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e
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O CRH Train.Imd O] m2 0K CRH X HolE It
2ol 2 {2 YLt

I

C

rir

O CRH_Wheelset_Positions.xls O Tt22 O XS] CRH EXtof CHet XH&E
Rt AZY OfA A|AH” AMHIE Z3SHE  Microsoft  Excel

AZEA|EQIL|C

LUSAS Modeller &!3H

LUSAS Modeller 22 20 CHet XtM| St L2 Examples Manual
Introduction2| Running LUSAS Modeller 252 EXESIAA Q.

A1 2 0XHE= MZ2 LUSAS Modeller M|A0] A|ZtE|QICtD 7HY st
&} *EIME.I—IEr 7|E Modeller MA0IM A& 2= A2 O A File
> NewE MEHSIO] Af 22 IpAS AIZEELICH Modellere ME X &2

CIOIE{ O CHOH TA|X|E EAISEL New Model T2t &AHE BEA[RLICH

LR

[ ]
El

2l 0|22 IMDPlus CRH High Speed Train2 2 | 2{stL|C},

o User-definedE MEHSID Set HES =21 M EO {IXIE XFLCH
WUsersW<name>WDocumentsWLUSAS211#ProjectsW= H 2 0| &35t
Make New Folder HES £&/5t1 Z O0/ESZ IMDPlus CRH

AnalysisE 223 = OK HHES &Lt




o Analysis typeO| Structural2 HH |0 QU=X| &QlstL|ct,
e Analysis CategoryE 2D Inplane 2 MEBtL|CE

e Model units& N,m,kg,s,C2 &7E¢tL|C}.

o Timescale units2 Seconds® 1C{Z FL|C}

e Startup template2 None2 = MEHBIL|C},

o Layout grid7t None2 2 A0 JU=X| ZolghL|Ct.

. 1 == IMDPlus Sprung Mass Modelling of CRH High Speed Train2 £

Geometry > Line > by Coords...

(0, 0), (200), (40, 0)2] ZHES YUBSL0] 2B AXKHE LIEILYE 2Holg
Yolguct.

O|=M ZA7F Sitctes 2o YJ0| 2bgE LI IMDPlusZt EXt7t X|Lt7tE
B2E Fodts Ol AH8Y 2t Fols{oF gfLICt. o] 2tel2 X FxE=
QI E|X| G5 L

0, 10/} (40, 10)2] ZHES Y2ISH0l AXte| ZRE LIEMYE, 232 B4E
dejo] olB Sfs) 0f 2Rl & 2tel %o

HolE|0, YXt o152 0] BtelojA REER $X 22 EFHLID),

— Mju

o|_7?<__q| E|-0|2 x-lo oI-|_||:|-

24 Ho| U M8

Attributes > Mesh > Line...
247t HEEE LIEHLHE Line AX& 253 2 248 AMEBSHH M4 E
~

Mofgtu|ct

=




2tol S et 407H2] BMI2 4 7F MM & L|Cf.

e 58782 A HE
Attributes > Material > Material Library...

2437t ALK EE LIEIW = F Lined| = =7tEFE (China National Standard):
Code for Design of Concrete StructuresOil 2t C50 232 EE et Cf

e Mateiral TypeOil A ConcreteE MEiTtL|Ct,

o Country= ChinaS ME{gtLICE

o StandardE GB 50010-2002E5 M EHgtL|CH

e Grade= C502 MEHIL|CE

o HIOEM B2 Iso12 AE £1 OK HES 25 M= E FolgtLct.

o 287t BHE FOolst= F 2telo] MELE MEfO|M, XHE 54 Iso1 (C50 | Concrete
| GB 50010-2002)2 TreeviewOf|A] MEHEl BEH |ineQ 2 Eaid H EFSLIC}

Attributes > Geometric > Line...




287 AXEE LIEHL = Line LK 0= Wang et al =Z0A ALEE %* K| 2F
Sa%t AHEAL Fo| tHHO| ZHELCH O =20 Edd

N/m2et Che| ZOolE HZ 3.4088E4kg/me= OO0 Y E= %é*lﬂ

0>
m
£
no
e
m
—_—
o

e Definition0] Enter Properties for 2D Thick Beam (Any beam)2 2 27 |0
A=A| =olgtL o,

o Cross sectional area (A)E 13.3682 & gL|Ct.

e Second moment of area about z axis (Izz)S 0.724638Z & H%tL|Ct.
e Effective shear area in y direction (Asy)E 13.368E32 2 AL |LC}.
e Eccentricity in y direction (ey)7t 0.02 2 H7E &0 JU=X| =QlghL|ct,
e &M 0|22 Cross-Section2 2 &35l OKE S2etLCt.

o 237t HE Folot= 2t2l0] HEE JEfOA, X2 EE

£/ Cross-Section2 TreeviewOf| A MEHZEl Q& |jneC 2 E2f N

gLt
B FETCHAME2 HO| AAOA MUHYZ MENMOo=Z XAHSHZ| 2/l
CHHAO| 100082 HEE|/}ESLICE Y =20 AMes ™MEHHAZ 1D2{5HX|
%= Bernoulli-Euler 22 AF%tL|CH
X™Ex=A

AL EE XS BTO|AM 8IX| X|E (pinned support)2 2 X|X|Z|1, HO| Z 3!
o= =
T [

2T M = £21 X[ H™(roller support)2 2 X|X| & L|LCt,

Translation in X5 Fixed2 &™%L|Ct

e Translation in Y2 Fixed2 A gtL|C},
« 54 0|5= Pinned2 Y3t ApplyS EHYLICH

o Translation in X2 FreeZ2 A& grL|C}
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e Translation in Y& Fixed2 JCHE FL|C}.
e &4 0|22 Roller2 Y31 OKE S2ITtL Ct.

o Of2HO| EAIE CHE %= HO|= Pinned X ™S, 22O LIHX| £ Hojl=
Roller X|EE &€Y5t1, ASS|gn Support CH2} 2AH7F LIEILEEH OKE
22510 7|

it
mjo
Jal
_Ql-
o

\ N\ 7

Assigned the Pinned support to this point Assigned the Roller support to these points

s 82l A HE

Attributes > Loading...

