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(57) ABSTRACT

In an aspect, a method is provided for controlling a clutch
assembly having first and second rotatable clutch members.
The method includes providing a wrap spring clutch having
first and second ends. The phase angle between the first and
second ends determines a diameter of the wrap spring clutch.
One of the clutch members is connected with the firstend. The
method further includes obtaining a target value indicative of
atarget speed for the second clutch member, and determining
through measurement an actual value that is indicative of an
actual speed of the second clutch member. The method fur-
ther includes changing the phase angle between the first and
second ends of the wrap spring clutch to generate a selected
amount of slip between the wrap spring clutch and the other of
the first and second clutch members, based on the target value
and the actual value.




Patent Application Publication  Feb. 11,2016 Sheet 1 of 37 US 2016/0040733 A1

FIG.1



Patent Application Publication  Feb. 11,2016 Sheet 2 of 37 US 2016/0040733 A1

FIG.2a




Patent Application Publication  Feb. 11,2016 Sheet 3 of 37 US 2016/0040733 A1

FIG.2b




Patent Application Publication  Feb. 11,2016 Sheet 4 of 37 US 2016/0040733 A1

\

66 7

40 —

N VLU
LU

-NO

_'?L' FIG.3a



Patent Application Publication  Feb. 11,2016 Sheet S of 37 US 2016/0040733 A1

14\35§\ ﬂ}v S \igjzg /26

T UVI)
< i e
29— i
\ 1
20\3@ (\/ _— 22
59 \\}% \ Y A ,"”/ 24
\ \Y
e N eSS
N sl |L-63 16
L e N\
50— | Lo T
s 11| / :
39—
o1
66— ]
40\\ \ T &&/\\\\\\\j
bl
— @i
i 77777>
J

_gn_ FIG.3b



Patent Application Publication  Feb. 11, 2016 Sheet 6 of 37 US 2016/0040733 A1

66— |
40—~ ERARERRA _&X/\\\\\\U
\[X\_*L
500~ | o1
\\_4

FIG.3c



Patent Application Publication  Feb. 11,2016 Sheet 7 of 37 US 2016/0040733 A1

N
N

54

FIG.4a

y
W

FIG.4b



Patent Application Publication  Feb. 11,2016 Sheet 8 of 37 US 2016/0040733 A1

FIG.4c
FORCE VS. AMP-TURNS

800
700
600
500
‘g 400
9 300
200
100
0

w £ N Y wn N ~ [00] O

3 S o S S S S S S

AMP-TURNS

= SERIES 1

FIG.5



US 2016/0040733 Al

Feb. 11, 2016 Sheet 9 of 37

Patent Application Publication

e9°'Old

vLL




US 2016/0040733 Al

Sheet 10 of 37

Feb. 11, 2016

Patent Application Publication

q9°'Did

61

~<\ ,, , \ L

:

A . )
0 AT
D\
/ 4!
gLL "8rl

A AV

oLl



Patent Application Publication  Feb. 11,2016 Sheet 11 0f37  US 2016/0040733 A1l

114

a4 7ﬂ 160
120 126 /170
122 \'mz@« / /148
124 \// / 128 128

/
~\\\w S
W,m@m* 1 ﬁ 116
118 e U

163 o=
193
// ’

\

S ///

0 \\ ) T T %é@:

////// (I

pl - N
84 I
182 T ==
S
. /////:1\140

:

) —

FIG.7a



Patent Application Publication  Feb. 11,2016 Sheet 12 0of37  US 2016/0040733 A1l

114 7
144 169
120\126 i/”o
// 103
122 T \\\W% / &148
124 \// / 128 128

116

Ve

~\ \l» 1 lW AuNuwu
I
118\ |V s il %g;
163 \\ Y“ — T

ARRRARMA 7
T,

/@
\

/T

s

S

NNy R =———————

Jl

— ////////////////////
>\\,\\\,\,\§,\\\;}\\ %Lﬁ@ﬁ S é\ 191
i 7 IS
J k A
\ \ \ / }\\\\\\\\\\\\\\\/
) /////:%\140
//

FIG.7b



Patent Application Publication  Feb. 11,2016 Sheet 13 0f37  US 2016/0040733 A1l

114 1o
105
109
/

ALY /LT
110 \ \
_ 1L
184 — Wytict
182 —EE— *:LMZ_@ 101
1qg EDEmITT \ B

e FIG.8
= = |

FIG.8a




Patent Application Publication  Feb. 11,2016 Sheet 14 of 37  US 2016/0040733 A1l

202

2

/ 29 /204 200
\@/216

@ /

— Pandef
N Sl

206

LR

FIG.9



22—

™ /////// ////////

99 103

FIG.10a

T o
S ///////////////////

103

FIG.10b

22—  99a \101

N #L/////////

99b 103

FIG.10c



US 2016/0040733 Al

Feb. 11,2016 Sheet 16 of 37

Patent Application Publication

0LE

ell Ol




qLl Si4

US 2016/0040733 Al

Feb. 11,2016 Sheet 17 of 37

&

Qége L6t

0LE

Patent Application Publication




Patent Application Publication  Feb. 11,2016 Sheet 18 of 37  US 2016/0040733 A1l

314

318 318a

~—|
322 — [ TTF
380 — //-E 323
382 rall : /
328 \
T 325
316xfk&s ;\\C%-\\/
N N T~ 3222
320
T H V i 820
4128 ——~_ ozl
AR Jé e
| S N [ L
344 [ \ ) 33
\ \ | U
358
3447 |
A
3447 Y
P
344

413 324 371 FIG 11c



Patent Application Publication

3500

2500

2000

1500

Speed {(RPM) and current {mA)

1000

500

0

3000 ™

Feb. 11,2016 Sheet 19 of 37

US 2016/0040733 Al

Clutch engagement at 3000 RPM
Fast engagement time/higher torque

50
Engagement time = 105 ms
- 45
40
Input speed
p 35
B . yee® Cay ter’

:: \ Actuator phase 30
: ¥
=
\ 25 3
Output speed 8
.' o.

: / 20

: 15

Stagel { _ Stage2 / Stage3
+ 10
; Fd -—
H -
: - -5
F.'u"'.-' o~ il PN g
= - v - 0
0 50 100 150 200 250
Time {ms)

e e DCCurrent (mA)
/02 Speed (RPM)
wasns | /03 Speed {RPM)

Phase Deg

FIG 12a

Clutch engagement at 3000 RPM
Slower engagement time/lower torque

3500 50
Engagement time = 150ms
] - 45
3000
- 40
_ 2500 35
<
- b b ene® 0 0t p . )
§ : M » Teee . 30
; 2000 : ) Ty .\
° H utput spee )
s H Actuator phase 25
£ 1500 i
3 : 20
2 H
H :
&
1000 15
/ e
500 &
J e .5
- - J
o . ’ ’
0 50 100 150 200

Time (ms)

Phase {deg)

= FIG 12b

s | /02 Speed (RPM)
@ | /03 Speed (RPM}
e« DC Current {mA}

Phase Deg




€l DI

US 2016/0040733 Al

- L8€
PO /
S
5 [
<
(g\]
~N
g T
=
wnn SULIOHUON
° —>
A/ 105U3s ua4in)
(=
9ads 103en3d
2., P eV jo41u0) (dsemyo S6E '€6€
— g Hos
— N usn) & /faisempliey)
< /NMd nun 21807
= J8AlQ k j04IU0D |- 18¢
] _ I
S s G8E
.m = lolejsued]
g _m £8¢ — a8essaln Juuojuo
= 9 L6E NYD ageljon
= 3
E : _ o
2
= }20jq |041U0D
3
= sng NvD
W L6E
g 66§ —
~N
=
[
~N
&
[-W



eyl Ol

US 2016/0040733 Al

09
g9 \
ﬁ\ ............ 1
i 1 _0€9 no3 suidul
| Al -
+— AMd < +
~ 1 1 a8eddiis +
o ! aid “
= ] _L
—_ ¢ 98e1g
(o]
>
¥ p - - -— zdS
a_m ! 229 uone43[aIIY 3jqel Aanas
K | v2g ~N Janbioy dn 3001 juswadedu]
=] 1
= (3uaun)) | 1joiod *|_|w| N ®
(o]
- % m WMd € ald 390|g UOIBIIUNWIIOD)
= "
s -
ade p .
R ¢ S uones3[BIY a.m N paads A3)ind andano
= == 1
819 /m/o o
! t (1 3ui0d 185) TdS aseyd
n WMd € "
1 did 1
] 1
e ————————— H
1 83e1g paads Jolenloy

T
(aseyd Jjoyenye) ¢ » <.‘

r|.l...l..| paads Heys yues)

WYIOS|Y [043U0D YoIngD) / 009

Patent Application Publication



Patent Application Publication  Feb. 11,2016 Sheet 22 of 37  US 2016/0040733 A1l

600 602
604
Received engagement request from ECU
606 ; V]
S~ Check necessary variables 610
(B+ voltage, engine, armature, and pulley speeds...etc.}
608 ok ) Terminates request
ay to engage: and reports back to
ECU
612 |
Load control parameters.
614 T
616

1
Set pointl reached? 618
1- Calculate armature speed reference to crank shaft, and armature phase Adjust PWM
2- Apply PID1, and calculate its output K {Coil current)
620
624
1- Calculate output pulley speed and acceleration Adjust PWM
2- Apply PID2, and calculate its output {Coil current)

|
v

| calculate output pulley slippage
(engine speed - pulley speed)

626 —

628 —
632
Slippage? \
Adjust PWM
Apply PID3, and calcul -
630 —_— ] itgzztpm and calculate (Coil current) FlG 14b




US 2016/0040733 Al

Feb. 11,2016 Sheet 23 of 37

Patent Application Publication

qsl Sl

egl OI




Patent Application Publication  Feb. 11,2016 Sheet 24 of 37  US 2016/0040733 A1l

FIG 16




Patent Application Publication  Feb. 11,2016 Sheet250f37  US 2016/0040733 A1l

FIG 17




Patent Application Publication  Feb. 11,2016 Sheet 26 of 37  US 2016/0040733 A1l

18a

418

358 407

FIG
18c¢c

358 407




US 2016/0040733 Al

Feb. 11,2016 Sheet 27 of 37

Patent Application Publication

B6L°Dld . g

/11

q6l1"Old

e
o ooag P

e -

gq68¢

, N [~}
'llIDDDDﬂB“\\
A v o e 5

=
llllll



US 2016/0040733 Al

Feb. 11,2016 Sheet 28 of 37

Patent Application Publication

8L
| oS //mom o1
N
<\

%2078 LU0 ERLBLLWIOD

P ..||V.|| |||||||||| , 03 2uwbug
1
T 1 ! i
! 1 i ! - Tk
! “ n i Rrpdas 4 FuUsluy
1 ' ' “ :
1 ] ..
! P Laid | | 3
.......... 1 i -
Buzaoymal e [N I ! ysenbaz
{37235 05} 1013207 BORRPIBIDY UORIDD00Y
e —————————— A \sanbs:
1
{ “—1 — Fadg 3ndyny
b H i o6 335 ¢s pe=asInceng
1 1
k % < 1 -y sptd g,
{yusund; yomuoy % ® 00— | o pasds audua
~ Al !
1 wang [ '
1
1
]

\L zald [
vZ. -

IL.- 105U poads sansesl | freuis J05usS)
e
arges pasds o R iy
Z abeig zz] paoss paads Jeding




Patent Application Publication  Feb. 11,2016 Sheet 29 of37  US 2016/0040733 A1l

o (D

~—— Receive speed request from ECU

706 v
T~ - 710
Check necessary variables /

Report denial of
speed change
request to ECU

708
Ok to change

current?

ulley speed =
equested speed

718 — 1T Apply PID1
formula

]

720 ————
Adjust coil current

A >y
722 Y  Apply PID2
formula

]

724 T
Adjust coil current

\

726
~—( FIG 20b



Patent Application Publication  Feb. 11,2016 Sheet 30 0f37  US 2016/0040733 A1l

200 ——,
902 Y
—~ PROVIDE WRAP SPRING
904 4(
~— OBTAIN TARGET VALUE
906

~ DETERMINE ACTUAL VALUE
THROUGH MEASUREMENT

\J
CHANGE PHASE ANGLE BETWEEN
- | 1ST AND 2ND ENDS OF WRAP
SPRING CLUTCH TO CAUSE
SELECTED AMOUNT OF SLIP

908

L/

FIG 21



Patent Application Publication  Feb. 11,2016 Sheet 31 of 37

US 2016/0040733 A1
899
HLT
e /3?
897 \ 837 N\\YQ
869 VAN
822 %
INZ/ 8
v 4 e
\\w < 839
SN 1
810 >1\£ ~ J )

895

893
7% AVirgry
2
— 872 870
Vs /

FIG 22



Patent Application Publication  Feb. 11,2016 Sheet 32 0of37  US 2016/0040733 A1l

1000.0 H
900.0 romz o i SOO0 rpm - with D
T, o friction losses
800.0 e g 4000 rpm - with 4
e o, " 1 . . friction losses
700.0 e g e 3000 rpm - with &
g 2 o, . friction {osses
= 600.0 g, %, e 2000 ¢ - wWith 8
s " . ) . friction josses
t% $00.0 e 3 B K o 5000 rpm - no 1
i R i s it et T I L friction losses
£ 400.0 e T S 2 0 GO0 PO - NO 3
2 4 e S p friction iosses
300.0 g ; ~ 3000 rpm - no 5
5 % friction {osses
200.0 4 i % w0 2000 £pm - NO 7
. 6 [ i O friction losses
100.0 f i o A
o .
0.0

O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100
Flow %

FIG 23

Output Speed of Variable spesd water pump
tnput {Engine} speed = 5000 rpm

999

o ik

Note: 1.5P = Speed Set point{requested speed}
2. Fully engaged = Water pumpis fully engaged/coitis off. Output speed = input speed

FIG 24



Patent Application Publication  Feb. 11,2016 Sheet330f37  US 2016/0040733 A1l

950

FIG 25




US 2016/0040733 Al

Feb. 11, 2016 Sheet 34 of 37

Patent Application Publication

¢601

¢601



US 2016/0040733 Al

Feb. 11,2016 Sheet 35 of 37

Patent Application Publication

8¢ Sid

6801 gg0)

q8101

€8¢ Ol

8601 / ‘
¥801

T N
4 N

L AN s

% OIS NN &

9601
¥201 4 ¥20l1
T~
28101 777 ) 2 0201 0S01
810l
QSS\\ //
9101

oL 9101

¢S01

ovolL

280l
i
/ /i
1 I
| H
1 H
% / ARY
AN s
0801
6601
020l
/ viol



US 2016/0040733 Al

Feb. 11,2016 Sheet 36 of 37

Patent Application Publication

q6¢ Old B6Z DI4
6801 9801 agLol 23801
1801 \ 8601 2o, 801
801
9801 // B / P 1601 \
\\\\\ N 1\&A,,,,
\/‘W\\\\\\\\\\A&\% ¥ 0’ \\\\\\\& / !
.?wO—‘ //// D ,/ ... /
¥201 | 9601 20l S : /
eglLo| / 0201 0501 e
8101 B
101" / \ // 0801
9101
2601
6601
0col
, 9101
y K N~ b0l | N 01
v — 0v0l



Patent Application Publication  Feb. 11,2016 Sheet370f37  US 2016/0040733 A1l

O
o
o
O
g LL
o
I3
S 3
o™
S O
= o
o~
v
e
o
N
e
) ©
= o
g ™
S35 O
S LL.

1020



US 2016/0040733 Al

CLUTCH ASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 61/810,613, filed Apr. 10,2013,
U.S. Provisional Patent Application No. 61/819,244, filed
May 3, 2013, and U.S. Provisional Patent Application No.
61/819,368, filed May 3, 2013, the contents of all of which are
incorporated by reference as if fully set forth in detail herein.

FIELD

[0002] The present disclosure relates to drive systems for
transferring power from an output shaft of an engine to an
input shaft of a load, and more particularly to such loads as a
supercharger, an alternator, a cooling fan, a power steering
pump, an air-conditioning compressor, a vacuum pump, an
air compressor, a hydraulic motor, a power take off, a second-
ary electrical generator or any other suitable kind of load.

BACKGROUND

[0003] Clutches are useful devices for controlling the
operative connection between a drive element, such as an
engine crankshaft in a vehicle, with a driven element, such as
an accessory in the vehicle, such as, for example, a super-
charger, an alternator or any other suitable accessory. How-
ever, many clutches currently suffer from a number of prob-
lems. Some clutches require a significant amount of power to
operate unfortunately, and therefore require electrical cable
that is capable of carrying high currents, as well as relays and
the like, which add to the cost associated with such clutches,
aside from their large power draw.

[0004] Some clutches which have a lower power draw still
require many components even though they do not require
relays, high-current electrical cable and the like.

[0005] Some clutches are very sensitive to the gaps
between certain components and are consequently very dif-
ficult to install, requiring careful shimming of components
during their installation to ensure that gaps between compo-
nents are maintained.

[0006] Itwouldbe beneficial to provide a clutch that at least
partially addresses one or more of these issues.

SUMMARY

[0007] Inan aspect, a method is provided for controlling a
clutch assembly having first and second rotatable clutch
members. The method includes:

[0008] a) providing a wrap spring clutch having first and
second ends. The phase angle between the first and second
ends determines a diameter of the wrap spring clutch. One of
the clutch members is connected with the first end;

[0009] D) obtaining a target value that is indicative of a
target speed of the second clutch member;

[0010] c¢) determining through measurement an actual
value that is indicative of an actual speed of the second clutch
member; and

[0011] d) changing the phase angle between the first and
second ends of the wrap spring clutch to control slip between
the wrap spring clutch and the other of the first and second
clutch members, based on the target value and the actual
value.

Feb. 11, 2016

[0012] In another aspect, a clutch assembly is provided,
comprising:

[0013] a first clutch member;

[0014] a second clutch member;

[0015] a wrap spring clutch configured for transferring

rotary power between the first and second clutch members,
wherein the wrap spring clutch has a first end, a second end
and a plurality of coils therebetween, wherein one of the first
and second clutch members is connected with the first end of
the wrap spring clutch;

[0016] an actuator movable for selectively varying a phase
angle between a second wrap spring clutch end and a first
wrap spring clutch end to an intermediate position between a
fully engaged position and a fully disengaged position,
wherein in the fully engaged position the wrap spring clutch
fully transfers input rotary power from one of the first and
second clutch members to the other of the first and second
clutch members, in the fully disengaged position the wrap
spring clutch transfers no input rotary power from the one of
the first and second clutch members to the other of the first
and second clutch members, and in the intermediate position
the wrap spring clutch partially transfers input rotary power
from one of the first and second clutch members to the other
of the first and second clutch members; and

[0017]

[0018] a) obtain a target value that is indicative of a target
speed of the second clutch member;

[0019] b) determine, through measurement, an actual value
that is indicative of an actual speed of the second clutch
member; and

[0020] c)change a phase angle between the first and second
ends of the wrap spring clutch to control slip between the
wrap spring clutch and the other of the first and second clutch
members, based on the target value and the actual value.

