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This invention relates to vehicles of the type having 
tandem axles supported for turning movement about gen 
erally vertical axes. 

In vehicles of this type, two or more of the axles are 
pivotally supported on the frame so that when the vehicle 
is turned from a straight course of travel, the pivoted 
axles will turn in appropriate directions to track with 
the front steering wheels. This action has the advantage 
of minimizing side and lateral skidding of the ground 
engaging wheels when a turn is negotiated, but has the 
disadvantage of decreasing stability. 

In United States Patent 2,643,895 issued June 30, 1953, 
there is disclosed a hydraulic stabilizer system the func 
tion of which is to substantially parallel the action of the 
steering forces that cause the pivoted axles to track with 
the front steering wheels. Accordingly, the stabilizer 
system therein disclosed does not interfere with the 
natual tracking pattern, and at the same time it cancels 
out other forces tending to disturb the natural tracking 
pattern. One of the deflecting forces tending to disturb 
the natural steering pattern is centrifugal force. Another 
is that which results when uneven rolling resistance is 
met by either wheel of an axle. The function of a hy 
draulic stabilizer is to combine the forces represented by 
the natural steering functions of two axles making avail 
able sufficient force to maintain directional stability, as 
these conditions are met by the individual axles. 
With the above in view, one object of this invention 

is to provide a hydraulic stabilizer system for the pivoted 
axles of a tandem axle vehicle which correlates the turn 
ing movements of the pivoted axles so that they track 
in a pattern which closely follows but is not precisely 
the same as the pattern which the axles theoretically tend 
to assume in response to natural steering forces. 
More specifically, the hydraulic stabilizer of the present 

invention so correlates the turning movements of the 
pivoted axles as to cause the front axle to over-steer the 
natural or mean theoretical tracking pattern, and the 
rearmost axle to under-steer. As a result, the vehicle 
will have greater stability and the rear axle will not 
hunt or fishtail. At the same time, tire wear is greatly 
reduced and wear on all tires will be more nearly equal. 
Another object is to provide a vehicle suspension in 

which the road impacts sustained by individual axles are 
distributed over several axles and springs. In this way, 
vertical deflection of several springs and axles are com 
bined to cushion or soak up impact forces received at 
any particular axles. This in turn will make it possible 
to reduce considerably the mean deflection range of the 
suspension, suiting it peculiarly for the employment of 
single leaf springs with their high rate, high frequency 
and inertia characteristics. Since lateral stability is af 
fected by suspension rate and deflection range, a flatter, 
more stable ride will result without a corresponding 
sacrifice of ride quality. 
Another object is to provide a suspension wherein the 

suspended load at a given axle will not increase ap 
preciably as it is elevated. 
Another object is to provide means for automatically 

locking pivoted axles against turning movement in re 
sponse to the operation of the brakes or the reverse mech 
anism of the transmission. 
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Other objects and features of the invention will become 

apparent as the description proceeds, especially when 
taken in conjunction with the accompanying drawings, 
wherein: 
FIGURE 1 is a top plan view of a three axle trailer 

constructed according to the invention. 
FIGURE 2 is a view taken on the line 2-2 of FIG 

URE 1. 
FIGURE 3 is a view taken on the line 3-3 of FIG. 

URE 1. 
FIGURE 4 is a view taken on the line 4-4 of FIG 

URE 2, 
FIGURE 5 is a view taken on the line 5-5 of FIG 

URE 3. 
FIGURE 6 is an enlarged fragmentary sectional view 

of a portion of FIGURE 3, illustrating the pivotal sup 
port for one of the axles. 
FIGURE 7 is a fragmentary top plan view illustrat 

ing a portion of the torque rod connection of an axle 
to the frame. 
FIGURE 8 is a fragmentary top plan view illustrating 

the remainder of the torque rod connection between an 
axle and the frame. 
FIGURE 9 is a view taken on the line 9-9 of FIG 

URE 7. 
FIGURE 10 is a view taken on the line 10-10 of 

FIGURE 8. 
FIGURE 11 is an enlarged fragmentary view, partly 

in section, showing the pivoted link connection between 
an end of a leaf spring and the adjacent end of a 
stabilizer bar. 
FIGURE 12 is an enlarged view, partly in section, of 

the structure shown in FIGURE 11, as viewed from the 
right. 
FIGURE 13 is an enlarged sectional view illustrating 

the connection between a leaf spring and one of the 
axles. 
FIGURE 14 is a view partly in section illustrating the 

connection of the leaf spring and another axle. 
FIGURE 15 is a diagrammatic view of the trailer 

showing the relative positions of the axles when a turn 
is negotiated. 
FIGURE 16 is similar to FIGURE 15 but shows a 

