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Abstract: This study investigated the effects of superimposed operations of precise track gauge modification and
combined rail grinding on track conditions and vehicle dynamic performance for a trunk railway line with mixed
passenger and freight traffic. Comparative tests were carried out to analyze the variations in rail conditions, track
geometric parameters and vehicle dynamic indicators before and after the maintenance work on the test section.
The results showed that the rail conditions were significantly improved. Customized grinding eliminated all rail
surface defects, and no recurrent defects were detected within six months after grinding. The wheel-rail contact
relationship and equivalent conicity were optimized substantially and conformed better to the ideal matching state.
Track geometric parameters achieved limited overall improvement, while precise track gauge modification
yielded prominent rectification effects. The dynamic track quality index (TQI) of track gauge decreased from
0.76 to 0.31 after construction and rebounded slightly to 0.42 three months later, and the static track gauge TQI
dropped from 0.70 to 0.15. Furthermore, the vehicle dynamic performance was enhanced obviously. The
maximum lateral and vertical vibration accelerations of EMU bogie frames decreased by 30.58% and 34.04%,
respectively, and both the derailment coefficient and wheel unloading ratio were reduced remarkably. The
maximum lateral and vertical vibration accelerations measured by the track inspection vehicle declined by 28.57%
and 21.62%, respectively. The synchronous implementation of precise track gauge modification and combined
rail grinding remarkably improved track quality and EMU dynamic performance, and guaranteed the operational
safety and ride comfort of trains.

Key words: ordinary speed railway; rail grinding; gauge re-profiling; wheel-rail dynamics; vehicle dynamics

W L8 B P BNAT BE AN BB S O U B 4 A R, SRR R T it IR 9 A, X
HHIWET, AMUEZERRBIRBIZ M2 A, AR AR = K%0 A AR, M2 HEsh s ke = Bk

WES HER: 2026-06-09
HEEWH: EEXARFFEESTH (52065021) 5 {LFEEZE AA T H (S2021GDKX1442); VLHEFEEITHE (20242BAB26086) , [F k4 BRI
FIF KRR (N2024G028, P2023J054)



J& . SCBLBE AT RO I AR IRAE

NORBERE I S = K0 B AR, HEBERE S T R R R, [ A A% 55 538 RN BIAT B AR RS 24
i 7 KRBT, TEANAET B S RERS TR SR G AR T . S BBV AR R IR sk B e R SR, 4%
7T Bl A A U ) E BB AN T B VE LT R, JRIEAL T RUE LA R AR L KR
THAEPE I B = R B A FE OB AL . N TR AT B 25 A AL AT 5 HUEIRES, i & E
X T AR B A HEBE T LRI AN I R S0 o BUREAS o5 5 SRS T 2 D9 BRI B LR S A % 0 T B
SRR A AR —, B S B RS A AR T B S 001, T RIS AR R B L 2R LR
JERE UM ARG BUIEFL T BRSNS 35 5 =B A VR 2 I BUTE AR 7 TRAE AR 1520, 5
PSRN IE T A - BB AR G 30 ) AR BT 5T 1 JOHE B TE 2 R SIS LT RS U 5 R TR b D I R 4
WE) 1R RE R B SR AR . FERR O R T AN BIUBR TR A2 J LT IL A 55 0 2 i B2 IR A% oA, 20K
REFSYWF AT o224, IUIERHNEUE AT BE A IR AN 71518, Zhou J £V F 2 MhBIESE Y 17— Fib
H Ak il RN EAT BE R AR A vt Uik, ARt U1 I B 7 07 BB T TS s Bl AR AL R AR B AT I
PEAT BESRAE B TE , i it 2085 i 3 70 2 05 AN Sler 2200 B8 i 78 1 AIMEAG AN BB T AT B X ) 22 41
FORNI A SRR« R IR BN DI S BN ) R R RS, Andrej IS5 £ AR 2 i 2k BEAN PR AS B 7 42
T AR RN ST B T fn B3R, B RS 7T [ Y AR DN AT B Dy T EEE R 4L, H D

