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Comparison of Assembly Tolerance Analysis of HSA by the DLM

And the Monte Carlo Simulation Method
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g39dsznIBagy (Simulation) Me3Bn3284 Monte Carlo a1n
HanInaaassunInagdladn gunINadiadaasnlitlunig
Jiansienanuielasld38nsues DLM  dusnansasiianlsln
mydeeRaanuielduiugn uazifafisuiunisiadnlay
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Abstract

In this study, we analyzed the value of tolerance stack-up by
using DLM (Direction Linearization Method) which was base on
equation of Taylor series and principle of metric system was used
to be simple calculation. Then, the value obtained from this
method was compare to those from calculation which constructs
the simulation by Monte Carlo’s method. From the result, we
found that mathematical equation analysis of tolerance stack-up
using DLM could be used to evaluate the accurate value and be

comparable to those from CAD program (0.000085% error)
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Type Parameter Nominal (mm) Tolerance(+/-)
In g 5.7610 0.0130
e 0.3100 0.0130
h 1.8390 0.0000
d 0.9650 0.0250
i 25.2200 0.0000
c 0.1620 0.0200
i 6.2900 0.0000
k 7.3100 0.0000
b 0.0254 0.0025
a 0.1530 0.0000
De - - -
Geo p 0.0000 0.05930
*‘V\&I’]FJWWJ :
In  =Independent variables

De =Dependent variables

Geo =Geometric Feature variable
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+hcos(0+ ) +d cos(90 + )
+icos(0+ B)+ccos(90 + 5) (3)
+jcos(0+ B)+kcos(0+ 3)
+bcos(90 + B) + acos(90 + 53)
gsin(0+ B) +esin(90 + f)
+hsin(0+ £) + dsin(90+ )
+isin(0+ B) +csin(90 + f) 4
+jsin(0+ B) +ksin(0+ B)
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0+90-90+90-90+90-90+0
+90+0-90
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+gcos(90 + B) + g cos(90 + 5)
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a ~1.9154
{ px}: 0 1/{« +{ }{o"ﬂ} (10)
&ap, 0 1!l 46.4200
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. £« de g { o
uaz RSS expressions Taiiluafiduiuiiazdasldlunsasnuuy
Nutsznavldanaunsh (1) uazaunsa (12)

Worst Case
&Joré\/:2|sij5xj| (1)

RSS

MorsV =1/Z((Sij5xj)2) (12)

unwArandsans gfidrualiluow wazidwimldaly
nszuaunmsad tluaunsi (1), (12) alddn asdt

Worst Case:
8Gap, = |S1|09 +[Sa|ce +[Sy5|dd +[Sy4lct
+[S15|00 +[S1658
= 11/0.0130 +|0/0.0200 +{0/0.0250
+0]0.0200 +/0/0.0025
+|-1.91540.0010
= +0.013140

5Gap, =[S0y +[Sy|de +|Sys|dd +[Sylc
+[S25]0 +[S26 |08

= [0]0.0130 + 1}0.0200 + 1/0.0250
+110.0200 +[1]0.0025
+|46.4200/0.0010

=10.113920

RSS
Kap, = [(31159)2 + (31256)2 + (Slsgd)z +
(514&)2 + (815&))2 + (3165ﬂ)2]
=[(1x0.0130)? + (0x0.0200)? + (0x0.0250)?
+(0x0.0200)? + (0x0.0250)2

+(~1.9154x0.0010)?]
=+0.013140
Kap, = [(32159)2 + (32259)2 + (Szaéd)z +
(32450)2 + (52550)2 + (5265ﬂ)2]
=[(0x0.0130)? + (1x0.0200)? + (1x0.0250)>
+ (1x0.0200)2 + (1x0.0250)2

+(46.4200%0.0010)%]
= +0.059884

4. HAN19I98
4.1 nnteaETanandIouifisusuns Gap  lagdt
Monte Carlo uaz DLM laaaft

Monte Carlo Simulation Method
Gap=a+b+0.75c+0.75d + 0.75e + 2.616 f
= (anom +da)+ (bnom +db)
+0.75(Cpom + &€) +0.75(d 5y + )
+0.75(8om + ®) +2.616( f g + OF)

(13)
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DLM (Direct Linearization Method)
Gap = Gappy + &ap,

= (anom + bnom + Cnom + dnom + enom)
+®+d + &+ Db+ 46.4200605 (14)

= (anom + bnom + Cnom + dnom + enom)

R+ +&+b+ 46.4200tan’1(i)
12.56

4.2 wasnnlasunisisnunsanasdSouifioudl Gap R

nadfewulas (dGap, ) Wadlnsiasuaiuds (parameter)

d9qguasnudsznay Auldsunsu cAD Alflumsideuuuunaly
wldraianei 2

= ' da £ A a i
@1319% 2 @1 Error Miia?ladinsilfaoundad parameter

Change Gap Error

P Value Monte DLM CAD Monte  DLM
a .0000 1.55615 1.91540 1.91540 18.76  0.00
b .0025  1.55865 1.91790 1.91790 18.78  0.00
c .0200 1.57115 1.93540 1.93540 18.82  0.00
d .0250  1.57490 1.94040 1.94040 18.84 0.00
e .0200 1.57115 1.93540 1.93540 18.82 0.00
p .0130  1.59016 1.96345 1.96344  19.01 0.00

Mean 18.84  0.00
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. A = B ' Y
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MU3suAsudITn15331INg DLM uag Monte Carlo Simulation
Wi 61 Error Ta98uMINYnwsnuilainannlusunsu CAD 1in
@1 Error UaIFNNIATIAAIEAIVIITNNT Monte Carlo Simulation
wu Heagndszunos 18.84% uaze Error YBIFNNTALETIT DLM

ﬁfuﬁmagjﬁﬂi:mm 0.000085%
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