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Corrections to the conventional equations of motion

of a wheel-axle set on a tangent track
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ABSTRACT

This paper concerns dynamics of a wheel-axle set on a tangent track which was already published in a
book titled "Dynamics of Railway Vehicle Systems" authored by Garg and Dukkipati [1], pointing out several
missing terms and erroncous parts in the derived expressions on the conventional governing equations of
motion.

It is indicated that the x-direction components of mormal forces at left and right wheel-rail contact points
in the equilibrium axis were missed. Another point is that in deriving the creepages the disturbed velocity
components in both x and y directions in the equilibrium axis should not be disregarded in the first term of
the numerators. When considering the creepage in the y direction in the body coordinate system, the second
term of lateral velocity at the contact point also cannot be neglected. Besides, the hyper-assumptions in the
final expressions of vertical components of normal forces at left and right wheel-rail contact points have been

recovered in reaching the final stage of analytical model development. Finally it is noteworthy that the process
of applying creep theory is deemed to contain a little bit inconsistencies and ambiguities to be clear.

1. A &
HexE 583 Ao @3 A Dynamics of Railway Vehicle Systems (Vijay K. Garg & Rao
V. Dukkipati ) [112 52, @4, 35 2831 ALEE Fopd FAske 4359 dTA=EC] 2
F-8% #9 5983 44 A g F2 Ha Ao
AxAge] FYa A% BY L 448 e 229 A7 HE A AE-&F A

PN
g3 olden LEWANL FESE Ao AFHolrh AT FA 2] g 7T ®el FE
g3 99 AA Dynamics of Railway Vehicle Systemsdl] 71€d FARZHNAY AE-GEA2=He

A8t LEWAA SENAL WheA e W ohvw, 17 2 2F notation Fol BT
HAolE FEANPe] LHE G AT B FARNSA A ¥e EAL F31 o] ol U AF
277} ot

T E°9) ADAMS, VAMPIRE, SIMPACK, NUCARS % >

A ET7E AEslel 0% olgF A4 B AT olFoiA: Uk HAW FHRAH ®E
9 2 7178 3R ST 9 Mok 2R A AN 2

Azge ARG & ot gl Bk old@ olsE i HET P F <

=]

ka3
=]

A
B4 FEARS Ba /|2 WAUSE defste Rolvh B3 FE-aFAsdel £5Y
QY AE AUZRY o, A% FA 4%l YN0 IFE A °)

AEAF $594Y 3 A3 Fash

i
o
B ¢

* FRAeTedTY, A=A2PGAATER, B3
E-mail : skchoi@krri.re.kr
L @ (031)460-5108 FAX : (031)460-5449



EE WSS 72 Es AYsid gen g 2a3dAE A4 HudRdMe &59 5UAAH
FEd Bad FHEAGYL F-s5Aad0 Fgsts o BAE Ve, A 9 HAFLAA el
A R 3 F7h gy 3ol g AAEEG A o] A4 ARt vlE AEe diw
EFoR ¥AME ¢ € F2% A A9 YA B A AHE sn Y. A AE BEF
o HEd 2 BHS B A7t A4S & F AATh olo) 4% 5FeME LM AT 2 F7E
2 98 A%"E BAYES £330 A8 AA [l Folx AUz f= F4& adE o=t A

0 Ae 1
garged 2023 2 AE gsn $EUAAd FIH Aolst Aee ¢ F Ak

*EA4 =5
2.1. FEA nde Jo L AF
29 194 ZEA XV = BREA VG ) A4 A2E weh AALF fo) I8 &
E V2 o%se YYAEAS Yehd Aoz B =EAA £5UAA 2 g AR o]FolA
E 712 BYAEACIY £59 FAFAA 2EAH Je W FEAL 5L FHR VUF O
Y1 712 9N3E &S FAoR dnge 2 WgE ¥ A
A &% ) EHREALG FYATA Alole BAE FERABTIENS

¥ & g
L L . 1
; 1 0 0 cosy siny 0 ?’” cosy siny 0 {;"’
{" =|0 cos¢ sing ||-siny cosy O {1"’ =|-cos¢siny cosgcosy sing {;’" @
k' 0 —siny cos¢ 0 0 1y k" singsing  —singcosy cos¢ || k"
. AZ"Z

