
shown (9) that the tractor's front tires will saturate 
in side force before the rear tires in a vehicle 
satisfYing the following inequality: 

{a I b} [d I (L=d}! > 1 

where: 

a::: distance from steering axle to the 
centroid of tractor axle loads 

b::: distance from center of tractor tandem 
to the centrold of tractor axle loads 

d:: half-spread dimension across the 
equivalent tractor tandem 

L::: tractor wheelbase (equal to a + b} 

Careful inspection of this expression will indicate 
that only a tractor with a rather unusually wide­
spread tandem layout. given the wheelbase, will 
suffer the peculiar "front-first" saturation 
response. A simplified analysis indicates that 
when such a saturation condition does occur, the 
vehicle will. be limited in path radius. regardless of 
additional steer input. If this condition occurs 
while negotiating, say, an intersection turn. the 
tractor may proceed along a radius which results 
in excursions into the paths of other vehicles or 
pedestrians. In short, the condition does amount 
to loss of directional control. 

An example illustration of the minimum path radii 
which can be achieved. as a function of the 
tire/pavement friction level at which side force 
saturation will. occur, Is presented in Figure 14. 
These example results represent the demanding 
case in which a large value for the tandem spread 
dimension is coupled with a short-wheelbase 
vehicle having a strong rearward bias in loading. 
The figure shows that the minimum achievable 
path radiUS Iises as the friction level goes down. 
thus making 1t difficult to achieve a nonnal inter­
section turn when the friction level is below ap­
proximately O. 5. assuming worn radial-ply tires on 
the tandem axle wheel positions. Note that the 
tires installed on the rear axle pOSitions influence 
the m:!.nimum turn capability because they deter­
mine, through their "cornering stiffness" property, 
the magnitude of yaw-resistive moment which is 
developed in a given-radius turn. These observa­
tions support the following general statement: 

Tractors having a widely-spread tandem axle 
set and relatively short wheelbase may not 
respon.d to further steering beyond some 
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minimum radius turn. un.der low friction 
conditions. This problem worsens wtth wider 
spread, shorter wheelbase, and more 
rearward weight bias among the tractor axles. 

HIGH-SPEED OFFTRACKING 

While the trailers of articulated vehicle track in­
board of the tractor during slow speed turns. the 
tracking relationships change as speed 1s in­
creased. When such vehicles travel around a 
curved path at increasing speed. the inboard of­
ftracking begins to diminish and actually becomes 
zero at some speed. At higher values of speed 
beyond this point. the trailer tires track to the 
outside of the path of the tractor tlres.(17) This 
outboard or "high-speed" offiracking phenomenon 
is thought to be of potential significance to traffic 
safety insofar as the potential exists for the rear of 
the trailer to strike an object on the outside ofthe 
curve or for trailer tires to encounter an outboard 
curb, thus tripping the vehicle and promoting 
roliover. 

The extent to which outboard offtracking occurs 
is dependent upon the basic low-speed off tracking 
response of the vehicle. given the turn radius. and 
certain additional properties which govern the 
outboard-tracking tendency with increased levels 
of lateral acceleration. Shown in Figure 15 is an 

.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 
TIRE I PAVEMENT FRICTION ().ll 

The influence of tire placement on the path 
radius llinitation of a S-we truck 
having a very wide tandem spread 

relative to the wheelbase 
FIGURE 14 



illustration of the process from inboard to out G 

board offtracking with increasing lateral accelera­
tion for two example vehicle configurations, 
namely. a tractor with 48-ft semitrailer and an 
A-type doubles combination ha~..ng two 28-ft 
trailers. We see that the tractor semi-trailer, with 
its greater inboard offtracking at zero lateral ac­
celeration (or speed) exhibits less high-speed of­
ftracking at a given acceleration value than does 
the double. which experiences less zero-speed of­
ftrackingbyvirtue ofits multiple articulations and 
short trailers. 

