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Abstract: - Connecting rod is a crucial part of the reciprocating compressor and the crankpin bearing fault of
connecting rod is always the obstacle in fault diagnosis. Normally the condition monitoring of connecting rod
and dynamic analysis are based on cylinder dynamic pressure monitoring which is also an important method for
fault diagnosis. However, it is hard to diagnose crankpin bearing fault in realistic when it comes to the
reciprocating compressor unfit for installing pressure transducers because there is no indicator hole or the
pressure is too high. In this paper, a new method is presented to deal with above problems. The theoretical
three-dimensional models of cylinder and valves of the experiment platform are established to finish the
numerical simulation of dynamic pressure which has been compared with the actual measured dynamic
pressure signals. Dynamic analysis of crankpin bearing with actual fault is applied to find out the abnormal
impact phases. Contrasting results show that actual vibration impact phases are consistent with those of
theoretical calculation. The realistic fault maintenance finally confirms the effectiveness of the new method.

Key-Words: - Connecting rod; Reciprocating compressor; Crankpin bearing; Numerical simulation; Dynamics
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1 Introduction crankpin bearing fault diagnosis is based on the

Reciprocating compressor is the crucial equipment ~ Feal-time monitoring of cylinder dynamic pressure
of process industry such as refining, pipeline and ~ Pecause the actual crankpin bearing working state is
chemical engineering [1]. Significant accidents  closely related to the load condition of the
happen frequently due to structure complexity and ~ compressor and the mass of moving components. So
numerous vibration sources within low accuracy rate it cannot conduct fault diagnosis effectively until
of fault diagnosis. How to improve the accuracy of ~ acquire the data of the real-time operating condition
fault diagnosis of reciprocating compressor always  Of reciprocating compressor. _
confuse the operators in keeping the compressor in ‘When it comes to the reciprocating compressors
good operating condition. with too high pressure or without indicator holes,

Nowadays, an increasing number of reciprocating ~ OPerators cannot install dynamic pressure sensors
compressors have installed the on-line monitoring ~ @nd have no access to get the cylinder dynamic
systems to monitor the faults as leakage of valve, ~ Pressure signals. As a result, it is hard to diagnose
abrasion of supporting ring, loosening of the piston connecting rod faults as bea(mg abrasion of (_:rankpm
rod locknut as well as fracture of piston rod. But  Pearing, fracture of connecting rod bolt, which have
there are few remarkable improvements of crankpin ~ Pad influences on enterprise security and steady
bearing fault diagnosis. Connecting rod connects  Production. _ ) _
with crankpin and crosshead respectively transferring Most researchers paid attention to the field of

rotation into reciprocation and transmitting torque  Intelligent diagnosis  algorithms and  feature
from crankshaft. It is difficult to install the  €xtraction. Support vector machines, neural networks

transducers on connecting rod as it does not contact ~ @nd other methods have been used in fault feature

with compressor’s body. Abrasion of crankpin extraction and classification of reciprocating
bearing, a common fault of connecting rod, will lead ~ cOmpressor and motor [2-5]. The actual faults
to Babbitt Metal abrasion at the early stage and result ~ diagnosis researches are inclined to take advantage
in lubricating oil pressure dropping. It is much likely O indicator diagram [4, 6, 7]. Structure dynamic and
to induce abrasion of main bearings, even fracture of ~ fault analysis of reciprocating machine mainly
the connecting rod bolt or crankshaft. Traditional ~ concentrates on small compressors and the engines
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[8-12]. Some researchers focus on the working
principle and efficiency of the mechanism systems.
Different theoretical analysis models have been built
to make optimizations [13-15]. The research on the
dynamic analysis of connecting rod most focuses on
the engine and short compressor, concentrating on
the effect of the oil film properties, structure
optimization, failure analysis of the connecting rod
with different methods [16-19]. Today, computer
technology has been widely used in various
industries [20-22]. The alarm methods and fault
diagnosis expert system have been presented to
improve the lever of the reciprocating compressor
fault diagnosis [23, 24].

However there are no records about research of
reciprocating compressor crankpin bearing fault
diagnosis based on simulated dynamic pressure from
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above literatures.

