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Scope and Rield of Application—This SAE Standard specifies a method for determining the coordinates of
the center of gravity of earthmoving machinery\such as tractors, loaders, dumpers, and graders in any
condition of Ipading or position of attachments,

2. References+{-There are no referenced publications specified herein.

3. Definitions—-For the purpose of this document the following definitions apply:

3.1 Machine—The machine or otherobject whose center of gravity is to be determined.

3.2 Apparatus—The equipment required to determine the center of gravity of a machine.

3.3 Attachment{+A piece of equipment which is available for mounting on the machine for a particular purpose
(for examplel|a bulidozer blade, winch, or bucket).

3.4 "Left-Hand" and "Right-Hand" Sides—These terms apply when facing in the primary direction of travel.

3.5 Mass—The mass of the machine as submitted for test.
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Preparation and Loading of Machine—The machine shall be clean and shall be tested in normal working
conditions or in a specified condition agreed between the manufacturer and the testing authority.

Radiator, sump, hydraulic, and other reservoirs, shall be filled to specified working levels; the fuel tank shall be
full or empty or in a specified condition as agreed between the manufacturer and testing authority.

Tools, spare tire, and loose accessories and equipment shall be complete as supplied and shall be in the
normal stowage positions.

Tire pressures shall be as specified in the manufacturer's operating instructions or, if a range of pressures is
allowed, at the highest pressure recommended. In the case of machines fitted with hydro-inflation tires they

shall be fille

in accordance with the manufacturer's operating instructions

The attachmegnt shall be normally put in the operating position; for example:
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WEIGHBRIDGE (CALIBRATED).
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DECKING

KNIFE EDGES (conveniently sized rolled steel angle).
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I Sertal No. ........ ...t Chassis No. . ... ... EngineNo. ........ .
| Atachments ... ................ccoiirrinnnnnnnnn Tire Pressures Front . ....... kPa (ibf/in?)
j Rear ......... kPa (ibf/in?)
I Dateof Test ...............c.coeeinnnnennnnn...
Machine Mass|M Unladen | Laden |
T kgb) | oo kg (1b)
| Left-Hand Sidg
| Right-Hand side
I Total
Coordinates of center.of gravity, mm
Position of Attachment(s) x zzy h Xx =y h

FIGURE 1—REPORT TABLE
5.25 LEVEL
5.2.6 PLumB RuLE conveniently combined in a field level.
5.2.7 SQUARES
5.2.8 SCRIBING BOARD

5.2.9 MARKING MATERIALS

5.2.10 TAPE MEASURE

5.3 Procedure—The horizontal fore-and-aft coordinate, the lateral coordinate in the horizontal plane and the
vertical coordinate of the center of gravity shall be determined as stated in 5.3.1 to 5.3.3.

5.3.1 HORIZONTAL FORE-AND-AFT COORDINATE, X
5.3.1.1 Tracked Machine—Figure 2
Measure M, the mass of the whole machine, on the weighbridge.

Measure r, the reaction under the knife edge due to its mass and part of the decking.
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5.3.1.2

5.3.2

Move the machine on to the decking part supported by the weighbridge and measure R + r.

Measure P, the distance between the knife edges. Calculate R by subtraction; (see Equation 1).

then:
- _ RP
X =— Eq. 1
v (Ea. 1)
Using this calculated value of >_<, draw a perpendicular through the center of gravity on the scribing board
affixed to the machine. Then refer x to the appropriate reference plane in accordance with Section 6.

1"
Center of gravity
1 / Knife edges

; T N
| — e
Ramp 4 NN NN v

M = mass of the machine

x

Weighbridge »
r = reaction under knife edge due
10 its mass and part of the decking

R + r = reaction at front knif¢ edge due
to machine + decking + knife edge

R = reaction at front knif¢ edge due
to machine mass

Reference'ling
R+r

P = pitch of knife edges

i _ Rp
FE_T
M

FIGURE 2—DETERMINATION OF THE FORE-AND-AFT COORDINATE, X

Wheeled| Machines—With wheeled machines it is not necessary to use decking or knife edges. With
brakes off, measure axie loads and calculaie X, from the pitch of the axies. Then refer X 1o the appropriate
reference plane in accordance with Section 6.

LATERAL COORDINATE IN THE HORIZONTAL PLANE,;—(See Figure 3)—Measure left-hand R; and right-hand
R, wheels or track loadings. Calculate offset of center of gravity using track gauge or wheel track as the
moment arm. (See Equations 2 and 3.)

R, (gauge)
v (Eq. 2)

b =
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5.3.3

5331

; - gauge
y 2

(Eqg. 3)

NOTE—It will usually be found that the right-hand and left-hand side loads do not total the mass of the
machine exactly due to small differences in level between the weighbridge deck and the surround.
Any error is minimized by equalizing the overlap of the side being weighed in both cases.

It is preferable to use the total right-hand side and left-hand side wheel (track) loadings to determine the
mass of the machine M.

Then refer

v to the appropriate reference plane in accordance with Section 6

0

K4 weighbridge

FIGURE

%_.

Y, | R 5 = right-hand wheei or track |
l M = mass of machine = Ry + R
Gauge b2 (::uw)
i
l ;o owe
RA R 2

3—BDETERMINATION OF LATERAL COORDINATE IN THE HORIZONTAL P

VERTICAL Q

OORDIANTE OF THE CENTER OF GRAVITY, h—(See Fiqure 4.)

////?4”////4 AR W{/

) Ry = left-hand wheel or track IoI:\g

3

|ANE, y

Suspend the machine under test from one end at an angle of 15 degrees to 25 degrees from the

horizontal, the other end resting on the weighbridge.

The maximum convenient angle should be

employed. The method is applicable either to wheeled or tracked machines, the main difference being in
establishing the exact location of the point of application of the ground reaction, i.e., the ground contact. In
wheeled machines, which shall be unbraked, this is vertically below the axle. In tracked machines, it is
necessary to maneuver until the contact-grousers are in line BB' on either side or to make contact through
a length of angle iron set on line BB'. In all cases the suspension cable shall be vertical in both planes as
tested by plumb rule. This is an essential condition to ensure that the ground reactions in the horizontal
plane are zero.
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Rope vertical
in both planes —™
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Knife edge
7 77A ) TN -
////// Sy NN \\ N oA /////’//
‘i Weighbridge
c ‘
d -
R
BI
Plan
A { d
B
M = mass of machine
R = reaction under ground contact on weighbridge
= hori " ; | { heli ‘ i

¢ = horizontal distance of the center of gravity from the line of suspension
A = point of intersection of perpendicular from line of suspension and ground
BB' = line of ground contact

h = height of center of gravity above ground level
Rd

M

FIGURE 4—DETERMINATION OF VERTICAL COORDINATE OF THE CENTER OF GRAVITY, h
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