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Stress Analysis of Pipe Connection Process Using Clamping Ring
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ABSTRACT

The pipe connection process using a clamping ring is used for joining small pipes in the refrigerator and
air-conditioner industries instead of the brazing process, which induces inevitable thermal deformation in the
pipes. However, few studies have been carried out on the process to select optimal parameters in joining
pipes, and studies on the relation between the process parameters of the connection and connecting force of
the joint have not been conducted. In this study, the connection process of pipes with the clamping ring was
modeled using the finite element method (FEM) and analyzed to obtain the contact stress distribution
between the pipes with which the connecting force of the joint was estimated. Considering the characteristics
of pipe connection, the process was modeled and simulated in a two-dimensional axisymmetric solution
domain. With the numerical model, the effect of ring shape on the connection was studied by adding a
projection to the end of a ring or changing the length of a ring. The results of the analyses revealed that
the contact stress distribution could be predicted with the suggested model. The effect of the ring shape was
also presented. The effect of any combination of process parameters could be easily estimated through the

related analyses.
Key Words : Pipe Connection(Z Z &), Clamping Ring(T% @), Contact Stress(A% S2), Ring-shape

Effect(Zt &4 23}), Finite Element Analysis(FSr225l4)
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Fig. 1 Schematic drawings of pipe connection

process using clamping ring

Fig. 2 Actual pipe connection by the mechanical
joining process with clamping ring
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Table 1 Inner and outer radii of pipes and ring

Parts rifmm] ro[mm]
Inner pipe 1.600 2.100
Outer pipe 2.175 2.875

Clamping ring 2.485 4.660

Table 2 Materials properties for stress analysis

Parts Ring Pipe
Materials Hardened steel  Mild steel
Yield stress 638Mpa 200Mpa
Tensile stress 705Mpa 400Mpa

Elongation 0.06 0.3
Elastic modulus 210Gpa 210Gpa

Poisson’s ratio 0.3 0.3

isplacement

(a) FEM model (b) boundary conditions
Fig. 3 Finite element model and boundary
conditions of pipe connection process

with clamping ring
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Fig. 4 Deformed shapes and stress contours of
pipes and ring by the pipe connection

process with clamping ring
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Fig. 5 Contact stress distribution at the contact area
along the distance of Y-axis direction and
the stress contours in the solution domain
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(a) without projection

(b) with projection

Fig. 7 Deformed shape of pipes and ring in the
pipe connection process with clamping ring
and enlarged view between outer pipe and
ring

o)1, Fig. 8(b)= Z°l7F 6 mm we] AA=2, F
Aol og A} Feo] ¥y P wst aga 4
48 BRI E dopstn Hud § vk At 9
stH, go] Zdo] ¥l B3ty 8 Ui &
g BIXE Astas, B 4 st a8l #
Fo| gy BX oA & 3ol7t YEY T

o

LH o O
AA S & 5 Ak

el o i HE=wHe HE=$HL Fig
99} Ze EXE YEhth ¥ Zrvt aX
B2 C YA vES ALstae, Te) do] Wl
= AR 88 Z7)E Hola Tk

Mises

677.8
621.3
564.8
508.3
451.8
395.4
338.9
282.4
225.9
169.4
113.0
56.5
0.0

(b) 6 mm
Fig. 8 Deformed shapes and stress contours of pipes

(a) 9 mm

and ring by the pipe connection process with
different lengths of clamping ring

B
L

@
=
528

Wumsmu W™

PR
ITeTr
-1

5.
2
8,
ey
-420.
T 0 el
s - Z589,
= <
o oam | — |
@ ~-normal ring
£ hortening ri
——shortening ring
& oaso B
a
=200

-250

] 2 4 6 B 10 12 14 16
Distance of Y-axis direction (mm])

Fig. 9 Contact stress distribution at the contact area
along the distance of Y-axis direction with
different lengths of clamping ring and the
stress contours in the solution domain



