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Manufacturing and Structural Analysis of Thick Composite Spar
Using AFP Machine

Ji-Hyeon Kim*, Jun-Su Han**, Byung-Hwan Bae***, Jin-Ho Choi*, Jin-Hwe Kweon*'

ABSTRACT: A large composite spar was manufactured using an automatic fiber placement (AFP) machine. To verify
its structural performance, the weakest part of the structure, which is called ‘corner radius, was tested under bending
and examined by finite element analysis. Since the application of AFP machine to composite structure fabrication is
still in early stage in Korea, this paper presents the summary of whole process for manufacturing composite spar
using AFP machine from mandrel design and analysis to verification test. The deflection and stress by mandrel weight
and AFP machine force, thermal deformation and natural frequency were all examined for mandrel design. The target
structure was composite C-spar and cured in an autoclave. Test results were compared with nonlinear finite element
analysis results to show that the structure has the strength close to the theoretical value. It was confirmed that the
corner radius of the spar manufactured by AFP process showed deviation less than 20% compared with first ply
failure strength. The results indicate that the AFP technology could be used for large scale composite structure
production in the near future.
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Fig. 1. Configuration of C-spar

Table 1. Material properties of T800S/3900-2B (Toray Industries,

Inc)

Properties Value
Young’s modulus E,, (GPa) 139
Young’s modulus E,, = E,; (GPa) 8.8
Shear modulus G, = G,; (GPa) 4.6
Shear modulus G, (GPa) 3.0
Poisson’s ratio v;, = v, 0.32
Poisson’s ratio v, 0.46
Longitudinal tensile strength X.. (MPa) 3100
Transverse tensile strength Y = Z. (MPa) 55
Shear strength S|, =S, ; (MPa) 88
Shear strength S,, (MPa) 39
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Fig. 2. Configuration of mandrel



214 Ji-Hyeon Kim, Jun-Su Han, Byung-Hwan Bae, Jin-Ho Choi, Jin-Hwe Kweon

O*OWE A viel Zo] MEdE I AA|= P+
=olot. A X}%‘—Oﬂ ot A7, E¥E, AFPO] 2|3t £
—ro}v VEEA 55 L7 AAF o] FolAoF Tt &
Aol A= MSC.Nastrang: o3l 44, &4 F-38) 43}
AHY sl A skt =) F2AQL SS 4009 &
Al 7‘(]‘_—_ Table Zoﬂ 1,]-5]-1,].]041;]_ UHEE] .?_}_%g] g;ﬂ—ﬁ]— ?‘S:]
g AP, R R ARHRA PO JFE E He
HA iAoz gt s A AvE A o e 10 2R
33k A 84 (1015 ARESF] 84T (Mesh)y& A8
e gotaimde Fig. 30l BTt & 175,0897)
0] 10 AR 33} A QAS ARSI, AF Q] 4~= 340,867
ZHoltt. HE" Feh-2 AFPof| ofsf 2] 4| =, Jfﬂ A A]
_‘;:u;}a], 187 BEEZ nAFEHER 9 6]—_9_AEE]TO“A~1
o] AA =L PR A (Fixed) = 715k T

r“~

3.2 xﬂq s 3
HEgol Aol A A5 HEYS o] g3t A =}s)
28] 27|30 DetAA et wheba] e o

ﬁé% A F2E] A 883t offolof Firh 2
oA e ] 3 9§ s A7tA ke,

=1 X}v Ak Ao o3t HFekso] 2k, A
Zulo]l oJgh # st o] 2skE ol tiaf sk glct. W
=9] AFL2 £ 17,000 kgo| 1, o] & Fetaio] mE H
el %“"0}741 7hakd et Al ol o3 {5 ot5-2 AFP
o] B =7t BokA] Hlolzg e HFsHA FE2
glld], & Aol A= AR AL A AlF3E vl o el & uhg
OF 2,940 NO & 7} }gich REEES AA| AFPY] 3

o=
=
A

r& r& rlr
N

Table 2. Material properties of structural steel 400 (SS 400)

Property Value
Elastic modulus (GPa) 205
Possion’s ratio 0.29
Yield strength (MPa) 245
Density (kg/m®) 7850
Coefficient of thermal expansion (m/m/°C) 15x10°

Fig. 3. Finite element model of mandrel

Fig. 4. Deformation and von-Mises stress distribution of mandrel
(structure self-weight and distributed load at the center)
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Fig. 5. Thermal deformation of mandrel (Direction of self-weight)
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Fig. 7. Manufacturing process of C-spar using AFP machine

Fig. 8. Manufacturing set-up

Fig. 9. Composite C-spar after curing
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(b) Schematic diagram for test set-up

Fig. 10. Curved beam (corner radius) and test set-up
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