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ARTICLE INFORMATION ABSTRACT

The appearance quality of automotive bodies is among the features which are, in recent years,
significantly taken into consideration by designers throughout the world. Automotive bodies are, to a
great extent, constructed from flexible sheet metal components and would deform and distort easily by
even a slight assembly force. Therefore, errors due to manufacture and assembly processes of
automotive bodies lead to major deviation from the ideal product and ultimately affect the appearance
quality and cosmetic features of the vehicle. The effect of these errors, which commonly arise by
dimensional, geometric or assembly tolerance of the components, can be examined by tolerance
analysis. As one of the key quality characteristics in vehicle design, this paper evaluates the appearance
quality of automotive bodies as a function of assembly derived errors. In the proposed methodology, by
means of the nonlinear finite element analysis and by presenting the surface interrogation techniques, a
comprehensive approach of quality appearance evaluation of vehicles is developed. The approach is
validated by a vehicle example and the results show good agreement with practical data obtained from
the production line.
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Fig. 1 Some gaps studied in quality appearance evaluation of vehicles
[13]
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Fig. 2 Application of highlight bands in quality appearance evaluation
of a car body [23].
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* Uniformity

2 Flushness

% Key Characteristic

* Computer-aided Design (CAD)
® Surface Interrogation Methods

376


https://dorl.net/dor/20.1001.1.10275940.1395.16.9.24.3
https://mme.modares.ac.ir/article-15-3105-en.html

[ Downloaded from mme.modares.ac.ir on 2024-09-21 ]

[ DOR: 20.1001.1.10275940.1395.16.9.24.3 ]

el aSine ol 9 Olsesildy She Sauw

99393 433y Zobuw 5 alb wukas ) ja 3y Slbsil wilakad jlige AT slaloa il

A A A A
A A 'T A A
A A A A

Fig. 3 Assembly process of compliant sheet metal parts [2]
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Step 1
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deformation | | Modeling parts with | | Modeling parts with
their initial deviation | |their initial deviation

%’

Generating elements (explicit
elements) and creating fixtures

Step 2 v

Moving welding guns towards each
other to close the gap including
contact interactions (explicit solution)

Step 3 \ 4

Updating geometry from
solution results and converting
explicit elements to implicit

v

Defining spot-weld elements|
and welding points

Step 4 A 4
Assembly’s

Releasing (removing) guns EEEOTSA
and the assembly springs back i >
(implicit solution)

Fig. 4 Four-step modelling of the assembly process of compliant sheet
metal structures [2]
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Fig. 10 Example assembly of car body in ANSYS environment
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Fig. 12 Original roof model consists of two Bézier patches (dimensions are in millimetres and the origin is the same as manufacturer’s CAD data).
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Fig. 17 Highlight bands of nominal (top) and deformed (down) roof
i () 4l ISy 5 (V) Jlows] s (20530 slawily 17 JSC3

e il sy R U) &b adals 3L sle R Slea
‘55“‘5‘0 4..3; SoS APREN 6‘)" J_._l;d )| C)M Lgl.a:o.)‘.) U.JL.J)J

hoe sosls b zuls duslio -5-4
lrools aliwg a5 alie cpl jo ool &l (6555 B g oo iy (pl o
B st Sype 939> 30 i Dlpss gpSoslul j wdSy lee
5Ll pesls ldas ploxil fr g0 1) 9,095 o a0y 18 JSE" 0,5 o
Joe plel o olKiws S alws a5 anTd cpl amo o (lid Chb mhaw
ol 4285 290t ol e85 el sl

by Joe whin ja 5l g lopesls I e wad plal sl o
SRS S5 (48) 5 3 oot o S Aoy 4 5l o
9556 5 sl (a8 olo 695 iledse gide o azsl wuls) 16 x 18
30 el oad (6pSosll degamme S dasin lgiea o] (G lgen
Sl dols polie ol en 4y dasiie opl e gkl slbaasls 1 Jgax
Jol> @l b g5 ige by, 4 9,095 10,000 5kige anls (5loans
maasly )l (S anlie a5 olbs ol ad A i es slaosls
losls g ol anal> 39 15 s 4 Yol 09 oo osaline (5 ol slo