IMDPlus 0|5 2 sl & &ot7| o= 20 ot 2= DA A[AEC
482 LIEtW= Tl otES 220 ZA|7O 5t0, O|F &3l 28 &S
ALstz] 2l 2E et O|sAlZ =+ AFLICH

e Structural Loading Ci=t & At2| Load type A4 0| A Discrete loads &=

M2
HL-=
Bist &, ChS I{'20| A Discrete point arrayS MEHSID Next HES
letL|ct.

o Point L=t §ALOIA CHE AtetS =HRIRFLICE




—_

AT jA

S sot

>

EX A

Arbitrary”7} MEHE[O] U LICE
e Untransformed load direction0| Y2 A& E|0 =X =QlgtL|C},

e Project in load directionO| 1E1Z|0] RA=X| =lghL|C

e XE 0, YE 0, ZE 022 MHSIL LoadE -12 MHSIH MY v= Hstoz
OlefZC 2 A& E J2|E0f B st52 LTt

e %4 0|22 Unit Wheelset LoadZ 2 #H3}1 Finish& & & L|Ct.

Search Area

ChY 2ME UEfLE O[Y 8tF0| FxES Wt 0|SY W= Search AreaS

=
8ot 0| otF2 &E= L2 tish X[ Fdts Aol 7k B gLt

e & 0|28 Continuous Beam2 2 MMt OKE FEetLCt.

A £ Continuous Beame2 TreeviewOl| A MEAEI D 2tolo=2 E241

. HHo| Bl BN Ot~ T HES 22Ystol MYE DE 828
s 2Lt

172k Hof Heoj
132 MO (Eigenvalue controls)& & #|0|A(loadcase)Q| 822 JO|E L|C}

o TreeviewOl A Analysis 18 &%t £ Loadcase 12 O RER HEL=Z
223t Controls Ol =0{ A EigenvalueE MEHSIL|C}.

Eigenvalue CH2t & X}7F LIEFLIEH, CHZ Of7H =5 K|S OF LT,




Eigenvalue X
Solution | Frequency v Value ]
Minimum frequency 0
Maximum frequency 50
[Jindude modal damping Setdampind... [ Number of eigenvalues q
Eigenvalues required |Range v
Range specified as
(® Frequency (O Eigenvalue

Eigenvector normalisation
O Unity (® Mass (O stiffness

Type of eigensolver  Default v

Sturm sequence check for missing eigenvalues

[[] convert assigned loading to mass Advanced...

[k || conel Help
o SolutionO| Frequency= M E|0f AE=X| =QlgtL(Ct
e FEigenvalues requiredE RangeZ A7 TtL|C}
o Range specified as?| Frequency2 H7EE|0f JA=X| =QlghL|ct.
e Minimum frequencyE 022 A7 grL|CH
e Maximum frequencyE 5022 A7 gtL|C}

o H W EE EEE SA5HT| RIS Number of eigenvaluesE 022
MX

Type of eigensolver?t Default2 A7 |0 AU=X| =olghL|Ct,

£ 1. Eigenvalue normalisation2 7| 2% 2 2 MassZ ™ EL L Ol&
o
°

c
TRUES 0/ IMD SA0l ALBBIRIE F P WANYLIC




OF

Ot

1z

1z
!
=
ok

ot

Do 2EE HEf0A Solve HES Z2&5IH Solve Now LCH2f
AR HA|E L CH

OK HES 3] sl s ZAL L

25 E LUSAS DatafileO| 444 E L|Ct. LUSAS Solver= 0| G| O &

Gl X
= O
2 MEot] sl s sALICH

o

o
—

Si440| LUSAS Modeller LHOJIA Al= AL, sfA Ziot= x| 2
EELH ZF D[t Cist StE AHOo|A Albs TreeviewO|A =olgt =
] Ct.
o

UFLICH RE 1 Fote 27 7| 2822 2yoty =5 8L

tot

B Bl ) s ——re——

= N& F /e Fo=0t MAIZo J}X|TH LIHX| AHAE
3 2E AL = UJELICH Bernoulli-Euler 22| 50

— =
Hz O|5} Gi& ZEO Ot O[22t b= Of2fof LHEE AS LT
f1 = 3.363 Hz, f2 = 5.255 Hz, 3 = 13.452 Hz, f4 = 17.025 Hz, f5 = 30.267 Hz,

f6 = 35.522 Hz
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2}

=13

|

2l

S o2 HE AL FIt4+= Print Results WizardOf| A 2018 4= Q& L|Ct

o results type Eigenvalues?t MEHE|O| RU=X| 2QIBtL|CE |oadcase
10f CH3{ available results I§'20|Af Eigenvalues (Frequency)E
MEdStD OKE SEYLCh ARL/Fo 207 HAIZ|D Utilities

treeviewO| Print Results Wizard &20| Z=7}glL|C}.

LUSASZ} 00 M 50 Hz #?I0IM 771l TIs REE HASS

[qAELICE 2o LtEE Bernoulli-Euler 29| ZE TE ZEE= 2T}
LXSHR|2, =Z0M CHRX| @2 2128 Hze| ZE 52t= F7
REJF EXEtL Lt Ol Ot oA Wang et alO| 1 2{stX| Y2 +=H

ZEQo| =olE AYLCH

= A
om o = 4>

LUSAS View: IMDPlus CRH High Speed Train.mdl Window ‘I/.) Eigenvalues x ]

HEbEe= o

Mode & Eigenvalue Fregquency Period Error norm |
1 1 445 894 338075 | 0297553 = 109355612
2 3 10879363 EZ40E3 0100493 407089E-12
3 3 TADSBSE3 - 134182 . 0074537 0 91458BE-12
4 4 11.3769E3 169789 00889071 0.463138E-12
5 £ 208887E3 2209804 00434363 B BIA0IE-12
B & 35737163 A0.0871  © 0.0332368 .  460420F9
7 7 4918391E3 352864 00283259 028915766

i. Model info }\ 1:Loadcase :l_.(ElgemmIm:s}_.l.lIr

A &o] A== &2l (Mass Participation Factor)