[0021] In another aspect, a clutch assembly is provided,
comprising a first clutch member;

[0022]

[0023] a wrap spring clutch configured for transferring
rotary power between the first and second clutch members,
wherein the wrap spring clutch has a first end, a second end
and a plurality of coils therebetween, wherein one of the first
and second clutch members is connected with the first end of
the wrap spring clutch;

[0024] an actuator movable for selectively varying a diam-
eter of the wrap spring clutch to an intermediate diameter
between an extended diameter and a retracted diameter,
wherein in the extended diameter the wrap spring clutch fully
transfers input rotary power from one of the first and second
clutch members to the other of the first and second clutch
members, in the retracted diameter the wrap spring clutch
transfers no input rotary power from the one of the first and
second clutch members to the other of the first and second
clutch members, and in the intermediate diameter the wrap
spring clutch partially transfers input rotary power from one
of'the first and second clutch members to the other of the first
and second clutch members; and a control system that is
programmed to:

[0025] a) obtain a target value that is indicative of a target
speed of the second clutch member;

[0026] b) determine, through measurement, an actual value
that is indicative of an actual speed of the second clutch
member; and

a control system that is programmed to:

a second clutch member;
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[0027] c¢) change the diameter of the wrap spring clutch to
control slip between the wrap spring clutch and the other of
the first and second clutch members, based on the target value
and the actual value.

[0028] In another aspect, a clutch assembly is provided,
comprising:

[0029] a first clutch member;

[0030] a second clutch member;

[0031] a wrap spring clutch configured for transferring

rotary power between the first and second clutch members,
wherein the wrap spring clutch has a first end, a second end
and a plurality of coils therebetween, wherein one of the first
and second clutch members is connected with the first end of
the wrap spring clutch;

[0032] an actuator movable for changing a phase angle
between the first and second ends of the wrap spring clutch, to
control slip between the wrap spring clutch and the other of
the first and second clutch members, thereby controlling the
speed of the second clutch member;

[0033] an armature that is rotationally operatively con-
nected to the second end of the wrap spring clutch; and
[0034] an electromagnet, wherein energization of the elec-
tromagnet generates a magnetic flux that urges the armature
into engagement with an armature engagement surface that
changes the speed of the armature,

[0035] wherein changing the current to the electromagnet
changes the phase angle.

[0036] In another aspect, a clutch assembly is provided,
comprising:

[0037] a first clutch member that is rotatable about an axis;
[0038] a second clutch member that is rotatable about the
axis;

[0039] awrap spring clutch having a first end, a second end

and a plurality of helical coils between the first end and the
second end, wherein a phase angle between the first and
second ends determines a diameter of the wrap spring clutch,
wherein the wrap spring clutch, when in a rest position, is
engaged with both the first and second clutch members;
[0040] an actuator that is movable between a first position
and a second position, wherein in the first position the actua-
tor retards the second end of the wrap spring clutch relative to
the first end of the wrap spring clutch and relative to the
position of the second end when the wrap spring clutch is in
the rest position, and wherein in the second position the
actuator advances the second end of the wrap spring relative
to the first end of the wrap spring clutch and relative to the
position of the second end when the wrap spring clutch is in
the rest position; and

[0041] an actuator drive arrangement configured for driv-
ing the actuator between the first and second positions.
[0042] Optionally, in a particular embodiment, in the first
position the diameter of the wrap spring clutch is reduced
sufficiently to disengage the wrap spring clutch from one of
the first and second clutch members.

[0043] Optionally, in a particular embodiment, in the sec-
ond position a force of engagement between the wrap spring
clutch and one of the clutch members is higher than when the
wrap spring clutch is in the rest position.

[0044] In another aspect, there is provided a method of
controlling a clutch assembly having a first clutch member
that is rotatable about an axis and a second clutch member that
is rotatable about the axis, comprising:

[0045] a)providing a wrap spring clutch having a first end,
a second end and a plurality of helical coils between the first
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end and the second end, wherein a phase angle between the
first and second ends determines a diameter of the wrap spring
clutch, wherein the wrap spring clutch, when in a rest posi-
tion, is engaged with both the first and second clutch mem-
bers;

[0046] b) determining, through measurement, an actual
value that is indicative of an amount of slip between the
second clutch member and the first clutch member; and
[0047] c)when detecting slip, advancing the second end of
the wrap spring clutch relative to the first end of the wrap
spring clutch and relative to the position of the second end
when the wrap spring clutch is in the rest position so as to
increase a force of engagement between the wrap spring
clutch and one of the first and second clutch members thereby
increasing the amount of torque that can be transferred from
the first clutch member to the second clutch member relative
to when the wrap spring clutch is in the rest position.

[0048] Optionally, in a particular embodiment, in step b)
the actual value is based on a determination of the actual
speed of the first clutch member and the actual speed of the
second clutch member.

[0049] In another aspect, there is provided a clutch assem-
bly, comprising:

[0050] a first clutch member that is rotatable about an axis;
[0051] a second clutch member that is rotatable about the
axis;

[0052] awrap spring clutch having a first end, a second end

and a plurality of helical coils between the first end and the
second end, wherein a phase angle between the first and
second ends determines a diameter of the wrap spring clutch,
wherein the wrap spring clutch, when in a rest position, is
engaged with both the first and second clutch members;
[0053] anactuatorthatis movable betweena retarding posi-
tion and the rest position, wherein in the retarding position the
actuator retards the second end of the wrap spring clutch
relative to the first end of the wrap spring clutch and relative
to the position of the second end when the wrap spring clutch
is in the rest position; and

[0054] an actuator drive arrangement configured for driv-
ing the actuator between the retarding and rest positions,
wherein the actuator drive arrangement includes a motor, and
a non-backdrivable member that is driven by the motor,
[0055] wherein the non-backdrivable member is opera-
tively connected to the actuator and prevents backdriving due
to return forces urging the second end of the wrap spring
clutch towards a rest position when the motor is unpowered.
[0056] Optionally, in a particular embodiment, the actuator
drive arrangement includes a rotary member, and wherein one
of the rotary member and the non-backdrivable member
includes an internally threaded portion and wherein the other
of the rotary member and the non-backdrivable member has
an externally threaded portion that mates with the internally
threaded portion.

[0057] Optionally, in a particular embodiment, wherein the
rotary member is a gear and wherein the internally threaded
portion is on the gear.

[0058] Optionally, in a particular embodiment, the non-
backdrivable member is a worm, and wherein the actuator
driven arrangement further includes a worm gear driven by
the worm.

[0059] Optionally, in a particular embodiment, the actuator
is rotationally coupled to the second clutch member and is
axially translatable relative thereto, wherein the actuator
includes a circumferentially and axially extending slot that
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receives a tang formed at the second end of the wrap spring
clutch, such that translation of the actuator axially drives the
tang circumferentially.

[0060] Optionally, in a particular embodiment, the actuator
is further movable between the rest position and an advanced
position, wherein the rest position is between the retarding
and advanced positions, wherein in the advanced position the
actuator advances the second end of the wrap spring clutch
relative to the first end of the wrap spring clutch and relative
to the position of the second end when the wrap spring clutch
is in the rest position, wherein the actuator drive arrangement
configured for driving the actuator between the retarding and
advanced positions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] The present disclosure will now be described, by
way of example only, with reference to the attached drawings,
in which:

[0062] FIG. 1 is a side view of a clutch assembly in accor-
dance with an embodiment of the invention;

[0063] FIG.2a is a perspective exploded view of the clutch
assembly shown in FIG. 1;

[0064] FIG. 24 is another perspective exploded view of the
clutch assembly shown in FIG. 1;

[0065] FIGS. 3a and 34 are sectional side views of the
clutch assembly shown in FIG. 1, in disengaged and engaged
positions respectively;

[0066] FIG. 3¢ shows a magnetic circuit formed when the
clutch assembly shown in FIG. 1 is in the engaged position;

[0067] FIGS. 4a, 4b and 4c¢ are magnified perspective
exploded views of portions of the clutch assembly shown in
FIG. 1;

[0068] FIG.5isagraph showing test results for the force to
hold the clutch assembly in accordance with an embodiment
of the invention in an engaged position;

[0069] FIGS. 6a and 65 are perspective exploded views of
a clutch assembly in accordance with another embodiment of
the invention;

[0070] FIGS. 7a and 7 are sectional side views of the
clutch assembly shown in FIGS. 6a and 65, in disengaged and
engaged positions respectively;

[0071] FIG. 8 is a sectional side view of a portion of an
alternative clutch assembly that is similar to the embodiment
shown in FIGS. 64 and 64, that includes an optional structure
that facilitates installation of the clutch assembly to a driven
accessory;

[0072] FIG. 8a are views of tools that are used for the
installation of the clutch assembly shown in FIGS. 6a and 65
to an accessory,

[0073] FIG. 9 is a sectional side view of a portion of an
alternative clutch assembly that is similar to the embodiment
shown in FIGS. 6a and 65, but that includes an optional
decoupler;

[0074] FIGS. 10a, 105 and 10c are sectional side views of
alternative shapes for an armature that can be used in the
clutch assemblies shown in FIGS. 1 and 6a and 65;

[0075] FIGS. 11a and 115 are exploded perspective views
of another embodiment of a clutch assembly;

[0076] FIG.11cisasectional side view of the clutch assem-
bly shown in FIGS. 114 and 115;

[0077] FIGS. 12a and 125 are graphs illustrating data relat-
ing to components of the clutch assembly shown in FIGS. 11a
and 115 that can be achieved using a control system for the
clutch assembly;
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[0078] FIG. 13 is a schematic diagram of a portion of the
control system;
[0079] FIGS. 14a and 14b are diagrams illustrating a

method of controlling the clutch assembly shown in FIGS.
11a and 115;

[0080] FIGS. 15a and 156 perspective views of a wrap
spring clutch and a carrier for the clutch assembly shown in
FIGS. 114 and 115;

[0081] FIG. 16 is an exploded perspective view of some of
the components of the clutch assembly shown in FIGS. 11a
and 115;

[0082] FIG. 17 is a perspective view of the components
shown in FIG. 16;

[0083] FIGS. 184-18c illustrate operation of a carrier for
the wrap spring clutch;

[0084] FIG. 19a is another sectional side view of the clutch
assembly shown in FIGS. 11a and 115,

[0085] FIG. 195 is a sectional elevation view of the clutch
assembly taken along section line 196-195 in FIG. 19a;
[0086] FIGS. 204 and 205 are diagrams illustrating another
method of controlling a clutch assembly;

[0087] FIG. 21 is a flow diagram illustrating another
method for controlling a clutch assembly;

[0088] FIG. 22 is a sectional side view of a clutch assembly
in accordance with another embodiment of the present inven-
tion;

[0089] FIG. 23 is a graph illustrating the energy saved
during operation of the clutch assembly in association with a
water pump;

[0090] FIG. 24 is a graph illustrating the resulting speeds of
the water pump using the clutch assembly shown in FIG. 22,
while maintaining a constant engine speed;

[0091] FIGS. 25 and 26 show embodiments of the invention
wherein the wrap spring clutch engages two drums and two
shafts respectively;

[0092] FIG. 27 is an exploded perspective view of a clutch
assembly in accordance with another embodiment of the
present invention;

[0093] FIG. 28a is a partially cut away side view of the
clutch assembly shown in FIG. 27 in a first position;

[0094] FIG.28bisasectional side view of the clutch assem-
bly shown in FIG. 27 in the first position;

[0095] FIG. 29a is a partially cut away side view of the
clutch assembly shown in FIG. 27 in a second position;
[0096] FIG.295hisasectional side view of the clutch assem-
bly shown in FIG. 27 in the second position;

[0097] FIG. 30a is an end view of a wrap spring clutch from
the clutch assembly shown in FIG. 27, having one end in an
advanced position;

[0098] FIG. 304 is an end view of a wrap spring clutch from
the clutch assembly shown in FIG. 27, having one end in arest
position; and

[0099] FIG. 30cis an end view of a wrap spring clutch from
the clutch assembly shown in FIG. 27, having one end in a
retarded position.

DETAILED DESCRIPTION

[0100] Referenceismadeto FIG. 1, which shows an engine
crankshaft 10 of an internal combustion engine 12 (repre-
sented for convenience by lines defining a rectangular vol-
ume). The crankshaft 10 is rotatable about an axis A. A clutch
assembly 14 is mounted to the crankshaft 10 and is operable
to selectively connect the crankshaft 10 to a selected acces-
sory (not shown). The accessory may be any suitable acces-
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sory, such as, for example, a supercharger, an alternator, a
water pump, a fan, an air conditioning compressor, a power
steering pump, a vacuum pump, an air compressor, a hydrau-
lic motor, a power take off or a secondary electrical generator.
[0101] Referring to FIGS. 2a and 24, the clutch assembly
14 includes a first clutch member 16 and a second clutch
member 18 that are both rotatable about the axis A, a wrap
spring clutch 20, an armature 22, an actuator 24 and an elec-
tromagnetic unit 26. The clutch assembly 14 can be con-
structed from relatively few components, and is usable to
selectively connect the crankshaft 10 to the accessory using
very low power.

[0102] The clutch assembly 14 is movable from a disen-
gaged position shown in FIG. 3a to an engaged position
shown in FIG. 35 by transmission of a magnetic flux from the
electromagnetic unit 26 through the second clutch member
18, the armature 22 and back into the electromagnetic unit 26.
The clutch assembly 14 may be referred to as being engaged
when it is in the engaged position and may be referred to as
being disengaged or unengaged when it is in the disengaged
position.

[0103] The first clutch member 16 is driven by the crank-
shaft 10 and in the embodiment shown in FIG. 1 it mounts to
the crankshaft 10. The first clutch member 16 may be made
from any suitable material, such as a suitable steel.

[0104] The second clutch member 18 is driven by the first
clutch member 16 when the clutch 14 is engaged (FIG. 35),
and may be idle when the clutch 14 is disengaged (FIG. 3a).
The second clutch member 18 may be rotatably supported on
the first clutch member 16 by means of one or more bearing
members 28. In the embodiment shown there is a single
bearing member 28 provided, which is a ball bearing, which
is held on the second clutch member 18 by means of a bearing
retainer 29 that is fixedly mounted to the second clutch mem-
ber 18 (e.g. by way of a press-fit).

[0105] The second clutch member 18 may be configured to
transfer power from the crankshaft 10 to the accessory in any
suitable way. For example, in the embodiment shown in FIG.
1, the second clutch member 18 is a pulley 32 that is config-
ured to engage a belt (not shown) that engages a pulley on the
input shaft of the accessory. In alternative embodiments how-
ever, the second clutch member 18 may be some other suit-
able power transfer element such as a gear that engages one or
more gears that ultimately drive the accessory, a sprocket that
drives a chain or the like that ultimately drives the accessory.
[0106] The second clutch member 18 may be made from a
material that has at least a selected permeability so that it has
at least a selected capability to transfer a magnetic flux, such
as a 1010 steel. It will be noted that it is not important for the
first clutch member 18 to be made from a material having a
particularly high magnetic permeability, or a particularly low
magnetic permeability. The magnetic permeability of the first
clutch member 16 is not important, at least in the embodiment
shown in FIG. 1.

[0107] The first clutch member 16 may optionally have a
means for driving other accessories that are separate from the
accessory. For example, in an embodiment wherein the acces-
sory is a supercharger, the first clutch member 16 may be
configured to drive accessories such as an alternator, a water
pump, an air conditioning compressor, a power steering
pump, a fan, a power steering pump, a vacuum pump, an air
compressor, a hydraulic motor, a power take off or a second-
ary electrical generator, separately from the accessory that is
driven from the second clutch member 18. The means for
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driving these other accessories may be provided by a second
pulley 34 or some other suitable power transfer member that
is mounted to the first clutch member 16 separately from the
second clutch member 18. In such embodiments, as shown in
FIG. 1, the second clutch member 18 may be referred to a first
power transfer member for driving one or more first accesso-
ries, and the second pulley 34 may be referred to as a second
power transfer member for driving one or more second acces-
sories.

[0108] This second pulley 34 may include a means for
damping torsional vibration that may be generated at the
crankshaft 10 (a by-product of the operation of many, if not
all, internal combustion engines). For example, the second
pulley 34 may include a rubber damping element 35 therein,
between an inner portion 36 of the pulley 34 and an outer
portion 38 of the pulley 34. In some embodiments, the second
pulley 34 may be replaced by a torsional vibration damping
disc that is not intended to drive any components, but is there
only to dampen torsional vibrations from the engine 12.

[0109] The wrap spring clutch 20 is movable between a
disengaged position shown in FIG. 3a and an engaged posi-
tion shown in FIG. 3b. In the disengaged position the wrap
spring clutch 20 is unengaged with the second clutch member
18 and first clutch portion 16 is operatively disconnected with
the second clutch portion 18 (i.e. the clutch 14 is disengaged).
In the engaged position the wrap spring clutch 20 is radially
expanded into engagement with a radially inner surface
shown at 39 of the second clutch member 18, thereby opera-
tively connecting the first clutch member 16 to the second
clutch member 18 (i.e. the clutch 14 is engaged).

[0110] The wrap spring clutch 20 has a first end 40 (shown
best in FIG. 4a), a second end 42 (shown best in FIG. 45) and
a plurality of helical coils 44 between the first end 40 and the
second end 42. The first clutch member 16 is engaged with the
first end 40 of the wrap spring clutch 20 via engagement of a
lug 52 (FIG. 45) with the helical end face ofthe first end of the
wrap spring clutch 20. The first end 40 of the wrap spring
clutch 20 may be held in a groove 46 (FIG. 4b) in a carrier
shown at 48.

[0111] The carrier 48 in general assists in maintaining a
predetermined shape to the wrap spring clutch 20, and assists
the wrap spring clutch 20 in resisting undesired deformation
particularly during periods in which the wrap spring clutch 20
is transferring high torque from the first clutch member 16 to
the second clutch member 18.

[0112] The carrier 48 may be made any suitable material,
such as a plastic material, or alternatively a metallic material.

[0113] Referring to FIG. 3a, the carrier 48 is held in a
carrier seat 50 in the first clutch member 16. The carrier 48 is
driven rotationally about the axis A by the first clutch member
16 by means of engagement between a plurality of lugs 52
(shown in FIG. 4¢) on the first clutch member 16 and a
plurality of lug slots 54 (FIG. 4a) on the carrier 48. While two
lugs 52 and two lug slots 54 are shown, in some embodiments
a single lug 52 and a single lug slot 54 could be provided, or
three or more lugs 52 and lug slots 54 could be provided.
Instead of providing lugs 52 on the first clutch member 16 and
Iug slots 54 on the carrier 48, the lugs 52 could be on the
carrier 48 and the lug slots 54 could be on the first clutch
portion 16.

