Office de la Propriete Canadian CA 2817254 A1 2012/06/21

Intellectuelle Intellectual Property
du Canada Office (21) 2 81 7 254
g,lnngL%?rri‘fg:na " mfgtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2011/12/13 (51) CLInt./Int.Cl. B60K 23/04 (2006.01)

(87) Date publication PCT/PCT Publication Date: 2012/06/21 (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2013/05/07 POLARIS INDUSTRIES INC., US
86) N° demande PCT/PCT Application No.: US 2011/064656 | (72 Inventeur/inventor:
(Go) " demande PRESSESILINS HAPKA, ROGER J., US
(87) N° publication PCT/PCT Publication No.: 2012/082745
o o (74) Agent: SIM & MCBURNEY
(30) Priorité/Priority: 2010/12/16 (US61/423,915)

54) Titre : SYSTEME DE TRACTION MULTIMODE
54) Title: MULTIMODE TRACTION SYSTEM

700
707
START 3
T
20— REA?NggﬁsoR ------------------- S INTIALIZATION |
Z?ES . SUBROUTINE
OPEN FRONT & NQ FRONT & YES
5 REAR DIFF.
REAR DIFFERENTIALS d
L 206
OPERATE
2107~ VEHICLE N
Fig. 10
NO VEH. SPEED Y
-0 AND PARKING > LUCK TRUND & L~ 214

BRAKE SET? REAR DIFFERENTIALS

212

(57) Abréegée/Abstract:
A vehicle (2, 102) Is described having plural modes of operation for a front and rear differential (68, 72) and whereupon start-up of
the vehicle, the front and rear differentials are opened to their most open position.

:':‘;‘:‘-';:;‘:': Bt N,
R A -:::; N7
> \) Q"’...

I*I ] { - . Bon, B R
C an ad a http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C gm0

D
) SR RO PRI S G _,\‘.s
OPIC - CIPO 191 5




CA 02817254 2013-05-07

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

Organization

WO 2012/082745 A1 [ ! ORI D0 0 R A R

[nternational Bureau — . o
?:_f/)) (10) International Publication Number
(43) International Publication Date nnﬂ/ WO 2012 /0 82 7 4 5 Al
21 June 2012 (21.06.2012) WIPO I PCT
(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
B60K 23/04 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
, L DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
PULAUSZDLIAI09630 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
13 December 2011 (13.12.2011) OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
N . SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,
(25) Filing Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available). ARIPO (BW, GH,
61/423,915 16 December 2010 (16.12.2010) US GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, 5Z, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
(71) Applicant (for all designated States except US). POLAR- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
IS INDUSTRIES INC. [US/US]J; 2100 Highway 55, Med- DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
ina, MN 55340 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(72) Inventor; and (S}l\\/{; "ﬁ(ﬁ, ﬁﬁpll\]%BFS’l\] B{f [()ZF],: (EJZ)G, CI, CM, GA, GN, GQ,
(75) Inventor/Applicant (for US only): HAPKA, Roger, J. T T T '
[US/US]; 2320 Veterans Memorial Boulevard NW, An- Published:
Hovet, MN 33304 (Us), —  with international search report (Art. 21(3))
(74) ﬁgelllltMGlilQEN’ Lric, J’ faé(oerlngfi Damell.s ]ﬁl\“ﬁi 6382 —  before the expiration of the time [limit for amending the
orth Meridian Street, Swite 2700, Indianapolis, claims and to be republished in the event of receipt of
(US). amendments (Rule 48.2(h))
(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,

(34) Title: MULTIMODE TRACTION SYSTEM

200
START 3
L _—
i CALL i
20,1 REAL §E¥SUR ------------------- INTIALIZATION |
2?8 INPU ' SUBROUTINE
OPEN FRONT & NO FRONT & YES
K REAR DIFF.
REAR DIFFERENTIALS OPEN?
\|( 206
OPERATE
210~ VEHICLE <
Fig. 10
NO VEH. SPEED YES LOCK FRONT &

=0 AND PARKING

BRAKE SET? REAR DIFFERENTIALS [ —— 214

212

(57) Abstract: A vehicle (2, 102) 1s described having plural modes of operation for a front and rear differential (68, 72) and
whereupon start-up of the vehicle, the front and rear differentials are opened to their most open position.



