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SYIEER I BRIE I 5\ CHIH 2 — D ORI O I D IRIRIC I X 2 2B TH Y, Bk
ETHEHBD R — LICHIERZ ARSI 720, B ERICET S0 T2 DICR2ER\VEE
BTHD, HEERIE N 7L =V N2 A[EIL — V2 FED, TR CORE L IFITh
LHECEIN» T Z LI X o CHIHERS A VI D B 2 5. —fRIC, FRESIZE VBB B 2 Bk %
AL CH A Th D FIFGHERIC IR E R BR A2 55, ST N v 7L = 28
FTLWIHHIR L, by L —VEERICIREES T, ICORETHLOT 2 2 Ik Y
BLOEBICTiT 2 2/ L oo T3, Lo LERCOREITE THMAEES L OBEZ RS
ZDERDMIDCTH 5720, PEDTHHE TN TV B[], HIE o b 0 5yl 85 % R4
2 OBENEC 2 B/NBH Y, Tz nEBRA SOEAAREREGI R LAk
VW, T DI S X OB T OB I3 A BRI X o THEE X L, BN s s
g E T3,

1970 FRICHEFE ORI CIIHEO RGN T 5 &, ToOHED 7R Y by
FofE (b 7L — A DFTE ONLE T C & T\ 2 2 2 12 3 2 BRAEICB D 2 i,
2224 FHIB X 102225 FHICTHIB) LN 2EHMMEOIEFEFIL CREIND LIk
2 72[2]. KRS I IEEROIREFHE % 1T\, + v 7L — L &Il % S H 5@ 3 5 B
AU B ERIRENC X 20 B YTEOIRINTH 2 R Z S 221 L 72 [3]. £ 72, FERIIA
SOREZEEE L L THETTOIA ZAEMIMEX - 72[2]. ZDIEp, mTo%%
& N D ST & I IE 0 5 583 DR [4] 085 C D RGE O KRR TPIRZEHE % & T o I da 2k
DEATHEHT[S]) 72 &, DI OBIE-CER M ITE R LI X VHHEOMITE YT 5 Z LA X
INTT NLPISE - MR TN TV 5,

L2 L, 2000 FFfRIC7R o THRESOEERIT—EBREL 0D, Fhvav iy
FEMESMICHCONE Y a— ¥ v LCEREZ T OBEREIC X Y, FIEDNEE CTHIRL 72
T L mlfiZ T 2HRED GR o 7 ik % T 2 AREMEDS R G I L 5. T D72, BiCOREM RS
i D A JE I3 AR BRI I 7 < R ¢ % 2 MR CHRIffi S B 0, Fnkds o

{E+5m L 1.1 Mo BE =



X o TED LN Z, FRRR AL Z2EET LA ~BICHEHAL TV, i
> THIEERIC X o TIEE MRS I N w3 aEEERH Y, 7rv by FED
JE 9T CBERE T & DB & FAM L F a2 IEMEIC THIS 5 2 & T, A v T v AEEORFEL
BEINTND,

1.2 FATHIR

INFCIHBEEMTAHWC, 7uayv ray FINSH oSy a -y -z do
JERERZ I T 2 FESHEINTEX 2. BB LOERDL I, T Zn@nkas s X7
NAY Y T2A vy FEHRT2ARERETAZRERL, FIEEEKRIC Y 7L -1 0%
SR TR T A ERIRE), Juy boy FIcfllans Y a—vr s X OBREmEZ %
JEFEX ¢ 2 BAMEET 2 FEZIREL6][7]. £ 72 FRECIIE & (3R IRE) IC X - T4
DIZNT B 957 D FHiMl % 1T - 72[8][9].

IS OFREFEEZMNWT, g ORESFCHEOEERNZFEL 72 LT, X7n
A2V v T AL v FEHICY 2 - v OEEECHESOHETEY THlT 28T L ORE
D375 E TV B[10][11].

L LZads, ERICHERCHEHINEY 3 — vy OBEERIL, e ciii
N7 BERER T T A CEBAR O R WATREES S 2. i, HERNLTA2) v 7
A4y FCfEHINZY a -y oEEZFHIIL 2 & 25, FHE oM@ L 72 Wi TH
WHNTY 3 — VIR ERERSEIE 2o Th D GEIIIZE 3 = OHETT5).
EEICHEH I TV RECOERBOIICIE, chEToMETRERNICEES L
T o -HEREIEIC X 2R v 7L — L OFRED B E A E 2 208085 5,

1.3 HAREBH

INE TORITHIZE CIL, JIFLRER OEEIRE 25 2 2 & ICEH L Tz, Lo L%k
25, Bidko@ Y FIH@EEA W v L — LIBT3 Y a— v v Ak E BT EH
Bl & e, FREIREIASMIC, BEEREZ RS 2 ER A H 2 WBEED H 5.

Z ZTARBFE TR, FIEGEEOMIC IR B &, ¥ a — v VBN REL 5 2HER
LTI SRoEICER L, CoBfEIc X 3 Y a — v v BRI o BERE R E R IC
T2 2% 1 2DDOHNE T 5. £/, DIKEROEIEEIFIL P v 7L — L OEFIREEIC
Lo TREGFELZTLILBEZLNE Y, v 7L —roLoFhe7a vt
my FORY ol L ER L OBREHONICT S L% 2 DOOHNET S,
bl xEE L ET, BBEECLX T v 7L — LV DOINERZ T 2K FDwE%
Mg 5% 3000HME T 5.
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ZLTINECOMERR L Hbt, piiids OFEEPIIE ORI, HMEIRFE R L 4
DRI OFHEZEZE L 7= L C, BT oRBEMNERMORELRestHZiRET 6L %
JREHA L ORFMEDRIEHIEL 3 5.

1.4 F@X DR

B 1ETEAMROE R L BN Z IR,

B2 B CIIATRSUC CHER T 2 IR Pl C 0B O A 7 EOFHRER R L, K
T DI DA A 7 I o Wl HLIC SRS 5.

B3 ECHEERCHHINSEY a — vy OEERIIE OB L AR AR L, SelT
FCREI N TFHlET LV E KT 5.

B4 BECTEINTFET 4 X4 F 37 RN & Ao CEIRE(EIC X 2 3Kz 0 s LUy
3 —EVOEFEAN =X LICOWTHET L, BEROERN GG ZIT 5. $ 7z, HIKaRHE
REEICX 2B ICOWT, YAFRT A XA F 17 AT ERHCRDBLERT S,

BSETIE, BAEOIATRT A LA F I 7 ABITORREZ D Lic, HRERMENT %
A CHEDISIREZFHHE L, BEEES X O v 7L — A FBIREDS S 15 2 2
Fr~DEBIC O WTHET 5.,

&RIT, 55 6 B CAGM X Difiam 2 b~ 5.
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2.1 #E

C DEETIE, PRIED I ES D550/ FR-CRE, BhEIC O W T HICHAT 5. $72, &
Iz &5 O FHFE Fih LU BN E, I X VIR EE L 7 2B - JRAIC O W CHiIBHT 5.

