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1.0 INTRODUCTION 

This document constitutes the final report on a study sponsored by the Yukon 
Community and Transportation Services. The study sought to examine the dynamic 
stability of fuel-carrying tanker truck combinations at a specific roadway intersection in the 
vicinity of Whitehorse, Yukon. This project involved the conduct of computerized 
simulation of vehicle dynamic response, using detailed descriptions of the vehicles and the 
road geometries of interest. The results of the study provide specific guidance for highway 
engineering practice in the Yukon, and generally serve to illustrate the remarkably low 
tolerance level which loaded truck combinations have for overspeeding in tight-radius 
turns. 

The report presents the study methodology in Section 2.0 and results and 
conclusions in Sections 3.0 and 4.0, respectively. Appendices are provided to document 
vehicle-descriptive data as well computed performance. 



2.0 METHODOLOGY 

The methodology employed in this project involved the application of computer 
simulation techniques and existing parametric data which have been developed at The 
University of Michigan Transportation Research Institute (UMTRI) over a period of fifteen 
years. The effort involves, primarily, the determination of parametric data describing the 
vehicle and its components and the computation of vehicle performance by means of a 
digital computer. Two computer models were employed here; namely, the UMTRT Static 
Roll Model [I] which determines a basic rollover threshold measure for the vehicle, 
assuming a steady turn, and a comprehensive simulation program called the UMTRI Phase 
IV Model [2] which represents the instantaneous motion responses of the vehicle while it 
travels over the specific road segment in question. 

Vehicles 

A particular design of 5-axle tractor-semitrailer combination was defined through 
drawings and specifications provided by the sponsor. The mechanical properties of this 
vehicle were then determined by hand calculation and through identification of components 
such as tires, suspensions, and steering systems, by brand name, whose properties had 
been previously measured by Uh4TRI. The Yukon vehicle of immediate interest 
incorporated a relatively short (8.2 m) semitrailer having an abnormally high center of 
gravity (2.49 m for height of the composite sprung mass center of the loaded semitrailer 
above the ground). The gross weight of the combination vehicle was 38.6 m-tons. The 
full set of parameters used to represent this vehicle in the Phase IV program are listed in 
Appendix A. 

A second vehicle was also selected to serve as a "reference" 5-axle tanker-having 
a roll stability threshold of 0.32 g's-such as is common in the U.S. and certain parts of 
Canada. This vehicle was represented with a gross weight of 36.4 m-tons. The height of 
the composite sprung mass of the loaded semitrailer in this configuration is 2.1 m. 
Although both of the selected vehicles were configured as tankers, the tank vessel was 
assumed to be sufficiently full that the liquid load was non-sloshing (although roll moments 
of inertia of the trailer were determined recognizing that the tank can rotate in the roll 
direction without significantly rotating the fluid mass). The full set of parametric values 
used to represent this vehicle in the Phase IV program are presented in Appendix B. 

Roadways 

Two right-turn intersection roadways were represented. The first of these road 
sections is shown in Figure 1, representing an existing T-type intersection between 
Industrial Road and the Alaska Highway, in the Yukon Territory of Canada. At this site, 
the Alaska Highway is on a steep upgrade toward the right side of the figure and is curved 





away from the intersecting road. The intersection was of interest because of truck rollover 
accidents which suggested an unusually high level of cornering severity, given the advisory 
speed of 50 kmlh. The Figure shows the superelevation and grade values (with numbers 
layed out laterally and longitudinally to the roadway, respectively) at selected stations along 
the right-turning lane. Because the right-turning lane merges with the Alaska Highway 
along the outside of a curve, this turning lane becomes reverse-superelevated near the 
merge point in order to eventually match the superelevation value of the major highway. 
The right-turn lane also comprises a slightly compounded curve, with an initial radius of 34 
m and a final radius of 30 m. This road segment was represented in the computer 
simulation with superelevation values, as shown, although the grade condition was 
omitted, for simplicity, as inconsequential to roll stability. 

A second road segment was examined as a prospective alternative to the existing 
right-turning lane. This proposed design involved a curve of 75 m radius which was 
transitioned by 40 m-long spirals at each end. The maximum superelevation rate of this 
curve was 0.06. Both of the selected curve layouts were studied by computing the 
dynamic response of both the Yukon and reference tanker configurations using the Phase 
IV simulation model. 



3.0 RESULTS 

The computed results will be presented in terms of the static roll stability of the two 
vehicles, themselves, and then using the simulated responses of these vehicle on each of 
the two road segments. 

Static Stability of the Tanker Configurations 

Appendix C presents a listing of the input parameters employed in the computation 
of the static roll stability of both tankers. The Appendix also includes a detailed explanation 
of each parameter. The reader will note that the data needed to describe each vehicle in the 
static roll computation is considerably less than that employed in the comprehensive 
simulation. 

The roll behavior of the vehicle, up to its point of roll instability, is computed by the 
static roll program so as to reveal the maximum steady level of lateral acceleration which the 
vehicle can tolerate without rollover, The results for both vehicles are as follows: 

Vehicle Rollover Threshold Roll Angle at Threshold 

Yukon Tanker 0.28 g's 9.5 degrees 

Reference Tanker 0.32 g's 1 1.0 degrees 

These data show that the Yukon vehicle is substantially lower in roll stability than is 
the reference tanker. The observed difference in performance levels (that is, 0.28 vs. 0.32 
g's) derives from the net difference in two distinctions between the vehicles. Namely, we 
see that the Yukon vehicle has (a) a higher profile tank layout, yielding a considerably 
higher placement of the center of gravity, but (b) a substantially stiffer set of suspensions at 
the tractor and trailer tandem sets, thus accounting for the lower roll angle at the point of 
instability. Although the stiffer suspensions tend to improve the stability of the Yukon 
tanker, the high placement of the mass center overpowers this benefit such that a net lower 
static stability level is achieved relative to the selected reference case. 

Vehicle Response on the Selected Road Segments 

The Yukon tanker was studied in simulated travel over the existing right-turning 
roadway at each of five speeds, shown below together with the nominal value of lateral 
acceleration which is implied at each speed 



Speed (Kmh) Lateral Acceleration (G's) 

Since the represented roadway employs a small level of superelevation (less than 
0.02, at its maximum) and since the superelevated condition vanishes and even reverses 
slightly toward the end of the curve, the nominal values of lateral acceleration shown above 
closely approximate the so-called "side friction factor" which rates the geometric design of 
the curve. The first speed value, 50 kmh, represents the speed which had been posted at 
the right-turning lane of the existing intersection at the time that truck rollover accidents had 
occurred. Successively lower values of speed were examined in order to illustrate the 
degree of improvement in vehicle response that would accompany a speed reduction. The 
computed results for the existing roadway show the following: 

At 50 kmlh, the Yukon vehicle rolls over very quickly in the turn, with the inboard 
tires on both tandem axle sets lifting off of the ground when the tractor has gone only 12 
meters into the turn (that is, with the tractor's mass center 12 meters beyond the point of 
curvature, TC). The roll response then builds up such that the tank body strikes the ground 
an estimated 20 to 30 meters further along the turn. The roll response of the vehicle 
beyond the liftoff point is only estimated here, however, since the Phase IV model does not 
produce an accurate portrayal of vehicle motions at high roll angles. Moreover, a 50 km/h 
speed on this turn is patently excessive since the nominal 0.58 g level of lateral acceleration 
dramatically exceeds the stability thresholds of most loaded commercial vehicles. 

