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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 established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
ical standardization.
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Introduction

This document is a type-C standard as stated in ISO 12100.

This document is of relevance, in particular, for the following stakeholder groups representing the
market players with regard to machinery safety:

machine manufacturers (small, medium and large enterprises);

— health and safety bodies (regulators, accident prevention organisations, market surveillance etc.).

Oth ceecarnlba ffotad bbb alaal of o bt s el S ol oo d it dbh o oo ol o o
eljS-tahoe-atrreetea Oy crCTCV CT OT IITaCTiICT y SarCty aCrCv COrvy ot corC rCarr S o o —aoT

abovg-mentioned stakeholder groups:

1r-Iachine users/employers (small, medium and large enterprises);

achine users/employees (e.g. trade unions, organizations for people withrspecial nee

[%2)

brvice providers, e. g. for maintenance (small, medium and large entérprises);

(@)

bnsumers (in case of machinery intended for use by consumers):

The apove-mentioned stakeholder groups have been given the possibility to participate af
process of this document.

The machinery concerned and the extent to which hazards,hazardous situations or haza
are cqvered are indicated in the Scope of this document:

Wher] requirements of this type-C standard are different from those which are stated
type-B standards, the requirements of this type~€’standard take precedence over the requirements of
the other standards for machines that have been designed and built according to the reglu

this type-C standard.

As fuhctional safety of steering system is not covered in this document, guidance for fung
of steering systems can be found in the following standards: ISO 15998, ISO/TS 15998-2,
1SO 19014-1, I1SO 19014-2Y, ISO 19014-3, ISO 19014-42) and ISO/TS 19014-53).

ment by the

ds);

the drafting

rdous events

in type-A or

irements of

tional safety
[SO 13849-1,

1) Under preparation. Stage at the time of publication: ISO/DIS 19014-2:2019.
2) Under preparation. Stage at the time of publication: ISO/DIS 19014-4:2019.

3) Under preparation.
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INTE

RNATIONAL STANDARD ISO 5010:2019(E)

Earth-moving machinery — Wheeled machines — Steering
requirements

1 S

cope

This document spec1fles steerlng system tests and performance criteria for evaluatlng the steering
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[SO 71

echanical hazards;

Fgonomic hazards;

pzards due to maintenance;

pzards due to the control system;

hzards related to travelling function.

ional safety of the steering system is not covered in this document.

locument is not applicable to wheeled machines manufactured before the date of its |

ormative references

bllowing documents are referred to in the text in such a way that some or all of
tutes requirements of this;document. For dated references, only the edition cited
ed references, the latest'edition of the referenced document (including any amendmg

450:2011, Earth-moving machinery — Wheeled or high-speed rubber-tracked
'mance requirements and test procedures for brake systems

016:2008, Earth-moving machinery — Methods of measuring the masses of whole m
ment and.coniponents

157:1997, Earth-moving machinery — Determination of turning dimensions of wheeled 1§

eled machines

se which are

bublication.

their content
applies. For
ents) applies.

machines —

chines, their

nachines

[SO1

P100:2010, Safety of machinery — General principles for design — Risk assessment and |

isk reduction

1SO 10968:—%), Earth-moving machinery — Operator’s controls

[SO 18752:2014, Rubber hoses and hose assemblies — Wire- or textile-reinforced single-pressure types for

hydra

ulic applications — Specification

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 12100 and the following apply.

4) Under preparation. Stage at the time of publication: ISO/DIS 10968:2019.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1
steering sys

tem

system including all machine elements between the operator and the ground-contacting wheels (3.2),
drums or crawler wheel assemblies (3.3) participating in steering the machine

3.1.1

manual ste
steering syst:
the machine

3.1.2

powered ste
steering syste
of the operat

3.1.3
primary ste
steering systé

3.14

secondary steering system

steering syst|

source (3.5.1)

3.2
wheel
circular stru

part in contact with the ground

3.3
crawler whe
crawler syst

Note 1 to entr]

Note 2 to entr]
machines, for

3.4

Ting System
m (3.1) depending exclusively on the muscular power of the operator to affect steer

ering system
or to affect steering of the machine

ering system
m (3.1) used to steer the machine when the steering systént functions as intended

em (3.1) used to steer the machine in the event of a loss of the primary steering |

