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Development and Styling Design of Airport Guide Robot System

B O OB 7! Bl fidt>
Yoko SAITO Takeshi KOSHIISHI
= = ABSTRACT
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L 7.
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In an effort to create “a robot that coexists and
cooperates with people and performs useful functions
in society,” the concept of a “Compass to Accompany”
was formulated during the development of a robot
system to provide a guide service inside an airport
facility as one public space in which individuals are
coming and going. A questionnaire was administered
to airport staff and to families of Honda employees,
and a design was brought to fruition that entails
identifying a potential request while listening to
a live voice. Thorough consideration was given to
enhancements to driving mechanisms and to the
feasibility of various types of sensors associated with
advancements in development; mockups and prototypes
were obtained; and reception and guide robots were
realized as easy to talk to, functional designs.

Development efforts yielded an interface that guests
can use without confusion and a feature capable of
performing guided movement in the same manner
as a human, even in an environment crowded with
pedestrians, confirming the potential of offering a
service consistent with this concept in an actual airport
setting.
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Fig. 1 Image of robot utilization at airport
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Fig. 3 Utilization flow of guide robot service
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A tool of unmatched accuracy that
shows the direction of your destination
and routes to get there

You can rest assured that the robot
will maintain a comfortable distance

Fig. 4 Development and styling design concept
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Fig. 6 Study of robot heights in Narita Airport
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Fig. 8 Final design
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Fig. 9 Simulated experience of temporary guide robot

Signage display area

Front —

Stand-by  Greeting Destination Shall we proceed?

AR

Straight/Progress Turn left Arrival

Fig. 10 Guide robot signage displays



WARROR Y b XTFLDBERETY A >

%728, BEAWMAIZHOREEE L, fF5%21), B, EN
B R YA R — VRBIAERL 7.

4. SHORY FOFHA >

N2 WS Z L ARIZEBENY — v 2 % ZFHIH
W=, EDEkS a7 Fu—FAEE LnAEEL
7z, WEIIALAPHNTE2O08MEEZ SNEN, 5§
BENE L VDR, RNV —E 2 H 7 Y & —BEMLUIT
LZI %70 L-05E, NThINWAITEHEL T
LEHI LB H 5. — N TRELBMAOZHIAEN T
3H 20, HOHPIFEOTALICE->TLEIZLE D
D, Z#FNY—EZLLTHFEEELLEVY—VEdD.
Wk BHEDA ¥ 27 2 — A Tid%<, Fig. 11 IIRT XS
2T A VHNEGFETHZaRy b BHTFE LTS NEH
B, NAEEZEDY, KORLDEDPBONEITHS L
ZZ7-.

ZEORE NI IEHFE OB U WIANGE S AL LT, %
B, fHE, mEh A EELDALDLELE S LTSN
BX TV 20T aR—-vavaEasHIl, FEaoRy &
OILEMEE S =8N T4 v e Lz BEEHE (a), 2
LT (b)), IROFE (¢) A EOBETHERIZIGNT S,
7z, 1954 v FDOKEL L 9 FIIINKDT 4 2T 1L AT
HE O A2 FENCER 4 5 2 & THEMIZ B EROA
REmEmbb I tEHo7. ufy bE &y F ISR IERIE,
FHOWT 2 =YD, HOENS, TNZHMBO G
TON AL T 578, EEAELRE L=

Fig. 11

Reception robot design
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Guide robot system

3 sets |
[

Robot home

Reception robot

Guide robot |

2 sets

2 sets

| Guide robot charger

Management system

Real-time information provided
by airport

Fig. 13 Guide robot system architecture

Table 1 Guide robot specifications

1080
410 (Width) x 510 (Depth)

Height [mm]
Footprint [mm]
Height of center of

. 300

gravity [mm]
Weight [kg] 33
Speed [m/s] Max. 1.11 (4 km/h)
Acceleration [m/s?] Max. 1.67 (6 km/h/s)
Slewing angle speed Max. 90
[deg/s]
Braking distance [mm] | 350 or less
Allowable difference Max. 5
in height [mm] ’

795,

(4) Fe@pei s, MukEE, e, Wahs ALmC
KO LBENTREE LD KOIZED B.

(5) @Ry b BERETREEEEE, RREENE Y-V Y
o TED B, BEERSTEG OB OB R O 72
W, ARV Y 3 VEFERT L. BN KEGEILIR
WOMH (TS —Xy b)) afbhEx A L7
EVVEDLBLEHALETDI mm Th 5. LR xA
EOREBBEZEIZIZuRy MIRBALGWIZI EEL
TW3.

(6) #2713, 3.1.HiTHNZBEY SHRLA 77 b &§
. Wi )i A A 73N -iERIS, B 2 73K
FEcE R C & 2 BORERRRIC, B h 4 T I3k
ENBBHEME(T+u7) W 3.

(7) 70y s 2%, 34 8iChNMEY OBEFFIEBOD7-

=

B e

AONAH

5 cameras

- Front stereo camera
- Upper stereo camera
- Rear camera

2 short focus projectors

- Front and rear

Laser rangefinder (LRF)

- Detection range: horizontal
+135 deg

Suspension
- 4 springs
- 2 dampers

Wheels

- 2 driving wheels, 2 motors
- 4 driven wheels (double-row
omni-wheel)

Fig. 14 Hardware configuration of guide robot
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Development of Reception Robot for Airport Guidance
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We proposed a novel guide robot system that uses
robots to provide guidance at Narita International
Airport. The system implements the guidance through
collaboration between robots having two different
service roles: a reception role and a guide role. The
reception robot greets guests, shows the route to a
destination identified by a guest through voice and
touch-screen input, and, by means of the Guide Robot
Management System, communicates the destination to
the guide robot. As this reception robot was developed,
the concept of “Compass to Accompany” in the guide
robot system was implemented through the functions
of universal design (multilingual support and height
adjustment), impasse-free dialogue (voice recognition
and dialogue engine), and natural responses from the
robot (motion, sound, and display). In user evaluations,
80% of survey participants indicated that they would
like to try using the system if it becomes available at
an airport.
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| - Average_Japanese -+ Average_Foreigner |

Characters were easy to read

Images were easy to see

Tapping the buttons was easy on the displayed layout

It was easy to distinguish the interactive buttons
from the background images

Characters and design on each page had a sense of unity

It was easy to understand how to access necessary information

Terms, explanations, and instructions were easy to understand

| didn’t feel uncomfortable with the written expressions

It was easy to start over when | made mistakes

When using the voice recognition or the interactive buttons,
it was easy to know whether | succeed or failed

After using the voice recognition or the interactive buttons,
| received the exact screen images | expected

The reaction speed of the voice recognition was appropriate

Transition speed from one screen to another was appropriate

It was easy to go back to the previous page whenever | wished

The amount of information displayed
on the screen was appropriate

Number of pages required to accomplish tasks
was appropriate

Number of times using the voice recognition or the interactive
buttons required to accomplish tasks was appropriate

Fig. 11 Evaluation results for touch screen usability
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Fig. 12  Evaluation results for impressions of robot
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Research of Robust Follower Recognition Function for Airport Guide Robot

w T 8 E G R HOR E W
Zijun SHA Yoichi NATORI Takahiro ARIIZUMI
B = ABSTRACT

KNaRy bOFERMIZRHLT, FAEX ) 74 13HE
BEHERTH 5. KETIE, KRR EORSEGE, T4
bbb, Tra VB EERL, MM Ty P Tk
BIREL 72 KT, g6, AYHEWRE Person re-
identification D = DD EMA TS Z & T, ThZhoD
FiRrE 2 L, v Ry MERICBT 27+ 09 TO
RO AL O 2L, MR ANICL B 7 ru v DfEha E
OFBEIZ$ 2 032 MEOm 2K - 72, B HE RS2
N TOFGEEFEZEC, 7+ 0 Uik DO R NHE o
Ry P —EZNOFEMANO R L %3 T,

Hospitality is a key factor for the success of guide
robot service. This paper defines a new recognition
function called follower recognition, and proposes a
hybrid approach to realize the follower recognition
function. This approach creates a fusion of facial
recognition, human body tracking, and person re-
identification algorithms and takes advantage of the
respective technological characteristics to realize robust
follower recognition against issues such as recognition
distance change, illumination change, and occlusion
from the robot’s perspective. The proving test result at
Narita International Airport showed that the proposed
approach is practical in guide robot service.
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Fig. 1 Utilization flow of guide robot service
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Table 1 Results
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2020 CRF1100L Africa TWin DA Z—-U > I 7% 1 >

Coloring Design for 2020 CRF1100L Africa Twin

K a1
Midori KATSURAGAWA
B = ABSTRACT

2016 12 & S N7z Africa Twin i, ZOFHE AT
<, PYyawvu—, CRF Rally #7—, €/ b=V Hh 77—
D3EATDOHNT—N) =V 3 VERERLE Thbid
HMilieho—nN) -2 30 TldaL, EL5H®E
Bz, 77— s T eI ERE A RO RN
BEDEK ST 2020 FET LTI, A7 v — FETE X
DHLD S Africa Twin &EZLY =Y ¥ 7 D=0 DAl
% [X| > 7z Africa Twin Adventure Sports D DD & { 7%
REL. BT =) YT eRETT312h75TE, The
NOH 7 = BRORHPAN) T V&) vy 7 &E3 T LI
K0, THICHILL - AR A= RKBLL 7-.

In 2016, Honda revived the iconic Africa Twin
with three color schemes: Tricolor (red/blue/white),
CRF Rally (red/black/white), and monotone (black,
silver). Instead of being simple color variations, they
create distinctive moods for the respective models
with differing primary usage. The 2020 model has
two versions: the Africa Twin with enhanced off-
road riding experience, and the Africa Twin Adventure
Sports with enhanced comfort for touring. In
considering the color schemes, we sought to express
a deeper worldview of the iconic model by linking
each color scheme to its own characteristics and the
model’s heritage.

1. FANDE

1988 412 F ¥ 2 — L 7=#I{X Africa Twin X, /8 & F —
JLF ) — T 1986 -/ 5 4 FFuiiffE s 2 B L 72 NXR750 O
Hifiz 7 4 — Ny J LTHBENZT PRV F v —ET
AThD. ZOENF 7O = FEHEETLT 2TV
EAT-2=—0 5244 ) V20, BINEBD E LS
SOBRXEOL %2/, 20%, B AKEET
LF YV hBIRVAENS S 2003 LI EEEAIRT L7

2016 4%, Africa Twin G2 L BE S EDOHEIIIBA S
JET, [Go anywhere —H# DI I 2 —F 4 VI SIAK
BEOKMEEWHTES, A7 FRXVF v —EF L%
HAKavv7 & L7, CRF1000L Africa Twin % %656 L
72. Africa Twin DBET L E LT ZDRAEMKEL &
M5, BEMERER I E L L LT &b Ui

VL vy & —

EFRDALZETT v TF— L, HE» SHERDEMRZ
THRIALS HEL EIATF 3 ET L E L7z (Fig. 1).

Fig. 1 The 2016 CRF1000L Africa Twin
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2018 41213, FeAk L 55 Africa Twin(STD) 2L H v
VYAV oRREMRT AL, KO REHOY - vk
1THL® 5 Africa Twin Adventure Sports (AS) % & 4

THEMU, 7RV F vy —FET L E LTORELADIEEIA
¥72 (Fig. 2).

20204F, FLETNLF 2 VPV ERZL 7 Africa Twin
i3, AV A CTHREAFRICK AR AL 7o - FETE K

DILWS STD %4 7 (Fig. ma KEEOBRE 2 v &
ERELRT 2TV v AICKDGERICY =) Y ERELD S
AS 24 7 (Fig. 4) & L C&HARARIBT L, — DDkt
BT BT he P

TODA AT Lk 5722020 CRF1100L Africa Twin @
NT=V VT EREITRIZHD, ThETRESIATE
72384 TDHT =N, HELEODL ST —-HIIRIT AL
5, %ﬂ%ho)iﬁﬁﬁﬂ%ﬁﬁié-&“(not@#%m%fi
ZhkoT.

ARTIE, LB ROMREL, Tho#8E 27 2020
ETMZE T 2 BBULTFERIZ OV TN S,

Fig. 2 The 2018 CRF1000L Africa Twin AS

Fig. 3 The 2020 CRF1100L Africa Twin STD

Fig. 4 The 2020 CRF1100L Africa Twin AS
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(Fig. 8) %A A=Y L7z M) 20— LDADRER > 728
BHREW,

22 BHT -T2 -—HDBRVNETHLIFDIR
J&]

2016 FF-ETILOFGELIRE, Lidh 7 — T & DEER KD

HEfs A BigEL, 7 v 7 — b OHBEBHSE, HRHhOB%R S

FOFICHAETHRTZZET, A5 -0 VI T5[R



Honda R&D Technical Review

Vol.33 No.1 (April 2021)
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MUENS Africa Twin DBERIE[ZDOH T —Thknt
Africa Twin TidZxW], L[ ZDHF—EnHT %
Bwltws, ZhFhoh -0 v 75§52 —H0
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FERN L —HTdh > 7.

