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Copper pipes have been widely used as components of System Air-Conditioner due to high
thermal conductivity. This system consists of 150 pipes, which are approximately 10m long in
total. Dimensional changes occur during pipe processing such as expansion, reduction and
bending. This processing induces changes in length of pipes and makes dimensional differences
from original pipes. The summation of the differences of pipes components leads to make huge
cumulative dimensional differences. The cumulative differences can cause serious problems
such as crack, refrigerant leakage. However the differences have not been considered so far. To
satisfy target quality of the system, it is essential to predict and calibrate the differences. In this
paper, the changes in dimension were predicted using FEM and it was found that cumulative
differences could cause indesirable stress during assembly process. As a result, dimensional
differences or indesirable stress could be reduced using the proposed method.

Key Words: Copper (&), Pipe (Zt0| Z), Dimension (X|

€ IR LF R Bol AREHAL 3
o AlEE dojzie] defrl= Wnje] FRE
solz 5 Apgstar vk & d2Ae] GEo

%), Pipe Processing (Zt0| Z 4d), Deformation (H3)

{0

[¢]

e o Hed, 24
s] flalA As)7] 2
a3 By 83 ow
sfo] W& WG vo|=
200k o] 29171

A e
7} 7144 ool H]3|
°of AFA FrE 9
x5 7HAA "t

o 10ﬂ1 B e & vlo]zr}

N

1=

ARgE =, o] F o] o] A& (assembly)= 5
g J-‘Hfﬂrolzéi A ZHzke] @) el
Zoe A wI WM Mz Ad=r] 9l

NG 237022 ol eIt of 4 el
A A% oA WA, Belstolxe] A% o
A 2A B 5 QAW B so]= o el
AA A Ageats wWe AAA Bk ngel



o

ZHUBSE|X| B 31FH 7F pp. 615-622

July 2014 / 616

Fig. 1 Cu pipe assembly of the system A/C outdoor
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Fig. 2 Material cost of copper (2006 ~ 2011)*

0‘%71011*1 HAE = %
AL /\]i%iloﬂ
Foll & $go] 7tEAA Ha o]2 <
2 A% Yv] FAHE A|xH
) ofo] AZHGA A= A
A AEo] A Fo LAFHE SHo
dog|x e AA 2
s} sljof gt} SNk, AlZ TA o

= 5 Fto]lX Ao o3 x&

2 2
m o =+
r%wrlrm&ﬂﬂrﬁm&%ogir

o

i3
rik
off
o
o,

g
o

Table 1 Typical forming dimensions of pipe (mm)

Expansion / Reduction L-Bending
Depth Diameter | Diameter Radius | Length

D6.35 0.7 8 6.5 4.85 R15 15
©9.52 0.7 8 9.7 7.95 R25 15
®12.7 0.8 10 12.9 10.9 R30 15
015.88 0.8 10 16.1 14.05 R30 20
®19.05 1 10 19.25 16.85 R35 25
©22.225 1 15 22.45 20 R40 30
®25.4 1.2 15 25.65 22.8 R50 40
D28.58 1.2 20 28.7 25.9 R50 50
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Fig. 3 Shape of copper pipe
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Fig. 4 True stress-strain curve for FEM analysis
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Fig. 5 3D modeling of expansion tool

(a) 35mm movement

(b) 30mm movement

Fig. 6 Finite element analysis of expansion
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Fig. 7 Analysis result of expansion
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Table 2 Change of dimension by expansion (mm)

Outer A 'glc|pD|E | F | X
Diameter

®6.35 |6.771.23| 24 | 0.6 [1.15/0.25|1.41
®9.52 |7.03/0.97|251|0.49|0.85|0.22 | 1.07
®12.7 18.93|1.07|4.36|0.64|0.94|0.23|1.17
®15.88 [9.09/0.91|4.45/0.55/0.78| 0.2 | 0.98
®19.05 [9.05|0.95|4.42/0.58 | 0.8 |0.23|1.03
©22.225 |13.79/1.21|9.14|0.86|1.13 |0.17| 1.3
®254 113.71/1.299.07 | 0.93|1.16 | 0.23 | 1.39
$28.58 [18.52|1.48 |13.84/1.16 |1.37|0.21|1.58
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Fig. 9 Finite element analysis of reduction

