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DISCLATMER

This publication is produced under the auspices of rhe Techaleal
Steering Committee of rhe Vehicle Weighrs and Dimensions Study. The
points of view expressed herein are exclusively those of the aurhors
and do not necessarily reflecr the opinions of rhe Techaical
dceering Committee, Canroad Transportation Research Corporation or
its supporring agencies,

The test program discussed in rthis reporr was carried outr using
vehicles and componenrs in common usage in che Canadian ctruck
fleer. The rracrors, trailers and rires used for testing were
provided by the respecrive manufacturers, and were in brand new
condirion. The rest results observed reflecr rhe conditions of che
equipment and test procedures used, and may be expected to vary wich
equipment which has been used in service, or under differenr rtest
conditions.

This report has been published for the convenience of individuals or
agencies with imterests in the subjeer area. Readers are caur ioned
that rthe use and interpretacion of the dara, material apmd findings
contained herein is done at their own risk. Conclusions drawn from
this research, particularly as applied ro regulation, should include
considerarion of rthe broader context of Vehicle Weighrs and
Dimension issues, some of which have been examined in other elementrs
of rhe research program and are reported on in other volumes in this
series.

The Technical Steering Commirree will be considering the findings of
these research investigarions 1in preparing irs "Final Technical
Report" (Volumes 1 & 2), scheduled for complerion in December 1986.
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have bheen produced by conrract researchers iavolved in the Vehicle Weights and
Dimensions Srudy. The research procedures and findings conrained herein
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development of a consisrenr knowledge base necessary ro achieve the overall
goal of rhe srudy; improved uniformity in interprovincial weight and dimension
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INTRODUOCTION
Background

Ag parr of its contribution to the Vehicle Weights and
Dimensions srudy, Traasport Canada commissioned rthe
Centre de Recherche Industrielle du Quebec ro design
and build a rilr rable device capable of being used to
examine the roll stabilicy characrerisrics of heavy
arcticulated vehicles. The rable was constructed in
Montreal and installed ar the Transpoert Canada Mortor
Vehicle Test Cenrtre In Blainville, Quebec, in the
summer of 1985. The rilec zable was then made avail-
able ro Canroad Transportation Research Corporarion ro
conducr a program of resting consistentr with the ob-
jecrives of rhe Vehicle Welghrs and Dimensions Study.

Test Program Objectives

Within the broad scope of rthe vehiele stabiliry and
contrel research program of the Welghrs and Dimensions
Study, the objectives of rhe rilr rable rest program
wvere:

a. To determine the rollover threshold of each of the
baseline vehiecle configurarions being examined by
the study, 4in the loaded condirion, to enable a
correlation of the dynamic test dara wirth the rilc
rest resulrs.

b. To provide validation dara for the assessment of
currencly available sracric roll models and for the
development and/or refinement of a new model.

c- To achieve a verified understanding of the effects
of suspenszion selecriom on rhe sraric rollover
rhresheld of ctractor semirrailer combinacions.

d. To examine the effects of specific vehicle hardware
varistions on the rollover thresheld.



The testing carried our In pursult of objective a. is
discussed in cthe final reporrs on dynamiec testing
compiled by the Ontaric Minmistry of Tramsporctation and
Communicacions- The test data requlred for objectrive
b. was provided to Mr. Jean Bé&dard of CRIQ in his
capaclicy as Visiring Researcher and 1s discussed in
his final reporrc-

The testing carried out under the larrer rwe objec-
tives {s discussed in the report which follows.

Acknowledgements

Canroad Transporcation Research Corporation and the
Centre de Recherche Industrielle du Quebec would like
ro acknowledge the support and assistance provided by
the Transport Canada Moror Vehicle Test Centre during
the summer and fall of 1985 while the tilt table was
employed in this test progran.

The generous support and assistance provided by Inrter-
national Harvester {Navisrar) Trucks, Manac trallers
and Michelin Tires in providing equipment and vehicles
for the test program is gratefully recognised.



TILT TABLE
Pesign, Construction and Capabiliries

A tilt table 1= a device used to determine the roll-
over threshold of heavy vehieles. Ir is essentlially a
laterally tilring platform on which vehicles are iIn-
stalled and tilted uncil one or more high side tires
are off the placrform. By tilting the wvehicle, lareral
acceleration 1s simularted as it is when rthe vehicle
takes a turn atr a scteady speed. However, in a real
situation, when taking a turn, the perpendicular force
to the ground remains consrant while on the «c©ilrc
table, 1t decreases with respect to the rilr angle
crosine. Since loaded heavy vehicles tilrt ar a maximun
tiler angle of 25°, the perpendicular force reduccion
is less than l0Z. Consequently, the lateral accelera-
tion simulacted by <tilting the vehicle omn the tilrc
table remains similar to thar in a real situarion when
turning.

The rable is made of two similar sections, each having
a modular base and a tilc platform (figures 1 and 2).
The modular base is equipped wirh rwelve adjustable
supports so ir can be leveled teo compensate fer rhe
uneven pavement. When a vehicle is cilted, the modu-
lar base gecrs an overload on the swivel aside; rthere-
fore, the structure on this side has been reinforced
by adding a longitudinal T-beam. The reacrilan of the
hydraulic cylinders 1is exerred ar two points whiech are
compensared by adjustable supperts locared on each
side of the hydraulic cylinders’' resrtring poinr.

The tilc platform irself 1s also made of modules which
are simply pivered with respect ro rhe base by a se-
ries of synchronized hydraulic cylinders. The struec—
ture of each placferm 1s made of two gers of compo-
nents which give it longicudinal and rransversal
stiffness. Firsr, longictudinal stiffness is acrctained
by two jimportant lengitudinal elements. On the swivel
side, a Z-beam made of two angles welded rogzether 1is
arrached to the base by five swivels forming wicth che
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FIGURE 2

TILT TABLE PHOTO



latter a unit extremely resistant cteoe flexion- On the
cylinder side, tubes are provided to form a sciff
plane that switches the load from the beams rco rhe
cylinders. A series of H-beams are linked «crans-
versally to both rigid sides of each platform. This
structure tremains £flexible in rtorsion 1in order to
prevent excessive scresses if, for any reason, the
lengcth of cylinders differ.

The table ig designed ro be disassembled, transporced
and re-insralled at a new site where the ground 1is
appropriarte. For ctransportation, each section widrh
i1s reduced to about 4&.% = (l4 ftr) and the height 1s
less then 3.05 m (10 f£ft).

The toral length of the rilt rable is 24.4 m (80 fr);
however, the maximum distance between the front and
the rearmost axle is limited to 23.7%5 m (78 fc). The
width of the table 1is 2.9 @ (114 in.); so, 1t rakes
a¥le widrhs ranging from 2.44 to 2.84 m (96 tro 112
in.)-

The tilt table strengch allowed tilting a rruck with a
gross vehicle weight of 130 000 kg (297 000 lb)l.
However, the load on one particular secrion must not
exceed 67 300 kg (148 500 1b) and rthe maxiwmum load per
axle i= limited to 12 000 kg (26 400 1b); there are
also some resrtrierions on load concentration.

The maximum tilt angle 1is 35° and the operating tem-
perature range 1s from —-18° ro 60° C (0° to 140° F).
However, the data acquisirion equilpmeat must be main-
tained berween 10° and 30°% € (30° co 120° F). The
rable tilt vrare is fully adjustable from appro-
ximatively 15 to 30 degrees per minute. The lowering
speed is independently adjusrable and varies of 12
degrees or less per minute.

1 The maximum Lload is funeccrion of its leocarlon on
each platform.
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FIGURE 3
LOADED AND UNLOADED TILT TEST



There is a set of ramps ar each end of the table pro-
vided for boarding and disembarking; the maximum slope
of rhese ramps is 10%Z. The tilr rable also incorpo-
rates an efficient vehicle restraint system; this sys-
rem is made of a series of chains which are attached
ro the platform and toa the rrailer frame with suffi-
clent slack to enable suspensioen exrensioens (figure
3).

The rable 1s operated from a 60 HP-diesel engine (fig-
ure 4). The synchronization of hydraulic cylinders 1is
done by using two complemenrary systems. The main
sysrem i3 a positive displacement flow divider con-
sisting of a series of gear pumps having 2a common
shafrc- The divider's exit pressures are normally
equal; however, when they differ, the efficiency of
the gear pump is quire different and produces uneven
flow ranging from 10 to 1l13%. In such a case, a com-
plimencary system has toe bhe used. This second svyscem
1s based on the detecrion of longer cylinders which
are automarically drained until rheir lengchs becone
approximately rthe same as the others.

At each cyvele, ar the end of the down scroke, a series
of equalizing valves are electrically opened te com-
pensacte for any leakage which wmight have happened
during the previous lifring. The caonrrols also in-
clude a serles of switrches rto make sure chat each
section of the table remains leveled and synchronized
with the other.

An alarm {3z rriggered by rthe switches telling the
operator rhat the correction sysrem canner Xeep rhe
twa placforms at sufficient reguired leveling. How=
ever, when the load is well discribucted over the ctwo
placforms, cthe pressure In all hydraulic eylinders 1Is
rhe same and the leveling correctieon 1s tcthen seldowm
made - That comdirioen corresponds to rhe 1deal and
desired operating condirion.

Bore: There is an operation and wmainrenmance manual
available for the tilr rable.
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14.

FIGURE &.

LOAD ARRANGEMENT



10.

Instrumentation and Data Acquisition

The tilt rable has five welght-measuring pads which
can be moved ro accomodate the various axle discribu-
rions. Each weighing pad contains four 1load cells
which are temperature compensated and locared atr each
corner of the pad. The four load cells were installed
in order te measure the perpendicular forces to the
ground only. The pads are provided with longitudinal
and transversal reacrion rods whiech insulate the load
cells from longitudinal and lareral forces. The fig-
ure below {llustrates a load cell installation.

N I\ /]

L] WV—————p 1.

TNNS SN NS N \\i\\\\

TSNS \i\]\

The side of cthe pads are raised te prevent tires from
sliding during a tilr test; it also gives the pad a
good longirudinal sctiffness.

The pad is 3.35 m (ll fr) long and 107 cm (42 in.)
wide. The tocal capacity of each weighing pad 1is
45 455 kg (100 000 1b) i.e. 11 364 kg (25 000 1b) for
each load cell. However, the maximum perpendicular
load thar one vehicle axle may exert on & weighing pad
is limited to 22 727 kg (50 000 1b). The pads can be
posirioned on either side of che tilt table. The
spaces berween the weighlng pads are filled with a
gseries of wood blocks which form a seolid surface.

The tilt angle is measured In two different ways:
a pendulum—type tilt angle indicater is mounted on a

tilting placform and ir gives the operator a quick
estimare of the angle the rable has reached;



11.

. a precision tilt sensor is installed on one platform
and supplies the dara acquisitiomn system with a
signal proporctional to the tilt angle.

The precision of all the measurements coming from the
load cells and the rilt sensor is + 1% of full scale.
During a rilt rest, the data acquisicion system con-—
trolled by a micro-processor reads and displays the
tilt angle and the corresponding loazds on each welgh-
ing pad at regular time intervals. All readings are
displayed and recorded in 31 unirts.



12.

TEST PROCEDURES

The tests conducted in this srudy were divided as fol-
lows:

~ Test Series One: Influence of Cenrer of Gravity
Heighr
- Test Series Two: Influence of Tracror Suspension

Selecrion
- Test Series Threa: Influence of Track Widch
- Test Series Four: Influence of Tire Choice

- Test Series Five: Influence of Fifrh Wheel Vercical
Slack

Vehicle Preparation and Setup

The vehicle basic configuration determined the way of
posictioning each vehicle and each weighing pad en the
plactform (figure 5); however, the lasr crailer axle
was always located ar the same place.

Tires on the low side were blocked with 2 x & 1in.
lumber placed flat aleng the pad sides to make sure
that no side slipping would take place during rilring.
Tt was felt rthar 2 x & in. blocks would nor incerfere
with the normal deflecrion of the cires because the
1 1/2 inch heighr of rhe blocks extended only to the
depth of the tire tread. For leaded condicrion rtests,
concrete bloecks of 2 x 3 x 4 feer weighing between
1364 and 1455 kg (3000 to 3200 1b) were placed ar rhe
position corresponding toe the double drive axle and
the double trailer axle center wirhim + 1 ineh (figure
6). The rortal load including the axle load was 16 000
kg (35 200 1lb) on each peosition. The load was secured
by straps and chains.
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FIGURE 5: VEHICLES AND WEIGHING PADS POSITION
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FIGURE 6.

