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Abstract. The solid model of orbiting and fixed scroll is created by the Solidworks The
deformation and stress of scrolls under gas force, temperature field, inertia force and
the coupling field are analyzed using the Ansys software. The deformation for
different thickness and height scroll tooth is investigated. The laws of deformation and
stress for scrolls are gotten. The research results indicate that the stress and
deformation of orbiting scroll are mainly affected by the temperature field. The
maximum deformation occurs in the tooth head of scroll wrap because of the largest
gas forces and the highest temperature in the tooth head of scroll wrap. The maximum
stress is located in the end of the tooth, and the maximum stress of the coupling field
is not the sum of loads. The scroll tooth is higher, and the deformation is bigger. The
scroll tooth is thicker, and the deformation is smaller.
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1. Introduction

Scroll compressor as a new type compressor, because of its simple structure, small volume, light
weight, small vibration, low noise, less wearing parts, stable operation and many other advantages are
widely used in air conditioning and pneumatic system. The pressure of the gas in the working
chambers gradually increases with the rotation of the shaft, and the high pressure gas is discharged by
the exhaust hole. The gas force working on the scrolls will cause the deformation of the scroll tooth of
the compressor. The temperature of the gas in the working chambers increases and causes the thermal
deformation of the scroll tooth; The rotation of the crankshaft drives the orbiting scroll of the
compressor to rotate, and generated the inertial load field, resulting in the deformation of the scroll
tooth; The assembly gap of the scrolls will change due to the deformation of the scroll tooth; The gap
of the scroll will affect the efficiency of the scroll compressor, the gap is too large, leading to
increased leakage will be increased with the large gap,and the friction will be increasing with small
gap; Oil-free scroll compressor does not have lubricating oil for cooling and lubrication, the pressure
and temperature of the gas in the working chambers are higher Compared with the oil lubricated
compressor, and the deformation of the scroll is also greater; In order to ensure the normal operation
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of the compressor and the assembly gap, it is very important to analyze the deformation of scroll
compressor under the multi field load[1-4].

Many scholars in China have done a lot of analysis and Research on the deformation of scroll
plates and scroll teeth of compressors. (Dan Jin, 2003.Huang L., 2006.Li Chao, 2013, 2015.Yin Jun,
2011.Guo R N., 2011.Wang J., 2012.Yang G Y., 2008). The existing researches are all about the
analysis of the deformation of the scroll disk under the single load. However, in different practical
conditions, the deformation of the scroll is different greatly.In this paper, therefore, considering the
pressure field and temperature field of load, inertial load field and scroll tooth height, thickness of
different influence factors, the analysis software Ansys is applied to analyze the deformation
distribution of oil free scroll compressor, the analysis provides a theoretical basis for the design and
assembly of machine performance, oil free scroll the scroll compressor.

2. Load analysis of Orbiting Scroll

2.1. Temperature load

When the scroll compressor works stably, the temperature of the scroll tooth rises uniformly from the
suction chamber to the central exhaust chamber, while the gas is compressed. The temperature of the
gas in the exhaust chamber of the compressor is calculated by equation (1) in the adiabatic process:

k1
k

P
Td :Ts(Fd) (1)

In the analysis process, the variation of the temperature of the scroll tooth can be simplified as a
linear distribution along the radius of the line of the generating teeth. The temperature of the scroll
tooth gradually decreases along the radius of the profile line [13].

2.2. Gas force load

With the rotation of the spindle angle, the gas in the cavity is compressed more and more, and the
pressure reaches the maximum value at the exhaust time. Therefore, the static structure analysis of the
scroll tooth is selected. At this point, the volume and pressure of the gas in each cavity of the
compressor are calculated by the following two formulas:

P ¢e_9
V =2h(-1) J,nde o
0<0<¢ -27-6 -p)

The instantaneous volume of each chamber of the compressor can be obtained by (1). If the
compression of the gas is adiabatic, the gas pressure in the chamber ! is:

Ve o«
p,(0) = (W) Ps 3)

2.3. Inertial load

The scroll scroll compressor rotates in a rotational manner with respect to the stationary vortex disk,
with I' as the radius of gyration, resulting in inertial forces. The magnitude of the inertial force is
calculated by the lower form:
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Q=ma
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3. Finite element analysis of scroll plate

The 8 node hexahedron as the basic unit to analyze the geometric analysis of the orbiting scroll, which
each node has x, y and z displacement in three directions and the occurrence of rotational degrees of
freedom, the displacement of each node by the relation of shape functions to represent the [14]:

[Ul=[N][d] ®)

[d] Analyze the displacement vectors of elements; [U]
[N]——Shape function vector.
From stress-strain relation:

Displacement vector of an object;

[c]=[D][¢] (6)

[o], [£] is stress and strain matrix. [ D] ——Physical constant matrix.