0. 43X IMDPlus S-S +=¥3t7| QISiM= TN 2 T &Y
S20| sffMof I} =K| =QI5HoF SLICH Ol X == A 2ekof
CHoH TM| 22| &F 90%7t = U[=X] =eIsof LTt 90% O|2ko|
HYE ZRets, FE e ZET 38 4o Qs HXlE = AL
TEEO &4 F&20| i Loz XFH o5 #5500 s ZEO
2o = gle 40 7 ZEE ZEe BVt giELICH Z8E TS
2Eo HELEd2 siMotct thEXD, M 2E 5 49 F&20|
AT Q=X QISR YoM FQst BETL FEE|0f 0|F siA Zato

1"



B0 nEs Y O ATt FOH2ZLE sfMoM s o0l HE = JA2BE
2E YA I =QIGioF BLCE Ol ZE HYOAM SLT HEFO| M2 HiCl
gisto 2 X% 0| 'IA 2 E(symmetrical modes) Ol A AtZ 2HlstL|Ct £ 8jjA 9
N M REJ ol2{3t A0 siYstH, o= otEF Z7to| 9|2 SZ0|n SYUt
Zdolet AFZ 7HEl CtE2 Z7Ho| ofgf2 SE 0| Thedh Atolm Ha Lt of
BEE YRR HE HO ATt 00[X|EH s{MoM Fast ZEQJL|CHOE
SIER0M OHRE = EX S 20 i 22| 3T HRSGUAIR). [EtM TE BEQ|
RS HIEt7| /IsiME o= FEo| AX|L|ojd EEto| Hast, 0l siAlo
ZohE A ST Ao Ciet Sheth 2 olnt A 28 X 0foF BL|Ct

e results type Eigenvalues?} MEHE[O] RU=X| 2QISLICL loadcase 10f CHSK
available results Iff 2 0 A| Eigenvalues (Frequency)E &l S| st £ Sum mass
participation factorsE &St OKE SEELICL. Sum Mass Participation
Factors Z21}7F EA|Z|H Utilities treeviewOll £ CH2 Print Results Wizard &5 0|

F7hE Ut

Xkt vder 50 90% 401 Aol FYEASZS 2eld = A2, 0|= otz

O AroA gL,

=

Sumn mass participation factors =5 =8 5
HER R =0
Mode & Sum Mass X Sum Mass Y Sum Mass Z Sum Mass THX Sum Mass THY Sum Mass THZ Freguency Period
1 1 3.7B841E-33 38.2317E-27 0.0 0.0 0.0 20.1188E-38 3.39419 0.204521
2 2 B.B4708E-33 0.738434 0.0 0o a0 40.445E-33 530177 0.188816
3 3 8.8666E-33 0.738434 0.0 0.0 0.0 40.44T4E-23 13.5407 0.0738026
4 4 19 314E-33 0.745294 0.0 0o a0 40.8769E-33 171448 00583267
5 0.210569 0.745254 0.0 0.0 0.0 40.8791E-33 232192 0.0430678
& 6 0.810569 0.745284 0.0 0o a0 42 3881E-33 303884 00329084
i 7 0.210569 0.856006 0.0 0.0 0.0 6.09438E-30 35,6406 0.0280508
i\ Mode! info )\ 1:Loadcase 1(Sum mass participation factors)

LUSAS View: IMDPlus CRH High Speed Train.mdl Windaow 1 [ Eigenvalues, Sum mass participation factors x

HERE=OO

Mode & Sum Mass X Sum Mass Sum Mass Z Sum Mass THX Sum Mass THY Sum Mass THZ Frequency Period
1 1 3.0292F-33 20.7198E-27 0.0 0.0 00 0.211059E-38 336075 0.297553
2 H 43751E38 0738434 00 0o 0.0 349196833 524953 " piandsd
3 3 4 B2449E-33 0738434 0.0 0.0 00 44 929F-33 13.4162 0.074537
4 4 9 18449E-33 0.745234 oo oo 00 45.2411E-33 16.9759 0.0589071
5 5 0810585 0745294 0.0 0.0 00 45.2412F-33 22 9504 00434963
6 ] 0810583 0.745294 oo oo 00 46 9762€-33 300871 0.0332369
7 7 0810585 0.856006 0.0 0.0 00 7.1088E-30 35.2984 00283299
i Model info )\]:!._oadcase 1(Sum mass participation factors)
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77HECt 'Es*% s ZEE HasHH HE Ho e A7 ZE WM 9
Z™-SHA L CHOMAM 100 HzZ7HX| S A8 12702 Tls 2 E7 2 O{X[O, Of
XSO Z 90.06%, VAU Z 89.97%E HSSHA|TH Ol2{gt Xt RE= EX}

ool ofs ZHEIE|X| 2 = AD FREL Tas SHO A 7|05t

&1 0|= Ofx T Al IMDPluse| AtES ZHHSHA 17| 28zl
Analyses > IMDPlus O &=0|A IMDPlus Hlw5 E{5H= A0 Cist
Chots HMS5H7| 218H) LUSAS Modeller®l Al IMDPlus EHIE E43}stE
Ag YL

e View > Toolbars... '+ B2 MEISID, Toolbars B2 MEHDH =

E0f|A IMDPlus S48 &/43I5l1 CloseE 2 gLICTL

e IMDPlus EHI7} &d3tEl 42, EHHOIA Moving Mass analysis H &
s =21510] 0|5 T SIS MEHBIT S} AKIO) CHSH £ HHE
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ne
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HH
rot
mjo

gelgor gLt Of= Chgi 22 2T I YLL.