2.2 $RE DN

PRI IR (A X O H Z 1 O@ff?%# O At DFREZ I IS B AT TV o 4 5 3
ETH5[1]. RXEZH L Vo BFEGICEIDIERIRES W, JHEE2RLSF—LkY
AT R D ENTE D, lﬂﬁ%bc%ﬁiﬁl@ﬁ%% 1 DOMPRICTE L 8 B EHTIC D Hrilas 23
WEIND.

Point Lead sectioin | Crossing sectioin
sectioin

=

/

Tongue rail(L
Stock rail(L) ‘% Lead rail(L) Q//
e | E

[ ][ 11 ]
Toe of switch Heel of switch

Tongue rail(R)

Fig. 2.1 General view of simple turnout [1].
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— Y 7 Sy I BR OIS X % Fig. 2.1 ISR S, ST ABADIEER (simple turnout) & FE(X
LIGIR D AR T, ERDOEED H 120D 1 Pl LA T D DI RN D4 b 57 IR ER
[12]CTH Y, L OEHTHEAINTVE, TORD X I ICHEERIEFEA v FEE (point
section), U — FHB (lead section) & 7 v v > v 7¥ (crossing section) D 3 D D52 b
KEh, TOSBFAVMEICr v 7L — g EOREFG RS 5. ZO PV L —
DIEAICE) T 2T X D I g % EAR I 2l 2 i) W B 2 2 T L AT E 3285, B
(T LEBTER XD ICT 2720 ERPLREMT, »OREEDIF T TR I L2 HETIC
YExE E - THREELCTVE INTWS]].

SFIEERE T 5L —AREmD 5B, FA Y MERICET 2 b DICOWTHAT 3.

2.2.1 gD L — L

2211 ERL—J), Y—FL—J

DIEER DR (toe of switch) 2>5 U — FElo@EH & CICZLE T % KR WL — v 235
AL — (stockrail) TH 3. $72, AL —LTH 3 b v 7L — L DHIHE (heel of switch)
I EfE T Y — FERICERIE SN2 D23 ) — FL— b (leadrail) TH 5. TN XN/t | K
FToRBIN, 7 7 F LB B\, Fig 2.1 O X 5 ICTEROMER D & /I 74
IR T, AlloERL — v e G0 ) — F L —uailliad o 728k e 2 2 (KT
I Z ST 2 0T o T B XS IR L T 5208, EREIX 72D b h Y
Rch2).

2212 rvTL—

BXURCOH% (2221 HTKR) 260N E2% S, EHACEH LD TESL—1% b
v 7L —) (tonguerail) L WFOY, i | RFORBEI N5, B L0 DH 2 HUICEARL — v
mELITENY 7 X LG EINTES T, v 27 7 FICHEE I NAKKR (baseplate, L
INEA) IS HR EICE»NIZRE L 725 T 5, BN EE T 2 BRI IFBRIR T
BWICXoTEAEDLPDEERL — LI Lo bN-REEE 72 5. £ 72, IR ClIEM
D77 VvIVMBDOEOIC—EDOMEEH T 20ErH Y, HEMLIFEXNE 7 ey 7ko
HEmBHEAL — L Py S L — AR ORICERBE I NS,

T, KAV MEICIZBEEIARAL Vb EBMERA Y P TR ATEES S Y, BEEiRA Vb
T Fig2l DXy L= ) —FL—ARohrnTEkY, kb v 27L—
LD E DICEEET 2 X 5 ICE#IK[12]. 2Dk®, Py L=t ) —FL—rofic
Baf GiE) 2 EES 5. — R4 v POBAR P v L= ) = FL— A2 D A
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F2E PREDIE DA

> Tk, BHICKEZH > B Y eId LS 2RI 2T I L—N%izb
¥ CHRIR T B [11][12].

2.2.2 B COEE

HirCO¥E (switchand lock movement) & 1%, ANd LA R#hick-Trv 7 L—n%
FTE DB E CHEI S, $A5HEEOHECIRENICL > Ty 7L —ApH 2 e
BROXIICHE 2o CHLEEZRATHEDZ L THh B([1]. fETOREE KL D LR
&% Fig. 2.2 1C/R3. LUF, —MWick <AL 5 NS BIERIRCoM e Z o T RS
fn 2 W CHIHT 5.

Electrlc point machine
(out of sight)

" Focus on here

Fig. 2.2 Overview of switch and lock movement.

2221 EJETOH

5L C O (electric point machine) ¥, T—X —D®EJJIC XY v 7L — %85 Loy
I B DRI E AT 5 25 T B 2 [3][11]. Z ORHEBI{E % AT 5 #6E (Eafut¥al) ofth, kT
KFIC b v 7 L — A DSFTE DILEIC & % 2 iR 3 2 HAE (RATHERE), rIses o ntfuik g % ift
FL, Py L —aAdlEEEL oIk o CRIO T % 2 LMW X 9 1c T B HERE (BH
BEHERE) 5 X OB ST Al 7e & BIAE O in T D 2E OIRAE & B LB 7 LI {RE T B HREE DM
b T3

Bt 2.2 SRl E



F2E PREDIE DA

BXUHLCTOMICIZBIE2> A (operationrod) & #HFED>A (lockrod) L \»95 2 KD w v N
iz oh, BRI CoMoITCENEINAAL v F TV v AKX —nu v F (switch adjuster rod)
iAo (lock rod) 2SEXD i b3, EErAIRE—2—DFEFHHEZ v 7L —ric
M T %2R, —77, HEELA B X UER»AIZ N v 7L = DSERICE 9IRS
NT, LI NTH ., o ZNEOBREIC X o THIcBifE L, #5eo A ik
btk & L vy 7 v—=R (lockpiece) I X - CHATTHREE X N PHEEREREDSFIH I 5. B
HRE RBIEIC DWW TIE 2.4.1 THTHHHT 5.

Electric pomt machlne ,,

O —5—

Switch adjusterrod

Operation rod

Lock piece

(AR BRBS (R Lock rod

Fig. 2.3 Overview around of tip of tongue rail, and internal components of electric point

machine

2.2.2.2 ITOBE, EER

HEC oM (switch rod) 13 2 AD b v 7L — LORMICHE L, BREECTOBOEKE /% b
VL= NIGET AHTH B, HDOL—A L EDL — A OBLRMMBIREZ M 3
729, IR COBIIEAYFCERICOERENTE Y, 2WEmZ $7-<C X9 ICERE I N B Hie
B (arm-type fitting) & R MEfET 2 221X VORI > T3, B CTOR, #Eifikes X
CRIETHIAT 2 24 v F7 ¥ v A2 —FiLOWIEX % Fig. 2.4 1R T. Big B3 EA Olx
TOBZORIENIC, BXIETOW2 OENEPA L AL v F T VY AX—ay FZ@EL
TIES N NI COBICE 2 2% H & iR,

SEAENC (switch rod bracket) 1ZHETo#EL v 7L — A oEEEFEFTH Y, P —n

IRV b TS S LT\ 3. Fig. 2.4 OEWRE DT ICIZNDBEWCE Y, IsToED |k
Tk AL L IcH LM eIy P THifE TN T 223, BRIl O SRR AL FEELD

Bt 2.2 BB IR



F2E PREDIE DA

b4 IVIFERZILSHEZERDBREL oTWE, 7, PV L —AZHFEICITZ DI
ZHELTTIRARL, BBTOBROIFTPEEROEICTR > Tnwd LA ML CERNZ
GiET 2. W, Py L— L EZE[SRABRICIIANLF 2l U CGEERO RALE 25 -k 5.

