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Abstract

Ballasted track is a basic track structure used on the railway lines in china.
To satisty the requirements of society and economy, trains have been speed-up
five times on the existing railway lines, and now the departments of railway are
making preparations for the sixth. At the same time the high speed lines for
passenger transport are prepared to be constructed in order. So the conventional
ballasted track must be intensified for high speed and heavy haul railway line,
this is a chance for the elastic sleeper.

Sleeper pads are resilient elastic pads which are mounted on the base of the
sleepers. In this thesis, the material. physical performance and shape of sleeper
pads are studied, the sleeper pads stiffness is calculated approximately, and how
to produce the elastic sleeper is also discussed. By the contrast test it shows that
the ballast lateral resistance. the sleeper supporting stiffness. the sieeper load
moment. the ballast subsidence character and the sleeper pads fatigue wear
capability of elastic sleeper are more excellent than these of conventional
sleeper. The program is accomplished on the base of vehicle and track coupling
dynamics theory. Applying this program the dynamical responses of each
component in the vehicle and track system were calculated and in (icspite of
elastic sleeper track or conventional sleeper track. These dynamical responses
were be analyzed one by one for the two kinds track, also contrasted power
spectral density of the part of responses, and researched the trend of all
dynamical responses with the sleeper pads stiffness changed or the train speed
raised. It reduces the average load on the ballast and the subgrade which axle
loads are distributed over a greater number of sleepers, and reduces the direct
dynamic forces and vibrations on ballast and helps prevent track subsidence. So
the elastic sleeper can improve the long-term life cycle of the track structure and
the ballast. Lower loads on the ballast leads to slower deterioration of the ballast
from wear and breaking up. Consequently, settling of the ballast is reduce which

helps prevent problems associated with track subsidence. This allows for
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considerable savings on track maintenance costs.

The work enumerated above shows that the elastic sleeper offer excellent
elastic properties for ballasted track. Ballast is subjected to particularly intense
dynamic loads in bridges and civil works for high-speed lines and in the areas
around switches. Applications of the elastic sleeper has proven to be an

especially effective solution for high-speed and heavy-haul ballasted track.

Keywords: elastic sleeper; sleeper pads; ballasted track; test; vehicle/track

coupling dynamics
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BiHE v SHEKEER £ EXROREQ-T).

HELL:
Lo38-2G 1 (2-6)
6B+2G 2
B EREE:
E =2(1+v)G = 3G = 9.885 N/mm* (2-7)

(7) BERE:
AGEBRAAN ERER ¢ M b 8, M50 R (2-8)i# 4T
BIE. ‘

K(s) = (1+e)~-(+¢)* (2.8)
3&
(8) ERNIE:
K, = (4 uE/WK(e) . (2-9)

WHERRBEN, NIEREFEBRMENER 0 mQ-8)ITHEYE
K), BERAQRNMTEN KE, B GCENREMERETZHERESH
HER e HFB5SREN HTHE. RFZHABRERBETHE, E
B gES e ERMAMNIREDT 5% A L. BHEANEEFUT AR TIRE
IR E [ B RE R EAE N 41.5kN/mm.

2.4 BB BT A

AUEBRERMNA AR T EERAREFEER TrRS, BT TH
AT R, RIR A T 33 HOR IR 45 7 8048 A BOR X AU T BAR AU #S 4 R 3E 4T
T, HARRENTHAT TEFNAERREK.

2.4.1 BEEERLE

1. #lEARE
¥ BB R R eidE, PO4E R T 804x202x6mm, {8 A 120°, &R
BAMER TRRER, EEhar 24 i,




FEXBXFMIHREFZMIEK F 17!

0077, 2 [\

|
Lan, .l 4[’;
o ‘| B wmma _ ".-';I _ _ | } |
N 1 T

] 2-4 1T 2Y 382 BR AL ok B 2

2. HIEZEM

FIER LA, MR TAIER™,

(D) BHIERA, REFEN. SERALALEN W IRE. XE2EAW
KEMRELIMNEFEHERS, MEENRLHSANEERTREHE
MR EEERRE.

() MR IEEERGE IOCU L, AAGERBREEGELZAE
FHER AR NIE KERZRENEW.