—
oF

H/ET)/RH 0 et 78 AZE O A Fo|7F EROH,

N

HH Ext g 80| el gLt

Mot rHT
o

X

=2

Ir

rr

HO

=2

x

[> >

[ ]

=

ar
In

= &5l IMDPlus Spring-Mass System Properties Lzt &AHE EAHLE EHQ|
EHES SeLICH CRH EXto| EM/AtHE M S HAZY & (unsprung

mass)2 2, At E X HW 2= A= 5to] Fol g Lo,

IMDPlus Spring-Mass System Properties x
| Single sprung mass b Unsprung mass Sprung mass 1
Mass 3300 5500
Damping Elastic spring stiffness 2.5eb
[(Inanlinear springs | Viscosity coefficient 45ed

Palynomial

Piecewise linear

Constant | Constant

=[]

Kzl Cs1

Mame | CRH Train Wheelset | 9

2 (new)

Gancel | | apply || e

o LELCI2 50| Single sprung massS ME{SHL|C}
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e DampingO| M1E1Z[0] A=K =QIgtL|C}

o Unsprung mass2| MassE 330022 & gtL|C}

e Sprung mass 12| Mass& 950022 &3tL|C}

e Sprung mass 12| Elastic spring stiffnessE 2.5E52 & %L|Ct
e Sprung mass 12| Viscosity coefficientE 4.5E42 2 BtL|Ct

e Name= CRH Train Wheelset2 =2 2231 |Ct

e OKHEZS ZHELICL

==20 20E S5 CRH A HE2 & s¥2 2 FEEH L g2uE =&0
HMAlE X|=& AHESH0], HH SA HES golst7| flal tHa32l &

s}
A28 g0l 2ttt

NI Ol XIZ2 2R HO| AZ] (m) | €A FFEE2=2FHO| A
(m)

718 XF 0 0.0
712Xt 25 =25
712Xt 15 -175
TR 25 -20.0
ZHXF 1 5 -25.0
FLPS N 25 -275
FLPS N 15 425
ZBXF1 25 -45.0
X} 2 5 -50.0
X} 2 25 -52.5
X} 2 15 -67.5
X} 2 25 -70.0
K} 3 5 -75.0
FLPSIE] 25 -775
FLPSIE] 15 -925
FLPSIE] 25 -95.0
ZHX} 4 5 -100.0
FLPS 25 -102.5
FLPS 15 -1175
AXF 4 25 -120.0
X} 5 5 -125.0
PN 25 -1275
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nju
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rot
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ng
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ko

In

L

FLPE 15 -1425
FLPE 25 -1450
FLPN 5 -150.0
Hxt 6 25 -1525
Hxt 6 15 -167.5
Hxt 6 25 -170.0
by 5 -175.0
by 25 -1775
by 15 -1925
by 25 -195.0
e O|FZ &5l IMDPlus Moving Mass Vehicle Configuration Ci2} &AtE

ALt Edto] BHES Z2stLCt

O|M Q| EOo| Distance from front of train Zt1} AZZ_E2F A|AHSE

A3 0|5 A& X (moving mass vehicle)O| 2| E L|C} =

ZHEtSHA SH7| @lof, A= & -EEF A| AR X|QF Al K= Microsoft Excel
IT

AZYEAE ZeE[0f AN Ozt A0 SASHH 20EdS = ASLICH

o [CHR2ZEEl CRH_Wheelset_Positions.xls spreadsheet It S X0t EL|C}

SR Q0 Qi 320l X W AT W AJAY AR

AW =
S5 HESED Ctrl+CE AFESHO - 20| AL CH

i

o Oizt &Xtof A+ A2|=2| Position H Spring-mass system SIHE ZF
MEHSED Ctrl+VE AFESHO] 2|20 20 &L Tt

e Name2 CRH Train2 2 Q| &Lt
A2 E|H izt AX7F D8 0 20| EA|Z|O{OF L LCt,
o X A (vehicle configuration)S 4 stz{™ OKE S & TtLCt.

. 0 2y o, ®O| Zt Position2 F=&2E YUHSIL 2t wheelset/body
X0 = Spring-mass systeme A} A

g
%/d(property attribute)O| ZotEl EFLCHE S F0AM MEHE =2 QUEL|CE

16



B 24 HY WMt =S SIS oF7| ?/0 wheelset2| #/X[= S
o= Yol (gt OZA FF[0oF FLLh, S5 U2 K7L 02l EXt
AR EEHL FZO wheelsets BIXIRLICE EXt @R E| 0|52 ZE2
AIZHRE E7HK AUEDE, 85 XS ZE ZE wheelset0] Z2E e}
Site = AEE IMDPlus EFM0f| 374 A|ZHo] g L

wheelsetO| 4= gto2 Yo|El F2, O|l= 0|0 ZX HY FoofA A
Xl s Sst= R 2|7t UL O|F 12{sto 22| A% FE0|
Hog|X| %2 FR, ¥F QUXIE ZHE= 0|2{Tt wheelset2 IMDPlus 8H4] A|Z}
AlFol olol == /o AKX US = UELICH L= AKE A=
o=, EAF MHIZ P2 R SHEA UYsts HEE R2YY + UES
2o A% RES Foldts 2ol S F7t Zo|E HESIER g

kl
1)
>
e
ox
i
rr
>+
o

FO| Fol=|™ 2toj22i2[of MY =+ U2n, O|F
of ?lof 2= Fe| IEE LAl AXIX| @Rk 0| SHAMOM Z7tMet Argd

==

o
t. Ol File > Import/Export Model Data.. O+ YHS £3

=5t Library BrowserE & = & LICt.

2 > om o3
o
>
-
[

Importing a Vehicle

AlZtol 2z2f ZE|AHLE o x| B0 MAIE Aot e 2AE LR Xot=
4%, 2=3-0fA AAEDE X2 HO|E RSte EC0 CREES M=
MS=l= 2to|EE{2|of| M 7 E 5= UG LILE

O CRH Trainmd Lt 20| = Of O ¥ 2| XtgF 2to|E2 2|7} Z2 &[0

ULt

17



|File

Import/Export Model
Data...

e Choose file.. HES 2851 {|St= 240 CHR2E2E3F CRH Train.Imd

e ERZ|0|A IMDPlus (2) &5S MEHSL|CE,

OK HE= ¥

IMDPlus §& 2|E|o] X%

Amal Aak A|AHD KEE HM(vehicle attribute)0] HO|E|[™  Utilities

°
Ol
1]

& 5| M(Moving Mass Analysis)

o
11l
nu

0
mjo

f(moving mass) A4t IMDPlus(Interactive Modal Dynamics) 7|s
to =HELCH 252 S5t X2l o|ls HE sHMZ A5t
= L