Left Rail

_Right Rail

29 L 9E AAN gAY AE-g5e] HE



22. 4% x9 Zrdd
59 7—}-"‘—E 2 ARdES T3 A AR FFAEAN HF &5 HEA
A AFE F FF sde nesd &3 2o

S
o
o
o
ki
i
He
)

(}‘;axis = & +V'8£m @

et £%9 FA $EE AT FP& e §39 TANASE Q9 AE A4F FHdE Q@
aax g qad Best go) yed & gt

+(Q+[$%;’=¢§’+(Q+/§}§'+\/&[z’” 3)

L
il

£2AFAZ 2% Uehly] A3t 4 (1) ol4dke] T HeE shd thet 2ok

r 1
(5 =¢§”+(Q+ﬁ&|—yﬁsin¢)j’+u&os¢lé' = a)xi'+a)yjr"+a)zk' (4)
o] AeA z+ YR ZEEE o] &3}

3L
ARAEE Ft3 o)d st A7k v EX
A

YRFAN Ba) e 2 Ade

‘;—il = (L 1y )i+ 1y 57+ (1,0

& AT lwee lwz g3} 2gol Felste 3
7 ot 3 A A (49 Az EAE HYstE 3

(5)

19) A2 S Heste] LEVAAL Tot HRAA RE-2H AT 9 & 9

E]
B Fo) A 2P 1 29 204 BASRD AE 4R FAF AE-Ad IR



r 1 r r 1
Rp=—(a+Ap)j —rpk' =—(a+Ap)—cos¢sinyi" +cos¢cosy j” +sin k™)

R A r r (6
—rp(singsiny " —sin¢ cosy 7+ cos k™)

A7 7 WEd dg AR 2 2 e 2o
RRx =(a+AR)cos¢sin|//-rR sin ¢ siny

(7a)
RRy =—(a+Ap)cospcosy +rpsingcosy ()
Rp, =—(a+Apg)sing —rp cos¢ (Tc)
Ze oz Rro gaME dedt 2 BA4L 7Y &+ Y
Ry, =—(a=Ap)cospsiny —ry singsiny (8a)
RLy =(a—Aj)cosdcosy +ry singcosy (8b)
Ry, =(a-A;)sing —ry cosd (8c)
ol A (N B)NM AL FAE 2 ax &% ZAN0zRH AF FAWFO)AAAA Ade)

2, AR% ALe A9 g te FPAR APoERy ALWE AWAA A7l Ang e

23. 769 A 293 8% L5
29 2904 Fol7 S ssel 7YY AL ASHE g F 4% 2,

l_ &l 1 I 1 1 lm
XF=m =Fy +Fp+N; +Np+Fo -W k 9)

r 4 r r ror r r.or & r
IM =— = Rpx(Fp + Np)+ Ry x(F + N )+ My +Mp + Mg (10)

1 1
29 2004 B0 ASclM me FF-4%9 Ae a7 13 FRe A% FE-u99 AEFHAA
1
wase agEge e, Voo Vre dao Agd dse wee adw, e ands
I
Mre z¢ 289 2

3
RAEAN sl ARER Fol 2W BeF Zo| 6 AH

9
it

>
o
ot

m=F; +Fp +Np +N; +Fg

(11a)
mﬁhFLy+FRy+NRy+NLy+Fsy (11b)
m&:FLZ+FRZ+NRZ+NLZ+FSZ~WA (11c)