At 41.6 kmlh, the Yukon vehicle rolls over decisively, with all inboard tires on the 
tandem axles lifting from the roadway when the tractor is 15 meters into the turn. 

At 32.9 kmlh, the Yukon tanker approaches rollover, with the inboard tires on the 
tractor tandem set reaching an essentially zero-load condition, but retains sufficient roll 
reaction capability at the trailer axles that complete rollover is averted. The nominal 0.25 g 
level of lateral acceleration is clearly so close to the 0.28 g threshold value for this vehicle, 
however, that a marginally stable condition is observed. 

At 29.4 kmlh, the Yukon tanker travels in a moderately stable manner through the 
intersection, with 70% of the load on the inside tires being transferred to the outside tires 
late in the turn. One could say that the vehicle is being operated, under these conditions, at 
"70% of its performance limit." 



At 255 kmlh, the Yukon tanker transfers approximately 50% of the load on its 
inside tires to the outside. This nominal lateral acceleration level of 0.15 g's, 
corresponding to a side friction factor of approximately 0.15, is seen as an upper bound 
representative of most highway designs in North America. 

At the same 255 kmlh speed, the reference tanker transfers some 44% of the load 
on its inside tires to the outside and, thus, enjoys a slightly larger margin of safety at this 
velocity on the subject roadway. 

Appendix D contains plots of selected response variables showing the behavior of 
(a) the Yukon tanker on the existing roadway at speeds of 32.9 and 25.5 kmfh and (b) the 
reference tanker at the lower speed of 25.5 km/h. The plots serve to illustrate characteristic 
time histories for lateral acceleration, roll angles, and suspension and tire loads. 

Regarding the proposed roadway, results were obtained for a speed value of 37.6 
krnth, which yields a centripetal acceleration level of 0.15 g's. Given the 0.06 
superelevation level employed in this proposed design, the side friction factor associated 
with the simulated conditions was a nominal 0.09. This condition was selected to 
demonstrate the higher level of conservatism that the authors deem to be advisable in 
designing and signing new roadways, recognizing the generally poor stability levels of 
commercial vehicles [3]. The simulated responses of both tankers under these conditions, 
which are plotted in Appendix D, indicate that only 25% of the load on the inside tires has 
been transferred to the outside, thus providing a substantial margin for error, 

A corresponding vehicle speed of 20 km/h would be needed on the existing 
roadway in order to yield this more conservative 0.09 value of side friction factor. 



4.0 CONCLUSIONS AND RECOMMENDATIONS 

The computations, together with the results of prior research, support the findings 
that: 

1) The Yukon tanker is relatively low in roll stability, although not as low as the 
most extreme cases of tank vehicles which are known to operate in North 
America. For the transportation of hazardous liquids, the high profile of the tank 
vessel on this vehicle constitutes a less-than-desirable layout. 

2) Rollover of this vehicle will occur on the existing roadway, at the intersection of 
Industrial Road and the Alaska Highway, at all speeds above approximately 35 
kmlh. 

3) The safety margin, relative to rollover risks, can be kept within the bounds of 
those prevailing at most curved roadways in the U.S. and Canada if speeds on 
the existing roadway are kept within approximately 25 km/h. 

4) A safety margin which, in the opinion of the authors, is more suitable for the 
operation of heavy duty truck combinations, would require that speeds on the 
existing roadway are kept within approximately 20 kmh. 

5) The proposed right-turning road segment would yield this preferable level of 
safety margin if speeds were kept within a value of approximately 38 kmlh. 
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lHSRI /MVMA R R A K I N G  AN11 H A N I > I I N G  S I M U L A T I O N  O r  TRUCKS.  I R A C T O R - S E M I T R A I L E R S ,  C)OUBLES. AND T R I P L E S  - PHASE 4 

M i c l i i g a n  '3 a x l e  tractor and tandem axle t a n k e r  

T R A I L E R  N O .  1 PARAMETERS 

W H E t L B A S E  - D I S T A N C E  FROM K I N G P I N  TO CENTER OF RFAR S U S P E N S I O N  ( I N )  
E A S E  V E t i I C L E  K I N G P I N  S T A T I C  L O A D  (1.B) 
B A S E  V E H I C L E  CURB W E l S H T  O N  REAR S U S P E N S I O N  ( L B )  
SPRUNG MASS CG H E I G t i T  ( I N  ABOVE GROUND) 
SPRUNG MASS R O L L  MOMENT OF  I N E R T I A  ( I N - L B - S E C 1 + 2 )  
SPRUNG MASS P I T C H  MOMFNT O r  I N E R T I A  ( I N - L B - S E C t f 2 )  
SPRUNG MASS YAW MOMENT OF I N E R T I A  ( I N - L B - S E C t * 2 )  
P A Y L O A D  WEIGHT ( L e )  

* "  ZERO ENTRY I N D I C A T E S  N O  P A Y L O A D  ' + +  
+ ' *  F I V E  P A Y L O A D  D E S C R I P T I O N  PARAMETERS ARE NOT ENTERED * * *  

T R A I L E R  NO 1 REAR SUSPEPJSION AND A X L E  PARAMETERS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - -  

L E A D I N G  TANDEM A X L E  
- - .----- --------------. 

L E F T  S I D E  R I G H T  S I D E  
- - - - - - - - -  - - - - - - - - - -  

S U S P E N S I O N  K E Y  - 0 I N D I C A T E S  S I N G L E  A X L E .  1  I N D I C A T E S  FOUR S P R I N G .  2 W A L K I N G  B E A M  
TANDEM A X L E  S E P A R A T I O N  ( I N  EETWEEN L E A D I N G  AND T R A I L I N G  A X L E S )  
S T A T I C  LOAO TRANSFER ( P E R C E N T  L O A D  O N  L E A D  A X L E )  
D Y N A M I C  LOAO TRANSFER ( %  B R A K E  TORQUE R E A C T E D  A S  TANDEM A X L E  L O A D  T R A N S F E R )  

SUSPENSION SPRING R A T E  (LB/IN/SIDE/AXLE) - 1 0 3 . 0 0  - 1 0 3 . 0 0  
' * '  N E G A T I V E  ENTRY I N D I C A T E S  T A B L E  ENTERED * + *  
* '*  ECHO W I L L  APPEAR ON T A B L E  I N D E X  PAGE ** '  

SUSPENSION VISCOUS DAMPING (LB-SEC/IN/SIDE/AXLE) 0.0 0.0 
COULOMB F R I C T I O N  ( L B / S I O E / A X L E )  0.0 0.0 

. . . . . . . . . . . . . . . . . . . . . .  
A X L E  R O L L  MOMENT OF I N E R T I A  ( I N - L B - S E C k * 2 )  4 1 0 0 . 0 0  
R O L L  CENTER H E I G H T  ( I N .  ABOVE GROUND) 2 9  -00 
R O L L  S T E E R  C O E F F I C I E N T  ( D E G .  S T E E R / D E G .  R O L L )  0.0 
A U X I L I A R Y  R O L L  S T I F F N E S S  ( I N - L B / O E G / A X L E )  8000.00 
L A T E R A L  D I S T A N C E  BETWEEN S U S P E N S I O N  S P R I N G S  ( I N )  38.00 
TRACK W I D T H  ( I N )  7 2 . 0 0  
UNSPRUNG W E I G H T  ( L B )  1 5 0 0 . 0 0  

