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ABSTRACT OF THE D L E

A full hydrostatic transmission is used as part of
an all wheel drive system of a motorgrader. Each front
wheel includes its own drive system comprising a pump, a
hydraulic motor and a bypass valve. The bypass valve
protects the motor automatically from cavitation conditions

and allows the hydrostatic transmission avoild hydrostatic
braking.
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TITLE: ALL EEL DRI FOR MOTOR GRADER

BACKGROUND OF  INVENTION

The present 1nvention relates to drive control
arrangements for motor graders and 1n particular, relates
to an all wheel drive arrangement for motor graders and

other vehicles.

All wheel drive arrangements for motor graders have
the advantage that the front drive wheels can compensate
for poor traction conditions experienced by the tandem
drive. The front wheel drive can operate in a passive mode
where the front wheels only form part of the primary drive
when there is slippage of the tandem drive. This passive
mode basically allows the front wheel drive to respond when
slippage has occurred on the tandem drive while in good
traction conditions, the grader acts as if it is only

driven by the tandem drive.

All wheel drive systems allow a variation in the
level of aggression of the front wheel drive and the front
wheel drive can be set to be faster than the tandem drive.
This aggressive mode is not the most cost efficient manner
of operating the grader but it is desirable for certain

applications.

Existing front wheel drive arrangements for motor
graders use a hydraulic motor which is supplied with
hydraulic fluid under pressure for providing the necessary
drive of the front wheels. There is a common hydraulic

pump that supplies hydraulic fluid to each of the hydraulic
motors and a flow control wvalve distributes the amount of

hydraulic fluid to each motor. Control between the two
motors 1s based on control of the distributing valve.

Various sensors are used for sensing the speed of the front
wheels, rear wheels, ground speed and other parameters
which sensors are connected to a controller which controls
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the speed of the pump as well as the position of the
distribution valve. With this arrangement, fine adjustment
between the drive of the front wheels i1s difficult to

achieve.

The present i1nvention uses a different drive
arrangement where each front wheel has i1ts own hydraulic
circult and 1s hydraulically separated from the hydraulic
circulit of the other drive. This drive arrangement

10 provides increased control and sensitivity in adjustment of

the system.

In a preferred embodiment a bypass valve is used to
control the switching of the hydraulic circuit from an open
15 clrcuit to a closed circuit. This by-pass valve
automatically adjusts to changing conditions and
appropriately switches the conditions of.the drive

arrangement.

20 The present invention allows an all wheel drive
which additional works in a creep mode where only the front

wheels are driven.

The particular drive arrangement for each front
25 wheel drive allows simplified control logic due to the
automatic response of the by-pass valve to changing
hydraulic conditions as opposed to electrically driving
such a by-pass valve to respond to changing conditions.
The particular hydraulic circuit automatically responds to
30 the changing conditions and causes the hydraulic circuit to

appropriately respond.

BRIEF DESCRIPTION QF THE DRAWI

35 Preferred embodiments of the invention are shown in
the drawings, wherein:

Figure 1 is a perspective view of a motor grader:
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Figure 2 1s a top view of a motor grader showing
the tandem and front wheel drives and various sSensors;

Figure 3 is a simplified schematic view of the hydraulic

circult of one of the front wheel drives;

Figure 4 is a schematic view showing the tandem drive and
two separate drives for the front wheel of the grader and a
control arrangement;

Figure 5 is a perspective view of a variable displacement
motor;

Figure 6 1s a sectional view of a varlable displacement
pump ;

Figures 7 and 8 are schematic views of a particular

hydraulic motor for the front wheels;

Figure 9 1s a control logic chart for the all wheel drive
controller;

Figures 10A, 10B and 10C show details of the hydraulic
circuit of the two front wheel drive systems;

Figures 11 through 15 show various conditions of
the bypass valve;

Figure 16 shows the overall all wheel drive logic flow
chart;

Figures 17A and 17B show the logic associated with the
calibration mode of the system;

Figures 18A and 18B show the control logic associated with
the creep mode; and

Figures 19A, 19B and 19C show the control logic associated

with the normal all wheel drive mode.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 schematically illustrates a motor grader 1
having a frame 3, an operator's cab 7, and a motor 9 which
drives a tandem drive 20. The grader has a mold board 5
sugpended beneath the frame and includes front wheel drive

arrangements to either side of the grader.