wa&kluyglﬁa-RRy(FRz+NRz)-_RRz(FRy+NRy)+RLy(FLz+NLz)_R AF, + N )+M + My +M, (19,



B R, (F, +Np,)+ Ry (Fo + Npy) = R (F, + N+ RL(F + N+ M+ My + My, (o1
1,8 -1, 0% Rpy(Fpy + Ng,) = Rpy (Fpy + N )+ Ry (B + Ny ) = Ry (Fpy + Ny )+ M + M, + M (120)
24. AE-AQ0 Zgde £
ZQIAZAJH—ﬂw%H2@5ﬂ°Eﬂﬂ%%ﬂ%%MQ@%%ﬁﬂ4%m&.&%ﬂ%zﬁ%
1 1 I
49 339 Mg Nie 13 09 9232 9902 8 o A5ARA A% 35 (%, o)
I I I L
B AP BFE 1= (Gr, Cu), EH W FALFL 2% (¥ Qu)oz A7 AT A &
F Ak FE2AFA &l $F FE S 15E FHOE wAANFEeR Op z@lm #AZ A5l
de) AARgez O wg Az A@AsL 4 (D¢ nRE FEHATASL VI FEA Aol @
Ag g7 Zol Yetd & Qi
BS W r . r
R i-.m cosy smy i_"
ng =Ty {;"’ = —cos(6R ¢)siny/ cos(&R ¢)cosy/ —sin 5R ¢ {{ﬂ (13)
r L m
L93R_ k —51n(5R ¢)sinv/ sin(5R—¢)cosy/ cos 8R—¢ k
Fr r I'
e Fid cosy siny "
r r 1"
ey 1= | {7 |= —cos(6L+¢)sim;/ cos(6L+¢)cosq/ sm % (14)
_53[,~ k” sm(6L +¢)sin|// —sm(6L+¢)cosq/ cos k”
4 13)# (148 oM XV RE AN HEAGAMY BAEL F¢ AEA s e 2
o] & & it}
N NRe3R_NR[ sin{8p ¢)sinw¥"’+sin(6R—¢)cosy/j +cos(5R—¢)k"’] (152)
Ny=Njes; =N, [sin(BL +¢)sinw£”'—sin(6L +¢)cosw} +cos(6L +¢)k"’] (15b)
#9 FE-AY 2 $ASY "F PF 4R HSEFH 2Y2Y T TP AT Aoz 2Y
37 A81A 24 (153, b)ellX 2L AFAE 4 (1lc)dl Yzt Bstd of < 2ot
Npcos(6p —¢)+ Ny cos(S; +¢) = (16)
- Fp, - Fy (17
4E¢ 78 & Yok

=m&WA—FLZ
=t Neeg 2 (1220 gge A4 gen 2o B

R RAAA 2



. . *
Rp Npcos(Sp —$)— Rp, N sin(S p ~#)cosw + Ry N cos(8 +4)+ Ry, Ny sin(Sy +§)cosy = My (18)

*
My =RpyNp, ~RpNpy + RNy, =R Ny, (19)
4 (1108 (120238 #% A2-20Q 2PN R4S 7o g3t 2o

* *

NR COS(6R _¢) =
RLy _RRy +R;, tan(6L +¢)cosy/+RRZ tan(6R ~@)cosy

(20a)

*
Fz* [_RRy +Rp, tan(5R —¢)cosvzj|+M¢

(20b)
RLy _RRy +Rp, tan(é‘R —¢)cosy +R; tan(&L +¢)cosy/

N, cos(5L +¢)=

2 (203, b)oll thal (D @) HF AXNMH YL ES YA m&aFE Heste] Aejsta BRI}
2a7} 931 EAE @3 Hof g Zo] wW$ pHEF g A& F Uk

1 1 1
NpeosOp-@) = Wy= Fo+- - UgFpy +1Fpy) (21a)

1 1 1
NLCOS(5L+¢)=EWA——2—FSZ—z—a(rRFRy+rLFLy) (21b)

3. a8 %3y adEndE
3.1. AExYP 9 Ao
A5-dQ AEW Apeldle AFo] WAL 2 UA A5 FAe| ARE SR Holz

rl

st LB ZezY F wE olsh $AE WAUS o) BAGE AZuAE M o] A
9 StAAd FAE dodlE AUt FF Jud, oldd YL A9 [3 5] A# thEH 2ol ®A
g 5 Ao

1 v v

F=[F, F, 0]=Fe+Fe (22)
uun \% v v

M=[M, M, M|=Me+M,e +M,e: (23)

—

F Aol ERE PEL A-AY REFY AEA A9 & F 4T RO EAJ} Hof AY
dEd A 197 (198 @ @) dAAA " AEA gelde 2 A=Y AL RUE
HEES G o) FHTh

—

Fp. = Fp cosy — Fp, cos(6R —¢)sinw =Fp —Fpov cos<6R —¢) (24a)

Fry =Fpotv +Fpa COS(‘SR ‘¢) (24b)