CA 02817254 2013-05-07
WO 2012/082743 PCT/US2011/064656

MULTIMODE TRACTION SYSTEM

[0001] The subject disclosure relates to an all terrain vehicle, and more

particularly to one having a default setting for the front and rear differential.

[0002] Oftentimes, all terrain vehicles have front and rear differentials coupled to
a transmission, with multiple settings of the differentials on the vehicle, between: rear
differential disengaged, differential engaged with both rear wheels locked or with limited
slip, or both differentials engaged and locked. Multiple riders may have access to the

vehicles, with no awareness of the present state of the differentials.

[0003] In one embodiment described herein, a vehicle comprises a frame; front
and rear ground engaging members supporting the frame; a propulsion unit supported
by the frame; a transmission motively coupled to the propulsion unit; a front differential
coupled to the transmission and to the front ground engaging members; a rear
differential coupled to the transmission and to the rear ground engaging members;
where the front and rear differentials are selectively locked or unlocked to provide
various performance modes for the vehicle, and the front and rear differentials being

controllably unlocked upon a certain vehicle signal.

[0100] In another embodiment described herein, a motor vehicle having a
multimode traction system is described. The vehicle comprises a pair of rear wheels
and a pair of steerable front wheels. A propulsion unit is provided for generating torque
to drive the wheels, and a control unit includes programming therein for operating the
propulsion unit. A rear differential is operatively connected with a rear drive train and
supplying torque from the propulsion unit to the rear wheels, the rear differential
including a lock for locking the rear differential. A front differential is operatively
connected within a front drive train and selectively supplies torque from the propulsion
unit to the front wheels, the front differential including a lock for locking the front
differential. An ignition switch is electrically coupled to the control unit, the ignition
switch having a first position and a second position; the ignition switch causing a first

signal to be sent to the control unit when the ignition switch is moved from the second
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position to the first position, the ignition switch causing a second signal to be sent to the
control unit when the ignition switch is moved from the second position to the first
position; characterized in that the control unit responds to receiving the first signal by

emitting signals to cause unlocking of both the front and rear differentials.

[0004] Fig. 1 Is a front perspective view of a utility vehicle of the subject
disclosure;

[0005] Fig. 2 is a rear perspective view of a utility vehicle according to the present
disclosure;

[0006] Fig. 3 is a left side view of the vehicle of Fig. 1;

[0007] Fig. 4 is a rear side view of the vehicle of Fig. 1;

[0008] Fig. 5 Is a front perspective view of a straddle-type vehicle of the present
disclosure;

[0009] Fig. © is a left side view of the vehicle of Fig. 5;

[0010] Fig. 7 Is a right side view of the vehicle of Fig. 5;

[0011] Fig. 8 Is a front view of the vehicle of Fig. 5;

[0012] Fig. 9 Is a schematic of the drivetrain of the present disclosure;

[0013] Fig. 10 is a flow chart of the operation of the vehicle;

[0014] Figs. 11A-11C show a first embodiment of the actuator device; and

[0015] Figs. 12A-12D show a second embodiment of the actuator device.

[0016] With reference first to Fig. 1, an all terrain vehicle is shown at 2 in the form

of a side-by-side vehicle. Vehicle 2 generally includes a frame 4 supported by front and
rear ground engaging members 6, 8, comprised of front wheels 10, front tires 12, and
rear wheels 14 and rear tires 16. Front ground engaging members 6 are attached to

frame 4 by way of suspension 20 whereas rear ground engaging members 8 are

-



CA 02817254 2013-05-07
WO 2012/082743 PCT/US2011/064656

attached to frame 4 by way of suspension 22. An operator's area is defined in the
center of the vehicle and shown generally at 30. Operator's area is comprised of side-
by-side seats 32 which are coupled to frame 4 as known in the art. As shown in Figs. 2
and 3, operator's area 30 further comprises operation controls in the form of steering
wheel 36, accelerator pedal 38, brake pedal 40, instrument cluster 42 and transmission
shift lever 44.

