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A Tilt Table Procedure for Measuring the
Static Rollover Threshold for Heavy Trucks

Foreword—This $AE Recommended Practice is intended as a guide toward a standard praetice lmd is subject to
change to keep pace with experience and technical advances.

The term "tilt table" refers to a device that rolls (rotates) the surface (“table").supporting a
longitudinal axiq.
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Purpose—The purpose of this SAE Recommended Practice is to provide an interim test procedure for using

tilt tables to measure a static rollover threshold for heavy trucks.
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Vehicle Identification, Test Setup, and Instruments—When preparing the\test vehicle for

vehicle factg
factors are:

rs (that play an important role in determining rollover thresheld) need to be cor

testing, several
sidered. These

a. Payload—its weight, center of gravity location, and how it-is_attached to the vehicle.

b. Tirep—size, model, construction type, and pressure setting and wear state (Nomeng¢lature and DOT
identification number).

c. Suspension—model, size, type, and characteristics’ such as air spring height. (Height regulation
valves should be deactivated [held at static valties] during the actual tilt to avoid inflation/deflation of
the g@ir bag during the tilt. Cross coupling airdines from side to side may need to be deactivated. The
inveptigation of active suspensions is beyond the scope of this procedure.)

In addition, the experimenter should note that.the trailer(s) and the tractor comprise the "tgst vehicle." For

articulated v|

bhicles, all units that are roll coupled should be tested together. Each vehicle unit

independently is tested separately. For éxample, since a fifth wheel provides roll couplin
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tors discussed previously can affect the rollover threshold. Care should he exerd

ised in choosing

realistic and repeatable test conditions.

The test vehicle, including payload, tire, and suspension

characteristics as listed previously, shall be identified and an adequate description shall be included with the
results. This documentation is needed so that users of the results will understand the test conditions and not
be misled since there are many possible choices of loading states, suspensions, and tires for heavy trucks.

(Also, the influences of stick-slip in the vehicle's compliant and coupling components should be taken into
account. It can generally be expected that typical levels of hysteresis in suspensions and other elements of the
vehicle will have minimal influence on measured roll stability [that is, the rollover threshold]. However,
hysteresis may significantly influence other "events," such as initial wheel lift, which occurs prior to rollover at
relatively low levels of tilt angle. Since hysteresis is difficult or practically impossible to control directly, the
vehicle may be removed from the table in between tests and driven around to "randomize" or "equalize" the
influences of hysteresis and stick-slip. Any procedures used to control stick-slip and hysteresis should be
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documented with the test results so that the test conditions can be understood. The number and sequence of
left and right turns and the roughness of the road surface may influence the results at test angles below the
rollover threshold. However, the influence on the rollover threshold is expected to be small and probably

negligible.)

In addition to the previous test vehicle parameters, care should be taken to insure that the test vehicle is placed
on the tilt table as straight as possible. The vehicle should be tested with all units in a straight line parallel to
the tilt axis such that no axle centerline is off line by more than 25 mm (1 in). This provides a uniform test
arrangement, even though various amounts of articulation may exist during turning maneuvers.

Rollover tests should be conducted at very low roll rates.
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FIGURE L—ILLUSTRATION OF STRAPS USED TO RESTRAIN THE VEHICLE FROM RQLLOVER

TABLE 1—TIET-TABLE ACCURACY REQUIREMENTS

Tilt angle|measurement +0.1 degree
Vehicle-tg-pivot axis alignment Vehicle centerline parallel to pivot axis with £25 mm at ea¢h axle
Tilt rate £0.25 degree/s in the vicinity of any event of interest
Pivot axig alignment
Overall: Horizontal +0.25 degree
Multiple axle tables: Co-linear £2.5 mm
Tilt angle Jalignment-at each axle® +0.1 degree
Pretest syspension’setting (Hysteretic effects) Nominally centered; no special requirement for rollover

threshold measurement

Wind disttban
1. Reflects on required table stiffness and/or the alignment of individual axle tables

To begin testing, a preliminary test should be performed to (1) adjust the anti-rollover constraints, and (2) learn
approximately when wheels lift, lash is encountered, and rollover occurs.

As the tilt table test proceeds, the various axles of the vehicle will lift off at different times. As the test proceeds
further, axles which lift early may clear the table surface by distances exceeding 0.3 m prior to the vehicle
becoming unstable. To establish proper adjustment of constraints, start the initial tilt with all constraints
adjusted to allow only a few centimeters of wheel lift. As the tilt proceeds and individual constraints become
taught, lower the table and adjust constraints to provide freedom to roll as required. Continue this procedure
up to the tilt angle at which the vehicle becomes unstable. Allow only the minimum unconstrained roll motion
needed to clearly identify the occurrence of instability.

