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ABSTRACT OF THE DISCLOSURE 
A steering cushioning device for an articulated vehicle 

steered by a hydraulic cylinder that avoids shock as the 
two vehicle frames reach the steering limits. The angle be 
tween frame center-lines is sensed by one or other of a 
pair of slidable rods mounted on one frame and project 
ing into engagement with the other frame. Rod movement 
is transmitted to a control valve to stop further steering 
action. 

mamm 

This invention relates to improvements in articulated 
type vehicles, that is to say vehicles formed of two frames 
each mounted on a respective pair of road wheels, the 
two frames being pivotally connected together about a 
generally vertical axis of articulation for the purpose of 
steering the vehicle. Such vehicles are commonly used in 
the logging industry. 
To steer the vehicle the angle between the frames at 

the axis is varied in a controlled manner. A common way 
of achieving this control is to use a hydraulic piston and 
cylinder assembly, the cylinder being double-acting and 
being pivotally secured to one frame, while the remote 
end of the piston is connected to the other frame. The line 
of action of this steering assembly is displaced laterally 
from the axis of articulation, so that expansion or con 
traction of the steering assembly will have the desired 
steering effect. In some installations two such piston and 
cylinder assemblies may be employed. The supply of hy 
draulic fluid to the cylinder or cylinders is under the con 
trol of one or more steering valves. Such valves means is 
typically provided with a control level or steering wheel 
which the operator moves in one direction to modify the 
frame angle to steer more to the right and in the other 
direction to modify the frame angle to steer more to the 
left. When centered, the lever or wheel will neither sup 
ply fluid to each hydraulic cylinder nor allow the escape 
of any fluid therefrom, so that the frame angle whatever 
it may be will remain unchanged. Thus, if the operator 
moves his steering lever or wheel into a first position and 
leaves it in this position (or in the case of a spring-cen 
tered lever or wheel, holds it in such position), the angle 
between the center-lines of the frame will continue to 
diminish on one side of the vehicle and the vehicle will 
steer more and more to that side. Obviously, this articu 
lation movement cannot be permitted to continue indefi 
nitely, and for this reason it is customary to provide 
fixed stops on the frames to limit the steering movement. 
Typically, such stops might be located so as not to allow 
the angle between the center-lines of the frames to be 
reduced on either side to less than a value somewhere 
within the range of about 130 to 140. 
While such stops generally operate satisfactorily to 

limit the degree of articulation of the vehicle, they have 
the disadvantage that a substantial shock occurs each 
time the stops engage each other. Considerable effort has 
been given to the development of stops that would cush 
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2 
ion the impact. Ruber pads, springs and hydraulic cush 
ions have been tried, but none have proved fully satis 
factory, apart from the fact that they add considerably 
to the cost of manufacturing the vehicle. In addition the 
shock has undesirable effects on the hydraulic system, as 
will be more fully explained below. 
The object of the present invention is to avoid this 

shock and, as a result, both to add to operator comfort 
and generally to increase the life of certain critical parts 
of the machine, particularly the hinge pins and their bear 
ings. Avoidance of shock would also have the effect that 
hydraulic pressure surges would be reduced, which in turn 
would tend to reduce wear on the relief valves and the 
hydraulic system generally, in a manner that will also be 
more fully explained below. 

In addition, the installation and alignment of the com 
paratively heavy mechanical stops that have been needed 
is a costly and time consuming item in the manufacture 
of a vehicle of this type, and a further object of the in 
vention is the elimination or simplification of these stops. 