[0114] The carrier 48 further includes a retainer engage-
ment surface 56 (FIG. 3a). A retainer 58 that is press-fit onto
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the first clutch member 16 engages the retainer engagement
surface 56 and holds the carrier 48 in place against the carrier
seat 50.

[0115] Referring to FIG. 44, the carrier 48 further includes
a wrap spring clutch seat 51 on which the wrap spring clutch
20 rests. The wrap spring clutch seat 51 terminates in the
groove 46. The groove 46 ends at one of the lug slots 54.
When lugs 52 (FIG. 4c¢) are positioned in the lug slots 54 the
first end 40 of the wrap spring clutch 20 directly engages one
of'the lugs 52. As a result, the first clutch member 16 does not
drive the wrap spring clutch 20 through the carrier 48, but
instead drives the first end 40 of the wrap spring clutch 20
directly. This is advantageous in that the helical end face 20a
of'the first end 40 of the wrap spring clutch 20 directly abuts
(and is driven by) a metallic surface (i.e. the lug 52) instead of
abutting material from the carrier 48, which may be softer
than the material of the first clutch member 16 and which
could be deformed by the helical end face 20q if it were
present between the end face 20a and the lug 52 during
periods of high torque transfer.

[0116] The carrier 48 further includes a first portion 59 of'a
wrap spring clutch support surface 60 that extends axially.
The first portion 59 of the surface 60 supports a portion of the
radially inner surface (shown at 61) of the wrap spring clutch
20 (FIG. 3a).

[0117] The actuator 24 may be made from a material that
can slide against the material of the first clutch member 16
and is mounted on the first clutch member 16 so as to be
rotational slidable thereon. For example, the actuator 24 may
be made from a polymeric material that can slip relative to the
material of the first clutch member 16 (which may be metal-
lic).

[0118] Anactuatorretainer 63 is fixedly mounted to the first
clutch member 16 to prevent axial movement beyond a
selected axial distance relative to the second clutch member
18. In an embodiment, the actuator 24 may be made from a
material that is at least in some embodiments non-magnetic,
such as Nylon 4-6 that is modified to include Teflon™ or
alternatively aluminum (which may be pure aluminum or an
aluminum alloy). The actuator 24 supports the armature 22 in
such a way that the armature 22 is movable axially thereon but
such that the armature 22 is rotationally operatively con-
nected to the actuator 24. For greater certainty, when a first
object is ‘rotationally operatively connected’ to or with a
second object, this means that the first object is capable of
causing rotation in the second object, without limitation on
whether or not the first object is capable of causing axial
movement in the second object. Depending on how they are
connected, the second object may also be capable of causing
rotation in the first object; configurations where this is pos-
sible will bereadily apparent from the description and figures.
The actuator 24 need not be made from a non-magnetic mate-
rial. In some embodiments it may be made from a material
that has less than a selected permeability. In other embodi-
ments it may have a relatively high permeability while being
separated from the electromagnetic unit housing 70 by a
suitable insulative air gap or by some magnetically insulative
material.

[0119] As shown in FIG. 25, this rotational operative con-
nection may be achieved by providing one or more lugs 62 on
the actuator 24 and one or more lug slots 64 on the armature
22. While the lugs 62 and lug slots 64 permit the actuator 24
and the armature 22 to drive each other rotationally, they
permit the armature 22 to slide axially between a first position
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shown in FIG. 3a, and a second position shown in FIG. 35.
The first and second positions of the armature 22 are
described in further detail, further below.

[0120] Referring to FIGS. 34 and 35 and 2a, the actuator 24
further includes a drive slot 66 that receives the second end 42
of'the wrap spring clutch 20, thereby fixing the second end 42
of'the wrap spring clutch to the actuator 24 and the armature
22. Thus it can be said that there is an operative connection
between the armature 22 and the second end 42 of the wrap
spring clutch 20. It can be seen that the first clutch member 16
is operatively connected to the armature for rotation about the
axis A, as a result of the operative connection between the first
clutch member 16 and the first end 40 of the wrap spring
clutch 20 and the operative connection between the second
end 42 of the wrap spring clutch 20 and the actuator 24 and
therefore the armature 22.

[0121] It will be noted that the actuator 24 has thereon
another portion 67 (FIG. 3a) of the wrap spring clutch support
surface 60, and which supports another portion of the radially
inner surface 61 of the wrap spring clutch 20 (FIG. 3a).
Together the first and second portions 59 and 67 may make up
some or all of the wrap spring clutch support surface 60. The
wrap spring clutch support surface 60 has a selected radius
that is larger than a free state radius of the wrap spring clutch
20, so as to generate a selected amount of preload into the
wrap spring clutch 20 when the wrap spring clutch is sup-
ported thereon. In other words, if the wrap spring clutch 20
were permitted to, it would radially contract to a free state
having a radius that is smaller than the radius of the wrap
spring clutch support surface 60. As a result, the wrap spring
clutch 20 is under some tension (i.e. it is preloaded by some
amount) even when it rests on the wrap spring clutch support
surface 60. This preload causes the wrap spring clutch 20 to
engage the support surface 60 with a certain amount of force.

[0122] During use, when the first clutch member 16 rotates
and the clutch 14 is disengaged centrifugal forces act on the
wrap spring clutch 20 from the speed of rotation itself and
urge it to radially expand. Additionally, during use, the engine
12 (FIG. 1) may undergo relatively strong accelerations (i.e.
ramp-ups in engine speed) during, for example, aggressive
driving maneuvers or during transmission downshifts, or
even resulting from torsional vibration from the engine 12.
These accelerations may momentarily urge the first end 40 of
the wrap spring clutch 20 away from the second end 42 in a
selected circumferential direction that urges the wrap spring
clutch 20 to radially expand. If the wrap spring clutch 20 had
no preload in it, substantially any force urging it to radially
expand would result in at least some amount of radial expan-
sion of the wrap spring clutch 20 away from the support
surface 60. This can result in noise when the wrap spring
clutch 20 re-contacts the support surface 60 after the force
causing it to expand is removed or reduced. Also, if the force
was sufficiently strong, the wrap spring clutch 20 could
expand by a sufficient amount to momentarily engage the
inner surface 39 of the second clutch member 18, thereby
momentarily operatively connecting the first and second
clutch members 16 and 18. Depending on what is driven by
the second clutch member, this could result in a variety of
different problems. For example, if the accessory that is
driven by the second clutch member 18 is a supercharger, this
could result in additional air being transported into the com-
bustion chambers of the engine 12 when it is not expected by
the Engine Control Unit (ECU—not shown), resulting in turn
in an unexpected change in the stoichiometry of the air/fuel
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mixture in the combustion chambers. This could lead to poor
fuel combustion or other problems, and could ultimately
result in a fault being generated by the ECU when it senses
some unexpected change in engine performance brought on
by the inadvertent momentary operation of the supercharger.
Aside from noise and the potential for unintended operation
of a driven accessory, the wrap spring clutch 20 could incur
repeated expansion and contraction if it was subject to vibra-
tion and was not preloaded. This could result in wear, fatigue
and ultimately a reduced operating life for the wrap spring
clutch 20. By providing the aforementioned preload in the
wrap spring clutch 20, the preload overcomes these forces at
least to some extent so as to provide the wrap spring clutch 20
with a selected amount of resistance to expand away from the
wrap spring clutch support surface 60. As a result, problems
with noise and with inadvertent operation of the driven acces-
sory may be reduced or eliminated. The benefits of providing
the preload in the wrap spring clutch 20 described above may
be applicable to any structure wherein the wrap spring clutch
20 rotates with a first clutch member and is selectively con-
trollable to expand into engagement with a second clutch
member to operatively connect the first and second clutch
members, wherein a wrap spring clutch engagement drive
structure that includes the electromagnetic unit and an arma-
ture is used. The benefits of providing the preload in the wrap
spring clutch 20 may also be applicable when any other
suitable kind of wrap spring clutch engagement drive struc-
ture is used.

[0123] In the embodiment shown in FIGS. 3a and 35, the
wrap spring clutch engagement drive structure includes the
armature 22, the actuator 24, the electromagnetic unit 26, and
the second clutch member 18 itself.

[0124] Instead of providing a wrap spring clutch support
surface 60 that has a larger radius than the free state radius of
the wrap spring clutch 20, in an alternative embodiment the
wrap spring clutch 20 may be permitted to contract all the way
to its free state radius and it may have a relatively larger radial
spacing in that state from the inner surface 39 of the second
clutch member 18. By providing a large radial spacing, even
if the wrap spring clutch expands under centrifugal forces or
engine accelerations, it will be unlikely to engage the inner
surface 39 of the second clutch member 18.

[0125] The armature 22 is preferably made from a material
that has at least a selected magnetic permeability but that also
reaches magnetic saturation under selected conditions, which
are described further below. The material of the actuator 22,
however, may be selected to have a relatively low magnetic
permeability. This inhibits magnetic flux from being trans-
ferred through the actuator and into the electromagnetic unit
26.

[0126] In some embodiments, the face on the armature 22
that engages the second clutch member 18, which may be
referred to as the friction engagement surface 82, may have a
relatively high coefficient of friction and may be largely
responsible for generating a strong friction force with the
second clutch member 18. In some embodiments, the friction
engagement surface 82 may have a similar coefficient of
friction to the corresponding surface on the second clutch
member 18. In some embodiments it may be the correspond-
ing surface on the second clutch member 18 that has the
relatively high coefficient of friction.

[0127] Withreference to FIG. 3a, in some embodiments the
friction engagement surface 82 is closer to the corresponding
flux transfer surface on the second clutch member 18 (shown
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at 80) than the nearby flux transfer surface shown at 68 on the
electromagnet housing 70 is to the surface 80. This relative
proximity of the friction engagement surface 82 to the second
clutch member 18 causes the magnetic flux to preferentially
pass into the armature 22. It will be noted however, that even
if some flux were transferred from the second clutch member
18 directly into the electromagnet housing 70, there would be
a sufficient magnetic force on the armature 22 to draw the
armature 22 into engagement with the second clutch member
18 and as the armature 22 began to move towards the second
clutch member 18, the flux lines would begin to shift to
preferentially pass into the armature 22 from the second
clutch member 18. It will be noted that this may occur even in
embodiments wherein the friction engagement surface 82 on
the armature 22 is positioned at the same distance from the
mutually facing surface of the second clutch member 18 as
the nearby surface on the electromagnetic unit 26, and even in
some embodiments wherein the friction engagement surface
82 on the armature 22 is positioned a bit farther from the
mutually facing surface of the second clutch member 26 than
the nearby surface on the electromagnetic unit 26.

[0128] The electromagnetic unit 26 generates a magnetic
flux that flows through the second clutch member 18, the
armature 22 and back into the electromagnetic unit 26. The
magnetic flux path (i.e. the magnetic circuit) is generally
illustrated by arrows 500 shown in FIG. 3¢). The electromag-
netic unit 26 includes an electromagnet 69. Energization of
the electromagnet 69 generates the magnetic flux. The elec-
tromagnetic unit 26 further includes an electromagnetic unit
housing 70 that holds the electromagnet 69. The electromag-
netic unit housing 70 connects to a clutch housing 71 that is
configured to mount to a stationary member 72, which may
be, for example, the engine block or the engine cover. In a
preferred embodiment the engine block or whatever the sta-
tionary member is, is made from a non-magnetizable mate-
rial, such as, for example, a type of aluminum (i.e. pure
aluminum or an aluminum alloy).

[0129] When the first clutch member 16 is rotating and the
second clutch member 18 is stationary the wrap spring clutch
20, the actuator 24 and the armature 22 rotate with the first
clutch member 16. When it is desired to engage the clutch
assembly 14 (i.e. to bring the clutch to the engaged position so
as to operatively connect the first clutch member 16 to the
second clutch member 18), the electromagnetic unit 26 is
energized, generating a magnetic flux in the second clutch
member 18. This magnetic flux draws the armature 22 axially
into engagement with the second clutch member 18 with
sufficient force to frictionally retard the armature 22 and the
second end 42 of the wrap spring clutch 20 relative to the first
end 40 of the wrap spring clutch 20. This movement of the
second end 42 of the wrap spring clutch 20 causes the wrap
spring clutch 20 to radially expand into engagement with the
wrap spring clutch engagement surface 39 on the second
clutch member 18 thereby operatively connecting the first
clutch member 16 with the second clutch member 18.

[0130] When the electromagnetic unit 26 is deenergized,
there is no longer a magnetic flux in the second clutch mem-
ber 18, or there may remain a small, residual magnetic flux in
the second clutch member 18. As aresult, the force of engage-
ment between the armature 22 and the second clutch member
18 is greatly reduced, possibly to zero if there is no longer any
residual magnetic flux in the second clutch member 18. As a
result, the bias of the wrap spring clutch 20 that urges the wrap
spring clutch 20 towards its free state will overcome whatever
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frictional force there may be between the armature 22 and the
second clutch member 18, and will thus cause the wrap spring
clutch 20 to contract, and thus to retract from the inner surface
39 of the second clutch member 18, thereby operatively dis-
connecting the first clutch member 16 from the second clutch
member 18. The clutch 14 may thus be referred to as being
‘normally disengaged’. This provides a failsafe feature so that
the clutch 14 does not drive the pulley 18 (and the accessory
or accessories driven by the pulley 18) in situations where the
clutch 14 has failed and driving of the pulley 18 is not desired
or is dangerous.

[0131] Intheclutchassembly 14 itis generally desirable for
the magnetic force exerted between the second clutch mem-
ber 18 and the armature 22 to be relatively constant in every
production unit and under varying conditions, so that any
tolerances in the properties or dimensions of the components
in each unit of the assembly 14 and any variability in the
operating conditions for a given unit do not significantly
affect this force. To that end, as shown in FIG. 3a there is a
selected, relatively large amount of axial overlap between the
second clutch member 18 and the electromagnetic unit 26 at
their mutually facing flux transfer surfaces shown at 76 and 78
respectively. Furthermore, there is a selected, relatively large
amount of axial overlap between the electromagnetic unit 26
and the armature 22 at their mutually facing flux transfer
surfaces shown at 81 and 83 (FIG. 3a) respectively, both when
the armature is in a disengaged position (i.e. it does not
engage the second clutch member 18) and when it is in an
engaged position). These axial overlaps are selected to be
relatively large in order to ensure that there is a relatively large
axial overlap between the aforementioned surfaces even
when the clutch assembly 14 is manufactured at the extremes
of its dimensional tolerances. In this way, the flux transfer
between the second clutch member 18 and the relatively thin
friction engagement surface 82 of the armature is where the
flux transfer is the most restricted. This, in turn, ensures that
the configuration of the armature 22 is what controls the
magnitude of the magnetic force that holds the armature 22 in
engagement with the second clutch member 18 when the
electromagnetic unit 26 is energized. By contrast, if there
were a restriction at some other point in the magnetic circuit
formed by the electromagnetic unit 26, the second clutch
member 18 and the armature 22 then the configuration of the
armature 22 would have relatively less impact on the force
exerted between it and the second clutch member 18, and any
dimensional tolerances that exist at the point where the flux
transfer is the most restricted would play a role in the afore-
mentioned force. This would introduce a variable into the
magnitude of the force that is undesirable.

[0132] Another way that the clutch assembly 14 is config-
ured to reduce the range of magnetic force exerted between
the armature 22 and the second clutch member 18 is to select
the material of the armature 22 and to configure the armature
22 to be relatively thin so that it reaches saturation (or more
broadly, so that it reaches at least a selected level of satura-
tion) of magnetic flux quickly under conditions which would
generally be unconducive to the generation and transfer of
magnetic flux in the aforementioned magnetic circuit. As a
result of this, the magnetic force between the second clutch
member 18 and the armature 22 would vary within an accept-
able range under conditions that would be conducive to gen-
erating a relatively greater magnetic flux in the magnetic
circuit. For example, the range of operating temperatures for
the clutch assembly 14 may be about —40 degrees Celsius to
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about 120 degrees Celsius. As the temperature increases, the
electrical resistance of the electromagnet 69 and the compo-
nents that feed electric current to it increases, and as a result,
the current that reaches electromagnet 69 drops, which in turn
reduces the magnetic flux generated by the electromagnet 69.
In addition to a change in flux that occurs with temperature,
the voltage that will be applied to the electromagnetic unit 26
can vary over some range, such as, for example, about 9V to
about 16V, based on fluctuations that typically occur in the
vehicle’s electrical system. In a preferred embodiment, the
armature 22 is configured to be saturated quickly when oper-
ating at a temperature proximate the high end of the tempera-
ture range (i.e. about 120 degrees Celsius in this example) and
when the electromagnetic unit 26 receives a voltage that is
proximate the low end of the voltage range (i.e. about 9V in
this example). As a result, throughout the operating tempera-
ture range and throughout the range of voltages, the magnetic
force exerted between the second clutch member 18 and the
armature 22 will vary within a selected acceptable range.

[0133] FIG. 5 show graphs of results from magnetic finite
element analyses showing the force exerted on the armature
when there is a 0 gap (i.e. when the armature 22 is engaged
with the second clutch member 18), for configurations of
clutch assemblies that are similar to the clutch assembly 14.
The graphs show the relationship between the force generated
(in Newtons) in relation to magnetomotive force (MMF) as
measured in Ampere-Turns. As can be seen in the graph in
FIG. 5, the generated force changes by about 36% (from
about 505 N to about 688 N) over a range of MMF that varies
from 300 AT to 900 AT. This is a much smaller variation than
would occur if the armature 22 were not configured to be
substantially saturated under the worst case scenario for flux
generation.

[0134] Thus, by selecting suitable materials for the arma-
ture and by configuring the armature in a selected way, (e.g. to
be relatively thin, particularly radially), the force generated
onthe armature when the armature is engaged with the second
clutch member 18 can remain within an acceptable range
even under relatively wide ranges of operating conditions. In
an exemplary embodiment, the radial thickness of the arma-
ture 22 is about 1.25 mm. In some embodiments, the armature
22 may be provided with a magnetic flux choke point that
would reduce the magnetic flux through the armature 22 and
would thus promote reaching saturation of the armature 22
under conditions of poorer magnetic flux generation than
would the armature 22 shown in FIGS. 34 and 3b. The mag-
netic flux choke point may be in the form of a reduction in the
cross-sectional area of the armature 22, as can be seen in the
sectional views shown in FIGS. 10a-10c. For example,
instead of having a rectangular cross-sectional shape as seen
in FIGS. 3a and 35, the armature 22 may alternatively have a
groove 99 in its radially outer surface shown at 101a (FIG.
10qa) that serves to reduce the cross-sectional area (i.e. the
cross-sectional area of the armature 22 in a plane parallel to
the plane P which appears edge-on in the view shown in
FIGS. 10a-10¢) and to act as a choke point for the magnetic
flux. The groove 99 could alternatively be in the radially inner
surface shown at 1015 (FIG. 106). Alternatively a groove 99a
could be provided in the radially outer surface 101a and
another groove 995 could be provided in the radially inner
surface 1015 (FIG. 10¢). By providing the reduction in cross-
sectional area axially spaced from the friction engagement
surface 82 a magnetic flux choke point can be provided while
still providing a selected surface area to the friction engage-
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ment surface 82. It may be desirable for the friction engage-
ment surface 82 to have a higher surface area so as to reduce
the wear on that surface (by virtue of spreading the force of
engagement between the armature 22 and the second clutch
member 18 over a selected, large surface area), while provid-
ing the choke point so as to promote saturation under condi-
tions of poor magnetic flux generation. In the embodiments
shown in FIGS. 10a-10c¢, the reduction in the cross-sectional
area of the armature 22 is achieved by a reduction in the
cross-sectional thickness of the armature 22. Alternatively,
the reduction in the cross-sectional area can be achieved by
some other means, such as, for example, by stamping or
otherwise providing a circumferential row of apertures
through the thickness of the armature 22 (i.e. a row of aper-
tures about the circumference of the armature 22).

