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ABSTRACT

The main content of the paper is to develop an Auto-body Packaging
system according to the theory and method of ergonomics. This system is
developed on the platform of CATIA by GII program and C program. In this
system you can get all kinds of tools used in Auto-body Packaging work such
as eyellipse, head contour, hand reach envelop and so on. In SAE J941 there
is a method to work out the H point and we call it driver’'s comfort curves, we
analyze the strongpoint and shortcomings and we put forward a new method
to work out the H point. This method takes into account the effects of driver’s
comfort, visibility, steering wheel, roof and so on. With this method you can
get a optimized H point zone satisfying with requests of the driver's comfort,
visibility, steering wheel, roof.

We have done a lot of experiments after finished this system to validate
the practicability, reliability of this system and we get excellent results. With
this system you can finish Auto-body Packaging work with high speed and
high efficiency, and it is very helpful to shorten develop period of a new

project.
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. L By [
e n ©—/
259F---- T \ ¢ I| @
L] @4
z (2 —, ¥
120F---- | \ b
: ' a3 X
950 135° >
€Y (b)
3-14 61.5°<a8<75.5° a4, a3, a9 H
a4, . +a8>a9, , +a3 a4, +a8<a3, , +a9,,
61.5° <aB8<755° , ad=a4 ., Ldmsx ad=ad,,, L 4rin
ABCD 314@) - H 3-14(b) o
H 2 a9=a9,,, H ; (4 a3=a3 H
(5) a9=a9, H ; (6) ad=ad, H
4) 755°<a8<765°
a9
A L4min L Amax
(6)
250 -5 E\ C\ N
[~
7 @ @
F
A
120 _____ | IB\
950 135° > a3 X
@ (b)
3-15 75.5°<aB8<76.5° a4, a3. a9 H

xli
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ad . +a8>a3  +a9,, a8<76.5° 615°<a8<755" , ad=a4_,

L4 @ad=ad,, L4min ABCD 3-15(a)
H 3-15(b) . H ) a9=a9,
H ; % a3=a3 H ; (6) ad=a4,,
H .
° a8 H
. /(A)
(A =l R 4 (B)(C)
] ~, “ ." o
w ot N
X
3-16 a8 H
, a8 H
, a8 H
, . 316 (A).(B).(C). (D) SAE
95 46.5° <a8<485° . 485°<a8<615° .
61.5° <a8< 75.5°. 75.5° <a8<76.5° H ; (A" ). (B" ). (C" ). (D)
SAE 5 46.5° <aB8<485°. 485°<a8<615°,
61.5° <a8< 75.5°. 75.5° <a8<76.5° H
, a8 , H
» H ;
as8 , , H , H
1.1 H
; a8.
, a4, a3. a9 H
H
111
) 203mm P.
203

3-17 o P. BOF

xlii
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P
203mm
AHP
(& (b) (c)
3-17 N
P: AHP: BOF: TAP:
1.1.2. H
, (
), 7] 60° . , ;
a8 H H .
3-18 S1 R
® RT

AHP
3-18 H
S1: H 2: H

a9 H
1.1.3. H

xliii
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) 3-18

ad=87°,
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CATIA

, a8 , ad , a3 , a9 .
50%. )
) 80% o
80% o )
; 80% o
, PD , PD’ 80%
. 80% a8.
H H
2 o
H ,
H H
18 S1 2 S3 o ) a9
. a8 a9 H . 3-18H
a9 H ,
H .
H
H a4=_87° ,
a4=_87° : a4
o 64 H o
; ~H .
; H o
) 95th
o H ,
) A, A =5mm;
, ( , a8, a3
) ;
) o H
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€Y (b)
3-19
0, 0 <70°, [46.5°,0] .
, . A, A
=5mm, 5mm ’
3-19(a). (b) ,
[A B], 0,
46.5°, [A B] a8
1.2.2. H
, a8. a4 H
3-20 , [A B] ,
(7
a4=_87° H . c1 B H ; Cn
A H . H
[AB] a4=87° H , 3-20

