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Structual Design Verification and Design Optimization of Pantograph
for Korean Very High Speed Train
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ABSTRACT

There are three items, which are panhead displacement, tilting angle of panhead, required moment of
main shaft, which representing kinematic performance of pantograph. Kinematic variables effective on
kinematic performance are length of each components and installation angle. In this study, cost function
is defined with 3 items. By this cost function, length of thrust rod was optimized.

Finite element analysis was used to consider structural soundness. Finite element model was qualified
by comparison between analysis resull with experiment resull, By qualified F.E. model various severe
condition was simulated to consider structural soundness.
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C = 0.2¢X + 0.5+T + 0.3+M oy

o7)M, X = RMS,uq/MAX(RMS,u9) (2)

T = RMSqga/ MAX(RMSggz) (3)

= RMquz/MAX(RMSgu.E) (4)
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Fig. 2.1 Kinematic variables of pantograph
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Fig. 2.2 Cost function according to length of thrust
rod
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Table 3.1 Aerodynamic force on each component at
train speed 350km/hr

(29 :kef)

224 F, F, F,
s 53 0.0 125
2EYLE BT 42 0.0 72
‘5-et 32 0.0 -9.2
was 20 0.8 0.0 -2.7
E8A 128 0.0 0.0
#HH= 94.5 0.0 135
714 FE Gxte) Ho|ud & datzlg g
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Table 3.2 Reaction force on each components (average
current collecting height)

MO (kgf*m) 111.2

ROx (kgf) -601.2 R5x (kgf) 2280

ROy (kgf) 325.7 R5y (kgf) 75.7

Rix (kgf) -824.3 Réx (kgf) 228.8

Rly (kef) 2416 Réy (kgf) 70.2

R2x (kgf) -484.5 R9x (kgf) 336.2

R2y (kgf) 262.5 R9y (kgf) 49.8

R3x (kgf) 480.2 R8x (kgf) 94.6

R3y (kgf) -264.6 R8y (kgl) -7+135

32 XM @ A
(1) getaadMo) o3t TxHE

Ax #EIIHT AFFA 7 BAzke] =9 ¢ £49
oldE sl z} BAE FF steel FolZ(FHuH
@27+, SPPS38) Pz 81712 BT o R 9
A 2 FAE 49 Pl dojR Zr 2
o Adgle 35 ¢ HgE JIRE s tgF ol
AR
Table 3.3 Out-diameter and thickness of each
components

ol op ojp

L) 7 (mm) | $A(mm) A7)
F& 89.1 55
shet 730 55
- 60.5 55 SPPS38
AYAE
sc 340 325
daas 2 21.7 2.65

flel # 329 dAFE 7 A FE2LEdd HE
& 2% g 2 FHEEE e 9\1‘315}

AR Rt F5& B9 Ho g
27 kgf/mmPol X, AR E 229 kgf/mm °\ &%5\}
4 ARQeIAE 19 329 (OF 2R 3
of }E FRAA FHHFoE 4Ert E}EW o] %
9 28% FEL AAsY AY4sd F3H A77t

2S5 TTE

229 kgf/mm’olA 134 kgf/mm’eE AA EHUcoh o8
22X SPPS389] 7wl 335kgf/mm’e] Hls) &
& Fxjonp,

(a) main shaft and lower arm
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(d) after modification
19 3.2 Stress Distribution of each component at
train speed 350km/hr

Fig. 3.4 Location of strain gauges
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Table 3.5 Aerodynamic force on each component at

"i : D train speed 385km/hr
: T et 5.432 (291 :kef)
< point 3 o
~ S +zg§::g / 2.921 L F, F, F,
"E 2] /” BH- 6.4 0.0 152
g 0.523 2Y2E 2E | 5] 0.0 8.7
o T 0.136 Ch] 39 00 -111
gk 25 1.0 0.0 -33
2 -2.507
3 £d4 154 0.0 0.0
N 15‘:0 2(;0 “7 25’0 3(;0 N 3;0 .’gﬂ_'&ﬂ E 114.4 0.0 163
Wind Speed (km/hr}

