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(57) Abrégée/Abstract:
A two speed transmission (100) and belt drive system utilizing the transmission (100). The two speed transmission (100) comprises
a planetary gear train comprising an input pulley (10) connected to an input carrier (20), and a sun gear (18) and a ring gear (17).
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(57) Abrege(suite)/Abstract(continued):

The input carrier (20) also comprises a plurality of planetary gears (15) disposed between the sun gear (18) and the ring gear (17).
‘he sun gear (18) Is engaged with an electromagnetic brake member (190). The ring gear (17) Is engaged with an output pulley
(30). A one-way clutch (22) Is disposed between the input (20) carrier and the output shaft (31). The brake member (190) Is
engaged at engine Idle and Is disengaged at engine speeds above idle. When the brake member (190) Is engaged the sun gear
(18) does not rotate, thereby driving the ring gear (1/7) and output pulley (30) at a greater speed than the input pulley (10).
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Abstract

A two speed transmission (100) and belt drive system utilizing the

transmission (100). The two speed transmission (100) comprises a planetary gear

~ train comprising an input pulley (10) connected to an input carrier (20), and a sun

gear (18) and a ring gear (17). The input carrier (20) also comprises a plurality of
planetary gears (15) disposed between the sun gear (18) and the ring gear (17).
The sun gear (18) is engaged with an electromagnetic brake member (190). The
ring gear (17) is engaged with an output pulley (30). A one-way clutch (22) is
disposed between the input (20) carrier and the output shaft (31). The brake
member (190) is engaged at engine idle and is disengaged at engine speeds
above idle. When the brake member (190) is engaged the sun gear (18) does not
rotate, thereby driving the ring gear (17) and output pulley (30) at a greater speed
than the input pulley (10).
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litle

Two Speed Transmission and Belt Drive System

Related Application

This application is a divisional application of Canadian Patent Application
No. 2,551,808 which has an effective filing date of July 16, 2004, and claims priority

from therein.

Field of the Invention

The invention relates to a two speed transmission and belt drive system,
more particularly, to a vehicle engine belt drive system using a combination of
accessory pulleys and a two speed transmission having an electromagnetic brake.
The two speed transmission output pulley in combination with each accessory pulley
drives engine accessories at a first speed substantially proportional to an engine speed
at engine idle and proportionally less than the first engine speed for those engine
speeds substantially greater than an engine idle speed. The transmission also

provides a speed reducing unit disposed between an engine and a motor generator.

Background of the Invention

Vehicle engines generally comprise certain accessories that are used In
the operation of the engine and vehicle. Such accessories can include a power
steering pump, an air conditioning compressor, an alternator, an oil pump, a fuel pump
and so on. These accessories are generally driven by a serpentine belt. The

serpentine belt engages a pulley on each accessory as well as on an engine

crankshaft. The engine crankshaft provides the torque to drive the accessories.

As the belt is driven by the crankshatt it is necessarily subject to engine
speed variations during acceleration and deceleration of the vehicle. In other words the
operating speed of the accessories is directly proportional to the speed of the engine.
The variations in engine speed, particularly engine speeds greater than idie, result in
inefficient operation of the accessories because each accessory must be designed to
operate satisfactorily over the entire engine speed range. This necessarily means that
the efficiency is less than optimum for most of the engine speed range. Therefore it is

desirable to decouple some or all of the



10

15

20

25

30

35

CA 02697890 2010-03-29

w0 2005/071819 PCT/US2004/023002; |

accessories from the engine crankshaft so they can be driven
at a lower and narrower optimum - speed range. Fﬁfthef,
operating the accessories at relatively higher speeds places a
greater load on the engine than if they are operated at a
slower speed.

Representative of the art 1is US patent number 4,862,770
(1989) to Smith which discloSes a two-speed gear box adapted
to be mounted on the face of an automobile accessory, such as
an automotive altermator to increase the speed of the
alternator on demand.

The clutch assembly disclosed in Smith cowprises a brake
band encompassing an outer cylindrical -'surface. -~ The Dbrake
band is operated with mechanical vacuum means which engage or
disengage the brake band. Such a system can be adversely
affected by loss of vacuum, for example by <wvacuum hose
failure, or by contamination on the cylindrical surface
between the brake band and the cy_lindrical surface.

The prior art  transwmissions are designed to
proportionately reduce the speed of tihe driven accessories as
the engine speed increases above 1idle. This reduces the
accessory power requirement. However, at idle the accessories
are operated on a 1:1 basis with no speed reduction as
compared to engine speeds above idle.

'In recent Yyears, an automatic engine stopping and
starting apparatus has been known for stopping an engine after
a running vehicle has been stopped and restarting the engine
if conditions for driving the wvehicle have been satisfied
again. The automatic engine stopping and starting apparatus is
arranged such that fuel supply to the engine is interrupted
while the vehicle is stopped, resulting in reduced fuel
consumption.

Representative of the art is US patent number 6,048,288
(2000) to Tsujii et al. which discloses a system that operates
a motor when a vehlcle 1is stopped by providing a connection

switching unit disposed between the drive shaft of t:heengine

and a rotational shaft of the motor to enable/disable power

transmission between the drive shaft of the engine and the
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rotational shaft of the motor, and a transmission countroller

that controls. a function of the connection switching unit. for

"enabling/disabling power transmission. When an auxiliary

machine is operated by a motor while the engine is stopped,
control 1is performed such that rotation of the rotational
shaft of the motor is not transmitted to the drive shaft of
the engine. The auxiliary machine is operated by the motor
without operating the engine. '

..+~ What 1s needed 1is a belt drive system that controls an
accessory speed ‘with respect to an engine speed by a
combination of a two speed transmission ratio and output
pulley and accessory pulley ratio. What 1is needed is a two
speed ' transmission - comprising an electromagnetic brake
controlled with respect to an engine condition.  What is
needed is a two-speed transmission having coaxial input and
dual outputs. What is needed is a motor generator system that
has a speed reducing unit disposed between the engine and 'a

motor generator. The present invention meets these needs.