PD | ¢ :Aé; >

xlv

XAB

3-20a4 = 87° H

A. B:
Cl1l. Ci. Cn: H

. . rAa ™1 11
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1.2.3. H
[A B] ,
[C,D], 321
[A D] a8
[A D] : a8
H [AB],
H . ,
[A B] [A D], [A B] H Su
’ [A‘ID]O H
321 , Su [A B] H
Su’ [A D] H
) H a4:870 ° ) 38
, a4 , , a4 [87°105°] . a8
H : , a8 , a3. a9. a4
H . [A D]
, H Ki,
ad [87°,105°] . H Ki
sd [A D], H
H
[ J
PD/ PD
! P -
s P
x CADB
321 H
xlvi
PD: PD’ :
P: P/ :
A. B: C. D:
Ki: H
Su: [A. B] H
ST [A. D] H

d: [A. D] H



CATIA

[A. D] [A. D]

H Su’  Sd. H
So H
H .
2.
, H o
H
A~ A5~ A5~ Ay 3-5 o 322
381, M , W : L,
o \W P WP 112°,
L, 102° ~122°,
WP -10° ~10°. 3-23
> b P S b
L, o l, azl(
, Do a2l ) L,
a20 [a21-10,a21+10], a2l ,

\O 170° ~190°
102°

3-22 3-23 H



CATIA

3-23 ’
a6+a20=90+ al+ a5 (39)
[Xs.Zs, W X 2l
Xy = X5+ L7 cos(l12~ H 22) (3-10)
Z, =Zs+L7-sin(l12- H22)
H [X,,Z4] W

Z, =2, —L6-sin(a20)+ L5-cog(a5+ al)- L2-cos(al)
(3-1D

{xH = X,, + L6-cos(a20) + L5-sin(a5+ al)— L2-sin(al)

(3-10) (3-11 H S (3-12):

X, = Xg+L7-cos(112 - H22) + L6-cos(a20) + L5-sin(a5+ al)— L2-sin(al)
Y, =Yg +L7-sin(112— H22) - L6-sin(a20)+ L5-cos(a5+ al)— L2- cos(al)
a20 , H ,

(37]

SAE J1100 ,

H74—

xIviii
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H13—
L22—
L7— ( )

H74 L22
H13 L7
o H74 L22 o

3-24 H

W(Xy, Yy Zyw)» H H(X,,Yy,.Z,)

W9o—
H18—
L40—
a9—

A

{XA = X,, +W9-sin(H18)/2

(3-13)
Z, =27, —W9-cos(H18)/2

D

xlix



CATIA

Xy =X, —H13-sin(a9
o = Xa (a9) (3-14)
Z, =Z,—-H13-cos(a9)
E
Xe=X L7-sin(L40
e = X+ L7-8in(L40) 315
Z. =Z7Z,—L7-cos(L40)
{0(90° — L40) = Ze —2Zy _ Z,—L7-sin(L40) - Z, (3.16)
Xe—X, X, +L7-cos(L40) - X,
tg(a9) = Zo =2y _Zp- H13~cgs(a9)—ZH (3.17)
Xy —-X, X, +H13-sin(a9) - X ,
Z=7,-7Z
A TH (3-18)
X=X, -X,
(3-16). (3-17) :
1g(90° — L40) = 2= L7~ Sin(L40) (3-19)
X + L7-cos(L40)
tg(ag) = Z-H13- co§(a9) (3-20)
— X+ H13-sin(a9)
Z —L7-sin(L40) =tg(90° — L40) - X + L7-cos(L40) - tg(90° — L40) (3-21)
Z —H13-cos(a9) = —tg(a9) - X + H13-sin(a9) - tg(a9)
(3-13) (2-21)
Z, =tg(90° - L40)- X,, — L7/sin(L40) + Al 3.22)
Z, =-tga9- X,, —H13/cosa9+ A2
Al=2Z, —W9-cos(H18)/2-tg(90° — L40) - (X,, +W9-sin(H18)/2) (3-23)
A2=2, —W9-cos(H18)/2+tg(a9)- (X,, +W9-sin(H18)/2)
, , (3-22)
CST-H13 CST-L7, CST —H13
CST -L7 H o
3.1 H