two-axle trailer. 
FIGURE 17 is a combined hydraulic and electrical 

diagram. 
Referring now more particularly to the drawings, the 

trailer chassis has a frame 10 comprising side sills 12, 
secured in laterally spaced relation by crossbars 14. Ex 
tending beneath the frame 10 in a direction transverse 
to the length of the frame are a plurality of axles desig 
nated by the numerals 16, 18 and 20. The axles are 
connected to the frame 10 by suspensions 19 and 21 on 
either side of the frame each including the elongated 
single leaf springs 22 and equalizer bars 24 and 26. Two 
springs are provided for each axle, respectively connected 
to the axle on either side of the frame and inside the 
ground engaging wheels 27. The springs 22 are mounted 
on the axles 16 and 20 by spring mounts 30, and are 
mounted on the axle 18 by spring mount 32. 

Referring to FIGURE 13, each spring mount 30 has 
an upper oscillating seat 34 and a lower oscillating seat 
36. A wear plate 37 lays on top of the upper seat 34 
and is provided with a hole 38 adapted to align with the 
hole 40 in the upper seat 34. The spring 22 likewise has 
a hole, designated 42, adapted to register with the holes 
38 and 40, and a pin 44 extends through the registering 
holes to properly align the parts. The spring is clamped 
down on the wear plate 37 of the upper seat by a clamp 
46 and U-shaped bolts 48 extending over the top of the 
clamp and secured at their lower ends to bosses 50 on 
the upper seat 34 by nuts 52 threaded on the lower ends 
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of the bolts. When nuts 52 are tightened, they draw 
the clamp 45 down tightly upon the spring 22, and the 
pilot pin 44 prevents the spring from moving laterally. 
As will be understood from an inspection of FIG. 2, the 
bolts 48 are clear of the upper seat 34 at either end thereof 
and hence do not interfere with its oscillating movement. 
The lower seat 36 has a body 54 provided with an open 

ing 56 which at the upper end is of reduced cross-section 
to provide the annular shoulder 58. A wear plate 60 
secured to the upper surface of the body 54 has a central 
aperture registering with the reduced cross-section por 
tion of the opening 56. A tubular bushing 62 exiends 
through the reduced portion of the opening 56 in the 
lower seat, through the registering aperture in the wear 
plate 60 and into a recess 64 in the underside of the 
upper seat. 34, and a bolt 66 extends through the tubular 
bushing and threads into the upper seat. The head 38 
of the bolt bears against the underside of the bushing to 
clamp it tightly to the upper seat. 
A disk-shaped bearing 70 is provided between the un 

derside of the upper seat and the wear plate 60 of the 
lower seat, having an aperture to receive the tubular bush 
ing 62. A disk-shaped bushing 72 is provided between 
the flange 74 on the lower end of the bushing and the 
shoulder 58, likewise apertured to clear the bushing 62. 
A tubular bearing 76 surrounds the bushing 62 within 
the aperture in the wear plate 60 and the reduced portion 
of the opening 56 in the lower seat. 

Extending beneath the body 54 of the lower seat are the 
laterally spaced legs 78, and a pin 80 extends between the 
legs encircled by the tubular portion 82 of a bracket 84 
rigidly secured to the axle 6 or 20. A tubular bearing 
86 is disposed between the portion 82 of the bracket and 
pin 80. 
The connection between the axle 5 or the axle 28 and 

either spring 22 provided by the spring mounts 30 is such 
that the spring can rotate with respect to the axle about 
the vertical axis of the bolt 66, by reason of the fact that 
the spring is connected to the upper seat 34 and the axle is 
connected to the lower seat 36, the seats themselves being 
rotatable with respect to each other about the bolt. The 
lower seat can also pivot relative to the axle about the 
horizontal axis of the pin 80 which is parallel to the axle. 
The spring mounts 32 for connecting the springs 22 to 

the middle axle 18 are of a somewhat different construc 
tion. As illustrated in FIGURE 14, the spring mount 32 
has a main body portion 87, and the spring 22 is clamped 
down on the top surface thereof by a clamp 88. A pilot 
pin 90 extends into registering holes in the spring and in 
the body 87 to prevent relative shifting movement. The 
clamp 88 is drawn down tightly upon the spring 22 by 
the U-shaped bolts 92 which extend through openings in 
the upper portion of the body 87 and have nuts 94 threaded 
on the lower ends thereof. The body 87 is formed with 
the laterally spaced legs 96, and a pin 98 extends be 
tween the legs. A bracket 100 secured to the axle 8 has 
a tubular portion 02 encircling the pin 98, and a bear 
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ing 104 is disposed between the tubular portion and the 
pin. 
The arrangement is such that the axle 8 can move 

with respect to the spring mount about the spring axis 
of the pin 98, which is parallel to the axle. The axle can 
not move about a vertical axis with respect to the spring, 
but such movement is unnecessary in view of the fact that 
axle 18 is fixed with respect to the frane 10 of the trailer 
against angular movement or movement about a vertical 
axis, as will become apparent as this description proceeds. 

