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Strategic International Collaborative Research Program (SICORP)
Japan—China Joint Research Program
Executive Summary of Final Report

1. Project Title : TResearch and development of power battery thermal management
for electric vehicles

2. Project Period : April 1, 2013 ~ March 31, 2016

3. Main Participants :

Japan-side
Name Title Affiliation Role
. Hokkaido University, .
Pl To_moh|ro Professor | Faculty of Project
Akiyama X . Manager
Engineering
Naoki Shibaura Institute Heat transport
Co-PI ono Professor | of Technology, Faculty of | technology
Engineering development
Co-Pl Kanji Executive | Azumi Filter Paper Material
Tanikawa director CO., LTD development
Co-Pl Kazuhito Chief Combustion Material
Harada researcher | Synthesis CO., LTD development
Collaborator Takahiro Associate | Hokkaido University, Material
Nomura professor | Faculty of Engineering development
Collaborator Keniji Azumi Filter Paper Material
Shimono CO., LTD development

Total number of participating researchers in the project: 31

Partner-side

Name Title Affiliation Role
South China University of
Shuangfeng Technology, School of Project
Pl Wang Professor Chemistry and Chemical manager
Engineering
Shanghai Jiao Tong
) Peng University, Material
Co-Pl Zhang Professor School of Mechanical development
Engineering
South China University of Heat transport
Mengyan Technology, School of P
Co-PI Professor ; technology
Zang Mechanical and
. . . development
Automotive Engineering
South China University
Zhengguo of Technology, School Material
Collaborator Zhang Professor of Chemistry and development
Chemical Engineering

Total number of participating researchers in the project: 15
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4. Scope of the joint project

A spread of the electric vehicle with a high-performing battery has been expected to
accelerate high-efficiency energy utilization. Development of lithium ion battery has recently
been remarkably pursued. Consequently, high output and high capacity battery were
achieved. Meanwhile, the development of a high-performance thermal energy management
technology for the battery is needed to optimize battery properties, longer lifetime, and
safety enhancement. Under these circumstances, this project focused on developing a
thermal management technology using a phase change material (PCM).

The PCM is typically based on the storage or release of latent heat during a
solid-to-liquid phase transition. The use of latent heat allows the PCM to achieve higher heat
capacities, which is the ability to convert intermittent heat sources to constant ones.
Therefore, the PCM can be used as a heat-buffer for the lithium ion battery, which can
absorb excess heat from the battery and keep the temperature constant. However, the low
thermal conductivity of the PCM leads to a problem, where the PCM does not quickly absorb
the battery excess heat. The heat transportation technology from the PCM to out of the
battery modules has not yet been established. Accordingly, problems of developing noble
materials and heat transport technology for a thermal management technology using the
PCM have arisen. Under these circumstances, this study aims to solve these problems and
develop the implementable high-performance thermal management technology for the
battery.

5. Outcomes of the joint project
5-1 Intellectual Merit

This project team consisted of a material development group and a heat transportation
technology development group.

The main purpose of the material development group is to develop an innovative PCM
or PCM composites with high-thermal conductivity. This group developed a noble hot-press
method through this project. A noble high-thermal conductivity porous material for
supporting PCM was also developed. The resulting PCM composites, including only 10-20
vol% filler (carbon fiber) amount, reached 80 times as high thermal conductivity as the pure
PCM, which is an innovatively high value as that of the PCM composites.

The heat transportation technology development group mainly focused on a hybrid
thermal management system, including the developed PCM composites and heat pipes.
The experimental studies were performed using real-scale Li ion batteries and a
discharging/charging machine to investigate the hybrid system performance. Consequently,
the hybrid system had a great advantage in suppressing the increase of the battery
temperature. The battery temperature was constantly suppressed under 43 °C even in the
case of the highly loaded operation. The numerical model, with calculation results that were
in good agreement with the experimental value, was also successfully developed. As a
result, the performance of the total thermal management system was successfully predicted.
5-2 Synergy from the Collaboration

The project members actively and closely collaborated with each other through the
technology meeting and researcher exchange. International workshops were held four times,
with another group for the “Research and Development of Next Generation Batteries for
Electric Vehicles” in this international collaborative project. We established an international
cooperating structure over different fields of material science, mechanical engineering, and
chemical engineering through the international workshop.