23. FHhF7-VTDER
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7 THY, BRINTIE Africa Twin=hr) Ta—)L &5 A
A—VNASBESZIIREL TS, 2O M) au—)
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LELUTEHRHL 7.
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WL LTI N TS, WL 70 FRD T — F
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Fig. 6 The XRV650, first generation Africa Twin
launched in 1988
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Fig. 5 Changes in color lineup and production ratio
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L o THAF k1 7= NXR750 (Fig. 7) 0% #<cHs 2 %, AR
TRRMERTHZENTEEE—ZFAZLTHD, %
IV R E IR XL ETFTATEH B, /S X —
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2747 FOBOHEF TEHBEIEIMAEGDLETH S
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Africa Twin 7 7 VOE I ZOHREAH L T —L L (#
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2.3.2. CRF Rally #5—

wHD Honda =)L T ) =L —HDENE, T—2 2
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%X, Honda DA 70 — FH EWZIPERMISHRE V72
4 A= (Fig. 10) TER SN T I BRI FE L1 - 7=

Fig. 7 The NXR750 conquers African continent

Fig. 8 High-performance CRF450 Rally currently used
in Dakar Rally

70 SRR & Honda DA 7 — K34 2, £ o0
A2V —HIF, KEA A=V HTFT—LLTHFRL TN\ Z
IS A—UREOY VSN REEN, BR X FICH
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233. /b= HF5—

T b=V AT, FFEDOHRWA A=VIZt bEbh3
ZEEL, WAWVKADIA T AZA N EE#{ LN T —
VY7 E LT, vy 7 REHEPE L BROHIROGH TR
L 7= (Fig. 11).

Fig. 9 The 2016 Africa Twin coloring design based on
the CRF450 Rally

Fig. 11

The 2016 Africa Twin in monotone (silver)
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Keep stripe
+Rei sEcial

Y E Keep stripe

Fig. 12  Shipment volume for 2017 model by color
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2.5. Africa TWinDHZ—/NUI -3 DEHETS
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ZO &2, UKL 72 Africa Twin EWZH 75 F

B, B ENZEDITTH20D N T -7 Tu—F%

2016 FF kD BT h->TEZ BEXEMN Africa Twin i

KDDBA A=V, T—=F VA 2L TE 2RSS

R, AV F THED ZOIRANEHHRIC & > TRER S

Fig. 14 30th anniversary mark
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+Red special CRF (4
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Fig. 15 Shipment volume of 2018 model by color
and type
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&> TELT S, 7TAa=y sk ) ag—)LE
CRF Rally 77—, ZLCE/ =V hT7—I% THV>
FEREIZZNREFNONIE A % LA, Africa Twin
DHF—=IN) L= 3 VBB E 5 -7, Rt 548
TI10 a2 AIRFEFEME, M) T a—L a0
FTUARKEN T —=NZTF AN TWEIZ &G, 77
YV NOHEIEK TE LB LS.

3. 2020 FEFNAHT—YLTALETh
BELUFE

2020 FFEFINDH T =) v EREIT BI2H 720 &HE
IZEWZZ0R, Biia s —nN) 1 -y 3 vy Cidnl, &
BT —=WNENTND Africa Twin XKL T35 &0 T
BEETNLEENWHIZETHA.

2020 FEEFILDOKE LRUL, A 70— FETE XD E
L5 STD(Fig. 3) &, My —1) v D=0 0t %
X 7= AS(Fig. 4) 125 —D2D &4 4 Stk L, 2h?
hoWEE D sFFxd-2 L2 ZhiE, L&) 5 —
MWENZFNOD Africa Twin #REHL WSV 2o L, &
F=N VIl EWTY, FhEFhOET LIV LT M EH
IR TE B WS Z k5. Fig. 1612, ThZhod
B —DEANTEER L2V 2T PR — FERT.

STD #4 7%, KEIENGE 44 F EHETEH 70—
FTOMEHMEEZRD LA v FT7ETI, HFLWL Africa
Twin &R L, #HEKRDCRF Rally # 59— %4 A=V H 5 —
LB, MEWEZ I A L) —LZAE—V A A —VD
T b=V HT—ETFINEHREL .

AS & A4 TiX, PEKRD Africa Twin DFED, 771 O
BEPGELTOS) 4 h —LEF L OHIREKKT S Y
TI5EL, ERO NI — AL A—U T —L LI
F72, AS 44 TOFBEE TR, 7=V 2—=2Ah5
V=) VI ETIRAS ZETRADY T 7% 4 A=V L7
)=V HT—ETILERE L.

PTRiZZhZFhosrt 7, #5—-) v rZ&icfilzE
K FEEIRRS.

Color to express Color for
“new Africa Twin” “traditional Africa Twin
customers”

) . Express concept of model by color,
Symbolization of technical Inheritance
innovation in Honda off-road of “The Africa Twin”

motorcycle category

Monotone color Color forj@xtending

for new-targeted the Africa Twin world, Monotone color

i i for adults

customers in order to gain new customer

Fig. 16 Coloring concept of 2020 model

3.1.2020 FAS 247 ~hyao—Jv

KPRy =) v EREE TS0 OM L E R L
72AS 44 T, BRI EHICTIHAPERL TE22PMK
Africa Twin #1F5 50883, (D ) aa— L&
DACHEA Tz,

#H5—1) v aryt T & [New Interpretation of
Heritage| & U, B2 EX VIZERT 22 TChY) aa—
L DHAL %K - 7= (Fig. 17).

2018 FIFEFE I N/ AS 44 7D b Y 3w — )i, Jeib
D &S 1ZHIK Africa Twin NOF v — 2 2 (Fig. 18) #iA®D
72, BEAIANRING 75 T 4 v 2 Tdh -7z (Fig. 19).

2020 fFET LTI EL VY EORBFHELE LT, VA A
Py BFREERHLEZ. 2OV ALY v 25T
T4y ERIHRAEOT A Y ERHKRL CRET S Z LT,
KBV Z Y IBELT2 AS 24 TONBLES| X HHD
2R E 5 - 7 (Fig. 20).

F70y o —TIE, 2018FETLTIEIFLY
YRR E THEZMDAATANS Z L2k > T, M
DL & LR E#EA Lz L2 L 20204EET LT
i, I PLAYLRGERAEAICL, SEOMS 452 T\

Fig. 17 The 2020 Africa Twin AS in Tricolor

Fig. 18 The 2018 CRF1000L Africa Twin AS with the
XRV650, first-generation Africa Twin
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(Fig. 21). Zzhickbp, a—F ) v 734 b Dok
XL 557727 ) VI RRORY 2 — 4 (Fig. 22) 12kt
L, AV LEHMRELDNIREMDZENTE. Eel
U72FI 23 L7 2018 4EEF LIS L, w—1) v i

Fig. 20 Geometric graphics accentuating logitudinal
flow

2018 AS type 2020 AS type

Fig. 21  Difference in impression in front view by their

coloring design

DPNRT ENELE 5N THA V20T -

Ihs ANV, ERE X VORI L, FERIZER
{572 HROMDBILOR X % KBTS & T, (/K
DY au - LORE TS

3.2.2020 £ STD # 1 7 CRF Rally # 5 —

70— FETEIOELDS LI, 20 a{befikE
{LE§EL 7= STD 24 73, &+ 70— FEWEDEN, K
¥ Rally L —4% &) ¥ %% CRF Rally ## 7 — &I
ATz,

wHTD CRF450 Rally D% 5 — ) v 273, RrOEE %
{$T5Z2E7T, KOMOHIREFLE TS, 22T, &
5=V vz arve7 % [VIVID RED HONDAJ& L, 4
FLBXALBTHL —H 4 X —VORMLEK 5 7=,

Honda DE b7 0 AL —H &2 RMT 2 ETDH B HADIH
MAEfAL, XOT7 7V v ThiBEs, 2AHE—F 4 —X,
PRk, i & #Z&BIL 7z (Fig. 23).

%72, #KD CRF Rally # 7 — 2k A X w722

Fig. 22 The 2020 Africa Twin AS equipped with
cornering lights

Fig. 23 The 2020 Africa Twin STD in CRF Rally color
scheme
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T4 TSI, BEMIZATTHIAS @
FILOMREEENTI LT, 5lEHMiz > OEERHE T
7 - 72 (Fig. 24).

IhoIck DR%EES -4, CRF Rally # 7 — DX %
EBTBHZENTET.

INETHEAEMNEZET, 2K —F 1 — &, BHRIE,
BBENRHDHNE S, FAOHNREBINCHYE, XD T
Uy VT RBEERBTBAIENTER ST T4 vk
L, Y — 7L — 2 THEREL T\ 5 Honda DS
BlEEL e,

33.2020 EAS LUVSTD 21T E/ bh=—2HF—
331.ASE2AT E®/ b=2HhF—
ASEZATIZHODTE) b=V H T —%RKITFTBIZH /-
D, BROLHMEMWE AR OARADBE S AL FRK
LT Z e &< SHRICBWTRET L 72

715 =V v avt T b %&[Adventure Elite] & L, ¥ v
IREBENTOY =) v ek, OEMS ghTdm
A, TEDAT =4 ZAKLBXTELT, =0 hTF—
EFHOTEWVHEARE S Z & &L 7=

TaRXT Ty I DFEERBE T IS— Y DAL DED
EAMTEED Y 5 A2 ME, N T2 ERANOH B
AR HALLZT RRVF v —ETALTHD LD
52 —)LEHIROD 1 BTt T3 Z &M TE 7 (Fig. 25).

332.STD&AT £/ b= HF—

STD 44 FI2FA4 Vv F vy T ENEE b=V h T =13,
CRF Rally # 7 —T&HOWOLNZZFHROTILIH T I L — 4
ERVRENCHIAIL, 20X LBEIMEA2& U 6h s &
AT T T4y kLT

HF7—=Vvraryt7F +%[MODERN EXTREME
SPORTSJEE®D, H~ A v F & 722 —HFIZIaNT,
IO MY =L ARV DDA — P AT

7774y %EL.

WM AR A RBT 5720, 77V 9y 754 A —
VOIY AN =L AR=YEHMEOENY Y T Ty
O &R TFHREISEEL, MTERAZ ML Y FIEREWLEL
DR X DAL % X - 72 (Fig. 26).

INBE284TFTDE/) F=VHT—IF, FYVaa—)
X CRF Rally # 7 — L1354 % Africa Twin DR %, 18
JNBEREFIZHRTE2DDOEFILE L THELE. 2
o FHEAEHWEZET, 70— FA4 XA —=VOBRNWT F
NYF ¥ =TT, MM T, BEY, BB E
W24 A=V EMNIIL, LI A T 224 LR0EDOD
22 ANDOWRE TS 7z,

PLEIZE D, 2020 Africa Twin AS # 4 75 KO STD
BATIXRTDHN T —NEE -7, KmFHEIZH T -3~
7 b AR=RNIZRBLE, A5-D o) -V 3 vk
Fig. 27 127”7

Fig. 256 The 2020 Africa Twin AS in monotone (black)

Fig. 24 Differences in details of painted parts
between 2016 and 2020 models

Fig. 26 The 2020 Africa Twin STD in monotone
(black)
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New Africa Twin Traditional Africa Twin

Express concepi of model by color
- | |

L

Fornew,target™

Fig. 27  Coloring variations of the 2020 Africa Twin
STD and AS

4. THA T4 7 -

INETRRTELEAT -V VIR, e84 TF
PAVRYARTHA VY, ZOMMOFD2I V2T %14
ALV EEER#AAZH S T3, Africa Twin OHF
AL OB S 7201282 5> 72 FOREIZD
WS,

41. 03214771

2016 F-E€F L TiX, STD 24 7, AS # 4 7Hiz v
J—xE LTHML 72 Africa Twin @ I8 A4 F5FHA4 v %
PFRA L T72 (Fig. 28). 2020 fEEFILTiE, EL VIV
FHA VLD Africa Twin @I 2 A 74 X— 2|2
(Fig. 29), AS A TDAT 7V HhKED T + L L% T A
D=y ZICRBLEBREMA, vag4TF~v—2LLT
94k L 7= (Fig. 30).

ZREPDTONRY L H =T —D LS, JAKEE

Fig. 28 Logotype of the 2016 Africa Twin

g

Fig. 29 Logotype of the 2020 Africa Twin

DKM EENET 5 Africa Twin OHREZRETE 55720
DFHFA YV ThH3. 2020 T I AS 24 7oL h
7z, REAEEFS T OPaENE & B0 S VR L e L ToEn
A, 200w —sFHA VITKBL7

42. VRFHA L

VARTYA VL, BEEOMLEEIZIE U720 Mo g
R MEEH V2R E WS RIS, R-HD Lk
BIREOMHG., § b B EIKA EIC oW CEHEE A SE A .

S, YARIZBTBH LT A Y REAHEL, S
THA Y A4 DA EOREFRICK a6 2k -7z

AfgA 7a— FHEREVIEEBEOAL ST, +—F D
SR A TR LT AR A i 72 4 (RS A 5.2 5088 — v | &
T—vil, ROAAZ 3L Fig. 31 1T F. & HIZHRE
OIS EL 72BEDO R R E S WEF AT A Ay a Yy
ZER, BEEXN— ZICWMIVEEMNA 72784 — VICPRE L
7z, VARHE X N7z IRRE A Fig. 32 IZ/RY.

B %X, Africa Twin D [Go anywhere]&y9 A v
YT M5, IRKIZZ UTHHEICH T 7 ) —i5fic
BIA22—-2%A4X=VL, VA XN v 508 E L
WA=V L THEENLZEDTH 5.

FUELA—RNEBDTZON8 =3, £ 57
BEEICHICAD, BN A5Es TRELTESHI 2 L%
ROVELT, 2—VOHICHES X V7 LR ALE—-F
A=A JEHDDAHIN—=ITfE L 7.

€

Fig. 30 Logotype mark of the 2020 Africa Twin AS

Fig. 31

Candidates for textured pattern
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Africa Twin OfFWEF2 5, [, B, #724% E O BERDR
DAETXEIEEFHE T TOMAMEI RO SN D, ZD7=
W#i7z kY K88 — Y ORI, HhoBEsR§ AL
DB B I > T\ 5.

Fig. 32 Textured pattern and applied part

5. &8

2016 FEEF LK, Africa TwinDH I —/)NY T —3 5
Vi, BESEZORODZENZHO Africa Twin (284 5 4
A=DIZkD, hF—) VT EIES MRE A HORY
MEdDLiks7z.

