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Vehicle dynamics and vehicle-track interaction ( EE#HE)
RE N R -HEREER)
1. SIMPLE DYNAMIC RESPONSE
2.  VEHICLE MODES OF VIBRATION
3. TRACK INPUTS
4. CONED WHEELS AND WHEEL/RAIL FORCES Prof Gareth
5. RAILWAY VEHICLE CURVING Tucker
6. STABILITY (University
12/3~12/4|7. VEHICLE-TRACK INTERACTION of
8. SUSPENSION COMPONENTS AND INFLUENCE Huddersfield,
ON DYNAMIC BEHAVIOUR WS ERR T
9. SOME BOGIE EXAMPLES OF NOTE RE)
10. GAUGING
11. DERAILMENT
12. VEHICLE TESTING
13. STATIC TESTING CASE STUDIES
14. VEHICLE DYNAMICS MODELLING
Introduction to ERTMS -European Rail Traffic
Management System (BRINEEZBEHE L)
1. ERTMS-WHAT'S IT ALLABOUT?
2. AN OVERVIEW OF ERTMS-THE SYSTEM Martin Fenner
12/5 |3. WHAT EQUIPMENT IS REQUIRED TO BE ( Engineering
INSTALLED Consultancy )
4. MODULE STRUCTURE
5. OPERATION
6. INSTALLATION OF ONBOARD EQUIPMENT
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Dynamicsand Vehicle-Track Interaction)
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PREAT o —f & PHEsEHELTE REEFUE 20% - REFHBELH N ZiRig &R
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——  10% critical damping
———  20% critical damping
50% critical damping
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i e 28 HE A =0E &350 (Viscous damping ) K JEHEHJE (Friction damping )
Wit > REMERHE SR B AR R R BT o e BT AR —EE -

HERIRENME AT 73 Roffie/@ (longitudinal ) ~ 2[R (bounce/vertical ) ~ B2 E %
) (pitch) ~ SRR (lower & upper sway ) > Je/KPHEfE (yaw) S 6 Fl o —
RERE I IREIRREE R 0.5 & 1.8Hz » Hi# 48k 7 £ 10Hz - S#HUEGR NG
FEEARIN R > (B EE LA FARBEE -

FEEAMEEUE S {RAEE (Cyclic Top)
FEAEH 18 B8 o R S 2 A B HA M R T (P s s A B 5 -
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7ieF ] HE 25 K5 B 2 A [ 2R B i 7 SR, L S P B A e h,

HlgiE 1T B ST (Steering Behaviour )

SIS E A ) 242 B i T PR (B S S 55 1( coned wheels ) ({158 %1 ( wheelset )
REFI FHESTEIRHE > H HEMEZE B ARS 2008 3-2  WHTTEZESTE (sinusoidal
path )& 418 3-3 - BE—EpHEENE B o ARL = 2m/lore/A(Klingel formula)
KT 0 Lo el A AR (A TEIRE ~ ro Rl > ROBRFE Rua -

rolling radius difference (rg-r.) mm
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1| "r
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13A rail - 0.309
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TR E VEREIRE . — - E H R AL - Sl AR 0 - SR N
(50 e s (B SFE P T o P S e A S LB P 275 (ERR AN 3-1 -

% 3-1 FEE s s A A BB 25 (E
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i iR 52 (Creepage )

SIS R Ry B S TR Z BIREE S 5 R e B A Ry e HLE

i L — X R VR A i Ll I B R S P S [RE R DU N B ER 52 Rl
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V,—V, REEZ st i , N
Tt Vol e = B | HRAE

Ve - QR = BRI
>0 (Va > V) - HlgE#IRS
<0 (Vo <Vp) : HgHRsEH S

i =

A% (adhesion) : #fd HEfAE 4 BRI T - i
[&l 3-6 Edm LML FIRE)
Increasing longitudinal creepage
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Creep , ...
Force  W22))) : , %
bl | 4 g High friction u=0.6
OB it
| Typical friction u=0.25
GOEN e :
i Low friction n=0.05
D00, | ! PR TR ICRCTES » Wnee J 05 ie RA
' (iF#) Creepage
[ 3-8 FEEfE(HEEELERE ) IR 8
ST RIS G R AER T - 2D AT oy Rt 1) ~ f el Rl fm] i
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TR A | ;
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THRERETIIN TRt T e — R A
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HH TR A AR E R T B DU MR

1 EwE A Ay - Hm e ra b S Rt ) A & BR o e o] 1)
D e

2. EEEHE/KEHERRN - A MR I EE T RER G T A8 A B
SRAVIETY ©

T SR (T 2 B 1% (Wheelset on Curved Track )

it R ES 1 (wheel tread ) [NEL{SEISEREAVRME » HraliE 8 NS Mm {225
S B G L [ AR A T R AR B T RE B S MR E RN R E 2 5208 - (B B
i L Eh48 (Equilibrium Rolling Line ) ©

SR R AR P R 4L > Fihee S e IR A T S MR B MRS 5 T 2 4
1 oy T UL ARy A i 1K 2 P SRS, - 5 [ A i SR P R B A TP R B R T
IR R AT REAE RS B L e T T 5 S S BRI 2R 2 —

e 2R M AR e a T EF4 (Flexible Suspension )

PR AR P SR MR s R i 26 BB P R B P N TS 2 s T > DA S i 2
EVERE - T (Kl S B sl P e AR RS - MHBERF ISR IAA T

L SRMERRm © ea Tl h 5 B AR SN A A i FEE e [ K i B F D - (R [
PREEREIMITERZ 2 -

2. EEERRENWSEE | A B T B - BV B B i R R E
R TR E I -

3. TEEEmIEIEER (AR RIS MR ] A (R ST (yaw torque )
I o iy S 1 2 208 SR B RE NI AR S e

AR (Leading Wheelset) AAFHHEREEEHIFIANA

1. UGB e iR s e R M R - SRR (iR T -
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Al T AR ST BV #rREN R EREITINI - TE RN E IR AR

b BYEFEYRERFEEEREIARE -

PUR Ry SR s S S s 17 R AR BV s BN 2R B S [ 2R R U W T ) - $2 3t
HifsEt e SRR N T2 2% RN 3-3 -

= #KZZ (Key Factors in Curving )

7% 3-3 SRS EN E TGRS EN R

HERE
PR Sy R
key factors
AR ARG N - B 2R gh AR B A PERE RS » TR
curve radius | FERINN BB IR 1T
LR iR A S E RS (AR NG IR - SRS
wheelbase ARl A P RE Tl
BERLE . e o
: (EdmPRE T T A3 0 > AR S e T S
cant deficiency
FEEE A i 4 BN P PRI L - RSB IR, e e 2R A

gauge widening

SR EZAE

SIS L EliEw)

bogie rational

A FEZR (Leading Bogie ) * Juife ARHEREL  ~ZZ I
ey - MR
&8 [ 42 ( Trailing Bogie ): (KGRI [ 2R Al R 2 BRI

resistance
Hh &R B AR BE R E
1. PRAEMEMIMER G mEcat » ol fe i m 2R FEwL
TR 1L
2. [ s 2 Bmatat 2R e a2 o KHYIR
R il > P R AR R R R R AR SR A - TTAE

primary yaw

stiffness

B P2 ] S e A ARG

3. HpEEAEREREILREE (500 2 1000m #iE) - M
W= T Z B RI2R o SO R R e e (U (I &
BHAMA > R ESIEEE A

4. BUNEAEHEER (300m LUT) > DRI [ 2R B S
HE R MR - PREE ISR ST e s
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MERIE M > HECERR PR IR R A o i 4% S
PR e S PR A