In this paper, we focus on the need for diagnosing
the crankpin bearing fault and a new method based
on cylinder dynamic pressure simulation has been
presented. In order to solve the difficulties, this new
method simulates reciprocating compressor cylinder
dynamic pressure with thermodynamics study to
analyze the forces on the connecting rod and captures
the early feature of crankpin bearing fault based on
the actual operating parameters and structure
parameters. This method has positive effect on the
reciprocating compressor connecting rod fault
diagnosis: dynamic pressure transducers needless,
low cost of fault monitoring, no risks aroused by
processing indicator holes or installing dynamic
pressure transducers.

Nomenclature

acceleration (m/s?)

the friction force (N)

force (N)

length of connecting rod (m)
mass (kg)

rotate speed of crank (r/min)
pressure (Pa)

radius of crank (m)

area (m°)

time (s)

reciprocating motion speed (m/s)
displacement (m)

X< ~+TwxmoczIrmMm—+o

Greek letters

® angular speed of crank (rad/s)

the angle between the connecting rod and the
positive direction of the X-axis

the angle between the direction of the
force on the crankpin bearing and the
positive direction of the X axis

the angle between the crank and the negative
direction of the X-axis

the angle between the direction of the
force on the crankpin bearing and the
positive direction of the X'-axis

the ratio of the crank radius and connecting
rod length

a

B

A

Subscripts
pis the piston
pis-in inside of the piston

pis-out outside of the piston
rod the piston rod
vp the valve plate
cb the crankpin bearing
cro the crosshead
cy-in inside of the cylinder
cy-out  outside of the cylinder
con the connecting rod
pin the crosshead pin
cbh-x direction along the X-axis on the crankpin
cb-y direction along the Y-axis on the crankpin
cb-cf direction from crankpin to crankshaft
cb-con direction from connecting rod to crankpin
the part takes reciprocating motion of
con-re .
connecting rod
the part takes rotary motion of connecting
con-ro
rod
pin-x d!rection along the X-axis on the crosshead
pin
. direction along the Y-axis on the crosshead
pin-y pin

2 Theoretical simulation of dynamic
pressure

Different from other researches on cylinder
dynamic pressure numerical simulation which are
based on mathematical modeling, the paper applies
the CFD software: FLUENT software, to simulate
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the pressure in the whole reciprocating process.
FLUENT software has been used in the flow analysis
of valves and design of the reciprocating compressor,
but seldom in fault diagnosis [25, 26]. Compared
with mathematical models, the FLUENT software
has several advantages:
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» It has lower theoretical error than mathematic
models when modeling the valve and the flow
structure of reciprocating compressor.

» It can realize parametric modeling when

simulating theoretical dynamic pressure of
different compressor structure and different
working condition parameters.

2.1 The simulation object
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The simulation and analysis object is a 2D type
reciprocating compressor which is single stage and
drove by motor. The parameters of the compressor
are shown in Table 1 and the compressor is shown in
Fig.1. In production process, the compressor has
been drilled the indicator holes to install the dynamic
pressure transducers which can monitor the pressure
of the cylinder. As a result, we can compare the
simulation pressure signals with the actual signals.

Table 1 The operation parameters of the reciprocating compressor

Operating parameters Value Operating parameters Value
Working speed 495r/min Crank radius 0.09m
Connect rod length 0.45m Cylinder radius 0.125m
Clearance volume 0.001269m*  Rated discharge volume 12 m3/min
The suction pressure 100KPa The discharge pressure 200/300KPa
The suction temperature 27°C The discharge temperature 90°C

The_ suction valve 8000N/m The discharge valve equivalent 6000N/m
equivalent stiffness stiffhess

The spring pre-compression o o0, T_he spring  pre-compression  of 0.004m

of suction valve discharge valve

The displacement of suction The displacement of discharge valve

valve plate 0.002m plate 0.002m
The suction valve number The discharge valve number in one 2

in one side of the cylinder

side of the cylinder

=

L e

Fig.1 The recipréétng compressor

2.2 The simulation models
This compressor is comprised with two cylinders

which have the same structure and working stage. As

a result, we can only build the model of one cylinder

and its valves to simulate the dynamic pressure of the

compressor. The geometry model of flow structure in

the valve and cylinder is shown in Fig.2. Some

simplifications are made as follows:

» Leakages in valve are neglected in the model.

