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Numerical Investigations on Validity of Method for Measuring Wheel-Rail Lateral Contact Position

with Instrumented Wheelset Using Shear Strains Induced on Wheel Web

Takatoshi HONDO Shoya KUNIYUKI Hiroki YAMASHITA Hiroyuki SUGIYAMA

Instrumented wheelsets are widely used in the railway industry to measure wheel-rail interaction forces, which
are crucial factors in assessing running safety. Information on the lateral contact position between wheel and rail
is also an important factor in assessing wheel-rail contact conditions, such as the friction coefficient at the
contact point. In the previous studies, the authors proposed a method for measuring the lateral contact position
using an instrumented wheelset using shear strains on the wheel web and a signal processing procedure based on
a frequency decomposition of the strain signal. In general, it is difficult to verify the measurement accuracy of
the contact position under actual operating conditions of railway vehicles, since it is difficult to acquire
comparative data of the contact position. In this paper, a numerical tool is developed to emulate the strain signals
observed at the instrumented wheelset. This tool consists of a wheel deformation analysis based on finite element
analysis and a vehicle dynamics simulation based on multibody dynamics. In addition, the proposed signal

processing procedure is verified using the numerical tool.
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Stability Analysis of Pantograph Under Sliding Condition Based on Excitation Test

Shigeyuki KOBAYASHI Yuki AMANO Yoshitaka YAMASHITA

When railway vehicles run at low speeds, unstable vibrations may occur on the pantograph due to the high
coefficient of friction. In order to reduce the maintenance cost of the contact strips, there is a need for a method
to analyze the stability of the pantograph taking the friction coefficient into account. Stability analysis can be
performed by constructing an analytical model of the pantograph, but building such a model requires high costs.
Therefore, this study proposes a method to analyze the stability using the measurement of the frequency response
function (FRF) of the pantograph when the vehicle is stationary. Since this method predicts the FRF in the
sliding state, the construction of an analytical model is not required. In this method, the FRF is measured by
exciting the contact strips, and the FRF in the sliding state is estimated by assuming a friction coefficient. Modal
characteristics are identified using the estimated FRF, and stability analysis is performed using positive or
negative damping ratios. The validity of the results of this analysis was verified by comparing them with the

results of the low-speed sliding tests of the pantograph.

F—U—F: Ry 5 7, BHEM, BN, ANRERE), EVEREE, kAR

1. 1IZC®HIC

PEHEMOEBEBETHHN VY T I 7L, ZOKE
IO SRR br Y My LT
HMANRR L G E#H 2 o FIHOEITHIZT IR E
O URAT L w ) B A 220, 0 AU EERELE
AWRDSN, EETVRICIERE T2 &L LT
EHE LSS S hTway, —FT, raU#ed K
DR V72 ERE» S, L ) BEsiid %
HIZONTEBRHEFHE AT 2ESHEI A TY
27, ZOZEIMAT, THORD L w ) Bifid R
T — 7 MBI X AEHEEISRER L O - REBICR % &
FEARBOATHINM L C, BREE NS CIREGEST 2 B, /%
VLTI TIHRRSEL S XD e RERER (DUF,
ZEMRE) DWICHET LI EFMLENTVEY A%
EIRBICOVTIE, b UBROBEFREENNIN 3 5552
AWM EN TV LD, ZOWENLENL,

CNFETIEERS IARLEIRBOBEMHZ1T 72
O, TOWDOE v F v 7 ETHNRE O %2 FZH 3
%2 HHEROM S E TV OMER B X ORI 10k
R, MR LB O LI E BB R /X ¥ 7T T D
FMBD (T~ NVFRF4 ¥4 F3I2A) TEFLVEHV
PN 2T o T &7 TRODETFMIIHETL

*  POBTIARETEER R

% 8 KW S Vol.39, No.3, 2025

FRHTIOARES Cld, TR D BEEAREUTR L TR IRE) O
FAEDHBEZ TN TE 572 Tld e, REERE %K
T %720 OMEEEORRY»HER L, £ Ofn%
HY B, LirL, EFNMZEDIN TR ERE) 2wk
TS 57200218, FEW Y 5 75 7 ORI T —
TS, BTG A =5 ThLHERE - WM - REEK
R ENFNRETL2LENHY, L ReHELELT
Bo —J, FEWSU Y T T T OLRELEEN % i R
FKOWTET I 72121, Bl 2 1IXSERTT o s v 5 7
7 7 REEEET & H W 7AGE T O L S Bk g EiiT
LHEDBETFOENL, LaL, 20X 7% Lw )8Rk
TiE, TOMRE oY BROBERREHET S Z &AW
We2e 728, AR OBEEREIT 2 REMTM 21T 2
EWTER G,

