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(57) ABSTRACT 

This invention relates generally to systems used to steer 
trailing sections of articulated vehicles and trailers. The 
preferred embodiment of this invention is a steerable dolly 
that can be manually and/or automatically switched among 
multiple modes. The dolly receives its primary input from 
the angle of the rear of the front trailer (or other toWing 
vehicle). There are at least tWo modes. In one mode the 
Wheels of the dolly are steered in the opposite direction as 
the rear trailer, providing more maneuverability. In the other 
mode the Wheels are steered in the same direction, providing 
a more stable mode. It is envisioned that the more stable 

mode Would be used at high speeds While the more maneu 
verable mode Would be used at loWer speeds. There is also 
disclosed an alternate steering algorithm, Which provides for 
additional maneuverability beyond that of the mode in 
Which the Wheels are steered in an opposite direction. 
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STEERING METHOD FOR A TRAILING SECTION 
OF AN ARTICULATED VEHICLE 

TECHNICAL FIELD 

[0001] This invention relates generally to systems used to 
steer subsections of articulated vehicles and trailers and 
speci?cally to steering systems controlled by a microcom 
puter or a programmable controller to folloW a lead subsec 
tion. The invention generally relates to articulated vehicles 
and trailers With three or more subsections. The invention 
also includes provisions for a plurality of operator selectable 
steering modes as Well as a plurality of automatic steering 
modes. 

[0002] The preferred embodiment of the invention dem 
onstrates a Way of applying the principles of the invention to 
dollies used in over-the-road tractor-trailer combinations. 
The desired steering aXle angle is primarily a function of the 
angle betWeen the steered section (the dolly) and the section 
in front of the steered section. Additional data and additional 
algorithms can be used by the softWare of the programmable 
controller to provide a re?nement of the steering response. 

BACKGROUND OF THE INVENTION 

[0003] Over-the-road transport companies ?nd it dif?cult 
at times to compete With other freight haulers because of 
Weight limits on the roads and bridges. Multi-trailer arrange 
ments are a possible solution to some of these problems 
because they spread the load over a longer stretch of 
pavement and reduce the columnar loading on bridges. 
These arrangements generally involve a semi-trailer carried 
by the tractor With one or more full trailers composed of 
semi-trailers carried by “dollies”. 

[0004] The most common and Widely used dolly is the 
standard Type A dolly, Which hitches to the toWing vehicle 
or ?rst trailer using a single point hitch. The standard Type 
A dolly provides “Wagon tongue” steering for the trailer it is 
carrying by alloWing the entire dolly to steer relative to its 
semi-trailer about the ?fth Wheel vertical aXis on the dolly as 
Well as relative to the toWing trailer about the single point 
hitch vertical aXis. The dolly tires do not, hoWever, steer 
relative to the dolly frame. 

[0005] Commercial vehicles of either truck and full trailer 
or multi-trailer con?gurations Which employ the standard 
Type A dollies generally possess undesirable characteristics 
such as limited maneuverability and instabilities caused by 
rearWard ampli?cation. RearWard ampli?cation, sometimes 
described as a “crack-the-Whip” phenomenon, implies that 
in rapid evasive maneuvers such as emergency lane changes, 
the rearWard elements of the vehicle train such as the dolly 
and the trailer carried by the dolly eXperience motions Which 
are substantially ampli?ed compared to the motions of the 
toWing tractor and ?rst trailer. RearWard ampli?cation is 
knoWn to be the basic cause of many accidents in Which roll 
over of the last trailer or second trailer occurs While the 
remaining elements of the vehicle remain unscathed. 

[0006] A second general class of dollies knoWn as Type B 
dollies represent an improvement over standard Type A 
dollies. Type B dollies are generally characteriZed by a 
double toW bar arrangement Which eliminates steering of the 
dolly With respect to the toWing vehicle, most commonly the 
?rst trailer. The Type B dollies have been effective to a 
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degree against some of the instability problems and are 
slightly more maneuverable than the standard Type A dol 
lies. HoWever, they cause other problems such as introduc 
ing other types of instabilities, causing stresses on the rear 
of the forWard trailer, and increasing unloading delays due 
to dif?culty in accessing the back of the forWard trailer for 
some con?gurations. 

[0007] Lengthy trailer combinations have alWays been 
plagued by these same tWo problems of instability and lack 
of maneuverability. Many transport companies have looked 
toWard steerable dollies as a possible solution to these 
problems. Steering systems for dollies generally make use of 
Ackerman geometry and generally derive from modi?ca 
tions to the standard Type Adolly. With Ackerman geometry 
all tires of the dolly and the tires on the rear aXles of both the 
?rst and any subsequent trailers are aligned tangent to 
circular paths Which all have the same turn center. Ackerman 
geometry is the most desirable steering con?guration for loW 
speed maneuvering since it minimiZes tire scuf?ng, Wear and 
structural stress. With some modi?cations, Ackerman geom 
etry can be adapted to provide stability When traveling at 
higher speeds, but this stability comes at the expense of 
maneuverability. An eXample of Ackerman geometry as 
applied to the steering of the rear tandem Wheels of a 
semi-trailer is disclosed in US. Pat. No. 2,342,697. 

