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Uvod do brzdnych modelti ETCS — gama i lambda

rychloc¢inné brzdéni (EB)

-
| |
— nakonfigurovany v OBU ETCS ¢ ) A Al
s danym vozidlem/soupravou i orovomn b 58
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— korekcni faktory ( ) e
] e AG class 423
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ze zad. vlak. dat do ETCS OBU ( t:1_km, t e km, a_brzdné_km(V))
— zadana vlakova data = -

— korekcni faktory ( )
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Korekcni faktory pro gama i lambda viaky

= Korekéni soudinitelé (1/4) — definice: LR
— pro bezpecne odrychleni (A_safe_dry(V, EBCL)):
Aprake safe dry (Vr EBCL) — Kdry 'rst(VJ EBCL) * Aprake nominal (V) =
— pro bezpecne odrychleni (A_safe_wet(V, AVADH)):
Koot rst = e -] M_NVAVADH

100+dgecel increasel%]

Aprake safe wet (V,AVAVH) = (Kwet + AVADH - (1 - Kwet)) Aprake safe dry(V! EBCL)
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Korekcni faktory pro gama i lambda viaky

M_NVEBCL

= KorekcCni soucinitelé (2/4) — Kdry (1/2):

— pro bezpecné odrychleni (A_safe_dry(V, EBCL)):

Brzdna dréha = f(EBCL), PDF (Probability Density Function / fce hustoty pravdépodobnosti) rozdil br.

o . pravdépodob-  brzdna brzdné drahy rozdil br.
a687,8m, o=373m ) EBCL nost dand drdha  odrychleni Vi drahy vi&i  Kdry_rst Konktrolni vootty Poznénky - z riznych zdrojd,
arovni EBCL  =f(EBCL) =f(EBCL) .. nominal. nap. [Ehret]
001 } nominal.
700 [-1 [%] [m] [m.s-2] [m] [%] [-]
E i o 0 50 87,7 0,808 0,0 0 1 (1) [704 m, 714 m a 645 m]
2 1 30 735,5 0,755 47,8 6,9 0,935
g o 2 99 7744 0,717 86,7 126 0888 UK
E w00 = 3 99,9 802,9 0,692 115,2 16,8 0,856 (cca30)
g 4 99,99 826,3 0,672 138,7 20,2 0,832 NL
goo 00 5 99,999 846,7 0,656  159,0 231 0,812 CH
200 6 99,9999 864,9 0,642 177,2 258 0,795 FR
o . 7 99,99999  881,5 0,630  193,9 282 0,780 DE, BE, AZD Kopidinka
8 99,999999 896,9 0,619 209,3 30,4 0,767 . NO
0 00 9 99,9999999  911,3 0,610 223,6 32,5 0,755 911,3 ' m DK, IT, LU, CZ Spréva zeleznic

Abrake safe dry (V: EBCL) = Kdry rst (Vv EBCL) ' Abrake nominal (V)

...... 7 8 9 e B1 2l Viak (a_EBCL) Brzdici viak (a_mean)
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Korekcni faktory pro gama i lambda viaky

= Korekcéni soucinitelé

— pro bezpecne odrychleni

Brzdny model dle NV pro brzdné kiivky ETCS EB?
I
nominal model 750.0
SZ NV-EBCL infl 1013.5
4 SZ NV-EBCL+AVADH infl 1266.9
DB InfraGO NV-EBCL infl 9494
- DB InfraGO NV-EBCL+AVADH infl 949.4
AZD Kopidlnka NV-EBCL infl 949.4
: . AZID Kopidinka NV-EBCL+AVADH infl 9494
konvenéninavésténi [automaticky blok) nfa

e

>> jednotka

rel diff
[m]
0.0
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253.4

199.4
0.0

199.4
0.0

rel diff

[%]
0.0

35.1

a2 n
FReRl

abs diff
[m]
0.0

263.5

516.9

199.4
199.4

199.4
199.4

abs diff
[%]
0.0

35.1

68.9

26.6
26.6

26.6
26.6

SBI
[m]
837.6

1087.4
1340.8

1023.2
1023.2

1023.2
1023.2

n/a

rel diff
[m]
0.0

249.8

253.4

185.6
0.0

185.6
0.0

rel diff

[%]
0.0

29.8
233
el

22.2
0.0
0.0

222
0.0
5.7

<<

abs diff
[m]
0.0

249.8

503.2

185.6
185.6

185.6
185.6

abs diff
(%]
0.0

29.8

60.1

22.2
22.2

22.2
22.2

P
[m]
993.2

1242.9
14%6.3

1178.8
1178.8

1178.8
1178.8

1000

rel diff
[m]
0.0

249.7

253.4

185.6
0.0

185.6
0.0

rel diff
(%]
0.0

25.1

20.4

18.7
0.0

18.7
0.0

abs diff
[m]
0.0

249.7

503.1

185.6
185.6

185.6
185.6

(2/4) — Kdry (2/2):

