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EXECUTIVE SUMMARY

The effects of weight and dimension parameters on heavy truck stability
and control and on pavement response are being examined in the CCMTA/RTAC
Vehicle Weights and Dimension Study. The objective of the study is to
compile technical information to provide a basis for the provinces to
amend their truck weight and dimensions regulations. The goal is to sim-
plify interprovincial trucking through greater uniformity in these
regulations.

During the study a number of vehicles of particular interest were identi-
fied. Several of these were tractor-trailers, and a single 48 ft (14.63
m) semitrailer with a fixed 2.77 m (109 in) tandem axle and two non-
steering airlift axles spaced 2.74 m (108 in) ahead of the tandem was
obtained for test. By lowering none, one, or both airlift axles, the
trailer could be configured to provide a 5-, 6-, or 7-axle combination.
Such combinations are typical of equipment used in Central Canada, where
additional gross weight is permitted with a widespread tandem or a belly
axle.

The Ontario Ministry of Transportation and Communications subjected each
of these vehicles to a standard series of tests for turning; the brake
system; Tateral/directional and roll stability; trailer sway; and a dem-
onstration of straight-line braking. The same series of tests was also
conducted concurrently on a set of six baseline vehicles, which included
a 45 ft (13.72 m) 5-axle semi with a 1.37 m (54 in) tandem spread that is
generally comparable to the 5-axle 48 ft (14.63 m) semi. The baseline
vehicles also included 8-axle A-, B, and C-train doubles that only have
& modest payload advantage over the 7-axle 48 ft (14.63 m) semi, so are
reasonably comparable to it.

The primary objective of the test program was to assemble a body of tech-
nical and visual data that described the stability and control character-
istics of the vehicles with respect to certain performance measures.
These tests would be used as a background to complement the findings of a
comprehensive computer simulation that was used to evaluate variations in
weight, dimensions, and equipment for the three configurations.

Turning performance depends upon the effective wheelbase of the trailer.
There was essentially no difference between the 5-axle 48 ft (14.63 m)
and 45 Tt (13.72 m) semitrailers, as the additional trajler 1ength is
countered by its greater axle spread. The space required to turn the



vehicle was decreased when first one, then the second, airlift axle was
lowered, as each step reduced the effective wheelbase of the trailer.

The space required by the 7-axle 48 ft (14.63 m) semi to make a right-
hand turn approached that required by the three doubles. However, the
effort required to turn the 7-axle combination was much greater than that
of the 6-axle combination, which exceeded that of the 5-axle combination.
This undoubtedly leads to the common practice of raising airlift axles to
make turns where an axle control is permitted in the cab.

The air brake system of all three combinations was quite fast and well
balanced. FEach airlift axle was provided with its own reservoir and
relay valve, so brake application and release timing of the fixed tandem
axle was essentially unaffected by the airlift axle position.

Dynamic tests of the empty vehicle on a low-friction surface were con-
ducted for all three configurations, even though in normal use the air-
Tift axles would be raised when the vehicle is empty. During & demon-
stration of straight-line braking, all three vehicles became unstable by
tractor jackknife when the tractor drive axles locked. The Jackknife
became faster as the number of trailer axles increased, because the
resistance to turning of the trailer increased. If front axle brakes had
been used, it is Tikely that tractor Jjackknife would not have occurred.

During an evasive manoeuvre with the empty vehicles on a low-friction
surface, the limit of tractor control was reached for the 5-axle vehicle
at about 61 km/h, whereas trailer swing was evident with the 7-axle vehi-
¢le at about 58 km/h.

The rearward amplification of lateral acceleration of the loaded vehicles
was 0.90, 0.92, and 1.05 for the 5-, 6-, and 7-axle combinations,
respectively. The 7-axle vehicle is effectively shorter than the other
two, which s1ightly reduces its lateral/directional stability, though all
three are very stable vehicles in comparison with any double.

All three venhicles were able to make a lane change in a 30 m (98.4 ft)
gate at a speed of 94 km/h, though the articulation response of the
trailer increased as the number of trailer axles increased, because of
the lower stability of the vehicle.

In a steady circular turn of 50 m (164 ft) radius, the 5- and 6-axle
vehicles experienced outrigger touchdown at 0.52 g and 0.53 g, respect-
ively. It is not certain that this would have resulted in rollover, but



they were close to the roll threshold. The 7-axle vehicle did not exceed
0.39 g in this turn, as the driver was unable to follow the curve because
of the excessive steer demand necessary to turn the trailer with its four
widely separated axles. A tilt test conducted on these three vehicles
resulted in & lateral acceleration of 0.60 g at rollover for the 5-axle
vehicle and 0.56 g for the other two. This test was performed with the
alrlift axle supply system operating in its normal mode, which may have
increased the roll resistance of these axles. The centre of gravity of
all three vehicles was relatively Tow: 1.60 to 1.65 m (63 to 65 in)
above the ground. The roll threshold would be substantially reduced if
the centre of gravity had been higher, to the extent that rollover could
have occurred in the Tane-change manoeuvre too.

In summary, there is Tittle practical difference between the S-axle 48 ft
(14.63 m) semi with a widespread tandem and the 5-axle 45 Tt (13.77 m)
semi tested concurrently as a baseline vehicle. Both are very stable and
require much space to manceuvre., 5Stability is reduced as axles are added
to the trailer, but the 7-axle semi sti1l has much lower rearward ampli-
fication of Tateral acceleration than any double and, hence, higher
Tateral/directional stability. However, it requires much greater effort
to manoeuvre, and where available friction is Timited, tractor jackknife
becomes more 1ikely with this vehicle than any other, unless the airlift
axles are rajsed when the remaining axles become overloaded. The 6-axle
vehicle is intermediate in performance between the 5 and 7-axle vehi-
c¢les, but it is suited to a different role than the other vehicies tested
in this program and is not reasonably compared with any of them.

The specific results presented here apply to the vehiclies tested for the
particular test conditions. Results different in some respects might be
expected for other vehicles or test conditions.
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ABSTRACT

A G-axle 48 ft (14.63 m)} semitrailer compination was tested by the
Ontario Ministry of Transportation and Communications (MTC) as part of
the CCMTA/RTAC Vehicle Weignt ana Dimensions Study. The vehicle was
designatea an additional vehicle by the study.

The vehicle was subjected to turning, air brake system, lateral/
directional ana roll stability, and trailer sway tests. A demonstration
of straight-line braking was also conducted. Tests were conducted with
the empty vehicle on a low-friction surface and the Toaded vehicle on a
high-friction surface.

Tnis report presents detailed results of the tests and demonstrations.
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1/ INTRODUCTION

The effects of changes in truck weight and dimension parameters on combi -
nation venicle stability and nandling and on pavement response to axle
group loading are being examined in the CCMTA/RTAC Vehicle Weights and
Dimensions Study. The vehicle portion of the study involved both
computer simulation of vehicle dynamic manoeuvres and testing of vehicles
and components. Combination vehicles were classified into six families,
pased on the number of trailers and methods of hitching. A representa-
tive of each family was designated as the baseline vehicle configuration
for that family. Additional vehicle configurations of interest were also
gefined. A1) baseline and additional vehicle configurations were tested
to assemple a body of technical ang visual data that dgescribed the sta-
bility and control characteristics of the vehicles with respect to cer-
tain performance measures.

The Ontario Ministry of Transportation and Communications (MTC) was asked
to test the six paseline vehicles and three additional tractor-trailer
compinations, as part of its contribution to the study. This report
presents the results of a test of a 5-axle 48 ft (14.63 m) semitrailer
combination, which is one of the additional vehicles. It refers fre-
quently to a report describing procedures and equipment common to tests
of all nine vehicles undertaken by MTC [1]. Similar reports present
details of the tests of the other eight vehicles [2-9], and a summary
report presents the results of tests of all six baseline vehicles [10].
A computer simulation of vehicle responses to actual test inputs using
estimated venicle data has also been conducted [11].
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2/ TEST VEHICLE DESCRIPTION

The test vehicle consisted of the MTC Freightliner [1] and single 48 ft
(14.63 m) tandem flatbed-type trailer. The combination is typical of
equipment used in Central Canada, where additional weight can be carried
on a widespread tandem axle. The same compination was also tested con-
currently as a 6- and 7-axle vehicle [8,9].

The equipment for these tests was provided by the Roads and
Transportation Association of Canada (RTAC)., No modifications were made
to the trailer except for purposes of attachment of test equipment, which
nad no effect on the operation of the vehicle, though unit weights and
polar moments of inertia were affected.

Tne trailer was manufactured by Fruenauf and was a 48 ft (14.63 m) flat-
ned semitrailer with two fixed axles and two non-steering ajrlift axles
that were raised for these tests. The trailer was manufactured in July
1984, bore the serial numper 2H8P0D4843ERQ33601, ana was mode] PBX4W
43102.

The trailer had a nominal length of 14.63 m (48 ft) and a nominal width
of 2.59 m (102 in). The trailer suspension comprised a Reyco four-spring
Jeaf system with long equalizer arms on the fixed axles, which had a
spacing of 2.77 m {109 in). The spring centre width was 0.96 m (38 in),
and the overall track width was 2.44 m (96 in). The vehicle overall
length was 18.69 m (61.32 ft). The trailer was rated at 9620 kg/axle

(21 164 1b/axle). The fixed tandem axle was placed to the rear of the
trailer, Decause in that position it c¢an accrue a greater gross weight as
a 4-axle trailer. However, current 48 ft (14.63 m) semitrailers often
have their axles forward, at the same distance from the trailer kingpin
as for a 45 Tt (13.72 m) semitrailer, because under current requlations
no adaitional gross weight is gained for rearward placement of the axles,
and the turning performance is improved.

The trailer was fitted with new Michelin XZA racial tires, in load range
H and size 11R22.5. These tires were run a nominal distance of 160 km
(100 mi) pefore any testing and were then, subsequently, used for all
tests. Tire pressure was set cold at 689 kPa (100 psi), which is the
manufacturer's recommended value for full load. This was used for ail
tesTs and represents the common operating practice of not reducing tire
pressure when running empty.
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The test vehicle 1is shown in Figure 1, in test condition with outriggers
installed. Tnhe dimensions of the test venicle are presented in Figure 2.
Empty weight of the combination in test condition was 22 595 kg

{49 710 1b). Concrete plocks were useda to obtain a loaded weight of

34 409 kg (75 680 1p). Axle loads in these conditions are given in
Taple 1.