T R A I L E R  N O .  1  REAR T I R E S  AND WHEELS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

D U A L  T I R E  S E P A R A T I O N  ( I N )  
CORNFRING STIFFNESS (I.B/DEG/TIRE) 

* ' +  N E G A T I V E  ENTRY I N D I C A T E S  T A B L E  E N T E k E U  '+ '  

+ * +  ECHO W I L L  APPEAR O N  T A B L E  I N D E X  PAGE f + +  

LONGITUDINAL STIFFNFSS (LB/SLIP/TIRE) 
+ ' *  N E G A T I V F  ENTRY I N D I C A T E S  T A B L E  ENTERED *'+ 
*'+ ECHO W I L L  APPEAR O N  T A B L E  I N D E X  PAGE + ' >  

CAMRFR S T I F F N F S S  ( C R / D C G / T I R F )  
A L I G N I N G  MOMENT ( I F J - L B / D E G / T I R E )  

+ "  N E G b T I V E  A L I G N I N G  MOMENT ENTRY +'' 

L E L O I N G  TANDEM A X L E  
- - - - - - - - - - - - - - - - - - - -  

L E F T  S I D E  R I G H T  S I D E  
- - - - - - - - -  - - - - - - - - - -  

I N P U T  PAGE N O .  4 

T R A I L I N G  TANDFM A X L E  
- - - - - - - - - - - - - - - - - - - - - - - -  

L E F T  S I D E  R I G H T  S I D E  
- - - - - - - - -  - - - - - - - - - -  

T R A I L I N G  TANDEM A X L E  
- - - - - - - - - - - - - - - . . - - - 
L E F T  S I D E  R I G H T  S I D E  
- - - - - - - - -  - - - - - - - - - -  
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APPENDIX C 

INPUT AND RESULTS FOR STATIC ROLL COMPUTATION 



. . 

P g g  
m m o  
N P O  

w 

Z O O  0  0 0  ogln 8 0 8 0 0 8  
r . ? ?  . ? ? ? L O . ?  

z o o  o o o  g 8 8 8  
r ~ m ~ ~ m t - m  + . . . . . .  ' 
u o - 0 0 0 0 ~  
w -  I 

- o o o o o m  o o o o o o m  
~ m m 0 0 0 0 w  , , . , , , .  



DATA FROM: 

LATERAL 
ACC 
0.0 
0 . 0 3 2  
0 . 0 6 4  
0 . 0 9 6  
0 .  127 
0 .  158 
0. 184 
0 . 2 0 9  
0 . 2 3 0  
0 . 2 4 0  
0 . 2 3 4  
0 . 2 2 7  
0 . 2 2 1  
0 . 2 1 4  
0 . 2 1 9  
0 . 2 3 2  
0 . 2 4 6  
0 . 2 6 2  
0 . 2 7 8  
0 . 2 8 1  
0 . 2 8 1  

SPRUNG 
MASS 1  

0.0 
(3.45 
0 . 9 3  
1 . 4 5  
1 . 9 6  
2 . 4 8  
2 . 9 8  
3 . 4 8  
3 . 9 7  
4 . 2 8  
4 . 2 1  
4 . 1 3  
4 . 0 6  
3 . 9 8  
4 . 0 4  
4 . 4 2  
4 . 8 8  
5 . 3 3  
5 . 7 8  
5 . 8 7  
5 . 9 7  

SPRUNG 
MASS 7  

0.0 
0 . 4 4  
0 . 8 9  
1 . 3 3  
1 . 7 9  
2 . 2 4  
2 . 7 0  
3 .  17 
3 . 6 4  
3 . 9 8  
3 . 9 3  
3 . 8 7  
3 . 8 2  
3 . 7 7  
3 . 8 1  
4 . 2 1  
4 . 6 9  
5 . 1 6  
5 . 6 2  
5 . 7 2  
5 . 8 4  

SPRUNG 
MASS 3  

0.0 
0 . 5 2  
1 0 4  
1  - 5 6  
2 . 0 8  
2 . 6 0  
3 . 1 2  
3 . 6 4  
4 .  16 
4  - 6 8  
5 . 2 0  
5 . 7 2  
6 . 2 4  
6 . 7 6  
7 . 2 8  
7 . 8 0  
8 . 3 2  
8 . 8 4  
9 . 3 6  
9 . 4 6  
9 . 5 8  

UNSPRG 
MASS 1  

0.0 
0 . 0 5  
0 . 1 0  
0 .  16 
0 . 2 1  
0 . 2 7  
0 . 3 2  
0 . 3 7  
0 . 4 1  
0 . 4 4  
0 . 4 3  
0 . 4 2  
0 . 4 1  
0 . 4 0  
0 . 4 1  
0 . 4 4  
0 . 4 8  
0 . 5 2  
0 . 5 6  
0 . 5 7  
0 . 5 7  

UNSPRG 
MASS 2  

0 . 0  
0 .  17 
0 . 3 3  
0 . 5 0  
0 . 6 5  
0 . 8 1  
0 . 9 4  
1 . 0 6  
1 . 1 7  
1 . 2 3  
1 . 2 2  
1  . 2 0  
1 .  19 
1 . 1 7  
1 . 1 8  
1 . 2 5  
1 . 3 3  
1 . 5 2  
1 . 7 1  
1 . 7 5  
9 - 8 8  

UNSPRG 
MASS R 

0 . 0  
0 . 1 5  
0 . 3 1  
0 . 4 6  
0 . 6 1  
0 . 7 7  
0 9 1  
1 . 0 5  
1 . 1 7  
1 . 2 4  
1 . 2 5  
1 . 2 6  
1 . 2 6  
1 . 2 7  
1 . 3 4  
1 . 4 3  
1 . 5 6  
1  7 1  
1 . 8 7  
1 . 9 0  
1 . 9 3  

V DEFL 
T I  AX7 

0 . 9 9  
0 . 8 7  
0 . 7 4  
0 . 6 2  
0 . 5 1  
0 . 3 9  
0 . 2 9  
0 . 2 0  
0 . 1 2  
0 . 0 8  
0 . 0 9  
0 . 1 0  
0. I 1  
0 . 1 2  
0 . 1 1  
0 . 0 6  
0.00 

-0. 18 
- 0 . 3 6  
- 0 . 4 0  
- 0 . 5 8  

V DEFL 
1 2  AX2 

0 9 9  
0 . 9 0  
0 . 8 2  
0 . 7 3  
0 . 6 5  
0 . 5 7  
0 . 5 1  
0 . 4 4  
0 . 3 9  
0 . 3 6  
0 . 3 7  
0 . 3 7  
0 . 3 8  
0 . 3 9  
0 . 3 8  
0 . 3 5  
0 . 3 1  
0 . 1 7  
0 . 0 2  

-0 .oo 
-0.15 

v DEFL 
1 3  AX2 

0 . 9 9  
1 . 0 7  
1.  16 
1 . 2 4  
1 . 3 2  
1  4 0  
1 . 4 7  
1 . 5 3  
1 . 5 9  
1 . 6 2  
1 . 6 1  
1 . 6 0  
1 . 5 9  
1 . 5 9  
1 . 5 9  
1 . 6 3  
1 . 6 7  
1 . 7 2  
1 . 7 7  
i . 7 8  
1 . 7 7  