[0135] As a separate issue from reducing the fluctuation in
the magnetic force exerted on the armature 22 by the second
clutch member 18, it is advantageous to limit the maximum
magnetic force that is applied between the armature 22 and
the second clutch member 18, thereby limiting the frictional
force exerted between the armature 22 and the second clutch
member 18. By limiting this frictional force, a limit is set on
the torque that can be transferred through the wrap spring
clutch 20 on the second clutch member 18. More specifically,
the torque that is transmittable through the coils 44 of the
wrap spring clutch 20 to the second clutch member 18 is
related to the torque that is applied between the armature 22
and the second clutch member 18 (which may be referred to
as the energizing torque). This energizing torque itself
depends on the magnetic force between the armature 22 and
the second clutch member 18, the coefficient of friction ther-
ebetween, and the moment arm of the magnetic force about
the axis A. In general the torque that is transmittable at the
coils 44 of the wrap spring clutch 20 can have an exponential
relationship to the energizing torque. In other words, as the
energizing torque increases, the torque transmittable at the
coils 44 increases exponentially. Due to the dimensional and
material property tolerances in the components that make up
the clutch assembly 14, the variability of the voltage applied
to the electromagnetic unit 26, the tolerances in the coeffi-
cients of friction between the armature 22 and the second
clutch member 18 and between the coils 44 and the second
clutch member 18, and other factors, there is the potential for
the energizing torque to vary dramatically from clutch assem-
bly to clutch assembly and from situation to situation. If the
energizing torque were permitted to vary unchecked, it could
vary by as much as 300% or more depending on the range of
operating conditions the clutch assembly 14 will have to work
in, and depending on the tolerances in the various compo-
nents and properties. As a result, if the energizing torque were
simply able to vary unchecked, the wrap spring clutch 20
could be caused to transmit torques that vary significantly
based on the exponential relationship mentioned above. Thus,
in such a case, either the wrap spring clutch 20 would have to
be designed to handle a very large range of torques, or the
torque that could be transmitted at the coils 44 could become
s0 high that the wrap spring clutch 20 would be at risk of
damage or even failure. However, by configuring the arma-
ture 22 so that it has at least a selected amount of saturation
(e.g. substantially complete saturation) under the worst case
conditions for magnetic flux generation, the magnetic force
that is generated under the best case conditions for magnetic
flux generation will not vary that dramatically from the flux
generated at the worst case conditions. This is a way of setting
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a limit on the maximum energizing torque available, which
therefore sets a limit on the maximum torque that will be
transferred at the coils thereby protecting the wrap spring
clutch 20 from failure from transmitting too high a torque,
and saving the wrap spring clutch 20 from having to be
overdesigned just to protect it under scenarios where the
tolerances and conditions would have created a very high
energizing torque.

[0136] By configuring the armature 22 to have a selected
amount of saturation as noted above under the worst case
conditions for flux generation, when the first clutch member
is rotating and the second clutch member 18 is stationary, and
the electromagnetic unit 26 is energized so as to engage the
clutch 14, if the torque required to drive the second clutch
member 18 is too high (i.e. beyond a selected limit), the
armature 22 will slip on the second clutch member 18. As a
result, the angular movement of the second end 42 of'the wrap
spring clutch 20 will be limited to a selected maximum angle
due to the slippage. The selected maximum angle acts as a
limit for the amount of expansion that is possible for the wrap
spring clutch 20 and therefore acts to limit the force that can
be exerted by the wrap spring clutch 20 on the inner surface 39
of'the pulley 18. By limiting this force, the amount of torque
that can be transferred through the wrap spring clutch 20 to
the pulley 18 is limited to a selected maximum torque.

[0137] Another way of reducing the likelihood of an unin-
tentional expansion of the wrap spring clutch 20 is to control
the amount of inertia that exists in certain components of the
clutch assembly 14. One component in particular whose rota-
tional inertia is selected to be low is the assembly of the
actuator 24 and the armature 22 (which may be referred to as
the actuator/armature assembly. As noted earlier in this docu-
ment, the actuator 24 has been described as being made from
aplastic material, such as Nylon 4-6 modified with Teflon™.
Also as noted earlier the armature 22 may be made from a
1010 steel. Thus, in such an embodiment, a large portion of
the actuator/armature assembly is made from a plastic mate-
rial (i.e. a first material having a relatively lower density), and
only a relatively thin band at the radially outer end of the
actuator/armature assembly is made from metallic material
(i.e. a second material having a relatively higher density than
the first material). In at least some embodiments, the aspect
ratio of the armature 22 is such that the radial thickness
(shown at T in FIG. 35) of the armature 22 is smaller than its
axial length (shown at L in FIG. 35). The mean radius of the
armature 22 is selected so that it provides a selected combi-
nation of a selected force between it and the second clutch
member 18 and a relatively low rotational inertia. The actua-
tor 24 provides the rotational support of the armature 22 on
the first clutch member 16 while having relatively low weight
that is the result of its configuration and of its material of
construction.

[0138] By controlling the inertia of this assembly, the
actuator/armature assembly will have a reduced resistance to
sudden changes in speed resulting from accelerations of the
engine, for example. By contrast, if the inertia of the actuator/
armature assembly were relatively high, and the first clutch
member 16 underwent a high acceleration, the inertia of the
actuator/armature assembly might cause such a lag in its
rotation, that the wrap spring clutch 20 could expand radially
off the support surface 60 (potentially creating noise when it
returns) and/or generating repetitive stresses in the wrap
spring clutch potentially reducing its life and/or potentially
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engaging the second clutch member 18 inadvertently creating
other problems as described earlier.

[0139] Because there is so little resistance to movement of
the armature 22 and because of the exponential relationship
between the energizing torque and the torque at the wrap
spring clutch coils 44, the energization of the electromagnetic
unit 26 may require somewhere in the range of about 5 W to
about 30 W, with a predicted typical operating range of
between about 10 W to about 15 W, of power in order to
generate the magnetic flux needed to drive the armature 22
into the second clutch member 18 with sufficient force to
engage the coils 44 with the second clutch member 18.
[0140] Also with respect to inertia, it will be noted that the
second clutch member 18 is made from a relatively thin
walled material (albeit a metallic material at least in some
embodiments) so as to reduce its inertia. Any lightening holes
provided in it would have to be configured to ensure that it can
sufficiently transport a magnetic flux to the armature 22.
[0141] With reference to FIG. 3a, the operation of the
clutch assembly 14 and the torque flow path are described as
follows. With the clutch 14 disengaged, the first clutch mem-
ber 16 rotates while the second clutch member 18 (i.e. the
pulley 18) remains stationary. One ofthe lugs 52 (FIG. 4¢) on
the first clutch member 16 drive the first end 40 of the wrap
spring clutch 20 and as a result, the wrap spring clutch 20
rotates with the first clutch member 16. The actuator 24,
which sits on the first clutch member 16 is driven to rotate
with the first clutch member 16 by frictional engagement
between the radially inner surface of the actuator 24 and the
radially outer surface of the first clutch member 16.

[0142] Energization of the electromagnet 69 draws the
armature 22 into engagement with the pulley 18. Because the
pulley 69 is stationary, the engagement between the armature
22 and the pulley 18 causes the armature 22, and therefore the
actuator 24 to slow down relative to the first clutch member
16. Because the second end 42 of the wrap spring clutch 20 is
engaged with the drive slot 66 in the actuator 24, the slow-
down of the actuator 24 causes the second end 42 of the wrap
spring clutch 20 to move angularly relative to the first end 40,
which in turn causes the wrap spring clutch 20 to expand
radially until the radially outer surface of the coils 44 engages
the radially inner surface 39 of the pulley 18. Torque is then
transferred from the wrap spring clutch coils 44 to the inner
surface 39, thereby driving the pulley 18.

[0143] The embodiment shown in FIGS. 1-4¢ shows the
first clutch member 16 as being directly mounted to the crank-
shaft 10 of the engine 12. It will be noted that in some
applications, (e.g. where there is no enough room) the crank-
shaft 10 could have a first pulley directly thereon which drives
a second pulley on another shaft (i.e. a jackshatt) via a belt.
The clutch assembly 14 could be mounted to that jackshaft,
such that the jackshaft would drive the first clutch member,
and the first clutch member would be selectively operatively
connectable to the second clutch member. Another belt or the
like could run from the second clutch member to a pulley on
an accessory to be driven.

[0144] As noted above, an advantage to the embodiment
shown in FIGS. 1-4¢ is that there are relatively fewer compo-
nents needed for it to operate than are used in certain clutches
of the prior art. Being constructed of fewer components
reduces the cost of the clutch assembly 14, reduces tolerance
stack-ups, and can increase reliability since there are fewer
components that can fail, as compared with clutch assemblies
of the prior art.
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[0145] The operation of the clutch assembly 14 may be
controlled by a controller shown at 88 in FIG. 1. Because so
little power is needed to engage the clutch assembly 14, the
controller 88 may be directly connected the electromagnet 69
(FIG. 3a) via electrical conduits shown at 90 and a MOSFET
or the like in the controller 88 may directly control the current
through the conduits 90. This arrangement is much less
expensive than it is for some clutches of the prior art, such as
some friction plate clutches. Those clutches require a signifi-
cant amount of power to engage, and less power but still a
significant amount of power to hold the engaged position.
Those clutches would not be controllable directly from a
controller and would thus require the controller to be con-
nected to a relay, which would be connected to a source of
higher electrical current than can typically be handled by a
controller. The relay would then be controlled by the control-
ler 88 in order to control the current to the clutch. Conduits
would extend from the source of electrical current (which is
ultimately the battery) to the relay and from the relay to
whatever clutch actuation mechanism requires it. Thus,
because of the low power needed to operate the clutch 14,
thereby permitting it to be controlled directly from the con-
troller 88, there is no need for the aforementioned relay, nor
for the conduits that can carry high current.

[0146] The embodiment shown in FIGS. 1-4¢ selectively
drives a pulley (i.e. second clutch member 18) from a rotating
shaft (i.e. crankshaft 10). Reference is made to FIGS. 6a and
65, which shows a clutch assembly 114 that is used to selec-
tively transmit power from a drive member such as a belt, a
timing belt, a chain, a gear or any other suitable drive member,
(not shown) through to a shaft 110 of an accessory 112.
[0147] Referring to FIGS. 6a and 64, the clutch assembly
114 includes a first clutch member 116 and a second clutch
member 118 that are both rotatable about the axis A, a wrap
spring clutch 120, an armature 122, an actuator 124 and an
electromagnetic unit 126. The clutch assembly 114 may be
similar to the clutch assembly 14 shown in FIG. 1, and has
similar advantages.

[0148] The clutch assembly 114 is movable from a disen-
gaged position shown in FIG. 7a to an engaged position
shown in FIG. 75 by transmission of a magnetic flux from the
electromagnetic unit 126 through the first clutch member 116,
the armature 122 and back into the electromagnetic unit 126.
The clutch assembly 114 may be referred to as being engaged
when it is in the engaged position and may be referred to as
being disengaged or unengaged when it is in the disengaged
position.

[0149] The first clutch member 116 is driven by a drive
member such as a belt, a timing belt, a chain, a gear or any
other suitable drive member. This drive member may itself be
driven by any suitable means, such as, for example, by a
crankshaft of an engine in a vehicle. In the embodiment
shown in FIGS. 6a and 654, the first clutch member 116 is a
pulley, however it could be some other member, such as a
sprocket, a gear or any other suitable member. The first clutch
member 116 may be made from any suitable material, such as
a suitable steel. The first clutch member 116 may be rotatably
supported on a stationary member 103, which may be referred
to as an electromagnetic unit support member, via one or
more bearing members 128. In this embodiment, there are
two bearing members 128 which are ball bearings however
any other suitable type of bearing member could be used.
[0150] Reference is made to FIG. 8, which shows a minor
variant of the embodiment shown in FIGS. 64 and 65, which
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uses the same reference numerals. The electromagnetic unit
support member 103 itself mounts to the accessory housing
shown at 105 so as to locate the electromagnetic unit 126 and
the first clutch member 116 about the axis A. The mounting
may be by way of threaded fasteners shown at 107 which pass
through the electromagnetic unit support member 103 and
thread into accessory housing apertures 109. The electromag-
netic unit support member 103 may also be referred to as a
clutch housing, since it serves to house at least some of the
components of the clutch assembly 114.

[0151] The second clutch member 118 is driven by the first
clutch member 116 when the clutch 114 is engaged (FI1G. 75),
and may be idle when the clutch 114 is disengaged (FIG. 7a).
The second clutch member 118 is connected to the input shaft
110 of the driven accessory 112. In the embodiment shown,
the second clutch member 118 is in the form of a shaft exten-
sion.

[0152] The second clutch member 118 mounts to the input
shaft 110 as follows: The second clutch member 118 has a
shaft mounting portion 180 that has a cross sectional shape
that mates with the accessory input shaft 110 and fixes the
second clutch portion 118 rotationally with the accessory
input shaft 110. In the embodiment shown the shaft mounting
portion 180 has a splined shape in cross-section (i.e. it is
splined) and it interlocks with corresponding splines on the
input shaft 110. The second clutch member 118 further
includes an input shaft aperture 181, which receives a
threaded fastener 182 that passes through it and threads into
an input shaft aperture 184 in the end of the input shaft 110,
thereby fixing the second clutch member 118 axially on the
input shaft 110.

[0153] To install the threaded fastener 182 into the input
shaft 110, an installer passes a fastener tool 190 (e.g. a hex
driver) through an aperture 191 in the first clutch member 116
to engage and drive the threaded fastener 182 into place in the
aperture 184 in the end of the input shaft 110. After installa-
tion of the first and second clutch portions, a cap 193 can be
inserted into the aperture in the first clutch member 116 into
which the position fixing tool 186 and the fastener tool 190
passed.

[0154] In an alternative embodiment shown in FIG. 8, the
second clutch member 118 further includes an anti-rotation
element that is configured to engage a position fixing tool 186
(FIG. 8a) through the first clutch member 116. When engaged
with the position fixing tool 186, the position fixing tool 186
can be held stationary so as to fix the second clutch member
118 and therefore the input shaft 110 rotationally. The posi-
tion fixing tool 186 has a pass-through aperture 188 that
permits an installer to pass a fastener tool 190 (e.g. a hex
driver) therethrough to engage and drive the threaded fastener
182 (FIG. 8) into place in the aperture 184 in the end of the
input shaft 110, while the installer holds the position fixing
tool 186 stationary to prevent rotation of the input shaft 110
while the threaded fastener 182 is being threaded into the
aperture 184.

[0155] Referring again to FIGS. 7a and 75, the actuator
124, the armature 122, the wrap spring clutch 120 and the
carrier 148 are all engaged with each other in similar manner
to the actuator 24, the armature 22, the wrap spring clutch 20
and the carrier 48 (FIGS. 3a and 35), in the sense that the
armature 122 is rotationally operatively connected with a
second end 142 of the wrap spring clutch 120 (i.e. via the
actuator 124 in the embodiment shown), the actuator 124 is
rotationally operatively connected with the armature 122, the
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carrier 148 is rotationally operatively connected to a first end
140 of the wrap spring clutch 120 and the carrier 148 is
rotationally operatively connected with the second clutch
member 118.

[0156] One difference however, is that the actuator 124, the
armature 122, the wrap spring clutch 120 and the carrier 148
are mounted to the second clutch member 118 and are thus
stationary when the clutch 114 is disengaged, whereas the
actuator 24, the armature 22, the wrap spring clutch 20 and the
carrier 48 are mounted to the first clutch member 116 and thus
rotate with it even when the clutch 14 is disengaged.

[0157] The actuator 124 is kept in position axially at one
end by an actuator retainer 163 which is fixed to the second
clutch member 118 (e.g. by press-fit) and at another end by a
carrier retainer 158 which is fixed to the second clutch mem-
ber 118 (e.g. by press-fit), and which also engages the carrier
148 to hold it in place axially.

[0158] The carrier 148 may be engaged with the second
clutch member 118 in the same way as the carrier 48 and first
clutch member 16 in the embodiment shown in FIGS. 1-4c¢,
(i.e. by way of lugs and lug slots). The actuator 124 and
armature 122 may engage each other in the same way as the
actuator 24 and the armature 22 in FIGS. 2a and 25. The first
and second ends of the wrap spring clutch 120 may be
engaged by the carrier 148 and the actuator 124 in the same
way as the wrap spring clutch 20 with the carrier 48 and the
actuator 24 in the embodiment shown in FIGS. 1-4¢.

[0159] The electromagnetic unit 126 is similar to the elec-
tromagnetic unit 26 (FIG. 3a) and includes an electromagnet
169 and an electromagnetic unit housing 170. The electro-
magnetic unit housing connects to the electromagnetic unit
support member 103 (i.e. the clutch housing 103) by any
suitable means, such as by fasteners, press-fit, staking or the
like.

[0160] In this embodiment, when the first clutch member
116 rotates and the second clutch member 118 is stationary,
the magnetic flux in the first clutch member 116 draws the
armature 122 axially into engagement therewith with suffi-
cient force to drive the armature 122 and the second end 142
of the wrap spring clutch 120 rotationally about the axis A
relative to the first end 140 of the wrap spring clutch 120 so as
to radially expand the wrap spring clutch 120 into engage-
ment with the first clutch member 116 thereby operatively
connecting the first clutch member 116 to the second clutch
member 118.