AR B E R Y, TN T RE RS TR B S AN]SR AE G 5 T R SRR D, A

SR 2 IR AH SCHIE FC U LA o GBS TR BN AT B UTEIRAS « B ZE3) 1 R A BRE A
(B PR B 2 % PR RS DU AT BE B ARk Fidle sl HOR SR BIEIRAS . 9 %80 )y - e BUNGRE
We TG AT AR <

NESUE BB RS S AT B B I ML SRS OB 22 30 ) 24 PR SR TR R RS, A SRR S B
DR AV TE JURT 250, @ PIE-ZE RS RGN 12201 BRI 3 1A VR RR AR bR, 45 G R0l
RIS ZE S EE S BT 275 0 AR S8 PUREHS O80T BN BILHT B it S PR A1 5 5 B B 17 L8
PEANSTIEAE, X2 LIRS 5 5 50 1 E R AR A& 5, W50 0 M R TR b AR b Fr s
1 LB R gEPRR
1.1 R

HR RIS B T2 (Wit E s i 160km/h) T 2024 4F% K95+600-K285+000 [X 7] S it 25 % 58 f4,
Y4 TRE, SRFTPUEE RS SO AR O e B PR A 22 SE A I, 18 AN B EIURR T 4T BE AR S Sk T
VETHEAT RS, b R RS B S BGE T AT S0 22 B AT BE AR M5 AN LTRSS B2 AN
U B ST

U B T 2 R RS 50 AN LR TR T B AR AE R SR O, P Oy B X B B AT K124+000-
K127+000 [X B 58 OIS 2505 — N 4 58 AN BB AT B P S0 Ml it LB [ [ e et FGAth PRI 3%
BB S HGEEUN .
1.2 MELIREITER AR

ANVEACARBIAT B 152 AR 2 — PP R RR 8 2R B 25 1R« ERLSHUANBUN E, e R G — b 4T B,
TR0 B 2 R AN R T S L A R A B AT R AR, DMK ROV E I, I B )50 EE
B B AR AT B B ARERTE , HORSHE ST BE M RE A R4 HoR s @ 0] b SE R TR 5 B bR BT [ 22 57,



IR TSR A & A T 22 8, P8 A AN AT B KUV AL, T R 22 R U T2 5 E FR R T
SEATREME & o AMEAGHT BEROR BN PR TEAEE S IR EFR 4, BRI UEAROC R . BI5I0 A R T,
MG BRI S R ST RAE R E, KN G, RIHMTE R 5P, 2Rk
REAL REHEALIZ4E M AR

X IR % SEBRAN PR DL SAZZ BRI AT 51 45 SI2m 2 00 8 1 R A0, AR o D0 A5 8080 R AP 5
PUTBEER BT TS BARE T, B ARER A I B th 4ol vevt,  Horbth 4 S e KT
1000m F1/hF-46T 1000m PRI 2R b T B3 kAT e vt 55 4 it 42 b R 0 A4 AT TE 0l B85 23 il v vk o 4
BT BEAN AL 7 SRARHE DAL 43 205 0 L H AR BRI 5 SEMBRTE , v 550 25 1) O 22 1 LA LA B 4T B 4=
VR A FEHEAT LA T BE i 4, 2 T 56 O 2 MG ER AT BE AR
1.3 HUERHIFRAR

FUEXERTE CP IR A F I R, IR ks B B SR TE JUADIRAS, @ e, s
5 PHLHABESEFE, SR, KP. S% P, PR S A% 0 3 B0 AT W2 K GO 42 il (1 s
FEAHAR . HH R MERRIE T SIE 8RN U WZE . TSR PIRESE, RESIEEiTeet.
P EFIENE, WP FUERE S SR T S AR, LR 5 5 <JePL,
SRR BRI AL AR, RAEASE SIS PR, SRR . KA IOCEEIR . FUERE R
KBRS AEVKE 2 1435mm 1L TURS AR, 8wkl RO & 5404 R0R M BRIE 22, AT R ALEe X =
HURES . SCER AL PR S SN . SRR HIIERS B, REA BRI Eifis AT PAa
2B VERE, 2 RIS 2 2 871G 18 8 1R B IR T B MRAE X 4B 5 3 & I PLIE T LT S HORES
€ LAPLERR O E R BUE RS TR A, RV O, Gl T B PR AR UE R R B e 51 2R A A R
Z), UmEIEyI R G EE.
2 GRS T XL
2.1 RERESZK
211 BUEIRS AL

