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ABSTRACGT For the numerical analysis of a dynamic system, it is necessary to have equations of motion for the Sys-

tem. Up to now, Lagrange’s method has been used to derive equations of motion for a rail vehicle. However, it needs

much time and labor to derive the equations of motion because the analytical model has a number of degrees of freedom.

Moreover, when the vehicle has a linkage mechanism like a forced steering one, the derivation becomes more burden-

some. This paper deals with the development of automatic forming program of equations of motion ‘EXPRESS’ for rail

vehicles containing complex linkage mechanisms, and also deals with the dynamic analyzing system that uses this pro-

gram. As an application example, the equations of motion of a forced steering rail vehicle are formed and the calculations

of numerical simulation, frequency response and eigenvalue analysis are performed. The obtained results represent well

the characteristics of a forced steering rail vehicle, and thus the equations of motion formed by the program ‘EXPRESS’

are confirmed to be valid. And it is shown that the use of the program ‘EXPRESS’ has possibility for reducing time re-

quired to examine a new type vehicle containing complex mechanism.
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g e L v, R(1)FoRIM< Y 2 Ak
EhEBEEOEHE, BE< ) 7 ARBEEROER
WEAECEH IS, #-T, TOEHDDIC
1, FEEEROEME L EWEE * BB HEE T
LI EDEES. BRELRD S FIRHL, @ihe
FoerB1ieRiET L5, RifE (Body), Hiifd
(Ground), fE& 5 (CP) BIUHEEEEFR (TSD) D
WODRABERECRERTH. 22T, HMELIIKEEE
EENLTETALEE SR, BHLOFR%* 52
HEBETHSL. ZDX5CTLE, BEEROEW
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B 1 Base element for model description
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FEXMVIZAMCRIOCKI(EBHRE., 22T, H
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R
K= kg1 kyy ko3

kot kg ks
B 6k 0
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| — bking ZLUkLU_lLLkLL kput kot ki
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IZTC, 3fTHE3FIEVEEEBRE F BT E
FELLTEITRTB. &, ThbORMEDRFRY
YRECRT L, ZoDRIGHOKA Rk EOH
NEMPE Ulcv. 22T, RAEHBE F HER
DEHE ¢ g IhEIND.
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(1) R(6)DEEBHE ¢F BT 28 3 T /EEE

— bkiny

TROBRE 6 T 5.
Bk 0 = bking
K= 0 lzLUkLU + Z2LL/5LL hukiu— hik

- b2kinf b ([LUkLU - ZLLkLL) b (kLU +ht kinf)
2) () THELIRETHD G wBET2E35ic, B

UL tR¥ o 28T 5.
kainf 0 - bzkinf
K= 0 ZiUkLU + l2LLkLL b(lLUkLU - lLLkLL)

- b2kinf b (ZLU kiy— lLLkLL) 8 (kLU +ht kinf)

— 50 — v 3

(3) @THELIALTIHCE VT, REMRYHET
HHBE ¢ BT 2E 1T ST R LEHES.
0 b (ZLUkLU - lLLkLL) b (kLU + kLL)
K= 0 liUkLU+ ZiLkLL b(okuy = bnkun)
- bzkinf b (ZLUkLU - lLLkLL) b? (/CLU +ht kinf)
(4) Rk, G)THLAATIIKEVT, #1135
B3GR LEHED.

[72 (kLU+ kLL) b(lLU/fLU - lLLkLL)
K= b(lLUkLU"lLLkLL) Z%UkLU+liLkLL
b (kLU + kI,L) b (ZLUkLU - ZI,IAkLL)

b (kpy + k)

b yhLy— [LLkLL)

B* (kuy ki + Fing)
(5) (W) THELIALITINS, EEOHHBE ¢ & ¢
BT 5 [2x2] OfTFIEED .

bz(kLU +kLL) b<1LUkLU - lLLkLL)

[ b(ZLUkLU - ZLLkLL) ZiUkLU + liLkLL :,
o, KREDOIER kB A . Ric, BE<
Y 2 A, BE<LY 2 AY, FABROBET2HHE
FBESRS.