Referring again to FIGURES 1 and 2, it will be noted 
that the springs 22 along one side of the trailer extend 
in alignment longitudinally thereof, as do the springs 
along the opposite side. Links 10 are provided for con 
necting the ends of the springs to the stabilizer bars 24 
and 26 and to the brackets 12 and 14 rigidly carried 
by the frame 10. Each link 110 has a generally U-shaped 
link body or arm 116 formed with a reduced cylindrical 
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portion at either end providing parallel pins 118 and 19 
which lie in vertical planes extending longitudinally of the 
trailer (FGS. 11 and 12). A shackle 120 has a tubular 
portion 22 sleeved on the pin 118, and a bearing 124 
is interposed between the pin and the tubular portion. 
The shackle 120 is retained on pin 118 by retainer 149 
and bolt .42. The shackle 120 has legs 126 connected 
by a horizontal pivot pin. 28. The spring 22 has an eye 
130 at the end loosely encircling the bearing 132 sleeved 
on pin 128. The pin 128 is at right angles to the pins 
118 and 19 and to the longitudinal center line of the 
trailer. 
The shackle 134 has a tubular portion 136 sleeved on 

the pin 119, and a bearing 138 is interposed between the 
pin and the tubular portion. The shackle 134 is retained 
on pin 119 by the retainer 140 and bolt 142. The shackle 
134 has legs 144 connected by horizontal pivot pin 146. 
The equalizer bar 26 has a hole 148 encircling the pin 
46, and a bearing 150 is provided between the hole and 

the pin. The pin 146 extends at right angles to the pins 
s and 119 and to the longitudinal center line of the 

trailer. 
While in FIGURES 11 and 12 the link 110 is shown 

connected to the end of the equalizer bar 26, it will be 
understood that others of the links are pivoted to the 
equalizer bar 24 and to one or the other of the brackets 
12 and 14 on the trailer frame. 

It will be understood that the suspensions 19 and 21 
along either side of the trailer, composed of springs, 
Spring mounts, equalizer bars and links, are exactly the 
Same. The equalizer bars 24 are pivoted on aligned axes 
158 to brackets 154 on the frame 10, and the equalizer 
bars 26 are pivoted on aligned axes 160 to bracket 156 
on the frame. The equalizer bars 24 and 26 are pivoted 
to the frame brackets at points midway between their 
pivotal connections with links 110. 
Axles 16 and 20 are connected to the vehicle frame 

for turning movement about vertical axes, while the axle 
18 is connected to the frame in a manner such that it 
cannot turn nor shift laterally. Referring to FIGURES 3 
and 6-10, the connection with the frame of the axle 20 
will be described. As seen in FIGURE 6, a vertical tube 
160 is rigidly secured to the frame 10 on the central 
longitudinal axis thereof, and a tube 162 of smaller 

; diameter is supported coaxially within the outer tube for 
rotation with respect thereto. The outer tube is provided 
with the vertically spaced cone-shaped bearings 164, and 
the inner tube is provided with the vertically spaced cone 
shaped bearings 166 which respectively engage the bear 
ings 64 to support the inner tube for rotation with respect 
to the outer tube while holding the tubes against relative 
axial movement. A horizontal cross-tube 168 is located 
forwardly of the tube A62 and is rigidly connected to the 
lower end thereof by the member 170. 

Referring now to FIGURES 7 and 9, the tube 168 has 
the laterally spaced brackets 172 and 174 fixed thereto 
which respectively carry one end of torque rods 176 and 
i.78. Torsillastic bearings 180 are provided to pivotally 
connect the ends of the rods 176 and 178 to the respective 
brackets 172 and 174. As shown, the bracket 174 has a 
cylindrical passage 82, and extending into the passage 
is a pin 84 rigid with the end of the torque rod 178. A 
rubber bearing 186 is provided in the space between the 
passage 182 and the pin 184, being bonded to the surfaces 
of each. Hence the torque rod 178 can rotate to a degree 
with respect to the bracket 174, but such rotation is 
resisted by the rubber bearing 186. The torsillastic bear 
ing 180 connecting the end of rod 76 and bracket 172 
is exactly the same, and the pins 184 of the bearings are 
in horizontal alignment with each other. 
The axle 20 is provided with the laterally spaced 

brackets 88 and 190 rigidly secured thereto, and the 
opposite ends of the torque rods 176 and 178 are respec 
tively pivotally connected to the brackets 188 and 190 by 
torsillastic bearings 180. The pivots 184 of the torsil 



3,204,977 
5 

lastic bearings are of course rigidly carried by the ends 
of the torque rod and are horizontally aligned with each 
other. 

