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3.4 Swell Curve

The transient change in the thickness of a friction material as a function of temperature. The swell curve is a useful tool to
assess specific conditions and characteristics of the friction product under testing
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4. SYMBOLS

See Table 1.

5. TEST METHOD
5.1 Equipment (Se

The test equipment
additional loading sysg

5.1.1 Base and Fix
Includes fixtures to m
5.1.2 Heating Platg

An electrically-heateg

TABLE 1 - SYMBOLS

Symbols Designation
Zi z¢  mean thickness of test specimen, i-initial, f-final
Vi yf  mean width of a test specimen, i-initial, f-final
Xi i mean length of a test specimen, i-initial, f-final
di di  movement of upper platen, i-initial, f-final
t time
A—HOTRPLATE-METHODB
b Figure 1)

s comprised of the following primary elements (reference ISO 6313:1980 and
tems that are also allowed for this method):

tures
atch the sample under test and to react to the applied forces without deformatio
n

steel plate with facilities to mount fixtures to@mulate the braking surface for e

test equipment shall lhave a cover or enclosure around the heating.platen to minimize cold air drafts a

5.1.3 Pad assembl

Device used to ensu

y or noise insulator locator (not shown-on Figure 1)

Fe proper and repeatable alignment and positioning of the brake pad assemb

with the piston(s) sinpulator, resembling the vehicle/caliper relative position of the piston(s) and the

assembly or noise ing

5.1.4 Loading Syst
A mechanism capab
surface area in conta
assembly

ulator).

m

e of maintaining‘a/normal load on the test sample equivalent to 30 kPa + 10
ct with the heating platen. For noise insulator testing use the contact area for th

JIS D 4416:1998 for

—

ach test sample. The
round the sample.

y (or noise insulator)
test item (brake pad

kPa over the sample
e intended brake pad
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5.2 Measurement §

5.2.1 Displacemen

Capable of measuri
displacement range;

NOTE: Alternatiy
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FIGURE 1 - TYPICAL TEST APPARATUS
bystems
L Measurement Device

g the «dynamic change in sample thickness with an accuracy of + 0.0001
ith_appropriate temperature compensation for the thermal expansion of the me

alZ nrahaat tha tact ovetarm gy (A ineartine A 18 s thinly flat and Aalichad off

mm throughout the
hsuring device.

bhal

CTy T pPrercat ittt ot oy SteTiT oy (o rroCTturg o o T tHeic oo o P o sSTie oot

plate and a piston

cCl

simulator, (b) bringing the heating platen temperature to the test temperature, and (c) applying test preload per 5.1.3 for at
least 30 minutes to ensure uniform temperature of the heating platen and the displacement measurement device

522

Thickness Measurement Device

Capable of measuring the entire thickness of the sample or coupon with an accuracy of + 0.001 mm.
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5.3 Control and Data Gathering System

Capable of controlling and monitoring temperatures with accuracy of £ 1 °C throughout the temperature range

5.4 Data Recording System

Monitors and records pertinent test results and enables the plotting of sample temperature versus sample thickness

5.5 Sample Prepal

Test specimens shall

ration

be prepared in accordance with each specific brake type.

5.5.1 Disc Pads (p
The entire disc pad &
limitations of the mag
5.5.2 Noise insulat
Mount (bond or adhe
instructions.

5.5.3 Drum lining

5.5.3.1  Flat coupo
Prepare a square tes
the sample. Maching
surface curing of the
5.5.3.2  Curved col
Prepare a curved tes
location of the segme

surface to ensure prg
as well as the methog

hssenger cars, light and medium-duty trucks, and commercial vehicles)

hine.
Drs

re) each noise insulator onto a flat steel plate per the insulator (or friction ma

h (truck brake block for commercial vehicles, typically in sets of eight per axle)

t sample 80 mm x 80 mm from the thickest end of the block. Document the loc
the sample flat to within 0.01 mm: _ptevent overheating during the machinir
gifferent resins and binders on the friction material.

pon (drum lining, typically in sets-of four per axle)

sample 80 mm x 80 mm or square using the full width of the original friction m
nt used to prepare the\coupon. The coupon holder and the heating surface nee
per contact of the entire area of the coupon on both sides. Document the coup
used to machiné it.

