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1. Scope

1.1 This guide is intended to standardize the use of an

inclined plane testing device to measure the static (breakaway)

coefficient of friction between two bodies. One body is in the

form of a “rider” (usually smaller than the counterface) and the

other a rectangular flat plane (50 mm to 75 mm by 400 mm)

with the counterface material of interest. The rider is placed on

the plane and the plane is inclined at an angle to produce

motion of the rider. The tangent of the angle at which

macroscopic motion of the rider initiates on the angled plane is

the breakaway or static coefficient of friction for that sliding

couple.

1.2 Units—The values stated in SI units are to be regarded

as the standard. No other units of measurement are included in

this standard.

1.3 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro-

priate safety, health, and environmental practices and deter-

mine the applicability of regulatory limitations prior to use.

1.4 This international standard was developed in accor-

dance with internationally recognized principles on standard-

ization established in the Decision on Principles for the

Development of International Standards, Guides and Recom-

mendations issued by the World Trade Organization Technical

Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:2

G40 Terminology Relating to Wear and Erosion

G115 Guide for Measuring and Reporting Friction Coeffi-

cients

3. Terminology

3.1 Definitions:

3.1.1 friction force, n—resisting force tangential to the

interface between two bodies, when under action of an external

force, one body moves or tends to move relative to the other.

G40

3.1.2 static coeffıcient of friction, n—coefficient of friction

corresponding to the maximum friction force that must be

overcome to initiate macroscopic motion between two bodies.

G40

3.1.2.1 Discussion—Breakaway friction coefficient is syn-

onymous with static coefficient of friction.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 inclined plane device, n—mechanism with a flat hori-

zontal surface to be made of or covered with a material of

interest on which a second member made of a material of

interest can be placed and the mechanism is then actuated such

that the horizontal plane is increasingly angled with respect to

its original horizontal position until motion is produced on the

member placed on the raising plane.

3.2.1.1 Discussion—The device allows for the continuous

measurement of the angle of inclination and the angle at which

motion of the rider commences.

3.2.2 rider, n—body to be placed on the inclined plane.

4. Summary of Guide

4.1 The technique of placing an object on a flat and

horizontal “plane” such as a piece of sheet metal and raising

one end of the sheet until the body placed on the sheet starts to

slide has been used for centuries to compare the ease with

which different objects or materials slide on each other.

Quantitative comparison of various couples can be made by

measuring the angle at which the body placed on the plane

starts to slide. The angle at which motion commences is the test

metric. The test couple is the plane surface and the surface that

contacts the plane. For example, if a material of interest

(material A) is placed on a counterface of interest (material B)

on the inclined plane, the test couple is material A versus

material B. Material B can be fixed and different material A

candidates can be tested to show which material A candidate

has the lowest breakaway friction coefficient. All material A
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candidates should have the same weight (and type of contact)

when the test is performed.

4.2 The tangent of the breakaway angle becomes the final

test metric. This converts the breakaway angle to a dimension-

less number: the static coefficient of friction.

5. Significance and Use

5.1 Guide G115 lists a number of ASTM International

standards that use the inclined plane test rig to measure the

static coefficient of specific tribosystems. This guide applies to

any material couple that can be made into test specimens; one

being in the form of a rider and the other a plane that can be

angled to produce motion of the rider on the plane. Fabrics

versus upholstery can be an application where relative break-

away friction is a factor. A desk chair should not be so slippery

that a user tends to slide off. This guide shows how an inclined

plane can be used to rank the relative breakaway friction of

various fabrics versus leather or synthetic leather.

5.2 The inclined plane method is also very useful in

machine design in which parts or components shall slide

unassisted down chutes and the like. An inclined plane test can

be used to determine the chute angle that is needed to allow

motion on all parts that are placed on the chute. The applica-

tions are numerous.

6. Apparatus

6.1 Fig. 1 is a schematic illustration of the set up and

Appendix X1 shows a typical inclined plane device being used

to compare an upholstery leather versus various fabric candi-

dates (see Fig. X1.1).

6.2 Any apparatus can be used for this test if it can

progressively tilt the plane to produce motion of the rider. The

device in Fig. X1.1 is an electronic protractor that continuously

measures the angle between the raised leg of the protractor and

the horizontal plane.

6.3 The simplest mechanism for performing this test is to

use a hinge as the pivot for the raising plane and a protractor

can be used to measure that angle that the hinged plane makes

with the horizontal inclined plane surface.

6.4 The plane to be inclined could be elevated with a servo

motor and a rotary encoder could monitor the angle with the

horizontal. Whatever the mechanism, the required features

shall be:

6.4.1 A flat plane large enough to hold the rider of interest

with free space all around;

6.4.2 A way to put a rider of interest on the flat plane;

6.4.3 A mechanism to raise the plane progressively on an

angle of inclination with the horizontal;

6.4.4 A way to measure the angle of inclination of the plane

continuously; and

6.4.5 A way to apply weights to riders when necessary, for

example, in the leather vs. fabric study shown in Appendix X1,

the leather was affixed to a steel block that would produce a

normal force of 8.5 N between the leather rider and the fabric

counterfaces..

6.5 If a specific environment is part of a study (wet,

controlled humidity, with particles, etc.), a means will be

necessary to guarantee the same testing environment for each

friction test.

7. Sample Preparation

7.1 Test specimens can be of any shape that fits the test rig

requirements, but most inclined plane test rigs consist of a flat

rectangle as the plane that will be angled to initiate motion and

the other member (rider) is an object/surface of interest: a

container, a package, a part, a bagel, a loaf of bread, and so

forth.

7.2 The plane should have the surface features of interest

(coating, topography, surface finish, machine lay, and so forth)

of the material of interest. The example test rig in Appendix X1

shows a counterface of fabric on a stainless steel sheet with a

“rider” that is a test leather.

7.3 The contacting surface should be free of all films and

dirt that are not part of the study. The contacting surfaces

should be in the condition that they will be in the tribosystem

of interest.

FIG. 1 Schematic Illustration of the Inclined Plane and the Rider (Tan θ is the tangent of the angle of inclination.)
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