EK T )SE LNIZIN
wheel and rail

profiles

A R BT RET - SR OB R A RE - - [

B E B R e A RIS > B D e i B

1 ESfEERs « REAEE PR b - A B
[ > Bk Dk P o MR S A T R AT
S

2. |[ESfEEREMR O REEEER e o BARES
MEEF A T R AR - 4 1A A T T A R BN
5 7 Bla s

3. IEEmAEHFEAEE A SEEE R R A
73 > B ] HE R H Lt e A AR (i A )

g

A R AR B

wheel/rail friction

il B R SRS - SR S A R R Y
R IAV R L T ) Sy A A S (B S P (KK
SRR A ~ AR NHPR PR > R mElE S F A
BB > (e Emi a2 I E

gL

check rails

SR AR ) 2 A [ 8% k) e ] i R B P A
A St P AE o B S 4 [

i é

flange lubrication

Lo FRUBD /N R P15 e 1 132 A 2 B B R
E i ICHUE b

2. NSRBI N m e B RS 1% - SEIES o) ey v
REFERS 22 PN T I A SRR

Z5 | KR

traction and

1. EEERESRAEES [t R SRR AR T o T
S B i AL T B AR NG I 5 ) - R B R
A R A TR M

braking 2. EES[EmNEGEENER - BERES AL - &
K ERE ST T
1. E4RE: - G 28 FR 2aa Y ME A ey B4R
A \,ﬂ: ﬂi;ﬁ/\:
%ﬁfj;sjﬂ 7 TR e TR G
o 2. HBSREZ © EmT SR RAL RTRE A B —dh 4R U7 (A 2
misalignments

1T > [BHEAMERSR 5 AT RE g H B LB EL

12




s Ar (yaw misalignment » B (R > Bl
LSRR ) AT RE N ) 242 [E] (e 4 e A2 TR
TP
fEE 5 (lateral misalignment > fiy ¥ AH S () 22
ActiiEfmi% ) ¢ Al AE R ) 28 R (e 4 e A TR
TR

LT ANERESEE
wheelset diameter

difference

ELAREZBOR IR AE &R © HHEE TR AR -
AN B B TR E T A A RE

/N R AR AR - S R R () i ELTE T RE A —
2o fEH A RT RS A MR RE RS - BAE S —HhER
J3 IR A A] RE S ST

st EL AR N B AR SR ) ) R A
PE TR G IR - A E TR R

A A m G A
unequal flange

wear

&R T [E) AT © AIRSSREE AR 5 A (R EE A —
HEEE (% HAEEHGR) WA EL—hGg
S AL B M T A

WUEEDE A e E G LR IR0 > HTRE
BT E IR

B 78 HH AR ER AR I A B S m 2R 2 254 (Effect of Poor Curving )

L BORHERAAE © SR 2R A2 24 RiRE T B A Y n] REBRIE BLAE -

(1) JEEhRE R 552441 (rolling contact fatigue, RCF ) © Hiti B - HFEh 1%
BBV ST » B RERIHRE > Fyad AT o AR e B s S | E A TR 4R -
(2) HimpSTEFE (tread wear ) © HE EHERESTHHEE I EET - DIZRES HIEAE K

IS E S LB B RAETT -

(1) PUBIIFREE RNEERER « 5B iy i A AR 2 A 7 (SR
{Fshilee 2 FIOR Z SEEdETR ) - RIE A AR G B WE IR e sl

N3

2. /NI : B

b AR R > B o

13

T <2 FHNFEHETR /7 (gauge spreading force ) Y522



(2) Emé EARNEE (PR © R Ry S A T R (L B - 53 w45 Bl e
{HUREFE -
(3) & I - 81 A iy 52 S AR ) IR - T RE & (i T8 e /L i T A
AR AENEER R BRI T T s R TR R Rk
(4) &g A U sl 2 T PR AL B R DR - BB R SR B TR PRSI & 2 IR
Sy EEL AL XS T PG e EE R EA (E TP RUBE R - 2 B m S ARG -
(5) WUER A BRI E N - dh R B R A R s El - 7] RE & (S i & A
baTtss o
Rl 2 SR EZ U % i 5% 1% & (Suspension Design for Curving )
(R L AR 1 - £ (i A A e S e o8 - R A e Hh A IRAR - [
(Bl PR AL -
2. EEBEERET - RO RRREHAEE - eI R AR
3. [RIEEMIME : B DA ETHESREL N E A PE (il ~ EE@A) E
PR EAOKEIR R4 - SRR

=

[ 22 R i 24 BTl (New Design Suspension )

K EE#E (hall radial arm bush ) © S E 454 Freudenberg Schwab /&4
ZHE - T ERNE A2 m 24 FIASEN SRS e EiEs - AR
FH e B ERERI MR - AR S Y TRIET E M AR e - WE 3-9 -

& 3-9 KREMEZRE
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B XS SR (cross-bracing ) | SR S LA R RN 2R T
B > BB R E B RS S O - LR A A A S > A
3-10 © JL[ER] 1 HE FH 22451140 Scheffel Bogie( Scheffel ##[7ZE )~ BR Cross-braced Bogie
(SEBRENE AT L BB ) % Class 66 Locomotive (66 T ) 55 (PS4
CERER S B o (TR © YEER A R R R S -

Croas Dracing Frame

[l 3-10 Ew¥ R S E RGN E
R AR I A SR R (AT T Z [BHIE (Stability )

—H A A M R o B EAERR T BRI Blmi e
Wi A A S B R B G A [BIE T - (e E
OMLE > R EREEL  PRAAARHER S H A TREHVEE{ T2 $) (hunting motion )

R AR 0 S B Y DD RE R P2 im0 10 oK R BT T AR 1 I R )
R Rt > PROLHE R S s R HIE - T p R E AT B A 4 - A2 SRR
— AR R T B TP R RS - RSk A -

e TiEENRE 5SS ( Critical Hunting Speed )

SRR L v AR TR > ) R S S R R R A A R e A - I
PR A= PG e T SRR SRR B T R SR R BN R R T 7
A B R R A i S aa T oo B M S TR e 1k

I SRS B F) A S R e T E B SRR BN R > BaE EHwmE
SERE ~ Farp o (SRR RBERIEIE AN ) - SR e R AR - nIE R et
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Tk CEEEES TR ORI EUE) TR0 AN EIRREHVEREE TR
KRG IR (BE ) PR A S i B R R 1T Ry 2K > B2 2R
JER - B A RIE G R 0 A G -

SRR SR E R VAMPIRE PRO HLIESY B R/
RS - TR R R ES R  FUEL R duRer T - B
BEMZWE -

LA

A FEIREE B G N R NEEHA Z FEE T R OI0E 3-11
B FEmR (contour) FoRELERAET TH/ NHEHAE Ry 0%IRRE - BBk 2
TR Rl AR N EE TR S AR E RS s/ NHE~ZUV)
5 0% » FOREIRIRENE RPN - $HHA F SR B (E (0.1~0.4) WIHZL
Sl PR A ESERE LY 0.23 Beatiy - B RER 2L 84m/s (301km/h ) > FE5IE
e R TIRRE NERE MR E 1

i/ NHEAE (Least Damped Mode ) © £ % #a 8l /) S5 i 1T B Eh G
e

FERIERF U E T TEH R JEE R E RS -

vaMrIRE PR0O EIGENVALUE ANALYSIS 9 ?gfazs‘?;g
Contours at: 0.0, 5.0, 10.0, 15.0 B/NEE
Velocity (mis) B
90 324knyh e 300km/bh 25 B
80(288kmh —— % g =00
[ . 4 & 5.0