-4-
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NOTE—(SAFETY) Most loaded heavy trucks will become unstable when all axles other than the front axle
have lifted off. That is, usually the vehicle will become unstable even though the front axle has not
lifted. In some cases, instability may occur with more than just the front axle still in contact. Right at
the point of instability, the vehicle is "balanced" on the verge of rollover and very little constraint force

is

required to restrain the vehicle.

However, as the vehicle rolls beyond the point of instability,

required restraint force increases rapidly. In the process of adjusting axle constraints, care should be
exercised to carefully observe whether or not the point of instability has been reached, even though

some axles have not lifted off.

danger of failure of the restraint straps or chains increases quickly.)

If the vehicle is allowed to roll well beyond the point of instability,

It may be possible to identify the approximate tilt angle for each event of interest in the same tilt in which the

nnnnnn A tao.

atadl

constraints 3

Several test
particular te
the accurac
thresholds.

between thg
test runs wil

Between ea
The vehicle
stiffness, thq

ro—achi idantibrthoca o
rCTaOjoSteor T toTaCTaTy theSt—™

runs may be necessary to obtain a statistical distribution of rollover thresh
5t vehicle (2.1.3). The total number of test runs will be dependent on thejtest obj

Sufficient test turns will be needed to determine if a statisticallysignificant
test vehicles. However, if only a "general idea" of the rollover threshold value i
suffice.

Ch test run, the vehicle may be removed from the table<@and "equalized" as ment
should be tilted in both directions. Because of asjummetries in mass, geome
results for rolling to the left and to the right can be.expected to differ.

Data Presemtation and Analysis—The fundamental resglt from this test is the "rollover t

performancs

measure is equal to the tangent of the table ‘angle corresponding to the initiation

ngles.

pld values for a
bctive as well as

y required. As an example, multiple test vehicles may be tested to compgre their rollover

lifference exists
5 required, three

oned previously.
try, and system

This
For

nreshold.”
of rollover.

example, if the vehicle had a rollover threshold of Q4 g, the angle of the tilt table at the inifiation of rollover

would be thq

Other factor
useful to hel
these eventy

arctangent of 0.4 or 21.8 degrees. The’rollover threshold shall be reported for al

5 such as table angles when wheel lift off, suspension lash, and fifth wheel sep3
b determine their relative influence on the test vehicle's rollover threshold. Itis re
be tabulated as a function of the tangent of the table angle for all of the tests run

Also, experimenters may want to‘measure and record angles at various cross members of theg

at the axles,
these types
results obtai

at the front bumper.of the tractor, or at points on the bed of the trailer. (See 2.1.1
of measurements:) These angles can be useful for comparisons with experimen

simulated lateral acceleration (i.e., the tangent of the table angle) versus the roll angle me

angle of the
test. (See H

tilt table-to the angle of the rolled lateral axis of the main sprung mass of the uni
gure 2 for an example test result in which the rollover threshold is 0.34 g.)

| test runs.

ration occur are
commended that

vehicle such as
for discussion of
tal or theoretical

ned in other-{ests or analyses. For comparisons with theoretical concepts, it is Wiseful to plot the

asured from the
t undergoing the



https://saenorm.com/api/?name=5da2646a8a704cb206cadb0781e5bc0d

SAE J2180 Reaffirmed DEC1998

¢l

wmm_mw_u .m_m:{ __or_ _m__m__ _uwum_s_:_o
. 1 NJ

0l 8 9 14 4
j w
a|geisun Ajjeao| s walsAs ay ]
"Uyse| [9aymyig sy} ybnouy)
s|oAel) walsAs ay) se
Aj@a1} sjjo. Jojieiyay |
"9|Xe AP .
J0}0BJ} }S11) BU) Sol1l Jgjiel}
1e SaJl} JO JJOyI 9140 Joy /
\ "USE| [99yMm Yig

By} JO UE]S pue ajxe

DALIP J0}OBJ]} PUODAS
19A0]j0Y oy} & saul} JO oy
‘9|gejsun
Sl waysAg / "

/ .Hootmac_ suoisuadsns
Ja|iel} pue 10108}
Y| S9|XE SnoLIeA U10q UnM SSuyhs
& 1e 58Il Se S8SSBUNNS |10 wioysAhs ybi
|01 WdISAS 1oMOT ” : o

-~

¥
(s1buy s|qe 8y} jo usbue])
s,b ‘suoneua|eooy [eiole] parenwis

™

FIGURE 2—PLOT OF TRAILER ROLL ANGLE VERSUS SIMULATED LATERAL ACCELERATION FROM

ATILT TABLE TEST OF A LOADED, FIVE-AXLE TRACTOR SEMITRAILER COMBINATION
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