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Effect of Heat Treatment on Microstructure and Properties of
Brake Disc for High—Speed Trains with 350 km/h
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(1 School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing , Beijing 100083,
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Abstract: With the development of high-speed trains, the requirements for performance of trains are getting higher and
higher, especially the performance of brake discs in braking systems. This paper studied the forged steel brake disc mate-
rial, the comparative tests of different quenching and tempering temperatures were performed; The results show that
quenching temperature increase resulted in the strength rising, which could reach more than 1 100 MPa, on the contrary,
the impact energy values show a downward trend. With consideration of the matching degree of strength and toughness,
890-920 °C is selected as the appropriate quenching temperature range. At 650°C, the strength and toughness match is
better, and the tensile strength and yield strength can reach 1274,1 204 MPa, and the impact power is up to 43 J. Consid-
ering comprehensively, it is recommended to choose the intermediate temperature of 650 ‘C as the appropriate tempering
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temperature.
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Fig. 1  The equilibrium phase of the brake disc steel precipi-
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Fig. 2 Heat treatment process diagram
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Table 1 The chemical composition of brake disc material %

C Si Mn P S Cr

Mo Cu Al v N 0

0.24 0.30 1.08 0.002 8 0.002 8 1.22

1.03 0.098 0.048 0.34 0.006 6 0.000 9




£ 82 5 R W

544 5

FEMPFRILE 15% DAL, 380 AT . T KR X Lt
g, = A5m A, BRIk 1190 MPa K VA |, A
ZEAK 5T 950 CHIBIE AL, st DL 24 ). 56
F 8 B 890 ~ 920 C N A i MV K IR E VLR

%2 FRBERAEHHFERE
Table 2 The mechanical performance at different quench-
ing temperatures

ek Wk bohoR mies Wi fe
WEAC EFC EMPa fEMpa TP e
890 650 1245 1190 64 16.4
920 650 1274 1204 43 16.7
950 650 1297 1221 24 16.2
2.2 Wrisapr
2.2.1 Hiffwra

(&1 3 2 = 2R AN ) AR U B 6T b 3 (Te] 2k
IR N 650 °C) BRI T Z2 WIS . L8R & B H:
Shy MY () P W7 2 2 LT S S AR AR B 11 A 2
A W A . IR RHE M AT I R
(AT N i = B 220 G 1 SO T I 7 XS AP
R X B VIR X, Wi A 27 4 X, 37 R B K
SIIX, AW EOE NBTVIR X . G4 S5 UIE X
JIT o HCER R SIE BH AR S P

Pl 4 g A [a] P 3R BE S He AR 6 ([ ok IR R oy
650 °C) R 14 X BOIIE S . R4/t =
AR LIRS 3, A AR R AR A
P, By SR 2. B0 e i B2 R T
MBS 2 B s IR, R AR T, 25 IR %
K KI5 H A 2 T M 48 B s W 0 . B E
PG R T DA W 2 i) el BB A, BRI RS0 R AR
YR AT 2400, R, B0 g IR T
5 R/NHIE AR SEAT H0 . B 2 m D, 890 °CTF £F
Y X5 5 DX )8 A X A /N3 A 4 (ay, b) B

o P

r

75 R AR B B B IR L T R 4P 9B M 1T 920 “C
B SR TCHA 22 00], i P 4(d, e) I 950 “CH AR
890 “CH & Hi i i, WIPE N R, &l 4 (g) L (h) T
718 5 BE AR VR BE B W, £ 2 DCORIUR X ) 65 45
W A7 B AL, 10 BT D) Jrs DX 349 5 Jd - R0 5, T B
2251,
2.2.2 ikl

B S Sk AN [) 90 ki B3 X L it 56 (Il ok
650 °C) [y ety W I ROUE S . IR 35 0 BT 4k
WL, 21 2 X R /NN B g B 8 R A, B BT
RO A SR A5 7 11 2 55 B R i (IS 1 5 U IR
7 2L R R B85 5 T3S X 58— 1Y Jid ~F-IR B 5
U2
2.3 HH

