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< SUMMARY )

B Development of nonlinear dynamic characteristics measurement technique using
500 km/h high-speed train wheel/rail scaled model and propose of creep curve
shape and Korean high-speed train wheel design

Purpose & ) . . . ,
o Development of non-linear creep measuring equipment design technology using
Contents .
wheel/rail scaled model
o Propose of optimized high-speed train wheel shape design based on
understanding of reduction phenomenon occurring in creep curve and measurement
exper iment
®m Development of creep measuring equipment though wheel/rail scaled model
Results B Development of experimental equipment capable of simulating straight running
as well as curve running
m Creep curve calculation from measured experimental values
B Understanding the dynamic characteristics of railway vehicles by
understanding wheel/rail contact phenomena
Expected

Contribution

B |dentification of railway vehicle dynamic characteristics according to design
variables
B |dentify creep curves through parameter study of design variables

Keywords

wheel/rail

scaled model creep curve curve driving
contact
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HArzatgolgt= &84 Ao o8 7] A= Kalker[15], Johnson & Vermeulen[16,17] %
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1 scaled model |
6 1120 scso o |
s |
8 4
g3
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Frequency [Hz]
Fig. 2 2 A% &5 2d 35 54
Table 1 A7
DLR INRETS MMU
Length @ @ 7
Velocity Vo ©
Acceleration Vo © ©
Mass o o o
Force ©° o o
F ! 1
requency — ¥
e
inertia ©° ©° o
stiffness o o o
damping T o
density 0.6 1 1
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Table 2 X34 o] &d HAAWMF

i%;;é% 1/5 scale 1/10 scale 1/15 scale 1/20 scale
m (kg) 11179 8.9432 1.1179 0.33123 0.139738
I, (kg* m?) 608.1 0.194592 0.006081 0.000801 0.00019
ro (m) 0.43 0.086 0.043 0.028667 0.0215
a(m) 0.7175 0.1435 0.07175 0.047833 0.035875
fu 2.212e6 8.85e4 2.21e4 9.83e3 5.53e3
fro 3120 2.5el 3.12 0.924 0.39
fs3 2.563e6 1.03eb 2.56e4 1.14e4 6.41e3
N(N) 5.6e4 448 56 16.59259 7
V(km/h) 300 134.1641 94.86833 77.45967 67.08204
Table 3 ARl w& Fap B4 A3
& AHH] Fo J=2F A&
1 scale 3.2 Hz
1/5 scale 7.3 Hz 2.02 %
1/10 scale 9.1 Hz 10.1 %
1/15 scale 10.2 Hz 177 %
1/20 scale 11.1 Hz 224 %
3. 1/10 AR A 2 A=}
3-1. 2¢ 29 4R
Ry 29 AAsh] f8 ¢4 BESEE A 1 3 AEAEY SESEE =Y
XS AAsta, HAFAH R A 3)F ol&ste] e EAE Altsdd. AEAde &
olg] ~H(stainless steel) ¥ &F v HF(aluminum)S FHRITOZE FATE 7FE5AZHS 2 E A
I A S aEete] Hd 5x el =9 JhsstES oto] AT 1 A 3= Table 49
Fag=s
omf
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Table 4 AFF A 2o W& HE EA

T stainless steel aluminum

E M (kg*m) 0.000282607 0.000099096

A EX £% (Hz) 50 50
ZFEAZE ¢ (s) 5 5

EA T (kg*m) 0.007240253 0.000253879

:

oo ~H 2]~ ~H(stainless steel)? &FWH (aluminum)oll A A Holl #gle] RHEAE
Fastthal sl on, ojd E¥HS 5’45‘1] 1 vg e Y E dAstden,
= 98 4= ZE S A4St Fig. 32 A4d ZHe dHoly AEoH, Hu =
1M, 3% 45 EHYAS & Ak 3 ZHE AFEsH7] a8l A= A7
27} a3t on, o] 334doA HAyE FHo|u

