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Development of Sintered Friction Material
for High Speed Train
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Abstract

The Friction Brake Pad of High Speed Train is the most important parts in brake system,
which is usually made of Cu-based Sintered friction material. This study has been carried out
about the formulation effects of sintered friction material and made lots of sample brake pads.
Then, we have done the performance test of the developed product by using full scale inertia
Dynamo-meter. This performance test (braking speed 300km/h) was conducted as GEC
Alsthom Standard test procedure and High Speed Brake Test (braking speed 350km/h) was
done at "Poli” in Italy. The friction properties of this product was almost identical with the
brake pad which is currently used to TGV. And the temperature of brake disk on braking
speed 350Km/h was a little higher.
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. Table 1. Raw materials of the pads which are
Fig. 12 BAIA d5€ 44 wl& pade] currently used to TGV

mhaA zAAROE YRVl Rol B T

H3 o, 400m oo Fe mALBA Maker -} Matrix Modifier Lubricant Remark

7t 2AZd EolA Atk vtEzAA2 P} ACo | 6575 | 1020 | 810 | Mineral 10
B Mg pue gMom da FL Uz B Co. 60-70 1020 15-20 Cu only
2 A2AY. 2dE 90ToIAY LA C Co. | 60-70 10-15 10-15 Tool steel 15
2729 o2 Hold, ojA2 VAR BF F) %A FPWNICZ EAY

°] obd F¢ Cu & AH837] WEgd &2

ex5E & Aoz &4

3. %434 vl@ pad AR
328 n&AF AFE 422 I pads: A3y #1389 bench-marking®d AEF F3

o sjge] Eoiztth thge AAMES AFFAAL AFE AAEL wFER BHE A% (F)
F=u P o33t 300km/hel TojuR AFE MY 28 nEAT Gl HE HIkE
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Fig 1. Micro-structure of B Co.
(Mag.50, Nital 2%)
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Table 2. Raw materials of the developed Pads

» Friction Modifier Lubricant
No. Matrix Non- the
" | (Cu) | Metal Carbide| Carbon
metal rest
H601 | Bal 10 7 3 10 3
H602 1 10 5 3 15 1
H6o3 | 1 10 7 15 10 [ 1
H604 t 15 7 4 10 T

F) AL FHR(WN)LZ BHE

Tahle 3. Physical properties of the developed

pads
No. D (g/ ) Hardness (HRR)
center edge bottom
H601 5.16 82 80 86
H602 5.06 78 79 74
H603 519 87 89 91
H604 512 84 84 87

o 2xAAM gL d S AANSHY. A d94 E}TtE BT AAEET. Azd
244 2829 23 AZ& Table 37 Zth 7H2o] ®ol AIE H6029 A Axg Ax7}
AH o dgton, vt FiblolE g &<l H603E& A =7t 4 45stdct

Fig 2. Developed sintered pads

Fig 3. Micro-structure of DFM-H603
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Fig 4 /ML¥E 2Z2A padd =1F5Y Gns
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9 Hrte "GEC Alsthom ST 19-225-933
Appendix #1” ¢ A%E7ZA} (Performance Test)ell
T AAgged, oWl AMEE diske FAF
&F)A FFF§ Cr-Mo-VZ 4A9  Ventilated
Type ©1™ Fig 4 2@¥ e diskE JeEd
o}

Alg ¢4 2 Aae An4x 300ke/h
AEol (XL 1) AHEE xgHA, F

Fig 4. Brake assembly of the
Inertia Dynamo-meter for 300km/h
brake test at KOREA BERAL Co.

Table 4. Brake test parameter for the developed

pad
Jic. <) gl Ao A

SUKE 4D AFshE o2 7R Brake |Load/d| Inertia | ‘Max. | Control| Max.
= A Alsthomd RFAE AT Mode | sk | (kg.m) | B-speed | Mode  |B-Energy
7} 22 F Lo A M= 7 Normal 4.0 300 Decele-

t —.‘—_7515]%11:} _l he - A Brake Ton 792 km/h | ration 139 M
dZo AunE 9 A4 n&AIE High sped 350

o2 A88x At AASh BAel Brake pake | ' | T Jkmm | T |189M

pad& A A¥3Act

H, 2&AF9] A4 Fig 59 &% A
5 tojolr AIYP7]E AR o' o}
“Poli” AFlA 350km/he] £ ZolA Al 3t
e AEE AAstged, A 23L& A%
24 %= 3Bkm/hAA Z1AAES AHSE
31 7}A3 39 Load/brake-disk= 4tono. =
Ak 9A utd diske FINF(F)
X 239 Ventilated Type2 AH&3Hth
Table 4 AT AY =4 B& X8 A
FEo d3td vl
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Fig 5 Dynamo-meter at "Poli” in ltaly for
350km/h brake test




