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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
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Introduction

The first edition of ISO 6292, published in 1996, defined two types of measurement method for verifying the

brake performance of an industrial truck:

— _drawbar drag measurement (DBD):

truck deceleration measurement.

DHD is specified in the US standard ANSI/ITSDF B56.1 [l and the Australian standard AS'2359-1 (4.

Both measurement methods verify braking force, each method differently. Both have inherent disa
insofar as neither caters for brake system features that extend the stopping distance, i.e. initial res

I

vantages,
bonse time

and braking force build-up time, or state-of-the-art such as regenerative braking systems or other systems

with a significant relationship between velocity of the truck and brake force.

ISQ 6292:1996 also allowed for other methods or procedures for the assessment of brake pe
induding the use of an accelerometer and chassis dynamometer] provided they gave equivalent
Nevertheless, it provided no further guidance or specification in_relation to these. The first edition o
alsp permitted the use of stopping distance as a measurementdinethod; however, it did not define
basis for using that method.

International  Standards such as I1SO 3450 B~“and nationaliregional  regulations
EU Directive 71/320/EEC [ describe the measurement of stopping distance as a means of ve
brgking performance of the vehicle. While ANSI/IITSDF B56.1 does specify a formula for determinin
distance, it does not take into account the brake.system reaction time.

In light of the above, an ad-hoc group waslestablished within ISO/TC 110/SC 2/WG 7 to revise 1SQ
thg objective of establishing stopping.distance as a further measurement method. It was recogniz
de
regction time. In order to ensurezwidespread acceptance of the revised International Standard, i
degided that the drawbar drag~method should be maintained, subject to that method's ability to
reqults of equivalent accuracy.

Thfs Technical Report@nalyses the above-mentioned methods and explains the determination of
used in the secondCedition, 1ISO 6296:2008, to calculate stopping distance and drawbar drag.

detailed description of all aspects within that International Standard was not possible, for the purpg
Teghnical Repartiit was decided to summarize the determination of ISO 6292 requirements.

rformance,
accuracy.
[ 1SO 6292
any further

such as
rifying the
g stopping

6292 with
ed that the

ermination of stopping distance needs to include the brake system reaction time, but not the human

t was also
reproduce

the values
Because a
ses of this
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TECHNICAL REPORT

ISO/TR 29944:2010(E)

Powered industrial trucks and tractors — Brake performance —
Determination of measurement procedures

1

Th

Scope

s Technical Report describes the selection and calculation of the stopping distance and:braking

in the application of ISO 6292.

Itd

oes not cover test procedures, control forces or component strengths.

2 [ Normative references

The following referenced documents are indispensable for thed{application of this document.
references, only the edition cited applies. For undated references, the latest edition of the
do¢ument (including any amendments) applies.

ISQ 611, Road vehicles — Braking of automotive vehicles and their trailers — Vocabulary

ISQ 6292:2008, Powered industrial trucks and tractors — Brake performance and component streng
3 | Terms and definitions

Fof the purpose of this document, the'terms and definitions given in ISO 611 and the following apply.
3.1

stgpping distance

S0

distance travelled by the trdck during the total braking time, from the instant when the driver begins
thg control device until\the instant when the truck stops

3.2

brake reaction’distance

Sr

distange\travelled by the truck during the time from the instant when the driver begins to actuate
deyice,until the instant when the two vehicle speed straight lines (truck velocity while travelling and
veloes ) . : AR

3.3

force used

For dated
referenced

~

yth

to actuate

the control
lecreasing

braking distance

Sb

distance travelled by the truck during the time from the instant when the two vehicle speed straight lines (truck
velocity while travelling, and decreasing velocity while braking with mean full deceleration) intersect until the

ins

tant when the truck stops

© 1SO 2010 — All rights reserved
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4 Technical considerations

4.1 General

The objectives in revising ISO 6292 were to

introduce the stopping distance (SD) measurement method,

maintain the figures for mean deceleration (Groups A1, A2, B1) fixed by the first edition,

establ
ISO 6

defing

4.2 Research

In order to

maintain drawbar drag measurement (DBD) as a method,

enablé calculation of the limiting values of SD and DBD in an easy and unmistakable 'way.

sh a new definition of deceleration for Group C, the justification being that the requirementg
P92 and ANSI/ITSDF B56.1 were not aligned,

state-of-the-art brake reaction time (BRT), and

establish a basis for the preparation of a revised ISO 6292, seyéral tests were performed.