¢

H
N
)
o
WS
&
*
3 il
o
to

AHYUNDAI AC INDUCTION MOTOR DATA SHEET
HEAYY INDUSTRIES COLLTD,
Model No.or RFQ Na | | tem No. | Rev. No. [
Projct Name . Project N | Chiamtity sels
GENERAL SPECIFICATION PERFORMANCE DATA
Frame Size [BON Rated Crutput 075 kW 1 HP
Type HS Nunber of Poles 4
Enclosure{Protection)  [Totally Enclesed | IP55 ) Rotor f\'pe Squurrel Cage
\I'Llhod of Cooling ICA1(FC) v mooL OY-A
Raed Flup:ucy ﬁH Hz Rated Volinge 440 v 380 V] 220 ¥
 Number of Phases Current  {Full Load LT Al 20 Al 34 Al
Tnsulation ¢ I,M ] l osB oH Locked-rotar™* T vy a0 l.; 740 od
Temp. Rise at full Joad (by resistance method) Efficiensy i
[@TosF S0 deg. C_ 507 Load 6.5 %
Motor Location W Indoor O Cutdoor 75% Load 81.0%
Altitude Less than 1000 meter 100% Load 825 %
Relative Humahity Lesathan 80 % Power Factorip.u)
Ambient Temp. 10 deg, © (M) 50#%% Load 0485
Duty Type Contimos ( 51 ) 75% Load 0610
Service Factor 1.15 100% Load 0.704
Mounting W B3 OBS OVI [OB3B5 |Speedat Full Load 1735 rpm
| Type | Anti-Friction Torque
Bearmg | _T)F’NJ“:T r_',jl‘n-l'/‘_.?__ J B203ZZ F||||. |.(J|.||':!” A 0.4 Ktl, imn
Lubricant  |Grense{SMI Locked-rator™® 360 %
External Thrust Mot appi Breakdown®* 300 %
Coupling hethod B Direct O v-Belt Moment of Tnertia (J)
Shaft Extension W Sugle 0 Double Load(Max | 0625 kv
Terminal | Main O Steel W st bron Mator 0016 kgnr
Baw | Aux O Yes | Sound Pressune Level iNo-load & mean value at 1m from motor)
[ Location _ [Refer to Outline Drawung ; 0 dB(A)
Appl Vibration 1.6 _mmisec (rms)
Ared classification  [Non-Hazardous Permissible number of  |Cold 3 umen
Type of Ex-Protection |Not apphicable COMBECUTIVE STrts Hot 2 umes
Applicabile Standard RSJECNEMA MG 1 Pam3ofy pek) Faint Munsell No 3 0PES 445 5(VL-151 )
ACCESSORIES | SUBMITTAL DRAWING
Crutline Dimension Drawin | Motor Weight(Approx. )
B3 ! 12 kg
B5 ™ ke
Vi [E
BI/BS 14 ks |
Main T-Box Ass'y i
—
[SPARE PARTS | REMARK High Efficiency

+ For ure on PWA VFD 01V, 31 CT@1 08 FAF Temp. rise

Date DSND CHKD CHKD APPD

2011-04-14 WHBACK| S.LRA | O.LKIM | JLH KIM

[ricse: Onbsrn mee mentsoned i thie dumn sheet shall be i sccardasce wieh nesker esndsel
Al teckaiicel ders are anby demen vahies o shadlbe sawnteed veidh falerce of apphieahle stadaerd
isguetion wad performanc teat shal

