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In mechanical braking systems, there are hot spots on the surface of a braking disc due to thermal deformation with
a high thermal gradient. Controlling such hot spots is important for extending the life of a braking disc. In this study,
surface temperatures of railway brake discs were monitored using infrared (IR) thermal imaging technique. A high-
speed infrared camera with a maximum speed of 380 Hz was used to monitor surface temperature changes of the
braking disc. Braking tests were performed with a full-scale dynamometer. During the braking test, the surface
temperature change of the braking disc were monitored using a high-speed infrared camera. Hot spots and thermal
damage observed on the surface of railway brake discs during braking tests were quantitatively analyzed using
infrared thermographic images. Results revealed that monitoring disc surface temperature using IR thermographic
technique can be a new method for predicting surface temperature changes without installing a thermocouple inside

the disc.
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Fig. 1 The brake disc showing the radial distribution of thermal
cracks

Fig. 2 The thermocouple sensor in brake disc for measurement of
disc temperature during braking
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Fig. 3 Brake disc with high-speed infrared camera
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Fig. 4 Temperature evolution with instantaneous coefficient of

friction during braking at the initial braking speed of 65 km/
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Fig. 7 The thermographic evolution photos during braking tests at
the initial braking speed of 65 km/h
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Fig. 9 The thermographic images of brake disc at the (a) beginning
stage, (b) max temperature, and (c) ending stage, from left to
right
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Fig. 12 Thermographic images of brake disc at the (a) beginning
stage and (b) max temperature, from left to right

Stgt glo] Haa mef & WErE fAdEls A olulA|
Atz & A= ot e 180 kmhe] 27] AlE & T2
4 th2 2WS Yepy 1 9tk (1) 7] 25 vigt

OI'

AR 7Y s, (2) 92 mefeR Ao 2=(of
420°C)el =eatar, (3) Fig. 113 go] HAF(SF 230°Cy7HA]
ARHoR vt 7pAsit) Fig. 12 72 A2 g9 Hof
2ZoA Bele]a tA39] A3V} ojuAE UEhfaL Qi
25 A A3, Fig. 12(b)9] StATE o} 2= oF 420°Ct-

e
Q
i
of
%
=
b

N
1o

A FHujerE ALl A AE %
1@5}% Wle] A= ol
ks = w ;GQ]H g3t 7]

ki)
o
[T
o
[>
u
=S|
rg
fo
H1
i

(e ﬂlR
RS
M
1
i)
=]
il
H o“xi

il m{{> T
%
e
N
iN_“
offt
b =

o g
ro W

o @ rlo
b
i)
rr
N
4

[ror
)
>
mo
br
=
Of

N
)

o |»
u
=
-z
=2
=
iy

)
f
>
4
et

Ol-m ol.m
ol
ne.

é
off
O, J
[>

o
£
f
b
>
©
lo
o
ny
o
l
u
r o
ot
nug
)
it
U
o
(I
pas

S
b] Alast

i}
in}
H
_°|L

e
Y
)
il
oft
i
flo
i
2
rlo
B
N
4z
o)
ox
o>
ol

of A5o] TR A
B2 A4 A3 et
st vite] o
4 s g olgd 04%

A
I
ol
e
o
r
1
N
-~
oz
ol
ol
Sl
£
2
ff

T4 Qe A%
e He)
orlzqnl—i o]
914 7pjett
| gen sorad,
2he g of

Q= HoZ Ho|

32

o rir

=
o)

N
§: 0
* 01|
Lo
TR
L8 g
o 2
rlr r}ﬁ ie)
_1>' (E el
y B2
r]r £

N
ol
S
N

fr

P

Hr =
to rlo 4

S|
o
T
<1
re "
-['Jrﬂ,
ru%ig
mmi\i
jus)
—ﬁrl-o
o
o B
%HLF
yﬂfﬂ
ox
LH
> ¥
ot
12
rPo
1
)
lo ¢