Analysis (18) has shown that the slope of the 
relationship between offtracking and lateral ac­
celeration is determined solely by the overall 
length of the vehicle combination and the corner­
ing stiffnesses of the installed tires, regardless of 
the number or type of articulationjolnts. This, in 
the figure, the longer doubles combination shows 
a somewhat steeper relationship than is apparent 
with the tractor-serr..itrailer. 

Listed below under the column labelled "steady 
state" are the net outboard offtracking responses 
exhibited by various vehicle configurations for the 
case of a steady 600-ft radius CUlve which is 
traversed at a speed of 55 mph. 

Table 1 - High-speed offtracking of 
selected truck combinations 

Vehicle 
OfCtracking. Ft 
Steady state 

Tractorw/48" Semi 0.52 
Turnpike A-DBL, 48' trailers 1.10 
Rcky Mtn. C-DBL. 

48'/28' (nom.) trailers 
Rcky Mtn. A-DBL. 

48'/28' (nom.) trailers 1.33 
B-train DBL, 

28' [nom.) trailers 
Conventional A-DBL, 

27' (nom.) trailers 1.43 
C-TIiple. 28' (nom.) trailers 
A-Triple 

28' (nom.) trailers 2.13 

"Dynamic" 

0.98 
1.49 

1.72 

2.24 

1.75 

2.79 
3.28 

5 .31 

In addition to the "steady-state" results which 
derive from a claSSical linear analysis of high­
speed off tracking, the adjacent colunm presents 
the considerably larger values of dynamic high­
speed offtracking which represent numerical com­
putations of the peak overshoot in lateral 
excursion of the rearmost axle in a rapid obstacle­
avoidance maneuver at 62.5 mph. Although based 
upon a more complex set of maneuvering 
dynamiCS, these results indicate that a transient 
overshoot in high-speed offtracking can occur in 

response to an abruptly applied steering 
input. ( 11) The results show that the A-train triple, 
with 27- or 28-ft trailers, is in a class by itself with 
regard to the extent of the dynamic lateral excur­
sion. Also, B-train and C-train variations on a 
basic multi-trailer layout produce very substantial 
improvements in performance over the cor­
responding A-trains listed here (primarily due to 
the same mechanisms as serve to improve rear­
ward amplification). Insofar as the magnitudes of 
the dynamic values represent a conSiderable 
lateral dimension relative to spaces that may be 
available on the highway, it would appear that the 
dynamic rather than static aspects of high-speed 
offtracking may pose the most serious prospect for 
inadvertent collisions or curb-strikes at the edge 
ofthe traffic lane. 

It should be noted that all of the above vehicle 
configurations were conSidered to be operated 
with radial-ply tires which produce less high­
speed off tracking. With bias-ply tires. the slope of 
the offtracking/lateral acceleration relationship 
for steady-state turning would be approximately 
twice that observed with radlals. such that the 
steady-state results shown here would approach 
twice the indicated magn1tudes. 

2.0 

...: -<5 c z 
52 g - DOUSL.E WITH 2B FT. TRA11..Eit5 ~ 
u I ~ 
f- ~ !.£.. 
!.£.. ID 
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!.,An;RAL ACCELERATION, 0" -

~ 
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Example ofi'tracking behavior of tractor­
semitrailer and doubles combination 

on 50o-ft (152 m) radius curve 
FIGURE 15 
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Moreover, one can observe that the fundamental 
relationships govem.:1ng outboard offtracking sup­
port the following general statement: 

At tn.creased levels of lateral acceleration, 
trailing axles tend to ojftrack to the outside in 
a steady turn. The outboard oIftracking 
response in a steady turn is maximized in 
vehicle combfna:tions which are A) relattvely 
long, overaU but. B) articulated at multiple 
joints such that individual trailer length is 
relatively short. 

The paths of trailer tires can be even further 
displaced from those DJ the tractor under 
transient steering conditions. The extent oJ 
transient overshoots in the paths Dj trailing 
axles are greatest with long A-trains 
comprised of many short trailers. 
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