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Abstract

Existing methods for processing abnormal data mainly include distance statistics combined
with mathematical statistics, PCA for dimensionality reduction and data prediction
classification based on SVM or BP. However, samples of these methods are not sufficient to
support ideal test results because of the limited data. This paper uses the MAN B&W 6S35ME-
B9 diesel engine as a model. The operating data of the actual host under load conditions of 25%,
50%, 75% and 90% are taken as training samples, and the diesel engine based on SVM
regression analysis to obtain relationship between thermal parameters, the subsequent
development trend of diesel engines, and the main factors affecting the changes in diesel engine
performance.

Keywords
Diesel engine, support vector machine, performance prediction.
1. Introduction

As an internal combustion engine, diesel engines are widely used in transportation, such as
mechanical engineering and other fields because of their mobility and economy, and they are
increasingly becoming larger, more complex, faster, and more heavily loaded M. However, because
diesel engines are more System, nonlinear complex reciprocating dynamic mechanical device, and
has many characteristics such as many vibration sources and many moving parts 2, integrating
mechanical, thermal, fluid and other disciplines. Therefore, how to accurately analyze the
performance of diesel engines and make reasonable faults. Diagnosis is the embarrassment that
restrict the further development of diesel engines.

At present, the performance judgment methods of diesel engines mainly include two aspects:
extrapolation and internal disconnection. The traditional diesel engine fault treatment measures are
mainly regular maintenance and after-sales maintenance. This method is relatively clumsy and has
poor predictability. Large damage and high cost Bl. The existing diesel engine management and
maintenance methods are mainly more scientific and reasonable maintenance, a targeted maintenance
system based on the idea of preventive maintenance (RCM/RCMA) ™ this maintenance system is
more in line with the future intelligent ship remote fault diagnosis .The trend has the advantages of
small cost, small damage, and rapidity. The author mainly records the operating parameters of MAN
B&W 6S35ME-B9 marine low-speed diesel engine under 25%, 50%, 75% and 90% load conditions,
including speed, power, cabin temperature, supercharger speed, medium A total of 19 parameters,
such as temperature and pressure before and after the water circuit and gas path, temperature and
pressure before and after the turbine, analyze the relationship between the parameters, and judge the
linear correlation between these parameters through the calculation of the correlation coefficient, and
grasp the main Influencing the parameters, fitting the least squares method, extrapolating the
performance of the diesel engine, analyzing the relationship of the diesel engine parameters, and
analyzing the mechanism of the diesel engine.
Table 1 MAN B&W 6S35ME-B9 diesel engine parameters
Diesel engine model MAN B&W 6S35ME-B9
Number of strokes 2
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Compression ratio 21
Link length 1550 mm
Piston stroke 1550 mm

Bore diameter 350
rated power 3520 KW

2. Correlation coefficient

The correlation coefficient is based on statistical judgment of the degree of linearity between two or
more variables, which is a criterion based on the uncertainty of big data. Due to the difference in the
number of variables, there are three main definitions: simple correlation coefficient, complex
correlation coefficient, and typical correlation coefficient.

In data processing, the correlation coefficient of the matrix is generally combined with the covariance
matrix of the matrix, which is a means of dimensionality reduction, adopting the idea similar to PCAD!,
Let n-dimensional variable matrix {X;,X,, X3 ..., X, }, where Xi represents an N-dimensional
column vector (N represents the number of samples), then the covariance matrix of X is:
COV(Xy, X)) .. COV(Xy,Xy)
Cov(X, X) = ( ) (1)
CoOV(X,, X)) .. COV(X, X,)

If X is a decentered matrix, then Equation 1 can find thatX”X = COV (X, X), ignoring the difference

in sample size. The diagonal matrix of Equation 1 is the variance of each variable, representing the

rate of change under different samples of the same variable. The remaining elements can reflect the
relative performance between different variables, and Equation 1 can be transformed into:

Z?’:1(Xi1 - Xl)z ?I:l(Xin - Xn)(Xil - Xl)

COV(X,X) = : (2)

Y X — X)) Xin — X)) - N X —X1)?

In the above formula, X; and X;jrepresent the mean of the i-th column vector and the j-th variable
value of the i-th sample, respectively.