(3) HMEM. EHERESEF, BTFHENELTE—ESNEA
WMME, BTULBIEGn iR Em,. URFIERE.

(4) TEE A, HERNTEEVIBEBE, ANEENERMERA, &
FREEEEBKEEERIE.

(5) BF iR ImIT R . FNERMNBKRERMER, AEFRERAE.

3. MEERBIINE

(1) #5457

HEFIERN—RERSHER 700W B (4 4E N85 1 8, = REiFH
BT E SRR EEF C-4 B (41 A%S 2 B,

(2) KRB T I3 |

BWHEHME THREAOMNES, EERBRIIMEBESRFETEZRFIER
BERASTEARS FHTH. PR RKE 2-4 AR BERVIER.

MR LA AT ENTE LR, BEAKEREE. L TRIRA
SEITERARBE, HAEFETS. ARSEFABERFAEE LNKE. B
5, REHREKEELERMMER.
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Bk REAYE . KL

RE TR T

7 [
Y

REMEWMITE. B

K 2-5 T EBRMERT L




FHTEXERMIAREZMAEX % 19|

MHEERIIR, ME RN MR, AEEFTTHERETERE,
MEZE VU HAERETEREE, UWERXASEHNHIALE, RE—H#H
EMEREEFER LR RS REN L.

WEPILEHERMEE, URAREEEIREF FRERARM, #HR
LL8 BENIR, MENER. TAHI TR,

EBRSERE, TEAMIEEAMERTAFEERMERETLE
%, UasmRu T amEt,

MTREAGE R T A EE 2-5 TrdiT, REEYRE 1 2LLE 26,
Migh 2 BLE 2-7.

Tal

T
K gy 01 "

B 2-6 #hé1 R B27 42X

2.4.2 $EE KB

TEAXTELRZ IR RB TR, B AKR TSR EE0sETE.
Hok ke g AER L M ECERERERD SRR R EEAL
MR AL B B TUHF TR AT B e e AR (B 2-8), FF R HI4R1E (A 2-9)
EEHRREER. HHREEEYRE 2-10 FE 2-11,

e

E 2-8 TR 2-9 [ sE 4R IR
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VR B 2-11 $FFR




ARXEAFMETFREFMIEN g21 W

F3E BUMMEANEMRERSH

A FTFFRBAEREER DB, THRNEELEGER
EFRERAETERSENNARA RS, REREZABRERNENT
%, B @SS EEMRR IR EARNE RN ERKETET. B
AR AR 7 R T UURF PERBL T 8 45 A 55 T A1 e

3.1 EMHERE

1. AENERE

(1) AMSLER Bk FHABH: JZAFTE S00kN, #E 500N: ~ER
FRES%.

(2) DDS32 HiE XL KEMWIE 64 1 FEMELE 0~10000Hz.

(3) TOSHIBA £t A fx: 432340 Intel Pentium 4 2.4GHz; ##&
o] F = [ 30G.

(4) M BAEREE: EFE 0~10mm.

(5) B F%: B 0~10mm.

(@Eﬁ%@%gﬁmd%NﬁﬁEm%Q%ﬁwx@ﬁzmmwv

(7) KA A& 5x80mm; EBFEME 119+0.27%Q: R A
2.03240.26%. :

(8) MU T /1. 2 0-50kN.

2. REHERERSL

REHEFERFRBANRERR. BEXEQ. HELEENF#R
BHK. FRABFEANRERLERET 2 MAERMSITHFENK
R4, CHEESHFRE. IR, RASERE R, B/ EBARAT
FEBBEMEREROEFRESR, TEEEDHE 3-1 Fir.

T
f& % 2 » DDS32 HE RN g BN M s
e RE R
i ki -
M h R T B

B 3-1 RERHAEFXERGREH




AEXEBEAFEMIAREFULX g 22N
3. WRENMEMRE
ERBMY SRR IEREZ AR LEM BT
ERERHRERERETEYE. ARPENAERLE 3-2.
BN EE R

a) AP EMHNE b) AN EFE
Bl 3-2 RBHPEFE

R PEE R

(1) 88 60kg/m, 4 1200mm.

(2) #tk. [ EHEA B MERE 248, (EEE 540mm.