[0161] The clutch housing 103, the first clutch member 116
and the bearing member 128 form at least part of a first clutch
portion shown at 192. In this example, the electromagnetic
unit 126 also forms part of the first clutch portion 192. The
second clutch member 118, the armature 122 and the wrap
spring clutch 120 form at least part of a second clutch portion
194. In this example, the actuator 124 and the carrier 148 also
form part of the second clutch portion 194. It will be noted
that there is a radial gap G between the first clutch portion 116
and the second clutch portion 118. In other words, in use,
when the wrap spring clutch 120 is disengaged with the first
clutch member 116 there is a radial gap between the first
clutch portion 192 and the second clutch portion 194.
[0162] As a result of this, there is some amount of radial
play that is available between the first and second clutch
portions 192 and 194. This radial play provides the clutch
assembly 114 with the capability to accommodate tolerances
in the positions of the accessory housing apertures 109 in the
accessory housing 105 relative to the input shaft aperture 184.
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In a situation where the accessory housing apertures 109
and/or the input shaft aperture 181 are out of position relative
to each other, when the clutch assembly 114 is mounted to the
accessory 112, the radial gap G would not have a uniform size
throughout its circumference. However, in such a case, when
the electromagnetic unit 126 is energized, the wrap clutch 120
is flexible and could simply expand and take on a slight
eccentricity relative to the axis A as it engages the inner
surface 139 of the crankshaft adapter 116. As a result, the
clutch assembly 114 can operate with essentially no change in
its performance in situations where there is some lack of
concentricity between the first and second clutch portions 192
and 194. In some accessories, it is expected that there could be
a tolerance in the positions of the housing apertures 105 and
the input shaft aperture 181 that is about 0.25 mm. This
tolerance is easily accommodated by the clutch assembly
114.

[0163] By virtue of this capability to accommodate mis-
alignment or lack of concentricity, the clutch assembly 114
can be mounted as a complete assembly to the accessory
housing 105 and input shaft 110 all at once. By contrast, some
clutch assemblies of the prior art, and in particular, some
clutch assemblies that employ armatures that are moved
across a gap to engage or disengage the clutch assembly are
mounted component by component or subassembly by sub-
assembly and each component or subassembly is shimmed as
necessary to ensure that strict tolerances in certain gaps are
kept. This capability of being mounted as a complete assem-
bly without the need for shimming makes the clutch assembly
114 relatively quick and easy to install as compared to some
clutch assemblies of the prior art. Furthermore, in some
embodiments, it may be preferable to grease certain internal
components of the clutch assembly 114 such as the wrap
spring clutch 120. As a result, it is advantageous to be able to
ship the clutch assembly from the clutch assembly manufac-
turer’s facility with the grease already applied. This is pos-
sible in the embodiment shown in FIGS. 6a and 65 because
the clutch assembly 114 can remain in one piece during the
installation process. In some embodiments, the clutch assem-
bly 114 will have no lubrication at all. In other embodiments
the clutch assembly 114 may have a petroleum-based lubri-
cant or a more-advanced polymer-based, polymer/ceramic or
nanoparticle augmented lubricant instead of a grease-type
lubricant. In yet other embodiments, a lubricious coating may
be applied to the inner surface of the first clutch member 116
and/or to the wrap spring clutch 120 itself.

[0164] The embodiment shown in FIGS. 6a and 65 may be
controlled by a controller similar to the controller 88 to simi-
lar advantage.

[0165] The armature 122 may have a cross-sectional shape
as shown in FIGS. 7a and 75, or it could have some other
cross-sectional shape, such as any of the shapes shown for the
armature 22 in FIGS. 10a-10c.

Inclusion of Decoupler

[0166] The clutch assemblies 14 and 114 may optionally
include an isolator, an overrunning clutch, or a combination
of both, which is referred to as a decoupler. FIG. 9 shows a
decoupler 200 that is integrated into the clutch assembly 114.
The decoupler 200 transfers torque from a pulley 202 to a hub
204. The pulley 202 is part of the first clutch member 116 and
would replace the pulley 197 (FIG. 64a). The pulley 202 could
instead be a gear, a sprocket or any other suitable driven
member. The hub 204 in this instance is also part of the first
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clutch member 116, and connects to the hub portion 199 of
the first clutch member 116 (FIG. 9 and FIG. 6a). In this
embodiment, the hub portion 199 (FIG. 6a) of the first clutch
portion 116 may be modified to have a threaded end 212 (FIG.
9) that is received in a threaded portion 210 of the hub 204
thereby joining them together. The bearing members shown
at 214 (which is a ball bearing) and 216 (which is a bushing)
may be provided to center the pulley 202 relative to the hub
204. Thus, the bearing members 128 shown in FIGS. 74 and
7b may still be included in this embodiment to center the hub
199 relative to the member 103. Alternatively some other way
of supporting the various components may be provided so as
to reduce the number of bearing members included.

[0167] The decoupler 200 includes a resilient isolation
member 206, which in this exemplary embodiment is a tor-
sion spring, and a one-way clutch member 208, which in this
exemplary embodiment is a wrap spring clutch. The pulley
202, which is driven by a belt or the like (not shown), drives
the hub 204 through the one-way clutch member 208 and the
isolation member 206. The isolation member 206 may be in
the form of a torsion spring that provides some amount of
isolation to the hub 204 from torsional vibrations incurred by
the pulley 202. The wrap spring clutch 208 permits the hub
204 to temporarily overrun the pulley 202 when the pulley
202 is stopped. Instead of providing the decoupler 200, any
other suitable decoupler or one-way clutch member may be
used, such as, for example, any of the structures shown in
patent documents U.S. Pat. No. 6,083,130, U.S. Pat. No.
7,153,227, U.S. Pat. No. 7,618,337, U.S. Pat. No. 7,712,592,
U.S. Pat. No. 7,207,910, U.S. Pat. No. 5,722,909 and
WO2011072391A1, all of which are incorporated herein by
reference in their entirety. Alternatively, if it were deemed
acceptable for a particular application, any suitable structures
could be used from the following patents and patent applica-
tions: EP01764524A1, U.S. Pat. No. 7,985,150B2, U.S. Pat.
No. 7,708,661B2, U.S. Pat. No. 7,708,661 and
US20060240926, all of which are incorporated herein by
reference in their entirety.

[0168] In the example shown, the decoupler 200 transfers
torque between an upstream member, namely the pulley 202,
and a downstream member, namely the hub 204. It is alter-
natively possible to provide an isolation member 206 only
between an upstream member (e.g. the pulley 202) and a
downstream member (e.g. the hub 204) and to omit the one-
way clutch member 208 and associated components. It is
alternatively possible to provide the one-way clutch member
208 only between an upstream member (e.g. the pulley 202)
and a downstream member (e.g. the hub 204) and to omit the
isolation member 206 and associated components.

[0169] While the decoupler 200 is shown as being included
in the first clutch member 116, it will be understood that the
decoupler 200 (or alternatively a one-way clutch without an
isolator, or alternatively an isolator without a one-way clutch)
could be included in the second clutch member 118.

[0170] While the decoupler 200 is shown as being part of
the clutch assembly 114 it is possible for the decoupler 200
(or an isolation member only, or a one-way clutch member
only) to be incorporated into the clutch assembly 14.

[0171] The isolation member 206 is shown as a torsion
spring, however it will be noted that in some other embodi-
ments the isolation member could be a resilient polymeric
layer (e.g. made of rubber or the like) that is sandwiched
between first and second portions of the pulley 202.
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[0172] Reference is made to FIGS. 11a and 115 which are
exploded views of another embodiment of a clutch assembly
shown at 314. The clutch assembly 314 may be similar to the
clutch assembly 14 (FIG. 1) but with several differences
which are described hereinbelow. In general, the clutch
assembly 314 is, in at least some embodiments, configured to
permit the transfer of a high amount of torque between a first
clutch member 316 (which may be a crankshaft adapter that
mounts to a crankshaft 10 shown in FIG. 1) and a second
clutch member 318 (which may be a pulley), while also
including features to ensure that the engagement of the clutch
assembly 314 is controlled (i.e. is not very abrupt unless
desired) and that disengagement occurs reliably. It will be
noted that, for readability, the first clutch member 316 may be
referred to as the crankshaft adapter 316, and the second
clutch member 318 may be referred to as the pulley 318. It
will be understood, however, that in many instances it is
intended solely for readability and that any suitable first
clutch member and any suitable second clutch member could
be used.

[0173] Parts of the clutch assembly 314 that are similar in
function to parts of the clutch assembly 14 will have similar
reference numerals (amended to include a leading 3°).
Accordingly, the clutch assembly 314 includes the crankshaft
adapter 316, the pulley 318 which is supported on the first
clutch member by a bearing 328, a retainer 358 that holds a
carrier 348 that holds a first end 340 of a wrap spring clutch
320, an armature 322 that holds a second end 342 of the wrap
spring clutch 320, an actuator 324, an electromagnetic unit
326 that includes an electromagnet 369 and an electromag-
netic unit housing 370 that holds the electromagnet 369, and
a control system 388. The control system 388 may be a single
unit or may be made up of multiple individual units with
multiple controllers. In the embodiment shown, the first
clutch member 316 is a crankshaft adapter that mounts to and
is driven by the crankshaft 10 (FIG. 2a). A second pulley
(analogous to pulley 34 in the embodiment shown in FIG. 11is
notshown in FIGS. 11a and 115) however such a pulley could
optionally be provided.

[0174] As with the clutch assembly 14 shown in FIG. 1,
energization of the electromagnet 369 causes the armature
322 to engage the pulley 318. Because the armature 322 holds
the second end 342 of the wrap spring clutch 320, such
engagement between the armature 322 and the pulley 318
causes a shift in the phase angle between the armature 322 and
the crankshaft adapter 316, which causes the wrap spring
clutch 320 to expand radially and engage the second clutch
member 318 thereby engaging the crankshaft adapter 316
with the second clutch member 318. Deenergization of the
electromagnet 369 causes the wrap spring clutch 320 to con-
tract radially away from the pulley 318 so as to disengage the
crankshaft adapter 316 from the second clutch member 318.
[0175] The armature 322 is provided with a return spring to
bring the armature 322 away from the pulley 318 when the
electromagnet 369 is deenergized.

[0176] As with the armature 22 shown in FIGS. 3a and 35,
the armature 322 (FIG. 11c¢) is movable between a first posi-
tion in which the armature 322 is disengaged from the pulley
318 and a second position in which the armature 322 is drawn
into engagement with the pulley 318 by a magnetic circuit
that passes through the pulley 318 itself. A feature of the
armature 322, however, is that it is biased towards the first
position by an armature biasing member 365a, which may be,
for example, a leaf spring. The armature biasing member
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365a is preferably configured to apply a relatively small (e.g.
10 N) force on the armature 322 to draw the armature 322
away from the pulley 322 after deenergization of the electro-
magnet 369. As a result, the armature 322 is inhibited from
remaining in contact with the pulley 318 after deenergization
of the electromagnet 369 due to residual magnetism in the
pulley 318 and armature 322 and/or due to sticking as a result
of grease that could be present between them. By eliminating
such contact, premature wear on the armature 322 that could
result from such contact is avoided.

[0177] During use of the clutch assembly 314 the electro-
magnet 369 may be energized cyclically to control the arma-
ture 322 using pulse width modulation as will be described
further below. Depending on the frequency of energization, a
harmonic may be imparted to the leaf spring 3654 such that it
is urged to vibrate. To inhibit this vibration, behind the leaf
spring 365a (i.e. to the left of the leaf spring 365 in the view
shown in FIG. 11¢) is a rigid backing plate 3655 that abuts the
leaf spring 320 to limit movement of the leaf spring 320,
thereby helping to stabilize the leaf spring 3654 in the event it
vibrates.

[0178] The armature 322 is connected to the leaf spring 389
via a plurality of rivets 323 that pass through tabs 325 (which
are more clearly shown in FIGS. 114 and 115) on the armature
322. The rivet 323 shown in FIG. 11c is shown as extending
through the tabs 325 and the leaf spring 3654 and backing
plate 3654 but is shown prior to spreading of its open end to
form a mushroom head.

[0179] With continued reference to FIG. 1l¢, the leaf
spring 365a and backing plate 3655 are mounted to the actua-
tor 324. Such mounting may be by mechanical fasteners 359
(e.g. rivets) (FIG. 11a) which pass through the actuator 324
and further pass through apertures 367a on the leaf spring
365a and apertures 3675 on the backing plate 3655.

[0180] Referring againto FIG. 11¢, the actuator 324 may be
made from a (preferably non-magnetic) metal such as alumi-
num. A bushing 371, which may be made from any suitable
material such as DU® provided by GGB North America LL.C
of New lJersey, USA, is mounted in the actuator 324 and
permits the actuator 324 to be rotatably mounted to the crank-
shaft adapter 316. The actuator 324 has a slot 366 therein that
holds the second end 342 of'the wrap spring clutch 320. As in
the embodiment shown in FIGS. 1-4¢, when the armature 322
is drawn into engagement with the pulley 318 friction from
the engagement slows the armature 322, and therefore the
actuator 324, relative to the crankshaft adapter 316. As a
result, the second end 342 of the wrap spring clutch 320
rotates by some amount relative to the first end 340 in a
direction that causes the wrap spring clutch 320 to expand
radially into engagement with the inner surface shown at 339
of the pulley 318. As can be seen, the inner surface of the
pulley 318 is the inner surface of the sleeve 412.

[0181] Asshown in FIG. 11¢, the actuator 324 may include
a ‘flinger’ 329, which is a lip that extends radially outwards
towards the wall of the pulley 318. The flinger 329 acts to
throw debris radially outwards centrifugally by virtue of the
rotation of the actuator 324 if such debris should collect in the
clutch assembly 314 during use. The flinger acts as a rough
seal by having its distal edge shown at 3294 be positioned
proximate the wall of the pulley 318 so as to inhibit the entry
of'debris into the region of the clutch assembly 314 where the
wrap spring clutch 320 resides.

[0182] An actuator retainer 363 is provided on the crank-
shaft adapter 316 to prevent withdrawal of the actuator 324
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away from the pulley 318. The actuator retainer 363 may be a
separate ring that is press-fit or welded or otherwise joined to
the crankshaft adapter 316. The actuator retainer 363 acts as
a thrust bearing to support the actuator 324 during use of the
clutch assembly 314. The bushing 371 may be L-shaped so as
to have a portion that acts between the actuator 324 and the
actuator retainer 363 to reduce friction therebetween as the
actuator 324 rotates relative to the actuator retainer 363 and
crankshaft adapter 316. Aside from the provision of the actua-
tor retainer 363 to limit the maximum distance of the actuator
324 from the pulley 318, the actuator 324 may otherwise be
permitted to float axially to some extent over a small distance
along the crankshaft adapter 316.

[0183] The wrap spring clutch 320 may be provided with a
relatively large number of coils 344, also referred to as turns,
s0 as to permit a relatively large amount of torque to be
transferred through the wrap spring clutch 320 to the pulley
322. However, in general, the abruptness of the engagement
between a wrap spring clutch and the driven component (in
this case the pulley 318) increases as the number of coils on
the wrap spring clutch increases. Accordingly, it is typical to
limit to number of coils on a wrap spring clutch in order to
control the dynamic torque that will be transferred to the
pulley 318 and thus control the stresses incurred by the vari-
ous components. However it is desirable to provide a large
number of coils in applications where the clutch assembly is
needed to handle high torque. Alternatively, however, a wrap
spring clutch 320 with a relatively small number of coils may
also be used in the clutch assembly 314. For example, the
wrap spring clutch 320 could have three coils, or even fewer
in some embodiments.

[0184] The clutch assembly 314 provides a wrap spring
clutch 320 with a large number of coils 344 so as to permit
high torque transfer, but also includes structure to permit
control over the abruptness of the engagement of the wrap
spring clutch 320 with the pulley 318.

[0185] Referring to FIGS. 194 and 195, the low power
requirements of the clutch assembly 314 that result from
providing the magnetic circuit through the pulley 318 itself
permit a control system 388 to be provided with it. The
control system 388 is used for controlling the rate of engage-
ment of the wrap spring clutch 320 with the pulley 318, and
also to control the amount of torque that can be transferred
through the wrap spring clutch 320 to the pulley 318 during
operation. The control system 388 includes a PCB with pro-
cessor and memory, sensors and a driver, so as only to require
a connection to the vehicle’s data bus (in embodiments
wherein data is sent to and from the control system 388 via a
wired connection), and a power connection to the vehicle’s
battery (not shown). In some embodiments however, data
may be sent to and from the control system 388 wirelessly via
any suitable wireless protocol such as Zigbee. Also, in some
embodiments, the control system may be housed in the hous-
ing shown at 370 for the electromagnet 369. As will be noted,
the magnetic circuit of the clutch assembly 314 (and the other
clutch assemblies described herein) has an air gap between
the electromagnet housing 370 and the pulley from the pulley
320 to the armature 322 and from the armature 322 back into
the housing 370.

[0186] The armature 322 and the pulley 318 of the clutch
assembly 314 each have a plurality of teeth 3224 and 318«
respectively thereon. Two Hall effect sensors 389 (one sensor
389a and one sensor 3895) detect the passage of the teeth
322q and 318a respectively. The control system 388 includes
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a PCB (printed circuit board) 391 that contains a processor
393, a memory 395 and a driver 397 for providing current to
the electromagnet 369. The processor 393 receives signals
from the sensors 389a and 3895 and can determine, among
other things, the speeds and accelerations of the pulley 318
and armature 322 and the phase angle between the crankshaft
adapter 316 and the armature 322. Using this data, the control
system 388 can control the expansion of the wrap spring
clutch 320 and therefore the engagement force between the
wrap spring clutch 320 and the inner surface 339 of the pulley
318. It will be understood that the armature 322 is connected
rotationally with the actuator, and so the actuator 324 and the
armature 322 have the same rotational speed, acceleration
and phase angle.

[0187] As with the other embodiments shown and
described, by generating a magnetic loop through the arma-
ture 322, the electromagnet housing 370 and the pulley 318,
the amount of power required is relatively small.

[0188] As shown in FIGS. 19a and 195, the PCB 391 is
positioned in the electromagnet housing 370. By positioning
the control system 388 (and the PCB 391 in particular) in the
housing 370, it is protected from mechanical damage and
from the elements to some extent without the need to provide
a separate dedicated enclosure for it. This reduces the cost
associated with it and reduces the amount of room occupied
by the clutch assembly 14.

[0189] While it is shown for the control system 388 to be
housed in the electromagnet housing 370, it will be under-
stood that the control system 388 could, in some embodi-
ments, be housed in a separate, dedicated housing.

[0190] Aside from the above noted components, the PCB
391 may have thereon, a voltage monitoring unit 381, a CAN
message translator 383, a PWM module 385, and a current
monitoring unit 387. The CAN message translator 383 is used
to receive and send messages from and to the vehicle’s CAN
bus 399. The PWM module 385 is used to generate the PWM
signal that is sent to the driver 397 to control the current sent
to the electromagnet 369.

[0191] While the CAN message translator 383 is shown as
having a wired connection to the vehicle’s CAN bus in FIG.
13, it will be noted that it is possible to provide a wireless
communications device instead of the wired CAN message
translator 383, as mentioned above.

[0192] Instead of a CAN message translator, an analogous
device configured to communicate over a different type of
network (e.g. LIN) may be used.