CtE2l M EAE X0k &

>
St oo ofn
OF

x

N

40

2
B

o o%
mjo

Of

IS (discrete point load) EE= T{X| 6}& (patch load)2 2 ol &

AHE3SH0] AP -EZ AAHO OlFY FEE Hostl
. O] XM= Tt wheelset & 0| Unit Wheelset LoadZt=
|

|
Yo 2 g5t Ol oS = 0|0] o= ASLE

m o=

nx

ou ox do
of

Ok

FL

o

[

o
10
re

bal

d

2= o552 TR 5228 H 22 55 (modal force)2 2
.l

EES
$H510] IMDPlus O] ZZ $40) HMBsozM, AZE -T2 A|AHO|
=X

Z
W)
9
c
wm
o
In
b
o
of
o
HJ|0
>
o
o
2
4
[
o
=
[>
[l
o
s
o
>
|>
it
|0




&1, 0 Y2 IMDPlus 0| & & 8l 4d(moving load analysis) & Xtet
FARSER| 2 G EHAE/X>O] 2 SHE0| ofd AmE-AE

A"z Folgth= Ho| BHEU L

0|5 A& A E(Moving Mass Path)2| d2|

TXBS SIOHs CRH TR FHS si4517| oA 05 Zyol
Z2E Hololo} BLIT. Line 3015 HZo| Z2E LIEIYE 2t0No|
HH ME HRoR MYFLICL

M 2ROl BAIE =5 5123 ChZ3ah 20| gLt

o TreeviewO|A & O|& IMDPlus CRH High Speed Train.mdl 2|0 A]
OreA QEZ HEZ Z25l1 EECH2 HHOA Visible SMS
M EfRtLICY,

o TreeviewOl A Geometry 20017} AN RU=X| =elgtL(Ct

o EO0 EAE 2tQ(line 3)S MHEHSL|Ct

B Z2= of 7ol 2ol S@argz FolE & AKX, 0|52 27| O]

siLto| QI&El 22 0|2 0fof St

o H&ZE E3 IMDPlus Moving Load Generation Ciz}t & XIS @7Lt EH}O|
= SEgHch

=

IMDPlus Moving Load Generation CH2} 2 X}7F A|ZPE|H, HI) MEH SFo=2
Mol=l A2of Cf3t MEQt BN S&3t ZE 0|4t 81X (discrete load) I Z4AH
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A (search area)0| 2Z& M0 EA|E L|C}

O] dHOME EXto| Bt wheelsetS ZHE 2Msl= CHR| 352
JO|Sl= Unit Wheelset LoadZ2h= O|&2| T 0|4t &+&F0|, W

TEEO XEE A S oA S CL

IMDPlus Moving Load Generation
Loading options
Moving load dataset  1:Unit Wheelset Load v
Search area ID 1:Continuous Beam v

(® Project onto line (2D line beam and frame models)

NOTE: All existing loading will be removed and "
the moving loads will start from loadcase 1 Advanced...

Load path options

Incremental distance for moving load along path

Direction (@ Forwards (O Backwards

Startofpath: X=| 00 | Y=[ 100

|
Finish of path: X= [ 400 | Y= 100 | z=

Number of divisions/increments to define full path:

Analysis options
Number of loadcases per 100 | Datacheck
analysis Run analyses

OK Cancel Help

e Moving load dataset SE0{A| 1:Unit Wheelset Load”} ME{E|0f UEX]|

stolgtLct

A BIE9l X™E 3t Search area IDO|A| 1:Continuous BeamO|

=
oI LI L,

e Project onto line0O| ME1E|0f R=X| =QIStL|CHO| 342 2DO|EZ 00|

et S90[0{0F gLt

—

o OIE 549 Y fEE xYI2{H Advanced HHE S 222 LTt Moving
Load Advanced Options CHS} & KtO| A Z4 AW H A BFo| 51F0f LSl Exclude
all load SM& MEISID, |oad factor?} 1.091X| =tQIst L2 OK HEE
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ZELCH

« IMDPlus Moving Load Generation Ci} 2 X}0J| A Incremental
distanceE 0.12 &7FgtL|Ct

A, HM HA(search area)2 AFESIH Modeller Reference Manual0f A &l
2 23 O X(feature)0i| Bt 50| MBE|E& &S XY = UASLICL

o2t
d
N
L
b
|0

Z incremental distancee St50| 0| &st= 291 Z20[9| 1029

. CH2 BE MFS 7|23 A2 53 oK HES 220l T
CHe, ®T BHS MIOH2 B YesS MEBLICE

OlN Z2aM2 H2Z e} the| wheelset2] 40170 UX|0f| CHSH 615 HEE
MMSH = MO HS LUSAS ModellerZ BtetetL| Lt

. o] that MXOIAM FolE oAt otE X[= 2t Z|Cf 100749 St
Z(loadcase)2 #= 5709 HIOH MYz HE Fo|ZH, i Is22
SHELCH olz{st sfMol= e ZE St oY 7|2 O|E0 =X}
HA|XH7} 7L O] 0] AFE E LICHO: _00001, _00002 §). Ol 2 oI5 A 4t
ChAlof et

0|5 E 0| CHst 22 515 0|=2(Modal Force History)2| “4°d
Attributes > Loading...

ol EtAOME=E FE=2S SSt= 9l EX wheelset?] FEO|
Mo|z|A&LICE O|H Modal Force CalculatorE AF23}0] IMDPlus &F MO

2 = AlLhsHoF gfLLt.

fo
rot
Hd
nf
o
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IMDPlus Modal Force Calculator

Modal force input options

First file containing 1:IMDPlus_CRH_High_Speed_Train~Analysis 1.n v
eigenvalues

Total number of eigenvalue files =

First file containing  [2:|MDPIus_CRH_High_Speed_Train~Analysis 1_0001|
static loadcases

Number of loadcases in each static file =

Moving load path options

Direction (® Forward (O Backward
0K Cancel Help
e HFE E3d| IMDPlus Modal Force Calculator Ci{3t 4XE DAL EH}O
WHES SYLICH
o 7|2 HEE +E5tD IHSHT OK HES SELIC

&3 3 (Output Node)2| =0l

Ol oMo M= BE E20| 247t ML E (two-span continuous beam) 22 2
=2 X|ZHmid-span)Tf ZHAEL|CE DHO| SUSICHH of2fof EAIE ZHHH
Ol Ed Y= X HM X|7t2| A2 node 12, & WA X|Zt2] 42 node 327}
C[OOF gfL|Ct O] BHZ2 'N' 7| E & HEIE gA ME(hox-select)®t L&
MEH ShE 2[0] OrRAE s W BAIE = JSLLCL O BE Hz & 0|2

IMDPlus Ci=h &Atof| 23 & L Ct

>

- B . [ :
Node 12 Node 32
Elements: 10,11 Elements: 30, 31
(10.0.00.0.0) (30,0, 0.0.0.00
There are 4 items at this position There are 4 items at this position
Press Tab to cycle through them Press Tab to cyele tiough them
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0|5 Z 2 Oj7HH=(Moving Mass Parameter)2| ‘82

O[X IMDPIus 4= ¢let 72X Ol 2T FEIt 25 FoAXASH .