Table 1/ Axle Loads

Empty Loadedq ]
Axle No. (kg) (1p) (kg) (ip}
1 4 918 10 820 5 055 11 120
2 5 368 11 810 7 336 16 120
3 4 686 10 310 6 827 15 020
4 4 D82 8 980 7 618 16 760
8 3 541 7 7490 7 873 16 a60
Total 2¢ h9s 45 710 34 409 75 680

The empty weight exceeds that which would normally be seen on the high-
way., because the tractor is considerably heavier than Tate-model equip-
ment, because of the two 1ifted axles on the trajler, and because of the
weight of test equipment installed, particulariy the outriggers. A tar-
get axle load of 8000 kg (17 600 1p) was set for all axles except for the
steer axle. This was nearly attained, with the exception of the tractor
drive axles. The l1egal gross weight for the vehicle tested varies
petween 36 500 and about 44 000 kg (80 300 to 96 800 1b), depending upon
the province.

The height of the centre of gravity of the empty trailer sprung mass was
estimated as 0.33 m (13 in) below the top of the floor. The centre of
gravity height was estimatea as 5.09 m (4 in) above the top of the floor
in the loaaed conaition.
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3/ TEST PROGRAM
3.1/ Test Procedures

The test vehicle was prepared for testing in the following way:

1/ A mechanical inspection was carried out, and any necessary repairs or
maintenance was done.

2/ Outrigger and safety cable attachments and load block retention sills
were installed on the trailer.

3/ Outriggers were installed on the trailer.

4/ The boxes containing instrument packages, power supplies and signal
conditioning, other instruments, and cabling were installed.

5/ New tires were jnstalled, and pressures were set.

6/ Other fittings necessary for testing were installed.

7/ Concrete blocks were located on the trailer bed to achieve specified
axle 1oads.

8/ Notes were made from detailed physical inspection, includging an
inventory of components and measurement of dimensions.

97 The MTC tractor was coupled to the trailer.

10/ The combination vehicle was weighed, empty and loaded.

11/ A functional test of the on-board electronics was conducted.

12/ Test runs were made to shake down the vehicle instrumentation and
familiarize the test driver with the vehicle's handling
characteristics.

13/ Tires were run a nominal distance of 160 km (100 mi).

14/ Articulation angle between the tractor and trailer was calibrated.

15/ Details of the vehicle and test equipment were recorded on photo-
graphs ana videotape.

The following tests were performed:

offtracking

Right-hand turn

Channelized right turn

Air prake system

Straight-line braking, empty vehicle, low-friction surface
Evasive manceuvre, empty vehicle, Tow-friction surface
$inusoidal steer, loaded vehicle, high-friction surface
Lane change, loadea vehicle, nigh-friction surface

Normal straight-line driving

Steady circular turn, loaded vehicle, nigh-friction surface

e 8 8 G & & & 8 89

All tests followed standard procedures [1], except as noted.
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3.2/ Instrumentation

Tne instrumentation shown in Table 2 was installed. Brake pressure
transducers were only installed in the trailer for the air brake system
test, but all other instrumentation was installea for all tests. Data
were always captured from all instrumentation, but only those pertinent
to a particular test were analysed.

Tractor instruments were selected from the instrumentation that is per-
manently installea on the tractor. Instruments for the trailer were
mounted in a box placed on the trailer deck, which also contained power
supplies ana signal conditioning. Trailer lateral acceleration ana roll
angle were measured at a point midway between the kingpin and axle,

Full details of the instrumentation, signal conditioning, and data cap-
ture system are presented elsewhere [1].

3.3/ Data Capture and Data Processing

Data were digitized on board the vehicle and transmitted by telemetry as
a pulse-code modulated (PCM) data stream to a ground station, where they
weére recorded on magnetic tape and capturea in real time by an HP-1000
computer system. Test data for a run were pracessed immediately after
tne run, and results from a series of runs were subsequently analysed
using the computer system rij.

Many test runs of all types were conducted for this venicle. Not all
thase runs were used in the preparation of this report. In a number of
instances, a run failed to meet a test condition, or runs were made to
evaluate the apility of the vehicle to make a particular manceuvre.



Table 2/ Instrumentation Installed

No

Full Scale

104.8 km/h
56.3 m/ramp
9840 1p

10290 b
100 psi

Measurement Instrument
e e e e e o —————— - Tt ————— o —

Tractor steer angle Spectrol 139 potentiometer

Tractor roll angle Humphrey CF18-0907-1
gyroscope package

Tractor lateral acceleration kistler 3038 accelerometer

Tractor yaw rate Humphrey RT03-04502-1
angular rate transducer

Tractor longitudinal acceleration Kistler 3038 accelerometer

Tractor speed, axie 1 right Airpax 087-304-0044 zero
velocity magnetic pickup

Tractor distance, axle 1 rignt Airpax 087-304-0044 zero
velocity magnetic pickup

Tractor fifth wheel 1o0ad,

left-hang side MTC Toad cell

Tractor fifth wheel loaa

right-hand side MTC load cell

Tractor treadle valve pressure Celesco PLC-200G

Tractor brake pressure,

axle 2 Left

Tractor lateral acceleration
at fifth wheel

Tractor yaw angle

Trailer 1 articulation angle
Trailer 1 lateral acceleration
Trailer 1 roll angle

Trailer 1 outrigger touchdown
Dolly 1 nitch angle

Bolly 1 lateral acceleration

Brake pressure, axle 4 right

Brake pressure, axle 5 right

Celesca PLC-200G

Columbia SA-107 accelerometer
Humphrey CF18-0807-1
gyroscope package

Celesco pull cord DV-301-150
Columbia SA-107 accelerometer
Humphrey WM0Z2-0128-1

vertical gyroscope

Strain gauge bridge

Spectrael 139 potentiometer
Columpia SA-107 accelerometer
Lelesco PLC-200G

Celesco PLC-200G

99.80 psi
0.996 g

17.73°
19.792°
0.995 g

8.90°

1.0 v
26.0°
0.99 g
104.96 psi
101.06 psi
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4/ RESULTS

4.1/ Offrtracking

Steady-state offtracking is considered an indicator of vehicle turning
ability. Offtracking of the vehicle was evaluated Dy making a complete
tarn around a circle of radius 29.87 m (98 ft). The venicle outer wheel
tracked the inside of the circle. Turns were made in both directions, as
shown in Figure 3. At the end of a turn, the vehicle was parked and the
radius to each axle was measured, according to the standard test
procedure {1].

The results are shown in Table 3. The measured data were averaged for
the left and right turn and then compared to data generated by a simple
offtracking formula [12]. The difference between actual and computed
values, shown in the last column of Table 3, is so small that steady-
state offtracking can clearly be estimated very accurately by this simple
formula.

The final offtracking for the counter-clockwise turn is shown in

Figure 4. After averaging for both directions and correcting for differ-
ences in axle track width, the offtracking of 2.41 m (7.9 ft), shown in
Figure 4, pecame 2.82 m (9.256 ft).

Table 3/ Offtracking

Radius to Inner
Track wWheel
AxlelWidth|Right Left Difference|Average|Calculated|Difference
No.| (m) {Turn {m}] Turn (m}| (m) {m) {m)} %
1 2.31 |27.52 27.59 0.07 27.55 2756 +0.04
2 |2.37 j27.22 27.37 0.15 27.30 27.21 -0.31
3 2.37 j27.21 27.37 0.16 27.29 27.21 -0.29
) 2.37 124.74 24.79 0.05 24.77 24.77 0.00
5 12.37 (24,658 24.68 0.0 24.68 24.77 +(.36

4.2/ Right-Hand Turn

A 90° right-hand turn is a very demanding manoeuvre for a large truck.
The vehicle's swept path in a 90° right-hand turn of 15 m (49.2 ft)
radius was measured, according to the standard test proceaure [1]. This
radius is typical in an urban area or where there is limited truck traf-
fic. The swept patn is shown in Figure 5.
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The vehicle is shown in Figure 6 during the turn. at a point close to jts
maximum excdrsion out of the exit lane. The maximum excursion out of
lane was 2.00 m (6.56 ft), over one-half a lane width. It was out of the
exit lane for a distance of 26.0 m (85.3 ft), as derived from Figure 5.
This test was conducted at a creep speed and represents the best possible
turn. A relling turn would probably result in a greater excursion out of
the exit lane.

4.3/ Channelized Right Turn

The venicle's swept path in a channelized right turn was measured accord-
ing to the standard test procedure [13.

The venicle is shown during the turn in Figure 7. The clearance of the
innermost wheel of the rear trailer's rear axle from the inner curb is
shown in Figure B as a function of distance through tne curve. The mini-
mum clearance was only 0.73 m (2.39 ft) in the 5.5 m {18 ft) wide
roadway.

Tne roadway geometry used for this test is typical of an urban area,
where space s limited. The curb radius was 25 m (B2 fr), and entry and
exit tapers typical of four-lane roadways with a 60 km/h speed 1imit were
used. The venicle was driven with the left front wheel tracking the
curp. In practice, a driver would allow some clearance on his side, if
only to stay clear of catch basins. This would mean the rear axle would
come close to the inner curb.

4.4/ Air Brake System

The air brake system of the combination was evaluated according to stan-
dard test procedure {1].

The trailer air brake system was inspected. A schematic of the system is
shown in Figure 9. Al1 slack aajusters required manual adjustment.
Stroke was adjusted to the minimum, about 32 mm (1.25 in)} on each axle.
Tne tractor was supplied with shop air, regulated at 689 kPa {100 psi).

The SAE J982a style test was performed, and the results, presented in
Table 4, are the average of several tests, each with a time resolution of
0.02 s. Thne application ana release times of this test are typical of
Those obtained from tests conducted on other similar combinations. A
typical time history response of application and release is presented in



Figure 10.

Table 4/ Air Brake Timing, SAE J982a Style Test

Application Timing Release Timing Final Pressure
Location 0-60 psi (s) to & psi (s) {psi)
Treadle 0.04 0.18 91.9
Axle 2 0.36 Q.56 90.4
Axle 5 0.39 (.84 458.1

4.5/ Strajght-Line Braking

It 1s aifficult to conduct rigorous braking tests and achieve consistent
results. A demonstration of modes of instability of the combination
vehicle in straight-line braking was, therefore, conducted. A series of
runs was made with the empty vehicle approaching the low-friction test
area at 47 km/h and the driver braking using the treadle valve. Runs
were made using various application pressures, to the point where groups
of wheels locked. The driver was instructed not to attempt to counter
any Tloss of control, except as necessary to avoid hazard. The standard
test procedure was followed [1].

