AR B G L

20034 2H

LBERER KB

FERMTER

& MW



ROl LB Bgw S e

20024 12H 26H

% IBEgtE R W




Br

1il

Abstract

‘mo

o

7l &

=
1o

A1 A& A

A3
A

3

A2 olE

LN

ol =(PA) A&

3E
=

4-1

o

\QC
=
il
Wk

=9



ol
N

(|

A

2 3o

Ad
~

4

25}9)

49

6-2

e

B
it

g

R

-



A study on the PA12 tube spring back for

automobile using finite element method

Chan-Yong Moon

Dept. of Precision Mechanical Engineering, Graduate School,

Pukvong National University

Abstract

The recent automobile industry pursue light weight. Therefore, the
market share of the plastic fuel tube in automobile parts now is
growing rapidly. Especially many plastic fuel tube makers have made
their efforts to develop the tube module not only with dimensional
accuracy and spring back but also with cost competitiveness.

In this study, steam method was used bending process. Steam
bending process was used becasue of heat relaxation of the PAlZ
plastic fuel tube.

Results obtained from a simulation program show that residual

stress in parts and the experimental results show that spring back
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angle after tube bending.

This paper describes the relation between residual stress and spring
back angle.
In conclusion computer simulation results show a good agreement

with experimental results.
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Bending moment (kg -mm)

Normal stress (kgy/mm®)

Coefficient of cross sectional area

Angle trad)

Spring back angle ()

Young's modulus

Length of the neutral axis (mm)

Modulus of flexural rigidity

Distance from the neutral axis (mm)
Bending radius (mm?}

Radius of the pipe (mm)

Diameter of the pipe (mm)

Deviated angle of the neurral axis during pipe bending (rad)
Shearing stress (kgy/mm’)

Initial thickness of the pipe (mm)

Flow stress (kgiy/mm®)

Axial stress (kgy/mm®)

Initial stress {(kgv/ran®)

Residual stress (kgy'mm’)

Axial force {(kgr)

Initial cross secticnal area of the pipe (mm’)
Deviated angle of the neutral axis during unloading (rad)

Elastic coefficient
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Fig. 1 Bending stress of the beam
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Fig. 2 Bending stress of the tube
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Table 1614 Table 37tA= PAl2 Zet~" Frel 7|47, 284 52

12 24AE g A9 289 2 ¥ ne A Fde 2=

1,

#la-sEgol ZHoA LT gEH AZHor sto] curve-fitting$

9 AW E(true strain)@ el L7 EL AT T Fhel HE
2 gronw 30CY We FYLHL g e 7hHste] HEHHAT true

strain 2 true plastic strain #-2 2 (15), (16)& o] &3t EFshgich

True strain = Ln (I + nominal strain) --——————-—=—==7""~ (15}

True plastic strain = true strain ~ true stress/E - - (16)

Table 1 Mechanical properties of the PAIZ

Temperature | Yield siress | Strain E® | Ev/Ez2™
(T) ~ (N/mm®) | (dimensionless) | (N/mm’) (T)
20 116.4 0.08 1455.0000 1.0000
30 | 100.3 0.68 .‘ 1316.2500 (0.9046
60 74.1 0.08 926.2500 | 0.6366
B 90 43.2 0.08 540.0000 0.3711
i 120 29.4 | 0.08 367.5000 0.2526 |
150 | 16.1 0.08 ‘ 201.2500 | 0.1383

1) E : Young's modulus {(N/mm’

)
=0y E/Ew ¢ 2009 dfe) Egre 7|Fer 7h 253 Efe ¥



Table 2 True stresses and true strains of the PAI1Z

Nominal | Nominal True True | True True
strain stress strain | Plastic strain| stress stress
| (0T) | (30T) | (30T) (30T) | (30T) | (0T) |
0 0 0 0 | 0 ¢
0.08 105.3; 0.08 0 105.3 116.41
0.24 1177 0.22 0.13 117.7 130.11
0.515 1275 0.42 0.32 1275 140.95
0.8 1331 (.54 0.49 133.1 147.14
1.13 1356 0.76 0.65 1356 l 149.90