2223 RAYFTI¥RR—

AA v FT V¥ AZ— (switchadjuster) 13T 5UE T OO E) )] % ¥5 T OB ICE 2 AR %
LT 272000y FTHB[12]. A4 v F TV RZ—uy VIO TFoTF Y b
MEBEXHET LT, BEPADR e —2L by L —LDRA B —7 ORER %
THIENTE, P IL—AEZWLOFENEHET L LHRTE S,

Top View

Switch rod
bracket

Switch adjuster

_______________

toe of tongue rail .
Tongue rail

Front View \/

Arm-type fitting
I
i ]

Bolt (with backlash

Switch adjusterrod
'\/ between the bracket)

Nut

Fig. 2.4 Overview of toe of tongue rail, focus on switch adjuster, etc.
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2224 7avhroy R

7aviruay F (frontrod) ZEAD VL —ADAEHERKIIIICHYFFoNnsm
y N THY, HE,rAZBL T v 7L — NV RiEONE % BXHR T ORICE 2 5 &% H %
D[12]. %7z, bv LSO ZEEICROKRE 2 b O, oL FERRICEL D
L —AHoBRANHEE R T 2720, 7u v by B 528500 & o 56 & ks
THILTORTOLNTWEEFTAET .

Zuvitoy PRI E L -V offfiA LG T 22 DRBHFET S
25, AWFZECIIEENIEE SON FA4 v O oDhh s, e CRIETKRR) & ok
ffpricy a—vvefHusdot, Ya—vr a2 Rb 0 IcEKmEhz 2l
DEIFNTFN—2OFTONRE L7z, Lk, Ya—vvifunizs oz B721 8, BREEhZ >
FHWAb 0% BRI A7 v bay FEMFRT 2,

4/

Connecting  gerew jaw ¥ Adjust jaw B

< Spherical
bearing

Hinged lug

Connecting
plate

(A) B721 Front rod (B) B821 Front rod
Fig. 2.5 Overview of front rod. The upside figures are view from front, and downsides are view

from left side upward.
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B721 8, B21 7o v btuy FZEhEnoF% Fig.25 9. BR1E7uovy ey
Fix, M&etay FER7 Y 2—Y a— (screw jaw), 2 O, FAEESEIC X - T
AN, LR, Met 227 ) a—Ya—, 2L CHBESALERIADBNEY a—
EVICXo TR I NG, YVa—vVidfiicihnonlizd 3 2 L8 TE 528, KI5
eI P TCHE Y v AR ING, EhKEe Yy FEET20AL X S I
FCiE X 1, Mg 2 13 XA TR P ChifE S g, 227 ) 2 —Y 3 =2l fHF s n 3y
TlREY FEAYPY->THY, Jeovituy FORIZFABT LB TELLIICh
STW5,

B2l M7 vy buy FidN& e EGIChrNzry N, 7Y% XY a— (adjustjaw),
Btk e 77 7y oI ng. Mebey Vi, 8XO07 77 v e ADMET
BRI I s v o, s o B2 AR S 5. EEGIC0rn7zv v F & ik
L7777y FTHIERPLIRIBIICLTHIFELTH Y, Z DEICHIEM P ELE X T
%, EHEBRICECCTEANCAIET 2 777 v F>Z o VAR CTE Y, #EiirA
EDEHERIC R > TWwd, BRIBEFEKKICT Yy A Y a —DlfffEICE>T7a v b
0y FRIOPFENRTEZL2LH1Ch>T03,

2225 &

4 (hinged lug) 7w v Fay FOBKREHO—2>THY, my FE v L—1oD
ki, by L=t 3R THfEE NS, 7uviay FoL =R DOME
HEBESPTZAB X1 570, HEDORL FRIZRNICER > T b, BRANLEZ EET 5 72
WIT YL = L3S L TN S BR O T A2 B L TRt S b,

ME&EsXozay oy FIZHHE@EEBROHZIC X > CTELCIREIT 3 2 L2340 o <C
BV [3161[7], FRICHEIHEEICE T HIET 2 FH S EEEHRSE T Tw 5[14).

2.3 nlikgs DEfmIARE

231 P IL—ILDOEERVIEE

HIE2G@EET 2 Py L —g, BRL— L il cnwa koo nd, 20
fi - W DEAIRAEIC BT, b v L — L EEAR L — L DB ORI B RLAE A T
nNTwa., JREHARTE, bv7Lr—r%hs 5 500 mm ANOFEIKTIZEARL —L & b
v 7L —VEEE ORI DS 1 mm A, Z LA O &S TR 4mm DA & 72 % X 5 Bl

E+-Em X 2.3 Jylsi e o Bk e



F2E PREDIE DA

3. HiZEOHMERELLA-REEZ P V7L =D "EE? LEW, BEFEFF YL —1D
SEE LIS, P, T OFHEROEE IZESFIAERL Tvw b,

232 RAYFTI v AX—DFE

FIEDRE ORI Z, Py 2L — A ZERL — VI Lo 2 )i b B g b
3. L2 2 12859 EHEEEERIC v 2L — B3 fafRtEs d 27, Lo
TECDICOEBICRE RAMPEL2 VTSI IR PREVEZD, A4 vFTY
Y AZ—DFy POMEEFTEL LT EBE) 28T ehoTn3, [b
D1k LI B ERS A I 1 2 ERE E, F v M iE 16 BRI COFE L Y, O
S M3I3DMERLAY > THE720F5X% 033mm HLCTF Y FOELZHECTE .

=770, CoOMLoUhoflE IRy 3 — v v B EHE BIE D AR ICH O £ % 4
WHRH 274 E, HERGTTFRICHETEZ2DD TRV, 20720, LT hoffbb
ICHIS T3 %5 (opening force) & W) IEIEZ HWTHIL D IREEZ S 5. ZEE I
SEIBHO N & B IEIEH, EEELLRICHLOTFONZRED P v 7L — LDl E —E
BHOXZ20ICHE RSO TH5, JR HHATIZZ D% 1.5+ 0.5 kN OHIFHICIL
FRL9RAVFTVXYRZ—ZHBELEBL VS, 72, MIARSICX2 L0
(AT LEEE e ORICIE, DIEGROTIRPHEH I NS L — L O & ICKE 2 I1H
FEERAEH 2 & S nTw3B[15]. &k, [EEOEHE L ILE:, BEEICOWTEEEM
BHL W3,

Fig. 2.6 Measurement of opening force.
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233 7> hkAYy FoOikY