Summary of the Invention

. The primary aspect of the i1nvention 1is to provide a belt
drive system that controls an accessory speed with respect to
an engine speed by a combination of a two speed transmission
ratio and output pulley and accessory pulley ratio.

Another aspect of the invention is to provide a two speed
transmission comprising an electromagnetic brake controlled to
an engine condition.

"Another aspect of the i1nvention is to provide a two-speed
transmission having coaxial input and dual outputs.

Another aspect of the invention 1is to provide a motor

generator system that has .a speed reducing unit disposed

between the engine and a motor generator.

-+ Other aspects of the invention will be pointed out or
made obvious by the following description of the invention and
the accompanying drawings.

The invention comprises a two speed transmission and belt

drive system utilizing the transmission. The two speed
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‘transmission 'C"ombris'e's-"-'.."'a planetary gear train comprisihg an
input pulley connected to .an input carrier, and a sun gear- and
a ring gear. The input carrier also comprises a ‘plurality of
planetary gears disposed between the sun gear and the ring.
o -gear.-f - The sun gear 1s engaged with an electromagnetic brake-
member. - The ring .gear 'is engaged with an output pulléy:. A .
one-way clutch is- di"sposed “between the input car,fier-_ and the
output shaft. The brake member is engaged at engine 1dle and
is disengaged at  engine speeds above idle. When the bré_ke.
10 mwenber is “engaged .the sun gear does not rotate, thereby
driving ‘the ring gear-and output .pull:ey at a gifeaté;—r- ;gspeed;_- |
than the 'i-ﬁpuﬁt?l. I-pu.lle-y- - An accéssory I‘Jull:eyroperat.e';s Wlth -the
tran“smi'?s-sidn- outiput pulley resulting in an a‘e,cessbry "--speed;-}
that is ~proportional  to an engine speed at idle. - At -engine
15 speeds above idle the -transmission is disengaged and ';the-
output pulley to accessory -.‘-puil-ey..'rat'iO- dJ;iveis the belt drlven ]
at:cess'ory “at a” speed less then an engine speed. An _-.-aCC'e,',SS'O‘ry"i
- can ‘a;lsob‘- be - directly connected to the output -shaft .i'n.
conjunction with the output pulley. The transmission can be
20 used with a motor generator system by providing a speed
reducing wunit disposed - between an engine and. the motor

generator.
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The invention also relates to an accessory belt drive system |
comprising: transmission means having a transmission ratio and an input means
and an output means, the transmission ratio selected by braking operation of a
sun gear, the output means comprising a ring gear; the transmission means driven
by a driver engaged through the input means; the output means drivingly
connected to a first accessory drive means; the output means and the first
accessory drive means having a ratio; a second accessory coaxially connected to
and driven by the output means; the transmission ratio and the ratio combined
drive the first accessory at a first speed for a first driver speed; the transmission
ratio disengagable at a second driver speed such that a final drive ratio at the
second speed is less than the final drive ratio at the first speed, the second driver

speed greater than the first driver speed.

Brief Description of the Drawings

The accompanying drawings, which are incorporated in and form a part

of the specification, illustrate preferred embodiments of the present invention, and

~ together with a description, serve to explain the principles of the invention.

Fig. 1 1s a cross-sectional view of the two speed transmission.

Fig. 2 is a cross-sectional view of the two speed transmission.

4a
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Fig. 3 1s a perspective view of the planetary gear

carrier.

Fig. 4 is a partial perspective view of the

planetary gears on the carrier.

4b
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Fig. 5 is a partial perspective view of the planetary
gear bearings and carrier bushings. | e

Fig. 6 1s a partial perspective view of the carrier and
output pulley.

Fig. 7 is a partial perspective view of the carrier and
output pulley and input pulley. .

Fig. 8 is a partial perspective view of the carrier brake
shoe and output pulley.

Fig. 9 is a partial perspective view of the bearings and
carrier brake shoe.

Fig. 10 is a perspective view of the transmission with
the coil.

Fig. 11 is a .-cros-'se-,sec{:ional view of the two speed
transmission with an alternator comnnected to the transmission
and coupled to.the output shaft.

Fig. 12 is a schematic of a belt driven accessory drive. -

Fig. 13 is a schematic of the inventive transmission used
in a generator motor applicatiomn.

Fig. 14 is a schematic of the inventive transmission in

an alternate generator motor arrangement.

Detailed Description of the Preferred Embodiment

Fig. 1 1s a cross-sectional view of the two speed
transmission. The two speed transmission 100 is used on é-
belt driven accessory drive of the type used on vehicle
internal combustion engines. 1t may also be used 1in any
application where a two speed transmission is needed, for
example, for driving industrial equipment or as a transmission
on a 2, 3 or 4 wheeled vehicle.

The transmission  and associated control system
automatically control an accessoxy speed based on engine speed
in order to optimize engine fuel efficiency and available
output drive torque at the drive wheels. The transmission is
very compact and can be mounted directly on an accessory, for
example on a power steering pump, alternator or air
conditionexr compressor. In this arrangement the accessory 1is

connected to an engine block.
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The two speed transmission 100 comprises planetary gears
disposed on an input carrier. The transmission input shaft
and output shaft are coaxial. An electromagnetic brake 1is
used to control sun gear rotation and, thereby, output shaft
speed.

An endless power transmission belt is drivingly engaged
between a driver pulley such as an engine crankshaft CR, see
Fig.' 12, and a transmission input pulley 10. The belt may
comprise a v-belt or wmultiple-ribbed belt, ~each known 1in the
art. The belt may be replaced by a by a chain or toothed belt
each know in the art.

Input pulley 10 1is connected to the input carrier using
fasteners known in the art. The input carrier comprises input
carrier portion 11 and input carrier portion 20 ‘which is
disposed opposite input carrier portion 11, planetary gear
members 15, and input shaft 200. A plurality of shafts 21
interconnect between portion 11 and portion 20. Each planetary
gear ‘member 15 1s journalled to a shaft 21. Input carrier
portion 20 is connected to input shaft 200.