Wi L TR I sTCERAT—V VI T7TTa—F3, &
BEEOMANMVAINE LTDT TV FEERIZD A 5 7.

2020 EEFILTHEBUL L 72 STD 24 FL AS 24 7
DIy LT e, TRETIhDOH T =) V7R DRH
AV VO IEBEIET, EHITHELL IR A ERBIL,
Africa Twin 77 ¥ N2 X D758 DET5Z %R
557,

Ihh» 6 g Africa Twin PBE X F EHIEDHT, A
ISV DEHFDRD ZARDRMHETH DR 52 & %
FH-> T3,

SETH

(1) BOKE, (LA, SRS, SRR, &85l b
kg, /MUEA, TR — 88, NEFRLZ :CRF1000L
Africa Twin ®Fi%, Honda R&D Technical Review,
Vol. 28, No. 2, p. 9-20

(2) ARHME, MHEYE, ALK, SARK:2020
CRF1100L Africa Twin ®Fd¥, Honda R&D
Technical Review, Vol. 32, No. 2, p. 17-26

(3) /MBS, #1125 :CRF1000L Africa Twin ® X 4
41 V27 FH% 4, Honda R&D Technical Review,

Vol. 28, No. 2, p. 1-8

(4) https://www.honda.co.jp/design/colors/tricolour/
sp.html

(5) RUFFERES, Hoik%1:2020 CRF1100L Africa Twin
Adventure Sports (Z#5Hk L 72 —#m s ALENEHRR
a—+9Y 2274 b, Honda R&D Technical Review,
Vol. 32, No. 2, p. 35-41
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ESZ00E Ev]

EEZEOO T b EFIAEL -BEEEMME T
TI754 78T Ka2 bO— LA

Active Sound Control Technology for Electrified Vehicles Based on Concept of Shepard Tones

+ fig wio W HH PE? b S SO
Xun WANG Takuma MAESAKA Toshio INOUE
C=2 = ABSTRACT
- RIZKBBEAETORET 56 5y — AL Rk Active Sound Control technology for electrified
IvyFL 7i$|7\] = AR5 701, BRI O vehicles was developed in order to realize vehicle

77747#ﬁ/b:/bm—»&mé%%bt.i&m
3, RSP OE 2 FICED WYY v N e, B [E
LTHKT 22 a0 ARET 5, MRS Z S & 104
BL7ZZAA Y P =2, HOCORE L 2R ERILTHE
&@%7b—/%$mébﬁégaf,%_Emﬁwmw
Mgy v FEFEBTE S, Kk --T vy o rvyy
VRERERAE S, BEMLEE Iy FLEEREAT A
WY FEFEBIL .

interior sound levels matching the seamless
acceleration that is characteristic of driving under
electric motor power. This technology takes the
fundamental approach of generating sound based
on the conceptual approach of Shepard tones and
synchronizing it with the vehicle velocity. The main
tones generated according to the theory of Shepard
tones are superimposed with multiple sub-tones at
preset frequency ratios. This approach can produce
acceleration sounds with further increased freedom. An
acceleration sound that differs from engine sound and
has sounds matched to the electrified vehicle has been
realized by means of this technology.

1. EANDE

HhERERE(L 2 & OEIREO M RDO—D & LT, N1 T
)y FE BOREE RSy 7 ) — B E B A SR
1{LHifj (x Electrified Vehicle: xEV) D% &% KN HEA T
W5, —J, 2N —=7F v rOFHLIE, HlEANTOT
A NG F v Ly PaEZH LTS, E—4ITK
% EV EFFRIC R (=Y O V) BT 2 SIS 7
% Z L THENFAIC L B S, g R 8 A5
5L B NEEAME T4 2 . i, hiky v R v
HEOT A TV T 474 2T 2 -DOEEKERS

PROLY D VICEBZENETIE, BELLTELLHN
%2 LB\, B O IR % 7 HIC R & & B AR 72
FTHRL, HEHEA -7 T Ot A2RBTEIRETY
»0, %ﬁﬁf%yFﬁ%ébTMﬁﬁva%ﬁ%b
T2 FHESBINETIZY, TV Y VHIZHL
l%ﬁﬁmﬁwﬁ‘@iCﬁ%

HEFL AR 22T

IdgEom e 77y FMEEFET 29 7 v FOMELH
We L7274 7%y Fay bua—) (Active Sound
Control: ASC)Fiflizt3E L, £ < OffEIZEEEA L T
% 7~ (2)

Fig. 11320 v 27 MR ART. ZOHGME, 2~
fa—5xY7 %y F7—2 (Controller Area Network:
CAN) P GHUS L2y v v sEICHEBIL 22 v v v ik
B & 4§ 5. ASC-ECU (Electronic Control Unit)
THE SN FEES I —T o A AL Z2E -
SHEFENIZR I, BENELADLETUEY Y Y FEkb.

xEV iZ, EVETIHIZE - 22K 32 EFN RGN X W
W, EOELPEEERETY — AL 2L T &0
RIS L 72Dy v AR TEAH LV ASC
M BETH B LE AT

ARIL, Bz iZPA¥ L 72 xEV-ASC Hflioa v+ 7,
VAT LB K O HI B DWW TR R S,



EBREEOI T M EFIALUALBEBCEREG 777« TH 7> KO bO—JLEFf

- - CAN
amplifier ECU |

Fig. 1 ASC system configuration

2. xEV-ASC O+t 7k

xEV-ASC #4212 H720, PIM3rizHne L.
(1) P [F]H L 7= 2 b F8L

(2) EVAETS LWIRE 2 ZBLTE 2 HEOHIL

(3) HHIE DR E e

2.1. EREDEHA

E—HI2& B EVEMFHICIE, BEliONEE XI5 72
Iz, A ZOEDIZHBIL 7297 v FOFEELH
L L, 72, EVETHOIIIETSH 5 € — % ONlix
B gzl 5. 22T, xEV-ASC &, Hidiz) 7 7
LY AfER e LzdEy v N EAEKT 5.

MRS N ORREE EROBGRE X (1) IR T.

fO) =R x v+ FO. (1)

T T, vidHE, R, FO IR OY)
FAa29. Fig. 23R (1) 12 &K B N#EY & > F O JRH%
T E R, RIS 2 EEH O —D
TH 572", Fig. 2 D Ex.1 1553 225t U Tk
BAEALDRRR 0 354, AR Tz < v, —J, R
T EKREL L Ex.2 CREHEETEEKROGTE LD,
Hfgh e xb. 22T, Ex.3D X327 v FIRICTEEE
H ERXETOLSREIZT B L, BOJEMEBZELE %
L b BRI & W JEIEECGHE Tttt 4 % 2 & 237]
BTHEH, 7F20V0H5 AT/MTHDO LS KTk
KD, E=RIZXBEDFELLEEERETY — 4L ZI
LU TOL EVAETS LWIEE A KT 5 Z & 288 L .

— Ex.A1
& -—- Ex.2
g Ex.3
(on
1<
[T

Velocity

Fig. 2 Typical sound settings according to Eq. (1)

ZOESIZHBIZEM L7 ASCIZBWT, My v
F2HRE OIS 5 2 W EEEEHICIRB 5216 — AL R
IER A R4 2 Z L A fhapE s 5 5.

22 ERSHOICHICES xEVY T Y FOSEER

EE OB & RYT B 72912, TR O )R G
THEHVWSN TV B HIRER P OIS E% A 72.

MERRZT RS & 13 R. N. Shepard IZ& D BRI N4 2 & —
THTHRTON LR E2ERADELZE T
D, ZOHEEGEDBELTHAET S &, BER LOERG|
HZEh, BREVEXDFET S EHIEE LN,

Fig. 31 %M 2 350 & MERRTHE 2 2 L T/R L= 8
DThB. Fig. 3(a) D & 5 12—y 2 EHE TG 1
IS ON, FEAEETORELS E-oTVWE, F (C)»
512 MsMEdr L, 1 X2 2 —TEWCLkb., —J,
FREFE I Fig. 3(b) ISR T KD ICH 27 4 — TEOOHEKD
HTHRINTHS. ZhoDFaR - CRAL,
MANC1 A2 4 —T L2 L, MEDOEAE14 24 —-T
ERSTEE 5N 25, BREHCIITTOHFIIR 7285
IZ&C 6N 5. 2%, WRGEHEO S & EETET 5 &,
HEREBRDIFET TSR LSRN TEDOTH 5.

ZOBRRE RS 5 720, BEREFEOKEAX % Fig. 4(a)
IR, S IR O S &, [T ER Lo
hFET. FIZEREHED C OMETH D, o FRHE
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Fig. 4 Shepard tones and barber’s pole
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MIEAFENCIEA T S, RGO 12 K& R 2 e i 5
5Z&T, WP oEARDRIO K S IZHFN LA DT S
KT U BN T X b, PO 4 FIH L
728 DL LT, Fig. 4(b) 1IN R 2 EDOFERTIALS H
WHERTWBEYA VE—LDBH S, T5561FNETSZ &
THREFTOMMN LR DT T 5 &5 A Lo 425
EHZITEDTH 5.

Z DR EREA 2.1, SOFRERIICFIHTE B L E A,
HHUZ A L D DM & P A G U 22 i o B & 22K
3% xEV-ASC HifliO¥ A2 2 & > 72,

23. h—CDFREICLD XEVH I KOS @A
MRS, 2 24— TEWOEOEREDYE Y TH B
20, FETEX3HAHRRONTWS. DY, ThZ
NOBEMDT AT VT 4T 4 #RKBT 572012, kDM
BRI & B E @A T TCEA I EEZ .
HFaHBOAME 2R Y5 72012, BIREROR A
HLBNG, TR DH 5 H & O EE N v
FOERIZIEHAT 2 Z L %F A7 KROEREHETH 3
X8 —THRIZHBIEFBEDOLy bEEFAL V=V
ELTERETS. ZDOAA4 Y F—=IZxt L, —EDR I
WaEHi-72HF29 T b=V ERFZHETE. A4V =2
ATCHEBOY T b=V ELERT S LT, BEAhEGERE
B3z %%%7.

3. XEV-ASC ¥ X7 L

Fig. 513 xEV-ASC ¥ 27 4D 71 v 7[R E&RT. Kv
27 L%, HIRREHUS, SEA R, HENEIGHMIE, &5
B OMUODEY 2 — L THIK EhTnb, HaAERE
Vo =L, Bz ISP L - R ERE A B L - S A

HURIZ [ L CAR % ASC Hifli & T 5.

3.1. EilREERE

HfIRFER S € ¥ 2 — LI Fig. 51284 & 512, CAN
K OMEY T v F AT B 220 B, 7o vl
N &) (Accelerator Pedal: AP) BHEE, / —< LR AR —
BEOHEMETE— FEREIGT 5. £/, 5z L
V2L O NIEE & NES TR 5.

32 ZEER

M7 v FOF@IE, 2 ORESENE & &R 7y
DREXIZKDIFES. HOEKEY 2 —LIEFig. 5D K
I, MERE R IC D W R R R O R, STEE RO
EGESOEK, EESOIRERE, O =>D 7ot 2
TAA Y b=V YT b=V ERRLTHFEEBKT .
321. X142 b=—2DHER

A4V b=V DAERIZONT, FERREWR L, ER(2) 2
LR (B)ITmEha kit ah 3.

fo(m) = Foyx a5, (2)
If fo(n) 2 Fp V() = v(n), (3)
Else if f,(n) < F,y V(1) = v(n) = AV(n), (4)
Else, V(n) = V(n - 1). (5)

ZZC, n \XEEBERS, Fo. & Fon 37 NE T RREK
Bl FRREEEL, o i3d08 v OFBEIROES, VISFEARE N
B fy Y ERRFEREN T o 72 BE O B kORI L
WK A LT, TNEDHNT, ka, Fop Fow DSHIEE ST 2 —
A ThHD. Ubhro, HARRBRBER S GHEIZISC T, Fu &
Fow OFICIEBANCZT 2 Z 8 b2 5. NI, f,

Vehicle state Shepard tones based sound creation module Acoustic field Volume control module
acquisition module compensation
CAN module /
Signal Weighted gain L . .
. .+ |ii|Basic frequency| i, enerator tuner oML miSi| Acousticfield | is'i [Vehicle state—gain|is”
| Vehicle velocity [+ calculation WL YN compensator tuner
I I —
Main tone (1%t tone)
Signal Weighted gain
ﬂ N
. generator tuner T %
[ [ —
Sub-tone (M™ tone)
Acceleration
calculation
Accelerator pedal
—> .
position
N Vehicle dynamic
mode

Fig. 5 Block diagram of XxEV-ASC system
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B % LRI E, R (3)I2ED, VIS fy=F, HOH
Wy EBGET BT LTy & Fuo ISR WIS, £, 25 F
& FEIBIE, fy & Fou \SF 572012, VIZv-AV 4305
T5. 22T, AVIZfy B Fpy 25 Fppe 2T LS L2HFOH
HALREERL, R (6)ITRT LI ICHMTX 3.

F
AV = klog, —=. (6)

min

AVIZ, k, a, Fop, Foo ZFICTER L, BS54 — 5 &
L CHRNCIRET 5.

