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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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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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W URN300 URN300 (OUTSIDE) +STEEL (INSIDE)
W STEEL URN300 (OUSIDE) +ALUMINIUM (INSIDE)
+ ALUMINIUM p

¥

2

ALUMINIUM (QUTSIDE)+URN300 (INSIDE) z %
STEEL (OUTSIDE)+URN300 (INSIDE)

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

study
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Fig. 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
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Fig. 8. Mass of hybrid pantograph according to the number of
composite plies
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