HHIW230-131-1 * Incase of lnverter or V.V V.F Motor Performance data i based on sine wave tests. A 210mm X 297 mm)
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st &5 Al=YS AASH] f18 S58T olyel tixtel] AAs = 1A AUPEA A A
Aoz, 13 AbdAd et dA% A4 Adsgh F dAs AAS ddse 23 4
THEA] Al 2wl ALt H5 Al~ge] HFgh “/\}‘3”‘~ MEstdet ol 98] -4
2E F4e Agsgon, #a¥ nsdde 5 14 FARS BED A HEeD
+10%= 3}le] Table 50 AEstAt). o]F HAAHTE é?ﬁ@}ﬂ Al A (DEA 2z T
AaE AASAT. A7IA G A ok e ATE AP duty oz wWol ALEHE X~
g 2ERlE A A STS types ARG8T D= A=Zde] 94, d= 2Z™ 9 W7, Na
© FERATE Yt =, 4000 N/me] ks 7] 98l Aad Ga A ¥
5g wEol g APAY FRAUFA 5 22Ye) Qolst BekAy] Hire] 2xyY
AAR elolstolmg AForM £xYe] Holo| ofFgke FES MANYT 2x
AWM Table 691 A2t
Table 5 53X =28 A4 XA
stiffness (N/m)
+ 10 % 4,400
+5% 4,200
0 4,000
-5% 3,300
- 10 % 3,600
Table 6 AAW A4
stiffness
69%10° N/mm?
4 mm
d 4.5 mm
N, 10 3
3-3. /g-}\]_u g AA \:_1 ;q]g_}
FArEE ] 12k Z 2 EEF (prototype) S A 2SR T 4 34 45 EH g‘]# 93l Fig. 49t
2ol A7 RE AZSFATE Table 59 AAWMTE o] &3l ~2d] A% & Fig. 59 2ol
AY 9 ANSYSE o] §@ Aisidozn 2xayel Zyghe selstgch. 1 A o 4220
N/m=z A% &&ex 5 % oz T3 & AZ=HAT. HAGA= 7]|E 04%1011*1«1 2
wheel / 2 rail SH1Z A&tk s 38 FHS 93 meAe 74% n[19] T Tdx

A} A3 Fig. 63 7o) AA 3o =Azko]
ZAZMA 1/10 A7]9] ARG A= o 8
Az F7roR 0d 428 oFRE mx o] Aedgon &4 WMAZ s m Aol o
o] o]— g2 QO}ML A= o

719l 2% 2=49< CDFSA-10 ©]t}h. Table 62 ==49 235 Azt Zojm, Hof 10 kg
%, 100 N7 Z4o] 7bssht,

AzHoz A%y 14 TREGYS Fig 103 2ok 29479 14 22eae 4% F
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304 S gt L o R O AUy :A
og| A A ATAA . B
Yy _ A—a—A
] A AT A B
é A
g 24+
= oo
g g v r’l\:;l7 Y _:;];
5 18 |.-'"'="'-‘1= LS = ‘- l ol
s s x ..
6. " ks II;
T ! 4 ! ‘ J I
0 > 4 6 8 10
(mm)

Fig. 6 24 ekl Aol 4 49l [19]

Fig. 7 CDFSA-10 2=4 44

Table 6 2= Hjo]E AE

£2dg

CDFSA, CDFSB, CDFSC

A8 (R.C.)

10, 30, 50, 100, 200kg

FA=¥ (R.O.)

1.0mV/V £ 1%

bl & & A =0.5% R.0O.

Sl AHI2| Al <0.5% R.O.
s A =0.2% R.0O.
322|012 <0.1% in 20min.
HZgets =1% R.0.
=2C2AHY -10 ~ 70°C
oEsEcYd -20 ~ 80°C

YO 2Lg¥

=0.1% LOAD/10°C

EEEREEEE;

=0.1% R.0./10°C

gﬁamg

410 Ohms +30 Ohms

2H &t 350 Ohms +5 Ohms
’é E HE 2000 MOhms at 50V DC
QIJtH gt 5V(Recommended), 8V(Maximum)
HAZ A0 = @3mmx1.5m (28AWG x 4Core Shielded)
B3 meets IP 67
ol & = ot 150% R.C.
=&t )5 6} 300% R.C.
S AHQIHA AE (17-4PH)
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3-4, A= FA &
AA A F9o AIdFAE S ATz FAS AESIEY. Ad A3= Fig. 129 2ow,
712 A xE o] 29l Kalker[30,31,32] ¥ Johnson & Vermeulen[16,17] 8] o207 A3
Ayo] BlFAd S At Kalkere] A3 A X o]&2 2] (4)™(7) 2t
F, == f35¢, (4)
'F;/ :_fllcy_fmgsp (5)
% :fIQCg/ _f22§sp (6)
f11 = (@) GGy, f1,=(ab)"*GCyy, fry = (a/b)GCyy, fy3 = (ab) G, (7)
where

G Cp Gy = longitudinal, lateral, and spin creepages, respectively,

a = semiaxis of the contact ellipse in the rolling direction,
b = semiaxis of the contact ellipse in the lateral direction,
= modulus of rigidity,

G
Q] = creepage and spin coefficients, which depend on only on Poisson’s ratio and the

ration of the semiaxis of the contact ellipse (a/b)