abs diff
(%]
0.0

251

50.7

18.7
18.7

18.7
18.7

1
[m]
1343.2

1592.9
1846.3

1528.8
1528.8

1528.8
1528.8

1272.2

rel diff
[m]
0.0

249.7

253.4

185.6
0.0

185.6
0.0

(A_safe dry(V, EBCL)):

rel diff
[%]
0.0

18.6

15.9

13.8
0.0

13.8
0.0

abs diff
[m]
0.0

249.7

503.1

185.6
185.6

185.6
185.6

M_NVEBCL

abs diff
(%]
0.0

18.6

37.5

13.8
13.8

13.8
13.8
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Abrake safe dry (V: EBCL) = Kdry rst (V' EBCL) ' Abrake nominal (V)




Korekcni faktory pro gama i lambda viaky

» KorekCni soucinitelé 3/4) — Kwet (1/2): MIAVADH

— pro bezpecné odrychleni (A_safe_wet(V, AVADH)):

. Yoo AVADH d_decel_ A_brake_ A_brake_ d_decel_ d_decel_ d_decel_i Brzdné drahy v zadislosti na hodnoté AVADH
suché a Cisté dry safe_dry safe_wet  wet diff ncrease
koIejnice [-] [m] [ms-2]  [m.s-2] [m] [m] [%]
4 - 1 911,3 0610 0610 9113 0,0 0,0
4 R4
,sucha kolej kFOPen’e kolejn Ife 095 9113 0610 0604 9205 9,2 1,0
dle EN 15595 ,hizkd adheze 09 9113 0610 0597 9299 18,6 2,0
dle EN 15595 08 9113 0610 0591 9395 28,2 31
08 9113 0610 0585 9493 38,0 42
(nomin. 687,7 m) 075 9113 0610 0579 9593 48,0 53
O (,probrzdéno” 07 9113 0610 0573 9695 58,2 64
. 065 9113 0610 0567 9799 68,6 75
O kupt. 860 m) 06 9113 0610 0561 9906 79,2 8,7 T
_ o 0,55 911,3 0,610 0,555 10014 90,1 9,9 £
d 05 9113 0610 0549 10126 1013 111 >
decel wet 2 z 2 2 2 u >
. _ —_— B 0,
ddecel increase = |7 11-100 [ A] 045 9113 0610 0543 10239 1126 124
decel dry 04 9113 0610 053 10356 1243 13,6
035 9113 0610 0530 10475 1362 14,9
03 9113 0610 0524 10597 1484 16,3
025 9113 0610 0518 10721  160,8 17,6
100 02 9113 0610 0512 10849 1736 19,0
K _ [_ ] 015 9113 0610 0506 10980  186,7 205
wet rst — 01 9113 0610 0500 1111,4 200, 22,0
100+d : % : S : ' : :
decel increasel%] 005 9113 0610 0494 11251 2138 235 4
0 91,3 0610 0488 11391 2278 25,0 CRARERENR2IBHETEIIFBEIRE 5§88
- -
brzdna draha [m]
A (V,AVAVH) = (K,e; + AVADH - (1 — Kyyer)) - A (V,EBCL) —o e oos
brake safe wet\V » wet wet brake safe dry\" » et oe
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Korekcni faktory pro gama i lambda viaky

M_NVAVADH

= KorekcCni soucinitelé (3/4) — Kwet (2/2):

— pro bezpecné odrychleni (A_safe wet(V, AVADH)):

