JAPANESE AUTOMOBILE STANDARD

JASO C 717-91.

Bench test procedures of rack and pinion type

manual steering

1. Scope

This standard specifies the test procedures for
the performance, strength, and endurance of
rack and pinion type manual steering of auto-
mobiles. However, two-wheel automobiles
and special automobiles are excluded.

Remarks 1: The Rack and pinion type manual steering is
the general term for the steering gear mecha-
nism that connects the steeéring column with
knuckle arm (according to JASO Z 213-89),
and does not include steering gear mechanisms
with a booster.

2: The applicable standards to this standard are:
JASO Z 213 Glossary of terms refating to
steering systems of automobiles
JASO C 711 Bench test procedures for the per-
formance of integral type power

steering

2. Kinds of test

The kinds of test specified by this standard
are as follows.

2.1 Performance test

(1) Turning test of input shaft

(2) Sliding test of output shaft

(3) Test for fluctuation of turning torque of
input shaft and mechanical efficiency

(4) Rigidity test

2.2 Static strength test

(1) Strength test for normal input
(2} Strength test for reverse input

2.3 Endurance test

(1) Endurance test for normal input
(2) Endurance test for reverse input

3. General conditions for tests

Except when specially specified, the tests
shall be conducted under the following four
conditions.
{1) Ambient temperature
Temperature range of 15°C to 35°C
(2) Fixing bench of gear mechanism and
connecting device
A suitably rigid jig and device shall be
used,
(3) Measuring instrument
An instrument capable of achieving each
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test purpose shall be used.
(4) Running-in

Before starting each test, a load equiva-
lent to steering without driving shall be
applied to the output shaft in general.
The input shaft shall be turned 4 to 6
times repeatedly in the whole operation
range.

4. Gear mechanism

The stipulated assembly condition shall be
selected according to the test purpose, If
necessary, the mechanism shall have the dust
cover, rack boot, and outer ball joint re-
moved.

5. Test methods

5.1 Performance test

The frictional resistance of the gear mecha-
nism, turning torque fluctuation of the input
shaft, and mechanical efficiency and rigidity
shall be measured.

5.1.1 Turning test of input shaft

The frictional resistance of the output shaft
shall be measured a under no road condition
by turning the input shaft of the gear mecha-
nism.
(1) Test device
The gear mechanism shall be mounted
on the fixing bench. The torque meter,
angle gauge, and loading device shall be
installed on the input shaft of the gear
mechanism. No load shall be applied to
the output shaft. The measuring instru-
ments shall be installed so as to offer
no resistance to the gear mechanism.
(See Fig. 1)

{2) Test conditions

{a) Turning direction of input shaft
Clockwise and counterclockwise

(b) Operating range
Whole operating range

(c) Supporting method of output shaft
It shall not be fixed.

{d) Turning speed of input shaft
1 to 4 rad/s
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Fig. 1 Plan of device for turning test of input shaft
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Angle gauge torque meter
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(3) Test procedures

(a) The: starting position for measure
ment shall be the center, right or left
end position in the operating range
of the gear mechanism.

{b) The input shaft shall be turned
manually or automatically clockwise
or counterclockwise at a constant
speed, and the measured results shall
be recorded.

(¢} The measurement shall be done by
turning once or twice in the whole
operation range of gear mechanism
from the starting position of meas-
urement, and the measured results
shall be recorded.

{4) Measurement items and recording
(a) Preparation of chart of turning
torque of input shaft — turning
angle of input shaft (See Fig. 2,
Attached table 1 and Attached
table 2.)

7. ”

Fig. 2 Chart of turning torgue of input shaft —
turning angle of input shaft
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r/\‘%)

Turning angle of input shaft (rad)

Turning torque
of input shaft

Maximum
value

Minimum
value,

V\ﬁaxiAme value

{b) Turning torque of input shaft
This.is the torque required to turn
the input shaft. The maximum
torque, minimum torque, and their

)
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average values when the input shaft
is turned clockwise and counter-
clockclockwise shall be obtained.
(D If torque fluctuation is observed
while the input shaft is turning the
average value shall be obtained. The
average value shall be obtained sepa-
rately for clockwise and counter-
clockwise turning.

Turning torgue of input shaft

Max. torque Min. torque
value value
= +
2 2

Note (1): The torque at the left and right ends of the gear

mechanism shall be omitted.

5.1.2 Sliding test of output shaft

The frictional resistance with no load on the
input shaft shall be measured by sliding the
output shaft of the gear mechanism.

