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Promoting Development of Government Production and Research
by Building an Effective Interactive Platform
between Universities and Enterprises

YAN Lei
(College of Civil Aviation, Nanjing University of Aeronautics and Astronautics,
Nanjing , Jiangsu 210016, China)

Abstract: The combination of government, production, and research is an effective form for development of
mutually-beneficial and win-win cooperative education between universities, government, and industry,
which is of great significance for promoting the directing function of personnel training, the conversion of
scientific achievements and the industrialization of higher education, and also promotes all-round coopera-
tion and deep integration between universities and industry. This paper makes an empirical analysis of gov-
ernment production and research cooperation which is under the management of board of Civil Aviation,
Nanjing University of Aeronautics and Astronautics, outlines the meaning and necessity of government
production and research, and proposes basic ideas for universities to carry out the cooperation among gov-

ernment, production, and research.

Key words: interaction between universities and enterprises; government production learning research; co-

-operation
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Abstract — Since public scientific research institutions (PSRI) are the
important component and primary providers of public knowledge goods
in national scientific and technological system, and the management for
these institutions should be adapted to the self-realization demands, work
value and material motivation needs of their personnel, motivation policy
design was studied. Important meaning of motivation policies for PSRIs
to increase their performance, enhance the personnel satisfactory degree
as well to realize the value consistency between organizations and person-
nel, was also studied in detail. Since motivation policy system for PSRIs is
a multi-objective optimization system, and various incentive factors have
indirect effects on PSRI operations, motivation policy design for PSRI
was studied as a nonlinear optimization problem. According to the char-
acteristics of nonlinear multi-objective optimization problems, a model
using neural network method was brought forward to design motivation
policies for PSRIs. Quantitative policies were obtained by the motivation
model. Examples from a scientific research institute demonstrated that
the method is effective.

Keywords: work value, motivation policy, neural networks, nonlinear
multi-objective optimization

1 Introduction

Public scientific research institutions (PSRI) are the important
component of the national innovative system and main providers of
public scientific services for the society. It is an issue that all states
pay a lot of attention to improve the organizational efficiency of
PSRIs, to fully play their roles and increase their creativeness. To
motivate employees scientifically is an important way to improve
the operational efficiency of PSRIs.

The motive effects to employees of PSRIs are influenced by
3 factors. The first comes from the characters of the employees
themselves. Employees of PSRIs are mainly composed of intel-
lectuals, who are highly independent, have stronger sense of self-
value and clearer target, and have higher expectation for the chal-
lenges and creativeness of their work, for the satisfaction to their
work, for their working environment, for the personal develop-
ment space provided by their work as well as the human-cultural
concern within their organizations. The second comes from the
characters of their work, most of which is innovative work accom-
plished in forms of team-work. Therefore, the co-operation of em-
ployees has direct influences on the efficiency of PSRIs. The third
comes from the characters of their organization. PSRIs have some
distinct characters. For example, their goals are not for profit, their
tasks are strategic and critical, their achievements are for public
use and have highly over-flowing benefits, their performances are
not for markets, their internal research actions are relatively open

to the outside society, and various resources input for them have
higher risk. Because of all the above, it is very difficult for PSRIs
to embody their achievements into economic profits. These require
the employees working in PSRIs have higher sense of social re-
sponsibilities and contributions. Because of the interaction among
the 3 factors, motivation for employees of PSRIs is highly com-
plex. In theory, a successful motivation scheme should be able to
make employees play their specialties and potentials fully and con-
sciously. From this point of view, motivation mechanism should
change from pure management of human behavior onto deeper
level management of personnel value. Motivation based on work
value is in accordance with internal-agreement, an important the-
ory of current human resources management. Therefore, it is able
to avoid role confusions and profit conflictions among employees
that are caused by non-matches between organization value and
the values of its employees and make them behave in accordance
with the benefit of their organization (Shuler and Jackson, 1988
[6]). One possible path that work value influences personnel work
behavior and performance is as follows:

work value — work motivation — work performance.