T T
[O-]=[Gxao-y9o-z7ryz7z-xz’z-xy] [8]:[gx’gwgz)]/yz’}/xz’]/xy]

(1-u  u Y7 0 0 0 |
o l-p 0 0
[D]= E o H uo 1-u 0 0 0
A+ w)A-2p) 0 0 0 05-u 0 0
0 0 0 0 05—u 0
0 0 0 0 0 0.5— |

In the analysis of g_eneral finite element method, it can be solved by the method of minimum
potential energy by using the viewpoint of potential potential energy, which must be satisfied for an
elastic body:

E,=U+W )

In the finite element analysis, the main focus is that the scroll and the scroll tooth are combined by
the pressure field and temperature field, so the relationship of stress changes should meet the
following types:

oc=E(e—-¢,) g, = aAT (8)

The total internal strain energy of an object under analysis can be obtained by integral calculus:

1 _
U =[ (=) E(e-&,)Ad & =Bq; dx= % 2X1 de ©)
L
B ——FElement strain displacement matrix.
U =Zqu(E Ab'—ejl BTBdéjq—ZqTE Ak, [ BTde+ Y LEA kg2 (10)
) ©F — e g 0y —p "
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1 OE
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The displacement and stress value of each node of the scroll tooth can be calculated. Finally, the
balance equation of the scroll tooth of the compressor is obtained by combining the above equations
with [15].

4. Calculation Model
4.1. Establish 3D model

A 3D solid model of scroll scroll of oil-free scroll compressor was created by using Solidworks, and
the medium in working chamber is air. The structural parameters of the scroll used as shown in table 1.

Table 1. Parameters of scroll

parameters size
radius of base circle ' 3.26mm
radius of gyration 5.75mm
thickness of tooth 4.5mm
height of tooth h 3 6Tm

cylinder number N

In the analysis, the steady-state thermal analysis of the scroll is firstly carried out by Ansys, and the
temperature variation of the scroll tooth is analyzed. Then the analysis results of the scroll were loaded
into the static structure as thermal load field, and the coupled field was analyzed. Figure 1 shows a
three-dimensional model of an air conditioning compressor rotor based on the above parameters.

4.2. Mesh generation
The mesh of Scroll plate of oil-free scroll compressor was generated by Ansys software. The material
characteristics of the scroll disk are shown in the following table.

Table 2. Characters of ductile cast iron

material characteristics Fe

modulus of elasticity E

. 7, 173GPa
poisson ratio 0.3
density # 7.8x10°kg / mm’
expansion coefficient & 133x10° / °C
thermal conductivity A 0.0526W / mm-°C
specific heat C 500J /kg - °C
. 1) 400MPa
t le strength “b
ensile streng >70MPa

yield strength 9

Because the structure of the scroll disk is irregular, a free mesh method is adopted in order to get
better mesh quality[16], Set its minimum cell size to 1 mm. Fig. 2 shows the mesh of the orbiting
scroll.
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(a) (b)
Fig. 1 The model of orbiting scroll

Fig. 2 The meshing model of orbiting scroll

4.3. Operation condition

The operation of the scroll compressor is determined by the input parameters of the motor, the
structural parameters of the compressor and the environment at that time. Table 3 shows the operating
conditions of the scroll compressor.