60

-

e ——
ua

=

o+

a

____H_m__ﬂ_ﬁf——m 10.0

50} L !
g e 1118 1zat a2
obr i 12)59 — TR 15 0
40 144k /: ; P % 18/05
1409 1@y ::n o 1rkey 1l
0.1 0 2 0 23 0. 25 0.3 0.4

Conicity

EIGENVALUE ANALYSIS OF PASSENGER VEHICLE
Contours (%) for: LEAST DAMPED MODE

[l 3-11 A EZREER BTG R NEefEZ FEdrlE

e
"
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M I EER PR AT T2 BRI RE o AT &5 SR A ] 3-12 > AN[E] (B o B e 2R R e

[FIfiLf% 2 ELRss RN 3-4 -

Passenger vehicle stabi

lity

Contours (mm) for: Leading wheelset lateral displacement

VaMPIRE ~R0 TRANSIENT ANALYSIS 95:%_?;;‘81
Contours at: 1.5, 2.0, 2.5, 3.0, 3.5,4.0,4.5, 5.0
Velocity (m/s)
0 518 | P R 5k - o b 55 5.0
80 | - G
. — - — 437
70 | | R
-/ . - 352
80 - T
. .
or - - _
40 zﬁ . - 7___,.?_25 1 5
268 2.4 2pu 1.86 5
273 1 28 2 4 L 171 1568
01 0.2 0.3 0.4
Conicity

[l 3-12 A (=] pidi S ] (L2 Y e i 280 e [ P W R AT

% 3-4 A[E|EISERE 2 EEEE R

thdra e 2K = R
(40-50 m/s) (70-90 m/s)
(144-180 km/h) (252-324 km/h)
[E[HErS fElmfirf% e[l fir %
fﬂ(ﬁg%ﬁ{;{ 2.6-2.8 mm 2.7-5.2 mm
EF‘Z}}lifiﬁ% 2.2-2.4 mm 4.7-5.2 mm
(il??iﬁ) 1.7-1.9 mm 4,7-5.1 mm

i [ 2R B R R N S e i (T 2#E)) (Hunting Instability )
i [= 228 1T (bogie hunting ) © 35 58 4E 1E 51 B = A

FRATE AV EE R AR E R 52 — e SR EUME THz > HElrim g
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FEAMERE) > BYFHRIARCETENE L -

HRRIE{T (body hunting ) * BELAGHET TAAE A AL VTR REIR R > . S 25 A2 (58 A
HEIHEER RGN E > EEE R - I e i AR R EeRE
EPHEE o — MRS ESRLIAE 0.5~1.5Hz -

RS A e T A iR A/ NVs2 2 (Amplitude of Hunting Motion )

58 ) 2R S B AV IRIE AN - BRERAR TP iR 1% & 2 Bl 5 B R AR I PR
BRI > R (o i PR > B imips e m] PR EAR M ER st RHRIE PR A N
[P - 3 o R B A0 PR T R L 2 B o S MRS ARG -

Eid B e [ 4R A 1 TR T M B 5% e 258 (Factors Affecting Stability )

1. Ffm#EHIt: (primary yaw stiffness) © f2{EEHRIZE T S0 LR DT el
HYRET) > AT bR T (R 5 5 R H e 45 - anfE 3-13 -

2.  FREEMIME (primary lateral stiffness ) : FE{LE# a 2258 | A AIRPi R A A
TRAFERERVRE Y] - WEmE /KIS - 40lEl 3-13 -

 Kipper Spring Guide

et ﬂﬁﬁmrﬁ%% A

B 3-13 AL T ARSI BN
3. ZHaUEm4E (3-piece bogies) &&fHEAIHEHIMIMELRES
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TEAAE S EY B RIS T > St 2 AHMIAR (sideframes ) fz 1 $HFERE
(bolster ) M » AIHE 3-14 > ZRAE FOFFROAGRIEE - BUR B MR RV LRIEARE
LUHER R E TR A REN: -

S B2 SEEN =[R2 (swing motion bogie ) SR fJIAH AHEEIHEI TS > f2TT
WPESRIE - DHRPTEZR R - SNy s et -

Centre pin
Wheelset
Side bearer __

Bogie bolster

Cast steel
side frame

Bolster\springs
FE$%E http://www.railway-technical.com/
3-14 =5 i E 2

4. KIRFEPEIE (secondary yaw damping ) {226 fE

LB R R 2R A S B R T Y (R B - D e B TR R e > 2
e R TR B IS HBRIE e a8 - o R IE — M (E FE &5
Fotti Bz H et > PR EEE D 2R B ) R A P (AR A B - Sefig i BE R i A
& -

A AR RS T E 2% (Trade Off)

fmiERITERY S - SR By B AR TERE R BRI - SR SR R EL AR
[FIZRE RARE R T ZOR EERER AR 3-5 - & RIAEA R R K 2 E [ 2R aa tic B T

FEAUNF 3-6 -
19



% 3-5 HRER R EL AR R 2R A (R PR R PR R

MERERE K (R K (=50 GfLEh
e M RE LR PRI -
RAPRIBERIBIERE e gy ETEE R | L AR
(good curving 4 4 S r IEATIEE)
(low primary yaw stiffness) | {EdmsiiEm 1) o »
performance) (hunting instability)

RFNVEGBEN SRk
(good stability (High Primary Yaw
performance) Stiffness)

BE%‘JF%‘L@J D |HhSREIENE TRE  SER
HiefT - feEiRElE  |GER

7% 3-6 A [EFMEFR K 2RI E
i B it

7

v

BUSHSTTE | . \ e et .
. ‘ B RERYIHE |GEREEE - EAEEEE | HGERER - NEG R
(1gnore curving)

freeacat (compromise)| —AXEH ~ BEH M HARETEIEEIRE M| R R R R E MR

i ] AR EPEREEE ~ H) | DR IERE » RS |, e i
(steering linkages) ZE e SRR > HERSRORR
TR e =B - N
(hydraulic-damped |55 ~ E}Jﬁ%ﬂ HUFF HEEL > SEEE|E :%AQE&%\%)‘E HEERLAR

radial arm bush , HALL) =
E EREES G | FEERRE > R ke e ey
(active control) &~ TGVE)  |1MEEERE BT T
H i B A B A/ER (Vehicle-Track Interaction )

HEETHEE AN A IER > B oy ReE B AR REE R TR
W5 ENZE - HAFAER Ry REE ST ~ tam)y -~ fem)] > REETE  $H
FAER T AT R RRaET] ~ REFFRETT > RS BIR 0% - (R 0 R T RE R

FEEREANFR 3-7 > ATREAE R HIE RN A2 3-8 -

4577 (combined forces ) %2 Ry EE T = RIREN N imi < B ERIER > 2
BRI RCEEAME IR 52 > RIS R ERIREERE (corrugations ) » 522851 E
{TEMEENE - MEAIREIEE -

20



% 3-7 {EH IR R H T RE SRR N

. EREW)) O] =]
SE TR
URiiReEs (vertical forces) (lateral forces) (longitudinal forces)
S ’-‘E
R 28 (axle load) i fi

(static forces)

AERFRES)  [BESSSGT EEE | R ) - B | SRS BB A )

(quasi-static forces) |EE#1#, (wheel unloading) |Z2EHm4%EFE » B S
1E§5§jj % T 2 4Fs B gHE = |fEE e e B4 s — Iy

(on Ty [P RSN 1 T | 0 1 i RS S )8
ST g FE VLB RS S ST

o iff?em U R RS |84 (ange impach) | WUB R IR TIEAHRES)
gforcjs) Vol pemimsEs | B HE
Ge)) U (corugations) B (MU BREE A [BU B et S

(combined forces)

