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Paper

Design of CFRP-Metal Hybrid Pantograph Upper-arm

Seung-Woo Jeon*, Min-Gu Han**, Seung-Hwan Chang**’, Yong-Hyeon Cho***, Chul-min Park***

ABSTRACT: In this research, a parametric study was carried out to design a metal-carbon fiber reinforced plastics
(CFRP) hybrid pantograph for weight reduction of high speed train (KTX). To design a light-weight and high-stiffness
pantograph, some parts of the original steel upper arm was replaced by CFRPs with appropriate stacking sequences.
For the parametric study, steel was replaced by aluminium considering structure stiffness and weight of hybrid upper-
arm of a pantograph. Finite element analysis (FEA) was performed for checking the structure stiffness with varying
design parameters. Static vertical load stiffness and weight changing ratio were derived from real CX-PG pantograph
model analyses. From the FEA results, the geometries of high-stiffness, light-weight pantograph have been suggested.
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Fig. 1. Structure of a pantograph
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Table 1. Material properties
URN300 [12]
E,, (GPa) 380 Vi, 0.28
E,, (GPa) 5.1 Va3 0.47
E,; (GPa) 5.1 Vi3 0.28
G,, (GPa) 5.5 p (kg/m?) 1,580
G,; (GPa) 4.6 t (mm) 0.25
G,; (GPa) 5.5
ALUMINIUM (6061-T6) [13], [14]

E (GPa) 68.9 v 0.3

p (kg/m’) 2,700 0,4 (MPa) 275.79
STEEL (Carbon Steel)

E GPa) 210 v 0.3

p (kg/m?) 7,850
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URN300 (OUTSIDE)+STEEL (INSIDE)
URN300 (OUSIDE) +ALUMINIUM (INSIDE)
/
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\ A
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STEEL (OUTSIDE)+URN300 (INSIDE)

Fig. 2. Four types of hybrid pantographs for the parametric

study
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g. 3. Structural stiffness of various types of hybrid pantographs
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Table 2. Structural mass of hybrid pantograph according to the
types of composite application and the number of com-
posite plies

2Ply | 4Ply | 6Ply | 8Ply
STEEL + URN300(OUTSIDE) 35kg | 3.7kg | 40kg | 4.3kg
Aluminium + URN300(OUTSIDE) | 3.5kg | 3.8 kg | 4.1kg | 4.3 kg
STEEL + URN300(INSIDE) 35kg | 3.8kg | 4.1kg | 44kg
Aluminium + URN300(INSIDE) | 35kg | 3.8kg | 4.1kg | 4.4 kg
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Table 3. El & mass data of satisfied models

STEEL 6 Ply: 182.67 x 10°N-mm?, 4.0 kg
+URN300(OUTSIDE) | 8 Ply:223.05 x 10°N-mm?, 4.3 kg
Aluminium 6 Ply: 178.71 x 10°N-mm?, 4.1 kg
+URN300(OUTSIDE) | 8 Ply:219.19 x 10°N-mm?, 4.3 kg
STEEL 6 Ply: 178.68 x 10° N-mm?, 4.1 kg
+URN300(INSIDE) 8 Ply: 217.80 x 10° N-mm?, 4.4 kg
Aluminium 6 Ply:157.11 x 10°N-mm? 4.1 kg
+URN300(INSIDE) 8 Ply : 190.74 x 10° N-mm?, 4.4 kg

545 202 Faste] stolHels e adze] wuy
2 qstgieh. shol MY S WE T xY o] = R EL
Aelat BE Fel BA 2718 )& CX-PGE} FUs)
A ATk 84 PR AL 20 We ool
Lo 342 stolnelE MR LS 145
7] $lalAlE stolHe = PxE HAH Wl sho]met &
QIERO] Ho] Wasth 71E 2R 2F A B §
Fate] ML melstel YRASS ST A FEE 5