Cture able to rotate on an axle, eithef directly or with the use of bearings, with the ex

tel assembly
bm used in place of a wheel (3.2) on a single axle

y: See Figure 1.

y: Machines with crawler wheel assemblies are steered using techniques common to rubber
example Ackefmann steering, articulated steering.

wheeled m
machine on

chine
heels (3.2), drums or crawler wheel assemblies (3.3)

ing of

bm (3.1) employing auxiliary power sources to supplement or replagethe muscular power

power

ernal

Htyred

Note 1 to entry: See Figure 1.
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Key
1 d
2

3.5

3.5.1
prim
mean

Ffum

awler wheel assembly

Figure 1 — Wheeled machine with drum and.crawler wheel assemblies

steering power sources

Ary steering power source
s for providing power to effect steering in a powered steering system (3.1.2)

EXAMPLE Hydraulic pump, air compressor, electric generator.

3.5.2
secor
mean|
powe

jJdary steering power source
s for providing power to’the secondary steering system (3.1.4) in the event of prin
[ source failure (3.5.3)

EXAMPLE HydrauliCpump, air compressor, accumulator, battery.

Note 1

3.5.3
prim

to entry: Itis;assumed that not more than one failure will occur at the same time.

hry«steering power source failure

comp,

nary steering

efejand instantaneous loss of the primary steering power source (3.5.1)

3.6
steer

ing control element

control element used by the operator to transmit the steering command for the desired direction or to
control the relative speed of the left-hand and right-hand sides of the drive system

EXAM
pedal

PLE Steering wheel (3.2), lever controls, joystick controls, pushbutton/touch pad controls and foot

controls.

Note 1 to entry: For a machine that has equal alternative operator’s position both at the left-hand and right-hand
sides of the machine equipped with a conventional steering wheel at each position (e. g. some types of rollers),
these two steering wheels are considered as one steering element.

© IS0 2019 - All rights reserved
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3.6.1

principal steering control element
steering control element (3.6) at the operator’s positions that is primarily used to fulfil the primary

steering and,

3.6.2

if applicable, the secondary steering

alternative steering control element
additional steering control element (3.6) that can be used instead of the principal steering control element
(3.6.1) to fulfil primary steering

3.7
steering eff

ort

necessary fol

3.8
steering ang
total displac

more verticall steering axes from their normal straight-ahead condition to a turned ¢ondition

Note 1 to entr]
forward and f]

Note 2 to enty

the inside of the turn as compared to the wheels on the outside of the turn. Therefore, where Ackermann st

is involved, th|

Note 3 to entr
is included, an

39
width over ¥
distance on Y
both sides of]

3.10
outer wheel
diameter of
wheel (3.2) 1
sharpest pra

3.11
wheel circld
outer wheel d

ce exerted by the operator on the steering control element (3.6) in order to steer the g

rle
bment angle between the front wheels (3.2) and the rear wheels as they move about

hrthest rearward axles.
y: Ackermann steering inherently has a greater steering anglecon‘the side of the machine t
e location of the steering angle measurement also needs to be specified.

: A steering angle accomplished by a combination of gegmetries incorporating Ackermann st
d also requires the location of the steering angle measurement to be specified.

vheels
( coordinate between two Y planes passing through the farthest points of the machi
the zero Y plane measured at the location of the wheels (3.2)

clearance diameter

the circular path described by the outermost point of the loaded (lower) section
cated on the vertical diameter of the outermost wheel when the machine is executi
ctical turn under thelconditions described in ISO 7457:1997, Clause 7

learance digmeter (3.10) determined in accordance with Clause 7

3.12
maximum

maximum speed determined in accordance with ISO 6014

achine speed

chine

ne or

y: The steering angle for multiple-axle machines is determined betweenthe wheels at the fajrthest

bward
cering

cering

ne on

bf the
ng its

[SOURCE: ISO 3450:2011, 3.12, modified — The words ", or equivalent" have been removed.]

4 General requirements

4.1 General

Earth-moving machinery shall comply with the safety requirements and/or protective measures of this
clause, unless modified by requirements of the relevant specific part of the standard series. In addition,
the machine shall be designed according to the principles of ISO 12100:2010 for hazards relevant but
not significant which are not dealt with by this document.
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4.2.1
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Required steering systems

All machines shall have a primary steering system.