(3) fnfE. R4, HH4E SON-m; P TR 60-10-11 .

(4) JBFK: WAERE, BE 250mm, B X 450mm.

4. REHFH

(1) B#E: 0~400kN,

(2) BB I Prin=60kN, Prax=d00kN; FEFFHRHE y=0.15;

PHERSAE f=8.33Hz; B 57 IRH N=400x10* IK.

5 HEER

(1) HEBRE

ER 20£5C,

(2) M

oL BH RS ARG G RT, B E ATFENL. DR BT (5T
WIRAFT HR 45°AITE) ; HFHEWRRZERNE R LRHE. &
e T, S5 MR IIFE 502 A AB e iE™,

(3) HWEE

R POB RS TEHHEARE, HRRREREE™.




EEZBRAFMIMREFMRX E2BH

(4) B BRI RE
MBABRERETELAER, CRENHSHUBNEE.

3.2 PR FE
3.2.1 IEREEEE N8I A E

1. EHEBRNRE
PRz 8, AR RN ENRRERTHRE, RBEHESEE
Bz EHRNNRERE (RF 31D, HFBELBNESHHENME FREREHRZ
WHE 3-3, EhkHEERRERECH 45kN/V,
%31 EAEREREENESBEEGNNERE
& A {EKN) 0 10 20 30 40 50
HBIEHE(mV) | 0.000 0.221 0.442 0.662 0.883 1.115

12

1.0+

0.8+

0.6

0.4+

EH G R A/ mv

0.2+

0.0

10 20 Eﬁﬁ;:}l 40 50
B 3-3 FEAEmRER AR

2. BEEREEESHRREE

(1) FRRB 2 ATAH k% S R ERETIRE L, DR
Pomn=A40kN, FHE Pnr=200kN, HiE f=8.33Hz B E=K, BIRRE 1
N B E .

(2) MR ESR SRS R E TR, TIRE RS0 RL R
FEHHP LR, MEERERESERTEMN, FoRTEENHIER R
AL .

(3) G g, 2HCFEHSREZHN 1.0mm. 2.0mm. 3.0mm. 4.0mm,




AEXBEXEHMEITFRERZNMB X 24 W
5.0mm. 6.0mm. 7.0mm. 8.0mm. 9.0mm. 10.0mm B} /E /& B35+ R
E#bE. .
(4) N, BRHKEIVHRME, BiE.
(5) EEQ~ORMRT R K™,
ERE MR AEEE 34, B3-S hENRER.

AW S
mg
o AnE
- EnRes

C H

ST

aaREER

L 540 1
1700

B 3-4 SEARB AR AER (B mm)

TR EhE R B4R |HE%% —> %I%Eﬁﬁ§|' T umeE

3-5 HEARHE R EMRIER

3.2.2 BT XAREMMRFZE

1. MBEAERBHEE

EREER, %E 3-6 RERCTFMBARSE, FHAFEERS N
BB AERRE - HITHRE. SUUBERBNFENBEASEERANE
IR & L 3-2, HiFEMEwmE 3-7 fir.

F32 UBEBRBAENBESLERLENEREA

MBE@mm) | 0 05 | 075 10 | 1.5 | 175 20 | 25 | 3.0 | 3.5

: | —{iz 10.003]0.24510.375]0.514 | 0.761 ] 0.913 | 1.032 | 1.268 | 1.492 | 1.727
E — {7 |0.001]0.270 | 0.395 | 0.516 | 0.758 | 0.965 | 1.045 | 1.283 | 1.482 | 1.739
{ | ={ |0.004|0.232]0.358{0.521 | 0.764 | 0.894 | 1.030 | 1.250 | 1.497 | 1.689
(V) | ez | 0.006 |0.2320.3720.5050.761 | 0.879 | 1.021 | 1.272 | 1.503 | 1.752




FEEZEBAFMIMREFMLEX 2R

a8 _
~ ®: UBEns
o ! —E—T @ nanE
e[ e
‘ - | =t
| R
‘ﬁﬁp

%:j l—jla@mmgzgg

|

20

1.8
-
E 1.6
~
]
£
& 124 ”
£ 0]
% 084
064
ﬁ 0.4+
02
00 —— T T T T T T
0.0 05 10 1.5 20 25 30 35 40

RS E/mn
3-7 (LR RS R E HiZk

Bitk, ATHEE AR B S X AR H 2 B B X
%, BAaNEmBnE s as MAZEDS, TEUEMHA A ENTHRE R
R—HE, BadskErla it E BB RSITE R 2.05mm/V.