95



CATIA

o 95
[38]
12 5 s
6 0 s
7°, 5°,
H ’
o H
s’ H b [+ s
s H s o
U Z'
a,
I A

D
X

3-25
U. U(Xy:Zy) D(X,,Zy)
of C(Xc,Ze) A AX,,Z,)
0 B~ P
0!1\ aZ:

Xz ,

[(X = X.)-cosf +(Z-2Z.)-sinb .\ [(Z-2Z.)-cosh—(X - X.)-sing]*
a’ b?

~1 (3-24)
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, a » b o
(X—=X)-cos@+(Z—-2Z.)-sinf =a-cosg (3-25)
—(X=X.)-sn@+(Z—-2.)-cosf =b-sing

’ ¢ ’ ’ ’ ©
(2-27)

X =X, +a-cosf-cosg—b-sind-sing (3-26)
Z=Z7Z.+a-sn@-cosg+b-cosfd-sing
_0Z _dZ/dg _a-sind-sing-b-cosd-cosg (3-27)
oX dX/dg¢ a-cosf-sing+b-sing-cosg
31.1. H
3'25 ’ A) ﬁl’ A
k1|¢=ﬂ1 _ a~sm¢9~S|.nﬂl—b.C(.)séhcosﬂl (3-28)
a-cos@-sinf, +b-sing-cosp,;
0{1, kl :_tgal’ (3'28))
5, ~tg* b-[cgse+(—tga1)-sm9] (329
a-[siné - (-tga,) - cosb |
oA (3-26),
X|9=ﬁ1 =X, =Xc+a-cosf-cosp, —b-sind-sin g,
(3-30)
Z|9=ﬂ1 =Z,=2Z.+a-sin@-cosp, +b-cosd-sinp;
Al=a-cos@-cosp, —b-sind-sin g, (3-31)
A2=a-sn@-cosp, +b-cosd-sinp;
(2-30)
X=X +A1
Ao (3-32)
Z,=7Z.+A2
H H(X,.Z,)»
Xe =X, +A3
¢ (3-33)
Z. =2, +A4

(2-33) , 133mm



CATIA

A3 =-259.91472 +10.281641- L40- 0.032032- (L40)? (3-34)
A4 = 653.71757 + 0.398747 - L40 - 0.059301 - (L40)*
100mm 133mm
A3 =-247.71472+10.231641- L40 - 0.032032- (L40)? (3:-35)
A4 = 655.01757 + 0.398747 - L40— 0.059301- (L40)*
X,=X, +A1+ A3
ATH (3-36)
Z,=2Z,+A2+A4
Z-7Z, =k (X-X,) (3-37)
(Xa,Zy) »  (3-36) (3-37),
Z, =k X, +k (AL+A3) - (A2+Ad) +(Z, -k X,) (3-38)
3.1.2. H
s s s ﬂz o
k, =tga, (3-39)
a,<0, 180°< p, <270°, B
5, ~180° +1g°* b-[c939+ k,-sind] (3.40)
a-[sing —k, - cosf ]
a,>0, 270°< S, <360°, B
5, = 360° + g b-[cgse+k2-sn6?] (3.41)
a-[sing -k, - cos6 ]
O(Z:H) ,32=27O°o
Z, =k, X, +K,(A5+A3) - (A6+Ad)+(Z, -k, X,) (3-42)
(3-42) , A3. A4 » Ab. A6
A5=a-cosf-cosf, —b-sind-sin
! P | B> (3-43)
A6=a-sing-cospf, +b-cosd-sin g,



CATIA

(3-38). (3-43) H ,
H , H
3.2. H
L34 H - L34 SAE
J1100
L34— ) SgRP
254mm.
L34 1000~1100mm.
Z
LX
3-26 (L34) H
3-26 L34 H , AHP Q ,
o , L34
, L34 , H -
, L34 L34
L34 H o
L13( ,
) H ,
s , L13
3.3. H
SAE J1100 , , H61.