SRR T2 PATIHAE Z PP, BFE: PURAAEMIES . AR, 9255 R nl . B SESUR PSR i 5
DGR T8 . AAAERUEHT LA, Hord K124+000-K127+000 [X B ¥ BAEAE i1 . 55 BR . 4
R, HPUHDGHRGE . A0 . WK 1 iRy BAT K126+000 AT BE R J5 7 A AN LR THDIRAS
T B H0 A AT 55 R R O T . BLUTEAEEE U6t M T S J5 o FH B, TS 5 6 /N 3L
WEMRFF R L, RERHEIRERE, Biehiysl.

(a) Je AT I Hiy (b)  ABATEERT

(o) EBHFTE A (d) HBATE )



(e) ZEWATEE )= 6 ™ H () HBHATE S 6 ™ H

Bl 1 _E1T K126+000 &2 A BRANMEALAT BRI R RS
Fig.1 Rail surface state before and after personalized grinding of left and right tracks at uplink K126+000
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Fig.2 Wheel-rail contact state before and after personalized rail grinding at the uplink K126+000
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Fig.3 Equivalent conicity of wheel-rail contact before and after rail grinding at the uplink K126+000
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Fig.4 Static TQI change curve of track gauge before and after gauge precision modification in the uplink section K124+000-
K127+000
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Fig.5 The left rail irregularity before and after gauge precision modification and rail grinding in the uplink section K124+000-
K127+000
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Fig.6  The right rail irregularity before and after gauge precision modification and rail grinding in the uplink section K124+000-
K127+000
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Fig.7 Rail gauge irregularity before and after gauge precision modification and rail grinding in the uplink section K124+000-
K127+000
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Fig.8 Simulation calculation results of lateral vibration acceleration of the frame before and after gauge precision modification
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Fig.9 Simulation calculation results of vertical vibration acceleration of the frame before and after gauge precision modification
and rail grinding
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Fig.10 Simulation calculation results of derailment coefficient before and after gauge precision modification and rail grinding
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Fig.11 Simulation calculation results of wheel load reduction rate before and after gauge precision modification and rail grinding

3.2 HASEFMFMEBELWL

eI A 2 S B D00 e 5 KA, R IR T I RS ST B T R R AE A 0.028my/s?, K SCHT B I e KA
9°0.020m/s?, R[] T FE A R AE FEAIR 28.57%, F77H T 0.0079 FFEZ 0.0055, FEIKZ) 30.40%; [k
AN TE FERS ST BE R B RAEN 0.037my/s?, K BT B 5 B RAB 9 0.029my/s?, 3 [ HR 3 Al 2 i R A BRI
21.62%, ¥IJHREH 0.0080 FFEZE 0.0061, FRIKL) 23.75%. PSRRI AR B0 058 B RS o T BE 1 s
SHECIPE 120 B 13 FroR.e SR S A A0S 25 40 2 s B Xt LG T A5 R T %o A7) iR Bl e A

PNILEE AN

=
o
<

0.00

#1539k 7 /s

-0. 02

124.0

| | |
| l““ I \‘ “ | ‘ 1 I‘ ‘( “r‘ ,\‘ ]
“ \m’ "‘ “Hl ‘| ‘\“ ‘L k’ ‘. H‘ ( “ I

— WRATER
— WROE

g

) ) )
125.5 126.0 126.5 127.0
E#/km

B 12 HASZE R EIREN IR B T BRI fE XSt

Fig.12 Comparison of lateral vibration acceleration before and after gauge precision modification and rail grinding of the track

inspection vehicle



T [5 4R 3 A B /s

-0.04 .
124.0 124.5 125.0 125.5 126.0 126.5 127.0
B /km

13 HGFEE ERENINE B RS T BRI RSt
Fig.13 Comparison of vertical vibration acceleration before and after gauge precision modification and rail grinding of the track
inspection vehicle
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