Kalker= 2] (4)7(7)3 £& AE Ag=Zol2S& WA Empirical theoryE A ¢tal 3 tH32].
o] o]&2 2 (8)3} Zr},

. f1 (7—)61 +f2(7')€2 for 7<1
€y forr>1

(8)

where

fl(T):%TCosil(T), f2<7'):1_(1+%7'2)m where 7= \/C2+—772

. ' mab mab
e, = (Gi+nj)/T, ezzw = abGC, ab,

Jorrg T N T s,

in which

F' = total creep force,

e, e, = unit vectors corresponding to the longitudinal and lateral directions, respectively,
(s ¢, = longitudinal and lateral creepages,

f = coefficient of friction,

N = total normal force at wheel-rail contact,

®,1, = normalized longitudinal and lateral coefficients, respectively.

3} Johnson & Vermeulen theory: 2 (9)¢} 2t}
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FN— {<1/T>[<1—;T>3—1]<a+m> for |7/ <3 o
—(1/7)(¢ +nj) for |7|>3

where

¢ = normalized longitudinal creepage : (mabG(,)/fNe
n = normalized lateral creepage : (mbG’(y)/ Ny,

B AFo A= 7€ Zgx oj2o g Jp gy 4y A 2] (8)9 Kalker's Empirical theory 2}
21 (9)¢] Johnson & Vermeulen theoryS ©]-&3to] A& Axtel v dkd ).

F
2(1+v)
(v) 0302 73‘”/\].5]9}1;} I3l /\ﬁeﬂ NE& /ﬂxﬂ xﬂ g &
oS

A=)

6‘H/ﬁ, ‘T’/]‘Xéoﬂjﬂ HEPE}/\‘]% Gt = Xég]ﬂu:‘" (Steel)/] a5 207 GPa-‘/]’ _LO]-»J—]:]]

A &5 dae FA S 2 U A4
= U3 go=E ool 7}3H7<]b AA FA= A= glon, é%“ﬂ’—‘ig FEM 3]1’9.% *Eo“’EH %
% a =01 mm %= b = 005 mm=Z AFEAJT ¢ Z

g, 4 (1003 #Zuh io]’iﬂ](u):—z 0.30.2 3to] o= 04799, ¢, = 0.59169] TR ;q_/] v e

W, FAHE AN AE Z2aYe MATLABS o] &3t

¢ = [D—a(D—O)(b/a)
Y, =[D—od(b/a) (10)

where

71'/2
0:/ cos?6 sin?0V/1—Ksin’0~ ' do
0

/2
sz sin0 V1—K*sin6~ ! db

0

k= V1-v*/d*

AL Ao g E 50, 10°, 15°% vk Z42b =A49S °F 25 kg, 5 kgs 7 &
A&stdet. 1 A3 Fig. 129} o] AFGS ol &ato] 3 Az H4do] 7|& Aezol&
A del EAste 2 F, LA 10 % el AeS AT 5 Ao, ofs FIl HAA
o] BtgAAE Ak 714 A EZ F4Le Aste AYgE o] g A zge] g
£ v kARt A skl whel Az WMot v FAA S #gAT F AAgT
A Agx Wers AEAFY] AWl 54 o] oEE Aom AT o,
ol 1/10 719 AR E ] AR Fdstvh. AL HLATF dAAQ] olfre A dd
o] FFst= FH A7 @A A 0lY] Wik o R ATt ow, olE Ay A= HEH
9] 9 ﬂ7l:§: 71%{— WS AZEdnh ol oleig dAE FHE7] H& 1/5 A7 At
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Nomm alized creop Hom aized cmep prmalized ¢ map