b 531 gy 2 =334
o LTy 5% i a8y S 5 Jlol sl G5k "7 JS5"
(Sige) 5 ao 0ae 15 (rolans oS Liomtw (sl ol 08905 i
i gl | e oo 700 plis)] o (Son oS e Lo 20 et & (5lse
ol e o cal Gl o L abad gilednd w5l )3
5 L8 Jeb glily ar Cond 20° aygly o o yge D jgo 4 o Slige
shis 5 Gilse bk balas aled Jlossl mhow (gly 45 55 0 oanlice
G & bstye bolas il s gn s o asin o Lo sl
Bl S8 05 s S > Mo (53 5 a5Blise ya g S,
Gl il glogel Ghls Giw a5 Sy s cwl atie g9 4
it JS8 ) 5 08,8 05 523 gl (sl 5 00,95 ai . bgla
S ty) SlaFes a5 wlad o3y (Lo 5 shaw 5)lgen HeSE polis

a3 oo Gl (s ) e b)) (S 5 (o5

Acgozxo (Gl daxin d)l.ni SilbwJow —4-4
ol ) o e 4w ol oS syl an T 5l A o5
il oo degazme (alS dastin Dl edgaste dvwloe (Dlahad (69959
S B o g o]y dcgame GolS dasiin g,0s5 haw dlins o
JA an ose b ) G &5 gl SeiS G oS sleyesl
o Sl Wlsicon Sl ot gl 5 (S lpan 5B pai ol £5,5
QS e e CudlS o el plsieas | sae G a5l Al
Sl el o) Jlstren dcgeme GolS dasiio capxi b o> 4
5 olsspl e Goluly o s )3 (5 )lgen 55 B JJadie 1 iy Gedod
(Wacgorme 0l dasin flyicdr 0gd oo donbre rd5e O god
e lsied s 4a S gbelns (k) JSbni 5 s

88,5 oo bl il )5 Lo 013 15 (V) 69955
By 6,LS Gleoyleps wuy slige b ) as F o cledlbl ululy
Al sl e oo 562 (8l el (Saw e 5Lige 5 i
Ll Julog )0 (699)5 (il 5 Dl o3l Glareds (g5 o0 1) Jadie ol a5
el S5 4 i o oads o) S ss aS el @ dzgi b aoged
Wjom O G.‘a...: J;La.m u,ul.u P g u’_]a>]..c Sgdxoe 6‘)""
s s 55, 52 Lol 3mn (6505 IRty % 5 fpat 1555
3529 (6995 il g (sulS dasiin fru Jhs é ladaly 1 el ouls
dcgerme Al dasine Ol g)bl (gilw e sl a0 g o)k
had ol jslate ol (sl 05 @185 00 [2] (st (ool o 51 o
[31] 50,3 aculne 5 IS8 @ acgesme oS aasiin gl gla yliss
m= O] = [ @ (14

—o0

oS sibe gy Gl aakie obr ks Slom, kel ol o
il Bl (o Sle polis) aasie opl @y )bl Glaaasls
oy o [32] wi wimlss e o S5 a4 (LSantS 5T pas
ol 0ad (2 Jloy & aBbise ¥ peiie @iy Sk f(V) &b (14)
bl ol 4 azsi b @ cal ol Sl s S0k e
8,8 by e Lo 05 535 ply i 4 oy s o oals (5,805
b oobbd Gl 5 soulS anseie o, bLs,l 8l ol canl oot

3 PROSELECT
4 ZEISS

9 o lesis 16 0951395 ,3T ()30 Sl (w dito

1 Skewness
2 Kurtosis

384


https://dorl.net/dor/20.1001.1.10275940.1395.16.9.24.3
https://mme.modares.ac.ir/article-15-3105-en.html

[ Downloaded from mme.modares.ac.ir on 2024-09-21 ]

[ DOR: 20.1001.1.10275940.1395.16.9.24.3 ]

el aSine ol 9 Olsesildy She Sauw

90398 33y Zabun 5l S H3 a3y 8lasil labs Slisge ST 8 slalba il

Probability Density
e o o = =
e (=2 o - N ~
e

S
[N}
T

00 02 04 06 08 G| 12 14 16 18 2

Maximum Local MVS x10°

Fig. 19 Statistical distribution of roof's fairness factor: proposed
method vs. experimental data
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