—

S CHAlE ZEE 2 E(mode), Z2l(damping) H £& Oj7fH+E Holst=

IMDPlus Moving Mass Analysis Control
Moving mass input

Vehicle configuration 1:CRH train ¥

[] Path surface profile

Mode/damping control
Total participating mass

Included modes Al ] Modify... X-Direction [ 8105 | %
Y-Direction | 8560 | %

Default damping \ 25 J % | Modify...

Z-Direction
Solution control
Advanced solution options Modify...
Path surface profile options
Minimum speed  [69.44 | SRl (B
Maximum speed W‘ [J IMDPlus automatic time step (Nyquist)
Speed increment ‘ ‘ Solution time step

oo [ e

e Path surface profileO| MEi [0 AX| U2X| =lIghL|C},

=

e Included modes?t AllZ H7EE[0] U=X| &olgtL|ct OEHX| 42 2 Modify...

HES 22510 All modes S410] MO JU=X| =QlgtL|Ct.

o Default damping=S HZst2{H Modify.. HES SETLICL 7|2 HA[HZ 258

9
et Ok HES 2EYYLILH

e Solution control AMMOIN g £HFH ZHS HZESHH Modify.. HES




o712 82 H7E5I2{H Defaults HES 2252 OK H

rm

k=3
=

250 kphOfl SiE5t= 69.44 m/s2| T £ =& d{445t7| /3l Minimum Speed&
69.44, Maximum SpeedE 69.44, Speed IncrementE 022 = 3tL|C}.

Quiet time after passage of loadS 52 & stL|C}

Zost AZE ZHtime step)2 A- X = UYEE IMDPlus automatic time

step (Nyquist) S5 1= SHK LI}

Solution time step= 2E-32 2 & hL|Ct

TIASIZ{H Next HHES SELCH 2 &0 Al2=(mass participation factor)”7t
90% DO|ZtO|OIN & HEO| FEFSICh= HAIX| 7} BA|ZIH YesE MEISHO] 7<%
ettt o siMofM= Mg 7701 EE(0~50 Hz)7HX|Q] TIs BRE J[0{BtE
SRR, E Y 900% SH= FHLX| $&5UCL

IMDPIus Moving Mass Output Control Ci3}t & X274 EA|E L C},

S XIZto] 1T W WSl S

o o

IMDPlus Output Control CH2} &A= ZES| AWt =3F HOIZL|CE 250
|

kph2| £ =0f CH3l AHE | & X[ZH2
Y el SEHS dESLICE HY A

o

=4 = node 122} node 320 A 2] A X
HAY X[ZH2l node 128 HEZLICL
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IMDPIus Moving Mass Output Control
Node/element selection

@ Node O Element Entity | Displacement v
Extent Individual v | Component | DY s
Node [uiv Individual items

Spring-mass system selection
(O Spring-mass system Result | Lns
Extent Individual Entity | Displacement
System 1(0.0)CRH Train V

Output control

Response time history

[] Peak response summary

[] Secondary response spectra (SRS)
(] Modal combinationfactor history
Generate graphs in Modeller Speed to graph 1:69.44 v

[ Generate textfile output

< Back Finish Apply Cancel Help
NodeE MEHSID ExtentE Individual2 MEHSHL|Ct

Node numberE 12(X 2R X|Zte

ofM
02
<
30
rir
nA
oz
Hu
o
i
o
-
il

CtS 9| Displacement DYZItE MEfSHL|CE

Individual O] MEHE|Of RA=X| SQItL|C 8 HHO| Ml fAeez
Sum of chosen items@t Average of chosen items= AF2% = Q&L CH
Response time history”7} EHE|0] Q=X =HQlgtL| T

Generate graphs in ModellerZ} ME{ [0} U=X| ZQlgtL|Ct,

Tor
[
i)
I=!
K
T
om
mjo
o
iels
Z
O
i)
C
wn
=
> J
o
nig
0x
0z
il
Hu
40
Ral
[
r
il
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Response Time
1.6 mm Lk EXt

Mode 12, Speed 69 44: Translational Displacement Time History

| dej=Zs 250 kphE

—

DY
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IMDPIlus £ Ht7}

E

e IMDPIlus Output Control CH3} AXHE He{H EHEO| Bl

O|X| 250 kph &= 0jlAf
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IMDPlus EH7t 230 AUX| @2 8

o o
= 7C>_|_l

e IMDPIlus Moving Mass Analysis Control CH3} 4XtE S Next > &

=
28510l 7| & 3 Mol 28 FAIe X IMDPlus Output Control CHt
SAE G

e Node®t Extent as IndividualO| A& MEHEZ|O] Q=X 2QIFL|CE
o Node numberE 32(F HM X|7te| £0] U= HE)=E L&HTL|CH

o DYQ| Displacement Z1tE EZEsI1 =X olsta, CHE 2 E

A = 1 — —
CHat &AL Y0 HAE K| HU=X| =l

o NAHSIHH FinishE S LICE

O[X IMDPlus& & ®#R X|Ztof CHof TIHELICH C|A30 M Ho[H2|
Z1} CIOIHH0|A7F EXBIE R, O] 3ol £ AlZh2 X #iRy ZFOf gt
AECHH #HS LI

o IMDPlus7} 445 AA| I
HAIX[ 7 EAZ|H NoE
3UE AMBSH= Tf
2

A L.