Table 3 Physical and thermal properties of the PA12

Property Unit Value
Specific heat N - mm/kg - K 1x10
Mass density kg/mm’ 1.02 x10°

Them_la? N - mm/mm - K 0.21
conductivity

.Coefflclent c?f —re ‘ 15%10°
linear expansion |
Modulus of thermal N/mm - K - sec 0.02

convection
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Table 4 Properties of the

polyamide

PAG PAGB
Property PAG10 | PA1Y1 | PAL2
Absorptance | G/F30 b Absorptance
(3.5%) % Yl (35%)
Gravity - 137 | 114 - Lo | 104 | Loo
Fensile 350 1900 | 830 550 800 | 500 | 430
strength
Elongation 230 3.8 60 200 8 230 230
Bending 385 9550 | 1300 650 950 | B0 | 5%
strength
Impact )
strength >H6 8.8 4 14 6 5 D
(Izord)
Hardness .
= i/ J = Yy
(Rockwell) 255} 120 118 100 113 1) 105
Melting point - 20 260 - 213 | o187 | 1
Coefficient of -
linear - - 1.0 - 1.2 1.5 1.5
expansion
Thermal
_ _ 9 - 25 2
conductivity 0.21 019 | 025 | 021
Dielectric
breakdown - 27 154 28 17 33
s}rength
Absorptance - 1.2 15 - 05 05 -




Table 5 Relations between crystallization and mechanical properties

Yield Tensile | Impact Elongation Bending

Properties .
P poini strength | strength ‘lstrength

Increase of

crvstallinity Increase | Increase ; Decrease | Decrease Increase
vsta \ ‘

Increase of
spherulite

Decrease : | Decrease | Increase | Decrease

[+

sq WHga FHEECh F59e $AE9 (-CH:)/-(NHCO) w7} 2
__3

W2 Ed AWl Be wE A4 @rh AEHYES 20T, 65% RH
Mo WEEE e PAGol A 35%, PAGGOI A 25%, PAG10I A 1.5%, PALl
A4 11%, PAI2O1A 08% FE2 ALgAe] HHERAel B4& 1€

27} 9ot Fig 5914 PAGY §5%] we ZEwss Johiya g,

8 B R //' F11 .
E 7F : L1ic B
. : =
E- 2 B AN lg £
E 5 . 57 -8 3
A N w %o
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E 3 AN g 6 >
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Fig. 5 Relations between moisture content and
strength of the PA6
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Table 6 Weight loss of plastic’'s wear

W !
Polymer |Polyamide Polyacetal |Polystyrene; ABS ‘PMMA Phenol

Rate of 1 25 9~ 26 9 ‘ 2~5 412
weigth loss
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Photo 1 Universal testing machine
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Photo 3 Tension test

423 A9 27

A 2.7}

Q%

=

A

A 20T 2ol vrEbskt

2(17)9]

KeX
|

7k 30Cd

v = 2.2049Ln(x)+3.8568

H
o}
g

"]
L

]

(1) <l

o
o]



(2) ©1 A %
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Fig. 7% Photo 4= 2% 329
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Fig. 7 Schematic diagram of the bending system using steam method

Photo 4 Bending svstem using steam
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Photo 8 Bending experiment of the PA1Z2 plastic tube
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Table 8 Conditions of the experiment

Constant

conditions

Cooling
time
(sec)

30

Cooling
pressure
(kgy/em')

@2

Cooling
temp.
(T

10

Tube
diameter
(mm)

D8

Variable

conditions

Heating
tme
(sec)

25

Heating
pressure
(kgd/cm)

~]

Steam
temp.
(T

14292

158.08

164.17

Bending
radius
(mm)

R20

Bending
angle

(")

120

130
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