A4V = ONEB KRR, fI2ED %,
KX (7)eXB)TRT LT EN D,

fu(m) =fo x a™', (7)

F.
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Table 1 Typical triads and impressions of triads
Chord type Frequency ratio Impression
Major 1:1.25:1.5 Bright/Pleasant
Minor 1:1.2:1.5 Dark/Sad
Suspended 1:1.33:1.5 Fantastic
Diminished 1:1.2:1.42 Unstable/Transient
Augmented 1:1.25:1.6 Unstable/Transient
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Table 2 Example of vehicle dynamic mode gain

Vehicle dynamic mode Dynamic mode gain G, (m)

Comfort -90 dB
Normal 0dB

Sport +6 dB
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Fig. 16 Interior sound spectrogram of test car
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Technology for Prediction of Contactor Noise for Electric-powered Vehicle Batteries

T oA & AT Sl o !
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= =1 ABSTRACT

BHHIZZEBIL SNy 7Y -2 =y MAHEKIIER X
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EOoTRRIZREEND. ZOEE%, BEE Ny T —
2=y P HARONHRT & HARO R E & B R 2 5T
M2 FEARELZ. 3V KR—- 3V b= 2B5ER R
MrAaRHT 2 Z LT, IREFEE(ZERZUIOEEL, ST
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2B 35S OFHE A, MERERGIOBE TR TE 2 &9
12757z,

Electric-powered vehicles have a high-voltage
battery unit mounted in the vehicle body, and the sound
made by operation of the electromagnetic contactor
inside the unit can be unpleasant for vehicle occupants.
A method was created for predicting this noise
from the excitation force of the high-voltage battery
unit on its own and from the acoustic transmission
characteristics of the vehicle body structure. The
adoption of component-based transfer path analysis
made it possible to separate vibration sources from
transfer systems and predict noise in the fully
assembled vehicle state by using the load transferred
from the stand-alone high-voltage battery unit to the
vehicle body side and a transfer function that combines
the vehicle body structure transfer and the cabin
acoustic transfer. A computer-aided engineering model
was also created for predicting the load from the stand-
alone high-voltage battery unit based on the load from
the junction board, which is a sub-unit of it. This made
it possible to predict the excitation force of the high-
voltage battery unit at the drawing stage. By means
of the above technology, it has become possible to
consider noise evaluation in the fully assembled vehicle
state at the performance design stage.
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Fig. 3 Cabin noise of electromagnetic contactor
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Proposal and Verification of Friction Coefficient Calculation Model by True Contact and Oil Film
(Evaluation of Piston Ring and Sleeve)

S (AN S T AW R
Hideharu KOGA Kenji MATSUMOTO Yuki ONO
= = ABSTRACT

Lw DB a el 4 268, T OBEBREA*ZET S
B, ZYVVYOERNVY VT EZ) =T DX IR
ke RS 2D L ) ERBEAKRSHELLS, Lo H>H)
FEED D s, 2 2T, Liu 6 2MEIE 3 2 iRm0+
B 2 CABOERAH XRS50 #@HL, Gupta 6
DME)TE & Pk A RECA BRI N 72 BRI sk TS
MICAE S TR aBEL =7 GatETET VA E L 7=,
WERFEA T T I 2GR T O U w 5 BadliiZ #ii
FIED F 7 40 & GRS K D FhEvRE L L7-. KET
LDFEEVEE 8 m/s £ TOLw S BEABFER L ik$ 2 Z
ETHGEL 72, f53H, AT L OEEREE, ke 2
) —TH#TH % Cast gray iron(FC250) I2F 2T 8 m/s D
R E CHEEER EEO—RERFE SN TS Z & A
MTE 2, WEETRDDIHEHDTE b > 72 E iR
TOREERE AR 5 Fn T & 5 & IckiEABoEE DL Lo
EAUR R VI 2 HATTRE L 5 > 7z,

The investigation of sliding parts takes into account
the coefficient of friction of the parts. When the
parts are in a relatively high-speed region, such as
the piston rings and sleeves in an engine, sliding test
performance itself is a challenge and the tribological
properties cannot readily be determined. Therefore,
surface roughness and waviness after initial familiarity
were applied to a stochastic method proposed by Liu,
et al., and the oil film thickness reduction coefficient
of Gupta, et al., was used in high-speed regions. In
addition, a new calculation model was proposed that
takes into sliding, which becomes a determining factor
in higher-speed regions. As conventionally performed,
sliding tests could not readily be implemented in high-
speed regions. However, a newly developed drum
cam test apparatus has made such testing possible to
implement. The validity of this model was verified
by comparison and the results of sliding tests up
to 8 m/s. The results verified that the coefficient of
friction in this model match very closely with the
results of tests using ordinary sleeve material of cast
gray iron (FC250) in high-speed regions up to 8 m/
s. In addition, it has become possible to obtain the
coefficient of friction in high-speed regions, which had
not been possible to determine up to now. It has also
become possible to predict the coefficient of friction
in high-speed regions where the velocities are equal to
or higher than in the verification tests.
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Table 1 Calculation conditions for surface irregularities

of sliding parts
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‘ Input of load, speed, material, dimension parameters ‘

v

‘ Calculation of Hertzian pressure and contact dimensions ‘
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Fig. 7 Calculation flow
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Table 2  Specifications of apparatus

0.1 m/s to 8.0 m/s
Reciprocation stroke |50 mm

Sliding speed

Normal load 30to 200 N
Pin size @15 mm x 25 mm
Plate size 17 mm x 70 mm x 9 mm

Table 3 Test conditions

Sliding speed | 0.5 to 8.0 m/s
(Peak in reciprocating cycle)
Pin material Nitriding Treatment on SUS440C

Plate material | FC250 (Cast gray iron)

Nikasil coating on Cast aluminum
Normal load 100 N
Ultra Mild 10W-30

Lubricant

ALY Y PE— MR EMETh S SUS440C 1258
LAVBE L 220 & L 72, 2 ) — T HH30E O 858 THEUE
E N7z FC250 LT pERIZE LH ST % Nikasil
coating & 7L I DRMAD FIThE L 729 & R L 7=,

kB & LT, — %M 7% Honda FiilEA 4 L (Ultra
Mild) & 15312 1 ml, M2 o BV BK D EROA AL
ARG U 72, Fig. 9 (2@ ik B O iBIRRE 201 .

T A MEEIZE VR T L — P BEFEL, W1 U A
Do T2RERTHORIE L 72 FEBHR A HTS T & % £ TORE
& L7z,

Fig. 9 Sliding part during reciprocating frictional test
(4 m/s)
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Fig. 12 Comparison of calculated and measured
coefficient of friction to sliding velocity
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Heat Pipe with High Heat Transfer Rate by Reciprocating Motion

(Examination of Application to Automotive Engine Piston)

(/A NI TR
Kenji MATSUMOTO
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ABSTRACT

The flow of gas and liquid in heat pipes is generally
impaired by factors such as oscillation and inclination,
with the result that the heat transfer becomes
excessively low. For this reason, there are no known
cases of heat pipe use in cars and motorcycles, etc.

The authors, therefore, proposed a new heat pipe
that controls the two-phase flow of gas and liquid
without reducing the amount of heat transport, by
reducing the friction energy loss inside the pipe and
forcibly inducing self-oscillation.

Measurement results in the condition with
oscillation applied by reciprocating motion showed an
increase in the heat transfer coefficient by a factor of
1.6 compared with that at standstill. That mechanism
is thought to be as follows. In the initial stage, the
liquid sealed in the heat pipe is broken up into fine
droplets by reciprocation. The droplets then acquire
drive force in a constant direction macroscopically
while contacting the gates, producing a unidirectional
flow. Further, a loop flow channel enables transfer of
gas and liquid from condensed areas to evaporation
areas without gas-liquid collision.

This study performed thermal analysis of the case
when applied to an engine piston. The results showed
that the temperature at the piston head center was
reduced by 39 K and AT was also reduced from 140
K to 75 K, and thus thermal stress reduction effects
can be anticipated.
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Fig. 1 Structures of specimen using commercially
available heat pipe (left) and specimen
using newly designed heat pipe (right)

Fig. 2 Working principle of wick heat pipes

Table 1 Heat pipe specifications
Pipe length 144 mm : R
— D) e
Pipe size ®8 mm N H
Number of gates 10 T
Gate size D9 x T5 x V5.3, 815° o I

FVYF LD — F 34 FiE—EEICER (Gates)
Z O THEHE BN O WA & RO 2 il -3 2 Bl
We U, BN / 225 % W7z L7z, Fig. 3 ICAhE#
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Fig. 3 Newly designed heat pipe

Commercially available Newly designed
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Screen wick Ring gates

Fig. 4 Inner structures of heat pipes
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Table 2 Conditions of reciprocation test

Reciprocating speed range | 0.0 to 3.0 m/sec

Reciprocating stroke 50 mm
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Fig. 9 Effectiveness of heat pipes during high-speed
reciprocation
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Fig. 15 Example of thermal analysis
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Table 3 Heat transfer boundary condition

Heat-transfer
Area coefficient ;I'}%mperature
(W/m?K)
Piston top 423 1373.15
Ring groove 2878 403.15
Piston skirt 300 403.15
surface
Piston pin 1471 403.15
Back portion of
piston 232 403.15
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Reduction of Internal Resistance in High Capacity Lithium-ion Batteries
with 3D Lattice-structured Electrode
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2 B ABSTRACT
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After applying a 3D metal lattice structure to the
current collectors, enhancements to the cathode were
examined in small cells, and an increase in volumetric
energy density was demonstrated in laminated cells,
with the goal of increasing the energy density of
lithium-ion batteries.

Countermeasures were implemented to address
two issues with the cathodes of small cells. The
efficacy of these measures was confirmed, and the
causal factors were cataloged. The first issue is
enhancing the contact between the collectors and the
active materials. This was addressed by coating the
surface of the collectors with conductive carbon. The
second issue is enhancing the creation of electron-
conductive paths. This was addressed by applying
a fine particle conductive agent in the form of a
liquid dispersant. The results confirmed that each of
these countermeasures had the effect of suppressing
resistance and enhancing durability. Moreover, to
ascertain the primary cause of these effects, the
conductivity of the active material was evaluated
using scanning probe microscopy (SPM). The results
showed that it is because the countermeasures are
suppressing the interruption of electron-conductive
paths.

Increasing the thickness of the electrodes in
laminated cells reduced the number of electrode layers,
and resulted in a 9.8% increase in energy density of
cell elements for a cell using 3D lattice-structured
electrodes (674 Wh/L), compared with a cell using
foil-coated electrodes (614 Wh/L).
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Table 1 Physical properties of Celmet
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Thickness (pm) 1000 1000
Area density (g/m?) 100 200

Table 2  Physical properties of conductive agent
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BEIICHEATL 2k, BEREE A 32 ¢/em® 128 B &SI
fEBLL 72,

3.1.3. &if

WPE L UCRRES (Gr), EEMAIE LT AB, #
LRl LTAFL Yy T2 YTy TA (SBR), BREAIE L
THLKRFY AF LT —Z (CMC) i L, fklL
%, Gr/AB/SBR/CMC = 96.5/1/1.5/1 wt% & L7=. &7l
AT =%, #0 3D H£E/BKIZ, HHTEA 45 mg/em’® &
225 mg/em’ &5 K5 %?’L%hﬁf;ﬁbflfﬁ IR
P15 g/em® 2B &I IZFRTu— LT L 2 L C(HEitE
ST X H 7.

—J7, BEHEAEMIL 10 pm O, Wi H A &2
NEFN 45 mg/em® & 22.5 mg/em’ 12785 K5 ITHA L 7.
Z D%, BMEEHN 1.5 ¢/cm® 12455 X IZFEHOT— )L
TLATTVALT, Btk 5EmR g7z

314 w/NL—2%

JEX 15 um B TF L VML FUB AR L 7-.

3.1.5. BRERK

Wi, =FL v hr—K3r— b (EC), VAFLH—K
$— b (DMC), ZTFLAFILH—FEx— I (EMC) DRSS
Bt U, ¥ 4 EC/DMC/EMC = 30/40/30 wt% & L 7=.
ROVBEICXFHEONR 7 vfb) VBY) F 9 4 (LiPF) &
1.2 IV CUAM X & CERGRE L.