Let X, and X, be two different variable vectors, then the correlation coefficients of X, and X, can be
expressed as:

Y (Xia—X)Xip—=Xp)  _ COV(Xq, Xp) (3)

Px.xp) = _
e JZ?zl(Xia—E)z i (Xip=Y)? VD (Xa)y/D(Xp)

WhereX, andX,are the mean values of the variables Xa and Xb, respectively. Equation 3 can be
further calculated from Equation 2, where p(x,_x,)is between [-1, 1], and when p(x,_x,is closer to 1,

the degree of correlation between X, and X, is increased. High (1,

3. Leastsquares

For the overall trend prediction of known data, there are generally two methods of interpolation and
fitting. Among them, there are too many constraints on interpolation, there will be over-fitting
phenomenon, and the overall trend of the data cannot be judged well; the fitting refers to the whole
of the data. Judging, a curve is selected to describe the data trend. The objective function is generally
the smallest sum of squared errors (least squares meaning) of this curve to all data points.

Let n sets of data be samples:
(Xl)yz)l(XZlYZ )l(X3 lY3 );"'J(anYn) (4)
Among them, X; is an N-dimensional column vector, which is a characteristic parameter in each set
of data, Y; is its corresponding function value, and each sample data of Equation 4 is generally in the
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form of a linear function; however, a polynomial function fitting can also be used. If linear fitting is
used, thenh(X;) = aoX;o + @1 X;1 + @, X;2 + -+ ay Xy, LetX;, = 1, h(X;) can be expressed as
Equation 5, and denoted ash = aX.

1 1 - 1
@ - ap)Fn Koo A= 1) (5)
Xivn Xon o Xun

Where « is the row vector of N+1 dimension, and X is the N+1 dimension column vector whose first
element is 1, and the objective function can be obtained:

min ||8]13 = Ly 0(X) (h(X;) — Y)? (6)

In order to make the expression problem more general, the weight function w(X;)is added in the
above Equation 6, which indicates the proportion of each group of data. In this paper, the probability
of occurrence of the data is the same, and the weight function value is taken as 1. For the convenience
of subsequent derivation, Equation 6 can be transformed into:

min ||5]3 =2 (aX - Y)T(aX - Y) )
Let equation 7 be biased to a and let it be 0. According to the matrix derivation chain formula, we
can get:

;—a(||5||2) = (aX-YV)XT = 0 (8)

According to the above formula 8, the vector a=YXT (XXT)~1can be solved, and the final fitting curve
can be obtained by substituting h(X). Since data fitting by least squares is a biased estimate, the
overall effect of the fitted curve needs to be analyzed. Evaluate the excellent sum of the total deviation
of the fitted curve, the sample determination coefficient and other methods. In this paper, the total
deviation square sum decomposition is used to evaluate the performance. The total deviation squared
sum (TSS) can be decomposed into the regression square sum (ESS). And the sum of the residual
sum of squares (RSS)[™, the formula is as follows:

(-2 =3, -2+ T, - 7)? )
In the above formula, ¥; represents the biased estimate of the regression, and Y represents the mean.

4. Parameter measurement

This type of marine low-speed diesel engine system mainly includes six parts of diesel engine body,
turbine, compressor, intercooler, exhaust pipe and scavenging air tank. In order to judge the influence
between these components parameters, according to the different energy formation and flow direction,
the utilization The "volumetric method" modeling idea divides the entire diesel engine system into
four unitst®: The combustion chamber unit mainly converts the fuel energy into the energy of the
crankshaft work, including the diesel engine body, the exhaust pipe and the scavenging air box; the
boosting unit mainly converts the heat energy and kinetic energy of the exhaust gas into mechanical
energy compressed air, including the compressor and the turbine; The unit reduces the internal energy
of the intake air by forced cooling, mainly the intercooler; and the external unit is the cabin
temperature, and these parameters are respectively divided into the four units, and the parameters of
each unit have a large influence on each other, and then analyzed. The effect between units and units.
According to experience, the external unit is the cabin temperature, has a large influence on the
parameters of the diesel engine system, especially the exhaust temperature (pre-turbine
temperature)®, but the correlation coefficient indicates that the connection between the cabin
temperature and the remaining parameters is not large. When the reason for the analysis is known,
the cabin temperature change is not obvious, and the reaction of the parameters of the diesel engine
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system to the remaining parameters is not obvious. Therefore, the influence of the cabin temperature
is ignored in this paper. In order to further simplify the relationship between the parameters, it is
obvious that the host load is proportional to the power, so the host load does not participate in the
fitting of the remaining parameters. Table 1 shows some of the thermal parameters recorded.