4.2.1 Stgpping distance measurement
The task Was to determine the stopping distance of a wide rafnge of industrial trucks. The SD method W
carried odt on standard-production trucks. The trucks were confirmed as meeting the requirements
ISO 6292:11996.
The follow|ng truck types were tested.
a) Electric counterbalanced trucks
The service brake system was an electrical brake system or a friction-type system (drum brakes).
b) Order-picking trucks (horizontal-and vertical) and pedestrian-propelled stacking trucks
The service brake systemmwas an electrical brake system.
c) Reach trucks
The service brakesystem was a friction-type system (drum brakes).
d) IC trugks
The serviee-brake-systemwas-afrction-type-syster{drum-brakes)or-hydrostatic-transmissien-system:

of

as
of

Measurement data on SD was obtained from trucks in the USA, Japan and Germany. Figure 1 shows a
summary of the results.

© 1SO 2010 — All rights reserved
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*

Key
X | truck velocity, km/h
Y | SD, m

Electric 1.6t
Electric 2t

Electric 2t (F)
Electric 3t

¢ IC drum brakes 2,5t (A)
D)
B)
C)

m  |C drum brakes 2,5t
4 IC drum brakes 2,5t

® IC drum brakes 2,5t
> |C drum brakes 3t
B IC drum brakes 3,2t (power-ass.)
A |C drum brakes 4t

* IC drum brakes/16t\(1)

| IC drum brakes*16t (2)

IC Hydrostat 1.6t

[0 1C Hydrostat 2.5t

I€ Hydrostat 3t

IC Hydrostat 5t

IC Hydrostat 8t

>

[e]

Order picker

Pedestrian propelled stacking truck

> H & x

Reach Truck drum brake

= |SO 6292 A1 (BRT 0,54 3)

Figure 1 — Stopping distance
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The following insights were gained when performing the examination:

— the brake force needs to be controllable in a sensitive way to avoid loss of load;

— tests showed that a too-high deceleration rate would not improve safety because during high deceleration
hazardous situations such as load movement, instability and loss of load are more likely to occur and

therefore the maximum deceleration of the truck needs to be limited;

— truck adjustment optimized for safe truck handling limited the deceleration value of some of the tested
trucks.

4.2.2 Brlke reaction time
The second task was to determine the characteristic brake reaction time of industrial trucks.
Measurement data on actual BRT was obtained from trucks in the USA, Japan and Germany.

The BRT was measured in accordance with ISO 611, which states the difference between 7, (instant when the
the control device is actuated) and ¢, (instant when the vehicle speed straight lines intersect).

This resegrch produced widely varying brake reaction times. Figure 2 is a summary of the results and shgqws
the range of BRT for different trucks.

4 © 1SO 2010 — All rights reserved
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Key
X | truck velocity, km/h
Y | BRT, s
Electric 1.6t
Electric 2t

Electric 2t (F)
Electric 3t
® IC drum brakes 2,5t (A)
m  |C drum brakes 2,5t (D)
4 IC drum brakes 2,5t (B)
e |C drum brakes 2,5t (C)
o 1C drum brakes 3t
@ IC drum brakes 3,2t (power, ass.)
A IC drum brakes 4t
¢+ 1C drum brakes 16t (1)
= IC drum brakes'16t7(2)
IC Hydrostat)1.6t
0 IC Hydrostat 2.5t
IC\Hydrostat 3t
IC Hydrostat 5t
IC Hydrostat 8t

>

Order picker

Pedestrian propelled stacking truck

> B & x

Reach truck drum brake

= Proposed BRT

Figure 2 — Brake reaction time (BRT)
NOTE EU Directive 71/320/EEC states values for cars of 0,36 s and for lorries 0,54 s. Based on a similar design of

braking components for industrial trucks, engineering knowledge, and measured test data, the formulas given below utilize
0,54 s as a BRT basis for the stopping distance formulas.