3
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The top view of the motor grader as illustrated in
Figure 2 has additional components used to control the all
wheel drive arrangement of the grader. Each front wheel
drive system 2 includes a variable output pump 4, a
hydraulic motor 8, which is driven by the pump and drives
the front wheels of the grader, and a condition sensing by-
pass valve 6 associated with the hydraulic motor 8. Brake
and clutch sensing mechanism 28 is shown as well as the all
wheel drive control panel 24 and the transmission control
all wheel drive control module 26.

Each of the front wheel drive systems 2 include
their own accumulating tanks 7 for excess hydraulic fluid.
The grader frame is articulated generally about a point 23
in front of the motor 9. The front wheel drive system 2 1s
duplicated to either side of the motor grader. Each drive
system works independently and one such drive system is
schematically shown in Figure 3. The variable output pump
4 is connected to the hydraulic motor 8 and the automatic
condition sensing bypass valve 6 separates the pump from
the motor. The pump 4 and the hydraulic motor 8 is shown

in greater detail in Figures 5 and 6 respectively.

The controller 34 of the pump receives a current
input signal and based on the current, provides adjustment
output of the pump. The pump is by-directional and
therefore allows the motor to operate in either a forward
Or reverse direction. The pump can also be in a neutral
position where it does not pump any hydraulic fluid. The
hydraulic motor 8 has an operating position where the
pistons of the motor are connected to an output drive
member and a free wheel position where the pistons are
separated from the drive member. In this free wheel

position, the pistons of the motor are biased to a clear
position and the motor can free wheel.
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The automatic sensing bypass valve 6 either renders
the hydraulic circuit to the motor open or closed. In the
closed position, the motor is driven by the pump as a
typical hydrostatic drive, whereas in the open position,
the hydraulic fluid by-passes the motor (to avoid
hydrostatic braking) or supplies hydraulic oil being
outputted by the motor back to the inlet of the motor to

avold cavitation 1n an overdrive condition.

As shown 1n Figure 4, the all wheel drive
arrangement of the motor grader has two separate front
wheel drive systems 2 which work independently of one
another hydraulically, yet are controlled by the controller
40. The controller 40 effectively coordinates the front
wheel drive systems with the tandem drive system of the
grader. The controller receives a number of inputs
including inputs from the sensors generally shown as 42 and
from the operator controller 44. The coordination of the
drive arrangement between the front wheel drive system and
the tandem drive system is simplified due to the automatic
condition sensing by-pass valves 6. In addition if
steering angle and/or articulation angle are sensed, each
pump can be adjusted to provide appropriate aggressive

front wheel drive during cornering.

These bypass valves cause the hydraulic circuit of
each motor 8 to assume a bypass condition when the front
wheels are being driven by the pump at a lesser rate than
necessary to keep up with the drive of the wheels of the
tandem drive arrangement 20. This is often referred to as
a passive mode for the front wheel drive. Basically the
front wheels are being driven by each pump 4, however, the
front wheels are overdriving the motors 8 to keep up with

the movement caused by the tandem drive arrangement.

This 1s a motor cavitation condition that is
corrected by the bypass valve. The automatic condition

sensing by-pass valves 6 produce an open circuit and thus
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protect the motors 8. Basically the motor can overrun as
1f connected to an overrunning clutch which is accomplished
hydraulically. In the event that the tandem drive wheels
start to slip, due to a lose of traction, the overdrive
arrangement of the front wheels will cease and the
automatic condition sensing by-pass valves 6 close due to a
drop in pressure caused by the fact that the motors are not
being overdriven, rendering the hydraulic circuits closed.
The front wheels are then driven by the respective motors
and the front wheels become the dominant traction component
of the grader until such time as the tandem wheels cease to
experience the slip condition. The bypass valves 6 sense
these conditions hydraulically and as the pump is being
operated 1t already has the necessary flow of hydraulic
fluid to drive the motors and it is merely the closing of
the circuit which is accomplished by the bypass valve.

