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Kinetic Energy Recovery System for Electric Vehicles

Eung-Soo Shin*, Jae-Keun Bang’

Abstract

This paper presents a new regenerative brake system of electric vehicles that employs a continuous variable
transmission(CVT) and a flywheel. The developed device has advantages over existing regenerative brakes from a standpoint
of reliability and versatility in actual driving conditions. The system consists of a CVT, two wheels, a flywheel, a coupling
and auxiliary powertrain components. The CVT is designed as a combination of two cones and a roller, which causes
the velocity difference between the wheel and the flywheel. The power flow of the flywheel system is controlled by the
CVT roller and the coupling through step motors. A prototype has been developed and then its performance has been
investigated for various operating conditions. Results show that the storage efficiency of the flywheel is much affected
by the vehicle’s velocity and it is reduced below 20% for high speed, as compared to the 25% efficiency for an ideal
condition. The CVT is a primary factor for lowering the flywheel efficiencies due to large friction and slipping between

the cone and the roller.

Key Words : Kinetic Energy Recovery System(7]A| %] ol 42| 3]RA2)), Electric Vehicle(Z171A-5-2, Flywheel(Z2}]2), Continuous
Variable Transmission(F-cH#<7)), Regenerative Braking($|A8A41%)
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Fig. 1 Schematic of a regenerative brake system

441

o}, ojul Eat E2| Apolofx 2
Foie} 2 Afofe
g FsAlodle

T mEs FHas7]7] sk
sAYe 2xngor 2EY CVIE B
e o] AT WEEE uio M 7hE &
=2 HE e 98 st Ae Aole viFek Eetold
Atole] &&= qpolg Friste] Bt A= oWAE Tt
”}01 o842 AYE £ JEE st 92 U ST
Z3 ZYAE BAA Q2H| =, 2 5
Jofe 2@A7t 22l of Eetola2 A slon Al
& Aol Ke7h st ZAE FEEE &5
279 A A7 Eetolde Agdr). STl ERY ofjufX]
A Eehol 8] =7 v 9] £R9} ZoplE 21
Agsled] ol CVTE v Edtold Afol9] Wi&HE =
Asto] 75 W AU A7} Eetol o AREES sk

& 3tk Fig 1(b)= 5842 B2 Aofshy] At Al i
& Uehd Ao uiFet Eetold, BE 4249 &g

ZAshI9s WA CVT 28 43S S4517] f2 Al 1
Zetold FefA 9 AHE 2] A3 HA Aol

>

11 mln 12

2.2 CcVTOll 28t S|MMiE SN

Fig. 2()= Al Al CVTE /3t oA Eeto|dE
o FHdeE UrEHHCf SRR Fof FAE Fpol At
& 44T A3 oA WA HUU

—Fprp A= Iywy, — Lywy, 0

FprpAt= lpwp, )

714 fo AgBARUECD IR Wi HE,
P )8 oojsha i 9 fi R Setolgag
o7 A% F2k9) ARt £& 217 Ouisick. of W CVT
23 B8l Afolo] |go] WA Yrrhdl otehel L
DA o] Hyai,

Wy, Ty = Wp g

A, ) 2 B)e2RE AlF AF |8y JuA A

s,
i
i

A BE nee T} go| Fold,
1 .
. E‘Ipwfv} _ n2’y (4)
s _;;]Wwi;v; (71’2’Y+ 1)2 .
A7)A, n3k v WY ETHo]Y Atol9] S| B A
AEHEL WRA th&i o] Fogith



NEPT
ey 2ajote] Apolo] o|TFo] WAL 7H5Ao] olAlT.
" T ®) Fig. 2b)= CVTOI4 £8 A2 A 23} 28 Aolo] 218

g FEfo| B2 E v R ouA A £ 9= Het
U HYo 2 78 4 gor I AdE A @Y 1.2 Y
3[A Fojzich Fig. 32 o[& ni} v9| ¥glo] s vietd
AOE nto] BAGol Stold B9 AL 0.258 F
oo ngholl whet Hi7h Bls v, 7t 2R e nol AY
TE Yma /BRI A7 BN SHolBY AHFTA
EHETL 224E Ay Y 277 Sol5EE vy sty

g 4 9loU ng ZA @ A$ OVT 29 B4zl AR

CVTCone CVT Cone
(Wheel) {Flywheel)

(a) Wheel vs. flywheel

cvT
roller

{b) Cone vs. roller

Fig. 2 Freebedy diagram for the CVT power transmission

(%)

10

L)

Storage/ Regeneration Efficiency

<

0.2 0.4 0.6 08 1
Moment of Inertia: Flywheel/Wheel

L~

Fig. 3 Flywheel efficiency

442

e We UEd ZoR EYRiRE 2o Aise eAY
Ny B2 o] 237 Ao o) =45 29 F4
7k pR Qste] 2 BH Agete MAE F 3 AY Fe
o3 gk

F, = Nycosf; F,=+/(NgsinB)*+ Fp (6)

AN P2 FEAY B3 o) 2AEHH o] of v]ng
ol A 7] % 24L& A (DI 2o

NR (] Wi W/ r W) (7)

picos®B—sin®p
9 Aol p, & 23 B2 FHAAY A opEA ol o
€ 27t zo|th

Table 12 2 A1 sMAFTYAY £ 44 HrE A
Z)et AO2A n=2692 A5G o] 4 Ejo]E HEo|
g7t B y=0.149) wel Eto|do] AYPHYRUESE 2
Askgict.