4.2.2 Machines with a maximum machine speed =220 km/h shall have a secondary steering system.
This does not apply to machines equipped with a manual steering system as the primary steering system.

4.3

All steering systems

4.3.1 The steering control element shall continue to be the steering control means for the operator

in cas
requi

4.3.2
becon

NOTE

4.3.3
consi
using
as apj

4.3.4
of the

4.3.5
so thd

4.3.6

4.3.6
arran

— a

— b

4.3.6

the applications for which the machine is designed (e.g. articulated machine navigating rt

job si

rfements in 4.8.

When the steering control element is released, the selected wheel circle shall remai
he larger during travel in the forward direction.

For more information on primary steering control requirements seg-8.1.2.

The steering system shall be designed so that the movement.of the steering contr
stent with its effect. If control operation is not obvious, ansoperational sign shall be g
symbols). Operation of the steering control element shall be’in accordance with ISO 1
plicable, with the normal functioning of the machine.

During machine operation, no uncontrolled ste€ring movement shall occur due to 4
steering control element.

Steering system reliability shall be enhanced by the selection and design of compone
tinspection and maintenance can be readily performed.

Steering system disturbances shall meet the conditions given in 4.3.6.1 and 4.3.6.2.

1 Steering system distutbances due to other machine functions shall be minimized b}
bement and geometry. Examples of influences to be minimized are:

kle oscillations, and
raking torque,at’the wheels.
2 Steering system disturbances due to the influences of external forces on the mg

fes) shall not significantly affect steering control.

e of primary steering power source failure. If multiple steering control elements are provided, see

n constant or

ol element is
rovided (e.g.
0968:— and,

he operation

nts arranged

y appropriate

chine within
Its on typical

4.3.7 All steering control elements, except for the conventional steering wheel, shall be designed,
arranged (i.e. operator station layout), taken out of service (i.e. interlocked) or secured such as to reduce
the possibility of unintentional activation when a person is entering or leaving the operator area.

4.3.8 Machines shall have similar steering system forces, rates and duration capability in both forward
and reverse for primary and secondary steering systems. This requirement does not apply to machine
with a speed <20 km/h in reverse. This may be verified by system schematics or calculations. A test in
reverse is not required.

© IS0 2019 - All rights reserved
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4.4 Tests with all steering systems

4.4.1 Steering columns with a steering wheel as the steering control element shall be tested according
to a), b), and if applicable, c) to test the structural integrity as installed in the machine. Each test shall be
conducted independently. Operator adjustable steering controls, if equipped, shall be tested at the mid-
point of the steering column adjustment range.

At the conclusion of the tests, the steering systems including the adjustable controls, if equipped, shall
remain functional. During the test, the adjustment position may shift provided that the adjustment
controls remain functional after the test.

OO

F

Figure 2

b) Apply a force (F) equal to 900 N as shown.inFigure 3.

Figure 3

c) If the steering wheel can be grasped by the operator during ingress/egress from the operator
station an additional test shall be performed. Apply a force (F) equal to 1 000 N as shown in Figure 4
in the direction of primary ingress.

NOTE The 1 000 N force is based on the minimum force requirement for handrails in ISO 2867.

6 © IS0 2019 - All rights reserved
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Figure 4

Other] steering control elements shall meet the minimum mechanical strength-requirements as given in
[SO 19968:— and still remain functional for steering.

4.4.2| Steering systems shall be tested according to Clause 8. Machine wheels shall remalin within the
bounglaries of the test courses as shown in Figures 5 and 6, excepting machines with threeitr more axles
whicl} include a towed semi-trailed or trailing section or unit, where the wheel path of thos¢ semi-trailed
or trafling units is excluded.

4.5 |Primary steering system

The primary steering system sensitivity, modulation and response shall be adequate [to allow the
operdtor to consistently maintain the machine within the intended operating path fgr which the
machjne was designed. This shall be verified'by meeting the requirements of 8.1. If a steering control
does not allow for modulated steering speed, the machine shall be limited to <10 km/h.