Fp, =Fpysin(6p —4) (240)

Fr o =F -vFp, cos(6L +¢), FLy =WF e tFs cos(SL +¢), and Fy, = F} 5 cos(6L +¢) (%6a-c)
My, =M ysin(5; +4), My, =-Mpysin(5; +9), and My, =M 5 cos(8, +4) ta-c)
32 adAA
THE, LT 289 290 a9 g 2o AATH3l
£ = AF S THFPE-2E FEAN AR P& TUFAHYE
! AHeEo] A A YL =(V) (28)
£ = A S5 AWFAR-AE TE A A& I L
2 A AF THFEV) (29)
_AEY A dEe-AE dEPyEd Al &
S = TFF T AT TS (V) (30)

v
A (28)9 B2 A F2 EEFFTAHAAY AAAY = Ve e 3 JR &5THEREH A9

°
1
i
R

2
e
)
i
N
A
Lo
e/
B
=
o
=
>
N
=)
Mz
1
Lo
® <
o
le-:
ox

B gl d& &xolt} ok Y
1 1 1

e R ag 294wy R == Rog 09 10 g% 9y 070’9 doz 782 94 o

= 3go) nAA 94 2y Rre 380 tgen 2o o2 = A8 dsd 4 B9 4R BF

AYIAAE 737 A8t A9 A dF F A & 44 g5 2ol BAE & o

t

rlu

r r
VRx=Vcosw+E§-elR, Vl’?xziV
To (31a,b)

29 1% 2% 204 00’9 Reo) d7Ag Avind g o] Reg 78 4 vt

r wauw ¢ oy r r
Ry =0"0 + Ry = xi"+ " +zk" —(a+ Ap) ' — rak’

(32)
11 v
A (D& olgstel 4 (328 EF UK o) i@ 2doz wgstel er WPl tiF A WEAE T
v
3t 7)o dHE ek o WiE gg AgE v
r
Iglf € g = Reosy + ¥siny + (a+ A, Wleos ¢ — ryésin ¢ (33)

mebA 4 (33)2 4 (Bla)d stz 2 A#E 2 (28)d tlglEe
Garg & Dukkipati [1]7} F& Rz 8L 27t d&s ¢ F AUtk ofF ot

[oz]
=
= Voo 4= &3 Ko g 349 7R 44 @9/ 9B A0R BeEL.



-A
&R =(1—r£)cos¢+;/—(y&:osy/ +)Xsin|//)+ ? - R Vﬁcosqﬁ—%rRlp&sin(/) (34)

%

G 4 QO FAAE 2R Yl AP 2d9AE T Akl 83 ol AN [1o] A
e AT Aol7t Y AE ALV

~Vsiny cos(6R—¢)+;2k-£2R—{—(rR I1p)V siny cos(6R—)}
SR = v (35)

spere) X" Wk AREE Vo Y wgone &5 AR Vs ojm E oo @ e,y WO B
HEol Mz B 3 FAL & & gz, AH [N o)E mHFN gk tRANE HEH

by

oA #Ae YV arE &xel ZAy|E BAWA AHA e APEE Vo g AEF AR £xa

aa% e RV oul, oo ga Y ugend 5 gre RV o5 oo g7 e,

wgogo Hxgioel a9 A WA YL & F ek A 34) % Ag wpAAZ A B3
g8 Asleg 4L Ays Sy Z.

"R . 1 ) 1 .
Epp = _(]_A)smw cos(5R —¢)+;/—(—J&sm|// +}2cosw)cos(6R —¢)+;[~z&sm(6R —4’)

Yo

+¢g(a+AR)sin6R+rR¢géos§R] (36)

AR dZ o A AN AA [1lo] & A e A ¢ F It dIdE 23 AAAE 4
(30)l elste T3,

rr
£ - @-eR _ %[wgms«sR —¢)+(Q+p§)sin5R]

14 (37
AH A& AT e BYPeR oY) P FAHL MBS AFn 53 2L AAES
2.
V cos +1§l£ (ry /r,)V cos
e, —(r I, r
&L= L VA AL Y. 1--L jcosy +— (&osw+y§sm1//)——|/tgcos¢——er&m¢
4 To (38)
. . 1 ] 1 .
§2L=—smy/cos(5L +¢) 1-= +;(—ﬁsmw+}gcosy/)cos(é‘ll+¢)+;[£s1n(5L+¢)
To
+¢%a—AL)sin6L+rL¢§éoséL] (39)
bby,
3L .
‘:spLz ; 2}/_[‘1&205(6L +¢)—(§2+[£§sm5L] (40)