[0193] The control system 388 may include any suitable
additional components to assist in the deenergization of the
electromagnet 369 in a controlled way, such as, for example,
a Zener diode and/or other diodes as shown in FIG. 13.

Control Algorithm

[0194] The control algorithm used by the control system
388 is illustrated as a block diagram in FIG. 14a which
illustrates the inputs and outputs to different portions of the
algorithm, and as a flow diagram in FIG. 145 to show the
method steps taken when carrying out the algorithm. The
algorithm may also be referred to as a method, and may be
stored in the control system’s memory such that the control
system 388 is programmed to carry out the method. Referring
to FIG. 145, the method is shown at 600 and begins at 602. At
step 604, the control system 388 receives commands from the
engine ECU (not shown) as to whether to engage the clutch
314 or not, via the vehicle’s data bus (e.g. a CAN bus) shown
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at 399. At step 606 selected parameters are checked, relating
to the state of the engine, the speed of the pulley 318, the
voltage at the vehicle’s battery (not shown) and any other
suitable parameters. At step 608, the control system 388
determines whether it is okay to engage the clutch 314, based
on the parameters that were checked. For example, if the
battery did not have sufficient charge to maintain the neces-
sary current to the electromagnet 369 for a sufficient amount
of time, then the processor 383 may determine that it is not
okay to engage the clutch. Ifthe determination is ‘no’, then at
step 610, the control system 388 reports to the engine ECU
(not shown) that the clutch 314 will not be engaged.

[0195] The control algorithm used by the control system
388 permits fast or slow engagement of the wrap spring clutch
320 with the pulley 318 when desired based on a set of
selected parameters. The command from the engine ECU
may also specify whether a fast or slow engagement is
needed. The control algorithm incorporates closed loop feed-
back so as to permit control of the engagement of the wrap
spring clutch 320. Such feedback may be provided from
dedicated sensors, or from data from preexisting sensors in
the vehicle, received via the vehicle’s data bus.

[0196] The control system 388 can provide a relatively fast
ramp up time for the engagement between the wrap spring
clutch 320 and the pulley 318 in some situations (which is
illustrated in FIG. 12a), and can provide a relatively long
ramp up time for the engagement in some situations (illus-
trated in FIG. 126).

[0197] Ingeneral, the current supplied to the electromagnet
369 results in an electromagnetic force between the armature
322 and pulley 318 and thereby controls the force of engage-
ment between the armature 322 and the pulley 318 which is
proportional to the torque exerted between the armature 322
and the pulley 318 (via frictional engagement between their
mutually facing surfaces shown at 382 and 380 respectively in
FIG. 11¢). The torque applied retards the armature 322 rela-
tive to the crankshaft adapter 316. Because the second end
342 of the wrap spring clutch 320 is captured by the actuator
324, the retardation of the armature 322 results in a radial
expansion of the wrap spring clutch 320. This is resisted by
the restoring force of the wrap spring clutch 320 which biases
the wrap spring clutch 320 back towards an unexpanded state.
As the wrap spring clutch 320 expands, the restoring force
increases. Thus from any given position, an increase in the
torque applied to the wrap spring clutch 320 results in an
increase in the amount of expansion until the restoring force
results in a resistive torque that matches the torque applied it.
Based on the above, it can be seen that the force of engage-
ment between the armature 322 and the pulley 318 is propor-
tional to the amount of expansion of the wrap spring clutch
320. Furthermore, because the current applied to the electro-
magnet 369 is proportional to the force of engagement, then it
will be understood that the current is proportional to the
amount of expansion of the wrap spring clutch 320. It will
also be noted that the amount of expansion of the wrap spring
clutch 320 determines the angular displacement (also referred
to as the phase angle) between the first end 340 and the second
end 342. Thus, by controlling the current to the electromagnet
369, the phase angle between the first and second ends 342 of
the wrap spring clutch 320 can be controlled and the amount
of expansion of the wrap spring clutch 320 can be controlled.
[0198] The control algorithm 600 shown in FIGS. 14a and
145 may have three stages of operation. In Stage 1, the current
to the electromagnet 369 is controlled so as to bring the
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actuator 324 and armature 322 to a selected relative angular
displacement or phase angle relative to the crankshaft adapter
316. This selected phase angle may be represented by set
point SP1, which may be a value that is stored in memory 395.
SP1 may be selected to be the phase angle at which the wrap
spring clutch 320 has expanded just enough to engage the
inner surface of the pulley 318. In some embodiments, SP1
may be a fixed value that is stored in memory 395. At step 612
(FIG. 14b), the values for the actuator speed and the crank-
shaft speed are obtained, and the actual phase angle is deter-
mined using these values. When the wrap spring clutch 320
reaches the selected phase angle SP1, friction and thus torque
transfer between the coils of the wrap spring clutch 320 and
the pulley 318 are low. In some instances, SP1 may be some-
where in the range of about 30 to about 50 degrees. In general,
fora wrap spring clutch that is longer (i.e. that has more coils),
the greater the phase angle that will be needed to cause it
expand by a selected amount. As shown in FIG. 145, the
process of reaching set point 1 is achieved by a loop that
includes steps 614, 616 and 618. At step 614 the control
system 388 (FIG. 11c¢) checks whether the set point SP1 has
been reached. If the set point SP1 has not been reached then
step 616 (FIG. 145) is carried out in which the control system
388 (FIG. 11¢) generates a new value for the current to send
to the electromagnet 369. At step 618 (FIG. 145) the current
sent to the electromagnet 369 (FIG. 11c¢) is adjusted towards
the new value. Control is then sent back to step 614 (FIG. 145)
where the control system 388 checks if the actual phase angle
of the actuator 324 (FIG. 11¢) matches the set point value
SP1. If it is determined that the phase angle does equal the
value for SP1, then the control system 388 sends control to
step 620 (FIG. 145), at which point stage 2 of the algorithm
600 begins.

[0199] At step 616 a PID control formula may be used.
Feedback for the PID control formula may be provided by the
integral of the speed difference between the actuator 324
(FIG. 11c¢) and the crankshaft adapter 316, which will be
understood to be indicative of the phase angle between the
armature 322 and the crankshaft adapter 316 (and therefore
the phase angle between the first and second ends 340 and 342
of the wrap spring clutch 320). Because the crankshaft
adapter 316 is mounted on the crankshaft 10 (FIG. 2a), the
crankshaft speed is the same as the crankshaft adapter speed.
The crankshaft speed may be obtained by any suitable means,
such as by communication with existing controllers on the
vehicle via the vehicle’s CAN bus 399 (FIG. 13). The value
for the current generated from step 616 (FIG. 14b) is trans-
mitted to the PWM module 385 (FIG. 13), which outputs a
pulse width modulated signal to the driver 397, which in turn
controls the current to the electromagnet 369 based on the
signal from the PWM module 385. Once the selected phase
angle SP1 is achieved, stage 2 of the algorithm is carried out.

[0200] Instage 2 ofthe algorithm the expansion ofthe wrap
spring clutch 320 (FIG. 11¢) is increased in a controlled way
to control the acceleration of the pulley 318. In this stage
another PID formula may be employed (or alternatively any
other control formula). The set point for this control routine is
represented by SP2 and is an acceleration value. Feedback is
provided for this control routine by determining the actual
acceleration of the pulley 318 and comparing it to the set point
SP2. The actual acceleration may be determined by measur-
ing the speed of the pulley 318 using the Hall effect sensor
3895 (FIG. 1956), and by taking the derivative of the measured
speed. Once a selected amount of torque is being transferred
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from the wrap spring clutch 320 (FIG. 11c¢) to the pulley 318,
the algorithm may proceed to Stage 3. The expansion of the
wrap spring clutch 320 is still controlled by controlling the
phase angle between the armature 322 and the crankshaft
adapter 316 and so the phase angle is also an input to the
algorithm during stage 2. In other words, in stage 2, the
control system 388 controls the phase angle between the
armature 322 and the crankshaft adapter 316 to achieve a
selected acceleration for the pulley 318. The set point SP2
may ultimately be derived by receiving a torque value from
the engine ECU (not shown) and then using that value to find
the set point SP2 from a look up table stored in memory 395.
Stage 2 of the algorithm is carried out until the pulley 318 has
reached the engine speed, (i.e. until the crankshaft adapter
316 and the pulley 318 have the same speed). Once the control
system determines that pulley speed matches the engine
speed, stage 3 of the algorithm is carried out.

[0201] With reference to FIG. 145, stage 2 includes a con-
trol loop that includes steps 620, 622 and 624. At step 620, it
is determined whether the pulley speed matches the crank-
shaft speed. If it does not, step 622 is carried out in which a
control formula is applied (e.g. a PID control formula) to
provide a new value for the current to the electromagnet 369
(FIG. 11¢) in order to adjust the acceleration of the pulley 318
towards the set point SP2. At step 624 (FI1G. 145), the current
sent to the electromagnet 369 (FIG. 11c¢) is adjusted towards
the new value. Control is then sent back to step 620 (FIG. 145)
where the control system 388 (FIG. 11¢) checks whether the
pulley speed matches the crankshaft speed. While a PID
control loop (i.e. a loop that involves the use of a PID control
formula) is described in the example above, it will be under-
stood that any other suitable type of control loop may be used.
[0202] Itwill benoted that during Stage 2, depending on the
target value used by the control system 388 for the accelera-
tion, the control system 388 causes a selected amount of slip
between the wrap spring clutch 320 and the second clutch
member 318, based on a comparison of the selected accelera-
tion value (i.e. the target value for the acceleration) and the
actual value for the acceleration, which can be determined by
taking the derivative of the speed values based on the signals
sent by the Hall-effect sensor 3895 to the control system 388.
The PID control formula is but one example of a type of
comparison that can be made with the target and actual values
for the acceleration.

[0203] Ifitis determined that the pulley speed matches the
crankshaft speed, then the control system 388 sends control to
step 626 (FIG. 145), at which point stage 3 of the algorithm
600 begins.

[0204] In stage 3 of the algorithm, the control system 388
maintains the holding torque achieved at the end of stage 2 so
asto prevent slippage between the wrap spring clutch 320 and
the pulley 318. In this stage, the control system 388 obtains
the speeds of the pulley 318 and the crankshaft 10 (FIG. 2a)
and compares them to determine if any slippage is occurring
between them, which would be indicative of slippage
between the wrap spring clutch 320 and the pulley 318. If
slippage is detected, the control system 388 increases the
current to the electromagnet 369 to increase the expansion of
the wrap spring clutch 320, thereby increasing the force of
engagement between the wrap spring clutch 320 on the pulley
318 so as to increase the amount of torque that can be trans-
ferred to the pulley 318 without slippage. Alternatively, if no
slippage is detected, the control system 388 may reduce the
current by some amount while continuing to determine
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whether there is slippage. In this way, the control system 388
dynamically adjusts the current sent to the electromagnet 369
to keep the current to arelatively low level while ensuring that
the torque requirements for the clutch assembly 314 are being
met. The three stages of operation of the algorithm are iden-
tified in FIGS. 124 and 125 (shown at Stage 1, Stage 2 and
Stage 3). References to input speed and output speed in these
two figures are intended to refer to the speed of the crankshaft
and of the pulley 318 respectively.

[0205] With reference to FIG. 145, stage 3 includes a loop
that includes steps 626, 628, 630 and 632. At step 626, the
amount of slippage is determined between the pulley (FIG.
11¢) and the crankshaft 10 (FIG. 1). At step 628 it is deter-
mined whether the determined slippage value constitutes
slippage (i.e. it is determined whether it is non-zero). If it is
non-zero, step 630 is carried out in which a control formula is
applied (e.g. a PID control formula) to provide a new value for
the current to the electromagnet 369 (FIG. 11¢) in order to
adjust the engagement force between the wrap spring clutch
320 and the pulley 318 so as to reduce the amount of slippage
towards zero. At step 632 (FIG. 14b), the current sent to the
electromagnet 369 (FIG. 11c¢) is adjusted towards the new
value. Control is then sent back to step 626 (F1G. 145) where
the control system 388 (FIG. 11¢) checks whether any slip-
page is occurring. If it is determined that there is no slippage
(i.e. the pulley speed matches the crankshaft speed), then at
step 628 (FIG. 14b4) control is sent back to step 626 (FIG.
14b). Operation in stage 3 continues until the electromagnet
369 (FIG. 11¢) is deenergized.

[0206] Thus by providing the algorithm 600 described
above, the clutch assembly 314 can be configured to permit
high torque transfer to the pulley while still permitting the
stresses and dynamic torques incurred by the components of
the assembly 314 to be limited in situations where such limits
are beneficial and to also permit very short ramp up times for
the pulley 318 in situations where short ramp up times are
desired. Short ramp up times, for example, may be desired
during passing maneuvers where the pulley 318 is being used
to drive a belt that ultimately drives a supercharger, thereby
providing power quickly to the vehicle. Longer ramp up times
may be desired where a short ramp up time is not needed and
would produce unacceptably high levels of noise or other
problems such as high stresses.

[0207] It will be noted that the use of the algorithm
described above is not limited to a clutch assembly with a
wrap spring clutch with many coils, nor to a clutch that drives
amagnetic loop through the body of the pulley. Itis applicable
to other types of clutch that incorporate a wrap spring clutch.
[0208] It will be further noted that the algorithm need not
include all three stages. For example, the algorithm could
start with stage 2, whereby the control system 388 continues
to control the current to the electromagnet 369 until a selected
acceleration is achieved (i.e. until the acceleration reaches
SP2). In such a scenario there would simply be an initial
period during which the control system 388 sends current to
the electromagnet but with no resulting acceleration in the
pulley 318. The control system 388 could compensate for this
in some suitable way such as by delaying the application of
Stage 2 by a certain period of time to give the armature 322
time to approach the pulley 318. While it is described that
stage 1 may be effectively omitted, it will be noted that the
algorithm could contain any one or any two of the three stages
independent of whether the other stages are included. Prefer-
ably all three stages are included, however.
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[0209] While two speed sensors 389a and 3895 are
described it will be noted that at least one of the stages, and in
some instances all of the stages of the above described algo-
rithm may be carried out even if one or both of the sensors
389 and 3895 are omitted. For example, stage 2 could be
carried out solely using the pulley speed sensor 3895 (i.e.
without an armature speed sensor). For example, the control
system 388 could use the pulley speed sensor 3895 to deter-
mine the pulley acceleration and could control the current to
the electromagnet 369 to achieve the selected acceleration.
The control system 388 can then compare the pulley speed to
the crankshaft speed and can stop stage 2 when the two speeds
match. Alternatively, if a speed sensor is provided on the
driven accessory (e.g. the supercharger) then that speed sen-
sor can be used to determine the speed of pulley 318 based on
a ratio of the sizes of pulley 318 and the accessory drive
pulley. Thus, stage 2 could be carried out without either of the
sensors 389a and 3895.

[0210] Asshownand described inrelationto FIGS. 14a and
1454, the method 600 controls the current to the electromagnet
369 in order to control the acceleration of the pulley 318.
Reference is made to FIGS. 204 and 205. In some embodi-
ments the phase angle between the armature 322 and the
crankshaft adapter 316 may be controlled so that the speed of
the pulley 318 may be kept at a speed that is less than that of
the crankshaft 312. In such embodiments, the wrap spring
clutch 320 may be kept in a constant state of slippage relative
to the pulley 318 in order to maintain a selected speed that is
less than the pulley be periods where the wrap spring clutch
320 is in a constant state. FIG. 20aq is a block diagram that
shows the inputs and outputs for the control algorithm asso-
ciated with such an embodiment. FIG. 205 illustrates the
algorithm as a flow diagram. As with the algorithm shown in
FIGS. 144 and 145, the algorithm in FIGS. 20q and 205 may
be referred to as a method, which is shown in FIG. 205 at 700.
The method 700 is a method for controlling the speed of the
pulley 318, which the control system 388 may be pro-
grammed to carry out. The method begins at 702. At step 704,
the control system 704 receives a request from the engine
ECU (not shown) for a selected output speed for the pulley
318. The output speed request may be in the form of an
absolute speed (e.g. 3000 rpm), or it may be in the form of a
fraction of the crankshaft speed (e.g. 50% of the crankshaft
speed). The request may be sent via the vehicle’s data bus
(e.g.aCAN bus) shown at 399 (FIG. 13). At step 706 selected
parameters are checked, relating to the state of the engine, the
speed of the pulley 318, the voltage at the vehicle’s battery
(not shown) and any other suitable parameters. At step 708,
the control system 388 determines whether it is okay to
change the pulley speed, based on the parameters that were
checked. For example, ifthe request is to increase the speed of
the pulley 318, it would entail increasing the current to the
electromagnet 369, which would result in an increase in the
phase angle between the armature 322 and the crankshaft
adaptor 316, thereby expanding the wrap spring clutch 320,
which in turn would increase the amount of torque transferred
to the pulley 318 from the crankshaft adaptor 316. If the
battery did not have sufficient charge to maintain the neces-
sary current to the electromagnet 369 for a sufficient amount
of time, however, then the processor 383 may determine that
it is not okay to increase the speed of the pulley 318. If the
determination is ‘no’, then at step 710, the control system 388
reports to the engine ECU (not shown) that the pulley speed
will not be increased.
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[0211] Stage 1 of the method 700 may be similar to Stage 2
of'the method 600 shown in FIGS. 14a and 145, except that in
Stage 1 of the method 700 the acceleration set point value
may be positive or negative (which would indicate a decel-
eration), and the initial speed of the output pulley is not zero.
Thus the expansion of the wrap spring clutch 320 (FIG. 11¢)
is changed (i.e. increased or decreased) in a controlled way to
control the acceleration or deceleration of the pulley 318.
Stage 1 may thus include step 716 which is checking whether
the pulley speed equals the requested pulley speed. If the
pulley speed does not equal the requested pulley speed, then
step 718 is carried out, in which the acceleration is deter-
mined, and the PID1 formula is applied to determine an
adjusted coil current that is to be applied to the electromagnet
369 to increase or decrease the acceleration of the pulley 318
based on a target acceleration that is determined by the con-
trol system 388; and step 720 is carried out, which includes
applying the adjusted current to the electromagnet 369 (e.g.
via PWM). Control is then returned to step 716. STAN/
BASH—I WROTE THE ABOVE, BUT I DON’T SEE IT IN
YOUR BLOCK DIAGRAM. WHAT DO YOU DO FOR
ACCELERATION CONTROL?

[0212] If the pulley speed does equal the requested pulley
speed, then control passes to step 722 which begins Stage 2.
Stage 2 of the method 700 may be similar to Stage 3 of the
method 600, except that in Stage 2, the speed of the pulley 318
may be held at a value that is lower than the speed of the
crankshaft adapter 316 which means that the wrap spring
clutch 320 is in a constant state of slip. Inputs to stage 2
include the requested output speed, the current engine speed
(crankshaft adaptor speed) and the current pulley speed. At
step 722 a PID2 formula is applied using these speeds, (the
current and requested pulley speeds in particular), and the coil
current is adjusted at step 724 based on the output from the
PID2 formula. The method 700 ends at 726.