This paper dealt with work value motivation problem for em-
ployees in PSRIs, including motivation forms, modes and effects.
Based on the analysis on work value structure of PSRI employees,
motivation schemes for PSRIs were discussed. Since traditional
researches on work value motivation are confined in qualitative ar-
eas, their applications into practice and their scientific natures are
restrained in a degree. Considering the complexity of work per-
formance influences by work value motivation, the uncertainty be-
tween behaviors and work results, the difficulty to qualify motiva-
tion effects and recognize their quality, the co-existence of longer
and shorter term influences, the diversity of employees motivated,
the difficulty to dissolve team work products, etc, neural network
method was introduced into the design of employee motivation
scheme for PSRIs. Questionnaires were used as the input for neu-
ral network model, and the composite valuation of personnel per-
formance as its output. By training and testing the neural network,
extracting motive factors, motivation effects of different motiva-
tion schemes for different employees were analyzed. By setting up
a personnel motivation model based on neural network and simu-
lating the results of motivation schemes, it is realized to provide
decision-making support with quantitative motivation schemes for
PSRIs.
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2 Personnel motivation based on work value for
PSRIs

2.1 Definition and features of work value

View-point of value, or value for short, is a kind of perma-
nent believes, which means that an individual or society prefers
a specific behavior mode or objective state to other ones, and has
the functions to guide individual behaviors, help the individual to
make decisions, solve conflictions and motivate the individual to
attain his/her self-realization. As an important component within
the whole value of an individual, work value is the value judgment
of the individual about his/her work behavior and the result ob-
tained from his/her work environment (Dose, 1997 [1]), is an inter-
nal thinking system directly influencing his/her behaviors (Elizur,
1984 [2]), including a series of concepts from professional ethic
morality, work preference (Pryor, 1998 [5]) and work demands
(Super, 1980 [7]). In spite of the differences among intensions and
extensions of definitions given by scholars at home and aboard,
generally speaking, work value has the features as follow: (1) It is
what a person want to get from his/her work; (2) It reflects relations
between needs and satisfactory; (3) It reflects the selection of pref-
erence and is not a moral force; (4) It reflects the preference that a
person behave in a specific way but not other one; (5) It is an inter-
nal motive to guide the direction and motion of a person’s behavior
and to make him/her move towards his/her target of life; (6) It is
an inner yardstick for a person to measure the advantage, meaning
and importance of his/her social profession, a valuation on his/her
social profession, a reflection of value of life onto his/her view of
profession, a belief and attitude of a person toward his/her work.

In the deepening progress of researches on work value, it has
been shown by scholars at different levels and in different dimen-
sions that whether the work values of employees are in accordance
with their work features and the value of their organization is a
critical factor to determine their work efficiency.

2.2 Motivation of Work Value

Researches by Locke & Henne have shown that work value of
a person will influence his/her work desire or target, and further,
influence his/her work behavior and the degree of endeavor (Locke
and Henne, 1986 [4]). Therefore, work performance of a person or
an organization can be improved significantly by analyzing the at-
tributes and functions of work value, fostering rational work value
among members of the organization, and realizing the value con-
sistency between individuals and the organization. Nevertheless,
attributes of individual values shows that values within an orga-
nization are possibly different. It is even possibly out of different
value when members within a same organization are pursuing a
same objective effect. For example, it is possible for some persons
to show their competence, some to be responsible for their work,
some to seek social agreement, some others to get more rewards,
etc. It is quite often in management practices that there are signif-
icant differences of individual values hidden behind a same phe-
nomenon. With this in mind, it is necessary to implement scientific
value management, i.e., to introduce a motivation mechanism, set
up a mechanism of behavior guidance and morality cost compen-
sation with the core of reward and penalty, make a correct work
value to be the common behavior mode of all members in the or-
ganization, allow them to share the benefits of the new order, and
meanwhile, push the persons who refuse the organizational value
into “frontier”.
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2.3 Function analysis on motivation based on work
value

Following functions can be realized by a motivation of work
value:

First, increase member commitment to their organization. It is
possible that by a motivation of work value, members are promoted
to consider continuously the development of their organization as
well as themselves, to adjust their behavior continuously in a dy-
namic environment in order to keep good relationship with their
organization, to link their personal career development closely to-
gether with the development of their organization, and in the end,
to increase their commitment to the organization.