AARA A& AT hh ¥V L ¢ o] viasirhs sbY dol 4R e e A



3}

fuju

2!

tlo

% gtk

Er =1—:‘£+%(J&|~ m@, & =—(l—~&)qj +—Il;[)gl—5R&i-¢g(a6R +rR):|
0

r
o

1
5spR Ty (V&+ Qop ) (41a-c)

1
§1L=1—f’:+i(£&m@, €2L=[l—l}w+‘[ﬂ&5L‘&wﬁ(aéL+rL)]
r, V I 14

1
‘SspL Ty (V&_ Qo) ) (42a-c)

R LERZERIELES EIETEAL 1
A3PW) 123 AEAS 71702 R A5} AQ Aol A BA}E 2AZ YL T 9
s Kalker7t A% thes} 2& 4yasz olgg 28ar

F =8, F=-£,5 = f1285p and M3 = /156, —f22§sp (43a-c)

AN fis ez Axzq 2 gse 24 Ag Yo ol E Hd A @) 4D RIAAN 27
Z YEe et go Tath

1
Fri =‘f33l:1‘:r&+;(’8&“‘@}

o

¥ e+ Q8
R ) S R T IR

o V

(/]

. (. = 1 f’_& B ybor Qrp
MR3‘f12[ (1 . }"’*V()&"‘SRZS%V(“‘SRHR)] 2 v (44a-c)

r, V
v Q6
Fiy “fl[(l‘fj"”—(ﬁ”ﬁ)*—(“aL+’L)}f12 ” L
v Q6
Mp3= 12 (l‘:—i]‘“—@“ﬁ)*_(“‘%+’L)]‘f22 - (U5a-c)

ol
s
e
Mz
il
2
=
-
o
lo
it
x
o
ofh
1)
=5
2
o,
HS
~
NS
3
o
1o
N
N
lo
o,
M
lo
b
=2
r‘au
tio
v
o
X
i
o
(5]



R cos(o - gysiny
Yo

[ 1 , . yher Q5
Fpo=~I3 L1—£ +;(J&J— mpg)}cosy/ +1 {{ —f}l%(}gﬁ}z&*;ﬁﬁRWR)}m(aR —@)siny + 5

mR .
005(5R —¢)siny

i 1 , . yher
Fp,==F33 1--:?[_/(& a,x)]sinw -1 Hl—f)y%(ﬁe@mg(laémm)]m(% —9)siny — fi5
i -+
Mp, =Mp3cosGg ~9) = fi5 ‘(l‘:i}/’ +%(JXE‘5R£)+§Z("5R +’R)]C"S(SR —9-In ~
[

or
R cossp - 9)

(46a-c)

"L

1 . . Y- Q5 :
Fp =~f33 Ll—r— + V(J&&m;@) cosy + f; [[171;}”%(13*&&*%5@%*%)]005(514 +@)siny + f15 L cos(6; +@)siny
o i

cos(6L +¢)sinl//

Q6
FLy =—]§3 1—-———+ V()&-Wg):lsmw fll [(l———}y+— J&—SL&-lﬁaElﬁrL)] (5L +¢)COS|,/—f12 Yk

To

fn[[l—i}ﬁ (}gék5ng)+fl(a5L+rL)j|cos(5L+¢) Iy L cos(s; +9)

o (47a-c)

4. T34
41. 97349 A9

ggole Au EELAAES a3 dygz Ay JAF FAPe d@oz I FH A (lateral
gravitational stiffness)¥ 2% &7} Al (yaw gravitational stiffness)22 Ao HE G¢EE T3