Table 3. The operation of compressor

Name parameter
Intake pressure 0.1MPa(Absolute pressure)
Exhaust pressure 0.75MPa(Absolute pressure)
Intake temperature 20°C
Isentropic index 1.41
Compression ratio 7.5
speed 3000 r/min

5. Analysis the result of Calculation

5.1. Deformation of a orbiting scroll in a temperature loading field

The constraint of the orbiting scroll is mainly limited by movement and rotation. The intake
temperature of scroll compressor is set at room temperature 20 'C. The exhaust temperature is
calculated by thermodynamic knowledge. According to the suction temperature and the exhaust
temperature of the compressor, the temperature distribution of the orbiting scroll is analyzed. The
overall distribution is affected by the exhaust temperature and the gas temperature, as shown in Figure
3 (a). Then the analysis results of the temperature distribution on the scroll tooth are loaded into the
static analysis, thus the deformation distribution of the scroll tooth under the temperature load field
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can be obtained, as shown in Figure 3 (b). It can be seen from Figure 3 that the deformation of the gear
head at the initial end of the scroll of the compressor scroll is the largest, and the value is 0.1676mm.
From the tooth head to the end of the tooth, the deformation of the tooth decreases as the temperature
gradually decreases.

0.00 100.00 (e} <‘ R ilr) 0.100 (m) < *
— ] — 1]
50,00 x Q050 ]

(a) (b)

Fig. 3 Temperature distribution and thermal deformation of orbiting scroll

5.2. Deformation of orbiting scroll under gas force field

When the compressor is working, the pressure of the gas in the working chamber increases with the
rotation of the main shaft until the exhaust stage reaches the maximum pressure. Because the pressure
difference between the inner and the outer sides of the scroll tooth is different, the pressure difference
is caused by the radial force acting on the scroll tooth. The pressure of the suction chamber is 0.1MPa,
the average pressure of the first compression chamber is 0.14MPa, and the average pressure of the
compression chamber is 0.26 MPa, and the center cavity pressure is 0.75MPa. The deformation under
the gas load is shown in figure 4. It can be seen from the diagram that the deformation of the top of the
gear head at the beginning of the scroll of the scroll gear is the largest, and the value is 0.0184mm.

5.3. Deformation of orbiting scroll under an inertial load field

The orbiting scroll plate through the eccentric spindle is connected with a belt wheel and the motor
base circle center dynamic scroll around the fixed scroll for rotation and translation to scroll, so scroll
plate will be deformed by the inertia force, which will cause the deformation of the scroll tooth. The
deformation caused by the inertial load is shown in figure 5. From the figure, when the vortex disc is
only inertia force field, the top end of scroll tooth deformation, the maximum deformation is
0.0002mm, which shows that the smaller the inertial load deformation effect on the scroll compressor,
which can be neglected in general.

-
0.000 0100 {m) \j 0000 0.100 () Ev‘
L i} 1 §

0050 0.050

Fig. 4 The deformation under force loading Fig. 5 The deformation under inertial loading
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5.4. Deformation of scroll plate under coupling action

5.4.1. Deformation of orbiting scroll plate The force acting on the orbiting scroll plate is complicated
under the actual working condition, the deformation of the compressor under actual working
conditions can not be well analyzed only by analyzing the influence of a certain load on its
deformation. When coupled with the physical field, the deformation distribution of the scroll is shown
as shown in the following figure. It can be seen from Figure 6 that when the orbiting scroll plate is
coupled, the deformation of the top of the initia of the scroll tooth is the largest, and the value is
0.168mm.

The arc length of the scroll tip of the orbiting scroll is changed into abscissa, and the deformation
of the scroll tooth is taken as ordinate and the beginning of the scroll tooth is the coordinate origin
established the coordinate system. The total deformation of the scroll tooth is obtained when the scroll
plate of the compressor is loaded and coupled at each load field, as shown in figure 7. It can be seen
from Figure 7 that the deformation of the coupled scroll is consistent with the variation of the
deformation amount when the thermal load field is loaded separately. The maximum deformation
occurs at the top of the scroll tooth, and the deformation of the scroll tooth decreases with the increase
of the addendum arc length.

olg ]
0.15 _\":.‘ Coupled deformation Thermal deformation
N .
o024 oy P
: Sl o N
‘:’% 0.09 —h\\"\.\_..B:;-':
= "~
£ 006+ 1
‘é Gas force deformation Incrtia deformation
0.03 4
n/’hﬂ\\-’/k___r\._,___ R S -
0,00 FE e St T T T T —
e i 0 20 40 w0 0 100 1200
0.050 Arc length (mm)
Fig. 6 The deformation under Coupling Fig. 7 The deformation under coupling effect