Referring to FIGURES 8 and 10, it will be noted that 
the connection between the cross-tube 168 and axle 20 
also includes a second pair of torque rods 194 and 196. 
The corresponding ends of these torque rods are respec 
tively pivotally connected to the brackets 198 and 200 
rigidly secured to the cross-tube 68 in laterally spaced 
relation, by torsillastic bearings 180 which are of exactly 
the same construction as those already described. The 
pins 184 of the torsillastic bearings 180 are rigidly carried 
by the ends of the torque rods and are in horizontal align 
ment with each other. The opposite ends of the torque 
rods are pivotally connected to the brackets 292 and 204 
rigidly carried by the axle 20 in laterally spaced relation, 
by torsillastic bearings 180. The pins 184 of these torsii 
lastic bearings are rigidly secured to the ends of the torque 
rods and in horizontal alignment with each other. 
The arrangement is such that the pins 184 of the torsil 

lastic bearings are all parallel to the cross-tube 68 and 
to the axle 20. These axes extend horizontally, and it will 
be noted in FIGURE 3 that the pivots at the ends of the 
torque rods define a parallelogram. Hence the axle 2 
can swing up and down in an arc as controlled by the 
torque rods. 
The connection between the front axle 16 and the 

frame is exactly the same as that for the rear axle 20 
except that the cross-tube 168 is connected directly to the 
lower end of the tube 162, rather than to an intermediate 
connecting member such as 70. 
The connection of the middle axle 3 to the frame 

differs from the others in that the cross-tube 168 is con 
nected directly to the brackets 54 of the frame in align 
ment with the stabilizer bar pivots 158. 
In accordance with this construction, the axles ió and 

20 can turn with respect to the vehicle frame but the 
middle axle is a fixed axle and hence cannot turn. All 
of the axles, however, can Swing up and down in an arc 
as controlled by the torque rods 176, 178, 194 and 196. 
It will be noted that the torque rods 176 and 178 are at 
an angle to each other whereas the torque rods 194 and 
196 are parallel. Specifically, when the axles are at 
right angles to the frame, the rods 176 and 173 are dis 
placed equal distances from and on opposite sides of the 
longitudinal center line of the frame and converge to 
ward one another at the same angle with respect to the 
center line. 
opposite sides of the longitudinal center line of the frame, 
they are also parallel to the center line. The purpose 
of providing an angular relationship between the torque 
rods 176 and 178 is to prevent the axle from shifting axial 
ly or in the direction of its length. 
When the steerable axles 16 and 20 turn, the spring 

mounts 30 move with them laterally with respect to the 
vehicle frame. This requires a lateral movement of the 
springs 22 connected thereto. Such movement of the 
Springs 22 is permitted by the unique pivotal connection 
provided by the links 110. The springs 22 will remain 
substantially parallel to the center line of the frame 
without pivoting while they move laterally with respect 
to the vehicle frame during turning of the steerable axles 
16 and 18, since the spring mounts 30 permit a relative 
turning movement between the axles and the springs. 

It will be appreciated that when an individual axle is 
elevated above the mean suspension height, that is above 
the position illustrated in FIGURES 2 and 3, the variable 
rate characteristic of the torsillastic bearings 80 of the 
torque rods will progressively increase the suspended load 
at the axle as it is elevated. This is counteracted by the 
arrangement of springs, equalizer bars and links shown. 
For example, if the axle 26 is elevated above the mean 
suspension height, the springs 22 associated therewith 
will incline upwardly toward the left, and accordingly the 
equalizer bars 26 will incline upwardly toward the right. 

While the torque rods 194 and 196 are on 
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The increased tension in all of the links 10 will cause 
the springs 22 of the axles ió and 18 likewise to incline 
upwardly toward the left and the equalizer bar 24 to in 
cline upwardly toward the right. Likewise the increased 
tension in the links 110 will tend to elevate the frame at 
the points of pivotal connection 158 and 160 of the equal 
izer bars. 

Accordingly, there is a progressive unloading of the 
elevated axle. Stated differently, as an axle is raised 
above the mean suspension height, a progressive leverage 
advantage will occur at that axle, thus countering the load 
ing effect of the torque rod bearings. Not only are road 
impacts thus distributed over several wheels and springs, 
but when weighing a vehicle one axle at a time as is 
ordinarily done (these scales are about six inches high), 
a more accurate reading will result. 