Brzdny model dle NV pro brzdné kfivky ETCS EBD rel diff reldiff  absdiff  absdiff SBI rel diff rel diff  absdiff  abs diff P reldiff  rel diff absdiff absdiff 1 reldiff  rel diff absdiff abs diff
[m] [m] [%] [m] (%] [m] [m] [%] [m] [%] [m] [m] [%] [m] (%] [m] [m] [%] [m] (%]
nominal model 750.0 0.0 0.0 0.0 0.0 837.6 0.0 0.0 0.0 0.0 993.2 0.0 0.0 0.0 0.0 1343.2 0.0 0.0 0.0 0.0
e~ ~= SZ NV-EBCL infl 1013.5 263.5 | 263.5 35.1 1087.4 249.8 29.8 240.8 29.8 1242.9 249.7 25.1 249.7 251 1592.9 249.7 18.6 249.7 18.6
E SZ NV-EBCL+AVADH infl 1266.9 253.4 25.0 516.9 68.9 1340.8 253.4 23.3 503.2 60.1 14%6.3 253.4 20.4 503.1 50.7 1846.3 253.4 15.9 503.1 37.5
- 5.7
) DB InfraGO NV-EBCL infl 9454 199.4 206 199.4 26.6 1023.2 185.6 22.2 185.6 22.2 1178.8 185.6 18.7 185.6 18.7 1528.8 185.6 13.8 185.6 13.8
I DB InfraGO NV-EBCL+AVADH infl 949.4 0.0 0.0 199.4 26.6 1023.2 0.0 0.0 185.6 22.2 1178.8 0.0 0.0 185.6 18.7 1528.8 0.0 0.0 185.6 13.8
N 0.0
E AZD Kopidlnka NV-EBCL infl 949.4 199.4 20,5 199.4 26.6 1023.2 185.6 222 185.6 22.2 1178.8 185.6 18.7 185.6 18.7 1528.8 185.6 13.8 185.6 13.8
b AZD Kopidinka NV-EBCL+AVADH infl 9494 0.0 0.0 199.4 26.6 1023.2 0.0 0.0 185.6 22.2 1178.8 0.0 0.0 185.6 18.7 1528.8 0.0 0.0 185.6 13.8
- 5.7
konvenéninavésténi [automaticky blok) nfa n/a 1000 1272.2
[
>> Jeantka << Aprake safe wet(VJAVAVH) = (Kwet + AVADH - (1 - Kwet)) “Aprake safe dry(VJ EBCL)
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Korekcni faktory pro gama i lambda viaky

= KorekcCni soucinitelé (4/4) — shrnuti:

— pro bezpecné odrychleni (A_safe_dry(V, EBCL)):

Abrake safe dry (Vr EBCL) — Kdry rst (V, EBCL) ’ Abra.lce nominal (V)

— pro bezpecné odrychleni (A_safe_wet(V, AVADH)):

100
Kwet rst — 0 [_]
100+dgecel increasel%]

Aprake safe wet (V,AVAVH) = (Kwet + AVADH - (1 - Kwet)) Aprake safe dry(V! EBCL)
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Korekcni faktory pro gama i lambda viaky

M_NVKTINT
= Korekeéni soucinitelé (1/2) — definice: v
v s v M_NVKRINT
— pro bezpecnou nabehu (t_e) a reakce (t_1): L NVKRINT
t1 converted safeatrainr br.mode, Kt int) - Kt int " b1 converted(ltraiw br. mOde) '§| :gl od :EI
€ |2 ¢
T

te‘ converted safe(lt'r'ainr br. mOder Vtargeb Kt int) — Kt int 1_,9 converted (lt'rainr br. mﬂde! Vta‘r‘get)

— pro bezpecné

Aprake converted safe (v, 4, Ky ine Ky int) = Ky int " Kr int * Abrake converted v, 4)

