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Abstract

Due to the inherent dimensional uncertainty, tolerances accumulate in the final assembly. Tolerance

accumulation has serious effect on the performance of ECV assembly. This paper proposes a method of
tolerance accumulation analysis using Monte Carlo simulation, which includes welding process in assemble
process.
prescribed statistical tolerance distribution of each part to be assembled. With the inclusion of welding,
another dimensional uncertainties due to partial melting is to be accounted as well. Partial melting of
projection height was included in the tolerance propagation analysis.

This method can predict the final tolerance distributions of the completed assembly with the

Verification of the proposed method was performed by making use of Monte Carlo simulation. Monte

Carlo simulation results showed promising results in that we can predict the final tolerance distributions in
advance before actual assembly process of precision machinery.

‘I__’_‘
AeEsl F3Fo sdo] a7HE ZHVIA 2okl FARFAC] B3 4
AR7Fe7Ie ARAEG AdEoof FAloltt. =Ridel  AAJH ook sh, Rk HF A A FAE A

Key Words : ECV, Monte carlo simulation, Tolerance propagation analysis, Projection welding, Projection height

Aol Aegak 2 AAFA, B, A=egA T oY

1. A = aRlel & 7lstEAbzb FAE] 32k FAA Z

FEo A AAS eFEHE SR Blojue

=l AL7IANE ] A ZARE e TT= & A57F Bt olgd @ Avelle ECVE Aol BojA|aL

Al FA7]1%(Tolerance Technology)°o] o} B FHE Folx|Al Ho}. o9} T2 HArly H FEo
HsleA] g Aolvy, FAEAY #erled nke] ZHAAM IA

1S AAHeR & & 9= o

)

1EAIE aldst] slst AR
!

e

AFFAe 2 e BSES FAHAAIFE dAYo o T2 BEH0E o= 4 glojof arp Y,

Al QoA FAF R Fgo] Ha e 7Isketd X HE 4o FitEe AU7A 2H3HANAN HE
T2 (Geometric Dimensioning and Tolerance) ZHAY FAe ST BAgle]l Fozg
S AZ mydlor gl ? . EOVe 2 FEzgAo | s gHsHAl ATt et HE F

Journal of KWJS Vol.30 No.1(2012) pp78-84
http://dx.doi.org/10.5781/KWJS.2012.30.1.78



9 Z2Ad 5719 $9FE/ BOV 23R vAE 9

e ZHEE 72F 759 AgEamt w49 Ayen
Azyetr] Ao, aev A BAskE ARsEoR
gt wigo] WA A agu Z2AMN F7]=o|7}t
] He 9ot FEAOR 52 A5 HET €A
o] Fate A gdeERinh. oA &3/ wet A
T ZHFAPT e 245 flste WPy
=717t 52 ARE A AR AA] nHE 2
27} it

£ A= ECV(External Control Valve) 2%
Al

Zy BZol g2t Fold A HF 2HGAd e
TAFAL A= Monte carlo AlE# o)A
1M o]gete], =A] fa Holle EV]E0lE U
slo] olof] wEl deAe HFT FAFE ALt
o|& nigtoe g HA7|Ae] F

Y
0.5 7= 6719 AHrZ(degree of freedom)E =
sttt o] 6719 AHgE AHE YA dre F
2= FA7F 091 3217154 (nominal position) &2

Fig. 1 Six degrees of freedom associated with a
three dimensional body

z-direction Probability density ellipsoid resulted from the two transformations

tolerance

%-b-0 , 0 b

y-direction

x-direction

folerance tolerance

Fig. 2 Schematic diagram of tolerance propagation

REEEHE - BRASaRt #3048 198, 20124 21

79
B A7 BEIUn AR ol e BARE)
zo] AP g} FAHe} T BALII} Qo]
Ao

ig. 2 oltf. I Hz FA]

i
23]
0, rob
o
puy
O

Colgl AEE FARA e S =4
| Fig. 2
1

EHA D (20,90,20) 1 R WA FE@De] 5L A
+ o] 59 %i}ﬂ%ﬁ(xlaypzl)"ﬂ*ﬂﬂ FAEEL =
GEEEE /Y 0 BxE R A53Ad g
AgEch R WA FEel T UA RE(H2)0] 23
W FANE (2,90020) AN FAREE HF #1354
RE 429 53t FAE AR dojAu

