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Dynamic Balance and Vibration Analysis of Small
Reciprocating Qil Free Air Compressor
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Abstract: To improve the vibration hazard caused by small volume and high pressure in small reciprocating oil free air
compressor, and improve safety performance, a study on the dynamic balance of a small reciprocating oil free air
compressor was conducted. The moment of inertia required to calculate the balance of inertia force and moment was
analyzed through the principle of mechanical motion and thermodynamic theory. And a counter mass block was designed
according to the required moment of inertia and the space limitation of the air compressor. Subsequently, the finite
element model of air compressor maneuvering balance was established, and the kinematics and dynamics simulation were
carried out, and the total inertial force of the air compressor before and after balance and the vibration force of the
crankshaft were compared. Finally, the vibration and noise test was carried out and compared with the simulation
results. The results show that after balance, the total inertial force and crankshaft vibration force of the air compressor
are significantly reduced, the vibration force at the fundamental frequency is also correspondingly reduced, and the
vibration noise measured by the test is reduced by 17.88% , which verifies the rationality of the optimal design method of
the mass block. Therefore, by adopting this method, the vibration of the air compressor is effectively improved, and it
provides reference for the balance analysis of the air compressor.
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Figure 1 Force analysis of air compressor
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Table 1  Various parameters of air compressor
[ %&24% r/mm i n/ (v - min ') AL N
9.5 3 000 0.147 1
SELNIE D/mm HRIES ps/MPa HESE S pa/MPa
18 0.1 1.0

A3 EAL—A AR TR AT 2 A MK ot i A
4 BBl R BT 2 4 A B Boos B AY il
WU 2 FoR .
&2 TARRHAA 4 AE-BOT e i An
Table 2 Crank angle corresponding to

4 stages in working cycle (®)
K B B BB JER e HEAB B
% £ R £ R £ % #
0.0~63.3 63.3 ~180.0 180.0 ~317.5 317.5 ~360.0

25 FEMLEA)G 2 A0 36 AURT N SR IR ) 3 2642
T H B T DL RS 265 SR RE R AR
TR BERE S D

F o=F, +F +F, (12)

K F, NG IED)  F, SRR DT, F AR ETT,
FoORfEE EEE )
SUENIIPSE

S, m
A, -PA
r(1 -cos 0+%sin2 0) +5, Pasy aAa,,

0.0<6<63.3°;
pA, —pA,, 63.3°<6<180.0°;

S+S g
A -PA
r(l—c050+%sin20) +3S, pAg Ay

180.0°<6 <317.5°;
pA, -pA,, 317.5°<9<360.0°,

(13)



(iR - i&it]

T 2. F N BEESNTHRENOIEFE SR D - 29 -

A, TG ZE SRR, S, A RBREL A, i
ZER R AR, S DA fngEﬁTfiz m R R K A
RIS iR uR
H 2 (3) ¥ 28 ki A AR A &L
CIEER
Fi=ma=mrw [cos +Acos (20) ], (14)
25 FEMLEESEE g ] 43 AR SR EE 45 ) R e BE 4%
HEESEE )y — BRI 2R A 1, H /NG T A X 52 3
R IEE MR, — s A0, 1

VN EI/NS:N

P( - ) x60
Fi=(0.6~0.7)—" 0 (15)
P 1_])><60
F =(0.3~0.4)—"——— (16)
mwsn

Ko F, B BESE T, m,, I HLAEERCR, Py D 25 AL
ORI
M T 128 Bl 32 o0 al A A R D 18] 2 -

. Asin (26)
- sin  + ————~—
F, FP( e —)ﬁsinre)° (17)
HEH*WE/‘JA%'\@JWjJﬁ‘]:
Asin (20)

F,, :FP(SiH 0+

2 /1 —=A%sin® 0) +ho (18)
25 AL RH 7 5 B AL B 50 T

M, = [F},(sin Pp— L (20> ) 1 9
’ 2 /1 = \’sin’
M(l :FTer (2())

AT fdEs IEALES B 258 5% B, e ALK Bl ) AR
Bl — [l T T 2 02 23 AL B A 8l —
Pl v BT T AR 2, B

W, _j Mo = 2mrF,, ; (21)
W, = fﬁMyde -
jh[F(SI 0 %)+Fr]rd00 (22)
AEC(21) FaX(22) Al APl 0 -
] fﬂ[FP(sin0+2;%)+Fr]rd0
” (23)

JE AL Simulink X _F AR BT BB AR R T A
KA A5 203G 2 ) S )R] 0 OC 2R B4R, LAEAS )% ffi )
SERIYI) ) AL 1) g AR A 2 an e 2 FnEl 3 R .
1.2 -
1.0
0.8
0.6

F /KN

P

04 r
02

0.0 -

02 L L | |
0 5 10 15 20
It (8] /ms

B2 &R R I ALY
Figure 2 Curve of piston force over time
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Figure 4  Structural dimension of counterweight block
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Figure 5 Inertial force of air compressor
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