[0213] In general, it will be understood that, while speed
may be used as the feedback parameter for use in adjusting the
current to the electromagnet 369, other control schemes could
alternatively be used. For example, when a selected speed is
desired for the pulley 318, the control system 388 may use a
lookup table to determine what phase angle would provide the
desired speed. The control system 388 could then apply a
control method similar to method 700, but where phase angle
is measured and is the feedback variable to a PID (or other)
control formula to control the coil current applied.

[0214] Instead of being supplied by the ECU with a
requested speed, the control system 388 could be requested
by the ECU to provide a selected torque. Here again, the
control system 388 could use a lookup table that is stored in
memory 395 to determine what pulley speed or what phase
angle would correlate to the requested torque, thereby pro-
viding the control system 388 with a requested pulley speed
or requested phase angle. The control system 388 could apply
the PID (or other) control formula using measured pulley
speed or measured phase angle as the feedback parameter,
and could adjust the current to the electromagnet 369 as
needed to reach the requested pulley speed or requested phase
angle, thereby transmitting the requested torque. The lookup
table may be generated initially during development of the
vehicle, by testing the vehicle under different conditions to
determine and keep record of the relationship between the
torque transferred and the pulley speed or the phase angle.
[0215] While a closed loop control algorithm may be used,
as described above in relation to FIGS. 20a and 205, it is
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alternatively possible to use an open-loop control method for
controlling the second end 342 of the wrap spring clutch 320.
For example, the control system 388 may receive a request
from the engine ECU that a certain amount of torque be
transferred to the pulley 318. The control system 388 may
then use a lookup table that correlates current to the electro-
magnet 369 with torque transferred to the pulley 318 to deter-
mine the current to supply to the electromagnet 369. The
control system 388 may then supply that current. The lookup
table, may, as above, be generated during testing of the
vehicle during the vehicle’s development stage and may be
stored in memory 395.

[0216] In general, where a parameter is to be measured, a
dedicated sensor may be provided for it (such as a Hall effect
sensor for detecting the passage of a feature on a rotating
clutch member, or alternatively any other suitable means may
be provided for it.

[0217] The above description provides example steps that
can make up a method shown at 900 in FIG. 21, that the
control system 388 may be programmed to use for controlling
a clutch assembly (e.g. clutch assembly 314) having a first
clutch member (e.g. shaft adaptor 316) that is rotatable about
an axis and a second clutch member (e.g. pulley 318) that is
rotatable about the axis. The method starts at step 901. A step
902 includes providing a wrap spring clutch (e.g. wrap spring
clutch 320) having a first end (end 340), a second end (end
342) and a plurality of helical coils (coils 344) between the
first end and the second end. The phase angle between the first
and second ends determines a diameter of the wrap spring
clutch. One of the first and second clutch members (e.g. is
connected with the first end of the wrap spring clutch. In the
embodiment shown in FIGS. 11a-11c¢, the second clutch
member 318 is connected with the first end of the wrap spring
clutch.

[0218] A step 904 includes obtaining a target value that is
indicative of a target speed of the second clutch member. In
the examples discussed above, this may entail receiving a
requested speed for the second clutch member from the
engine ECU.

[0219] A step 906 includes determining through measure-
ment an actual value that is indicative of an actual speed of the
second clutch member. In the examples above, a Hall effect
sensor could, for example, be provided, which counts pulses
based on the passage of one or more features on the armature
322 or a component that rotates with the armature 322. The
control system 388 tracks the pulse count over time and
thereby determines the speed of the second clutch member
318.

[0220] A step 908 includes changing the phase angle
between the first and second ends of the wrap spring clutch to
cause a selected amount of slip between the wrap spring
clutch and the other of the first and second clutch members,
based on the target value and the actual value. Changing the
phase angle may be effected, for example, by moving the
second end 342 of the wrap spring clutch 320 relative to the
first end 340. In one example, as described above, during
Stage 2 of the method 600 the control system 388 causes a
selected amount of slip between the wrap spring clutch 320
and the second clutch member 318, until the control system
388 determines that the speed of the second clutch member
318 has reached the target speed (which is the speed of the
first clutch member 316 in that example). In another example,
in Stage 2 of the method 700, the speed of the pulley 318 is
controlled to match a requested output speed, which may be a
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speed that is lower than the speed of the crankshaft adapter
316. In this example, the wrap spring clutch 320 is in a
constant state of slip, the degree of which is based on a PID
control loop that uses as inputs the requested pulley speed and
the current pulley speed, among other things.

[0221] The selected amount of slip may be within a range of
zero slip, wherein the wrap spring clutch is in a fully engaged
position in which it is fully engaged with both the first and
second clutch members 316 and 318 and the wrap spring
clutch 320 fully transfers input rotary power from the first
clutch member to the second clutch member, and a fully
disengaged position in which the wrap spring clutch is fully
disengaged from the second clutch member 318 (or more
broadly, from whichever of the clutch members that the first
end 340 is not connected to) such that no rotary power trans-
ferred from the first clutch member 316 to the second clutch
member 318.

[0222] The method ends at 909.

[0223] Inascenario where an open loop system is provided
to control the speed of the second clutch member it may be
very difficult to account for all the variables that can affect the
clutch speed, such as temperature, wear condition of wrap
spring clutch, a changing load at the driven assessor, and other
factors can complicate the analysis thereby making it disad-
vantageous to attempt to control the second clutch member
speed that way. By providing a closed loop system, all ofthese
variables become less important, since the current to the
electromagnet is being controlled simply to bring the mea-
sured speed towards the target speed received by the engine
ECU.

[0224] Instead of values indicative of speed, the method
900 could be used for controlling the phase angle between the
first and second ends of the wrap spring clutch. For example,
a requested value for the torque may be received by the
control system 388 and the control system 388 may, using a
lookup table, convert this requested torque to a requested
phase angle. The control system 388 may then measure a
parameter indicative of the phase angle, such as the positions
of the first and second ends 340 and 342 of the wrap spring
clutch 320 using signals from the Hall eftect sensor 389a. The
control system 388 may control the position of the second end
342 of the wrap spring clutch 320 relative to the first end 340
to cause a selected amount of slip between the wrap spring
clutch 320 and the second clutch member 318, based on a
comparison of the target value for the phase angle and the
actual value derived using the measurements from the Hall
effect sensor 3894 (i.e. based on the PID control loop).

Normally Engaged Clutch

[0225] The clutch assembly 314 is similar to the clutch
assembly 14 in that they are both normally disengaged. In
other words, if the electromagnet 369 is not energized then the
clutch 314 contracts out of engagement with the pulley 318
such that no torque transfer between them takes place. It is
alternatively possible, however, to apply a variant of the con-
trol algorithms shown in FIGS. 20a and 2056 to a clutch
assembly that is normally engaged. Such a clutch assembly is
shown at 814 in FIG. 22. The clutch assembly 814 may be
similar to the that which is shown in FIG. 19 of PCT publi-
cation WO2013049919A1, the contents of which are incor-
porated herein in their entirety. The clutch assembly 814
includes a first clutch member 818, which may be a pulley that
is engaged with a belt 899 and a second clutch member 816,
which may be a shaft adaptor configured for mounting to the
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shaft 810 of a driven vehicular accessory. The accessory may
be, for example, a water pump having an impeller 897 shown
mounted to the shaft 810. The first and second clutch mem-
bers 818 and 816 are both rotatable about the axis A. The
clutch assembly 814 further includes a wrap spring clutch
820, an armature 822, an actuator 824 and an electromagnetic
unit 826 that includes an electromagnet 869 and an electro-
magnetic unit housing 870. The electromagnetic unit 826 is
mounted to a stationary member 872 which may be a bracket
that is integral with the housing for the accessory. The arma-
ture 822, the actuator 824 and the electromagnetic unit 826
may all be similar to the armature 322, the actuator 324 and
the electromagnetic unit 326. A bearing is shown at 895
between the shaft 810 and the stationary member 872 to
support the shaft 810 for rotation thereon. Another bearing is
shown at 893 between the pulley 818 and the stationary
member 872 to support the pulley 818 for rotation thereon.

[0226] The wrap spring clutch 820 may be similar to the
wrap spring clutch 320 and may have first and second ends
that are similar to the first and second ends 340 and 342. A
difference between the wrap spring clutch 820 and the wrap
spring clutch 320 is that the relaxed diameter of the wrap
spring clutch 820 is sufficiently large to bring the wrap spring
clutch 820 into engagement with the inner surface shown at
839 of the pulley 818. Transmission of current to the electro-
magnet 869 generates a magnetic flux that, among other
things, passes through the armature 822 and draws the arma-
ture 822 into engagement with the stationary friction surface
shown at 837. This engagement, in turn, causes a phase angle
shift of the second end of the wrap spring clutch relative to the
first end, thereby causing the wrap spring clutch to contract
radially away from the clutch surface 839. By applying suf-
ficient current to the electromagnet 869 the wrap spring
clutch 820 can be contracted completely out of engagement
with the clutch surface 839. By applying some lesser amount
of current to the electromagnet 369, the wrap spring clutch 82
is in a state where it transmits some torque to the shaft 810 but
less torque than if no current was supplied. Thus, the embodi-
ment shown in FIG. 22, the control system 388 can be con-
figured to control the speed of the second clutch member 816,
or the torque transferred to the output member, by controlling
the current to the electromagnet 869, keeping in mind that as
the current increases the speed of the second clutch member
816 decreases and the torque transferred by the second clutch
member 816 decreases. Thus, where the control system 388
would increase the current to the electromagnet 369 thereby
increasing the phase angle between the first and second ends
of the wrap spring clutch 320 so as to increase the torque
transfer and the speed of the second clutch member 318, the
control system 388 would decrease the current to the electro-
magnet 869, thereby reducing the phase angle between the
first and second ends of the wrap spring clutch 820 so as to
increase the torque transfer and the speed of the second clutch
member 816.

[0227] The arrangement in FIG. 22 is beneficial in that it
provides a failsafe mode of operation in the sense that, if the
electromagnet 869 or the control system 388 fail, there will be
engagement between the wrap spring clutch 820 and the
clutch surface 839 so that the accessory (e.g. a water pump)
will continue to be operational.

[0228] The hub load acting on the pulley 818 is shown at
HL1, and its path through the clutch assembly 814 to the
stationary member is illustrated.
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[0229] Inembodiments wherein the second clutch member
816 is connected to drive an accessory such as a water pump
(as shown in FIG. 22), the use of the control algorithm that
permits slippage of the wrap spring clutch 820 permits the
speed of the impeller to be reduced relative to the speed of the
first clutch member 818 (i.e. the belt driven pulley). This has
several advantages over other designs for water pumps and
the like. For example, this permits the speed of the impeller to
be controlled when the engine speed is high, thereby prevent-
ing the high flow rates and fluid pressures that would nor-
mally accompany high engine speed for a typical belt driven
water pump. By preventing the high flow rates the engine is
prevented from being overcooled by the water pump during
period ofhigh engine speed. By contrast, in a typical priori art
belt driven water pump, as the engine speed reaches high
levels, the water pump speed inevitably increases proportion-
ately. However, during these periods, the water pump typi-
cally cools the engine more than necessary, which can reduce
combustion efficiency in the engine, resulting in degraded
fuel efficiency and increasing emissions. By controlling the
water pump speed so that its speed can be selected indepen-
dently of the engine speed, the impeller speed can be reduced
relative to the engine speed when the engine speed is high, the
negative impact on fuel economy and emissions can be elimi-
nated. Electric water pumps also provide this capability, how-
ever, these are typically relatively expensive relative to belt-
driven water pumps and consume large amounts of electric
power, which typical vehicles are not always equipped to
provide.

[0230] By providing the ability to control the torque trans-
fer and the speed of the second clutch member 820 a power
savings can be had relative to a water pump that has a fixed
speed relationship with the engine. Examples of the power
savings that can arise are shown in curves 1-8 in FIG. 23.
Curves 1, 3, 5 and 7 illustrate the power savings for the engine
at different RPMs assuming that there are no friction losses
that have to be accounted for. As can be seen, as the flow is
reduced from 100% of the flow that would be achieved with a
fixed relationship to the engine speed, the power savings can
be several hundred Watts.

[0231] It will be noted, however, that the constant slippage
generated at the interface of the wrap spring clutch 820 and
the first clutch member can result in heat that needs to be
dissipated. In embodiments wherein the driven accessory is a
water pump (as shown in FIG. 22), the coolant or oil flow
through the water pump itself can be sufficient to maintain the
temperatures of the heated components (e.g. the wrap spring
clutch 820) below threshold levels. Curves 2, 4, 6 and 8 in
FIG. 23, show the power savings when friction losses are
taken into account. As can be seen, the power savings are still
significant even when friction losses are accounted for. It will
be noted that the actual friction losses that arise can be deter-
mined by the difference between each pair of curves at a
particular engine RPM. These friction losses result in the
aforementioned heat that may be dissipated by the coolant or
oil flow.

[0232] FIG. 24 shows a graph of the water pump impeller
speed as the control system 388 applies the method 900 (and
more specifically, the method 700) to receive different speed
requests and run the water pump accordingly while the engine
maintains constant speed of 5000 RPM. The curve in the
graph (shown at 999) shows that the water pump speed can be
controlled independently of the engine speed. The vertical
axis of the graph, which refers to ‘output speed’ actually
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refers to the speed of the impeller and therefore the speed of
the second clutch member. The clutch assembly used for to
generate the curve was that which is shown in FIG. 22.
[0233] In the embodiments shown in FIGS. 11a-11¢ and
22, the wrap spring clutch engages one of the clutch members
at its first end and one of the clutch members on the outer
surface of its coils. Referring to FIGS. 25 and 26, the wrap
spring clutch shown at 950 could instead engage both the first
and second clutch members (shown at 952 and 954 respec-
tively) on the outer surface of its coils (FIG. 25) or on the inner
surface of its coils (FIG. 26). The axis of rotation for the wrap
spring clutch 950, the first and second clutch members 952
and 954 is shown at A. The structure below the axis is not
shown, for simplicity. In each of these embodiments, it will be
understood that the wrap spring clutch 950 may be configured
to normally be fully engaged with both clutch members 952
and 954, or alternatively it may be configured to normally be
fully disengaged from the clutch members 952 and 954.
When the wrap spring clutch 950 (or any of the wrap spring
clutches shown herein) is normally fully engaged, it means
that it is engaged with both clutch members unless there is
energy input specifically to disengage it from one or both
clutch members. When the wrap spring clutch is normally
fully disengaged it means that it is fully disengaged unless
there is energy input to specifically to engage it with any of the
clutch members it is not already engaged with.

High Torque Capacity Pivoting Carrier

[0234] Another feature of the clutch assembly 314 is that
the carrier 348 and its engagement with the retainer 358
permit the transfer of high torque without deformation of
these two components and reduce the stresses in these com-
ponents relative to a typical carrier. To achieve these advan-
tages, the carrier 348 is, in at least some embodiments, piv-
otable relative to the retainer 358.

[0235] The carrier 348 is shown more clearly in FIGS. 15a
and 154. The carrier 348 may be made from a metallic mate-
rial such as a suitable steel, such as a 1045 carbon steel or a
4340 alloy steel, although other materials are contemplated.
[0236] The carrier 348 includes a spring receiving slot 402
for receiving the first end 340 of the wrap spring clutch 320
such that a helical end face 405 of the wrap spring clutch 320
engages a drive wall 406 at the end of the slot 402. The first
end 340 of the wrap spring clutch 320 (and the slot 402) may
have any suitable shape such as an arcuate shape. The wrap
spring clutch first end 340 may be press-fit into the slot 402 so
that there is sufficient friction between the first end 340 and
the slot 402 to prevent withdrawal of the first end 340 from
engagement with the drive wall 406 during moments when
the pulley 318 overruns the crankshaft 10. The wrap spring
clutch first end 340 may alternatively be welded into the slot
402.

[0237] The carrier 348 is positioned in an opening 409 in
the retainer 358. The carrier 348 has a torque transfer surface
407 ata first end 411, which engages a torque transfer surface
408 on the retainer 358 (which is at a first end of the opening
409). As in other embodiments, the retainer 358 may be
press-fit onto the crankshaft adapter 316 so as to co-rotate
with the crankshaft adapter 316. As a result of this arrange-
ment, torque from the crankshaft adapter 316 is transferred to
the carrier 348 via the torque transfer surfaces 407 and 408,
and from the carrier 348 to the wrap spring clutch 320 via
engagement of the drive wall 406 with the helical end face
405 of the wrap spring clutch 320. This is a different arrange-
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ment from that which is shown in FIGS. 45 and 4c¢ in which
the lug 52 on the first clutch member 16 directly engages the
helical end face 20a of the wrap spring clutch 20. The torque
transfer surfaces 407 and 408 (FIG. 16) have larger surface
areas of contact with one another compared to the surface area
of contact between the lug 52 (FIG. 4¢) and the helical end
face shown at 20a (FIG. 4a) of the wrap spring clutch 20 that
the lug 52 engages. The larger surfaces areas permit the
retainer 358 to transfer a large amount of torque into the wrap
spring clutch 320 without a risk of damage to the retainer 358
from the helical end face 405 of the wrap spring clutch 320.
While the surface area of contact between the carrier 348 and
the helical end face 405 of the wrap spring clutch 320 may be
similar to that between the lug 52 (FIG. 4¢) and the end face
of the wrap spring clutch 20 (and smaller than that between
surfaces 407 and 408), the carrier 348 may be made from a
suitably strong material to avoid deformation during torque
transfer relatively inexpensively as compared to forming the
entire retainer 358 out of a similar material.

[0238] As can be seen in FIGS. 16, 17, 18a and 185, the
surfaces 407 and 408 may be arcuate so as to permit pivoting
of the carrier 348 relative to the retainer 358. When the wrap
spring clutch 320 is radially contracted the carrier 348 may
have a first orientation relative to the retainer 358 as shown in
FIG. 18a. When the wrap spring clutch 320 is radially
expanded so as to engage the radially inner surface 339 of the
pulley 318 the carrier 348 can pivot radially outwardly to a
second orientation relative to the retainer 358 as shown in
FIG. 18b. As can be seen, by permitting the pivoting of the
carrier 348, only a relatively small length of the wrap spring
clutch 320 is unsupported between the carrier 348 and the
surface of the pulley 318. This length is shown at LU. This
unsupported length LU is smaller than it would be if the
carrier 348 were fixed in position and unable to pivot. By
providing a relatively small unsupported length of wrap
spring clutch, the wrap spring clutch 320 is able to transmit
relatively large torques without buckling.

