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2.1.2

3.

3.1

3.1.1

3.1.2

Foreword—This

Format.
1. Scope—This SAE Recommended Practice provides the test procedure and instructions
combination vehicles. It also provides recommendations for:
a. Instfumentation and equipment
b. Vehijcle preparation
c. Calgulating distribution of brake force
1.1 Purpose—This code provides a method to determine the brake force distribution and threshd
commercial pvehicles.
2. References
2.1 Applicable Publications—The following publicatioris form a part of the specification to the
herein. Unlgss otherwise indicated the latest revision of SAE publications shall apply.
2.1.1 SAE PuslcaTions—Auvailable from SAE, 400 Commonwealth Drive, Warrendale, PA 15096

SAE J1854—Brake Force/Distribution Performance Guide—Commercial Vehicles

SAE J2

FMVSS P

Washington, DC 20402.

FMVSS

Instrument

Document has not changed other than to put it into the new SAE Technical’S

| 15—Brake Performanee and Wear Test Code Commercial Vehicle Inertia Dynam

UBLICATION—AVvailable from The Superintendent of Documents, U.S. Governmen

121—AirBrake Systems

tandards Board

for air braked

Id pressures for

extent specified

-0001.

ometer

t Printing Office,

htion and Equipment

Each combination vehicle should be equipped with:

A speed measuring device capable of measuring vehicle speed to within £0.32 km/h (0.2 mph).

A means of measuring time to within +0.1 s between two speeds such as a strip chart recorder or digital

timer that

receives a signal from the speed measuring device.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
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3.1.3

3.14

3.15

3.1.6

Two pressure transducers and a recording device accurate to within 3.5 kPa (0.5 psi).
Brake lining thermocouples as per SAE J2115 and a suitable temperature readout device accurate to within
+11 °C (220 °F). If brake lining thermocouples are not used, a contact pyrometer or other method may be
used to ensure that adequate cooling time is provided between tests to ensure that brake heating and fade
do not contaminate results.
Valving to allow brakes on each axle or axle set to be operated and evaluated independently. Valving must
not disturb the inherent pressure differentials in the vehicle brake system. Provide driver override capability.
An external appllcatlon system (see Figure 1) that can apply the brakmg system Wlth a constant input is
gst results). This
system myist be deS|gned mstalled and utlllzed in such a way as to take |nto account theipherent pressure
differentials in the vehicle brake system.
el e
REGULATOR
—O
)F XK K SHUTOFF {NOTE SINCE THIS SYSTEM BY-PASSES THE
VALVES TREADLE VALVE, TREADLE VALVE DIFFERENTJAL
MUST BE TAKEN INTO ACCOUNT.
FOR EXAMPLE, IF THE SECONDARY PRI E
1S 5 psi LOWER THAN THE PRIMARY,
APPLICATIONS TO THE AXLE CONTROLLED B'
THE SECONDARY PRESSURE MUST BE SET
S psi LOWER.
™v
oovy L ——I D PRESSURE
\ TRANSDUCER
L S
STERR add TRANSDUGER
AXLE
BRAKES
Rv RLR
NXLE
BIRAKES
o=
L j
TV REFERENCE
PRESSURE
TRANSDUCER
ABBREVIATIONS:

DCV = DOUBLE CHECK VALVE
RV = RELAY VALVE

TPV = TRACTOR PROTECTION VALVE

GH =GLADHAND

= TREADLE VALVE

FIGURE 1—EXTERNAL SYSTEM FOR BRAKE APPLICATION
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3.1.7

4.1

4.2

4.3

51

5.2

53

54

5.5

6.1

6.2

A system such as a treadle stop may be used provided that the brakes are applied at a controlled rate so as
to minimize pressure overshoot during the brake application. Caution must be exercised when applying the
brakes on individual axles during partial system testing. The stopping ability of the vehicle will be severely

reduced.

Vehicle Information and Data

Vehicle information sheet (Figure 2) to be filled in prior to starting test.

Test data sheet (Figure 3) to be used as a work sheet during testing.