Because of the distribution of road impacts at one axle 
over the several axles and springs, vertical deflections of 
the several springs and axles are combined to cushion or 
soak up impact forces as received at each wheel. This 
will in turn make it possible to reduce considerably the 
mean deflection range of the suspension, suiting it pe 
culiarly to the employment of single leaf springs with 
their high rate, high frequency, and low inertia character 
istics. As suspension rate and deflection range are func 
tions of lateral vehicle stability, a flatter, more stable ride 
will result without a corresponding sacrifice of ride 
quality. 

Stability is further enhanced by the manner in which 
the spring ends are connected to the stabilizer bars. Con 
nected in the manner shown, the leaf springs will in ef 
fect tend to increase the stable load base from a width: 
represented by the spring centers to the much wider track of 
the ground wheels. Then too, single leaf springs as herein 
employed further improve stability by their high rate 
under reverse deflection as compared with multi-leaf 
springs, which necessarily must depend on the main leaf 
only during reversai of load forces. In this connection, it 
might be noted that lateral thrust against the body of a 
vehicle (centrifugal force on a turn, side hill thrust, etc.), 
particularly in a high center of gravity load, can, if of 
sufficient magnitude, actually lift or pick up the load 
from the points of bearing on the spring tips on the thrust 
side of the vehicle. 
The front and rear axles 16 and 20 are steerable 

axles, by reason of the caster effect provided by their 
pivotal connection with the frame. In other words, the 
axles 16 and 18 are displaced rearwardly from their 
pivotal connection to the frame and hence will tend 
to track or assume a natural steering pattern when the 
vehicle is turned from a straight course. With reference 
to FIGURE 15, the line 210 is drawn at right angles 
to the center line of a towing vehicle pivotally connected 
to the trailer at 212. When the towing vehicle is pulling 
the trailer at this angle, the line 210 will intersect line 
214, which is an extension of the fixed axle 18, at the 
point 216. Point 216 may be considered the center of 
turning. Theoretically, the steerable axles 16 and 20 
will turn in response to the steering forces and assume a 
natural steering pattern in which their axles, or a projec 
tion thereof, will pass through the point 216. The pro 
jected axles when following a natural steering pattern 
wholly in response to steering forces are indicated by 
the lines 218 and 220. It will be understood of course 
that there are forces tending to disturb the natural steers 
ing pattern. One such is centrifugal force. Another re 
Sults from uneven rolling resistance of the wheels of a 
given axle. 
The stabilizer system shown in Patent 2,643,895 cons 

trols the steerable axles so that they will assume a natural 
steering pattern and so that deflecting forces tending to 
disturb the natural steering or tracking pattern will be 
cancelled out. However, it has been discovered there 
are advantages to a stabilizer which controls the steering 
movement of the pivoted axles so that they track in a 
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pattern which is close to but departs somewhat from a 
natural steering pattern. In accordance with this in 
vention, and with reference to FIGURES 1 and 17, there 
are pivoted to the vehicle frame 0 adjacent the two 
steerable axles 16 and 20 the hydraulic cylinders 230 and 
232 which are of identical size and construction. The 
pivots are indicated at 234. Pistons 235 are respectively 
slidably supported in the two cylinders, and their piston 
rods 236 and 238 are respectively pivotally connected at 
240 to the arms 242 and 244 secured to the rotatable tubes 
162 providing the pivotal support for the respective axles 
16 and 20. With reference to FIGURE 17, it will be seen 
that the piston ends of the cylinders are connected by 
conduits 250 and 252 through an aspirating valve 254. 
The aspirating valve 254 permits a free flow of hydraulic 
fluid therethrough, and is provided to withdraw air from 
the conduits and return it to the hydraulic reservoir 255 
via conduit 258. For a more complete description of a 
suitable aspirating valve, reference is made to Patent No. 
2,761,693. It will also be noted in FIGURE 17 that the 
rod ends of the cylinders are connected together by con 
duits 260 and 262 through a similar aspirating valve 264 
provided to bleed air from the lines and return the same 
to reservoir 256 via line 266. 

Since the cylinders are the same size, it will be under 
stood that a given displacement of the piston in one 
cylinder will result in the same displacement of the piston 
in the other cylinder by reason of the exchange of hy 
draulic fluid therein. However, the amount of turning 
of the respective axles varies in proportion to the lengths 
of the arms 242 and 244 connecting the piston rods to the 
respective tubes 162 which pivotally mount the axles. 