Table 2 Partial diesel engine thermal parameters

Rotating Turbine Scavenging Boost Scavenging Alrirrlc:e (:[Jler
speed temperature pressure pressure  temperature
temperature
90 330.3 0.02 0.03 32.9 24.7
89.1 328.3 0.05 0.05 35.2 271.7
114 362.9 0.11 0.11 36.1 29.4
114 361.5 0.11 0.11 30.4 31.8
130.1 375.5 0.17 0.17 31.3 33.2
137.3 398.7 0.22 0.21 32.1 28.4

However, it is not enough to determine the influence between the parameters through the unit
selection. Therefore, by calculating the correlation coefficient of the recorded parameters, the host
speed and the host power, the supercharger speed, the pre-turbine temperature, the pre-turbine
temperature, and the increase are found. The correlation between the pressure and other parameters
is high, |p(Xy)| can reach above 0.9; the outlet temperature of the air cooler and the charge air
temperature, the air inlet temperature of the air cooler, the scavenging temperature, the host power,
etc. There is a high degree of correlation, |pxy)| up to 0.7. Table 3 is the correlation coefficient
between some parameters. It is found that the correlation between the temperature after the turbine,
the inlet and outlet pressure of the air cooler and other parameters is not large, and it is difficult to
judge its development trend.
Table 3 Partial correlation coefficient of thermal parameters of some diesel engines

Supercharger- Turbine- Turbine- Boost-
power
speed temperature ~ temperature pressure
Rotating speed 0.9867 0.9889 0.9426 -0.4276 0.9814
Scavenging- 0.59 0.5895 0.6334 -0.136 0.5829
temperature
Turbine- -0.4716 -0.4601 -0.3159 1 -0.5342
temperature
_ Alr cooler -0.1619 -0.1896 -0.0837 0.3051 -0.1839
inlet- pressure
Air cooler
inlet- 0.7063 0.7205 0.7626 -0.4133 0.713
temperature

5. Parameter fitting

The diesel engine ventilation system is mainly composed of turbocharger, intercooler, scavenging air
box and air intake pipe. In order to predict the performance of the diesel engine ventilation system,
the author selects the inlet temperature of the air cooler and the air cooler water channel through the
evaluation of the correlation coefficient. The author selected the air cooler inlet temperature, the air
cooler inlet and outlet temperature and the boosting temperature to carry out the curve fitting of the
air cooler outlet temperature by Matlab software. Through the item-by-item regression analysis, the
inlet temperature of the air cooler and the inlet temperature of the air cooler were selected as the
parameters of the fitting curve, and the equation of the fitted curve was obtained y = 0.4017 +
0.525x; + 0.3898x,, Where y is the air cooler outlet temperature (), x1 is the air cooler inlet
temperature (9, x2 is the air cooler inlet temperature (<, and Figure 4 is the air cooler inlet
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temperature selected after item-by-item regression. And some performance parameters of the air
cooler inlet temperature fitting.
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Figure 4 Partial performance parameters of the intake air temperature fitting

In order to cross-validate the multivariate one-time fitting curve as the optimal fitting curve, the multi-
element fitting function is also used to fit the intake air temperature (air cooler inlet temperature), and
the above trend can also be verified by trend analysis. The combined curve is the optimal curve.

The rest also selected the air inlet and outlet temperature of the air cooler, the air inlet and outlet
temperature of the air cooler to fit the charge air temperature; the air inlet and outlet temperature of
the air cooler, the air inlet and outlet temperature of the air cooler, and the charge air temperature to
the scavenging temperature. For the fitting and the like, the main performance parameters of the
calculation results are shown in Table 4.
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Figure5 Temperature fitting based on four elements
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Figure6 Temperature fitting based on two elements

Table 4 Performance indicators of partial parameter fitting

square RMSE F Fitting formula
Rotating speed  0.997576 0.977326 5556.75 y = 39 4+ 0.0052x; — 0.0048x,
Intake air _
omporature | 0916228 132496 147651 y=0.4+0.525x; + 03898,
Charge air 0932895 129432  389.255 y = 2.8602 + 0.9651x,
temperature
Aircoolerinlet- 250101 200436 16.6522 y = 17.5021 + 0.6520x;
pressure
Scavenging 974935 142358  1089.14 y = —3228.4 + 45.5x,
temperature
power 0.99757 187.269 11497 y =—7321.4 4+ 194.7xg
S“pgg‘ézgrger 0976543 525043  360.806 y =163 + 1.2x5 — 2.4x; + 2.8,
Turbine 0.097576 =~ 0977326  5556.75  y = 39 + 0.0052x, — 0.0048x,
temperature

In the above table, x; and x, are the supercharger speed and the pre-turbine temperature; x5 and
x, are the air cooler inlet temperature and the air cooler inlet temperature; x< is the main engine speed;
X, IS the air cooler water outlet temperature.
From the fitting formula in the above table, it can be concluded that different performance parameter
indicators are closely related to each process parameter, and the performance trend of the diesel
engine in the future can be obtained by these formulas.

