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Effects Analysis of I-Shaft Torque Modulation according to
the True Position of Yoke Bearing Hole
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(Received 23 August 2017 / Revised 4 September 2017 / Accepted 6 September 2017)

Abstract : Intermediate Shaft(hereinafter referred to as I-Shaft) is a torque transmitting device that inter-connects the
steering column and the steering gear that constitute the steering system. The input/output torque fluctuation attributed
to the I-shaft rotational torque is due in turn to NVH and product damage. Therefore, in this study, we tried to refine the
influence of the Yoke bearing hole on the performance of the I-Shaft(NVH, torque fluctuation) by CAE analysis. The
true position of the Yoke bearing hole of the sliding type I-Shaft is predicted to be insensitive to the fluctuation of its
torque with respect to the variation of the position of 0.3 or less at maximum.
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Fig. 2 I-Shaft modeling

Yoke bearing hole®] 9] X7} 4] 91} 2 z-g-Fc}. Table 1 Model information
Item Value
Number of nodes 29,569
* Steering Column Number of elements 60,584
Number of parts 24

Table 2 Element quality check

Element quality Criteria Max/Min | Failed element
check value (%)
Warpage <10 0.001 0.00
------ Aspect ratio <7 6.68 0.00
Tetra collapse >0.1 0.11 0.00
Steering Gear . Jacobian >0.6 0.67 0.00
! Yoke bearing hole
Fig. 1 Steering system main structure %* ‘
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2.1 I-Shaft FE Modeling 44 L /

Fig. 29} Zo] LI-Shaft =< FAstglom,
Table 1, Table 29} -] FE &7 7= A A5

2.1.1 Boundary Conditions

2.1.1.1 Constraint Conditions

e Column-Yoke{— 2~E|ojq] Ay AFELES

Fig. 3 Constrant conditions

= UkgkS x= 0 2, 315 Gear-Yoke= 2~E] o] ¥ 7] 2.1.1.2 Load Conditions
o] /\]:EEC’ Z=weks x20 2 3lo] FEE HA &%= Column-Yoke®ll 128 NmE §-¢13}91-8 ff 3}
SEch=N . Gear-Yoke ] £ 2 W22 Ba31%u}
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Fig. 4 Load conditions

2.1.2 Base Case Study

Table 332} Z°] CAE %13 A] Universal Joint-ol|
F71¢] Universal Joint 3271, Sliding+-°ll Ball contact
Z71© 2 Base caseoll 3 XE ek B3 WE Ay}
E dAsHAT

Table 49} Z+o] Base case 3f|4] 23}, X3 W3k

E
WE0] 505 Nm T3t AL B2 2= o),

Table 4 Base case (Case 1) analysis results

Table 3 Base case (Case 1)
Base case (Case 1)

Ball Contact Universal
Condition Joint

= 33 Ball contact condition = 2 Universal joint

2.2 =HRl Universal Joint Study

2.2.1 THA Universal Joint Case &%

Table 59} #o] “-o] T Universal JointTt 4
|5 A& 7 -9(Case 2), -0l T Universal Joint
WA L5 0S H-(Case 3)S] XF W EF WHE

39 Aol & # g,

(o

Contour Plot
S-GlobakStress components(vonMises)
Analysis system
Simple Average

185.21

185,52
14483
—124.14

e
8277
5208
IEM ©
2070
—oo1

Max = 18621
PART-1-1 33257

Min=001
PART-1-1 34483

1
120
Reaction Torque Axis (X)
100 Reaction Torque Parallel (Y)
T 80 Reaction Torque Parallel ()
Zz
< 50
o
3 40
L 20
-20
"o 30 60 90 120 150 180 210 240 270 300 330 360
Angle (Degree)
Reaction Force @ Steering
[
04 Reaction Force X
g Reaction Force Y
03 Reaction Force Z
_02
go1
o
g
5-0.1
14
0.2
0.3
0.4
-0.
0 30 60 90 120 150 180 210 240 270 300 330 360

Reaction Torque @ Steering

Angle (Degree)

Reaction torque (Nm) Reaction force (kN)
Max. stress
X Y Z X Y Z
Min. 125.48 -36.63 -26.49 -0.11 -0.45 0.29 1862
Max. 130.53 56.56 66.41 0.14 0.00 -0.18 2@
- Tube edge
Amplitude 5.05 93.19 92.90 0.25 0.45 0.47
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Table 5 Universal joint case setting