[0008] The prior art teaches ratio steering systems for 
dollies With tWo principal steering modes. When the steering 
aXle of the dolly is steered in a direction to make it initially 
more nearly parallel to the back of the trailer it is folloWing, 
the behavior of the dolly and of the system as a Whole tends 
to greater stability. This mode of steering could be called the 
stability type of ratio steering. This type of steering behavior 
is particularly desirable at higher speeds on the open road. 
When the steering aXle of the dolly is steered in the opposite 
direction to the above, the dolly and the trailer that it carries 
are caused to sWing Wider around the corner, producing 
better maneuverability characteristics for the system as a 
Whole. This mode of steering could be called the cornering 
type of ratio steering. This type of steering is particularly 
useful When maneuvering among obstacles or along curved 
streets at loWer speeds. 

[0009] These methods for automatically steering rear sec 
tions of articulated vehicles have all been based on a single 
basic algorithm: a certain angle change of the section in front 
of the steered section results in a certain change in the angle 
of the steering aXle. This type of steering can be called “ratio 
steering”. In the mode in Which the Wheels are steered in the 
opposite direction as the section in front, a certain change in 
angle results in a change in the opposite direction, roughly 
corresponding to a ratio of 1:—1 (one-to-minus-one). In 
general, as the ratio proceeds in the negative direction, ie 
1:—5, 1:—10, 1:—50, the turning radius is decreased. Atype B 
dolly has a ratio corresponding to 1:negative in?nity, caus 
ing an immediate extreme correction in the direction of 
rotation. As the ratio becomes more positive, the system 
becomes generally less maneuverable, With an increasing 
turning radius. Aratio of 1:0 corresponds to a standard a type 
A dolly. As the ratio increases toWard 1:1, the system 
emulates a trailer With an increasingly long Wheelbase. A 
mode in Which the Wheels turn in the same direction as the 
front section and have a ratio of 1:1 induces a crab type 
motion in Which the entire system translates horiZontally, but 
is incapable of changing direction. As the ration becomes 
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greater, the trailer becomes unusable, With the rear trailer 
turning more than the front. Several patents have explored 
some of the possibilities for this type of ratio steering. 

SUMMARY OF THE INVENTION 

[0010] The present invention makes several contributions 
and extensions to the art of ratio steering for articulated 
vehicles, and particularly for dollies used in over-the-road 
freight transport. First, the present invention provides a 
method Whereby the ratio to be used can be selected auto 
matically by the softWare in the controlling microprocessor 
based on parameters such as vehicle turning angle or vehicle 
speed. At high speeds on relatively straight roads, the dolly 
operates in modes With positive steering ratios that are 
characteriZed by stability With rearWard ampli?cation sub 
stantially eliminated. When negotiating sharper turns at 
loWer speeds, the dolly automatically sWitches to the cor 
nering modes (negative steering ratios) that cause the dolly 
to sWing Wider around corners. These modes alloW the dolly 
to maximize its maneuverability at loW speeds. At interme 
diate speeds, a steering ratio Will be chosen that is the best 
compromise of stability and maneuverability at that speed. 

[0011] Second, the present invention provides for one or 
more additional corrections to the steering at a point later in 
the turn When the cornering type of ratio steering is inef 
fective. The overarching purpose here is to “correct” the 
path of the steered dolly so that it folloWs as close as possible 
the path taken by the tractor as it turned the corner. If the 
tongue of the dolly is long enough, these “oversteer correc 
tions” Will indeed alloW the steering axle of the dolly to 
approximate a path that a tractor driver might take as he 
oversteers around the corner. In this case, then, the trailer 
carried by the dolly rounds the corner on a path that is 
reasonably close to the path taken by the ?rst trailer. With 
this correction, the dolly that is an embodiment of the 
present invention substantially exceeds the cornering capa 
bilities of the Type B dollies While maintaining superior 
stability When operating at higher speed on the open road. 