P 6 Sy 2 . Bl B R 4 i L B WL 5 81 T2 A o
A2, OM(Optical Microscope) 5 SEM & Ha]
B AR R B+ 0] A B 1) BR A2 21 1R
B MR QAR Ml 2% AL SURD i S T i) L, 5 AR
L AU B — T N AR A 2 AR L B AR 25 HEZ AL
A HLUN T A6 A KRRV IR AR e B ok
Bl 53 B AN [RASL 1) Y M 2% TR, W A% RO 0l 2 e B
HES) AT R MR . MR AR R R LS
(R A RN JR s ) Bk 2, ELAR SR RS IR 22 ) 3
1 Hall-Petch 220, A% 5 AR 1 Bl 2 B A 250K
FEAEA T AR BE Y 5 PRS2 80d Jre i i A% 7
A

P 7 SRR AE AN TR P K IRLEE I 48— 1% 650 “CIl
K JE HIZH L TPF (Inverse Pole Figure) €], [ 7 H AN [A]
BREAARRAS AL ), T W] A 1D QA 2 2R 25
), H AR 4% (lath) 31 #2245 3 (block ) , 5 3 #z 4% B
(packet) , 4 W — A 55 R S [GIR 0 4, % T
280 A BHAFER], AoROBOR , & B B D, X

B3 AT P it o LA (Lo i [ 24 650 “CO Y ZE AL FE S : (a) 890 °C, (b) 920 °C, (¢) 950 C
Fig. 3 The macroscopic tensile fractures comparison test of the samples at different quenching temperatures (The tempering tempera-

ture is 650 °C):(a) 890 °C, (b) 920 °C, (¢) 950 °C
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Fig. 4 Microscopic topography of each area after quenching treatment at different temperatures belonging to tensile fractures (the tem-

pering temperature is 650 °C) : (a), (b) and (c) are the fibrous region, the radial zone, and the shear lip zone at 890 °C respec-

tively; (d), (e) and (f) are the fibrous region, the radial zone, and the shear lip zone at 920 °C respectively; (g) , (h) and (i) are

the fibrous region, the radial zone, and the shear lip zone at 950 °C respectively
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Fig. 5 Microscopic topography of each area after quenching treatment at different temperatures belonging to the impact fractures (the

tempering temperature is 650 °C: (a), (b) and (c) are the fibrous region, the radial zone, and the shear lip zone at 890 °C respec-

tively; (d), (e) and (f) are the fibrous region, the radial zone, and the shear lip zone at 920 °C respectively; (g), (h) and (i) are

the fibrous region, the radial zone, and the shear lip zone at 950 °C respectively
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Fig. 6 The metallographic microstructures diagram at different quenching temperatures (The tempering temperature is 650 °C) : (a)

Metallographic diagram at 890 °C, (b) Metallographic diagram at 920 °C, (¢) Metallographic diagram at 950 °C, (d) SEM at 890 °C,

(e) SEM at 920 °C, (f) SEM at 950 °C
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Fig. 7 TPF images of different quenching temperatures (tempering temperature is 650 °C): (a) 890 C, (h) 920 °C, (¢) 950 C
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Fig. 8 The molar fraction of C in the BCC—A2 phase.

3.2 Wi
3.2.1 Fifhwro

(19 Sy AN (] Il gl B8 1 By r A By IR 6T, ok
B S0 R SRR . = R T 4 X 5 i S X
A7 LB K, T BY IS XS A 0N 3% IR R PR
BAf .

®4 FREAGRENF R
Table 4 The mechanical performance at different temper-
ing temperatures
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Fig. 10 Microstructure morphology of stretched fractures at different tempering temperatures : (a), (b) and (c¢) are the fibrous re-

gion, the radial zone, and the shear lip zone at 600 °C respectively; (d), (e) and (f) are the fibrous region, the radial zone, and the

shearlip zone at 650 °C respectively; (), (h) and (i) are the fibrous region, the radial zone, and the shear lip zone at 700 °C respectively
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Fig. 11 Microstructure morphology of each area of the impact fracture at different tempering temperatures : (a), (b) and (c) are the

fibrous region, the radial zone, and the shear lip zone at 600°C respectively; (d), (e) and (f) are the fibrous region, the radial zone,

and the shear lip zone at 650 °C respectively; (g), (h) and (i) are the fibrous region, the radial zone , and the shear lip zone

at 700°C respectively
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Fig. 12 Microstructure diagram at different tempering temperatures : (a) Metallographic diagram at 600 °C , (b) Metallographic dia-
gram at 650 °C , (¢) Metallographic diagram at 700 °C , (d) SEM at 600 °C , (e) SEM at 650 °C , (f) SEM at 700 °C
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