COEHIT, ITNFETITRRE SN ekl T2
WINLFEEEYD L, £ TREETIE, TED
BEEAR BT 0 U C e PEETA &2 )R 1CAT ) Fik& L
T, WRIFZ R HEEL TOEE - FIPE - REsE
BORMEIRDLY, FMENESRE— FEELE A7
CEEFHI TR RET 5. 518, RETFHEICL L
flifs R L X 5 75 7 OB L w 9 BIERER O % Hi
T5ZLT, FEORYEENGET 5, 2huc Ly, #&
BHEZRNR VY T T T A—H =503 L S BEEEIC
BNy 7T T ORERFEE L) ERHIAT) S
EWTREE 2D,

17



2. Lo S>BHERICERT 2TRERDBE

R—EFHEIIOWTHMT HHIIC, RETIEIAREIRE)
DBZZDOWTIR D, 2.1 HiTIRINV § 7T TOREE
IREIOB G 2 HHT 5, 22 HiTlE, HHE V77T 78
B & WS To L w 5 BB T, AR iRE) )
ST BB OB A L RICOW TR S,

2.1 N2BRITZTORRERE

KIFROME L T HREERBZ, K1ITRT LI
NYFTSTTNRDE Yy F ¥ 7 HMOHBEICHEHL
72 BT, N0 T 7 OBMEKNIEDOWTHHT 5, B
BONSREEN L 72MEE— A~ F2ST O BIHEHT 5 &,
FTORICE v F v 7 HAORE RIS, 20Ky
F U TRE L T OO ETIREIAHE T 5 2 L TAREE
REIDFEAET 570 T TV W TEEN 2 FF i
THYEE, ROBEREAMEBI 2179 2 & TRONME
BEAEDFEIRDOF BN TIT) 2N TE D, BEH
EOFEIIETE— FIREFORMITHY T 2720, Inp®
EDOWAIT T AV FDHEERETITHINT 5 2 & 2 KT,
3ETHRARZILELETIE, ROE— FREFEILIZIEDSNWT
e ERB S DA % FIWT S 5o

2.2 BERLwOBHRBRICKZIREDER

FEW T 5 7T TIIRGERB DI T B MR RS
L DI, 4 HTHRARDILETIRIT & 2 3l R o i
XFGR AT B 7202, NEEIRE) O B % BRI %
WE L RD AT 720 RRBIIEH Y & 7T 7 ik
B WY, K2 RS L) ICKRAHEIBICHE o
UAREIY A 7 MR A MRS €5 2 LIk o T,
FEEMBET HOTORE ba Y% Le ) BisE, &
REECH W2 b o) #IE GTH0, 30 X8R EEM A
&3O GRED —R > TER, T3-2) Thb, 1B,
REE D 152 O Ml L 72 B R EHE 0 1 nlis 9 2 i
LT, M2DXH 0% 75 70he v IS
vy 7 g7 ba )oY b RIEE R D AL
BETAH L) ICHET H5M0% 2 0& 50, KeEHH b Ml
T2 LI ICRETERMER G EEMEHT 5,
BEEREOWEZ, K3 IRT LI ITHAHEE AL R D
W, BUHO AT J5 1) M OSSR J5 M A2 2 Hl i 5 ik
ExAT50— Ftor CRENZGE, @& 250N, M
2D-250N-250N, AN, =415t 2B A<, §0
WAV § 2 i) L BEE N 2§ 5 2 L TIr o 72
B, IHKREAZZ OBTE L2z & B E$
DML ESHADEM I &t z0, EHEDAZRMIC AR S
&9 BB CIEME B MRS, 1Hz FREE
I COEHNLBIRIZOVTIZ TR RETHEST 5 2
ENRTEDY,

18

HEITAR

TR Ev%pﬁﬁ@;(;ﬁ]
23 9]

3 YR

X3 ZoahEtERVERARUAE

LIS, HROEEMEIIBWTHEZFEEE skm/h
THERZEET, Ny 757 a0 L e ) Bk
(DUF, AKHGBR) % 10 MISER L7z 72720, &SR
SBCBI2OMNGGEERA— T2 L2 HMELT,
KB & I3 % B 12 JE ) 300km/h T 14O L w
IWEAT- 72 (DT, %5 L), HKHRBREIT- 72
FiR, BRUOEFHTEIARERIDIFEL 2h ol £
7o, BEREORKMEIZ, 10 B OMHE TOFIHEHT 1.1
THREHERZEAY 0.12 TH - 726