LOAD ARRANGEMENT
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Tire pressure was checked and ser ar 100 psi before
each test.

Tnelinomerers were insralled at the following posi-—
rions (figure 7):

. front of tractor (bumper)

. back of rraller frame

. front of trailer (deck)

. back of rrailer (deck)

. longitudinal axis of traller (for deck angle)

An inclinomerer was also installed on each secrion of
rfhe table to monitoer the tilr angle of each section
and fo supplement the permanenrly installed ineclino-
mecter on the rable.

Specificarions of each vehicle were measured and
catalogued for tested including:

. traccor and traller cype

. tractor and rrailer lengrth

. tractor and traller tire rype

. tracror and traller suspension Cype
. tractor and trailer axle spread

. tractor and ctrailer track widch

- Ttire pressures

. fifth wheel height
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The ambient ailr remperature during rthe rest was also
nored. Fach vehlecle was also secured tro the table
wirh 3rs restraint system. The rractor engine was
starred to get the normal operating pressure 1In air
syarem and all brake systems were released for the
rilr resc.

For tractor and trailer having ailr suspension, ctest
were conducred with heizgzht conrrol valve installed and
operating and rthe rtractor engine was running during
the rilt test procedure.

Instrumentation and Data Acquisition

The insrrumentation used for the rear program included
the feollowing:

. Tilt table insctrumentation:
- axle load mesuring pad
- rilc rable angle sensor
= 2 inclinomerers
. Vehicle instrumentatlon:
— 5 inelinomeczers

Instrumenracrion c¢alibractien and specificarioms are
included in Appendix 2.

The dara acquisition sysrem consisted of:
- Hewletr Packard 9816 Computer

. HP 3497A Data Logger

- HP 44421a Inpur Volrage Card

. HF 444278 Inputr Straln Card

. HP 82906A Prinrer

The ourtput slignal of pad load cells were connected by
a cable ro the dara acquisition system; the exciting
voltage was 10 VDC. The zero balance of each pad was
made including the pad weight. The inclinometers and
rilt sensgor exciring voltage were 10 VDC and they were
connected o the dara acquisition system.

Data was recorded every four seconds during each tilr
test. It was handled and compurerized and prinred on
graphs and rables.
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3.3 Data Reduction and Apalysis
- Calculation of center of gravity height

The center of gravity heighrt was caleuwlared accord-
ing ro rthe following procedure.

Suppose an axle which supports a lecad W and which
has no relation with the other axles.

Then at eguilibrium

EFHEO
IFy = Py + P = 0

W By measuring P; and Pg,
H ir is possible to derer-
mine:
H’_ 1 [ W o= Pg + PS 0
i oo | B=P; x1 =PEL
L P + P w

By %
If this bedy is trilred wicth respecr to the hoerizon-—
ral by an angle 8 and assuming that the reactions to
the ground remaln at the same place, it is possible

re resolve rthat:

F, = W sine - F; - F = 0
IFy = Py + Py — W coss = 0
fTpg = Wx D =Py x L = 0

rthen F; + Fg = H siné
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and H Tan® + 1] = B
cog 0
H gine + D = 8B ecog @
H =38 cotd - D casec @
8] v
H = P1 x L - Py x L

Py + PS tane P{ + PS sine

O ]
H = L [P] cosa—~ Pp]
(2] + %) sine

if H : center of graviry height

L : axle spread of the trailer

W : total axle load

P1: load applied to the high =side reacrion

Pa: load applied teo the low side reacrion

Fi1: load applied tao cthe high side reaction ac
@ = 0°

Py: 1load applied teo the high side reacrion at
8 = 8

B : lareral position of the € of G measured
with respecrt re P»

8 tilt angle

This formula was chosen instead of cthe following:

0
F1 ranas + 1 2P3
cos O a6

8P
3o 8 = 0

H = 1 b _aPo — (L - B) 3P
W coség a6 ae

Ho= -L
W

B = -

L
W




Oct-03-00 02:09em  From-TAC/CCMTA +B137361395 T-236 P.208/60 F-T53

20.

because the center of gravicty heightr 1is determined
by load transfer while orther formulas use the crans-
fer rate which is obrained by the derivation of rthe
load with respeetr te the angle 8 . Moreover the
chosen foermula takes into account the fact that the
load may nor be equally distributed between P71 and

Pa- For this study, all the center of gravirty
helights were calculated for an angle # ranging from
4 to 5°%.

- Correccion of Data for Load Pad Weight

The load pads were designed in such a way that the
load cells support most of the pad weight; moreover,
the normal component to the surface of the table is
the only component read by the load cells. Since
the zero balance of the load cells 1s adjustable, it
is therefore possible to eliminate the dinitial
weight of rthe pad; however, when rthe rtable 1is
tilred, a correction has to be made in order ro take
into account the reduction of the normal component
of the pad weight. Then, to get the correct load
value of the lecad pad, the following formula - which
includes the correction factor - has t£o be used:

Po =P + W (1 - cos &)

if Pg: corrected load value
P : load ar a rilt angle
: pad weight esrimared ar 909 kg
e : tilt angle

This correcrion factor was used to plot all graphs.
- DPererminatlion of Rellover Threshold

The rollover threshold was dectermined for lcaded and
unloaded vehicles in Phases II and III and only for
loaded vehicles in Phase I which are all described
in section 3.1. The criterion established to define
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the rolleover threshold was rhe following: rollover
could be assumed te occur when one or more sets of
tires on the high side of rhe rrailer reach zero
loading or come off rhe plarform.
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SUMMARY OF FINDINGS

Introdaction

The tilr rest program was designed ro examine rhe In-
fluence of specific variliarions on loading, parameters
and equipment on rthe starie rollover threshold of
combination vehicles. To the exctent possible, all
factors exceprt those under examinaction were controlled
from one test configuratien or vehicle to the nexc.
Efforts were ¢taken tvo obtain rtracrors and rctrailers
with the same physical dimensions and componentcs, new
tires were installed on all rractor and traller axles
and inflated to the same pressure, and a sctandard
vehiecle preparacion and test procedure was mainrained
througheout the program.

There are, however, minor variations berween vehicles,
accuracy Jlimirarions om <ctest Iinsctrumencation, and
limirations inherenr 1in the —test procedure Zitself
which must be recognised and reviewing and inrerpret—
Ing rhe results. Examples of these types of facrors
include:

a. each resr vehicle combinarion was tilt tesred only
once, from lefr ro right when facing forward;

b. tractor wheelbases and axle spreads varied slighrly
herween vehicles;

¢. there were two types of fifrh wheels installed omn
rhe five tracrors smployed in rthe proegram, although
both types were physically similar and equivalent
capacivy raced-

However, as the objective of the program was Co exam-
ine and identify theose facrors which significancly
affect the stariec roll threshold of combinarion vehi-
cles, any inconsistencies introduced by facrors such
as those above were deemed te be minor, in relative
rTerms.
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Presentation of Resunlts

The tilr rest procedure and data acquisition cech-
niques were described in previous sectilions. For each
tilt test conducred, time hisctories of the following
dacta elements were collected:

a- the inclination angle of the tilrt table, measured
ar three locations along 1ts lengrch;

b. the Inclination angle of the rtractor chasis (front
and rear);

¢. the inclipnarion angle of the trailer deeck (front
and rear);

d. the loads on the high and low sides of the rrailer
axle group:

e. the loads on the high 2nd low sides of the tractor
drive axle group;

f. the load on the high side of the tractor steering
axle;

g. the horizontal inclinarion (piteh) of rthe crailer
deck.

In total, 51 rilct tests were conducted and are sSumma-
rized graphically in Appendix 3.

Establizhmenr of Stactic Roll Threshold

In all cases, the leocad on cthe high side of the trailer
axle group reached zero first. The inpnclinacion angle
of the tilt table ar whieh rthis ocecurred was deter-—
mined graphically by plotring rthe normalized high side
load on rhe «crailer axles against the Inclination
angle of the rable, The normalized locading was calcu-
lated by dividing the lcading on the high side of the
trailer azles at a given table angle by the inicial
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high side leading when the table was horizental. This
ratio provides a consistentr depictien of the load
raducrion on the axle group (from 1 cto 0) cthereby
facilitacing comparison of che performance of one
vehicle combiparioan with the nexrt.

The rangent of the angle of the table ar which =zero
loading occurred is equal ro the amount of lateral
acceleration the vehicle would be z2ustaining if nego-
riaring a curve under steady srtarte condirions. This
was caleculacted for each rilt test discussed in rthe
following secrcions and serves as rhe basis for compar-
isen of roll thresholds.

Test Series One: Influence of Centre of Gravity
Height

Two similarly equipped five axle tracter semitrailers
were prepared for the rilcr rest co illustrate che
influence af centre of gravity heighrt on the srarle
roll threshold. In one case, the vehicle was loaded
to obrain a centre of gravity of 60 1ianches, 1in the
second case, the loading resulred in a centrre of
gravicty height ar 84 inches.

The tesults of the tests are plortted in Figure 8 and
can be summarized as follows:

¢ OF G TILT ANGLE AT LATERAL
HEIGHT WHEEL LIFT ACCELERATION
CALCTULATED MEASURED CALCULATED
Combinarion 1 1-52 m 28.5 degrees 0.54 g
(60 in.)
Combination 2 2.13 m 19.3 degrees 0.35 g
(B4 in.)
Z Change +40% - 35%
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Observations

It is evident from rthis rest that the centre of grav-—
ity height is an important variable affecting combina-
tion vehiecle roll scability. It has been nored in
previous research (1) tcthacr a 100 mm reductrion in
centre of gravity height will generally improve the
vehiele's static rell threshold by 0.03 g. This 1is
supporred by the above results.

In some jurisdictions conslderacion 1Is being given to
imposing a roll sctability standard for heavy vehicles.
If, for example, & minimum capability of sustaining
0.4 g lateral acceleration were considered, the vehi-~-
cles tested in rhis program would require rhe c¢entre
of gravity heighr roe be less than 1.70 m (67 inches)
to achieve this performance.

Test Series Two: Influence of Suspension Selection

The objective of rthis series of tilr rests was €O
examine the effecet of different tracrer and rrailer
suspension ctypes on the stactic roll threshold of the
five axle rracctor semi-trailer combinarien. A program
of rtesting was designed which would isolare rthe in-
fluence of a change in either cracter or trailer
suspension on the stactiec roll threshold of the com-
binarion, while keeping other facrors, such as centre
of graviry height, constant. A selecrion of fouar
tractor and three trailer suspension rypes was made on
rhe basls of these idencified as being in most common
usage in rhe Canadian inrerprovinelial ctrucking fleetr
or which conscictured generically differenr design
CONceprs .

Four new, dimensionnaly similar tractors were obrained
from Internarional Harvester (Navistar) with the fol-
lowing tandem drive axle suspensioens:
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a. Walking Beam = Hendrickson RTE 440 (44 000 1b
racing)

b. Air - Neway ARD 244 (44 Q000 1b raring)

c. Aiy - TIH Air (38 00C 1b rating)

d. Spring - IH & Spring (38 000 raring)

Three new, 48 foot long tamdem axle flatbed rrallers
were provided by Manac Trailers, equipped with the
following tandem axle suspensions:

a. Walking Beam - Chalmers 700
b. Air - Neway AR95 - 17
c. Spring - Reyco 21B

Test Procedure

The four tracters and three trailers obtaipned for rhe
program provided 12 <combinations of <tractor and
rrailer suspension couplings. In c¢carrying out the
test sequence, one tractoer—semirrailer combination was
prepared for rtesting, a standard number of concrete
ballast blocks were loaded in predetermined locations
to obrain the required axle loadings and cenrre of
gravicty height, and a tilt test was c¢carried out. The
tractor was then removed and substiruted with another

wirth a2 different drlve axle suspension. The tilt test
was then repeared withour adjusting rhe loading con-
dition of the ctrailer. Similariy, the rhird cractor

was rhen substituted and the rest conducred ance more.

The test conditrions for all combinations were as fol-
lows:

- Tractor tandem drive axle load was 16 000 kg (35 200
ib)

- Trailer tandem axle group load was 16 000 kg (35 200
1h)

—~ Tracror fifrh wheels were locatred midway herween the
two drive axles.