Vehicle info

ot dat =N

t3
T

vehicles.

Vehicle Corj
however, to

Adjust brake

Lining to dry
procedure n

All compone

Initial testing
°C (200to 3

Testing of a
FMVSS 121

a ak
T

viandad o ciaala B
CATCTIOCO—tO—SgiC—oT—1

coaation S o+ a choaote o, b oad fo
mIaAAltIvTT Artu (Lol Ut OTTU CLlo |||uy | v Ay uocvu LAY Ul
dition—Brake force distribution may be determined for any lining condition ng
ensure the accuracy and validity of results, the following conditions should be met
s to manufacturer's specifications.

m contact should be at least 90% of contact area. If contact’area is not at lea
ay be continued as specified in 5.5 until contact area is at least 90%.

each day should be preceded by a series of brake snubs which will warm the brg
DO °F).

new vehicle for compliance to SAE J1854 shall be preceded by a burnish procedu
Section 6.1.8.1.

Braking Didtribution Tests

Install and s
be installed
at the tracto

The axle trg
activated (i.g
to ensure th

bcure instrumentation and test equipment in the test vehicle. One of the pressure
bt the axle under testidown stream of any relay or proportioning valves; the other
to trailer control gladhand as the reference transducer.

nsducer is_maoved from axle-to-axle as necessary and is used to ensure that

At the desired input level is achieved. All data are related back to the reference

pressure an

the brake pressure is known and it is certain that the brakes are fully applie

ple combination

W or in service;

st 90%, burnish

nts between the air compressor and each of the brake chambers must be functiofing properly.

kes to 93 to 149

e as specified in

fransducers is to

is to be installed

brakes are fully

., at steadysstate) before data collection occurs. The reference transducer at the gladhand is used

level for braking
bn the reference
| when the data

force distrib\thion calculations. The axle transducer may be omitted if the relationship betwe

s

collection is

vyl
mmratcu.

Weigh the test vehicle in the as-tested configuration on an axle-by-axle or axle-set basis. Weight should be
distributed approximately in accordance with GAWRs and be sufficient to prevent wheel lock-up of one axle

with respect

to the others.
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Test No.

Test Date

Test Facility and Location
Tractor Year, Make, and Model
Trailer Year, Make, and Model

Tractor V.I.N.

Trailer V.I.N.

G.AW.R.: Tractor:
Weight Distribution:
Tractor:

Front

Rear

Trailer

Front

Rear

Total

Trailer Axle(s)
Gross Total

Brakes:
Tractor: Front
Rear

Trailer:

Brake Drum/Rotof:

Tractor: Front
Rear
Trailer:

Actuation Details:

Tractor:
Front
Rear-fwd.
Rear-rear
Trailer:
Front
Rear

Tractor: Front

Rear-fwd.

Make

Air Chamber

Make/Model/Size

Size

Type?

Make

Lining

Part No.

Adjustment

Skk. Adj.
Lgth. or
Wedge

Angle

Tire(s)

Size

_Tmea_

Stroke
@ 550 kPa

(80 psi)

Press.

Cam4

Rotation

Neasured Static

Rolling Radius

Rear-rear

Front
Rear

Trailer:

Special conditions which might affect brake performance:

1 Cam, disc, wedge, etc.

2 Cast or composite drum, vented or non-vented rotor, etc.

3 Automatic, manual, etc.

4 With or opposite drum, etc.
5 Single or dual, radial or bias-ply, etc.

FIGURE 2—VEHICLE INFORMATION SHEET
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Tractor: Trailer: Total Weight: Ib (kg)
Measured Deceleration Times, seconds:
CONTROL LINE PRESSURE psi (kPa)
Operational Run 103 kPa 138 kPa 276 kPa
Brakes # {15 psi) (20 psi) (40 psi)
Front 1
2
3
4
Control Gladhand Pressure at Front Brake Threshoid
Increasing Pressure: LF RF
Decreasing Pressure: LF RF Overall Average = Threshold Pressure
Avefage: LF RF
Rear 1
2
3
4
Control Gladhanfi Pressure at Rear Brake Threshold
increasing Pregsure: L Ri LR RR
Decreasing Pre%ure: ] Rl LR RR QOverall Average = Threghold Pressure
Average: L! RI LR RR
Trailer 1
2
3
4
Control Gladhan{i Pressure at Trailer Brake Threshold
Increasing Pregsure: LF RF LR RR
Decreasing Pre%ure: LF RF LR RR Overall Average = Threshold Pressure
Avefage: LF RF LR RR
All 1
2
3
4
Coastdown Deceleration Times: (seconds)
1- 2- 3- 4-
Start: Odo- Date: Time:
Amb. Temp: °F Wind Vel: Wind Dir:
Finish: Odo- Date: Time:
Amb. Temp: °F Wind Vel Wind Dir:
Driver: Observer
FIGURE 3—BRAKE FORCE DISTRIBUTION TEST DATA SHEET
6.3 Determine the gladhand (reference) pressure level at which braking starts to occur at each brake by raising the

vehicle and rotating the wheel by hand while gradually increasing input to the brake system. Record the
gladhand (reference) pressure level at which the brake torque is first evident on Figure 3. Continue to increase
pressure to approximately 276 kPa (40 psi) and then slowly decrease it until the point at which the brake is fully

released is determined.
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6.4

6.4.1

6.4.2

6.4.3

6.4.4

6.4.5

6.4.6

6.4.7

Record the gladhand (reference) pressure level at brake release on Figure 3. The average of these two
recorded values is defined as the brake threshold pressure. Calculate the threshold pressure for each brake
and average these values for each axle or tandem set.

Test the braking on each axle (or axle set) of the combination vehicle independently using the following

procedure.

Bring the brakes to the desired initial temperature (93 to 149 °C [200 to 300 °F] hottest brake is

recommended) by making snubs.

Record temperature of all brakes.

On subsequent snubs, control the

hottest brake of the axle or axle set being tested to the same temperature as initially recorded on that brake
by making snubs or cooling as necessary.

Acceleratd
the desirég
constant [
Continue 1

Measure t|

V =60.4 K
speed cha

be used a

the vehicle to 73 km/h (45 mph), shift to neutral or de-clutch and immediately.ap

d gladhand (reference) pressure level. Pressure overshoot is not permitted.
ressure is achieved at the test brakes before the vehicle decelerates t9.64.4 k
0 decelerate until the vehicle reaches 56.3 km/h (35.0 mph) and immediately rel
he time between 64.4 and 56.3 km/h (40.0 and 35.0 mph), i.e., delta"V = 8 km/h (
m/h (37.5 mph) and record on Figure 3. Lower speed levels can-be used if desir
nge measured should be maintained at 8 km/h (5 mph). Speeds above those s
5 significant in-stop fade can occur due to high energy inputto.the brakes.

bly the brakes to

Ensure that a
m/h (40.0 mph).
pase the brakes.
b mph), average
bd; however, the
hown should not

NOTE— [The speeds indicated have been determined to work-vell on vehicles up to 36 3¢0 kg (80 000 Ib)
GCW.
For vehiclgs greater than 36 300 kg (80 000 Ib) GCW, speeds should be reduced to limit energy input to the
braking system in accordance with Table 1:
TABLE 1—
Test Starting Test Starting Timed Speeds Timed Speeds  Timed Speeds  Tjmed Speeds
GCW GECW Speed Speed Initial Initial Final Final
kg b km/h mph km/h mph km/h mph
45400 100/000 60 37 51.5 32 435 27
54 400 120{000 53 33 45.1 28 37.1 23
63500 140/000 47 29 38.6 24 30.6 19
Repeat 6.4.1 and 6.4,2 at the same input level (at the control gladhand) for a total of 4{runs, 2 in each

direction ¢n the 'same area of the roadway to allow grade effects to be averaged out

applicatior

systém is not used, variation resulting from use of the driver's foot may require 3

be made.

