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Influence of Objective Function Determination in Vibration Suspension

System Design in Single Cylinder Compressor
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Abstract
This paper presents objective function analysis for vibration suppression system design in a single

cylinder reciprocating compressor. The objective function is the two modes: root mean square of
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vibration force; maximum absolute of vibration force in X, Y and Z directions. The compressor is

theoretically modeled as a three-dimensional rigid body with supports connected to a rigid floor. The

supports are modeled as three-dimensional isolators with hysteretic damping. The considered

excitation force, causing vibration in the compressor, is an unbalance force or a combination of an

unbalance force. The developed model combined with an optimum design procedure is adopted to

seek for the suitable vibration isolator that will minimize vibration level. The design parameters used

in vibration isolation system are spring stiffnesses. The experimental results show that the objective

functions of unbalancing case in root mean square form of vibration force tend to disagree with

maximum absolute form that unlike with balancing case are agreement and similar values.

Keywords: Reciprocating Compressor, Balancing, Vibration, Shaking force, Shaking moment
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Figure 1 Model of a single cylinder

. . 9
reciprocating compressor
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Figure 2 Mechanical model of a single cylinder

reciprocating compressor (in xy plane)9
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Table 1 Data used for the compressor
10
response
Mass of compressor 16.3 kg
Mass of piston 0.134 kg
Mass of crank arm 0.044 kg
Mass of crank pin 0.067 kg
Mass of piston and piston pin 0.136 kg
Mass of balancing mass 0 kg
Connecting rod length 40 mm
Crankshaft length 11.9 mm
Length of center of mass of connecting rod
to connection rod pin 33.7 mm
Length of center of mass of connecting rod
to crank pin 16.3 mm
Maximum pressure 16 MPa
Maximum speed 3,000 rom
Average speed 2,950 rom
Xor Y01 2o 0.005, 0.008, 0.005 m
M. 0.0967 kg
M, 0.1483 kg
Js 2.0487 x 10*  kg-m”

Moment of inertia
Ixx = 0.0670, lyy = 0.0590, Izz = 0.0405 Ixy = 0,
lyz = 0.0010, Ixz=0 kg-m’

Suspension characteristics

Location

Xp, = 0000m Y, =-0076m  Z, =0056m
Xy, =-0052m Y, ,=0060m Z,,= 0.056
m

X3 = 0.052m Y .=0060m  Z ,=0.056m
Stiffness

Ky = 30,500 im K1 = 30,500 Nim K, = 63,000

Nim K, = 30500 Nm K o= 30500 Nm K, =

63,000 m K = 30,500 Nim K, = 30,500 Nim K,

ym3 =
= 63,000N/m

Damping factor C =0.05
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D, <0.005 m 3)
10,000<k, 90,000 N/m
10,000<k, <90,000 N/m (4)
10,000<k, <90,000 N/m

'
=

- Iﬂmmummﬁmm:amq@

Initial condition: X(0), V(0),

displacement limit(D_limit)

and stiffness boundary (ks,kf)

‘ Input compressor characteristics ‘

and working speed

Calculate RMS of acceleration (A_rms) and

maximum displacement (D_max)

e

Kz=Kz+AKz

Keep data: Kx, Ky,Kz,

A_rms and D_max

Kx = Kx+ AKx

Kx <Kxf

Find the minimum value of RMS of acceleration
and optimum point
Display optimum point:
kx ky kz, A_rms and D_max

v

Plot graph:

1. The variation of stiffness with RMS acceleration.

2. The variation of stiffness with maximum displacement.

Figure 3 Flow chart of optimization method by

using exhaustive search algorism
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x10% Displacement of a Single Cylinder Compressor
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Figure 4 Displacementin X ,Y and Z axis at

average speed, At=0.001s

Table 2 Root mean square and maximum
absolute of acceleration, velocity and

displacement at average speed, At =

0.001s,0-1s

X Y yA

0, |0 |0

Xr r

r r r

Angular acceleration

Acceleration (m/sz) (rad/sz)

7.6790 l 12.970 ‘ 0.1160 | 31.257 ‘ 20.904 ‘ 136.34

Velocity (m/s) Angular velocity (rad/s)

0.0263 ‘ 0.0418 ‘ 0.0008 | 0.1040 ‘ 0.1178 ‘ 0.4478

Displacement (m) Angular displacement (rad)

1.95e- | 1.41e- | 0.09e- | 4.45e- | 18.6e- | 16.1e-
4 4 4 4 4 4
X m Ym Zm me 9ym ezm
Angular acceleration
Acceleration (m/sz) (rad/sz)

12.45 ‘ 20.463 ’ 0.5692 | 64.898 ’ 57.119 ‘ 243.16

Velocity (m/s) Angular velocity (rad/s)

0.0592 ‘ 0.0693 ‘ 0.0042 | 0.2546 ‘ 0.4150 ‘ 0.9243

Displacement (m) Angular displacement (rad)

5.49e- | 3.08e-
4 4

1.74e- 6.44e- 6.69%e-
4.9e-5 3 3 3
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Table 3 Optimum results

Case kx ky kz MiTﬂmlum valué of Ym_4
- objecztlve function x10
(kN/m) (m/s") (m)
3 10 |89 |13 | X, |74100 | 3338
4 10 |26 |11 | X, | 11239 | 3.338
5 44 |10 |10 | Y, | 12399 | 3338
6 12 |10 |27 | Y, | 19410 | 3.337
7 20 |10 |10 | Z, | 00288 | 3337
8 28 |28 |10 | Z, |o00800 | 3337
9 10 [ 11 |14 | X, | 27675 | 0571
10 10 |90 |20 | X, | 42337 | 0571
11 70 |10 |63 |Y, |25546 | 0571
12 13 |10 |76 | Y, |49647 | 0.571
13 29 |10 |10 | Z, | 00049 | 0.571
14 |32 |20 |10 | Z |o001512 | 0571
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Table 4 Root mean square of acceleration

results

e X r Yr Zr er Hyf ezr
No. (mis’) (rad/s’)