© 1SO 2010 — All rights reserved 5
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4.3 Determination of formulas

4.3.1 Stopping distance formulas for trucks in Groups A1, A2 and B
The formulas are derived from the formula for steady and linear motion:
s=v-t

and the formula for constantly accelerating linear motion:

For a beter understanding of the following, see the graph in Annex A. The stopping distance; sq, is the
addition of| the distance travelled during the initial response time (see Figure A.1 between ty@rd ¢;), brakjng
force build-up time (with no or partial deceleration, see Figure A.1 between z; and #,)yand the distance
travelled during deceleration with a stabilized value (mean deceleration, see Figure A.1 between ¢, and ¢;).

The distance travelled during response time and braking force build-up time was' summarized as brake
reaction digtance, s,.

The distangce travelled during deceleration is defined as the braking distancg; s,.
The stopping distance, in metres, becomes

sg =9 +5p
Using the defined value for BRT (see 4.2.2), the first part becomes

v [%mw 000 ™

sy =4 = - KM 0,54 s=0,15v
! 3600

sp =Q15v
where v is [the actual truck velocity in km/h.

For the second part, it .was decided (see 4.1) to keep the values for mean deceleration stated| in
ISO 6292:/1996, where the\walues are defined as braking capacity, Cy,, as a percentage:

Cp =100
4
_ G
““700 ¢
where

a is the fully developed braking deceleration in m/s2;
g s the acceleration of free fall in m/s2(g = 9,81 m/s2).

Annex B presents an adaptation of ISO 6292:1996, Figure 1, a graph showing truck deceleration against truck
velocity.

6 © 1SO 2010 — All rights reserved
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Determination of the formula is explained for the trucks in Group A. Determination for other types follows the

same determination format.

The second part of the formula becomes
2

2
m m
5 km 1000m 5 km 1000m
ML e B el v
2 3600— 3600—
-y _ h _ h
b = 20 24 — Cy m
T T 7 154 3,6'7
100 g2

Fof truck velocities less than or equal to 5 km/h, the mean deceleration as a percentage of| gravity is
Cpl= 9,3 % constant.

m

1000 ™

Vz[kﬂ]. ~_km
h 3600° p2pm
7T T93% o.M 2365

9,811
100 s2

v2

b= 5365

In this velocity range, the stopping distance, s,, becemes

2

Sg =8¢ +5p =0,15v+#

where v is the actual truck velocity in km/h.

" truck velocities greater thanys km/h and less than or equal to 13,4 km/h, the mean deceleration increased

Fo
in telation to the truck velocity (C, = 1,86 v, from ISO 6292:1996, Table 1):

2 2
m m
2 km, 1000% 2 km 1ooom
NS s T s km
3 600E 3 600H V[T]
Sb = = =
C m 1,86v m 472
2. b 981 2.°-2.981— '
100 s2 100 s2
s 1%
b~ 472

In this velocity range, the stopping distance, s, in metres, becomes

5020,15v+4—v7

where v is the actual truck velocity in km/h.

© 1SO 2010 — All rights reserved
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For truck velocities greater than 13,4 km/h, the mean deceleration as a percentage of gravity is C, =25 %

constant (from ISO 6292:1996, Table 1):

2

m

1000 ™

vz[kﬂ]. km
h 3600% vz[kTm]

Sp = o =

5. 2% gom 6357

100 g2

For velocities greater than 13,4 km/h, the stopping distance, s, in metres, becomes

2

63,6

50 =015v+

where v is [the actual truck velocity in km/h.

4.3.2 Determination of stopping distance formulas for trucks within Group C

For Group C it was not possible to keep the values for mean deceleration of 1ISO 6292:1996, because

the

values defined in ANSI/ITSDF B56.1 are based upon an incompatible principle; therefore new decelerafjon

values wefe needed:

— for velocities less than 4 km/h, the braking force remains at a constant level to avoid creeping;
— to kedp the principle of the standard, the velocity ranges correspond to those of the other groups;
— the maximum deceleration is limited to 1,47 m/s2 (15 % of'g).