Tne vehicle combination was evaluated primarily in terms of the yaw
response of vehicle units, which is the heading angle of the vehicle unit
(in degrees), with zero parallel to the original direction of travel.

Any significant yaw seen in this manoeuvre arose from lateral/directional
instapility of a vehicle unit.

The time history of a typical run that resultea in loss of control is
shown in Figure 11. The brake application of about 242 kPa (35 psi)
caused all braked wheels to lock, and the tractor jackknifed slightly to
the left. No higher brake pressures were used as all axles were already
locking at lower pressures. A higher speed would have resulted in a
faster jackknife, buT use of the tractor front axle brakes would probably
have eliminated the jackknife.

A summary of peak vehicle responses 5 shown in Figure 12, as a function
of average treadle valve pressuré. The 1imit of surface adheston of
ahout 0.1% g was reached at a brake pressure of about 159 kPa (23 psi),
when most wheels were locking. The vehicle did not become unstable until
a conpsiderabply higher Drake pressure.
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4.6/ Evasive Manoeuvre

The object of this test was to evaluate empty vehicle lateral/directional
characteristics at the limits of stanility on a low-friction surface. A
series of runs was made where the driver made an evasive manoeuvre, which
is considered representative of a high-speed accident avoidance situation
on a two-lane, two-way highway. Gates of 22.5 m (73.8 ft} were used for
the lane change ta the left and the return to the original lane, separ-
ated by 20 m (64%.6 Ftr} in the left lane. The runs were made in accor-
dance with the standarg test procedure [1].

The vehicle combination was evaluated primarily in terms of the lateral
acceleration ang yaw responses of the wehicle units. These are shown in
Figure 13. Each response is the peak-to-peak amplitude experienced by
the vehicle in the mancedvre. The lateral acceleration amplitude for
both vehicle units tended to rise up to approximately %4 km/h and then
stabilized. Heading angle for the tractor tended to decrease as speed
increased, whereas heading angle of the trailer remained relatively uni-
form. Data inadicated that the tractor slid at the higher speeds, while
tractor heaaing angle decreased. The driver commented that the tractor
tires clattered and nowled, indicating operation at or near their perfor-
mance limits.

A typical run at 60 Km/h is shown 1n Figure 14,
4.7/ Sinusoidal Steer

The abjective of this test was to evaluate characteristics of rearward
amplification of lateral acceleration for this combination. A serjes of
runs was made where the driver made a sinusoidal steer input to the vehi-
cle while travelling at a steady speed, in accordance with the standard
test procedure [11. This test was conducted at speeds of 63, 84, and

94 kmfh, with steer input periods between about 2 and 5 s.

The venhicle combination was evaluated in terms of the lateral accelera-
tion responses of the vehicle units. Rearward amplification of lateral
dcceleration of the trailer is presented in Figure 15, as a function of
tractor steer input period for the three test speeds. This is defined as
the peak-to-peak trailer lateral acceleration response divided by the
peak-to-peak tractor lateral acceleration, and is dimensionless,

It is evident from Figure 15, that rearward amplification increases only
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slightly with speed for this vehicle. It is also somewhat seasitive to
steer period, reaching the highest value of about 0.90 at around 3.5 5.
The results, show that, at highway speed, this is a very stable vehicle,
pecauseé of 1Ts low response to input.

Figure 16 shows the response of a typical run for a steer period of about
2 s at 94 km/h.

4.8/ Lane Change

The abjective of this test was to evaluate venhicle stability characteris-
Tics in a dynamic¢ mangeuvre. A series of runs was made where the driver
made a lane-change manoceuvre, considered representative of a nigh-speed
accident avoidance situation on a four-lane or divided highway. The runs
were made 1n accordance with the standard test procedure [1].

A gate of 30 m (98.4 ft) was used, to provide a vehicle speed of about
B0 km/h. which is a typical speed limit and might permit some comparison
of the results of this test with that described in the preceding
sections

Tne resuits from all runs are summarized in Figure 17. Throughout the
speed range, The peak-to-peak lateral acceleration, roll, and yaw (or
heaaing) angles all remained relatively uniform; the lateral acceleration
gain was consistent with rearward amplification; and the vehicle appearea
to be quite staple with no major trends. The consistent yaw overshoot
appears to be due to tractor steer correcting in the exit lane and moder-
ate tire s)lippage. 1t did not appear to increase with speed until modest
trajler swing occurred at the limiting speed of 94 km/h.

Figure 18 shows a typical time history of a run at 94 km/h.
4.9/ Normal Straight-Line Driving

The objective of this test was to attempt to evaluate lateral motion of
the rear trailer of the combination, the phenomenon known as trailer

sway. A series of runs was made with the Toaded vehicle driven normally
at 94 km/n in a straight line, according to the standard test procedure

L1l

As previously mentioned, the vehicle was very staple, and i1f any slight
steer corrections made in the course of normal driving, and roughness of
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the test track surface, resulted in trailer sway, It was not readily
perceptiple to the occupants of a chase vehicle. Root mean square (RMS)
lateral acceleration of the rear trailer was 0.92 g/° of RMS steer
input.

4.10/ Steady Circular Turn

The objective of this test was to evaluate vehicle steady-state rollover
characteristics to determine the high-speed offtracking of the vehicle
and examine the side loads exerted on the tractor by the trailers. A
series of runs was made with the venicle circumscribing a circle with a

50 m (164 ft) radius at a steady speed, according to the standard test
procedure [1].

The results of this test are summarized in Figure 19. The vehicle com-
pination was evaluated primarily in terms of the roll response of the
vehicle units. Average steady-state roll angles are presented as a func-
tion of tractor lateral acceleration. Average steady-state articulation
angles decrease modestly with increase in lateral acceleration, and as a
consequence, the offtracking decreases. The lateral force experiénced Dy
the tractor fifth wheel, presented as a function of tractor lateral
acceleration, shows a gradient of 52.5 kN/g (11 800 1n/g).

At the limiting speed of 63 km/h, a lateral acceleration of 0.52 g, the
outrigger touched down and the trailer swung out, as shown in Figures 20
and 21. The driver then steered out of the circle. It is possible the
vehicle would not have rolled over.

A Tilt test was conducted on this vehicle as part of a separate test
program [13]. The vehicle is shown on the tilt table, in Figure 22. The
high-side wheels of the rear trailer lifted at a tilt angle of 31.0°,
after all corrections were made, wnich corresponds to a lateral acclera-
tion of 0.60 g. This is in quite good agreement with the rear trailer's
lateral acceleration of 0.52 g at outrigger touchdown . A full discus-
sion of the tilt test is presented elsewhere [13].
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5/ DISCUSSION

Tests were conqucted with the eguipment as provided. No efforts were
made to modify the equipment, except as required for testing, and these
modifications did not affect venicle operation,

Tests ware conducted in various weather conditions. Tires wore progres-
sively as the various tests were conducted. The outrigger assembly and
the two airlift axles were additional to narmal trailer equipment, and
the characteristics of the trailers were, therefore, somewhat atypical,
at least in the empty condition.

It is not possiple to make any meaningful remarks on the effect these
factors might have had on the results. The results presented pertain to
the particular vehicle tested, and results different in some respects
might be obtained for anpther vehicle at another time.

This vehicle was considered an easy vehicle to drive by the test driver.
It braked well and was easy to manceuvre. Its length simply meant it

required space to manoceuvre. It exhibited high stapility in all mangeuv-
res.
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6/ CONCLUSIONS

A 5-axle tractor-semitrailer combination was tested by the Ontario
Ministry of Transportation and Communications, as part of the CCMTA/RTAC
venicle Weights and Dimensions Study. The trailer was 14.65 m (48 fr)
long and had a 2.77 m {109 m) widespread tandém axle. The vehicle was
designated as of particular interest by the study.

The vehicle was subjected to turning, air brake system, lateral/
directional and roll stability, and trailer sway tests. A aemonstration
of straignt-line braking was also conaucted. Tests were conducted with

an empty vehicle on a low-friction surface and a loadea vehicle on high-
friction surface.

The length of tnis vehicle clearly contributed to the significant space
regquired to make turns.

The air brake system was relatively fast and well balanced.

The lateral/directional stabiiity of the vehicle was excellent, both
empty on a low-friction surface and loaded on a high-friction surface.
The roll stability was high, primarily because of the low trailer centre
of gravity height. A higher centre of gravity would have significantiy
reduced the roll threshold.
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Figure 2/ Venhlclie Dimensions



Figure 3/ Offtracking

Figure 4/ Counter-Clockewlise Final Ufftracking
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—rl 4 TYPTCAL
Z.65 M LANE

OUT-0F-LANE DURATION 26 m

OUT-OF-LANE EXCURSION 2.0 m

RADT AL RADIUS {m)
INNER GUTER
1 22.03 -
2 17.96 -
2 1%.97 -
4 15.15 17.79
S 15 .08 17.90
& 15.22 18.55
7 15.47 13.66
8 15.3%9 20.88
9 15.18 21.95
10 15.06 22.16
11 15.0¢2 21.87
12 15.12 21.38
13 15.45 20.83
14 16.39 21.27
15 15.33 22.55
16 22.30 25.92

Figure 5/ Right-Hand Turn Swept Path




Figure &/ Right-Hand Turn

Figure 7/ Cchannelized Right Turn
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Figure 8/ Channelized Right Turn _
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ABSTRACT

A b-axle 48 ft {14.63 m) semitrailer combination was tested by the
Ontario Ministry of Transportation and Communications (MTC)} as part of
the COMTA/RTAC Vehicle Weights and Dimensions Study. The vehicle was
designated an additional vehicle by the study.

The venicle was subjected to turning, air brake system, lateral/
girectional and roll stability, and trailer sway tests. A demonstration
of straight-line braking was also conducted. Tests were conducted with

the empty vehicle on a low-friction surface and the loaded vehicle on a
high-friction surface.

This report presents detailed results of the tests and demonstrations.
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1/ INTRODUCTION

The effects of changes in truck weight and dimension parameters on combi-
nation vehicle stability and handling and on pavement reésponse to axle
group loading are being examined in the CCMTA/RTAC vehicle Weights and
Dimensians Study. The vehicle portion of the study involved both com-
puter simulation of venicle dynamic manoeuvres and testing of vehicles
and components. Combination vehicles were classified into stx families,
pased on the number of trailers and methods of nitching. A representa-
tive of each family was designatea as the baseline vehicle configuration
for that family. Additional vehicle configurations of interest were also
defined. A1l baseline and additional vehicle configurations were tested
to assemble a body of technical and visual data that described the cta-
pility ana control characteristics of the vehicles with respect to cer-
tain performance measures.

