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A Study on Robust Design of Ball-Stop Part for Power Shift
of Heavy Vehicle Using DFSS

W. J. Chung*, D. W. Jung', C. H. Yoon"

{ Abstract }

The important function of Ball-Stop part is to operate power shift using suitable pneumatic force for vehicle with
more than 5 ton when a driver changes gear. In this paper, we have applied the concept of the DFSS(Design for
Six Sigma) to robust design of Ball-Stop part. First, we have found the contro! factors which could mainly influence
the performance of the Ball-Stop part. The simulations of contact between head and detent pin was performed to
evaluate effect of control factors according to DOE(Design of experiment) by using ADAMS®. Finally, we have
obtained optimal levels of each factors using MINITAB®. Through the comparison of the result of optimized design
with one of inintial design, we have verified the usefulness of DFSS method which can be applied to robust design

of mechanical systems.

Key Words : Ball-Stop part(E2% +), DFSS(Design for six sigma), 4 A|¥<(Design variable), S/NB|(Signal to noise ratio),
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Fig. 1 Power Shift for vehicle

Table 1 Initial value of design variable

Design variable Value
Spring constant(N/m) 7500
Angle of hole in HEAD(®) 40
Structure of ball-bearing No existence
material of HEAD Al
material of BALL Al
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Table 2 Level of control factor
. control factor level | level | level | level
sign © 1| 2 | 3 4
QFD 168 :
A | Sprims comstant g0, 1 gs00 | 9500 | 10500
(N/m)
Angle of hole in
B it - -
HEAD(®) 30 0
Structure of . No
QFD 287 C . Exist . - -
ball-bearing exist
D |material of HEAD| Al | steel - -
E | material of BALL| Al | steel - -

Fig. 3 BALL-STOP part concept view

ol ¥ HAFTHLoE JWAL M 4] 2FYOE WS
& T4 9k 288 e A=g gUE @ Ao]2
A& 21 J3E & 4 9l Spring constant, Material
of HEAD, Material of BALL, Angle of hole in HEAD,
Structure of ball-bearing?| 57]|2] A|ojQlAE A A5t
o4 7] 4] Ball-bearing®] 29| No existence®} Existence=
T2 249 458 dehe 2712deA ZAekA ok
e A2 dUE A £ 9l Ballo] J=9 &g 3 d
ofz ff #23 g1 dorhe Alojtt. wetx deE Pt
EAtolo] HEFE S0l PO YHE 7 Erhe
Ballo] 2 & & YEE sp7|Yaf 2298 faE A L
@] Ball Afojo) 22 Ballg %718 4= 914 3t¢] Ball-
bearing Fej &) F2E 7HX A st Aot o7 G2
Aot 4Eol 1, 2402 0] 47]ojn, o T3t
2 Table 29| vtepit 3ok

10

LA} 7)o i& S Yo Haste] e g
o] sl=o] ZhaA L 7S 150N0.2 A3 stgou, o]
od 2802E FE7} S0l Wgro s Agets vl
E 93} EAto]9 Y& fo2 shyct. E3F oj7]4 2
I Gl SE o4 Arg Aol gk W4 ujERA L 27
AE7)24HE U 45272 Valve FH2 B o 2%
NAL &4 22480] 24514 =d ValveS A4l
g whEo] Yo u SAAL Hagte) Yo7 slojS
W8 4 QA "t o2E 3|8 et wEe 7
Z AT BY § =9 &2 HY(sealing) Y3 O-
ringg AHEEHA HAT oA B AED ¥ SEAY
& 7HAA Bk ojd ¥ $5AFE A HEY ) vt
AT ghe AR A Ya Aol & £ 9k BEE opch
wetA O-ringd] G2 HEATL o= QT AAsHY
on}, Oring?] 74 4 2%, T2 Lefste] 60N-8ONA}
0]9] & 7HATh 714 Btk olof SEAFL W)
A7 A5 3 0 60~80N £9] hte] gHE 7Hx|A H
o 0|2 o|2E Ag3l7| 98} 2 AF A B2 HH g
AA & 60NRE 2NY Z7hAlA 8ON7H] MAsle] 11
A9 wo|2Z AMgatAL

