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J874 MAR8S6

RATIONALE:

Consideration for changes to J874, Center of Gravity Test Code, were made during

a five-year review,

Changes recommended include:

1. OBJECTIVE has been changed to PURPOSE.

2. The Scope defines the application of this Standard to construction, forestry,
and irdus%*4a4—maeh4ﬂeﬁ—aﬁd—refe*eﬁees—q+++67f————————————————————

3. "Construction and Industrial Equipment" has been changed to "Off<Road Work."

4. Under [Practical Consideration - A precautionary statement has been|added
regarding fluids which may shift during the test.

5. A statiement has been added to the "Reaction Method" «~“Paragraph 6.2.3. This
adds dn optional measuring technique which conforms"to the procedure
described in IS0 5005,

J874 describes five valid methods for CG measurement. The users choice would
depend on the equipment available. IS0 5005 describes only one prgcedure.
For tHis reason, complete conformity to ISO 5005 was not attempted

RELATIONSHIP OF SAE STANDARD TO ISO STANDARD:

Comparabldg to ISO 5005,

REFERENCE [SECTION:

SAE J1116,| Categories of Off-Road Self-Propelled Work Machines

APPLICATION:

categorie

of these tests is to determine the locations of the center
work machines or machinery.

1,.24 and 4 of SAE J1116.

This Standard applies to off-y
self-propdlled econstruction, forestry, and industrial machines as 1istd

of gravity
oad
d in
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CENTER OF GRAVITY TEST CODE

Compares

to ISO 5005

$E: The purpose of these tests is to determine the locations

Fof gravity of off-road work machines or machinery.

This SAE Standard applies to off-road self-propelded const
Ery, and industrial machines as listed in categonies 1, 2, an

of the

ruction,
d 4 of

SAE J{116.
2.2 Meth¢ds: This Standard describes five methods~0f determination as follows:
¢
Suspénsion method.
Null[point method.
Platform support reaction method.
Reaction method.
Balampce method.
2.3 PResults: A1l results are reported by three dimensions in lengths| from
# specjfied mutually perpendicular reference planes. For conventional
machjnes, these will normally be as follows:
XY Plane - The horizontal plane on which the machine rests without
penetration.
XZ Plane - A vertical plane through the tread centerline.
YZ Plane - A vertical plane through an axle centerline.
X ~“Longitudinal distance of center of gravity from YZ plape.
Y - Lateral distance of center of gravity from XZ plane.
z - Height of center of gravity from XY plane.

SAE Technical Board Rules provide that: “This reportis published by SAE to advance the state of technical and engineering sciences.
The use of this repont is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelied. SAE invites your
written comments and suggestions.

Copyright 1986
Ali rights reserved.

Society of Automotive Engineers, Inc.

Printed in U.S.A.
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3. SUSPENSION METHOD:

3.1 Definition: The suspension method is a means of locating the center of
gravity based on the principle that the center of gravity of any freely
-suspended body is in the vertical plane through the point of suspension.

The body is successively suspended in three or more positions and the
respective planes containing the center of gravity are established.
Intersection of these planes locates the center of gravity.

3.2 Practicgt—Considerations:

3.2.1 This method inherently provides a cross check of results for.accuriacy.

3.2.2 The components of machines tested under this method must be secured
against changes in position.

3.2.3 The 1ifting crane, hook block, slings, and other rigging must be carefully
analyzed to insure safety and ascertain their effect on the balance of the
suspgnded machine.

3.2.4 Fluids in compartments which are not full will shift when the machine is

g tilted, thus affecting accuracy. The relative mass and location of fluid
versus mass should be estimated to determine whether precautions need be
taken to compensate for fluid motion.

3.3 Facilitlies, Apparatus, and Materials:

3.3.1 Meang for 1ifting the required Toad.

3.3.2 Appa atus such as slings,\hook blocks, and other rigging as requirfed to
suspgnd the machine and provide for adjustment to its different test
positlions, preferably while suspended.

3.3.3 Meang to block, _bolt, or chain movable components of the machine securely
in the specifi@d relation to each other.

3.3.4 Meang to jindicate level of coordinate axes, accuracy of +0.5%.

3.3.5 Plumb| bob.

3.3.6 Surveyor's transit. (Desirable but not essential.)

3.3.7 Measurement of lengths--accuracy of +0.5% or +2 mm, whichever is greater.

3.3.8 Scribing board, made of plywood or other flat stock, large enough to cover

the area of the estimated location of the center of gravity. Board should
provide for facing with paper having edges with numbered graduations. A
scribing area at least 0.7 metre square is desirable.
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3.4 Procedfire:

3.4.1
3.4.2

3.4.3

3.4.4

3.4.5

3.4.6

Clea

Assupe that machine conforms with specified conditions. This ing
quantities of coolant, fuel andylubricant, tire inflation pressun
~so fprth. Record this information on the test summary sheet.