The Ontario Ministry of Transportation and Communications (MTC) was asked
To test the six baseline vehicles and three aaaitional tractor-trailer
combinations, as part of its contribution to the study. This report
presents the results of a test of a 6-axle 48 ft (14.63 m) semitrailer
combination, which is one of the aaaitional vehicles. It refers fre-
quently to a report describing procedures and equipment common to tests
of all nine venicles undertaken by MTC [1]. Similar reports present
details of the tests of the other eight vehicles [2-9], ana a summary
report presents the results of tests of all six baseline vehicles [1iol.
A computer simulation of vehicle responses to actual test inputs using
estimated vehicle data has also been conducted [11].
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2/ TEST VEHICLE DESCRIPTION

The test vehicle consisted of the MTC Freightliner [1] and a single 48 ft
(14.63 m) 3-axle flatbed semitrailer. The combination is typical of
equipment used in Central Canada, where trailers with a widespread tandem
axle and an airlift pelly axle are permitted additional weight. The same
combination was also tested concurrently as a 5- and 7-axle vehicle
[8,9].

The equipment for these tests was obtainea from the Roads and
Transportation Association of Canaaa (RTAC). No modifications were made
to the trailer except for purposes of attachment of test equipment, which
haa no effect on the operation of the vehicle, though unit weights ana
polar moments of inertia were affected.

The trailer was manufactured by Fruehauf in July 1984 and was a 48 ft
(14.63 m) flatbed semitrailer with two fixed and two non-steering airlift
axles, one of which was raised for these tests. It was model number
PRX4W4B8102 and bore the serial number 2H8P04843ER033601.

The trailer had a nominal length of 14.63 m (48 ft) and a nominal width
of 2.59 m (102 in). The trailer suspension comprised a Reyco four-spring
leaf suspension system with long equalizer arms on the fixed axles and a
Neway air suspension system for the two airlift axles. The axle spacings
were 2.74 and 2.77 m {108 ang 109 in). The spring centre width was

0.96 m {38 in) for the fixed axles and 0.76 m {30 in} for the airlift
axles. The ajrlift axles had shock abosorbers in parallel with the air
springs, with a spacing of 0.30 m (12 in). The overall track width was
2.44 m (96 in). The vehicle overall length was 18.69 m (61.32 ft). The
trailer was rated at 9620 kg/axle (21 164 Ip/axle).

The trailer was fitted with new Michelin XZA radial tires, n load range
H ana size 11822.5. These tires were run a nominal distance of 160 km
{100 mi) before any testing and were then, subsequently, used for all
tests. Tire pressure was set cold at 689 kPa (100 psi), which 15 the
manufacturer's recommended value for full load. This was used for all
tests and represents the common operating practice of not reducing tire
pressure when runaning empty.

The test vehicle is shown in Figure 1, in test condition with outriggers
installed. Tne aimensions of the test vehicle are presented in Figure 2.
Empty weight of the combination in test condition was 22 594 kg
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{49 710 1p). Concrete blocks were used to optain a loaded weight of

41 543 kg {91 390 1p). Airlift axle pressure was 159 kPa (23 psi) for
the empty vehicle ana 345 kPa (50 psi) loaded. Axle loads in these con-
aitions are given in Table 1.

Table 1/ Axle Loads

Empty Loaded

Axle No. (kg) {1p) {kg) (1b)
1 4 918 10 820 5 373 11 820
2 4 554 10 019 7 5056 16 510
3 4 554 10 019 6 209 i4 980
4 2 856 6 7284 7 396 16 270
5 2 8ho 6 284 7 714 16 970
6 2 856 & 284 6 746 14 840
Total 22 594 49 710 41 543 91 390

The empty weight exceeds that which would normally be seen on the high-
way, because the tractor is considerably heavier than Tate-model equip-
ment, because of the 1iftea axle, and because of the weight of test
equipment installea, particularly the outriggers. A target axle load of
8000 kg {17 600 1p) was set for all axles except for the steer axle.
This was nearly attained, with the exception of the tractor darive axles.
The legal gross weignt of the vehicle tested 15 about 50 000 kg

{110 000 1b) in Ontario ana Quebec, and 47 700 kg (105 000 1p) in B.C.,
where the belly axle is required to be steerable.

The height of the centre of gravity of the empty trailer sprung mass was
estimated as 0.30 m (12 in) below the top of the floor. The centre of
gravity height was estimated as 0.23 m (9 in) apove the top of the floor
in the loaded condition.
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3/ TEST PROGRAM
3.1/ Test Procedures

Tne test venicle was prepared for testing in the following way:

1/ A mechanical inspection was carried out, and any necessary repairs or
maintenance was done.

2/ Outrigger and safety cable attachments and load block retention sills
were installed on the trailer.

3/ Outriggers were installed on the trailer.

4/ Tne boxes containing instrument packages, power supplies and signal
conaitioning, other instruments, and cabling were installed.

5/ New tires were installed, and pressdres were cet.

6/ Otnher fittings necessary for testing were installed.

7/ Concrete blocks were located on the trailer Ded to achieve specified
axle loads.

8/ Notes were made from detailed physical inspection, including an
inventory of components and measurement of dimensions.

9/ The MTC tractor was coupled to the trafler,

10/ The combination vehicle was weighed, empty and loaded.

11/ A functional test of the on-board electronics was conducted.

12/ Test runs were made To shake down the vehicle instrumentation and
familiarize the test ariver with the vehicle's handling
characteristics.

13/ Tires were run a nominal distance of 160 km (100 mi).

14/ Articulation angle between the tractor and trailer was calibrated.

15/ Details of the vehicle and test equipment were recorded on photo-
graphs and videotape.

Tne following tests were performed:

Offtracking

Right-hand turn

Channelized right turn

Alr brake system

Straight-line braking, empty vehicle, low-friction surface
Evasive manoeuvre, empty vehicle, low-friction surface
Sinusoijdal steer, loaded venicle, high-friction surface
Lane change, loadea vehicle, high-friction surface

Normal strajght-line driving

Steady circular turn, loaded vehicle, high-friction surface

All tests followed standard procedures [1], except as noted.



3.2/ Instrumentation

The instrumentation shown in Table 2 was installed. Brake pressure
transducers were only installed in tne trailer for the air brake system
test, but all other instrumentation was installed for all tests. BData
were always captured from all instrumentation, but only those pertinent
to a particular test were analysed.

Tractor instruments were selected from the instrumentation that is per-
manently installed on the tractor. Instruments for the trajler were
mountea in a box placed on the trailer deck, which also contained power
supplies and signal conditioning. Trailer jateral acceleration and roll
angle were measured at a point midway between the kingpin and axle.

Full getails of the instrumentation, signal conditioning, and data cap-
Ture system are presented elsewhere [1].

3.3/ Data Capture ana Data Processing

Data were digitized on board the vehicle and transmitted by telemetry as
a pulse-code modulatea (PCM) data stream to a ground station, where they
were recorded on magnetic tape and captured in real time by an HP-1000
computer system. Test data for a run were processed immediately after
the run, ana results from a series of runs were subsequently analysed
using the computer system [1].

Many test runs of all types were conducted for this vehicle. Not all
these runs were used in the preparation of this report. In & numper of
jnstances, & run failed to meet a test condition, or runs were made to
evaluyate the apility of the vehicle to make a particular manoeuvre.



Table 2/ Instrumentation Installed

No Measurement

Tractor
Tractor

steer angle
roil angle

lateral acceleration
yaw rdate

Tractor
Tractor

Tractor
Tractor speed, axle 1 right

Tractor distance, axle 1 right
Tractor fifth wheel load,
left-hand side

Tractor fifth wneel load
right-hana side

Tractor treadle valve pressure
Tractor brake pressure,

axie 2 Left

Tractor lateral acceleration
at fifth wheel

Tractor yaw angle

Trailer 1 articulation angle
Trailer 1 lateral acceleration
Trailer 1 roil angle

Trailer 1 outrigger touchdown
Dolly 1 nitch angle

Dolly 1 lateral acceleration

Brake pressure, axle 4 right

Brake pressure, axle b right

Brake pressure, axle 6 right

longitudinal acceleration

Instrument

Spectrol 139 potentiometer
Humphrey CF18-0907-1
gyroscope package

Kistler 303B accelerometer
Humphrey RT03-0502-1
angular rate transducer
Kistler 303B accelerameter
Airpax 087-304-0044 zero
velocity magnetic picKup
Airpax 087-304-0044 zero
velocity magnetic pickup

MTC loaa cell

MTC Toad cell
Celesco PLC-200G

Lelesco PLC-200G

Columbia SA-107 accelerometer
Humphrey CF18-0907-1
gyroscope package

Celesco pull cord DV-301-150
Columbia SA-107 accelerometer
Humphrey W02-0128-1

vertical gyroscope

Strain gauge bridge

Spectrol 139 potentiometer
Caolumbia SA-107 accelerometer
Celesco PLC-200G

Celesco PLLC-2006

Celesco PLC-200G

Full S5cale

38.7%/s
0.974 g

104.8 km/h

B6.3 m/ramp
9890 1b

10290 1p
100 psi

99,80 psi
0.996 g

17.73°
19.792°
0.995 g

8.90*

1.0 v
25.0°
0.996 g
104.96 psi
101.06 psi
102.07 psi
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4/ RESULTS
4.1/ Offtracking

Steady-state offtracking is considered an inaicator of vehicle turning
apility. Offtracking of the vehicle was evaluated by making a complete
turn around a circle of radius 29.87 m (98 ft). The vehicle outer wheel
tracked the inside of the circle. Turns were made in both directions, as
shown in Figure 3. At the end of a turn, the venicle was parked and the
radius to each axle was measured, according to the standard test
procedure [1].

The results are shown in Tapdle 3. The measured data were averaged for
the left and right turn and then compared to data generated by a simple
offtracking formula [12]. The difference between actual ana computed
values, shown in the iast column of Table 3, is so small that steady-
state offtracking can clearly pe estimated very accurately by this simple
formula.

The final offtracking for the counter-clockwise turn is shown in

Figure 4. After averaging for poth directions and correcting for differ-
ences in axle track width, the offtracking of 2.41 m (7.9 ft), shown in
Figure 4, pecame 2.38 m (7.8 fi}.