E3 Al W SRE Aol 5o wt Ly(2*X4")E o]
S3t9lek. 2 Ajoflal W ol = olgel st M vy
GEE UHEo] B Table 37 2o}

2.3 siM U FFOIX} =&

A4S 8l AHgE £2 ADAMS®(MSC. Software
Cooperation. 2000)®0]m, Table 31} 7o) wtE oz Am
djgstof utel F 88 #4& +Psiart.

BALL-STOP®+ A4 UHE A3} gzo) = HRoz



=LA | AIEE =2F] Vol.15 No.4 2006. 8.

Table 3 Orthogonal amay

Noise factor
No.| A| B[ C|D| E
NI | N2 N10{ NI1
1 (11111
2 (1121222
312111 1]12]2
4 | 212127111
S 131 112]1]2
6 |3/21]2]1
7 1al1]2]2]1
8 (42| 1]1]2
Hrola|u] Z2k9) s Aol Aziel e gt

E{j].._
ge d=

a0] J& 9% AH2 gtk Fig 40l HF
57} AR Zz}aoi 2% € gdE o
=g Aot TS = AL UEW o] o et
o4 Al AATF 22 S AA FAY AA Folo
Ste BA7F EAstA Ft. uhebaA] BALL-STOPR 9 47
7} ol FLsir)

A dAZ R Ao 7H53t AojelAel Aloj7t
o wo|2AAR FReto] A Aol U FFE
H= AL Zﬂ"h’}ﬁhtﬂ ol EFS 54 o]BL Fdty

Ashaa} s Ao olefslr] 4
wolE oA 1 gl F AA 9 7]
dot. ZAd AAe Ao & 5 e
ohfjo] o] QIAEY] P e A2

A4 sk Aot A 9
stA fAi8t7] $isted S/NH](Slgnal
oise ratio)E AME3ITH S/NH] AlF o ko]0 H&
Sl AR ATyt ol20] HEREA e E}
, 479 Aojelzte] SINUE 3A TEE g 1 AR
2 A% o]y AAE FL wo|2d diste] 7

i
2
[
re
_|>~_1‘
12
oﬂ,
ok
ﬂ.llo

e
n

4 2
-0,

1% o
L

Ny
Lo e o
X oo 2
e - o
e R

ot
oy 1%

ORI

H
o

o o3

lo & o 1x

Hu
-
o
. o
I~
w~ Mo

£’=‘§?‘~J1N>119802‘.1—°.L0&F1'EH
Os

milo
Ein

rtr

|= BA34:, & EA2)(Characteristic- value)of

A
ofsf 1 F7t geAA Hed B4 = $E(Normal
is best), WA (Lower is better), Tl (Higher is better)E4]
S 2 olZtk. o714 I gl s w7 R
Ao &S] fAde LY AF o] 23 O-ing
o] E Aol 284 U o 22 150Nof 2§38}
of tl

ln‘I

g

3 S Alolol 4BE FE VEONS

11

LastRun Time= D.0000 Framest

Fig. 4 The simplified BALL-STOP part model
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Table 4 Response table of S/N Ratio

Level 1 2 3 4 Rank
A 34.19 | 3841 | 37.87 | 35.75 2
B 37.08 | 35.87 - - 3
C 3845 | 34.72 - - 1
D 36.05 | 36.94 - - 4
E 36.87 | 36.28 - - 5
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Fig. 5 S/N ratio value response for design variables

Main Effects Plot (data means) for Means
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Table 5 Optimal value of control factor

Value
Spring constant(N/m) 8500
Angle of hole in HEAD(°) 30

Control factor

Structure of ball-bearing Existence
material of HEAD Al or steel
material of BALL Al or steel
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