B R T E#

HERE

% 3-8 {F FH AR R rTAE 28 AT HU IR

feFe pai AR
e _ B, (broken rails) ~ #{4-5Z%) (fastenings
LS A A R
ssRERERE |  POE T PR e
TS MR - kst | D (heel tead damase) B

(vertical forces)

#if7R 21 (axlebox bearing damage)

FHEATIA T 2 ARIE T R ISR

B8 24 A b (track geometry
deterioration) ~ FEEAMEEEEE (cyclic wear) ~
EHER S5 (RCF)

ferE7

(lateral forces)

E U EFE (rail side wear) ~ {EEBEHIE

R4 AEEE - SEEHRELZ IR(E £ (head woan)
WEZ JIs2 2 > IR IR BAFEIERE (zauge spreading)

Hnlnék SRS ) > RSO

F4%EEE (wheel flange wear) ~ B TEIEEEE
(tread wear) ~ EEHEEH 2 (RCP)

(XN

4% IeTt (flange climbing) BY, #hFEHREERR
#/1 (gauge spreading derailment)

HET
SN2 DR IR P

(corrugations)

HERE A EAESELR S

H3EME T (roaring rails)

BE B2 S s

BLEAH R 2% (fatigue of track
components) ~ HlFE AR 25 (axlebox
bearing fatigue)

B/ AIAC G A FH IR #7827 (Impact Forces )

B ) A B L i e e P AR S LA N o g A E N (R B B T Y (E
(force peaks) > 3 lf# fy P1 JIR1 P2 77 > 401l 3-15 > HIJTEEATA/N L HEL R
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wE AR 1 ~ B

BESTEMITE - DU B EEEAR

EERENREENE - P1 JJRI P2 JJAVRFIME S B E 1055 3-9 -
Wheelirail o
dynamic
| Time
3-15 fEEJyEE 2 Pl K P2 )
% 3-9 P1 JJ#01 P2 SRR Mo B &
fETEE I ik A
Ve {50 B g B T i A R L R S 0
(accelerates rail)
Pl f7 T F 2l B4 (wheel/rail contact
(P1 force) AR AR S (very high frequency) stiffness) 5% » AIMEIFETH ~ SRR
B EIRE - InginsEs
R | E oy B 2 Y R P B B i A T B A R T S R E Y
A B W i
{58 E i B 36 K 2R (decelerates wheel L (L A T L B A
and rail)
P27y N BRI G-I A
(P2 force) B (high frequency) ; rail/sleeper/ground stiffness)
BB B R R B E s B Sy PR RAS TE M

T[] = H Brfi# [ /7 (Vertical Contact Stress )

B A LR B Ry o S A — R R N R B R 2E B e
s BRSNS P &S IR

hay

L PR E R R A 3-16

JEFERYRR ©

B iy LG R R R RS BN AR S B R B

7% 3-10 - HAHRERFIE R B i S R s B R AT T

1 pfEEEEy ) > —fREYERE 10mm 5

22
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2. WmEEEMA - DIEE—dmEE S WE ARG - KEESBEIES
3. PHBTENEEL RBERTIER 1.5 5 > TIRE T sl SO i AR IR 5
1B EERHIRE
4.  PEEEEE L ERET ARG B E AR BRI/~ i
INE » KENEGE Bl RS B R B R EFE s B
H..
x|
3-16 #mif R IE SRR
72 3-10 E i B h BEAR IR =) (U f2 Ko B
. - PORE ) pm | s pEiE
/7 @ | omm ek Epmenss - EE
| | Omm | BP TR
: - 3 mm
e | - sm|mmen Lo T
o dmm | BED g ST
1 _,/"’7 ‘\
| s e e | PR TR
o - 6mm | EAE A BN e
o S AU
:\“ ’i/‘ } 9 mm (RCH)
e - oo | WS PES G (T TE
: fi'; B [ S REE
3 1 mm e BRI P
R U T
Pl IR EE & (Contact Patch Energy, T, )
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T BEPRE B L R A AR HYRE B AR 5 - DL T RIS BB R ROR BN
i 55 (RCF) HYRAEHEIEH] - TeftE Huab B EERr il « HEsiEsira
st KRIEMREE Z 2% - Ty E o] B R TN @) Sk ga s 7 =S -

IS AR FERCART, = TUREES] X v 654 » (1B 3-17 S e it
FERCERBERERN (58007 - S HEABIEI A R 0 27125 500 Vi » BEELREF T 0 mm?/km
RIAIZE4] 0.4 mm?/km » FRBHER G HEAE BAEATIA EFHTTH -

0.5 H H
ETYES | pETy B STy E
04 ............................... ............................. _..... ............................
g o < T S S
- Ot OO SOOI
= . RCFEH |
L EAE
1 — e ——
PEFERIENTO
YN -~
0 —— .
0 100 200 300 400 500
TGamma (J/m) IZ &Ik EE =
3-17 Wil 7 I 35k o = B PEAE R (A aa 5]
B S5 (Rolling Contact Fatigue, RCF )

SIS L ) AR A T R AR A o LG R A B 2 e T e
FIEEE S [T RS e 57 » w12 2 SR BRI I (E ] - FERS TP RiCRE i IR

> B S SN AR A AR RO EANE 3-18 - —fRAEdmil T F R R B S
TE BB B M R 55 4 > AR dh4RE: - SRl B e - Alg9UE
TRIGRHUT

24



FERETITILL |

il EEIEAEYE

; ' M
T PR e A ' ‘i*

o vnnuW

[l 3-18 Hifim MR A RAREURE

TEERFEES B PEIT 2000 £ 10 H - fEPERFSERIFE (Hatfield) b e i pgap/e
B ISR P AR N FEH > S EEER LN RWuE s (O HIsHEAE SR HTEF
T B EHREN R 55 (RCF) 1RGSR - EEF TR T iRz
Flf e 1 P T 2% AR B2 EBI7R LI - SISO 5 R B s el ( LR
A& WA AnfE 3-19 -

E 319 %ﬁﬁzﬁ%&%ﬂﬁﬂ%ﬁﬁ%ﬂﬁﬁﬁ”}%

B 4%{n] ( Track Geometry )

PUEESINEI R Y B TR E N - HEBEERE AR - At - Pug
i ~ BUEE ~ PR A R GRESE S AT RO S o HL P B BT S Al RE A
A B R B U E R D B - PR DA 3m SlpEERE - ST EHUE EETEINE
HUE > SRR 3-11 -

% 3-11 SRR EEE

(EREIRE {TENEEK
1/90 TLRANE
1/125 36/ N N EIE
1/200 iR 8R< 400m - 1 HNELE - HER2EAEIE

25



S E A B LR (Cyclic Cross-level )

EPESIE R M IR EE - KT Re S EY B Ty A AL R
BRENTT Ry M REE RS - SO B e AR (S (E & 25mm/ % 20~30m
A TS R ST M RE PR AR 2R TR B > B2 Sy 65km/h DUT > S i A8 B PAEE IR
AR EANE 3-20

320 SHBNEATTBEAVER T
S5 % L g L ] 2R R o T R W Y BB RE T By 522 (Suspension Components and

Influence on Dynamic Behaviour )

P S DD RERR AN 3-21 0 £/ M RUfT AR mVE B DI RE B H Y -
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U EIE TR

—  FEAEFEM (Ride Quality)

GsEmEEEATHEE
—— (Maintains Vehicle Gauge
and Ride Height)

25| DA TER DR EE
— (Transmission of Traction
and Curving Forces)

YRR B RSN INThEE
—— (Novel Systems and
Additional Features)