Table 5 Partial deviation of some fitting parameters

fitted value Measurements Error amount
Rotating speed 73.5344 90 18.3%
Intake air temperature 127.4381 129.1 1.3%
Charge air temperature 26.7783 26.7 0.3%
Air cooler inlet- 31.6069 30.7 3.0%

pressure
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Scavenging 42.8153 42.7 0.3%
temperature
power 33.6065 36.7 8.4%
Supercharger speed 866.6 903.9 4.1%
Turbine temperature 10202 9979.8 2.2%

The above table compares the value obtained by substituting part of the actual parameters into the
fitted curve and compares the actual measured parameters. It can be found that the error amount of
most data except for the individual data is within 5%, which mainly considers that the overall
parameters are not abnormal data. Filter.

6. Fitting curve analysis

Since the diesel engine system itself is a complex and interrelated system, each parameter affects each
other, and the curve fitting equation is based on the mechanism analysis and correlation coefficient
selection, grasping the main parameters and ignoring the secondary factors, and calculating the
relationship between the main parameters can better analyze the working process of the diesel engine
system.

The speed of the diesel engine is related to many factors. The load, the torque of the diesel engine
body and the moment of inertia all have an effect on the speed of the diesel engine [2°. However,
under steady-state conditions, the moment of inertia and load are fixed, so the speed of the diesel
engine Most of it depends on the torque of the body, According to the mathematical model of torque
(Equation 10), since n,, is determined by factors such as diesel engine speed and excess air ratio, it
can be seen that the factors affecting the torque of the diesel engine are fuel and air, which cause the
fluctuation of the maximum burst pressure in the cylinder. , which in turn causes changes in torque
and speed. In the ventilation system, the turbocharger is directly affected by the intake of the diesel
engine, and the exhaust temperature (pre-turbine temperature) directly reflects the combustion state
in the cylinder. Therefore, the fitted curve of the host speed takes into account two of the most
important factors affecting the speed of the diesel engine: the turbocharger speed and the exhaust
temperature.

Mp =k-gc e (10)

In the above formula.k = 1000H,i/mt. H,ls the low heating value of the fuel; i is the number of
cylinders; 7 is the number of strokes; 7, is the effective efficiency of the diesel engine.

When the air cooler is considered separately, it is simplified to the throttling and cooling components
for parameter calculation. Generally, when considering the cooling efficiency, factors such as air flow,
temperature, structure and material need to be considered from the perspective of energy transfer, but
further Simplification, by introducing the cooling coefficient of the air cooler, the mathematical
model of the main engine intake air temperature (air cooler air outlet temperature) can be obtained,
which can generally be expressed by Equation 11. From this, it can be clearly seen that the decisive
factor affecting the intake air temperature of the main engine is The inlet temperature of the air cooler
and the inlet temperature of the air cooler are the same, and the fitting curve of the inlet air temperature
is also consistent. Therefore, the above curve fitting equation has certain physical meaning.

Ts =Tk = nc(Tx — Tewi) (11)

In the above formula, T is the intake air temperature; Ty is the inlet temperature of the air cooler; 1,
is the cooling coefficient of the air cooler; and T,,,; is the inlet temperature of the air cooler.

In the diesel engine system, the exhaust gas temperature is an important indicator for judging the
performance of the diesel engine. Most of the current calculations of exhaust gas temperature are
mainly three ways: average temperature over time, average temperature at flow rate, average
temperature at thermal energy (%, but these three calculation methods are complicated, and the cost
of many parameters is too large. Therefore, the existing model generally uses the empirical formula
to solve (Equation 12). It can be seen that the exhaust gas temperature is related to the diesel engine
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speed, fuel injection amount, and air-fuel ratio™, and the fitting curve of the exhaust temperature is
the diesel engine. The speed is related to the inlet and outlet temperature of the air cooler. Except for
the speed, there is no necessary connection between them. Therefore, the above curve fitting equation
does not have complete physical meaning.