(1) Test device

The gear mechanism shall be mounted
on the fixing bend, and the load cell and
loading device shall be installed on the
output shaft. The angle gauge shall be
installed on the input shaft. The measur-
ing instruments shall be installed so that
no resistance is offered to the gear
mechanism. (See Fig. 3)

Fig. 3 Sketch of test device for sliding output shaft
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(a) Sliding direction of output shaft
The direction in which the input
shaft is turned clockwise and coun-
‘terclockwise.

(b} Operating range
Whole operating range

(c) Supporting method of input shaft
it shall not be fixed.

(d) Sliding speed of output shaft
Ex 103 ~25x 1073 m/s

(2) Test conditions
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(3) Test procedures
{(a) The starting point for measurement
shall be the center, right or left end
position - in the operation range of
the gear mechanism,

(b) The output shaft shall be slid manu-
ally or automatically in the clock-
wise ‘and counterclockwise turning
directions of the input shaft conti-
nuously at a constant speed, and the
measured results shall be recorded.
The measurement shall be done once
or twice from the starting position of
measurement in the whole operation
range of the gear mechanism, and the
measured results shail be recorded.
{4) Measurement items and recording

{a) Preparation of chart of sliding load

of output shaft — turning angle of
input shaft (See Fig. 4, Attached
table 1 and Attached table 3.)

(c)

Fig. 4 Chart of sliding load of output shaft —
turning angle of input shaft
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Maximum
value

AV A4

Minimum value

Turning angle of input shaft {rad)

Minimum
value

Sliding load of output shaft (N}

NN\
e )Maxirﬁufn value
(b) Sliding load of output shaft
This is the load required for sliding
the output shaft. The maximum
load, minimum load, and their
average valuss when the input shaft
is turned clockwise and counter-
clockwise shall be obtained individ-
ually.
(2)if any load fluctuation is ob-
served, the average value shall be
obtained. The average value shall be
obtained separately for clockwise
and counterclockwise = turning of
the input shaft.

Sliding load of output shaft
Maximum load + Minimum foad

2

Note (2): The load at the left and right ends of the gear
mechanism shall be omitted.

5.1.3 Test of turning torque fluctuation of
' input shaft and mechanical

The fluctuation of the input shaft torque and

the mechanical efficiency of the input and

output shafts shall be measured while the

input shaft of the gear mechanism is turning

and the output shaft is supported.

(1) Test device

The gear mechanism shall be mounted
on the fixing bench and the torque
meter, angle gauge and loading device
shall be installed on the input shaft of
gear mechanism. The measuring instru-
ments shall be installed so that no
resistance is offered to the:gear mecha-
nism. The weights shall be set on the ball
joint of the output shaft so that they
offer no resistance and shall be support-
ed at the operating ends of the gear
mechanism. One weight shall be hung at
the right end and one of the left end of
the gear mechanism. (See Fig. 5)

Fig. 5 Plan of test device for turning torque
fluctuation of output shaft and
mechanical efficiency
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(2) Test conditions
{(a) Turning direction of input shaft
Clockwise and counterclockwise
{b) Operation range
Whole operation range
(¢) Supporting method of output shaft
To be loaded with weights of spe-
cified mass
{d) Turning speed of input shaft
1 to 4 rad/s
(3) Test procedures
(a) The right or left end of the gear
mechanism where the specified
weight is hung shall be the starting
position for measurement.
(b) The measurement shall be done by
turning the input shaft manually or
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automatically clockwise and counter-
clockwise at a constant speed and
the results shall be recorded.

(¢} The measurement shall be done once

or twice in the whole operation
range of the gear mechanism from
the starting position of measurement
and the results shall be recorded.

(4) Measurement items and recording
(a) Preparation of chart of turning

torque of input shaft-turning angle
of input shaft (See Fig. 6, Attached
table 1, and Attached table 4.)

Fig. 6 Chart of turning torque of input shaft —

turning angle of input shaft
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2 When the input shaft is returned
from the clockwise turning direc-
tion,

@) When the input shaft is steered
more in the counterclockwise
direction.

@ When the input shaft is returned
from the counterclockwise turn-
ing direction.

Fluctuation of torque = Maxi-
mum torque value - Minimum
torque value,

Note (3): The maximum and minimum torque values
shall be indicated by the values at neigh-
boring convex and concave points in the
measurement curve respectively.

(4): The values at the right and left ends of
the gear mechanism shall not be included.

(c} Mechanical efficiency
The mechanical efficiency in the
normal and reverse turning directions
shall be obtained for clockwise and
counterclockwise turning of the
input shaft,

Turning angle of input shaft (rad) 5.1.4 Rigidity test
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(b) Fluctuation of turning torque of

input shaft

These are the fluctuations in torque

when the input shaft is turning clock-

kwise and counterclockwise.(3)(4)

They shall be obtained under the

following four conditions.

