
RIV )

o

(RI o 7-34,
WA R %Uuu hE=

i"ﬁﬁzﬁ” " >
HFH%
TR
7-34  VARI
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(2)
VARI

RI

(RI/RTM ) ,
s VARI ,
FRP (  5mm
200~ 300
(0.1Pa + s
s VARI
)IN ( N
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7-35 VARI
@ .
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7.4.21
(D
: 7-36.  7-37,
MMD : :
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(O. 1~0. BMPa) ’
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@ b

7.4.22 FRTP

FRTP

FRP ,

, AS, ABS,
PA. PBT, PC. PET, POM, PPS
@)
, PA. SAN., PBT. PPS,
PPO FRTP
7-30,
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7-30

20°C
981 ~
1961Pa, 60 ~ 80°C
(
)
d.
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C. N
d. s ,
o 7-31,
7-31
PP PPS
/°C 190~230 250~280
/°C ~60 ~60
/kPa 9806~19613 13729~41188
/(mm/s) 30~100 20~120
/s 30~60 60~180
®)
o b
b
o 77320
2)
FRTP o
Y Y o 7_380
FRTP s o
@ A} o



7-32

No X X X X HS. 4. 1
1 X Xkg lot
2
3
4 200°C ,10min
5
6 40mm/'s
7 11767kPa

60s
8 3,
9
10 ’

10%
PEAE, S5k SR AR A AR

& & I
N /D
=> = | AT TR

R

Chokh

7-38 FRTP
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: 4000MH
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ACM Advanced composites materials

AFRP Aramid fiber reinforced plastics

cccC Carbon-carbon composite

CFRP Carbon fiber reinforced plastics

CMC Ceramics matrix composites

FRP Fiber reinforced plastics

FRTP Fiber reinforced thermo-plastics

GRP Glass fiber reinforced plastics

MMC Metal matrix composites

PMC Polymer matrix composites

AL Alkyd resin

BMC Bulk molding composites

BMI Bismaleimid

c1e Continuous impregnated
compound

DCPD Dicyclopentadien

DMC Dough molding compound

EP Epoxy resin

FR Furan resin
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GC Gel coat
PPG
HMC High modulus compound SMC, %
MF Melamine formal dehyde resin
Phenolic resin, phenol-formalde-

PF.PH

hyde resin
PI Polyimid
PP Prepreg sheet
PU Polyurethane resin
SMC Sheet molding sheet
SPMC Solid polyester molding com-

pound
SR Silicone resin
T™MC Thick molding compound
TS Thermosetting resin
UF Urea-formaldehyde resin
UP Unsaturated polyester resin
Uuv Ultraviolet resin
VE Vinyl ester resin
ZMC
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ABS Acrylonitrile Butadinene styrene

AF Aramid fiber

AS Acryionitrile styrene

FC Fluorocarbon resin

CPR Caprolactam

GMT Glass mat thermo-plastics

MMA Methyl methacrylate

PA Polyamide

PAC Polyacetal

PBTP Polybutylene terephthalate

PC Polycarbonate

PEEK Polyetheretherketone

PET Polyethylene glycol tereph-
thalate

PMMA Poly methyl methacrylate

POM Polyoxymethylene

PP Polypropylene

PPS Polyphenylene sulfide

PSF Polysulfone

PVA Polyvinyl alcohol

PVC Polyvinyl chloride

TP Thermo-plastics
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AF

Aramid fiber

BF Boron fiber

CF Carbon fiber
CM,CSM Chopped strand mat
CS Chopped strand

GC Glass-fiber contents
GF Glass fiber

MF Milled fiber

PAN Polyacrylonitrile
PF Preforme

RS Roving strand

UD Unidirectional fiber
WF Woven fiber

WR Woven roving

RH Roving cloth

AC Autoclave process
CF Centrifugal casting
CM Continuous sheet molding
CPpP Cold press process
CW Cloth winding

Fw Filament winding
HL,HLU Hand lay up

1] Injection molding
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MMD Matched metal die press process
PT,PULT | Pultrusion
RI Resin injection process
RIM Reaction injection molding
RIMP Reinforced infusion molding
R.RIM Reinforced reaction injection
molding
RTM Resin Transfer molding
SCRIMP Seeman composites resin infu-
sion molding
SPU,SU Spray up
™ Tape winding
VARI Vacuum assisted resin injection
Vacuum assisted resin transfer
VARTM
olding
VB Vacuum bag process
BPO Benzoyl peroxide
CHP Cumene hydroperoxide
CN Cobalt naphthenate
MEKPO Methyl-ethyl-ketone peroxide
CCL Copper clad laminate
CNG Compressed natural gas
LCA Life cycle assessment
LCI Life cycle inventory
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MSDS Material safety data sheet
NGV Natural gas vehicle

PCB Printed circuit board

PL Product liability act

RC Reinforced concrete

RPMP Reinforced plastics mortar pipe
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