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Analysis of the Dynamic Behavior and Characteristics of the
CNG Compressor Considering Bearing Characteristics
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Abstract - In this study, a dynamic behavior of rotor-bearing system used in CNG compressor has been inves-
tigated using the combined methodologies of finite elements and transfer matrices. The finite element is for-
mulated including the field element for a shaft section and the point element for roller bearings. The Houbolt
method is used to consider the time march for the integration of the system equations. The transient whirl
response of rotating shaft supported on roller bearings is obtained, considering compression forces and unbalance
forces at eccentric crank-pin part. And, the steady state displacements of the rotor are compared with a variation
in stiffness coefficient of roller bearings. Results show that the loci of crankshaft considering unbalance forces
and external compression forces are more severe in whirl motion than with only unbalance forces.

Key words — CNG compressor, crankshaft-roller bearing system, external compression force, transient dynamic

analysis, whirl response, dynamic characteristics.

.M B
AFAde] 2Zo] oAtElE A HEo]
3lEe A7 739 ¥3lE =) g tix Ase )
W FAETE Fa% AT shiolt E3] uA
AEE AR AEAR QA% ti7] 292 e A
zhete 2 MFAge] deHrhs 37t HaL ufdEke
HA e HA7EE7E £ gigke] 3 it
7k alRe wide] A& gla, oF AAEAT
< gNHeg Y F de HA Yoz Frt
ot AEARl CNG(Compressed Natural Gas)yE
sl7] JsiMe R4 esin, o] Fdlolle B4
7k vl 49 FYHE Told CNGE st
o] ZAQRS0kglem)O 2 == U=F717F Basitt
£ =79 CNGAsAF $48 9553 ONGHSVI

255 o

|,

B
do r2 ©

1
=

fl

)1:
3

pa)

"2A 2} - AMAAR : tjong@pusan.ackr

342

.

£ 4U0 B8, 92E, Y28 25, Ay 25, =2
925 3 olF AN 7§ WY Fo= 745
o, o] Z1TRE S A AP 15

) - O

o= o= T
ek Yojz|AY 459, fLE 3 HAE 2uY
A4, &= FH¥A (balancer weight)e] IHHFL 15
Hlojg o2 A& APazd skro 2hg-ate

ES
o] & AFE PRI E, 955 7T 3

AF) vjsh BASH A 2 YRLFL B &
F3N Fo) A B2 dge] ang, §4

gA B olEEd AR A% aRaze §4 9
Nl B3 @77} Rsteh1,23],

olst Ze HAZ MY ¥4 SHe 4 24 3
ArelMs] BPdel ¥ 1B go Fas 9y
oA SHHECE o) WpEe APl 2HY Ao
g3 %o} 2HY 07 els AYHAY WS
9 BeH W SE Foold 29 £74e AFS

AYY 4 gk AN el PE71sh 2ol YEH



Hlol® 5448 12 ONG §571¢9] 4 7% % 554 34

9] 33 RAEs} ZEshe Ale 2 FEo] oy
o} F=AQ) A FA A7 ¥t AE| (whirl)
A4 A& A7 Ae] HIS A= s, A
ArY F-ATH(flexible) B A= A=) FF s
2 f3tado] fdal AFE e 4eA 3
o}, SR, o] W IHFHY B4 AFrt S
A s Az 2 Hlgog Qs g ofEE
o] Bt} ¥ =EdME #3tek BEF, A7 A
Houbolt 4% 2 ¥aE|Es} A8 WU o8
dto] A7t 2 FF A9 vAE a7k Aot
7Ved F3e s AGYEFE-TMHE S H-&38idct
[4-9].

CNGE=71e A4 Uiy 70|82 XF4s3
opEEA o] A7, AT o] FaAEY, 459
A7 2 A% L A% FWaZ = 439
23 7k Ao B ofedge] sl ®, ¥
FZER o|FoX= 4F7] EA(casing)®] FEES
M2 B8 40 o8 AHAHYN dFS A €
th &, =7 FBase] 53 AL LR o
gt Wl 4=ske, 893 3% 4 SHlojde 4
A, 75 woj@e A 3 Sl o8 =
k%0 53 EAL 47 o4F A BA
FxEY| FEA %L vt 2EE, AYAS
TE Hlolge] B& A ¥ 5549 WIlE o84
o= gUs =T ¢ Je 4 B sfdo] E
K3},