- = d 75
A2 Falidnt. o & wkaehd HF z=HAlel

FARAC] Bag 9elel 339 99 53R
AANE ANE 5 k. ol AN Wl

Monte Carlo Al&Ed#o]AS Fdt] ECV7E 4=

37198k WH HE31 7 (clearance) & 23]

2ol XFE AT e 2ol dFel g
S

=
2A4 §HM ZeAA E71%7 943 4
o
o
o
=

| U [ T A o o > 3
fo g
o ©
=
A
rlo
o,
o
=
=
et
=
a
<
=
n
s
K
o
o

21 ECV #=2t 7|5

ECVe] #3F7%E Fig. 3% £om, ECVe 7%
& 7 AR 4571 (Fig. )9 g2 715 =A
Aol el i AR Aol g oe) 2%
Hedl, Alejdel shEel wa vl whet ARke] 7
Abztol /57t dtel ol whE =719 87 A
HE/T7E Ak A7 Afde] S 2dshe A
°] ECVe] ofgolt}.

ECVe| Zede|ze Alolde] o] dosisis

O-ring (3%)

Fig. 3 ECV cross-section

79



80

ECV
insert

Fig. 4 ECV installed on a variable-displacement-
swash-plate-type compressor

----- e eTeTe %
K56
o]

Ball valve &

Fig. 5 Schematic functional diagram of ECV
operation

(Fig. 5(a)) &99=e] A5} Yolx] 1 diaphragm
o] Hxlste] AAWEES el EE7Ir} Ao
etk Alojd sEo] st Al Aol A
slo] EZ&7Fo] gt o]e} W= Ao e
e A5-(Fig. 5(0)) FUdHe] A HT} Eo}
Z diaphragme] $3l8le] AoWEHE Ajckeic; 1
) EZ7FA Alojd Fgol Abdulo] Alojd ke A}
A=A pdstA Ect 22w AR ZAAbze] ket
of EE&o] ksl €t

22 ZT2HM 22X

Fig. 6o Z=AIE ZRAP A5 Agst] Fig. 7
I} e FxE 7R AEZISH] DCAR 84 Al=E
= MRSt e 57 Al A3y SollA
AFHAt. 3 Aol Fig. 39 ah5ol =A1E case,
diaphragm , housing A2 233 3 & AS(SUS
304, A 2% : 0.8mm~+0.1lmm+0.8mm)E <
Fi AT el SET 271 Tk
150kaf, &34 7kkee 200kef, @2 7k 300
kefZ ohIres ALstn S8 AI7ES 80msec, #
Fre 24kAR SITh 2] (®) I Uzlo]l d4H
™ housing¥ diaphram®2 A" F7tlA AF=

80

upper electrode

weld current

weld [
zone = »‘iu
ﬁ

J

0

lower electrode

Fig. 6 Electrodes for projection welding

Fig. 7 DC servo projection welding system

Fig. 8 Cross—section of nugget

(]

WyiEe] MF(10* mmHg)ol ¢¥skA x9S &9l

sttt & yUzle] Fud AR(SE T oy of7]A

gk &t TA)E)o] Fig. 89 EA|Eo] T}, Fig.

9ol & Z2AMA 84S I3 E7]8230] ol5H ztd
ko

2 =07} 0.2 mm & EAFo] otk

Journal of KWJS, Vol. 30, No. 1, February, 2012



9 ZeAld B9 $93E/ ECV 2R3 e 93

81

o224 &HH case®} housing ZHA= Fig. 39
TAE UHA] BEEY Z2HED o7 Ekol=
FY ass'y7} AEW ECVZE e ETH

23 2E|Z2 AlE2o[M(Monte Carlo Simulation)

Monte Carlo AlE#oldE Hef W57t F0971 W
9 ool EAE gEe] gt ez
o Aoz §8bH o]2o] SR E ESA|v
M mdg P37 ofHE %’—23} A= At
< B3] A W) AF zolE Holty” 10).