BRI TOEA L v 7L — A %5 2 2 D IEBROMET, Thidh v ZL—ro
et B X Z 300mm OHEICH 5. AL — 2 b v 7L — VI EERGEHKIHLE O O FRART)
7R BECIFJe0n & ORI < Befih 5 2 2 L 230 & 223, BUER A7 Rk 1oLk 5 Yl &
BERICRINT 2 7 i EOWET, Fig 21 KD X ) ICRmFE T AL zoTLE ) "t &”
EIEEN 2 ARFESC, AR O X 9 IERTIRDALE CTIEEE L T T aimicBRE 2 4 L T
LES “fifl&” LIFEh2REICRZ 8D L. BTt v 7L — L oiimiclE2» 5 %
IREE7Z &, Fig. 2.7 TE»OLE~EETT 2HHEOHERA b v 7L —VSEiRIcED Bl
IOMREEDLH Y, lELPKE AT e oM T2EEEREE 2. KoTh v o
L — VDl IR B35 2 55613, Fig. 28 Dk Hic7uvituay FORZ Y 2 —va—%
TYxAbuy FOMNBYTEL, P L —AGimaM LT3 L5 %2 7e v bR
Yy NICFf/z8 32 ChrY LV 2 EEIEEILRHE. ZOoBFoztET7a v}
ay F% "R3” Lo, Ak, 7uvibey FE2IRSE ZEEAKHERI N TCWR W, E
BROMESE - FHHIE CIT X < FEhii X 3 T 3 [2][4].

Gap
\ Stock rail no gap Stock rail “Gap Stock rail
Tongye rail Tongue rail Tongye rail
SfAEDHES ISR IR RRE S EDHEE

Fig. 2.7 Classification of contact states between tip of tongue rail and stock rail.

“@.
7 Extension $
Adjust rod / :>
Screw jaw
Front rod
extension

Fig. 2.8 Illustration of the extension of front rod to fill the gap between tip of tongue rail and

stock rail.
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B2 E PESIEE oA
2.4 BSIAENED RN & BRI REED ER
2.4.1 ERIRENED RN

TRREERT, IRERIZAEA & H O ofEF T " ShTwb, CThFERIETD
BED NIRRT CBIE A DI ESRIF IS & & BT, Fig 23 A TOHRD X 5ic,
ErADYIREICuH Yy 7 —ZRNE B EICXY b v 7L =SS EI & YT
ey 7 LTWwab,

e S %220 2 L BRI COKIZE— 2 — 0B 24w, fEfin— 7 —%2[EEX & 3.
TERLETHLEBCLOVYIRECNE > Cwdry 7 v—2235 ki, srlEgRoH
SRR I NG, FinCiEiin — 7 — 12 X o TEIfED A DB LIR®, JCORLE & K Dfif
BECHHT S, COBMEICADE TR v FT VY AL = v 7L =L b EIET 525,
ZA Y FTY v AR —=DF v bOEPITIHESLED 5720, BELPAKRTRA v FT V%
ARX =1y FHRHEIRD GEFO BB L7212, P v 7L — AP ZIho 5L e%mb. &
by 7L —noBhEics E on TR AR P ADENE, iz Ecuy s —
ABWNE > T 7D L I FOYIR EBHBE L T 5. mFICVIRZICE Yy 7 =R %I
o3I en % PHEE LHniaid T & 72 5. RECHESHAENE O i & B S D IKFE % Table 2.1 ICF &
D5,

Table 2.1 State of each part used in point during switching operation.

Point state Left Neutral (switch operating) Right
Internal state ' :
of electric point
machine
Lock Locked unlocked unlocked unlocked Locked
Motor moving | Start / Finish Moving Moving Moving Start / Finish
Tongue rail Stop (locked) Stop Stop — Move Stop Stop (locked)
state
pushing to left push to left free — push push to right pushing to right

5L

2.4 RHRENE DL & RN RE D BEA



2.4.2 BRI REEDER

IR OUIR EOfMEE By 7 ¥ —ZADMEX L WG, HEEATER LR, T4
b BELRIETOMIIHEESIK T Lz L HER THIHOBITHARRERIRIEL 2 5. & i3l
AP L=V e HERL —VOMICEY) S E 2 BESRELLGA, PV L—id
HARL Ao EETEILNTET, BHEEPADNBEIHEDMEE KELTNEI LI
72 D EREEIEDTE T Lz, BEEARET LA TE S,

L2L, By 22— YIREDFEZII 3 mm BE L /NS Wiw, ETORBEREICHE
bNEY a—CVBREPERLIZBKRELRDL, PV I L —ARHEDNIEE Tl
TE T2 LTHYIREICINE & FTHIRARE & HIlr S 1L 2 ATREME 2 S 5.

ZDD, Va—C VR LYOERNPREL RAANICRBBLE L 5, RIS A VTS
v AEERAT D I I HERICHE S R R IR T 2 2 Lk b, AR
E0OEBERMET 2 FEPMEL INT D,

[FRRIC, IS8R YRFNEOETEZ T 5 & &b, e IriBIdE 7  HA
LINTWV S 70, SIS 5 N4~ D5 SR8 % HEE Lt 2 388 2 v 72
Fehkodonb,

TS DEAARRED FERIC DWW T, T CHEBIREIOE BT S T & 7. BAfiH A
v FOYE, v L= DRI IR B B 70, FlHE DS Z o R & EE T 5 Bk
T RMEELRET L, BTMECEBINZEERTOL —LOREFEM LY, P oL
— VARG TR T C 134 s R 1 SR R 28 1000 Hz %z, IRIEAET m/s2 4 — & —
WGET DIREIDBRET L e300 >T05[16][17). ZORENI v 7L — A %B L TR
moza vy bay Fef&icmbd, cnbbFFED L IRZ A EoKE RiRiE cikE)
¢35,

F 72, MEOEFITONTIIZ OFBICMA, MEICX 2L — A DzbRIC X 5EELR
AEINT[18]. NTAR D LI Y T FPHE I NIEEDOLA, BIHIREIC X o TIIHE
DEIWCIVI IFRIMABIALR, PV T L —=ADBTbATE L) RIREICR 5 2 & DR
TN, ZofET7ry ey FRONSICOR»22LEZ2zLNTWS,

—75, g OB E DB IC O W TIF IR E THRET I LT w R, FIE S EE T B
WK Py 7L =3 AR —VIicH LD o2 RRBIC7 228, T OIREEICOWTH —E
DHBEII R INTV G L WREHI R IR Tu .

243 KO T7 7O —F

FERERAE S LI, AIEICBT BT Fu—F k3,

E+-Em X 2.4 RHRENE DL & RN RE D BEA



HE GRS I o NE CRICHEEBIC L 2EHEEHICESPYCCVa—vy -
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Slip section Slip section
Electric point
Front rod - A
Stock rail
HER!
Front rod -B _: I ] 7
=] Q———w  — !
1 i
; HET Tongue rail § H H H ” \
- I I .——/‘{
i i T 1
I i . i
b ; H \
L}
I i ; 1 I
Lock rod }\F\ Switch adjuster H ”

| |
Electric point Electric point Electric point
machine machine machine

Fig. 3.1 Schematic diagram of double slip switch

Fig. 3.2 Overview of toe of double slip switch and names of jawpins.
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Table 3.1 Train passing conditions of double slip switches installed in U and V station.

