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( A Study on Tolerance Design of Mechanisms using the Taguchi Method )

ABSTRACT

This paper presents a method for tolerance design using the Taguchi Method(TM) and
general purpose mechanism analysis program. Also the tolerance design method is with

respect to performance improvement

of a mechanism. To use the orthogonal array,

mathematical model of a mechanism is established and experiments are carried out by the
general purpose mechanism analysis program. The contact model is used to consider a
clearance effect. This method is applied to the tolerance design of the VTR Deck
mechanism. This method can be used in tolerance design of general mechanisms.
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[7 define the target value T and allowable range (2 l

|

I

model the system |

l

[ obtain optimal kinematic variable k; by parameter design

| assign the level xk of the tolerance variable x; at each k;

design the orthogonal table [ (b%)

|

obtain y; using the mechanism analysis program

Re-processing

estimate a effect g, of x, on the characteristic y

and estimate variance Vr

L —

(____J

determine ¢*

tn' - w.ﬁ_
184

check the convergence criteria
No .
L 1. Vy <V;*® -
(with changing @) or
2.8 <n
Yes

i exit I

Fig. | Flow chart for tolerance design procedure
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Fig. 2 Lever door mechanism

Revolute joint
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Table 1 Kinematic variable and tolerance variable

Kinematic Var. & Description
Tolerance var.
Radial kinematic dimension and
k, +x, tolerance dimension for lever
doot’ s cam
k, +x, Radial clearance for revolute
joint of lever door
X-axis kinematic dimension and
k, £x, tolerance dimension for revou-
te joint of lever door
Radial kinematic dimension and
k, £x, tolerance dimension for arm's
cam
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Table 3 Orthogonal array L, (2" x37) and experimental

[TE2 Y
_______ § D; value
* No. |Noise Factor(Tolerance Var.) Deviati
of X, X, Xy X, on Val,
Exp. | Column Number (di=y;-
Ketxe 1 2 3 4 5 6 7 8 30° )
1 r 1 1t 1 1 1 1 1 2. 5345
. 2 11 o2 2 1 2 1 2 1.5298
3 1 1 3 3 3 3 3 3 0. 5520
Fig. 3 Drawings of kinematic var.& tolerance var. 4 L 1 r2 17 3 3 1. 7504
5 1 2 2 2 3 3 1 1 0. 7510
. 6 1 2 3 3 1 1 2 2 |-0.6507
=z20 kvl A [ =z
é o2 sole dA [5] o 9% HH )7 ] L3 1 7 1 3 2 3 |-0657%
k =R15.75mm; k. = 0.00mm, k] =2110mm 8 1 3 2 3 2 1 3 1 -0. 7879
,k—RIBmm°§.€@Hﬂ-1W4 45 9 1 3 3 1 3 1 1 2 1. 6382
N 302 wrAshgch 10 2 1 1 3 3 1 1 1 0. 8649
} I 11 201 2 1 1 3 3 2 2. 3686
q%gi-gﬂgﬂﬂ'mﬂﬂt-ﬁaﬂ 17 112 |2 01 03 2 2 1 1 3 | 13504
e WP 2UFAEE TUA 2rW 3 202 1 21 3 1 3 2 0.9146
t, =010mm, t,(r)=.%(mm), t,=010mm, |14 |2 2 2 3 1 2 1 3 |-0.6191
t. =005mmelth 7]7lA Qﬂ%ﬂﬁ¥zﬂ5 15 i1 3 113 1 1 1.4100
o] M= 099738 HEIN FA NFLEF L6 b b33 b2 1007559
: 17 2 03 2 1 3 1 1 3 0. 8004
A =1 A o) 5 '
30'§ dE*H—G}t. AO] é‘ﬂ"-‘iO]E’.i 7‘1101:511}'9’] 18 2 3 3 ) 1 2 3 1 -0. 7207
EEHHE o =(1,/3)012 WHBEAMY EF -
= o = (r /3)§ Jelg . 9ok Zape) Table 4 ANOVA Table for deviation value (d,-=yi/-30“)
B9 220 24 4019 meEAE vy oot S L ¥ L AT
_ . - N _ m . . .
AR #EL 4 (1) 3EL AE3 Za X, 1 7. 8290 7.8290 | 25.84
B x, x,, x, 8 TEHE AHHUHS. x| 0.0723° | 0.0723 -
Aol dSAHE o =(r,/3)=002/3=00072 | Pl | ! 0.0941 | 0.0941 | 0.60
ARHT FAES IFE2R A AN | iy | | 00007 ) 00007 -
= oo oo . 3 1 11. 7985 11.7985 | 39.07
re BAY ¢ =02=001"0% I X2 | 0.2104- 02104 _
- 3L % F7FS X.ll ’ '
T;;ble 21_ re) ]’ ‘T‘oﬂ EHU]' 'T‘\_gl'e “]"E}ﬂ x[[2]] 1 0. 8890 0. 8890 2. 71
. ! 1 0.0424° 0.0424 -
Table 2 Tolerance Variable (noise factor) and level (:) 9 0. 6858 0. 0762 -
Level {13) (1.0116) (0.0778) | (4.10)
Tolerance Var. 1(x!) 2{x?) 3(x?) T 18 30,0025 100
X, 'g- gg; 0. 000 0.041 (e) is error variance by pooling - factors.
X, . 0.010 0.018
Xy -0. 041 0. 000 0. 041 N “ R
X, -0, 021 0. 000 0. 021 AL (8) ol o3 BeSFHA yoll x 7+ Hl
‘ A 12 9 2}ERE AR
B,, = —197006 ., B, =32981
AxuidEE L, (2'x3)E dYsed B, =—110698 , B, =15989
Table 33 23 2 34 59 x4 E ¥ By, = —241846  , B, =35943
%}ﬁt} a2y RAYPE £yt Ny By = 129607 s Byy =—25112

