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Study on the Direct Steering System using Rack and Pinion for
Ultra-Small Vehicles

Soon Ho Kim*, Min Cheol Kang**

ABSTRACT

This study present a direct steering system using rack and pinion for ultra-small vehicles. The traditional small
vehicles for special use had the limitation of space by reason of short wheel tread. These vehicles has adopted a
indirect steering system or a center arm system for steering. The disadvantages of these system were deterioration
of gear efficiency and increase of parts. For direct-linkage to both knuckles, steering system is made up of
out-side tie rods, tie-rod ends, and gear box. Thus, the proposed system has a minimum number of parts. The
experimental results show a maximum efficiency at minimum steering angle and a minimum clearance circle.
These effects were accomplished by adopting a Ackerman-Jantaud theory.
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Fig. 1 Steering system of small vehicles

in practice.

128



ez

s—

g ALg P, o3 APAFA 2o WS
F2 93 9y 7o g o] &3 o] AEFHIT
o), 2y A AEH1 e FA F, Fig 1
@9 Z7iof #ale g3 AU 7o E AHE
3loj ZFitel WA E AMEjdel FHrlojst F - $=
2o wet FAEFE VIFeRE F - 9 upF
Elojz = o9& o] e wWloR, §7o]
Zo} 2gAH L - H FJud volE £
& 7jojahavt FHSo HAFoEN MEGH
Az W 7)o g A A3t AAHMTE A8 FHY
NAA F3re) AGHH, BF o NFrt FrrEE
A4-E A ek A Fig. 1 ()Y BeE,
7wyl vlojutsel dEHchRe AlE|REE
R ﬂllEMi‘:"l gdRE dZuEd dA
A7la 37 4HEUEL AREO|REE B3 g

sugs ARt BAow, o) AL 43 A
Zojutazt AFURW AP AZH Y =
gHug $EY St 2oy & - AN
2 % zgztel WA 47 BARel o
S olel® LAREE AU Hael ¢ Ay
A Fig 28k @ £AAEA RS 747
Atk Z, Fig. 29145k QOI AFARe] @AM Zo

2A7 Aoy Hel AAAS Aunvel 57
t 2EolR ApEE@e] Zee] v ook

ArE ol EHbLE A4, o7l AAe
AUA A 18 F@d #8417 F
W)X Shek, e o ee] obebol Zzh Ehe] REd)E

A7, d sl He Tr%‘ﬂ" HpH FH o8 e
A F Aol '6‘-1F’ F3mE goh E3 o] g
I:?LE_A F5of -461] 523 FA FErhF

= == ?Bi(e)‘)ﬂ ER=2o
& 23

=g 8

x4 N
o
iy
mlo
_i_,
i
Q,i_',

il
o
il

L AE@ B 2ARPE G U
ZA 0] FARIE 29
B4e 0T+ A ohe

N7t F Wi Ay 42
How Auel £48 WL WE X, Y, 2
zoa gxol7| Wi 71E3 A ME 3k
¢ 2ud 5 A Aoz Jluan.

A 4

129

-ANAE gAY ETEA Aed ALl

—— ——

(@) Seering sheft

(b) Internediate shaft
© Mmﬂpnmgq
dTerad

(© Terodend

) Knuckde am
©@Hb

() Sspersionam

@

Fig. 2 Structure diagram of steering system of

this study.
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Fig. 3 Photo of steering system of this study.
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Table 1 Comparisons of specifications for small
electric vehicles.

Models
Specifications
2,400 2,320 2,330
1,180 1,200 1,180
1,680 1,660 1,660
930 880 890
980 980 965
240 269 252
5,000 5,330 5,800
48V 48V 36V
3.5HP 3.1HP 3.0HP
8volt 8volt 6volt
220Ah 220Ah 220Ah
{l Coil/Damper | Leaf/Damper | Leaf/Damper
{| Leaf/Damper | Leaf/Damper | Leaf/Damper
two-wa one-wa;
drect | indivent self-conpensa
fl steering sys. |  steering Hng su::gle
using rack |system using reduction
e rack and
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ot pinion pinion
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Table 2 Facilities and environment of steering test.
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Fig. 5 Steering structure of Ackerman-Jantaud
of this study.

Table 3 Comparison of turning radius by

theoretical equation.
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473 2,809mm
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Fig. 7 Comparison of turning diameter of

various products at 20C+17C in
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Table 4 The number of parts for various

steering systems.

Manufacture

& 1
| OTR 2EA
| TIE ROD END 2EA
NUT 2EA
Total : 7EA
RACK & PINION 1EA
NUT 4EA
OTR 1EA
{ TIE ROD END 3EA
TIE ROD 1EA
Total : 10EA
RACK & PINION 1EA
OTR 1EA
i TIE ROD END SEA
i CENTER ARM 1EA
BEARING 1EA
BOLT 1EA
NUT 4EA
Total : 14EA
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