H63,

liv



CATIA

H61( )—  SgRP 8
102mm.
H63( )—  SgRP 8
102mm.
H61 , 3-27 .
(headlining) , Z
Zio o
, H101 , H.
, A,
Z,, =H101-H, - A (3-44)
( . . YH., 15~20 (21,
A 20~40 1,
Zio H61 H . Z
Zypr >
Zor = Zyp — (H61-102) - cos(8°) (3-45)
H , H
H , H30 .
Headlining
~—
/
/
H61/
80

N
i s

p X

3-27
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§3.2.3H
H H . a4=87°
H N H N H N
N H . H
H N H N H . H
H ;  a4=87° H
H N H N H N
a4 =87° H .
1 H
\\\—\ -— L7_CSt
L34min_cst —»
Roof _cst Hzon_dp UppVis_cst
\ \\§4\ «—— |_34max_cst
~
) / H13 cst
Fhzon_dp LowVis_cst
Fhzon_opti
Rhzon_opti © Hzon_u
Fhzon_up -op -Up
3-28 H H
UppVis_cst: LowVis cst:
L34min_cst: L34min_cst:
L7 cst: L7 H13 cst: H13
Roof _cst:
Hzon_up: H
Hzon_dp: H
Rhzon_opti: H
Fhzon_up: H
Fhzon_dp: H
Fhzon_opti: H
3-28 ) H N
N H N H H
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CATIA

H ; Rhzon_opti
) H ,
H , 5
H 5 H o
) 95 5 , H
95 o 5 )
H H . 5
95 , H
H o , H N
N H .
H H , N H
a4 =87° H
3-29 , ad=_87° H ; H
N H N H N H
H ; Rhzon_opti H
, H a4 =87° ,
. H Rhzon_opti H
a4 =_87° , H )

[ [ A
HzonAg4_up

H13 cst  L34min cst —m

-—— |_34max_cst
Roof _cst

Rhzon_opti
FhzonAg4 dp - -oP

LowVis cst
FhzonAg4_up HzonAg4 _dp
3-29 a4 =87° H H
UppVis _cst: LowVis_cst:
L34min_cst: L34min_cst:
L7_cst: L7 H13 cst: H13 )
Roof cst: Ivii
HzonAg4 up: a4 =_87° H
HzonAg4 dp: a4 =87° H
Rhzon_opti: H
FhzonAg4 _up: H
FhzonAg4 dp: H

Fhzon_opti: H



CATIA

H (5 ) ) H
a4 =_87° . H H
; a9 H o , a9
H , 3-29 FhzonAg4 _up .
a9 H o ;
H )
H ; )
H , H o
$§3.24H
H ) N H
H .
H o
) ao, Yo )
a9 v . a9>>y , ;
a9<<y , , o
: 80% , a9 3.2° ; 100%
, a9 5° . :
) 80% ) o
o 80% o
100% a9, a9-a9 =5,
80% , a9=y+3, a9=y+3°
H .
§ 3.25SAE H
SAE H H . SAE
, . H
1 SAE
SAE H
H .
1) a4=_87° , H

Iviii
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4) SAE H ) o

1) , H .
2) H , .

3) H , H
4) , H ,

a4 =87° H
a4 =87° H SAE H

2) H .

4) : H
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CATIA

o GB

H Point Curve Created Panel
Design parameters
Vertical distance from SgRP to AHPCHIO0) :

The pedal plane angle (degreed:

|  OK | Cancel

SAE

258,00

B0, O

. a4=87°

LEZI=1b5. 38

BOF FH

&

RH

-
AHP
4-1 SAE H



CATIA

§ 6.1.1 SAE H
4-1 ) SAE H )
H H30 H58,
H )
(AHP), 60°,
H H30=277mm, H58=20mm.
SAE o
[389.95109] , H [1347.64,208] , H
L23=165.38mm .
SAE N H )
§6.1.2 H
H
1.
o 4'2 s
[ ]
a) 60°
b) 80% 55mm
C) (495.36, -74)

d) (297.7, 483.3)