» The valve flow channel is simplified with no
rounding, which is more convenient for
meshing.
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» Because of the symmetrical characteristic, the
model is half built to reduce the computational
effort.

Fig.2 The geometry model of valves and cylinder

In CFD analysis, the mesh quality directly affects
the calculation accuracy and convergence rate. The
valve model was separated in three parts in order to
apply structured hexahedral mesh because the
hexahedral mesh has the best effect in all kinds of
meshes. As we separated the model, we need to set
the contact property of the three parts as
INTERFACE to ensure that the parts will
communicate with each other. In addition, we apply
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the unit which interval size is 0.002m to mesh the
cylinder because the size of the cylinder is larger
than others meshed with the unit which interval size
is 0.001m. The final number of grids is 1132880. The
mesh model of the flow structure is shown in Fig.3.

2.3 Dynamic mesh and boundary conditions
During the operation of reciprocating compressor,
the valve plate will moves frequently and the volume
of the cylinder will be changed by reciprocating
movement of piston. Dynamic mesh is used to
simulate the motions of the piston. Three mesh
schemes are adopted: soothing, layering and
remeshing. The motion of the valve plate and piston
are complex and need to use UDF to define the
motions.
2.3.1 Dynamic mesh of the cylinder part
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Fig.3 The mesh model of the flow structure

M rod

Mpis

Fig.4 Structure of moving parts

The piston does reciprocating movement. At the
beginning, crank is at the horizontal position and the
piston is at the outer dead point of the cylinder. After
time t, the piston displacement is X,is and the crank

angle is @. Define the crank radius as R and the
connect rod length as L, as shown in Fig.4. The ratio
of the crank radius and the connect rod length is 4.

The displacement and crank angle can be
calculated by:

X= R(l—cos&+%sin29), 1)
0=t =Ny @)
60

In Eq. (2), N is the working speed of crankshaft.
The velocity of piston displacement is V ;s which
is defined as:

Vyis = X5 = Ro(4sinfcosd +sin ).
2.3.2 Dynamic mesh of valve

The motion of the valve plate is determined by the

force acting on it. Here we consider the following

three contributions to the resulting force: the pressure
difference across the valve acting on an effective

area Svp of the valve plate, the force of springs and

©)
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the gravity of valve plate, as shown in Fig.5. And
other forces, like viscous force and friction force, can
be neglected without any great error. UDF function is
composed to define the valve plate motion. The
energy loss per collision is estimated by rebound
coefficient which is set to be 0.2.

Suction Room

Fig.5 Force on valve plate of suction valve

2.3.3 Boundary conditions
» The working medium is ideal gas.
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» The inlet pressure is set to 100KPa. Meanwhile,
the outlet pressure is set to 200K Pa and 300K
Pa.

»  Standard K-E turbulent model is employed.

> Heat exchange with the surroundings has been

taken into consideration.
With all these settings done, iterative computation
begins.

2.4 Simulation results

5
¥ 10 [Fa]
25

Jinjie Zhang, Zhinong Jiang, Yinan Xie, Na Lu

Based on the solutions, the numerical dynamic
pressure in cylinder of the compressor is simulated.
In order to analyze the simulation effects of the
models, we compare the results with those of the
mathematical models, in addition to the experimental
data. According to the different operation conditions
of reciprocating compressor, we carried out the
experiments on the cylinder of two Kkinds of
discharge pressures: 200KPa and 300K Pa.

The data comparisons of experiment and
simulation pressures are shown in Fig.6 and Fig.7.