5.4.2. Meshing deformation analysis of scrolls The fixed scroll plate of the scroll compressor is
connected with the frame by screw thread, so the screw hole and the positioning pin are arranged as
the forced displacement constraint of the static vortex disc, and the displacement in the direction of X
and Y is limited. The deformation of the fixed scroll plate under multi physical field coupling is
analyzed, and its mesh and deformation are shown in Figure 8, as can be seen from the diagram, the
deformation tendency of the fixed scroll plate is consistent with the orbiting scroll plate under the
coupling action, because the stator disc is fixed with the frame and the thread and pin, almost no
deformation occurs around it. The maximum deformation occurs at the beginning of the tooth end, and
the value is 0.0173mm.
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Fig. 8 The deformation of fixed Scroll

Figure 9 shows the comparison of the deformation of the scroll disk. The graph (a) is the curve of
the deformation of the top of the orbiting scroll plate and the deformation of the root of the fixed scroll
plate, and graph (b) is the change curve of the root of the orbiting plate and the deformation of the top
of the fixed scroll. As can be seen from the diagram, the deformation of the fixed scroll plate is large
than the orbiting scroll plate which the arc length is between 540mm and 590mm, In the graph (a), the
difference is 0.0051mm, and the difference in the graph (b) is 0.0064mm. Here is the position of the
first meshing point of the exhaust chamber just before end of the suction of the scroll. In order to avoid
the collision of the two scroll gears during operation, the meshing gap between the scroll teeth is at
least greater than the minimum difference.

0.18 T T T T 0.12 T T

i B —#— Orbiting Seroll
0.16 4% —e— Orbiting Seroll N

% 0.10 % —x— Fixed §
ol X —%— Fixed Scroll . B g e Setell

A B >
(AN b

4 R

0.124 0.08 4 .

0.10 4

0.06
0.08 4

0.06 4 0.04 4

Deformation (mm)

Deformation (mm}

0.04 4

0.02 4
0.02 4

0.00 T T T T T 0.00 T T T T T
0 200 400 a00 00 [ [T 1200 0 200 400 a0 00 100K 1200

Are length (mm) Are length (mm)

(a) (b)

Fig. 9 The deformation contrast of Scrolls

5.5. Coupled deformation of orbiting scroll plate with different geometric parameters

In order to better understand the deformation of the orbiting scroll with different tooth thickness and
different tooth heights under coupled physical field, different models are built and finite element
analysis of the scroll is carried out. Because the orbiting scroll is moving part in the scroll compressor,
and the force is complex, we choose only the orbiting scroll to establish different geometric
parameters of the model. In Figure 10, the relationship between the deformation of the top of the scroll
tooth and the length of the scroll tooth profile is given, and the maximum deformation occurs at the
tooth head. It can be seen from the diagram that the deformation of the scroll tooth head has a certain
relationship with the thickness of the tooth, which is that the thicker the scroll tooth, the smaller the
deformation at the end of the tooth.Figure 11 shows the variation of the deformation of the top and
inner wall and the length of the scroll line of the scroll teeth with different tooth heights. As can be
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seen from the diagram, the deformation of the scroll tooth of the compressor has a certain relationship
with the tooth height, which is that the higher the scroll tooth, the greater the deformation.

0.164 016
0.144 1'%
)

012{ g

Deformation (mm}

Deformation (mm)
=)
=

0.10 0.10

0.08 0.08
0.06 0.06
0 21‘]0 4[‘[} bLI)O S(I)D !f;(ltl 1200 0 21‘]0 4[‘[} bLI)O S(I)D !f;(ltl 1200
Arc length (mm) Arc length (mm}
Fig. 10 The variable tooth thickness deformation Fig. 11 The variable tooth height

deformation

In order to ensure the strength and compression ratio of scroll compressor scroll, according to
figure 10 and 11 shows that the tooth thickness of scroll teeth should be between 5~6mm, and the
tooth height can be set to about 30mm.