Thus the system rapidly switches from passive to aggressive
front wheel drive while the drive system is a full

hydrostatic system.

The all wheel drive system is also capable of being
driven in an aggressive mode where the front wheels are
over driven relative to the tandem drive. In this
condition, which is a setting inputted by the operator
using controller 44, the bypass valves are closed and the
front drive wheels are active. Basically the pump is
driven to produce a pressure that renders the circuit
closed. The bypass valves still function to help protect
the hydraulic motors 8 even in the aggressive mode. For
example, when the grader is being turned and the motor
speeds are such that one motor is overdriven. This
condition is sensed by the by-pass valve and again, it

operates to protect the motor from cavitation.

Figure 6 shows a cross section of the variable
output pump of which 1s an axial piston pump manufactured
by Sauer-Sundstrand. The pump includes a barrel and piston
rotation arrangement where the pistons slide on a
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swashplate. The swashplate is adjustable and angled to
vary the displacement of the pump. 2An electric
displacement control unit 34 varies the position of the
swashplate. This allows the output of the pump to be

5 tailored to the needs of that particular front wheel.

Figure 7 and 8 i1illustrate a radial piston pump
manufactured by Valmet Hydraulics. Figure 7 shows the
hydraulic motor schematically in closed hydraulic circuit

10 condition. This 1s a low speed high torque radial piston
cam/lobe type motor. 011l ported to the pistons force the
pistons against the cam, forcing the cam to rotate. The

motor housing and wheel rotate with the cam.

15 Figure 8 shows the motor in a free wheeling mode
where the pistons are not in contact with the cam. The cam
housing and wheel rotate freely. This is the condition
when the front wheel drive is off. The hydraulic oil which
1s normally in contact with the pistons that drive the

20 pistons has been drained and is essentially not acting on
the pistons. Spring arrangements and hydraulic pressure

can be used to drive the pistons to the non contacting

position of Figure 8.

25 The bypass valve 6 automatically senses a
cavitation condition of the motor (overdrive condition) and
opens the bypass valve to feed additional hydraulic fluid
to the inlet of the motor. During actual braking or

clutching the bypass valve i1s opened (by movement of the
30 solenoids) such that hydrostatic braking is avoided.

The front wheel drive systems define a full
hydrostatic drive that operates in a passive or aggressive
mode and 1s actually driven in these modes to be available

35 if slippage of tandem drive occurs and the front systems
are 1n passive mode. In such a condition the motors of the
front systems prior to slippage are driven by the

respective motors and additional fluid is provided by the
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bypass valves to avoid cavitation. Slippage of the tandem
drive results in a change in hydraulic pressures and
closing of the bypass valves resulting in front wheel
drive. The pumps are always pumping and the pistons of the
5 motor are 1n contact with theses drive components.
Therefore, the transition 1s accomplished smoothly and

quickly.

Hydrostatic braking is avoided by opening the
10 Dbypass valve whereby normal braking using the tandem
braking continues. A further advantage of the front wheel
drive system is the protection of the hydraulic motors.
The bypass valve automatically senses cavitation conditions

and opens to supply the necessary additional fluid while

15 continuing to be driven

A full hydrostatic front wheel drive system is used
which recognizes that pump adjustment to compensate for
many changing conditions is impractical. The bypass valve

20 provides an automatic clutch like function, provides a
differential function for cornering, provides cavitation
protection, provides passive and aggressive modes in a full
hydrostatic drive, allows the systems to avoid hydrostatic
braking, and maintains the pump and motor in a full

25 function condition for fast return to an aggressive drive
condition. The bypass valve also allows greater

flexibility in changing drive settings on the fly.

In creep mode the bypass valve is preferably closed
30 by adjustment of the solenoids such that a full hydrostatic
drive with hydrostatic braking is provided. The operator
uses the throttle position to accelerate or decelerate.