It it were desired that the stabilizer constrain a move 
ment of the steerable axles 16 and 26 such that they 
follow the natural steering pattern, then the ratio of the 
length of the arms 242 and 244 would be in inverse pro 
portion to the distances from the fixed axle 18 (which is 
the center of suspension or support) to the axles with 
which such arms are associated. In other words, assum 
ing the distance between axles 16 and 18 to be 49 inches 
and the distance between axles 18 and 20 to be 109 
inches, then the ratio of the length of the arms 244 and 
242 would be 49 divided by 109. 

However, the present stabilizer is designed to cause 
the rear axle to under-steer and the front axle to over 
steer. Preferably, the rear axle will under-steer the mean 
theoretical pattern, or that natural tracking pattern which 
the axles would assume if influenced by natural steering 
forces only, by approximately 10%, and the front axle 
will over-steer approximately 3%%. To accomplish this, 
the arm 244 is lengthened somewhat, or the arm 242 may 
be shortened somewhat. Again assuming the distance 
between axles 16 and 18 to be 49 inches and the distance 
between axles 18 and 20 to be 109 inches, in the present 
instance the ratio of the lengths of the arms 244 and 242 
is somewhat greater than 49 divided by 109, preferably 
enough greater so that the rear axle under-steers about 
10% (that is, it assumes 10% smaller angle than it would 
in natural steering pattern), and the front axle over-steers 
about 3%% (that is, it assumes 3%% larger angle than 
it would in natural steering pattern). 

Referring again to FIGURE 15, the lines 270 and 272 
are extensions of the axles 16 and 20 illustrating the devia 
tion of these axles from a natural steering pattern, as con 
strained by the stabilizer, when the towing vehicle is pull 
ing the trailer at an angle which is normal to the line 210 
in the drawing. Hence the projections of the steerable 
axles pass to the rear of the theoretical center 26, because 
of the action of the stabilizer herein described. 
The lines 273 are like line 210 but are drawn at right 

angles to the towing vehicle in other angularly related 
positions with respect to the trailer. 
A tandem axle vehicle having stiff axles has a max 

imum of directional (dead ahead) stability. However, 
side thrusts on the tires and wheels will rise in a con 
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stantly increasing ratio relative to the angle at the fifth 
wheel where tractive forces are applied. Hence there is 
a great deal of wear on the tires of a stiff axle vehicle, 
and wear will be accelerated because of the “fight' be 
tween the axles. The present stabilizer reduces to a min 
imum tire wear on all axles not only in comparison to a 
stiff axle vehicle but also in comparison with a pivoted axle 
vehicle in which the stabilizer causes the axles to follow 
the natural tracking pattern exactly. Moreover, because 
the rearmost axle under-steers the theoretically perfect pat 
tern, it will trail properly without “hunting' or fishtail 
ing.' 

Referring again to FIGURE 17, the aspirating valves 
are connected to the reservoir by by-pass lines 280 through 
manual valves 282. Normally these valves are closed, 
but may be opened so that oil between both parts of the 
Stabilizer system and reservoir can flow freely. By mov 
ing the vehicle slowly forward a few feet while these valves 
are open, the wheels are free to align themselves and the 
volumetric balance of the hydraulic system can be re 
stored after which the shut-off valves may be closed. A 
normally open manual shut-off valve 284 is also pro 
vided in the conduit 260. 
A second valve 286 is provided in line 260. Normally 

this valve is urged to open position by the spring 288 so 
that the stabilizer system is operative. Upon closing of 
this valve, the transfer of hydraulic fluid between the 
cylinders 230 and 232 of the stabilizer system is blocked 
and accordingly the axles are locked. The valve 286 is 
shifted to open position by air above the level of oil in 
the reservoir. This air is under a pressure, for example 
about 105 p.s. i., and may be in communication with the 
air reservoir of the trailer brake system through line 290. 
A normally open manual shut-off valve 292 is provided 
in this line, and a check valve 294 is also provided per 
mitting flow of air in a direction toward the reservoir 
only. The air in the reservoir communicates with the 
valve 286 to shift it to its closed position through a line 
296 controlled by a normally closed valve 298. Valve 
298 is a solenoid type valve which is operated whenever 
its solenoid is energized to shift from its normally closed 
position to open position. 
The solenoid is energized through a circuit 300. There 