[0017] With reference now to Figs. 3 and 4, vehicle 2 includes a propulsion unit
50 and a transmission unit 60 (Fig. 3) including a continuously variable transmission
(CVT) as described herein. As vehicle 2 is a four wheel drive or all wheel drive unit,
vehicle 2 would include a front and rear differential as described herein coupled to
engine 50 and transmission 60 for propelling the front and rear ground engaging
members 6, 8. The construction of the drivetrain could be similar to that shown in U.S.

Patent 7,819,220, the subject matter of which Is incorporated herein by reference.

[0018] With reference now to Figs. 5-8, the vehicle could be in the form of a
straddle-type vehicle as shown at 102 having a frame 104 (Fig. 6) and front and rear
ground engaging members 100, 108 defined by wheels 110, tires 112 and wheels 114
and tires 116. Vehicle 102 further includes a front suspension 120 and a rear
suspension 122 (Fig. 6). Operator's area 130 Is comprised of straddle seat 132, a
steering mechanism in the form of handlebars 136, an accelerator in the form of a pull
lever 138 (Fig. 7), at least one brake mechanism in the form of a lever 140 (Fig. 5),
iInstrument cluster 142, and a transmission shift lever 144 (Fig. 7). In addition, vehicle
102 includes propulsion unit 150 and transmission 160 (Fig. 6). In a like manner to
vehicle 2, vehicle 102 is a four wheel drive or all wheel drive vehicle having a front and
rear differential as described herein. The construction of the drivetrain of vehicle 102
could be similar to that shown and described in U.S. Patent 7,845,452, the subject

matter of which Is incorporated herein by reference.

[0019] In one embodiment, propulsion unit 50 or 150 is a typical combustion
engine, but could also comprise a multifuel engine capable of utilizing various fuels.

Exemplary engines are disclosed in U.S. patent application Ser. No. 11/445,731, filed
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Jun. 2, 2000, Docket No. PLR-00-1505.01P, the disclosure of which is expressly
iIncorporated by reference herein. In another embodiment, engine 50/150 is a hybrid
electric engine, while in another embodiment, engine 50/150 is a hybrid electric drive
engine. In addition, the propulsion unit need not have an engine at all, but could be all
electric, for example similar to that disclosed in US Patent Applications 12/484,921,
12/816,0004, 12/816,095, 12/816,052, or 12/815,907, the subject matter of which is

incorporated herein by reference.

[0020] With reference now to Fig. 9, the drivetrain of vehicle 2 (or 102) will be
described In greater detall, and is described as including an engine. In one
embodiment, transmission 60 or 160 includes a shiftable transmission 62 and a
continuously variable transmission ("CVT") 64. CVT 64 is coupled to engine 50 and
shiftable transmission 62. Shiftable transmission 62 Is coupled to drive shaft 66 which In
turn is coupled to front differential 68 and to drive shaft 70 coupled to rear differential
72.

[0021] Shiftable transmission 62 is shiftable between a high gear for normal
forward driving, a low gear for towing, a reverse gear for driving in reverse, and a park
setting which locks the output drive of the shiftable transmission from rotating.
Exemplary shiftable transmissions and CV s are disclosed in U.S. Pat. No. 6,725,962
and U.S. Pat. No. 6,978,857, the disclosures of which are expressly incorporated by

reference herein.

[0022] The operation of engine 50 and transmission 60 is controlled through an
operator input 74 (such as transmission control 44 or as further described herein) and
an electrical control module ("ECM") 76. ECM 76 has software to control the operation
of engine 50 and transmission 60 based on operator inputs 74, and sensors which
monitor engine 50 and software to control the operation of differentials 68 and 72. It
should be understood that differential 68 is interconnected to wheels 10 by way of front
stub shafts 80, and that rear differential 72 is coupled to rear wheels 14 by way of rear
stub shafts 82. It should be further appreciated that the front wheels and rear wheels
iInclude brakes 84 and 80.
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[0023] Various configurations of front differential 68 and rear differential 72 are
contemplated. Regarding front differential 68, in one embodiment front differential 68
has a first configuration characterized in that power is provided to both of the wheels of
front axle 80 and a second configuration characterized in that power is provided to one
of the wheels of axle 80, such as the wheel having the less resistance relative to the

ground.