The tandem braking system remains active and can open the

bypass valve when actuated.
35

Figure 9 shows details of the control logic used

for the all wheel drive arrangement. Each of the pumps are
initially driven to a nominal start value to provide

hydraulic fluid to the motors. Input is received regarding
- 8 -
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the desired front wheel target speed and a comparison is
made between the actual front wheel speed of each drive
wheel system and its own target. If the wheel speed 1is
within a very tight tolerance, the process 1s repeated. If
5 the wheel speed i1is outside this close tolerance and is
within a somewhat less demanding tolerance, then a decision

is made to produce a small size signal correction which is

fed to the controller of the pump.

10 If it is outside this close tolerance, a fuller
decision 1s made whether the pump signal is within upper
and lower limits, and if it is within the upper and lower
limits which define normal operating ranges then a large
signal correction is made. In contrast, 1f the pump is

15 outside the upper and lower limits then a decision is made
to hold the signal at the limit. In this way, upper and
lower limits are set for each pump and different

incremental adjustments are made to the pump signal in
accordance with the condition sensed.
20

The detailed hydraulic circuit of Figures 10A, 10B and 10C
1llustrate various controls of the front wheel drive
systems. On the right hand side of the drawing, a right
pump 4A and a left pump 4B are shown. Right pump 4A is
25 connected to a right side free wheeling valve 31A and a
left free wheeling valve 31B is connected to left pump 4B.
These valves cause each of the respective motors 8A and 8B

to operate in the free wheeling position as shown in figure
8. Each circuit also has the bypass valve 6A and 6B |
30 respectively. The circuits include a common charged pump

which provides a minimum pressure to the systems.

The automatic condition sensing by-pass valves 6
can be better understood from a review of figures 11
35 through 15. Each by-pass assembly consists of two solenoid
operated two position three-way valves, one pilot operated
lpgié element and one shuttle valve. The logic element

(bypass) shifts to either the open or close position

- g -
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depending upon pressure acting on three differential areas.
The solenoids are controlled to determine whether the
device operates in a forward or reverse direction. In
addition, DCV3 and DVC4 will be de-energized when a clutch
or brake is actuated and/or when the all-wheel drive on/off
switch 1s 1n the on position and the grader is in neutral
or i1n 8th gear. The 8th gear is the highest gear and the
all wheel drive 1s not in use in this position. Similarly,
when the grader is in neutral this system is off. The
bypass valve 1s open in 8th gear but the pump and motor are
operating should a shift to 7th gear be made. The

operating parameters of 8th gear cause the valve to open.

Activating the brake or clutch stops the direct
drive of the front wheels. When o0il flows in the motor
through the B port, this defines the forward operation
whereas when oil1l is provided through the A port, this
defines the reverse operation. Basically, the forward
bypass solenold and the reverse bypass solenoid are set by
the operator and similarly the input regarding the brake
and clutch merely de-activate the system. The bypass valve

generally forms the hydraulic equivalent of a sensitive
over running clutch in function.

In a passive mode, the bypass valve receives input
from the motor causing a hydraulic pressure which is higher
than the pressure being provided by the pump. The bypass
valve operates to bypass fluid either side of the motor and
the wheels can merely react to the drive of the tandem
drive without damaging the motor. In contrast, when the
tandem drive starts to slip the front wheels are no longer
over driven causing a reduction in pressure, causing the
pump pressure to be higher and the bypass valve

automatically closes and the pump drives the front wheels.
This is accomplished automatically and quickly.

Figure 12 shows the bypass valve where the all-
wheel drive is switched on and a grader is in neutral. The

- 10 -
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bypass valve 1s shifted to a bypass position due to the
fact the grader i1is i1n neutral and the pump pressure 1s low.

Figure 13 shows the all-wheel drive on with the
grader moving forward. The bypass valve 1is closed and oil

flow 1s directed to the motor.

Figure 14 shows the position of a valve when the
operator actuates the clutch or brake. This results in the

bypass valve being shifted to the open circuit condition.