(a) Carbon solution (b) Dip (d) Air blow

(c) Narrow down

Fig. 4 Schematic view of electrode carbon coating
process

3.1.6. Lo
JEX 150 im D7 I 2 — P T 4 L AZEMHL 7.

3.2. HILERIAE

3.2.1. /B LR

3D IEM D ERIEHT & 4 2 L PE Ok &S24 5 H Y
T/ LB A& FEHE L 2. /N VIR, B SV
& SN ERE T &, INERIRET & 1 A 2 A Mg
THZLENARETH D, B E MG T 255213650
Thd. R L5 IEMIE, BEEISAA % B L 72 1B
(DU, $EHEMEIEMR), 3D HEERICHAE T L 221 (L
T, 3D Ak (fE48)), & — R VR4 87 L7 3D 1M (L)
T, 3D 1EME (C 27— b)), XU, EEHAI CSB-2 %
F U7z 3D 1EM (BIF, 3D Ak (CSB-2)) D 4 ffH& 4 %
1IEMR % 30 mm X 40 mm, Eifi%d 34 mm X 44 mm, /5L —
A% 40 mm X 50 mm 2§ B 7z, Fig. 5153 L5 1S
FBRRE LSL— R ARMBLTIL AV FAEEHILZ 53
2= F7 4L % 88 mm X220 mm 12 BIEE, —OHrD
IZLT, ZONERIZTL A Y &AL, B AL,
BEEb LT, S I3 — b AERLE Lz Zzh?
NIMHEL, FHiKERE LT, 2OV ERHL 7.
F 7z, KL OREK % Table 312787

3.2.2. T&E VT

D M A A & BB L 22 A ORE T f oL ¥ —
FEOFFEE, 7 O Ol A WigE 4 5 B TR
gL ORIl A FEhE L 7. R ILTIE, L& LTofk
I XX —FEOME, BL, 24 7 EDHMMEED
7oL & U COPiE A Wit T& %, 1IEMi% 71 mm X
81 mm, B4 75 mm X 85 mm, £/ — & % 80 mm X
90 mm 2T Bz VT 7Ly XEME L, 3D Eiv

(a) Foil coated cathode cell (b) 3D cathode cell

44 mm

40 mm 50 mm

30 mm
40 mm

Cathode Anode Separator

Fig. 5 Small cell element
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Table 3 Small cell components

Table 4  Multilayer cell components

NELT, ZhZFhFig. 61T o ICEME L/SL — 4
ERELTIL A Y FEMERLE 35— T 400 %
125 mm X 135 mm 1247658, =L A Y bO L FICEE L
3WEFIEL 721, EfRETTRL, Bkl T, 73
F— PN AEEL = kEE N ENSMEAE L, S0
FERELT, 2O FHEERHALZ. 72, YLOMK%E
Table 4 12787

3.3. LIVEHTI A

3.3.1. ERMERER

YL OFEE MRS 5 HI TR RERBR & £ L 7.
I—Y Y RHEE LT, L a 25C OEEMIcHRE L, b
FREE%# 4.2 VELTO01 CTEER (CCREL, EE

Y

5 layers
(a) Reference cell (b) 3D cell
71 mm 75 mm 80 mm
IS £

E £ E
- 0 S
© @

Cathode Anode Separator

Fig. 6 Multilayer cell element

Foil coated cathode cell | 3D cathode cell Reference cell | 3D cell
Cathode active material LiNi,sMn,sCo, 50, Cathode active material LiNi;sMny5C0,,50,
Cathode active material content 94 Wt% Cathode active material content 94 wt%
Cathode loading 45 mg/cm? I 90 mg/cm? Cathode loading 45 mg/em? 90 mg/em?
Cathode density 3.2 g/cm? Cathode density 3.2 g/em? 3.2 g/cm®
Cathode collector Aluminum foil | Aluminum Celmet Cathode collector Aluminum foil AIur(Tg:lncuorztﬁzl)met
Anode active material Graphite Anode active material Graphite
Anode active material content 96.5 wt% Anode active material content 96.5 wt%
Anode loading 22.5 mg/cm? Anode loading 22.5 mg/cm? 45 mg/cm?, 22.5 mg/cm?
Anode density 1.5 glem® Anode density 1.5 g/cm?® 1.5 g/cm?®
Anode collector Copper foil Anode collector Copper foil Copper Celmet
Electrolyte 1.2 mol LiPF, EC/DMC/EMC = 30/40/30 wi% Number of electrodes 9 5
Electrolyte 1.2 mol LiPF; EC/DMC/EMC = 30/40/30 wt%
Separator 15 pm
- — - Separator 15 pm
Negative/Positive ratio 12 Negative/Positive ratio 1.2

£ (CV) Bl & 1 iR & U 22 @ B EIEATE (CCCV) %
BZawv, TIMKIEL, FREEZE 25 VELTO02 C
TCCHETAZELAE1H 42L& L TED VA 2 ILIELE
L7z, ¥ Lo REIE, FREFEA 42V ELT03CTCC
KBET AV, CVI % 1R E L CHRBL 728, 18
RfRIE L, TEREEL 25 VE LT, 0.3 CTCCHEL
REXORELE L kb, CL— FOERIE, 1M
WHE T A EWMEA 1 C & L, C = LD E-mKERE
[BCREND. 2FD, YLOEED—EDLE, 05 ClE
2 IR TR T AWM TH D, 2 C i 0.5 BTk
B LEMETH 5.

3.3.2. 10 BEREHE (10-sec DCR)

YL DONEBIKYT % Gl % HYT 10-sec DCR ll3E %
Fhi Lz, L OFTEEE (SOC) % 50% ISFHEL 2. &
12, HXEBERETLI0DEBEL, 018, 18, 108
AR OB A ME L. BEdEiiig, 0.3 C, 0.5 C,
0.75C, 1.0 C, 1.5C, 2.0 C, 2.5 C & L7=. #lili=ER
filf, MR & LT, FERMEICH T 5 BHER OB %
Jay ML, ZOMEE AP E U, 10 B TOME 4k
EHUlE L U7z, E72, B2k %, 0.1 BREO I
(0.1-sec DCR) # % 7441 (LLF, #&PTA), 0155 10 F
TOHESUHE ((1-0.1) -sec DCR) % KIS (LA, #PT B),
1725 10 B % TOESUE ((10-1)-sec DCR) % A F > ik
I (UUF, 51 C) e and L2 ®),

3.3.3. 1 VLB

YL Ot A A& G4 5 B TH 4 2 )L akBaE & 2k L
7z, HIL & ASC OfEEMICHE L, EIREEA 42 V, T
FRETA 25 V& LT, &% 0.5 CDCCiE, £E4
05 CHCCCV &L CV A 18R E L, RIEBRERZ 1
B & UCRRIl L 72, 200 94 2L Z k12, {HiEHE % 25°C
12U CEBRERBE COREZMER L 72, 600 914 7 Li&
THFIZ1E 10-sec DCR #HI%E L 7.
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3.4. EBD A/

3.4.1. SEM

Eharh OEYE L EEROEARRE 2T 52 HINT,
suazv sy g vARY vy THmAHITEL, Carl Zeiss
118 ULTRAS5 1 SEM % FWTHEISE L 72,

342 . 8F7O-TJ~4 707+ 714 Y% (EPMA)

BERahOSMBO S EIREEERT 2 HNT, 7a2
oy avRY) Yy TR ZHIEL JEOL 3 JXA-
8500F % FHWWTH#ig L 7=,

3.4.3. #FLA TBIE

ERROMALAG % Ew L $ % HIVT, Quanta Chrome ft:
B AL A ESREE POREMASTER 60-GT % Hw
TKGYEAETHE L 72,

3.4.4. FE T 0 — 7 §8MsE (SPM)

FA 7 IVIRERRT I 36 1) 2 IEARP OTEIE AN OE T4
INZDZEALEERILTZHMNT, Ar4F Y I v 7ick
D BRI A ER L, Bt S e A e ) Y —
?Eﬂfﬁ% SFT-3500 # T, Fig. 7 DBEEXNIIRT LS
SLTHEWBER T eI EhTh T — 7 2 EH, i
%E@ﬁh#%ﬁbfﬁﬂf%éSV@n%?X CHERAE]
al L, BHE A S BB A S L 72,

' : Active material layer

@ : Current collector

'— : SPM probe

Fig. 7 Schematic diagram of SPM

4. FEREER

4.1, EBOKEERER

Fig. 812 (a) 3D iEAR (f4E) & (b) 3D 1M (C 27— ) &
(c) 3D 1EH# (CSB-2) DWifi % SEM THIE L - F & /v g
Fig. 9 1= 3D IEM& (f4g) & 3D IEMk (CSB-2) ® EPMA T
WUIREBL 7 v ROILE Y vy ¥V T &Y.

Fig. 8 K0, (a) Ti&, WWE A HEEAICE LA L T
W WRRAAETE L, IR LT B IWEWEAEET 5.
hy, BEOBIMOEIZ 4 5. (b) TiX, Kbk
PRT KD, EEBROEKIZ S — R VGRS ST L

T, EWESEERDO S — R VAN UEERIC I
il CWBZEAMER LS. LEdoT, BBEREEWE
DOEDOEFEMELrHm LT3 &I2K-> T, BEROEFIK
Yoz PIl§ 2 s R0 if ¢ & 5.

Fig. 8 ® (c) TI&, WHHER T OBREIZ, EEEAI DA
L, AL TnwaZ & EERLZ. 2hiZ, WHED
WERH AB O—YOR 71£4 48 nm T 5 DIZKE L, HE
% CSB-2 O— Yk FEAVESLIF D 23 nm Th %728
FINOFTEERR ELZ2EEZE L 6N 5.

3D collector

Active
material !

) i *
am ---....’."--0
Yumm

Carbon layer

3D collector

(c) 3D cathode (CSB-2)

Fig. 8 Cross-sectional SEM images of 3D cathodes
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Fig. 9 k0, #ifatkE LT, (a)l2xfL, (c) TI13EED)
FlaRyREE, N YV EERT T 9 ZOHMER L
TWBZEMNERTE S, g, TEIAIZ ATk
SR B RETHEHH L -2 212K, Z6FO
SHENE L L7z FE L NS, ZOMBITER2 S,
B MNOE EEVEME LU, BOADT 2 P4 %
SRPAGCE 5. 72, EBROBEMNE AR L E 5729
WS 554 v 2%, 2 EARIEEBRISICIEFS Lk
WOT, FEIESMEO S BN 5 Z e s T2
22 (c) 3D 1FMk (CSB-2) Tld/ sS4 v & Ot Asm b3
% 2 &C, IR RISHPUA S 2 50 S iR T 5.

C Level g
300

262
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| 150
112

75

37
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4.2, IEBOMRIEMATE SR

Fig. 10 (2% 1EM D 10-sec DCR DR A 73¢. HEEHIE
I3t LT, §XCO 3D IEM TP 2 HH L Tnb Z
& AHEREL 7z

P A&, F2PRG 2 ETETTTH D, HEEEIE
M3 104 Q-em® 123U, 3D IEMR (FE4E) A3 8.8 Q-cm’® T
HBDT, 3D EBEROHFIZED 1.6 Q- cm® DICHNR
ERER L. %72, 3D EM(CI—1)237.9 Q-cm’, 3D
1EA% (CSB-2) 28 7.2 Q-em” TH V), 3D 1EA (FEHE) 12xF L
T, EHICHHIL TS Z & &AL 2. Zhid, Fig. 90
Wrifi SEM mi{% TSR L 7z & 512, 3D 1EMs (C 2 — b) i3,

(c) 3D cathode (CSB-2)

Fig. 9 EPMA elemental mapping analysis of 3D cathode
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EEA L EWEO R OEMYEH R L7222 &C, mWE
CHEBARM OB RSN mL 2R e &2 60 5. 3D
1EMk (CSB-2) i, MWBERICEEHAINTIHE S Z &
T, WWEB OB TEEE R E LR EE LN S,
INEORERNS, ZOOBEEROMRIZLD, ThTh
BROBE TP APIHITE 222 & 2HEGREL 7=

P B &, F72 2 PR DA KIBIEPTTH b, HEBEIE
> 0.9 Q-em® 12X L, 3D 1EMR (F24E) & 3D 146 (C 2 —
MIZZFNZEFNT16 Q-em’ 1.7 Q-em® EEIL, 3D IEA&
(CSB-2) TIX 0.8 Q-cm” LHIHIL T3 Z & ZHfEsd L 7-.
Fig. 10 D EPMA 2L % 7 vy RDOTLHR~Y vy ¥V 7T, 3D
TEAS (FEEE) 1334 v & D5y EE DM < RAE L T 5 (& &
MRRL, ZhARIBIHI AN E e T B2 6N75.
DM (Ca— 1) 3R ATY —%2MHL TWBDT,
FREOMERTH 5. Ak, 3D IEM (CSB-2) i3/ 34
¥ EORIED 5 L BT HIED R L ThB 2 6, B
RO BGEPT AR L T b e E 25N 5.

I C i, B2 2 PUK DA & YV IEEIEIITH b,
HEEBEMD 1.7 Q-em® 28 L, 3D Ef (FE#E) Tt
1.9 Q-cm®, 3DIEM (CI—F)iX 14 Q-cm’, 3D EM
(CSB-2) i3 1.3 Q-em® Tdh v, T CSB-2 DD THIHI
SHRBKENZ & EHERE L 72, Table 2 O&BhAIOWIEIZR
+ &5 IEBEAI CSB-2 13, % DA AB D 41 m”/
gL 133 m*/g &R, WEERORENE 47”9 DBP Ik
LAY AB @ 114 ml/100g 1= L 220 ml/100g & 84h0L T
W5, ZOZ EnG, B OMFLANOE IO REE
A LT3 28T, WWEAND) F9 5452 OEBERES
120, BEROA L VBRIl E g2 e B L 6N b,

16
O Resistance C: (10-1)-sec DCR
14} O Resistance B: (1-0.1)-sec DCR
B Resistance A: 0.1-sec DCR
12} 1.7
1.9
g 10t 1.4
I3 1.6
§ o 1.7 1.3
©
2 0.8
[}
L
= 6
[0
(@]
8.8
4 7.9
2 |
0
Foil coated 3D cathode 3D cathode 3D cathode
cathode (standard) (C coating) (CSB-2)

Fig. 10 Results of 10-sec DCR for cathodes

4.3, IEBD A MEREFFlFER

Fig. 1112 45C ¥4 7 LilBRickir %, 200 44 7L
TEORBEAELERT. 600 ¥ A 7L TOR MR
LAFHEBH LM 79% TH B DIx L, 3D M (fEik)
T 84%, 3D 1EME (C 22— 1) T 85%, 3D LM (CSB-2) T
94% TH D, & TO 3D EMCEREMFFREN A L2 Z &
Eiffd L7z, ZhUd, OB RE AR T 7L I = 4
DAY A 2 VGBI MGG % TrEs L, B o SRR
MBI ORI # {2 2 & T, WWWEPINLT 5 Z & 44
ILLTWwWb 7=t #Ez6h05. 3D IEM (Ca— ) TX, #
BRI OEME DR 1z & 0 BRI B 5 E T
DIHINRA b 2 735, BAROBIEHE I K OCBEMAE DN
TICEBER N 25, REHLIZBL T, 3D 1EfH
(fmvg) LM% CcdH 5. — )T, 3D LM (CSB-2) T =%
TCA H RS O SRR I A ¢, EEBF O S kA
2 & B IEYE R OB S Z W OMH, BXU, A4 AV
o FIz k34 Vs 2ROz X, BES
{LOMEEIRAF L LTWBE EELS5NS.

