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Steering System
Components
EH Proportional
Loadsensing 
Steer Valves

Description

EH proportional steer valves
are commonly used for GPS
steering, joystick steering,
and autoguidance.

This is achieved by a
manifold containing a shuttle
valve, a counterbalance
valve, and a KDG
proportional control valve.

Model Code
Description

DSV2-8
Shuttle Valve

CBV2-10
Counterbalance Valve

KDG4V3S
Proportional Control Valve

(For more information see
Vickers® Screw-in Cartridge
Valves Cat. V-VLOV-MC001-E2
and Vickers Proportional
Valves Cat. 539.)

Features / Applications

• features counterbalance
valves on the turn ports
to minimize leakage and
improve stability. The
counter balance valves
make it particularly
suitable for articulated
machines and machines
with hydraulic Tie Rods
- such as sprayers. 

• The valve also features
a load sense drain and
shuttle checks to
resolve the load signal
with the steering
Orbitrol, making it
suitable for use in
Dynamic or Static 
signal systems.

SPECIFICATIONS

Max. System Pressure 210 bar [3000 PSI]
Rated Flow (@5 bar 
[72.5 PSI] single pass) 19 l/min [5 GPM]

Ordering Information
Choose one of the Part Numbers with different Port Options.

Ports

Part Number P,T R, L LS

5991008-001 3/4-16 UNF 3/4-16 UNF 7/16-18 UNF
5991010-001 M18 x 1,5-6H M18 x 1,5-6H M12 x 1,75-6H
5991012-001 3/4-16 UNF 9/16-18 UNF 7/16-20 UNF
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Steering System
Components
Four Wheel Steer
Switching Valves

Description

Four Wheel Steer Switching
Valves provide three different
types of steering by
energizing and de-energizing
two DG4V-3 valves. DG4V-3
valves are high performance,
solenoid operated directional
control valves.

• Two Wheel Steering:
Energize Solenoid S1

• Four Wheel Steering:
Energize Solenoid S2 + S3

• Crab Steering: Energize
Solenoid S2 + S4

(For more information on
these two valves, see
Vickers® Solenoid Operated
Directional Valves Cat. 
GB-C-2015.)

Applications

• Telehandlers

• Sprayers

• Rough terrain Cranes

• Backhoe Loaders

Ordering Information

1. Reference Assembly
Number: 02-411452

Coil Rating
12V DC

Ports A, B, P, T
3/4-16 UNF

2. Choose Coil Rating: 
12V DC
24V DC

3. Specify Ports if different
than above PN.

DG4V-3 Solenoid Operated Directional Valves

SPECIFICATIONS

Rated Flow 80 l/min [21 GPM]
Max. System Pressure 210 bar [3000 PSI]
Internal Leakage when A or B 
pressurized in two-wheel drive 40 ml/min 
(@200bar, 50ºC) [2.44 in3/min]
Pressure drop (@45 l/min [12 GPM])

Two Wheel Steering 5 bar [72.5 PSI]
Four Wheel Steering 20 bar [290 PSI]
Crab Steering 20 bar [290 PSI]

Electrical Connection Type AMP

FRONT 

BACK 

S 2 

S 3 

B 

P 

P 
T 

T 

L 

R 

A 

S 4 

S 1 
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Steering System
Components
Flow Divider
Valves

P
R

IO
RIN

O
U

T

Excess
Flow

Controlled
Flow

P

In

A B

Return

Inlet Controlled
Flow

Model 32306 Priority 
Flow Divider

Specifications
Rated Input Flow 96,6  l/min 

[25 GPM]
Rated Pressure 172,4 bar 

[2500 PSI]
Max. Pressure Drop 

Through Valve at 
Rated Input Flow 4,5 bar [65 PSI]

Model 32501 Proportional
Flow Divider

Specifications
Rated Input Flow 113,6  l/min 

[30 GPM]
Rated Pressure 172,4 bar 

[2500 PSI]
Max. Pressure Drop 

Through Valve at 
Rated Input Flow 8,6 bar [125 PSI]