Secu

Selegt and arrange material for doing this job in such a manner t

will
Atta

grav

centered approximately over the transverse projection of the cent
ity.
are-for checking transverse level of suspended machine. This

Prep
done
tran

YZ-PLANE

I/L' §XZ-PLANE

— N\

— X

Q, -
/ {.XY— PLANE
FIG. 1
h machine and remove extraneous material,
re components in specified position and liquids against spill

not appreciablyaffect test results.

ch scribing thodrd to side of the machine, parallel to the XZ

with spirit level or manometer if reference line parallel tg

ludes
es, and

age.
hat it

plane and
er of

may be

sverse axis has beem estabtished onm macirine prior to suspens

on.

Attach 1ifting apparatus and in successive operations suspend the vehicle

with

(a)
(b)
(c)

the transverse axis level and longitudinal axis:

Approximately level.
Up at least 15 deg toward front.
Up at least 15 deg toward rear.
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3.4.7 1In each suspended position, using either the plumb bob or transit, locate
and mark on the scribing board the vertical plane perpendicular to the XZ
plane and passing through the point of suspension. See Fig. 3. Before
scribing, be sure that:

{a) The transverse axis of the machine is level.
(b) The line of sight passes through the point of suspension AND is
PERPENDICULAR TO THE LOMGITUDINAL AXIS OF THE MACHINE.

3.4.8 Measure and record the distances from the geometric center of the
intersection points of the Tines marked on the scribing board tg the XY
and YZ reference planes of the machine.

3.4.9 Medsure and record the distance between each point of intersection of
Tines on the scribing board and the geometric center of all integrsection
poilnts. These distances are an indication of inaccuracies in technique
and should not exceed 2.5% of the distance from thelgeometric center to
thd XY reference plane of the vehicle.

3.4.10 Egtablish the y and z coordinates of the center of gravity usirng the same
priocedures outlined above.

(d) Keep the longitudinal axis of the machine level and tilt the
transverse axis.
(§) Center the scribing board over the longitudinal projection of the
center of gravity.

3.4.11 Rgcord the average dimension-of the z coordinates, for the two
ddterminations, on the test summary sheet. (The difference of |the two
determinations should ot exceed 2% of the average.)
3.4.12 Rdcord description.0of machine and test results on summary sheet.

4, NULL ROINT METHOD;:

4.1 Defigition: ~The null point method is a means of locating the center of
gravity based”on the principle that the center of gravity of a balanced body

is in thécvertical plane through the line of support. The maching is
succgssively balanced on three or more lines and the respective planes
contaimt i i i these

planes locates the center of gravity.

4.2 Practical Considerations: The method affords a check on the accuracy of
results by providing two independent determinations of the vertical location
of the center of gravity. Rigidity of the system employed contributes to
the accuracy of results.

4.3 Facilities, Apparatus, and Materials:
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4,3.1 A platform sufficiently large and rigid to support test machine and its
mounted equipment. The platform shall include two knife edges firmly
attached beneath it. The space between the knife edges should be

approximately 0.2 times the estimated height of the center of gravity of
The knife edges
shall be positioned one on each side of and approximately equidistant from

the
the

test machine above the plane of the knife edges.

platform center of gravity.

Either the platform should be of a size

to permit the test machine to be placed on it both longitudinally and
transversely, or the construction should be such as to permit the knife
edges to be positioned both parallel to and perpendicular to the

longitudinal axis of the platform.
4.3.2 A hgrizontally mounted, hardened steel plate of sufficientcsize and
rigidity to simultaneously support both knife edges. Support for this
steql plate shall be so constructed that it will permit tilting the
plafgform, about either its transverse or longitudinallaxis, at least 5 deg
from the horizontal in either direction.
4,.3.3 Means to block, bolt, or chain movable components of machine seclirely in
the |specified relation to each other.
Method Resvlls tiustration Major Equipment Comments
Suspension method
Longitudingl, lat- Crane or method
Machine suspended by eral, and vertical of hfting Slings of Has graphical anolysis ac-
cable and stings location different lengths curacy.
Very accurate method if
batance point is accurately
Null point method located, angle is carefully
Ltongitudinal, lat- Platform mounted determined, and relative
Machine on platform sup- Ieor‘oul,'ioonnd vertical on two knife edges :\:: i <’|e:I movement is

ported by 2 knife edges

tocation is found by com-
putation.

