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Abstract With the development of green and environmentally friendly modern rail transit design concept,
pantograph aerodynamic drag reduction has become one of the key problems restricting the speed increase of
high-speed train. When the high-speed train is running, the pantograph is exposed outside the streamlined body,
which is one of the main sources of train aerodynamic drag. With the increase of train speed, the aerodynamic
drag reduction problem of pantograph needs to be solved urgently. In this paper, the distribution of aerodynamic
drag of the whole pantograph on a high-speed trail is simulated with computational fluid dynamics (CFD). It
is found that the pressure drag of the contact strip and base is the main source of the aerodynamic drag.
The optimization scheme of the contact strip and the base aerodynamic drag reduction shell is proposed, and
the aerodynamic drag reduction is verified by comparison with the original model. Calculation shows that
aerodynamic drag can be reduced by 25.13% and 24.19% in the opening and closing state, respectively, when
the drag reduction pantograph runs at 350 km/h.
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2021-09-02 2% 1 K, 2021-11-12 W ENEHH.
1) EZRBRREEES (11672297) FlHH ERMF B/ SR T 00 (B 28)(X DB22020000) #BITHE .
2) WAL, BITHR, EEMNFZHRE RS am il Ui E s it & 3D 4TER#E 9T . E-mail: xxh@lnm.imech.ac.cn
SIS MKE], VPR, EMMNEE. SiE 2 5 B 07 AR . )% 5580k, 2022, 44(2): 276-284
Yan Yongzhao, Xu Xlanghong, Wang Xizhou, et al. Simulation optimization study on aerodynamic drag reduction of

high-speed pantograph. Mechanics in Engineering, 2022, 44(2): 276-284



%2

MBI A2 L S TSR U ARG T 277

1552 M 5 BT A G I, R OGHIF TN R 32 2%
e A SN, X2 5 iRkl T
&, ZMETIRIAH S MG ERRN . R0, BEE S
TIBAT RIS, 52 5 BNk B s A 2 AR
()RR H AT, ek BEL P M 2 v T T A0 R AR K e 1Y)
HEJ 2 —, BEEIZATHEE WIS, BN
NIRHNF EAEE ) EE RN R — . A SCHREH], I
300 km/h I, FIZESBIPE S ST 90% LA
R HAT, 0T A B AR O AL A, 24
T AN B edE, X532 ¥ 5 AR BE s v AR
FEXTE > 341, SR, B 7R IS AT, 2 R
TEMB R AR Z A1, AR BI TT, A ER
BT T ERIR 2 — P, 2 b i S S 3
(1 12%19 o 8/ A2 B 5 I SBhBR TT, XT3 22 3
— DRI, HRRHEEMNE .

RS2 5 AR B EH ), EERE sz d
5 GERL RN 52 L 5 S Bl S R 7 68T 0 AR
W2 v 5 g5, SR RIEE T 32— R AR T & e il
ke JEGRNIEPRAR T, XA R A
LU P R B B T R R . L 2 ) 3 i R T AR
UTE BR 78 57 L 55 B AR B 2 B2 52 L S FR S Bl BEL
770 TtolX0 SRR S 5 MR a i, FRE LR
B ESA E OIS, e A AL
BRAEZIRI, BFIRZHE MBI . Xk
G BT AR IR, SR T A A ORI S A 1
MR R BH BE T BbAbh, D8/ 52 5 AT B,
A PRS2 L 5 IS B BE 7 16120, St F 28 s2 H 5
Flitds, RS0 2 A EEm SR E, 5%
HL 55 SRR AT 7 S e, 85 52 FL S AR A R
FLFS DA SE 3G I 3Z B A, 52 L R R TR
BENZEAR, B E R, ATTRN S BIBE TT

it bk 2 P sz B S IR i, SR AR AR R
TR BEROK s I/ 52 S MR, W TS
W SZ iAo PRSI 75 Lk — DV AL A, NS
TERANZ S A BARBRR T2 S ARBh Yy, A
R H A ST RERR, RGMar B8R SE)
71, TEEARE & 5 A B )& EEAMEIn T R
BNFH T, X EEAERPE T, HAME T R R EREM
THBIE . W[ FEAS 52 0 G 5 ) 52 3t e 7 P 1 B il
ey N2 E S RSB, RIS X B 4 b
TEHEAT OGS i 852 L 5 el L i) A e ) e e Bk
o T LIRS, ASCER B A AR A2

5, W ERAR 2, BRI E S AR
BNEE ST, 34T 52 SR ERRA S BB T & b,
TR R PR AT KB B T G BRI, 454 B IR
WALTT %, B T AR R 2 H 5 5 R kL5110
TE AR IR PH A1 76 5 TS R YR BHL AR e Al Ak €, X PH
R AT IIE
1 SEZHESSENTEIRE

N HER RIS B S A B PR RE, AR SRR TR
T 57 H 5 AR HE B R 4H 1 S S, AT AR
fEI 65 IS I 5y, AT BB A5 B
1.1 J0L{aER

L5 [ AU K E IR RN
ZER, WUERANEAT R4k, SR RHE MR SR, AL
THEVHRIR B . 2RI ISR, fEAR AR AT A4
RS SRR R, %52 5 kA7 Ay
Lk, BB EEAEL (B 1(a)).