Model 32700 Variable Priority
Flow Control

Specifications
Rated Input Flow 75,7  l/min 

[20 GPM]
Rated Pressure 172,4 bar 

[2500 PSI]
Max. Pressure Drop 

Through Valve at 
56,8 l/min [15 GPM] 
Input 4,0 bar [48 PSI]

Max. Controlled 
Flow 36,0  l/min 

[9.5 GPM]
Controlled Flow 

Adjustment 
Range 5,7 - 36,0  l/min 

[1.5 - 9.5 GPM]
Relief Valve Factory

Setting 151,7 bar 
[2200 PSI] at 36,0
l/min [9.5 GPM]

Comprehensive Flow Divider
Description

(see Eaton Flow Divider
Catalog E-VLFL-MC001-E)
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Steering System
Components
Brake Valve

Eaton Hydraulics’ load-
sensing brake valve makes
power brakes an economical
and efficient feature on lift
trucks.

While power brakes in lift
trucks can aid productivity,
incorporating them into lift
trucks has traditionally been
expensive. The need for
additional flow meant extra
plumbing, plus the addition
of a dedicated pump or 
a high pressure accumulator
for the brake circuit. The
increased system size also
meant extra demand on the
engine, resulting in reduced
fuel economy.

The Eaton brake valve
provides a better solution.
Used in conjunction with
load-sense steering and a
priority valve, it can work
with an existing system. A
dedicated flow source is not
required. It also ensures that
brakes and steering have
priority over the hoist circuit.

Eaton’s new brake valve has
a shuttle in the sensing port
which allows the priority
valve to determine whether
brakes or steering require
higher pressure. 
The priority valve then shifts
to provide adequate flow and
pressure for the function
with the greatest needs. An
integral pressure-
compensated flow limiter
provides low flow for brake
modulation. This feature of
the brake valve allows
simultaneous braking and
steering without steering
interruption or pedal kick.

The design of the circuit also
increases efficiency. The
control flow line of the
circuit is connected in
parallel to both the brake
valve and the steering unit.
Thus, brake and steering
pressures are not additive
during simultaneous
operation. The existing
steering pressure is usually
enough to provide full power
braking.

Another feature of the Eaton
brake valve is that it
accommodates dead engine
braking. The valve contains a
large internally cored area
that acts as a reservoir,
providing oil for brake
actuation in the manual
mode. The valve design
allows the volume and
pressure required for manual
braking to be generated
without excessive pedal
force. Thus, the load-sensing
brake valve offers the
benefits of powered brakes
and manual brakes in a
single package, eliminating
the need for an accumulator.

IN

PS

SS

W

T

Features

• No dedicated pressure source (separate pump or 
accumulator) required when the Eaton Power Brake
Valve is used

• Reduces plumbing requirements

• Efficient—no parasitic loss

• Self-contained compact package

• Two-stage master cylinder with built-in reservoir
provides dead-engine braking

• Lower input efforts and reduced pedal travel 
for braking

• Optional pilot operated check valve

Specifications—Valve
Max. Rated Pressure 205 bar [3000 PSI]
Rated Flow 11 l/min [3.0 GPM]

For more information, contact Eaton Mobile Valves team.
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Steering System
Components
T Series Hydraulic
Motors

Char-Lynn T Series low speed, high torque Geroler motor
developed with low speed/low leakage valving specifically
for steering applications (see Catalog E-MOLO-MC001-E2
Low Speed High Torque Motor page B-4-10 Code AB,
Position 11-12).

Pressure Capability
Continuous 155 bar [2250 PSI]
Intermittent 190 bar [2750 PSI]

Speeds up to 1055 RPM
Torque

Continuous 440 Nm [3905 lb-in]
Intermittent 510 Nm [4515 lb-in]

11 Displacements 36 cm3/r [  2.2 in3/r ]
to 370 cm3/r [22.6 in3/r ]

R  

LT

Motor

PumpHydraulic
Reservoir

Electric
Propel
Motor

Steered Wheel
Gear or Chain Drive

Steering work
lines (switch
lines to 
reverse
steering)

Geroler steering motor
(displacement determines
working pressure for
required torque)

Steering control unit
(displacement determines
turns lock to lock for a given
motor displacement)

Comprehensive T Series Motor Description

(See Char-Lynn General Purpose Motors H, S, T Series 
Catalog E-MOLO-MC001-E2)
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Sizing and
Application—
Ackermann Type
Steering

E
B

F

r

S

W

V
A

T

A

W
eight

Minimum
Effective
Radius Arm

Actual
Length

Radius Arm

Kingpin

0.7

0.6

0.5

0.4
f

0.3

0.2

0.1

0.2 0.4 0.6
E/B

Typical values based
on rubber tired vehicles on
dry concrete.

