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ABSTRACT

The SH-AWD system is a 4WD system providing
continuously variable control of the torque transmitted
to al four wheels to radically enhance vehicle dynamic
performance. The core of the system is a direct
electromagnetic clutch positioned in the rear drive unit.
This new clutch was developed to enable more precise
control than is possible in a conventional electromagnetic
clutch. In the direct electromagnetic clutch, there is an
air gap between the magnetic materials, that form the
solenoid magnetic circuit. The solenoid force generated
across this gap is converted into clutch thrust, without
the need for the torque amplifier employed in
conventional electromagnetic clutches. The fact that
thrust acts directly on the clutch increases the precision
of control. However, the size of the air gap changes
when the thickness of the clutch changes, and this causes
change in the solenoid force. A search coil is therefore
used to detect changes in the size of the gap as changes
in magnetic flux, enabling the current to be corrected in
order to ensure that the appropriate solenoid force is
consistently generated. In addition, measures to increase
the accuracy of detection have enabled more precise
control of torque transmission.
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Fig. 1 Cross-section of direct electromagnetic clutch
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Fig. 2 Current-solenoid force characteristic
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Fig. 3 Air gap-solenoid force characteristic

S

S /

a

-
[©] /
<
L
p=
/
g //

T

e //

n

Magnetic flux
Small < » Large

Fig. 4 Magnetic flux-solenoid force characteristic
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Fig. 10 Voltage during PWM current control

6.2.ECUOODOOOODO

ECUO000O00O0000 A/DOOOOOODOOOO
gooooe OO0 mMOmM@MOmMmOODbDOOOOOO
OO0OFg. 11 0O00O0O0OO0OO0OOOOOOOOOOOO

¢ =[ edt/Ns 006X e/Ns ood
e 000DOOO0DOOOd

gbobOo ecyugboboobooobog ecu 0oogn
gboboooooooboboboboboboooboooo
gbobobobooecuboOooooobDOobOObDObOOn
0o0000o00do0o0oo0oo0oo0g@mFEg. 12O
gboboooooooboobobobobobooboooo
0000000000000 @rFg. B M OMOOO
gboobobooooooooobooboboboobo

Search coil
voltage (Ze

0 time

Sampling period

Fig. 11 Sampling period of search coil voltage

Summation
period for esence

|

Zero voltage

1
1
1
i
1 .
! of search coil
1
1
1

Search c'on Reference
voltage:e / voltage
Time
—_—

Fig. 12 Offset voltage error of search coil
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Fig. 13 Zero correction of search coil voltage
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Fig. 15 Air gap-solenoid force characteristic
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Fig. 16 Magnetic flux simulation result
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Fig. 19 Torque control result with correction
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