T, = AT +T;,
_ X . HyNcy
AT = 2o T2 4 f (np) (12)

In the formula, y is the ratio of the energy that the exhaust gas is introduced into the exhaust pipe to
the amount of fuel injected into the cylinder; Ag is the air-fuel ratio; andn,,, is the combustion
efficiency.

7. Conclusion

The existing methods for detecting abnormal test data are mainly based on the distance method
combined with statistical theory, based on the assumption that sample data has a probability
distribution model, combined with distance, deviation density and other methods, using statistical
theory to analyze the abnormal data by inconsistency test. Point or PCA principal component analysis
for dimensionality reduction to achieve high-dimensional data mapping in low-dimensional space
and predictive classification from SVM or BP etc. These methods which to diagnose machine faults
all are based on a number of data, so predicting the change trend of diesel engine thermal parameters
is the key technology for intelligent ship fault diagnosis, which has great practical significance 2,
This paper passes the MAN B&W 6S35ME-B9 marine low-speed diesel engine with 30 sets of
records at 25%, 50%, 75 load. The thermal parameters under % and 90% conditions were analyzed
by regression analysis based on the least squares method, and the following conclusions were drawn:

The fitted thermal parameter curve equation is obtained, and the error analysis of the fitted curve is
tested by using another four sets of data, and it is found that the error amount is mostly within 5%.

Analyze the element of the fitted curve from the mathematical model of the diesel engine system, and
try to explain the rationality of the fitting curve from the mechanism.

The fitting curve obtained in this paper can effectively extend the range of data and provide effective
samples for the detection of subsequent abnormal data.

References

[1] Er hao Feng, Hui Shan Lu, Hong Xia Pan. Summary of Research on Diesel Engine Fault
Diagnosis.Mechanical Management and Development,VVol.25(2010) No.2, p.109-111. (In
Chinese)

[2] Xuedong Feng, Wei bin Zhuang et.al. Application and Analysis of Nonparametric Statistics in
Diesel Engine Fault Diagnosis.Journal of Jiangsu University of Science and Technology (Natural
Science Edition),Vol.24(2010) No.6, p.573-575. (In Chinese)

[3] Wen Wei Yang. Modern method and prospect of diesel engine fault diagnosis. Agricultural
machinery use and maintenance,VVol.01(2007) p.78-79. (In Chinese)

[4] Jia Liang Huang, Zhen xiong CAl et.al. Study on simulation method of intelligent fault diagnosis
for marine diesel engine.Navigation Technology,Vol.03(2001), p.37-39. (In Chinese)

[5] Nulguli Aili. Linear Correlation Measure between Random Vectors.Journal of Jilin Normal
University (Natural Science Edition),Vol.01(2012), p.75-79. (In Chinese)

[6] Gang Liu, Xing cheng Wang et.al. Diagnosis method of diesel engine based on fusion distance
method.Journal of Dalian Maritime University,Vol.43(2017) No.1, p.61-66. (In Chinese)

[7] Ming iong Chen. Discussion on the Relationship between Canonical Correlation Analysis and
Fisher Discriminant Method.Statistics & Decision Making,Vol.02(2013), p.21-24. (In Chinese)

[8] Li dong He, Haiyan Wang et.al. Overview of Modeling Methods for Marine Diesel
Engines.Internal Combustion Engines & Power Plants,\VVol.30(2013) No.6, p.53-55. (In Chinese)

96



International Journal of Science Vol.6 No.12 2019 ISSN: 1813-4890

[9] Feng Qing Huang, Debao Hua. Study on the Influence of Engine Room Temperature on the
Thermal Balance Capacity of Vehicles.Design and Manufacture of Diesel Engines,\VVol.17(2011)
No.4, p.35-38. (In Chinese)

[10] Shu ying Li. Simulation Technology of Marine Power Plant (Heilongjiang; Harbin University
Press Publications, Switzerland 2013,p.159-179). (In Chinese)

[11] Hong zhong GU. Simulation Calculation of Thermal Process of Turbocharged Diesel Engine
(Shanghai; Shanghai Jiao tong University Press Publications, Switzerland 1985,p. 58-62). (In
Chinese)

[12] Zhong yu Wang, Guo Wei Sun, Xiu zhen Ma et.al. Prediction of Thermal Parameters of Diesel
Engine Based on Grey System GM(1,1) Mode, VVol.02(2014),p.12-15.(In Chinese).

97