[494.5-69] ,

[1182.26,228] -

IXi



CATIA

[ 1]

a) H Hzon_up
b) H Hzon_dp
C) H Hzon_opti
d) a9 H

Input Farameter

fngle of undepressed sole  (degk: B, 00

lepressed distence of scoelerabe pedal: 55.00

Hzon_opti

Hzon_up

AHP
4-2
[ ]
4-2 , H Hzon_opti ( Jo
ag H H o
H Hzon_opti ) Hzon_opti
A. B. C. D, : A: (126457, 200.81), B:
(1293.96, 284.07), C: (1347.59, 217.90) , D: (1322.98, 138.52).
Hzon_opti H AHP
H53 [769.21, 852.23], H AHP H30
[212.52, 358.07]- ) SAE H58
H30 o
, a9 N
H o 4-1.

Ixii



CATIA

H Hzon_opti
- Hzon_opti AB 3
ad=a4,, =715 H ; BC 80%
4-1 H
a9 (deg) a3 (deg) a4 (deg) a8 (deg)
A B A B A B B
25.00 2246 | 11719 | 12385 | 82.19 98.50
25° 2 25.00 2289 | 111.84 | 11786 | 76.84 92.96
3 25.00 | 2329 | 106.50 | 111.97 | 7150 | 87.46
23.00 20.40 | 119.08 | 12591 | 82.08 98.50
23° 2 23.00 20.86 | 113.79 | 11993 | 76.79 92.99
3 2300 | 21.26 | 10850 | 114.06 | 7150 | 87.52
21.00 18.35 | 12097 | 12796 | 8197 98.50
21° 2 21.00 18.82 | 11574 | 122.00 | 76.74 93.02
3 21.00 19.24 | 11050 | 116.15 | 71.50 87.59
19.00 16.29 | 122.86 | 130.02 | 81.86 98.50
19° 2 19.00 16.78 | 117.68 | 124.07 | 76.68 93.05 60 47.8
3 19.00 1721 | 11250 | 11825 | 71.50 87.66
17.00 | 14.22 | 124.74 | 132.09 | 8174 | 98.50
17° 2 17.00 1472 | 119.62 | 126.16 | 76.62 93.08
3 17.00 | 1517 | 11450 | 120.36 | 7150 | 87.73
15.00 12.14 | 126.62 | 13417 | 81.62 98.50
15° 2 15.00 12.67 | 12156 | 128.24 | 76.56 93.11
3 15.00 | 13.13 | 11650 | 122.47 | 7150 | 87.80
14.86 12.00 | 126.74 | 13431 | 81.60 98.50
2 1435 | 12.00 | 122.24 | 128.98 | 76.59 | 93.18
3 13.89 12.00 | 117.61 | 12365 | 71.50 87.85
1 , B 80%
2: a9 H
3: 1 a9 H ) 2 ) 3
4-2 Ixiii
4 1. 2, 3 H BC,
a9 80% ag




CATIA

a9=a9,,=12° H 1 CD
80% ad=ad4__ =985 H ;AD
a9=a9,, =25 H Hzon_opti
H )
H Hzon opti Hzon_opti
) a9 ) a9 H
a4 ) a4 H
SAE a4=87° ( )
’ a4 =87° : a4
o A a4 (
) 42 H CD :
55mm H ) a4
82° ) a4 885° o 55mm,
80% o a4 =87°(<88° )
80% o
2 H
H )
[ ]
a) W9=380mm
b) H18=22deg
C) 19°
d) L40=25°
€) H13=60mm

f) L7=350mm

Ixiv
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)] (917.75, 567.00)
[ 1 49
a) Hi13 H13 cst
b) L7 L7 cst
[ ]
H13 H13 cst L7 L7 cst
H o H13 cst L7 cst
(1250.5, 233.40), (495.36, -74) H
H H30max=307.4mm.
H o
3 H
95% o
[ ]
a) H124 =14°
b) 7
C) L104 = 904mm
d) 317.5°
€) L40 = 25°
f) L23=227mm
[ 1( 49
a) UppVis_ cst
b) LowVis_ cst
[ ]
UppVis_ cst LowVis_ cst
H o H s H
( 95% ) o )
95% o H H