B =RiNe 75 Hogog AXE API=9
52 A%H FEAHS o|E2Ho MY g=3t
% e $EFY 457179 2EEAE st
o] Tz A4k S AT &, 3
Eo g3 T aZe] Bk A4S P =
HE, Fea%e) B3y 35S sl 75 Hlo
Pog X" 3HFe] 53 AsH 5 35t
o}, 75 Holye AR 7ol &Y FH AT
4 FEA e 9T 2ARPI H8, 2 e

N oo

MsA HEY AHe Dlsh FEAL s,

o

F

2. 24&7ITel SEHN A

5719 HAE AYT|TIN 7 240 $FL
UeRpy) 918 282%9) 547 6, A9 2=
S22 6, 2 2B IH xo d 52 A 7)
239 AL s

343

Pu(t)

_______ =

Fig. 1. FBD for the piston of the 1st and 2nd stage.
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Fig. 3. Analytical model for the crankshaft-bearing system.

Journal of the KSTLE



y

we &

TH AT B 5

d-S 183 CNG =719

J
e

O o, 84e] LS YHFHZ e
4 (15)%} 7t

(Mg} H[C g0} + K T{g(t)} = {F ()} (15)

A7|M, Ml §3 F 24 FF 98, [Cle A
o] FTE vehiE A, [Kle A8 FEE ¥4
=3

g%e AXake 72 WY

2 aaE 2 (165
o] 9% =},

[CHa}+ KN} = {(F(0)} (16)
Cy Cy 00 K. K, 00
b Cx Gy 00 b K. K, 00
[C]= K=
0 000 0 000
0 000 0 000

7NN, (Faye Wolde] ier Feshe g o
Elo|3L, [C], [K'}e Wlol®e] 4% 4 5 734 3
& 77t BART wfﬂ % a2l 4 (159 Hlo|
g 2k A 16y EF At 2R i g i+1&
zhe 2 o] dislE S thedt 2ol B
Al 5 U

[M1{g(D}+[ClHaO}+[K1{g(®} = {F(n} (17

A7V {FO)} = Y, {90} = %oy B aifxin
VBB AR 02 i+1elA Zzh Qs
*17P°ﬂ mel WEshs ¥ 2 A9E AU 2
84 -1 24 o FHHZ, j-1 849 2
£ YNNG u) L= BN, j 840 AFe 9
A% W Y=o IHER, e 84 o 9%
Fye Zgeke AL, Yu(@e 2 8k 2%
AR A4 Pe Jehdid
AT oo Z“owﬂ% 238 9
g (3 " 8 (g

duste B9 A 4
17 Yo zZH %Erdu}
{F}= 0" {U.}coswt+ &’ {U,}sinwr (18)
{q} ={a}coswt+{b}sinwt (19)

AW, (U (U Yuiskel B x
=g AAA Theel ¥9Y 88 WAAel fuEd.

[[Klwwz[M] W[ZC] }{{a}}_wz{{Uc}} 20)
—o[C]  K-o'[M] {U:}

345

AT {3} B} A (2002

4. 81 28 A 2

4-1 -’r‘-il’ﬁ Ht 2pd

A 21Y W ZYAZAA 27 (rad)y®] 3
] 2 7P48k o o) F7\AS T8 B,
W8 27 &5t 3 FAAZ T, 39 7t
7 AR)sof sk e 274 2AL W=
7] 37 71&me} npaASe] gho] 71
; HAY PAAAR TR 2 dejlrg]
2 T, T, S. S{(i=12,34)2 Newton-Raphson
o] oz ATt I AZ 3A-LEwA 4
& n)Age] o] EAjshe BlREY 271X EA)

rol' O_Nu
N

2 Mt ode
l&é
_1

ook by gl

B g

& AIZFFHONA elitstsl HE darg
&L o83l dAFLE AR ke AR84RA
Bo] shsslth AE FTEZE Explicit Scheme®.E
A AAY, HREANME Akl A E AR
J80] %53 42 Runge-Kutta® #-&31A4c}, &,
¥ A3t AR wht tdsiAl FAEEe /3 8-
a0 g8l Z} AlZF e T ATE FAAHL