Table 3/ Offtracking

Radius to Inner
Track Wneel
AxJe|wiath|Right left Difference|Average!Calculated|Difference

No.{ (m) {Turn (m)| Turn {m){ (m) (m) {m) %

1 2.31 |27.506 27.45 0.11 271.51 27.56 +0.18
2 2.37 127.31 27.30 0.01 27.31 27.21 -0.37
3 2.37 |27.28 27.33 0.05 27.31 27.21 -0.37
4 j2.37 |25.40 25.49 0.09 25.45 25.45 0.0
5 12.37 |25.12 25.15 0.03 25.14 25.30 +0.63
6 2.37 |256.11 26.13 0.02 25.12 25.45 +1.30

4.2/ Right-Hand Turn

A 90° right-hand turn is a very demanding manceuvre for a large truck.
The vehicle's swept path in a 90° right-hand turn of 15 m (49.2 ft} radi-
us was measured, according to the standard test procedure [11. This
ragius is typical in an urpan area or where there is 1imited truck
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traffic. The swept path is shown in Figure b,

The vehicle is shown in Figure & during the turn, at a point close to its
maximum excursion out of the exit lane. The maximum excursion out of
lane was 0.7 m (2.29 ft). It was out of the exit lane for a distance of
21.0 m (68.9 ft), as derived from Figure 5. This test was conducted at a
creep speed and represents the best possible turn. A rolling turn would
probably result in a greater excursion out of the exit lane.

4.3/ Channelized Right Turn

The vehicle's swept path in a channelized right turn was measured accord-
ing to the standarg¢ test procedure {1].

The vehicle js shown during the turn in Figure 7. The clearance of the
jnnermost wheel of tne rear trailer's rear axle from the inner curd is
shown in Figure 8 as a function of distance through the curve. The mini-
mum clearance was only 1.12 m (44 in) in the 5.5 m (18 ft) wide roadway.

The roadway geometry usea for this test is typical of an urban area,
where space is limited. The curb radius was 256 m (82 ft), and entry and
exit tapers typical of four-lane roadways with a 60 km/h speed Timit were
used. Tne vehicle was driven with the left front wheel tracking the
curb. In practice, a driver would allow some clearance on his side, if
only to stay clear of catch pasins. This would mean the rear axle would
come ¢lose to the inner curb.

4.4/ Air Brake 3System

The air brake system of the combination was evaluated according to stan-
gard test proceaure [1].

The trailer air brake system was inspected. A schematic of the system is
shown in Figure 8. All slack adjusters required manual adjustment.
Stroke was adjusted to the minimum, apout 32 mm {1.25 in) on each axle.
The tractor was supplied with shop air, regulated at 689 kPa (100 psi).

The SAE J9B82a style test was performed, and the results, presented in
Table 4, are the average of several tests, each with a time resolution of
0.02 s. The application and release times of this test are typical of
those obtained from tests conducted on other similar combinatijons. A
typical time nistory response of application and release 15 presented in



Figure 10.

Table 4/ Air Brake Timing, SAE J982a Style Test

Application Timing Release Timing Final Pressure
Location 0-60 psi (s) to 5 psi (s) {psi)
Treadle 0.03 0.18 92.5
Axle 2 0.36 0.56 90.9
Axle & 0.43 0.91 87.7
Axle b 0.43 0.95 86.2

4.5/ Straight-Line Braking

It is aifficult to conduct rigorous braking tests and achieve consistent
results. A demonstration of modes of instapility of the combination
vehicle in straight-line braking was, therefore, conducted. A series of
runs was made with the empty vehicle approaching the low-friction test
area at 47 km/n and the driver braking using the treadle valve. Runs
were made using various application pressures, to the point where groups
of wheels locked. The driver was jnstructed not to attempl to counter
any loss of control, except as necessary to avoid hazarda. The standard
test procedure was followed. Note that the airlift axle was lowered for
this test, even though it would be raised in normal operation on the
nhighway when the vehicle was empty.

The vehicle combination was evaluated primarily in terms of the yaw
response of vehicle units, which 1s the heading angle of the vehicle unit
(in degrees), with zero parallel to the original airection of travel.

Any significant yaw seen in this manceuvre arose from lateral/airectional
instapility of a vehicle unit.

The time nistory of a typical run that resulted in loss of control 1s
shown in Figure 11. The initial average brake application of about

276 kPa (40 psi) caused all braked wheels to lock, the tractor jackknifed
to the left, the safety cables were engaged (as seen from the 15° 1imit
on articulation angle), and the vehicle rotated as a unit. The tractor
heading reached the 1imit of the signal conditioning system. If the
tractor front axle brakes had been used, the likelihood of a tractor
jackknife would have been much reduced.
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A summary of peak vehicle responses is snown in Figure 12, as a function
of average treadle valve pressure. This shows that the tractor is on the
verge of a jackknife at lower brake pressures and the jackknifing was in
either airection.

4.6/ Evasive Manoeuvre

The object of this test was to evaluate emply vehicle Tateral/directional
characteristics at the 1imits of stability on a low-friction surface. A
series of runs was made where the driver made an evasive manoeuvre, which
is considered representative of a high-speed accident avoldance situation
on a two-lane, two-way highway. Gates of 22.5 m (73.8 ft) were used for
the lane change to the left and the return to the original lane. separ-
ated py 20 m (65.6 ft) in the left lane. Note that the airlift axle was
also lowered for this test. The runs were made in accordance with the
standard test procedure [1].

Data from this Test were lost due to mechanical failure of the computer
disk drive and were found to be unrecoverable from the backup tape. The
following comments, therefore, are based upon notes, review of the video-
tapes, and computer summaries made during the test.

The vehicle's behaviour was predictably between that of the 5- and 7-
axle compinations tested concurrently [8,9]. Data captured at the time
of the test indicated that the tractor required increasing steer input to
negotiate the manoeuvre as speed increased. This, coupled with obseérva-
tions of tractor slide and tire chatter, indicated that the tractor was
showing signs of understeer. At the higher speeds, it was noted that key
course markers were struck, indicating some loss of tractor directional
control. Little sway was noted at the trailer.

4.7/ Sinusoidal Steer

The objective of this test was to evaluate characteristics of rearward
amplification of lateral acceleration for this combination. A series of
runs was made where the driver made a sinusoidal steer input to the vehi-
cle while travelling at a steady speed, in accordance with the standard
test procedure [1]. This test was conducted at speeds of 63, 84, and

94 km/h, with steer input periods between about 2 and 5 s. However, the
data from runs at 63 and 84 km/h were lost due to mechanical failure of
the computer's disk drive while the data were being archived on tape.
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The venicle combination was evaluated in terms of the lateral accelera-
tion response of the trailer. Rearward amplification of lateral acceler-
ation of the trailer is presented in Figure 13, as a function of tractor
steer input period for the one test speeda. This gain is defined as the
peak-to-peak trailer lateral acceleration response divided by the peak-
to-peak tractor lateral acceleration, and is dimensionless.

It is evident from Figure 13 that rearward amplification is somewhat

sensiTive to steer perioa reaching the highest value of about 0.92 at
around 3 s. Tne results show that, at highway speed, this is a very

stable vehicle, pecause of its low response to input.

Figure 14 shows the response of a typical run for a steer period of about
2.76 s at 94 km/h.

4.8/ Lane Change

The objective of this test was to evaluate vehicle stability characteris-
tics in a dynamic manoceuvre. A series of runs was made where the driver
made a lane-change manceuvre, which is considered representative of a
nigh-speea accident avoidance situation on a four-lane or divided high-
way. The runs were made in accordance with the standard test procedure

{1l.

A gate of 30 m (98.4 ft) was used, to provide a vehicle speed of about
80 km/h, which is a typical speed 1imit and might permit some comparison
of the results of tnis test with that described in the preceding
sections.

Unfortunately all data from this test were lost because of the mechanical
failure of the computer's disk drive. The data were also not recoverable
from the analog tape recorder because of errors on the tape., The follow-
ing comments, therefore, are based on notes, review of the tapes, and
video and computer summaries made during the test.

The vehicle's behaviour was predictably between that of the 5- and 7-axle
combinations tested concurrently [8,9). It remained stable up to the
maximum test speed of 94 km/nh. Overshoot appeared evident but within
lane boundaries, some of which was, no doupt, due to driver steer correc-
tions in the exit lane, as shown in Figure 15. Roll amplitudes appeared
somewhat less than for the 7-axle semi {9] but greater than for the
E-axle vehicle [8].
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4.9/ Normal Straight-Line Priving

The objective of this test was to attempt to evaluate lateral motion of
the rear trailer of the combination, the phenomenon known as trailer
sway. A series of runs was made with the loaded vehicle dariven normally
at 94 km/h in a straight line, according to the standard test procedure
[1].

As previously mentioned, the vehicle was very stable and, if any slight
steer corrections made in the course of normal driving, and roughness of
the test track surface, resulted in trailer sway, it was not readily
perceptible to the occupants of a chase vehicle. Root mean square (RMS)
tateral acceleration of the rear trailer was 0.99 g/° of RMS steer
input.

4.10/ Steady Circular Turn

The objective of this tTest was to evaluate vehicle steady-state rollover
characteristics to determine the high-speed offtracking of the vehicle
and examine the side loads exerted on the tractor by the trailers. A
series of runs was made with the vehicle circumscribing a circle with a
50 m (164 ft) radius at a steady speed, according to the standard test
procedure [1].

Tne results of this test are summarized in Figure 17, The vehicle combi-
nation was evaluated primarily in terms of the roll response of the vehi-
cle units. Average steady-state roll angles, presented as a function of
tractor lateral acceleration, increased with speed. Average steady-state
articulation angles decreased modestly with an increase in lateral accel-
eration, and as a consequence, the offtracking decreased. The lateral
force experiencea by the tractor fifth wheel, expressed as a function of
tractor lateral acceleration, shows a gradient of 58.9 kN/g (13

200 1b/g).

At the limiting speed of 63 km/h, a lateral acceleration of 0.53 g, the
outrigger touched down, around 8 § in Figure 18, and the trailer swung
out around 9 5, relieving the lateral acceleration on the trailer and
reducing the articulation angle, This is also shown in Figure 19. It is
possiple the vehicle would not have rolled over. This manceuvre at the
high lateral acceleration required a very high effort on the part of the
driver just to follow the ¢ircle.
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A tilt test was conducted on this vehicle as part of a separate test
program [14]. The nigh-side wheels of the rear trailer lifted at a tilt
angle of 29.3°, after all corrections were made, which corresponds to a
Jateral acceleration of 0.56 g. This is in quite good agreement with the
rear trailer's lateral acceleration of 0.53 g at outrigger touchdown. A
full discussion of the tilt test is presented elsewhere [14].
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5/ DISCUSSION

Tests were conducted with the eguipment as provided. No efforts were
made to moaify the equipment, except as required for testing, and these
modifications aid not affect vehicle operation.