Labyrinth seal 26 1s connected to output pulley 30. O-
ring seal 25 is disposed between shaft 19 and inpu.t carrier
portion 11. Each seal is known in the art and prevents debris
from entering the planetary gear set.

Ring gear 17 and sun gear 18 each have a gear mesh

engagement with planetary gears 15. Sun gear 18 is disposed

on shaft 19. Ring gear 17 is disposed on the output pulley

30. Shaft 19 rotates concentrically about input shaft 200 and
output  shaft 31. Planetary gears 15, sun gear 18 and ring
gear 17 comprise straight cut gears. Use of straight cut
gea‘rs-. negates the need for thrust bearings which wmight
otherwise be needed with helical type (gears. This
significantly reduces the cost of the planetary gear train.
Brake 40 comprises a housing 52, an electromagnetic coil
41 and an axially moveable brake shoe 190 for frictional
rotation stopplng engagement. Brake shoe 190 of shaft 19
frictionally engages coil 41 when coil 41 is electrically

activated, thereby stopping rotation of sun gear 18.
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Input shaft 200 is journalled to brake housing 52 on
bearings 23, 24. Bearings 23, 24 comprise ball bearings known
in the art and are used to provide a propexr support for brake
40. Other bearings known in the art may also be used, for
example, needle or cone bearings.

Brake 40 1is electromagnetically actuated to engage and
stop rotation of portion 190 and thefeby shaft 19 and sun gear
18 based wupon .-azi engine speed signal. Brake 40 1s either
engaged (shaft 19 stopped) or disengaged (shaft 19 rotates).
Brake 40 is engaged at engine idle and disengaged for engine
speeds above idle. Power 1is provided to the brake 40 coil by
wires 410 from a vehicle electrical system, and may either be
12V or 42V or some other desired voltage.

Retainer clips 230, 231 and 240 retain bearings 23, 24 in
place on input shaft 200. The clips also keep input shaft 200
properly spatially located with respect to brake housing 52.

Shaft 19 1s Jjournalled to 1input shaft 200 on sleeve
bearing 50. A sleeve type bearing is sufficient for this
service because the radial loads are minimal at idle when
brake 40 is engaged, i.e., input shaft 200 is rotating and
shaft 19 is locked up. At speeds greater than i1dle, brake 40
is di-sengag.ed and shaft 19 rotates in unison with input shaft
200 by operation of the one-way clutch 22, i.e., there is no
differential rotation between shafts 19 and 200. Housing 62
can be mounted to an engine block or other wounting surface
using known fasteners such as bolts, screws or studs engaged
through bosses 53, 54. .

One-way clutch 22 is disposed between input shaft 200 and
output shaft 31. One-way, oY sprag, clutch 22 is of a type
known in the art, for example, a model GFK 5904 available from
Warner Electric/Formsprag.

Planetary gears 15, belt bearing surface 33, bearing 50,
and one-way clutch 22 are substantially coplanar in a radial
direction with respect to an axis of rotation A-A. This
arrangement has the benefit of minimizing or eliminating

bending moments that might be imposed on the output portion of
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the transmission caused Dby a more axlally staggered
arxangement . . | -

End 32 of output shaft 31 allows an accessory to be
directly connected to the output shaft 31. End 32 can be used
with any form of coupling ‘known in the art, for example,
keyed, keyless or splined. The accessory 1is directly
connected to housing 52 using known fasteners, for example,
bolts or screws, see Fig. 11. The accessory can comprise an
alternator, air conditioner compressor, power steering pump,
fuel pump, o011l pump or any other rotary accessory. The
directly coupled accessory 1s driven at the same speed as the
output pulley 30.

Output pulley 30 engages an endless power transmission
belt which transmits torque to other belt driven accessories
in a belt drive -systetn, - see Fig. 12.

In operation a power transmission belt Bl engaged with a

driver such as a crankshaft pulley CR transmits torque to

input pulley 10.  The transmission output pulley 30 then

transmits torque through a second endless belt B2 which is
drivingly connected to other belt driven accessories.

The transmission operates in one of two modes based upon
engine speed. Brake status i1s a function of engine speed,
i.e., the output pulley speed is determined in part by whether
the brake is engaged or disengaged.

When brake 40 is engaged shaft 19 is held stationéry with
respect to the transmission housing, that is, shaft 19 does
not rotate. Hence, sun gear 18 does not rotate. The input
carrier drives planetary gears 15 on stationary sun gear 18.
Rotation of the planetary gears 15 in turn drives ring gear 17
which in turn drives output pulley 30 and output shaft 31.
The input/output pulley speed increase ratio in this mode 1s
in the range of approximately 1.1 to 3.0 depending upon the
relative diameters of the sun gear and ring gear. The
preferred transmission ratio is in the range of approximately
1.3 to 1.8, although ratios outside this range are available
for use if required by a particular system. The transmission

ratio is the ratio of the transmission planetary gear set only
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and 18 independent. (jf the pulley ratios, including the pulley
ratio between the output pulley and the accessory pulley, as
well as the ratio between the crankshaft CR pulley and the
input pulley 10.

In a first operating mode brake 40 1s engaged when the
engine is started or operating at an idle speed. The brake is
electrically engaged or disengaged by an engine speed signal

f)rOVided by an engine control unit 500. Unit 500 may be

formed as a computer system provided with known units

including a CPU, a RAM, a ROM, a bi-directional communication
bus, interface circuits (a signal conversion circuit and the
like), and a memory. Unit 500 receives an engine speed signal
from an sensor or instrument such as a tachometer 600, or
other similar instrument for detecting rotational wvelocity
known in the art such as a proximity detector.