~ The centre of pgravity heighr was ecalculated to be
approximarely 2.13 m {84 inches). While rhere 1is
some uncertainty as to the accuracy of the escimared
€ of G height obtained through rhis calcuelacion, it
is assumed thar with dimensionally identical trail-
ers loaded in the same manner with the same concrete
blocks, the ¢ of 6 was held wvirtually constant
throuvghout the program.



4.2.1

28,

Influence of Tractor Drive Axle Suspenslons

Figures 9, 10 and 11 depicrt the influence of rthe
four tracter drive axle =suspensiens on the srtatic
roll threshold of the combinaction vehiele which
resulrts when the trailer and loading are held con-
stant. In summary, the resulrs of zthis rtest se-
quence were as follows:

TABLE T
STATIC ROLL THRESHOLD - TRACTOR SUSPENSTION VARTATION

TRATILER SUSPENSION
TRACTOR CHALMERS REYCO NEWAY
Hendrickson 0.34 g 0.35 g 0.36 g
TH 4 Spring 0.31 g 0.33 g 0.35 g
Neway 0.31 g 0.33 g 0.32 2
IH aAir 0.32 g 0.34 g 0.34 g
%# Variation | 10.0% 8.3% 10.2%
Observatlons

The tractor drive axle suspension plays a signifi-
cant rele in the roll stabilicy of combipation vehi-
cleaa. As can be seen from the preceding =tilt cest
results, rthe =sractlic roll threshold of a <tracror
semitraller configuration capn he improved or reduced
by up to 102 through the choice of rtractor suspen-
sion for a givean rcrailer suspension. Using rthe
findings of the previous section, ir is evidenr rhar
the substiturion of a less roll stable tracrtor drive
suspension for a given rrailer could have porenrial-
ly the same effecr as 1ncreasiang rthe centre of
gravicy of the combination 100 mm {4 inches).
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Tractor Drive Axle Suspension Roell Stiffnmess

The difference between the inclination angle of the
tilct table and the inclinacion angle of the rear of
rthe rracrtaor chasis as the vehicle progresses through
the tilt sequence until wheel 1ifr off provides
valuable insight to the resistance ro roll provided
by the rtracror's drive axle suspension for each of
the four suspension types tested, the average (over
three rtests) Inclipnation angle of the rear of the
tractor chasis 1is plerred against the rilc rable
angle in Figure 12.

The ralative roll stiffrpesses of rhe four suspen-—
#ions as depicred inm this figure can be compared as
follows:

TRACTOR TILT TAELE | TRACTOR CHASTS (REAR)
SUSPENSTON ANGLE INCLINATION RELATIVE
TG TILT TAEBLE
Hendrickson 8 degrees 0.8 degree
16 degrees 4.1 degrees
TIH 4 Spring 8 degrees 1.4 degree
16 degrees 6.4 degrees
Neway Air 8 degrees 3.4 degrees
16 degrees 8.3 degrees
TH Air 8 degrees 3.8 degrees
16 degrees B.5 degrees

From the preceding Table it can be seen thart the
resisrance to roll offered by the four different
suspension systems varies significancly. The
Hendricksor (walking beam) suspension had permictred
rthe tractor chasis to rorate 0.8 degree relatrive ro
the rilcr table when the rtable was inclined ar &
degrees. Under the same conditions, the TIH 4 spring
suspension allowed 1.4 degree of rotation and the
two alr suspensions permitred roratienms of 3.4 and
3.8 degrees-
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At a2 tilt rable angle of 16 degrees, just priloer rto
trailer wheel lift off, the walking beam suspension
allowed 4.1 degrees of chasis rotation, the 4 Spring
allowed H0% more atr 6.4 degrees, and both air sus-
pensions 100%Z more or over 8 degrees.

In the previgus section, it was neoted that the
traccor drive axle suapenslon plays a significant
role in the roll srabiliircy of combinacrion vehicles.
The variation in resistance ro roll provided by the
different suspension systems, as depicted in Figure
12, provides insight ro the reasons why the range in
sracile roll cthresholds was observed.

4.2.2 Influence of Trailer Tandem Axle Suspensions
Using rthe test resulcs obtained in the preceding
sequence, and focussing on the effecr on craccor
semitrailer roll srabiliry due ro traller suspension
substitution, the resulrs are replorted in Figures
13 to 16. In summary, the srtarie roll rthresholds
obrained cthrough testing were as follows:
TARLE 2
STATIC ROLL THRESHOLD - TRAILER SUSPFENSION VARIATION
TRACTOR DRIVE AXLE SUSPENSION
TRAILER BENDRICKSON IH 4 SPRING IH AIR NEWAY
Chalmers 0.34 g 0.31 & 0.32 g 0.31 g
Reyco 0.35 g 0.33 g 0.34 g 0.33 g
Neway 0.36 g 0.35 g 0.34 g 0.32 g
%Z variation 5.8% 15.1% 4 .82 5.6%
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Observations

Wicth the exceprion of the results obtained for rhe
IH 4 Spring tracror, the influence of the trailer
suspension on the combinarion's staric roll chres-
hold appears to be less significant than the contri-
burion of the tracror drive suspension. As c¢an be
seen in the preceding rable, the wvariation on roll
threshold due to trailer suspension variation
appears to be in the order of 5%. The 157 variatioen
cbserved for the IH 4 Spring suspenslon appears Lo
be inconsistent, however, no experimenral or proce-
dural errors were ldenctified which would place these
findings in question.

Trailer Suspension Roll Stiffuness

The range of roll stability performance observed for
the rhree suepenslon types tested 1s a reflecrion of
the variarion 1in rtheir roll stiffness characreris-
tics. By plotting the inclination angle of the rear
of the —ctrailer deck relatrive to the 1Inelinaction
angle of the tilr rable, insighr 1is gained to rthe
behaviour of each of the suspeénsion types as the
trailer progresses threugh rhe tilr te wheel 1ifr
off. Figure 17 presents rthe average (based on four
tilc tests) trailer deck rocarion relacive to the
table for each of the rhree traller suspensions.

In summary, the relarive roll sriffness of rthese
suspenslons are as follows:

F-753
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TRACTOR TILT TAEBLE | TRACTOR CHASIS (REAR)
SUSPENSTON ANGLE INCLTNATION RELATIVE
TO TILT TAELE

Chalmers 8 degrees 1.9 degree
16 degrees 7.0 degrees

Reyco 8 degrees 1.2 degree
16 degrees 4.2 degrees

Neway 8 degrees G.7 degrees
16 degrees 1.8 degree

The resistance to roll offered by each of these sus-—
pensions through the range of table rorarion demon-
strates the different desilgn characteristlics of
each.

The Neway Alr suspension was by far the stiffest of
the three restred, and showed no abruprt changes 1In
the roll stiffness provided from 2 ro 16 degrees of
table inclinacion.

The Reyco 4 Spring suspension was the second stiff-
est, bur during the ctransition in table angle from
12 to 14 degrees, traller deck rorarlion increased
rapidly, as spring lash occurred.

The Chalmers suspension permitted the most rtrailer
deck rorarion rto occur through the range of rtable
angle, and alsc demonscracted an abrupc decrease in
resisrance to roll when the table angle reached 10
degrees. During the progression from 10 degrees of
table inclination to 16 degrees, the Chalmers sus—
pension permircted 0.8 degree of traller deck rora-
rion for every increase of 1 degree in rable angle.
This compares with 0.05 degree/degree for the Neway
suspension over the same interval.
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Summary of Findings - Suspension Variation

The straric roll thresholds for rthe trwelve combina-
tions of +traeror and ctrailer suspension matches
rested rank as follows (from highest ro lowest):

TABLE 3
SUSPENSION VARTATIONS — Summary of Tilt Tesc Resulrs

TRACTOR TRATLER TABLE ANGLE LATERAL
SUSPENSION SUSPENSION | AT WHEEL Li¥T | ACCELERATION
degreeas g
Hendrickson | Neway 19.7 0.36
Hendrickson | Reyco 19.5 0.35
IH 4 Spring | Neway 19.1 0.35
IH air Neway 18.8 0.34
IH air Reyco 18.8 0.34
Hendrickson | Chalmers 18.7 0.34&
Neway Reyco 18.3 0.33
IK 4 Spring | Revco 18.1 0.33
Neway Neway 18.0 0.32
IH Air Chalmers 18.0 0.32
IH & Spring | Chalmers 17.1 0.31
Neway Chalmers 17.1 0.31

The above ranking 1s based on a limicted cest program
which employed only single examples of each suspen-—
sion type under examipation. All equipment tested
was of current manufacture and was in new condition.
Indoubtedly, the startiece ro0ll thresholds of these
suspension couplings will vary with the condition of
rhe components, the torsional rigidicy of the
ttailer, the type and condirion of the fifth wheel
and kingpin and numerous other facrors. However,
the range of performance demonsrrared above 1isa
slgnificant and underlines rhe implicarions on the
roll stability of combipnarion vehicles which could
be attribured to tractor and trailer suspensions as
varliables in daily fleet operation.
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Summary Obkservations:

l., The resistance to roll offered by both tracrtor
and trailer suspensions appears to be the most
influential suspension characteristic affecting
the roll stability of the vehicle combination.

2. The choice of rcracror drive axle suspension
appears to have a greater Influence (10%Z) on rthe
roll threshold of the vehicle combinarion rhan
the choice of traifiler suspenslon (53%).

3. The generlec suspension design does not appear to
be necessarily relarted to suspension roll sciff-
ness, For example, the air suspension tested on
the rrailer provided rhe grearesr roll resis-
tance, while on the <tractor, air suspensions
exhibired rhe least roll sciffness.

Test Series Three: Influence of Trailer Axle Widrch

Trailer axles have been available in Canada for
several years In twoe lengths to provide nomlinal
widths across rthe rires of either 96 Iinches or 102
inches. The objecrive of rhis resr geries was ro
examine the influence of axle width, at thesg two
poincs, on the static roll threshold of the tractor
semictrailer configuration.

Two new 48 foor flarbed semi-trailers were provided
by Manac trailers for testcing which were borh
equipped with Reyco 21B 4 Spring suspenslons. One
of the rtrailers was firted with the narrower axles
providing an overall widch across the tires of 92.5
inches (dual tires). The second crailer was
equipped with the wider axles, and relocated spring
centres, preoviding an overall width acress the tires
of 99 inches. Both rrailer were prepared and loaded
in a similar manner coupled in rurn ro a rraccor
ficred with a TH 4 Spring suspension on a 96 inch
nominal rtrack widch, and cilt ctested in the standard
manner .
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Pual Tires

Both trailers were firted with pew Michelin 11R 22.5
XZA radial tires, 1inflared =tre 100 psi apd were
loaded te obrain a cenrtre of gravity height of ap-
proximarely 84 dinch. The resulrs of =zhis ctest
sequence are deplcted in Figure 18 and are summa-
rized as follows:

TRAILER TRACK WIDTH ACROSS TABLE ANGLE LATERAL
WIDTH (NOMINAL) | TIRES (ACTUAL) | AT WHEEL LIFT | ACCELERATION]
96 in. 92.5% 1In 17.9 degrees 0.32 g

(2.44 m) (2.35 m)
102 in. 99.0 in 19.1 degrees 0.35 g
(2.59 m) (2.51 m)
% Change + 7.0% + 7.2%

Obgervatlions:

Ir is evident from cthe above that when all other
factors are held constant, such as centre of gravicy
hefight, the increase in nominal ctrack widcth from 96
inches to 102 inches provided a 7% improvement 1in
the sracic rell cthreshold of the tractor semitrailler
combinazrion.

Case 2: Wide Base Single Tires

The =tandard radial rtires were removed from both
trailers and replaced wirh Michelin 16.5R 22,5 wide
base single trires {(rwoe per axle). The tracrtor tires
were not changed from duals co singles in this testc
sequence. The tilt rescs were repeated with cthe
same loading condirions as 1In Case 1. The rtest
results are plocced in Figure 19 and are summarized
as follows:
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TRATLER TRACK WIDTH ACROSS TARLE ANGLE LATERAL
WINTH (NOMINAL) | TIRES (ACTUAL) | AT WHEEL LIFT | ACCELERATION
96 in. 92.5 in 18.4 degrees 0.33 g

(2.44 m) (2.35 m)
102 1in. 99.0 1in 20.3 degrees 0.37 g
(2.59 m) (2.51 m)
% Change + 7.0% + 11.2%

Observations:

When firred with wide

traliler
from 96

enly,

increasing
inches to 102 inches improved

the nominal

base single riresz on the
rrack widrh
the staric

tell threshold of rhe combinacion vehiele 11.2X in
the rilct restc.