(a) conicity 5° (b) conicity 10° (c) conicity 15°
Fig. 12 =832 =4

4. 1/5 ZAt2d A4 2 Az

4-1. 1/5 AR E AAST +4

1Ad el 1/10 AR sAZ A3s) 1/5 FAIRD S /st 2 A9 Hxrp 3w
FEAS EAE e ARAEA el dr] wWiEe] H8E SAT F U= Al="E A
stttk 71 15 AR 38 54 A|~"lS /Aste] Fig. 139 o] HF HojdF-& A
ATt Fig. 13(b)ellA] B &5 Wz AZAH o st Ao wolgdF= gy o
Zhol=of dAEo] dA| wWolydF= FWgFo gt F0o] sHFsith o] HojyFe} mrAs
AAANA Ao IS FAHSES AASAT 16 ZAED A Al Fig. 149 2] FEM
A S F3l AATGANA Y] BEAdS AESATE FIE Al A F dE &5 E Ho]
o disiA T38|y AAE FsAT o2 M HAA AE/AY HEFAA Hd WA
AAEE AL g o ol &59 & ool wWojg i o3 FEEoer AA EAE
A s Aow dAdsttt. ¥ FIF A Fig. 100149 2ol 1, 23 F3t7F A A3
FEE Yo oy, AAGANA ALz SAMCEFS o] &3t AAsta, A3
275 5 Hz @92 B2 33HE 3 935kdth

(a) ®lojgH A< (h) Al A%
Fig. 13 Wlolgd 5 F A7
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4-2. 1/5 ZAr=d A%

7158 AARE VIvte® HAA 48 3 B9 HEE X F Fig. 169 #2o] 1/6 =7]9
AALRES etk diatet AAE Aot FAETS UM RS § SRS AEE
o §F9 AFEES FWEy FAMFGogvtor AiEgdon Ad oHdS Qd A
2 ok Fo bHAAE AA A Th

4-3.1/5 ZA2d 43 4 3= 34
=

29 F4L Fd Y= A4S AEsAh FAEAL AR AFTURE 1207200 km/h
of BgaEE 10050 Hzol 22 @440 om, A@A3= CONTACT Z2adg o] 8o
Bdde Assdnt B3 g H imsq AE aeshe] AR Adatel] oo S

T v 43 A k. Fig. 162 CONTACT

% 1/1rE]r‘44 agoltt, Z4zte]l M4ES AdUd U Yk M2 AHEHE Bl

o Ad @& Add = Jom, B normal HFONA AFEHE A HE AEE = 3l
1 T3 tangential ¥4 a2 WHS, N& normal = Feo] thsle] normal forceE 23
o]% 4 v}l FE tangential force % FgZ S Y& F3S& Adad 5= glow L& w

) A e

3 AEEs s ‘:} CONTACT =z Vollebregte} Kalker7} i1¢tdt Tz asio g
A O K23

=
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CONTACT — detailed investigation of 3D frictional contact problems
by J.J. Kalker and E.A.H. Uollebregt

Uersion: wib.1¢64>, SRevision: 1274 5, SDate:: 2016—08-015
Copyright UORtech BU, all rights reserved.
Licensed to: Song Hi Seok. Sungkyunkwan University

Mode of operation of this program.
interactive, read from screen and compute
fill input file <ESPERIM>.inp from screen
start from input file <{EXPERIM>.inp.
check input file <EXPERIM>.dinp
continue <EXPERIM>.inp with traction from <{EXPERIMX>_p.
which has been calculated in the case "mcase'.

interactive calculation of subsurface stresses
prepare input file <EXPERIM>.inp for subsurf.stress

hatch—processing of subsurface stresses for previous
experiment <PREUEXRP>_.p and input file <{EXPERIM>.inp.

Case 1

Control Integers

Type of MATERIAL MODEL. <viscorelastic opr simplified. Digit:
M = B: Purely Elastic contact.
#]: Uisco—Elastic Steady—S5tate contact.
2: Sdmplified theory with 1 flexibhility.
3z Sdmplified theory with 3 flexibhilities.
#4: Elastic contact with elasto—plastic interface laver.
M=

Type of TRACTIONM BOUMD.-normal prohbhlem. Digit: B.
B = Hertziansnon—Hertzian contact, half-space solution.
2: Use elliptical traction bhownd.
3: Use parabolical traction hound. B= A

Several kinds of TAMGENTIAL PROBLEMz are distinguished. Digit:s T.
T = B: Frictionless contact,., no tangential tractions.

1: Shift. Mindlin one—step if P=2, transient if P=A.

2: Transient rolling. For a seguence,. set P-digit=H.

3: Steady State rolling.

Are wou satisfied with these valwes [prsnl 7
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Do you want to prescribe creepages or total forces?