Jawpin name Direction Vehicle type Velocity Trains
[km/h] per week
U sta. Al Trailing Express type-1 25.58 49
(U sta. A2) - - - (0)
Facing Express type-2 22.37 14
U sta. Bl Facing Commuter type-3 15.66 8
Trailing Commuter type-3 22.37 6
Facing Express type-1 26.74 7
Facing Commuter type-4 26.74 12
U sta. B2 Trailing Express type-1 24.51 7
Trailing Express type-2 22.62 7
Trailing Commuter type-3 22.62 2
V sta. Al Trailing Freight type-5 30.28 21
V sta. A2 Trailing Freight type-5 30.28 21
(V sta. B1) - - - (0)
(V sta. B2) - - - (0)
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EREOMHIEIL, M EFHBR Oy a— Yo REOE LR T 52tk
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FEOWMMBOMMB A2 ETHY, REEHOHXEILRERON L2 EEZF % EEE
L9 5.
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Measure point — Hinged lug :
\ ‘ /

Connecting plate

Measure point — Connecting plate 1

Front rod

N\ Connecting plate

|
|
|
,,,,,,,,,,,,,,,,,, AU A . | (N
|
|
|
:
L
} Measure point — Connecting plate 2
|
|

*Measurement values of connecting plate will be averaged

Fig. 3.3 Illustration of connection between the front rod and hinged lug. Measurement points

are also shown.
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Ellick->TELN, FHETORECO N 28, fHEZEONZES X VEHER% Table
32 IR,

Table 3.2 Measurements of wear amount.

Connecting plate Hinged Iug

Tawpin Before gap After gap Wear Before gap After gap Wear

o [um] [um] [um] [um] [um] [um]
U sta. Al 121 140 19 114 120 6
U sta. A2 95 105 10 130 170 40
U sta. Bl 95 100 5 103 105 2
U sta. B2 107 118 11 96 130 34
Vsta. Al 114 128 14 108 115 7
V sta. A2 102 110 8 117 150 33
V sta. Bl 90 92 2 95 105 10
V sta. B2 97 108 11 95 110 15

15w 3.3 EEREEHIE AL B [20]
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DEEFER IIRDOFHHENIC X o TFHIE N S[10]. 7ok, KkoFllET VI 0BT
T, 78 bRy FCORBoMAD P v 7L — % HH A58 L 72 BRO 2 % ik L
T30, BEHPIEHEIC 7 3 7= D RCEITE IS L 72,

, /ZAg / sin 6
A.gwear - kbl {adertram (al + athram a3 train = >} lmpact (3'1)

7272 U, Vipain [km/h] (ZF0EL O @M, Mypain [kg] (ZIERTEE, r [m] 1ZHEHO L,
0 [degree] |ZHiigD 7 7 v A, Ag, [mm] LN Ag,, [mm] IZNZNE v L=tk
IHOMHOBEVWES L UVHEBEVWETH Y, agy EEGRASNT XA =%, a;[1/s],a, [1/
mkg],a; [1/mKkg], by by, F TN T4 v T 4 V7T X =%k [mm?N] \ZLEFERT
HY, Nimpact [ THUNRIABEAICRE L 2EHBOMECH 5.

ZOFHETVIC Table3.1 DFESMFEZ AT L CRtE S WD BEFER &, EHIEFEE % Table
33T, BT 4 v T4V I8 T A =23 ERTE cEMRBR T — 2 2tich by
AT, HEERERICIZ B AR D 25 E M L 72 BEREAER & fRHT 2> & B 72 fE[21] 2 6 L 7.
ok, FHEFRERIL Table 3.2 D Wear ¥l & Al —DNETH 5.
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ZAHENIC D B DI, HEBEOESEY Tldadr o722t EZbN 5. CHRIC X 3 L4
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Table 3.3 Comparison of prediction model and measurement about wear of jawpins.

Connecting plate Hinged Iug
Jawpin

Measurement ~ Prediction Error | Measurement  Prediction Error

e [um] [nm] [um] [nm]
U sta. Al 19 57.7 +118.4% 6 7.0 22.3%
U sta. A2 10 28.8 +107.0% 40 3.5 94.2%
U sta. B1 5 8.6 +24.2% 2 1.0 -65.0%
U sta. B2 11 10.0 -34.9% 34 1.2 -97.6%
V sta. Al 14 30 +55.1% 7 3.7 -65.0%
Vsta. A2 8 60 +443.0% 33 7.3 -85.2%
V sta. Bl 2 41 +1387% 10 5.0 -66.5%
V sta. B2 11 21 +352% 15 2.5 -88.8%

Lo L7ed3 s, ETEIC S AT O BEREE FIlE 7 I EMZHHTE T wiffss
BHb., ZOETNIEEIRIICL Z2FEBICEHL TV 325, RGO Y HE D FA [
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DT —2%R2E, Ya—vv A2 LoD d L= 3HEEEL R, ThDD
ERIREIIREL2VETTHICb220b0T, URTHHAING 4 20V a—-v v
HTho b QERENERT ML A>T E. W7y buy Feo%ns Al fllo b
VL=V IIHEDPIC Z DAIEER DR TIE D o & DIEOEEBMAA L WD, TNV a -
VA RIS TEALIE, Ya—vbv Y AL IZ A2 B EIRERLTWRIZTTH B,
[FER DR A V BRCH iR T X, FIEo@EE, JT7hbbEHBIREOFEL T CIIERE
YT 530 Th i AREEAEZ O D,
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EEIC X 2WIRINGEOES ZEx oD, HihA L#EEIAZOGCEHTIOY 3 —v Y
FEFER (JEfTHTSE o TR RE T C X 72 W ANIE © R FEHE, RICITRTLEH) ~4 F R L5
WEn<THY, SHBEELIET 2RICEFECHEIC O WTHETT 2082 H 5.
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3.5.1 BHEME

URBIO VEICHERINAZY 2 — ¥ v oK% L — ¥ — B CBI% L £ DEEFEOFF
BAEMERT 5. b, TCCEET 22 3 — v v 3£ ©CEERR 2 HE L 72T & [E—
DI CHEMINTDDTH 20, BHBNMEZIT-72Ya - vofiE®roffiflan
ififED Y s —v v Th B,

ROA Iy a -V ZMELRMEL iy, X=Y 7 ) —F—TligMicHn%g
PrEL 7212, 7T b VICiR L 2R CEEBEHFRIC 10 20 T e L 72, B Y a —
Y'Y Fig 34 1CRd. 2o%F—o v 2oL —F Sty P L, Ya—vro
& E E 282 L7 (Fig. 3.5 27).

Fig. 3.4 Used jawpin at U station (cleaned). Fig. 3.5 Observation of jawpin using laser

microscope.
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Fig. 3.6 ICHERIRD ¥ 2 — v SR Z BT 0 L — ¥ —BEMEEEIR, X 'L —F —FEY
BICIVBoNZREADEE 707 7 A %D LICHRIL L 72 BEERZ R4, mifidv
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o CTHA RETCEEINZ/2D, YVa—vryoilfERICUHICX > T TEMMhD 9
b, REDED 2 78 B ICHI TREBERO X S IC A Tw 2 b0 eEZLNS.