0.8 1.0 1.2

T   = w • f

T   = Total Kingpin Torque required to steer axle.

W  = Vehicle Weight supported by the steered axle.

 f    = Coefficient of friction (dimensionless). Based on 0.7 as a
          Maximum. Determine from chart at left.

B   = Nominal width of the tire print (see diagram above).

E   = Kingpin Eccentric (use nominal tire width).

B2

8 +  E2

Step One:
Kingpin Torque
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Sizing and
Application
Ackermann Type
Steering Continued

Differential Cylinder Cross Connected Cylinder

Balanced Cylinder Opposed Cylinder

D   = 4A +  d2

D   = 2A d2

2
+

D   = 4A

D   =
D

4A + d2

d

Note: d
D

.15
2(  )(  )

Step Two:

Force Required

F = T
r

F = Force required for the axle.
T = Kingpin torque as determined in Step 1.

The value calculated in Step 1 is the total torque for the
axle. If the steered axle is power driven, double this value
to approximate the additional dynamic loads.

r = Effective radius arm about the kingpin axis at which 
the cylinder force is applied. The effective radius is the
minimum distance from kingpin to the axis of the cylinder
… not the actual length of the arm.

Cylinder Area

A = F
P

A = Cylinder area for the axle cylinder set.
F = Force required
P = Hydraulic pressure
For vehicle with a steered axle that can never be overloaded 
use 80% of the steering circuit relief valve setting. For
moderately loaded vehicles use 60%. For vehicles that can be
severely overloaded use 30%.

Cylinder Diameter

Once the required cylinder 
set area is determined, the cylinder diameter can be calculated.
D = Inside diameter of cylinder.
d = Rod diameter as required.

Cylinder Stroke

S = Stroke Length
The cylinder stroke is determined by axle geometry. That is, the
required stroke is a function of the radius arm and the total
angle through which the arm turns.

d2V  = S x
4

2D2  —Cross Connected
Cylinder

d2V  = S x 
4

D2  — 
Differential Cylinder
(Small Volume or
Balanced Cylinder)

V  = S x 
4

x   D2Differential Cylinder
(Large Volume)

Cylinder Volume V = Volume   V = S x A

(       )(       )
(       )(       )

The volume of oil required to move cylinder rod(s) through
the entire stroke. 
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Sizing and
Application
Ackermann Type
Steering Continued

Step Three:

Selecting Steering 
Unit Displacement

Before proceeding further, a decision must be made as to the
number of steering wheel revolutions desired for the application
to steer the axle from full one side to the other. Depending on
vehicle usage, this will vary, normally 2 1/2 
to 5 1/2 with 4 being a good typical value

Displ. = V
N

V = Volume full stroke
N = number of steering wheel revolutions lock 

to lock
Once this calculation is 
complete, select the closest standard steering unit displacement
from the catalog information.
Now the number of steering wheel revolutions should be
recalculated.

N = V
displ.

displ. = Steering unit displacement per revolution. 
Note: for different cylinder applications, the cylinder volume will
be different for right and left turns and the value N will vary
accordingly.

Step Four:

Calculating Required 
Pump Flow

Pump sizing is important to assure adequate power for steering
under all operating conditions. The required pump flow can be
calculated by the following equation.
QP = Rmax. x displ.
QP (L/min): Required pump flow.
Rmax  = Max. steering wheel input of steering control

unit (SCU).
displ. = Displacement of steering control unit per

revolution. 
Before proceeding to evaluation required pump flow the
maximum required steering wheel speed must be determined.
Typically 120 revolutions per minute (RPM) is used for Rmax.
• It is important at engine 

low idle condition that the maximum steering wheel speed
should be more 
than 60 rpm.