[0012] All steering modes used by the present invention 
conform to a type of modi?ed Ackerman geometry. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a diagrammatic vieW of an embodiment 
of a Variable Steering Ratio Digital Dolly With Oversteer 
ToWed behind a Tractor-Trailer Combination Rig 

[0014] FIG. 2 is a diagrammatic perspective plan vieW of 
a Variable Steering Ratio Digital Dolly With Oversteer 

[0015] FIG. 3 is a diagrammatic back plan vieW of a 
Variable Steering Ratio Digital Dolly With Oversteer 

[0016] FIG. 4 is a diagrammatic bottom vieW taken along 
lines 4-4 of FIG. 3 of a of a Variable Steering Ratio Digital 
Dolly With Oversteer 

[0017] FIG. 5 is a diagrammatic top vieW of a Variable 
Steering Ratio Digital Dolly With Oversteer UtiliZing a 
Controller for Steering the Dolly 

[0018] FIG. 6 is a diagrammatic vieW of a Variable 
Steering Ratio Digital Dolly Without the Oversteer Correc 
tion 

[0019] FIG. 7 is a diagrammatic back plan vieW of SWit 
chable Steering Ratio Geared Dolly With Oversteer is a top 
plan vieW of a of SWitchable Steering Ratio Geared Dolly 
With Oversteer 
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[0020] FIG. 8 is a diagrammatic top plan vieW taken along 
lines 8-8 of FIG. 7 of a of SWitchable Steering Ratio Geared 
Dolly With Oversteer 

[0021] FIG. 9 is a diagrammatic top plan vieW of SWit 
chable Steering Ratio Geared Dolly With Oversteer shoWing 
upper partial-circular track 

[0022] FIG. 10 is a diagrammatic schematic draWing of an 
Oversteer Gearbox 

[0023] FIG. 11 is a diagrammatic top vieW of the SWit 
chable Steering Ratio Geared Dolly Without the Oversteer 
Correction 

[0024] 
[0025] FIG. 13 is a diagram of the sensors and controller 
for the Variable Steering Ratio Digital Dolly With Oversteer 
Correction 

FIG. 12 is a diagram of a travel distance sensor 

[0026] List of Reference Numbers 

[0027] 30 tractor 

[0028] 36 ?fth Wheel 

[0029] 40 front trailer 

[0030] 44 sensor THETA_D1 

[0031] 47 attachment assembly 

[0032] 49 controller 

[0033] 50 dolly 

[0034] 53 sensor THETA_S1 

[0035] 55 tongue 

[0036] 58 axle central pivot support 

[0037] 60 steering axle assembly 

[0038] 63 L, R hydraulic tanks 

[0039] 64 circular bearing plates 

[0040] 65 trailer mounting bar pivot 

[0041] 66 trailer mounting bar 

[0042] 67 ?fth Wheel 

[0043] 68 hydraulic motor 

[0044] 69 chain 

[0045] 70 L, R running Wheels 

[0046] 71 L, R running Wheels 

[0047] 72 F, B transverse axles 

[0048] 73 track attachment plate and assembly 

[0049] 74 steering sprocket 

[0050] 75 rear loWer partial-circular track 

[0051] 76 poWer output sprocket 

[0052] 77 sprocket 

[0053] 80 rear trailer 

[0054] 81 sensor THETA_R1 

[0055] 97 shaft 

[0056] 98 shaft 
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[0057] 
[0058] 
[0059] 
[0060] 
[0061] 
[0062] 
[0063] 
[0064] 
[0065] 
[0066] 
[0067] 
[0068] 
[0069] 
[0070] 
[0071] 
[0072] 
[0073] 
[0074] 
[0075] 
[0076] 
[0077] 
[0078] 
[0079] 
[0080] 
[0081] 
[0082] 
[0083] 
[0084] 
[0085] 
[0086] 
[0087] 
[0088] 
[0089] 
[0090] 
[0091] 
[0092] 
[0093] 
[0094] 
[0095] 
[0096] 
[0097] 
[0098] 
[0099] 

100 forward partial-circular track 

104 roller 

105 roller 

106 L, R hinge assemblies 

107 bar 

108 ball and socket attachment 

110 roller 

111 gear 

112 angle gear 

113 angle gear 

114 shaft 

115 main gearbox 

118 gear 

119 angle gear 

120 angle gear 

121 roller 

122 shaft 

123 roller 

124 gear 

125 neutral lock gearbox 

126 trailer orientation shaft 

127 angle gear 

128 angle gear 

129 shaft 

130 oversteer gearbox 

131 square hitch shaft 

132 forWard enabling sWitch 

133 bearing plates 

134 bearing plates 

140 rear upper partial-circular track 

144 joint 

146 pin and lock set 

148 pin and lock set 

150 rear enabling sWitch 

151 air valve 

152 control box 

153 indicator lights 

154 stability line 

155 chain 

156 cornering air line 

159 roller 

160 bracket 

161 drive axle 

Dec. 5, 2002 

[0100] 560 gear 

[0101] 562 gear 

[0102] 564 gear 

[0103] 568 shell 

[0104] 570 gearbox 

[0105] 878 encoders on dolly Wheels 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0106] The folloWing description Will disclose four dis 
tinct preferred embodiments of the invention. These four 
distinct embodiments are as folloWs: 

[0107] 1. A digital embodiment With an oversteer correc 
tion capability, as seen in FIGS. 1, 2, 3, 4, 5. 