5-3 Potential Impacts on Society

The developed high thermal conductivity PCM, or generally speaking, the thermal
conductivity enhancement method for the composite material has great potential impacts for
thermal management of electric vehicles and various power devices and a heat storage
system for a solar power plant. In addition, a spread on the use of electric vehicles is
naturally expected, thanks to the optimization of the battery properties, lifetime
enhancement, and battery safety using the established thermal management system.
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3 7423y Ft3F—-LUROH LEDFREWorkshops, Seminars, Symposia and Other Events
3.1. 7—9>ayF w3+ —-LURIH L
(BARAIAEF—LBEV E= B FAITFEF—L I #)Workshops, Seminars, Symposia (Organized by the Japanese and/or Partner Research Teams)

SMA
577 (F—L
E3 H 7\ N
EE Eﬁ1E»EFEﬁ I%%‘@I %ﬁ- (@%‘%ﬂfﬁ%‘%%%) }s//\_ ﬁ‘%g
1)
JST—MOSTH A RIFAERBERI—+TVTT—03vT
2013 | 2013/5/9 |F =R lrEEJJE%r%'-é;‘ﬂz@%&EEEBJ:U%%%E;‘M)%&%EEE%U&N:J:%.% BAR R EEMHERSREEHE] 40
T4 BE1E )
2013/9/26
2013 ~ Peng Zhang LBEERE-LEBERXRBRXEMRRAIFESRESR hE., L. LBEXEXE 15
2013/9/28
2013 |14 )78~ g LRS- EEAXFRRLARIESRER B, AL, SLEERE 5
2014/1/12/ s it AL B PPN . s,
2013 ~1/13/ Shuangfeng Wang |dtiBEEXZ-FEFE T KEFMERREFESRES h[E, L., EREBEIKRE 20
2014 | 2014/8/15 |[/NEFE 45 CHIZKZ-EFREIARAEZMRERRERESRES AR EM ZHEIEXXE 10
2014/8/21 JST—MOSTRHH£REMRRBEE_RIT—UavT
2014 ~ MLUKRE TEREABHNOAEESLIVCRHENORMEREREIZLSE |BA, FLIR. LBEEXZE 31
2015/8/22 tHrek]
[JST—MOSTHH £RMERE T RIILF—FAOSHERILLITESR
2014 2015/1/20 (LR A& BRERENICKTLREEZMOMARMRE LN/ EF—LE BRI, LiEBEXF 30
BE—T42%
IRIVF—ATAT7 BB TA—F.42015
2014 2015/1/22 |ML K %= ~ESREHEATHMORATESIURHAEMORAME ESEIC |BAR, LR, tiEEXE 50
KOS MHRELICRET AEES~
2015/4/19 2015 Workshop of Strategic Japanese—Chinese Joint Research
2015 ~ Shixue Wang On High Performance of Power Batteries as Electrochemical Engine |[H[E. XKiE. KEKZF 940
2015/4/21 of New Energy Vehicles
2016/2/28 2016 Work Shop of Strategic Japanese—Chinese Joint Research on
2015 ~ Shuangfeng Wang |High Performance of Power Batteries as Electrochemical Engine of |FE. [GM . EFEIT KF 940

2016/2/29

New Energy Vehicles




4 R FDEERecord of Research Exchanges

4.1 BXRAINSHEFEHEEA~DFBIZEDREIERecord of Visits by the Japanese Side to Partner Institutions
4. 1.1 [BE-E5]) (BXRBIFEF—L AV IS—DH)(Japan—Overseas) Only those by Japanese Research Team Members

- = - i Ak (Ea. #ima. 5 e HiRH
2013 2013/9/25 2013/9/29 |BuLKRE JbiEE ks Hiz ;EI‘ Ll EBRBR e 2y g R 5
2013 2013/9/25 2013/9/29 |geftE&EE iEEXE fiﬁ’:‘,}(fﬁli ; i, LiBER MELIF— HEERSE 5
2013 2013/9/25 2013/9/29 |&)z%L RIEBRHE =4 B E ;EI‘ i, LmsER MEEIF— HARERFE 5
2013 2014/1/11 2014/1/13  |#ULKE dbiEE R iz ;E]‘ B FEREIA MR F—HAEERE 3
2013 2014/1/11 2014/1/14  |gektEE fimE A fi%ﬁ‘,]()éﬁli ;E]‘ B FREIKN o ooy prmmm s 4
2013 2014/1/11 2014/1/14 |%&F b 3B PN- = KRR g@‘ BN FRELIRK poe 2y o R 4
2014 2014/11/16 2014/11/19  |FUUKRE dbiEE R iz FE, bR Pl 4