Another problem encountered with conventional sys 
tems is that operators do not always center the steering 
control when the stops make contact. To provide for this 
contingency, it is conventional to provide the hydraulic 
system with relief valves which blow off if the valve is 
held in one of the steering positions after the stops have 
engaged. Such a blow-off action may, however, typically 
represent the dissipation of twenty to thirty horsepower, 
which energy has to be absorbed as heat in the hydraulic 
oil. Therefore, such a blow-off action if prolonged, sub 
jects the hydraulic system to very severe service, more 
specifically, excess heating. Another object of the inven 
tion is the avoidance of this disadvantage. 
To this end the invention in its preferred form con 

sists of means for sensing reduction of the frame angle, 
i.e. the angle between the frame center-lines on either 
side of the vehicle, to a predetermined value (namely 
the minimum values, say 135, which corresponds to the 
maximum steering angle desired, e.g. 45), such sensing 
means being connected to the steering valve means so 
as in effect to center the same, as soon as this predeter 
mined frame angle has been reached, thus preventing 
any further reduction of such frame angle. While in the 
preferred form of the invention the sensing means is 
combined with a steering mechanism of the type having 
at least one hydraulic cylinder and a hydraulic control 
valve, it will be apparent that, in its broad scope, the 
invention is also applicable to other forms of steering 
mechanism. The essence of the invention is to eliminate 
the shock of checking the frame steering movement by 
stops, and indeed normally to eliminate the need for 
these stops altogether. 

In the preferred form of the invention, the sensing mech 
anism takes the form of a pair of rods slidingly mounted 
parallel to each other on the frame on which the steering 
valve is mounted and arranged to project towards a 
plate on the other frame. This plate is so shaped that, as 
the frames pivot relative each other, the plate eventually 
comes to bear against the rod on the side to which the 
vehicle is turning. This action, which becomes fully effec 
tive only as the frames near their maximum turning posi 
tion, causes the acted-upon rod to be moved relative to 
its mounting. This rod movement is transmitted to the 
control valve system to center the same, thus stopping 
further relative turning of the frames. This action can be 
made to take place gradually over the last few degrees 
of turning of the vehicle frames, so that no sudden change 
of hydraulic conditions and no sudden and positive me 
chanical arresting of the turning movement occurs, mere 
ly a smooth deceleration. Since the rod movement actu 
ally returns the valve to its central position, the operator 
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is unable to hold the valve in, or move it towards, a posi 
tion that would continue to increase the frame turning 
action in the same direction. 
Another advantage of the present invention arises in 

connection with the effect of the vehicle striking an ob 
stacle. For example, assume that one end of a bulldozer 
blade fitted to the front of the vehicle strikes an obstacle 
when the vehicle is in the maximum turned condition, the 
end of the blade engaging the obstacle being such as to 
tend to increase the turning angle (i.e. decrease the angle 
between frame center-lines). With the conventional stops 
no cushioning is available and a severe shock effect is 
suffered. However, with the present invention, a cushion 
ing effect is available, since it is usual to provide relief 
valves in the hydraulic system, that will allow the steer 
ing cylinder to yield somewhat, and there are no stops to 
place an absolute limit on the turning angle. In the ab 
sence of positive stops, the vehicle is free to oversteer 
a few degrees in response to this type of mechanical shock 
load. Such oversteering will still further deflect the sensing 
rod, which will then act on the control valve to correct 
the oversteering. 

It is believed that the various features and advantages 
of the invention will be better appreciated from the ac 
companying drawings which illustrate various forms there 
of, it being understood that the features of the machine 
illustrated are shown by way of example and not of 
limitation, the broad scope of the invention being defined 
in the appended claims. In the drawings: 
FIGURE 1 shows a fragmentary perspective view of 

an articulated vehicle modified in accordance with the in 
vention; 
FIGURE 2 is a larger scale perspective view of the 

sensing mechanism of FIGURE 1; 
FIGURE 3 is a section on III-III in FIGURE 2; 
FIGURES 4a and 4d are diagrammatic plan views of 