If an external
dditional runs to

Repeat 6.4.1 to 6.4.3 for a range of gladhand (reference) pressure levels to cover desired operating
spectrum. As a minimum, pressure levels of 103, 138, and 276 kPa (15, 20, and 40 psi) are recommended.
Terminate test run if wheel lock occurs. Because all axles must be run over the same range to calculate
distribution, it is desirable to test the axle which is expected to lock at the lowest pressure first to establish the

range for t

he other axles.

Repeat steps 6.4.1, 6.4.2, 6.4.3 and 6.4.4 for each axle (or axle set).

Repeat steps 6.4.1, 6.4.2, 6.4.3 and 6.4.4 with all brakes operational (to serve as a data check).

Repeat steps 6.4.2 and 6.4.3 with no braking (coastdown test) to determine parasitic drag.
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7. Analysis of Data (Figure 4)

TRACTOR:

TRAILER:

COMBINED AXLE WEIGHT (W):

Operational Run
Brakes

Deceleration (d}

103 kPa
(15 psi}

138 kPa 276 kPa

Coastdown (d,.)

{20 psi) (40 psi) Run #

d

Front

Axle

Hlwi]|-— #®

Total

Averageg

dy =dave 79

Braking Distribution apd Force

Rear

138 kPa
(20 psi)

103 kPa
(15 psi)

276 kPa
(40 psi)

1
2
Axle(s) 3
4

Total

Averag¢

dp = dave 19¢

Trailer

Axie(s)

HlWIN| -

Total

Averagsd

d3 = dave 79

All

Axles

Alwindi-

Total
Averagg
da=dave 7 9e

@

sz=d1+d2+d3

)]

Zdy—dh

% Erro!

Prepared By:

(4)

Date:

(5)

Equations:

d= 7—?2 - English

FIGURE 4—CALCULATION SHEET
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7.1

7.2

7.3

7.4

7.5

Definition of Terms

t = time in seconds

d = deceleration in m/s? (ft/s?)

d; = average deceleration of an individual axle or axle set (corrected for drag)

1 = tractor front axle

2 = tractor rear axle or axle set

3 = trailer axle or axle set

ds = deceleration with all brakes operational (correct for drag)

d. = average deceleration with no brakes applied—coastdown deceleration

davg = the average of the individual deceleration runs for each test condition

d, = the sum of the individual average decelerations for each axle or axle set

% Error = the sum of the individual axle average decelerations compared to the average
all brakes applied

%B; = the percentage braking contributed by each axle or axle set of brakes

F; = the praking force contributed by each axle or axle set of brakes

w = total combination vehicle weight in kilograms (pounds)

g = 9.8 m/s? (32.2 ft/s?)

Sf,, = thg sum of all axle or axle set brake forces

eceleration with

Calculate th¢ deceleration for each of the coastdown runs using Equatian 1:

8

English
7.33
t

Si
2.234
t

d =

(Eq. 1)

DO O OO O
o
1
Q] O

Average the|four coastdown decelerations to obtain-d..
NOTE— D¢ not average times first, or grade éffects will not be removed from the data correctly.

Use Equation 1 to calculate deceleration'for each of the runs with braking. Average the four flecelerations for
each axle of axle set at each pressure level. Subtract the average coastdown deceleratipn (d.) from the
average braking deceleration (dzyg) to obtain d;.

At each reference pressuré.evaluated, add the individual axle average braking decelerations together and
perform a dpta check hy~comparing this sum (d,)) to the deceleration with all brakes operational (d,) using
Equation 2:

dn — da -
% Error = 100 (Eq. 2)
da
A negative error (greater than 20%) at all input levels indicates possible brake fade due to the greater energy
inputs per brake during the individual axle tests. This is not usually a problem at the test speeds specified in
this procedure. If it is, lower test speeds may be necessary. A large random error indicates lack of repeatability
in the brake application pressure level and more than four runs should be made.

Calculate brake force for each axle or axle set using Equation 3:
Fo=2 (Eq. 3)

Calculate total brake force (F,) by adding the individual axle or axle set of brake forces.
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