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Research Progress of | ce/Snow-Proof Design for High-speed Train Bogie
ZHENG Qiang®, DING Hao-hao?, HE Jia-hao', WANG Wen-jian'?, GUO Jun?, LIU Qi-yue’

(1.Tangshan Graduate School, Southwest Jiaotong University, Tangshan 063000, China;
2.School of Mechanical Engineering, Southwest Jiaotong University, Chengdu 610031, China)

ABSTRACT: With the development of railway transportation in China’s cold regions, high-speed trains face harsh climates
such as cold, snowstorm and frost in winter, which will not only increase the operating cost of the railway system, but also
directly affect the safety and stability of running train. There is no closed equipment at the bottom of the train, and the exposed
bogie structure is extremely complicated. New issues such as ice and snow on bogies often appear when the train is running in
cold regions, but there are no efficient measures to solve the problem. The conditions, laws and formation mechanism of ice and

I#s HEA: 2020-03-19; &1THE: 2020-06-05

Received: 2020-03-19; Revised: 2020-06-05

E4TH: BFAAMHF AL (51975489 ); F B 264 F A 4@ LR A (2019M663548 ); ¥ & A A AFAF Ak 4% % J1 54 ( 2682020CX 29 )
Fund: National Natural Science Foundation of China (51975489), Postdoctoral Science Foundation General Project of China (2019M663548),
Fundamental Research Funds for the Central Universities (2682020CX 29)

EZEE . #63% (1996—), %, MEARTLE, ERAMALHAREG KT KRR

Biography: ZHENG Qiang (1996—), Male, Master, Research focus: design of anti-ice/snow coating for bogie.

BIEE: T4 (1980—), ¥, Hd, IAR, TRMARHF GARIZRIRRATH . M wwj527@163.com

Corresponding author : WANG Wen-jian(1980—), Male, Doctor, Researcher, Research focus: wheel-rail system service performance. E-mail:
wwj527@163.com

1B A%, TRZZ, WEE, § SR EHQRE KT RITARLRE]. @B K, 2020, 49(12): 64-74.

ZHENG Qiang, DING Hao-hao, HE Jia-hao, et al. Research progress of ice/snow-proof design for high-speed train bogie[J]. Surface technology,
2020, 49(12): 64-74.



A9 12

KRR A RS G 1) BRI UK B ST R - 65+

snow on high-speed train bogies were summarized, and the main factors affecting the conditions of ice and snow were put

forward, including the motion circumstances of snow grains in the aura field, the flow field at the bottom of the bogie and the

pressure difference at the bottom of the bogie. The recent research progress of domestic and abroad solutions to trains and

bogies were also summarized in view of ice and snow problems. With the development of new materials and the improvement

of surface technology, super-hydrophobic surface functional coatings with anti-icing and snow effect have become a practical

and effective measure. Based on the existing research achievements of reducing the adhesion strength of ice and snow and

delaying the freezing time on the metal substrate surface, the specific methods of manufacturing micro-nanostructure and

reducing the low surface energy of materials have been sorted out. By discussing the application of super-hydrophobic materials

in anti-icing and snow, the direction of anti-icing and snow design of bogies has been put forward.

KEY WORDS: bogie; cold regions; anti-ice/snow; flow structure; super-hydrophobic; low surface energy; micro-nanostructure
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Fig.1 Common freezing and snowing conditions in the bogie area: a) snowing; b) ice and snow mixed; c) icing
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Tab.1 Classification of Snow and ice on bogie area of high-
speed rail¥

Snow and ice state Ice
on bogie area of Characteristic thickness/
high-speed train mm
Class | Ice =200
Class Il Mainly ice, alittle snow 50~200
Class III Mixed state of ice and snow <50
Class IV Mainly snow, alittleice <50
Class V A little bit of ice and snow <50

locally
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Tab.2 Comparison of flow field structure and streamline direction between power train and trailer

L ocomotive type Geometric shape

Flow field structure

Streamline direction

More complex vortex structure and more small
vortices, large airflow disturbance and the air
flow speed of oblique inlet is higher than that

Trail train Small and complex
structure
of right angle

Regular parts and

Power train strong integrity

Less vortex structure and more simple

The streamline of obliqueinlet is
more complex than that of right
angleinlet

More clear streamline direction

*3 HHEZFE ($HFE) —wmEZMHRFEMRTEFTE LR
Tab.3 Comparison of flow field structure and streamline direction between middle train (power car) ‘A’ end of train and

‘B’ end of train

Locomotive type Geometric shape

Flow field structure

Streamline shape

and location
“B” end of
Intermediate train Regular parts and
“A” end of strong integrity

Intermediate train

More complex vortex structure

Less vortex structure and more simple

Changeabl e shape of the joint between
sleeper beam and bottom plate

More clear streamline shape than that of
“B” end of Intermediate train
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Tab.4 Reported ice adhesion strength values of super-
hydrophobic coatings by various researchers

Year of Ice adhesion

Authors publication strength/kPa
KULINNICH Set a.[*8 2009 ~65
FARHADI Set a.[*) 2011 55~100
ZOU M et al.>” 2011 ~30
GE L et a.l% 2013 ~40
SUSOFF M et al.[%3 2013 ~78
FUQetal.l™® 2014 ~75
MOMEN G et al.[®4 2015 ~65
BEEMERD L et al.l® 2016 ~5.2
HE Z W et a.%9 2017 ~5.7
WANG C Y et al.[5 2018 20~50
IRAJZAD Pet al .l 2019 ~1
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Fig.9 Required time for water droplets precooling, icing
growing and freezing on three sample surfaces
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