L) =B N ;Eﬂ?g(ﬁﬁéﬂi = £;
2014 2014/11/16 2014/11/19  |ReftEER dtiEERE HEAT B3 fE, LR PI&i% 4
2014 2014/11/16 2014/11/19 | R&EF dtiEERF RAKS fE, LR PI&i% 4
2015 2015/4/19 2015/4/22 |#lLk %= dbiEE RS Hix hE, XiE, XKEXE (BHRHERT-9Va97 4
2015 | 2015/4/19 | 2015/4/22  |gertEE s EAS ST eE. e Rk | RAI-Hv7 4
. N SN FE, XZE XKEXZE |BRHERT-YY397
2015 | 2015/4/15 2015/4/22  |R&EF gk RREY hE s EEAE |BEIE At 8
2015 2015/4/19 2015/4/22 |[&)EL ZREMRKASH BISEHER hE, XiE, KEXE |(BHRHERT-9Va97 4
2015 2015/4/19 2015/4/22 | TFE#RA RIEBEMHE ST - hE, XiE, KFEFKXE |BRERT-IV97 4
2015 2015/4/19 2015/4/22  [/NEFIE A CHIEKRE Hiz hE, X XZEXE |BRERT-9Vay7 4
2015 2015/4/19 2015/4/22 |TIiEf % THIEXRE REFRE hE, XiE KEXE (BHRHRT-9Va97 4
2015 2016/2/28 2016/3/1 |geFt &R bk S ;i@‘ B FFELX| s mo—pyays 3
2015 2016/2/28 2016/3/1 BlEx ZREMRKASH B E ; IR FERETK B ERET-9vay7° 3
2015 2016/2/28 2016/3/1 | FEGA g T - HEL BN FRETR G w s mo-pay7° 3

%




4. 1.2 [BE-#E5]) (BXRBIHFEF—LAVIS—LLHL) (Japan—Overseas) (Excluding those by Japanese Research Team Memebers)

N s . P A% (@5, Bha. = HEH
FE HHH IREH K4 PR g B 7R HsEE & ) BAHEOARE £
7L

4.2 HFEHAINS BERAI~NDHBHEDERE
Record of Visits by Partner Reserach Teams to Japan
4.2.1 [BN—BX)] GEFRRARF—LA/N—DH)
= = p— Bk (E4. #ha. . o HaEH

= L S
2013 2013/5/9 2013/5/11  |Wang Shuangfeng ?Zgﬁ:g:'g’;a University of |5 cessor AA. K B ET-4Y397 3
2013 2013/5/9 2013/5/11  |Zhang Zhengauo ?:ZE;S:‘;T University of |5 fessor A4, 5 B FE9-55ay7 3
2013 2013/5/9 2013/5/11  |Qian Yu South China University of 15 r o< or A4, 5 B FE9-55ay7 3

Technology
2013 2014/1/6 2014/1/9  |Zhang Peng 8:?V”e*‘=’r2?t‘y"‘a°t°”g Professor A, ALIR. dEEAZ | R he 4
2014 2014/8/19 2014/8/22  |Wang Shuangfeng ?:zmg:'g’;a University of |5 cessor BA. #LIR. dtiEEAS| B £ REI-Yay7 4
2014 | 2014/8/19 2014/8/22  |Hong Sihui ?:ZE;S:‘;T University of |\ dent BA. #LIR. dtiEEASE| B £ RI-Yay7 4
2014 2014/8/19 2014/8/22  |Zhang Peng 3:?V”egr2?tiy‘”a°t°”g Professor B, fLIR, deEsE A (AR £RT-9Yay7 4

South China University of B, Bk, JSSUM!E ERSERVZHIERFLEOMEL
2014 2014/8/14 2014/8/16  |Wang Shuangfeng Professor 2014BK &M, ZHEI(Z 5" ! 3

Technology = =—

E Sy §=2
. . . E * *ﬁ//ss JSSUME AN S Nl o o

2014 | 2014/8/14 2014/8/16  |Hu Yanxin South China University of |q, 4ot 20148 K. 2. 2T | ERSARVERIRRFLOMEL | 3

Technology ooy =—

E N2

2014 2014/8/16 2014/8/18  |Wang Shuangfeng _Sr:g;:cﬁg;‘/a University of |5 tessor 0 4 N HHITE bt 3
2014 2014/8/16 2014/8/18  |Hu Yanxin _Srggmgg'gr;a University of |4 dent HE. ERAY BT abhE 3
2014 2015/1/5 2015/1/25 |Wang Shuangfeng _Srggmgg'gr;a University of |5 cessor B, fLIR, dbimEKE|1BEsa 21
2014 2015/1/5 2015/1/25 |Zhang Zhengguo _Srzgmgg'gr;a University of |5 cessor B, fLIR, dbimEKE|1BEsa 21
2014 2015/1/5 2015/1/25 |Zang Mengyan _Srzgmgg'gr;a University of |5 cessor B, fLIR, duiEEKE|1BEsE 21
2014 2015/1/4 2015/3/31  |Wang Shixue Tienjin University Professor BA. #LiR. dbEE K (BEEZ% S 87
2015 2016/1/20 2016/1/24  |Wang Shuangfeng |S0uth China University of 15 o op A&, B3 Pl s 5