— T2t (Safety) EUSRREZEEHE

AL ERENEEENEAD

— RIFESEEY, RIRDEETH

__ EREEWEITER, STDEEREGERERN,
FERARREWE S, BRELHE

_ BRARRHEEEE. BESMRERREL,
HFREEEDES| N RFERERNSR

- RS ERERE
-— TEA
— IRWSSRIRE), METRIEEL
— S EREEER
L wEE -

EftSRATT AN, B ERRE

__ YMESEE, SESRESRAEEHER, REER
7, EEFEATEEE M

3-21 S HEREE R 2R R AT DIRE

2

1. FHmAINEE/ 42 (Primary Suspension )

TR R R 2R S i Sl BB R R AR E M - RV A PR
TR BREE - BRI K REG TR e 3-22 -
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12 (T F(Resilience) — %giﬁ%gg%gﬂﬂ%ﬁ%ﬁ%, AL EBETR T

FigihfE(Axlebox)iEiEGR S (Wheelset) — RA#ESEIRTIEEE

BB (Leal Spring)  — %E%Eﬂm&ﬁﬁﬁﬁ, [BERFIR A PT2I R SR

4
SEHEN(Coil Spring)  — SUMENLHIN, FHEFREEWRLIFD
ggﬁcmﬁﬁﬁﬂff? — EENSBBEEN, WRSVEAD), TRY
EFREEEConical  _ BENMERRENTY, SNEHARSELH
Rubber Spring) e B R AT

W RIER R

— BBRERRERNEITEEIEHERIE

(Bogie Frame Flexure)

3-22 FRMIIAE I RaatiE

DUR o AR EE 7 o s ~ 8 ~ BYVIRE ~ SR I TN RE S (B

Ritasd -

B

(Leaf
Springs)

D IORE ~ TE %R AT 3-23

BIBEEN S SRR MR, |

— SRiESER(Resilience & Damping) — ke risaimte, IREE, A

FRENEM) (lateral) 24t (longitudinal)

— (EACSEE BLY(Spring Hangers)Efl — Bk, BiE e

— BZi#Ek(Largely Obsolete) — EFAEEBIEHLBE, EERBAREREE

Eh oy B8 B 5@ B d(Locomotives
& Freight Vehicles){h &£

3-23 TR IR IR AR FRAE
28



2.2 $8lessE - DR R F R IERR B A1E] 3-24

—  EiAEdhE AR EE S #E (Resilience through Bending & Torsion)

—  DI[EIRRS EE = A (Vertical Load)EEE5 &M J(Lateral Load)

(Coil | Eiﬁﬂﬁﬁﬂﬁ@%ﬁiiﬁ(wmg% Used on All Varieties of Stock), #li#
Springs) B FS, BHE, RESEE

— SOE@WMTERAESR, R RLTEN, B EERE

— {ERLAE MR TR, BHEE

| SREEEHEER, Efﬁgﬂilﬁﬁﬁiﬁ%ﬁﬁ%&&, FFEhrRfEE
i, HEBINERERRIFERR

3-24 HEEsEEERE
2.3 55V EE | DhEE S AE AR MEER BHANE 3-25 5 BV EE R R mEh R
HE4M0E 3-26 -

— BeREESEEIRMNITRS

| EIRIE EEER R EE 2 (Resilience by

Shear & Compression)

— EAREEEEHBEEER (Used on Metro & Heavy Rail Bogies)
— ERARETEEERENERL

e 4 308 B3 (Semi Self Damping) 128 PSSR
I _ Eed emi s>elr-Lamping): =] 3
(Chevron e it e AR
Springs) | oas - mREreEss hammEs,
— BlemEde

B E SREE AR (Creep Over Time,
Increasing Stiffness)

I g 72N | VenERFAHESEHRRITH, TEREEERES
e o BB 2R FREG ELE

EEREN % & 3 BIE1E R isH Ak (Chevrons Will

— Recover Instantly), HUIERIAIRIERR, &
SRR

3-25 BOUJsEERE S




(1) #¥R (fold marks ) * ] RE/EARIE <5 a5 g BRI = B R e R HU R

(2) % (crazing) * FREARZEE ~ Bt (dry, brittle appearance ) > B EER ATHE
BB - AregR EsR e

(3) ZJE ik (overpaint delamination ) * 1A 2 & ol 2 NIRRT EY N 1B A
& AR BTG > (HAREREBRIEIIERETT -

3-26 BID5HEE RREHA
2.4 HEIAGIESHE © ThEe R (F R RF PR B A E] 3-27

— EBBENIEYEREST RS BREE

B Chevron SBEE1EUEEET, EREMEMESH
LR EZNIEES SN

(Conical
— = BPNEH ZEEH(Common on Light Rail
Rubber ( & }
Springs)
| [EMRREEE#EBombardier BS0OX _ 81k, EIHEEE
& FLEXX Eco #2e EEHBIETREL )\

REETEARERSRNEHETERERKRZ
ERIRE

3-27 SEBRIEE IR DIRE K fE R
I (Secondary Suspension) * DIAE ~ F AR R E I ERIANE 3-28

30



BEERREZIHNERTIENERELTNRERZE
(Decouples Bogie and Body Dynamics)

EHSEREAE EEREZFRRERET, ROTF

EEIRB S ER
— I E(Leaf Springs) — A, {4, ERMEEE, HEAHESFH
ME —  12JEsE E(Coil Springs) — %g?g%%ﬁﬁé%’%%’ BRI

(Secondary
Suspension)

BE=RFHEE

— TRSEE(Air Suspension)
RAEE, ERNEERRTRUERA

| CIEEEBEEREE, FEiBE0(Bolsten) SRR
(Swing Plank)Z g4t 5 B s gz

3-28 T MIIRE R ~ EABE

LR INAE Ryl Vi [ AL B B Aa el 1T Bk A AR P EE AR AH BB EhR U2 B - 12T T8
B ETHEERREN: - [FIRpE A& (lateral restraint) L 22 sl L

( bogie rotational stiffness )
21 i

W HLE P S EE [ 28 (freight bogies ) ~ #HE (locomotives ) BAfEE (metro)
24 TEREEIBARIERYE ~ BY VAT R I e ey 22 TR RE T BT R A R
BIHIE - FEAZEHI0E 3-29 -

FEFHZB

31



22 SRR T R/ e

ZE R R TR RAVERIR A ZE (toroidal bag) IS EAGEH EHVE T 240
HRBEAUR S - WS (auxiliary spring ) HYMTRIEH] AT DURECR T 2552005
B WG LR M AR b ISR TR G B [ A T
25 SR GH B B B BRI AN 3-30 -

0
(1) ZEREEEH R - ER

EarBHUE 3-31 -

e
-
(it
2
i
=
=
X
%
+
=
4
i
b
4
—H=
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To Variable From air suspension

load valve reservoir
AlIR SUPPLY
MANIFOLD
Averaging
valve —
to other bogie
a1 —
Surge
Compensating / raservoir 'B'

vaive

sl I/ €75

'—+—— FLOOR LEVEL

Air auspension
unit {bellows)
B A

75 SRH 5
Bogie frame

FEHIE - v

331 e 2 BT
(2) EETEHTIAERI R

/K3FRE (levelling valves ) ERZERI#R (control rods ) * 2 2= SR H & TE BURRLEN
RpAR > PR RS ORI E S SR > [ I BEASIB FEMARE © /KPR ] RE IS pleas
SR B A T SR BRI R ] RE R 2 R S R R = AR A I Y
EX A EEYSE L LEUIN T E A

7 EEEEE SR (airbag integrity ) | Z2 B/ DS A 52 TR » BE ISR
MR RE IR » W55 a2 BERE (Compensating Valve ) H Bt {E RIR 1
IR A1) B R A i - e e 28 o B 4] ) S R T - S AR aeE T B
ISR AR Canti-roll bar ) 228 - Jal/ )22 SRR 25 RS R R 1% 25 P ER G A8 IS R
s