Ixv
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1(

L34
L34

1(

H
H
H101=1487.00mm
317.5mm
H 61 =1000.00mm
4-3)
H Roof _cst
]
, H
H
(495.36,-74)
1000mm
1100mm
4-3)
L34 L34min_cst
L34 L34 max_ cst

CATIA

b

b

35.00mm



CATIA

H , , H
o , L34
[1000,1100] o
6. H H
H , H o
4-3 H o H Hzon _opti
H o H )
Fhzon _opti o
H H H30
o 17°,
H 19°,
H Hzon _opti a9=19°H H .
5% , H
Hzon _ opti o , H (1336.90,
187.80), H (1086.56,201.80), L23=250.34mm, L58=14mm.
4-2 o

+ Hi3.cs

L34 | cst

UppVis_ cst

— LowVis _cst
\ ".‘_ . FH el
W 1) h L7
=4 Fhzon_opti  Hzon opti -
AHP
4-3 H H
UppVis_cst: LowVis cst:
L34min_cst: L 34min_cst:
L7 cst: L7 H13 cst: H13
Roof cst:
Rhzon_opti: H Ixvii
XVII

Fhzon_opti: H



CATIA

4-2 H
a8 ad a3 a9
60.00 81.27 122.17 19.00
H 47.00 97.87 129.23 16.44
60.00 71.50 115.50 16.00
H 47.80 89.31 123.62 13.49
§6.1.3 a4=87° H
1.
H H a4 =87°
b H a.4 o 4'3 b
[ ]
a)
b)
C) (297.7, 483.3)
d) 45mm
[ ]
a) H Hzon_up
b) H Hzon dp
c) H Hzon_opti
d) a9 H
[ ]
a4 =87° , H
H . H
b H a.4 = 870

Ixviii




CATIA

2 H
A} A} A} H 6.1.2 s
4'4 o o
3 H H
) H
o 4-4 , H Hzon _opti ,
: (1302.08, 178.80), ( ): (1344.26, 225.34),
: (1316.64, 148.99).
(497.39,-74)  (515.77,-74). H
L7-—cst
v RT
L34, .« _cst
'l ..". 4 F%(
* [ Hzon _opti LowVis_ cst
- 1] '
4-4 a4=87° H H
UppVis _cst: LowVis_cst:
L34min_cst: L34min_cst:
L7 cst: L7 H13 cst: H13
Roof cst:
Rhzon_opti: H
H30 [222.99, 299.34], H AHP H53 [786.23,
846.87] - H 6.1.2, H
(1333.18, 196.08); H : (1092.27 , 210.27);

: (500.23,-74). L23=240.91mm, L58=14.19mm .

Ixix



CATIA

H 4-3 0
4-3 a4=87° H H
a8 a4 a3 a9
60.00 81.50 123.60 19.00
H 49.60 94.04 126.64 16.96
60.00 81.50 125.50 16.00
H 49.60 90.30 126.60 13.30
§6.2
SAE GB
[ GB [
1. GB15085-94
[ ]
a) SGRP (1335,196)
b)
[ ]
a) Vis 'V,
b) A. B , 4-5 47

Anea of brush region
Hipe area of GBE1S0E%-94:
Area of A  region @ 7135405
Area of 1] rapiaon @ J3BA0G1 H3

| DK

Ixx




CATIA

a)
b)
C) N
[ ]
GB15085-94 , 4-6
4-7
Area of brush region

GELSOES-94 Hipe araa Percent

A region = 135425 F1354.25 106G .00

B region @ 2B20G1 .83 ech I Pl e g3.07 b 00

B k
YV j \
V’)J.-.'
i [ I
4-7
§6.3
GB 14167—93. SAE J383
[+ %E [+

[ ]
a) L40 = 25°

c) SgRP (1335,196)