[0108] The name We Will use for this embodiment is the 
Variable-Steering-Ratio Digital Dolly With Oversteer. We 
have called it Variable Steering Ratio because it varies in a 
continuous manner among a Wide variety of distinct steering 
ratios as a continuous function of vehicle speed. It can be 
designed to vary among distinct steering ratios as a function 
of any available parameter such as turning angle, speed, etc. 
if desired. This embodiment of the invention also provides 
the capability for oversteer correction. 

[0109] 2. A digital embodiment Without an oversteer cor 
rection capability, as seen in FIG. 6. 

[0110] The name We Will use for this embodiment is the 
Variable Steering Ratio Digital Dolly. This embodiment of 
the invention is the same as embodiment three, except no 
oversteer correction is available on this embodiment of the 
invention. 

[0111] 3. A mechanical embodiment With an oversteer 
correction capability, as seen in FIGS. 7, 8, 9. 

[0112] The name We Will use for this embodiment is the 
SWitchable-Steering-Ratio Geared Dolly With Oversteer. We 
have called it SWitchable Steering Geared Ratio because it 
sWitches betWeen at least tWo distinct steering ratios using a 
mechanical gearbox Without stopping the vehicle. It can be 
designed to sWitch among any number of distinct steering 
ratios if desired. Oversteer is the additional correction added 
to the steering method that, for negative steering ratios, 
enables the dolly to sWing Wider, later in the turn than any 
type of ratio-type steering can produce. This oversteer 
correction Will be particularly useful for the longer dollies 
that are needed to spread heavier loads over longer stretches 
of pavement and to reduce the columnar loading on bridges. 

[0113] 4. A mechanical embodiment Without an oversteer 
correction capability, as seen in FIG. 11. 

[0114] The name for this embodiment is the SWitchable 
Steering Ratio Geared Dolly. This embodiment of the inven 
tion is the same as embodiment one except it has no 
capability for oversteer correction. 

[0115] FIG. 1—Variable-Steering-Ratio Digital Dolly 
With Oversteer ToWed Behind a Tractor-Trailer Combination 
Rig 
[0116] FIG. 1 illustrates a typical application of a Vari 
able-Steering-Ratio Digital Dolly With Oversteer 50 that is 



US 2002/0180178 A1 

one of the preferred embodiments of the invention. A tractor 
30 of a tractor-trailer combination has a forward trailer 40 
coupled thereto via a ?fth Wheel 36, While a second, rear 
trailer 80 is coupled to the forWard trailer 40 via the dolly 50 
We Will describe beloW. The rear trailer 80 is carried via a 
?fth Wheel 67 mounted on the dolly 50. 

OvervieW of Variable Steering Ratio Digital Dolly 
With Oversteer 

[0117] This preferred computer-controlled embodiment of 
the invention as seen in FIGS. 1, 2, 3, 4, 5 consists of three 
pivotally connected sections, and has an equivalent function 
to the ?rst, mechanical embodiment. The ?rst section, the 
tongue 55, connects the dolly 50 to the toWing vehicle 40. 
Mounted above the tongue 55 is a ?fth Wheel 67 With a 
trailer orientation sensor THETA_R1 81 for determining the 
angle betWeen the dolly tongue 55 and the rear trailer 80. 
The steering axle central pivot support 58 extends up 
through the tongue 55 from beloW, and is attached ?rmly at 
the bottom to the steering axle assembly 60. The steering 
axle assembly 60 and the central pivot support pivot 58 With 
respect to the dolly tongue 55. There is an axle orientation 
sensor 53 to determine the angle betWeen the tongue 55 and 
the steering assembly 60, as Well as a hydraulic motor 68 
able to change the angle betWeen the steering assembly 60 
and the dolly tongue 55. At the front of the dolly tongue 55 
there is a front pivot orientation sensor 44 Which determines 
the angle betWeen the dolly tongue 55 and the front trailer 
40. 