[0024] In one embodiment, front differential 68 may also include active descent
control ("ADC"). ADC is an all wheel drive system that provides on-demand torque
transfer to the front wheels with a front drive and is also capable of providing engine
braking torque to the front wheels with a back drive. Both the front drive and the back
drive are portions of front differential 68 and may be active or inactive. In the case of the
front drive, when active, power is provided to both of the wheels of front axle 80 and,
when inactive, power Is provided to one of the wheels of front axle 80. In the case of the
back drive, when active, engine braking is provided to the wheels of front axle 80 and,

when inactive, engine braking is not provided to the wheels of front axle 30.

[0025] Regarding rear differential 72, in one embodiment rear differential 72 Is a
locked differential characterized in that power is provided to both of the wheels of axle
82, rear differential 72 may be a lockable/unlockable differential relative to output shafts
382. When rear differential 72 is in a locked configuration power Is provided to both
wheels of axle 82. When rear differential 72 is in an unlocked configuration, power Is
provided to one of the wheels of axle 82, such as the wheel having the less resistance
relative to the ground. Front and rear brakes 80, 82 are connected to front and rear
wheels 10, 14 as is known In the art. A parking brake 88 may also be connected In
drive shaft 70.

[0026] It is contemplated that the front differential 68 and rear differential 72 are
spring-loaded dog clutches which are solenoid operated. When power is applied to the
solenoid, the clutches are opened whereas when the power Is turned off to the solenoid,
the clutches are spring biased to lock up. Sensors 90 and 92 monitor the condition of

the differentials 68 and 72 which In the present embodiment sends the power to the
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differential clutch solenoids. With reference now to Fig. 10, the operation of the vehicle

and the differentials will be described In greater detall.

[0027] As shown In step 200, an operator would turn an ignition key into the first
or "On" position which first causes logic in the ECM 76 to be uploaded, see step 202.

At step 204, sensors 90 and 92 are read to determine the condition and position of the
front 68 and rear 72 differentials. At step 200, the condition of the front and rear
differentials is determined by querying whether the front and rear differential are open
and unlocked. If they are not, step 208 Is activated providing a signal to the differential
solenoids to open the spring-loaded clutches as described above. As shown in Fig. 10,
the vehicle may now be operated at step 210. The ignition switch could have more than
two positions, for example in some vehicles there are three positions where the third

position is to activate the headlights.

[0028] Other steps during the operation of the vehicle include step 212 which
queries whether the vehicle speed is equal to O and the parking brake set, and If yes,

step 214 is activated to lock the front and rear differentials.

[0029] In the particular embodiment described, the front and rear differentials are
locked at shutdown when the ignition key iIs moved to the second and "Off" position, due
to the parking brake 88 being positioned within driveshaft 70. Thus it is preferable to
lock the differentials when the vehicle is shut down so that the parking brake 88 properly
functions with a locked driveshaft 70. However on startup, the front and rear
differentials are opened to their most open position as described above with reference
to Fig. 10. It should be noted that if the parking brake is not on a drive shatft, that the
front and rear differentials could be opened to their most open position at vehicle shut-

down.

[0030] The differentials could be unlocked by a certain vehicle signal, for example
from the ECU, or the reverse logic could be implemented where the default is open and

a certain vehicle signal would be required to lock the differentials.
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[0031] Finally with respect to Figs. 11A-11C and 12A-12D, the actuation of the
differential settings will be described. With respect first to Fig. 11A, a three position
momentary switch may be provided within instrument cluster 42 whereby upon initial
startup, the default of the differentials provides for the rear differential to be Iin the open
position such that light 242 is illuminated. With respect to Fig. 11B, the momentary
switch may be clicked down to illuminate light 244 to show that the vehicle is in the two
wheel drive mode or having the rear differential locked. With respect to Fig. 11C, the
switch 240 may be clicked upwardly with light 246 to show an all wheel drive mode with

both the front and rear differentials locked.