WA §2EFAL A7) 994 LB 22 FRAANA Al (2welA Vst Ny g
Aol 4 (20a, D)AA S AF FES dYAA BHE 4 b 2o

mi= FLy +FRy +Fgy + Npsin(6p —d)cosy — N sin(3 +¢)cosy

(48)
I ville= —IWyQV&+ (RRxFRy - RRyFRx) + (RLxFLy - RLyFLx) +Rp Np sin(6 5 — @) cosy
+ RRyNR sin(8R ~¢)siny —RLxNL sin(5L + @) cosy —RLyNL sin(5L +@)siny
+Mp, +Mp +Mg, (49)
42. 54734
338248 et 2ol AT & Ak
Fg =-Npsin(6p —¢)cosy +N; sin(5L +¢)cosy = -Np sin(6 p —~¢)+ Ny sin(6y +¢) (50)

o) 4o 2R P A AF-AY AFHAAY POz FEHE VIEY Y& FAHEY

FHoz A A HAe] FiF a7 GEo] L4 BHo|rh, sinf =cosOtan6 o BAHL o]
&35t 4 (500¢ WA T 2 ABel 4 (153, b)E ol&3tel oA 2@ Te 2L ANE AL &

A



) Fz* _[RLy +Ry, tan(5; +¢)cosv/]tan(6R —¢)+[—RRy +Rp, tan(dp —¢)cosy/]tan(6L +¢)

Fg
Ry, - Rp, +[ Ry, tan(8 +9)+ Rp, tan(5p ~4) |cosw
* tan(S p — ¢) +tan(é; +¢)
+M¢
RLy_RRy+|:RLz tan(8; +¢)+Rp, tan(5R —¢)]cosw (51)

o) Aoy Bue (Ry-RR)= god Aae nrs A9e S 2098 Y9 Brel Y
P AT 4 ()% B ddstn AN the $(ne), ap(and,~ndy) =31 e o fafA
mad A 3w $(n) o] Buh Bxe dAME TS FAS A A of Ao BA

o Fold & olso ~2a8+(Agtand sArndr) 7} b AR o) Fo] 2ae) WA A& Folztm 1T
of gt ol AFE AA [1]9 4g au= AHgE7I= B

+ a[ (8, +¢)~tan(8 —§) |+ ~rp) tan(S, +)tan(S ~4) L+ a6, +9) a6 —¢)

F, =F, +My
2a—ry tan(Sy +¢)—rp tan(Sp —4) 2a-ry tan(8; +¢)~rptan(6p —4) (52)

g y4

ot Al HAE Whel AolE =AY A5 e 2ol BAY & Ak

*

My

* Fz*
Fg=F, AL(y)+——Aa(y)+
a

. Ay (y) (53)
tan{6; +¢)—tan(d, —
A= L+e) R-®
2-[ry tan(s; +)-rp tan(d g ~4) | /a
(rp —rp)tan(s; +¢)tan(Sp - ¢)
Ac(}’)=
2-[rLtan(5L+¢)—rRtan(aR—¢)]/a
tan(6; +¢)+tan(é , — @)
Ay ()= LY R™Y
2 —[rL tan(5L +¢)-rp tan(5R —¢)]/a
Fz*=m&WA—FRz—FLZ—FSZ=m&WA+Wext—Fsz—[Fiysin(sL+¢)—Fkysin(5R—¢)}
BPFeNM e Fsz =0 Mgz =003 =3 FeZd g P 71334, My =0 o1t 2w
TANY AP Az FANE S FAFGeEZA g 2 AHE S 5 AUk
o - Op—
Fo=Wa,0)=W, _;an( 1 +¢)-tan(Sp —¢)
2-a ' [r, tan(dy +§)+rp(Bp -9 ] (54)
metA Garg & Dukkipati[117} ARG |2 FolQ ZtEo] FAvid 2R tangent &L HA ¥4 7}
Sote ERE 22 23 1 4y 4 Gh)E 4 GHAFE st @Ak a2y o] JFAL EFstel W
o] &o] YR 73 gl 47 Aoz F£80] oEe Aoz AHY wi b 71FdE o5 9

Fes AH £ dAFe)r



1 1
Fg =, +9-3g +¢)WA=WA[E(6L_6R)+¢i| (55)

43. 279734

228740 dAME 9N vhrbd e AR H4e BAES TE 5+ Atk SN w2
Az 4 49)s 22W golx  RreNRsinOr-dcosy Ry Ny sin@y +h)eosy o Mg o 59 3
3 1 A%e 23 AFAAN G 2o & F AT