i
%
[
2
AN
]
4
X9,
fr
o
N
re
-
N
i)
o
—?L
Ku)
k1
=)
ut)
(i
o

"= Beola vame A By
T2 B bt g AR @
> 12 Aoyl shelg olgstu A

& WHRHZ Qi) AAYY < 3

r;'ﬂ

2 2
°EMEP A% Qe 48T ot duans
ol tamie) W A % £ Wl AoAoAL, 2
=%
o

H g
S S Ng3iel ol g e
2 A BUE PSS AAlste] Aeld M) 71ss ol
ta = 7 714S 2

AE Al Haa 2d 2o tigh AP 74 23, 27
£ 65 km/he] &% Z2uplo thgat e WAE U
& 4 ATk () Als 2719 5= =9 7|72 A
FaL, (2) o1% o ko Z=gskalef 170°C), (3) FAE
w714 b3S ZATHEE 10001 o 4 ISl of o
7:]]: 6}/\54- oJo] r_;]/\___tL _g:_\:qoﬂ o qﬂcﬂ. z‘;ﬂHE]‘_—. x%g/\{ od§]_
A ojul] Aot fARFS oF 4= 9. 2t 180 kmvho)
oE ZEwdg AT A7 o 0E S Yyeie o
ARl () 27] s 7HE AAE 7Y st

Hvﬁo

oy M 2
oo of

H mlo



698 / September 2024

() @z morom AY LEEk 420C)K] =26, (3) B4
3 g7k HRHoR HHe] LEb 74t 230°C)sks T
o wojFgr}.

4) A% Bao] s o WiEe] wlE S Wk} s
Q73] SIaiAlE Held dsiat ojnlx) Bajo] B

&2 A dEEETEdT Y VAR (EAIE E FRAA
o] A A He7lE WY, PK2403BS)9] d+tH] Ado=
A~
T

REFERENCES

1. Panier, S., Dufrénoy, P., Weichert, D., (2004), An experimental
investigation of hot spots in railway disc brakes, Wear, 256(7-8),
764-773.

2. Dufrénoy, P, (2004), Two-/three-dimensional hybrid model of
the thermomechanical behaviour of disc brakes, Proceedings of
the Institution of Mechanical Engineers, Part F: Journal of Rail
and Rapid Transit, 218(1), 17-30.

3. Kim, J. G, Goo, B. C,, Yoon, S. C., Kwon, S. T., (2008),
Thermographic investigation of hot spots in railway brake discs,
Key Engineering Materials, 385-387, 669-672.

4. Kim, J. G, Kwon, S. T., Yoon, S. C.,, Goo, B. C., (2012),
Infrared thermographic analysis of railway brake disc during
braking, Key Engineering Materials, 488-489, 597-600.

5. Wang, Z., Han, J., Liu, X,, Li, Z., Yang, Z., Chen, E., (2019),
Temperature evolution of the train brake disc during high-speed
braking, Advances in Mechanical Engineering, 11(1), https://
doi.org/10.1177/168781401881956

6. Sawczuk, W., Rilo Cafias, A., Kolodziejski, S., (2024), Thermal
imaging of the disc brake and drive train in an electric
locomotive in field conditions, Combustion Engines, 196(1),
161-168.

7. Sawczuk, W., (2015), The evaluation of a rail disc brake braking
process by using a thermal camera, Measurement Automation
Monitoring, 61(6), 265-270.

8. Kim, J., Liaw, P. K., (2005), Characterization of fatigue damage
modes in Nicalon/Calcium aluminosilicate composites, Journal of
Engineering Materials and Technology, 127(1), 8-15.

9. Kim, J. G Chung, J. D., Lee, J. H., Jeong, Y. U., Hong, Y. K.,
Kim, W. K., Pyun, J. S, Bae, D. S., (2005), Damage
characterization of ceramic matrix composites (CMCs) during
tensile testing, Key Engineering Materials, 297-300, 2533-2538.

10. Kim, J.,, Liaw, P. K., (2005), Monitoring tensile damage
evolution in Nextel 312/Blackglas™ composites, Materials
Science and Engineering: A, 409(1-2), 302-308.

Jeongguk Kim

Principal Research Scientist in the
Advanced Railroad Vehicle Division, Korea
Railroad Research Institute. His research
interest includes mechanical behavior of
railway materials and systems.

E-mail: jkim@krri.re.kr

Sungil Seo

Principal Research Scientist in the
Advanced Railroad Vehicle Division, Korea
Railroad Research Institute. His research
interest includes structural mechanics and
railway vehicle systems.

E-mail: siseo@krri.re.kr




	The Surface Temperature Monitoring of Brake Disc in Railway Vehicle
	1. 서론
	2. 제동 디스크 및 실험 절차
	3. 실험 결과 및 고찰
	4. 결론
	REFERENCES


