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Robust Design of Pantograph Panhead Sections Considering
Aerodynamic Stability and Noise
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ABSTRACT

Pantograph design process must be considered in terms of stability of aerodynamics and reduction
of aeroacoustics. Furthermore pantograph needs to be insensible to severe circumstance condition like
typhoon, tunnel, a change of season. In this paper, robust design of panhead sections is conducted
based on the Taguchi's design of experiment method. In the aeroacoustic noise analysis, an acoustic
analogy using the Ffowcs Willlams and Hawkings(FW-H) equation is used to calculate the flow
induced sound pressure level in aeroacoustics. From the near-field CFD analysis data, the far-field
noise is predicted at the positions of 25m away from Pantograph. Based on aerodynamic(CFD) and
aeroacoustic(FW-H) analysis data, the optimal sizing and positioning of panhead elements are
determined using robust design optimization method. Design parameters such as thickness, length and
radius are controllable factors, while outdoor air temperature and atmospheric pressure are considered
as uncontrollable factors in the context of Taguchi's approach. A number of CFD simulation and
aeroacoustic analysis are performed based on orthogonal arrays. In this paper, two-step optimization
method is used as a parameter design procedure. It is executed using signal to noise(S/N) ratio and
analysis of means(ANOM) method. So Thus, an optimal level of design parameters is extracted to
minimize the disconnection ration between contact strips and catenary system, and reduce the
far-field aeroacoustic noise.
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Fig. 3 Schematic of simplified panhead section
and controllable factors

Table 1 Dimension of Controllable factors

Factor | 0 Levellmm] |1 Levellmm]| 2 Levellmm]
A 250 75(-15 %) 295* 339.25(+15 %)
B | 75.65(-15 %) 89* 102.35(+15 %)
C 62.05(-15 %) 73* 83.95(+15 %)
D | 40(-20%) 50* 60(+20 %)
* indicates a current level
Tab]e 2 Noise factors
. 0 Level | 1 Level
E(outdoor air temperature) 15C* 07T
F(atmospheric pressure) |101325 Pa*| 104325 Pa

* indicates a current level
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Table 4 S/N ration and mean value from
orthogonal array

. Aerodynamics Aeroacoustics
. Mean[N/ S/N Mean
_ |sratioldB] | (km/h)*] |sratio[dB] | [dB(A)]
1 63.27532 | -0.00042 | -40.1298 1015
2 66.05409 | -0.00025 | -41.4194 11775
3 74.31369 | 5.78E-05 | -40.7487 109
4 78.6514 | 0.000366 | -39.3004 92.25
5 63.61331 | -0.00041 | -39.1093 90.25
6 63.79195 | -0.0004 -40.151 101.75
7 63.75793 | -0.0004 | -40.6082 107.25
8 71.39212 | 0.000519 | -39.3466 92.75
9 63.77159 | -0.0004 | -39.18111 91

2003



F5EAE 2 fAEASE TEe AHINE A gdEHy AAAA
6.3 ZHMA 2= ABICiD7b ®vh &, T #I T A, 22
BESYE DS GAIA UL YA GRS T do(mole) 08 % 222 0 R g
dpeb ol H@kal 225Nl iFete FELFAS B olE ¥ £FOE 4Xdz, AR ule F
#el 25x107e 2EAE 448t AL BT Aol FHEAY fos AdRzEe] =
Table 48] S/NBIE 7} A &9 did WE S o Fig 99 428 AY WM, F 3 EF ¥
T8t Fig. 83 o] ZAIE 4 ok olgjgt AxE 3t AAE HAFT ok S/NHlE HUz st
ENE g2942 44% o5 ¥ 4z tal  IAFEE HEERS s & 4 Ax ANEFL
Hig EAsEAM, S E FEERAE Hud s ABCDel 8t &, #HI =] A=, HIH=9 A
AN g Sl Aol %S AFEY o 72 2A 0t Ags @550, e ol ¢ 3=
A 7 QAN S/NVIE HUZ BIAAE £ 2wl YRS AFFRG H24E A2LY A
L2 A1BICiDzolH, HFEHE B3 ZxAo & Holx Utk
7P e AR ABICID 7 FYh F HF ol4e] A#E FHE HW Table 5 63 Zh A
Aol A ¥ BART Aoldt AHE Hol 3l fsﬂ‘: AR ¢ Azt a2A vk 7o Age 9
=dl, ol= dARe] HAM AAHooF ) B TO2 FAsHs Aol F AAFHY ¥ Hist
CRaAE Ddze ol A2AE Nzl 458 3 Atk SAD, Bel Aoldh A2 el AR A
ARSYOH, TR MG AT AF GUZFS 2 U8 F%E Holn Yov, K| A2x 6 3
Table 5 Comparison this study with wind tunnel ":
test o M
Wind tunnel test” | Simulation(study) € ™ O O,
Velocity 350 km/h =
Measqrgment Side, 5m Rear, 25m e
position w12
Results 1 012 01201
(dB(A)) 100.8(No. 7) 101.5(Case 0) ()
220 g 310 XA "'e @/
— T
“012 012 01201 2
e 1 H 3 4 1) L] 7 B e "0 11 12 (b)
(a) Fig. 9 (a) S/N ratio & (b) ANOM response
graph in aeroacoustics
‘g 0.008 target value Table 6 Results of two-step optimization in
& oos each design process
é ¢ Controllable factor | Aerodynamics| Aeroacoustics
P V’/@ ’/Q\’ Ne Length between two ) .
g 0w panhead strips
00015 Length between
e s panhead strip and - -
(b) crossbar
Fig. 8 (a) S/N ratio & (b) ANOM response Length of thin plate - !
graph in aerodynamic Diameter of crossbar 1 |
SRS SEE=28/A 13498 A 235, 20033/89