When the engine 1is shut off, brake 40 is not engaged.
When a k-ey- is 1inserted to start the engine, brake 40 is
activated before the starter starts the engine. However, to
ease the engine start, brake 40 can be activated sli.ght_ly
after the engine is running. In this case the one-way clutch

drives the output shaft and the accessories are driven at a

.lower speed than required for idle, thereby minimizing the

engine start power requirement. When the brake is disengaged
the accessories are driven at a slower speed due to the pulley
ratio between the output pulley 30 and an accessory pulley as
described herein. The - time delay between engine start and
brake activation is approximately 0.5 to 1.0 seconds. After
the time has elapsed brake 40 is engaged. More particularly,
at engine start, or, as the engine speed slows below a; desired
level, for example approximately 1200-1500 RPM, the speed
signal detected by an engine control unit 500 generates a
control signal. The control signal activates the brake
thexreby stopping rotation of sun gear 18. As noted, this
results 1in the output gshaft 30 being driven through the
planetary gears at a greater rotational speed than the driven

input shaft 10. Of course, the engine speed at which brake 40
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is activated is selected based uﬁon the nature of the éngine
and its desired operating characteristics. | - )

In this . description the engine 1dle speed 1s
approximately 800 RPM. The transition speed at which the
brake is engaged or disengaged 1s approximately 1200-1500 RPM
so that the accessory speed does not drop significantly below
a minimum desired speed at idle, therxeby avoiding the
situation where the accessory or accessories are driven too
slowly, even if only momentarily.

The second operating mode 1is when the engine is running
at speeds greater than engine idle, for example at cruise orx
otherwise in excess of a pre-selected engine speed for example
1200-1500 RPM. Once the selected speed is detected by unit
500, brake 40 is disengaged. With the brake disengaged, shaft
19 is unlocked and sun gear 18 rotates 1in unison with the
input carrier. One'-way clutch 22 is engaged thereby driving
output shaft 31 on a 1:1 basis with the input shaft 200.

However, the transmission ratio is only a part of the

- overall system by which the belt driven accessory drive speed

is determined. The rotational speed of each accessory is also
individually determined in part by the diameter of the
accessory pulley and its ratio with respect to the output
pulley 30. Therefore, the final belt driven accessory speed
for a given engine speed 1i1s a function of the driver pulley
(crankshaft) diameter, input pulley 10 diameter, transmission
ratio, output pulley diameter 30, and the accessory pulley |
diameter. - Each of these variables are selected and combined
to give the desired final drive ration and hence belt driven
accessory speed. The final drive ratio determines the
accessory spéed for a given crankshaft (engine) speed.

In an exemplary accessory drive system, it 1s estimated
that the inventive transmission can provide fuel savings on
the order of up to approximately 5% compared to a comparable
engine without the transmission. The 1inventive system at
engine speeds greater than idle decreases the rotational speed

of the accessories. This 1mproves engine and vehicle

10
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performance, including improved acceleration times  and

increased power avallable at the drive wheels. -
In an exemplary system using a 2.0L engine, the inventive

system has the following operating characteristics.

2.0L Engine (Comparison: Original (Prior Art) and

Transmission)

‘Accessory Speeds
(RPM) - “Off

Accessory Spegds
(R_PM) - “Idle”

Pulley
Diameters (mm)

ot W By N e 44 b ek S e e g

VAR - Py ey el

10

15

20

25

_ 1 - Idle”

Orlg.lna_l ! R Original i Original 1wo
brive | Spged_ ~ Drive | Speed Drive S.Peed
Module | Module - Module

134 .01 111.98 | 800 800 2500 2500

146 .01 N/A 734 734 2295 1458
139.51 | 138.03 767 767 2402 1536

56.86 56.86 1866 | 1866 | 5833 3705

107.50 | 106.38 998 998 3118 1981

, N/A 192.00 N/A 467 N/A 1458
Output | N/A 144.50 | N/A | 734 - N/A | 1458

In the first column the diameter in mm is given for ea(::h

pulley as used on an original -drive and on a drive system

using the two speed transmission (two speed module). The
nomenclature is as follows: “Craﬁ}{"' - crarﬂ{Shaft, “AC" -~ air
conditioner, “PS” - power steering, “Alt” - alternator, “WP” -

water pump. In this example system the air conditioner (AC)
is direct’ly conneicted' to the output shaft 31 of the
transmigsion, however, this is not intended to be limiting
sibnce ax-iy. of the accessories Hmay be directly connected 'tb'
output shaft 31. At an engine speed referred to as “idle” for
ease of reference, the two speed transmission is engaged, that
“'Idle'” in this ex.ampl.e is

is, brake 40 is eng'aged-.

arbitrarily set at approximately 80'0. RPM. The transmission
ratio 1is approximately 1.57. At 1dle the speed of the
accessories as driven by the two speed transmission is the
same as a proportional “original drive”. An “original drive”
is a prior art drive directly engaged with the crankshaft

without a two speed transmission.

At an engine speed greater than idle, in this example
2500 RPM, brake 40 is disengaged. Therefore, one-way clutch
22 1is operational resulting in input pulley 10 and output 30

pulley rotating in unison. Input pulley 10 and output pulley

11
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30 each rotate at 1458 RPM. However, due to the pulley
diameter for each accessory, .one can see that each accessory.
rotates at a relatively slower speed as compared to the
original prior art system. In this and the following example
at idle, the pulley diameters are selected so that the
respective pulley ratio between the output pulley 30 and each
accessory pulley effectively negates the 1.57x relative speed
1ncrease caused by the transmis:sion when brake 40 is engaged.

The final drive ratio in the 2.0L engine example for the
alternator at engine ‘idl-e 1s approximately, 2.33 (1866 RPM/800
RPM) . At the “off ' idle” engine speed the final drive ratio
for the alternator is approximately 1.48 (3705 RPM/2500 RPM) .
The inventlive system -'imparts a -final drive 'ratio for a belt.
drlven accessory that is :anersely related to englne speed
The inverse relatlonshlp of a pulley drlve ratlo to engine
speed also applies to the accessory dlrectly connected to and
drlven by the transmlss:l.on, namely,' the c:rankshaft pulley and
the transmission 1nput pulley.

