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Strategy for Transfer Elemental Designing and Employing Physical Characteristic

Modeling of Steering Maneuvering (the Second Report)

ooobos. KIMURADOOOOOOS. NAKANO

Our previous report introduced a theoretical method for improving steering maneuverability. The
characteristics of components related to "steering feeling" were examined by this method. To determine
the quantitative advantages of this theoretical method, steering and vehicle components related to
steering maneuvering are evaluated. The transfer efficiency of steering system mechanical components
such as the rack and pinion steering gear is minimized to achieve the target characteristics provided with
this method. This paper describes the evaluation results of a mule equipped with improved steering and

vehicle system components.

Key Words: steering system, suspension system, drivability/ steering feeling, steering gear,

roll steering
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Motor

- Steering wheel

Intermediate shaft T Steering column

Worm reduction gear

Rack & pinion streering gear\
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Column assist type electric power steering
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Specifications of test vehicle steering and suspension

Module Type
. Rack & pinion steering gear
Steering . .
assisted by electric motor on the column.
. Front : MacPherson type strut
Suspension

Rear : Torsion beam
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Vehicle velocity(l 60km/h
4 | Steering speedd 1deg/s

Yaw ratel] deg/s
N

0 1 2 3 4 5
Steering torqued NJm
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Relationship of steering torque and yaw rate
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\69 Engagement
\ \

Pinion gear

"Rack gear

Support yoke

Forcing

Yoke spring

@) Pinion gear (b) 7777

Joooooooobooboobooogoogo
Rack & pinion engagement and support parts

Involute contact

Rack gear (driven gear)

Trochoid interference

Pinion gear (drive gear)
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Rack & pinion gear Engagement
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Tangential Line
with pinion gear PCD
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Proper tooth contact (schematic diagram)
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Evaluation

0 Performance of gear pair
[ Tooth flank deterioration

[ Basic specification
[ Strength, interference examination
[ Tooth flank shape

0 Low nois

Processing

0 Improvement of
process capacity
[0 Optimum tool design

0 Tooth flank strength
[ Steering feeling

t
[ Tooth flank shape
0 Tooth bearing of gear pair
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Development cycle

gooooo
goboooboooobooooooocoooonoa
uobooooooooooooooo
gooooo
oooo cCADODOOO0ODOoOoOOOooooooo
goboooooooooboooboooooood
ooooo
gopbooo
obooboobobooboobooboboboooooo
oobooooooooooboooboooooboo
gooooo
gobooooooooooboobooooo

JTEKT ENGINEERING JOURNAL No. 1008 (2010)



gooooooooooooobooooooooboOooooooo 200

JTEKT

Adjustment of
set load fluctuation

Adjustment of
cross angle error

| Weight for Adjustment of
1| adjustment clearance of rack
— bar suport bearing
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Transmission error measurement instrument of gear pair
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Guideline of gears for mass production
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Pinion shaft torquel] NJm

Rack stroke, mm 70
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Rack stroke and pinion torque characteristics
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Steering shaft torquel] NOm
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Steering shaft anglel] deg
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Reduction gear torque characteristics under no load
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Motor shaft torque characteristics under no load
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Front wheel toe angle and suspension stroke characteristics

JTEKT ENGINEERING JOURNAL No. 1008 (2010)



gooooooooooooobooooooooboOooooooo 200

JTEKT

430 0000000000000 00boOon

0il400000000000O0O000DOO0O0000
ooooboooobooooooooooooooboboooon
oooooooo

oobooooooobOobOOOoOobooOboOoooboon
cooboboooooooooooooOoboOooobooboooo
coobobooobooooooooooOoooobooboooon
cooboboooboooooooooooOooobooooon

0000000000000 oooo"™oooooo

0000000000000000000000000
000000000000 000000000
00 15(a)@
000000000000000000000000
0000000000000 00O00O00O000
00150D0000000000000000000
000000000000000000000000

Height of
rotation
center

Lower arm

Tie rod /4

(a) Original (b) Improved

gisdo0ogoboooboooobooobouobooo
gooogo

Schematic diagram of front wheel toe angle variation

with suspension stroke
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Rear wheel toe angle and suspension stroke
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(a) Original
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Schematic diagram of rear wheel toe angle variation with
suspension stroke
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‘ Improved elements
3 Elements Purpose for improvement
) 7 - -
o | Mount stilness of steering
o] s ) In early stages of steer, the rack
© w 0 Column housing
z 1 stroke become stable.
8 ‘ 0 Rack gear box
‘ Stiffness of steering
: In early stages of steer, the rack
: ‘ ‘ components )
) 5 10 1515 20 . stroke become accurate , and the tire
) O Torsion bar . ) )
Steering angled deg oooog ) angle is stable in case of disturbance.
O Intermediate shaft
gispgooo-ooooooo Steeti  rati Ratio variation between steering and
; it eering over-all ratio
Steering angle and yaw rate characteristics g tires is reduced
Alignment of front tire In early stages of steer, the abrupt
sS000000000000000on 0 camber vehicle response toward lateral
O caster direction is suppressed, and the roll
0o0ooooooooooooooooooooon O toe and yaw movement becomes smooth.
0000000000000 0000000o0oooog Roll cent In early stages of steer, the roll and
oll center
00000000000 00000000000000 yaw movement is controlled easily

Shock absorber dumping | In early stages of steer, the roll and
characteristics yaw movement is controlled easily
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Lower arm support | The tire angle variation occurred by

ooo stilness lateral force is reduced
gbooboboboboooobouoboobobon Mount stiffness of Front In early stages of steer, the

O0o000oo0oobooooboooooooooboooooo strut suspension movement become smooth,

0000000000000000000000000 and the roll is made smoothly to

Body stilness around front generate, so that the yaw rate is
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suspension generated according to the roll.

Initial toe angle of rear | In early stages of steer, the decrease

tire of yaw rate by rear tire is suppressed.
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goooooooooooooooooouooooono Smoothness of Controllability of
yaw appearance vehicle direction
ogoodooie00o0oa and increase along the corner
000000000000000000000000 [Gear fricition characteristics | Steering|
Oo0o0o0oo0oo0oo0oooooon Steering mount stillness Lo
Steering components stiness
320000000000000000000000 o S
Steering over-all ratio
gofdoooodoboboooooooooooonboog Steering Front tire alignment
000000000200000 " 70% Roltcenter | Vehicle
Shock absorber dumping characteristic
000000100000000000000000 | |/ J//fro e ISR )
B . Lower arm mount stilness 90%
00000000l 00000o0oooooooooa |Front strut mount stiness |
000D0000000000000001000000  Body stiness around ront suspension |
0000000000000000000000000 | Vehicle- |Front fire bump steer characteristics
i - Rear tire initial toe angle
nooooopoooononoonaooan L 30% - Rear tire axle steer characteristics
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Contribution ratio to evaluation comment O
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Evaluation

Improved elements
comment

Gear fricition characteristics

Steering over-all rario

o Front tire alignment

Rear tire axle steer characteristics
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Correlation between evaluation comments and
improved elements
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