Fig. 3.5 Measured stress according to wind speed at

train speed 350km/hr

Table 3.6 Aerodynamic force on each components
under typhoon condition

(&%l kef)
£ A —?ZZEIE"!I AHEE fE8 A BE9 g =) F, F, F,
S ASE] dstd EFAYAAM FASE ST sHEe 122 00 287
:j;x]% FRFAL 4 STl dotel Wmstel 2 ~92E 22 | 97 00 16.4
Table 3.4 Comparison between measured stress and R 73 00 ~210
calculated stress s 22 1.9 0.0 6.2
N EXPY A A AT S &} F34 29.3 0.0 0.0
M etymnd) | Gegt/mmd | (90) A= 2168 0.0 308
1 5432 6.1 123
9 2921 30 97 Table 3.7 Aerodynamic force on each components
under crossing condition
3 -2.507 2.2 122 (9} kef)
22 F, F, F,
E 339 &A% HMAE HH 27 ~ 123 %4 & 35 16.8 -40 183
235 e AE ¢ 7 Jdon gy feLarEd AT LAE 2E 19 -15 10.3
o g§g4E FEGr & £ gtk Apxol 109 36 118
33 JEHA A was 2T 33 -1.3 -35
EYA 222 -0.9 0.0
PBEIHTF 489 F s IEFRASZE FA Ro) H= 150.6 -0.5 201
ot 9] 374AIR & 4 Qlck olde] ¥ ¢ IHE UE
Azt FEPAEIA AFLE AAHAUE 4 99 A5 gAY 2 YL AT FFPAEo)d
el 7atadt A zZpEael] gste WEEe 7aw ey ® 38%

O ga7) 385km/hr2 ZAAFEEE 4$

@ 927} 8 E(180km/hr) & ¢F3 350km/hr
A e

® F gzt 2tz 350km/hrE TR AL

2.
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Table 3.8 Reaction force of each component

g7 HE 2y
(385km/ho) (350km/hr | (350km/hr
+ 50m/s) |+ 350km/hr)

MO .
(kef*m) 102.1 539 79.6
ROx (kgt) -672.8 -1037.9 -827.0
ROy (kgf) 3476 458.2 3903
Rlx (kgf) -936.0 -1511.3 -1155.7
Rly (kgf) 2515 303.8 274.8
R2x (kgf) -531.6 -7704 -623.2
R2y (kgf) 2873 4133 336.2
R3x (kgf) 526.5 760.7 6214
R3y (kef) -290.9 -424.6 -341.3
R5x (kgf) 269.8 486.3 3453
RSy (kgf) 89.3 159.7 1137
Réx (kgf) 2709 488.3 348.6
R6y (kgf) 833 150.8 107.8
R9x (kgf) 4007 734.3 521.3
ROy (kef) 65.7 1478 93.8
R8x (kgf) 1144 216.8 150,563
R8y (kgf} | -T+16.275 -7+30.843 ~7+20.134
A9} % 389 FFE 7 A vf?}-w 2do] A&

st Zbzte) F1EZZC] talA F2%A hH%%
o A71g Fatd dhet 2ok o 27171 ARgelA

WAsie) 1 27170 BERANA 208 kef/mm’ o]

o] A7l

Hile) SRAT 335 kgf/mm’ 9 63%°) 3l

FHET £3 02 BAE Jo 101 kef/mm’ER FE
o] wlg) e FEoltt

Table 3.9 Maximum Von Mises stress of each

component

(291 :kgf/mm”)

=4 | 295 (35;](?1/ hr| ( 3581:91/ hr

A BBkm/AD | | 5omss) |+ 350km/hn)
FE2+stE g 32 54 40
2P AEZE| 42 7.1 47
25 148 20.8 17.3
HHA AT 5.40 10.1 7.6
Ed 4.6 8.6 6.0
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