=~

Co o Vol. 33, No. 1, 13-18 (2020)

mposites DOI http://dx.doi.org/10.7234/composres.2020.33.1.013
Research ISSN 2288-2103(Print), ISSN 2288-2111(Online)

Paper

CFRP M2 2|t Carbon NCF Prepreg MIEH 3l L ZESHM -2
2RO HEME KT A A7

ok BpA ot

A Study of Carbon NCF Prepreg Manufacturing and Stacking
Pattern Optimal Design Using Structure Analysis

S. Kim***, H, C. Shin**, Sung Kyu Ha***"

ABSTRACT: Recently, the fire rescue truck in problem proceed research it for the fast works action and for pass the
small road. So we were research for weight reduction. In this study, the (NO. 5) fifth boom of the fire rescue truck
have 288 mm(W) x 299 mm(D) x 3,691 mm(L) with a maximum load of 876 kg and the thickness of 3 mm of the
Steel Boom. This changing of Steel (STRENX960) to CFRP was weave Carbon Fiber NCF (+45° 2axis) and then it
make the NCF Prepreg. This process was designed based on structural analysis, the effects of NCF Prepreg (+45°) on
torsion were identified, and the optimal design was made with Stacking Pattern (b). Stack patterns were optimized for
levels equal or higher than existing Steel Boom and CFRP Boom stacked in the UD direction, and finally, the
lightening effect on weight of approximately 49.6% of the steel was identified.
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+NO. 5 Boom
- material : Steel (STRENX700)

Boom wire and chain Outrigger

Fig. 1. Outrigger parts list in the Fire rescue truck

Max. Load | 876kg

Size 288mm(W) x 299mm(D) x 3,691mm(L)
Thickness 3mm

Material Steel (STRENX960)

Fig. 2. NO.5 Boom & Spec

Fig. 3. Multi axial carbon fabric weaving machine(NCF)

Fig. 4. Thermoforming system of CFRP with multi function
(oven)
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3. Boom Material Development

3.1 Carbon NCF Fabric

Carbon NCF= carbon2 Toray T700, Z fiberss= Polyester
478 AT 145° 2% 0.2 At on] e YL
Stiching length+= 3 mmo|1l Stiching Spacing2 5mm=
Fig. 59} 700] T]A-21ok9 1L, Fig. 60 4] Bo] 25(+45)0
2 Aol

3.2 Carbon NCF Prepreg

NCF Fabric[3]-& Prepreg® A|2}5}% 1L, Resin contents=
42%0]11, Fiber Density 68.72%, Resin Density 31.28%= 4
ASFA ). Fig. 73} -2 Curing Cycle2] duh4lQ] sl =
120°C, ABFAI7HS OF 60~905-0 2 A|2F5t3Tt.

E Lo Al +45°Carbon NCFE 2=90 2 Z| X3}

Stiching Spacing
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Temperature Pressure

Owell time
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L.

(min) |

Fig. 7. Carbon NCF +45° Prepreg & Curing cycle

Table 1. Material property

Name Steel UD laminate |Woven laminate
Material (STRENX960) (carbon) (carbon)
Density (kg/m®)| 7850 1555 1523
E1 (GPa) 210 119 54
E2 (GPa) 210 9 54
G12 (GPa) 4 4
Poisson’s ratio 0.3 0.3 0.3
X, (MPa) 2172 771
X, (MPa) 1449 698
Y, (MPa) 48 771
Y. (MPa) 198 698
S (MPa) 154 132

Prepreg A 2tal i, W5 ES 174517] $15t0] Boomol
A-g3hedet,

3.3 Specimen material property

EH3A)| 5= Toray T7002. 2 NCFE 2235} 91 Prepreg
L 27 9] E7 Resing ARE-SF T ESE T700SC-12k-
50C= UD®} NCFol|A] AR5 9131, T700S AFE3F o] 9=
AT B4, 718 dhbg o2 118819 0 Maximum
thickness7} 8 mm a4 Qo] WA, o] 4e AE
o= Mepstolc

2 A AF9 7124 &= STRENX9600] 1L 7} /02
Table 104 &1 7}-53}ch.

4. Boom FEM Analysis

4.1 FEM Boundary condition
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Fig. 8. FEM Modeling & Boundary Condition
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+45°

-45°

Fig. 9. Fiber Direction of Carbon Boom

L _k? =

UD prepreg 41ply

- — UD prepreg 59ply.