The graph in Annex C shows deceleration values takén”from ISO 6292:1996, ANSI/ITSDF B56.1 and
Working Group's proposals.

4.3.3 Determination of braking force formulas

The drawbar drag measurement method has been maintained as an applicable measurement method, subj
to the method's ability to produce results‘e€quivalent in accuracy to that of the SD method.

The braking force is calculated from deceleration multiplied by the mass of the truck:
F =ma

The calcufation assumes ‘that the braking force corresponds to the values for C, fixed in ISO 6292:19
Table 1 and Figure 1:

the

ect

Cp =.L.100
m-g
= Cb.g
100
where

C, is the braking capacity in %;
F is the braking force, in N;
m is the mass of the laden truck, in kg;

g s the acceleration of free fall in m/s2(g = 9,81 m/s2).

8 © 1SO 2010 — All rights reserved
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To obtain comparable results from both methods, it is necessary that the BRT does not exceed 0, 54 s, and
that this be verified by a type test.

If the BRT of the examined brake system is unknown, the method is not acceptable for verifying the
performance of the brake system.

Determination of the formula is explained for the trucks in Group A. Determination for other types follows the
same determination format.

For truck velocity less than or equal to 5 km/h, the mean deceleration as a percentage of gravity is C, =9,3 %

Cco

wh

Fo

in telation to the truck velocity (C, = 1,86v; from ISO 6292:1996, Table 1).

wh

Fo
co

Tstant(fromm SO 629271986 Tabte 1)

9,3%-9,81%

F=m-Cb.g=m- S =m-0,91
100 100%
F=0,91m
ere

F is the braking force, in N;
m is the mass of the laden truck, in kg.

[ truck velocities greater than 5 km/h and less than or equal to 13,4 km/h, the mean deceleratior

9,817
F=m-(186v)[%]- S_ —,.0,182y
100%
F=0,182vm
ere

F is the braking force, in N;
m is the mass of-the laden truck, in kg;
v is the aetual truck velocity in km/h.

- truck velocities greater than 13,4 km/h, the mean deceleration as a percentage of gravity is
pstant.(ffom 1SO 6292:1996, Table 1):

wh

m-Cb.g=m- S —m-245
100 100 %

F

F =2,45m
ere
F is the braking force, in N;

m is the mass of the laden truck, in kg.

© 1SO 2010 — All rights reserved
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5 Conclusion

The research concluded that

a)

b)

c)

10

the stopping distance method provides a reasonably accurate method of determining and measuring
brake system performance, from the results of which limit values for stopping distance can be defined;

the draw bar drag method is still applicable if the brake reaction time is within an acceptable range;

the requirements of the revised ISO 6292 are comparable to other standards in respect of industrial

vehicl

S,

© 1SO 2010 — All rights reserved
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Annex A
(informative)

Timing responses during stopping (from ISO 611)

See Figure A.1.

Y|
______________________________ 4?
- |
q @ |
» |
I
|
|
|
I
I L
|
X
|
|
|
|
|
|
. 2 |
L\ 3
| |
| \ 4 |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
: .
ltaty tats to t;, X
Key
X [ time ty instant when the driver begins to actuate the control device, i.e.|the instant
Y | distance when the control device starts to move
t, instant when the line pressure begins to increase
1 | yehicle speed t, instant when deceleration begins to increase
2 lLdeceleration 73 MStEnt WHeTT the oMot device Teaches 1ts Mtended posttion
3 line pressure t, instant when the two vehicle speed straight lines intersect (as in diagram)
4 control travel ts instant when the line pressure reaches its stabilized value
v, initial vehicle speed tg instant when the deceleration reaches its stabilized value
sy stopping distance t; instant when the vehicle stops

sy braking distance

Figure A.1 — Idealized timing responses during stopping
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