4.6 |Secondary steering system

4.6.1| For machines equippéd)with a secondary steering system, the power source and rejlated circuits
for the system should be §eparate from other power systems and circuits. Where this is not the case,
the sgcondary steering-dévices and circuits shall have priority over all other systems or circuits except
for the secondary brake system, which shall be maintained at the level of performancq specified in
ISO 3#50:2011.

4.6.2 Secondaty steering performance shall be available automatically upon loss of |the primary
steering power source.

4.7 Powered steering system

4.7.1 Powered steering systems, if equipped with secondary steering, shall meet the conditions given
in 4.7.1.1 through 4.7.1.3.

4.7.1.1 A warning device indicating a primary steering power source failure is required and shall be
activated upon failure of the primary steering power source. This warning device shall readily attract the
operator's attention by providing a continuous visual and audible warning. The warning may be either
steady or pulsating.

4.7.1.2 If other systems are provided with power from the primary steering power source, any failure
in these systems that reduces primary steering system performance shall be considered the same as a
failure in the primary steering power source.

© IS0 2019 - All rights reserved 7
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4.7.1.3 A change in ratio between the steering control element and steering output is permissible after
failure of the primary steering power source, provided the requirements of 8.2 are met.

4.7.2 The power source and related circuit for the powered steering systems should be separate from
other power systems and circuits. Where this is not the case, the powered steering systems shall have
priority over other systems or circuits except for a secondary steering system, if equipped, and secondary
brake system which shall be maintained at the level of performance specified in ISO 3450:2011.

4.7.3 Steering hydraulic circuits shall incorporate the following features:

a) pressure control devices as required to avoid excessive pressures in the hydraulic circuit;

b) hydraulil: hoses shall comply with the requirements of ISO 18752:2014, except compdrable
markings to Clause 9 are permitted;

c¢) plumbing arrangements which avoid excessively tight hose bends, torsion in the installed hoges, or
scrubbirlg and chafing of hoses. Refer to hose manufacturer's recommendation fer-guidance.

4.8 Steering systems with principal and alternative steering control-elements

4.8.1 If mdre than one steering control element is to be used, the following requirements shall also be
fulfilled in addition to the requirements of 4.3.

4.8.2 If a fonventional steering wheel is one of the steering ‘control elements, it shall alwdys be
activated and have a higher priority than any other steering coiitrol element and shall be considefed as
the principal|steering control element.

4.8.3 Steeiling control elements that can be activated/deactivated or which have a limited speed [range
shall have vigible or audible indication to the operatorwhen activated.

4.8.4 If us¢ of a steering control element is.limited to a certain travel speed in accordance with the
steering test|specified in 8.3, the travel speed of the machine shall be limited by design to that gpeed
when the stepring control element is agtivated.

4.9 Ergonomic requirements

4.9.1 The dteering effort,shall meet the requirements given in 4.9.1.1, 4.9.1.2 and 4.9.1.3.

4.9.1.1 The¢ steering effort for primary steering systems using a steering wheel shall not exceed 115 N
when specifig¢d for.fhe steering tests according to 8.1.

49.1.2 Thé steering effort for secondarv steering systems using a steering wheel shall not exceed
350 N for the steering tests according to 8.2.

4.9.1.3 The steering actuation forces for steering control elements - apart from the steering wheel -
shall not exceed the maximum control actuating forces given in ISO 10968:—, Table 2.

4.9.2 Steering control element movement to produce a given result shall not vary by more than 25 %
between right and left turns up to a 30° steering angle. For machines with combination ground speed,
direction and steering (i.e. skid steering) the steering output shall not vary more than 25 % between left

8 © IS0 2019 - All rights reserved
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and right steering inputs. This may be shown by calculations. For Ackermann steering, this angle applies
to the wheels toward the inside of the turn.

Exception: For compact articulated loaders that travel less than 20 km/h, the requirements above are
modified to not vary more than 45 % between right and left steering.

NOTE

Some regional requirements will not allow this exception.

4.9.3 When continuous moving of the steering control element (e.g. steering wheel rotation) is
required to keep on changing the steering angle, the steering control movement for a given steering angle
should change greater in the vicinity of the straight-ahead position.

5 Slteering test course

5.1
is flat

5.2
whee

5.3
the di

5.4

5.5
the n4

5.6
alterr]

All steering tests shall be performed on courses made on a compacted earth*or'paved s
and which has no more than 3 % grade in any direction.

