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A Study on the Reliability of a Dual Capacity Reciprocating Compressor
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Due to environmental issues, the development of low energy consumption products has become
one of the main topics in the home appliance industry. The energy consumption of a refrigerator
depends on the efficiency of its compressor as well as on the refrigerator cycle design, such as
the capacity modulation. In this study, a dual capacity, i.e., two-step capacity modulation (TCM),
reciprocating compressor is developed. In a TCM compressor, capacity modulation is achieved
by changing the dead volume in the cylinder. Instead of a concentric sleeve, an eccentric sleeve,
a key, and a spring are used to change the dead volume for the clockwise and counterclockwise
rotation of a motor. When the compressor changes its operating mode from full capacity to partial
capacity or in opposite direction, the key may collide with the eccentric sleeve. The structural
reliability and mode change reliability were confirmed by analysis and experiment.
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Fig. 2 Free body diagram for the eccentric sleeve for (a)
the full and (b) the partial capacity mode of
operation
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Table 1 Parameter values used in the analysis

Suction Pressure 1.0 kgflem®
Discharge Pressure 13.0 kgflem?
C/Shaft eccentricity 8.76 mm
Rotational moment of inertia of | 4.235 kg.cm’
C/Shaft & Rotor
Clearance between eccentric 0.02 mm
sleeve and crank pin
Crank pin radius (r;) 7.0 mm
Eccentric distance of E/Sleeve 0.2 mm
Mass of E/Sleeve (M) 0.01 kg
Outer radius of E/Sleeve (r,) 9.5 mm
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Fig. 3 Friction coefficients for various values of clearance
and oil temperature
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Fig. 5 Dynamic behavior of the eccentric sleeve for
various values of the friction coefficient for (a)
the full and (b) the partial capacity mode
operation
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Fig. 8 Dynamic behavior of crank shaft and eccentric
sleeve for partial capacity operation
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Signal
5 (Load Cell)

Eccentric sleeve

Fig. 10 Schematic of the apparatus to measure the
collision force
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Fig. 11 Measured collision force for 40Hz and 20Hz of
collision speeds
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Fig. 12 Von-Mises stress distribution calculated at 20 Hz
of collision speed

34 57432 o|g
e

fo

&3 7] £ZA0] A
A& Fo 4oz A
ok Aol 28kgf/mm’ 9
=7} 40Hz o 7 -Fle=
100N olt} 4 & Ag dAde= 83l

5,

it I I = T 1 o

[¢]

dgEh A8 SHom AHA HAR

o o) tha A Aol HUW BAYO
& AA dFel HRAR,
BE 540 e RAe

S
=2
3
ja)
N
o
ofy
e
_rl;
rlr
ox
o
=2
rir
S
~
ta
=
=
Bl\)
o & o — o o

2
o
:oxg
B
e
o
i

S T fal £YBE 250000 3 BETE S
71 s dEAde FYse HAd sfBe
FAGE S W] dEel dnbHcl WEstTel ol
T ozoe oE BEE BY & A IA
AWbHel H2 olEoR AA YRS AATA &
T AR FANRAEE FAste] HRIAE T
shalth. Fig. 13 & AAF A2A V& BoEr
At wolo] mel FASEE 98 F =
= dAse 27 £ wE vz 348 78
F RS A 92 F4E Fie AA4e ¢
&3 2o

1) Afetel ol A4

2) FAEE A

3) 4 Lol e 48 54

4 TEIANE TF T4 9 AL

5) B B FHOR SN AR 187

o] FFom AFH FolE WHAIIHEA I
E£5e 58 4T eEN SN A= 78 F
AUt Fig. 14 = 22 E Axd d@Y Sref g
FAYEZFAE BAEh AR 5 T4 1 70

2

. Fig. 14 |4 &2
Az Adedse] $¥o] 48 kgfimm® ]3Hd
u 250000 3 ¥FL FHE BAY 7 UASS ¢

3.6 AZE M



S S5 A H 26 75 pp. 81-90

July 2009 / 89

~ Motor

Controller
Counter

™ Collison
Part

- Collision Mass
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Fig. 13 Fatigue test apparatus for eccentric sleeve

4.0
3.5
3.0 250000 Times
2.5 !
2.0 r
1.5 ¢

1.0
05 * —&— Sintered Metal

log S

0.0

log N
Fig. 14 S-N curve obtained for eccentric sleeve
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