[0032] With respect now to Fig. 12A, a second embodiment 250 may be shown
with a momentary two position switch 250a and a momentary three position switch
250b. Fig. 12B shows the two position switch activated setting the differential and the
one wheel drive configuration. Fig. 12C shows a one click down position of the
momentary switch 250b showing the two wheel drive mode and Fig. 12D shows the one

click up mode of momentary switch 250b showing the all wheel drive mode.
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CLAIMS
1. A vehicle (2, 102) comprising a frame (4, 104); front and rear ground engaging

members (6, 8; 100, 108) supporting the frame; a propulsion unit (50, 150) supported by
the frame; a transmission (60, 160) motively coupled to the propulsion unit; a front
differential (68) coupled to the transmission and to the front ground engaging members;
a rear differential (72) coupled to the transmission and to the rear ground engaging
members, characterized in that the front and rear differentials are profiled to be
selectively locked or unlocked to provide various performance modes for the vehicle,
and the front and rear differentials being controllably locked or unlocked upon a certain

vehicle signal.

2. The vehicle of claim 1, characterized In that the certain vehicle signal is provided

upon vehicle start-up.

3. The vehicle of claim 1, characterized in that the certain vehicle signal is provided

upon vehicle shut-down.

4. The vehicle of claim 1, characterized In that the certain vehicle signal is provided

by an engine control unit (70).

5. The vehicle of claim 1, characterized In that the certain vehicle signal is provided

by a vehicle controller.

0. The vehicle of claim 1, characterized In that the certain vehicle signal controllably

unlocks the differentials.

/. The vehicle of claim 1, characterized In that the certain vehicle signal controllably

locks the differentials.
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3. A motor venhicle (2, 102) having a multimode traction system, the vehicle
comprising a pair of rear wheels (8, 108) and a pair of steerable front wheels(6, 106); a
propulsion unit (50, 150) for generating torque to drive the wheels; a control unit (706)
that includes programming therein for operating the propulsion unit; a rear differential
(72) operatively connected with a rear drive train (70) and supplying torque from the
propulsion unit to the rear wheels, the rear differential including a lock for locking the
rear differential; a front differential (68) operatively connected within a front drive train
and selectively supplying torque from the propulsion unit to the front wheels, the front
differential including a lock for locking the front differential; and an ignition switch
electrically coupled to the control unit, the ignition switch having a first position and a
second position, characterized in that the ignition switch causes a first signal to be sent
to the control unit when the ignition switch is moved from the second position to the first
position, the ignition switch causing a second signal to be sent to the control unit when
the Ignition switch is moved from the second position to the first position, and wherein
the control unit responding to receiving the first signal by emitting signals to cause

unlocking of both the front and rear differentials.

9. The vehicle of claim 8, characterized in that the control unit responds to receiving
the second signal by emitting signals to cause locking of both the front and rear

differentials.

10.  The vehicle of claim 8, characterized in that the first position of the ignition switch

IS an "On" position for the venhicle.

11.  The vehicle of claim 8, characterized in that the second position of the ignition

switch is an "Off" position.

12.  The vehicle of claim 8, further including a manually operable mode switch (240,
250) settable In first and second positions (242, 244, 252, 254) and located for
operation by an operator of the vehicle while positioned on the vehicle, the rear

differential lock locking the rear differential in response to setting the mode switch into at

0.
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least one of the first and second of the mode switch positions, and unlocking the rear
differential in response to setting the mode switch into at least one of the first and

second of the mode switch positions.

13.  The venhicle of claim 12, further including a front differential lock and a third
switch position (246, 256), the front differential lock locking the front differential in
response to setting the mode switch into the third of the mode switch positions and
unlocking the front differential in response to setting the mode switch into one of the first

or the second of the mode switch positions.

14.  The vehicle of claim 13, wherein the front differential lock and the rear differential

lock are unlocked in the first switch position (242, 252).

15. The vehicle of claim 13, wherein the front differential lock I1s unlocked and the

rear differential lock is locked in the second switch position (244, 254 ).

16.  The vehicle of claim 13, wherein the front differential lock and the rear differential
lock are locked In the third switch position (246, 250).

17.  The vehicle of claim 13, wherein the manually operable mode switch is a

momentary three position switch.

18. The vehicle of claim 17, wherein the front differential lock and the rear differential

lock are unlocked in the first switch position (242, 252).

19. The vehicle of claim 18, wherein the front differential lock I1s unlocked and the

rear differential lock is locked In the second switch position (244, 254).

20. The vehicle of claim 19, wherein the front differential lock and the rear differential
lock are locked In the third switch position (246, 250).

-10)-
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