At engine speeds greater than ' idle, the inventive system
is given f_ull reign when ‘the brake 40 is diSengaged and ohe_

way clutCh 22 is locked. The input 10 and output 30 pulleys

rotate in unison. This combined with the accessory pulleys

decreases the accessory rotational speed as compared to a

prlor art system. Reducn.ng the accessory speed in this manner

| s:Lgnlflcantly increases overall fuel efficiency of the englne

It also 1ncreases torque avallable to the drlve wheels of
course, the pulley ratios can be selected to accommodate any

engine accessory drive configuration.

12
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In another example, a 5.3 L engine system is 1llustrated.

5.3L Engine (Comparison: Original (Prior Art) and Transmission)

Pulley Diameters Accessorxry Speeds' Acceséory Speeds

(mm) (RPM) - “Idle” (RPM) - “Off
_ , - o Idle”
- erg{lnal WO Original | TWO | Original TWO .
Drive Speed Drd ve Speed D ve Speed
. Module | _ _Module [ 7 ~Module
193.57 | 193.57 650 650 - 1500 1500
111.9 N/A 1124.5 | 1124.5 | 2595 1648
163.6 | 187.19 769 | 769 |.. 1775, | 1127
- 59.31 67.8 | 2121.6 | 2121.6 4896 3110
150.8 | 172.46 | 834.6 | 834.6 | 1926 1223
N/A - | 176.13 N/a | 714.4 | N/A 1648
.N/A 128 N/A | 1124.5 N/A 1648

-
e

In this example, the transmission ratio is also
approximately 1.57.  The idle ‘'speed in this éXample- is
approximately 650 RPM as compared to 800 RPM for the previous
example. The final drive ratio in this example for the

alternator at engine idle is approximately 3.26 (2121.6

'RPM/650 RPM). At the “off idle” engine speed the final drive

ratio for the alternator is 'appr'oximat-ely- 2.07 (3110 RPM/1500
RPM) . '

In each example, with respect to the A/C which is
diréctly connected to output shaft 31, the directly connected
accessory speed at engine idle corresponds to the pulley ratio
between the crankshaft pulley and the input pulley 10 as
modified by the transmission ratio. At engine speeds 1n
excess of engine idle the directly connected accessory speed -
c:"orres'pon.d:s to the pulley ratio between the crankshaft pulley
and the input pulley 10. At engine speeds above idle there is
no additional effect due to the transmission ratio since the
planetary gears are not operable and all rotation of the
output shaft is caused by the one-way clutch 22.

 The duty cycle for the transmission in the inventive
system is approximately 5%, meaning the transmission is in
operation (that is, brake engaged) approximately 5% of the
time, basically when the engine is at idle. The duty cycle is
dependent on the engine operating conditions and is preferably

in the range of approximately 4% to 10% and may be as high as

13
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approximately 25% or 30%. On the other hand the prior art
systems have a reciprocal duty cy‘Cle (~95%) since they operate
a trénsmission when the engihe is operated at speeds greater
than idle. A low duty cycle is desirable because it extends
the operating life of the transmission. It should again be
understood that the term idle is used for ease of reférenc'e_-
and is npot intended to signify limiting the invention to
particular engine speed . Idle spééd can- and does differ 'ambng:- o
various vehicxles and engin-e types. . -
The system allows .multipie. accessories to be --driv,én .la‘t-'.'
two different speeds er' any :range of é'ngine 'spe'éds. . This
first available acceé'sofy sp‘eed' being that of the 'acce.ss‘oi‘y-
which is directly connected to the output shaft 31. The
second accessory speed being that of the belt dri\fen accessory
as further determined by the transmission ratio _'and J_:es_p.ecvtiv;e
pulley ratio of the transmission output pulley 30 and a .
particular driven accessory pulley. | “ “
The,-accessories can be selected and located in a -belit-:_-
drive system to optimize .-the " beneficial effect_ 'of two
available operational  speeds. For example, the air
conditioner or alternator can be directly connected to the
transmission output shaft (32) while other bel-t driven
accessories, such as a power steering pump or water pump ,__’a-re'
driven at a different speed by a second belt frdm the oﬁtpui:
pulley 30. .
The innovative compact design is realized by disposing
the planetary gear train fully within the width (W) of‘ the |
belt bearing portion 33 of the output pulley 30. Brake sh\oé,
190 for the sun gear 18 1s compactly disposed adjacent the
input pulley 10. Hence the overall thickness of.. the
transmission is substanitially a function of the width of the
pulley 10, pulley 30 and the width of brake 40. - Depending
upon electrical service requ_ir_ements, conditions, brake 40 can
be fully contained within a width (W2) of input pulley 1"0..
Hence, the overall thickness of the transmission has a Jlower
limit substantially bounded by the width of the input and

output pulley in the closest possible proximity. Foxr example,

14



10

e sarsmh duppdit oy i) P LM Bl @Y i A e mdyon il . i P he & et -

15

o -
. AP A iy d SRS SR S SR B afe T ™ DI L I Y P L DR TR YUY TR T~

L]
>
e L B L Y Lk T . - M

20

-~ AN N A Ao s A paphed SRl § & ey fe i-d-.ﬂm-;-m-.wgﬁ-n—-.c- PEETTI LT B I T T S S

25

30

A ——— o

35

- s e N PR W e % ey Bk v v ey, & by, A G- il vy AP s M« By o Wy e s aned b =Y TP S
.

CA 02697890 2010-03-29
WO 2005/071819 PCT/US2004/023002

this can represent ~an  overall end-to-end transmission
thickness as small as approximately 45mm. Assuming that at
least a single belt width is a given in front end accessory
drives, the inventive transmission allows a significant
increase 1in fuel efficiency while only requiring an extra
clearance space on the order of approximately 30mm, and in
certain cases less than 20mm is required based on the overall
width of an output belt B2.