Tests were conducted in various weather conditions. Tires wore progres-
sively as the various tests were conducted, particularly those on the
right-hand wneel of the rear axle. The tests on this vehicle followed
those of the 5-axle 48 ft {14.63 m) semi [8], and the steady circular
turn was clearly causing severe wear on the outer edge of this tire. The
outrigger assembly was additional to normal trailer equipment, and the
characteristics of the trailers were, therefore, somewhat atypical, at
least in the empty condition.

It is not possible to make any meaningful remarks on the effect these
factors might have had on the results. The results presented pertain to
the particular vehicle tested, and results different in some respects
might be obtained for another vehicle at another time.

This vehicle was considered an easy vehicle to drive by the test driver.
It tracked well but required more effort to manceuvre than either the
5-axle 45 ft (13.72 m) semi [2] or the 5-axle 48 ft (14.63 m) semi [8],
pecause of the lowered airlift axle. It did, however, require a little
less space to manceuvre than these vehicles. It exhibited high stability
in all dynamic manoeuvres. However, the trailer centre of gravity was
quite low -- about 1.73 m (68 in) from the ground. The centre of gravity
for some lcads can result in a trailer centre of gravity 2.5 m (100 1n)
or more from the ground, which would reduce the rollover threshold to
somewhere around 0.3 g [15]. The lane change would then likely have
resulted in rollover at some speed less than 95 km/nh.
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6/ CONCLUSIONS

A 6-axle tractor-semitrailer combination was tested by the Ontario
Ministry of Transportation and Communications, as part of the CCMTA/RTAC
Vehicle Weignts and Dimensions Study. The vehicle was designated as of
particular interest by the study.

The vehicle was subjected to turning, air brake system, lateral/
girectional and roll stability, ana traiier sway tests. A demonstration
of straight-line braking was also conducted. Tests were conducted with
an empty vehicle on a low-friction surface and a loaded vehicle on high-
friction surfaca.

The length of this vehicle clearly contributed to the significant space

required to make turns, though it required less space than a comparable
b-axle semi.

The air brake system was relatively fast ana well palanced.

The lateral/directional stability of the vehicle was excellent, both
empty on & low-friction surface and loaded on a high-friction surface.
Stability variea little with speed up to 100 km/h. The roll stability
was very nigh, primarily because the trailer centre of gravity was low.
A higher centre of gravity would significantly reduce the rollover
threshold.
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Figure 3/ Offtracking
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Figure 5/ Right-Hand Turn Ssepit Path




Figure 6/ Right-Hand Turn

'Figure 7/ Channelized Right Turn
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Figure 15/ vehicle Making Lane Change
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ABSTRACT

A 7-axle 48 ft {14.63 m) semitrailer combination was testeq by the
Ontario Ministry of Transportation and Communications (MTC) as part of
the CCMTA/RTAC Venicle Weight and Dimensions Study. The vehicle was
designated an additional venicle by the study.

The vehicle was subjected to turming, air brake system, lateral/
directional and roll stability, and trailer sway tests. A demonstration
of straight-line braking was also conducted. Tests were conducted with
the empty vehicle on a low-friction surface and the loadea venhicle on a
high-friction surface.

This report presents detailed rasults of the tests and demanstrations.
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1/ INTRODUCTION

The effects of changes in truck weight and dimension parameters on compi-
nation vehicle stapility and hanaling and on pavement response to axle
group loading are being examined in the CCMTA/RTALC vehicle Weights and
Dimensions Study. The venicle portion of the study invelved both com-
puter simulation of vehicle dynamic manoeuvres and testing of vehicles
and components. Combination vehicles were classified into six families,
based on the number of trailers and methods of hitching. A representa-
tive of each family was designated as the baseline vehicle configuration
for that family. Aaditional vehicle configurations of interest were also
defined. All baseline and additional vehicle configurations were tested
to assemble a pody of technical and visual data that described the sta-
bility and control characveristics of the vehicles with respect to cer-
tain performance measures.

The Ontario Ministry of Transportation and Communications (MTC) was asked
to test the s1x baseline vehicles and three additional tractor-trailer
combinations, as part of its contribution to the study. This report
presents the results of a test of a 7-axle 48 ft (14.63 m) semitrailer
compination, which is one of the aaditional vehicles. It refers fre-
quently to a report desCribing procedures and equipment common to tests
of all nine vehicles undertaken by MTC [1]. Similar reports present
details of the tests of the other eight vehicles [2-9], and a summary
report presents the results of tests of all six baseline vehicles [107.
A computer simulation of vephicle responses to actual test inputs using
estimatea vehicle data has also been conducted [11].
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2/ TEST VEHICLE DESCRIPTION

The test vehicle consisted of the MTC Freightliner [1] ana single 48 ft
(14.63 m) four-axle fiatbed-type semitrailer. The combination is typical
of equipment used in Central Canada, where aaditional gross weight can Dbe
carried on a widespread tandem axle and belly axles. The same combin-
ation was also tested concurrently as a 5- and 6-axle vehicle [8,9].

The eguipment for these tests was provided by the Roads and
Transportation Association of Canada (RTAC). No modifications were made
to the traller except for purposes of attachment of test eguipment, which
haa no effect on the operation of the vehicle, though unit weights ana
palar moments of inertia were affected.

The trailer was manufactured by Fruehauf in July 1984 and was a 48 ft
(14.63 m) flathed semitrailer with two fixed and two non-steering airlift
axles. It was model PBXAW 48102 and bore the serial number
2HB8P04843ER033601.

The trailer had a nominal length of 14.63 m (48 ft) and a nominal width
of 2.59 m (102 in). The trailer suspension comprised a Reyco four-spring
leaf system with long equalizer arms on the fixed axles and a Neway air
suspension system for the two airlift axles. The axle spacings were
2.74, 2.74, and 2.77 wm (108, 108, and 109 in). The spring centre width
was 0.96 m (38 in) for the fixed axles and 0.76 m {30 in) for the airlift
axles. The air]ift axles had shock absorpers in parallel with the aijr
springs, with a spacing of 0.30 m (12 in}. The overall track width was
2.44 m (96 in}. The venicle overall length was 18.69 m (61.32 ftr). The
trailer was rated at 9620 kg/axle (21 164 1b/ axle).

The trailer was fitted with new Michelin XZA raaial tires, in load range
H and size 11R22.5. Tnese tires were run a nominal distance of 160 km
(100 mi) before any testing and were then, subsequently, used for all
tests. Tire pressure was set ¢old at 689 kPa (100 psi), which is the
manufacturer's recommended value for full load. This was used for all
Tests and represents the common operating practice of not reducing tire
pressure when running empty.

The test vehicle is shown in Figure 1, in test condition with outriggers
installed. The dimensions of the test vehicle are presented in Figure 2.
Empty weight of the combination in test condition was 22 595 kg

(49 710 tp). Concrete blocks were used to obtain a loaded weight of
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49 898 kg (109 730 Tp). AIrlift axle pressure was 110 kPa (16 psi) in
each axle for the empty vehicle and 345 kPa (50 psi) loaded. Axle Joads
in these conditions are given in Table 1.

Table 1/ Axle Loads

Empty Loaded

Axle No. {kg) (1b) {kg) {1b)
1 4 918 10 820 5 259 11 560
2 3 885 8 547 7 923 17 430
3 3 885 8 547 7 232 15 910
4 2 477 b 449 7 464 16 420
5 2 477 5 449 8 177 17 990
6 2 477 5 449 6 577 14 470
7 2 477 5 449 7 250 15 950
Total 22 595 49 710 49 878 109 730

The empty weight exceeds that which would normally be seen on the high-
way, because the tractor is considerably heavier than late-model equip-
ment and because of the weight of test equipment installed, particularly
the cutriggers. A target axle load of 8000 kg (17 600 1p) was set for
all axles except for the steer axle. This was closely attained. The
legal gross weight for the vehicle tested s about 56 000 kg (123 200 Ib)
in Ontario.

The neignt of the centre of gravity of the empty trailer Sprung mass was
estimatea as 0.26 m (10 in) below the top of the floar. The centre of
gravity heignt was estimated as 0.27 m {11 in) above the top of the floor
in the loaded condition.
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3/ TEST PROGRAM
3.1/ Test Procedures

The test vehicle was prepared for testing in the following way:

1/ A mechanical inspection was carried out, and any necessary repairs or
maintenance was done.

2/ Outrigger and safety caple attachments and l¢ad black retention sills
were installed on the trailer.

3/ Outriggers were installed on the trailer.

4/ The boxes containing instrument packages, power supplies and signal
conditioning, other instruments, and cabling were installed.

8/ New tires ware installed, and pressures were set.

6/ Other fittings necessary for testing were installed.

7/ Concrete dDlocks were located on the trailer bed to achieve specified
axle loads.

3/ Notes were made fTrom detailed physical inspection, inciuding an
inventory of components and measurement of dimensions.

9/ The MTC tractor wasS coupled to the trailer.

10/ The compination vehicle was weighed, empty and loaded.

11/ A functional test of the on-board electronics was conducted.

12/ Test runs were made to shake down the vehicle instrumentation and
familiarize the test driver with the vehicle's handling
characteristics.

13/ Tires were run a nominal distance of 160 km (100 mi).

14/ Articulation angle between the tractor and trailer was calibrated.

15/ Detajls of the vehicle and test squipment were recorded on photo-
graphs and videotape.

The following tests were performed:

Offtracking

Right-hand turn

Channelized right turn

Alr prake system

Straight-1ine braking, empty venhicle, low-friction surface
Evasive manoeuvre, empty venicle, low-friction surface
Sinusoidal steer, loaded vehicle, high-friction surface
Lane change, loaded vehicle, high~-friction surface

Normal straight-line driving

Steady c¢ircular turn, loaded vehicle, high-friction surface

A1l tests followed standard procedures [1], except as noted.



3.2/ Instrumentation

The instrumentation shown in Table 2 was installed. Brake pressure
transducers were only installed in the trailer for the air brake system
test, but all other instrumentation was installed for all tests. Data
were always captured from all instrumentation, but only those pertinent
to a particular test were analysed.

Tractor instruments were selected from the instrumentation that js per-
manently instailed on the tractor. Instruments for the trailer were
mounted in a hox placed on the trailer deck, which also contained power
supplies and signal conditioning. Trailer lateral acceleration and roll
angle were measured at a point midway between the kingpin and axle.