2. BUFSOARIE M 8 R

(1) BFEmBInE, FUNEEE 200kN =X, BRHBEEE 10s K4,
HEH N, K5HTEKXMK. '




FHEAXEBEXAEMTHAREFMRX ¥ 26 7

(2) Ll 2~3kN/s BEEE XS NE, 7432 R B A 40kN. 80kN. 160kN.
240kN. 320kN. 400kN B & {7 5 # & 5% 85 AH 57 ) B8 FE i iH 4E .

(3) HEFEH I THEERREQMAK.

MR AE E L 3-8,

[me Fleseset—laszs—{upse —lsens]

B 3-8 L FXARENRIER
3.2.3 i E NEMIKAE
3.2.3.1 WEHNENKTE

1. WERE
P
[ WEE, ] s
(T ik )
1 T T T
iﬁ@ L | w2 | 2 | L jﬂ %A
¢ P/2 P2 ‘
P f )
BEE '
Ma Mo

B 3-9 MEHBNENFERRR
BAM TR AEEAFESENFE, KREENE 39, EEFHAERE
XA RN ERTRE, FEAMEAR—TMEXE, BA TS
PREMERED Lp REVTHESE M=PLy2, PIAIBEZIE Mo=Ms A
BHAG-DRHUESHEELCE FHBEFERE™.
Ki=MyH,; (3-1)
AP K—HBEBERE KNw/V) ;
M— B ERFHEEE (KNm) ;




HELRAAFHTHARTEFMAEX 2 W
H— N THRESHE MKNZESBEHE (V) .
2. BREFE
(1) Hr B4 %
CPURE BT 0 o TR 2T 46T R 07 B KR E S U 4R RS D B RS AH A R R AT

Q) FEEENHE

REARRBIR R AR DEREMREE, % F A
BRI E H 80N,

) rEdE

Bl 2~3kN/s HE S N, 4 B0 R 40Ch 20kN. 30kN. 40kN.
SOKN, 60kN. 70kN . 80kN i} #l T & E M F B BN E A B ERHE.

3. REER ,

REFTORYEETEUEPNEHEEHR (F 3-10 , FitE
HPOT AR E 8 A RE AR E R A A8 239.8kN-m/V Fl 60.5 kKN'm/V.

022
0.20
0.184
0.16 4
0.14 4
0.124
0.10
0.08 4
0.06
0.04
0.02
0.00

AP RT3 U e {E / mY

FEHE/Nm
B 3-10 BRLAT B FE AR E 4%

3.2.3.2 PMFHAEGMRTR

(1) HEBE RS BL 4 AR BV B T B AR o, A A 5 B R TR AE B 4 5
L 3-11 FIE 3-12,

(2) Fiing 200kN =%, SRHEEER 10s 26, BEHHNHK,
BENELE. HEFENTERTEY, AFHTUR.




AEHYBEAFMIMAEZMIEN 8|

(3) Ll 2~3kN/s BT E 5 N &, 47 A2 F W8k 40kN. 80kN. 160kN.

240kN. 320kN. 400kN BT @ Fop (B B H AR A AH B s R Sy B .
@) BEEEEINMBEERROBK.

Zﬁﬁp‘

[ mEE | EIEMZER
-

ﬁ’—u ik d

HEE

B 3-11 SRR A EE

[me empzs—{aezs—{umsu—{anss=

B 3-12 ShELAT ) S A
3.2.4 ER TSR E T

(1) HE32HRRRHE, FELSFHARGFHEERE EHE.

(2) %K 3-6 REEBGTNBERE.

(3) BA3hdk 200kN EHEERRE 3R, BRI DMNEENEIE.

(4) Tk g 2RI 2 AR Prin=60kN, EN 3R P,0=400kN, S5 #=8.33Hz
M Sh 8 & & L InEL 400 7K.

