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Development of the Motor Assist System for a Hybrid Car — INSIGHT
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ABSTRACT

A motor-assist system has been developed and
employed for the ‘Insight’ hybrid car. The system
consists of an internal combustion engine as a primary
power source, and a motor placed around the engine
crankshaft. Such construction makes the system volume
significantly small and offers more flexibility for a
power plant layout.

The system’s functions include absorption of braking
energy, idling-stop, driving power assistance, and power
supply for the 12V electrical system. A proper energy
management method for various driving mode has been
established by combining these functions and fuel
economy is significantly improved as a result. As other
control features, an active motor vibration control
compensates idling vibration that is unique to 3-cylinder
engine, and sophisticated transient torque control
between assist and regenerating modes harmonizes the
two power sources’ characteristics to ensure better
driving comfort.
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Table 1 IMA specifications

Engine specifications

Construction Liquid-cooled 3-cylinde in-line
Valve train Chain-driven SOHC 2intake/2 exhaust valves
Capacity (cc) 995
Bore x Stroke (mm) 72.0x81.5
Compression ratio 10.8
Max. power (PS/rpm) 70/6700
Max. torque (kgm/rpm) 9.4/4800
Motor specifications
Electric current AC
Rated voltage (V) 144

10.0/3000 (MT)
9.2/2000 (CVT)
49.0/1000

Max. power (KW/rpm)

Max. torque (Nm/rpm)
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Fig.3 IMA motor
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Table 2 Battery specifications

Type Nickel metal hydride (Ni-MH)

Cell voltage V) 1.2

Quantity (cells) 120 (6cells x 20modules)
Connecting method In series
Capacity (Ah) 6.5 (3-hour discharge rate)

Battery ECU

- Motor ECU

Battery box

Fig.4 Battery box assembly
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Fig.5 PCU (Power Control Unit)
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Fig.7 Rear layout of IMA system
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Fig.8 IMA System block diagram
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Fig.14 Engine revolution chart (IMA motor)
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Table 3 Feedback gain of control mode

Control
mode

Gain Deceleration|  Assist Cruise Idling
Gain of
proportional Kp1 Kp2 Kp3 Kp4
control
Gain of infegral| ;4 Ki2 Ki3 Ki4
- AN A _
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High Middle Low
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Table 4 Effect of damping control

Measuring point Effect of damping control

Vibration of steering wheel -3dB
Vibration of seat -5dB
Sound pressure _54B

of vehicle compartment

goodoooooga

gooooobobbbbbooooooooooooo
gopoosocogoobouoooooooboooooog
gogd
IMAOOOOODOODOOOODOOoODbOOoO0DbOO0Oan
gooooooobooboboboboboboooboooo
god
oomoo soc oooooooo
gbmoobooboboboobooobooboobaoobo
ooooooooon
gbomoobooboboobooooooobooo
ooooooooon

6.1. 00000000

gbobooboooooboooooooooooboooboon
goobogoobooboboobomMADODODOOODOOO
goodooooooooooobooobobobbobooobooo
gboooooooboobobobobobobooooon
gooooooboooboobooo0ooo0obOFiga9
goooooobo

6200000000

oboooooooooboboobooooosoc oo
gbooooooobooboboboboobobooobooon
goboooboooboooboobbo@muooobo
0000000o0@mOoOo0oDooOoOooDoboOOd Fig.2o O
gbobooooooobobobobobobooboooo
gooo

> Calculate

—» for damping control

> output torque

TDC sensor Calculate
signal crank angle
Engine > Calculate

load
torque phase
—{ for damping control
> Calculate
Engine R fto:jque e}mplitude |
speed » for damping contro

Motor output

Output
torque

Calculate
. output torque

command

for
assist and regenerate

Fig.18 Block diagram of damping control

0130



HONDA R&D Technical Review Vol.12 No.1 (April 2000)

Target powerj I/Arual power ogood
doddodfdoobooooooooooooooooboon

» 000000000 Vol51, p.11-18 (1997)
000000000000000000000000000
000000000000000000000000

Low limit ) 00000000 No0.975, p.25-28 (1997)
\; 000000000000000000000000000
P \ P 000000000000000000000000

Power
\

o

SN

Battery voltage
/

00000009899, p.9-12 (1999)
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