2AS AXSHY Cla3 S SRR 2
SYLICE NoE =
s

—
siAol HolE =E AlZHS Hofg
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o
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0.002
00015 |-
0.001}--

0.0005 |-

Displacement
&
=
=1
S
&

Response Time

MAME DB mE 250 kph2 FUBHE CRH LA B 40| ETfof Tfef Hax £
SR K|z SN X W Wl SES HoFLCH Kol Ay okg
HZS o 3 mmoO| T ATh 48 HES % 15 mm@LIch 0] SE %Al Wang
etal =20 & T XI7F ST YX|SHH, CIBF B Fore ohE WS Yo
o7} #9|2 oot =21t Bicf 0| Rolsfof Bt

. 1=S oI = Jmg e

of2] £=0f et Y X[7te| =|CH HE] He

AL EO| &= X|Ztof CHE SEE 250 kphl| EHY £ =0f CHol HEZ AS LT

O] & X|Zte] &2 25kph0ilA 600 kph AFO|Q| &= #1225 kph ZH2)0f CHsH

Xa5H dESH0] 2o SHO| 71& sa[ot £ & motgtLt.

o MFE &5l IMDPlus Moving Mass Analysis Control CH3t &S E 7Lt
suto| Elsg sy

o izt 4Xte| Moving mass input % Mode/damping control 40| O™

Mt SYSHA FAI=l=X] =l ct

[e]
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IMDPIus Moving Mass Analysis Control
Moving mass input

Vehicle configuration 1:CRH train v

[] Path surface profile

Mode/damping control
Total participating mass

Includedmodes: [ Al Modify X-Direction | 81.05 | %
r . Y-Direction | 8560 | %
Default damping 25 % | Modify.
: : Z-Direction
Solution control
Advanced solution options Modify.
Path surface profile options
bena: | Quiet time after ———
Minimum speed  [6.944 sl |8 |
Maximum speed 166.667 [] IMDPlus automatic time step (Nyquist)
Speed increment  |6.944| 3 Solution time step | 2e-3

[ ] [ o | [ o

e Minimum SpeedE 6.944, Maximum SpeedZE 166.667, Speed IncrementE
6.944= 2 =510 6.944 m/s(25 kph)Oll A 166.667 m/s(600 kph) ALO|2| £
?|E 6.944 m/s(25 kph) ZHH4 22 oA BtL|Ct

o Quiet time after passage of load”7} 52 X| 2tQIgtL|C}

e IMDPIlus automatic time step (Nyquist) &20| MEH S{X|Z|0f LT Solution
time stepO| 2E-3QIX| &+QltL|Ct

o Tl T Next HES SEIELICL

. HE WYt SHEX| BE HAIK|7 EAIE Y YesS Meistol A%
ALt
o T MO A7} 90% O|TO|O{N F HEO| EESHTHE HAIX|7}

HA|EH YesE MESIO] A% TAghL(Ct,

IMDPIlus Moving Mass Output Control CH3} & X7t HA|E LT},
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IMDPlus Moving Mass Output Control
Node/element selection
@® Node O Element Entity | Displacement v
Extent Individual v | Component |DY ¥
Node ﬁ Individual items
Spring-mass system selection
O Spring-mass system Result | Unsprung mass
Extent Individual Entity | Displacement
System 1(0.0)CRH Train V
Output control

[[] Response time history

Pezk response summary O Positive/negative
(® Absolute
[[] Secondary response spectra (SRS)

[[] Modal combination/factor history
[ Generate graphs in Modeller Speed to graph 1:6.944

[[] Generate textfile output

< Back Finish Apply Cancel Help
e Node®} Extent as IndividualO| A& ME{Z|0 QY=X| =QIBHL Tt

o Node numberg 122 YHL|Ct

o Displacement results of DYZ} ME{ [0} Q=X| =QIgtL|Ct,
e Individual itemsZ} {1E1E|O RU=X| =QIgtL| T},

o Response time historyE & S{jX| 2+L|C}

o Peak response summary2t AbsoluteS 1&g} L|C}

e Generate graphs in Modeller?} ME{Z|0] QUE=X| =olghL|Ct,

. Hsl2{D Apply HES ST
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O|H| IMDPlus+ 25 kphOllA 600 kph H2|0f| A MEKEl 24719 &&= =0 CHo|
sprung-mass2t HEHO| d oA HEZ S ALt o

132709 A

0|5 mo|

It|

Y-HI AA- AHKETF 24700 £ 20| Chslf =& et
b S E(compatible response)0f CHoH B A 4&to] SE 37
M=Z0of, & B siM2 2t2dt= O F7t AI”OI 2R LT o] 3f40| 2tz &

o

A
o= 2 SEL S SH0| BE A0 gl= o, T30 M & Hio|H 2|
Z1} H|o[EHH| o[ A2 Ql5f 0|22 ZE £FM0| &3] o BetFLICH

Mode 12: Absolute Translational Displacement Summary

0.0075
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0.0065

0.006 /

Displacement
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sad T T
—tr—DY
dej=Z= A HR X|2He| Z[of AZE HE| SEO| X £k 300 kphOil 3 5t=
oF 83.328 m/s R20M YMES ENFLICL O] £Z oA Z|Cf AHZE He
SE2 % 7 mmeLct & H® D/3E= 124992 m/s@450 kph)et 131.936

m/s(475 kph) AFO|Q] HEOM ZEEHLCEH O] & O3 2F 2ol N3 F
S ZE0f T STI0| RYE= £ =7 302,67 kph X 472.98 kpht HA|oH
Wang et al =21t LX[L|CE & T3 2| 27| JA| Wang et ald} LX[gLCt.
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ret
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EX A

IMDPlus E5I71 242tE0f A= B2,
o IMDPlus Output Control CH3t A XHE H2{H EHtO| JH‘l%% SEgH

IMDPlus =7t 2-d3tE|0f UAX| @2 2,
e IMDPIlus Moving Mass Analysis Control CH@t &AE E10 Next > £

22lsto] 7|1Z A Hof ©™E QXS kK IMDPlus Output Control CHZt

SAHE U

e Node?} Extent as IndividualO| A& MEHE|O| Q=X ZolgtL|Ct,

e Node numberE 322 Q& gtL|Ct

YUHUO| HB K| @ER_A=X| eletL|Ct

o TIASHZ T Apply HES SELICL

O[XM IMDPlus 342 & M| X|Ztof CHoi TIAELICE Cl230 Mz
HO[Lf 2] Z1} G| O|E{H| O] A7} ZXSIE R, O] £ H{of Tigt s 2 S
A2 R 2-0) et A=0 E O BESLCh