- === realistic pressure

data of simulation in
this paper

____ data of mathematical
maodel

- === realistic pressure

data of simulation in
this paper

data of mathematical

model

2
>
0s | \ | | i i i
0 50 100 150 200 250 300 w0 [
Crank Angle
Fig.6 The data comparison of experiment and simulation pressures: 200KPa

x 10° [Pa]
bt
&
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i i I
250 300 30 [

Fig.7 The data comparison of experiment and simulation pressures: 300KPa

In Fig.6 and Fig.7, the pressure waveforms are
consist of expansion, suction, compression and
discharge processes with the discharge pressure of
200KPa and 300KPa. In the waveforms, the blue one
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represents the actual acquisition, the red one
represents the dynamic pressure simulation results of
traditional mathematical models and the green one is
the dynamic pressure simulation results of the
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method in this paper. It can get conclusions that the
simulation results of traditional mathematical models
have significant differences in suction, compression
and exhaust stage with the actual data. However the
simulation results of FLUENT software agree with
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the actual data very well because it has applied the
entity modeling method to simulate the structure of
reciprocating compressor.

The error analysis is shown in Table 2.

Table 2 Error analysis of simulation results

200KPa 300KPa
Different discharge pressure Mathematical ~ Simulation ~ Mathematical ~ Simulation
model of this paper model of this paper
Total error 10.47% 3.07% 11.78% 3.64%
Error of expansion process 3.5% 1.04% 2.75% 2.21%
Error of suction process 14.4% 4.91% 14.35% 6.14%
Error of compress process 15.6% 1.85% 17.96% 2.26%
Error of discharge process 2.73% 2.81% 4.70% 2.52%

According to the results, it can get conclusions as
follows:

» The FLUENT software can take simulation of
the dynamic pressure effectively and the
errors will be acceptable in engineering.

The simulation accuracy of the model with
FLUENT software is better than that of the
mathematical models.

The method in this paper can be applied to
simulate the real dynamic pressure in
cylinders in order to analyze the working
conditions of the parts in reciprocating
motion.

3 Dynamic analysis of connecting rod
The crankpin bearing is the key node transmitting
torque from crankshaft in the motion. Because of the
coercive lubrication of reciprocating compressors,
abrasion of crankpin bearing in stable operating
condition seldom happens. However, due to the
operating condition changes frequently in the
production, the dynamic pressure in cylinder is
unstable. This affects the dynamics behaviors of
crankshaft and connecting rod. Therefore, in such
conditions, Babbitt Metal on the crankpin bearing

under dynamic loads will be easily worn with fatigue.

The lubricant film will be damaged, the fatigue
surface will expand rapidly, the vibration and noise
will occur. So vibration monitoring is an effective
method to capture the feature of crankpin bearing
fault.

However, the vibration signals of reciprocating
compressor has significant angular characteristics in
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phase domain and almost reciprocating compressors
in plants cannot monitor the dynamic pressure, it is
unable to do the dynamics analysis for the moving
parts of the compressor. How to confirm the
abnormal phases is the critical task in fault diagnosis.

This paper establishes theoretical models of the
key parts of reciprocating compressor to take
mechanical analysis based on dynamic pressure
simulation. The dynamic analysis  of crankpin
bearing makes the fault feature extraction
possible, which laid the foundation for the realization
of the early alarming and diagnosis of the faults.

3.1 The dynamics models
3.1.1 The mechanical models of reciprocating
motion

The piston components, piston rod and crosshead
components make reciprocating movements whose

mass are Mpis, M, and Mg, as shown in Fig.8.
However, the connecting rod is the component which
makes composite motions of reciprocating and rotary.
The connecting rod is comprised with the rod body,
the bolts, the crankpin bearing and connecting rod
pin bushing. The whole mass of connecting rod is
Mg, . Normally, The M., will be separated in two
parts: M, .andM.,, ., which represent the mass

concentrate in connecting rod pin with reciprocating
motion and the mass concentrate in the crankpin
bearing with rotary motion, as shown in Fig.9.

4

M con-re + M = M
M con-—re L1 -M con-ro I—g =0. (5)

con-ro con?
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Fig.8 The key components of reciprocating compressor

|
|
Fig.9 The mass separation of connecting rod

Defining the rotary speed as @ , pressure in

outside cylinder as Boy-out

the press area at the
outside of the piston asS ., pressurein inside
pis—out

cylinder as p the press area at the inside of the

cy-in’

We established the coordinate

piston as S . . .
pis—in

system whose origin is the center of the crankshaft.
The X-axis is taken to be horizontal and the Y-axis is
taken to be vertical. The positive direction of the
X-axis is from piston to crank shaft, as shown in Fig.
8.