4.4 Tegt Serfies Four — Influepce of Tire Selection

The objective of this test series was to examine the

influence

of rtire ctype

srarie roll cthreshold of

nation.

viding nominal
ineches were borh used in this

and

track widths

construction on the
the tracror trailer combi-
The two rrallers equipped with axles pro-
of 96 1inches and 102

sequence, coupled to

the rracter firred with the IH 4 Spring suspension.
The loading condirion of the rrailers was maintained
as 1in previeous cescs,

tractor were nort varied-

with & centre
heighrt ar an esctimated 84 inches.

The results of rhis restr serlies are

Figure 20 for the nominal 96 inch

of gravity
The tires on the

plerrced 1in
trrack width, and

in Figure 21 for the nominal 102 inch track widrch.
the resulrs were as follows:

In summary,
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TIRE TYPE VARIATION: SUMMARY OF TILT TEST RESULTS

50.

Tractor Suspension: IH & Spring
Trailer Suspension: Reyco 21B
WIDTH TAERLE LATERAL
TRAILER TRAILER ACROSS ANGLE AT ACCELERATION
TIRE TYPE TIRE SIZE TIRES WHELL LIFT { (calculared)
inches | degrees £
Case 1: 96 ipnch track
Goodyear Hi-Miler Blas Ply 10.00 - 20 95,0 18.1 0.33
Michelin XZA Radial 11r 22.5 95.0 17.8 0.32
Michelin Pilote XA Low Profile 275/80R 22,5 95.0 17.9 0.32
Michelin XMtS4 Super Single 16.5R 22.5 92.5 18.4 0.33
Case 2: 102 inch track
Goodyear Hi-Miler Bias Ply 10.00 - 20 100.0 19.5 0.35
Michelin XZA Radial 11R 22.5 100.0 19.1 0.35
Michelin Pilore XA Low Profile 275/80Rr 22.5 100.0 19.5 0.35
Michelin XMw4 Super Single 16.58 22.5 97.5 20.3 0.37
Observations:
On a nominal 96 inch and 102 inch rrack widths, the

influence of tire ctype on the roll cthreshold of the

small
Test
to

tractor semitrailer appears co be rtoo
discussed on the basis of the tilr
The improvemenr Iin roll rhreshold due

co

he

resulcs.
substitu-

tion of wide base single tires is probably a reflec-

tion of the effective increase in trrack widrth over

dual cires, and ateribucable

characterisctics.

not likely ro

cire
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51.

Test Series Five: Influence of Fifth Wheel Vertical
Slack

Fifth wheel and kingpin designs used in the currenr
trucking fleer allow virtually universal connection
of any tracror with any rcrailer. As a consequence,
the dimensions of fifth wheels and kingpins are
established wich rhe need for flexible applicarion
in mind. The length of the kingpin ofren exceeds
the depth of the mourh of che fifrh wheel, thereby
permivping the trrailer to be lifred verciecally off
the fifth wheel ro rcthe extent of the addirional
kingpin lengcth, while «coupled. This "verctical
slack” could potentially be in the range of 1/2 ro 1
inch.

The roll srabilicy provided to the semi-trailer by
the tractor passes through the fifth wheel coupling.
When vertical slack 1s present in the fifch
wheel/kingpin linkage, the trailer will be permirced
to rotare around cthe fifth wheel until this slack is
removed and the roll moment begins to be transmirred
through the coupling.

The objective of this tilcr rtestr series was to
examine the influence of this vertical slack on the
overall rell chreshold of rhe rtractor semi-trailer
combinacion. A tracror fitcted with an TIH 4 Spring
suspension was coupled to a 48 footr long flatbed
semitrailer loaded in the srandard manner described
previously. The combinarion was tilt tested withour
modificarion to the fifth wheel. Shima (figure 22)
were then placed berween the fifrh wheel and rthe
trailer mounting plate rto remove one half of the
slack present, and the rest was rTepeated. Fipally,
shims were installed to remove all remaining slack
and the rest repeared agaln-

The resulrs of these rhree tilt test are plercred in
Figure 23 and are summarized as follows:
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FIGURE 27
FIFTH WHEEL ADJUSTEMENT
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Tractor Suspension:
Trailer Suspension:
Fifrh Wheel:

IH 4 Spring
Reyco 218

Fontaine

54.

TABLE ANGLE LATERAL % CHANGE
AT WHEEL LIFT | ACCELERATION FROM
NORMAL
degrees 2 Z
Normal Slack present 17.9 0.32 -
Half Slack Removed (%} in.) 18.3 G.33 2%
all 8lack Removed (3} in.) 18.5 0.34 4%

Observatrions:

Within the bounds of confidence provided by the rilc
table testr procedure, it would appear that the roll
rhreshold of a tractor semitrailer combiparion can
be improved sliightly by rewmoving the vercical slack

present in rhe fifth wheel/kingpin coupling.
Removal of the full %} ineh presentr 1n the rtest
vehicle resulted 1In an improvement iIinm che stacic
roll threshold of slightly less cthan 4%. Recog—
nising that the improvement in reoll —chreshold
arvrributed ro increasing the trailer's track widch

by 6 inches was in the order of 7%, ir would appear
that there potential Tbhenefits available in
improving the tracror/trailer roll coupling.

are



56.

Factors Affecting Tractor Semitrailer Static Roll
Threshold

Based on the results of rthe tilr test program, rhe
factors which affect the sratic Toll rhreshold of rthe
tractor semitrailer ranked inm descending order of
influence were as follows:

1. Centre of Gravicy Heighr

The static roll rthreshold was mast sensitive to
changes in the centre of gravity heighr of the
combination. In a loaded condirion cypical of
"gross out - cube our” van rype operatiens carrying
medium density freighre, the c¢centre of gravity
height would be expected to fall between 80 - 90
inches above the ground. Under cthese conditions,
the static roll threshold of a conventionnaly
equipped tractor-trailer would be 1in the 0.3 g
lateral accelerarion range. By way of comparison,
the roll threshold of 2 conventional full sized
passenger car would rtypically be in the 0,7 g
lateral accelerartion range.

2. Trailer Axle Widch

The width of the trailer azles was found to be rthe
second most influential variable examined in the
tilt test program. IT was determined rthat subsri-
rution of "102 inch™ axles for 796 inch” axles
improved the roll cthreshold by 7%, for trailer
firtted with conventional dual, radial ply rtires.
Substituring wide base single tires for dual tires
further increases the effective track widcth, and it
was shown thar, with single rires, moving froa 96
inches to 102 inches improved the rell threshold by
11%.

3., Tractor Suspension Choice

The resistance to trell provided Dby the traccor
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APPENDIX 1

TEST VEHICLE DATA



TEST SERIES ONE:
INFLUENCE OF CENTRE OF GRAVITY HEIGHT



Descriuwl.son

[RALTGR LYIFE : Inter F-9370

TRATLER TYFE X 14,7BM Fizat Fod

FRACTOR LENG R _ o CR = DR

TRETLER LENGH P 14, 78M

FIRE TYFE ON PROACTOR _ : Michelarn FRadial 11/ 22005 REIA

VLR FYPE ON TRATLER H Miciwelin Fadral iR 22,95 XZA

SUSPFENSION TYFE G TRACTOR_

as

FMENQr1l o morn R 0

SUSFENSION TYFE ON TRALLER : Feveos 21k

AALLE SEREAD O TRACTOR : 5,130 L,T5M

AXIE SEREAD ON TRALLER & 1, 7on
TRMOE wIDTR ON TRACTOR____ & =,.56M

TRADT WIDTH ON TRALLER o LTSN

FiRE TRESSURE AD3USTIED TO - Lo Fasi

HETGTH OF HE MiFTH WHEEL z PLREEM

AFMELENT TEMPERATURE - due

TTL%



Desrriptyon

TaCI0OR IVFE L : 1975 treightlaner

TRAILER TYFE___

Feapn 1%,71M Flat Baed

TRACTOR LENMETH, } PR = L

TRAEILER LENSTH_ s in,7imM

FrRE TYRE DN ITRGECTON_ s Michielin Racdral 118 Z4.95 RIA

puRE TYPE O TRALLER_ : Michelin Radial LLR 22UE RIN

GUSFENSI TYFE On YRACTINY : Handrichoon RTE 449

GUSFEMSLON (YFE OM TRALLET FEyco Dil

BRLE OSPREAD ON TROAUTER z DL, AT 1, BEM

£l

ABRLE SEREAD O TRALLER 1,37m

TRADT WIDTH ON TRaACTOoR H B WY

TRACE Wi an TRATLER r T, 40M

N— P B}

| IE FRESSURE. ADRDJIUSTED 10

yoQ FEa

HENGTH OF ThE FIFTH WHEEL H I

AMELENT TEMFERATURE _ : o iue

TT4%



TEST SERIES TWO:
INFLUENCE OF SUSPENSION SELECTION



DEsCrapCoon

TRACTER TYFE_ :  lnter F-93/0

TRAILER TYSE N o i 14,78m Flak Sed

TRACTOR LEMETH_ _ . 2 7 L,ETM

TROILER LENBTH 14, 78M

TinkE TYF

- ON TRACTOR : Michel.n FRadial 11R 2D.5 XZA

Michelin Ragial 11R 2200 X4A

11

TIReE TYFE OM TRALLER

SUSPENSLISN TYFE ON TRACTOR | : IH Air

SUSPFENSION TYPE ON TRALLER

LT

Chalmers 7wl

ARLE SPREAD ON tRACTOR. = 4, BuM 1, DM

BXLE SPREAD ON TRATLER I

PRATE WIDTH ON PRACTOR r @, a0

TRACE WIDTH O YTRAILER e ST, S

TUIRE FRESAURE ADJUSTED T i A00 PE1

HELGTH OF THE FLEIH WHEEL s 1, DM

MBS LENT TEMFERATURE 2 S

Tiow



Deecripltlan

TRACTDRR TYFE_ : Inter F-9370

TRATLER TYFE, : 14,78M Flat Bed

TRACTOR LENGTH 7 L,57M

FRE\FLER LENSTH _o 14, 78mM

TIRE TYFE On TRACTOR e Mrocheian Roarsl IR 0.5 XIA
VIFE O TYPE ONM O YRESLLER R Mrchetiyn Radial 1R 22,5 X1A
SUBFENS IO TYPRE ON TRACTOR . Meway ARD 44

FUBFENSION TYFE O TRE&[LER | ;. Chalmers 70

GALE SFREAD ON TRACTIR : 4,851 1,535M

Pr————— = e s k]

ARLE SPEREAD ON TRALLER | i 1,869

TEALY, wWiDtsy OGN TRACTOR : =, a0

THRACK WIDTH M THALLER : o, Eh

e —————— e = —— =y

[ifRE $RESSURE ADJUSTRED T, i 100 Fel

HMETGTH OF THE FIFTH WHEFL._ & 1,25M

GEETEMNT TEMPERATURE : oo

R



risai i or

Desoriphon

THE LLER

TRACTUR LENGETH

TROTLER LENETH_

TIRE TYFE ON

TIRE TYFE OM

SUSFENSION TYFE O

SUSFENSION TYFE

AXLE FREASD

O

ARLE SPFRESD O

THRACH. wWibTH

FRAacr wiDiid Om Trb

TIWE FRESSLNE ADIUSITED TO__

mE G TH OF THE

AP LENT TEMFERATURE

TRAILER

Wi TRaCT

TrRdh

THALTOR

TRACTOR

Fhis L BN _

OIF

TRaCTOR

UM TRAETLER

FLFFM WHEEL _

13

Lotey 7 -9370
14,781 Flat Bed
7,721
14, 768M
Michelin

Rarial IR

Mircheizn Radigl 1IR
1H 4 Ypring=
Chialmers F00

o6l 1, EEM

i,590

PLERNERY

AR AT

1w Fea

1,20m

[ B oy

T L



TRACTOR

TRATLER

TAw Tor

A TLER

TIRE TYPE

FLRE

SLISTENS 1O

SUSFEMS ION

ARALE

ARLE

Trealr

TRACE

FIRE

HEYGETH OF

PAMELENT

TYELE

GFREAD
BEREAD
WLG FI

Wi

TYFE_

TYFE ..