Virtual stiffness  © oal DOF

Pinned joint

(a) Addition of DOF

(b) Number of base element

Bd2 Example of modeling of a mechanism with pinned joint
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BRlLic b &, LVA=h, TZEILEREROLM
IOVEAELLONECEEET A0 % E 2 H. TD%
HRRIUCRT L5 3 2ehdbh, REMriiz
TTCIRILABENFIREIRS. vA—EFOTI R
X EERER A BT Il Lok 7Y, LS — FEROMM
ik £ D/PIVEE (1) v —xIEDHE
R L, R, huko 2 bk X D KEVHES
(&t 2) AOHEEE, T LT, @ENFELL
BE (&3 drvA—iEELevC sk h. B
3, AT v TANEE 2 IELEED gDV I 2
V= g VERARLIADTHD. &1 DBE,
@V FIEC, &H208E, oY A, FLT, £

% 1 Cases of leverage condition

Case Lylm]| I [m]| &, [kN/m] | &;; [kKN/m]
1 | Lyky< Lk, | 030 | 0.06 500 5500
2 | Lgkiy> kg | 006 | 030 5500 500
3 | Lykw= Lok, | 006 | 030 | 1000 5000

Analytical model

_I

Input data file

(1) Body Program EXPRESS
Eg g;ound ‘7 Generation of
(4) TSD

(5) Pinned joint

Output file —
. . M,C, K
equations of motion 1
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HED3DFEIL ¢ =0L7ch, FHRIXAZERE—
BHLTHZEngnh. DEOKRLY, ©vis
PEITNLHEDEFHHEAVE LI RDLR T3
ENHERIND.

3. EHELRFLOERK

AKeABE v 27 o1, B4R T L5, EHHER
BEER 7 = 75 4 EXPRESS SO EEZE v
7 P CHRXNS. 7w 75 4 EXPRESS 1L, RiE
TR B GEEIEShOER, BE, A
HDOE< TV IZ7AM CRIOPKEERL, Thbk
HEERTCEXAINIL 7 » AL ELTERTS. &£
BEhtc7 Mz 7FAERTHD, WHOT*
Abx=T oy 2 X OHBIE RO 7 7Y r - g v
ORI MTFEETHD. ok, K7 v 7542
F AT, BEFEY 7 b & LTHED MATLAB %

Angle [mrad]
o

3
Time [s]

3 Step response for leverage angles of example mechanism

r Parameter value =

Vehicle
Track
Running speed

Virtual parameter

General purpose software
I> (e.g. MXTLAB) 1

Numerical analysis

L

Output file :
P , Results
; Time series
' Frequency response
Addition of module 1 Eigenvalue
Wheel/rail interaction :
Curve negotiation ;

B14 System configuration

I3 12

o ieeh e o il €8 4 i A L+ 1 A8t e 54 be £ e 1o 4 b
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FHLTRY, MW7 > 1 4+ ~DF XAHIL MAT-
LABDEZERXWHEE LTI hb. O, BEAE
CREWCTITAER I CGEB SRR 0 F 2FIHT 5
TENTE, ¥iab—v g VECLDENTE TOR
Ml I hs.
AREMERYBLETORNILTOE Y THS. *
T, fEfre A% b L, EXPRESSDANF — & 7
s ANKTFAL =T 4 TR TA. RIS IAT
F-20BTHY, 202 HHEROBEETRLT
WA, ANTHFT— 21, 212 TRt ¢ oD

AERELEEETBTS 0T, HERLEREK
EDEE L, BEROKBEOREXANTS. Th
TRDANT — 2 DML T O TH 5.

