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Development of Auxiliary Power Supply System for Electric Power Steering

OO0O0OO0OF SATOUOOOOOM. HIGASHIOOOOOOT. SUGIYAMA

When employing an electric power steering (EPS) system on a large vehicle, issues include an
increase in the electric power load of the vehicle during stationary steering (steering while parked), and
lowering of assist torque responsiveness due to lack of electric power.

An auxiliary electric power supply system for EPS is being developed to solve these issues.

The purpose of this system is to achieve a high power output EPS system which compensates
momentarily required electric power with an auxiliary power supply.

This report describes an outline of the higher power output system and vehicle test results of the
auxiliary electric power supply system, as well as application development to lower the vehicle power
supply load and ensure safety within the redundant power supply system.

Key Words: electronics and control, electric power steering, auxiliary power supply system, high power

output

1000dn

oomoooooooooooooooooooon
gooOoOoOoOoOoOoOOOoEPSODOODOODOODOOO
gooosvuvoooooooooooooooooo
0000000000000 oD0ooooO EPSOODO
cooobooboooboooooooooobooboooobboooo
ooobooboooboooooooooobooooboboooo
cooboooobooooooooooOobooooboboooo
O0o0o00o0o0O0oooooooooOooOEPSOO
coobobooobooooooooooOobooooboboooon
cooboboooboooobooooooOooooobooboooon
coboboooooooooboooooog

Oooooooooooooooooooog EPS
oooooooboOoOoooboooooooooo

OOEPSOOOO............ gobooooobobood
googno

goboobooboo..... gogboopobooboon
goood

goboobooboo.... OooooooOoEPSODO
oo

Oo0o0ooooooooooooooo EPSOOO
goboooooboobooboboocobcobocoboooooo

JTEKT ENGINEERING JOURNAL No. 1013 (2015)

gobooobooooooooobooooooooo
gobooooooooood

20000400 EpSOggoy

210000000000

EPSOO00DOOO0O00ODOODOOOOOODOOOO
OOECUDODOO0OODOOOOODODODOOOODOO
gbobooobooooooooobooooooOooono
gbobooobooooooooobooooooooono
OoooooOoEPSOODOOOOOODOOOOODOO
gobooobooooooooobooOooooooonon
gooooo

012V battery | Steering torque assist
3 0 Alternator /
Vehicle
» ECU
power supply 1 ket
Angle
Other electrical sensor
component A
Steering
torque sensor
sl EPS system

gooeEpPSOUO0OOOOOOO
EPS system block diagram

4]



JTEKT

oooooboobooooooooboooooooon

oobooobooobooobooobobooobooooboo
000000000000 oo0DoooOOEPSO
oooboooooboooooobooooooooobboooon
cooobobooooboooooooooobooooobboooon
cooobobooobooooooooooooooboboooon
oooobobooooooooobooomoooooooon
cooooocooboooooboboooooobocooao
EPSOO00000OOOO00OOODOOOOOOODODO
od

Power consumption
(Normalization)

goooooooogoogooesss
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Capacitor | Lead battery | Li-ion battery
Energy density, Wh/kg 405 250 35 40070
Output density, W/kg
12500 18000 2000| 3000 400 |15000 2000
10 1500 9000 1100 | 2000 300 3000 500
Cycle life, cycles 100 000 < 500 < 1000 <

3400000000

cooobooodoboboooooooooooooon
gbobooobooooooooooboooooooooon
oooosSwoooooooooooooooOEPS
oooooooooboboooooooooDbooon
EPSOO0000OO0OOOO0ODOOODOOOOOODODDO
OO0OO0OEPSOOO0O0DODOOOODOODOODODO
gboboooooooooooobooooooooono
gbobooobooboobooboobooobocoooooonon
oooolooooooocooooooooooooo
gbobooobooooooooobooooobooooo
gobooobooooooooobOoOooooOoooon

43



JTEKT

oooooboobooooooooboooooooon

goobooboobobooboobboobobooboo
gobooboobbooboobooobobooboo
goobooobobobbbbobooooogooooooo
O00o00d0oooDoooo20000000D000D0O
gobooboobbobobooboobbooboo
gbooooooooboboboboooog

S
g= Supply from
28 capacitor
S
o= threshold
";’ % Supply from
2z vehicle power
4 supply
[IW}
0o0o00o0oo0ooooooooooome
Transition of electric power consumption
(Charge-discharge control)”
O Continuous steering in parkingd
.

> 12 With charge control

0

(]

o

E .

°

>

é : i

'g Without charge control

g ;

©

O E

0 h
0 2 4 6 8 10 12 14 16 18 20

Steering cycled Time

00o0oooooooooooooooag e
Capacitor voltage transition with/without charge control*”

3500000000000

Oo0o0ooo0ooooo EPSOODOOOOOOOO
Oo0o0Oo0o0000oooooooooo EPSODOO
cooboboooboooooooooooooobooboooo
coobobooobooooooooboooooobooboooon
cooboboooboooooooooooooobooooo
oooobooooboooooooooobooooobbooon
EPSOOO00O00ODOO0OO0OOODOOOOOOOOO
ooobooooooon

OooooooOoooEPSOODOOOOODOOOO
coobobooobooooooooooooooboboooon
cooobobooobooooooooooooooboboooon
oooooooobooooboooooooooooo
gio00oOoOoooOO0OOOOOOOEPSOOODODO
cmooooooodooboooooooooooooon

44

l Discharge
24

'F'\;‘F'-rdﬂ-‘.—h-

Steering torquel] Nm
EPS input voltage V

TimeO's

ooooDoooooooooooooooorE.
Steering torque fluctuation at change of control
(before countermeasure)””

Discharge .
Discharge voltage map
Capacitor| |Discharge nE |
circuit & S 0000 .
Steering angle
speed
Vehicle
power supply EPS