Fig. 2 1s a cross-sectional view of the two speed
transmission. Input  carrier portion 11 and input carrier
portion 20 are connected together with wmembers 27 by fasteners
201. Members 27 are circumferentially disposed about the
input carrier, see Fig. 4. ~ Input pulley 10, input carrier
portion 11, input carrier portion 20 and input shaft 200
comprise an input rotating assembly. As described in Fig. 1
planetary gears 15 are journalled to the input carrier shafts
21. When brake 40 1is disengaged, one-way clutch 22 is engaged
and thereby drives output shaft 31. When brake 40 is engaged
one-way clutch 22 1is disengaged since output shaft 31 is
rotating as a speed greater .than the speed of input shaft 200.

. Fig. 3 1is a perspective view of the planetary gear
carrier. Planetary gears 15 are disposed circumferentially
about the carrier altermately int'erposed between members 27.
Fasteners 201 connect portion 11 to members 27.

Fig. 4 1is . a partial perspective view of the planetary
gears on the carriér. - Bach planetary gear 15 1is journalled to
a shaft 21 on a bearing 210 known in the art, such as a needle
bearing or sleeve bearing. The bearing selection is dependent
on the service conditions.

Fig. 5 1is a partial perspective view of the planetary
gear bearings and carrier sleeve bearing. Each planetary gear
bearing 210 1is disposed between a planetary gear 15 and a
shaft 21. Carrier sleeve bearing 50 i1s disposed between input
shaft 200 and output shaft 31.

Fig. 6 is a partial perspective view of the carrier and
output pulley. The compact design of the transmission allows

the planetary gear carrier to be fully contained within a

15
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width of the output pulley. Input shaft 200 comprises a bore
202 in which output shaft 31 i1s disposed. ]

Fig. 7 is a partial perspective view of the carrier and
output pulley' and input pulley. Fasteners 12 attach 1input
pulley 10 to input carrier portion 11. Input pulley 10 may
also be attached to input carrier portion 11 by tack welding
or any other suitable connecting means known in the art.

Fig. 8 is a partial perspective view of the carrier brake
shoe ‘and output pulley. Brake shoe 190 comprises a radially
extending sﬁrféce which frictionally engages coil 41 upon
activation of said coil. Engaigement of shoe 190 with coil 41
stops rotation of the sun gear 18.  Brake shoe 190 1is
substantially containéd within a width of input pulley 10.

Fig. 9 is a pértial perspective view of the bearings and
carrier brake shoe. Bearings 23, 24 support input shaft 200
on brake housing 52.

~ Fig. 10 is a perspective view of the transmission with
the '-'c"c;il.- ‘Brake 40 axially locates and supports input shaft
200 on bearxrings 23, 24. Bosses 53, ‘54 are used with fasteners
to connect the transmission to a mounting surface. '

Fig. 11 4is a cross-sectional view of the two speed

transmission connected to an altermator 700. Alternator 700

is directly coupled to the output shaft 31. Alternator 700 is
simply uséd as an example as any other accessory may be
directly: connected to the transmission as well. Direct
coupling is accomplished by use of splines 703 on shaft 31,
although any  form of shaft coupling suitable for the service
and known in the art is acceptable.

Tabs 702 extend from the transmission and alternator.
Fasteners 701 connect tabs 702. Fasteners 701 comprise
screws, bolts or studs for example. Alternator 700 is
electrically connected to a wvehicle electrical system in a
manner known in the art. |

Fig. 12 1is a schematic of a belt driven accessory drive.
Belt Bl is drivingly engaged between a crankshaft pulley CR
and 1nput pulley 10. Belt B2 is drivingly engaged between
output pulley 30 and accessory pulleys A2 and A3. Belt Bl and

16
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B2 each comprise a multiple ribbed prOfile, see Fig. 2. An
accessory Al 1s directly coupled to the tranmsmission -100.
Accessory Al may coumprise an altermator 700. A belt tensioner
T imposes a tension on belt B2. Tensioner T may comprise any
tensioner known in the art, including an asymmetric tensioner,
zed type, or linear tensioner.

The asymmetric tensioner comprises a pulley pivotally

mounted to a tensioner arm. = The asymmetric tensioner

comprises a damping mechanism that has a damping force which
is greater in a first direction than in a second direction.
'In an alternate embodiment, either belt, Bl or B2 or

both, used. in the inventive system comprises a low modulus

‘belt known in the art. The low modulus belt comprises a belt

having a tensile corxrd comprising nylon 4.6 oxr nylon 6.6 or a
cormmbination of the two. An eldstic. modulus of the belt 1is in
the range of approximately 1500 N/mm to ap,proxima;:ely 3000
N/mm. A feature of the low modﬁlus ‘belt 1s ‘tha.tv. it can be
installed on a belt drive system without a 'tensioner or
moveable shaft accessory. The low modulus belt 'is simply
installed using a belt 1installation tool .kno_wn in the art.
The tool is used to roll or laterally urge the belt over an
edge of a transmission pulley or accessory pulley without the
need to otherwise adjust the center l.o.cz—ition of the pulley
shaft. The low modulus belt is_par't;i_.‘c,_t"llarly. suitable for belt

Bl since equipping the transmission in such a way that it

would otherwise be mwovable to allow installation and

ad)j ustment of belt Bl might be more expensive than simply
designing the transmission to be directly connected to an
engine mounting surface such as an engine block. Further,
adjusting the transmission shaft location with respect to the
crankshaft would consume more assembly time ags well.

In yet another embodiment chains may be used in place of
the belts.

Of course, transmission 100 aﬁd one or all of the
accessories mwmay also be provided with adjustable mounting
means known in the art which allows the shaft location to be

adj usted during installation.