LENBTH_

CENL T

LM

[ YI%E

TYFE

O

O

(I

DA UM

FRESTURE ADIGSTED TO

THE

it

am

Jestriptiron

TIROCTOR, :

O TR&LLER, :

TREAECTOR s

TRALLER :

FRACTON H

TRALLER :

TRACTOR "

TR&ILER :

Ln

FIFTH WHEEL :

TEMPERATURE -

inter 793570

14,78M flat Bed

&, O

14, 78mM

R

Miohelin Radial

Michelin Ragial L1

RTE 440G

Hecrm 1 Cr 500
Chalmers 700
S laEM 1 ,59%M
1 69m

Z,eM

ERAT

L e

1, 21M

&



Peseorptl on

TreAdlTOR TYFE. : Imter F—wi70

M

TRAEILER TYF 14, 7EM Flat Bed

TRACTOR LEMETH_ 7. 7IM

TRAILER LENETH s 14, 78M

1LRE TYFPE On TRACTCR . 3 Michedin Radial 11iR 22,5 XIZA

PERED TYFE ON FRAILER : Micheliln Radial 11IR 2259 XIA

SUSFENSLON [YEE 0N TRACTUR i LH 4 Springs

SUSBFENSLON TYFE Ob FRATLER___ : Meway RRYP5-17

ALl SFREAD ON TRACTOR o ALTFoeM L, EEM

Aat.E SPREAD (M TRALLER H b, &7

THADE WIiDTh ON [RATTOR. - P A |

THRACE WIiLTH On FRAILER : ELEIM

jARE PROGSURE AEIUSTI 0 O H Lins Fei

HELGTH OF THE FLFTM WHEEL ER ke

ANMBELENT TEMEERATURE [

TTae



Deecriothl on

FRATTOR TYFE s Inter Fr9u/u

FIRELLER TYIHE_

13,78M '1at sed

TRACTOR LENSTH, 7., 79M

FRATLIZR LENE T ] z 14, 78N

VIRE TYFE ON 1RACTOR, : Micheiin Radial §1R RN.S XZ6
TIRE TYPE OM TRALLER v Micghelin Rad:al 11R 2.5 X6

GUSFENSIaN TYPE ON TWADTOR_ 5 MNewsy ARD D34

SUSFENS{ON TYFE ON TRAILER : MEway ARPS—17

AncE BPREAD ON TRACTOR H 4,850 1,35M

AXLE SFREAD O TRALLER H 1y 098

TRACK WIDTH OnN TRACTOR. _ 2 DL A

e e aam TR = —— -

FTRALE wibTr OM TRAILER

el
n
3

Tl FRESSURIE ADJUSTED TO. ___ T 100 e

FE LG OF TRIE Far e wWhERL : b g 2EM

an
—

<
i‘
H

AMAIENT TEMPERAGTUIRE

T2



TRECTOR TYFR

FRALTLWER TYRE _

TIRACTOR LENGTH_

PRELLER LENGTH

(I TYFE 8N FRACTOR

FlisE TYPE ON TG LLER

SUSFENSION TYFPE WUN TRADTOR

BUGFENSTON [YFPFE ON TrRAILER
AL f SPREAL OGN TRASTUT,
AXLE SEREGD ON THRALLER _
TRACE WIDTH ON VRACTOR_

TRECH WwIiDTH UN TRATLER

TIRE O FRESSURE ADJUSTED 10

AFELGTH OF THE FLFTH WHEEL

SMETENT TEMPFERATURE

Inter F-9.7C

14,78M Flab Bed

5, G0

14,73mM

Miohielis Raoaald LR 2205 XZA
Mioheiin HRadiah IR D300 228
Hendrs el son RIS 440

Meway ARTI—L17

I G B BEATH

1400 v
1,2

107 ¢



Dascriobion

TiACTOR TYFPLE ! Inter F--%370

TROLLER 1YFRE__ s 14, 7EM FLat Red

TRACTUR LENETH _ R 4 ¥

M L ER ENETH 14, 78M

YLRE TYRPE ON TRACTOR. o r Macheiin Kadial

2000 RAR

[}
-
T

FLiRul Tyl O TRATLER ) z FMlonelin Radeal IR 2.5 K48

SUSEENGLUN TYFE UN TRADTOR

1l MAer

SUSFERS AN TYER ON Tromlier : MEway ARIL-17

ANXLE SPFREARD Un TRACTOR_ : 4, &0Mm 1, 32M

AXLE SHREAD ON IRATLER . : 1,869M

TRACE wiDyH ON TRACTOR = 2 A0
TRACE WIOTH OM TRATLER - s Z2LI0%M
TiRE FRESSURE ARIUSTED T : Luny sl

HELTETR OF TrE FIFTH WHEEL__ . 1,24mM

AMBLENT TEMEERATURE s i&c




DESTRIFTLION

FRACTOR TYRE

MG LLER T ek

TREACTOR LENETH

TRALLER LENSTH

TIRE TYPL ON TRAC TOR

FikE TYPE UM TRALLER

SUSFENG 0N TYFE N

SLUEFENSTION TYFE On

GALF BFREAD ON TRACTOR

AXiE SFREAD N TRAILER

T WIDTH O/ TRACTOR

TREACH wWIUTH OM TRALLER

P RACTOR

TR LER

TAIRE FRESSURE ADJIUSTED

PREraTH cF

TEMPERATURE

AP LENT

o

>

lnter F-%570

L, 78 Flrab Red

7L
14, 78M
1Lk

NAG. al

MaZhelon

My cligs 1 Radysal i 2008

Mewsy ARl F4d

hevre w1E
A, BSM LSRR
. B9M
I T !
2. O5M

1o =3

TTis



Desoriphion

PRACTOR YR : Inter F-9570

PRALLER Ty o . : 14.78M Flat Sed

THACTOR LWENSTH _ PR B g

TRAeTLER LENGTH__ _ L4, 78I

FiRE TYFE BN TRALTOR _ z Michedin Radial 1IR 2.5 XA

CLRE IYFE O THEDLER : Mirpnelin Radial 11IR Z2.% XKLA

1

SUSEENSION TYDE On TRACTONR : tH 3 Bprings

SUSFENSLON TyrRE N TRALLER : Heyoe DE

AXLE SEFAEAD ON TRACTOR z 4. .5e0 1, EEM

AXLE SFREAD ON TRALLER : by 70M

TRACK WIDTH DN YRACTOR F NER S

TROADE WIDTH ON TReILER H P S

TIRE FPRESSURE ACJIUSTED T _ H Lol Foaa

MR

MELGIH OF THE FLF TH WHEEL 1,22

AMELENG TEMPFERATURE r inc

1Ty



RACTOR

TRALLER

TRAL FUR

THRATLER

TYHE

Desroptl On

1 ¥FE

WENETH

LENBTH

FifE TYFE ON (RACTOR

Lime TYF

SUSFENSION TYFE OM TRACTOR___

= O TRALLER_

SUSPENSION TYFSE OGN TRALILER

ArLE SPREAR ON TRACTOR_
fXLE SPRESD ON TRATLER.
TRAC- WIDTH OM TRACTOR

TRAULE WIDTH ON TRATLER

TIRE FPRESSURE ADJUSTED TG

HETETH GOF THE FlFTH WHEEL

FAMELIENT

TEMFERMATURE

u

inter F-9I70

14,78 Flatb fed

7T

LA, B

Mioheiin fadial

Mmchelin Radial

IH A
REYCS wlE
4,BOM 1, T2
FE. Sl

=, 40

LA Tun'] i3

O P

RIn

AL

TTis



DESURIFTION

FRACTOR TYFE Inter F-S5/70

TRELLER TYFE

E 2,780 Flat Bed

TRAUTOR LENGTH _ : 5,02M

fRPlLER LEMNEGTH . T 14, 78mM

FiRE TYPE Gn TRADTOR. p Mhachmiar Raotal LR ZYLS XZA

PLmeE TYPE ON TRAILER s Michelin Ragral IR 22,05 XZA

SUSFENSLON 1YFE ON TR&aSCTIR 2 Mesidr ychiSEon RTE 490

SUSPENSTON TYFE 0N TRAILER__ : Reyro SiR

AXLE SPREAD UM TRACTOR : SL1ZM L ,o8M

RAXILE SPREAL O MRALLER : 1, 70om

PRASK wWiliiet D TRACTOR H o, h6n

TIREACK Wil i O TRATCLER : 2,55m

TIRE PRESSURE ADJUSTED YOz 00 Pl
HE LG TH OF THE FLFiH WHEEL :1,17m

MfELENT e rFERATOURE

3L



TEST SERIES THREE:
INFLUENCE OF TRAILER AXLE WIDTH



TRADTOR TYIE

TRALLER TYFE_

TRECTOR 1LENBTH_

TRATLER —EMNG

FIRE TYPE Ok TRACTOR,

ravek. TYrE On

SUGEENSLON TYFE BN TRedTOR_

SUSFENSIGHN TYyFE O

ARLE BPREALD

SELE SFREAD

TRACH Wil

TIRACTH WILTH

TIGE PRESSURE ADJIUSTER TO

HESGTr OF Ti

AMELENT  FEMPERATURE

T

DESCHIFTION

(A

]

a']

[REA

g

RALTLER

TRACTOR

TRAILER__

TRATLER

TRACTON

TRAELLER

FIF P wiL

EL

EE ]

Inter F--% 270
14,781 Flat bed
7, VI

L4, 7an

Mrcrhelln Radial iR 225

Mrchelin Bingle L&.OR 22,

1 4 BSprings

XKIm

LR SRR

Ti44



Oct-03-00 02:28em  From=-TAC/CCMTA +B137361395 T-236 P.25/8% F-TET

DESCRIFTION

TRACTOR I YFPE r Intes S-3I70

TREILER TYFE . 14,78M Fiat Fea

TRAD FTIR LERS TR __ . : T L 7EM

(RELER LENGTM - P 44,780

TIRE TYFE ON THADTOR : rich@lan Radial LR 2. RLIN

TLIRE TYEE ON TRALLER Mechielin Sicngle je.oi 2000 XM+r54

SUSEENSION TYPE G TRACTUR : Id o4 Sprangs

SUSFENSION TYFE ON TRAILCR_ r  Reyco Tis

AXLE SEREAEDR ON TRACTOR_ : 4,96M L, aUM

RELE SPREAD ON HIRNILER ‘ : 1,70M

FRACE wiDTr ON TRALCTIR_ 2 NN

TiIRGOF, WIDTH OGN TRAILER H 2,51M

[IRE FRIESSURE ADJIUSTED TGO _ : IGO0 Pas

HETETH OF THE FIFTR WHEEL H 1,170

Ak TENT TEMPERATURE s 1w

fr4as



SESLEIFT ION

TRADTWE Tyire # inter F-9I705

wn

TRALLEL TYFE_ 14,78M Fiat SHed

FRACTGR LENBTH_ : 7,721

PRE L LER LEMBTR s 14,78

PLRE TYFE Ol TRACTON. : Michalin Radial VIR 2205 RLS

PIRE TyrFE O TRAILER L : Pirchelin Radial LIk ZT05 R4A

CUSFENSISHN TYFE O TRaCTan - IH A Yorongs

SUSFENSION TYFE oM MRATLER_ _ i Fleyveo 24k

AXLE SPREAD ON TRADIOR s 4, TeM 1,32m

AALE BPREAD ON TRAILER

1,70m

FRowl wlDTH UN TRACTOR_ s LT

FRACK WIDTH ON TRALLEFR

1s

Lan} il o
2L EEM

rimE FRESSULE ADIUSTED To_ z 100 Fan

HiZ i3TH O TAE FIFTR WHEEL H 1y t7M

AMBLENT  EMFERATURIE 100 o

as

1T



Descriptlon

TRAECTOR TYFE H {nbeyr F-%27G

TROILER TYFE = 14,78M Flat Bed

TRACTGR LENGITH . : 7 .7TR
TROTLER LENGTH. _. s 14, 7EM

TIRE TYRE ON O TROCTUR 4 plachelin Ragisl PR OZTLE OXIA

TIimE GTYFE O TRALLER Micheitn Radiad 1im 2505 X264

B[USFENETDN TYFE O TRACTOR : irl 4 Bpra.nys

SUSFENSIGN TYFE N TRAETLER | : Revyoo Gk

AXLE SRFREAD OM TRACTOR s A,960 L, EEM

BALE GFREAD ON TRAILER 51, 0N

Tratn WIDMH ON TROCTOR_ - 2L LM

TRACKF wWidTH ON THRATLER_

Z2.5m

Ty PRESSURE ADJUSTED 10, s 100 £5i

HEIGTH OF THE FLE D WREERL b L, l7m™

BMEENT TEMFERATURE e

T3



TEST SERIES FOUR:
INFLUENCE OF TIRE SELECTION



FRALTOR TYPRE

TRAELLER 1YFE

AT IR

LENG

TRALLER LENE

TIRE TYFEZ ON

TLIRE T VFE O

FusFrNsLON 1
SUSFENSION T

ERLE SERRaD

AXLE SFREAL

Tl WAL

TRACH WIDIH

ViRl PRESGUR
HELSTH GF TH
AMBIENT TEMe

DESCRIFTLION

THL_

Rz

TRACTIN e e o
TRAILER
YRPE LM TR&SCTOR
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TABLE TILT SENSOR: Terra SA-111
INCLINOMETERS: PENNYS AND GILES CETS/60



“SERVO ACCELEROMETER

RUGGED, FLUID DAMPED FLEXURE
SUSPENSION

LOW THERMAL COEFFIGIENT
FIELD RANGFABLE

LISER CGONNECTABLE 1g BIAS
EXGELLENT BIAS STABILITY
TELEMETRY MODELS AVAILABLE
CHOICE OF SENSITIVE AXIS
BROAD DYNAMIC RANGE

LOW OUTPUT IMPEDANCE

U.5. Patant No. 4,088,027
WIDE FREQUENCY RESPONSE

Tha Terra = Flax* SA Series Servo Accelerometers offer the unparalleled combination of excallent stabillty
and ruggedness. Dasigned for maximum user flexibility, standard features include field rangeability, choice of
sensitive ax;s direction, and a 1g bias network which can be user connected.