Fig. 1212 45C %4 s Lalliiz &1 %, 600 44 7L
Ai#2 0 10-sec DCR %Al %, Table 5 12 BEHUR 7 DL
fEi%7/~$. Fig. 12, Table 5 X D B EMIZKI L, & T
@ 3D IEM T 10- sec DCR OEPTIMAIHIL T3 Z &
AUEGR L 72, 3D IEME L, BT A OB AT 5 2 &
T, EREHOBMAHHE SN2 Z & B3R TE 5. A
Rt COEDT A D&KL, HEEHEMIE 104 Q- cm® 25
26.5 Q-em’ N2 EICHMIL ThWa0icxL, 3D IE
R (FE%E) 12 8.8 Q- em’ 55 12.3 Qrem®* & 5> THD, K
Pz IHL b 2 & &R L. X512, 3D IEMk
(Ca—1)F79 Q-em® #5104 Q-cem®, 3D IEM (CSB-

Cell capacity retention (%)

Foil coated cathode

75 || ~°
—o— 3D cathode (standard)

70 —— 3D cathode (C coating)
—0— 3D cathode (CSB-2)

65

0 100 200 300 400 500 600
Cycle number
Fig. 11 Capacity retention performance of cathodes
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Table 5 Change in cathode resistance

Reference |3D cathode|3D cathode|3D cathode
cathode | (standard) | (C coating)| (CSB-2)
Resistance A | Before 10.4 8.8 7.9 7.2
(Q-cm?) After 26.5 12.3 8.3 8.8
Resistance B | Before 0.9 1.6 1.7 0.8
(Q-cm?) Aiter 47 5.0 4.4 32
Resistance C | Before 1.7 1.9 1.4 1.3
(Q-cm?) After 3.2 26 2.3 1.8

2)TIE72 QO em® 7588 Q-em’&k->THD, 3D IE
R (BEHE) 126 LT, & 5 7 2 HRPUBE I DIl h 2R 4 fifgad L
7o WhLA OFE 222 BPK G BBTIEITH D2 &h 5,
3D IEMTIE 7L I = AFKOMIEIZL D, #4 7L
DOIEWWE OHERD & OHIFEZ £ 12 K 5 E {8 S 2 W2
AR S5 Z & TIRPUEMEZIHIL TwWsEeE2 560
%. R, 3D EMR (C 22— M) Tid, 8 L EBRE &
BUEA — R VKT K 2588 L2z L DEFRE S
WEDOPHZIR A EmNEE A 6N S,

4.4, FMEDOEEHFHMEER

Fig. 1312 45C ¥4 Z LD 600 4 7 Lyt B
%, HEHILME 3D 16/ (C2— M) O SPMHllEick 3
HE OEB WSR2 2 h TR d. $EMRO SEM
W EOhOR T2 EWETH D, WWERTZ &I
SPM D70 —T7%fitxdT, 8 VoINS 7 ZBIEEH]
uf U, EHES S BCPUE A S L 72 KHUESS, 50 MQ A&
Wi, 50 MQLLE, 500 MQELE, 1000 MQELET, FHMIL

40

O Resistance C: (10-1)-sec DCR
35 O Resistance B: (1-0.1)-sec DCR
B Resistance A: 0.1-sec DCR

30
5 o
e
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<
g 20
@
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cathode (standard) (C coating) (CSB-2)

Fig. 12 Resistance performance of cathodes retention
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(a) Foil coated cathode

~— [Before cycle test] ————— ~ [After cycle test] ———————

Measurement area Measurement area

Cross-section from
SEM image

J \ J

(b) 3D cathode (C coating)

Cross-section from
SEM image
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Fig. 13 Results of conductivity measurements by SPM
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TSV A PR L 72, Fig. 1412, KM 2 EWE O Table 6 Energy density of cell element
%ﬁﬂﬁft@%ﬁ%%@bt777%ﬂﬁ‘ﬁg15‘3D
T (CI2— 1) SPMBllEE 7L 3 = 2Bk AHTE Reference cell 3D cell
UL 7= KSR A T Cathode volume (mL) 4.64 4.56
Fig. 13 & Fig. 14 £ 0 (a) HBHEEMO Y £ 2 L i< Anode volume (mL) 4.38 4.52
Separator volume (mL) 1.38 0.81

BT, IPHEDO K2 WIEWEHOHIEBNEML Tnwas Z &

- Element volume (mL) 10.40 9.65

iR L7z, D% 0, FEL L 2B LEMTH 5 (a) H£HE Capacity (Ah) 176 180

FIERCIE, A 7 L ARRDRT 2 2= &0 BRRAORE Cell Voltage (V) 3.62 3.61

NELL, WENOBTREEMET L, 4 7 L%D Energy density (Wh/L) 614 674

PB4 5&E1 605, Zhid, Fig. 121260 T,

YA T NARIZFE 72 ZIEPUK ST B E TP TH 2 488PT A »

KIEIZERHLTWBZ e KT HERTH 5. EMTIE, 4 ZLEIRIZE W T, WEANOBEEMEIZE
(b) 3D 1EME (C 23— 1) TIE, ¥4 Z LRk T 221k LA RN Z & &AL 72, 3D BT, MHRHEIZ & 0

i, 50 MQLL EOWWEIZHIE TH »7=. L7 ->7T, 3D BIRPEMROJE S AN BR L < —EDHIG THIET 5.

7z, Fig. 15 & 0 EEAEBH O WGWE OBE MR, MitA%
@ <50 MQ ©50 MQ= @500 MQ= @ 1000 MQ= CEIELTNS &%ﬁﬁﬁ L. Oib 3D R
100 B B B TIREBL L 2 GA T8, S EEBARIFET 52 L
T, A4 s hofis %{mmruﬁ%uu Ho, WWrE & gk
DOYREENE AT TENR ENZ & T, BWENOE ME
EOSZ DM AL Wb EEZ2 605, 52, 3D IE
fig (C a— 1) Tldd — R HEIC K DR & BB kO%
fiitk s B U222 & T, IR K DM ELAZEE LSS,
Zhig, Fig. 1212860\ T, ¥4 2 L0 A O _L5AH-#E»
6% LINIZHIBIL TWBZ 225 W50 Th 5.
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4.5, iﬁlgt)l/ﬁ'lt

Fig. 16 12, @ v L O EB KB RERIZ B 5 ki
RERT. %@ﬁk%@g#%t)ulux v N 4720 DRFE
IAINF—FEEEZENL R4 Table 6 128 F. V7 7
LY ZAX, kIt HMEEEMm L (LLF, 3D £)L) O
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Fig. 14 Relationship between resistance and number
of active materials retention
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Fig. 15 Results of conductivity measurements of 3D

cathode (C coating) by SPM Fig. 16 Charge and discharge curves at 0.3 C
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YILTL AV ) OERBT AL —EEIZZNEN,
614 Wh/L, 674 Wh/L Th>72. L7722 ->7T, 3D#E
ROBHAIZELD, R I L X —FEEN9.8% M 352
EMWE IR S72. ZhiE, 3D EAGEN TS Z & T,
EmOEEL A EEL £ D, Table 4 IZ/8 L7z & 5 IZE M
DOMIEGE OA 5 5 BUZHIIR & =R, i3 % w3
L — % OEREA 41.7% Bl &, LT L X v FhoiEy
BHGSENT 52 & THhMI I L —FE2nE L2
EERLTNS.

Fig. 171241 D 10-sec DCR OfERERY. V7 7
LY Z+)100.5 mQicxfL, 3D A T85.1 mQT
15.4 mQ OEPUIIH] A MEFE U 7z, P A, Pt B, KL C
BV T 7LV AEMICHL 3D EITEBEWT, ThZh
24 mQOKIK, 7.4 mQOENM, 1.3 mQ O %HELL
Fo. Lo T, \PT A #{KI%3 % Z & T, BEREPEA
Rl S5 Z & &2MERRL 7z, /AN X LIS & 5 BMROFHERE
fili CHERE L 72 & 512, 3D BRI ERINIZ SImE S 2 AL
T3 7DICBEEESERH LTS Z LT, F2 5P
NETENTH 2P A WMl S b, —4H T, /-2
PO o 3 RO T & 2 K81 B T, Fig. 8 T/R L 72 k%I
N VA ORAEFIZE D IEPBEINT 5. 72, Bk—IX
DOEERN, V7 7L Y AV LOEMICK L 2 5EEIZK 5
Z L TA L UREEEREES I U, 3272 B IRPUR S A A A v
PRI T H 2P C BT 5 B2 o1 5.

120
O Resistance C: (10-1)-sec DCR
O Resistance B: (1-0.1)-sec DCR
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Fig. 17 Results of 10-sec DCR
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VF o L4t vBEMAD 3D BMROTBEHIZH T, RE
RIS AL, LT ORR 457,
(1) 7N I=y AFBORMISEENE ) — KRV 2 08T

52 LT, WWWESEBNDO  — R VR E T UEEK
IC— AR ICHEf L T B Z & AR L 72,

(2) WRPEEE A & IE A BORE T35 2 & T, &6
BEOBCEA T LT3 Z & &R L 7.

(3) FIHHEHURIEAS R & 0, KA 75 OIIHIRD R % fifgad
L 7.

(4) W APEGHGAS SR & b, FEMERERA L & JCHg i
ORNRAEMERL 7=

(5) Mt Al # OB PEREAN 4 F2hiE U, 3D A Tk A%
IZBWTEEE S ZDOMAZHHIL T3 T & i
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High Performance Si Negative Electrode Composed of Silicate Inorganic Binder

HOm BT AT OB W CEREA I
Makiko TAKAHASHI ~ Tomohiro KINOSHITA  Kiyoshi TANAAMI
H O EORER? e &’ woN o\ oRe
Shintaro AOYAGI Takashi MUKAI Yuta IKEUCHI
/S S N T N
Taichi SAKAMOTO Naoto YAMASHITA

= = ABSTRACT

Si BRRO T IZME S RFEIZE 32 BT, 74
FRIE RIS, v X2V B Tk 72,

SEENANC & D BRROBE A T, BN E TR
4V ERRAAAT ST AlEWS Z & T, IBREBIZHE
5 B IRE A& BT %, BB & ORIEE & B RN
OEFNZYIWAMZ o212k, KX AWk
BHRREAF OSSR L Si Bl SHEBTE /.

ZFOER AR 572012, XPS e STEM-EDX
fEtik I k72 2 A, B/ N4 Va4 a— P ERTIE
YadH UEA T Y T — 2 PR X ERE LRSS 0 S
NTNWBZ L, Si &N v ZHRA L0 R s
ERENTWBZ ENnbr o7,

Use of a silicate inorganic binder was investigated
with the goal of suppressing volume expansion of Si
negative electrodes associated with charge-discharge.

Use of a Si negative electrode with the electrode
density lowered by conductive carbon and with
inorganic binder permeated to the electrode interior
enabled control of the amount of electrode expansion
associated with charge-discharge and suppression of
delamination from the current collector and conductive
path breakdown within the active material layer. This
realized a high-performance Si negative electrode with
a large reversible charge-discharge capacity.

XPS analysis and STEM-EDX analysis were
performed to elucidate these factors. The results
showed that in electrodes coated with an inorganic
binder, a network of siloxane bonds formed and strong
bonds were obtained, and an interface phase in which
the Si and inorganic binder are fused also formed.

1. EANDE

R F SO FEBIZT T, EXHBEL K E A
By i 0D F 7, jﬁ&liﬁ’%ﬂ%ﬁ%a)éﬁfabé VFT ALY
It o> HL G S rﬁh"( i é EhBPBEBMDOET FILE—
BEANEEATNE VP 207 Fa—F0n—-DL L

THERORE REWEMEZ R0 2 HESBRETEhTn
5. Si13 4200 mAh/g L EWHERAEEZAT 5729, kit
b et R AR i
P ST — 2=y b - T ROLX e, [ (T2%)
® ATTACCATO Alrl&th

ROV F27 L KB MO ERMHATEWE L LTHINTH 5
2, FERXEE S PE S AR LAk & <, BAEE <.
IO, kG E MR 2 720 OEMKFNEHET
% 6 (3) (10)

EIRO BRGSO 720012, N4 v 2R, WaE)
ﬁ@,@@@&&awﬁﬁﬁh:&bhfném“%Fg
VISR T &, A YR TBIER N v & & [ R
A VENZKRIFTEZ e nTEEN O KK TIR
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B A MR 2 720 ORE 1A A IR IER RN
Ay & (LR N > & LIEE) 123 H L7z 1Y,

RN V& A,0-nSi0, (AT LA ) EFAERT) IE
MAGIZED > T 7 =) (-Si-OH) FEAERK S h, M
MBHERHEICKFRES IS K D, ZhaMET 52 L T
AEA RIS Z 0, 8% > a4 (-Si-0-Si-) e
AR TE 5 Z LRI T g 1209,

Si#WEWE L L CHHLZZEGATE, 7h ) MKkE
W (pH=11) PiCBWTIEWEERRA T v F v 7 &,
R (IITRTIGIZ & b, Si&KEIZ, -Si-OH Ak &
*LZ) z (1:%%‘;@‘3%5 (14),(15).

Si + 4H,0 — Si(OH), + 2H, (1)

ZOSIEMOTyF U IRIBHRESZ LIZK-T,
Fig. 2 1T d & 512, EN 1 V20 Si E3E O Si A
AL, RS Si B AW REA I W T, w1k ks
FEMERTZEMMFETES. LrLaRs, iR
MRS %78 U722 3 i M 72 5 2o,

Natural

(Glue, starch, lacquer, etc.)

| Semi-synthetic |

(Acetylcellulose, nitrilecellulose, etc.)