(5) ASIERENNE L ERERABIREMEFRE =20 580 7
W). 40 ArER(2 W) 1 /EF 40 A4(5 FTIR) 3 ANEE 20 £-40(10 KDL S
ANEF(1S TTUR) 6 /NEE 40 434020 JTUK)~ 8 /NBT 20 4M8 (25 JTKR). 10 BT
(30 FR)- LAEEAE 6 E 40 28020 F UM A TR BE.

3.2.5 MTRBWAMRKAZE

AP B T A AR SR TV RR RS #T, EURERT
PSR R BB R T B R T A WIRE G, HUH BB,




AEXBAFMLIHREFMRX H29MW
MENTREMBWRAL, REXALER. . TR MNESFUZR, ¥#
LRUBEZER, RERFRIYEN.

3.3 MRERE LT
L 1ERERBEAMRERS S
G 3-13 g BB BL R0 B B AL AR AR R I B PR AR T PR R S R

16 4
WAL By e el
= . — ’—r—————8
* 4 ! —
é " }UM)//
S 7
2 ] !.. /
E id
B 64 /
® id
g ]
2
0 T T T T
0 2 4 6 H 10

PRLBR LS /mm

B 3-13 EEMEmEARRE R

HE3-13 TR, RENMHERBREAELEERN DG, X2
HABRBESHAHEERBrNEEREE A NER. BHEETEER
Hin, REEHEERORE, BAEIMHERREBESIE X

LHAEE A B N 2mm B, RIS R ) B A A E I R E
ikt ok 13.8kN/AB, 11 B3k 28 10.2kN/AR . MR 4E DAZEST 1 BB B L 40 H
BHER LB LGN SR — RN 9.8kN/AR, T # P AL R I $UE B %
B, ERAFLIH LTSS B EEREn™.

3.3.2 MIMIARIEMRERS S

(D M TFRBREREE (X 3-3)
BEER <F 180x150x15mm, R 20kN~80kN.




EELXBAEMEIFAREFMIEX L

R’ 33 HTFRRAFERE

me BAE (KN/mm)
Rt BAF{E 40~60
Bt HE 415
7 268 41.5
MRE | oy 274 40.1
AL 284 39.5
EAE (BT 28%) 57.5

AREBIN AN TR N 2848 5. 2TEHRK 400 FRL
B, REZNRBIEEART 146 1§, £ 57.5kN/mm, BAHEREEHREU
2P

(2) BLF SRR B SE I E

B 3-14 A EHEERMMBHOZA ML, T34 AFHRMLOKT
MARIESENE. HkmH, ER—FHEERT, REPM T AR EH
EETHEERHRH T ARNE 3.5~5 %, RUREHHAERPUERE R
AMEFEBEBRMEEDE.

33

3.0+ o

254
204

0.5 e e —e— BWILELLL
e ome BRI

00

—.
*»——*®

YBALB/mm

20 30 40 0 s 70 8 s 100 110
bR/

B 3-14 #h EFRENMA B TR L

R34 HTFZARBEENE
K EBF S (KN) 40 | 50 | 60 | 70 { 80 | 90 | 100
3 P (KN/mm) 70 | 74 | 77 | 85 | 93 | 99 | 105
B UL (KN/mm) 14 17 | 19 | 23 | 25 { 28 | 31




AREXEAEMIFREFMIEX =) )
Q) RBEPEE SR E I EE '
HIEHSRIERENTRERE (B K=100kN/mm) FItt T AR E
SEMEREBMERENTE, EEREREK 3-S5 BRHETH, BRESHLFEBER
BEEAESARNEENESESNE (25~30kN/mm) FER%KF. #H
BEETEERR I ERHE.
*3-5 RPN ELERMETHE
FE(KN) 40 | 50 | 60 | 70 | 80 | 90 | 100
TE AL AE KN/mm) | 41 43 | 44 | 46 48 50 51
2 B BE 5138 (KN/mm) 12 15 16 19 20 22 24
“HBRE. BGNE” —ERRRRERHERWEAE AR, B
EEBENLEREERRE, EFRTEETNES R ITER L, #E
AR B E RN E R B AR,
3.3.3 M ENENRERE S
B 3-15 FIfE 3-16 MMM EBRMETRNENN SR dea]
R, ER-FANERRERT, #EANKEEARNATREREIES
FRAR 1.5kN-m 2256, T S 18] 45 T B 3 187 4 B 385 R 388 v S0k 00 17 3 7 4E 255 08 A
BHEBHNMES, XEPHEIHNESEERNEEL A TERNTHER
A Z SR