2 AR 10-12].

4-2. s Az
Axte] 248 CNGUE7)9 =8 71AF A
SHZAES Table 19] UEpAQT =, gl }
3 Z2o)8 Alide Byda 2 ey
o 94, A A % oldslkd
AAEle= A 0/\7} AE ATE 249
e 45719 N 2dde dgaaz
TiEt Fajo] glomw EEkA wsith & &
7} W3l= Table 20 FA|&HAT)

Q=r]e) 105 @ 345 TAE| ols] Asjzo)
S A0 LK BB S S(S=Surt S

_151.
[
Lu M

o
¢

N
=

o @, M

re |

o do
o g
Sy
1o
oﬂ,
Wz W
o o fr

1

o
-4

I I i
o it

(o]

Lﬂ

yuol-ag:'o’] 8}-5 Sy(Sy_Syl2+Sy34)—— Flg 43 Soﬂ Z_}-Z]— ]’]-

ERASAE

sJHZHojg o] A (transient) AES BHE 3
2 st Mt &, Fig 39 Z@AS9
A BRdoA, ERY dF2 IHdF 349 74 24
o] Faalo] YRS = #5, #7, #10, #129] &
aEol EANFTE #59 #129] Q4olA BHE AT
13.13kgolaL BY A= ZHz; —x WFCZ 9.89 mm,

Vol. 22, No. 6, 2006



346

Table 1. Mechanical properties of the CNG compressor

Table 2. Rotor configuration data

HeE

Moment of inertia of _ 2 Element Meass Length Radius
connecting-rod L= 0.190 Nems Number kg) (m) (m)
Mass of connecting-rod m. = 12.846 kg 1 8.16 0.153 0.045
i 2 2.72 0.037 0.055
Rotatmg length of a = 0.146 m
connecting-rod 3 272 0.037 0.055
Reciprocating length of b = 0.084 4 6.20 0.028 0.097
connecting-rod T hbeRm 5 6.93 0.028 0.097
Mass of 1% & 2™ a4k 6 2.63 0.035 0.055
stage piston Mz = 115 XE 7 2.63 0.035 0.055
Clearance volume of 1% ~ . 8 13.80 0.070 0.090
stage cylinder Vo = 4294x107 m 9 2.63 0.035 0.055
” 10 2.63 0.035 0.055
Clearance volume of 2 V. = 1296x10° m’
stage cylinder @ - 1n 6.81 0.028 0.097
: 12 5.43 0.02 0.097
Pressure conditions in a tank I stage ™ giage 13 391 0842 0.0
(kgﬂcmz) g g . . .055
Sucti o 323.400 1332.800 14 3.21 0.043 0.055
uction pressure (N/m’) ’ i 15 6.32 0.094 0.052
Dlscharge pressure (N/mz) 1,332,800 5,821,200 16 12.95 0210 0.050
wd th
Mass of 37 & 4 m, = 15.763 kg
stage piston 150000
Clearance volume of 3 B Y s
stage cylinder Vi = 5802x107m 5™
th 75000 -4
Clearanct? volume of 4 V. = 1.593% 10" m®
stage cylinder
Pressure conditions in a tank 3 stage | 4" stage od
Suction pressure (N/m’) 5,821,200 | 10,711,400
Discharge pressure (N/m?) 10,711,400 }24,500, 000 _
Radius of 1% piston R,y =0.135m
. nd ¢ —
Radius of 2™ piston R; =0.114 m . g A s ~
Radius of 3" piston R = 0.020 m v (deg))
Radius of 4" piston Ry = 0.026 m Fig. 4. Applied load S, on crank pin versus angle 6.
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Fig. 5. Applied load S, on crank pin versus angle 6.
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Fig, 7. Steady state orbital plots along the crankshaft
axis with external forces.
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Table 3. Natural frequencies at each mode w.r.t. bearing stiffness

Natural Frequencies (Hz)

Modes K=1x10" (Nlm)  K=1x10° (W/m) K=1x10° \Nim)  K=1x10" (N/m)  K=1x10" (N/m)
Ist _ 67.7 208.7 462.9 5202 524.9
2nd 79.9 249.1 698.8 1,035.4 1,078.0
3rd 6334 6482 871.1 1,633.9 1,858.6
4th 14834 1500.2 1,692.8 3,148.1 3,565.2
Sth 2622.0 2630.8 2,719.3 3,303.2 43342
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Fig. 9. Unbalance response of the rotor at bearing
stiffness coefficient, 1x 10" (N/m).
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