[0118] FIG. 2—Variable Steering Ratio Digital Dolly With 
Oversteer in Perspective 
[0119] FIG. 2 shoWs the Variable-Steering-Ratio Digital 
Dolly With Oversteer 50 in a perspective vieW. Referring to 
this ?gure, the dolly 50 has a rigid dolly tongue 55, Which 
in this embodiment Will be coupled to the front end of the 
rear trailer 80 (FIG. 1) via a ?fth Wheel 67. The ?fth Wheel 
67 is mounted on a trailer mounting bar 66 that is ?xed 
solidly onto the top of the axle assembly central pivot 
support 58 (FIG. 3) that extends up from beloW the dolly 
tongue. A rear trailer orientation sensor, THETA_R1 81, 
mounted on the dolly tongue just forWard of the ?fth Wheel 
67, measures the movement of the rear trailer as it rotates 
around the ?fth Wheel latch 67. This sensor is mounted on 
a roller 159 that rolls along the bottom of the trailer (circling 
around the kingpin of the trailer) as the trailer rotates. A 
bracket 160 supports the sensor 81 and the roller 159 and 
presses them tightly upWard against the bottom of the trailer. 
An air cylinder connected betWeen the dolly tongue and the 
bracket maintains this upWard pressure Whenever a kingpin 
is latched in the ?fth Wheel latch, but alloWs the bracket to 
relax doWn against the body of the dolly tongue at other 
times to avoid damage during hitching operations. 
[0120] The dolly tongue 55 comprises the central rigid 
structural member beloW the trailer mounting bar 66 and 
pivots around the axle assembly central pivot support 58 
(FIG. 3) as torque is applied by the hydraulic steering motor 
68 at the direction of the controller 49. The hydraulic 
steering motor 68 receives high pressure hydraulic ?uid 
from the high pressure hydraulic tank 63L in Which hydrau 
lic ?uid is separated from highly compressed gasses by a 
diaphragm of some sort. The hydraulic ?uid is discharged to 
the loW pressure hydraulic tank 63R. An air motor turns a 
hydraulic pump 64 to replenish the high pressure hydraulic 
tank 63L as needed. 
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[0121] Underneath the back section of the dolly 50 is a 
transverse steering axle assembly 60, on Which is solidly 
mounted the axle assembly central pivot support 58 (FIG. 3) 
that supports the upper portions of the dolly. TWo spaced 
pairs of running Wheels 70 L, R and 71 L, R are mounted on 
each of the transverse axles 72F (Front) and 72B (Back) by 
any conventional suspension system. In this embodiment the 
suspension system is omitted for clarity of illustration since 
it is a standard assembly. The hydraulic motor 68 that 
controls the steering of the transverse axles 72F and 72B, is 
mounted on the right side of the dolly tongue 55 and 
someWhat in front of the steering axle assembly 60. 

[0122] The hitch pivot attachment assembly 47 With its 
front pivot orientation sensor THETA_D1 44 is located near 
the front of the dolly tongue 55. 

[0123] FIG. 3—VieW of Variable-Steering-Ratio Digital 
Dolly With Oversteer from the Back Looking ForWard 

[0124] FIG. 3 shoWs a vieW of the back of the Variable 
Steering-Ratio Digital Dolly With Oversteer. The heavy axle 
central pivot support 58 is mounted solidly on the steering 
axle assembly 60 and extends upWard through the center of 
the dolly tongue 55. The dolly tongue 55 pivots freely 
around this axle central pivot support 58 and is stabiliZed 
there by bearing plates 134. Thus, the steering axle assembly 
60 including the transverse axles 72 F, 72 B are alloWed to 
pivot With respect to the dolly tongue 55 in response to the 
torque applied by the hydraulic steering motor and the 
steering chain (FIG. 4). The top section of the axle central 
pivot support 58 extends upWard through the center of the 
dolly tongue 55. A heavy trailer mounting bar 66 is solidly 
attached to this axle central pivot support 58, and supports 
the ?fth Wheel 67. The kingpin of the rear trailer 80 (FIG. 
1) is alloWed to pivot above the ?fth Wheel 67 With respect 
to the dolly tongue 55 as the rear trailer 80 (FIG. 1) sWings 
from side to side With respect to the dolly 50, but this 
orientation of the trailer 80 (FIG. 1) With respect to the dolly 
50 is accurately measured by the trailer orientation sensor 
assembly Which measures the rotation of the kingpin of the 
rear trailer 80 inside the ?fth Wheel latch assembly. 

[0125] FIG. 4—Variable-Steering-Ratio Digital Dolly 
With Oversteer VieWed Looking UpWard from a Cut Just 
BeloW the Tongue 

[0126] The vieW of the Variable-Steering-Ratio Digital 
Dolly With Oversteer shoWn in FIG. 4 shoWs more clearly 
the arrangement of the hydraulic steering motor 68 and the 
axle orientation sensor assembly 53. The hydraulic steering 
motor 68 is mounted solidly on the tongue 55 of the dolly. 
Aheavy steering chain 69 extends betWeen the poWer output 
sprocket 76 of the hydraulic steering motor assembly 68 and 
a steering sprocket 74 that is attached solidly to the steering 
axle central pivot support 58 (shoWn here as a cut). The 
rotation of the poWer output sprocket 76 and the steering 
chain 69 then forces the rotation of the steering axle assem 
bly (not shoWn—located in 3-D space betWeen the vieWer 
and the diagram) With respect to the dolly tongue 55. 