AT RIS E N o
L]
=
R AT R 4 8 2 5/kN. m
[
.
»

o 2 o & 50 100
APMFTL N AMF /N

315 MFREALHRAEMRGER E3-16 hEREARTRDER LR
3.3.4 BRTAHMHRRERS S
(1) WG R




EREBEREMIMRERMIEN

¥R

B 3-17 ABHEAM AR BALAM R REIEE R T TR KN
R, K36 HERTHEZAE.

#3-6 ERTHEXRAE

BEER (T 0 1000 | 2000 | 3000 | 4000 | 5000 | 6000 | 7000 |-8000

HEEFEL Y(mm) 0 8.92 (1037 |11.26 | 11.87 | 12.49 | 13.00 | 13.31 | 13.47

PAEYEL Yr(mm) 0 |347 417 | 473 | 493 | 524 | 55 | 5.65 | 5.86
Q) R

HE 37 HH, BRI ERRESHEIREBPENG TR
BHRKWAE, BHLH 10mm, FEMY 3mm, HEIFZS. ENHET
MERE, SEANTBNEEELRELERRYCLE (50 TR (HEAT

Bidiz R/
0 1000 2000 3000 4000 5000 6000 7000 8000
0 I s 1 L L : : :
A L»- wass]
44 o000
I *—o—0—0—q__ —
E 6—.‘ o—¢ 00— e o o
s
o] ™
. ;.
e 104 Lt
:’é . Rl
5 LR
12 L ET R, S
R R A
16

FPHRETER.

B 3-17 EERTASEEARER
WITEE 3000 7 t) B, SEERAHTI. MBEERMER-E, £F
HESERARK S0 FRES (HSTELESR 1000 5 ¢ HBTFRAHE
MEHEEE T, EFREETEERE 8000 7 t i, HEETIHEMDHRED,

WHEEEMERIEEERTHENERNE, HHTRARRBEEF

(3) R T ULE IS 2k
B 3-18 AXEA F & LM EMERHLE. BUERTHREH=1
EEREANASH a. p. y HHEBLE 377




EETEXFEMITATEFRMIEX %331

BTER/ Ot
0 1000 2000 3000 4000 5000 6000 7000 8000
0 i " i " 1 i [ M i i i L L "
—— ML
2- |—— A A
£
#
2 84
K 10-
"o ———
124 T
14- N\“"“——a___
16 _
B 3-18 KT L E I
£ 3-7 BE T HSHEAE
BNEH FETHRRE# o« | WHTRRELES | HEARERYy
% E A 1.152 0.0568 9.43
BN 1.296 - 0.0267 381
FRHAENENER TRBERER S A,
BEHEE: y,=-943¢""7 +0.0568x +9.43 (3-2)
B E: p =-3.81e"" +0.0267x +3.81 (3-3)

—f, AKX o DB Dy EEAANEBREAG R HMREEE
MHBELFITE. ER, KUERERY, BEPHE BRI & T3 1%k
IR AR T E RPN A EYE, ®RHTRENMZ R F BV ENR N
A, BUEMAH TR R RN ESEHMH KR T,

3.3.5 MTREMAMRRRERS AT

(1) BRI & F

RS BT E 400KN, ABUEAEAFE 100kN, fEH K%L 400x10% K,
M¥MFiETEE 8000 7 t.

(2) REBER

HEERG, WHARROEENET, & E K IUR AR T ESIE BT




AETEAFWMAHAREEFMRIEX 4R

TRERSBABBMHEMMERRS, HER20300H 3-19~-F 3-22.