Platform support re-
action method

Platform on 3 or 4 load
cells

Longitudinal,= Yat-
eral, and (vertical
location

Platform mounted
on 3 or 4 load cells
with accessories

Lateral and longitudinal lo-
cotion obtained quickly. A
somewha! elaborate set up.
Location found by compu-
tation,

Reaction method

Accuracy depends on accu-
racy of scales and accuracy

kongitudinal _and a MACHINE A of measurements. Not rec-
A s:‘ule under each lateral location Scales ommended for finding ver-
wheel or end q 3 tical location.
JCAL CALE Location found by compus
b4 L4 tation.
Balance method MACHINE
Platf th | L . Platform mounted Accuracy depends on care
atform with one long ongitudinal  and on knife edge taken in baolancing. Nor-
knife edge under C of lateral location PL'A-TFOQM under C of G of mally will give a fairly oc¢-
G of platform platform curate location,

FIG. 2 - SUMMARY OF CENTER OF GRAVITY
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/ VERTICAL LINE
THROUGH POINT
OF SUSPENSION

VERTICAL PLANE OF

SIGHT PERPENDICULAR
TO X-2 PLLANE OF /

THE MACHINE _Z/

FIG. 3

4.3.4 Meang to secure the machine to the platform so as to minimize its jmovement
when [the system is tilted.

4.3.5 Meang to tilt and ‘control either end or side of the test system tg angles
up tq 10 deg.

4.3.6 Meang to establish the angle of tilt, either directly or through the use
of trigonometric functions. Accuracy 3 min.

4.3.7 Meand fo measure the amount of longitudinal or lateral movement of test
machine relative to the platform when the system is tilted.
Accuracy: +2 mm,

4.3.8 Measurement of lengths--accuracy of +0.5% or +2 mm, whichever is greater.

4.3.9 Means to indicate the null or balance point of the tilted system. (This
may be a sensitive weight indicating device built into the tilting
equipment.)

-

4.3.10 Means to establish required weights. Accuracy 0.5% of measured mass.
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4.4 Procedure:

4.4.17 Clean machine and remove extraneous material.

4.4.2 Assure that machine conforms with specified conditions. This includes
quantities of coolant, fuel and lubricant, tire inflation pressures, and

so forth. Record this information on the test summary sheet.

4.4.3 Secure components in specified position and liquids against spillage.

Selgct and arrange material Tor doing ThA1s Job 1n such & manner
will not appreciably affect test results. '

that it

4.4.4 Recprd mass Np of platform with knife edges and fasteningOequipment.

See|Fig. 4.

4.4.5 Recprd mass Wy of test machine.

4.4.6 Recprd dimensions xp and zy, locating the center ?f gravity of the

plaftform with knife edges and fastening equipment
they are to be used during final determination.

in positions

4.4.7 Recprd distances a, a~, and c. See Fig.~4.

4.4.8 Poslition the machine on the platform with the machine center of
applroximately midway between thelatform knife edges, with the

in which

gravity

Tonlgitudinal axis of the machine perpendicular to the knife edges for the

determination of the center of’ gravity location in the XZ plane
parjallel to the knife edges:for the determination of the center
location in the YZ plane:

4.4.9 Block the machine suspénsion and fasten the machine securely to

or
of gravity

the

platform by either chaining or bolting. Record distance e. See¢-Fig. 4.

4.4.10 Sdt up equipment for determining amount of longitudinal or lat
mavement of</the machine relative to the platform.

4.4.11 Tillt the system with the Y-axis down until it is in balance.

bral

4.4.12 Mdasure by and bp, calculate and record the height hj, or the

ingle

of tilt 97, and the movement f1 of the test machine relative to the

platform.

4.4,13 Tilt the system with the Y-axis up until it is in balance.

4.4.14 Record the height h, or the angle of tilt ¢2, and the movement f?

of the test machine relative to the platform.

4.4,15 Reposition test machine or knife edges 90 deg from previous position on

platform and repeat to establish y and check z.

