






be a reasonable maximum limit. and the exercise 
was stopped without obtaining roliover of these 
vehicles at this frequency. 

Low-Speed Oft"b:ac!dng 
The low-speed offtracking performance of the test 
vehicle equipped wit."! the selected dollies is shown 
in Figure 21. The performance of the A-train is 
shown as the usual reference, and the 
performance of the typical tractor-semitraller with 
a 45-foot trailer is also shown. The test vehicle 
performance is comparable or slightly better with 
each of the selected dollies than it is with the 
A-dolly, except for the trapezoid dony in its forward 
re position state. All of the doubles exhibit better 
performance than the single-trailer vehicle. 
pointing out the advantage of the double 
configuration in this area. 
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Yaw Damping Behaviour 
Some configurations of multi-trailer vehicles may 
display very lightly. or even negatively. damped 
(unstable) dynamic modes of motion. The 
eigenvector of these modes is usually dominated 
by yaw motions of the last trailer so that. in 
practi<:e. these modes are revealed as seemingly 
unprovoked "wagging" of the last trailer during 
normal running. One fatal accident of a doubles 
using a steerable-axle B-dolly, which occurred in 
Saskatchewan, is strongly suspected of being 
caused by a similar phenomenon. 

Simulation runs of a so-called "pulse-steer" 
maneuver were used to evaluate the influence of 
the dolly on yaw damping qUality. The steeriP..g 
pulse consisted of 2 degrees of (roadwheel) steer 
for 0.2 sec duration. Figure 22 shows the lateral 
acceleration response of the tractor and second 
trailer of the A-train in such a maneuver. The 
tractor shows a sharp response to the pulse which 
generally excites the system. The oscillatory 
response of the second trailer then decays quickly, 
showing that the system i.s fairly well damped. The 
effective damping of the second-trailer lateral 
acceleration response was determined from 
response data of this form using the logarithmiC 
decrement technique. 

Loading is known to be influential to multi-trailer 
vehicle damping (6,7,9), so this investigation 
included the four loading conditions. Further. a 
general understanding of vehicle dynamics 
suggests that. for B-dollies. steering properties 
and drawbar length of the dolly should also be very 
influential. The influence of these properties was 
investigated. 
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Table 3 shows the calculated damping ratios for 
an of the runs conduded on the A-train and 
improved dollies. The test vehicles all displayed 
good damping properties with all of these dolly 
types in all the loading conditions tested. (As a 
point of reference in interpreting the values of 
Tables 3 and 4. Klein and Szostak (20) have 
recommended minimum damping ratios of 0.15 
for passenger cars towing trailers.) The trapezoidal 
dolly showed performance very near to the 
baseline A-train in both the forward and rearward 
le conditions. Damping with the linked
articulation dolly. the self-steertng B-dolly, and 
eSB-dolly was improved over the A-train. 

Table :3 - The dampIing ratio of the test 
vehicle in a 55 mph pulse-steer 
maneuver 

Load Damping 
DoUytype condition ratio 

A-Train reference F/F 0.32 
ElF 0 .31 

Trapezoidal dolly. F/F 0.37 
Forward lC position ElF 0.35 

Trapezoidal dolly, F/F 0.32 
rearward lC position ElF 0.31 

Unked articulation dolly, F/F 0.59 
0.44 system gain FIE 0.72 

ElF 0.37 
E/E 0.50 

Self-steering B-dolly, F/F 0.68 
ElF 0.51 

eSB-Dolly, F/F 0.55 
FIE 0.74 
ElF 0.34 
E/E 0.45 

As noted. it is to be expected that the level of 
steering reSistance and the tongue length wouLd 
have considerable influence on yaw damping 
performance of B-dolly equipped vehicles. To 
demonstrate this influence. pulse-steer runs were 
conducted using the self-steering B-dollywith very 
low steering resistance and with long-drawbar 
B-doIlies (lOO inches from pintle to dolly axle, 
rather than the baseline dimension of 80 inchesl . 
The long drawbar was applied to the self-steering 
B-doUy with both full and low levels of steering 
resistance and to the CSB-dolly. The damping 
ratios calculated for these vehicles appear in Table 
4. These data show that. with the low
steering-reSistance B-dolly, the fully loaded test 
vehicle is very lightly damped, and with load in the 
rear trailer only. the vehicle is unstable. Adding 
the long drawbar makes the performance of the 
vehicle still worse, so that it also becomes unstable 
in the fun/fu1110admg condition. Figure 23 shows 
an example of unstable response in a pulse-steer 
maneuver. 

The data of Table 4 also reveal the influence of 
long -drawbar geometry on the performance of the 
CSB-dolly configuration. ApplyIng the long 
drawbar to the eSB-dolly with a steering system 
gain of 0.30, reduces the damping coefficient from 
0.55 to 0.48. However, to "accurately" apply the 
CSB-dolly concept to the longer drawbar 
configuration requires a change in the steering 
gain to accommodate the change in longitudinal 
axle geometry. The approprtate steering gain to 
maintain Ackerman steering for the long-drawbar 
condition is 0.43. With this change, the damping 
ratio reduces to 0 .32. While the system remairls 
reasonably well damped. it appears that 
increasing the length of the drawbar of the 
eSB-dolly tends to reduce yaw damping of the 
vehicle. 