(1) Rtk : BIGES, BE, xy 2 &8E O OB
-2V, BWHROWERHEORE, &
o b OEEHBEEOFE (AHEOFEL,
AooBE 1, BLOBE0)

(2) M : HEES

(3) WEH: HBEAES YBHEANVEBELrATH
LHIGES (a0 E» T 5 Rk #mE
DHE, FHEOWHICGCEMT ), &HEHR
FoiF B (AR B O BE

(1) Body
Number, Mass xlne;tia,z T)r(ans)llatitz)n, Eota!t,ion,z (4) HEEE . BEEEEES, IThEK, BER
1, 0. 0 0.4, 0 0 0 0 0 1 B, MW SSES, KRBasEs, ffRH
B2, m, 0, J2, 0, 1, 0, 0, O 1, O M (« M 1, y HENE 2, 2 FAN 3)
(2)Ground (5) EviEE: EVERES, KBEHEYE TS
Number, Atk Lok EAES, AUHE LRVRIGLED
o, i aEe
G3, Riz, 7w 275 s EXPRESSIZER S hicF — %
@3)cp 7 7 A Nk FEAAL, EBHBEAOELE <MY 7 A M,
Number, on Body,  ~ Lemeth, CHIVKBERL, H6CRTL5REBERLD
cl, B2, 0, 0, I, ToANEREDTL. Bk~ ) 2 A RRIER
ﬁ; 3 8; &4£: kg WEERTVHD, ZHIZERB D F F TOIBEEK
%’ % g’ g g’ B LT edTHA. & OREERT, 7+ A
c6, B1 0 b O P 4 2 FOHET A ELERETH L. L,
A F0F T HMERST Y 7+ ECHEBEORER AT
- HI ik, BERTINAFINTHEEEZRS.
Number, Stiffness, Damping, S gPdNumgr)eE,d Direction ERINIGEBAEROE~ b Y 7 2k, BEFTE
" w . —;’ }? 1 VI NDTR I AT 5 MCEREETOF DA
12, KL, 0. & e, Fohs. Fok,. JRAES R - L — AR
by T - FIERIE D 2 — ks L OMBEBE 2 2 — A%
L, 8T v 75 2R T D KT, BT HHE

(5)Pinned Joint e L
Number,  CP Number, W, BRI OEFTEEDCR T 2 —2OHE, ¥
j e e et o, BEARBACIIEEAT 4 — 2 ORlEE AN Fh

' ' ' EBMERTEET IR, BRI, BERIGE, B

BJ5 Input data for EXPRESS Hitite S OFERENBLND.
Mass matrix Damping matrix
M=[ J1+b*b*m 0 ; C=[ b*b*c 0
0 21 0 0%

Stiffness matrix

b*(ILU*kKLU-ILL*KLL)

K=[ b*b*kinf+b*(-b*kinf)+b*(-b*kinf+b*(kLU+KLL+kinf))

b*(ILU*KLU-ILL*KLL) ;
ILU*ILU*KLU+ILL*ILL*KLL J;

X6 Generated matrices for equations of motion

Yialb—vgv H0EELIE
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4. BEBRMEXEEAOEA

4.1 BEPRCHREBLEWETETL

A W &, ERBLEC s CHEREN O
2 — [\ A B 5 L CRRE & ) E X 5060
OB Hz CEBECH Y, BOEM, BEEKE 7
77 4 THMERLEOHAS DD, BT A F - HHEF
ROBHEREGZFARL TR H, AMTERTH Y
vIBBAYETAERCH L. BT, HigT S
VUMY — M S o), REIITHECH -
THEFTTS. ched L, Mo 208ELLE
¥, RS2 EFIBERLEYESEOT LR
el h, ERELThLThOBEDECHY = —
i (F¥—Byp) ¥ETSH. ZoOEREEL o
R —ACEE) L CHEIEY -~ — RO X, B0
B N DFOTOTARBER L LRHIEICLD,
BlF/cHifimatiEYFH L Lo S T4 THS.
B35 L5, BiEr A — 3 EACBEIR U ENE
12h, BIOHH®ROEE S T LUl i LT
&, BERLE Y THEINTE D, AF ALK
> TEBBCEETS. bbb, AEDOHEY