Ixxi
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4-8

CATIA

L23=227mm

)
S L]_\ L2\ L3
M (ML

nIT w >

§6.4

Ixxii

a

H

4-8



a4 =_87°

CAD

CATIA

CATIA

”

[

5 CAD/CAM

- CAD
CATIA
H °
),
’ H
H H
H

Ixxiii



CATIA

) H a4
. ad=87° H ,
° H a4
87°%,
»  SAE. ISO. GB (
N N ) ( N
) CATIA ,
CATIA
1 CATIA Motif o
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ABSTRACT

INTRODUCTION

Auto-body packaging is a very important scheme design task during the
automobile conceptual design phase. There are so many feature parameters and
control hard points to be determined in the process of auto-body packaging; while
gpatial relations and constraint conditions are complex, implementation methods and
evaluation indices are fuzzy. It results in the design scheme being multi resolution,
experiential and compromising. It is very necessary to finish auto-body packaging
work with advanced CAD/CAM techniques. Jilin University of technology has
finished Auto-body packaging system based on many kinds of CAD software.
According to the broad application of CATIA in automobile industry, we decide to
develop auto-body packaging system based on CATIA.

MAIN CONTENT

1. Auto-body packaging tools

1.1. Eyellipse: The Eyellipse contours were developed by the statistical analysis
of photogrammetric data of driver eye locations and represent a population mix,
primarily of United States licensed drivers, with a male-to —female ratio of
one-to-one. This recommended practice is based on an original study, involving
drivers with a straight-ahead viewing task without head turning.

1.2. Head contour: The head position contours were developed using data
gathered from eye position studiesand anthropometric data of the head. Mean
top of head (including hair) and back of head (including hair) were determined
relative to the eye from these studies and averaged. The mean front and side of
head was determined relative to the eye from anthropometric data this
information was used to develop a mean head profile in side and rear view
referenced to the eye.

1.3. Hand reach envelop: The description of driver hand control reach
envelopes was developed using data acquired from test subjects performing
reach tasks in test fixtures smulating a range of actual vehicle configurations.
The test subjects included equal numbers of men and women selected to
represent the driving population on the basis of stature and age, and were tested
both with and without upper torso three-point restraint. This recommended
practice describes boundaries of hand control locations that can be reached by
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1.5.

1.6.
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desired proportions of different driver populations in passenger cars.

Passenger car windshield wiper system: To get good visibility for
driver in rain days, all passenger cars are equipped with windshield wiper
system. Windshield wiper system has not only the wiper ability, but also the
accurate wiper area. Some wiper has enough wiper area, but it is not good to
improve driver’s visibility because the wiper area is very deflective. There are
standard wiper area in SAE and GB to make wiper system work effectively.
The wiper areais defined by V-point in GB, and defined by eyellipsein SAE.

Motor vehicle seat belt anchorages: There four kind of seat belt apply
in vehicle: shoulder belt, waist belt, three points belt and four points belt. They
have their characters, and three points belt is applied in passenger car broadly.
Seat belt is used to protect passenger and it has great influence with the force
direction. When force direction is not reason logically it can not protect driver
or passenger effectively. The seat belt anchorages were regulate in SAE and
GB standard.

Hard point library for passenger car: There are so many feature
parameters and control hard points to be determined in the process of
auto-body packaging; while spatial relations and constraint conditions are
complex, implementation methods and evaluation indices are fuzzy. Most of
designers select hard point’s value by their experience. So it is very helpful to
collect congener vehicle's hardpoints.

2. Driver’soptimized position system

2.1.

2.2.