[0239] Additionally, it will be noted that, during use, the
torque exerted by the retainer 358 on the end face 405 of the
wrap spring clutch 320 does not act at exactly the same radius
as the torque acting between the wrap spring clutch 320 and
the pulley 318, which acts on the radially outer surface of the
wrap spring clutch coils. If the carrier 348 was a fixed (i.e.
non-pivoting) carrier and remained in the position shown in
FIG. 17a, the outer corner (shown at 418) of the slot 402 that
holds the wrap spring clutch 320 could impinge upon (and
therefore stress) the wrap spring clutch 320 where the wrap
spring clutch 320 leaves the slot 402 and extends outwardly
towards the inner surface 339 of the pulley 318. As a result a
stress could be incurred on the first end 340 of the wrap spring
clutch 320 where it bends around the outer corner 418. Such
a stress can be cyclical as the wrap spring clutch repeatedly
stops and starts transferring torque from the crankshaft 10 to
the pulley 318, raising the risk of fatiguing the first end 340 of
the wrap spring clutch 320. By permitting the carrier 348 to
pivot, the carrier 348 can pivot so that the corner 418 of the
slot 402 is moved out of the way of the first end 340 to permit
the first end 340 to extend radially outwards towards the
enlarged diameter without impinging on the carrier 348.
While it may be preferred in some embodiments to provide a
pivoting carrier 348, it will be noted that in some embodi-
ments a fixed carrier may nonetheless be used where the
stresses incurred by the wrap spring clutch 320 do not lead to
an unacceptably short service life.
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[0240] Thus, the pivoting capability of the carrier 348 per-
mits larger torques to be transferred by the clutch assembly
314. The torque transfer surface 407 may, for example, be a
convex, generally part-cylindrical surface and the comple-
mentary torque transfer surface 408 on the retainer 358 may,
for example, be a concave, generally part-cylindrical surface,
although other shapes for the surfaces 407 and 408 may be
used. Providing arcuate and preferably part-cylindrical
torque transfer surfaces ensures that the forces transmitted
between the retainer 358 and the carrier 348 are transmitted
across a relatively large surface area even when the carrier
348 is pivoted in different orientations.

[0241] When the electromagnet 369 is deenergized so that
the wrap spring clutch 320 contracts radially away from the
inner surface 339 of the pulley 318, a guide surface 420 at the
second end of the carrier 348 (shown at 422) engages a guide
surface 424 at a second end of the opening 409 such that the
surfaces exert a force on one another. The shape of the guide
surface 424 is selected so that it drives the second end 411 of
the carrier 348 to rotate radially inwardly, thereby bringing
the end 344 of the wrap spring clutch 320 away from the inner
surface 339 ofthe pulley 318. In other words the guide surface
420 at the second end 422 of the carrier 348 cooperates with
the guide surface 424 at the second end of the opening 409 to
cause a radially inward rotation of the carrier 348 to bring the
end 344 of the wrap spring clutch 320 away from the inner
surface 339 of the pulley 318. Thus these surfaces 420 and
424 assist in causing radial contraction of the wrap spring
clutch 320 when such contraction is desired.

[0242] It will be noted that the metallic carrier 348 and its
pivotal arrangement with the retainer 358 may be applicable
to other clutch assemblies. For example, the carrier 348 and
the pivoting arrangement may be used on clutch assemblies
where a magnetic circuit does not pass through the pulley
itself, such as the clutch assembly shown in US patent publi-
cation number 2010/0122882 or in PCT patent publication
number WO2012135942A1, both of which are incorporated
herein by reference. The carrier 348 and its pivoting arrange-
ment may also be incorporated in other clutch assemblies that
do not involve a magnetic circuit at all, such as in a decoupler,
such as the decoupler disclosed in U.S. Pat. No. 7,618,337 It
will be understood that a separate retainer that mounts fixedly
to a first clutch member is not necessary. The first clutch
member itself may have an arcuate torque transfer surface for
engaging the carrier 348. Furthermore, the torque transfer
surface on the carrier 348 may be a concave surface instead of
a convex surface and the torque transfer surface on the first
clutch member or retainer may be a convex surface instead of
a concave surface.

Use of a Pulley Sleeve in the Pulley

[0243] Another feature of the clutch assembly 314 is that
the pulley 318 may be formed from two components, includ-
ing a pulley rim 410 and a sleeve 412. The pulley rim 410 may
have a relatively complex shape, such as an S-shape as shown
in the cross-sectional view shown in FIG. 11¢, and may be
formed from a low carbon steel so that it is relatively easy to
stamp the complex shape and to roll form the pulley grooves
(shown at 414) that engage a belt (not shown). The sleeve 412
may be formed from a stronger and/or harder and/or tougher
material so as to resist damage from engagement with the
wrap spring clutch 320. The sleeve 412 may have a generally
simple cylindrical shape with a radially inner surface that may
be formed (e.g. machined) to tight tolerances so as to provide
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consistent, predictable engagement with the wrap spring
clutch 320. The sleeve 412 may be made from any suitable
material such as a 1045 carbon steel and may be heat treated.
[0244] The sleeve 412 and the pulley rim 410 may be con-
nected to each other in any suitable way, such as by a splined
connection, by a key, by brazing, by welding, by a press-fit, or
by a press-fit with Loctite between the mating surfaces to
strengthen the press-fit joint.

[0245] The inner surface 339 of the pulley 318 is, as shown,
the inner surface of the sleeve 412. In order to improve the
performance of the wrap spring clutch 320 against this sur-
face 339, grease or the like may be provided on the inner
surface 339. In order to assist in keeping the grease in the
region of surface 339 during rotation of the pulley 318, one
end of the sleeve 412 may have an inwardly extending lip
412a, and a separate lip member 413 may be press-fit or
permanently connected in any other suitable way to the sleeve
412. This separate lip member 413 may be referred to as a
grease dam.

Slip Ring

[0246] Optionally a slip ring 428 (FIG. 11¢) may be pro-
vided to assist the wrap spring clutch 320 to contract radially
away from the pulley 318 upon deenergization of the electro-
magnet 369. The slip ring 428 is a ring that is rotatably
mounted to the retainer 358. The slip ring 428 may be made
from any suitable material (e.g. a polymeric material) that
permits rotational slippage with the retainer 358. The slip ring
428 may be provided in addition to or alternatively to provid-
ing the guide surfaces 420 and 424 on the carrier 348 and the
retainer opening 409. The slip ring 428 is a ring that is rotat-
ably mounted on the retainer 358. When the electromagnet
369 is deenergized, the coils of the wrap spring clutch 348
proximate the second end 342 begin to contract radially away
from the inner surface 339 of the pulley 318. As the coils 344
contract, the second end 342 of the wrap spring clutch 320
rotates relative to the first end 340. Without the slip ring 428,
as these initial coils 344 contract and engage the retainer 358,
they may grip the retainer 358 so tightly that they resist further
rotation and thereby prevent the rest of the coils 344 of the
wrap spring clutch 320 from contracting fully. As a result,
some of the coils 344 may continue to engage the pulley 318
thereby generating an unwanted drag force on the first clutch
member 316 in addition to potentially continuing to drive the
pulley 318 when it is intended for the pulley 318 to be disen-
gaged. By providing the slip ring 428, as the coils 344 proxi-
mate the second end 342 of the wrap spring clutch 320 con-
tract they grip the slip ring 428, however, these coils 344 can
continue to rotate as needed to permit the rest of the coils 344
proximate the first end 340 to contract radially via slippage of
the slip ring 428 rotationally on the retainer 358. As a result,
the wrap spring clutch 320 can contract as desired upon
deenergization of the electromagnet 369.

[0247] The slip ring 428 may be similar to that described
and shown in FIG. 23 of PCT patent publication
WO2011156917, the contents of which are incorporated
herein by reference.

Actuator for Driving Wrap Spring Clutch Further Open

[0248] Reference is made to FIG. 27, which shows a clutch
assembly 1014 in accordance with another embodiment of
the present invention. The clutch assembly 1014 may be
similar to the clutch assembly 814 in that it is normally
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engaged (i.e. it is engaged with the first and second clutch
members shown at 1016 and 1018 in its rest position, which is
the position it takes in the assembly when there are no exter-
nal forces actively driving the second end 1042 in one direc-
tion or another relative to the first end 1040. A difference
between clutch assemblies 1014 and 814 however, is that the
clutch assembly 1014 is capable of both advancing and
retarding the second end shown at 1042 of the wrap spring
clutch shown at 1020 away from its rest position relative to the
first end shown at 1040 of the wrap spring clutch 1020. This
permits the clutch assembly 1014 to overcome several prob-
lems. For example, the pull force and the clamping force of an
armature to the electromagnet coil in some prior art clutch
assemblies is highly dependent on the air gap between them.
The air gap can, however, change over time, and typically
grows larger as the various parts within an assembly become
worn.

[0249] This, in turn, decreases the available pull force
between the armature and the electromagnet coil. Thus over
time, the capacity of a clutch assembly to retard the second
end of a wrap spring clutch becomes diminished. Further-
more, when operating in a mode where there is some slip
between the wrap spring clutch and one of the clutch mem-
bers, there is some energy input to the coil that represents a
power draw on the vehicle. It would be beneficial to eliminate
this power draw. Furthermore, in some situations, the torque
transfer requirement for the wrap spring clutch increases
significantly, such as during cold weather when the lubricant
inside the clutch assembly can increase in viscosity. Also, dirt
and other particulate can become lodged in between the wrap
spring clutch and the bore of the clutch member that it is
engaged with. By providing a clutch assembly wherein the
wrap spring clutch can be driven for at least small periods of
time to have greater engagement than would exist with the
wrap spring clutchin its rest position, the clutch assembly can
handle situations where increases in torque transfer capability
are needed which can change the friction therebetween up or
down, depending on the circumstances. For these reasons it is
advantageous to control speed of the second clutch member
using a closed loop feedback algorithm for speed or a related
property.

[0250] Referring to FIGS. 28a-30¢, the clutch assembly
1014 includes the first and second clutch members 1016 and
1018 and the wrap spring clutch 1020. In the embodiment
shown the first clutch member is a pulley and the second
clutch member 1018 is a shaft adaptor 10184, which is inte-
grally connected to a shaft 10184.

[0251] The clutch assembly 1014 further includes an actua-
tor 1024 that holds and is operatively connected to the second
end 1042 of the wrap spring clutch 1020, and an actuator drive
arrangement 1099 that controls the movement of the actuator
1024 between a first, or retarding position (FIGS. 28a, 285
and 30c¢) which is a position in which the actuator 1024
retards the second end 1042 of the wrap spring clutch 1020
relative to a rest position (FIG. 3056), and a second, or
advanced position (FIGS. 294, 295 and 304a) in which the
actuator 1024 advances the second end 1042 of the wrap
spring clutch 1020 relative to the rest position. To accomplish
this, the actuator 1024 has a spring engagement slot 1050
(FIG. 28a) therein that extends axially and circumferentially,
and which receives the tang shown at 1052 that is at the
second end 1042 of'the wrap spring clutch 1020. The actuator
1024 may be rotationally connected to the second clutch
member 1018 (specifically to the second clutch member shaft
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10185) but may be axially translatable (i.e. parallel to axis A)
relative to the shaft 10185. This may be accomplished by any
suitable structure, such as by providing an axial slot 1093 on
the shaft 10185 that faces an axial slot 1094 in the actuator
1024, with an axially oriented dowel 1095 that engages both
slots 1093 and 1094. The dowel locks the actuator 1024 to the
shaft 10185 rotationally, but permits axial sliding movement
of the actuator 1024 on the shaft 10185.

[0252] As illustrated in FIGS. 28a and 29a, translation of
the actuator 1024 drives the tang 1052 and therefore the
second end 1042 of the wrap spring clutch 1020 circumfer-
entially, due to the slot 1050 being angled to extend along the
axial and circumferential directions.

[0253] The actuator drive arrangement 1099 includes a
motor 1080, a worm 1082, a worm gear 1084 and a traveler
1086. The worm 1082 is directly driven by the motor 1080,
and in turn drives the worm gear 1084. The worm gear 1084
is supported on a support bearing 1087 for rotation about axis
A. The worm gear 1084 itself has an internally threaded
portion 1088 that mates with an externally threaded portion
1090 on the traveler 1086. The traveler 1086 further includes
a plurality of guide apertures 1091 that receive guide rods
1092. The guide rods 1092 are themselves stationary (e.g. by
mounting to a stationary member (not shown)). The engage-
ment of the guide rods 1092 in the apertures 1091 permit axial
translation of the traveler 1086 and prevent rotation of the
traveler 1086. Thus, as the motor 1080 drives the worm gear
1084 via the worm 1082, the engagement of the threaded
portions 1088 and 1090 in turn drives the traveler 1086 to
translate between the retarding position shown in FIGS. 28a
and 285, and the advanced position shown in FIGS. 294 and
295h. As it travels between those positions the traveler 1086
passes through the rest position where the second end 1042 of
the wrap spring clutch 1020 is neither advanced nor retarded
relative to its rest position in the clutch assembly 1014.
[0254] Inatypical prior art clutch assembly, once the wrap
spring clutch reached its rest position, there is no further
capability to increase the amount of torque that can be trans-
ferred through the wrap spring clutch to the second clutch
member. However, there are situations in which the wrap
spring clutch may need to be able to transfer higher than
normal amounts of torque. For example, when the ambient
temperature is very cold, the viscosity of the lubricant in the
assembly may be higher than normal, thereby making it more
difficult to start up the second clutch member. In a prior art
clutch assembly, to handle such an event, the clutch would
have to be sized to be able to transfer sufficient torque when
in its rest position. In the embodiments shown herein, how-
ever, the rest position of the clutch needn’t have such a tight
interference fit with the second clutch member 1018. Instead
the rest position may be sufficient for most situations, and
when an event arises where slip between the clutch and the
first clutch member is predicted or measured, the actuator
1024 can be driven axially to advance the second end 1042 to
increase the force of engagement between the wrap spring
clutch 1020 and the first clutch member to permit the transfer
of sufficient torque to overcome the resistance caused by the
thicker lubricant.

[0255] During driving of the actuator 1024 axially via the
traveler 1086, it will be noted that there will be relative rota-
tional motion between their mutually facing surfaces shown
at 1096 and 1097 respectively, because the actuator 1024 is
tied for rotation with the shaft 10185, while the traveler 1086
is prevented from rotating at all. A suitable coating may be
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provided on one or both surfaces 1096 and 1097 to facilitate
sliding movement therebetween. Additionally, the shaft
10185 will rotate relative the traveler 1086, and so their mutu-
ally facing surfaces shown at 1098 and 1089 may be config-
ured to permit sliding movement rotationally and axially,
optionally by providing a suitable coating on one or both
surfaces.

[0256] While it has been described for the worm gear 1084
and the traveler 1086 to have mating threaded portions, it is
alternatively possible to provide them with mutually facing
and mating helical ramped surfaces that slide against one
another such that rotation of the worm gear would drive the
traveler up the worm gear’s ramped surface.

[0257] The embodiment shown in FIGS. 27-30¢ may be
used with the control system 388 to detect the amount of slip
that is present between the first and second clutch members
1016 and 1018 using any appropriate sensors, such as speed
sensors (if there is a difference in the speeds of the first and
second clutch members 1016 and 1018 then the control sys-
tem 388 may determine that there is slip, and will drive the
motor 1080 to move the actuator 1024 to advance the second
end of the wrap spring clutch 1020, thereby increasing the
force of engagement between the wrap spring clutch 1020 and
the first clutch member so as to eliminate or reduce slip.
[0258] In the embodiments described herein, slip is con-
trolled between the first and second clutch members without
the need to continuously drive a motor and gear train in order
to maintain the wrap spring clutch in a state of partial engage-
ment (such that there is some slippage between the wrap
spring clutch and the associated first or second clutch mem-
ber).

[0259] While the above description constitutes a plurality
of embodiments of the present invention, it will be appreci-
ated that the present invention is susceptible to further modi-
fication and change without departing from the fair meaning
of the accompanying claims.

1. A method for controlling a clutch assembly having a first
clutch member that is rotatable about an axis and a second
clutch member that is rotatable about the axis, comprising:

a) providing a wrap spring clutch having a first end, a

second end and a plurality of helical coils between the
first end and the second end, wherein a phase angle
between the first and second ends determines a diameter
of the wrap spring clutch, and wherein one of the first
and second clutch members is connected with the first
end of the wrap spring clutch;

b) obtaining a target value that is indicative of a target speed

of the second clutch member;

¢) determining through measurement an actual value that is

indicative of an actual speed of the second clutch mem-
ber; and

d) changing the phase angle between the first and second

ends of'the wrap spring clutch to control slip between the
wrap spring clutch and the other of the first and second
clutch members, based on the target value and the actual
value.
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2. A method as claimed in claim 1, wherein the target value
is a fraction of a speed of the first clutch member.

3. A method as claimed in claim 1, wherein the second end
of the wrap spring clutch is positionable over a range of
positions relative to the first end of the wrap spring clutch,
between a fully engaged position in which there is no slip
between the wrap spring clutch and the other of the first and
second clutch members, and a fully disengaged position in
which the wrap spring clutch is fully disengaged from the
other of the first and second clutch members.

4. A method as claimed in claim 3, wherein the second
clutch member is connected to the first end of the wrap spring
clutch and wherein the fully engaged position is a rest posi-
tion for the wrap spring clutch.

5. A method as claimed in claim 3, wherein the second
clutch member is connected to the first end of the wrap spring
clutch and wherein the fully disengaged position is a rest
position for the wrap spring clutch.

6. A method as claimed in claim 1, wherein step d) includes
applying a PID control loop using the target value and the
actual value as PID control loop inputs, and controlling the
position of the second end of the wrap spring clutch relative to
the first end of the wrap spring clutch to cause a selected
amount of slip between the wrap spring clutch and another of
the first and second clutch members, based on the PID control
loop.

7. A method as claimed in claim 1, wherein the first clutch
member is driven by a crankshaft of an engine.

8. A method as claimed in claim 7, wherein the second
clutch member is connected to a water pump impeller.

9. A method as claimed in claim 1, further comprising:

anarmature that is rotationally operatively connected to the

second end of the wrap spring clutch; and

an electromagnet, wherein energization of the electromag-

net generates a magnetic flux that urges the armature into
engagement with an armature engagement surface that
changes the speed of the armature,

wherein, in step d), controlling the position of the second

end of the wrap spring clutch relative to the first end of
the wrap spring clutch is carried out by controlling a
current to the electromagnet.

10. A method as claimed in claim 9, wherein controlling the
current to the electromagnet includes determining a selected
duty cycle for the current, and pulse width modulating the
current based on the selected duty cycle.

11. A method as claimed in claim 9, wherein the second
clutch member is connected to the first end of the wrap spring
clutch and wherein the fully engaged position is a rest posi-
tion for the wrap spring clutch, wherein in the fully engaged
position there is no slip between the wrap spring clutch and
the first clutch member.

12. A method as claimed in claim 11, wherein the armature
engagement surface is stationary.
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