Fig 4= AA A NAEL AR L2A e 59
A 7 a42 A= glon di= AYda 2 Aol
o AR FAE ] Stk Alo7]= FHEYA FERE,
old Z¢A 9 CVT Hi&EH9 93] 284 29 2H
olgit

=
R A i

uf e il

3.1 &8 e

2 Q7Y SARFEA 3171 $isted
Fig. 50f Hol ne} o] RE|ZEE uiFj7tA] A& A
gote gt 2 ZA] Aol A v o7t Zetold

Lo
e B4

Table 1 System parameters

Properties Value
‘Wheel 0.300

Mass moment Wheel axle 0.0000156
of inertia Flywheel 0.042
(kgm’) CVT 0.0003

Clutch 0.000835
Slope (°) 17.67
geS;eTtry Radius Short 15.55
(mm) Long 41.92
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Fig. 4 Prototype of the powertrain with a regenenative
brake system
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Fig. 9 Speed reduction at CVT by friction
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Table 2 Friction at the powertrain
Component Friction torque
mpo (N-m)
1 0.2513
2 0.1461
CVI 3 0.1396
4 0.1337
5 0.0982
Wheel 0.1554
Flywheel 0.0087
36
34
£ 3l
0
0
S
4 30/
>
2
g 28]
w
261
%o 1000 1300 1600 1900
Wheel Velocity (rpm)
Fig. 10 Energy loss at the CVT
24—
22}
3
=
o 20
s
(&)
181

1000 1300 1600
Wheel Velocity (rpm)

1900

Fig. 11 Slipping at the CVT



BH M A EA|ABIENSIX] Vol.20 No.4 2011, 8,

Fal

185mm 228m®m Velocity recovered
— by regeneration
=
z 20
g
=
4
®
&
519
L
]
>
34gmm
18 i L 1
700 1000 1300 1600 1900

Wheel Velocity (rpm)

Fig. 12 Velocity recovery by regenerated braking

2 Fig. 121 Eetolo] gk 34 A5l o3 Aol
AR AHelA] R 4 Gk 452 A% A 209 N
2 Yok 02 A A SE7} 1100mm ofa}e] A4 77
A1 20%% 4|5t W8l 1 1300mpm olAte] 4 1 |
stz Wojzich

4. 2 E
2 Aol M AAEAY AT A HEAle S g
F7] A APATAARA FI&7]9} Seojd g o]
&3 7IAA AL-E AA ARBE Jf gt e 24

7
slglon] 1 A%e ohew) 2

(1) %% A% A w22 Seo|Bze) o AY Ad
o A% 4 Y 459 GFS Yo wom 427}
FH845 A4 B8] Wojdth. Wl Beloyayy
Agozel dun) B BES SEY S 12 W
e

(@) CVTE £ a79 SBATHAY Aol 7H 2 43
oA A uAIs BetolBY % Aol WA
SUNY F2 % ANS 2253 AYAE B8G 24
Bk SRR A % B4 ERY AAAE 22t
25%0) 2|5 CVTe| 2] ohate] o3k ofuix| 443k CVT
23k Zo) Aole] o1 W] e £UE ste] 24
T ESE 1000mpm o3 AkolAlt A% W B4 £E
o) thek 20%0) TBY &0 4T AY Ago] 1

i

==
L
=]

i

445

ojstz A3,

(3) BT BLL A YAE CVTY AL By 24
o] $AFolof stol CVT 23t B8 Ao} 54 RukE
e ok B4 247} 0] 7|25t 0jng YA2 9
g 2o 479 SAAEAA ) g 2AE EEFHE A
o Waalth,

$47 AUAY A7

(1) Hall, P., and Bain, E., 2008, “Energy-storage Techno-
logies and Electricity Generation,”

~Vol. 36, No. 12, pp. 4352~4355.

(2) Kim, B. W.,, 2007,
Energy Storage Systems for Hybrid Electric Vehicles,”
J. of Power Electronics, Vol. 12, No. 5, pp. 31~36.

(3) Yeo, H., Kim, S., and Kim, K., 2006, “Regenerative
Brake System for Hybrid Electric Vehicles,” Auto
Journal, Vol. 6, No. 6, pp. 38~45.

(4) Zheng, C., Park, Y., Lim, W., and Cha, S., 2009,
“Research on Driving Control Strategies of HEV,”
2009 Spring Conference, KSAE, pp. 38~45.

(5) Choi, S., and Kim, Y., 2005, “Compound CVT
Realizing Power Circulation Mode and Power Split
Mode,” KSMTE, Vol. 14, No. 4, pp. 96~103.

(6) Nakamura, E., Soga, M., Sakai, A., Otomo, A., and
Kobayashi, T., 2002, “Development of Electronically
Controlled Brake System for Hybrid Vehicle,” SAE
2002-01-0300.

(7) Bolund, B., Bernhoff, H., and Leijon, M., 2007,
“Flywheel Energy and Power Storage Systems,”

Energy Policy,

“Technical Characteristics of

Renewable and Sustainable Energy Reviews, Vol. 11,
pp. 235~258.

(8) Beiker, S., and Vachennauer, R., 2009, “Regenerative
vs. Friction Braking of Hybrid Electric Vehickes,”
SAE 2009-01-0442.