Driver selected seat position: A driver selected seat position tool has
been developed to describe where certain percentages of drivers position
horizontally adjustable seats in various workspace arrangements. The tool
consists of series of equations that describe horizontal H-point locations as a
function of vehicle H-point height (H30). The 2.5, 5, 10h, 50", 90", 95" and
97.5 percentile H-point locations were determined for each package and plotted
as a function of the package H-point (H30). A second-degree polynomial was
fit to the data for each percentile level. Curved lines were fit to the data for
each percentile level. With a suspended pedal, the manikin's ball of foot
reference is less likely to change due to the amount of seat travel provided in a
workspace. The heel point location, however, changes with the amount of
available travel.

Comfort H-zonefor all lower limbs angle

2.2.1. Constraint of driver’s seating comfort: Driver's joint angle should
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keep in a comfort scope to |lease the fatigue because long time driving. There
are different comfort angle scope between different area and country because
the different ratio of body parts. In this system we use the popular used angle
in international. For certain accelerate pedal packaging, the comfort H-point
scopeisazonewhen angleof a4. a3. a9 changedin their comfort scope
angle. For the same reason it is also a zone when accelerate pedal is depressed.
The intersection zone of upper two zone is the zone agree with the require for
comfort of accelerate pedal depressed distance. That's mean all the comfort
H-point considering the accelerate pedal depressed distance are in this zone.
Because the result is a zone but not a curve, it is very flexible for design and
it accord with actual driving instance.

Visibility constraint: The visibility constraint refers to driver’s upper and
lower vision angle. According to the meaning of eyellipse tangent ratio, we
can work out the eyellipse area from where we can see the target. For upper
vision we can get an eyellipse zone, and we can get an eyellipse zone of
lower vision similarly. The intersect zone of these two zone is the eyellipse
zone which can meet the demands of vision ability. We can get the H-point
zone from the eyellipse zone according to the eyellipse location equation.

Steering Wheel constraint: Because the position of brake peda is
higher than accelerate pedal, driver should enhance his thigh when he apply
the brake pedal. We should control the minimum distance between steering
wheel and driver to guarantee the driving safety. There are two hard points
(H7, L13) defined by SAE J1100. H7 refers to the minimum distance between
steering wheel and driver’s thigh. L13 refers to the minimum distance
between steering wheel and driver’s torso. We can get the minimum H-point
according H7 and L13.

Vehicle roof constraint: It is seldom to redesign the roof when remodel
a passenger car. When the roof height is selected, we can get a H-point zone
which can guarantee the minimum head clearance room. There is a hard point
defined in SAE J1100 named H61 (The dimension measure along a line 8
degrees rear of vertical from the SgRP point to the headlining plus 102mm

(4in)).

Operation constraint: There is a hard point defined in SAE J1100 to
guarantee the operation room of leg named L34 (The dimension measure
along aline from pivot center to the SgRP-front plus 254mm)

Upper limbs comfort constraint: There is also a comfort H-zone the
same as the lower limbs comfort constrain. We can get the comfort H-zone
when the upper limbs angle in their comfort angel.
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2.2.7. The optimized H-zone: We can get the optimized H-zone from upper
constraint H-zone by calculating the intersection zone them.

2.3. Thecomfort H-zone on the condition of a4 =87°

Driver selected seat position curve is counted on the condition of a4 =87°: it
can meets the demand of accelerate pedal depressed distance in the comfort angle
scope of a4. In this way you can get driver’s position accord with actual driving
state. We can get a comfort H-zone when AHP locate at different point in its comfort
scope at the state of undepressed state and can get a comfort H-zone when AHP
locate at a point in its comfort scope at the state of depressed state, so we can get a
series of comfort H-zone in different AHP at the state of depressed state. So we can
get the optimized H-zone.

We can also get the comfort H-zone of steering wheel, vision ability, roof height
and operation constraint the same as above paragraphs.

3. Conclusion

The auto-body packaging system developed based on CATIA includes
interrelated tools and rules of law, so it can enhance the design efficiency. The
comfort H-zone method is more agree with the actual driving state, and its result isa
zone but not a curve, so you can finish auto-body packaging work neatly. All in al,
this system can make full use of the advance strongpoint of CAD to enhance the
efficiency of auto-body layout work.

[Key Words] Ergonomics CATIA Auto-body Packaging
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