1Required only when mass of fastenings is more than 1% of the mass of the

vehicle.
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4.5 Symbols and Computations:

4.5.1 Symbols. See Fig. 4.

NOTES " CLOCAWISE TILT 6y CAUSES SHIFT (OF SYSTEM CG BY e, AND MACHINE
CG BY fi. COUNTER-CLOCKWNISE TILT 83 CAUSES SHIFT OF SYSTEM
CG BY e, ANDMACHINECG BY f,

[f=xs ,:::’...:

1 WHEN TILTED
i CG SYSTEM
CG MACHINE WHEN TILTED
P MEANS TO
cG SVSTEM\ 2 e ; DETERMINE
i o . s,
W -t RELATIVE TO
v / PLATFORM
zl - /\?§ - - {fANDF)
v
/ J*ez$ € _zl_ZANE
7571 re,"Ws ~-8,
i c o~
bl ! \:il - £ CG PLATFORM
% Lt
| / r " !
P REFERENCE - MARK ON ba
{ ( | J PLATFORM - {

T

L \P
‘ — 8 LATE AND .
T a’:‘/ SUPPORT

NOTES: hy = (b, -bg) (%) WHEN b_> b

h2=(o,,-bL)(§) WHEN b3,

FIG. 4
4.5.2 Computations when tilt is determined by linear measurement:

atWy + Wy) - Wy(fy + f2)  _ Upz,

z = ] T ) Wy ©
<a2_h.|2 -\/az_h22>v
w = o A N V) ql-‘? ™ ?
SLSII' "pl\p Vﬂ ll'
X=et + fy
Wyya? - 2
a - (fy + fy) Hy
Wy + Wp
where zg = m s

Va2 - m? +‘V52 - hp2

Y «eeee.... Use analogous formula.
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4.5.3 Computations when tilt is determined by angular measurement:

. a‘wP + plv) - (f] + f2) _ Wpr -
Z " Ttan 91 + tan 92)Wy (tan ¢y + tan 67) Wy
Weze tan g - WnX
_ "'s®s 1 p*p
a - (f] + fp) Wy
where zs (tan 97 + tan 63)
Yi)[eoens. .. use analogous formula.
5. PLATFIORM SUPPORT REACTION METHOD:
5.1 Defipition: The platform support reaction method is a means of locating the

center of gravity based on the principle that the resultant of the platform
support reactions caused by the mass of a‘body passes through the center of
graviity of the body. The location of the machine with respect t¢ the
platiform and the support reactions caused by the machine are measured and
the kenter of gravity of the body j$' Tocated by calculation.

5.2 Pracftical Considerations: Convenience and speed in taking the ng¢cessary
readlings are obtained at the expense of a somewhat elaborate installation.
The calculations for locating the center of gravity in longitudinal and
transverse directions are)satisfactorily short. Overall accuracy depends
primarily on the measuring means for the support reactions. With good
measpuring devices, the method can be extended to locating the center of
gravjity in vertical-direction.

5.3 Faciflities, Apparatus, and Materials:

5.3.1 A platferm scale with level platform of sufficient size and strength to
acfommodate the machine and with individual measuring means for the
vertical platform support reactions at a minimum of three, but|preferably

four—pointsT—Accuracy *172% of observedtoad: '

5.3.2 Horizontal stabilizing means for the platform that transmit only

' horizontal reactions and means of freeing vertical support reactions from
any horizontal components. This may be achieved by three long horizontal
stabilizing bars for the platform and fairly long vertical supports with
spherical ends. The horizontal stabilizing bars and the upper spherical
ends of the vertical supports should be in or very near the neutral plane
(for bending) of the scale platform in order to prevent horizontal motion
being caused by platform deflections. See Fig. 5.

5.3.3 Marks on the scale platform for locating the axes of the vertical support

reactions and for establishing the platform reference axes M and N. See
Fig. 5. '
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5.3.4 Steel tape longer: than the greatest dimensions of the scale platform.

5.3.5 Plumb bob.

5.3.6 Additional facilities required for establishing the center of gravity in
vertical direction (Z-coordinate, paragraph_]):

(a)

(b)

(c)
(d)

Means to tilt machine on scale platform, minimum range 20 deg. This

may be a tiltable cradle or a ramp or similar device. Cradl

e or ramp

should be definitely located on the scale platform in a posi

causes the tilted plane to be parallel to the M-axis of the

Means to keep the Y-axis of thé machine parallel to the M-ax

platform.

Means to establish the ang]é-of'tilt_ofhmachine. Accuracy #

Means to block, bolt, or chain movable components 6f machine
in the specified relation to each other.<

-t

o Ah-AXIS OF
~. / PLATFORM

tion that
platform,

is of the

10 min,

securely

HORIZONTAL ~~
STABILIZING N Y-AXIS OF
BARS! ON \ " MACHINE
THREE SiDES /) .
OF PLATFORM~/ N-AXIS OF
) PLATFORM
i t
z : : — —=—MARKER FOR AXIS
e . L . .OF SUPPORT .
- ' i

_—LOADL - SENSITIVE
ELEMENT FOR
MEASURING PLATFORM

. SUPPORT-REACTION

4
. SPHERPICA. |
SFATY S

FIG. 5
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.4 Procedure:

5.4.1 Clean the machine and remove extraneous material.

4.2 Assure that machine conforms with specified conditions.

This includes

quantities of coolant, fuel and lubricant, tire inflation pressures, and
o] forth. Record this information on the test summary sheet.