2z £

HolZ gtk ole@ AAE o
o) dzel 2 4 itk AR v AR A

ZAg Az v Qe
3 ‘]CE Uéo}&a]
A g e,

koll
Ay
N
b
|o
ft
okl
A
A
oX,
B
r'EL
1 _‘

#5740 olEYY, UE T Y45 22¢ A3
s Hmz, we Aol Az vl A4S Ed
H 258 ok s £E2Fel ool A Aoz
wgdn

VAROZ HOIR AdE 2ATL AT )

ole} AR~ wuiel AHZY ud I £
S/NHlel ol Fig. 103 7o) a8 g;q °x
(a)9] FHEP #% ZAHAE AHY, HHFT
el 2 7F YA AgE Boly ik wEA 2
@A HHste AAE AAEER EYHoER Had
T Ag AR AddY AW (b)Y AEE

oX ©
tlo

85
—e— D0
80 —a—D1

60

SIN ratio [dB]

55

50

5
. |[—e—D0

Y
ST —a—0z

S/N ratio[dB]

Co C1 C?_
(b)
Fig. 10 Interaction between C & D factors (a)

in aerodynamics and (b) aeroacoustic
design process

BES- o] 7

°‘t} o =1 2
+ C ¥ DUA

o MN

Loy

(A
X o2
o 2 &

o

oft

rO

oX

Roig:)
By

oL
Ao
Jm
o,
o
AL
r\r
o o
i)
o
2
4
X,
y,
:i
rlr

s
azse FA03 BAEDe) A
d430T o1, Az A
2 A7k ARS8z zFe] s,
48BN lawﬂ Aol A2
FEuTh A

o
X
A

o o, w
oy
1o
Ny
9

1t e
rBL

r
I
ey
HI
kvl

[¥ o rlo ¥& |m <
B )
i
ox.

1o

>y
b=
= ol
i o>
IO
“OEré
CHED
X
% Tt
Nl"\‘
rO_C
AU
A
_\,L

ZRo)M 2 ) gua 2
¢ FUg ¥ 1% 4% Ad
° A o 2et} 53
HollMe ®Y Zolgt 2224 upe] A4
A3 AYAYE Frlste] AR
- AMelol & RoE FEn
g 7ue] S84 2 A%dZo] My
3

7ol

of £ M % W oY o
o rlo A
- o
oy for v )
)
oo Y, N
ol 3 ok
i)
B>
tlo

ca

w
=

2 _‘E o ok B
a2 o l dlo

£
2

B A47E a3AADAY HHLAN7 12T
Hel dvn) AQog sRuAFY T

]
K
Mo
ra

(1) AT = 74, 1998,
2T AXBETA" AMdW
71+, pp. 33~44.

(2) Taguchi, G.. Chowdhury, S. and Taguchi,
S., 2000, Robust Engineering, MaGraw-Hill Inc,
New York.

(3) =
HIH = oo

"AERAT SN
%

R AYALY, 48

ful

7], o1FF, 2001, "A&HH Mel I Lo
e FEEY A" deriAsy

=2/A 134 A2E, 20039



FA e =ZJE, pp. 367~372,
. O1F4, 2001, "AHEEEAE 2 &
deNg FEANMS B 1E5AE AHIHEY &

v dF" #FLSATTHI FAGEHI=TH
1. pp. 1207~1214,

(5) FLUENT Solver User Guide, 1998, Fluent
Inc., Lebanon, NH, chapter 8, pp. 1~5, chapter 17,
pp. 1~32.

(6) Francescantonio,

=
L=
S

P. DI, 1997, A New
Boundary Integral Formulation for the Prediction
of Sound Radiation, Journal of Sound and
Vibration, Vol. 202, No. 4, pp. 491~509.

(7) =49, 2000, ANAFAGH, TGAL

(8) Madhav, S. P, 1989, Quality Engineering

Using Robust Design, Prentice-Hall, Inc, New
Jersey.
(9) William, Y. F. and Clyde, M. C., 1995,

Engineering Methods for Robust Product Design,
Addison-Wesley Publishing Company, Canada.

, AFE, 2001, "AEEE BF
o g A" tir1AEs
ZA U3 =F4 E. pp. 341~348.

(11) Brentner, K. S, Cox, J. S., Rumsey, C. L.
and Younis, B. A., 1997,
Generated by Flow Over a Circular Cylinder : An

“Computation of Sound

Acoustic Analogy Approach.” Second Computational
Aeroacoustics Workshop on Benchmark Problems,
NASA Conference Publication 3352, NASA. pp.
289~296.

A wAEe 2EE4 B A8
S vk A R
(13) A4, W49, 455 ANE 2001 83
¥ 15988 AHIAE FELSAY HFLE
AETY FANEUS =2 1L pp. 1215~1220,
(14) A9, #aq, e, WMo, 2001 w0
o) THAW $A IBAel ML G B B

AF0FEFA3 =T, A1l 4, Al 8, pp. 349~356.

=2FUSSSE =2 /A 138 A 2E, 2003d/91