The test course dimensions shown in Figure 5 shall be determined-according to the
base, width over wheels and machine type.

The wheelbase for a multiple-axle machine for establishifigthe Figure 5 test course g
stance between the most forward axle and the most rearward axle.

The mirror image of the test course shown in Figuie’ 5 may be used.

Machines with optional tyre sizes shall be tésted with tyres approved by the manufa
irrowest tyre tread width.

For machines which have pringipal and alternative steering control elements (
ative steering control elements shall also be tested per 8.3.

urface which

wheel circle,

limensions is

‘turer having

bee 4.8), the
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Dimensions in metres

Key

30

10

20

Course d
A=11ti
B=175¢
C =twice
Course g

Machines|
at “Start 1
the test a

a 2,5 times
b Finish 1.
¢ Finish 2.
d  Corridor

e Corridor

mensions

ngth

“Finish 2”.
maximum width-ever wheels.

Ll

es the wheel circle or 14 m, whichevers:the larger
mes the wheel circle or 22 m, whicliever is the larger
the maximum wheelbase or 15 m, whichever is the smaller

with a wheel circle of less.than 12 m, all dozers, graders, rollers and compactors shall start t
” and terminate the test at™“Finish 1”. All other machines shall start the test at “Start 2”and terinate

Corridor 2.

Corridor 1.

Start 1.

Start 2.

1,25 times maximum width over wheels.

e test

6 Machine specifications for test

Figure 5 — Steering test course

6.1 Scrapers and dumpers shall be at the gross machinery mass as defined in ISO 6016:2008 including
the mass of the heaviest combination of equipment and attachments approved by the manufacturer.

6.2 Machines, except those mentioned in 6.1, shall be at the operating mass as defined in
IS0 6016:2008, including the mass of the heaviest combination of equipment and attachments approved
by the manufacturer which produce the greatest load on the steered axles.

10
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6.3 For testing landfill compactors, rubber tyres may be used in place of drums.

NOTE Landfill compactors can also be equipped with other equipment (e.g. sheepsfoot rollers) for
compacting soil.

6.4 Rollers may be tested without vibration.

6.5 All component parameters related to steering capability shall be within the manufacturer's
specifications, e.g. tyre size and pressure, hydraulic fluid pressure and flow, warning device actuation point.

7 Wheelcirctetestprocedure

7.1 |The wheel circle (used in calculating the test course dimensions for Figure 5 and-6) i determined
using| the outer wheel clearance diameter and the remainder of this clausé,\For machines with
combjnation ground speed, direction and steering (i.e. skid steering) use turningdiameter af determined
in 1SQ 7457:1997.

NOTE In case of a crawler wheel assembly, the centre of the track contactarea is considered ap the centre of
the wheel.

7.2 |Use only the principal steering control element (e.g., steering wheel) and the primary steering
syste:E. Controls of other functions that can affect the steering path obtained shall not pe used (e.g.
steering brakes, grader wheel lean, grader rear bogie steer):

7.3 |For machines with different right-hand and left-kand steering circles, use the smaller wheel circle
in calgulating the test course dimensions.

7.4 [Machines with three or more axles which include towed semi-trailed or trailing sectjon or unit(s)
shall have the wheel circle determined without any semi-trailed or trailing units being towgd in order to
precliide steering stop interference between the trailing portions and the leading unit.

8 Steering tests

8.1 |Tests with primary steering system

8.1.1| Testing of the’ primary steering system shall be performed using only the prindipal steering
contrpl elementsThe steering system performance shall be sufficient to maintain the mafhine wheels
within a straight)course having a width of 1,25 times the maximum width over wheels whilg¢ travelling at
maxium forward speed. For machines having maximum forward speed greater than 15 km/h, the test
coursg length shall be at least 100 m long. For machines having maximum forward speed 415 km/h the
test cpurse length shall be atleast 50 m long. Normal operator steering corrections are perissible.

8.1.2 All machines shall be driven at 8 km/h + 2 km/h or maximum speed if lower, in a circular path
with a diameter corresponding to approximately half of the largest steering angle. When releasing the
steering control element, the steering angle shall not increase. Machines with a combined steering and
ground speed control (e.g. skid steering) do not need to be tested to this clause provided that upon
release of the combined control, the control goes to a neutral state and the machine comes to a stop.