FIGURE 2, showing various positions; 
FIGURE 5 is a central section on the control valve 

used in FIGURES 1 to 4; 
FIGURE 6 is a diagrammatic perspective view of an 

alternative embodiment of the invention in a first posi 
tion; and 
FIGURE 7 is a view similar to FIGURE 6 in a second 

position. 
The vehicle shown fragmentarily in FIGURE 1 com 

prises a front frame 10 and a rear frame 11 joined to 
gether by pins 12 and 13 which serve to articulate frame 
members 14, 15, 16 and 17, 18, 19 together. Both frames 
have a pair of road wheels 9. The steering assembly 
is shown simply as a double-acting cylinder 20 and piston 
21, pivotally connected by pins 22 and 23 to the respec 
tive frames. Steering control valve 24 is operated by a 
lever 25 by an operator who occupies seat 26. Many 
other conventional parts, including casing members, have 
been omitted for clarity. Hydraulic hoses 27 and 28 ex 
tend to the cylinder 20, and a source of hydraulic pres 
sure associated with the engine 29 is conveyed to the valve 
24 by conduits that are not shown. The parts so far 
described are conventional. 
The sensing mechanism is better seen from FIGURE 2 

and comprises a pair of detector rods 30 and 31 slidingly 
mounted in a bracket 32 which is secured to the front 
vehicle frame 10. The free ends of the rods 30, 31 project 
towards the plate 14 for cooperation therewith, while their 
other ends are pivotally connected to respective ends of a 
rocking bar 33 that is centrally pivotally mounted at 34 
on the bracket 32. Movement of the bar 33 is detected 
by a third rod 35 which is pivoted at one end to the bar 
33 at 36. The other end of the rod 35 engages pivotally 
in a plate 37 (see also FIGURE 3) which is freely pivot 
ally mounted at the end of a shaft 38. The plate 37 in 
cludes lugs 39 bearing adjustable screws 40, the inner 
ends of which screws project towards a projection 41 
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4 
of the rod 35 is translated into rotational movement of the 
shaft 38, with a lost motion the amount of which depends 
on the setting of the screws 40. 
The steering lever 25 is secured to the shaft 38 to turn 

with it, and a downward forked projection 42 (FIGURE 
5) from the lever 25 engages a pin 43 at the end of a 
spool 44 of the control valve 24. 
FIGURE 4a shows conditions with the vehicle in con 

dition for straight travel, i.e. the angle A between frames 
at 180°, and with the valve lever 25 in central position. 
FIGURE 4b shows the lever 25 pushed forward for steer 
ing left, which action, after the lost motion has been ab 
sorbed, moves the left hand rod 31 rearwardly towards, 
but not into engagement with, the plate 14. As the steer 
ing cylinder 20 turns the frames in response to the control 
valve 24 (FIGURE 4c), the plate 4 contacts the rod 31 
at a frame angle A. Continued turning to the left results 
in the rod 31 being pushed back towards its original 
position by the plate 14. FIGURE 4d shows the "steering 
checked' condition, for which purpose the rod 31 has been 
moved back by the plate 14 slightly beyond its original 
position, in order to center the valve 24, having regard to 
the lost motion. The frames now define their minimum 
angle A' (Say 135°). This frame angle is the minimum 
normally achieved, except for any temporary further re 
duction in the value of this angle that may take the form 
of forced oversteering, resulting from the vehicle striking 
an obstacle. Such oversteering will cause movement of the 
valve 24 towards the "steer right" condition (correspond 
ing to backward movement of the lever 25) to correct 
the oversteer. 

It is believed that it will be evident that movement from 
the FIGURE 4c to the FIGURE 4d position (and indeed 
also any oversteer beyond the FIGURE 4d position) will 
cause gradual movement of the control valve and hence 
a steady change of condition with comparatively shockless 
arresting of the turning movement of the vehicle. 
The control valve 24 is conventional, but for complete 

neSS has been shown in FIGURE 5, and will now be 
briefly described. Pressure hydraulic fluid is received from 
a pump at the engine in ports 50, while port 51 vents to 
the reservoir on the low pressure side of the pump. Outlet 
52 connects to hose 28, outlet 53 to hose 27. For a left 
turn the spool 44 is removed to the left in FIGURE 5, 
allowing pressure fluid from the right hand port 50 to flow 
through passageways 54 to outlet 53 and thence through 
hose 27 to expand the cylinder 20. At the same time the 
other end of the cylinder 20 is allowed to vent through 
hose 28, outlet 52 and passageways 55 to port 51. The 
reverse conditions apply for a right turn. While the draw 
ing shows a series valve with an open-centre circuit, there 
may with equal utility be used a pair of parallel valves 
with closed-centre circuits. 
The second embodiment shown in FIGURES 6 and 7 