As concentrating part of mass of the connecting
rod which take reciprocating motion to the crosshead
pin, we can define the force on the crosshead pin

exerted by connecting rod as F as shown in

pin ?

Fig.8. The prin can be divided into two parts:

FonxandFo . Fu o andFy o

X-axis and Y-axis respectively. The forces of all the
components which take reciprocating motion can be
expressed as follows:

(ﬁcy—outspis—out + ﬁcy—inspis—in) + f + I:pin—x = (M pis + M
+M,,+M )a

pin—x pin-x are along the

rod

(6)

con-re
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In reciprocating motion, the friction force will be
ignored usually. Improving the Eq. (6) as:

lE = (M pis +M od T Mcro + Mcon—re)a - (ﬁr,y—outS

pin—x pis—-out
= 7

+ pcy—inSpis—in) ( )

On the direction of X-axis, the acceleration of all

the components which take the reciprocating motion
can be defined as:

a=Ro’* (10526 +cosb). (8)

In the Eqg. (8), A is defined as the ratio of the
crank radius  and connecting rod length, @ s
defined as the angle between the connecting rod and
the positive direction of the X-axis, @ is defined as
the angle between the crank and the negative
direction of the X-axis. The relationship among A ,
& and@ can be defined as:

o =arcsin(4sin9) , 9)
where A = R s'.ﬂ :
L siné
From Fig. 8, we can get the equation:
= (10)

Foin = Fony /COSQ.
According to the law of action and reaction, on the

crankpin bearing, the force from crankpin to the

bearing can be defined as F,, . which is along the
E

cb—con

centre line of connecting rod. can be

calculated as follows:
F = l:pin = [(M pis +M rod T M o T M con—re)é -

cb—con

(pcy—outspis—out + ﬁcy—inspis—in )]/COSCX

3.1.2 The mechanical models of rotary motion
In addition to reciprocating motion, the connecting

rod also rotates around the center of the crankshatft.

The mass of connecting rod which takes rotate

motion can be concentrated at the center of

crankpin bearing simply as shown in Fig.9. The mass

can be defined as mg, , . Centrifugal inertia

force of the mass is along the crank radius outward.
Therefore, the force from crankpin to the crankpin

(11)

bearing can be defined as Ifcbfcf whose direction
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isalong the crank radius inward. The calculation
equation for Ifcbfcf is:

F,. =M., Ro? (12)

According to the mechanics analysis of the
reciprocating and rotary motions, the composition of

con-ro

forces on the crankpin bearing can be defined as F,,

which can be calculated by:

— —

I:cb:F

cb—con

+ IEcb—cf . (13)

3.2 Dynamics analysis results
The abrasion of crankpin bearing is difficult to be
simulated in experiments and easily leads to the
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abrasion on the surface of crankpin, so we take a
reciprocating compressor in plant as object to make
dynamic analysis of connecting rod under the real
working condition.

The compressor is a horizontal reciprocating
compressor with two-stage at a plant of Petrochina.
The abrasion fault of crankpin bearing in this
compressor occurred on July 8 in 2013 with dropping
of lubricating oil pressure in the second stage
cylinder and increasing of vibration on crank case.
Then the compressor stopped automatically due to
effect of the vibration protection system. The
compressor information is shown in Table 3. As
shown in Fig.10, the on-line monitoring system has
been installed on the compressor.

Table 3 Information of the compressor

The parameters Value The parameters Value
Unit number K202B Drive mode motor
Cylinder quantity 2 Compress medium hydrogen
Suction pressure of second stage 0.853MPa Discharge pressure of second stage 2.426MPa
sTthe piston - diameter of - second 643.9mm  The piston rod diameter of second stage ~ 130mm
The piston mass of second stage 290Kg The piston rod mass of second stage 247.7Kg
The crosshead mass of second 585Kg The connecting rod mass of second 538Kg
stage stage
The radius of crank shaft 180 mm The ratio of crank radius and connecting 0.2
rod length
Cabinet
Compressor Main