.4.3 Secure components in spec1f1ed pos1t1on and 11qu1ds against spillage.

Sele
will

.4.4 Chec
zZero
mach
cent
hori

readj

4.5 Posi
unif
in h
reac
M_

NOTE
poin
loca

.4.6 Remo

4.7 Aver
aver
corre

4.8 The
N-ax¢

not appreciably affect test results.

K functioning of the scale support reaction measuring device
or take the no-load readings. If load readings areite’be t
ine in tilted position in order to establish the Z-coordinat
er of gravity, set for zero or take no-load readings with cr
zontal position (or, no ramp on the platform) and then take

ngs with cradle in tilted position (or, rampCon the platfor

prm support reactions. If cradle is used, take readings with

Lions under load and the location of, the machine with respect
apd N-axes of the scale platform. «'See Fig. 5.

It is sometimes more convenient to drop a plumb bob from 1

e them after the machine “has been removed.

ige the initial _and the final no-1oad réadings and subtract {
ages from the respective load readings in order to establish
esponding support reactions.

fenter of\‘gravity of the machine is located with respect to 1
ps of the scale platform by (see Fig. 5):

m = T Support-reaction moments about N-axis

tion the machine on the platform, preferab]y so as to cause f

prizontal and in tilted position. Record the platform suppof

ye the machine from the platform and take the final no-load

Henoaad ot An e

L/ SUpPpPUTr L lcu\. LIVITO

Z Support-reaction moments about M-axis
v Support reactions

hat it

, set for
ken with
of the
dle in
o-1oad

).

airly
cradle
t

to the

the end
Es R and L of the reference. axis, mark the points on the plat

form and

eadings.

he

he M- and
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5.4.9 For machine in horizontal position, the center of gravity of the machine
with respect to the reference points R and L is 1ocated as follows (see

“(a)
(b)"
(c)

‘ (e)

5.4.10

5.4.1

Fig.

(d)

5):

Establish Y-axis as line passing through R and L.

Designate the coordinates of R and L with respect to the s
. platform as mg, ngp, m_, and n|__respectively.

Establish the quantities d, 512, and sp2 from the formulas:

Establish X-axis as the middle perpendicular of distance R-L.

cale

(f]

:

—

Th

S mg - m)2+ (ng - )2

S12 = (mp - m)2 + (np - n)2
1 R R

S92 = (m - mL)2 +(n - nL)z

Estab11sh the coord1nates of the center of grav1ty as:

’.".'.522'512” _*\/2 2 dztnv,
Y g and x = \/$32 —{y -5

Check:

w2y o 8
. 2 AR
X = 52_.y+?_,.
r machine in titled position, ihtéﬁsect'thé re§u1tant of the

pport .reactions «(located by m” and n”) with the -XY- plane of 1
aragraph 1) by(the formu1a (see Fig. 6)

mo-m - ¢ m - mL T~ rsin e
S—————  rtanop = \ '
. cos ¢ o . C0S g

s_formula assumes that the N-axis of the scale the axis of

platform
the vehicle

tilt and

the _Y2axis of fhe_1eh1cle_are_parallel_LmL___leL__lf_Ihere_ls_g small

difference between m_ and mp, the average may be used instead of mL
the above .formula. If the difference is greater than 5% of the vehicle
width, however, the value of x” has to be found by the methods of three

in
dim

Th

ensional analytic or descriptive geometry.

e vertical coordinate of the center of gravity is

X -X

z= tan ¢
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6. REACTION METHOD:

6.1 Definition: The reaction method is a means of locating the center of
gravity based on the principle that in the absence of horizontal reactions,
the resultant of the external vertical reactions on any stationary body
passes through its center of gravity. Location and magnitude of the
external vertical reactions are measured and the resultant is located by
calculation.
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FIG. 6

6.2 Practical Considerations:

6.2.1 Because of limited accuracy of conventional weighing equipment, the weight
reaction method is arbitrarily limited to the determination of the
longitudinal and transverse location of the center of gravity. With
highly accurate equipment and specialized technique, the method outlined
could be extended to include determination of the vertical location of the
center of gravity by measuring the reactions and angles with the machine
in tilted position.
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