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Compression Behavior and Damage Evaluation for Automotive
Suspension Fiber-Reinforced Composite Coil Springs

Jae-ki Kwon*, Jung-il Jeon**, Jung-kyu Shin***

ABSTRACT: In this study, fiber-reinforced composite coil springs for automobiles were manufactured using the
braiding method, and mechanical tests and damage evaluation were performed to confirm their safety. Through the
analysis of the load-displacement behavior, the stiffness of the springs was evaluated to meet the specifications. In
addition, the distribution of voids and the impregnation rate on the spring wire section were analyzed to clearly
understand the criteria for the mechanical properties of the composite material. Moreover, the tested springs were
visually inspected to confirm the damaged parts, and the failure mode was analyzed by observing crack initiation and
propagation behavior of cross-sectional samples taken from the crack and failure adjacent areas of springs using SEM.

= Ao N Beold FHOoR AEA-E A
Skl %‘%—Al%! FEA7hE st sl 7
zo v

< et
oh. Aol sl Ve serins Aasto] EARES AP Ou], SEME o] §sto] 2
QUANOl A AT Fow AR #Y g L QAN TES e S Rsg BAstet.

Key Words: 43733} E-§}A)(Fiber reinforced composites), Z Y I (Coil spring), 74 (Stiffness), T3 -&
(Impregnation rate), <=4+ 7}(Damage evaluation)

1. M E M, e dFulEoly vhavled 22 A0 E &
Aze] tiAol Q3 TS EolalAt st A7 AL

HE] A % HA o] w3t A7 HA FasiAl AE] A1) 53] #F9] AFete daES v A
A 7]E] Wol ARgH o] ftd H7 Y] BEE Y A Aedde eI IR Qe dnE =
AR hAskr] A%t A7E of ] AddEokellA & B 4 Q7] 2o, Ao Aehe S Ao
kA AP = ‘EHI 6. AT AACNAE F5 2] 7P At 8% a4k & 5= JUHH(7.8]
A AR FEES deR 2 2 eke) Al Ade 5 R S0 Bes xR E AT 5

Received 5 October 2022, received in revised form 23 November 2022, accepted 11 December 2022

*R&D Team, Steel Division, Youngwire
**R&D Center, Automotive Division, Youngwire
*+*TAdvanced & Initial Technology Team, R&D Center, Automotive Division, Youngwire, Corresponding author (E-mail: comshin@youngwire.com)



440 Jae-ki Kwon, Jung-il Jeon, Jung-kyu Shin

U A AT Yol M TIA, $FFF, N L ES
%5 thoFal Hoo] BgH 3 9lon], AER} Hofol = el
A7} FarsiA Z1E 3 Qeo-11]. 55, o4 a1
7, 7P mar okt Aul-go] gl glek. w3 o %
A AL A, WFEA, DAY R Aol Fou,
Az A 713R D A5 ol $asta 249 F
7, AEAY A wige] ofs) Fhe 8] e

ke o] SUEtio). olel ol o158 S el

0;0

Q75 ZapaE (glass fiber reinforced plastic, GFRP)o| Zg]
= ] A B2 & (polymer matrix composites, PMC)2] t] i
Mol Bg R Al2wle] shiR Ahe] 2 qlekol. 4% ]
d = BT Aol d3FE 1, o] FollA Eeo]
3 (braiding)o| g+ 47, fojof Ei= B 50 FA% A=
BANA Bake P fEes Aok 48 o)
gro12). BEold 2 ES A= A AE E
LoERL O R, B RE SRS i 19l
A, R, WEAY ST e S Beld A4S 7
ZIcH13,14]. Bold Ze= Bt m o 7|AA EA4= £
$87] ol Ztwe] Aol o FReicH1314]. £t

mlm

Beold AR 7] BF A8 ue A A
= YAIRH15,16], AEAf £F 53] ALwH 1Y A
Zgol| tigt A= wf- FEshc)

wHebA] 2 Ao M= FEHRE o8] Beo|d &
HoR A AE Aadld B3 1Y AxgE Alx &
USAH S st o, ot5 2 Heote] wAE 53
AR 7ol A 2Y AxF o AR E= A Z
St B7Eshle). et Qb o] SHoA B uf

A TS SErE &= Q) AAto| tisE Pl H—,—F
0}‘31 ’\PSL =49 Hzﬁ = et XJDPZHEL*] = HE

A A5 7 daron PERER T é:%&]
W9 BE 52 Bt

21 e ¥ =Z2[&§ M=

2 o] ASE U5 BE) e AT Az
3l7] 93l A AR = 82 /d-8-{4400Tex (1x}), 1200Tex
(87 W 932 AFEF O], 7| AR A EA] 4] (KFR-
502 (12}), KER-120V (8} 2 92})}} A3}A {KH-100 (12}),
KFH.9584 (8%} 3 971)}2 Ealstol ALgasich. A% 4] 2=
A 9 Ao F7 T g W ol £E 5L UE
0 74 H AEE Bol B4l S4A BoiE 2L A
B3k ZalEL 16, 36 D 483 B0y Au|E o] g