S UD prepreg 33ply

UD prepreg 50ply

Fig. 10. Comparison of Stress contour with Boom

UDprepreg 6mm (@) 6.1mm (b) 6.16mm (© 6.1mm

Fig. 11. Stacking pattern Comparison of Stress contour with
Boom

4.2 Composite & Steel structure analysis

H%| Steel Boom2] 3|4 ZA1}= vlE S & Table 19] X29]
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Table 2. Level of Design variables at stage 1

No Design Variable Level 1 | Level 2 | Level 3 | Level 4
X1 Steel (Thickness) 3 - -
X2 | UD Prepreg (thickness) 4 5 6 7

Table 3. Result of Design variables at stage 1

X1 Displacement (mm) X2 Displacement (mm)
1 5.8 1 8.73
2 7.4
3 6
4 4.97

Table 4. Level of Design variables at stage 2

No | Design Variable Level 1 Level 2 Level 3
3 UD: NCF ratio 2:1(a) 4:1(b) 6:1(c)
Repeat Pattern 9 6 5

Table 204 2] AAH4= X19] Steele] T4 S 3 mm= A
Aol al, Fx384 23} Displacement’} 6 mm H3}7F QL
1t} o]0l e} Z17te] EAlolA] UD Prepreg (0°)5 35}
o] FLz23)4 A} Displacement”| Table 304 RolF5% =
Al 6 mmo|| A F55HA A7t =& Q).

b AE vigro g2 = 2]9-8 1185fo] NCF Prepreg
(24592 Hg317] Slelo] Table 42} Zo] HAWGZ 47
8}31aL, Table 59 -2 A5 A& 4= et

X3+= Fig. 122} Z+o] UD:NCFQ| v]&-& A5+, zHz¢
2:1(a)= 99, 4:1(b)= 681, 6:1(c)= 581 ¥HE5}I T HHE3]
0] ZJo|= HA Table 39| AE HEJsto] & F7) 6.1 mm

[ UD 0° ] [ UD 0° ]
Lo ] [ Ub o° ] [ UD 0 ]
[ NCF Prepreg +45° | [ NCF Prepreg +45° | [ NCF Prepreg +45° |
[ uwo ] [ uD 0° ] [ UD 0° ]
[ UD 0° | [ UD 0° ]

@ (b) ©
Fig. 12. Level of UD: NCF ratio

Thickness 6.1mm Thickness 6.16mm Thickness 6.1mm

T —
[ Wouen(@®) |
T —
uD 0°
up 0°
Repeat Reapeat Repeat
8 Times 6 Times 5 Times
[E—TT—
uD 0°
wor
Woven(&%)
Woven(E%]) Woven(5 %] Waven(5=])

(a) 2:1 (b) 4:1 (c) 6:1

Fig. 13. Stacking Repeat PATTERN of Carbon Boom
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Table 5. Result of Design variables at stage 2

NO X3 Displacement Max. In-Plane Principal
(mm) Stress (MPa)
1 A 5.92 74.98
2 B 6.21 83.02
2 1 8.62 28.30
3 2 6.40 30.98
4 3 6.03 32.68

= Nz

Table 4= Fig. 12°] UD:NCF H|-8-2 H[E-S Fig. 133} Zo|
A S E S A48 aL, Table 59 Zo] 28 45 53t
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Stress& Z+7+o] ulElH & Table 52} Zro] v}l

H g 9Jsto] AQ] HSae-2 UD 50 ply 7 6 mmo]
11, B9 AZ3[l8l-2 woven 2 ply - UD 42 ply - woven 2 ply
7 6.04 mmo] | NCF Prepreg/} H|S9ol WA= FoF=
oFotr 7] 913t A7} Table 50|t

Ao A= T/ 6 mm= UDRl %3t A3} Displacement
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MPao|m| Boj|A =7 6.04 mm= wovens jot=)] 2+t 2 ply,
Z 4 ply 53t 21} Displacement”} 6.21 mm= x}o]7} O]
)R Max. In-plane Principal Stresse= 232 83.02 MPa
2 F7hhe HojH L, o]i= Woveno] HIEHo| nA]= G
ol A9 e HojFaL Stk

Fig. 13041 2] A Z-a &l ZAu}= Table 504 A i
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Stress7h 714 A () ol =7k A Ak shA
Displacemento]| 4] (a)@} (b)2] Z}o]+= 2.22 mm, (b)2} (¢)9]
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Stressof| A<= Z+Z} ¢F 2 MPag] Z}o]& K §ith.

NCF Prepreg(+45°)7} &% o] w2} Max. In-plane
Principal Stress= A5 7|AES B

oHil ATtE Eoj2 A2 e b)) 71 Heeih T o
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6. CFRP Boom X|%t

CFRP Boome] 4|13 9I3ko] FRPE 242 A|23he 7,
A=A E (b)2 &83to] & 37 ply £/ 6.04 mm=E A Z}3}
&}, UD Preprege= A&} SK Chemical®] UD Prepreg(0°)5
A28} a1, NCF Prepreg(+45°1= Toray T700 Fiber= NCF
£ Az, A#ksto] ARgsHITh

Fig. 149} Zho] =5 Alrbsto] 25561914, Fig. 15 Steel
AARE dgste] 2T AE= A2 Ldmsii

Fig. 15. Product of CFRP Boom
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Fig. 16. Problems in the manufacturing process
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