78 RN 4ERE B K (Z (maintenance & overhaul ) © 4E{E 1% [ f HIE o) 22 G
B2HEEE (AQ/Q » Bt /o Al A 2 /it B HEA) NES SR R SYIHE 4R
B FHE K -

33



3. [H/& (Damper)

FEIIRE

KIIRE sy FAA0E 3-33 -

=}

_an

3-32

VR

FiRiRE
—— (Primary
Dampers)

(Dampers)

RS
—— (Secondary -
Dampers)

R FPRY BRI TRIARE T - TR
{bEARIREER S - ERdREs ke %

/

£ PN A I B B i 22
BB REAE 3-32 > Hiesat

AR L Ry M F BB 25 PR B TP R BE D 2 Iy e e

Primary Vertical iR
Secondary Vertical

Yaw Damper ZupiiRs

aa MR e N B E
MElsaE REnIEREHIR,
iR REETNETIES
ALEBRAEESR, EeaRTRTEE
T E A RS
— IMFERLREARERRARNIRTRS
HHIEREFER
— 1=mIFEfE(Lateral Damper) ~|:
TR B F AR EES LR
WARFREIEEE, FEm
TS E R T R
— ZE[EE(Vertical Damper)
HISEEESEEEEEY

IDEIEE A R R SR TE,
WNEEEIE120km/h

— {R#EFEE(Yaw Damper)
g T D= R g

[l 3-33 [HEsest B R IhRE s
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MR EiE S - DURHFEIHIEThRE RS BN > G5B S TR e T
Ve h B e T, - [ Vi 4EE n B8 A B H e & e S ARl 53584 -
PHfe R R hZE BIAniE 3-34 -

S

¥
\ 3

.lV

g,

[E 3-34 BHEFRHRHZES
4. EHERZEES | )] KR JIAYERE IR (Traction Force Transmission )

S IR AR TR R AR T R R ) (AnZEs | /5 Ty R R
VARSI © B A R B G — AT T S A I o AR B TR
TEME > SRS EHE TR B IRE I i rT RE & (BB RE M RE R -

(1) AR R EEIETTF - SITrFIhRERR B AE 3-35 -
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S| SRR T EmESh, RN KRR EE
—  SHEEIE (Horn Guides) ~|:
—MERENY ERERKE. =6

— REEIE (Rolling Rubber Ring Units) — REFTBMBERE, WMUGEEMBRIES
Wz £ R IE RS (FISIE R
Be
=5 R
0 | mmmimsE (Radial Arm Pivot RS S E BN LR R EES
Bushes) BER, MTBEmEEASTE AR,

EEIEE IS RBELRRY

EEERSEE, FEESINEREN

L— 35| (Traction Rods) ~|:
{ERJFEEEL, R EBEINNEEE

[l 3-35 WEZRE R EEE LA T

(2) FEIETTrE © BURERBHANZR 3-12 -
% 3-12 {HIETTIRER

TLIE TR &l

I EHE (hom guides)

TRENRIE TR

(rolling rubber ring units )

e B el =

(radial arm pivot bushes )

#5518 (traction rods)

(3) Kk |+ 1B &R A oG B [ 2R (AR 2= 5 | D BfEh ] - DhRE S EEHE

TS BHAE 3-36 -
36



Z25|q0y (Traction Centre) &
HES=HE

%ﬁﬁ%ﬁﬁﬂ?ﬁﬁﬂﬂ%ﬁﬁﬁﬁ, Ry BE1TER

RERZES|
(Secondary

i _ {REZ5[iEE (Offset Traction Links) : FEE
Traction) EEES)L

tEmFEERS (Lateral Dampers) : EHiER
iwE], EDYIEREE

L mmae -

| 1 (Bum;sto*gs) 4 e e
BERBELE, SHREsaE

Z3|duy (Traction Centre) Fedruadd
— Eéc\eéétre Pivot) : IEHEmZRFOIELEEEE
ICy

3-36 KAk ZES | ThRE K EE TR
5 WRARUBREZ TG

b VISR TEEBE « DIHREE BB T M SR EE T o e B 2
7 A A A R Y e - LG (29 P TR A » s 2o DA T T
DAEL & RS BRI R THAE - 401 3-37 -

) (RIS, EErseaniermaiE s B,

— E@IF{E (Bumpstops) — EBRBEEFIEE, RTREEEN
BB, BIEERREEE
| EB)ESEE (Auxilary/  _ yogyes )
Emergency Springs) R B R MBS E B8

— [AIELE (Anti-roll Bars) —— iGIESEERZEEESNRE
—— [AE#2 (Override Beams) — %ﬂ%ﬁg%g%&%gaﬁﬁﬁmg%
——  EFHFFE (Lift Stops) — MEEEEETRENERASES

3-37 WEARUMBIRE Z Tt

HlgELBEEEE (Wheel Condition )

i RSO A G B B R TR M R s A R S
SR EE LR E N e EH I ER -
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DUN Rt R e b e B mTRE VA SR bl B > AT SR I AF R ¥ BT TR E PR Rt
[RIRN T2 2% > 03K 3-13 - HmfERE - R 57 RSB EERREAE 3-
38 -

% 3-13 FidT Rkl B AT e Ve
ERRE/ERIRL ATRE VB E R

iR AT E R AR ERUE TR (A 2 i Es B4R,
S&C) - SENOEEmA B

4% 8% (flange too short) TG ETE AR T A Bk e i T R g 35
Rl [ [EISERE N (false flanges, |#EESMERESE S - R R ELHG 7 B 23208 l8# L (points climb) -
poor conicity ) SR TEE e

A/STéE: = ) 5 v s =t LA
LRI R Coutofrounds: % g g mreie (s - AMLALIA S U

BR84S (profile
discontinuities )

4% iEE (flange too high )

BIREATRE © B T PR

B AR ICAD (mismarched BB PR Corabbing TEE) - B Y/IQ EL(E

diameters ) R T R

HRESE L T (read TR S AR LR ) - R

cavities, flats ) W5y

A A b

fi"ﬁifﬂg%ﬁﬁﬂ% (ROF oy st e R B0 - ST
BRBE | » B TAE R WL - SOSREH (check rail) B

HRIEEE (back-to-back R

dimension) BRI B TR AT - 1T A
B

Ll

;i ?'—‘l..»‘ ey 4 |
B R SR 57

3-38 EREmEAE © RIS KRR GRIEERRE
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g agaR ] (SR > Gauging )

EEH K AMECRYEELEBECHE (AE ~ A5 - 1&hE ~ ERE) » SBHA
WiE LRSI [ EA e SRR ARG B8 EE A T e o 4 ol B e gl = T
BB - DU R KT e B BB R A8 4R 2 5 TE > BLE e B ~ 5%

ST SORTESARBUN S o A00E 3-39 -

— HEBELEN (New Trains) — ﬁ(%ggﬂ%fﬁéﬁégg;ﬁ%ﬁﬁgw i
| EEEYISTEENELR (Existing Trains __ WE@WDEERKLY
on New Routes) FEBHATERAR TR
EEINEINGE (AR
m — &S (Modifications to Existing Trains) — E;?ﬁ%*%?*ﬁLEiﬁﬁﬁgﬁﬁ;g i
Gauging PebEeR i)
| HBSiEE® (Modificationsto ;g%ﬁ ﬁ%‘éﬁ%;@ [%EEE
Infrastructure) E;ﬂ%@jg%g%méﬁ’ wiE
| EE@EEsEs®AE (Franchise Changesand ‘%‘}iiiﬁ%’%%@éﬂ%ﬂﬁ’
Fleet Cascades) @%ﬁggiymgﬁgﬁ SFRR