A special alloy flexure system and stable differential electronic detector/amplifier are combined to provide high
sensitivity, broad dynamic range, ruggednass, long term stablility and exiramely fow thermal driff. Hysterasis is
insignificant and resclution 15 effectively infinite. The flexure suspension, unlike pivot and jewel suspensions,
is not subject to progressiva deterioration in the presence of vibration and shock. Handling {peak} shock
breakage, common with quartz suspensions, is also virtually eliminated.

The SA Series accelerometers operats from a wide range of input voltages and can be used for a varisty of ac-
celeration measurement applications including selsmic manitoring, control systems, vibration monitoring,
structlural respense, vehicle festing, stable platforms and tiit sensing.
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SPECIFICATIONS FOR SA-102, SA-111

DUTLIHE DIMEHSIONS (inches)

a l‘ul:lll

RANGE:® 0110109 & —2
FULL SCALE OUTPUT:? +5 VDG {std) to £10 VDG (max), =0.5% T
i INPUT VOLTAGE: +910 18 VDC; 18
§ + 18 to 30 VPC (Talemelry varsion only) o
T Y3
INPUT CURRENT: +8 ma qual supply: 20 ma
single supply (Telemelry version only) g
d  OUTPUT IMPEDANCE: < 10 ohm L A4 |
. A
4 LINEARITY ERROR: < 0.05% full scale ‘-J
] -y ey
H HYSTERESIS: < 0.01% full scale o
B P mEADER i
1 RESOLUTION: < 0.0005% ful scale I R
t] TURN-ONREPEATABILITY:  Beflerthan 50 ug . [
11  CROSS AXISSENSITIVITY: < 0.0005g9/g °“[—: 1.
]l FREQUENCY RESPONSE: 0 to 50 Hz, =2 dB (s1a.), other frequency S
: responses from 10 1o 150 Hz avajlable [ p——
[ NOISE: 0-50 Hz « Sug (peak-to-peak) oelcTam@rarn M
i 0-1000 Hz < 10ug (peak-to-pear)
: 0-1 Mz < 2010 (peaKiopaa) PIN DAL o NGLE
* SUPPLY SUPPLY
i CASE ALIGNMENT: < 0.5° 1 + Power + Power
§ OPERATING TEMP. RANGE:  -40°F to 180°F (sid); 2 -Power Power Grd.
-65°F 1o 300°F (special order) 3 Pwr45ig.Grd. SignaiGrd.
3 SHOCK: 500g, 5 ms; 3000 g, 0.y ms 41 Output Cutput
1 VIBRATION ({SINE, PEAK):  15g, 20-100 Hz; 20g, 100-2000 Hz o :g gz:: @ gias
: g Bias
WEIGHT: 7 oz (0.2 kg} 7 Self Test Self Test
BIAS, HORIZONTAL: 0.010g 0.0059 *Jumper pins 5 & & for 1g bias, no con-
BIAS, VERTICAL: 0.020g 0.010g nection fer horizantal operation
HORIZ. BIAS TEMP, COEF: S0upg/°F max. 20ug/°F max. tRange resistor connected betwesn
| SCALE FACTOR TEMP. COEF: 100 ppm/°F max. 50 ppm/°F max. pins 4 & &.
PERFORMANCE OPTIONS
] wores A. NON-STANDARD RANGE (Specify)
UNITS ARE SUPPLIED WiTH 0.1g INTERNAL o rao
e sl e e C. WAL 5. 0507 o
N ANGE. STAN AN y C. INITIAL BIAS: 0.002g (horizontal)
,025 05 1.0, 20, 5.0 AND 1009, ASYM-
Tt RANGES AvALABLE 2 0.005g (vertical}
{2) FULL SCALE DUTPUT SHOULD NOT EXCEED D. BIAS T.C. 10 .g/°F (3A-111 only, not ap-
10 vt OR 78% OF INPUT VOLTAGE, plicable to vertical bias)
WHICHEVER 15 SMALLER TELEMETRY VER-
SI0MS SUPPLIED WITH 0-5 VDC OUTPUT. E. SCALE FACTOR TOLERANCE: x0.1%
: F. TELEMETRY QUTPUT: (-5 VDC
f ORDERING INFORMATION: Specify model number, range, sensitive direction, and perfarmance options desired. For ax-
i1 ample, SA-102-1-B-F is a Model SA-102, £1g, with casa alignment of 1/4° and telemetry output. Full scale output i3 +5
'{ VDRC unless otherwise specified on the order {except for wlemetry versions which are O0-5 VD).
d  WANT MORE INFORMATION? CONTACT TERRA TECHNOLOGY CORP. OUR FACTORY PERSONNEL CAN PROVIDE
: YOU WITH ARDITIONAL INFORMATION, WHETRER ITS FOR A SINGLE INSTRUMENT OR A COMPLETE SYSTEM
] PROPOSAL.

ol T T o L Sl L T ot em iy gt AR, e

TERRATECHNOLOGY CORP.

3880 148TH AVENUE N.E., REDMOND, WASHINGTON 98052 » Phone (208) B83-7300 » Cable TERRATECH » Telex 32-0357

W B B At

PRINTER Th W24
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Penny & Giles
Potentiometers Limited

TEEEESERER LN N

Ty YT YRR

%&WILE'S?&

L/

Tilt Sensors

B Potentiometric or vanable rranstormer outputs

B Single or dual as 3ensing

m Tt sensing from 4° to 356°

B Robustinstruments plus tully sealed apuon

B Indusiial and mikiary environmentas specihications
W Sensor accuracies from =4 minutes of arc

B Low cOslunits available

The range ot tilt sensors avaianle from Penny & Giles
Porentometers Lid comprises hign sensimvity infinte
resolunion variable transtormer units, ransducers with
polENhoMEIns oulpuls, A 5enos of law cost units specfically
designed 1o meet those apphcations that require sensors of
comparalively low accuracies, and ult sensors with high
acturacies designed and packaged for miltary requirements

Bal the high sensitivity/infinite resolution modeis and 1he
potentiomernc unils are available packaged for normal
industriat use or completety sealed for use in the mOst
adverse envifonments. Agaitionally they can be specified in
nrass jor underground appiications ang tor undarwaler down
10 300 memes.

Thne tift sensors designed to meet miitary or simiar
gemanding requirements are 1emperature compensated to
achieve the very nigh accuracies required They are avaiiable
in four ranges from 47 10 200° in beth X and X+Y axes.

Full getails of @acn tilt sensor in the range are shown onine

tallowing pages.

High sensitivity/infiniie resclution models = page 2
Low coslmodels — page 3
Potentiometnc outpul Sensars — page 4
High accuracy/lemperature compensated sensors

for military applicahons page &

~



Tilt Sensors

Variable Transformer Models

L/

LOW COST

Performance specification

Model number CETS/200 CETS/100 CETSHG0  CETS/A0  CETS/20  CETS4
Tilt measuremeant range 200gegrees 100degrees 60degrees  30degrees 20degrees  4degrees
butputsansitinty per degree inio

10kt 10ad 0 2% ASmv S0mv 140mv 240mv 340mv 470mv
Residusl voitage — maximum at G° arc 50mv S00mv 1.0V 1.0v 10V 1.0v
Ensarity —deviatian from best

straight line +0.5% *05% *0.5% +0.5% 10 5% *0.5%
Mechamcal angle 380°

Input voltage 10voits g.c. from a source impegance of 1ess than 1 ohm
Ouput 10V d.c.into 10x{l load
intirnie

Aesalutan

HySteresis — maximum

30 minuwes of arc

Temperalurg range — operanonal

=20° to +60°C (non aerangement —40°C 1o 100°C)

Maan tlemperature cosfficient

+10%10 +40°C x0.80mV per°C
=20°10 +60°C *x2.00mV per°C

az_.ntput nppie (1.2k 13z)

0.05% FS +0.4% output

Input curfent— nominal

E0mA a110.000V a.c.

wWeight — méxsmum

100 gm

The specihcation data given above 15 true a1 10 000V a.c. input with & 10k foad impedance on oulput.

Dimensions
¢ hotes tappec all dimensionsin milhmetres {inches)
440UNC. 227 25
(0 120) @eep. equi-spaced B lm -
on 23 B2 (1100} P C.D. 55 Output characteristic
o
[ox= Clockwize Rotavon

-

@are T

Electrical connections — all models

Resdual g
valtage —

l |

Body Rotaucn

Viawed on AfTow A

Index volrage

i M inginalion rande

Ful range

high sensitivity modei — 3910
NCRMAL DUTY SENSCR

QUTPUT NPUT
Blue— Blach—
Brown+ Z @ ,$_ Red+
S| @
H

COMPLETELY SEALED SENSOR

w Il TEla) o

low cost model - GETS

OUTPUT
Biue—
Brown+ ‘ 'EB

T I||

| &
& |

E—

INPUT
Black—
Rea+



DATA ACQUISITION SYSTEM

COMPUTER: HP 9816
DATA LOGGER: HP 3497A
INPUT VOLTAGE CARD: HP 44427 A/B
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Printer
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disk
dgriver

DATA ACQUISITION SYSTEM

Plotter




Moel 216

Model 236

The Madel 236CS mcludes the Model 236C base color system,
with an addimenal 512Kb RAM (640K b 1otal), BASIC 3.0 und Pas-
ca) 30 It has s buckplane shots.

The Model 2365 is based an the Mode! 236A, ncludes 512 Khyte
additional RAM (640KE RAM pual), BASIC 3.0 and Paseal 3.0 Six
packplane slois are standard.

The Madel 236T 15 based on the Model 236U, includes four back-
Elane iars, 1.02 Mbyre RAM, and single- or multi-user HP-LX with

"FORTRAN 77, and HP Pascal Compilers, MCAE000 Assembler,
and Graphics/9000 DGL. ‘

The Model 236CT is bazed on the Modcl 236C LU base color system,
and includes | 02 Mbyte RAM, single- ar mulii-user HP-UX with C,
FORTRAN 77. HP Pascat Compiers, MC&BO0D Assembler, and
Graphscs/9000 DGL
Mode] 237

The Mode! 237 is 3 high-performance graphics workstation featur-
g high-resolution display and o 12.5 MHz processer, |1 provides the
power and specd required by eRgIAEers and scientsts invo ved n labo-
Tatory analysis, printed and imegrated circud board deaign, mathe-
mancal modeling, staistics, and 2-D mechanical arafiing.