FI, A4

=7 A7 E B A,

Al6d, 25

831 4.
e
¥
’ I B 5.
300 \-‘N:"l. %0
- 14 56,5
£ el | g A2
: =%
200 L -
E :i « motmial ring -‘\._.-' b
% g // —==shuiening ring
L]
o 2 4 8 & L] i+ 14 %
Distance of Y-axis direction (mm)
Fig. 10 Equivalent stress distribution at the contact
area along the distance of Y-axis direction
with different lengths of clamping ring and
the stress contours in the sloution domain 1
tha Aolg Holw gloit, AFHelE YL v
27 ge Axe] AZ|E Add 5 Uk wabA
T4 o) do] wWake AR ) IFL W
AR e Ao AVF 5 Y3, ot AF A '
S g o FyPslr] Y3 a8Ae BHAAT
22T 4 ek
3
5.4
Q] fF ol AgEE ge AP T we 4
T4 P Mgl 71741%03 ARsE B AF
IS FAHcE mdYstal o8 283 W
3 % g8 sjae o] ohga g ARG d S
At
LT 48FoEN, 6

T4 Goll o7 # A e =dssta o

Ash= 2ol 7hs ksl
2. 75 Foll 93 Ao s, e} oF & Aol

of Hth 200 Mpa AE°] = S} A 380

Mpa 71| 43-3Ho] LAt 7
3. o] A el Rog =rle B I

8 BXole 9T TIetAl ey, dat

ob 95 Apole] BA) WS WA= A

= @ 5 AT

— 86 —

“” O]

. Schwalm, D.,

. Atsushi,

# A FHNA P do| W} B P
o S pEE 2 AREAs Jei sttt
Agre 4 male Bgaw, B 2Y Ao
R Q9 usel xgel e Y Ase
golsH A=Y 5 ek

= 7
ru

Addigte d+d ne AT
Aol ofste] ATFH NS

REFERENCES

Shin, S. M., "A Study on the Advanced
Performance of Al-brass Pipe Brazing Process
According to the Improvement of Coupling", A
Thesis Master,
University, Republic of Korea, 2016.

Kim, J. H., Yoon, J. H and Kim, M. ],
Method Of Heat
Brazing Process and Heat Pipe”,
Patent 1008883630000, 2009.

for a Gyeongsang National

“Manufacture Pipe

Kitech, Korean

Using

"Pipe Connection Having Improved
Strength", VulKan Lokring R. Gmbh & Co. KG,
US Patent 7654588 B2, 2010.

I, "Method of Manufacturing a Lock
Ring for a Pipe Joint", Korean Patent 101142573,
2012.
Connolly, C., “Rings and Springs”, Assembly
Automation, Vol. 28, No. 4, pp. 295-300, 2008.

. Kim, T. G., Kim, T. H., Park, J. H. and Park,

Y. C,
Forming Pipe Model using Pipefitting”, J. Korean
14, No. 1, pp.

“Selection and Verification of Press

Soc. Manuf. Process Eng., Vol.
43-49, 2015.

. Lee, D. Y., Cho, S. H., Jung, J. H., Kim, M. J.

and Kim, J. M.,
for Pipe Joint inside Automobile”,
the 2015 Korean Soc. Manuf. Process
Spring Conference, pp. 192-192, 2015.

“Technology of Quick Connector
Proceeding of

Eng.



-
4
ot
tlo
o
o
=
=
i)
ot
ot
o

o] &9l F=TAVFEEEA, A6, A2E

8. Biersteker, M., Dietemann, C., Sareshwala, S. and
Haupt, R. W., "Qualification of non-standard
piping product form for ASME code for pressure
piping, B31 applications", The American Society
of Mechanical Engineers, Vol. 210-1, Codes and
Standards and Applications for Design and
Analysis of Pressure Vessel and Piping
Components, pp. 127-134, 1991.

9. "Refrigeration and Air Conditioning: Solder-free
Tube Connections for the Installation and
Servicing", Vulkan Lokring Roh. GmbH & Co.
KG, Herne, Germany, 2009.

10. Kang, H. J., “Adhesives for Engine”, Chemical
Education, pp. 5-8, Spring 2011.

11. ABAQUS, ABAQUS User’s Manual Version
6.7-2, Hibbit, Karlsson and Soerensen, Pawtucket,
RI, USA, 2007.

- 87 —