Main platform range Signal

Signal cables

cables

| | |
Explosion & o Explosion
—  -proof ® Crank ® -proof
box ¢ o4 rankcase Y WY box
| [
Piston rod Valve Crankcase Instrument
" Key phase @ displeasement temperature = vibration — lines

Fig.10 Schematic diagram showing transducers positions and the compressor’s structure

According to the structure parameters in Table 3,
we simulated the theoretical dynamic pressure of the
second-stage cylinder under the history operation
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condition, as shown in Fig.11. Based on the above
dynamics models, we made mechanics analysis for
the compressor and acquired the feature of force
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trend on crankpin bearing in the crank coordinate
system. So the abrasion phase can be located

10" [Pa]
¥ .

Pressure

’ Angle
Fig.11 The dynamics pressure of the second stage

Usually the angle wused in reciprocating
compressor fault diagnosis refers to the relative
rotary angle of crank [13, 19, 27]. It is the start point
when the piston locates at outer dead point of
cylinder. After time t, multiplying the speed by time,
we get the rotary angle: @ = wt. But the actual
specific abrasion position cannot be determined in
the crank coordinate system. It has to convert the
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precisely. Specific results are shown in Fig.12.

Force on crankpin bearing

* ']

18

Crank angle

Fig.12 The trend of force on the crankpin bearing in
crank coordinate system

angle into the crankpin bearing coordinate system.
So in this paper, we established the coordinate
system in which the X'-axis is taken to be the center
line of the connecting rod and the Y'-axis is taken to
be the vertical of the center line. This coordinate
system not only rotates but also swings around
the center of crankshaft, as shown in Fig.13.

—>p [«
l—
—>
Pout —> M Mrod O
—> pis ‘ P Mcro
—> in

AANT TR NN NNNNNNNNNNNNNNN

Fig.13 Different coordinate systems of the reciprocating compressor

Assuming that when the crank angleis & = wt,
the force on the crankpin bearing is F,. The angle

between the force direction and the X-axis is £ and
the angle between the center line of the connecting
rod and the X-axis is & . At this time, in the crankpin
bearing coordinate system, the angle between force
direction and the X'-axis is f — « .

Taking the structure parameters and the results of
dynamic pressure simulation into the dynamics
models of the reciprocating compressor and solving
the models, we applied the polar diagrams to express
the tendency of the force on the crankpin bearing, as
shown in Fig.14 and Fig.15. Fig.14 was drawn
referring to the crank coordinate system and Fig.15
was drawn referring the crankpin bearing coordinate
system.
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800000
i EoDoooo0
! aooooo

oo

270

Fig.15 The force waveform on crankpin
bearing in the crankpin bearing coordinate system
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Fig.14 The force waveform on crankpin
bearing in the crank coordinate system

It can get conclusions from above results as:

(1) The force acting on the crankpin bearing of the
second stage presents alternations. At the first half
cycle, in the crank coordinate system the biggest
peak value of the force occur at the angle of 120° |,
and at the second half cycle the angle is 290°
Therefore the abrasion of the crankpin bearing will
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occur at the two angles of 120° and 290° easily.

(2) In the crankpin bearing coordinate system, the
abrasion area occur at the angles of 330° and 210°
near the junction of the two crankpin bearings.

The conclusions play an important role in fault
diagnosis. They can be used to extract the feature of
vibration signals and be used for positioning the
abrasion of crankpin bearing precisely.

4 The application results

As shown in Fig.10, the compressor has been
installed the on-line monitoring system which
comprised with following transducers: accelerometer,
proximity probe, temperature transducer and
key-phase transducer. These transducers will record
the faults data in different periods. There are two
acceleration transducers installed on the crank case.
V2 measure point is near the second stage cylinder
which has the fault. In Fig.16, it has shown the
vibration tendency of the crank case in different
periods. We can see the historical waveforms that the
vibration waveforms of crankcase become worse and
worse as the fault deteriorating.