Table 4- - The influence of dolly drawbar length and steering properties on yaw damping ratio 

DoUytype 

Self-steering B-Doliy 

eSB-Dol1y 

Load condition 

FIF 

F/E 
ElF 
E/E 

F/F 
F/F 
F/F 

.. Negative damping indicates an unstable system. 

SteerUQgpl!'Ope~ 

Full resistance 
Full resistance 
Low resistance 
Low resistal1.Ce 

Low resistance 
Low resistance 
Low resistance 

GMrs =0.30 
GMf3 =0.30 
GMrs =0.43 

Drawbar length, in. Damping ratio 

80 0.68 
160 0.65 
80 0.11 

160 -0.100 

80 0.51 
80 -O.16G 

80 0.16 

80 0.55 
160 0.48 
160 0.32 
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A program of full-scale vehiCle tests was cond~cted 
to confinn the f'llldmgs of the simulation actIvity. 
The test vehicle used was a 'Western Double" 
composed of UMTRI's two-axle, COE Ford tractor 
and two short-wheelbase trailers, on loan from the 
Fruehauf Corporation, to form the Western Double 
used in this project. (The trailers are each 26 feet 
in length, i.e., slightly shorter than those of the 
simulation program.) Each of the trailers was 
equipped with outriggers to prevent actual 
rollovers during testing. Each of the yaw 
articulation joints was equipped with chainS to 
limit yaw articulation angle and prevent damage 
due to jackknifing. Most of the testing was 
conducted with the trailers in the fully loaded 
condition. Loading was such that (l) Gv'W "" 
80,000 Ibs. (2) tractor front-axle load was 
approximately 10,000 Ibs and all other axle loads 
were approximately 17,500 Ibs. and (3) the 
composite sprung mass c.g. height of each trailer 
was approxL.-nately 80 inches. All axles of the test 
vehicle, Including all dollies. were equipped with 
Michelin 1O.OOR20 G, steel-belted radial tires. 

Five types of dolly/hitch hardware were included 
in the test program. viz. : 

(I) The conventional A-dolly (AT) 
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(2) An asymmetric trapezoidal hitch dolly 
(TRAPoF and TRt\P.Rl 

(3) A "linked-articulation" doHy (LA8) 

(4) A- steerable axle B-doily (SA.5O and SAO) 

(5) The prototype, Controlled Steering B-dolly 
{CSB.30} 

The parenthetical notation wiU be used to 
reference these dollies. 

The Trap-dolly is a prototype dolly manufactured 
by Trapezoid Corporation of Cedar Rapids. Iowa. 
and is the invention of Mr. N. Gallatin. Although 
the four-bar hitch concept is the best known ofthe 
non-conventional concepts to be tested. this was 
the only version identlfied which was currently 
intended for the marketplace. The 
double-drawbar, trapezoidal-hitch design is of the 
asymmetric style. '!\vo hitching configurations 
were tested, viz .. Llle "fofW'ard lC" (TRAP,F) and 
"rearward lC" (TRAP.RJ pOSitions. These provided 
le positions which were 198 and 71 inches ahead 
of the dolly axle. respectively. (A hoped for 
automatic device for switching the hitch 
configuration based on speed of the vehicle was 
not available for the test program.) 

The LA-dolly hardware tested was an adaptation 
of commercially available hardware. fabricated by 
UMTRI. This hardware is patented and has been 
marketed for use on "Michigan double" tankers by 
Truck Safety Systems (TSS) of Tecumseh, 
Michigan. Adaptation to the BO-inch A-dolly and 
van trailers provided some difficulty. Although a 
system articulation gain of about O. 5 was deSirable 
for "Ackennan steering," a gain of about 0.8 (lA.8) 
was actually used . 

Schema:Uc diagram of the CSB-doUy 

steering linbge 
FIGu:REU 
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that this self-steering B-dolly has sufficient 
steering system friction to retain well-damped 
responses in this low-level maneuver even with no 
air pressure supplied to the centenng device. 

Low-speed offtracking was measured in 
experiments which mimicked the 50-foot radius 
turning maneuvers of the simulation study. The 
results are shown in Figure 27. These data are 
superimposed on the corresponding simulation 
study results. The absolute differences between 
simulation and experiment result largely from the 
shorter trailers used in the experiment. The 
relative performance qualitfes generally hold. 

CONCLUSION 

The results of the simulation study reported 
herein suggest that it is both reasonable and 
practical to develop commercial vehicle dollies 
which can significantly improve the dynamic 
performance of the multi-trailer combination 
vehicle. Four different iTh.'1ovative dolly designs 
have been shown to be capable of substantial 
improvements in rearward amplification and 

Table 5 ~ Damping ratio m.easured in 
vehicle tests 

RWl Damping 
Test dolly type number ratio 

A-Dolly 56 0.206 

A-Dolly 57 0.173 

A-Dolly 58 0.334 

LA.BO 92 0.343 

LA. 80 93 0.256 

LA. BD 94 0.267 

TRAP.R 169 0.134 

TRAP.R 170 0.066 

TRAP.F 19B 0.150 

TRAP.F 199 0.230 

TRAP.F 200 0.258 

SA,5O 250 0.665 

SA60 251 0.464 

SAO 264- 0.619 

SA.O 265 0.392 

CSB.30 323 0.536 

CSB.30 324 0.435 
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dynamic roliover threshold without degrading the 
deSirable qualities of conventional multi-trailer 
vehicles. Full-scale vehicle testing has confmned 
the findings of the s:!mulation study. 
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