o AlzFow, Boly ZtEE 45°F Fig. 10 Uehd uf

W Iﬁset

36 set I———

24 set

Fig. 1. Photos showing the braiding process

oF Aok 12} AAFE A AZH 9 o]& AT FAFSEH
Al 7‘1]5‘_3}71 9|3l 8 layer= <-4 “E}- o] % ALE O] 7
o= aLEfste] 82 A|AIES] ZelE2 365, 22 layer, 9%}
AAEL 19 layer2 3}t
l:la]o]uloﬂ/\{ \:ﬂ-‘cﬂrq 71—5
A Haxial yarn)E AU T 4= 9l (18], a5 o7t QL
= 58A 229 A5 A 9 sk 7 4 dH
Hag vp IoH19]. & AtollA= ARdst 534 =
o Az oy FAHS dF By 1R = SIS
o, AR A AT {2 A2 A layerE A 55t
= Yo E A2tk B3 13 A A Fo tiet o FHA|
o} AslA| Q] g = 1002252 3191 om, 40°Co] &&= X
ol Al 100 kPa®] F<¢ts 7ot ZEjFol A& ¢
SHoATE. 82k & 92} AJA|ZEof thgt of| HA|ef A o}A| 9] vl
] 100:1158 3H.0., 40°Co] &% Z710]4] 100 kPad]
158 7hsto] 2| A& FYskth olgf 4]
Za|Zo A FUE7|7HA] ¢k 144 7Fo] A8 E Q)
=2 Ja‘oﬂ dEHF ol 7kl off ALY YWER
A EEHrh20]. ofuff A O] FAE A
7171 <18k %201 af]-¢- ”71] J:‘7P51 ﬂﬁ-t%t f‘%

FAAZI7] Sl A= Al

_I

Al
5]
o

12
e 14 AlXﬂ%«l 3% 14 7014 34
g 41 BEg 4F oo Yu
A 1A7E B9k A A Z T 27 Fol z g
B & F 180°Co)A] 2407 St §X1417 AFA AL 8
9% AT B8 ol BB Adol Y
P 9F 8ol Wil 150°C] HY LA 8A17 5
AN 2 ol BHL o] TS 2P A F 150°C
ol 4 2417F 9t §AAIA ABHAI T B 2 BE 9 A
A% AL Fig 20] e o, A7k g 97 A4
Fo] Fere 9 Fow AL Fg 30 Yeglch. 1w
ol ZALF ThH] 1,8 W 9% A|A|ES] Atk Table 1of A
elsto] et glch. SH A9 et Bak) 2 Axe
12p-73} A AIES ol 87 7 A A AW A F Ao 23
A oFe A, 9 W Sk WA 53 22 BA B



Compression Behavior and Damage Evaluation for Automotive Suspension Fiber-Reinforced Composite Coil Springs

441

Plaster mold -

Fig. 3. (a) Cross-section and (b) longitudinal-section specimen
photos of the 9™ prototype

H ok whebd B A4 meist 83 L 9%} A AE
o 7 AZ B4 P17 S8 ol A dlole S 4
E F Az Pol Agtact ol Alx o] ue A
meo] BL G715 S18) 9% AAFS 83 AAE
Hlof layer 58 Ao, FYES AT O] K g
L ogrele 83} AAIE Rk oF 10% B st

3. 7I1AH E4 87t

J=
Stk Al Au]= Zwick/Roell
), oA 1 mm/sec®] HEFPE &=
2 shgich. 950 ARYE W layer 5 theA siof 7|
23t 87 W 97 AAIES ARo sllon], 48 sl
ubE ), 24, Wol 4 HOIE B4 8 £4EHE Y
sttt

A=A]3-2 full rebound, curb, G.V.W. (gross vehicle
weight) @ full bump @A 2 A|E35}I ). Full rebound THA|
= k%] AEokA] 2 AE O 227 =], curb @A =
Apepe] Ak 2718 whed ko] wwlo] HoE Axe o],
GVW= Ao B eA A 208 vhedeiol Eulo] ol
gl 232)0] 2Hg315S whdat o, full bumpi A F

Table 1. Specification for the 1%, 8" and 9™ prototypes

Theoretical Prototypes

design 18t gth gth
Spring material GFRP GFRP | GFRP | GFRP
Molds - Plaster | Metal Metal
Weaving method Braiding |Braiding | Braiding | Braiding
Test free height (mm) 303.4 297 300 300.1
Wire dimeter (mm) 25.5 24.2~25.3|123.2~24.1(22.5~23.5
ig';‘:e‘ri/lir:vizr mmy | 9251970 (94.4199.2/92.6/92.9]92.2/92.7
Outer diameter (mm) 192.2 187 182.2 179.6
Total spring coils 3.75 3.66 3.71 3.71
Weight (g) 1,515 1,363 | 1,493 | 1,401
Number of layer 22 8 22 19

“+G.V.W: gross vehicle weight

Fig. 4. Compression test machine and test progress photos
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Fig. 5. Compression load-displacement graphs for (a) 8" and (b)
9™ prototypes

Table 2. Piercing point data for 9" prototype

Ux Uy Lx Ly
Specification >3 <4 <4 <30
Experiment -6.1 2.6 10.1 25.5
Evaluation NG Good NG Good
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Table 3. Impregnation rate data for tensile and compression line
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N TL 87,853,833 | 1,592,579
8" 98.4
CL 133,102,441 |1,989,011
b TL 95,153,261 704,702
9! 99.6
CL 101,786,606 | 161,493

Fig. 7. Crack photos observed in the (a) 8" and (b) 9™ proto-
types after the compression test
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Fig. 8. SEM images of the crack initiation and propagation sites
of the cross-sectional sample taken from the adjacency
area in the failure of the 8" prototype

Fig. 9. SEM images of the crack initiation and propagation sites
of the cross-sectional sample taken from the adjacency
area in the surface crack of the 9™ prototype
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Fig. 10. Schematic diagrams showing the crack initiation and
propagation behavior of fiber-reinforced composites
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Fig. 11. Schematic diagrams showing the crack propagation
and failure behavior of fiber-reinforced composites
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