employs a steering wheel 60 controlling a main hydraulic 
valve 61 to which fluid pressure from supply 62 can be 
directed to a selected one of a pair of diverter valves 63, 
64 and hence to a respective end of the cylinder 20. Rods 
30, 31 are provided, as before, for movement by the plate 
14, although in this case each rod has an individual re 
turn spring 65, 66 and acts directly on a respective valve 
63, 64. 
FIGURE 6 shows conditions as a right turn is initiated. 

The wheel 60 is rotated clockwise to cause the valve 61 to 
admit pressure fluid from supply 62 through line 67, 
diverter valve 63 (still in normal position) and line 68, to 
one end of the cylinder 20 to steer the vehicle to the right. 
From its other end the cylinder will exhaust through line 
69, valve 64, line 70, main valve 61 and line 71 to 
reservoir. FIGURE 7 shows conditions when the desired 
frame angle has been reached, plate 14 forcing rod 30 to 
actuate the valve 63 to divert the pressure fluid received 
from line 67 to line 72 which leads to the reservoir. With 
the parts in this position, no further steering effect is 

secured to the shaft 38. In this way, sliding movement 75 exercised on the cylinder 20, even though the wheel 60 
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may be held in the full right turn position. The position 
of the piston 21 in the cylinder 20 is maintained by the 
fact that no fluid can enter or leave the end of the cylin 
der 20 to which line 68 is connected, since the diverter 
valve 63 is now closed to that line. 5 Steering to the left will result in the application of fluid 
pressure to the cylinder 20 through lines 70 and 69, and 
diverter valve 64, with final release of such valve by the 
rod 31, in a manner analogous to that already described 
for a right turn. 0. 
We claim: 
1. A vehicle comprising: 
(a) two frames each including a pair of road wheels, 
(b) means pivotally interconnecting said frames about 
a generally vertical axis of articulation. 15 

(c) means for steering the vehicle by varying the angle 
between the center-lines of said frames at said axis, 

(d) means for sensing reduction of said angle be 
tween the frames on either side of the vehicle to a 
predetermined value, 20 

(e) and means connected both to said sensing means 
and to said steering means for acting on said steer 
ing means to prevent the same reducing said angle 
below said predetermined value, and wherein 

(f) said sensing means comprises 25 
(i) plate secured to one frame, 
(ii) a bracket secured to the other frame, 
(iii) and a pair of rods slidingly mounted in said 

bracket to project towards respective surfaces 
of said plate means located on opposite sides 30 
of the vehicle, 

(g) said steering means comprises 
(iv) at least one fluid pressure operated double 

acting cylinder and associated piston, said pis 
ton and cylinder being connected to respective 35 
frames at a location laterally displaced from 
said axis of articulation, 

(v) manually operable control valve means con 
nected to said cylinder for selective operation 
of the same in either direction, and 

(h) said means (e) comprises 
(vi) means connected to said rods for detecting 
movement of either one of said rods by said 
plate means to an extent corresponding to re 
duction of said angle between the frames to 45 
said predetermined value on a respective side 
of the vehicle, 

(vii) and means connecting said means (vi) to 
said control valve means to move said valve 
means positively away from condition for steer- 50 
ing in a respective direction, upon detection by 
said means (vi) of said predetermined value on 
the side of the vehicle to which said valve 
means was conditioned to steer. 

2. A vehicle according to claim 1, including means 

40 

for interposing an adjustable amount of lost motion in 
said means (vii). 