[0127] A second, smaller sprocket is attached to the steer 
ing axle central pivot support 58 for determining orientation 
data. A smaller chain 155 extends from this sprocket 58 to 
the sprocket 77 on the axle orientation sensor 53. Any 
movement of the steering axle assembly 60 (FIG. 3) With 
respect to the dolly tongue 55 is transferred to and accurately 
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measured by this axle orientation sensor 53, and this orien 
tation data is then transferred to the controller 49 for use in 
steering the dolly. 

[0128] FIG. 5—Variable-Steering-Ratio Digital Dolly 
With Oversteer VieWed from Above 

[0129] The Variable-Steering-Ratio Digital Dolly With 
Oversteer shoWn in FIG. 5 is a preferred embodiment of the 
invention. It is similar to the SWitchable-Steering-Ratio 
Geared Dolly With Oversteer except that controller 49 is 
used to transfer information. The steering information and 
the oversteer information are transferred from the steering 
input section, the aXle orientation system and the trailer 
orientation system, respectively, to the poWered steering 
system of the dolly 50 by controller 49. An additional source 
of oversteer information Will also be available in the form of 
a measurement of the differential rotation of the dolly Wheels 
71 L, R as measured by the travel distance encoders 878a, 
b. If this difference is accumulated and then decayed at a 
prescribed rate per linear foot of travel, it can be used along 
With or instead of the oversteer information received from 
the trailer orientation system. PressuriZed hydraulic ?uid is 
utiliZed as an energy source. The softWare in controller 49 
Will be able to adjust the amount of oversteer as needed, and 
Will also vary the steering ratio continuously as the speed of 
the dolly changes so that no gearbox Will be required. Full 
redundancy is recommended for all the electronic compo 
nents to minimiZe the consequences of failures, but full 
redundancy is not included in this embodiment of the 
invention. 

[0130] At the front of the dolly 50, an optical pulse 
rotation encoder, front pivot orientation sensor THETA_D1 
44, (or some other such sensor) Will record the rotation of the 
dolly tongue 55 about the forWard pivot point and transfer 
this information via pulse counting circuit to the controller 
49. At the rear of the dolly 50 another optical pulse rotation 
encoder, aXle orientation sensor THETA_S1 53 (FIG. 4), (or 
some other such sensor) Will record the rotation of the 
steering aXle assembly 60. A third optical pulse rotation 
encoder (or some other such sensor), rear trailer orientation 
sensor, THETA_R1 81, mounted on the dolly tongue just 
forWard of the ?fth Wheel 67, measures the movement of the 
trailer 80 carried by the dolly as it rotates around the ?fth 
Wheel latch 67, to provide input to the oversteer correction 
algorithms. This sensor is mounted on a roller 159 that rolls 
along the bottom of the trailer (circling around the kingpin 
of the trailer) as the trailer rotates. Abracket 160 supports the 
sensor 81 and the roller 159 and presses them tightly upWard 
against the bottom of the trailer. An air cylinder connected 
betWeen the dolly tongue and the bracket maintains this 
upWard pressure Whenever a kingpin is latched in the ?fth 
Wheel latch, but alloWs the bracket to relaX doWn against the 
body of the dolly tongue at other times to avoid damage 
during hitching operations. 

[0131] Some appropriate method must be provided for 
scaling the readings of these sensors into degrees of rotation 
and to calibrate them periodically to assure that any shifting 
is taken into account. 

[0132] A reversible hydraulic motor 68 geared doWn to a 
moderate speed Will provide the energy for turning the aXles 
72 F, 72 B When the softWare detects that movement is 
required. This hydraulic motor 68 is provided With an 
automatic braking mechanism that locks the gear train into 
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position at times When no action is required of the hydraulic 
motor 68. Loss of air pressure Will also activate the braking 
mechanism. 

[0133] An optical rotation encoder 878 (or other such 
sensor) Will record the rotation of the drive shaft for each 
front dolly Wheel 71 L, R. The softWare in the controller 49 
Will use this information in tWo Ways. The sum of the counts 
Will be scaled to yield the distance traveled by the dolly in 
any given time interval. The difference betWeen the counts 
for the tWo Wheels 71 L, R Will be scaled to yield a measure 
of the amount of cornering that the dolly Wheels 71 L, R are 
undergoing. 