Full details of the instrumentation, signal conditioning, and data cap-
ture system are presented elsewhere [1],

3.3/ Data Capture and Data Processing

Dara were digitized on board the venicle and transmitted by telemetry as
a pulse-coae modulated (PCM) data stream to a grouna station, where they
were recorded on magnetic tape and captured in real time by an HP-1000
computer system. Test data for a run were processed immediately after
the run, and results from a series of runs were subsequently analysed
using the computer system [1].

Many test runs of all types were conducted for this vehicle, Not all
these runs were used in the preparation of this report. In a number of
instances, a run failed to meet a test condition, or runs were made to
evaluate the anjlity of the vehicle to make a particular manoeuvre.



Table 2/ Instrumentation Installed

No

Full %cale

38.7%/s
0.974 g

104.8 km/h
56.3 m/ramp

Measurement Instrument
e e T Fo et —————— Fomm =
Tractor steer angle Spectro] 139 potentiometer
Tractor roll angle Humphrey CF18-0907-1
qyroscope package
Tractor lateral acceleration Kistler 3038 accelerometer
Tractor yaw rate Humphrey RT03-0502-1
angular rate transducer
Tractor longitudinal acceleration Kistler 3038 accelerometer
Tractor speed, axle 1 right Airpax 087-304-0044 zero
velocity magnetic pickup
Tractor distance, axle 1 right Airpax 087-304-0044 zero
veloecity magnetic pickup
Tractor fifth wheel load,

o0 ~l on Lo P b2

[
™~ - Q el

left-hand side

Tractor fifth wheel load
right-hand side

Tractor treadle valve pressure
Tractor brake pressure,

axle 2 Left

Tractor lateral acceleration
at fifth wheel

Tractor yaw angle

Trailer 1 articulation angle
Trailer 1 lateral acceleration
Trailer 1 roll angle

Trailer 1 qutrigger touchdown
Dolly 1 nitch angle

Dolly 1 lateral acceleration
Brake pressure, axle 4 right
Brake pressure, axle 5 right
Brake pressure, axle & right
Brake pressure, axle 7 right

MTC tload cel?

MTC load cell
Celesco PLL-200G

Celesco PLC-200G

Columbia SA-107 accelerometer
Humphrey CF18-0907-1
gyroscope package

Celesco pull cord DV-301-150
Columbia SA-107 accelerometer
Humphrey W(02-0128-1

vertical gyroscope

Strain gauge bridge

Spectrol 139 patentiometer
Columbia SA-107 accelerometer
Lelesco PLC-200G

Celesco PLC-200G

Celesco PLC~200G

Celesco PLC-200G

9850 1b

10290 16
100 psi

99.80 psi
0.996 g

17.73°
19.792°
0.995 g

8.90°

1.0 v
25.0°
0,99 g
104.96 psi
101.06 psi
102.07 psi
101.93 psi
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4/ RESULTS
4.1/ Offtracking

Steady-state offtracking 1s considerea an ingicater of venicle turning
apility. Offtracking of the vehicle was evaluated by making a complete
turn around a circle of radius 29.87 m (98 ft). The vehicle outer wheel
tracked the insiae of the circle. Turns were made in poth directions, as
shown in Figure 3. At the end of a turn, The vehicle was parked and the
radius to each axle was measured, according to the standard test
procedure [1].

The results are shown in Table 3. The measured data were averaged for
the left and right turn and then compared to datd generated Dy a simple
offtracking formula [12]. The difference between actual and computed
values, shown in the last column of Table 3, is so0 small that steady-
state offtracking can ¢learly be estimated very accurately by this simple
formula.

Tne final offtracking for the counter-clockwise turn is shown in
Figure 4.

Table 3/ Offtracking

Radius 1o Inner ]
Wheel
Axle|Track{R1ght Left DifferencelAverage|[Calculated|Difference
No.lWigtn|Turn (m}{ Turn (M} (m) (m) (m) ?
1 (2,31 {27.59 27.44 Q.15 27.51 27.586 +0.20
2 12.37 |27.40 27.35 0.05 27.38 27.721 +0.62
3 j2.37 (27.44 27.42 0.02 27.43 ?27.21 +0.80
4 12.37 |26.13 26.13 0.00 26.13 26.12 +0.03
5 2.37 |25.63 256.63 0.00 25.63 25.83 +0.77
6 ]2.37 |25.35 25.39 0.04 25.37 25.83 +1.70
7 2.37 |25.38 25.42 0.04 25.40 26.12 +2.75

4.2/ Right-Hand Turn

A 90° right-hana turn is a very demanding manceuvre for a large truck.
The vehicle's swept path in a 90° right-hana turn of 15 m (49.2 ft) radi-
us was measured, according to the standard test procedure [1]. Tnis
raaius is typical in an urban area or where there is limited truck traf-
fic. Tne swept path i5 shawn in Figure 5.
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The vehicle is shown in Figure 6 during the turn, at a point close to its
maximum excursion out of the exit lane. The maximum excursion out of
lane was anly 0,80 m (2.62 ft). It was out of the exit lane for a dis-
tance of 20.4 m (67 ft), as derived from Figure 5. This test was con-
ducted at a Creep speed and represents the best possible turn. A rolling
turn would probaply result in a greater excursion out of the exit lane.

4.3/ Channelized Right Turn

The vehicle's swept path in a channelized right turn was measured accord-
ing to the standard test procedure [1].

The vehicle is shown during the turn in Figure 7. The clearance of the
innermost wheel of the rear trailer's rear axle from the inner curb is
shown in Figure 8 as a function of distance through the curve. The wmini-
mum clearance was 1.47 m (4.8 ft} in the 5.5 m (18 ft) wide roadway.

The roadway geometry used for this test is typical of an urban area,
where space is limited. The curb radius was 25 m {82 ft), and entry and
exit tapers typical of four-lane roadways with a 60 km/h speed 1imit were
used. Such geometrics would not appear to restrict access of this
vehicle.

4.4/ Air Brake System

The air prake system of the combination was evaluated according to stan-
dard test procedure [1].

Tne trailer air brake system was inspected. A schematic of the system is
shown in Figure 9. All slack adjusters required manual adjustment.
Stroke was adjusted to the minimum, about 32 mm (1.25 in) on each axle.
The tractor was supplied with shop air, requlated at 689 kPa (100 psi).

The SAE J982a style test was performed, and the results, presented in
Taple 4, are the average of several tests, each with a time resolution of
0.02 s. The application and release times of this test compare Tavour-
ably with those obtained from tests on other similar combinations and are
considered fast. A typical time history response of application ana
release is presented in Figure 10.
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Table 4/ Air Brake Timing, SAE J982a Style Test

Apptication Timing Release Timing Final Pressure
Location 0-60 psi (s) to 5 psi {s) {psi)
Treadle 0.02 0.17 92.6
Axle 2 0.36 0.585 91.1
Axle 4 0.40 0.95 87.4
Axle 5 0.45 0.98 88.1
Axle 7 0.44 1.03 86.1

4.5/ Straight-Line Braking

IT is difficult to conduct rigorous braking tests and achieve consistent
results. A demonstration of modes of instability of the combination
vehicle in straight-Tine praking was, therefore, conducted. A series of
runs was made with the empty vehicle approaching the low-friction test
area at 47 km/h and the driver braking using the treadle valve. Runs
were made using various application pressures, to the point where groups
of wheels locked. The driver was instructed not to attempt to counter
any loss of control, except as necessary to avoid hazard. The standard
test procedure was followed [1]. Note that the airlift axles were
lowered for this test, even though they would be raised in normal opera-
tion on the highway when the vehicle was empty.

The vehicle compination was evaluated primarily in terms of the yaw
response of venicle units, which s the heading angle of the vehicle unit
(in degrees), with zero parallel to the original direction of travel.

Any significant yaw seen in this manoeuvre arose from lateral/directional
instability of a vehicle unit.

The time history of a typical run that resulted in loss of control is
shown in Figure 11. The initial average brake application of about

242 kPa (35 psi) caused all braked wheels to lock, and the tractor Jack-
knifed hard to the right. The driver released the brakes, steered hard
to the left to full lock, and managed to regain control of the vehicle at
a low speed, although the vehicle was grossly distorted and far out of
lane. The tractor heading shown in Figure 11 reacned the limit of the
signal conditioning.
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A summary of peak vehicle responses is shown in Figure 12, as a function
of average treadle pressure.

4.6/ Evasive Manceuvre

The ohject of this test was to evaluate empty vehicle lateral/directional
Characteristics at the limits of stability on a low-friction surface. A
series of runs was made where the driver made an evasive manoeuvre, which
is considered representative of a high-speed accident avoidance situation
on a two-lane, two-way highway. Gates of 22.5 m (73.8 Tt) were used for
the lane change to the left and the return to the ariginal lane, separ-
ated by 20 m (65.6 ft) in the left lane. Note that the airlift axles
were also lowered for this test.

The vehicle combination was evaluated primarily in terms of the lateral
acceleration and yaw responses of the vehicle units. These are shown in
Figure 13. FEach response is the peak-to-peak amplituae experienced by
the vehicle in the manoceuvre. The lateral acceleration amp1ituae of

both Tractor and trailer rose to 4 to 5 m/s2 at 57.5 km/h. Vehicle head-
ing angle tended to rise slightly as speed increased, indicating moderate
slide within lane. Tractor steer corrections were such that a slight
understeer effect was noticeable as speed increased. Indications of
tractor slide became evident at the higher speeds. Tractor contral
appeared to be the limiting factor in this combination.

A typical run at 58 km/h is presented in Figure 14.
4.7/ Sinusoidal Steer

The objective of this test was to evaluate Characteristics of rearward
amplification of lateral acceleration for this combination. A series of
runs was made whére the driver made a sinuseidal steer input to the vehi-
Cle while travelling at a steady speed, in accordance with the standard
test procedure [1]. This test was conducted at speeds of 63, 84, and

94 km/h, with steer input periods between about 2 and 5 s.

The vehicle combination was evaluated in terms of the lateral accelera-
tion responses of the vehicle units. Rearward amplification of lateral
acceleration is presented in Figure 15, as a function of tractor steer
input period for the three test speeds. This is defined as the peak-
to-peak trailer lateral acceleration response divided by the peak-to-peak
tractor lateral acceleration, and is dimensionless.



- 11 -

It is evident from Figure 15 that rearward amplification increases little
With speed. It s somewhat sensitive to steer period reaching the high-
est value of about 1.05 at around 3.5 s. The results show that, at high-
way speed, this is a very staple vehicle, because of low response to
input.

Figure 16 shows the response of a typical run for a steer period of about
1.5 s at 94 km/n.

