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Application Practice of Adjusting Rigid
Catenary Sinusoidal Wave Stagger Value to
Ameliorate Abnormal Pantograph-catenary
Wear in Operating Line

LI Jie, WANG Xiaobo

(Xi’ an Rail Transit Group Co., Ltd., 710016, Xi’an, China)
Abstract [ Objective ] The early-designed rigid catenary
system for urban rail transit lines in China adopts a sinusoidal
wave arrangement method, leading to a prevalent abnormal
wear of PC ( pantograph-catenary) during operation. Under the
constraints of main-line track zone construction conditions, the
operating lines are not susceptible to large-scale renovations,
prolonging the resolution of this issue, a research on the opti-
mization and adjustment measures is needed. [ Method] By
calculating the sliding friction distance between each panto-
graph surface calculation section and catenary under the ar-

rangement method of sinusoidal wave stagger value, a statisti-
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cal analysis of the percentage of sliding friction distance for
each calculation section is performed. Three reasons causing
pantograph abnormal wear are identified. Considering the lay-
out of positioning points on operating lines, the stagger value
data is adjusted, and optimization measures are proposed for
these three reasons in sequence. A comparison of sinusoidal
wave stagger values before and after optimization is conducted,
followed by an analysis of the effectiveness of the optimization
and adjustment measures. [ Result & Conclusion] In compari-
son with the stagger value of original sinusoidal wave arrange-
ment method, the maximum multiple of pantograph wear de-
creased from 6.23 times to 1.47 times in the stagger value of
optimized arrangement method, and the average multiple of
pantograph wear reduced from 3.52 times to 1.08 times. After
implementing these optimization measures in some sections of
Xi’ an Metro Line 2, no noticeable pantograph abnormal wear
is observed within two years, and the current collection quality
remains excellent.
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Tab.1 Sinusoidal wave sliding friction distance and its

proportion calculated based on equation (1)

P EE/mm W SEERIE R /m W SRR Y L/ %
[ 180,200) 30.76 13.52
[160,180) 15.20 6.69
[140,160) 13.11 5.76
[120,140) 12.59 5.54
[100,120) 16.96 7.46
[80,100) 5.18 2.28

[60,80) 5.05 2.22
[40,60) 5.03 2.21
[20,40) 4.94 2.17
[0,20) 4.92 2.17
[-20, 0) 4.93 2.17
[-40,-20) 4.93 2.17
[-60,-40) 5.02 221
[-80,-60) 5.06 2.22
[-100,-80) 5.18 2.28
[-120,-100) 16.88 7.42
[ -140,-120) 12.59 5.54
[-160,-140) 13.11 5.77
[-180,-160) 15.20 6.69
(-200,-180) 30.76 13.52
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Fig. 1 Diagram of key suspension point stagger layout in two

sinusoidal wave anchor sections

1.3 EBRRERRESH

HIZR 1k n & Y« IR sX A B R S P
[, 100 ~ 120 mm {5 [l 4 ¥ 3h BE 4 R B 4 L
7.46% , 1 TAHAR 2 A THI B sh BE R R L
(5.54% .2.28%) o X1 TRBOOCTT 4 TE AL i3
100 mm A5 &, Xl 100 mm BT A4 5 ) BE 5 2
BHA A X BN T 2.0~3.8 m,

2 fFHERKSH

FEY T P 2 ) 7 A ORI, DG 8 S P Ao
A58 07 3 AR E A Y 2 A7 e il A2, A
FR I Sl T A S AT B, R a7
FAVE VTR AR\ A E S
7 3 A SRS R b RIS
Bl i) EL A, (552 R 5 25T B 1l 0 2 Sl BE 2
EUETIA) . T BRI T E, S5
TEN R O 2 ARG R kA T SR 4%
o hit, Bas B L it S f B i R (A5
(AT B A A SR R S (| R S
Xt LSRR A T A0, DL 52 B S5 AR T A
IR B S e ik o g e Sl BE R B 48 2
2.1 BEBHEZERSILESIHTERLHES

EEIREE RS

2 f [ 25 AR BN PRSI BE PN T B BE AR
PR AR, (EL X P B TR R e A 1 [ 5
R (e B2 B BB 1) T RoBOR . PYE LB 3 5
BRI T2 27 IR R (A 5, ok
F S ARG LR AR AT BB A R, e 25 Ak 1

- 126 -

2024 £

K FH 3 AN E AL AR /N AR B R R
{8 200 mm PR A7 A 180 mm, 322k )4 ik I 1%
RIAT S AER MR H R, HIL, IE5Z kP A
A BT R 3 A A s 4 e/ NS AR Y
A 5 2 107 2T IV AR e Bl EE
B s TR BAk (180 ~200 mm) (14 3 21 BE 452 R
B, TR i B v i s R 4R I 8 i

2.2 HEmMBEEER S LRITERAKIBIE

YRR

FERVE B FEARAR R B 1) 3 1A AR b S 1) 15 D
T RSB T I SO R LA B B 1 R s
PERR S (5 O AIRBL AL (—100 ~ 100 mm ) (143 2l BE 52 1
B, Tk e B A Vi S R R L
2.3 G—RIHERBERESR

Gt BEHR 3 S5 R EL 1 il 2R BE AN, H At R A
(ARG BT ) PR IUGE — I hr (A LR, DLk
A B S AT H A A S B i BN TR (R 7 S (B AR
AR XTI Sl EE PR RE 5 7 L R s ), 52 H 5 A T AR
A 4315 B 1 T sl B 4 I g R A ]