OvervieW of the Variable-Steering-Ratio Digital 
Dolly Without Oversteer 

[0134] In this alternate embodiment of the invention, as 
seen in FIG. 6, a controller 49 controls the sWitching among 
a multitude of steering ratios. The dolly consists of tWo 
sections that pivot in relation to one another. The upper 
section, the dolly tongue 55, is connected at the front to the 
front trailer 40 by an attachment assembly 47, and at the 
back to the rear trailer 80 via a ?fth Wheel 67. BeloW the 
dolly tongue 50 is a steering aXle assembly 66, Which pivots 
With respect to the dolly tongue 55. There is a front pivot 
orientation sensor THETA_D1 44 betWeen the dolly tongue 
55 and the front trailer 40 that detects the angle betWeen the 
centerline of the front trailer 40 and the center line of the 
dolly tongue 50. Another sensor, the aXle orientation sensor 
53, is located betWeen the dolly tongue 55 and the steering 
aXle assembly 60, Which detects the angle betWeen the 
centerline of the dolly tongue 55 and the centerline of the 
steering aXle assembly 60. The controller 49 reads the input 
from the front sensor and generates an appropriate steering 
angle for the steering aXle assembly 60. A hydraulic motor 
68 is mounted so that it can rotate the steering aXle assembly 
60 to the desired steering angle. 

[0135] FIG. 6: The Variable-Steering-Ratio Digital Dolly 
Without the Oversteer Correction 

[0136] This alternate embodiment of the invention is 
physically identical to the Variable-Steering-Ratio Digital 
Dolly With oversteer if We omit the sections relating to the 
measurement of the trailer orientation, the sections relating 
to the measurement of the rotation of the dolly Wheels, and 
the sections relating to the oversteer algorithms in the 
controller. There Will be no sensor to measure the rotation of 
the trailer kingpin inside the ?fth Wheel latch. There Will, of 
course, be no sensors to measure the rotation of the dolly 
Wheels. There Will be no algorithms in the computer soft 
Ware to apply any oversteer correction. The remainder of the 
dolly Will be unchanged. 

[0137] For a detailed description of this alternate embodi 
ment of the invention, simply refer to the detailed descrip 
tion of the Variable-Steering-Ratio Digital Dolly With over 
steer, and make alloWance for the above differences. 

OvervieW of SWitchable-Steering-Ratio Geared 
Dolly With Oversteer 

Best Seen in FIGS. 7, 8, 9, and 10 

[0138] This preferred mechanical embodiment of the 
invention consists of three pivotally connected sections. At 
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the front of the dolly tongue 55 there is a front partial 
circular track 75, Which is connected at the sides to a hitch 
bar 131 that pivots With the front trailer 40 (FIG. 1). As the 
front trailer 40 (FIG. 1) rotates With regard to the dolly 
tongue 55, the front partial-circular track 100 passes 
betWeen the roller 110 and the gear 111. The outside of the 
front partial-circular track 100 has teeth siZed to mesh With 
the gear 111, therefore as the front partial-circular track 100 
rotates the gear 111 also rotates. Mounted beloW the gear 111 
is an angle gear 112, Which meshes With another angle gear 
113 to transfer the rotation to a horiZontal plane. The angle 
gear 113 is connected to a shaft 114 that carries the rotation 
to a gearbox 115. There is a roller 104 mounted on the front 
partial-circular track 100 Which activates an enabling air 
valve 132 When the front trailer 40 (FIG. 1) and dolly tongue 
55 are aligned. The enabling air valve 132 sends a signal to 
the gear box 115 indicating that the sections are aligned. 

[0139] There are tWo partial-circular tracks at the rear of 
the dolly tongue, one above the other. The loWer rear 
partial-circular track 75, best seen in FIG. 8, is connected to 
the steering axle assembly 60 via the track attachment plate 
and assembly 73, and the steering axle central pivot support 
58, and has a gear 118 (hidden) and roller 121 (hidden) like 
the front partial-circular track 75. Above the gear 118 
(hidden) is an angle gear 120 that meshes With an angle gear 
119 connected to a shaft 122, Which goes into the neutral 
lock gearbox 125. There is a roller, as in the front track, With 
an enabling air valve that signals the neutral-lock gearbox 
125 that the dolly tongue 55 and the axle assembly 60 are 
aligned. 
[0140] The rear trailer is not mounted on a single ?fth 
Wheel, but on a double ?fth Wheel 67 L, R on a trailer 
mounting bar 66 that pivots above the dolly tongue 55. 
Attached to the trailer mounting bar 66 is an upper rear 
partial-circular track 140 Which rotates in an equivalent 
assembly, consisting of a roller 123 (hidden by angle gear 
127, gear 124 (hidden by angle gear 127), angle gear 127, 
angle gear 128 and shaft 126 passing above the other tWo 
gearboxes 125, 115, leading to the oversteer gearbox 130. 