The Modet 237H features the 12 5 MHz processor with memar
managemem hardware and cache memary, a 431mm (17-mCh§
monochrome display with 10292768 resolulion wnd til-mapping ca-
E;\biliuc:. buli-in HP-1B foating-point mauh herdware, the HP-HIL

eyboard, mouse, and 512 Kbyte RAM

HP 9000 Series 200

98165 Model 2165 Computer w/BASIC

%817A Model 217A Computer

9%17H Mode] 217H Computer w/512Kb RAM, key-
woard and terminal

5171 Mode! 217L Compater w{l Mb EAM, hey-
board, terminal & single-user HP-UX,

99204 Model 220A Modular Compuier

99200 Model 220U Modular Computer w/12.3 MHz
Processor

$9205 Model 2205 Modular Compuier w/keyboard,
BASIC, Pascal, 640 Kb RAM

9920T Modge} 220T Modular Computer w/12.5 MHz
Processor, single-user HP-UX, keyboard
Mulli-user HP-UX

9826A Model 226A Compuler

55265 Mode! 2265 Computer w/630 Kb RAM,
BASIC, Pascal. SRM

9%36A Maodet 236A Compuicr

Madel 217

9836C Model 236C Calor Compater

9836U Model 2360 Computer w/12.5 MHz Processor

9836C L Made! 236CU Color Compuier w/12.5 MHz
Processar

9R36CE Model 236CS Color Computer w /640 Ko
REAM, BASIC, Pascal

98365 Model 2365 Computer w/640 Kb RaM,
BASIC, Pascal

0836T Mode] 236T Computer w/12 5 MHz Processor,
1.02 Mb RAM, singlc-user HP-UX
Multi-user HP-UX

9836CT Model 236CT Color Computer w/12.5 MH2
Processor, 1.02 Mb RAM, single-user HP-UX
Multi-uweer HP-UX

9837H Madel 237H Computer w/12 5 MHz
Processor, momior, kcyﬁuurd, 512Kb RAM, mouse

Languages and Opéraling Systems

HP 9860 1A ROM-based BASIC 2.0 Language Sysiem. Includes one
system ROM board, BASIC 2.0 Language Maneal Kda, and BasIC
2.0 Uphres Pack.

HP 98602A ROM-based BASIC 2.0 plus ealensions 2.1. Includes
ane ROM bosrd, BASIC 2.0 with Extensions Manual Kit and BA-
81C 2 0 Undities Pack

HP D8603A ROM-based BASIC 4.0 Language Sysiem. Includes |
ROM-based sysiem board. HPL 4.0 Languags Munugl Kitand BA-
SIC 4.0 Unbues Pack.

HP 98604A ROM-basea HPL 2.0 Language System Includes onc
sysiem ROM board, HPL 2 0 Lunguage Manaal Kit, and HPL 2.0
Utihnes. (Mot available for Models 220 or 2360).

HP 98613A RAM-based BASIC 3.0 Language System. Includes
sysiem flexible disc and Languape Exiensions dise, BASIC 30 Lan-
guage Manual Kit, and BASIC 2.0 Unhities Pack

HP 986136 RAM-based BASIC 4.0 Language Sgstcm Incledes
system flexible disc and Language Exicnsions Disc. BASIC 4.0 Lan-
guage Manual Kit and BASIC 4 0 Unliucs Pack.

HP 98614A RAM-baacd HPL 2.0 Lunguage System Includes Sys-
wm Flexibre disc, HPL 2.0 Lanpguage Manueal Kit, and HPL 2.0 Lit-
ities Pack. {Mor avaifable for Models 220 or 236C).

HP 986158 RAM-bascd Pascal 3.0 Language System Includes Sys-
tem Fexible dise sey and Pascal 3.0 Language Manual K.

HP 98815C RAM-bascd Pascal 3.1 Language Sysiem Encludes sys-
tem Rexibie disc sef and Pascal 3.1 Language Manual Kit

HP 9B6TOA Single-uscr HP-UX Qperaiing Sysiem.

HP 98680A Multi-user HP-UX Operualing Syslem.

67
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DATA ACQUISITION, CONTROL & TEST

Pata Acquisition/Control Unit
HP Model 3497A

* Relay multipiexing
« DVM

* FET mumiplexer

* Real ime clock

+ BEridge completion

Digital inputs/outputs
Counter

Programmahle D/As
Optional RS-232C inmerface

* * 00

o= B T L P R ::ﬂf'*mlﬂr.-'ﬁt_w - nde,
WEE
e
3 . R BT
" T .
: -

172

—
L1 R i
HP 34874 'smr!us'
Pescription kinged front panel, this allaws complete calibration of the DV M withaur

The HF 3397A Data Acquisiuan/Contrel Linit combines the capibil-
ities of several instruments and is a baswe building block of an automatic
data sequisition and control sysiem The HP 3497A wil| be used an un
HP-1B zutomaicd sysiem and can be viewed a5 a precision measurement
and conirol computer peripheral.

The HP 3497A has bren designed 1o be & very versaiile and VETY pow-
erful iastrument. A basic HP 3497A consists of 4 mainframe thar in-
cludes a from pane) keyboard and display, a non-volayle real rime clock,
apd an HP-1B intcrface. Availyble as an opuon is a 5% digit integrating
digital volimeter and current source that octupics a dedicated slat yn the
HP 3897A chassis Capability s added 1o the HP 3497A by using any
combination of pfug-in assemblies. Available plug-in assemblics are:

—~Relay Multipleacrs with or wathout thermocoupie compensauan
—FET Muluplexer

—Dugna) Input/Imerrup

—Counters

—Strain gage/bridge comptenan

—Acluaors

—Programmable vollage and curremt D/ As

—Breadboard Assembly

Wp1a 5 assemblies can be added 1o 4 HP 3497A and the HP 3498A
Ewrender chassis can hold up te 10 more plug-in asscmblics

High Performance

The HP 3497A DVM can resolve 1 microvalt signals and j» ideu] for
the precise measurement of vhe cutputs of thermocouples, strain gauges
and orher trunsducers. Inclyged on the DVM i o programmable curreny
source thas allows four-rermunal resistance messuremenss. The mly-
plexer assemblics switch 3 wires (Hi, Lo, and Guard} and add less than 2
rugrovols of thermal offser to the mezsured signal,

Flexible Hardware Configuration

The HP 3497A card cage can hald 5 af any combinaton of the plug-in
assemblies. This allgws the multiplexing of up 1o 100 3-wirc wnpuis 10 the
DVM in 4 single HP 3497A ar a single HP 3497 might contain &0
Multipiexer channels, b digital mputs, 16 actuator outpuls, and a
DVMP By usng the HP 3498A Extender, up te 1000 anzlog channels
and 1360 digatat channels can be conroiled. all ava single bus address.

Ease of Use

The HP 3497A keyboard and display make the HP 34974 VETY Cany
10 usc and makes debupging of a HP 34974 based sysiem rasy. The
cahibrauon adjusimenis for the HF 34974 DVM are Jocaied behind a

TEMOVIRg it from the iest rack. Conpeetions 1o alt of the HP 3497A as.
semblics are made using screw terminals, thereby eliminating the need
for soldering

Aufomatic Data Acquisition and Controf Systems

The HP 34974 is an integral part of the HP 3054A/C Automatd
D Acquisitian and Coniral Systerts. The HP 30534 consists af 3 HF
3456A Digial Volimeter for high ACCOraCy Measuremenis, » HP 34374
Systems Voltmerer lor high speed measuremenys and an HP 3497A fo
muhiplexing, digital 170 ana comral The HP 3054 A meludes softwar
compatible with the HP 85 and Scrics 200 compurers The HP 3054C ¢
similar to the HP 3054A but 1t docs ot include the HP 33374 and the
soltware is compatbic with the HP 1008 series af computers. The Hi
34874 is also 3 part of the HP 3054 DL dat Jogger

_‘ . i"‘m - AWH“'W\'I"W "‘"AT‘""W o - l

Real Time Clock

The HP 3497A mainframe inciudes 4 quartz-referenced. non-volatin
real-time clock. In addalion 1o providing Liming data. the clock can mes
sure elapsed Lime. inlcrrept al s prescitable time, and OuIpul 2 progran
mable puise train.

Clock Format
Manth.Day:Haours Minutes:Seconds (US. Farmat)
Day:Momh Hours:Minuies-Seconds {European Formui)

Modes Max. Time | Resolution Accuraty
Real Time Mode: 1 year lsecons | +{.005% ot pme + 153
Elapsed Time Mode 10 seconts | 1 second |+ 005% of tme + | 5)
Time Mlarm Mede 24 hours 1secong | ={005% of tma + 1 §)
Time: intervat Mode- 22 hours 1oecond | «(009% of ame + ] 5
Timer Qutput fade: I second 13 s = (2% of tme




SYSTEM ACCURALY
SPECIFICATIONS:

These system specifications combine individual ac-
curacy specifications to result in a total measurement
accuracy specification. For example, the resistance
specifications combine the DVM, current source and
acquisition assembly ernror terms.

Voltage Measured Through
Acquisition Assembly
3497 Configuraton:

DVM. 5Y; digit, auto zero on
Relays Suatches, Tree Swatched
Accuracy: (% of reading + number of counts)

90 Days 23°C 1+ 5°C

Vaolimeter Digits Displayed
Range 54 digits 4% digits 3% dighs
01V _ 0007 +65 _00L+2 01
1.0V 0 + .01 + 01 +
OV 0006+ 1 001 + 0.1 + ]
0V G006 + 00l « 1T oLl %t |
Resistance Measured Through an
Acquisition Assembly
3497A Configuration:
DWVM: 5z dign. auta zero on
Cumrent Source As meheated
Relay Switches. Configured for a 4-termmnal
Tesislance measutement
Characterlstics
Effective Effective Current
Resistance Resistance Saurce
Ran Resolurion Range Range
Tt et e
< mi .
] 100 m 300 100600
100 kG T 10 A 10

Accuracy: = {% of reading + number of couns}
B0 Days 23°C z 5°C

Range Digirs Displaped
Relays (Op1. 010) 5% digits

4z diglts 314 digits

100§} D32 +5 D35 +2 0195 + 1

ki 032 + 035 + 2 G125 + |

L 10 k0 032 +5 035 +2 0125 + 1
100K 031 + ) + 125 + 1

23

System Noise Rejection
Normal Mode Rejection (NMR): (50 or 60 Hz,
1+ .09%;

DVM Digits Displayed Rejection

5z &0 dB
— 4% 048
3 dB

NMR 5 a funcion of the 3497A DUME;:Emnon
only and 15 not affected by the number of channels
in The system.

Effective Common Mode Rejectlon (ECMR): The
ECMR of a 3497A based sta}s'-tem 15 a combinaton of

the FCMR of the 3497A DVM and the effects of
adding multiplexer assembhes and 3498A extenders.

ECMR: (1kQ imbalance m low lead, using ree
switching, ac a1 50 or 60 Hz, 25°C, < 85% R.H.)

VOLTMETER
CONFIGURATION
Number of
Acquisition
Channels A7) L3y 3
{Options 10,20}  Digits Dagits Digits
(U AL 156dB _ _9UdBE_ G0 4B ]
DC 1204R 120 gB 120 dB
<1 AC 150 dB o0 dB 90 4B
E o4 dB 04 4B
<400 Al 140 4B 80 48 30 4B
DE 9B T -
<1000 AC 130 4B 70 4B 70 dB
DE "A5dB B4R 85 AR

Measurement Speeds

For the 3497A DVM and the relay multiplexer.
Speeds are given for measurements on random chan-
nels {uming software channel selection) and sequential
channels [using external hardware increment). Speeds
inclade 170 pmes 1o the ndicated computers.

Voltmwisy
Cigtts BSA  9825TA  9U35A  9345T 10001 10DO00EF
Peplayed (Muasroments S Socemd)

Sequenual __ S WB  WED  a0ET) 033 39485 3025
Chanovls ¥ 97(8% Y0000, 10000, T00/00 108 T 25|
B N V1 i R 1 LT et TR RO

MRemaom __ owe RT3 GUoE  ROE a6 BOe
Channels Ae TR Seth) w005 WD) Lol 3503
24 292 B5Sel 3y S0t I ¥

—




)ption 001—5% Digit DVM and Current Source

he HP 3397A DVM assembly 13 a systems quality, 5% dugit, |
licrovalt sensitive de voltmeter. The DVM is fully guarded and uscs
n imegraung A/D conversion wechmque; this y.elds excellent com-
10n and normal mode nowse rejection.

Iacluded on the PVM assemily 15 3 three jevel programmable curs
ent source The current source, when used simulianeously with ihe
YWM, can be used 10 make ugh accuracy four terminal resistance
aeasefements with | milhohm resolution. Maximum speed 15 300
cadings per secand in 3% dipal mode.