B 3-21 #G4AL B 3-22 44T R
(3) &R |
X NFHREFEGENRATARH TREBRIUAHFHRLE, B
THE., THHR. LFE. TTEER, BRHERAERNEZ, HERT
BRI 5%, EBERNIR—, HREAH5, EREE—&KADT innm,
BANEE 3mm, Zrd BREFAHAEERE

3.4 ARG

BEEEAMETRBAGILDE BN L EBRNENEMRE, BEX
ZiWF:
(1) *FHERME A S
38tk BB B PR 1) BE T SERIME 25 10.2kNAR , R E AR B R BB 4
B ERE AR ER, FNERATEHEERELEGEHN




EELXEAFHLIAREFMRX E R

B B 200km % Bt Ft £k Uk B X B AR A 1 BE 0> 10KN/AR O AR 3K

(2) T T AN E

B BB T PR AR R R B B L AL T B AR SO R L HT 20~30%,
TH B MEETHERE, R THERE, AR TRAGTENE, BN
EMRsEAER, ENTHALSERERBIENTE.

(3) RT AT & 1 5

EHERHATEREFTRVERTEEIMATRERRIE, EHFA
THEINZ I ARE.

(4) RTER T

BENHTREREMERMHETRENNEE BT BHEN 1/3,
BUEHER TRt gl AT BB EEATREERERERR
REXR, BOSBRFEETEERRREN, TUEKEBRESHERN.

(5) KT 18 K5 B 1F b ¥ RE

RRNEERSTHSERAEMSEELE, FEIMEERTE
BORA, HREEMEHEASR, FEARWIEREEEALERE.

(6) RT MW ALEHERE

WHRMBELIEER 8000 H t/E, HTHRERBRLHE. THR. TF
fl, WETEER, MTHEAEGTFHTERR LB ERE.

(7) R TH TR R A 5

MTFHREEMRAZTZA (EPDM) BRI, EHASR A £ H T
KiEAFA WEAREEZERFELFRERESRTTRET SR
HMEE. |

BTRRERR A& IEEARARER.

(8) =T BRI FIE

KABAK G R B SR B PURL, B0 bR B AT LB 5E AT T

(9) RTEEPML A RE
TEFEIF R B, MR IS HIE R BRI 20 HUAAE.




EEIEXFEMEIHRERMLEX E LS

B4E BHENMBENENNE
R E ST

EH-HEBSNFENGTFRNERER, CEENNGE TR
TEIAMENA AN EEREREL NS ENRELERREZER
WHEE, BRTBREINESSONIAE. NEREHREEBIMNKRENAE
R, S ERHMPE LN N, THUENE LSRN
BB E RIS RS B R0B) T A,

WEEM—BRSEH¥ER, KA Visual FORTRAN 90 it EHE
SR T B a0 E O B4 VETIS (Vehicle/Elastic Track Interaction
Simulation) ®**", iz A ZB AT E HBEERNETBERES AR EBEIE
MR LR T RS S E AR5, 7w R o 87 7 F 5l 45 40 30 iy
BIx AT, RIS AR NS RESEENE., SMFEFE. BEE
RS . WA EERL. ERBEEFRAY, CHRERFTENRZEES TR
t. WML, AEEHNHPNIENARERSOERKE.

41 B EENEN N EATRE
401 EE-BENRARNERS N FEE

DL E B RN I L B R, M A TR, BEE)
&, EEANBERRELEH", PRBEEHAERTIHERMN=ZNT
R R BE B . BB B R G AR A e AR 1 R IR AR SR 4 O P R B A P
RBRZESEEREH=FBRE; HERBEUABOBERRREN=
AMFERIE. B ECEERENKERIE, —ROEMERH&EE
AWML~ RERRERRE. :

LUk E BB SR B RIS HE B ) AR AL, HARAUR A
BB A YK TR K Euler RAEA!, ZRWMHAMER. WEME
M, BH. BEARERERSEN TRERE™. ATEMBEAEE
B, BEUEYMEANET, SMXAELRAIEE (RMMER) =
B B —BE— B - B BE-ERIDEL. MM N E, ¥




EEXBAZFMIAREZMEX EITR
BRI E . B DR REESD, TR SR S E R - R ER
MAE. MaREAERE. EREEAAESE, TREEH R EECYRITER
B, ERBZ M EETRIE TS MEIEB T HEE, ERMBEES AR
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