Dissolved | :
(PVdF, CMC, PVA, etc.) |
1
1

1
Current

products:
\ (SBR, PTFE, PP, PE, etc.) |
___________ (PLBPO.stc) _______.
1 \
~{Inorganic }/—{ Silicate ] .
: (Li,O-nSiO,, Na,0-nSi0,, K,0:nSiO,, etc.) :
1 {-{Phosphate !
: (Aluminum phosphate, magnesium phosphate, etc.):
1 1
[Se] |
Developed 1| "\ med silica, alumina sol, etc.) !
products : :
(water solvent) Cement
[ Cement | . !
1| (Portland cement, alumina cement, etc.) |
1 1
! Alkoxide !
1 (Metal alkoxide (Al, Sn, Zr, etc.)) 1
\ 1

Fig. 1 Classification of binders

Silicate binder Silicate binder

120°C or more
—_—
Dehydration

H\ I H H‘-. Fd rd
o o ?
e TR T Y e

Active material

i 1
e TR T Y e
Active material

Fig. 2 Reaction mechanism of silicate inorganic
binder

ARETTIE, BN Y IS KD, R R AN A
U Z=SEERE Si Bl A 152 LIS, S A 2 Off
G HOFHti 2 U, #& o EEE T 2 g1 > 520
AL, SimWE & M A ¥ & QR HifHE 2 W S 2
(e R PR s WA

2. RBRAE

2.1. Si &t > TIVERE

R/ N A v 20, EROBINER N A v 4 L I L TEE
NREVWED® 25 ) R TLETHIEEENEESIC
WEEILTIEZDIZNA BT LA 5 5w, 22T, Fig. 3
IR KD ISR/ N A 2 2 KVEWE % ER DR I IRE T,
B3 Z L2k - T, BRERAIL L $ % Tk
RREFEh 0B O s T a2 T, B S A v
K HY12, PONTEBE TIRIE X & 5 720 OF s »#H
Wy, B NA V2 EIRE S8 57280 DZEMFIE D 2
WTh5.

EE B NI N 2 O T <, I E iR
ERIETAHEISIHSTEY, flZE7EFLY T Ty
2 (AB) TiE, $IREE (R M52 F v —)AREL TS
B, MEMERLREESEE 2 2 EmEhTng ¥ 2
ZT, BN v aOREEEEE YA LS
WIZ, 2 bF7 7 F v —0OF% 5EBEWAI AB OMET42 B Z
%7,

Fig. 4 {0 &5 Wt 0 EEERAl AB1 & AB2 2 H
W, Table 1 ISR AKREEDBEMA/ER L 72, AB2 (3, AB1
EHHELTNRETZA NI 7 F v —BREL TN B728,
N A X DERIE LB A DOMEICEND EEZL DS
N5 F7 WEIAEASRZ S Z LT R L EE
Moz ol LG TE 5.

Ko DEFBIH EZHNT, N Y FELTDODAFL Y
T2 YTy TL (SBR) A 4 wt%, HEEAIE L THLARF
VAFLEILT—=AF P T LA (CMC)]1 wt%h 2 &8 A5
) —AZNENFEL 72 RNT, ABLAEZZTY — %
PR (BHSE) (23 Am, T, SEMORTRER %S 72, §if
HRAROR T EIL, 2.3 mg/em® 8B XS5 IS L. &
DE3IZLTHELREY Y T No. 2205 No. 4 DEFRD

Silicate binder
Active material ‘ Binder with conductive carbon  Siicate binder

=)

Conventional electrode
with silicate binder

Conventional electrode

Fig. 3 Manufacturing process of Si electrode
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Table 1 List of electrode samples
No.| Conductive carbon Silicate binder
1 None
| 5 wt%
2 AB1 K,0 - 3SiO,
3 20 wt% K,O - 3SiO,
4 AB2 20 wt% K,0 - 3SiO,

HPSRIARIC 2 77 L — 3RS THERS N A 2 KR (K,0-3S10,
10 wt%) #3AG L, =& S 721%, 120°C W2P 1 Thns
WS 2 Z 12k - T, 8L ¥ & &k <1, iERE
Hix & 75 B Bk & 1572

2.2. %> TILVEHE

2.2.1. BREREREE

FEBLL 7= R EMICH LT, BRISHIES Y 27 4
RM2610 (H EEBHKRASHE) 2 O, Eiky — 04
MIBERIKT O E % B Z & - 7=

2.2.2. BIBMEEIR K U EENT > 24 D0Hh

RNV Z % a— b L7=% Y T No. 225 No. 4D
Fiix LT, AEAME TS (SEM) 1 X % Wik
BRAEE L2 £/, BFTu—T~v4 207 F54%
(EPMA) I X D B4 v AR TH B H Y 7 4 (K)
TEEY oV IR B I RN, Wik 3 4 v 40
RIBIE DA & BT, BUEEHRRNI R B E 5 mm ¢ Y
A R BB BT B E, W TEMIAR LIRS
KO ICUIW %, Fo U4 Ar 4 4 > 3 ) VTl
HINLS 5 Z sk DIERIL 72,

2.2.3. N > S fEE DA

No. 1 & No. 2 OFfIZ U CTEMNIBOREE T % 57
fili4™ % 7z 12 & ifi - R EfENT (SAICAS) 1L 5 HA
Wrst g ORI 2 36 Z 72 > 72, WESRGEE R TV A (HIE
1.0 mm), §< WA 20°, FEiF A 10°, AKEEE 2 um/s, TE

Item AB1 AB2
Particle size (nm) 37 23
Specific surface 58 133
area (m2/g)
Quantity of iodine 82 180
adsorption (mg/g)
Packing density 0.08 0.05
(g/ml)
Image of AB ‘g‘% ; ro
structure ' | Yorom | ;'3' snm
Structure Structure

Fig. 4 Physical property values of conductive carbons

EHE 0.2 pm/s &L, X5 um, 10 um, 15 um O 3 &
2L CHAEARERE X, X (2)1I28 ) BANERE %K
7.

T= _ B
2wd cotg

7 B AW

F: KA E

w: A

d: ¥ AWE X

¢: AT

His LEAMIREL ¢ = 45° L § 5.

2.2.4. EBPOD Si-0 A @

RN V& T — FERTIE, BRSNS V#1245 Si-0
DIEEDTITTER EN T2 E2MRT 5729, X ¢
BN XPS)IZ KBk Z 7k -72. No. 1 & No. 2
DOEMIZH LT, XPSHIEE B KW, Si 2p HED AN
o P EIR L 72, Si-0 DA, 27 ML O
WRIZK D EHL .

225 JEME & B\ A O 4 RE R

N4 v 22— L7z No. 2 DEMIZH LT, EHE
AR WS (STEM) ISk D N4 v 2D a3 — bR
REL | TEVE & MRS A Y 2 OREHIR DR % 3 Z %5 -
72. STEM #i£21%, % 300 nm fkiZc DWW THEAE L, Wimid
OFEE RGHOIEAEFANIZ, £72, T3 F =50
X 8ot (EDX)IZ KB TEHR A EL 250, EDX AR2
POVBRIE > &, WEYVE, RliAH R OIS v S O 2 h
ZHUZBT 2 77 ) BRI ORI T 2RI 5 E]
& (at%) #fEE L7z MAT, EDX 2k B tHK~v vy EV Y
M 2 Fh L 7z,

2.3. wIVEHT

23.1. a4 > wILRE

AR L 20 B MR (¢ 14 mm) &, HEIZ) F U L8R
(416 mm), £/SL —ZITH Z ARMAT (7 FSV Ty
281 GAL100), BIETEICAFH T LA T ) VEEY) F 4
(LiPF) 2 =5V v —FKx— 1 (EC), TFILAFIL I —
A% — 1 (EMC), YZFLH—F%—t (DEC) IZVAMX
7= 8 (1.1 M LiPFs/EC:EMC:DEC = 3:4:3 vol.) &
a4 v (R2032) A /E8LL 7-.

2.3.2. a4 >t ILEH

FRBRBRIRE % 25°C, HIREIE % 0.025 C-rate, & v b
* 7#hM % 0.01 V205 1.5 V(potential versus Li’/Li) &
LU CHEEBOYIRITRERIC 1 2 H R AR L /-

2.3.3. TMEXROEHBIEEIR

VIR KBS O T4 Y L &AL, No. 1 & No. 20
B O W SEM Bl A5 2 % - 72,
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3. BREER

31. BEHRNCL BN L HRBE
31.1. EHBRELEENS 48

BEMY Y T OB N v 2 OB R, iR AEM D
B, N A U AR THROBEE % Table 2 12789, AB1
T, WS v 2B LR OEME LT, SEY ALY
RFT L TREL o7z, WA V& ISR Al &
12K > TREAZEIIIED 5 72, INRIET, SRR 2378
FEL T2 AB2 & WM T, EEEATE 20 wt% T,
BRI A KIS TAD, ABL &R U TR S~ 2%
THREBHMLZ. ZhsofRED, IR THRAE
FELTOLEENIAE L HWS Z LT, EREE %
Toh, BREESTASLZ LK, BhDZekgh
WZ72Z LT, FanE 1 Y 2 KREREEHIRTE
LEZHNS.

31.2. ¥ TILEMEERER

Fig. 5 I & B DB AAF g O EFKPUTE 2 7R3, Mep%
INA &7 LD No. 1 &/ SA V43 DD No. 2 %R
ThHE, BN VEABTICK M EHZELTH >
7o, EEBFIEA 5 wt% TH 5 No. 2 &, 20 wt% TH 5
No. 3 CTi, BEEBAIEASIAZ 2 Z & THERPUSMK L 7=, &
BHAEARMX 722 L2k D, BRHNOE TR
WEIN-EEZ N5, EEBIAIEILEC T 2287
FHSHA AB1 T3 % No. 3 & AB2 T& % No. 4 #hig4 5
&, AB2 A 7= No. 4 125\ T, BIZHHUEA T 285 72,
IR RIS D FEE L T 5 AB2 OBEEMEREM F4)
BBAKENWZ b o7,

3.1.3. ¥ > TIVHREEIR & E|EN A A DT

Fig. 6 12, %> 7L No. 2 7 5 No. 4 DEMWHDO SEM
Ef L, WAL AHRIEITTH S KILHED EPMA
v ¥V IMERT. BRRETTRIEOEEME» > 729 v T
JL No. 2 & No. 4 Tld, /Y4 » RO K TEHR S EbR
fE O EBEBRRME THPITREL T 5 Z L DHER

Electrode resistance
1.0

0.8
0.6
0.4
02 I
0.0
No. 1 No. 2 No. 3 No. 4

Fig. 5 Electrode DC resistance of samples

Qcm

Table 2 Electrode density and silicate binder ratio

No.| Conductive carbon Silicate binder ratio Electrode dens:;yh(gkl:m:*)
. o ith silicate
(Wt%) Precursor binder

1 - -
— 5 wt% 0.83

2 AB1 11 0.87

3 20 wt% 10.2 0.98 0.87

4 AB2 | 20 wt% 20 0.66 0.7

ENZ=DIZHR LT, BBATEKIROEE NS> 7248 v T
No. 3 TiF, K CEP A ORENUTIZHEL Tn5 Z
87)”’)/)‘/) 7-.

B FTEUA DO FBRREE M Z & ¢, BliaiiRik iz
BR & TR C &, B2 & BB AR & T+ 57 0 JefoN
AV EKBEREBRTEREELONS. —HEENEO
Y7 No. 3 T+ AZERM?E 6 kb, i
W& TR N A VB RETE LS5 BEL NS,

3.2. EWINA L HIC & BRI EMEAERES R

3.2.1. a1 > tILFHA

MY Y 7 No. 1 25 No. 4 a4 Vil
W, BEHEAS BT k-7 Fig. 7.2, YIOFEHKES — 7
%, TNENOYIRIAHER & &%= % Table 312787,
N4 v xa— Mk b, B OEYEED
397 mAh/g #*5 2550 mAh/g \Z KR L 7=, S
HEME N A ENE L, BT E TN v aH
127 LT 72 No. 4 T, Si OFIRARISU 4164 mAh/g
DOYIBFTEFEZ/R L, PIRFTRERDHIL 93.3% LWV I &
WIPEA R L 72, $ Y 7L No. 4 TIREBUS A v 2 D%)
RIZMA T, EBRANOEFREMESEFE I N2 LI2&D
HERFERE EL - EZ 6N, —J, HEIFRERIZ LW
A, WS4 v 2 BRERIMHED AZREL Tz No. 3T
&, VIRIOFEIZT S DD, FTHRENLENED 19% TH
D, MRS Y X OMBITNE o 72 BN Y X ORR
EAHONICREET 572001003, RN v A NERNEEE T
TR AIAATWBE ZENEETH B Z L Nbhr o7z,

No. 2 (AB1 5 wt%) |No. 3 (AB1 20 wt%) |No. 4 (AB2 20 wt%)

SEM
images

EPMA ’
mappings | i
of K
element

Fig. 6 Cross-section SEM images and EPMA
mappings of K element
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Table 3 First charge-discharge capacity and efficiency

Pristine
No. Capacity (mAh/g) | Efficiency
Charge |Discharge| (%)
1 2346 397 16.3
2 | 3059 | 2550 83.4 R
3 | 3657 695 19.0 © (@No.1 (b) No. 2
4 4164 3885 93.3

Fig. 8 Cross-section SEM images after first cycle

3.2.2. M EXKE SEM Ei5
a4 VR EHINS TR E %2 B Z % > 72D No. 1

100
& No. 2 ORI SEM Wi{R% Fig. 8 1=/n¥. M1 >~ No. 2 with silicate binder
Fa— | LOBRTIE, B MROWRIES A X < 5
% 7 AT B A HERR X N7 DI = R A 5
2572 8T, BENZDBWE I N0, RETZX L2 -5 ?: 60
EEZOoND. EE N v A& a— |+ SiEBMTIE, BRI ;g)
DY Ty 2 IE—EHET 5 OO, (KEEIIIZ 5h, % §
KD & OHPEATER SN hr 72, ZHEDREH, > 40
5, WEIE & BEH S 4 Y X DREBI & D RO L

bU7Z e, MR LD AR S A LN, 20 .wfi'

3.3. EHE/N A L X DIEBEIERBENR 0
3.3.1. SAICAS (C & 2 BBAIEDHEE /15T
Fig. 912 No. 1 & No. 2 DEfD SAICAS IZH W CTHlE

0 5 10 15 20
Depth from surface (um)

U 7= B NER D A WSS « 2783, BRMNOREE I &R Fig. 9 Shear strength in electrode
141
I
12|
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= I 2
o 08 o
(o)) | (o))
£ 061 Ch £
> 04 : aree = === Charge
02 — Discharge —— Discharge
00 ——————— _ aolm==mmm===== o g —
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Fig. 7 First charge-discharge curves of Si/Li coin cells at 0.025 C
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Table 4 Si-O bonding ratio for all Si

Si-O bonding
Sample ratio (%)
No. 1 precursor 32
No. 2 with silicate binder 48

TR AWRE X, BN VT — ISk D 4F5IE ER
U7z, MR/ N4 v 23— Mok D, BREA N A S
HLTWBZ bbbl W HABEMNT 512665 TC
BN T B TH - 7. ZIUTER SV FE RGO
SBR/NA ¥V BB L TWBEHE L 6N 5. HH A
VEOAMIZEDL S FHEXIKZIFFCTH D I Eh s, it
WS A v ZIZNERE TH—I2040 L, M A1 B X2 Tn
%Ml h .