(a) (b)
Fig. 3.6 Surface striped pattern. (a) Laser microscope image (2095 pm x 2791 pm). (b) Surface

height profile image. The color level changes in each 5 pm.
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(a) (b)
Fig. 3.7 Surface flatten area. (a) Laser microscope image (2095 pm x 2791 pum). (b) Surface

height profile image. The color level changes in each 5 pm.
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WEZRBEMLZ, &5 LCHE%E D & IR L 727 V271 #EE 71 (Original model) &
1077 Nl S

LUF, FEEAREGICOWT, HREMFOREFICOWTHAT 5.

(b)
Fig. 4.1 Overview of simple turnout. (a) Picture taken at station. The red line shows the

modeling region. (b) Multi body dynamics model.
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I, YEGEIC B EROREARL — AL 2 NENORLALEE Lz, Ak, BRERICH:Y 3 2 &
IRRSGEZRE L, ERMEICTERICEET 2. BB L NIERhoffER% Fig.42 &
X U Table 4.1 IT/R T,

Stock rail Stock rail

k1 Xyr k1 Zr k1 rxXyz %
c!

Sleeper, base plate

kzxyr k2,
c2

ground

z

21

Fig. 4.2 Pattern diagram of springs and dampers between stock rails, sleepers, and ground.

Table 4.1 Spring and damping constants around stock rails.

kx)’ kz eryz c

[N/mm] [N/mm] [N/deg] [Ns/mm(deg)]
Stock rail — Sleeper (1) 1.3E+06 5.0E+05 3.5E+06 10
Sleeper — ground (2) 1.0E+05 5000 - 10

422 rvo7L—I
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DD, FISL—AREVEIRIROBITHEIL, 1 KoL —1% 13 K7 4 DEAK

fEt-3C 42 TV VT



o4 R RIAENEIC X B B~ D

EEZ, BRT A MR ZRE LA EZBHHT 2. BBV &S K7 4 oBELM %k
WD e Bz L, 202 HEICHIE e — X v b ol - B2 5 FHE & h 3 i
N EmEE N EART S, YL — A DEEIE7.86 x 1070 kg/mm3, ¥ v 7 (32.05 x 10°
MPa & L, Wi —“RE—X Y MIRFHAMEICL S b v 7L —LoBiHBRZICS L
T, w/NT3.85x10° mm?, RAT639%x10° mm* EHE L. 2O LCEIHHEINE 2bA
DFLEICDONWT, 4221 HTHEZET .

FY L=V EGEILT 720, SoEIEFTC o =Y oMM A EREICL VAT
TENRTEL, ZHICXY, L= ZPREARLTHF2 2L TE, L1 OBk
WEERET 22N TEDLLHICLTH 5.

F72, b L —VEIRIRE X OHEAR L — v, [BREM, Sk E R & iS5 2o 5 b,
AR & Dl I3 B B ORFER RS TH Y, ZEHFIC v 7L =L ERIROEARD 2
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4221 by L—ILBEERTEOZ LM

AT CHEH EN-2FRERZETALL PV 7L —AZEOH L7235 DL iKY
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Toe

Static Force
2 kN

Fig. 4.3 Outline of rail elasticity confirmation analysis.
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Table 4.2 Analysis conditions of rail elasticity confirmation.

Finite element analysis Multi body dynamics
Software LS-DYNARI11.1 Adams 2021.1
Analytical method Implicit analysis Dynamics analysis
Integrator - HHT /13
Element type 1st order solid -
Number of nodes / parts 60076 nodes 13 parts
Number of elements / freedoms 45470 elements 72 freedoms

Time step 1.0 X 107* sec 1.0 X 10™* sec

RN OFERF SN P Y I L — A OEMERD Fig 44 1CF L0 5. I 73w F T4
XAFITZRAETATHEIENZ 13D b v 7L ==y OJeimllo i cilll & /- &6

(b B D 1 DML T 27200 &, FINE COFRERMTcOZ % 7'n
yhL, AT TAVHITLE D TH S, V77X VAN FRT A4 XA F IR T
L— L& SEIL, EERICHY T 28 R 1R RE S 2T v, BRERMTICX 55
BRiRzZzLCHHTZ 2203900, Zimfhinics g 226 0T 2% AN E -
Tw3, kY, ZoFREEIBEIERITICD V2.

200

—e— Multi Body Dynamics
—x—Finite Element Analysis
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Fig. 4.4 Comparison of displacement calculated by multi body dynamics analysis and finite

element analysis.
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CEAER — R b

SR CoE — iR

P

SeJTMIER - XN —

DR (PR LD K E VD)
FeJTMIER - XN —

WEHE - R4 v FT I RE2—w oy P OB LIRS KE WD)
M E — v b s A

D DITNER IR L% Table 4.3 D X H ITED 7-.

K3y K32 K3y K3
Cy By By C2

- Switch rod bracket

Imposed
displacement

Fig. 4.5 MBD modeling around switch adjuster.

Table 4.3 Spring and damping constants of spring elements connecting the switch rod and

arm-type fitting.

kxy kZ ery kTZ ny CZ Crxy CT'Z
[N/mm] [N/mm] [N/deg] [N/deg] [Ns/mm] [Ns/mm] [Ns/deg] [Ns/deg]
Switch rod -
1.0E+06  5.0E+05 1.0E+07 1.0E+06 10 10 10 1
Arm-type fitting (3)

ALy FT Vv AX—uy FOGEEE, ARERE OO BED A3 5 @
TH P, KT CEIBLXIZCOEOET Y v 72 R IEL T 5720, o BREMN
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Fig. 4.6 Curve of imposed displacement on switch adjuster rod in Y direction.
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Fig. 4.7 Modeling around B821 front rod.
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Fig. 4.8 Modeling around B721 front rod.
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Fig. 4.9 Contact settings around B721 front rod.

4.3 mEMTSRA

RO Y, ~ 27 7% « R T DI 0uil % EEBTR, BIfE 2 ASGh & sl 26 o 50k
&L, b L—ABHRONED SR L, Z DR, £ LT B RN 2 Eia T 5.
BRT 4 DEEIIHAMEEFE L 7.86 x 107 kg/mm? ICFEIE L 7=,

$72, EHIEEZ Z & OJ51AIC 9806.65mm/s> & 72 5 X D FXE L 72, % DDt
% Table4 4 ICE 20 3. Znd, BTV 7 b OBBEIC X - T, HA%1F mm-kg-s % %
L7235, 71id N 0B TAHBNI LT3,

& L5~ 4.3 fEpTfT



o4 R RIAENEIC X B B~ D m

Table 4.4 Analysis conditions of switching case of the simple turnout model.

B821 model B721 model
Software MSC Adams 2021.1
Analytical method Dynamics analysis
Integrator HHT /13
Unit [mm][kg][sec][N]
Number of bodies 68 70
Degree of freedom 311 329
Maximum time step 1.0 X 10™* sec
Calculation time 16 sec

7t 3, Intel Core i7-8700 7 & % v H#&#E Windows 10 ¥ ¥ C, 6 AL v Fii%l|EEED
| T 720 OFTERREIZ B X 2 50056 10 DRRETH 72208, RITOREHICX > TkZ
CEBHL 600 3%z 27 — A TFEEL 7=,
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W=k-P-V-T @.1)

2T, W [mm] (ZEFEE, k [mm¥N] (XLLEFRER & WIEN 2 LLHIRECT, P [MPa], V
[mm/s] 25% NZ VEEMRIETE & 5 0, T [s] 2AMEEETcH 2. LrL7uevy by Fo
il 52 1 13080 L C [mIRiEE) Lke 2305 Tt e <, EEERR I AR T 2 X S i
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o, WEZIEMNT OFE R Z b L ICEBME T & i ) HE ORI 2 2 LT, 18ELZY
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W=k f PVdt @.2)
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@9 |
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F 4.8)

a=2

Table 4.5 Fitting parameters of equation (4.7).