lleasurements-and Thermocouples

For initial angl finalthickness measurements, mark the sample on the flat (or concave) surf

rface):

ssembly without noise insulators or a coupon of the disc pad assembly that'megts the maximum size

erial) manufacturer’s

htion used to prepare
g operation to avoid

aterial. Document the
d to have a matching
bn geometry and size

ace (opposite side of

5.6 Provisions for |
5.6.1

the heated s\
5.6.2

For complete disk pads assemblies mark the sample in ten Tocations (five on each side of the centerline or center

slot) approximately 5 mm from the edges on the friction material, using the side in contact with the heating platen

as illustrated

in Figure 2.
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FIGURE 2 - MEASUREMENT POINTS FOR DISC PAD ASSEMBLIES

5.6.2.1 For coupops or segments cut from disk pad assemblies, mark the samplg in five locations on the friction
material side in contact with the heating platen.

5.6.2.2  For truck bJocks or drum segments mark the sample in nine locations on the friction materil side in contact with
the heatind platen as illustrated in Figure 3.
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FIGURE 3 - MEASUREMENT POINTS FOR TRUCK BLOCKS OR DRUM SEGMENTS
5.6.3 Thermocouple location

Unless specified by the test requestor, for disc pad assemblies install the two measurement thermocouples as illustrated in
Figure 4 to record temperature at the friction interface with the heating platen and at the center of the shoe plate, or in the
absence of a shoe plate, at a point farthest from the heated surfaces. For friction materials with center slots, offset the
thermocouples approximately 5 mm from the edge of the slot. For commercial vehicle brake blocks or drum segments,
install only the thermocouple at the interface surface with the heating platen and use a piston simulator with a center slot to
allow the proper routing of the thermocouple wire. Install one thermocouple recessed 1.0 mm + 0.1 mm below the friction
surface per figure 4. Install a second thermocouple near the mid-point of the backing plate in line with the first
thermocouple.
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FIGURE 4 - LOCATION OF THERMOCOUPLE
6. FIXTURES
6.1.1 The lower and upper fixture plates must closely follow the contour of the\test sample such|that a 0.1 mm feeler
gauge does not fit between the sample and the fixture at any point arqund the periphery of the sample.

7. MEASUREMENTS
7.1 Measure the thjckness of all sample or coupons per items 5.2,2"and 5.6.
7.2 Measure other|characteristics that may be applicable to the purpose of the test such as length (y) and width (x).
8. NUMBER OF SAMPLES

Unless otherwise indi
9. TEST METHOD
9.1
9.2

Measure and r¢

9.3 Heat stand to 4

Ensure calibratjon status of test stand'is current

cated by the test requestor, conduct the test using five samples

A - MACHINE METHOD

bcord thickness\of sample per item 5.6.1

00 °C +210/°C (200 °C £ 10 °C for noise insulators) or as specified by the test re

9.4

Insert thermocTupIe per item 5.6.3

questor

9.5
9.6  Apply pre-load
9.7
9.8
9.9
9.10
9.11

9.12

Insert sample in stand using sample holder

per 5.1.3 over the sample area in contact with the heating platen

Begin recording data

Record sample thickness and temperature for 30 min at 1 s intervals
Release pre-load and remove sample

Allow sample to cool to room temperature

Measure and record thickness of samples

Repeat steps 9.5 through 9.11 (rerun or steady state measurement)
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10. TEST REPORT

10.1 Calculate individual growth as the difference between the final and the initial thickness measurements at room
temperature for each measurement points. Overall growth is the mean of all the differences.

10.2 Plot green swell and re-run swell on a chart using sample temperature as the X-axis and sample swell as the Y-axis
(see Figure 5).
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FIGURE 5 - EXAMPLE DATA PLOT
10.3 Plot sample swell versus time
10.4 The test report[shall contain the.following items:
10.4.1 Sample idenffication including material description, fixturing, test parameters, and preparation procedure

10.4.2 Test conditiops ifielt’ding location of thermocouple

10.4.3 Mean thickness z; at the beginning of the test at ambient temperature
10.4.4 Mean thickness z; at the end of the test at ambient temperature

10.4.5 Residual change of thickness and any other dimensional changes of the material at the end of the test after the
cool down to room temperature

10.4.6 The maximum swell with the corresponding the time and temperature at which it occurred
10.4.7 Maximum temperature reached
10.4.8 Swell at highest temperature for the green and re-run conditions

10.4.9 Appearance of the friction material after the test, noting especially, formation of blisters, cracks, peeling, chipping
of friction material, or detachment from the backing plate
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