17
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Fig. 13 is a ‘schematic of the inventive transmission used
in a generator motor appliéation. Automatic transmission
(“A/T”) 2 1s disposed adjacent to the engine (“E/G") 1. Motor
generator 300 ("M/G") serves as a motor and an electric
generator. Engine crank shaft 3, and shaft 31 and shaft 200
of the M/G 300 are disposed in parallel with each other. M/G
300 is directly connected to transmission 100 as described
elsewhere in this Spedificatic)n. Transmission 100 1is
mechanically disposed between the M/G 300 and the crank shaft
3 gso that the rotational speed of shaft 200 is reduced and
transmitted to crank shaft 3. Pulley CR is connected to the
crank shaft 3. Pulley 10 is connected to transmission 100 as
described in this 'sp‘eci'fication. Belt Bl is set between
pulley CR and pulley 10. -Pulley 30 is directly connected to
shaft 31 of the M/G 300. Pulley 10 is operatively connected
to shaft 200 by the planetary gear set.

"Pump P for a power steerih‘g unit and a "compf-eSS'of A/C for
an éir' conditioner are each an accessory included in the
engine belt drive system. Pulleys A2 and A3 are secured to
the respective ends of the rotational shafts of the pump P and
the compressor A/C. A belt B2 is engaged among the pulleys 30,
A2, and A3. The pulleys 30, A2, A3 and the belt B2 constitute
a power transmission means for trénsmitting rotation of M/G
300 to the respective accessories.

‘ An inverter 400 is electrically connected to M/G 300 and
arranged to vary the amount of electric energy to be supplied
from a battery 800 to the M/G 300 to control the speed of M/G
300 when M/G 300 is used in a motor mode. Inverter 400 also
performs control to store electric energy generated by M/G 300
to battery 800.

M/G 300 is connected to an oil pump 194 for the A/T
through electromagnetic clutch 191. An oil inlet pipe 192 is
connected to the oil pump 194. An oil outlet pipe 193 1is
connected to the oil pump 194. Oil pimp 194 is connected to
an engine lubrication system (not shown). The foregoing
structure enab'les M/G 300 to operate the o0il pump 194 by

engaging electromagnetic clutch 191 while the engine is

18
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stopped. This 1is because the starting clutch (not shown)
disposed in the A/T is arranged to be i1mmediately engaged for
driving the wvehicle smoothly upon re-start of the engine.

Referring again to Fig. 13, controller 500 transmits to
inverter 400 a signal for controlling the engine running mode
switching operation, ON-QFF control signals to the
electromagnetic clutch 191 and ON-OFF control signals to the
electromagnetic coil 41 of the transmission. Controllexr 500
also receives signals from various sensors disposed on the
vehicle and on the engine that are indicative of a vehicle
operating condition and/or of an engine operating condition.
These 1include a signal indicating the speed of M/G 300, a
signal for switching the engine running mode, a signal for
switching the operation of the air conditioner, an engine
status signal indicating, for example, the speed of ‘the engine
1, a vehicle status signal (not shown) indicating the vehicle
speed and the like, a wheel brake status signal, an engine
throttle position signal, and a status signal of the A/T
indicating the range selected by the shift lever. The brake
status signal indicates the state of engagement of each wheel
brake or all wheel brakes on the wvehicle. The throttle
position signal relates to the position of the throttle-,’ which
is indicative of the driver demand to the engine such as
accelerationn, deceleration, non-accelerating cruise or idle.
Each signal may be either analogue or digital. .

In accordance with information indicated by the above- .
mentioned signals controllexr 500 performs an operation for
reading dataa from a memory 900 and a calculating operation to
determine ary engine first running mode (engine operating) or a
second running mode (engine not operating). Then controller
500 transmits control signals to the transmission brake coil
41, the i1inverter 400, and electromagnetic clutch 191.
Controller 500 may be formed as a computer system provided
with known units 1including a CPU, a RAM, a ROM, a bi-
directional communication bus, interface circuits (a signal

conversion circuit and the like), and a memory 900.

19
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The operation will now be described. Initially, M/G 300
is operated to start the engine 1. After starting the engine
1, M/G 300 acts as a power dgenerator for storing electric
energy in the battery 800. When the engine is started, the
controller 500 detects the speed of M/G 300. Moreover,
controller 500 causes inverter 400 to perform a switching
operation such that a torque and speed required to start the
engine 1 are realized. For example, if a signal for switching
the air conditioner A/C has been turned ON at engine start, “a
higher torque is required compared with the OFF state of the
A/C. Therefore, controller 500 applies to 1nverter 400 a
switching control signal to allow M/G 300 to rotate at a
higher torque with a greater speed.

The switching control signal may be determined such that

a variety of status signals of the engine 1, the A/T 2 and the

~vehicle are provided to the controller 500 and t'hereby

collated with a map wmemory stored in the memory.
Alternatively, the switching control signal may be determined
by calculations performed by the processor unit (CPU) disposed
in controller 500.

When an engine stop signal is turned ON controller 500

stops the engine 1 by transmitting a signal for interrupting

fuel supply to the engine 1 for example to an electric fuel

pump (not shown). The engine stop operation can be performed
under a condition where, for example, the vehicle speed is
zero, the brakes are partially or fully applied, and the shift
lever is in the D or N setting. Thus, no power is transmitted
between the pulley 10 and the engine 1. In this state,
electromagnetic clutch 191 can be brought to a connected state
to allow M/G 300 to operate the o0il pump 194 while engine 1 is
off. This 1s because the starting clutch (not shown) disposed
in the A/T 2 is arranged to be immediately engaged for driving
the vehicle smoothly upon re-starting of the engine.

In the case where the air conditioner and the power
steering are required to be operated even if the engine 1 18
stopped, controller 500 applies to inverter 400 a switching

control signal to rotate the M/G 300 at the speed and torque
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corresponding to the loads of the pump P for a power steering
unit, the compressor A/C for the air conditioner and the oil

pump 190 for the A/T 2. In this case brake 41 is OFF or
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disengaged.