1 2 C3 Ca

4.92 0.35 0.25 0.33

T/, WOEEICOWTIE B2 BEHEICE 2, RES5)ICXVFET 3.
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Fig. 4.10 The turnout during the switching operation.
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Fig. 4.11 The axial force of switch adjuster rod by the measurement and MBD analysis.
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Fig. 4.12 Gap between tongue rail and stock rail.
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X-Direction contact Force [N]
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Fig. 4.13 Contact force of spherical bearing used on B821 front rod (in Y direction).
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Fig. 4.14 Contact force of spherical bearing used on B821 front rod (in X, Z direction)
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Fig. 4.15 Behavior around switch rod at the time tongue rails moving to right.
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Fig. 4.16 Calculated contact pressure of spherical bearing on B821 front rod.
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Fig. 4.17 Contact force of spherical bearing used on B721 front rod (in Y direction).
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Fig. 4.18 Analytical deformation diagram and conceptual diagram at the time of switching to

right and the time just tongue rail and stock rail contacting.

0.6

around X axis

04 F —- around Y axis
————— around Z axis

Tilt of jawpin [deg]

06

Time [sec]

Fig. 4.19 The tilt of right side jawpin as seen from the hole of hinged lug.
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Fig. 4.20 Calculated contact pressure of jawpins on B721 front rod.
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Fig. 4.21 Calculated sliding velocity of spherical bearing or jawpin on front rod.
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Fig. 4.22 Calculated PV integral value of spherical bearings on B821 front rod.
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Fig. 4.23 Calculated PV integral value of jawpins on B721 front rod.
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Table 4.6 PV integral values of spherical bearings and jawpins calculated with MBD analysis.

PV integral [N/mm]

Front rod type Contact possession
Left Right
B8&21 Spherical bearing 5.47 5.80
Connecting plate / Screw jaw
o 7.14 8.66
— jawpin (top)
B721 Hinged lug — jawpin 10.27 11.65
Connecting plate / Screw jaw
o 6.00 8.59
— jawpin (bottom)

46 b7 L—ILOBEBRBEREOZE

23 fiTiiR7Z2X 51, FIERIIAALA v FTVYREZ—DFy beTmv by FOIRY
T B L CHEYAHLOTRES I VL — L D BEBEIREEICR S X5 ICEH X
N5, ZZTIEZOFEBIRENLEREIC KT THE LR T 270, SVF AT 4 XA F 17
ZAETANDAA v FTI¥AZFy FOfEE 70y oy FEIE3EX 22 & T
ZEML 72, ZBARMECIELE DL RFDRAEL 2 X Ik d 2L L, B82I
7wy rnay FCiRAOKREEZITO PV BEiE%Z, B21 BlCiifioy a—v v ofts
&3 2 T o PV EAMEEZ RGN R & F 5.

4.6.1 ZERBFEI L DOTEDRE

9, DR OIEREEARE T LRI N RBICB I X4 v F T Vv 22—y F
D] & PV BEME L DEARICO WTHER T 2. A4 v F TV ¥ 2 X —DF v + OlE %k
DIRETHEN T2 LHEEE AL v F T Vv AR —DBEII/NES L BB v 7 L—0
OBREIEMIEL, AL — L L DBEMBICIL O 2 1% TE 22 L 2FHATS. Fv
ME T T U H 5 EAEEFIC 0.1 mm T2, -0.3~03 mm O CHEIE 2T
T2 FEf L 72, EEDOZRA v FT7 V% ZZ—TDOF v FFEDH 033 mm B TD A

& L5~ 4.6 + V7L — N OEEFIBINEDOTE



o4 R RIAENEIC X B B~ D

T2 2729, @YNICHEINIRETD by 2L —AiLoF i3 T 2 CEi$ 2 fi#hr ¢
HESINDHFHTELDHLDDLEEZOLND.

AW 1 FERRL ZBo 7 vy ey FOGICHY 1T S 73Rz s X0y =
— Y VOPVRESEL, G L 7ZREBICEB I 224 v F TV v 2% —u v FOlfifi 0B
2% Fig. 424 1R T. ak, HGOMY L —AZILOFZ L ZICRAL v FT V% R4
—uy FEF|ERHEICHEP T B0, 2OHBONZIELE LTI 7ICLE Ih%
Hze, BRANV B I L= Z2HLOTF TV RO, v FT7 V% 2 &2 —1u v Fififif)
ZELLCdH PV BEOMEICIHIZITEB R oA vwoicl, BR1 By ey FCid s
kN Z 8 2 7-HipH Ccili# ICHRERR A L o 5.

20
OB821_Spherical_Bearing_R

3 x B721_Jawpin_R P
c 15 |
> X
© 10 X X
o
9
= 5 (o) (o) (o} (o] (o] (o} (o}
>
o

O 1 1 1 1 1

3000 4000 5000 6000 7000 8000 9000

Axical force of switch adjuster rod [N]
Fig. 4.24 Relationship between PV integral value and axical force of switch adjuster rod in case

of the turnout is switched to right.
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Fig. 4.25 Relationship between PV integral value and extension length of front rod.
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Fig. 4.26 Forces around the tongue rails, switch rod, switch adjuster rod and front rod.
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Fig. 4.27 Force histories of tongue rail, switch rod, switch adjuster rod and front rod in Y

direction at the time of operating to right.
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Fig. 4.29 Inwardly bent tongue rail (displacement scaled x6.7).
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Fig. 4.31 Initial gap between switch rod bracket and connecting bolt.
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Fig. 4.32 Relationship between PV integral value of right bearing and extension length of front
rod considering the gap between bracket hall and bolt.
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switched to right and extension length of front rod.
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Table 4.7 Calculated wear of jawpin contact with hinged lug assuming the switch passed by

train at high speed [pum].

o _ o Vehicle impact + Switching operation
Jawpin installed side | Vehicle impact only
standard state (2 mm extension front rod )
Normal position 28.7 31.0 (368)
Reverse position 21.4 23.7 (29.6)

Table 4.8 Calculated wear of jawpin contact with hinged lug assuming the train passing at low

speed and the count of switch operation is same with number of trains [pm].

o _ o Vehicle impact + Switching operation
Jawpin installed side | Vehicle impact only
standard state (2 mm extension front rod )
Normal position 40.6 62.5 (1164)
Reverse position 25.1 47.1 (100.9)
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WENIL Y, FFlcru v oy FERE 258 EREEIC X 2 EEORED 2
RE W ERFEARNS.