@ When the input shaft is steered
more in the clockwise turning
direction.

The twisting angle and torque of the input
shaft shall be measured by fixing the output
shaft of the gear mechanism and by turning
the input shaft.
{1) Test device
The gear mechanism shall be mounted
on the fixing bench, and the torque
meter, angle gauge, and loading device
shall be installed on the input shaft of
gear mechanism. The measuring appara-
tus shall be installed so that no resistance
is offered to the gear mechanism. The
gear mechanism shall be mounted by the
method as shown in item (a) or (b)
below.
(a) The gear mechanism is mounted on
a rigid jig.

Table 1 Measuring conditions and calculation method of normal and reverse turning efficiency

Item Measuring conditions Calculation method for measured values
Normal Increase of steering of input shaft in 7:  Turning torque of input shaft {N-m)
efficiency the clockwise and counterclockwise - LMg 100 Mg: Load by weight on the input shaft
(%) directions (Steering in the direction 2aT (M-g)
5o that the weight is lifted) M: Mass of weight
Reverse ‘Returning the steering of input g Acceleration of gravity
efficiency shaft in the clockwise and counter- 2T L:  Shift value of output shaft for one
(%) clockwise directions (Steering in n= x 100 turn of input shaft {m)
the direction so that the weight is Lig

lowered)
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(b) The gear mechanism is mounted on
the relevant part of an actual vehicle.
The output shaft shall be fixed by
the method as shown in item (¢} or
(d) below.

(¢) Fix the inner ball joint by a rigid jig.

(d) Fix the outer ball joint to the
knuckle arm or its equivalent. The
knuckle arm or its equivalent shall
be fixed to a rigid body. (See Fig. 7)

Fig. 7 Sketch of test device for sliding test

Recorder

Angle gauge torque meter
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(2) Test conditions
(a) Fixed position of engaged gears
At the center position or the spe-
cified position
(b) Twisting direction of input shaft
Clockwise and counterclockwise
turning directions
(¢} Twisting torque of input shaft
Specified torque
(3) Test procedures
(a) The measurement shall be started at
the center or specified position of
gear mechanism.
(b) The measurement shall be done by
turning the input shaft in the clock-

Fig. 8 Chart of input shaft twisting torque
twisting angle of input shaft
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wise or counterclockwise direction
manually or automatically and the
results shall be recorded.
(4) Measuring items and recording

(a) Preparation of chart of inner shaft
twisting torque — twisting angle of
input shaft (See Fig. 8, Attached
table 1 and Attached table 5.)

5.2 Static strength test

The static strength of the gear mechanism
shall be confirmed under the overloaded
condition.

5.2.1 Strength test of normal input

The strength shall be confirmed by loading
excessive input torque statically through the
input shaft while fixing the output shaft of
the gear mechanism or while pushing it
against the operating end part of the gear
mechanism,
(1) Test device
The gear mechanism shall be mounted
on the fixing bend, and the torque meter
and the loading device shall be installed
on the input shaft of the gear mecha-
nism. The fixing method of output shaft
shall be chosen according to the test
purpose and test conditions.
(a) The output shaft is not fixed.
(b} The output shaft is fixed.
The outer ball joint shall be fixed to the
knuckle arm or its equivalent. {See Fig.
9.)

Fig. 9 Sketch of test device for normal input
strength test

Recorder

Loading device

Angle gauge torque meter

Fixed

(2) Test conditions
(a) Fixed position of engaged gears
At the center position, or at a posi-
tion 5 to 10 mm inward from the
left and right ends or at the left and
right end positions.
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(b)

{c)
{d)
(e)

Twisting direction of input shaft

Clockwise and counterclockwise

turning directions

Twisting speed of input shaft

0.9 x 1072 t0 3.6 x 1072 rad/s

Supporting method of output shaft

Fixed, or not fixed

Twist loading method to input shaft

It shall be loaded in the following

sequence

@ Increase the twisting torque to
the specified value.

@ Increase the twisting torque until
rupture occurs.

(3) Test procedures

(a)

(b)

(c)

(4)

Fig. 10

Torque of input shaft (N+m)

Torque shall be applied to the input

shaft until the specified torque value

is reached by turning the input shaft

manually or automatically clockwise

or counterclockwise.

The performance change of the gear

mechanism and the existence of any

cracks or rupture shall be examined

at the specified torque.

The performance change of the gear

mechanism and the existence of any

cracks or rupture shall be further

examined by increasing the load.