A

glo0o00ooooooooooon =-
Proposed countermeasure for discharge control3”

40000000

410000000000000

ooooooooboooobooooboooboonoo
goooooboobobobtblrooooooooon
gboboooboooooooooobooooooOooono
EPSOO00O0O0ODOOOO0OODOOOOODODO
goboooboooooooooobooOooooOooono
gboboooboooooooooboocOooooOoooon
gbobooobooooooooobooooobooooono
oo

JTEKT ENGINEERING JOURNAL No. 1013 (2015)



gooooobooooooooboooooooon

JTEKT

Discharge voltage control
\

“{----Voltage
|7 Torque |

Steering torque, NOm
EPS input voltage, V

Time, s

0100000000000 ooooooge®
Steering torque fluctuation at change of control
(after countermeasure)3"

420000000000

oobooooooooobocooobooooboooo
oobooooobooboobobooobocobocooooooon
Oo000ooo0oooooo200000000000
cooboboooobooooooooooOoooooboboooon
cobo0oilzo00000000000000C000
cooboboooboooooooooooOooobooOooo
cooboboooboooooooooooooooooo
oooboooooooooooooooooobboooon
oooobooooboooooobooooobooooobboooon
gooooobo 200000000000000

oobooooooooobooooboboooboooo
oobobooooooooobooboboooooon

Without discharge control With discharge control
& . .
QL ©
:E’_ - . .
= L —
! [
2 : 7
ﬁ ® :1 r"
o s
sot-cup¥s p S e 2oyl
o
0 Fast

Steering angle speed

0l1z20000000000000000 30
Measurement results of steering angle speed against
steering torque®”

JTEKT ENGINEERING JOURNAL No. 1013 (2015)

500000

51000000000

goboobbooboobbooboobboon
goooooooobobbbbbboooooooooob
gooboboboooooooobobobobooo
gooobgooooboboooboboooooaso
goobobobooooooooboboboobooo
gobooooooboobobooobooboboooboon
ooooooUooopoooooso oooooood
gboobobobooooooomobooooooo
goooooboobooobobooboobbooobg
goboogooboobooobobooboobbooobg
goboooobooboobbooboobboobg
goboooobooboobbooboobboobd
0d00o0o0o0ooooooooooso ooooog
goobobobobooooboobogo

- - i

I 7]

Steering angle speed l | ‘ &

Conventional system A
> [100% T =
O QO e Q
== g
< b, o
B_Q ) \ 0
— T i L Q@
g5 / 3 2
= S
3% _"' 4 5'L.threshold o
----- - t Yy £
e ryaraty =
Fg Aa— ok | S—— b
= v 5

Development system =

k i 5

i i n

0 0.5 1.0 15 2.0
Time, s

0i13000o00oooon e
Measurement results of power consumption*”

52000000000

coooboooooocooboocooboooobooooo
EPSOO00O00OODOO0OOOOOOOOODDOO
gobooobooooooooooooooooooon
ooooooOoEPSOOOOODOOODOOOOOO
oooooooooooOoooooEPSODOCOOOO
gobooobooooooooobooooobooooDo
od 140000

coooooooboooooboocooobooboooboooo
00o00000o0o0oooooooooo EPSOCOO
gobooobooooooooobooooooooono
goboooooooooooobooooood

coooooooOoocooboocooboocooboooo

45



JTEKT

oooooboobooooooooboooooooon

Conventional EPS system

Power-supply

Steering

> 20
2> 01 Power-o
>0
S 0 Circle driving
gs 0 Speedd 20km/h
o o
a >
0
c 20
g2
gg
hg
8
0
160
o0 u \
£ 0
33
2=
®

Steering

100

Time, s

Power backup system

2 T
> ° 01 Power-ol '
m] ] !
g ! | |
8 | | |
° i i |
> | | |

O I I I

e 20 : : —

i 00 | Torque limit |

2 o | .
] | |

3] ! | |

S ; :

Y - ; ;

160 T l T

> | ! |

() | | |

o© | | !
O — .

5} | | |
<) I

= 1 1 |

< | | |

100
0 30

014000000000
Power-ol test results

cooboboooobooooooooooooooboboooon
O0o0O0o0oO0ooOoOoEPSOOOOOOOOOOODO
EPSOO000O0OOOO0O0OOODOOOOODODO
cooobobooobooooooooooOoboOooobooboooon
coooogooo

eLyoog

ooooopooooooooooooooo ecUud
gobooboobbooboobboobobooboo
O0o00l2vo0ooo0oooooooooooooooo
gobooboobbobobooboobbooboo
gbooooooooboobobobobomobooboo
O000EPSODOUOO0DDOUOOODOOODOUOODOO
gooooboobooboboooboobooobooo
0000000 EPSODOOUODOOOODOOOUOODOO
gboooooobooboboboboooooog

gbobobooobooboobooboboboooooon
gboooooobobobobooooooooobo
gobooboobbooboobboobobooboo
goobooboobboobooboobobooboo
gobgooboobbobobooboobbooboo
gobooboobboobooboo

46

goog

goooooooooooooooooooooooood
goboooooobocoomooooooboooooobooo
00 O M No. 4-140 201450650 p.1-8 20140

0000ooo0o4vooooooooooooooooo
42v0o0o00oo0o p8s-86

gooooooooooooooooobooooooobooo
ooboooooboboobomoooboooooobooo
0000 00ONo. S307, 20155307, p.1625-1628) 20150

god

da

oooog™
M. HIGASHI

oooo”
T. SUGIYAMA

oooo”
F. SATO

Y 0000D00OO00O0OOOooOO
" 00000000000 DOOoOoOon

JTEKT ENGINEERING JOURNAL No. 1013 (2015)