5.6. Stress analysis of orbiting scroll plate under coupled field

As shown in FIG. 12, the stress distribution of the scroll plate in the coupling field is the coupling field.
In the coupling field, the stress of the scroll plate is the largest at the edge of the inside of the bearing
seat and the boundary of the end plate, next is the bottom of the gear head. The maximum stress is
about 466.7MPa.

2MTAS 14T

66,73 Mao;
41488

0.00 100,00 (men) 0.00 100.00 (men) ?\
I 1 - I 1 r
50.00 50.00 j

(a) (b)
Fig. 12 The Stress distribution under Coupling

5.7. Experimental analysis

The oil-free scroll compressor was adopted in the experiment. The radial clearance of the assembly
was set to 20um, the axial clearance was set at Spum, the tooth height was 36mm, and the tooth
thickness was 5.8mm. The exhaust temperature and exhaust volume of scroll compressor can be
measured by experiment, which can provide loading data for Ansys analysis. Figure 13 (a) is the test
prototype, graph (b) is the schematic diagram of the experiment. and graph (c) as a test platform.



FMSP 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 274 (2017) 012005 doi:10.1088/1757-899X/274/1/012005

Pulley Motor

N>

Frequency converter

control valve  Flowmeter
|

Drain valve.

data acquisition system

Computer

(b)
Fig. 13 The experimental test platform

Fig. 14 is a schematic diagram of the variation of the temperature with the rotation speed of the
spindle when the oil-free scroll compressor is vented. The intake temperature of the scroll compressor
is set to 20 ‘C at that time, and the exhaust gas pressure is 0.75 Mpa at the time of exhaust. As can be
seen from Fig. 14, the exhaust temperature of the compressor increases with the increase of spindle
rotation speed. With the increase of the spindle speed, the pressure difference of the gas in the adjacent
cavity is reduced, so the amplitude is not large. The change of the temperature is in accord with the
simulation analysis.

The theoretical exhaust volume of scroll compressor is the product of the stroke volume and the
compressor speed:

o Q. x10°/n .
Qh=n7rP(P—2t)(2N—1—@)h-m 77v=gv—s/, 65 =[N —int(N)]x360 (12)

Figure 15 shows the variation of exhaust volume with rotational speed. It can be seen from the
figure, the gas stays longer in the chamber at the low speed, and there is a large deviation between the
calculated exhaust volume and the experimental data; while in high speed, the inhaled gas quickly
discharged to the outside, therefore the simulated and experimental data are highly approximate.
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150 4 4 4
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Fig. 14 Exhaust temperature with rotational speed Fig. 15 The variation of exhaust volume with

rotational speed
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6. Conclusion

(1) The temperature load is the main load that influences the deformation of the scroll of the orbiting
scroll. The maximum deformation is at the head of the scroll tooth, and the deformation decreases
gradually with the increase of the addendum arc length.

(2) The effects of gas force and inertia load on the deformation of scroll tooth in oil-free
compressor are less. Because the pressure of the gas in each chamber is different, there will be
different amplitudes of deformation, and the greater the pressure difference between the two sides of
the cavity, the greater the variation of deformation.

(3) Under the coupling field, the deformation of the scroll of the scroll plate with different teeth
height and tooth thickness is different, the higher the tooth and the smaller the tooth thickness, the
greater the deformation.

(4) The stress of the compressor scroll is concentrated at the contact between the tooth head and the
bottom plate, and the maximum stress of the coupling field is not the linear superposition of the
stresses when the loads are individually loaded. The modification of the scroll tooth head can reduce
the stress concentration at the end of the tooth.

7. Nomenclature

TS Inspiratory temperature Pd Exhaust pressure PS —Inspiratory pressure P—
Involute pitch

@, Terminal opening angle a acceleration @ Involute spread angle N ——
speed

6@ ——Spindle angle @° ——Start exhaust angle @ Central angle of arc ~ V,——
Inspiratory volume

E, Total total potential energy A, Cell area U Internal strain energy |, ——
Element length

W ——Work done externally — Q, Exhaust volume &, Thermal strain resulting from
changes in temperature;

AT Temperature change E, —Element potential energy { Displacement vector of
element node

m, Volume efficiency A End of inspiratory angle int(N) Integral function
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