WIS, AR OEEMICB VTSR L 7 % L7
EZh, TRTOBRBICB W TR EIRE A I L 72,

BB R WY Vol.39, No.3, 2025



BB, KECELEMETIERS LEEORBEZ IR E
IREIAIEA L CHMEE Z N EBINS 5 2 LA TE
Brolzlzd, b LEIREEGL R ol KaUTE
TR, ANEERENDFAET RSB 2 BEERRE
OAEIZ 7 MO TOTFIHEAHY 0.79 THEHERZA0.17
Tho7z,

3. IiREAEE T — R ICE D REWTHEFE

RETIE, V¥ 7 T7EFVOERE - WM - WEE
BOFMENPARERFHLE LT, IHERET—5 2025155
N5 BB FILEBI%EL (Frequency Response Function, L
T, FRF) ZHW gl Tz R ET %o

3.1 #§=E

AW CTIRET LB EEHITETIE, 13 UDIT4H
L DRSS BIT B8 ¥ 75 7 O FRF & Mk
F=r ORISR, B OB & BERR A e
FTHIET, BN 57570 ) BhEmkE (DL
T, &%) BB FRF 2 #ET 5, DX, TS
N2 FRF ICE DWW TE— FIERE%21T) 2 & TR
DFE— FEELEZREL, E— FRELOIEAIZE SN
TERDOREEFM % 4T o

3.2 LwS>8hzmescHT 2 FRF OHESE
ARIEB 4R X DT DR BTN H XA - K
WERDP SR A EMER VMM 5hRe L, v
B DME § 2 IREAET 5o TOLRD
BT 2 AMIBIERZ K FRF 24E L, Z O¥fEs
RO TLENRH 2179

B4 RT LRI BIORjOEMEOO) &
WIZDOWTEZbo TOMREBOR B2 z HIE
L Z, B & ORI TH D00 128 D z FE
. Z, yJiMZENL Y&, FRF & NEHWTKRD L 912
£END,

Zi = GZiFZi + GziZjFZj + Gziyiij (1)
Z]- = szziFZi + szFZ]' + GZiyiij (2)
Yj = GyjaiFai + GyjgiFyy + GyyyiFyi Q)

CCTFAIEICERT %z HMOJ], Giidmilcs
J %z MO HCFRE, G, ldridz FAN - 5Hj
Oz FSEIZHTAMIEFRF # %3, &b, v v 7
A7 2 VOMBCGERLDSE LT 2 560, AR IR R
EANKRZCHMBOMOAMIIBRIZELL RS20
Gzizj = szzi AIALS %7,

PR WY Vol.39, No.3, 2025

EAMER

P 4/\/
NRoBG57 ~

4 NVBRITZSTEEMBERDORDER

EREBCTRG I 2 %M F. B X OBEED
FildkTHEIN %,

Fy = =Fyj = (e + joce) (GojaiFai + Gy

(4)
+ GajyiFy;)
ij = _.u(kc +j(‘)cc)(szzini + szsz (5)
+ GZiyiFyi)
XD~GB) 2 FLOTITHIERRLT 5 L kAL %5,
Zi Gzi
I A Zj szzi
T P
le _(kc +]wcc)szzi
ij _,u(kc +jwcc)szzi
_Gzizj _Gziyj
A=| —Gy —Gyy @)
—Gyjzj  —Gyjyi
B
_ 1+ (kc +ijC)GZj (kc +jwcc)szy]' (8)

= [ plke +jwc )Gy plke + jwce)Gyyj + 1

C 2T o l3MAREY, B E KT X (6) AN
DRZ PVIZDWTIEL 2L TERDFRF 2 #EET 5
ZLENTEDL, TOHETERDFRE 2HET 5720
12ix, X (6) DREATHI A, BBLOAHBOXRZ MV
R LNV T T TOKMEFRF B EE b, %
Wy y 75 7ARTHEEENT BB, &F FRF %
ndRHERIC & - Tl LT (6) 7 5 4% D FRF % it
ET o

19



3.3 FRF ICED K REMTHEFE

WHTIE, FER 5 75 7 Z TR 2 170
ERDOIIICBIT B zBDOFRFTH S G, #EET
o ZIT, "RERDFRFTHAHI LZFT, HEEL
72 FRF IZHEDWTE— FEEFRE 21TV, FE It
E— FBEROFF IOV TR OREMN M2 17
Vo Thbb, T— FREMIETIEDLAEIIEE, —
DTHADYHIALRE L WM %,