3-39 Bk EMIRNT 2 2FTHE
1. H%E4 A M EE 1= (Demonstrating Gauging Compatibility )

FRoa Pl AR A S R G AR M — A AR & B TR AR P
WA SRR AT S T S R B AR AR A EE - SRR M (S B Rl A G s A S IH H
HITRRZ o T TR Z R s SR B AN E 3-40 -

EX R SSE T A AR 4R = MIEEAE EN15273-1 SRS E - 4847 -2 1+ — ARG
it Bz R & F R A (Railway applications - Gauges - Part 1: General - Common rules
for infrastructure and rolling stock ) » %524 F FHH 2 IR PR T B UICS505-1 #5iF%
R gy B - B 45 i 045 4% (Railway Transport Stock - Rolling Stock Construction
Gauge ) Z]7E

H
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B SRS R S ER )38
iEsE
SRR EEIRAEEE, EEET
SEEREREAR
| R HERFEUESTSVERT. BEGANAES
Clearance) £
BT 4 L £l
BASREERE
(Demonstrating
Gauging — TAERRS IS R R R I
Compatibility) _ k
- TEEERTEUSA, BRSERRREREE S
EHaseEn | SOELHA0RK, MAES. BRRTRE
— (Absolute%auge —  ERETZREMEFG
Clearance)
| SR IS ERRReENRERE, &
B RS IRI
| RS SREEaEERNARRE, 1S
0. BRBE, RAGHMRE
| RAOEEN _ Ammipemu-sasRnke, Setene
Gau‘émg) HEEQER

& 3-40 ELAEAAA MRS T =0
2. HEWSETEE S EEL (Vehicle Models and Deta )

g R A/ N2 A R TR - FEE B S EAR MY A FHE - VI EE TS
R uREIE R 2 BhRE 24 A HEE & ( geometric throws and dynamic movements ) ~ EEHfi{5H
FHEEHE G m AR RN ESEER -

2.1 FEFG AR ER (IS4 MAEEED7T £ (Inner and Outer Throw )

FUEBIREAET T A8 AR B - B G 2R e iE g A =
mEEGTEH G - Sial s - RE st I B s T 222K - AR
BB G BB AT 2 e PR > RS I E 3-41 -
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[ 3-41 ﬁ%”%ﬁ%%ﬁxﬁ?%@ﬂ?%ﬂ%ﬁ@‘l‘ =
2.2 FE S AT R LR T E"S 275 H (A Gauging Vehicle Model)

FESRRENR R AL EF I M S B AR 2 SR BIRCE T R(H (o A = iR AE > =2
i R aat EAR AR AW A B HRV RS2 S EIRE e EE - JMIR
~FRARTESR 3 I - SREIANE 3-42

—— ¥®&E (Movementdata) — %%g%ﬁigﬁgg‘ B=

Himfigis :
ﬁﬂl : ": —— 9Nz (Profile data) — E&@IMERETERTER
-

—— Z57{E (Tolerances) — %ﬁggﬁﬂﬁ%‘ BRAE.

[ 3-42 HiRESRFEAR R a5 BIHE
2.3 HEzETEE 2 #REEAIEE(L (A Dynamic Format Gauging Model )

s T R > GRS B EhRETT Ry » BRI A S - R
HAE A SRR 2 e o MR 2 S e IR e 3-43 -
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| i @ __ EEHI. ESmBEEsELEL.
RS HESsRCEERER S

P E R B E D, WMINERY.

BRGHEE [ mREmEm, 23 ZAREMBHERS
BB

BEESEREDEEEREERN

BERNTERRAEERELEE

— MEEEE G AREE

ESstBRE IR MED BB RHEED

ERERRERTAD

L ENEISEmERSRRERRN AR
(B&. BiE., EFHRM. SHES)

[ 3-43 EEERTREE {5 B 2 B ARG R 2 e
2.4 FEARES=E ( Model Validation )

\

FEER L B RS RS R E BT A B E IR 2 70K » £ 2
TH H A & s imdm e OHIE (wheel loads ) ~ IR NE ~ fEAEEENHE (sway
test ) ~ B2 figdfH /7 (X-Factor, #&m 2 el e - Bdghamidpae JIAR ) - Kok
ApEFE M NES (ride test) 5 -

BFUEEHHNIEA K nTBERKN (Derailment )

DN RoPRET S6 WA B gAY » 035 I B S 8 AT RER B IN R - AT
HIE HESEHEFRR T2 2F &R - HIUE 3-44 -
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FUEHIMENRENHE. ERZRANEETA.

— HREROIRE AR MR R R

hiFEEBRETRY. BRTERERRRDIE

— EEE T aommemmsa

— EREETEUEETRAEEI16km/h)

RRE R EEL{ERE AR 1.2 B (EA0.5FVEHETEE
EEEiE2m, A EAREERRHTER

| gjmmm — ERABAER, mehipEEE, QREA. =hA
. EOEE. BRERBNERAE

BEERATERAERRESEDER, T2
— BLEIEA

BB B A

BEA ARmERREASEN. . BREETRN
BERRER

SIS B

— HEEEAE A EER ERNRIMEHERE. WHHEEE

SE4E18.3m. 9.1m. 6.1m. 4.6mIEREIEE
T, RE#EAZE72km/h, SESRERFZE
e, BuE -
B ERE { R FESTENAEREMR. ZOER et

G IEE ARRIT0EL

3-44 HIE HHEUEA R AT RERKER
i HEL (Vehicle Test )

F A s EmRF N R Bt s T il S R AT &AM EOK - RS | HAE
TTENE ezt - MHBINGEIHE B Rofk s [ 2 PR A EEaR B AnfE 3-45 -

RERANSH. RATKRE

BRI
— i hicl
e BERES . BRORHRAQ/Q, BH

EN14369. =EIEEEIHEGM/RT2141), BERIZEAE
BEAHXAF REERAAERAFRRESE

7118)

#{Eﬁﬂéﬁi@'ﬁfs EN14363). BHAHRIEE.
B EER

SEERER M. [EHERIERER
—— (dynamic vehicle
testing) EEMAGEHEA(RARNTHRES, — LU
?“E’ﬂjﬁggﬁ) PuEFALITTEMERN, FIEFETR
= AE pe

3-45 EREREFENREMIGHE H RS | Z BIFRA &
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Z~FE=H (125)  BoEhaEAR EE T 24 (Introduction to ERTMS

-European Rail Traffic Management System )

EOMENE RS B T 24475 ERTMS ( European Rail Traffic Management System ) 40

e ZERE - EESBONSI B ZEE] 248 ETCS (European Train Control System ) ~ £ EKfTEf)

HEN £ %-88 GSM-R ( Global System for Mobile communication-Railway ) ~ F7 [F4F

ZEFRAVEON 2 #HI] EOR ( European Operating Rules) M EGNACHEE g ETML
( European Traffic Management Layer ) » ELZLfEEGEHA1[E 3-46 -

THE ELEMENTS OF
ERTMS.