V DEFL 
1 4  AX2 

0 . 9 9  
I 11 
1 . 2 3  
1 . 3 6  
1 . 4 7  
1 . 5 9  
1 . 6 8  
1 . 7 7  
1 . 8 5  
1 . 9 0  
1 . 8 9  
1 . 8 8  
1 . 8 6  
1 . 8 5  
1 . 8 6  
1 . 9 1  
1 .97  
2 . 0 7  
2 .  16 
2 . 1 8  
2 . 1 9  

V DELF 
T I  AX3 

1 . 0 9  
0 . 9 8  
0 . 8 6  
0 . 7 5  
0 . 6 4  
0 . 5 2  
0 . 4 2  
0 . 3 2  
0 . 2 3  
0 .  17 
0 . 1 7  
0 . 1 6  
0. 16 
0 . 1 6  
0 . 1 0  
0 . 0 3  

- 0 . 0 8  
- 0 . 2 3  
- 0 . 3 8  
- 0 . 4 1  
- 0 . 4 4  

V DEFL 
1 2  AX3 

1 . 0 9  
1 . 0 1  
0 . 9 3  
0 . 8 6  
0 . 7 8  
0 . 7 0  
0 . 6 2  
0 . 5 5  
0 . 4 9  
0 . 4 5  
0 . 4 5  
0 . 4 5  
0 . 4 5  
0 . 4 4  
0 4 0  
0 . 3 6  
0 . 2 8  
0 .  16 
0 . 0 4  
0 . 0 2  

-0.00 

V DEFL 
1 3  AX3 

1 . 0 9  
1 .  17 
I . 2 5  
1 . 3 3  
1 . 4 0  
1 . 4 8  
1 . 5 6  
1 . 6 3  
1 . 6 9  
1 . 7 3  
1 . 7 3  
1 . 7 3  
1 . 7 3  
1  - 7 4  
1 . 7 8  
1 . 8 2  
1 . 8 7  
1 . 9 1  
1 . 9 5  
1 . 9 6  
1 . 9 6  

V DEFL 
1 4  AX3 

1 . 0 9  
1  . 2 0  
1 . 3 2  
1 . 4 3  
1 . 5 4  
1 . 6 6  
1  7 6  
1 . 8 7  
1 . 9 5  
2  .O1 
2 . 0 1  
2 . 0 3  
2 . 0 2  
2 . 0 2  
2 . 0 8  
2 .  15 
2 . 2 2  
2 . 3 0  
2 . 3 7  
2 . 3 9  
2 . 4 0  



/ .- , ' , ,'/ % / ' ,, ' . .- . 
M i c h i g a n  3 a x l e  t r a c t o r  and tandem a x l e  tanker .  

WU1 = 1 2 0 0 .  WU2 = 4 6 0 0 .  WU3 = 3 0 0 0 .  W A X L l  = 1 2 0 0 0 .  WAXL2 = 3 1 0 0 0 .  WAXL3 = 3 4 0 0 0  

H R I  = 1 8 . 2 5  H R 2  = 2 9 . 0 0  H R 3  = 2 9 . 0 0  Z 5  = 5 0 . 0 0  ZFR = 3 6 . 0 0  

K T 1  1  = 4 5 0 0 . 0  K T 2  1  = 9000.0 K 1 3  1  = 9000.0 K R S  1  = 3 8 2 4 .  K R S 2  = 1 6 0 0 0 .  K R S 3  = 1 6 0 0 0 .  

MFR = 4 0 0 0 0 . 0  COULFR = 5 0 0 0 . 0  M 5  = 1 0 0 0 0 0 0 . 0  MOMSEP = 5 5 8 0 0 0 . 0  

K O V T I  = 3 5 2 . 2  K O V T 2  = 7 0 4 . 4  K O V T 3  = 7 0 4 . 4  
D E L P H  = 0 . 0 2  X P R I N T  = 0.50 

S P R I N G  T A B L E :  1  
NO.  OF DATA P O I N T S  I N  T A B L E  : 9 

FORCE 
- 2 0 5 5 0 . 0 0 0  
- 1  1 7 0 . 0 0 0  
- 1 5 0 . 0 0 0  
1 2 5 0 . 0 0 0  
2 5 5 0 . 0 0 0  
3 8 2 5 . 0 0 0  
7 2 4 0 . 0 0 0  

1 1 1 2 7 . 5 0 0  
2 0 0 7 6 . 5 0 0  

D E F L E C T I O N  
- 1 5 . 0 0 0  

- 0 . 7 5 0  
0.0 
1 . 000 
2 . 000 
3 ,000 
5 . 5 0 0  
8 . 5 0 0  

1 5 . 5 0 0  

S P R I N G  T A B L E :  2 
N O .  OF D A T A  P O I N T S  I N  T A B L E  : 9 

FORCE 
- 2 3 2 2 5 . 0 0 0  
- 1 0 7 2 5 . 0 0 0  

- 1  00.000 
- 1 0 0 . 0 0 0  
3 8 0 0 . 0 0 0  

1 1 1 0 0 . 0 0 0  
1 6 2 0 0 . 0 0 0  
5 8 3 7 7 . 0 0 0  
7 2 4 7  1 . 0 0 0  

D E F L E C T I O N  
- 10.000 
- 5.000 
- 0 . 7 5 0  
0.0 
0.500 
1 .500 
2 . 0 0 0  
6 . 5 0 0  
8.000 

S P R I N G  T A B L E :  3 
NO.  OF DATA P O I N T S  I N  T A B L E  : 7  

FORCE 
- 6 8 2 2 5 . 0 0 0  

- 7 0 0 . 0 0 0  
2 5 0 . 0 0 0  

2 6 0 0 . 0 0 0  
7 1 5 0 . 0 0 0  

1  3 0 0 0 . 0 0 0  
5 7 9 4 3 . 8 0  1  

D E F L E C T I O N  
- 2 0 . 0 0 0  

- 1 . 7 5 0  
0.0 
0 . 5 0 0  
1  . 000 
1 . 5 0 0  
5.000 



DATA FROM: 

LATERAL 
ACC 
0.0 
0 . 0 2 8  
0 . 0 5 5  
0 0 8 2  
0 .  108 
0 . 1 3 4  
0 . 1 5 8  
0 . 1 8 2  
0 . 2 0 6  
0 . 2 2 6  
0 . 2 4 5  
0 . 2 5 8  
0 . 2 6 7  
0 . 2 7 4  
0 . 2 7 3  
0 . 2 7 2  
0 . 2 7 6  
0 . 2 8 8  
0 . 2 9 9  
0 . 3 0 9  
0 . 3 1 9  
0 . 3 2 1  
0 . 3 2 0  
0 . 3 2 0  
0 . 3 1 2  
0 . 3 0 5  
0 . 2 9 7  
0 . 2 9 0  

Lv 0 . 2 8 5  
0 . 2 8 5  
0 . 2 8 4  

SPRUNG 
MASS 1  

0 . 0  
0 . 4 9  
0 . 9 8  
1 . 4 8  
2  .OO 
3 . 5 2  
3 . 0 4  
3 . 5 5  
4 . 0 6  
4 . 5 4  
5 . 0 3  
5 . 4 8  
5 . 9 2  
6 . 3 7  
6 . 8 7  
7 . 3 2  
7 . 7 4  
8 . 2 0  
8 . 6 6  
9 . 1 1  
9 . 5 7  
9 . 6 3  
9 . 9 6  