4.8.3 UBRDEARRRAZIRE L 72%E

U BRoFEE@ER % b L ic, IRBfF oS %2 % e L CHEER T %Z1T o 2R %
Table 4.9 /"9, 7ok, UBROEAEIEDEFBIRITICEI T 2 T — 2B o720, 22T
21 HIC 10 B OHREEEIERD 2 b D LRE Lz, OIS ZEET 25HIZZ b 2 b
Y7, @B TE R WEIEOIRD 72 0 b K\, X o THREENE OB ERE O
RRERICKRE PET 3.

Lo L, EHIFERE RS 2 SR & L TR S, ZHIEER 037 & oz 8T
Z, FHIFERRICEETERER R L Tz, ZOEEIL I TH L EBEZ
bNb. SHREMREZFNT 2BCIIEmHMFAO NI OA LT, 7a v b ay FiZrd 28
ELHEL LADLEARORET 2L BB TEEEZONS. TEHIC A7) 2—V =
— & OEEHALE 1A FEE O F ER A T TR ENE ERl>Tnwb 2 s, FHNCHER
LCW 2 HEEREDEOZYEICOWTHRANHBETH 2L EZLLND.

fi& L5 C 4.8 HELHEERHE BIRE) O E & O R



o4 E ERREEIC X 5 B~ D

Table 4.9 Calculated wear of jawpin contact with hinged lug applying the situation of U station

and its measured wear [um].

Vehicle impact + Switching operation
Jawpin name | Vehicle impact only Measurement
standard state (2 mm extension front rod )
U sta. Al 7.0 8.6 (12.4) 6
U sta. A2 3.5 5.1 (8.9) 40
U sta. Bl 1.0 2.6 (6.5) 2
U sta. B2 1.2 2.8 (6.6) 34
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Table 5.1 Material characteristics of FE model to calculate the stress of hinged lug.

Material name Steel

Used at All solid elements
Material type Isotropic elastic
Mass density [ton/mm3] 7.86 X 107°
Young’s modulus [MPa] 2.05 x 10°
Poisson’s ratio 0.3

Table 5.2 Conditions of analysis to calculate the stress of hinged lug.

Software Ansys LS-DYNARI11.1

Analytical method Implicit analysis

2nd order solid (for hinged lug)
Element type 1st order solid (for other parts)

Beam (used as spring)

Unit [mm][ton][s][MPa]
Number of nodes 241275
Number of elements 66310
Time step 0.01s
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Fig. 5.3 Maximum principal stress of hinged lug caused by switching operation.
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Fig. 5.5 Time history of maximum principal stress of the element at upper edge of slot hole.

ZDfENFERZ S LT, BIES Yy F < Y#XOE 275 % H w7 B IESH IS /1R IE % Table
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o, = 265 [MPa], 5l-iRYi®E o, =440 [MPa] & L 7.

Table 5.3 Modified equivalent stress amplitude caused by switching operation.

Analysis case Original model Nut fixed model ~ Front rod extended

Mean stress

30.27 41.24 156.47
om [MPa]
Stress amplitude
30.00 41.29 117.63
o, [MPa]
Modified stress amplitude
32.21 45.56 182.55

Oeq [MPa]

Table 5.3 ZR 2 &, BEMEET AL F Y FE2FHEL TPV 7L — DL OF %D 72
ET AT, BIESFMIGIRIE L 50 MPa I biifi7z 2. ME&EORMTH 5 S25C D F7 IR
1% 145~255MPa F2RE & T 4[27], Sz KIEIC T 2 72 0557 ~ DB I oy ic T X
0wz b, —J, 7avitary F%E 6mm ko7 —ATIREHBRIGEWNESL to Tk
D, IEIE ARV BT L ICX D @I A I NPEFIC X HHEREC L EZLND. Ly
LIDIGIC X DWET TOY A Z71F, S25C @ SN #RIX & 2 DA ERR 111X Y 3.6 x 10°
FEEOEMEIE L RS, ZhICE 3123 1 HIT 100 FEE OB % 99 ikl 2 &
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ST CIRIEFRIENEL 2 ETOIA A EERIBICHD LT 283055, 10
MR OFIE A 1 HIiC 85 km/h T 100 A@# S 2 L{RET S L, &7y vy FERIRD
DRI OEEDOHFMIL 1143 5, 567 4, 1264, 744 THY, RVICX->CitREI s FH
mAIEF I R EEZLND.

FEEROE —~FIGICOWTIE, Fig.437 L XG.DHX VIRD O 212t U TR ICHY
RKLfT 200, HABOEROHELEL VR LRI ZTRICHFMHPEL 5.

Table 5.4 Modified stress amplitude and cycles before fatigue failure due to impact vibration

caused by train passing considering the extension of front rod.

Mean stress Modified equivalent stress amplitude
Extension of : :
om [MPa] train passage 30 km/h train passage 85 km/h
the frontrody = i
(=0, ineq.5.1) Gg 30 [MPa] i ( failure cycles) V 85 [MPa] ( failure cycles )
0 mm 41.6 30.6 2.0 x 1010 70.3 2.1 x10°
2 mm 117.2 37.7 1.3 x 100 86.7 8.3 x 108
4 mm 192.9 493 6.9 x 10° 113.3 1.8 x 108
6 mm 268.5 71.0 2.0 x 10° 163.3 1.1 x 107
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Fig. A.1 Overview of FE model of tilted cylinder contact model.

Table A.1 Material characteristics of tilted cylinder contact model.

Material name Steel
Used at All parts
Material type Isotropic elastic
Mass density [ton/mm?] 7.86 x 107°
Young’s modulus [MPa] 2.05 x 10°
Poisson’s ratio 0.3

Table A.2 Conditions of analysis of tilted cylinder contact model.

Software Ansys LS-DYNARII.1
Analytical method Implicit analysis
Element type 1st order solid
Unit [mm][ton][s][MPa]
Number of nodes 119505
Number of elements 111096
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Fig. A.2 Contour of contact surface pressure of hole — cylinder contact with tilt.
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Fig. A.3 The relationship between tilt and contact surface pressure and its prediction line.
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Fig. A.4 The relationship between tilt and the value of FEM calculated contact pressure

divided by Heltzian theoretical pressure.
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Fig. B.1 Right side view of three-sleepers-sunk model.
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Fig. B.2 Relationship between PV integral value and sunk of sleepers.
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Fig. B.3 Relationship between PV integral value and tilt of switch around X-axis.
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Fig. C.1 Z-direction acceleration at hinged lug in the analysis which applying impact vibration

to heel of tongue rail using MBD and FEM.
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Fig. C.2 Overview of impact vibration MBD model.
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Fig. C.3 Original and modified acceleration in Z direction, and displacement calculated by

integrating the acceleration.

Table C. 1 Conditions of MBD analysis of front rod with impact vibration caused by train

passing.
B821 model
Software MSC Adams 2021.1
Analytical method Dynamics analysis
Integrator HHT /13
Unit [mm][kg][sec][N]
Number of bodies 11
Degree of freedom 12
Maximum time step 1.0 X 1075 sec
Calculation time 10 sec
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Fig. C.4 Deformation diagram with arrow showing the force and torque.
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Fig. C.5 Contact force of right spherical bearing at impact vibration analysis.
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