2 dgon] BARMEES FAEH Table 4
o 2o,
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06,05 Al 2 (14) el J3NA Fxt}t FAME
ARSI T o] AAP Taie} AL At A
tR 48 S B B eAUAE +4
3ted Table 5off HojZth

Tabie 5 New tolerance, variance and error limit

with varying weighting factor @

fnitial t, L) |t t, Vi &
Tolerance
0.10 | 2= [o0.10 | 0.05 [ 1.6668 |3.82
NewTol @ [t |60 |6 |6 | Vf s
0.7 0.07 | o1 0.06 |0.11]1.1798 |3.21
0.6 [0.06] 2 |0.05|0.09 [0.6323 |2.35
0.5 0.05 1 0% 0.04 | 0.08|0.4229 | 1.92

3.3 FNEH
Table 5o14 =054 M=
e LATAE § =1927°1E2E 4 (16) 9
B2 Fol 2. & wEFoz A9 Fxk9)
ME HHgroz AAZL
o] A& Table 49} wlw 3ty A AR 1]

Ax 7195 p7t x, 47 3907%§ e ik
S A AR FAHSA S 4 Qi ujebA
t, 9l %ri%k% 0.06mm = 7%‘ wol 43
o & x duf Jld®mE 2584% 019 t & F
5:"%':7: 005mmelth.  "hHel ngl 7dxE
06% 1R A AF] tX & ] JF=
7} 7 Ao FaPEe ¢ £ 271%°1%h 1
HEZ A t,(r)E 008mmE 7 Wol ¥
JRIEL t,€ 003mm S7FIiTh oA &
3tH Table 4} Table 5& TarslH A A"
nE 7| xe gifo] AHer & wFge
729 groletd 2719 Fxtrt MEA FdHE
Fxke] A7l Haze e 2 A
AElo] wA = % FFgo] AHHoE Fo
H Fees MEA AFR] I A7 F
7hallol & B3] RoFT vk ooz
ﬂ’-‘ii} % Z| gk, TS olufe] AAH]
o] ds54X Ox}ﬁPﬂ]L ot} Zth

kl +t, = R1575+ 0.05(mm)

k, +t,(r’) = 000\ (mm)

k £t; =2110% 0.04(mm)

k) £t =R173+ 008(mm)

T+ 8 =30x192(")
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