-
k) £
c
a = £
-8
=
-
= =

ETCS: Porovnani brzdnych modeltl gama a lambda




Korekcni faktory pro gama i lambda viaky

M_NVKTINT M_NVKRINT
L_NVKRINT

= Korekéni soucinitelé 2/3) — V8. (2/2): o — minvkunT

’ f 2 . V4 v e .
L
— pro bezp. odrychleni (A_safe(V, Kv, Kr)) i nabeh Kt (t_e (Kt) it _1(Kt)):
Brzdny model dle NV pro brzdné kfivky ETCS EBD rel diff rel diff  abs diff  abs diff SBI rel diff rel diff  abs diff  abs diff P rel diff rel diff  abs diff  abs diff 1 rel diff rel diff  absdiff abs diff
[m] [m] [%] [m] [%] [m] [m] [%] [m] [%] [m] [m] (%] [m] (%] [m] [m] [%] [m] (%]
Nominalni model 662,7 0,0 0,0 0,0 0,0 858,0 0,0 0,0 0,0 0,0 1013,5 0,0 0,0 0,0 0,0 1363,5 0,0 0,0 0,0 0,0
* SZ NV-Kv infl 946,8 284,1 42,9 284,1 42,9 1142,0 284,0 33,1 284,0 33,1 1297,5 284,0 28,0 284,0 28,0 1647,5 284,0 20,8 284,0 20,8
i SZ NV-Kv+Kr infl 1051,9  105,1 11,1 389,2 58,7 1247,2 1052 5= 389,2 45,4 1402,7 1052 8,1 389,2 38,4 1752,7 1052 6,4 389,2 28,5
E - _ SZ NV-Kr+Kv+Kt infl 1051,9 389,2 58,7 1266,7 19,5 1,6 408,7 47,6 1422,2 19,5 1,4 408,7 40,3 1772,2 19,5 1,1 408,7 30,0
;5
"] DB InfraGO NV-Kv infl 753,1 90,4 13,6 90,4 13,6 948,3 90,3 10,5 90,3 10,5 1103,9 90,4 89 90,4 8,9 1453,9 90,4 6,6 90,4 6,6
i “— DB InfraGO NV-Kv+Kr infl 753,1 0,0 0,0 90,4 13,6 948,3 0,0 0 90,3 10,5 1103,9 0,0 0,0 90,4 89 1453,9 0,0 0,0 90,4 6,6
E W DB InfraGO NV-Kr+Kv+Kt infl 753,1 90,4 13,6 977,6 29,3 3,1 119,6 13,9 1133,2 29,3 2,7 119,7 11,8 1483,2 29,3 2,0 119,7 8,8
08
e AZD Kopidlnka (VTS €D 47/2019) NV-Kv infl 543,2 -119,5 -18,0 -119,5 -18,0 738,4 -119,6 -13,9 -119,6 -13,9 894,0 -119,5 -11,8 -119,5 -11,8 1244,0 -119,5 -8,8 -119,5 -8,8
3 AZD Kopidlnka (VTS €D 47/2019) NV-Kv+Kr infl 603,6 60,4 11,1 -59,1 -8,9 798,8 60,4 5,2 -59,2 -6,9 954,4 60,4 6,8 -59,1 -5,8 1304,4 60,4 49 -59,1 -4,3
’ o = = AZDKopidlnka (VTS €D 47/2019) NV-Kr+Kv+Kt infl 603,6 -59,1 -89 828,1 29,3 3,7 -29,9 -3,5 983,6 29,2 3,1 -29,9 -3,0 1333,6 29,2 2,2 -29,9 -2,2
P i navésténi (automaticky blok) n/a n/a 1000,0 1272,2

>> jednotka <<
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Porovnani modelu z hlediska propustnosti (1/5)

= kontext —
— podminky: , rovna trat’ (0 %o), normalni adhezni podminky
) s_info
| ] [RF o
) ® i'; Legenda:
120 - : kfivka EBD
! indikaéni doba | |
:EE 60 zos P = prekradovani
dovol. rychlosti
EBD = kfivka
o idtelnost nouzového brzdéni
20 | E nz(i;.'éjti E
1500 dréha [m] 10@00 500 0
<ﬂ 3 '—O 5 —H@
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Porovnani modelu z hlediska propustnosti (2/5)

" porovhani — pro BC
— podminky: , rovna trat (0 %o), norm. adheze
EICS lambda model, diff. EICS gama model, diff. | Gama vs. Lambda model
Konvencni navésténi [m] |vlak/jednotka |SZ NV SZ NV . 1 .
[%] [%] | pfiV =140 km.h™ & SZ NV
[m] [m] Py |
BR423 1510] 51 1573082  Lambda_ | -63
P 1000 Talent 3 1210| 21 1233| 23 Lambda =~ -23
BR430 1440| 44 1509| 51 Lambda | -69
BR423 1860] 46 1923[ 51| Lambda  -63
| 1272 Talent 3 1560| 23 1583 24 Lambda -23
BR430 1790] 41 1859] 46 lambda | 69
(y =)
— vysledek: je Z hlediska propustnosti
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Porovnani modelu z hlediska propustnosti (3/5)
pro BC

" porovnani —

.,'\.

— podminky: , rovna trat (0 %o), norm. adheze |
ETCS lambda model|, diff. ETCS gama model, Gama vs. Lambda model
Konvenéni navésténi [m] |vlak/jednotka |DB InfraGO NV DB InfraGO NV . A
[%] pfiV =140 km.h™™ & DB NV
[m] [m] _ b
BR423 1133| 13 1179 .ambda 46 |
P 1000 Talent 3 941| -6 959 Lambda ' -18
BR430 1096/ 10 | 1239 Lambda -143
BR423 1483 17 1529 lambda  -46
! 1272 Talent 3 1291| 1 1309 Lambda -18
BR430 1446] 14 | 1589 “ambda ﬁ 143
(y =4
— vysledek: je Z hlediska propustnosti
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Porovnani modelu z hlediska propustnosti (4/5)
pro BC

, rovna trat’ (0 %o), norm. adheze

" porovnani —

— podminky:

ETCS lambda model,

diff.