1 0 . 3 5  
1 0 . 2 0  
1 0 . 0 5  
9 . 9 1  
9 . 7 6  
9 . 8 4  

1 0 . 2 3  
1 0 . 5 6  

SPRUNG 
MASS 2  

0 . 0  
0 49 
0 . 9 8  
1 . 4 7  
1  . 9 6  
2 . 4 5  
2 . 9 4  
3 . 4 4  
3 . 9 3  
4 . 4 1  
4 . 9 0  
5 . 3 9  
5 . 8 7  
6 . 3 6  
6 . 8 8  
7 . 3 9  
7 . 8 8  
8 . 3 9  
8 . 8 9  
9 . 3 9  
9 . 8 9  
9 . 9 7  

1 0 . 3 9  
1 0 . 8 8  
1 0 . 7 4  
1 0 . 6 0  
1 0 . 4 7  
1 0 . 3 3  
1 0 . 4 6  
1 0 . 9 5  
1 1 . 3 7  

SPRUNG 
MASS 3 

0 . 0  
0 . 5 2  
1 . 0 4  
1  5 6  
7 - 0 8  
3 . 6 0  
3 . 1 2  
3 . 6 4  
4 .  16 
4 . 6 8  
5 . 2 0  
5 . 7 2  
6 . 2 4  
6 . 7 6  
7 . 2 8  
7 . 8 0  
8 . 3 2  
8  8 4  
9 . 3 6  
9 . 8 8  

1 0 . 4 0  
1 0 . 4 8  
1 0 . 9 2  
1 1 . 4 4  
1 1 . 9 6  
1 2 . 4 8  
1 3 . 0 0  
1 3 . 5 2  
1 4 . 0 4  
1 4 . 5 6  
1 5 . 0 0  

UNSPRG 
MASS 1  

0 . 0  
0 . 0 5  
0 . 1 1  
0 16 
0 . 2 2  
0 . 2 7  
0 . 3 3  
0 . 3 8  
0 . 4 4  
0 . 4 8  
0 . 5 3  
0 . 5 7  
0 . 6 0  
0 . 6 4  
0 . 6 7  
0 . 6 9  
0 . 7 2  
0 . 7 6  
0 . 8 0  
0 . 8 3  
0 . 8 7  
0 . 8 8  
0 . 9 0  
0 . 9 2  
0 . 9 0  
0 . 8 9  
0 . 8 7  
0 . 8 5  
0 . 8 5  
0 . 8 8  
0 . 9 0  

UNSPRG 
MASS 2  

0.0 
0 . 1 0  
0 . 2 0  
0 3 0  
0 3 9  
0 . 4 8  
0 . 5 - 7  
0 . 6 6  
0 . 7 6  
0 . 8 4  
0 . 9 3  
1  . o o  
1 . 0 6  
1 . 1 2  
1 . 1 3  
1 .  14 
1 . 1 8  
1 . 2 3  
1  2 9  
1 . 3 8  
1  . 4 6  
1 . 4 8  
1 . 5 3  
1 . 6 0  
1  . 5 6  
1 . 5 3  
1 . 4 9  
1  4 6  
1  47  
1 . 5 3  
1  . 5 9  

UNSPRG 
MASS 3 

0 . 0  
0 .  12 
0 . 2 4  
0 . 3 5  
0 . 4 7  
0 5 8  
0 . 6 9  
0 . 8 0  
0 . 9 0  
0 . 9 9  
1 . 0 7  
1 . 1 2  
I 15 
1 . 1 8  
1  " 2 0  
1 . 2 1  
1 . 2 4  
1  - 3 2  
1 . 4 3  
4 . 5 4  
1 . 6 5  
1 . 6 7  
2 .  14 
2 . 7 0  
3 .  17 
3 . 6 4  
4 . 1 1  
4 . 5 8  
5 . 0 9  
5  - 6 5  
6 .  12 

V DEFL 
r 2  AX2 

0.9.1 
0 8 9  
0 . 8 4  
0 . 7 9  
0 . 7 4  
0 . 7 0  
0 6 5  
0 . 6 0  
0 . 5 6  
0 . 5 1  
0 . 4 7  
0 . 4 3  
0.10 
0 . 3 7  
0 . 3 7  
0 3 6  
0 . 3 4  
0 . 3 1  
0 . 2 9  
0 . 2 2  
0. 15 
0. 14 
0 . 1 0  
0 . 0 5  
0 . 0 8  
0 . 1 0  
0 .  13 
0 .  15 
0 . 1 5  
0 1 0  
8 . 0 6  

V DEFL 
T 3  AX2 

0 . 9 4  
1  00 
1  . 0 5  
1 . 1 0  
1 .  14 
1 .  19 
1  24 
1 . 2 9  
1 . 3 3  
1  . 3 8  
1 . 4 2  
1 . 4 5  
1 . 4 9  
1 . 5 2  
1 . 5 2  
1  53 
1 . 5 5  
1 .57  
1  . 6 0  
1 . 6 2  
1 . 6 5  
1 . 6 5  
1  - 6 6  
1 . 6 8  
1 . 6 7  
1 . 6 6  
1 . 6 5  
1 . 6 5  
9 . 6 5  
3 . 6 7  
1 . 6 8  

V DEFL 
1 4  AX2 

0 . 9 4  
1 . 0 2  
1 . 0 9  
4.1G 
1 . 2 3  
1 . 3 0  
1 . 3 7  
1 . 4 4  
1  - 5 0  
1 . 5 7  
1 . 6 3  
1 . 6 8  
1 . 7 3  
1 . 7 7  
1 . 7 8  
1 . 7 9  
1 . 8 2  
1 . 8 5  
1 . 8 9  
1 . 9 4  
1 . 9 8  
1 . 9 9  
2 . 0 1  
2 . 0 4  
2 . 0 3  
2 . 0 1  
1 . 9 9  
1 . 9 8  
4 . 9 8  
2 . 0 1  
2 . 0 4  

V DELF 
TO AX3 

0 . 9 4  
0 . 8 6  
0 . 7 7  
0 . 6 8  
0 . 6 0  
0 . 5 1  
0 . 4 3  
0 . 3 6  
0 . 2 8  
0 . 2 2  
0. 16 
0. I 2  
0 . 1 0  
0 . 0 8  
0 . 0 6  
0 . 0 5  
0 . 0 3  

- 0 . 0 4  
- 0 . 1 5  
- 0 . 2 5  
- 0 . 3 6  
- 0 . 3 8  
- 1 . 0 2  
- 1 . 7 9  
- 2 . 4 3  
- 3 . 0 7  
- 3 . 7 9  
- 4 . 3 5  
- 5 . 0 4  
- 5 . 8 0  
- 6 . 4 4  

V DEFL 
1 3  AX3 

0 . 9 4  
1  .O1 
1 . 0 7  
1 . 1 3  
1 .  19 
1 . 2 4  
1  - 3 0  
1 . 3 5  
1 . 4 1  
1 . 4 5  
1 . 4 9  
1 . 5 2  
1 . 5 3  
1 . 5 5  
1 . 5 6  
1 . 5 6  
1 . 5 8  
1 . 6 1  
1 . 6 4  
1 . 6 7  
1 . 7 0  
1 . 7 0  
1 . 6 5  
1 . 5 8  
1 . 5 3  
1 . 4 8  
1 . 4 2  
1 . 3 7  
1 . 3 1  
1 . 2 5  
1 . 2 0  