3.3.2. XPS I & % Si-0 #EA M

Fig. 10 (2 No. 1 & No. 2 DD XPS HlE L 7= Si 2p
ZXR7 PLERT. WThOH Y T, Si-Si DA AR
FE—=2 (99 eV i) & Si-0 #A %2R TE—2 (103 eV
i) BHERTE 22, S h7z2<To Sill iy Si-0
A O % Table 4 IIRT, B/ N4 v 40— MZkD,
2TO SilZxd % Si-0 fEADHEBHML Thb Z &
MR T X 2. 2720, SimWERIMIHIICICA FEL T
W72 SI0 A T, BN v 4= LA DT, 7
A WIEHRD Si-O fEANEML72E L5 5.

F7-, N V24T — L2 DOTIE, Si-0 e Y —
IMET A LF N T P LTz, Si0, DG 3L
F—103.2 eV 25 103.9 eV IZH LT, 7 1 Bl 102 eV
75 103 eV Th 72720, B/ N1 v L HkD Si-0 #5E
OBEHNHER LT =2 7 PRI 5= HiETE 5.
INEDMERM»E, BN, v 4T — L DTIE,
Hox4 v aHkom@i s Si-0 f5AD X v T — 2 DR
XN TWBZERRIEES,

3.3.3. iEME - |/ A > 4 FE R

Fig. 11129 >~ 7L No. 2 ® 18 nm fANIZEKIT 5 EDX

7000

6000 | T No. 1 precursor 8

—— No. 2 with silicate binder

5000

4000

3000

2000

Intensity (arbitrary unit)

1000

108 106 104 102 100 98 96 94
Bonding energy (eV)

Fig. 10  XPS spectra of Si 2p peak of Si electrode

vy BV EIRT. Si GBS N4 v AR5 T
b5 OILHRE K LENBE SN,

Fig. 12(a) i< Si WiEZ&midO STEM %4 /73, Si 5%
BE&m RIS, JEEAY 40 nm FUE QMR N1 M 2MfER T
72, Fig. 12(b) O Si iH'E & /N4 v £ O FmifERIC
BWT, REIOFANC SiJtH, 0 LK, KILED EDX 7
4 Vo3 L 72459 % Fig. 12(c) 128§, Fig. 12(c) 1o/nd &
02, WEWEM A, R B, BN VA C & L7z

Fig. 11 EDX mapping (18 pm x 18 pm) of

electrode No. 2

Silicate

\ / binder

Si 40 nm

(a) High resolution STEM (b) STEM image of EDX

observation line analysis
100~ C | —si

|l'||l - Q0

805 rk —_K

60—

(at%)

40—

20

I ) I |
0 20 40 60 80 100 120 140

Distance (nm

(c) Composition distribution of
interface domain

0

Fig. 12 STEM image and EDX line analysis of Si
surface
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Table 5 Element ratio of interface domain

Phase A Phase B Phase C

Si grain Interface | Silicate binder
Si (at%) 93.8 43.9 37.8
O (at%) 6 54.4 62.1
K (at%) 0.2 1.7 0.1
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Fig. 13 Element distribution model of interface
domain
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Oxidation Potential and Absolute Hardness Relationship in Lithium-ion Battery Electrolytes

H W IR W #Feom!
Yoshiyuki MORITA Hiroto MAEYAMA Atsushi FURUKAWA
= =] ABSTRACT

U F LA F Y TREMOESETAEEICIET 5 729,
BIRE DML DO EABET Lz 7 — R+ — MEED
g% 7 » T T L FOLER, FHORFEEHES LI
BRRICEM L 220 TET L&/ L, DFT GH5HIC & 2 M
AR k-7 MdREk%Eo 7y 74 7HET
FUE =D EHxtN— F X2 &ML, $ERSIAL 2 v
AN =5 RD 7= AR & OB & BGE L 7= 558, T
BB A RIE & 7z, faxt— F X 228 E LT, B —
R — MRED OBt Es PRI hIZZLET v,
7o RTLFN T — T ERAS L CGRERMEZFEL
=, EENAEEEM & LT H T3 LiNigsMn, 50,
EHWT, RIREY 4 2 LRI & 2 E A MR 2
LA, B R 80% 1Z2ET 29 4 2 LB
=R 3 — N BRFHAE D 45 %4 2 e p 5 80 44 &
pizE kL 7z,

In this paper, we investigated the increase in
oxidative stability of electrolytes in order to respond
to the high-voltage operation of Li-ion rechargeable
batteries. DFT geometry optimization calculations
were performed for those molecular models of which
side chain in the carbonate solvent substituted with a
fluorinated alkyl group and the carbon in the main chain
substituted with sulfur or oxygen. Linear correlation
was found between the absolute hardness calculated
from the frontier orbital energy following structural
optimization and the oxidation potential determined by
linear sweep voltammetry. Taking absolute hardness
as an index, a mixed solvent of fluorinated alkyl ether
and sulfolane, which was predicted to have better
oxidative stability than carbonate solvent, was prepared
as a prototype electrolyte. We then measured discharge
capacity retention by a cyclic charge-discharge test
using a battery with LiNi,;Mn,O,, which is a well-
known cathode material for high-potential operation.
The result showed that the number of cycles taken
to reach a discharge capacity retention index of 80%
increased from 45 cycles, which is the figure when
using carbonate electrolyte, to 80 cycles, which is the
prototype.

1. FADE

2019 4F D/ —XUAL¥EHII YV FY L4 4V DK
HH (LiB) OFH &Y K ODRIIZ LD Whittingham,
Goodenough, &5 1225 & h=. ko DB L7241 ~
f—HL =3 YRIE, LiCoO, kI X U7 77 74 b
HERRIZIN A T, Harris 2N EARRBES 2 208 U 72 AR A1
fiie P ¢ LiB £ RK$ 2 BB LM TH 5. AR
wfE (LUT, B 13, G7KE%E ppm L)L F TEB L
T A RIEC Li R 28 L 2R Tah D, FRERIGIC
B 5 1EM, BRI O Li 4 4 285245 . GREOICHK
IZ&BKROBERAIHNEL 3 VI EO v LEEAFES L,

b AT RS T

LiB o/l RAL, @it hicd s Le @,

BRI ER X N2 EAREAVENE L @A 4 v
EERTH D, 2N IEMOMEHEE, AR
BERITTZEMAON TS Y, HRABIZIIBEL D
MRS D, 215 OHhh 5 IRNERNEOHBIAL % % E
I 572012, 1970 FK» 5 BXRILFMEBROEM, &
BEDBA A e X NI AER O BUE OB IE A — A
F— MEBESTERSE LTHHE RTINS,

LiB OE T 3L ¥ —FEICHd 5 %IE, &ET/ED
btz ki Eh 3. Fig. 1123 & IEMGEWE O ks
%% 7R 9. LiNigsMn, 50, (BAT LNMO4) i3E 7" 7 + — 4
4.7 V vs. Li/Li" fhEIS/FAET 5728, ST 1L F —HJE I
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Fig. 1 Discharge curves for various cathodes

2. FIERFIC L BMEHRR

WAEDFH AR S L U 2 MBHERTFEORE B LU
Mg Ed AR E L ") 35 H S 2 AR A & A
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(Absolute hardness: ) & M BEHER O IEHE L ED 7=,

Pearson iZ, & % IO RIGIZEPTT 5 AW,
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L7 1906
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) 2 53R - BEVAIED 5 & FIR AL E N O A % &
FEL, WERALPEAS A E§ 5 & PARX W= AHIEEEO A TR
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LNMO4 OFTRE Y A4 27 VEEIZ X D MEEL 7=
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Fig. 2 Schematic illustration of organic solvent
molecules



Honda R&D Technical Review

Vol.33 No.1 (April 2021)

13, Accelrys fH#I DFT 55y or — o DMol*®" @ %
W7z, A3 FHBE B B3 — A% L% B D ELE DL (Generalized
Gradient Approximation: GGA), FEESBI%IS 2 HEE
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1302 eVIREETH 72720, < OWEHIAH S 5 BLYP
Gz BHEINSEIE 10° Hartree & L 72,
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Fig. 3 Schematic illustration and cell appearance of
three-electrode cell used for LSV
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Fig. 4 HOMO and LUMO energy levels of various
organic solvents
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Fig. 5 LSV curves of (a) carbonate solvents, (b) fluorinate solvents, and (c) sulfonate solvents
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Table 1 Eyomo, ELumos 11, @nd oxidation potential of
solvents
Eiomo | ELumo Oxidation potential
Solvent v | evi | 7| vvs Lini
Propylene carbonate -6.722|-0.279 [ 3.222 4.8
(PC)
Dimethyl carbonate
(DMC) -6.546 [ -0.143 | 3.201 4.8
Diethyl carbonate
(DEC) -6.367 | 0.010(3.189 4.8
Ethyl methyl carbonate ; ;
(EMC) 6.454 (-0.063 | 3.196 4.8
Fluoroethylene carbonate
(FEC) -7.340(-0.885|3.228 4.6
Difluoroethylene carbonate
(DFEC) -7.7471-1.390 | 3.179 4.6
Tetrafluoroethyl tetrafluoropropyl ether .8.033|-0.577| 3.828 6.1
(FAE1)
Pentafluoropropy! hexafluoropropyl ether .8.426 | -0.955 | 3.736 58
(FAE2)
Pentafluoropropyl tetrafluoropropyl ether | _ ;
(FAE3) 8.381(-0.672 | 3.855 6.5
Trifluoroethyl methyl carbonate R .
(TFEMC) 7.091[-0.655 | 3.218 3.8
Sulfolane
) -6.603 | 0.333|3.468 6.1
3-methyl sulfolane
(3MesL) -6.503 | 0.292|3.428 5.5
Ethyl methyl sulfone ;
(EMS) 6.750 | 0.210|3.480 6.3
Isopropyl methyl sulfone }
(iPMS) 6.619 | 0.285|3.452 5.4
1,3-propanesuitone -6.867 | -0.147 | 3.360 42
(PS)
btkm Lo 7=8121F, K ELEEDFOAEHCTE

R EFS 2 ZENEE L EFELOEND.

42 AEERBRDAE 5 L UBUBDHER

it Ee L PE DI LA S h 2 HREBRE LT 2L K
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XD ERIEEMIE L. SL B XU FAES I, Li
SJ Bk LT OEITCHIEIZ IR O A MEIZ DV TR 23 g
=¥, —MRHG RNl & LT VC™ B0 & Fn 7=,

Fig. 7 IZEATEEMWE D LSV MER R 36 L U LNMO4 IE
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M HAER &N, Fig. 5(a) T/RUL7ZH — K — b RBBITH
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EIUMHRENZ BT, 1.0 V vs. Li/Li" {2 VC O
TCHEIZ R IC & % & b 5B ITTEHRY, ovvvau+
I Li &mtrit & B bhél_TEEE(nL Ao DEk
D, MIEBREOBMAEILO VA5 6.0 Vvs. Li/Li" T
HbHTEEMRL . &zLNMo4®@mEﬁ&m#ﬁ
R OB AN TH WM T 20 2R T S

7eOIZCVRlEEB I 5 -7, Fig. 7 &0, Bt —2
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3, MEEREOBNETHFICHN-TELIRILTH S
Z e EERAL 7.
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Predictive Technique for Seat Belt Submarining Injury by Triaxial lliac Load Cell
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ABSTRACT

Submarining is one of the confirmation items in
the frontal crash test, and if signs of submarining can
be grasped with a single crash test, it will contribute
to increasing the development efficiency of crash
safety performance. This study created a prototype
of a triaxial iliac load cell for an anthropomorphic
test device and devised a method for calculating the
position change of the acting point of the seat belt
restraint load applied to the front end of the ilium, as
a sign of submarining. In frontal crash sled tests that
intentionally generated submarining, the acting point
of the load applied to the ilium was observed to move
upward from the front end of the ilium in the time
zone before submarining occurred. As a result, this
enabled to detect the signs prior to the occurrence of
submarining.
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