(a) 35mm movement

(b) 30mm movement

Fig. 10 Analysis result of reduction

3 a2 A4S 98] UG NX 755 o] &3]
E dolx Z=37)9 3x9Y RdS Fig. 83 o
Zrefstste] AAekA T

323 S| 24Y MM U 4
A7 32+9 2 2S Hypermesh 9.0 ©] &3}o]
Fig. 99} #Zo] 84%& A Folzs §H

2ol
A 84, FI FTTFE AMEA 842 AL
W oeTe A, stelLeh g 3
AL Fosha, FolxE A%
olFAIA 3 M-S HPsGT
Q4AWS vgog ABAQUS T2

oL,
>
Xy
K



o

ZHUBSE|X| B 31FH 7F pp. 615-622

July 2014 / 619

Table 3 Changes of dimension by reduction (unit:mm)

Outer ' A ' g c D | E|F | X
Diameter

®6.35 19.94|1.94|3.89|0.89|138|0.22| 1.6
®9.52 [ 9.08|1.08|3.42|0.42|0.93|0.03|0.95
®12.7 {11.1/113|556|056|1.02| 0 |1.01
®15.88 | 10.9 | 0.94 | 5.46 | 0.46 | 0.88 |-0.02 | 0.86
®19.05 | 11 | 095 |547|0.47|087| 0 |0.87
$22.225|16.21.23|10.8|0.81|1.16 |-0.03| 1.13
®254 165|151 | 11 | 0.98|1.43 |-0.06| 1.36
®28.58 | 21.6|1.61|16.2|1.16|1.66 |-0.18| 1.48
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Fig. 13 L-Bending dimension

Table 4 Changes of dimension by L-Bending

Table 5 Sample and analysis dimension - expansion

. FE analysis | Experiment | Difference
Diameter
(mm) (mm) (mm)
06.35 141 1.33 -0.08
©9.52 1.07 1.2 0.13
®12.7 117 1.07 -0.1
®15.88 0.98 0.9 -0.08
®19.05 1.03 1 -0.03
®22.225 13 1.37 0.07
0254 1.39 1.27 -0.12
©28.58 1.58 1.43 -0.15

Outer '\ ' A ' B |l c|D|E| X
Diameter

06.35 55 | 15 | 15 |16.5|34.6 |35.45/ 0.83

Table 6 Sample and analysis dimension - reduction

D9.52 65 | 25 | 15 | 10.8 | 40.5 |41.42| 0.91

D12.7 80 | 30 | 15 | 17.9|54.3 |55.87| 1.62

®1588 | 90 | 30 | 20 |22.9|60.8 |63.36| 2.52

®19.05 | 110 | 35 | 25 |30.1|74.6 |77.46| 2.89

©22.225 | 120 | 40 | 30 | 27.2|78.3 |81.59| 3.28

®254 | 150 | 50 | 40 |31.5|94.2 |97.79| 3.59

®28.58 | 180 | 50 | 50 |51.5| 116 |120.3| 4.54
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Di FE analysis | Experiment | Difference
iameter
(mm) (mm) (mm)
©6.35 1.6 1.77 0.17
©9.52 0.95 0.97 0.02
®12.7 1.01 0.96 0.05
®15.88 0.86 1 0.14
®19.05 0.87 0.73 -0.14
®22.225 1.13 1 -0.13
®25.4 1.36 1.34 -0.02
028.58 148 15 0.02
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Table 7 Sample and analysis dimension - L-bending 2"1’;0‘;;‘::

Di FE analysis | Experiment | Difference - '
iameter S, Mises ]

(mm) (mm) (mm) e oobsioz

D6.35 0.83 1.01 0.15
09.52 0.91 1.02 0.11 123l
127 1.62 1.55 -0.07 i
®15.88 2.52 2.06 -0.46 peRten
®19.05 2.89 3.13 0.24 s

®22.225 3.28 3.56 0.28 ieres
®25.4 3.59 3.33 -0.26

®28.58 4.54 4.34 -0.2
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