• For engine normal idle 
condition, maximum steering wheel speed should be more
than 
100 rpm if possible.

• When using open center SCU connected with pump directly,
maximum pump flow should be less than 
1.4 times of SCU rated 
flow. Higher flow into SCU increases pressure-loss of the
steering system. If higher flow is unavoidable, install a flow
divider valve into the system or use a load sensing system. 
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Sizing and
Application
Articulated Type
Steering

Forward

E1

E2

B1

B2
C2

C1

S1

OS1

OS2

CG1

CG2

Twin Cylinders with a Dual Wheel Set

Forward

E1

E2

B1

B2
C2

C1

S1

OS1

OS2

CG1

CG2

Twin Cylinders with a Single Wheel Set

Eaton’s Hydraulic Division
has developed a computer
program to assist articulated
vehicle designers with 
a steering system analysis.
This analysis can provide
basic system sizing,
pressure requirements or a
complete system analysis
including dynamic
characteristics.

This analysis is intended to
be used as a guide only and
is not to be used solely as
the final determination of
system design. Other
factors and variables will 
have to be considered.

To receive output from this
program, provide 
the required information by
using the form on 
the following page. 

Contact an Eaton Hydraulics 
Division Sales Representative
or send it to:

Marketing Product
Manager—Steering 
Eaton Hydraulics
14615 Lone Oak Rd.
Eden Prairie, MN 55344
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Sizing and
Application
Articulated Vehicle
Steering Analysis

Manufacturer __________________________________________________________________________________________________________

Vehicle Type____________________________________________________________________________________________________________

Model Number ________________________________________________________________________________________________________

Completed By ____________________________________________________________________________ Date________________________

Indicate Unit of Measurement Used ______________________________________________________________________________________

Clip out this form or photocopy when needed.

1. Turns Lock to Lock ____________________________________

2. Time Lock to Lock ____________________________________

3. Max. Steering Wheel RPM ______________________________

4. Cylinder Rod Diameter__________________________________

5. Cylinder Bore Diameter ________________________________

6. Cylinder Stroke ________________________________________

7. Pump: GPM Hi Idle ____________________________________

GPM Lo Idle __________________________________________

8. Steering Relief Pressure ________________________________

9. Auxiliary Relief Pressure ________________________________

10. Hydraulic Schematic (attach) ____________________________

11. B1 __________________________________________________

12. B2 __________________________________________________

13. C1 __________________________________________________

14. C2 __________________________________________________

15. E1 __________________________________________________

16. E2 __________________________________________________

17. S1 __________________________________________________

18. Weight - Front Axle 
Unloaded ____________________________________________

19. Weight - Rear Axle 
Unloaded ____________________________________________

20. Weight - Front Axle 
Loaded ______________________________________________

21. Weight - Rear Axle 
Loaded ______________________________________________

22. Articulation Angle (lock to lock) __________________________

23. Steering Circuit Line Size, Lengths, Type, Location (please
note on schematic ref. 10.) ______________________________

24. Is Steering Through Brakes
Statically Required? ____________________________________

25. Are Locking Differentials Used?
Front ________________ Rear ______________Both______________________

26. Is There A Differential Between the Front and Rear 
Differentials? Yes ______________ No __________________

27. CG1 (Center of Gravity) ____________________________________

28. CG2 (Center of Gravity) ____________________________________

29. OS1 (Operator Seat)____________________________________

30. OS2 (Operator Seat)____________________________________

31. Weight - Front Bogey ______________________________________

32. Weight - Rear Bogey ______________________________________

33. I1 Mass Moment of Inertia (about CG1)
Front ______________________________________________________

34. I2 Mass Moment of Inertia (about CG2)
Rear__________________________________________________

35. Tire Size ______________________ Pressure ______________________
Width ____________________________Ballast ________________________

Note:

1-10 Should always be completed; this information is needed for
basic steering system sizing.

1-26 Needed for sizing and an analysis of steering pressure
characteristics.

1-35 Needed for a full steering system analysis including
dynamic characteristics.
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