V DEFL 
1 4  AX3 

0 . 9 4  
1 . 0 3  
1 . 1 2  
1  2 1  
1 . 2 9  
1 . 3 8  
1 . 4 6  
1  5 3  
1 . 6 1  
1 . 6 7  
1 7 3  
1 . 7 7  
1 . 7 9  
1  . 8 1  
1 . 8 3  
1 . 8 4  
1 . 8 6  
1 . 9 1  
1 . 9 6  
2 . 0 2  
2 . 0 7  
2 . 0 8  
2 .  13 
2 . 2 0  
2 . 2 5  
2 . 3 0  
2 . 3 6  
2 . 4  1  
2 . 4 7  
2 . 5 3  
2.58 



The Static R o l l  Xodel is a computer-based uodel &ch i s  
useflil for calculatzng the rollover threshold of articulated 
vebcles durug steady tuning -ewers. The d p a n c s  of rol l  
motion are not included in the model. Instead, the rol l  res~onse in 
a. steady turn i s  conputed by repeatedly sol-, for slkall 
mcrements of rol l  angle, a set  of equations v5ch describe the 
s ta t ic  equlibrium of the vehcle  in the rol l  plare. In reference 
r 7 1  
L - 1 ,  experimental efidence is used t o  shm that the Static R o l l  
Bodel i s  capable of predicting the rollover threshold of articulated 
vehcles Bith a high level of accuracy. 

The likelihood that either Panewerha or accident-induced 
forces can muse a rol lwer  is  strongly inflbenced bp the steady 
t m u g  rollover threshold of the vehicle. [ 21 Eence, i f  the 
r o l l o ~ e r  immunity level of h e a ~  vehicles i s  t o  be enhanced, i t  i s  
essential t o  gain a broad i m d e r s t a n d ~  of the rollover process 8nd 
t o  develop the a l f l i c a l  tools that c& be used for m l u a t m g  the 
mrious methods by vhich the rollover threshold of a. vehicle can be 
q r o v e d .  

Throughout the pragram, the English system of units i s  used. 
ill lnput data are given in the units of pounds, inches, degrees, 
and seconds. Masses and veights are in Wi t s  of pounds, Bith a 
gravik  t iorral  conscat  of 386 inlseclsec assumed. 

The Static R o l l  xtodel is written for use on any large-sale 
cotrguter systen, and requres  only one input and one output d'evice. 
The source code i s  urit ten in the 1evel-G FORWJ? lT language. 

Copies of the prograrit and domentation are available t o  the 
public through the Ertgineertnp Research Ditision, The University of 
Xichgan Transportation Research Insti tute,  2901 Baxter Road.. knn 
Arbor, Michigan, 48109. 



The input t o  the Stat ic  R o l l  Hadel is submitted t o  the model 
in one text f i l e ,  uhich i s  detailed belon. 'Wis f i l e  i s  attached tc  
the logical II'O unit 5, and i s  written in fixed f ormst. (Depending 
on the spsten used, the model w p  also accept the data vi th  only 
conupas, no spaces, separatmg the mlues.  ) 

k s  model i s  designed t o  only accept q u t  for a tractor and 
sexoi-trailer. In order t o  s a u l b t e  a conventional (A-type) double 
conbiPktion, two rum of the model are necessaq. The f i r s t  run 
should include ~ n p u t  for the tractor and the first  seni-trailer .  
The second run should represent the second s e a - t r a i l e r  a s  a f u l l -  
t r a i i e r ,  Bith a l l  variables that reference the tractor rear 
suspension replaced with infomation about the dolly attached t o  the 
front of the semi. In this run, the front e a  of the tractor i s  t o  
be effective17 ignored, so most values referlnp to th i s  m y  reaain 
the same as  in  the f i r s t  run. The exceptions are the veight of the 
t rac tor ' s  front axle (mTl j ,  and the front axle load of the tractor 
(TAXLi), vhich should be assigned low phlues (1 t o  20 l b s ) .  P i p l e s  
JUT be simulated by us= three nars of the model. B straight 
three-suspension truck nrep be simulated by increasing the f i f t h  
wheel r c l l  s t i f fness  1fi5 and the aownt of semration IXOESD) t o  
t o  a high value (999993.9). s t ra  
sau la ted  by entering large values 
for RU1 and FkZLI. See s w l e  nm 

.iuht t~o-swpension truck 
for tl5 and EOXSEP and low 
in appendix for'  input and 

& be 
values 
OWJ~ 

f i l e  exaaples. 

IN'PLrT DATA FILE 

Line #1 

TIl'LE : The t i t l e  l ine  i s  an alpha-numeric string of up t o  80 
characters in length. Ttus t i t l e  is  supplied by the user t o  
identity the sinul.ation m. The progran reads the t i t l e  in  20A4 
f onaat, ard the progrm variable i s  HEAD. 

Line g 2  

EIGEI' OF TEE FRONT AJLE OF THE TRkC?T)R : Tkis varieble 
mdicates the weight of the front axle of the tractor in lbs. In 
th is  context, 'axle  eight" comprises the sun of the elments 
colsstituting the front unspnmy mass. This parmeter i s  read by the 
program in P10.2  f onnat, and the program variable i s  WU1. 

WEIGET OF THE REAP AXLE OF TBE ~ C T O k  : If the tractor has: 
tandem rear axles, the ueight of both axles Fn Ibs are combined. It 
i s  read bp the program in F10.2 format, and the progrssr mrisrble i s  
RT2 . 



EIGET OF TIE TRAILER AXLES : For multiple axles, comblne the 
weight of all trailer axles in U s .  The number is entered in FiO.2 
format, and the prograni 8ariable I s  gY113. 

'I~UL"K,B FRONT AEZ LOU : Thls variable i s  the measare of the 
tota l  lmd carried @ ONLY 'the fraxt axle of the tractor in lbs. It 
i s  read bp the program in Fi0.2 format, and the program mriable  i s  
TAXI,;. 

'TRACTOR E A R  AXLE LOU : If the trhctor hs tandem axles, 
then combine the load in lbs carried by both these cr les .  mz 
number is  entered in F10.2 f omat. and the progrm wriahle  i s  
8%. 

T P !  AXLE MAD : This is a amsure b l b b  of the load 
carried by the t ra i le r  axles. For lnultiple axles, coubine the load 
carried ba a l l  t r a i l e r  axles. The f o m t  for t h i s  variable 13 
F10.2, and the program variable is V&. 

TFACIDR TIP! LBTEUL SPACING : Ttus m r i a l l e  i s  half the 
la teral  distance between the inner t i r e s  (center t o  center) on the 
t r ac to r ' s  front axle. For the nowal s m l c  t i r e  installat ions,  
t h s  mriable  i s  eqml t o  half the l a te ra l  distance between the 
s m l e  t i res .  The single t i r e  con~ention i s  used for a l l  the 
f c r l l o w i ~ q  l a te ra l  spaciq parameters. This mriahle  is aeasured in 
inches, and is m i t t e n  in F10.2 f omat. The program wr iab le  i s  TI. 