Case 2

Case 3

-4 T2 Universal joint

-3} w2 Universal joint

Table 6 Case 2 analysis results

2.2.2 2l Universal Joint Case £4{ Zim}

Case 2, 3 3|4] Z3}+= Table 6, 73} 2.1, Table 8
T} 2ro) a4 vl ul A3}, X3 2 Wk xFo] gk Case
29] 7$-31.67 Nm, Case 3] 74$-36.62 Nm=, T+
Universal Joint:= 2] 9]zt o & <13 A ol i3t &
A o] s A A E = Aol wEE AT

o] 2 9 af A3 270 €] Universal Joint 2 28 3}
I HAE A 9 dAHE H A 315E o 24 Base case(Case
1)2] 7 $-¢} 2+0] 5,05 Nm 2 & 423138 #2311 o)

Reaction Torque @ Steering

Contour Plot
S.Glkal Stress componens(vonhisss)
Analysis system
Simple Average 140
[154 7 120
£ g e A
I;’s‘g e Reaction Torque Parallel (Z)
7.8 2 ig
E?;: SED pamic Max. Valus = 164.4 g
—oo1
M,
Min =001
PART-1-1 33774 30 60 90 120 150 180 210 240 270 300 330 360
Angle (Degree)
Reaction Force @ Steering
g . Reaction Force X
Reaction Force Y
03 Reaction Force Z
0.2
g o1
g
$-01
0.2
z (/ 4 0.3
) 0.4
LY, o 30 60 90 120 150 180 210 240 270 300 330 360
= Angle (Degree)
Reaction torque (Nm) Reaction force (kN) Max. St
ax. Stress
X Y Z X Y Z
Min. 113.14 -35.54 -22.95 -0.09 -0.38 -0.11 17136 @
Max. 144.81 50.20 58.81 0.09 0.01 0.25 T be' edee
- u
Amplitude 31.67 85.74 81.76 0.18 0.39 0.36 5

Table 7 Case 3 analysis results

S v
e

Fo
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o1
For
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Min = 0.
PART-1-1 34468

Reaction Torque @ Steering

1
140
120
100
o Reaction Torque Axs (X)
z Reaction Torque Parallel (Y)
o 90 Reaction Torque Parallel (7)
g 40
S 20
2
-20
-a0
h 30 60 90 120 150 180 210 240 270 300 330 360
Angle (Degree)
Reaction Force @ Steering
o
0.4 Reaction Force X
- Reaction Force Y
03 Reaction Force Z
—_ 0.2
go1
®
e
6-0.1
s
-0.2
03
0.4
o

o 30 60 90 120 150 180 210 240 270 300 330 360
Angle (Degree)

> Reaction t;)]rque (Nm) : > Reactlonéorce (kN) > Max. Stress
Min. 110.99 -35.78 -58.13 0.00 -0.46 -0.26 184.9@
Max. 147.61 3141 0.42 0.00 0.00 0.28 Tube edge
Amplitude 36.62 67.19 58.55 0.00 0.46 0.54
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Table 8 Case 1, Case 2, Case 3 comparative results

Reaction Torque Axis (X) Reaction Torque Parallel (Y) Reaction Torque Parallel (Z)
Al 60 1
150 Base A2 o Base A2
0
=140 =2 =
£ £ £ 20
= = =
8130 2 2
g g g
5 5 5 20
=20 =20 Ly
-40
10 o 50
0 120 180 230 300 EC R &0 120 180 220 50 120 150 240 300 360
Angle (Degree) Angle (Degree) Angle (Degree)
Reaction Force (X) Reaction Force (Y) Reaction Force (Z)

Force (kN)

Force (kN)
Force (kN)

0 s Angle EnDneqree) = 0 0 0 1 Angle :BDnegree) e 0 30 ’ & b Angle‘(FJnegvee) = s %0
Case 1 Case 2 Case 3
Reaction torque X Ampl%tude 5.05 31.67 36.62
(N.m) Y Amplitude 93.19 85.74 67.19
Z Amplitude 92.90 81.76 58.55
Reaction force X Amplitude 0.25 0.18 0.00
(kN) Y Amplitude 0.45 0.39 0.46
Z Amplitude 0.47 0.36 0.54
Max. Von Mises Stress (Mpa) 186.21 173.66 184.94
2.3 Yoke Bearing Hole 2Ix|9| vtskof| = Study Table 9 Column-Yoke 0.1 mm offset analysis results
Case 4 Case 5

