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Abstract

Until recently, caicarriers in South Africa operatél under abnormal lah permits
allowing afinite relaxation of legal height and length limifhis practicas being phased
out, and exemptionwill only be grantedif a carcarrier complieswith the Australan
PerformanceBased Standard$BS)schemeA low-speed turning modelas developed
in Matlal®, and used to benchmark the tail swing performance ofetigting South
African carcarrier fleet. About 80 per cent of the flegtere shown taot comply with
the 0.30 m tail swing limit due to South Afd & ihadequate rear overhatggislation
which permis tail swing of up to 1.25 niTruckSinf was used taonduct detailed PBS
assessments ofvo carcarrier designsCritical performance areas weidentified most
notably yaw damping and tail swing fohe truck andtagtrailer combination and
maximum of differenceand difference of maximdor the tractor andsemitrailer
combination. Thesewere remedied through appropriate design modificationghe
Matlab® modelwas shown to be vsatile, accurate and efficientjth potentialfor future
application The TruckSirfi assessments highlighted complexities uniquearcarriers
in a PBS contexand showedow these may be addressg&tis research has shown the
benefit of PBS forheavyvehicles andhas guided cacarrier desigrio improve safety.
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Total mass

Unsprung mass
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Nomenclature

ABS
ALTC
ARRB
CAD
CoG
CSIR
DoM
DoT
EBS
FS
GCM
GVM
HSTO
LAP
LSSP
MoD
NHVAS
NRTA
NRTC
NRTR
NTC
OEM
PBS
RA
rcu/rrcu
ROH
RTMS
SMART
SRT

Anti-lock Braking System

(South African)Abnormal Loads Technical Committee
Australian Road Research Board (ARRB Group)
ComputerAided Design

Centre of Gravity

Council for Scientific and Industrial Research
Difference of Maxima

Department off ransport

Electronic Braking System

Frontal Swing

Gross Combination Mass

Gross Vehicle Mass

High-Speed Transient Offtracking

Load Accreditation Programme

Low-Speed Swept Path

Maximum of Difference

NationalHeavy Vehicle Accreditation Scheme

(South African National Road Traffic Act

(Australian) Natimal Road Transport Commissioat@r to become NTC)
(South African National Road Traffic Regulations
(Australian)National Transpor€ommission (peviously NTRC)
Original Equipment Manufacturer

PerformanceéBased Standards

Rearward Amplification

Roll-coupled unit/Rearmost retloupled unit

Rear Overhang

Road Transport Management System
SaferManagement of Australian Road Transport
Static Rollover Threshold
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STED
SuUvV
TASP
TRH
TS
UMTRI
YDC

SteerTyre Friction Demand

Sports Utility Vehicle

Tracking Ability on a Straight Path

Technical Recommendations for Highways

Tail Swing

University ofMichigan Transportation Research Institute

Yaw DampingCoefficient
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Glossary

A-double

A-type coupling
acceleration
capability
anti-roll bar
auxiliary roll
stiffness
B-double
B-type coupling

BAB-quad

bump

cornering stiffness

difference of
maxima

directional stability

under braking

dolly

A vehicle combination consisting of a trutilactor drawing a
semitrailer,to which a full-trailer (or dolly and semitrailerjs
coupled via an Aype coupling

A coupling that provides little or no resistance to relative
motion between coupled vehicles, e.g. a pintle hitch.

The time taken for a vehicle to cover a given distanoe; fiest

A U-shaped bar affixed between an axle and the chassi
purpose of which is to providmuxiliary roll stiffness

Resistance to relative roll motion between sprung @amprunc
masses in excess of that provided by the springs

A vehicle combination consisting of a trutilactor drawing a
fleace r sémitrailerto which afifollowe r seémitraileris coupled
where both couplings are-$pe couplings.

A coupling that provides significant resistance to relative
motion between coupled vehicles, e.g. a fifth wheel.

A long roadtrain combination consisting of ad@uble drawing i
dolly and two semitrailers.

See

The constant of proportiona
resultant lateral force developed (in a linearized tyre model).

Aj ounceo.

The difference between the maximum frontal swing of adje
vehicle units(at least one of which is a semitrailer, e.g. a tre
and semitrailer)during the exit section of a logpeed ninety
degree turn.

The ability of a vehicle to maintain stability and control ur
heavy braking.