Figure 15 1llustrates the position of the bypass
valve when the operator makes a right turn. In such a
case, the left wheel is driven faster by the grader and the
full rate of o0il supplied by the pump does not increase as
the wheel speed increases. Drive pressure drops off
eventually to the charged pressure. 01l flow returning
from the motor increases as motor speed increases and this
increase 1in braking pressure causes the bypass valve to
open once the braking pressure is higher than the bypass
valve spring pressure. This allows the left wheel to
assume the correct speed as the output of the motor is
connected to the motor input and then provides the
necessary additional fluid and avoids cavitation. The

pistons remain in contact with the cam and are ready when

the condition 1s removed.

Figure 16 shows the overall all-wheel drive logic
flow chart. 1In this case when the controller is powered
up, 1t looks to see whether there are abnormal conditions
and also checks whether calibration has been performed or
should be performed. It then checks to see whether the
all-wheel drive is on or off and further checks whether it

has been placed in creep mode. In creep mode, the tandem

drive is disconnected and the grader is driven merely by
the front wheels. The maximum creep mode speed is less
than 3 m.p.h. and preferably 2 m.p.h. or less.

- 11 -
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Figures 17A and 17B show detail of the logic associated
with the calibration mode. Figures 18A and 18B show control
logic associated with the creep mode of operation and Figures

19A-19C show detail associated with normal all-wheel drive mode.

10
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35

In the creep mode, the current provided to the
hydraulic pump of each drive system 2 is a function of the
engine RPM. Creep mode is used for very fine finishing
grading. With such grading it is desirable to disconnect
the tandem drive to avoid any scuffing or damage caused by
turning. A large engine RPM range is used to allow the
operator fine control with respect to the particular creep

speed.

The present all-wheel drive arrangement has
recognized that there are vary significant control logic
advantages to having separate drive systems for each front
wheel of the grader. The actual hydraulic flow to each
hydraulic motor can be more precisely controlled by varying
the output of the particular pump. In addition the *
condition sensing bypass valve allows rapid opening and
closing or switching of the hydraulic c¢ircuit between an
opened and a closed configuration. This allows the drive
wheels to assume an active mode when they are in a passive
condition and slippage of the tandem drive occurs. The
automatic bypass valve simplifies the control logic.
Electric control arrangements which operate valves are not
as fast and the sophistication of the control logic is
significantly greater particular in the light of many
different modes and speeds 1n which the system operates.

Although various preferred embodiments of the

present invention have been described herein in detail, it
will be appreciated by those skilled in the art, that
variations may be made thereto without departing from the

spirit of the invention or the scope of the appended
claims.

- 12 -
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An all wheel drive arrangement for a motorgrader
comprising a tandem drive for rear wheels of the grader in
combination with independent front wheel drives for each
front wheel, each front wheel drive comprising a variable
output hydraulic pump powering an hydraulic motor which
drives the front wheel of the vehicle, said hydraulic motor
being connected to said hydraulic pump via a hydraulic
circuit, said hydraulic circuit including a bypass valve
which in one position defines a closed circuit between sald
pump and motor and i1n a second position defines an open
circuit where said motor is isolated from said hydraulic
pump, saild pump including a controller for adjusting the
output of the pump in accordance with input signal; said all
wheel drive arrangement being selectively operable in a
passive mode where said front wheel drives are overdriven by
sald tandem drive or an aggressive mode where sald front
wheel drives tend to overdrive said tandem drive; each front
wheel drive, when said all wheel drive arrangement is in a
passive mode, being normally overdriven by said tandem drive
and sald bypass valve compensates by alternating between said
open and closed circult, said bypass valve automatically
assuming a closed circuit position in the event of slippage
condition of said tandem drive resulting in the temporary
stoppage of the overdrive condition of said front wheel

drives and the active drive of each front wheel drive until

slippage condition ceases.

2. An all wheel drive arrangement for a motorgrader as
claimed in claim 1 wherein said bypass valve of each front
wheel drive automatically assumes said closed circuit based

on changes 1n hydraulic fluid pressure of said hydraulic
circuit.

3. An all wheel drive arrangement for a motorgrader as

claimed in claim 2 wherein said arrangement includes an

- 13 -
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arrangement for setting different levels of passive and

aggressive modes.