2.3.1 7HH Yoke Bearing Hole $|X|2| 2V&f0]| = Study

Column-Yoke/ Gear-Yoke/ Tube-Yoke/ Shaft-Yoke
Z¥7y HA S 2 Yoke bearing hole2] $1%|E 0.1
mRHE /e ko = o] 5 A A Hole o] Wakol| wf
EXF WY EA v gig JF s BEskth

Z}Z}y o] 78 Yoke2] Bearing hole- 0.1 mm YH&

J

=]

offset3}o 3|2 gk A7}, * Bearing hole : * Bearing hole :

1) Bearing hole offesetol] T3k Ah/a} whad of b= 0.1 mm shift down 0.1 mm shift up
1= 2ho] 18- 2) Table 9~128} 7+e] Column-Yoke 9} P i
Gear-Yoke©l| 41 2] Bearing hole 9]X]°l| t)st F¢= e P! BN
= 4% Watel o8 717} 0.136, 011872 g
B3 AZo] A%S 3) Table 10, 117} 7+6] Tube- &

Yokeg} Shaft-Yoke©l| 4 2] % ¥k = Hole offsetol] t} :Z
2 uAE0 Wiyl glorg B3 FZEo ofgo] ros, " L s 1 J
%i%v% sk, CA;:: ‘1°°5'°°) Case 4 Case 5

3 Yk S | oy [

Yoke bearing hole 2] Offsetel] whe} £ 7 Z o] o T‘Z;ﬂ?g)x Amplitude| 5,050 4914 5.183
ko] 9= Column-Yoke 2} Gear-Yoke2] Z}z}ke] Al Mo Vor Mives (-0.136) 1 (+0.133)
3} vhak 23k U3t J = sk Stress (Mpa) 478.80 478.62 478.98
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Table 10 Tube-Yoke 0.1 mm offset analysis results

Table 12 Gear-Yoke 0.1 mm offset analysis results

Case 6

Case 7

= Bearing hole : .
0.1 mm shift down

Bearing hole :
0.1 mm shift up

Torque (Nm)

Reaction torque axis (X)

60 120 150 240
Angle (Degree)

300 360

Case 1 Case 6 Case 7
Reaction 125.483 125.483 125.483
130.533 130.533 130.534

Torque X T
(N.m) | Amplitude 5.050 5.050 (+0.001)
M;ZCZISOFMB;[;S;S 47880 | 47881 | 47880

Table 11 Shaft-Yoke 0.1 mm offset analysis results

Case 8

Case 9

= Bearing hole :
0.1 mm shift down

= Bearing hole :

0.1 mm shift up

Torque (Nm)

Reaction torque axis (X)

60 120 180 240

Angle (Degree)

Case 1 Case 8 Case 9
Reaction 125.483 125.483 125.483
Max. 130.533 130.533 130.534
Torque X o
(N.m) Amplitude 5.050 5.050 (+0.001)
Max. Von Mises
Stress (Mpa) 478.80 478.82 478.79

Case 10 Case 11

= Bearing hole :
0.1 mm shift up

= Bearing hole :
0.1 mm shift down

Reaction torque axis (X)

Torque (Nm)

0 Ed" 120 180 240 300 360
Angle (Degree)
Case 1 Case 10 Case 11
R . Min. 125.483 125.446 125.522
eaction ™y s, 130533 | 130.612 | 130453
Torque X 5.166 4931
N.m Ampli . . :
(N.m) mplitude 5.050 (+0.117) (-0.118)
Max. Von Mises 47880 | 47898 | 478.62
Stress (Mpa)

Table 133} 2] Column-Yoke 2} Gear-Yoke 2] Yoke
bearing hole®] 72 ¥ O 2 (.5 mm offset™ A S
7SR} 0.086(-17 %), Urh LEOZ 0.5 mm
offset S ], +1.281(+25 %), B2 W& G|
H & 3o w B ATk