ETCS gama model,

Konvenéni navésténi [m] |vlak/jednotka |AZD Kopidlkna NV’ (%] AZD Kopidinka NV
[m] " |im]
BR423 1037 4 1237
p 1000 Talent 3 857 . 959
BR430 987 1303
BR423 1387 1587
I 1272 Talent 3 1207 1309
BR430 1337 1653
“dle navrhu J. Marka, odvozeném v &lanku VTS €D & 47/2019 [VTS]
— vysledek: je

diff. | Gama vs. Lambda model pfi
V =140 km.h™ & AZD NV

[%]

Lambda 20C
Lambda -102
Lambda -316
Lambda -200
Lambda -102
‘ambda 316
(y =%

z hlediska propustnosti
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Porovnani v celém prubéhu krivek EBD/SBD

.
) V
\ 25
Porovnani brzdnych modelt gama a lambda na trovni krivky EBD, EBI, | N
= DB AG v g v

(2x DB AG class BR423) -- prehled
— prehled (140
az 0 km/h):

160

140

Vrahovs = 86,6 km/h

5- (BR430: 93,6 km/h)
.SH 7,3\4 (Talent 3: 123,3 km/h)
\= €2V SN\
\S® v g

2500 2000 1500 1000
d [m]
: == =eFBD gamma_SZNV [m] EBD_lambda_SZNV [m] SBD_gamma_SZNV [m] SBD_lambda_SZNV [m]
QA Ra y e FB|_gamma_SZNV [m EBI_lambda_SZNV [m o SB|_gamma_SZNV [m SBI_lambda_SZNV [m
BB AG class 423 gamma_SZV [m) ambde_SZ [ -gamma SNV [ ambda_SZ
I_gamma_SZNV [m] I_lambda_SZNV [m] MRSP
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Porovnani v celém prubéhu krivek EBD/SBD

&
Be)

] Porovnani brzdnych modelt gama a lambda na trovni kfivky EBD, EBI, | S
D B AG (2x DB AG class BR423) -- detail dojezdu k cili (EOA/SvL)
— detail (dojezd t
kK EOA/SvL):. .
(Cy
.S 19 25
32 ) .
o\ = 1SN =

15

10

200 180 160 140 120 100 80 60 10 20 0
d [m]
%) == eeEBD _gamma_SZNV [m] EBD_lambda_SZNV [m] SBD_gamma_SZNV [m] SBD_lambda_SZNV [m]
’ DB AG C IaSS 423 e FB|_gamma_S7ZNV [m] EBI_lambda_SZNV [m] — essSBI_gamma_SZNV [m] SBI_lambda_SZNV [m]
I_gamma_SZNV [m] I_lambda_SZNV [m] MRSP
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Osnhova

= Uvod do brzdnych modeld ETCS — gama i lambda
= KorekcCni faktory pro gama i lambda vlaky

= Porovnani z hlediska propustnosti (V,, resp. Vyrsp)

= Porovnani v celém prubéhu kfivek (EBD/SBD)

= Shrnuti
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Osnhova

= Uvod do brzdnych modeld ETCS — gama i lambda
= Korekceni faktory pro gama i lambda vlaky
= Porovnani z hlediska propustnosti (V,, resp. Vyrsp)

» Porovnani v celém prubéhu krivek (EBD/SBD)

= Shrnuti
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Shrnuti

Talent 3 a DB AG BR430)

zvolenou rychlost ( ) (SZ, DB InfraGO, AZD) a rovnou trat (0 %o) je
z hlediska propustné vykonnosti (pozdéjsSi indikace strojvedoucimu)

mmmmmm
Jricren—

— analyzou v celém prubéhu brzdnych kfivek bylo zjisténo, Ze existuje prahova == A
(86,6 km/h pro BR423, 93,6 km/h pro BR430 a 123,2 km/h e————rrr
pro Talent3): R
vyse uvedené tvrzeni pravdive ( )
je
— pfi bliz§im prozkoumani detailu u (EOA/SvL) se
(nizSi hodnota

ukazal jako
doby nabéhu brzdy t_e) 1 SR\
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Dekuji za pozornost!
J. Marek -

-

marek.jakub@azd.cz

Zirovnicka 3146/2, Zabéhlice, 106 00 Praha 10

www.azd.cz
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