2PN FHE T HFIGE 7Y W=
Al o] P o] & F St} F 7t FEY A H
TAE et T 9 ZRdE 100071 A g
. HollAl oIzl Z2he] Fafgkel] 104 1
77?]-4 2992 (random number) 7} FalAA A
TAZE Ak ol2fdt T ZHodlA FAFFA
= BE Z3A ekl met AdkehH 23 Al A
}71—71-_‘—7“: FA7F 091 HA]) o= HE Blojd 7} Wk
FAFAE XY TR FEe FAbgkl
A Adolung B F235E S5 A
171 glal 1000 A4k},

B A e o9} 22 Monte Carlo A& o)A
o7 FATH AIYES Aitsle] ECVY 2HeA 4
o Agath w3 Fig. 99 TAlE ZRAMA E7]7}
s 5= 2431 )} v v 5= A9(3.2 4)

=

_4

Eu)
-lﬂm
E

FNr

°“o}1>~1'
_ﬁ_\ﬂOH

\A

O

of tiste] AlgdloldE Faste] §4o] Fitd =¥
TN E7] wol7b AFFA] niAe dFE 4
stsict.

3. ECV SAHEAIE ¢l AlEzlold 21t
31. 7|7t &

ECV7F A4#% e ECV Uy 2 =AY
WAHREE 7k2o] 1.15+1.15 mm, &W3F 7H=o] .38+

Fig. 9 Projection geometry for projection welding
of ECV assembly

KEEE - TREEAAES 83046 19, 20124 28

Fig. 10 Coordinate system for ECV assembly
tolerance analysis

0.07 mmZ Fig. 12 ¢ Fig. 139 42 =A19 ulet
2ol A7} Hojof gt} o] F FhHo] fAIHA Kt
W ECVe| B7Ezte] E7hssitt.

TAFAE sl e] gk #AEATY Fig. 1090 EA
o et o] WHEE ECVE housings ¥3Het
FEEHo|tk ECVZE SUld Fxo|BR 75 Wik
A wEeA] ¥sta 7 Fo] s|HwE FAE gl
I 7Pt A7IA fle] T 2kl SEEEA| A
Eyoldoz gRlshe g thad 2t

ECVY F13(6.65, -3)< case WA diaphram
= WAF7] 918 A5 supportét BteE 7P HSA]
A& et 7158 F0(0,0)014 Fleze] 3
S Bl cased AFFTAF F1H9 $xFA
2 HgEY & Feolld Freze 3 i) Jiﬂﬂ%f

A%RE 717} 6

(3

02 cased
3 X, Y¥eke g Faje= ﬁ%%s‘s% I—Er a1l
7135 74 7} +0.0259F +0.030]th. 91714 o]
ol tete] FAEAA Folgh Fatgholtt,
- ‘?1_7%11 ke [1(6.65,-3.3) %A diaphram
Ao AH F2(12 95,-0.15)4 Oi/] H3lo]lw X,

nr

+0.1,+0. 03015}. Al WA M F2-F3)S X, YW
o7 34759 0.234 olEsldi Fak= 27t +0.05,
+0.01°]th. vl WAl ¥IHF3-F4)2 X, Ydgoz
247y 3,975, 39kE o|Fala o]o Agele FAE B
% +0.01, +0.03°]t}, o33 o] =5 AR
479] et FApt 741 AT F4- dlesE o

% A F1'e FOS 7% slo] FOollA Fy o29
ZFEAES Edlo] X, Y‘”ﬂoi housing®] X9
247} 4,359} 3.46WHF ol A 247 +0.025
s} +0.03°]t}
0]9—} é].o 0]

N

HolEl7t codolz e BARA

81



82

A - 999 - AUF - PED - PO - GER - 4EE

-0.2

(c) Superpositon of two tolerance propagation results

0.9 1 11 1.2 13 14

(d) Tolerance distribution around nominal clearance (1.15, 0.38)

Fig. 11 Monte Carlo simulation results (projection height=0)
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Fig. 12 Radial clearance required for normal
ECV operation

Fig. 13 Axial clearance required for normal ECV
operation(full melting of projection)
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