Mg = _RRxNR cos(5R —¢)tan(6R —¢)+RLxNL cos(é‘L +¢)tan(6L +¢)

7]e) 4 (20a, )& WIANAN FFTYAA A 2L AL R i 2L ARES d=Th

« (rp +rp)tan(s; +¢)tan(Sp — @)

M
* ¢
Mg =-ayF, A, (y)——a AL () +ayF,

2a-r; tan(6; +¢)-rp tan(6 p — ¢) (57)
w2 w2
Mg =—ayW, ~@Cr=¢+3, +9)=-ayW, (5, +3p) (58)
5. 3tgFstd SR
23U 2 8FABAE A5 4 W)F (499 A7 =PHA T4 21 e g
4
1,8 IWT&(RR),FRX = RpyFRy)+ Ry Fry =Ry Fp )+ Mg =My, —Mp. =My, ©0)
(4]

2 (599l A (44b)9} 2] (45b) 2 4 (55)F A7 dWiYstd FHsd oaF Ao

ry +r, r 1 r
ng?ia-f33(2— Lr 0]w+f11[[1—£]y/cos5L +;()25|-6Lz§)c056L +§z(a5L+rL)cos6L —(I—ﬂj
To

0 o

ycosdp +%()&—5R)8)cos5R +§l(a6R+rR)coséR]+ﬁ2%w(5R cosép -8 cos6L)—WA [%<5L —5R)+¢jl=FSy

(61)
SR

rir

Ze oz A (609 disiy g L ARE e

4 a rRAR+rLAL 2 1(2 2
1, B Iwy r_q&'_ S {AR‘*AL"‘;;(’L""R) R Rro LAL ;&_(rR+rL)¢+g(rR+rL) + ¥
0

*[—%{a(SRCOSSIHELcosSL)+AR6RcosSR—ALSLcoséL}+{cos§R+c055L rRCOS&R:rLCOSELJ:]
0

J22

v

[vﬁ(cos&L+coséR) +Q {(SR cosSR—6], cosS [ +@(SRSINGR—O sin6L)}] =My, 62)



3.4 4 &% A9

ol B HHANZ Mo AE-&F Aadd FHARA J|TE 1HE 7S LAY A
LHE AXT £AHAL AARAEY do thxd 2757 SlE AW AAG AHEDSE AT
259 =L f 258 AYS dFsk Aok

FAREY FEHFA QAN AF AHAGE °‘°1H gEE dF AT, & A 9 FE @

I

51

o 289K §5 A 453 FEA A 42 Fayg for o asazAdAe gtez 29
QoA & 3 olth FAEL olo] sl 288 AAE HL YT Ao ARIAT F o W

A F & 347&% Al wkEEE hed JERE FAE 3 JAT o HHAA g F
Fo 7188 A Ede g EAXNE Ystd AL
S Ank éfﬂr%% ohe 7139 tA] HEE A ojrt.

HFHOoZ AFsn A ?) Garg & Dukkipati [1]1= Z2EAEFY AF4
a8 AREES #HY Fokd FAslE AFAE FRE st Y 0EF B =
gAY A D AN dFAE B 4Y FE  F oy, Bl e dTA
o2 ¥/ HESA ARHA RES ulZA Fobd & AY7|E vt

FnEd

Garg, V. K., Dukkipati, 1. "Dynamics of Railway Vehicle Systems,” Academic Press, 1984.
2. J. J. Kalker, "Review of Wheel—Rail Rolling Contact Theories, The General Problem of Rolling
Contact" (A. L. Browne and N. T. Tsai, eds.), Applied Mechanics Division, Vol. 40, pp.
77—92, American Society of Mechanical Engineers, New York, 1980.
3. F. W. Carter, "On the Action of Locomotive Driving Wheel," Proc. R. Soc. London, ver. A.
112, 151-157, 1926.
4. F. P. Beer, E.R. Johnston, Jr., "Vector Mechanics for Engineers,” Statics and Dynamics 3rd
ed., McGraw—Hill Book Co.
5. B. V. Brickle, "The Steady State Forces and Moments on a Railway Wheelset Including Flange
Contact Conditions," Ph. D. dissertation, Loughborough University, Loughborough, 1973.