4. IRERBRICED {IREFIEDIRIL

4.1 HBH=E

4R D FRF OHEFEICLE LT 5 7T 7 DK
FRF #ET A7, Xy ¥ 753704 v 250 A
R A T o720 NV ¥ 75 7% E M FICRRE L,
1% 54N & L7z T, TR AE QAR & i X 371
ZEMURBEIZ BT 2 4 ¥ 7OV Z MR E AT - 720 MRS X O
TFREERHI 24T 72012, KSR T L83 ) L
DO2FFICT IV T ay 7 (IF20mm x BAT & 20mm
X & 30mm) #EEHTHEEL, TOT7NVITay
7 FICMBEG 2 85T AL LI, TVITay s
FHEBLUOHEAA Y2V AN Y~ URIFIZRE GK
-3100) THHEL720 7V 3I 78y 7 2 HWTIES
L OB RN & AT o 72 B ENE, R (6) IRT LI ITT
0B T T OERAREE %2 y RO MRS & U0
FHUA U EE R 72D TH B, Tz, WET 5 FRF OFi%
W UM R o EM#EZ 7V 7ay 7o R
(5 (a) FAidnim (K5 (b)) &Lz THIT
Oy 7 OFEME, e OB TH L EjIETD
WD FE LS EHFMFLA,AD L= VHMmELHE L, FRF
OHEEXNREHTTH 5 M 1157 25 x HFIIZ 100mm
HENTfE E Lice ARBOZ K ORE T~y 7 X
Y VOMLERZ WS Z LT, BBEIZE U T
FFORY I A MRS E LT, £ YV ANy <
(2 & 2 ARG E 2 M ERH s & LTS 2 & T, Bkx
7 bt HEHEEIC RIS 5 FRFE 2 U L 726

4.2 REMFHEER

AT, B EFE % L=10N/m & ¢.=10°Ns/m
ELTHEE L2 FREWICHW LT, B— FIFERE TH: %
WY 52 TE— FEEEZFE L. E— FIFERE
FHAUE, BT R % E L 72 B P BGEIR O [ 52
THTH bR IEE %72, FRE OBGE Glo)
R (9) TEEND,

n
U, +jV,
G(w =Z{ . +
( ) ](w_wdr)+ar

i=1

Ur —j%
j(w + wdr) + o

} o

20

- | PREE

4 am
—— ’
M.
. ! .
1 5
J e s

\1

. ; z
FLITOYY - {iﬂ»x

(a) MEEFtY b7y 71 (z A FRF Z85%E)

.8

o
vy e, .

(b) MFEEEEY b7 v T2 (y AF FRF Z85%E)

K5 7NI70v0%ZdUREREICERYFIFBZEIC
KB hHRE KUINERERIE

=72l ER@HEADE L CEMERNET LT
FGAT v AOHmAEELEL, FIBEHD o, TREREG
AIRENEL, o0, 13F— FIEE, HBHO U &V, i3Eh
ENEBEXRT PVOEHLEBHTHY, LD T
A= BE Lz, WA EETIE, T— FEEoRW
fi% 5 %2, FRF # @10 — Vo T b TF—
=BT 5 LIk TMBHEZFIELL, E—F
FHEOZEERZRD L, ARG TRIFHLED I D o,
OMIAMEIE, FRF /87 — & FRF EFOT -0 bz
¢34 Mode Indicator Function'” ZHWCIREL, o0 O
WIEIZE— FIELE 1% EE L TRD 72, BIBHO
M, FERIE O MIEIME A v Ol R IC LD
Ko7 WORBEETIE, Zh s OMmBHEIZEE W TH
W% /N i CRE L, FEMIZE % FRF O # 2 i
&, RO THRINDAGHME G(o) & DOBAEIR/NE
XY BRLUEIHEEZIT) L THET 5. DRI,
FRF O Jll g fifl & B & OREDRNE 525 X ) I
E— M2 FEET S 2 2Bl e s BT 5, B,
Ik 6 TR EIREY 2338423 2 JH I U 15Hz TH
HIEINRENTVEZENDL, RAPETIL20Hz T
DSV AL % IR E L CHBES 217 - 726

BB R WY Vol.39, No.3, 2025



Hesg M7z FRE &, s & R & o iR & B4R
Bl OBEIZOWTH6 IR, [H%E SN HA RS
BT b E— FRELD D B, RLEERBOFAH
MERINMAEE-FICHTAMEELR I ICEFLDD, £
1 &0, U EEHTIIEEREDN 1 THo THRIPE
ETHDHDIIH LT, KA &M TIREEIREA 0.89
D ECIEIARemeaIsE L, €ORBEEITH 10.6Hz
THbHIENbhb, K6 IRTMEARKRETIE &
BRI BB AT 205, AL EwRE) 2T 4§
% 10.6Hz 35 TIZ IR BRI ICHEE 2172 T 5
728, ENLIAL O R PR B 0 8 AR BE 1 e e YRR A
RICIHEEL G520 0EEZ D,