Joltmeter Specifications

Accuracy
5% Digat 90 Days, 23*€ = 5°C Input
Range | Max Display | Resclution 5% Digivs 1

2(.007% RDG + 3 counts) 17 4
=(.006% RDG + 1 counl) 10° ¢

0y =.119999 Lav
10V =}.19999 10 ¥

60 Hz Oporation (50 Hz operation)

Numbor of Dighs Computar

Scigcled 85 G836 100CL 1000F F
S0 Channels Bl Qgirs 54 33) 39 3925 {2
wsing sxternal .
therament QY% Gty 87 { 88) 103 W0809)  BBI/Y)

T4 Gty 12 (107} 123 127 39) 107 {8%)
Random Channels 54 digits 1310 27 A6 2us
wing baftedie An dgs (i) 5l I )

3w agis I4( t1) 55 3 waEn

oy | =11.9998 100 u¥ +{ 006% RDG + | count) o 0

1000V | «119999 1 mv +{ 006% RDG + 1 count) 104§

Maximum Input Voitage
High to low: 120 V peak
Low to guard; 170 V peak
Guard to chasals: 170 V peak

Current Source
Accuracy: Y0 duys

Range 23+C «5°C
10 4k 25nA
100 pA 250RA
1 MA 250 nA

Complianee: =+13 valis
Isolation voitage: 170 volis peak

General Information
Maximum Reading Rale: (readinigs/ccond)

60 Hz Operation 50 Hz Operation

Digits Displayed Digits Displayed
Mo Tero 5% &% 34 LE % 3%
N 25 100 150 20 83 12%
OFF 50 20 300 40 166 250

Detay: 0 10 99.9999 scconds in 100 a3 sicps
Buffer size: packed formar 100 readings; ASCH farmar 60 read-
i
Hfmber of readings per trigger: | w 999
Measurement Specds

For the HP 3397A DVM and the relay multipleaer, specds are give
o for measurements on random channels (using saftware channel
shection) snd sequentia] channels (using cxlernal hardware iners-
men) Speeds include 170 nmes 1w the mdicaied compuiers

*2526 apaods lor BASIC oparanng sysium

Ll
L3040
LT

Optien 010—20 Channel Relay Multiplexer

This assembly uses recd relays to multiples signals 1o 1he DVM or
gther mstruments. Each assembly switches 20 ehanneis, cach channel
censists of HI, Lo, and Guard haes. Two channels may be closed per
assernbly and relays may be closed in a random sequence ar ncre-
mented between programmable hmuts. The low thermal offaer of the
reiays make it suitable for measuring the outputs of SIrain gage and
ather wansducers. Each channel can be configured with a filier or
current shunt for addivional flexibility.

Input Charactenstics
Maximum input veltage: <170 V peak between any two inpul ler-
minals
Maximum currént: 50 mA per channel pon-inducive
Maximum power: 1 VA per channel
Thermal offset: direct switched, <1 uV differential; tree switched,
<2 4V differential
Closed Channel Resistance
In series: 100 © +10% n High, Lo and Guard
Relays contacts only: <1 {1 per contact
Open channel iselation: > 10" (Hi o Lo, 40°C, «60% R.H.)
Maximum switch rate: 475/second {uwing hardwarc increment)
Rated swilch life at 1 VA; 107 operations
All Relays are Break-Before-Make

Option 020—Relay Multiplexer with Thermocouple
Compensation

The apuon 020 assembly uses the same relay multiplexer as opuan
D10 but incorporates a special isprhermal connecior block 1o allow
thermocouple compensstian. Two types of compensation (seleciable
by the user) are svailable. A temperature-Gependent vollage (s gencr-
ated for sofltware compensation, this vallage is thed used in 3 comput-
cr program o compensale the hermocouple voltage Hardware
compensation involves ingerting a voliage in the measurement eurcuil
that automatically compensaies the thermocouple vollage.

Reference Junsction Compensation Comparison

Softwars Hardwal¢
Compatioie Thermocoupies Afly mixture One of The foliowing
Types: BEJKRET
Measurement channels avaianle 19 20
per assemply
Reference junchion compensation a.1°C
accuracy 123° C = 9° €y ’

2897
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Model 44427A/B

Table $-1. Spacifications

Aceuragy:

These spacficanons include ali system relared errors: bhage
resiszor 1olarance and dnft, tharmai offsets of bridge, scanner
aAnd volTmeter, voltmetar Accuracy, INjected currents. welf-
nearing of bndge resistors and system noise. The anly excep-
Tons are lead wire MsmMAatcn and accuracy of the gage seif,
Spacihcauons are vahd tor either the 3497A or the 3456A
voltmetar with (ntegration tume S8t 10 oNe power line cycle.

All specificanons are + and are vahd for the following Temp-
aratwure ang relauve humdiy 8xIremas;

Temperature and Humiaiy . . . . .. 25°C/B5% R H.. 40°C/80% R.A.
Accuracy &t Vin = 5 Yolu
Twinpatatarn
Bridgo %N 90 Day =30 Days Coafiwma
Ty +1°C 23 1 5°F 23 z 6*C 014,28 550
full T e 1 004 pt/Mo | 0.025 per?C
12 4 pt 5 04 p/Me | 0.3 pEoC
114 TR 25 pE T8 pe/Mo 1.8 pEC
Accuracy a1 ¥ — 1 Valy
full 3 pE 3 apk 0.04 paaie | O peTC
12 5 ut 10 pe |09 puMo | 0.4 w/°C
14 10 ke 35 M 6.8 we/Mo | 1.8  pEoC
Accurscy 1 Vin = 100 m¥
tull 20 pe 35 B 0.04 pesMo | 0.8 p/°C
2z 50 pe 75 M 0.9 BEMo | 1.7 #°C
144 8O #& 150 6.8 pe/Mo { 3.5 m/UC
NOTES

T. interngl grd cxternal shunt cabbralion vatue
will vary from channel 10 channgl due [0 gage
roterances (+0 5%). paih resistances in the low
thermal relay boarg (0 05 10 7.1 anmsi, and fead-
Wil reSisiance.

2. Far 1/2 brdge |12 gages with equal and op-
posife strnn) and full bnage (4 gages with equal
strain arranged for maxumun outputl specihicalions,
dividee pvery number by 2 and < respactively.

3. Hardware shunt resisiors proviged on 1he
Moadel 3342 7A/8 are;

58.47 Kohms, =0.27%
79.871 Kohms., £ 0.27%

fexternal gagel
{iaternal }

4. The leagwire aOgour 455umes gqual resistances
1 tne 3 (ar 4) wire cable. and the specificalion uses
the rasistance of only ong feadwire

5. The mtarnal shunl hes leadwues in the Full
brdge configurarion The leadwiro adder maxunum
value 15 5 +4.7 pesonm (for 120 and 350 ahm
gages, full bndga). The full bndge internal Shunt
vaks@ will bie targer Than praaicied by 2.6 pc = 2 4 se
dué 1o the relay card resstance {(note that this
résistance acts like an additional leadwire resstance
of petween 0.05 abms and 1 1 ehms).

Excitation Supply Roquiroments
Linear Ragulated Supply
Vs max: +5 4 volts ac

is: 250 mA per 10 channels (120 ohm gages, 1/2 brdge}
80 ma per 10 channels {350 ahm gages, 1/2 brdge}

These figures assume a gage facror of 2. Rg = x0.5%
Maximum self-heating offset due o change in the number of
gages an one assemply. 0.3 4 pergageive - +5 Rg = 120
ohm, 1/4 bnoge)

Maximum seif-neating offsat due @ 10% chanpge o Supply
vottage: Q 3B # (Vs = + 8 Rg = 120 onm, /4 priage).

Isolation Voltage

= 170 Vv peak between any 1erminal ang chasss.
Shunt Catibrauon:

Condinons: 1/4 oridge, Rg= 70.5%, Gt= +2

Nominal Shunt Calibration Valuss

Bomend Sy 1 " Laadvire AJON
IngaRal +3124 ut =233 pb 30 pt | =102 pE | Sww Note &
anunt
Exparna -10273 4€ EEY L 29 M F10  pc | = 25 2 po.
Sn.ne enpm Maa
120 ohma ol T
Eatarnal -2943 pF = 37 € = 4a pk 116 JE | £-22 2 by
TNt ohm LT T
350 anms APFoIuTe

Etfuctive Common Mode Rejection (ECMR):

3497A with nternal volumeter, se1 for 1 power ine cygle,
srrain gage cards, all channeis dnven by a single comman
mode Source-.

Number of Channels ECMR (dbj
< 50 150
< &R0 144
< 250 140
< 350 138
< 450 136
=< 500 134

Aoditional Strmn Ecror Dve At 40°C, 85% RH.:

Strad error (due o leakage current flowwng into LO camman)
gwen by

€ arror = 1l leak = 1428Y{N ~ Gt = Vi)
wnere N =1 for 1/4 Brudge
2 for 1/7 Brdge
4 far Full Bridge
Gf =Gage factor

| jeak = 100 nas carg + 100 nA/Manframe
tor Extender)

Strain Gage
1-3/14
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CESTRITTION

TROACTOR TYFE z 1975 Freightiingr

allEs TYRE - 14,7BM Fiat Bed

TRACTOR LENSTH__ - 6,B84M

[RALLER LENETH_ Poo14,78n

CIRE TYEE ON TRACTOR s Maechzlin Radial 1R 24,0 XE&

FORE TYEE DN TRATLER . Micnelin Radial 11R 2Z.0 RZA

CUGFENS (OGN TYFE Oy THACTOR : HendriGheen RTE 440

SUEFENSION TYTE O TRAL-ER H Frushaud ¢ Spranas

1

GUSFENGION (YFE ON LIFTS BXLES 2 T Neway ARTD L1+l Axle

e TLAYM 1 .80

BRLe SBEREAD N AL 3R
ARl SPREND DN TRATLEN H 2, 7AM Eash

TRACE Wilih ON JRACTON

oL ATIM
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55.

CORCLUOSIONS
Validity of Tilt Table Test Procedure

The tilr rable designed and built for the Vehicle
Welights and Dimensions Study has been shown to be a
valuable and effective tool for use in examining the
roll scabllity of heavy, articulared commercial vehi-
cles. It 1s relarively simple to opevrate, the rilr
resr procedure can be carried out relatively quickly,
and preovides a good deal of flexibilicy {in terms of
the amount and complexity of information which can be

collected aboutr the vehicle's behaviour as it prog-
resses ro rollover.

The ri1lr test simulates the forces which would be
experienced by a vehicle which is progressing te teoll-
over under sready srare condirions. The track test
equivalent dynamic manoeuver 1is the consranr radius
turn at increasing speeds until rellovey occurs. The
rollover rhresholds derermiped for 2 number of confi-
gurartions subjecred ro horth test procedures compared
very favourably, leading to the conclusion that che
tilc rcest 1is wvalid, and does provide a reasonable
simulacien of “"real world"” conditions (2).

It Is recognised that steady state condirions rarely
oeccur during rthe mnormal highway operation of heavy
vehicles and that the introduecion of addirional
transient dynamic forces will affect the roll rhres-
hold of the vehlcle in service. Additional factors
such as liquid slosh in tanker operations, suspended
cargo such as hanging meat, and uneven leoad distribu-
tion on the <trailer hed will also affect rthe roll
setabllicty of heavy vehicles. However, the statrtie roll
rhreshold as determined wirh the trilt rable does pro-
vide a consistent basis for cemparison of rhe inherent
roll scabilicty of one vehicle with another, 2nd a
basis for examining the effects on roll scabilicy of
geomecrric and parametric changes on a particular con-
figurarcion.



a7,

suzpension was also found ro have a significant
effect on the srartic rell threshold of rhe combina-
tion. For four different rypes of suspension cur-
rently offered to Canadian fleer operacors, the
observed range of sratic roll thresheld for a
tractor—trailer combinaction was 10%.

Trailer Suspension Choilce

The resistance ro roll provided by che rrailer
suspension was observed to have less influence on
the roll rthreshold of the combination than rthe
tracror suspension. Three differenct trailer sus-—
penslions were tested and ap average variacion on
rol}l threshold of 57 was observed.

Fifrh Wheel Verctical Slack

Removal of the verctical slack normally present
between rhe fifth wheel and the trailer skid plare
improved rthe roll threshold by abour 4%.

Tire Choice

The rest resulrs did not reveal eclear distinctioas
between rthe roll chresholds of tractor trailer com—
binarions when the trailer axles were firred with
differenc tire types (bias ply, radial ply and low
profile radial). There was an observable {mprove-
ment when wide base single tires were substituted
for dwvals, bucr rthis presumably was due roe the
increase Iin effecrive rrack widch, and nor attrib-
utable o tire consrtruccion-
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