Car body ' Truck frame
Bogie angle
ZV LA
& , Lever angle
i Z ']
— o ~E
"/ /] 2N

Steei‘ing link

~— Rail

Steering lever
Truck frame 3 :
~~— \ kLL i
to Wheelset - _J ' v id Wh:eelset

Pinned joint

K7 Linkage mechanism for forced steering rail vehicle

FRLI3FE12 7

ot ol 4 e b ket ) et e sk o Lt
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Ar L LT7 5 v ol (Hig7 7 v oL v — Lo
DRED) HERTHE, FRR (WMZEp=1/R) D
BRI MR wer=k/R ED. T hiCk

D, BEREOERIL - — ¢ U ETIEEACT L
BHACKE LF dxr=buypr 23 Th 510, X
RED Iy DENEV -~ — 11 0=Axy/ Ly = bl / (Rlyy)
ROEEETS - b b, BRI, #Wtr -8
HREAE L D & OB ET R by DIXRTERIR
T Bd, EThOBU L 0o hl h/h&id
DETeDH. BYEV - —DOEEGOIL, Ty =04/
oy WIS Ut Axa =0y, ORTHECC X 0, Rl by o
i U CHig O M RICENT. 20X )
R OE) X1, A T iRBERY AT S X5
W, FRBBlC TR AR D LS AFR L, Wih
nrhZhifirE (527 0) s - Tt
Ihs. ok, RENEMERE#EY 20 T58, C
THOMEE LTI EM I yo=a/ly 2B D G4
ETeBhy, BERNOERC I L EELYEE L TRk
EHOBEIREIND.

B8 A THAVSHEB T L ART. HfgRAN
OBRFEEWE LT, A - 2 =L ROEHH
HEOLYZERL T 5. —BICEmMBER Witk s
HAHBCERLZRRHRTHIUE, ToOEBHER L L
T v Fvs fitkReEER - 2— - r-1FRE
SEECE A, ¥, I TORMOETERE MR RS
MEELRET A HEREETH Y, ETROFHECE

— Ywi— Y w3 Ywr——Ywi1—
. (x3) ﬁ (1)
L3 LL
il
O (xe) gm*—J (1)
ngB
Py
;xB —

g‘jp T2 ¢T2 g_,’ lp T ¢[‘

X8 Vehicle model
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RT2HERHE BE) OFHE0HEI/ N2 &
EHRETA.

EF VDB HER, EETHIEE w EHE nm,
R— ¢y T—yyD4EHHE, FiE2E5ETTRT
NHTEREY 211, 2120 LB y11, yro0 B — 2V 14, S10s
a— yry, yr © 8 HHE, 4 KOHEREWM T LhE
BB ywi~ywe T — wwi~Wws O 8 HHE, 4 KDH
LV A —TERLNDEER O, ~0, O 4 HHEDEF 24
BHETHS. EEDOEM L~ - EED HEE
25012, BERSIUCBENFIKRAFAOHHESY
BEolkdThs.

CZTHOWAERE T AL, K8 IRd X 5Bk
118, A¥E2ME, Hindh4 @, B — 4@z 1
BOREN BB DT, ANT =57 » 14 LOIERIC
BWT, FFEEIMEBI~BII OBHEDCHEYNS
D7 =7y MERS>THETSH. L, TZTO
BHEDEETIL, 4 XOBMV - vFErsE
DOT, TRENBIEFROKIED B BE i~ &
EHTI/E LT bicy.

wiz, HETHEE &SRO RBE & AR EERIC L
DEREEIND LERBRTBNRED, ZZTHELTS
EFADOEE, AEL LTOHEREE L — L ORITIL
FOL SR LD\, L—AdMIE S LT
TR IR, Lo T, ZDEFATIHELE
FE XN