DL 2 ANHEBEA 1AL i E B AR R it A -
BRAS AN SRR 3 A28 AV 4 e /NS | A oA X
BER G — b BB AR AR 8 1 A8 BT el
SRR, o5 VAR B O RS, Ak S
HEA B R 2 s, tiAfE 2l 5 & H B 1
RSB EEFER B 4 I, AR IEZ i 5 TAE
BF 415 B 5 4 o 2 T sl PR 4 B R A A

X 5X6 X7 721

722~ 720
X1iets X32 /107
107 % L
99
180180 107 /732 07
00 733 71
X2057X22 VAR
x2i 26

7 X1.X5.X6.X7.X20 ,X21 , X22 X32 X33 J5 1 AN E a6
Bk 733,732,222 721 720 .77 .26 \Z5 . Z1 5 2 A
P SRR s P T B S A B U L A, 5007 0 mm,
K2 fefb)s 2 A EBORL I AT B K
Fig.2 Diagram of stagger layout in two anchor sections after

optimization
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Tab.2 Comparison of sinusoidal wave stagger before and

after optimization

FENLEL EALER PrAkRTHY Ak fE Y P (e
g5 WIFE/m  HriR{E/mm frihfi/mm  EEE/mm
X1 2.0 100 107 7
X2 5.0 100 115 15
X3 5.7 109 134 25
X4 6.0 118 157 39
X5 7.0 135 180 45
X6 8.0 155 200 45
X7 8.0 174 180 6
X8 8.0 188 152 36
X9 8.0 197 125 72
X10 8.0 200 97 103
X11 8.0 195 69 126
X12 8.0 180 42 138
X13 8.0 156 14 142
X14 8.0 125 -14 139
X15 8.0 87 -41 128
X16 8.0 45 -69 114
X17 8.0 0 -97 97
X18 8.0 -45 -124 79
X19 8.0 -87 -152 65
X20 8.0 -125 -180 55
X21 8.0 -156 =200 44
X22 8.0 -180 -180 0
X23 8.0 -195 -149 46
X24 8.0 =200 -118 82
X25 8.0 -197 -86 111
X26 8.0 -188 =55 133
X27 8.0 -174 -24 150
X28 7.0 -155 7 162
X29 6.0 -135 34 169
X30 5.7 -118 58 176
X31 5.0 -109 80 189
X32 2.0 -100 99 199
X33 -100 107 207

FE B R =05 OB A~ A R R XL 19 5 o7 5,
[ #E 7 2.0 m 246 X1 5 X2 [B]§9#E 2 2.0 m, 28R, X32.X33
PR BE ST N X I, S S B iz H (B R 2 7 mm,

1) X7—X20 B+ 88 K H W v 1 v i A 2

7 (~180~ 180 mm) , ATRAILEEAGHT (AL Ky

3.460 mm/m,

2) MR UEAS T B (R M B EE AR R B A

M BE

nE AT, X1—X5 Bt X22—X33 By E A2 1k
I . ¥ a A X1, X33 fSA R AR (X 2 4
AP AEAR ) , B SR mm, H R U
180 +a 180 - a
73700 18 700 (2)

R4 (2) AT 3R 4% @ = 107.14 mm, g X1—X5
Bt X22—X33 Bz i HAR LR N 3.896 mm/m,

ZE L TIR HE 1 AR B R e R (B h 26 Bt
A, o s FARYE R E A LR N 3.896 mm/m
3.460 mm/m $H 43 X Bror A 2 #845, IR UESZ
5 4% 5 Sl N v S BRI IR S S b s) . HAAS e
A7 SN ARPERT H B AR Ab 38 S B B A8 H ot L
3.1 LML EEEEN TS

FHE 2 mI T BL H (E A9 B KRR (E A 189 mm
(RN ENLT XTI ) |, - 348 %% & f 83 mm; fif
HE A R 100 mm &7 5 A 14 4>, 27
TR 2 S ER T A e B, X LR A R T R
B, BRI EAR K, (H B E R EE A TAEAN R
AEFEAR PEAT ML I 2l AT 55, TR AT B I AR ks
3.2 RUABAEREENURES T

WESZ P AR5 52 B 5 451108 BT ol BE 81 25 M
Hd ek 3 piR o

®3 ERRMUEBIEZERERELLL

Tab.3 Sinusoidal wave sliding friction distance and its
proportion after optimization
PR EE L/ mm W SRR B /m BN EEHEIE B i L %

[ 180,200) 15.00 6.60
[160,180) 10.91 4.80
[ 140,160) 10.91 4.80
[ 120,140) 10.91 4.80
[100,120) 10.91 4.80
[80,100) 10.91 4.80
[60,80) 10.91 4.80
[40,60) 10.91 4.80
[20,40) 10.91 4.80
[0,20) 10.91 4.80
[-20, 0) 10.91 4.80
[-40,-20) 10.91 4.80
[-60,-40) 10.91 4.80
[-80,-60) 10.91 4.80
[-100,-80) 10.91 4.80
[-120,-100) 10.91 4.80
[ -140,-120) 10.91 4.80
[-160,-140) 10.91 4.80
[-180,-160) 10.91 4.80
(-200,-180) 16.00 7.04
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