When the engine 1 1s re-started from a state where the
vehicle is stopped, M/G 300 in motor mode cranks engine 1 when
brake coil 41 is turned ON thereby stopping rotation of sun
gear 18. Brake coil 41 is energized causing pulley 10 to
rotate at a predetermined speed and torque. Thus, the
rotational force of M/G 300 is transmitted at a decreased
speed from the .ring gear 17 to the carrier 11 and thereby to
pulley 10 and thereby to crankshaft pulley CR.

When the M/G 300 is used as an electric generator, and/or
the accessories are operated while engine 1 is operating in a
first running mode, brake coil 41 is turned OFF and one-way
clutch 22 is in an engaged  state. Thus, M/G 300 and the
pulley 10 are rotationally comnected with each other so  that
the .i:otations of  pulley 10 are transmitted through clutch 22
to the M/G 300 via shaft 31.

When the pump P and the compressor A/C are operated by
M/G 300 in motor wmode while engine 1 is stopped, brake coil 41
is turned OFF. In this second running mode erigine 1 1s
stopped and pinion gears 15 and sun gear 18 rotate freely.
Carrier 11 and pulley 10 do not rotate be:cause they are
engaged with belt B.:_L' which is engaged with stopped crankshaft
pulley CR. Since brake 41 is OFF, sun gear .18 rotates in a .
direction opposite that of ring gear 17 and -pulley 30. 1In

effect, this configuration acts as though the 'transmission 100

" in placed in a ‘mneutral’ gear thereby preventing transmission

of torque from pulley 30 to pulley 10.

Transmission 100 1is operating in part as a clutch to
control transmission of -t-érque to the engine, or to receive
torque from the engine depending on the mode selected.

Fig. 14 is a schematic of the inventive transmission in
an alternate gemnerator motor arrangement. Generally, | the

components and their relationship in this alternate embodiment

21
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are as described in Fig. 13, with the differences described
herein. . )

In this alternate - embodiment M/G 300 is not directly

attached to transwmission 100. Transmission 100 has no
directly.- connected accessory. M/G 300 1is connected to
transmission 100 by belt B2. Torque 1s transmitted to and

from transmission 100 by belt Bl and B2 between engine 1, M/G
300 and the accessories. Transmission 100 is directly mounted
to engine 1 using fasteners such as bolt or screws.

This embodirﬁent' - 1llustrates that the M/G can Dbe
connected, either directly or by belt, to either end of
transmission output shaft 31. This provides alternate belt
drive arrangements .in which the inventive transmission can be
successfully used.

In operation, when the engine 1 is re-started from a
state where the vehicle is stopped at a stop 1light for
example, M/G 300 in motor mode cranks engine 1 through belt '

B2, transmission 100, and belt Bl when brake coil 41 is-turned

ON, thereby engaging the brake and stopping rotation of sun

gear 18. Energizing brake coil 41 causes pulley 10 to rotate
at a predetermined speed and torque. Thus, the rotational
force of M/G 300 is transmitted at a decreased spée‘d through
belt B2, to pulley 30 to ring gear 17 to the carrier 11 and
thereby to pulley 10 and thereby to crankshaft pulley CR
through belt Bl. = Due to the configuration of belt B2,
acéessories P and A/C are.-‘ rotated while the M/G 3.00 is .
operating in motor mode during engine start as well.- '
When the M/G 300 is used as an electric generator, and/or
the accessories ‘are--Operated while engine 1 is operating in a
first running mode, brake coil 41 is turned OFF and one-way
clutch 22 is in an engaged state. Thus, pulley 30 and pulley
10 are directly connected with each other so that the
rotations of pulley 10 are transmitted to pulley 30 and
thereby to the accessories P, A/C and M/G 300 through belt B2.
When the pump P and the compressor A/C are operated by
M/G 300, with M/G 300 in wmotor mode while engine 1 is stopped,

brake coil 41 is turned OFF. In this second running mode
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engine 1 1s stopped and pinion gears 15 and sun gear 18 rotate
freely. Carrier 11 and pulley 10 do not rotate because they
are engaged with belt Bl which 1s engaged with stopped
crankshaft pulley CR. Since brake 41 1is OFF, sun gear 18

rotates 1n a direction opposite. that of ring gear 17 and

~pulley 30, thereby allowing M/G 300 to operate accessories P

and A/C through belt B2 without also starting engine 1.

In yet another alternate embodiwment, an accessory 1000
may be. directly coupled to transmission .'100 as described in
Fig. 11. Accessory 1000 may comprise a fuel pump, oil pump or
any other accessoxry as may be required by an engine or
vehicle. In this embodiment accessory 1000 is directly
connected to transmission 100 and to shaft 31. Due. to the
unique arrangement of coaxial shafts 31, 200 of transmission
100, accessory 1000 is fully operable by M/G 300 along with
the other accessories even when engine 1 is not operating and
M/G 300 1is in motor mode. Of course, accessory 1000 is also
driven by engine 1 along with accessories P and A/C when
engine 1 is operating and M/G 300 is operated as a generator.

Although forms of the invention have been des.‘cribed
herein, it will be obvious to those skilled 1n the art that
variations may be wmade in the constructiori and relatioﬁ of
parts without departing from the spirit and scope of the

invention described herein.
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CLAIMS:
1. An accessory belt drive system comprising:

transmission means having a transmission ratio and an input means
and an output means, the transmission ratio selected by braking operation of a

sun gear, the output means comprising a ring gear,

the transmission means driven by a driver engaged through the input

means;

the output means drivingly connected to a first accessory drive
means;

the output means and the first accessory drive means having a ratio;

a second accessory coaxially connected to and driven by the output
means,;

the transmission ratio and the ratio combined drive the first

accessory at a first speed for a first driver speed;

the transmission ratio disengagable at a second driver speed such
that a final drive ratio at the second speed is less than the final drive ratio at the

first speed, the second driver speed greater than the first driver speed.

2. The accessory belt drive system as in claim 1, wherein the

transmission means comprises an electromagnetic brake means for controlling the

transmission ratio.

3. The system as in claim 1, wherein the transmission means has a

duty cycle in the range of approximately 5% to 25%.

24
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