TRBCrOB DUAL SPACING : This parmeter is a measure i n  inches 
of the spacing! betwem dual t i r e s ,  i f  thq exist ,  on the front erie 
of the tractor. For normal s q l e  t i r e s ,  t h s  parameter i s  se t  tc 
zero. The p a m e t e r  i s  read by the prcgram in f10.2 fonmt, and the 
p rog ra  variable i s  il. 

TIthCTOR P ! ,  TIF? LBTERkt SPACING : The mlue of th$ 
puameter i s  the neasure in inches of hlf the la te ra l  distance 
between the imer  t i r e s  (center t o  center) on the tractor reer 
axles. It i s  m i t t e n  in F10.2 fomt ,  and the progrm variable i s  
T2. 

TRBCIDR F . .  DUAL SPBCIXG : The mlue of th is  parameter i s  E 
measure in  inches of the spacing between dual t i res ,  i f  they exist ,  
on the rear axle of the tractor.  For single t i res ,  this parameter 
i s  set  t o  zero. It i s  m i t t e n  in F10.2 f omt, and the prograrm 
mriable i s  h. 

TlUIUR TIRE LATERAL SPACING : This mriable  i s  half the 
Lateral distance betveen the inner t i r e s  (center t o  center) on the 
t r a i l e r  axle measured in inches. The prograrp reads t h s  variable i n  
K O .  2 f omat, and the progra  variable i s  T2. 



T U L E R  DUAL SPACING : Trailer dm1 s p a c q  i s  a neaszre ia 
inches of the dual t i re  spacing on the rear axles of the trai ler .  
For s q l e  t i res,  t h s  parameter i s  set t o  zero. It i s  read in 
Flu, 2 format, and the progrm variable i s  k3. 

?XBCMR SPRING SPBCIMG : This pameter i s  a measure in 
inches of half the lateral distance betveen the suspension s p r q s  
or; the front axle of the tractor. It i s  read in F10.2  f o r m a t ,  m d  
the pragram variable i s  S1. 

TRACTOW P U  SPRING SPACING : klf the lateral distance 
between the suspension sprugs on the rear axles of the tractor, in 
inches, i s  represented b? th13 mriable. It i s  read in F i 0 . 2  format:  
and the p r o g r b  variable- is  &. 

'EAILER SPRING SPACING : This eariable i s  half the laterkl 
Gistmce betseen th3 suspension springs on the axles oo the trai ler .  
It. i s  aeasured in inches, and mitten in F10.2  f o w t .  The progran 
mrisfile i s  %, 

Line # 3  

HEIGIITS : On this l b e  height dixensions in inches are 
entered. Each e n t q  i s  in F10 .2  f omt, and the order of the 
entries is  as follows. 

>Height of tractor's front sprung mss above the proud - 
l i e ,  the portion of the tractor 's spnmg mass a t  the fomrd  
end of the spring f ram).  T k s  and the f 0110- height 
dimensions apply t o  the condition when the rehxle  is loaded 
a3 desired and the trailer i s  coupled. The prograsrt variable 
i s  ZS1. 

>Height of the tractor's rear sprung mass - ( ie.  the portion 
of the tractur'z spnnrg mass a t  the a f t  erd of the frame 
spring). Program variable i s  2%. 

>Height of the t ra i l e r ' s  sprung mass - Program variable i s  
ZS3.  

>Height of the tractor 's front unsprung (or "axle") mss - 
Pragra variable is  Z1. 

>Height of the tractor' s reer unsprung nass - Progrm 
mribble is  Z2. 

>Heqht of the t ra i l e r ' s  unsprung mass - Prograr~ variable i s  
Z3. 

> R o l l  Ceriter Height of tractor's front suspension - Progrm 
verlable is  E!l. 



> R o l l  Center Height of t ractor 's  rear swpenslon - PI-crgr8.E 
variable is EUZ. 

>Rcl? Center Height of t r a i l e r ' s  s~zqension - Progra~: 
wrrable i s  HR3. 

>fi f th  Wheel Height &me the ground - Progrm mriable is  
'7 r 

>Tractor Frame Height above the growd - ( ie .  the height of 
the center line of the tractor f rme. ) Progrm mriable is 

VEFITCBL d m S S E S  : The next three entries are v e r t i ~ ?  
stiffnesses of the t i res  on the vehcle .  The7 are measured in 
Ibt'in, and are written in F10.2 format. The order of mput i s  as 
f ollovs. 

>Vertical Stiffness of ONE t i r e  on the front axle of the 
tractor. Note that the dual spacing parameter B1 must haye 
been set  t o  zero in order t o  establish singie t i r e  
installation on this axle. Progrwn variable i s  ITl1. 

>Vertical Stiffness of ONE t i r e  on the rear axle of the 
tractor, multiplied by the nuaber of axles on the rear 
suspension. The case of dual t i res  is automatically 
accomodated in the progrm when variable + i s  entered as 8. 

nonzero value. Program variable is  

>Vertical Stiffness of ONE t i r e  on the t ra i le r  axles, 
multiplied hy the number of axles an the rear suspension. 
The case of dual t i res  is au tmat iwl ly  accomodated ahen the 
variable & i s  nonzero. Prwrm variable is kT31. 

AUXILIARY ROLL m S S E S  : The l a s t  three entries on t h s  
l ine are auxiliarp ro l l  stiffnesses of the supension of the 
vehicle. They are iaeasured in in-lb/deg, and are n i t t e n  in F10.2 
formst. The order of input i s  as follows : 

>Auxiliary R o l l  Stiffness of the tractor' s front suspension 
Progrm variable i s  6P,Sl. 

>Cornhind lswtiliarp R o l l  Stiffness of a l l  the arles on the 
t ractor 's  rear suspension. Progru variable i s  KR%. 

>Conbined Auxiliary R o l l  Stiffne3s of a l l  the arles on the 
t ra i le r .  Program variable is WS3. 



~ C T O E  FWE TORSIOW S T i E N E S S  : This variable represents 
the torsional s t i f fness  of the tractor frame in transmittuq r o l l  
moments betveen the 'front' and "rear' t ractor s~nmp masses. It i s  
ueasured in in-Btdeg, arid i s  written in FIO. 2  fbrmai. The progrwc 
=riable .is EE2. 

CGULOM; F2ICTIOM : Coulomb fr ic t ion in the torsional response 
of the tractor f r m e  is represented @ th i s  p a m e t e r .  It is 
measured in in-lb3, and written in F10.2  f omt. The praqrm 
variable i s  COaLFR. 

FETE RiEZL ROLL STIFFNESS : This variable represents the 
torsional s t i f fness  of the f i f t h  wheel corzpling in transmitt- roll 
moaent fro& the t r a i l e r  t o  the f rate of the tractor.  It i s  measured 
in in-ibideg, snd is m i t t e n  in FIO. 2 f o m t .  The p rog ru  variahlc 
i s  M5. 

F m  BBEEL SEPBRkTION M O E N T :  ' Ihs p a r a e t e r  mdfcates the 
r o l l  acment that i s  necessa~ry t o  separate the f i f t h  wheel from the 
t r a i l e r ' s  upper coupier plate.  It is ~easured in in-lbs, and is 
read b~ the prograra in F10.2 fo rma t .  The progrm variable i s  
KNSEP 

FETE WHEEL SEPARkTION: This parmeter, measured in degrees 
represents the angular separation which can be achieved Setueen the 
f i f t h  wheel and the t r a i l e r ' s  upper coupler plate.  T k s  aonent i 3  
generaily equal t o  the f i f t h  mee l  load multiplied b-f the half-vidth 
of the f i f t h  wheel plate.  It i s  m i t t e n  inF10.2 f o m t ,  and the 
progran! variable i s  LBSHS. 