upper arm rod

pantograph head

lower arm
rod balance rod
pull rod
base
(a) #fk
(a) Pantograph
contact
strip
fixing plate
other

end horn spring

(b) 3%

(b) Pantograph head

K1 25 LA R E R

Fig. 1 Pantograph geometric model

NS EEAS IR AR 52 H 5 S PR E RS, Hs
ZRGBES NG K B TE LS TR,
JRIB AL 1A, Hob 5 kgl MR, 5



278 oK

ST 2022 4 5 44 &

A e R S Sk HAL A (B 1(b)), &
A BT N NS B SR TR
ERERIA Y, 8 H L N0 R KAT
FE B =AN 55

2 F, 5 W THD O gt SR FH 2540 DX s R 3 5 ) DX A TR
AT, 5EkEi MR, RGN E 2, K
A, RSN 1 mm: BB, N
AT ARG A S5 0 K R S W) R AR 5 R A, B R Y
B RSE R 20 mme IXFRRE I 2 SR mE, Fem T A
HERPE ST CR,
1.2 HENES5HFEZNG

R RAT GRS A F ey dE AT I A2 L 5 JE LR UL
WIS, TR X AR EARHE S A T, K
/INA 12 mx 12 m x 50 m, PIREEL 2405 T, 1847H
SR B 2. FSE% 5 WL EiT
RIKESLNEIX . EEX S5ixg X, WREEEHR
0.01 mm. K32 H 5 R EARRE S & E AL
TR REH A T Ah, AR AW B AR % BN
St IASEBRIA M 7 0 R

K 2 TR R E R

Fig. 2 Computational domain of train model

2 SEZTHESSIHEEFIEEEE
2.1 FEEITIR

M52 5 ILBE B 2N 300 km/h, fx
FRBGEE N 350 km/h, 52k H S B K AT
e, A BORIHRE 2= 6],  H H AT T mdis A7
RT3 5 S SNH E] B T b o AR SCIE L
300 km/h, 350 km/h, 385 km/h, 400 km/h #I
450 km/h NMALEATHEE, (FHEZESH O, HH
BATI BN
2.2 {FEEHIER

UGG i@ S Ak, ST SRR f2E, E
ST 0%, R BEREBUERIL S K
TR T, RETRH R RIS R, Rk

DRV BB/ | BRSBTS
T AR F BB RIS R, iR
W dH A AR O BRI, AR SCR A V07
AT EE DT B, TR AL k- e Y, R
M CFD++ #fF, Ll witEmIr, BAHHE
1000 2, GRS KIE, RIETHR SRS
Ari[lf)-l?]o

BT EE AT 300 ~ 450 km/h 2 [8], LX)
N ARAAE 0.2451 ~0.3676 2 8], AR i S
WSEPRs AT IREW B ), IRE B ERE, 4
HE/NT 350 km/h I, SR = GEAN AT He 4 26 1 AR
SR TEL; W E K T2T 350 km/h B, HRES
PRTT FRAE RS, R FH =4 v R 40 3 1 B AR SR AT
U E{
3 EERZHBSSENTIHAR AT ETEE
3.1 SIS

FEXT G R BEAT B R A BT, e il H
7 300 km/h, 350 km/h, 385 km/h, 400 km/h
A1 450 km/h TIAMSATHE T HIARBIE ). v 4S
RO, A[RNSAT R I 52 H 5 R T A BBl 2% [A]
55 SRR A 0SB BE 7 o b S I — 7 AR A
P B, iEBUSATHE )y 385 km/h I T 5 45 R
NEIBEAT AT (B 3 AT 4).

P/Pa
112 000
108 667
105 333
102 000
98 666.7
95 333.3
92 000
88 666.7
85 333.3
82 000

z
Lﬂ
o xr

(a) 385 km/h, JFHEB4T
(a) 385 km/h, opening state

K3 ZmoROS5hEmEI=R
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Fig. 4 Aerodynamic drag proportion of each component (unit: %) (continued)
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Table 1 Aerodynamic drag reduction effect of
optimized cross section (385 km/h)

Cross section State F/N AF/N Proportion/%
opening 704.60 / /
original
closing 707.64 / /
opening 340.87 363.73 15.94
circle
closing 329.30 378.34 17.32
opening 324.25 380.35 16.67
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closing 313.16 394.48 18.06
opening 315.18 389.42 17.07
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closing 301.20 406.44 18.61
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Table 2 Aerodynamic drag reduction effect in different conditions

v/(km-h™1) State Foriginal/N  Foptimized/N  AF/N  Proportion/%
350 opening 1882.21 1409.20 473.01 25.13
350 closing 1802.46 1366.39 436.07 24.19
400 opening 2463.26 1853.47 609.79 24.76
400 closing 2356.44 1795.56 560.88 23.80
450 opening 3124.54 2351.44 773.11 24.74
450 closing 2981.64 2281.00 700.64 23.50
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