ERTMS - comprises of four
“Constituents”™

European Train
Control System

Voice and Data European
Communications Operating Rules

(GSM-R)

European Traffic
Management

(ETCS) Layer

(ETML)

Baseline 3 Baseline 0

[ 3-46 BOMEE SO EHE SRS R E

IR ETCS $s6E M > K ERTMS 73 Ry Tl - EIEHIEFEEHZHE - §I[H
IR N ~ FUEE T8/ HENERE - RS R R R S S TR AR T
HERHIANLE 3-47 -
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Movement Authority ; ;
Transmission Train Detection Driver Interface Protection
*Level O OVERLAY SIGNALS Cc}?:i::;gzal Speedometer only| Max speed
Conventional Max speed
*|
Level NTC OVERLAY SIGNALS Trackside Speedometer only AWS/TPWS
EUROBALISE AT SIGNAL c vonal  [SIGNALS and ETCS Max speed
onventiona an
OVERLAY )
LauEL e EUROBALISE AT SIGNAL + Trackside DMI FE el
INFILL distance
OVERLAY ' S'GNALE;T" ETCY Max speed
*LEVEL 2 GSM-R Conventional
NO LINESIDE Trackside S PSR, TSR and
SIGNALS distance
Max speed
NO LINESIDE Trainborne (Virtual
S SIGNALS GSMR Moving B(Iock) ETCS DMI PSR, TSR and
distance

3-47 ERTMS Z4] 748 M s FE I
40 (Level 0)
1. HIEECAH ETCS 5%ff - HUESA EHGEE B9 REY RIS E R4 -
2. (ERGIEEEYHEET R SR

4y NTC (Level NTC)
1. FIEEfCA ETCS skff  $iEscA Bt - HEMREYEiRE S E R4
AR E I EEIEA RSB B ETCS Z&RBITAUE 4R EAYE 25 H5E
Z4 NTC (National train protection systems ) ZfHiE(Z
2. [REBERHEISN - BEMHEENEE 24 AWS (Automatic Warning System ) F151]

H[RE& S £4 TPWS (Train Protection & Warning System ) e

a1 (Level 1)
1. FEftmmiSERESS (Balise or Euroloop ) fH &R MM B L Ei HEHI[E MA

( Movement Authority ) °

2. EBLHESTTREERSES -

3. EMEVIEEHFE ATP (Automatic Train Protection ) TJJEE » {H A]RE & 52 BEEE 4R

[EHEE -

a2 (Level 2)

45



1 ARIBPUEEECHS > SR BLE A B (R ERSESEHITERI 2T -

2. 4y EAZEdR 0 RBC (Radio Block Centre ) 7578 GSM-R 748 (K {H1% MA 45

FIEE > S FERERN TR LY B E - BRI 3-48 -

1$|gnals (optional)

_‘L Track vacancy

detection

GSM-R NETWORK
CONNECTION AND RBC.

GSM-R

Adjacent
RBC

REC: Radic Block Centre TV

& 3-48 GSM-R #(5 L4 n el
3. MHAEERVESEEAEEHE -
S54% 3 (Level 3 » S HRIAM B - T 95 SREGEE R OUERAR ~ il T
J& e B )
(1) EYEEREERMETIR - EHREHIEAZE (Moving Block) FH5k -
(2) BRTERGEE > o] ISR AE /S #E FARIHIE 7 - A B RS A & -

/NS

ERTMS i 3E—{E 58 2 HY5REE 247 - (H B ATP ThaE - HAEELYIE FAYZS 45
B IS 24081188 E1E L 9 E BB -8 85 (interlocking ) ~ ¢80, ( control
centre ) ECFHREFIEEAENIEEMH o 1 EH 2 AR AEME G2 51| B PR 4R A 87 28 DA R B (R 5 1] B 2
FyZ22 1l ERTMS 752 (50 Y 88—k el » 71| B e HIEs (A R FH 7 28 BB B track circuits )
siGatifies (axle counters) HYIEZ > SRBAE 3-49 -
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ERTMS EQUIPMENT
TRACKSIDE.

Interlocking C or RBC GSM R Conrr |

ll IE

Fixed Telecoms Network

3-49 ERTMS $JliE X FlCE

TR L WO 44 BEH& EVC (European Vital Computer ) /& Hi# 471
20 o CHERT ETCS iy L ZBRINAE - #2141k ERTMS Fig HEDI5E - B8 : §IE
SR ~ ARG~ EUERS IS » WS AR L DT ER 4 (Safety Integrity
Level 4, SIL4 ) HIREAE R ER » REFTERLSH YA E fi 43 DARC & 46 E VRS B RE PR AZ
HEES o AE 3-50 Kz 3-51 ¢

TRAINBORNE
EQUIPMENT.

Vehicle
Interfaces

[l 3-50 HIEE BEEka o [
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TYPICAL EQUIPMENT ARCHITECTURE.

GSM-R/GPS Data

_Antennas_

5
—_— %

DMI

Doppler Radar

&

GSM-R Data Rack

#

On Board Computer

EVC
| TV
Odometry 0
Board
Isolation

. Switch
ﬂ@ (ERTMSIS)
Tachometers | Balise Antenna

B AR T DL e A58 BRTMS » )25 T it a6 i S 48
ST - 400E 3-52 0 16

[ 3-51 FEgl 2 HAkE A A IE]

HE—

LD)D\/ N

3375k ERTMS {7 iR (5 25 HH

- N S e g T
HY R P S HRIONH & s B A TR et ~ FUEE N M - ety T
CURRENT UK ERTMS
TRACKSIDE DEPLOYMENT.
Linel ERTMS Special Features | ERTMS Status (as at
Configuration Trackside 2021)
Supplier
Cambrian Line Level 2 - No Lightly used lines, | Ansaldo STS (now | Commissioned
Signals passing loops Hitachi STS) 2011
Thameslink Core Level 2 Overlay Automatic Train Siemens Commissioned
Operation 2019
Paddington to Level 2 Overlay Tunnel Operation | Alstom Delivery in
Heathrow - replacing GW progress
(Great Western) ATP
East Coast Level 2 - No Heavily used line | Siemens Delivery in
Signals with progress
freight/OTM/Chart
er and Heritage
users
High Speed 2 TBC High Speed TBC Procurement
operation
(350kph), ATO
3-52 BLEHsHPSAEELTT ERTMS SRR

HEIHEE AR

BRE > EHE

ek b i8iE

Bt A =

A& I Y

Frent LD G = P YA (A [ ] 4
=R S (BRI B AR A T AR D AR - B e
8 QURSRUBEFERIBRIL » (& Bh RIHF 805 A (5

=
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{bigg&r > FIER A DAEA B 2HIIEI Mem 2 G R rE R e bt TR - 40

3-53 & 3-54 -

TODAY.

RAIL CONTROL SYSTEM

iaht TN_;tifnal Communications  Train Detection  Route Setting
L - Line side Track Circuits &
£rotection telephones Axle Counters Interlockin
Analogue voice Points etc
radio

Control centre

Analogye # Limited Traffic
Management

Voice Radio

3-53 BITHIEER R

VISION OF FUTURE
CONTROL SYSTEM.

Intelligent Train/ M \{
@%\ =

Control Centre
Voice comms

Train detection

Movement Authority ‘h Intelligent
Advisory speed Traffic

g Management

" —

Key nodes
Limited signalling
Limited train detection

3-54 FRIEFEH R GORKEEE
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MEESCGREH ARG SMENTHEEZ LR  (ERWEERE T AT &
R EEL B T Ry ~ EmiL 0 AR B~ W AR SR EE TR e RIZR
[T RS aa TR > BB TR R E RIS - i E AR E
a2 BT 2 25 B0k T E A B RE SR N K
RIEHRAE -

SR REONEE SR E B A E oy - M BRI R TG AR R E
5 TR E AR TSGR R A L 2B RS R E B BIRETIEE
TR WAl E AR E E R AR SR E S 25 &

REREFR L AGHEABETRENE DS REHWERRT R G A
eAHRR B AN R A TR BRSO ¢ IS B ENRET T R R o ATl
AT > BV R E RS A R A UE R IR AR
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21 " EEREIRE K EER-4 383X G /EF ( Vehicle dynamics and vehicle-
track interaction) | ¢ "EUNEEZ BEEE 2% (European Rail
Traffic Management System, ERTMS ) | 522

e %t B BxERLEHELEEE
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