The MORMAL probhlem: Digit: M.
= @B: Penetrationsapproach PEN prescribed.
1: Total normal force FH given.

The TANGEMTIAL problem: Digit: F.
= B: CKSI. CETA prescribed.
1: FH. CETA prescribed.
2: FH. FY¥ yprescribed.

FRICTION LAW. Digit: L.

= @B: GCoulomh (dry>» friction, static-kinetic coeffs.

1: Friction law obtained from data in storage.

#2: Friction law with linear dependency on slip velocity.

#3: Friction law with rational dependency on slip velocity.

#*4: Friction law with exponential dependency on slip velocity.

L= @&

Are you satisfied with these values [y/nl 7

DISCRETISATION. Digit: D.
= B: Maintain discretisation of previous case.
1: Discretization generated from data in storage.
2: Discretization generated from new input data.

INFLUEHCE FUNCTIONWS. Digit: G.
Maintain influence functions of previous case.
Calculate Infl.func. from data in storage.
Calculate Infl.func. from new input data.
Fead Infl.func. from pre—calculated file.

UNMDEFORMED DISTAWNCE, »hs of normal problem. Digit: Z.
= @B: Maintain right—-hand-side of previows case.
1=z Determine uwndeformed distance from data in storage.
2z Determine undeformed distance from new input data.

RIGID SLIP. »hs of the tangential problem. Digit: E.
In principle, the tangential »right hand side has the form
CCHEI-CPHI=Y, CETA+CPHI=¥> with CKSI,. CETA,.CPHI the longitudinal,

lateral and spin creepages. But when the contact area is curwved.
extra terms appear which must he added by the uwuser.
The E—digit offers this possibility.

= B: The extra term iz set to =ero.

1: Exrhs of the previous case is maintained.
#7: Hew input data are read for the extra term.

Link hetween present and PREUIOUS CASE. Digit: P.
F (PuTime?>» controls the filling of the array PU. with tractionsz for
the previous time—instance. used in transient contact Conlyl.
= @: Full =equence,. PU == tractions of previous case.
1: Seguence for normal problem only, tang.tractions=H.
2: Initiate contact,. entire PU is set =zero Ceg Mindlin shift»
3: The traction PU iz not touched at all. P= 2




INITIAL ESTIMATE. Digit: I.
hen the tractions of the previows case give a good initial estimate.
they may he used to reduce the computing—time. But we think that the
zero—start (22 iz the safest initial guess.
= B: Prev case gives no good init estimate. Initiate contact.
2: Division C. E uszed. but all elements start in Adhesion.
3: Element diviszions C.E and H,.S wused as initial ezstimate.
I= 8
The FLOW TRACE. Digit: L.
The flow of the process can he followed to more or less detail
according to W.
W =08: Only the casze numher iz printed.
1.2: Flow of the outer <(Panag>» loop and velocity—dependence.
3.4: Flow of HOEM and TAMG and of the total force loops.
L: Flow of the iterative solvers MormCG., TangCG, SteaduyGs.
?: Full flow trace. including pictures of contact area.
= 4

OUTPFUT CONTROLLER. Digit: 0.

Output is made to the file ""<{EXPERIM>_.0UT":

0 = Mo output to the owut—Ffile.
Minimum output,. only global results.
Restricted output,. global inpumts and ountputs.
Also show the picture of the contact area.
Extended output, all local guantities.

The MATLAB-FILE. Digit: A.
= B: The Matlab file is not created.
1: Detailed results written to "{EXPERIM>_<CASE>_MAT'.
#2: Detailed results for whole potential contact area.

RETURH COMTROLLER. Where to go after this case. Digit: R.
R = B: Return to do a case Jjust like this one <Csame modulel.
Return to the main program.
Same az B, but do not calculate the tractions.
Same az 1, tractions not calculated.

you want SUBSURFACE computations or not: Digit:- 5.
= B: Mo suhsurface computations reguired.
1: Compute subsurface elastic field in the points that were
specified earlier.
Read new flags for subs—file and out—file, keep points.

Read points and compute subsurface Field in these points.

