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Optimization of Disc Braking Force pattern

from the viewpoint of Braking Energy
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ABSTRACT

Korean high speed train(HSR-350x) has adopted a combined electrical and mechanical(friction)
braking system. Brake blending control unit(BBCU) controls each brake system to fulfill the
required brake performances such as braking distance, deceleration and jerk. When the disc
brake is applied in the high speed region, the wear of pad is increased rapidly. In this paper,
we discuss the optimized patterns of the disc brake force from the view point of braking
energy.
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2. 23 A58 e A3 i

2.1 AsEEd B = nprF

AEH R AR AAF = diste] AlsEHEed e nfRgS HESY] fete] ey &gt
of =5 /N AZg DALY JxE whol AP RO tholuRERE do] nfRAHS Faste] 4
A 2pgol Aot Tde 7o) AJFS ol vk G Al otelgith. sj=o] mpREES 1003] 9]
A TS T A= FAE Z4ste] Ad A A ZpelE Alrtste] Fakgitt.

AA 2ol 100 km/h= Fae wfo] g 3| d4+= ¢F 577 RPMo| B = tho|upRo A Alo] 7153t
) oA ol9k FAFSE 548 RPMS 7|e o2 A7gste] o] Frme Afs Fdsion, 1 4
= a9 13 2o a9 15 AFEY, 548 RPMoOA A 744 8] mprgkel = Also] AAH= 49
of WhAsE 7| Al mlREFo] ¥3tE Y Qv Zo® wuHnR AT FY Fxd ot 7+ 21 m}
neFol WstE AleSEdd wel Aur gkt

2,742 RPMelA 548 RPM 7HA] ZH&ste=d] 285 E oA = 1,097 RPMolA 548 RPM 7+4] 7
&3l Aol nlste] 8wl Frbehu, wiEE of 3587t "o} &, &Xvt S7MEe] wEl viEEe d
YA F7EY 5438 F7Hshs o ¢ o, HAA AFAAE fAe AEs vEd Ao dey
B8 a& JAdi taa Alsge 7haA AA Fdske o] d=e] vk SWHolA fEeithal
IZaZh=
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Fig. 1 Wear mass of pad for wear test with lab

scale dynamometer

2.2 A3 Iy

amdon HAs FAt Has s AYEe BAFe] Golrh e, o] BAFSE A
galel= 2Ad AFaEs AQatelor stk tad AEAA] AEY A Ug HAHS 9
2GR A AEDA tot ABoAe BAow o ol Havl HEE 4 (1)} 2ol
43 EA= 4ot

Ax) =9I E 4. (1)

A7NA, §E ] £ Ta ABEA i AU Bakeln, AFdA e F e A (29}
Zol AN »p Bl A gt T2 AFFA AR AFALY Fol e oz AL



(2)
E dise=2(F prake aisc*S)

ANA, g, b s AEEA AFAKN olH, S & HaATH g B ABA m)o]
ABE 2EE 300 kmhelH AES ARl 4AT WA A&HEE AANE(E A ()

. 1
3 o] AAEE 10 km/h whrhe] Uxa AEHow Fetgon, & 3147 ok

wmFy . . =010, 20, =, 280, 290, 300 3)

Haa Alsy e HAHsks fste] o130 taa Alss dge] tisto] Al seiy T2ahs
ojgate] dxte] AlFAL, Ui Aoy, H&Ee, AHEEWEE 58 Aitsta 48 RIS
ModelCenter[3]el W&d HA3 =& T 7Fsd@dFH(Feasible direction method)[4]& °]-&3te] H

2 A% Al UE A4S TASAT

2.3 A4 o AF L A7 547

HH 23 AEE HeS Fahr] 9 AHs o AR Gy 1592 ugon AHE
105 A4 1&dx2 sl o daks B0+ A28+ TR (1EHo R T, S8
s Byt HAHEE sdnh AEFNE F 139 go] B AtdE AV AEAX 9 HuAs
A7 AR E 3 gt s O3 Al5gx7 27 A X9

AEdso] AeFe WX dxFH, 7 A5EA A5y, FPAY 5 7% A4 Sy 1k
Aol g olskel 105 WHOR BFshe] 4 ()9} o] FYste] AL

- dx=% 1 431.1 ton

- THALY T Rp=957.796 +3.4499 V+0.04109 V2 (4)

Table 1. Braking apparatuses per each bogie for optimization analysis train

Bogie No. 1023|4567 ]8|910|11]|12|13| Total
Electrical brake 2 2 2 2 8
Mechanical | Tread | 4 | 4 41 4] 16
brake Disc 6| 6|66 6|6|6|6]|6 54

2.4 A3 HH & A Ad=xA

A3 fae 3 HH3} S A AFdEAS FHY, AsAY, txaa Addel 93 A Al
9, Ad &R, gagdA e Ao §E oy, IEEWESE Folm, AAAGTE A7k Uz
oA 719 80%E At&ste] FE5 atwfste] Hol HAHor HdAgin

AsAE 7159 Asg e weh Axtd A4 AsH(A7A5H+ FHA S+t 24 52)9
HAzES 100% A% A= dtar, 2 A% PWM A5 wa} AMd AsADES H43 a2 a7
AsAZR et t=a A o Hdl Asdz Ho & duAE Sy a&Hdate A A}
&t AWy, Ay 9 g9 Apel wep ALk gto g spglom, duhe] Attt tiste] Zt
7} 46.5 kN, 90 MJ& 3}t

N

>

AEwel EEEsgS 1.0 m/sec® 9 0.5 m/sec’ & AFgo R don, o e A9
A7l a5F9e AEdel AHGHe] Ay AAY FLe Aoz 3t o= $UdI AEHol
e A5 aEgGel e AsAUATE ALGGelA nlete] A or AN AlE 7]l Dol
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F pate dise,i <MAXLE te dise aans F prake disc phe) (5)
S p=S req Pt
<1.0m/sec °
Jerk o <0.5m/ sec 2
E ;.<810MJ

F ke disc,i™F prare dgisc,j =0,  for 1<;

ANA, Fop o T AW ARAGN), g, = ABAAEA 9 Ao AFHN),

Spmy = AWEAL PWM Aol dd AL AsAHm), g =~ = ASAE PWM Ase g 2

TFASALNm), , = AU BEEm/sec?), fup  E AU FHEEREE(m/sec) S HERIT
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Fig. 2 Disc braking force pattern of Fig. 3 Disc braking energy for the

present case present force pattern
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Fig. 4 Optimized disc braking force pattern Fig. 5 Disc braking energy of the optimized
force pattern
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Fig. 6 Convergence of the variance according Fig. 7 Comparison of the variance of braking

to the iteration number energy between present and optimized pattern
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Fig. 8 Comparison of disc braking force and Fig. 9 Comparison of disc braking force and
braking energy between present and braking energy between present and
optimized cases (PWM 100%) optimized cases (PWM 70%)
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