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Abstract: For an opposed type of large reciprocating compressors, unbalance or shaking forces produced
by reciprocating motion of piston-related components and rotating motion of crank pin-related
components are somewhat cancelled out by opposite layout of cylinder structures to a certain degree
while unbalance moments still exist due to off-center distances to acting lines of individual forces. In
this paper, analytical study on unbalance forces and moments arising in an opposed type of four-throw
and six-throw reciprocating compressors was carried out and effective way of applying counterweights to
reduce unbalance moments was suggested. For a six-throw compressor used for four-stage compression,
substantial reduction in the mean level and variation amplitude of unbalance moment by the present
counterweights design method was demonstrated as follows: the average unbalance moment was reduced
by 21.4% and peak-to-peak variation was reduced from 180.9% to 60.8% by applying counterweights
proposed in this study. This design method can also be extended to four-throw compressor layouts.
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F: force [N] a : counterweight angle [°]
[, L : length [m] : crank angle [°]
M : moment [N-m]

>

r : radius [m] St & X}
ch : cross head
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cp : crank pin
cr : connecting rod
cw : counterweight
p : piston

pr : piston rod

r : rotating

rec : reciprocating
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Crank Pin #2(180)

Counter weight #1

Counter w5|ght #2

Crank Pin #4(60) Crank Pin #6(300)

Fig. 1 Counterweights attached on both ends of a 6-throw crankshaft
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(b)
Fig. 2 Force diagram on a 6-throw crankshaft with

phase-angled counterweights on both ends
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Fig. 3 Forces on a 4-throw crankshaft with phase-angled counterweights on both ends: (a) 4-throw

crankshaft, (b) forces on the crankshaft
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Table 1 Compressor parts used for calculation for

four and six-throw crankshaft models

Notation Description Value | Unit
m,, Piston rod mass 39 | kg
my, Connecting rod mass 12.1 | kg
My, Cross head mass 152 | kg
m, Crank pin mass 40 | kg

r Crank arm 37.5 | mm

L, Connecting rod length 220 | mm
Length from con rod

Lex center to crank pin center 82.77| mm
Length from con rod

Lo center to cross head pin 137.23| mm

RPM Rotating speed 600 | rpm
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Table 2 Piston mass and off-center distance for

each stage of four and six-throw crankshaft

models
6 throw type
Notation Description Casel | Case2 | Unit
My 1st Piston mass 21.1 | 21.1 | kg
My 2nd Piston mass 10.1 | 21.1 | kg
M3 3rd Piston mass | 21.1 | 21.1 | kg
My 4th Piston mass 10.1 | 21.1 | kg
My Sth Piston mass 6.1 21.1 | kg
My 6th Piston mass 8.1 21.1 | kg
Distance from
L shaft center to 710 mm
Crank pin 1,6
Distance from
ly shaft center to 580 mm
Crank pin 2.5
Distance from
Iy shaft center to 65 mm
Crank pin 3.4
Distance from
lew shaft center to 915.8 mm
Counterweight 1.2
4 throw type
Notation Description Casel | Case2 | Unit
My 1st Piston mass 21.1 | 21.1 | kg
My 2nd Piston mass 10.1 | 21.1 | kg
m,3 3rd Piston mass | 21.1 | 21.1 | kg
My 4th Piston mass 8.1 21.1 | kg
Distance from
I shaft center to 387.5 mm
Crank pin 1.4
Distance from
L shaft center to 257.5 mm
Crank pin 2.3
Distance from
low shaft center to 593.25 mm
Counterweight 1.2
4.1 6-throw type
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Table 3 Effects of counterweights on unbalance
force and moment in a 6-throw crankshaft
Moment Peak to
Counter | o | W,, peak
Case . Average :
weight [[deg.]| [N] [N.m] fluctuation
) [N.m]
1210.2
w/o - - 669.4 32
| ~1213.4)
356.0
w/  |358.7(283.1| 526.2 (339.9
~695.9)
w/o - - - -
2
w/ - - - -
71EAE #3FE EEE AA A %L%ﬂl °l

St SHI|AISHY A H22# M52, 2018'F 108 101




FEFe) 5 9F BA 7] GEIY B
mAlEs] gEME MR 27 §E Aol F
g o]t

4.2 4 throw type

471% AR IZFNA 3 AFS FY3= Case
39] A, 19402 AMRste 1, 3 H~Ee] A7
< 21.1 kg, 220l A83te 2 H2E A7FS
10.1 kg 1831 3] Agste 49 H~E 4
e 8.1 kgolth. Case 4= 4715 55 1do) A}
£33l AFEA 4 2B Ao EF 21.1
kgo 2 At}

Fig. 62 H#3 Zt=o] w2 IsiaZo) A
= x4 BEAEES RoE=t) 6 throwd 259
7R R Case 39 A& H2EY AHFE0]

th2y) Wi B#geel WAS H1, Case 4
o] A9l BE MaEe] Aol Po} AR 44
o] B

7
Fig. 7% Fig. 8o UEFAATt. Case 39 3973
)

Fo Az g A7 4 (23) 3 24l
et 24zt o0 =357.8° % W, =T764.1/N°] €

g mylEd] wAE 9L A7 WU,
M,)) 2 RAA M) sl waste] mefFh
27y e FARM)e #¥F A A

S|
1030.5 NmollAl #8F & £ 6504 Nmo2 7+
23R, B3 EUE WHE F(peak to peak)
T¥8F AL A 14965 Nm(239.7 Nm ~ 1736.2
Nm)ollA #&F FE& T 3958 Nm(445.1 Nm ~
840.9 Nm)©S. 2 73.6% A3l tTh

ol AM83}= Case 49

18 27 4 (23

>

102 =37\ AISHRR| H22¢# H5=, 2018 10

A4Sz - EYs
3000
2000 Case #1
1000 -
=
= Case #2
>
° 0
e
£
-1000
-2000
-3000 . . .
0 90 180 270 380
Crank angle [deg.]
Fig. 6 Unbalance force of a 4-throw type
1600
1200 My.o
800
Mx
—_ 400 -
€
< 0
5
= -400 4 Mx.0
= 500
-1200 4
-1600 -
2000 ; T .
0 90 180 270 360
Crank angle [deg.]
(a)
1800 o
Mt,o , w/o Counterweight]
E
Z
k=]
@
£
o
=
Mt, w/ Counterweight
T T

. : : : :
0 90 180 270 360
Crank angle [deg.]

(b)
Fig. 7 Unbalance Moments of a 4-throw type for 3

stage compression: (a) Mx, My (b) M

2 40l et 27 o =315"9 W,

ww = TT8N
o] it}



1600

Moment [N.m]

1600 4

1400 o

1200 o

Moment [N.m]

Fi

—

1000 4

800 +

600
400 4 \/

200 .

0 90 180 270 360
Crank angle [deg ]

@

Mt,o , w/o Counterwep

Mt, w/ Counterweight

T
180 270 360

=]
©
=}

Crank angle [deg.]

(b)

g. 8 Unbalance Moments of a 4-throw type for 1

stage compression: (a) Mx, My (b) M

Table 4 Effects of counterweights on unbalance

force and moment in a 4-throw crankshaft
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