£= 8

Fig. 16 CONTACT Z =271 AX 74

T
O Test1
0.9- O Test2
Test3

s CONTACT Program |

Lateral force

. I I I . . .
0 0.2 04 0.6 0.8 1 12 14 16
Lataral creep

Fig. 17 AAF o) H e A= 34 A&
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o 2 oA s Agx FAHE otal, fMAIAE HSToEA K <
Aetar 1& Ffo] 7bed A AAVE 7bed
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B = 15187 7)o
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& 7test
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[ Z3A ]
£3 4 29 s g =} Fay&
. : Emmanuel _
Rail transit contact A system for dynamic
, LAURANS,
track measuring EP ] measurement of the wheel load
) Jean-Michel . L
device and 20120722547 . of a train which includes force
] PISSOT, Philippe
measuring method Sensors.
POULIGNY
[ SHLiCH ]
=359 R ok Faye
Measurement of CA Terrance Arthur | A dynamic weighing instrument for
wheel and/or axle AT Bergan, Randal | moving wheeled vehicles weighing,
load of road vehicles Leroy Hanson | dynamic weighing instrument.
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[ 0= ]

=31 zawz | wwx Faug
System for
measuring loads S Fritz Ehmke, | A system for detecting forces and/or
during wheel/rail 12/590018 Peter Groll, | torques that are caused by a rail wvehicle
contact of rail ’ Ralph Mueller | and which act on a rail comprising
vehicles
) A method of reducing rail wear, wherein
Method for reducing ] ]
the rail, and one, or more than one rail car
wear of steel : D . .
) US | wheel are in sliding or sliding-rolling
elements in Don T. Eadie ] ) )
o ] 10/429,127 contact and the rail comprises a low rail
sliding-rolling ) ) )
and a high rail each having a head and a
contact
gauge face/gauge corner
o o A method of estimating contact forces
Estimation of wheel Fujie Xia, )
o ] Us between the wheels of a railway wagon
rail interaction Peter Joseph ) ) )
11/916,636 and a rail track along which the wagon is
forces Wolfs )
moving
A system and a method for determining a
System and method . )
) Us Andrew C. |true acceleration and velocity of a
for detecting wheel . . )
. L. 2008/0051967 Tarnow locomotive and for controlling wheel slip
slip and skid in a . . ) .
) Al Serge Mai and wheel skid of the locomotive is
locomotive ]
disclosed.
The present invention is directed to the
Predicting wheel UsS Railpower termination of the occurrence of wheel
slip and skid in a 2005/0189886 | Technologies | slip/skid and prediction and prevention of
locomotive Al Corp. the onset of wheel slip/skid in a
locomotive.
A method according to an exemplary
aspect of the present disclosure includes,
) FORD among other things, controlling a torque
Creep compensation Us . .
) GLOBAL output of an electric machine of an
using road grade 2016/0090006 . : ) )
o TECHNOLO | electrified vehicle during a vehicle creep
and mass estimation Al o
GIES, LLC | condition, the torque output calculated
based at least on a road grade estimate
and a vehicle mass estimate.
[ =2 ]
5549 9935 ke 2} FoY&
Hu Liang, . .
) ) Based on the image processing
Rail transit contact Huanzhong ] o o
) apparatus, by identifying the position
track measuring CN Shou, } ) ]
] and size of the contact rail, measuring
device and 201410108315 | Wenzheng Cao, ) . o
. . the actual installation position of the
measuring method Peisen Wang, )
) contact rail.
Shaohua Li

_33_




[ e ]

5359 99z vk g 2} FoUE
Yohei
Creep cut—off Improvement proposal of a creep cutoff
] EP Nakamur . ) ) .
control device for control device provided in an electric
) ) 201108005191 a, Isamu i
electric vehicle vehicle.
Kazama

To provide a wheel contact tester for
WL | rolling stock in which actual state of rail

Wheel contact tester 11320756 FoEfas | (slack (enlarged gauge)) or circumferential
for rolling stock Heflshse | difference of inner and outer rails at a
I curve (inner wheel difference)) can be
reproduced faithfully and continuously.
Apparatus for WMENEA | To provide a creep force measuring
measuring creep 15399172 $oERA4 | apparatus and a method, which can simply
force and method Hilgge | and easily measure the creep force
therefor Jir between an actual rail and railroad wheels.
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