Vibration waveform of V2 on the crankcase

o0 [mmyfs][2013-07-07 22:54:42 main cursor 0° -1.1mmy/s] [Omm,s]
T e S SO S S S S S S S S . —
0 AR s PONR B iak TP Vo N A 7 S DUU SV AU S S S
T W - . A T T ?
T e e R S
-20 ; ; ; ; °
320 340 360

T 20 40 €0 =0 100 120 140 160

180 200 220

240 260 280 300

(@) The vibration waveform in normal period
Vibration waveform of V2 on the crankcase

-0 [rmyfs][2013-07-08 00:28:36 main cursor 0° -1.1mmys] [Omm;s]
TSR USRS SRS ISR SO SRS SRR SR NUNONS SUURE ISR S MO SO SR SO DU -
N L S R s N2 N e e =
Rl W T = | ™ T T T ] -
T S e s S e S S AR S S
20 ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; [=
u] 20 40 &0 g0 100 120 140 1e00 180 200 220 240 260 280 300 320 340 380

(b) The vibration waveform at the beginning of the fault
Vibration waveform of V2 on the crankcase

-0 [mmyfs][2013-07-08 01:05:11 main cursor 0° -1.6mm/s]

[Omm;s]

JNNVNEN NS W 20 0 A S A

T e e e s S

[o

-20 : : : : : : :
O 20 40 o0 80 100 120 140 180

180 =200 220

740 260 290 300 320 30 360

(c) The vibration waveform when the fault deteriorated
Fig.16 The crankcase vibration waveforms of the fault in different periods
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Choosing a waveform in normal period as object
to be compared with waveforms of different periods,
we calculate the variances of different waveforms
phases. The single cycle waveform has been divided
into 36 sections and we get the feature of different
phases of different historical waveforms, as shown in
Fig.17.

Variances
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Fig.17 The variances of different waveforms in
different phases
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As shown in Fig.17, in crank coordinate system,
the vibration waveform has abnormal at 110°
compared with normal waveform at the beginning of
the fault. When the fault deteriorated, the abnormities
occur from 40° to 150° and it is the worst at the
angle of 110° . However there are no dramatic
changes at the angles behind 180° of the vibration
waveform.

The maintenance result of the crankpin bearing
has been shown in Fig.18. There is serious abrasion
with a wide range at the junction of the two bearings.
Thus the maintenance results are consistent with the
theoretical analysis results well. It has proved that
the method to diagnose the fault of crankpin bearing
based on dynamic pressure simulation can be applied
in engineering.

HURT.
Fig.18 The maintenance results of the crankpin
bearing with fault
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Based on the above research, the steps of fault
diagnosis of crankpin bearing should be:
»  Constructing simulated models of cylinder and
valves, and then finishing the dynamic pressure
simulation on the basis of reciprocating
compressor working and structure parameters.
Taking dynamic analysis of crankpin bearing
and acquiring the tendency of force in the crank
coordinate system.
Analyzing the waveforms acquired by the
vibration transducers, comparing the changes at
the phases of maximum force with different
periods.
If the abnormal phases of the vibration
waveform are consistent with those of dynamic
analysis results, it can determine that the
abrasion of crankpin bearing would occur. We
can confirm the specific abrasion positions
when converts the tendency of force into the
crankpin bearing coordinate system.

5 Conclusions

Nowadays reciprocating  compressor  fault
diagnosis is the challenged research area. Aiming at
the difficulties in realistic fault diagnosis, this paper
presents a new method for crankpin bearing fault
diagnosis based on cylinder dynamic pressure
simulation combining the theory and practice
research.

This method constructs fluid analysis models of
reciprocating compressor, acquires theorical dynamic
pressure signals of compressor under different
working conditions with numerical methods. The
experiment data prove that the errors between
theorical pressure signals and the realistic signals are
in tolerance range. Building the numerical dynamic
models of connecting rod, we finish the mechanics
analysis of crankpin bearing of the second stage of a
fault reciprocating compressor on the basis of the
dynamic pressure simulation and capture the feature
of the abrasion on crankpin bearing. The analysis
results of the vibration data of crank case and the
maintenance results further verify the correctness of
the method.

As a result, the method can be applied in the
condition monitoring and diagnosis system when the
reciprocating compressor has no indicator holes or
cannot be installed with dynamic pressure
transducers. It will provide a feasible solution for the
diagnosis of crankpin bearing fault which is hard to
diagnose in the past.
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