2.4 Yoke Bearing Hole 2|X|2Q| &}&k0]| ZE Study

7] 2.389] 1A AFZHE Column-Yoke}t
Gear-Yoke2] Yoke bearing hole®] Hiojj}gko =
Offset H| & A E3 71 2Z 9] o&fo] 713 Z AL
glakalar, o] 7h etz ol A ¢ Offset =L7]f] wh
EEIWFT Y Zat At

Table 149} 7©] Column-Yoke®} Gear-Yoke2]
Yoke bearing hole2] Offset =71l w2 3|2 A},
Output £ &2 Offset 0.1 mmoll 2F 5 %% 7}
3k AEs AASI T et EA HE ARE
q2 AR AbsA; WolAA 15 % o] dtE

S = 7}
FeE #
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Table 13 0.5 mm offset analysis results according to directions

+ Kwangmo Koo - Jonghak Woo

Case 12

Case 13

Gear-
Yoke

(P
/~/
Ty

= Column-Yoke

: 0.5 mm shift down
= Gear-Yoke : 0.5 mm shift up

= Column- Yoke : 0.5 mm shift down
= Gear-Yoke : 0.5 mm shift down

Reaction torque axis (X)

Torque (Nm)

0 60 120 240

300

180
Angle (Degree)

Torque (Nm)

360

Reaction torque axis (X)

v,

0 60 120 360

180
Angle (Degree)

Case 1 Case 12 Case 13
Min. 125.483 125.071 125.520
Reaction Torque X Max. 130.533 131.401 130.483
(N.m) Amplitude 5.050 (+6{.323$;()1) (_4()“90236)
Max. Von Mises Stress (Mpa) 186.21 186.79 186.26
AYES 28T o Yoke? Offset($]2] %) 0.3 hole®] Offset-> LA 52] ¥IstE 7HA Q22 3|7
mm ©|3} =] [-Shaft A 50l WA= F&F> & ol Offset Y F3o] Y25 AT AUATh
A A oR o SHT 3) E3 W58 Column-Yoke 2} Gear-Yoke 2] Bearing
hole®] 22 W&o 2 (.5 mm Offset¥] 1S H-$-
3.EE HUH-1.7 %), ¥Fo] WEko 2 0.5 mm Offset™] 2}
&3 Fetold EFYY I-Shafte] 3] B2 W = AFoll(+25 %) el ¥ Z AL AAT
5ol A= 9= Yoke bearing hole2] X]-JX] A TH
E5 AEA T gigk 03‘5‘(}_:_ gl 78 HAE 4) Column-YokeQr Gear-Yoke 2] Bearing hole2] Offset
dHat7] 91l CAE 2415 &3l &<lsiaint 2 0.1 mmol °F 5 %% F71ehs AEFS g
2 ATE Sl g 22 AAE AUk F AL, olol wEl B HE ALE G99 5
1) 2709 FruU A 20 EE 21 9 X wel A FHom ApEAb o] AN 15 % o] sk= %E]
EFo g2 HAso 7N 23 3)ld E HE 18 W Yoke o] Offset($1 X =)¢] 0
A= HA3sEE S 3l 4= it o|5} g~ I-Shaft A5l H|X]= 5‘:}% =
2) E= 8582 Column-Yoke 2} Gear-Yoke 2] Bearing HEAOE o SHT
748 S=FASAZEE =2 M2 FMes, 2017



Effects Analysis of I-Shaft Torque Modulation according to the True Position of Yoke Bearing Hole

Table 14 Offset analysis results according to size

Column-
Yoke

Yoke

Offset &
Case 14 0.1 mm
Case 15 0.2 mm
Case 16 0.3 mm
Case 17 0.4 mm
Case 18 0.5 mm

Torque (Nm)

axis (X)

T80
Angle (Degree)

Reaction Torque X (Nm)
Max. Stress
Min. Max. Amplitude | @Tube-Yoke
(Mpa)
Case 1
125.484 | 130.533 5.049 186.21
(Base)
5.300
Case 14 | 125.402 | 130.702 (+4.97 %) 186.33
5.552
Case 15 | 125.319 | 130.871 (+9.96 %) 186.44
Case 16 | 125236 | 131.047 3811 186.56
’ ’ (+15.09 %) '
5.300
Case 17 | 125.153 | 131.224 (+20.24 %) 186.67
6.330
Case 18 | 125.071 | 131.401 (+25.37 %) 186.79

1)

2)

3)

4)

5)

6)
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