is shown in FIGURE 17 the normal vehicle battery 302 
and the usual stoplight 304 which is operated whenever 
the brakes are operated. The stoplight switch 306 may 
be directly connected with the brake pedal or with the 
air supply associated with the brake pedal. In any 
tevent, whenever the brakes are operated sufficiently to 
close switch 306 and energize stoplight 304, a circuit is 
completed to the solenoid of valve 298 causing it to open 
and admit pressure of air from the reservoir to shift valve 
286 to closed position, thereby locking the axles. Accord 
ingly, whenever the brakes are applied the steerable axles 
are locked against turning to prevent unstable steering 
reactions which might be caused by poor road surface 
conditions (such as slick or icy spots, etc.). Such a con 
dition is possible, although not likely under normal con 
ditions. 
The circuit 300 is also adapted to be closed by a trans 

mission Switch 308. This switch is normally open, but is 
designed to be closed whenever the transmission is shifted 
into reverse. Accordingly, when the transmission is 
shifted to reverse for backing up the axles are locked. 
FiGURE 16 shows a two-axle trailer 10' which has 

steerable axles 6 and 20', like the steerable axles 16 and 
20 in the embodiment first described. Line 316 is drawn 
at right angles to the center line of a towing vehicle mak 
ing a turn. Line 318 is drawn at right angles to the longi 
tudinal center line of the trailer frame midway between 
the steerable axles, and 320 is the intersection between 
lines 316 and 318. Lines 322 and 324 are extensions 
of axles 6 and 18 and would intersect point 320 if such 
axles assumed a natural tracking pattern. However, in 
terconnected by the stabilizer of this invention described 
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in the foregoing, the front axle 16 oversteers and the 
rear axle 20' understeers so that line 322 passes through 
point 326 and line 324 passes through point 328 on line 
38. 

Axles 16 and 20' tend naturally to turn in equal 
amounts in opposite directions to assume the natural 
tracking pattern in response to steering forces alone, and 
if it were desired to have the axles actually follow such a 
pattern, the arms, similar to arms 242 and 244 of the 
three-axle trailer, would be equal in length since the cylin 
ders are identical and the center of suspension or support 
lies on line 318. However, since it is desired that the rear 
axle understeer and the front axle oversteer, the arm con 
necting the rear axle to the rod of one cylinder would be 
longer than the rod connecting the front axle to the rod 
of the other cylinder. 
What we claim as our invention is: 
1. A vehicle having a frame and equipped with brakes 

to reduce the speed of the vehicle when the vehicle is in 
motion, means for supporting the frame including an axle 
extending transversely of the frame, means pivotally con 
necting the axle to the frame for turning movement rela 
tive to the frame about a substantially vertical axis, means 
for locking said axle against turning movement about said 
axis and for positively holding said axle locked in what 
ever position it happens to be disposed when said locking 
means is operated, and means responsive to the actuation 
of the vehicle brakes for operating said locking means. 

2. A vehicle having a frame, means for supporting the 
frame including a pair of axles extending transversely 
of the frame and spaced from each other lengthwise of the 
frame, means respectively pivotally supporting the axles 
on the frame for turning movement relative to the frame 
about substantially vertical axes, and a hydraulic stabilizer 
System interconnecting said axles to correlate the turning 
movements thereof, said stabilizer system including a pair 
of cylinders supported on said frame having pistons re 
spectively slidably supported therein, fluid conduits re 
spectively connecting the cylinders at opposite sides of the 
pistons, whereby sliding movement of one piston in its 
cylinder imparts a sliding movement to the other piston 
in the opposite sense in its cylinder by the displacement of 
hydraulic fluid, and means operatively interconnecting the 
pistons of said cylinders and the respective axles to cause 
said axles to turn in opposite directions to positions such 
that the imaginary extensions of said axles have portions 
immediately adjacent the center of turn which pass behind 
the center of the turn, with reference to the direction of 
forward movement of the vehicle, so that the forward 
most axle of said pair of axles oversteers and the rear 
most axle understeers the natural steering pattern, the 
center of the turn being that point where the imaginary 
extensions of the axles would intersect, when the vehicle is 
turned from a straight course of travel, if the axles as 
Sumed positions in exact conformity with the natural 
steering pattern. 