4.8/ Lane Change

The objective of this test was to evaluate venicle stability character-
1stics in a dynamic manceuvre. A series of runs was made where the
driver made a lane-change manoeuvre, considgered representative of a high-
speed accident avoidance situation on a four-lane or divided highway.

The runs were made in accordance with the standard test procedure L17.

A gate of 30 m (98.4 ft) was used, to provide a vehicle speed of about
80 km/h. which is a typical speed limit and might permit some comparison
of the results of this test with that described in the preceding
sections.

The results from all runs are presented in Figure 17. The peak-to-peak
lateral acceleration and rol] angles and roll showed a maderate increase
up to 95 km/h, and yaw stayed essentially constant. The trailer did not
rol1 aggressively or slide in this manoeuvre. The latera) acceleration
gain is consistent with the values from the sinusoidal steer test. The
yaw overshoot of the trailer illustrates rear trailer swing at all
speeds.

Figure 18 shows a typical run time history at 95 km/h. Al though the
venicle appeared to stay in Jane, the traces indicate the tractor and
trailer manoeuvring or sliaing within the confines of the lane.

4.9/ Normal Straight-Line Driving

The objective of this test was to evaluate lateral motion of the rear
traller of the combination, the phenomenon known as trailer sway. A

series of runs was made with the loaded venicle driven normally at

94 km/h in a straight line, according to the standard test procedure

[13.
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As previously mentioned, the vehicle was very stable, and if any slight
steer corrections made in the course of normal driving, and roughness of
the test track surface, resulted in trailer sway, it was not readily
perceptible to the occupants of a chase vehicle. Root mean square (RMS)
lateral acceleration of the rear trailer was 1.04 g/° of RMS steer
input.

4.10/ Steady Circular Turn

The objective of this test was to evaluate vehicle steady-state rollover
characteristics to determine the high-speed offtracking of the vehicle
ang examine the side loads exerted on the tractor by the trailers. A
series of runs was made with the vehicle Ccircumscribing a circle with a
50 m (164 ft) raajus at a steady speed, according to the standgard test
procedure [1].

The results of this test are summarized in Figure 19. The vehicle combi-
nation was evaluated primarily in terms of the roll response of the vehi-
Cle units. Average steady-state roll angles increased with speed. Aver-
age steady-state articulation angles decreased modestly with increase in
lateral acceleration, and as a consequence, the offtracking decreased.
The lateral force experienced by the tractor fifth wheel, expressed as a
function of tractor lateral acceleration, shows a gradient of 80.3 kN/g
(18 000 1p/g).

At the 1imiting speed of 53 km/h, a lateral acceleration of 0.39 g. the
ariver was unable to hold the vehicle in circle because of the heavy
steer effort required, as shown in Figure 20. The test was terminated at
this point.

The s1ip angle at the rear axle of this vehicle, and the extremely high
load on the right side, resulted in very severe wear of the outer
shoulder of the outer tire on the right-hand side of the rear axle, as
shown in Figure 21. There was lesser wear in a similar pattern on the
Tnner tire at this position and the outer tire on the preceding axle.
This wear pattern was initiated in the corresponding test of this trailer
in the 5- and 6-axle configurations [8,9].

A tilt test was conducted on this venicle as part of a separate test
program [14]. The vehicle is shown on the tilt table in Figure 22. The
high-side wheels of the rear trailer Jifted at a tilt angle of 29.1°,
after all corrections were made, which corresponds to a lateral
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acceleration of 0.56 g. The lateral acceleration only reached (.39 g in

the steady circular turn, so it was not possible to compare the rollover
threshold with the tilt test.
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5/ DISCUSSION

Tests were conducted with the equipment as provided. No efforts were
made to modify the equipment, except as required for testing, and these
modifications dia not affect vehicle operation.

Tests were conducted in various weather conditions. Tires wore progres-
sively as the various tests were conducted, particularly those on the
right-hand wheel of the rear axle, as shown in Figure 21. The tests on
this vehicle followea those of the 5- and 6-axle 48 ft {14.63 m) semi-
trailers [8,9], and the steady circular turn test had clearly caused the
S€vere wear on the outer edge of this tire. The outrigger assembly was
additional to normal trailer equipment, ana the characteristics of the
trailer were, therefore, atypical, at least in the empty conaitiaon.

It is impossible to make meaningful remarks on the effect these factors
might have had on the results. The results pertain only to the particu-
lar vehicle tested; some different results might be optained for another
vehicle at another time. Other trailers with four axles having different
arrangements from this trailer are also in common use. If this trailer
is described as having single-single-tandem axles from front to rear,
then the common alternative arrangements are tandem-tandem, single-
tandem-single, and single-triple. None of these axles would be typically
self-steering. Single axles would be airlift, as would the lead tandem
in the tandem-tandem arrangement. These other arrangements would have
different results to the ones presented here.

This venhicle was considerea an easy vehicle to drive by the test driver.
It tracked very well, put required considerably more effort to manoeuvre
than either the 45 ft (13.72 m) semi [2] or the 5-axle 48 ft (14.63 m)
semi [8], because of the two lowerea airlift axles. It did, however,
require a Tittle less space to manoeuvre than these vehicles. It was
clearly evident to the test driver, with the loaded vehicle on a wet sur-
face, that the resistance to Turning of the trajler, which causea the
adaitional effort to manoeuvre, would require greater attention by the
driver on the highway as there was less control available. The vehicle
exhipited high stability in all dynamic manceuvres. However, the trailer
centre of gravity was quite Tow —- 1.77 m (70 in) from the ground. The
centre of gravity of some loads can result in the trailer centre of grav-
Tty rising to 2.5 m (100 in) or more from the ground, which would reduce
the rollover threshold to around 0.3 g [15]. The lane change would then
likely have resulted in rollaover at some speed much less than 95 km/h.
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&/ CONCLUSIONS

A 7-axle tractor-semitrailer combination was tested by the Ontario
Ministry of Transportation and Communications, as part of the CIMTA/RTAC
Vehicle Weights and Dimensions Study. The vehicle was aesignated as

of particular interest by the study.

The vehicle was subjected to turning, air brake system, lateral/
directional and roll stability, and trajler sway tests. A demonstration
of straight-line braking was also conducted. Tests were conducted with

an empty vehicle on a low-friction surface and a loaded vehicle on high-
friction surface.

The length of this vehicle clearly contributed to the significant space
required to make turns, though it required less space than a comparable
b-axle semi.

The air brake system was relatively fast and well balanced.

The lateral/directional stability of the vehicle was excellent, both
empty on a2 low-friction surface ana loaded on a high-friction surface.
5tapility varied little with speed up to 100 km/n. The roll stability
was hign, primarily because the trailer centre of gravity was low. A
hignher centre of gravity would significantly reduce the rollover
threshold.



- 16 -
7/ REFERENCES

[1] Billing, J.R., Mercer, W., and Stephenson, W.R., “Procedures for
Test of Baseline and Adaitional venhicles,” Ontario Ministry of
Transportation and Communications, Transportation Technology and
Energy Branch, Report CV-86-01, June 1986,

[2] Bi1ling, J.R., and Mercer, W., "Demonstration of Baseline Vehicle
Performance: 45 ft Semi," Ontario Ministry of Transpartation and
Communications, Transportation Technology and Fnergy Branch, Report
Cv-86-02, June 1986.

[3]1 Billing, J.R., and Mercer, W., “Demonstration of Baseline vehicle
Performance: A-Train Double,” Ontario Ministry of Transportation
and Communications, Transportation Technology and Energy Branch,
Report ({v-86-03, June 1984.

4] B8illing, J.R., and Mercer, W., “"Demonstration of Baseline Venhicle
Performance: B-Train Double," Ontario Ministry of Transportation
and Communications, Transportation Technology and Energy Branch,
Report Cv-86-04, June 1986,

{5] Billing, J.R., and Mercer, W., "Demonstration of Baseline Vehicle
Performance: C-Train Double," Ontario Ministry of Transportation
and Communications, Transportation Technology ana Energy Branch,
Report Cv-86-08, June 1986.

feé} Billing, J.R., and Mercer, W., “Demonstration of Baseline Vehicle
Performance: A-Train Triple,” Ontario Ministry of Transportation
and Communications, Transportation Technology and Energy Branch,
Report Cv-86-06, June 1986.

L7} Billing, J.R., and Mercer, W., “Demonstratian of Baseline Vehicle
Performance: C-Train Triple," Ontario Ministry of Transportation
and Communications, Transportation Technology and Energy Branch,
Report CV-86-07, June 1986.

[8] Billing, J.R., and Mercer, W., "Demonstration of Tractor-Trailer
Performance: 5-Axle 48 ft Semi," Ontario Ministry of Transportation
and Communications, Transportation Technology and Energy Branch,
Report CV-86-08, June 1986.



[9]

L10]

[11]

[1z2]

[14]

15]

- 17 -

Billing. J.R., and Mercer, W., "Demonstration of Tractor-Trailer
Performance: 6-Axle 48 ft Semi,” Ontario Ministry of Transportation
and Communications, Transpertation Technology and Energy Branch,
Report Cv-86-09, June 1986.

Billing, J.R., “"Summary of Tests of Baseline vehicle Performance, "
Ontario Ministry of Transportation and Communications, Transporta-
tion Technology and Energy Branch, Report CV-86-12, June 1986,

Lam, C.P., and Billing, J.R., “"Comparison of Simulation and Test of
Baseline and Tractor-Trailer Vehicles," Ontario Ministry of
Transportation and Communications, Transportation Technology and
Energy Branch, Report CV-86-11, June 1986.

Heald, K., "Use of the WHI Offtracking Formula,” Paper Presented at
Transportation Research Board Symposium of Geometric Design for
Large Trucks, Denver, Colorado, August 1985.

Delisle, G., "Investigating Articulated Vehicle Roll Stability Using
a Tilt Table," Vehicle Weights and Dimensions Study Final Technical
Report, Yolume 7, Roads and Transportation Association of Canada,
Ottawa, July 1986.

Ervin, R.D., Nisonger, R.L., MacAdam, C.C., and Fancher, P.S.,
"Influence of Size and Weight Variables on the Stability and Control
Properties of Heavy Trucks," University of Michigan Transportation
Research Institute, Report IMTRI-83-10 (3 volumes), March 1983.



..18_

Figure 1/ View of venicle
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Figure 5/ Right-Hand Turn Swept Path




Figure 7/ Channelized Right Turn
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Figure 21/ wear Pattern on Rignt Rear Guter Tire After
Steady Circular Turn Test

“Figure 227 vehicle on Tilt Table
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