7] $18l Fig. 4ol A A|AIE BFe} o] [-3kQ 4345 53

710] 50 mm, S 5mmel A2t 2elE 2 Aekaklr. of
2Q1E 3 U 3tof sfo] B el = wjelato] 22 Yzksly] 9
aff w|Qlufo] o] o7& Foixl oA 7 F A<l
80 mm= Z A5}t

AA Al HE 2= CX-PG P9 32 ndFy S
3 NX-UG 758 AFE3l T 93t e 23148 98] A &
st T2 9ol ABAQUS 6.12-13 AF&5to] 217 a4
& Astort

A S fI7E st 0= Fig. 1914 Uehizo] &
I} Y-Party} Er= HEo|| 4237 o}%— 350 N&- 7|9 11, Fig. 5%}

o] ZRJAE FAl2AZE Foston, ol= 7] =3
ne A5tE AR 2A3 FUR ARG 9
Pl RS gl AYF-LAY 712 2 maYe)
314 g2 Fig. sofl v watick. A suizt Azl 0.4
L oF 1L0%E o Agieh o] v|E A Wel ez A
Holo] mulg] gl 3jio| A2 ou|3slc}.

T4 A o] ARuEY A HAER A TE 1Y
o] dolifEE ZQlE Fok HEo] £718 7|2 3 mmojA]

X=0, Y=0, Z=0
/ X-ROTATION=0, Y-ROTATION=0, Z-ROTATION=0

X=0 ’)\* _/

Y-ROTATION=0, Z-ROTATION=0

Fig. 4. Boundary condition of pantogrpah (FEA)

7.5 mmz 52 0|2 RSl ® 7 e A RE 1
&R EHA M= AHol BR ZF 9t E R Elg5 Efo](Tie)
2A0R P4 20 Fo ATk FAAT A2
(Co-cure bonding)2- 7}43lo] Bgrjmel F<&ulo| = g}
o] A2 Agsl ATt

et &2 s, A, 445 ol W
aeme] o) AW S EEO}OﬂE}(FIg 6). o= 7%
A + URN3009] 3|4 Aol 7 252 2008 TA6+
UEbd Aot} g mdEo] §4 AIES A H 5%
o] BAE o &3to] FEAE| = & Fig. 700 A4
skelom, Fig. 8oli= 7} 27dof w2 Aot AA 9] d&=
UHEFU ATt Fig. 73} Fig. 8o A A A% ve} o], XA A
Robo] 47 342 vl luto] ek b whebu] =2 of

= O
2UE=

FORCE (N)
400

error

350
1.02%

300
250
200

150

100 —4-KRRI STEEL 100% EXP DATA

50 -+~ MODELING STEEL 100% FEA DATA

0 1 2 3 4 5 6 7 8 9
DEFLECTION (mm)

Fig. 5. Experimental and analyzed stiffness of a existing panto-
graph

uz
+5.7142+00

433e”
BiEest |350N

+5.714e+00

\ Analysis

'806e-
z results 133292400
+2.5522+00

+2.3752+00

+1.3982+00

350N +1.421e+00

+3.4452-01

+4.675e-01

Fig. 6. Analysis results of deflection of hybrid pantograph
(steel + composite)

STIFFNESS
(N/mm)
100
90

8o / +73.3%
70 +53.9%

60

50 +9.4% +22.0%

40
30
20
10

o

-@-ORIGINAL STEEL 100%
—-STEEL+ COMPOSITE
—4-ALUMINIUM + COMPOSITE|

4 6 8 10
No. of plies

Fig. 7. Stiffness of hybrid pantograph according to the number
of composite plies



Design of CFRP-Metal Hybrid Pantograph Upper-arm

331

MASS (kg)
20
18
16 o
° 3 —
14, -5.1% -3.2%
12
10 -
s -51.5% -49.8%
6
" -®-ORIGINAL STEEL 100%
by —e-STEEL+COMPOSITE
° —e- ALUMINIUM + COMPOSITE
4 6 8 10

No. of plies

Fig. 8. Mass of hybrid pantograph according to the number of
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