4 . An all wheel drive arrangement for a motorgrader as
claimed in claim 2 wherein said drive arrangement includes a

creep mode where only said front wheel drives are operative.

5. An all wheel drive arrangement for a motorgrader as
claimed 1in claim 4 wherein salid creep mode has a top speed of

less than 3 miles per hour.

6 . An all wheel drive arrangement for a motorgrader as
claimed in claim 2 wherein said front wheel drives when turned

off cause said motors to assume a free wheel condition.

7. An all wheel drive arrangement for a motorgrader as
claimed in claim 1 wherein said drive arrangement includes an
electrical controller which cooperates with a series of
sensors to assess speed parameters of the drives of the grader
and adjust each input signal to each pump as a function of

sensed conditions.

8 . An all wheel drive arrangement for a motorgrader as
claimed in claim 7 wherein said controller receives operator
instruction signals which determine a desired drive condition
and said controller adjusts each input signal based on said

desired drive condition and said assessed speed parameters.

9. An all wheel drive arrangement for a motorgrader as
claimed 1n claim 8 wherein said assessed speed parameters

include sensed front wheel speeds.

10. An all wheel drive arrangement for a motorgrader as
claimed 1in claim 1 wherein said bypass valve of each front
wheel drive senses actual hydraulic conditions of said
hydraulilc circuit and responds thereto to determine and

produce the open or closed circuit condition.

- 14 -
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11. An all wheel drive arrangement for a motorgrader as
claimed 1n claim 10 each front wheel drive i1ncludes 1ts own

input signal which determines the output of the respective

pump .

12. An all wheel drive arrangement for a motorgrader as
claimed 1n claim 11 wherein each bypass valve allows the motor

to be overdriven without cavitation to form the hydraulic

equivalent of an overrunning clutch.
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Figure 9
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Figure 10C

¥

OlL FLOWS QUT THE
PUMP A" PORT
FOR FORWARD

OPERATION

AWD Hydraulic Schematic
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Figure 11

Fwd Bypass Solencid LH (DCV3)

~ Left Side Motor Bypass
Valve Assembly

Oit flows in the motor Al=1
"B" port for forward
operafion
Rev Bypass Solenoid LH (DCV4)

Bypass Valve ( logic element )
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Figure 12

) AWD Switch is *ON" and the grader is in neutral
- Fwd Bypass Solenoid LH (DGV3) is de-energized
- Rev Bypass Solenoid LH (DCV4) is de-energized

- The Bypass valve is shifted to the "bypass’, position
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Left Motor

Oil flows in the motor
'B" port for forward

operation
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Left Side Motor Bypass
Mg  Valve Assembiy
____________ -
2 Eoward /|
(VAT YA

¥
k3L

1

Chare pressure
Tank pressure

Kl !-L
1

Weve rse *

R

- e o o N

Charge pressure = 400 PSI

Bypass Valve Open
- gg?lsg at charge pressure - 400

PS!
- port 1 at charge pressure - 400

- port 3 at tank pressure
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Figure 13

2) Machine drving forward with the AWD "ON"

- Fiwd Bypass Solenoid LH (DCV3) is energized and shitied
- Rev Bypass Solenoid LH (DCV4) is de-energized
- The bypass valve will be closed and oif flow will be directed fo the motor

i E Left Side Motor Bypass

|| e e Veehsenty B eOm

E E ! 2'"Fo_n;efrd'"i ! ‘P0“3a”500P|§|3|

o] '

' B : i l

GZ : | ISELIE: |

\ : i Bly |2 b Shutlle Valve Shifted
leftMolor | | ¥ |
U s iirmeesst |

Ol flows in the motor ! LI i .

nBu pon fOI fomard i_ 2 e o o o o oo om : : DHVB prSSUfe - 1500 PS!

operation A —

Retum from Motor - Charge pressure = 400 PS

Driving pressure

(harge pressure
Tank pressure
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Figure 14

3) Grader is driving forward and the operator actuates the clutch or brake:

- Fwd Bypass Solenoid LH (DCV3) is de-energized
- Rev Bypass Solenoid LH (DCV4) remains de-energized
- The Bypass valve is shifted to the "bypass”, position

Left Side Motor Bypass Bypass Valve Is Open

E | wal |M3  ValveAssembly - port 2 at drive pressure = 1500 PS|
, ' l- and decay'
i : | - port 3 at fank pressure
| : | - port 1 charge pressure = 400 PS|
N 6oL
7|
|
Lef MotorA ! i GAL
Ol fows inhemotor | Dive pressure = 1500 PSI-
"B port fo forwrd ] this decays to charge pressure
operation Al

Retum from Motor - Charge pressure = 400 PS!

Driving pressure - decaying
Charge pressure
Tank pressure
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Figure 15

4) Grader is driving forward and the operator makes a night tum ;

- Fwd Bypass Solenoid Lr (DCV3) is energized -

- Rev Bypass Solenoid LH (DCV4) remains de-energized

- Left wheal is driven faster by the grader - the fiow rate of oil supplied by the pump does
not increase as wheel speed increases - drive pressure drops off ( eventually fo charge
pressure) - O flow “refuming from the motor increases as molor speed increases - this
Increases " braking * pressure. - the bypass valve will open once * braking " pressure is
higher than the bypass valve " spring * pressure.

Left Side Motor Bypass __ Bynass Valve Is open
MR Valve Assembly - port 2 at charge pressure - 400 PSI

o -port3 at charge pressure - 400 PS
-port 1 &t 'brakrgee' pressure - 481 PSI

mr-———ﬂ—-—-

S B ok G Gy S Sy AR et Y AP AP ED S B WS == fn =

apy oUW o sy s e Gl Iy QF a9 S & aE I S e aF e ma Ywm e @G Roy A oTe
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|
| r
| my
. : A 4 GBL
Gi‘ | "
o || |
Lef MOiorA | | GAL
| er g M- |
: Weverse; |
Oil fiows In the motor ! 5 o E | Diive pressure = Charge
B portiorforward T i\, pressure = 400 PSI
operation N B L —

Retumn from Molor - "Braking” pressure = 481 PSI

Driving pressure - Charge pressure = 400 P

———— "Braking’ pressure = 481 PSI
Tank pressure
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Figure 16
OVERALL AWD LOGIC FLOW CHART

Controller Powered Up + 24Vdc

Abnormal
Conditions Checks
( see Section 5.0)

The Controller continuously checks tor
abnormal conditions.

Abnormal Condition
Response
See Chart #4

Abnormal
Condition ? Yes

If Calibration has not been performed,
No the default calibration current shall be

47.4 mA
Go To "Calibration
Yes Mode’ Flow Chart #1) B

Calibration
Mode
Selected ?

No

AWD drive system
gwgho%fN Off’ . No is OFF - Operate per
Wi | Table #1

Yes if Cree
Creep

RAMOde is already active - see
ode Flow Chart # 2

Creep
Mode Switch

Pushed ?

N Go To "Normal AWD A
0 Mode" Flow Chart #3

Go To "Creep Mode'
Yes Flow Chart # 2 C
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Turn on AWD while .
holding creep mode Figure 17A

switch for 5 seconds CHART # 1 CALIBRATION MODE

Flash *CA" on display
defauli trans.
toF1&R1

No

Istrans. inF1 &
machine moving ?

Yes 1 Engine RPM calibration

Check engine speed (altemator)
signal to trans. output speed signal
and determine model

Speed sensor calibration
(accounts for gear ratios
and fire differences)

Compare each front wheel
speed to the transmission output speed
to determine the equal speed ratios

Energize free wheeling
solenoid (DCV2) -- power mode

75 sec. delay
( systemfill )
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Output 47.4 MA current to EDC
fwd LH & energize fwd bypass
50l (DCV3)

Adjust EDC fwd LH pump signal
untit left wheel is over drving
4%

Stop flashing CA display F1
and jump to AWD normal
operating mode

Figure 17B

Pump calibration

(accounts for system
efficiency)
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