3. A vehicle having a frame, means for supporting the 
frame including a pair of axles extending transversely of 
the frame and spaced from each other lengthwise of the 
frame, means respectively pivotally supporting the axles 
on the frame for turning movement relative to the frame 
about substantially vertical axes, said axes being spaced 
from the respective axles lengthwise of the frame to pro 
vide a caster effect enabling said axles to turn in opposite 
directions in response to turning of the frame from a 
straight course of travel, and a hydraulic stabilizer sys 
ten interconnecting said axles to correlate the turning 
movements thereof, said stabilizer system including a pair 
of cylinders supported on said frame having pistons re 
spectively slidably supported therein, fluid conduits re 
Spectively connecting the cylinders at opposite sides of the 
pistons, whereby sliding movement of one piston in its 
cylinder imparts a sliding movement to the other piston in 
the opposite sense in its cylinder by the displacement of 
hydraulic fluid, elongated members projecting radially 
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from said axes and operatively connected to said axles to 
turn as a unit therewith, and means operatively connecting 
the outer ends of said members to the pistons of said cyl 
inders so that turning of one axle in one direction causes 
a turning of the other axle in the opposite direction, said 
members being of such lengths as to cause said axles to 
turn oppositely to positions such that the imaginary ex 
tensions of said axles have portions immediately adjacent 
the center of turn which pass behind the center of the turn, 
with reference to the direction of forward movement of 
the vehicle, so that the forwardmost axle of said pair of 
axles oversteers and the rearmost axle understeers the 
natural steering pattern, the center of the turn being that 
point where the imaginary extensions of the axles would 
intersect, when the vehicle is turned from a straight course 
of travel, if the axles assumed positions in exact con 
formity with the natural steering pattern the ratio of the 
length of the member for the rearmost axle to the length 
of the member for the forwardmost axle being somewhat 
greater than the ratio of the distance of the forwardmost 
axle from the center of suspension of the vehicle to the 
distance of the rearmost axle from the center of suspen 
sion, the center of suspension being located on the longi 
tudinal center line of the vehicle where said longitudinal 
center line is intersected by a straight line drawn from 
the center of the turn normal to the longitudinal center 
line. 

4. The vehicle defined in claim 3, wherein the afore 
said ratios are such that the forwardmost axle oversteers 
approximately 3%% (that is, it assumes a 3%% larger 
angle than if it tracked in conformity with the natural 
steering pattern), and the rearmost axle understeers ap 
proximately 10% (that is, it assumes a 10% smaller angle 
than if it tracked in conformity with the natural steering 
pattern). 

5. A vehicle having brakes and a frame, means for sup 
porting the frame including a pair of axles extending trans 
versely of the frame and spaced from each other length 
wise of the frame, means respectively pivotally supporting 
the axles on the frame for turning movement relative to 
the frame about Substantially vertical axes, and a hy 
draulic stabilizer system interconnecting said axles to 
correlate the turning movements thereof, said stabilizer 
Systems including a pair of cylinders supported on said 
frame having pistons respectively slidably supported 
therein, fluid conduits respectively connecting the cylin 
ders at opposite sides of the pistons, whereby sliding move 
ment of one piston in its cylinder imparts a sliding move 
ment to the other piston in the cylinder by the displace 
ment of hydraulic fluid, means operatively connecting 
the pistons of said cylinders and the respective axles, said 
interconnecting means being operative when the vehicle is 
turned from a straight course of travel to cause said axles 
to turn in opposite directions, means for locking said axles 
against turning movement and for positively holding said 
axles locked in whatever position they happen to be dis 
posed when said locking means is operated, said locking 
means including a shut-off valve in one of said conduits 
which is closed when said locking means is operated, and 
means responsive to the actuation of the vehicle brakes 
for operating said locking means. 

6. In a vehicle comprising a supported assembly and a 
Supporting assembly having tandemly arranged axles 
equipped with ground engaging wheels, at least one of said 
axles being mounted for turning movement relative to 
said supported assembly, suspension means for supporting 
the Supported assembly on the supporting assembly com 
prising leaf springs on opposite sides of the vehicle dis 
posed generally longitudinally of the vehicle, means con 
necting said springs to the opposite ends of said axles at 
points intermediate the ends of said springs, said connect 
ing means for said turning axle including pivot means en 
abling pivotal movement between said turning axle and 
the Springs to which it is connected about generally verti 
cal axes, equalizer bars on opposite sides of the vehicle 
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disposed generally longitudinally of the vehicle between 
said springs and pivoted intermediate their ends to said 
supported assembly for vertical swinging movement, and 
means coupling the ends of said springs to the ends of Said 
equalizer bars, each said coupling means for the springs 
of said turning axle having parts respectively connected 
to a spring end and to an equalizer bar end, and a body 
pivoted to said respective parts for turning of the latter 
about axes which extend generally longitudinally with 
respect to the vehicle to enable the springs of said turning 
axle to have a lateral movement bodily with respect to 
the supported assembly without appreciable angular 
movement with respect to the supported assembly in re 
sponse to turning movement of the turning axle. 

7. The vehicle defined in claim 6, wherein said parts 
of each coupling means are pivoted to the ends of a 
spring and of an equalizer bar by horizontal pivots the 
axes of which extend generally transversely of the vehicle, 

8. The vehicle defined in claim 7, wherein said leaf 
springs are of the single leaf type. 
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