22WITHRARIZEHIZ, FERI VY 7T TORAEL w
I EERERICB VT, KA & &M TREEIRE A543
5 HEANC B 2 BRI FEH T0.79 TH o 7225, 1F
LOENPKREL, EBRIZIFINRIDL/HAEWV 0.6 THA
RERBOEZ TR L TV b, AT X 2 REMNT
filifs Rid, R L w 9 BhEERAE R & o I BEERH O
BHETOI BEORENELLZ DO, WIEDIELDE
EEBITIUE, MRZUTHLLEEZONL, —F, K
FHETRTOREEIT VI 70y 7 2SI TR &
MR E 2 T TH Y, E— A ¥ FANIT & B
MEAETERE LTHEITONRL IR0, 5RIINEB X
CMEHEOYEEC X D HEEIN LEXETFETH 5o

5 &

N8 757 O T — 4% TH 5 FRF % T
Lw ) BREBICBI 5 FRF 2 #E L, koW
g SN7-E— FIELOF S %2 HWT L w ) BjEEERIC
BN 8 T T T ORENFHE R RE L7, AT
BICEOWTEW SV 5 79 7 0REREFNZ v, K
e OV & S CILEBEEAR DS 0.89 DB CAREZ EIRE) A5
BT B EDbholze T2, O ESMTIIEERE
1.0 THo THOARRERMARE L BV LD h o
720 TNHORERIE, HH SV Y 7T 7 ABEE L
Te AN IRE O TS R E MR —HT 52 DT
BORLMEZ IR L 720 41, T 0K LR ok
HEREE I E 2 U4 5 2 & T 54 AHEEIN L2 X
HTPETH A

X #k

1) H AR Skl o T B AT 1 23 S AG © ko A S T 3 I o
N — X AT, HARGERMBANHZ, 2013

2) MARSHK, APRHEHE 68 b oY RE SRR GET
DD - BEFEC AT Low ) BRI, 426 Il
BB A Y YR D A (J-RAIL2019) i m SC 4K,

B8 R WF LY Vol.39, No.3, 2025

— HEERBR

— HfREARER
S e T [
907 1
1 -180 £ I u A UF‘V\/_

2 4 6 8 10 12 14 16 18 20
K%k [Hz]
(@) BUEAM

— HEERR
— HRREERHER

2 4 6 8 10 12 14 16 18 20
EIR % [Hz]
(b) RBEUVEAM

X6 FRF#ETHERCHBESREREOLLE (BER
#Hm=1)

x1 REBRFRARICHT ST MHMERERR

BREY BEERDH| E— FERL
[-] [Hz] [%]
BUE 0.80 12.07 48.69
0.90 12.54 36.17
1.00 11.80 49.00
REGEUVE 0.80 10.65 0.25
0.85 10.62 0.09
0.88 10.61 0.01
0.89 10.60 -0.005
0.90 10.60 -0.03
0.95 10.57 -0.13
1.00 10.55 -0.27

WS S7-4-2, 2019
3) WARBE, MRER, SAEKR:EDI6 RNV 757
DYy F ¥ rak, HARPEHmEMBATHS, R&m,

21



Vol.20, No.5, pp.55-59, 2012

4) HARBL, S BEMROEER (], EXE, Vol.2g,
No.3, pp.35-38, 1974

5) REpMGH, AREIEE 80 8 79 7 OREEREIHT 5
L w9 B BEIEOZEO BN HE, 8E&0 05,
Vol.36, No.7, pp.7-16, 2022

6) RYFHidE, /IS 0 Lw ) BIBEAMER T 580 5 75
7 @ FMBD % I\ 72€ 571) ¥ 7 L 2@ VERAT, D&D2022
A W S, ARER S 123, 2022

7) NMIGER - EHUS Y 5 75 7 REREE O, SouRR

22

#, Vol.35, No.9, pp.5-10, 2021
8) /REE, KEPMiL: : wsy & 5 7 R & v
B 82 5 75 7 B OBEEARBAE, J-RAIL2023 G
a4, No.S7-2-5, 2023
H AR B 2, BEML 4241 0L ¢ hitps://www.jsme.or.jp/
jsme-medwiki/07:1007359 (ZH&H : 2024 4£ 9 H 25 H)
10) ERIREY © £ — F#AT, B5HE, pp.124-126, 1990
11) M. Rades, “Performance of various mode indicator

functions”, Shock and Vibration 17, pp.473-482, 2010.

9

~—

=

% 38 K WF 5 Vol.39, No.3, 2025