3. A vehicle comprising: 
(a) two frames each including a pair of road wheels, 
(b) means pivotally interconnecting said frames about 
a generally vertical axis of articulation, 

(c) means for steering the vehicle by varying the angle 
between the center-lines of said frames at said axis, 

(d) means for sensing reduction of said angle between 
the frames on either side of the vehicle to a prede 
termined value, 

(e) and means connected both to said sensing means 
and to said steering means for acting on said steering 
means to prevent the same reducing said angle below 70 
said predetermined value, and wherein 

(f) said sensing means comprises 
(i) plate means secured to one frame, 
(ii) a bracket secured to the other frame, 
(iii) and a pair of rods slidingly mounted in said 75 
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bracket to project towards respective surfaces 
of said plate means located on opposite sides 
of the vehicle, 

(g) said steering means comprises 
(iv) at least one fluid pressure operated double 

acting cylinder and associated piston, said pis 
ton and cylinder being connected to respective 
frames at a location laterally displaced from 
said axis or articulation, 

(v) manually operable control valve means con 
nected to said cylinder for selective operation 
of the same in either direction, and 

(h) said means (e) comprises 
(vi) a pair of check valves each connected be 

tween a respective end of said cylinder and said 
control valve means for diverting pressure fluid 
from said cylinder upon actuation of the check 
valve, 

(vii) and means connecting said rods each to a 
respective one of said check valves for actua 
tion of the latter upon movement of either one 
of said rods by said plate means to an extent 
corresponding to reduction of said angle be 
tween the frames to said predetermined value 
on a respective side of the vehicle. 

4. In a vehicle comprising: 
(a) two frames each including a pair of road engag 

ing wheels, 
(b) means pivotally interconnecting said frames about 
a generally vertical axis of articulation, 

(c) power means for rotating said frames to and from 
an extreme steering angle about said axis relatively 
to each other whereby to steer the vehicle, and 

(d) control means movable to positions applying and 
discontinuing steering power to said power means; 
the improvement that comprises in combination 

(e) an actuating member forming a part of said con 
trol means and movable to control normally the 
steering positions of said frames while said frames 
rotate through a major part of their extreme steer 
ing angle, and 

(f) further means responsive to rotation of said frames 
for moving said control means when said frames 
rotate to a steering position beyond said major part 
of the extreme angle, and including a portion acting 
only when said frames so rotate for moving said 
control means to a position discontinuing the steer 
ing power, so as to reduce power loss due to extreme 
steering while perinitting the actuating member its 
normal control of the steering positions of the frames. 

5. In a vehicle comprising: 
(a) two frames each including a pair of road engaging 

wheels, 
(b) means pivotally interconnecting said frames about 
a generally vertical axis of articulation, 

(c) power means for rotating said frames to and from 
an extreme steering angle about said axis relatively 
to each other whereby to steer the vehicle, and 

(d) control means movable to positions applying and 
discontinuing steering power to said power means; 
the improvement that comprises in combination 

(e) a manual steering handle forming a part of said 
control means and movable to control normally the 
the steering positions of said frames while rotating 
through a major part of their extreme steering angle, 

(f) sensing means associated with said frames for 
offering a particular response only when said frames 
rotate to a steering position beyond said major part 
of the extreme angle, and 

(g) connecting means through which said sensing 
means apply their particular response for moving 
said control means to a position discontinuing the 
application of steering power to said power means, 
so as to reduce power loss due to extreme steering 
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while permitting the steering handle its normal con 
trol of the steering positions of the frames. 

6. The combination as set forth in claim 5, in which 
said power means include a hydraulic steering ram inter 
connecting the two vehicle frames, said control means 
comprising valve means that control fluid pressures di 
rected to said ran, and said steering handle and said 
sensing means being connected each to a part of said valve 
means for moving that part of the valve means. 

7. The combination as set forth in claim 6, it which O 
said sensing means include a member mounted for move 
ment on one of the vehicle frames and engaging said 
connecting means, and a portion of said member nor 
mally in spaced relation to the other of said frames and 
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