FE'TE YEEL LOAD: The v e r t i m i  load carried by the f i f t h  
wheel i s  represented by th i s  paraxueter. It is measured in Pbs, and 
writ ten in F10.2  f crmat . The prgirau variable i s  K5. 

TRACTOR REAR SPRUNG EIGHT: 7 7 ~ s  ~ a r l a b l e  uldicates the 
spnmg weight situated a t  the rear of the tractor f r m e  s p r u q .  It 
i s  ueasured in Lbs, and usually ranges from 500 t o  1ClOO Lbs. It i s  
read by the program i n  F10 .2  f o m t ,  and the program wr iab le  is 
VS2. 

L i n e  %6 

LATEP. ,CTIFFNESSES: The next three entries are  the la te ra l  -.. -. 

stiffncsses of the t i r e s  on the vehc le .  are measured in 
&/in, and m i t t e n  in F10 .2  f ormtat. The order of the entries are as  

>Lateral Stiffness of ONE t i r e  on the t rac tor ' s  front axle.  
Prograu variable i s  6YT1. 

>Lateral Stiffness of ONE t i r e  on the t r ac to r ' s  rear axle 
aultipiied by the n w e r  of rear axles. Progrhm wr iab le  i s  
k T 2 .  



>Lateral Stiffness of On t i r e  on the t r a i l e r ' s  axles 
multiplied by the number of axles on the trailer. Prograrv 
mriable is I T 2 .  

OTERTUR4ING S T E R E S 5 E S :  The next three entries are the 
m r t ~ t r n m g  stiffness of the t i re3 on the aehicle. They are 
measured in  in-lbideg , and are written in F10.2 format. The order 
ol' thc entries are cs f 0 1 1 ~ .  

> b c r t u m i q  Stiffness of ONE t i r e  on the t ractor 's  front 
axle. Pragran veriable is 3 3 r 1 .  

mer tu rn i rq  Stiffness of ONE t i r e  on the t ractor 's  rear axle 
multiplied by the number of rear axles. Progran mri&le  i s  
Eon2. 

>Overturning Stiffness of ONE t i r e  on the t ra i le r '  s axle 
multiplied by the number of axles on the t ra i le r .  Prograa 
variable ia T T 3 .  

ROLL l X C m :  This n r i a b l e  represents the increment of 
t ra i le r  ro l l  angle used for coolputlng rol l  response. A tnim.1 
value for this i s  0 .02  degrees. Large values can result in 
significant errors in the coquted.rol1 respome. The ro l l  
incrment i s  measured in degrees atld vri t ten in F i 0 . 2  format. The 
program mriable is DELPH. 

PRINT R ? m T :  Ttus parameter indicates the frequenc~ of 
data printed out. The print out i s  triggered by the ro l l  angle,  and 
thus a rol l  a q l e  increment i$ entered. The value of 0 . 5  degrees is 
usually suitable. This paraxteter i s  measured in degrees and written 
in FlO. 2 f o m t .  The program tgriable is XPRIIn. 

Liae %8 - To The Em! 

SPRING TABLES : The las t  section of the data f i l e  consists of 
three spring tables, one each for the tractor front axle, tractor 
rear axle(s j, and t ra i le r  arle(s).  The f i r s t  l ine of each W l e  
consists only of an integer, )TWI in I2 fomat, urdimting the 
number of lines in && table that f ollovs. id ter this, the s p r i q  
table  is listed Kith the force [lbs] , FORij, in the first colu~m, 
md deflection [ i n ] ,  D a i j ,  in the s t c o d  column. Both of the8e 
ve.lues are written in F10.3 fomt. The table should s t a r t  at. the 
t emi le  end of the force deflection characteristic. 

SIGE CONKRTION: Tensil forces, and deflections in the 
t e n s i l e  regiou of the force deflection characteristic, Rre assmed 
t o  be negative. 

TBmDEE U S :  Onl~ one spring table i s  included in the ioput. 
f i l e  for each suspension. In the case of tanden axles on the 
tractor rear or t r a i l e r ,  the force x l u e s  reflect the sun! of the 



s p r q  loads wiuch derive on one side o: the 3wpemion, as a 
fTmction of ve r t i ca l  deflect ion.  In the case of a two-axle W e a  
harug a s~r iw over each axle,  for e x w l e ,  the entered force 
values vould be equal t o  twice those measured in the deflect ion of a 
single sprug. 



APPENDIX D 

PLOTTED RESPONSE OF VEHICLE ON THE E X I S T I N G  AND PROPOSED ROADWAYS 



Yukon Tanker, E x i s t i n g  Roadway, 32.9 km/h 



Yukon's 3 axle tractor and dandem mle 
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Yukon's 3 axle tractor and tandem axle tanker. 



Yukon's 3 axle tractor and tandem axle tanker. 
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Yukon's 3 axle tractor and tandem axle tanker. 
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Yukon's 3 axle tractor and tandem axle tanker. 
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Yukon's 3 axle tractor and tandem axle tanker. 



time - sec 

Yukon's 3 axle tractor and tandem axle tanker. 



Yukon Tanker ,  E x i s t i n g  Roadway, 25.5  km/h 
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Yukon's 3 axle tractor and tandem axle tanker. 
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Yukon's 3 axle tractor and tandem axle tanker. 
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Yukon's 3 axle tractor and tandem axle tanker. 
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Yukon's 3 axle tractor and tandem axle tanker. 
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Yukan's 3 axle tractor and tondem axle tanker. 



Reference Tanker, Existing Roadway, 25 .5  km/h 



Michigan 3 axle tractor and tandem axle 
tanker. 
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Michigan 3 axle tractor and tandem axle tanker. 
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Michigan 3 axle tractor and tandem axle tanker. 
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Michigan 3 axle tractor and tandem axle tanker. 
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Michigan 3 axle tractor and tandem axle tanker. 
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Michigan 3 axle tractor and tandem axle tanker. 



2 4 

Michigan 3 axle 

6 8 
time - sec 

tractor and tandem axle 

12 

tanker, 



Yukon Tanker ,  Proposed Roadway, 37 .6  km/ h 



Yukon's 3 wle tractor and tandem axle 
tanker. 
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Yukon's 3 axle tractor and tandem axle tanker. 
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Yukon's 3 axle tractor and tandem axle tanker. 
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Yukon's 3 axle troctor and tandem axle tanker, 
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Yukon's 3 axle tractor and tandem axle tanker. 
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Yukon's 3 axle tractor and tandem axle tanker, 
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Yukon's 3 axle tractor and tandem axle tanker. 
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Yukon's 3 axle tractor and tandem axle tanker. 



Reference Tanker, Proposed Roadway, 37 6 k m / h  



Michigan 3 axle tractor and tandem axle 

tanker. 
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Michigan 3 axle t r a c t o r  and t a n d e m  axle tanker. 



Michigan 3 axle tractor and tandem axle tanker. 
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Michigan 3 axle tractor and tandem axle tanker. 
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Michigan 3 axle tractor and tandem axle tanker. 
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Michigon 3 oxle tractor and tandem axle tanker. 
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Michigan 3 axle tractor and tandem axle tanker. 
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Michigan 3 axle tractor and tandem axle tanker. 