(See Attached table 6.)

Measuring items and recording

(a) Twisting torque of input shaft —
twisting angle (See Fig. 10.)

Chart of twisting torque of input shaft —
twisting angle of input shaft

Rupture

~\\
~

Twisting angle of input shaft {rad)

5.2.2 Revers input strength test

The strength shall be confirmed by while
fixing the input shaft of the gear mechanism
and by loading an excessive load through the
output shaft,
(1) Test device
The gear mechanism shall be mounted
on the fixing bench, The input shaft of
gear mechanism shall be fixed. The load
cell and loading device shall be installed
on the output shaft. The outer ball joint
shall not be installed to the output shaft.
The input shaft shall be fixed by either
of the following methods.
{(a) To be fixed by setting it to a rigid
body.
(b) To be fixed to the attaching shaft.
(See Fig. 11.)

Fig. 11 Sketch of test device for reverse input
strength test
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{2) Test conditions

(a) Fixed position of engaged gears
At the center position, at a position
5 to 10 mm inward from the left and
right ends, and at the left and right
end positions.

(b) Loading direction of input shaft
Direction where the input shaft is
twisted clockwise and counterclock-
wise,

{c) Loading speed of input shaft
50 to 100 N/s

Table 2 Test conditions for normal input strength test

. . Left end Right end
zrl\;gdezogég;n of Center position Position & to 10 mm inward Pasition 5 to 10 mm inward
g from the end part from the end part
Twisting direction Clockwise and counter- Clockwise and counter- Clockwise and counter-
of input shaft clockwise turning. clockwise turning clockwise turning
Fixed position of Left end Right end
engaged gears Without fixing outer ball joint Without fixing outer ball joint
Twisting direction Direction where the outer ball joint pushes Direction where the outer ball joint pushes
of input shaft the left end part of gear mechanism the right end part of gear mechanism
6 Documents
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(3)

{d) Supporting method of input shaft
Fixed

(e} Loading method to output shaft
The load shall be applied in the
following sequence.

@ Increase the load to the specified
load.

@ Increase the load until rupture
occurs.

Test procedures

(a) The load shall be applied to the out-
put shaft by the loading device so
that the input shaft is twisted clock-
wise and counterclockwise.

(b) The performance change of the gear
mechanism and the existence of any
cracks and rupture shall be examined
under the specified load.

(c) The performance change of the gear
mechanism and the existence of any
cracks and rupture shall be further
examined by increasing the load.
(See Attached table 6.)

(4} Measurement items and recording

(a) Load on output shaft — displace-
ment value of output shaft (See Fig.
12.)

Fig. 12 Chart of load on output shaft —
displacement value of output shaft
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5.3 Endurance test

The durability of the gear mechanism shall be
confirmed by applying the load repeatedly.

5.3.1 Endurance test for normal input

The endurance strength of the gear mecha-
nism shall be confirmed by applying the load
through the input shaft of the gear mecha-
nism.

(1) Test device

The gear mechanism shall be mounted
on the fixing bench and the tester. The
torque meter shall be instalied on the
input shaft and the load cell shall be
installed on the output shaft.

The input shaft and the loading device
shall be connected by the steering shaft
or other equivalent.

The output shaft and the loading device
shall be connected by the knuckle arm
or other equivalent.

In the tester, the loading. direction and
the switching of load shall be linked at
the input and output shaft sides. The
loading condition on the output side
shall be uniform in both left and right
sides. (See Fig. 13)

(2) Test conditions

(a) Loaded torque to input shaft
Torque value equivalent to the
torque loaded through the input
shaft of the gear mechanism while
steering without driving in the actual
vehicle (constant rectangular wave-
form)

{b) Load to output shaft
Load value equivalent to the load
applied to the output shaft of the
gear mechanism while steering with-
out driving in the actual vehicle
(constant rectangular waveform)

Table 3 List of test conditions for reverse input strength test

Left end

Fixed position of
engaged gears

Center position

Position 5 to 10 mm inward
from the end position

Right end
Position 5 to 10 mm inward
from the end position

Loading direction of
output shaft

Direction in which the
input shaft is twisted
clockwise and counter-
clockwise

Direction in which the
input shaft is twisted
clockwise ahd counter-
clockwise

Direction in which the

input shaft is twisted
clockwise and counter-
clockwise

Fixed position of
engaged gears

Left end

Right end

Loading direction of
output shaft

Direction where the inner ball joint pushes
the ieft end part of the gear mechanism

Direction where the inner ball joint pushes
the right end part of the gear mechanism
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