3.2.2 300km/h A8 A

Fig 62 /N¢E vlwsly] 943 Arbe] brake
pads AEd ARE JeliA. 300ke/hAF
A aZASFE 021~027 FFL2 FE& #L2 7t
A9, AAAE g} 160km/hAFAE 031~
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022~024 %9 ¥ wZALE Yegdn.
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of £x7t Fon ni@ASI ¢E Aoz yg
st}
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A F21EFo] o ¥ Ed Fol F/HHA
cd, stEAFe AAFez 030182 @A Y
et x ok 53] 160km/holl A 58S A FAH
o wt@ALIT 26 UFEHA AFL By
F3 JEud AFPL e} wp@dAg4e ¢
L& g Fe Azl

Fig 102 H6039 Test Sequenced] wW& &k
st WAL ARE Yehd Fojrk HE03S
300km/hell A o} vl A7 & 031~0352 7HF
st F o, =3 AAHE Holuth 160km/hAF
A 039~040°1™ Z Cyclech dis] A& ol
Qe Aoz AgArh oHF AFE wAALE
A7} AstiE gFE Asiugte] FA=ojof
stuj[8, 10, 11, 12], H6039 A% A7l Y¥x9] =
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Fig 6 Friction coefficient of A Co.
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Fig 7 Friction coefficient of B Co.
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Fig 8 Friction coefficient of H601
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Fig 10 Friction coefficient of H603
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Fig 12& 3% A¥ A4 AA2A AFSE7 Fig 12 Friction coefficient of H603 under
Ao we st Aes JAA Frsle 99y 350km/h brake test

QA AL nolm v} 350km/hAFRA wlEA
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Fig 13 Thermocouple location of Fig 14 Temperature profile of brake
brake disk disk under 350km/h brake test
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4.4 2

¥y n&HAA AR 2ZA pads MLE A5 A FHAM AEF A padd st
bench- marking® W43 ¢ AFdol AA AL padd 4 ANE ¥3 viuw Y A
GEd 2e 2EL AT

) 84 25484 AEFA 224 pade dAEZ o] 254 29 FF SH4E AFv

o ggth A4S BA AFl 73 dFAlN, AW Aol HEASI} UIC coded
pE LT

- 785 -



2) MEEFo2E DFM-H6039 viEE/Ao] 300km/h 03 BE AT £TolA ¢AFAQA v
A ZE eI AJY A dd v @At $589 BA AFH FARFA S

3) H603o oid 350km/hel & AFAPANN wtBEAYL 333 FHRA U, brake disk]
FEAA #4330 @25 FF Adsor & FAZ Jeuth

4) 3B0km/Mhe n& AFANA disk® A FF 2= o] EA UEY, AFA2d] vhFd 2
Aol Hig et oy Aoz ey,

g d

1. K. Gopinath ] 2, "Friction & Wear of Sintered Iron” Wear, 42, 1977, pp245-250

2. N.P. Sub, "The Genesis of Friction” wear, Vol.69, 1981, pp91-114

3. “Disc brake and disk brake linings(1)” International Union of Railway 1985.1.7, 3rd Edition

4 &, FAZ, ‘2&£AZ L A whEA 7L Voll6, Nob5, 1994, ppdl-46.

5 FA7E ¢4, “2&AEE AF Axdd HLHE vAYR” dF FEI}I FHH, Volll,
No.2, 1998, pp134-143

6. A5 &, A7I4, A, “BACHII] wE A 22A%F vhRAY viBEA] W 3
7, vol.12, No.3, 1996, pp48-54

7. US Patent 3844800 "Friction Material”

8 N. A. Hooton, "Metal-Ceramic Composites in High- Energy Applications”, Bendix
Technical J. spring, 1969

9. T. Liu, SKRhee, " High Temperature Wear of Semimetallic Disk Brake Pad”’, Wear,
vol.46, 1978, pp231

10. T. Hanazawa, "Cermets for Friction Materials” Iron & Steel, vol.73, No.7, 1987, pp36

11. H. Youssef, C. Comte. 1989, "Consolidation of High Performance Friction Materials”, MPR
March, pp201-203

12. Samuel J. Rosenberg, "The Influence of Oxide Films on the Steels” 6th Annual
convention of ASM

AAZIeATAANZA APE Aoy, AYALR, AdaFH, Adr)e
B 5 8d Ayrigsd dzd F4 98 d77id 9 =3 #AE 23U

- 786 -