8.1.3 For machines with a maximum speed >10 km/h the steering system shall provide sufficient
capability to maintain the machine wheels (see 4.4.2) within the test course shown in Figure 5, in forward
travel at a sustained speed of 16 km/h + 2 km/h or maximum speed if lower, from the time the axes of the
front wheels enter the course until the axes of the front wheels reach the end of the course. The steering
effort shall be recorded and shall meet the requirements in 4.9.1.1. Several practice runs are permitted to
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allow the operator to develop an even, modulated application of muscular force on the steering control
element.

8.1.4 Machines with a maximum speed <10 km/h shall meet either the performance requirements
of 8.1.3 associated with the steering course illustrated in Figure 5, or the performance requirements of
8.3.2 and 8.3.3 associated with the steering test course in Figure 7.

8.1.5 If the machine is equipped with secondary steering system the warning device indicating a
primary steering source failure shall be tested for proper functioning in accordance with 4.7.1.1.

8.2 Tests pitlrsecomdary steering system

8.2.1 The primary steering power source shall be disconnected if engine-driven because engine power
is employed to drive the machine through the test courses specified in 8.2.3, 8.2.4, 8.2.5 and 8.2.7.

8.2.2 Secondary steering power source available at the beginning of any secondary steering te$t run
shall be no mpore than is normally available at the instant a primary steeringcpower source failure is
indicated.

8.2.3 Testipg of the secondary steering system shall be performed uSing only the principal st¢ering
control elemgnt. The secondary steering system performance shall be‘sufficient to maintain the mgchine
wheels (see f£.4.2) within a straight course 100 m long and having-a'width of 1,25 times the maxjmum
width over yheels while travelling at 16 km/h + 2 km/h. Normal operator steering corrections are
permissible.

8.2.4 Secondary steering shall provide an adequate ste€ring force and steering duration to majntain
the machine wheels (see 4.4.2) within the test course{as determined from Figure 5) at 8 km/h * 2km/h
with the madhine moving continuously at that speedffom the time the axes of the front wheels enter the
course until the axes of the front wheels reach th€ end of the course.

8.2.5 Secondary steering shall provide 'an-adequate steering force and steering rate to maintajn the
machine wheels (see 4.4.2) within thestest course (as determined from Figure 5) at 16 km/h * 2 |km/h
with the madhine moving continuously)at that speed from the time the axes of the front wheels enter the
course until the axes of the front wheels reach the end of the course.

8.2.6 During the tests accerding to 8.2.4 and 8.2.5, the steering effort shall be recorded and shall meet
the requirement in 4.9.1.2)Several practice runs are permitted to allow the operator to develop an|even,
modulated application.ofthe muscular force on the steering control element.

8.2.7 The gecondary steering response test specified in this clause shall be conducted by driving the
machine thrqugh the test course as shown in Figure 6, at 16 km/h * 2 km/h. This test shall be conducted
with the mirror T 1 ' ' with

its own mirror image. Enter the test course with the secondary steering system capability as normally
available. Initiate a turn at point A, as shown in Figure 6. The start of steering control actuation should
trigger a ground marker located under the front axle, and simultaneously simulate a failure of the
primary steering power source. The machine shall complete a 90° turn with the wheel circle remaining
within the boundary specified.
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Dimensions in metres

A 1,1 times the wheel circle or 14 m, whichever is the larger
a  Perpendicular to original direction of travel.

b Original direction of travel.
¢ Point A: forward axle location at initiation of steering control movement.

d  Qutside line of wheels.

Figure 6 — Secondary steering response
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8.3 Steeri

ng test with alternative steering control elements

8.3.1 Alternative steering control elements shall be tested according to 8.1.

8.3.2 If the machine operated with the alternative steering control element cannot meet the
requirements of 8.1.3 then it shall be tested using the test course in Figure 7. The machine shall limit
the maximum speed for use of the alternative steering control to the highest speed that the machine can
make it through the Figure 7 course using the alternative steering control. This speed shall be the highest
speed permitted to be used for the alternative steering control. The machine shall be tested under the
following conditions:

— The maa
control 4

— The max
the cone|
has reac

— In Zone
except fg
are not p
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8.3.3 Mach
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