A small trailer pulled via a drawbar and fitted with a fifth whee
which a semitrailer may be coupled, forming a -selbporting
trailer with front and rear axles. The term is used here to in
the nondetachable front axle assembly of a -tudliler. (See
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fifth wheel

frontal swing

gradeability

high-speed
transient
offtracking

jounce

lash

low-speed swept

path

maximum of
difference

rearward
amplification

rebound

roll centre

roll -couple

Figure B.1i the second vehicle unit is a dolly).

A vehicle coupling device that provides significant restrair
relative roll motion between vehicle&.B-type coupling.

The maximum swingut of the outer front cornesf a vehicle
during the exit section of a legpeed ninetylegree turn
measured perpendicularly to the exit tangent.

A vehicl eds
speed on a given incline.

ability to main

The maximum lateral deviation of the rearmost unit of a vel
combination during a highpeed lanehange manoeuvr
measured at centre of the rearmost axle.

The vertical, upward displacement of an axle or wheel asse
relatvetothes pr ung mass (al so kno»

(Suspension)The gap between the sprimgaf and its retaining
pin, through which the spring travalsimpededvhen spring loa
is reduced to zero. (S&&gureC.3).

(Fifth whee) The angular displacememnangethrough which ¢
fith wheel will allow relative roll motion without significal
resistance (due tmechanicatlearances).

The maxinum road space utilised by a vehicle during a-Epeec
ninety-degree turras its rear axles, and those of trailing urits
indo to the ineasureddetweén the mrermost
outermost paths transcribed by the vehicle during the turn.

The maximum difference between timjectories of thefront
outer cornes of adjacent vehicle unit&t least one of which is
semitrailer e.g. a tractor and semitrajleturing the exit section «
a lowspeed ninetylegree turmand measured perpendicularly
the exit tangent.

The Awhippingd effect in wh
leading vehicle is amplified in trailing vehicles units, which
lead to rollover of theearmost vehicle unit.

The vertical, downward displacement of an axle or w
assembly, relative to the sprung mass.

The imaginary point about which relative roll motion betweer
sprung and unsprung masses occiso defined as the poil
through which the resultant of all lateral forces (or late
constraints) between sprung and unsprung masses acts.

A B-type coupling. E.g. a truekactor and semitrailer coupled \
a fifth wheel-caupl eddd to b
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semitrailer

slip angle

sprung mass

startability

static rollover
threshold

steer-tyre friction
demand

tag-trailer

tail swing

tandem factor

track bar

tracking ability on

a straight path

tyre scrub

unsprung mass

yaw damping

A type of trailer with no front axles that couples to a lea
vehicle through a fifth wheethich supports a large portion of t
semitrailerdéds mass.

The angle between a tyreds
which it is pointed) and its directn of travel (its velocity vector
This gives rise to lateral tyre forces.

The portion of a vehicleds
suspension. This will typically include the chassis, payload
suspension sufvtame, but will exclude the axles, whee
assemblies and most suspension components.

A vehiclebds ability to star
The maximum steadstate lateral acceleration a vehicle

withstand without rolling over.

The maximum frictional forceequiredby the steering tyres of tt
hauling vehicleduring a lowspeed ninetglegree turn as &
percentage of the maximum available friction

A trailer with no front axles which is coupléd a leading vehicl
via an Atype coupling.

The maximum swingut of the outer rear corner of a vehi
during the entry section of a lespeed ninetylegree turn
measured perpendicularly to the entry tangent.

A measure useddtquantify the effect of multiple nesteering
axles (i.e. in a tandem or tridem axle group) on vehiscigng

A usually V-shaped bar affixed between the chassis and the 1
an axle (usually to the top of the differential housing of a ¢
axle), which provides the primary means of lateral constrair
the axle.

The ability of the trailers in a vehicle combination to track
same path as the hauling vehicle when subjected to a-
sloping anduneven road profile.

The deformatiorof tyres(causing lateral force generation) witl
a multipleaxle nonsteering axle set as slip angles are incu
during lowspeed turning.

The portion of a v e hihe $uspénsiol
This will typically include axles, wheel assemblies, and r
suspension components.

The tendency of yaw oscillations to decay in a vel
combination after being subjected a steering pulse input.
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Chapter 1

Introduction

1.1 Background

Until recently, it has been standard practice féouth African cacarriels to operate
under abnormal load permiissued under Section 81 of the South African National Road
Traffic Act (NRTA) [1]. These permitallow the vehiclego exceed legislated height and
lengthlimits by 300mm and 500mm respectivelyGenerally speaking,bmormal load
permits are granted for indivisible loads (e.g. large machinery companamisyo the
granting of these permits to eaarrier operatorsds been under