Node 32: Absolute Translational Displacement Summary
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o
=
=
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JdEjme £ B XITHOl A9 X Wl SE Al YA £ 300 kphol
SHEFSHs o 83328 m/s FROIM LAES BOIFLICL O] SEUA Hf A1)
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O] & O3 & 25 Wang et
=1 SLSHA ojny2

= [
HO SE2 2 87 mmYL|Ct F HIN Elﬂ
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rr

o JPIZE OIS S JfZE EHEL|CT
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A ang et al =20M& 5 kphOllA 600 kph AtO|S] £ & Of2 %
UHCE HESIRY| W0 o & dj==ct EN ohO#A LEFE L O

0|2t FAISH St ol £ 7HAHC=Z 0| {4 S +AHSIH, =22 ZAntet
YX|StE CHS2 Q2= E IMDPlus2RH & = USLCHEA 5 5 kph,
|t & 600 kph, & 2 1 kphZ Microsoft ExcelOf| Al 74 EZ &%

= f
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AoY A S AKX Y
SHO| ZHlist= Ao LIEHGELICE O O] £=0iM LRl & SYF7t
HFO| Chet AlZtol3 SEE MHEES D
o ZE Fo 8l BEES 2850 (OrY MEE[Of Q= B2 TIALE ZH
MEHS SHAIE LT
o REFOH RES OIRL RLEZ HELR S 8511 Advanced
Selection..& M E4gFLICt
o Type and nameS NodeZ H7st1 HIAE HIA0Q| 12,328
AL T
o OKE 283l0 & L7t BES 2 & MEigL
o O|FE &3l IMDPlus Moving Mass Analysis Control CHE} XS S Lt
stto| Blwsg gz,

IMDPlus Moving Mass Analysis Control

Moving mass input

Vehicle configuration 1:CRH train v
[[] Path surface profile
Mode/damping control
Total participating mass
Included modes Al | Modify... X-Direction l 81.05 ‘ %
Y-Direction | 8560 | %
Default damping l 25 % | Modify... [ |
Z-Direction 0.00
Solution control
Advanced solution options Modify...

Path surface profile options
. Quiet time after

Minimum speed 83.328 passage of load 5

Maximum speed 83.328 ‘ [] IMDPlus automatic time step (Nyquist)

Speed increment Solution time step | 2e-3

=

lext > Cancel Help
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=

2t XEC| Moving mass input 3! Mode/damping control 40| O]

siMar S LSHA FRI=0f A=A 2elghL|ct.

h
i
300 kphofl siZsh= ©HY £ = 83.328 m/sE SiA15t7| /s Minimum
Speed= 83.328, Maximum SpeedE 83.328, Speed IncrementE 022

AL},
Quiet time after passage of load7} 52 ™ E|0f AE=X| =lgtL|Ct

IMDPlus automatic time step (Nyquist) &410| M & S x| £[0] LI Solution

(
time stepO| 2E-3QIX| &QlstL|Ct,

X
>
O
in
rg
Z
D
=
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m
mjo
my T
qu I
Of
H
el
1x
1o
A
o
0o
k=]
Mo

0| 90% O|2to|2t=

IMDPlus Moving Mass Output Control

Node/element selection

® Node O Element Entity | Displacement v
Extent Selected v | Component | DY ¥
Node 32 Individual items

[[] Sum of chosen items

[] Average of chosen items

Spring-mass system selection
(O Spring-mass system Result ' Unsprung mass
Extent Individual Entity | Displacement
System 1(0.0)CRH Train V

Output control

Response time history

[[] Peak response summary

[[] Secondary response spectra (SRS)
[[] Modal combination/factor history
Generate graphs in Modeller Speed to graph 1:83.328 v

[[] Generate textfile output

<Back Finish Cancel Help
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NodeS ME{SIT ExtentS SelectedZ MM T L|CH

e DYO| Displacement Z1}7} ME{E|0] AE=X| =QIghL|CH
e Individual items7} MEHZ|O Q=X =QlIgtL|C},

e Sum of chosen items 3 Average of chosen items7 A& S| K| |0 UE=X]|
gholghL|Ct.

o Response time historyS M E{gtL|C}

o Peak response summary2| MEHS SlH|TtL|C}

e Generate graphs in Modeller?} AEiZ[0] Q=X| =QIghL|Ct.

o AlLSHE{T Apply HES SEELICH
o MEiSHRE BFES M2ZRX 2= HAIXIZ BAZH YesE EHSILICY.

T SYBL 2o SH2 oraof LIEfLE 2, HA R B ZZHEHE 12)0

CHoH, ZHEH 32)0f CHol LIEtLE ASLIE & 18 2500
Extel OpX|8F B=0| FxRES HOL= 282K AHZHES[ ZTO|
SEELCL Ol A o|20= HA = QI8 2O #% SEO| At H25HH 2=
Y HEH=2 S
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Displacement

Displacement

Node 12, Speed 83 328: Translational Displacement Time History
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Response Time

DYy

Node 32, Speed 83 328 Translational Displacement Time History
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e IMDPlus Moving Mass Analysis Control CH3} AXHE E11 Next > &
2E510] 7|& silA Mol 282 FXIT A IMDPlus Output Control CH2}
AL GLIT

IMDPIlus Moving Mass Output Control
Node/element selection

O Node O Element Entity | Displacement
Extent Selected Component | DY
Node

Spring-mass system selection
(® Spring-mass system Result | Unsprung mass v
Extent Individual v Entity | Displacement %
System 1(0.0)CRH Train V v

Output control

Response time history

[[] Pezk response summary

[[] Modal combination/factor history
Generate graphs in Modeller Speed to graph 1:83.328 v

[[] Generate textfile output

< Back Finish Apply Cancel Help
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Displacement

e Spring-mass system= MEigL|CH 02|10 ExtentE Individual 2
2Lt

e System= 1(0.0) CRH Train WheelSet2 2 H7§3tL|LCt.

e ResultS Unsprung mass= A7 3L|Ct
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IMDPIlus Moving Mass Output Control
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