[0141] FIG. 7—VieW of SWitchable-Steering-Ratio 
Geared Dolly With Oversteer from the Back Looking For 
Ward 

[0142] FIG. 7 shoWs a vieW of the back of the SWitchable 
Steering-Ratio Geared Dolly With Oversteer. The heavy axle 
central pivot support 58 is mounted solidly on the steering 
axle assembly 60 and extends upWard through the center of 
the dolly tongue 55. The dolly tongue 55 pivots freely 
around this axle central pivot support 58 and is stabiliZed 
there by bearing plates 134. Thus, the steering axle assembly 
60 including the transverse axles 72 F, 72 B are alloWed to 
pivot With respect to the dolly tongue 55 in response to the 
torque applied by the loWer rear partial-circular track 75 
(FIG. 8). 
[0143] The top section of the axle central pivot support 58 
extends upWard through the center of the dolly tongue 55. A 
heavy trailer mounting bar central pivot 65 that is attached 
to this axle central pivot support 58 supports and alloWs 
pivoting of the trailer mounting bar 66 With the tWo ?fth 
Wheels 67 L, R. Circular bearing plates 134 provide stability 
for this trailer mounting bar central pivot 65. The rear upper 
partial-circular track 140 (FIG. 9) attaches solidly to the 
trailer mounting bar 66 so that as the trailer mounting bar 66 
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rotates With the rotation of the rear trailer 80, the upper 
partial-circular track 140 is also forced to rotate. The rota 
tion of the upper partial-circular track 140 causes the gears 
in the trailer rotation gear train to rotate, providing the 
oversteer input for the oversteer gearbox 130 (FIG. 8). Thus, 
the trailer mounting bar 66 and the rear trailer 80 (FIG. 1) 
are alloWed to pivot above the dolly tongue 55 as the rear 
trailer 80 (FIG. 1) sWings from side to side With respect to 
the dolly 50, but this orientation of the trailer 80 (FIG. 1) 
With respect to the dolly 50 is accurately measured by the 
upper partial-circular track 140 and its associated gearing. 

[0144] FIG. 8—VieW of SWitchable-Steering-Ratio 
Geared Dolly With Oversteer from Top Looking DoWn 

[0145] FIG. 8 shoWs a vieW from above of the primary 
sections of the SWitchable-Steering-Ratio Geared Dolly 
With Oversteer With the upper rear partial-circular track 140 
and associated ?fth Wheel 67 and trailer mounting bar 66 
removed. This same ?gure is shoWn in its entirety in FIG. 
9. The steering gear ratio used by this dolly 50 can be 
sWitched from the driver’s cab Without stopping the vehicle. 
The sWitchability of the steering system of this dolly 50 
alloWs it to be operated in a geared stability mode at higher 
speeds on the open road, then shifted into a different mode 
to operate as a geared cornering mode dolly 50 for better 
cornering ability at loWer speeds. In the geared cornering 
mode, an oversteer correction is used to assist in sWinging 
Wide around corners. 

[0146] As seen in FIG. 7, the axle central pivot support 58 
extends upWard through the dolly tongue 55 and, at a point 
just above the dolly tongue 55, has an attachment plate 
extending outWard. This attachment plate is connected via 
track attachment assemblies track attachment plate and 
assembly 73 to the extremities of a large loWer rear partial 
circular track 75. The loWer partial-circular track 75 must be 
someWhat longer than a semicircle, since turns of more than 
90 degrees Will require more than a full 180 degrees of 
rotation. The bottom of the loWer rear partial-circular track 
75 is in the same plane With the top of the dolly tongue 55. 
The gear teeth on the front of the loWer rear partial-circular 
track 75 are siZed to mesh With the teeth of a small gear 118 
(hidden) mounted on the dolly tongue 55. This loWer rear 
partial-circular track 75 passes betWeen a roller 121 (hidden) 
and the small gear 118 (hidden) on the top of the main axial 
member of the dolly tongue 55. The roller 121 (hidden) and 
the gear 118 (hidden) are positioned to press tightly against 
the sides of the loWer rear partial-circular track 75 so that as 
the gear 118 (hidden) rotates, it causes the loWer rear 
partial-circular track 75 to move betWeen the gear 118 
(hidden) and the roller 121 (hidden). This in turn Will cause 
the axles 72 F, 72 B to rotate about a vertical axis, changing 
the orientation of the dolly running Wheels 70 L, R, and 71 
L, R. The small gear 118 (hidden) is rigidly attached to a 
large 90-degree gear 120 above it, both of Which rotate about 
the same axis. The large 90-degree gear 120 is mounted high 
enough to easily stay clear of the loWer rear partial-circular 
track 75 as it moves. The large 90-degree gear 120 has 45 
degree teeth along its outer loWer edge designed to mesh 
With a smaller 90-degree gear 119 rotating at a 90-degree 
angle to it and located directly beloW its front edge. This 
smaller 90-degree gear 119 Which is rotating around an axis 
parallel to the main axial member of the dolly tongue 55 is 
mounted on a shaft 122. 






