ZREERP E VA LTHEIRE. ZOHE
WET AT DL S ekEED 42 BITFET 503,
VS oFEI X oA LN s L, BT
6T Ech. BERIIIOEGHETOMWIRE K
WICRI LR E D, TOEET C1~C92 D 92 f#H &
Y, ThZhoBEErE8Erh TV 2RIES E:
IS, ORI D ORBESEE SN,

B Licdk 5w, BEMOKEE L 46 BT H 2D
T, BEEZOERITI~T46 D 46@LE7ch, I
B, BEER, Bk I ORmoksE S, fERHE
AREINS. 22T, BEBERIIR - £V %5
REERDEA L LTWBH2, EhFErids v B
W EIBREGLITHETHSD. COBE, BELLVERE
CIEEIREINS. M5 O T REIERDOER S
Bha L LTWEH, MOBRLLERELAVEED
LONBERTES.

E oA 4 ADBE L S — EIROEDTOHBD
T, FOMBULPI~P4D 4L b, FRhENKE
il L OIHRBR OB E A IEEIND.

CDXIMERINILT — 27 » A ADFHRAT R

5&, 7 m /5 AEXPRESS 24O REHHMEY
G B TOEBHTBERNYERLLE, CUgs
T2 ESCTREBEHEDOHEHERT, 24T
BIELCEBHBROZE~ M) 7 AM, CELO KA
Hhxhs.

4.2 2R - L—LMMEEERNI S0 MihiR]

EZa—LOfM

PEEBmOR AR OESICNEL IR - L —
AMEHEEERD LT h Tho® 2 2 — VIZBEED
BARAY & hilinh, 7w /5 4 EXPRESSC L h#E
HIhicEB AR mEhs.

g i 2 Eiw - v - L HOHEEERSD, b
BB 7Y~ TR, WEHOREBEENLTHLELS
M OBERER r. (BLFOn XERELEY R
T, UTHRAL), BlEdKp, w X hREI RS, B
BHEOKE 7 V) — 7 IHIEBDOER CTHI R X A O
T, W LTk — A v ELTERTS. En
BB ERTAREZ V — T L b E— 2 vk M 13K
R L DFEINS.

r b _
M, = —2bf; ('r— (wn = IRa) +;‘ Ywn + bpn)
0

(8)

Tz, () 3R X AMaEERL, L2 ) —
B, FXEROBEAR, o XFIEME CORER
B0 D ¥R, s IEADOER - v — VER SRR OE
S, vIRETEEETH L. o, RPOES LG
HE Y OBE S, EEH)OBECTEXYHS.
B2 ) -7 NEEROER CRAMCIERT 50
T, BEnwEFRATAELERND 7 Y — 7T Fy ik
kR LB

Fon=—2f (%jwn“'//wn> (9)

IR, LIIBEZ ) - TREEERT. 85, ywe Jwn
Ve B Ly, DNEREOELE & 2 — BT 2R
RECTH5.
ok, WREBMOLERBRENY 7 7 v olkH (Eig7 7
vl v - OFORM) 6wz ZHEIL, £
DT B Aywn 15 LT U — 4 D EMBEAIM 4z 1<
L% V= VRF] Fr, DEENAERT 5.
Fro= —krdywn (10)
Z i,
Ay, = (yWn_J—an) Jwn > O+ R,
Aywn= (}’wn+5—}’un)5]wn< ~ 0+, (11)
Ay =0: =0+ yry < ywa < 6+ g,
wic, HgrEECEET S L, BERYBERTLE

vialb—vav HNEHE4LE
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BECEESEONIMERTS. SBELHER, » v
bO(EREECER T A ERT, RBLY — kT A4
L1 DEISICL - TET) L HMHES B
ZICEOLHTTHD. BlziE, BE my OBEMEKCIEHT
LHHEEE O] Fop BRACHE IR S.

Feg= imBVQPB + mBgSB/G (12)
I, g WENGEE, GuBKE (EhAv -1 o
HiFR) TH 0, pp & S BT FRBEAEOMEBE K
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11 Eigenvalue analysis of critical speed for running stabili-
ty
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