1 7.679 | 12.970 | 0.116 | 31.256 | 20.903 | 136.33
2 2955 | 2644 | 0.022 | 5778 | 7.843 | 99.357
3 7.410 | 15.106 | 0.044 | 61.061 | 15.179 | 140.42
4 7.869 | 12.398 | 0.026 | 19.037 | 22.867 | 137.79
5 7.544 | 12.402 | 0.026 | 19.044 | 17.143 | 128.30
6 7.417 | 12.839 | 0.029 | 25.843 | 15.039 | 127.49
7 7.445 | 12.405 | 0.044 | 19.725 | 15.624 | 125.35
8 7.643 | 12.892 | 0.027 | 26.666 | 19.110 | 134.79
9 2767 | 2560 | 0.006 | 3.843 | 4.172 | 89.070
10 3.434 | 2555 | 0.012 | 4120 | 16.508 | 114.45
1 2939 | 2556 | 0.005 | 3.749 | 7.162 | 95.769
12 2.769 | 2.988 | 0.012 | 11.147 | 3.974 | 100.50
13 2793 | 2556 | 0.014 | 4229 | 4.923 | 89.977
14 2.969 | 2637 | 0.005 | 5091 | 7.550 | 99.790

Table 5 maximum absolute acceleration results

Case X m Ym Z m éxm éym ézm
No. (m/s) (rad/ )

1 12.45 | 20463 | 0.5692 | 64.898 | 57.119 | 243.1
2 4819 | 52088 | 0.1093 | 13.886 | 19.504 | 175.7
3 1135 | 25206 | 0.1247 | 126.86 | 38.521 | 2505
4 1123 | 20343 | 0.0886 | 48271 | 37.414 | 2170
5 13.01 | 19.551 | 0.0955 | 33.908 | 60.746 | 247.3
6 1145 | 19.410 | 0.1828 | 33.939 | 39.667 | 204.5
7 11.94 19.454 0.0952 34.051 43.173 219.6
3 1236 | 20.321 | 0.0801 | 50.270 | 50.668 | 239.8
9 4.323 4.9932 0.0257 8.2416 11.351 149.6
10 4233 | 6.0335 | 0.0349 | 25613 | 10.501 | 180.8
11 5.624 4.9841 0.0459 8.9547 47.877 212.2
12 4461 | 4.9648 | 0.0615 | 9.3556 | 14.377 | 1536
13 4.854 | 49771 | 0.0185 | 8.0444 | 20.321 | 1705

Case X m Ym Zm ‘9xm eym Hzm
No. | (mss) (rad/ s%)
14 4.869 ‘ 5.1860 | 0.0151 11.374 20.949 | 177.2
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Table 6 Decreasing percentage of RMS
acceleration

Case | Decreasing percentage of RMS acceleration

No. X Y Z 0, 0, 0,

2 61.52 | 79.62 | 81.43 | 81.51 | 62.48 | 27.12
3 3.50 - 61.97 | - 27.38 | -3.00
16.47 95.36
4 3.41 1.01 75.21 | 17.32 | 28.05 | 6.48
5 -2.48 | 4.40 77.59 | 39.09 | -9.40 -1.07
6 3.05 4.35 62.26 | 36.89 | 25.25 | 8.05
7 1.76 4.37 77.68 | 39.07 | 17.99 | 5.89
8 0.47 0.60 77.04 | 1469 | 8.58 1.13
9 64.00 | 80.26 | 94.54 | 87.71 | 80.04 | 34.67
10 63.94 | 76.96 | 90.04 | 64.34 | 80.99 | 26.28
11 55.28 | 80.30 | 89.31 | 86.82 | 21.03 | 16.05
12 63.62 | 80.29 | 87.65 | 86.47 | 76.45 | 34.00
13 61.72 | 80.29 | 95.69 | 88.01 | 65.74 | 29.75
14 61.33 | 79.67 | 95.63 | 83.71 | 63.88 | 26.81
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Table 7 Decreasing percentage of maximum

absolute acceleration

Decreasing percentage of maximum absolute
Case acceleration
“Ix v Tz T4 Ja |a
2 61.32 | 74.55 | 80.80 | 78.60 | 65.85 | 27.73
3 8.86 -23.62 | 78.10 | -95.48 | 32.56 | -3.05
4 9.79 0.58 84.44 | 25.62 34.50 | 10.73
5 -4.43 | 4.46 83.21 | 4775 | 6.35 | -1.71
6 8.07 5.15 67.89 | 47.70 | 30.55 | 15.88
7 4.1 4.93 83.27 | 47.53 2442 | 9.67
8 0.77 0.69 85.93 | 2254 | 11.29 | 1.36
9 65.30 | 75.60 | 95.48 | 87.30 | 80.13 | 38.47
10 66.01 | 70.52 | 93.89 | 60.53 | 81.46 | 25.61
11 54.86 | 75.64 | 91.95 | 86.20 | 16.18 | 12.73
12 64.19 | 75.74 | 89.19 | 85.58 | 74.83 | 36.79
13 61.03 | 75.68 | 96.75 | 87.61 64.42 | 29.87
14 60.92 | 74.66 | 97.34 | 82.47 | 63.32 | 27.11
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