Technology




South China University of

2015 2016/1/20 2016/1/24 |Zang Mengyan Professor BA.EER PI&i& 5
Technology

2015 2016/1/20 2016/1/24 |Zhang Zhengguo |>0uth China University of 1, o v A&, BE P& s 5
Technology

2015 2016/1/20 2016/1/24  |Zhang Peng ﬁ:?vnegr’;?t'y"'a°t°”g Professor AA, H= PI&E 5

4.2 2 [B5S—-BEX)] (BFRIFEF—LAVIS—LHL) (Overseas—Japan) (Excluding those by Partner Research Team Members)

E % REE B4 A R AL & ﬁﬁﬁﬂ%&‘j‘g%‘ AEONE R




5 %%5FHBE Patent Applications

5. 1. BAFfIoBEHHEE Independent Applications by Japanese Research Teams
/\ =
MESE | WEES SHDETH i HEEA AR m RO tH
—_ 1] 24 == N kv2 3 N
2015  |#%FE2016-030903 %'Er”’v’ DEETTE RULAINTAR | o016/9/20 %Eg;*“t’ﬁ’éti*(ﬁ) FUL, . RE B
5.2. "{HHFE"fHIOEHRHEE Independent Applications by Partner Countries
- = PHEE
HEEFEE HEES FHEBEDRAT HFER HEA (s /N BH 1L Z240) FEAE HFEE
2014 201410156197, 8 ;ﬁgg*ﬂ*’ﬂ%@‘ﬂﬁzﬁ‘“EE;W%*”E* 2014/4/17 ?ggmofgéga University of Zang MY, Xie JH thE
W RAA IR AR S D Hits R 5 South China University of .
2014 |201420180265.6 |, A 2014/4/17 |{ oo logy Zang WY, Xie JH thE
rp = . - R South China University of Wang SF, Hong SH,
2014 |ON 201420423616 { R BERBEEMMAEBRI N | 2014/7/20 [Jo0 0 0 CN204067519U Zhang X0, Hu YX, thE
Zhou Y.
rp = o South China University of Wang SF, Hong SH,
2014 |CN 201420422113. {—FhiBERL SR KNE 2014/7/30 Techno logy CN203980981U Zhang XQ, Hu YX, ==]E3|
Zhou Y.
Power battery radiating device . . . Zhengguo Zhang,
2014 |ON 201420565336 |combining water cooling and composite | 2015/3/21 ?ggmo?g'”a University of |on102181270A Xiaoming Fang. Tao |
phase change material gy Xu, Xuenong Gao
2015 [CN 201520323902, {—Hhak it %I 23 s South China University of Tang WL o %
. S 4B T TR R 2016/5/20 [300h O CN204649044U Tang YL Zhang X0, hE
Hao SJ.
2015 |201510939095. 8 | —Fhist FARAsZ H iy 5 Zh ML it L B 2015/12/15 [ hanehal tj'aOtO”g Zhang P, Meng ZN ]
—FMEERMNANZEOEREHMES South China University of
2015 [201610069850.6 | A0 £ 2 2016/1/30 {0ty Zang MY, Ye P thE
—EERMNTZH ORISR EHMES South China University of
2015 [201620100496.4 | B 2016/1/30 |{onrmology Zang MY, Ye P thE
2015  [201610089162. 6 | —Fhz F1 st B HF o KA B B 2016/2/18 ?ggmo‘fgéga University of Zang WY. Ge 7J ]
2015 |201620124752.3 | —Fhz) 1 tp st B o s 2 KA Bk M e B 2016/2/18 ?ggﬁzofgéga University of Zang Y. Ge ZJ ]
5. 3. 3 RIHEE Joint Applications
wEEERE | LEES DR HiEER HIEEA BHES S HiEEE
B B & & (RABIZZER) "
L




6 ZEZ% Awards
6. 1 ZE Awards

FE BEDEW ZEH SEE Y5E0EIE
2015 |ER2TEEBAIRIILF—E2REME (KEHM) 2016/2/26 |BeFtE&ESR

6. 2 PEIFRE Newspaper Reports
FE BEDEZW ZEHB 2EE YSELEIE
L

6. 3 FDfth Other
FE BEDAW ZEH ZEH YSEREIA
L