Second, increase work endeavor. Work value is an important
factor to influence personal endeavor. Many scholars found that
there is correlativeness between work value and work endeavor,
such as that work endeavor of employees are rather correlative pos-
itively to the values of achievement development, altruism, chal-
lenge, inter-personal relation but not relative significantly to the
value of material rewards. Although the current classifications are
not similar to each other, it can be found that work value as a whole
is positively and significantly correlative to work endeavor, i.e., the
more positive is the work value, the greater the work endeavor of
employees will be.

Third, increase work efficiency. It is possible that by value moti-
vation, members in an organization can develop their independent
activeness, avoid communication barriers and decreases of work
efficiency owing to “dissymmetry of information” among them,
and in the end, increase their work efficiency.

3 Personnel motivation model based on neural
network for PSRIs

3.1 Neural network

Neural network is an algorithm for data mining which makes
computers to behave with an intelligent feature. It tries to simu-
late the functions of human and animals, realize the procedures
of mode recognition and mechanic learning algorithm, and set up
predict models by calculating a large amount of historical data.
On the base of training and learning, a neural network system can
set up models rapidly for a large amount of non-linear data and
make simulation recognition without human intervention in order
to solve problems in a specific area. In neural networks, variables
are called neural elements. The analytical process is to put one or
more neural elements at input layer as determinants, put other one
or more neural elements at output layer as dependents, and then
determine the weights of neural elements at hidden layer by learn-
ing and inducting a part of training cases. In this way, projective
relations can be set up among neural elements at input and out-
put layers in order to predict and interpret the dependents. Neural
network analysis allows higher elasticity for data collected, so it
overcomes many obstacles in traditional multiple regressive statis-
tical analysis. By suitable training and learning, relations among
determinants and dependents can be inducted and objective ana-
lytical results obtained.

Output
layer

Hidden
Layer

Input
layer

Fig. 1 Neural network structure

Published by World Academic Press, World Academic Union




Proceedings of The Fourth International Conference on Management Science and Engineering Management, pp. 569-573

A neural network is composed of input, output and hidden lay-
ers, as shown in Fig. 1. There may be one or more hidden lay-
ers in a neural network, with multiple elements at each layer. It
has the features that neural elements at each layer are connected
only to elements at neighboring layers but there is none connec-
tion among elements within a same layer. And there is none feed-
back connection among neural elements at different layers. Input
signals are first transmitted forward to hidden knots. After passing
through transforming functions, output information out of hidden
knots is transmitted to output knots and results are obtained after

processing. Sigmoid functions are usually chosen as transforming

functions at knots.

If there are n neural elements at input layer and m elements at
output layer, the network will be a projection from an n dimen-
sional Euclidean space to an m dimensional one. While the struc-
ture of a neural network is determined, the network can realize
given projective relations for inputs and outputs and approximate
any non-linear function at any precision. Neural networks are suit-
able to express complex physical or social phenomenon and may
solve many practical problems. After training and learning, neural
networks can provide suitable output even for inputs not in sam-
ple sets. Therefore, it is feasible in this paper to research personnel
motivation scheme for PSRIs. )

3.2 Model-setting process based on neural network
for personnel motivation in PSRIs

It is composed of the following key steps to set up a personnel
motivation model, as shown in Fig. 2.
(1) Data acquisition. Collect factors influencing work value of per-
sonnel in PSRIs, which can generally be obtained in the form of
questionnaires. Collect data related to comprehensive performance
of the personnel, which include not only the current personnel

ing factors
personnel work value
Data acquisition and|
rocessin,
Neural netwo E s

model I——‘-——l
Training sample set I Testing sample set

imension i l
b [ ——
L

1

Neural Networks
Training

Neural Networks
training results

Personnel integrated|
formance of PS|

.-

| Testing |

Result output and

precision analysi

Motivation Policy for PSRI
Personnel

Motivation effect analysis

Fig. 2 Neural network structure

performance but also the relative result indexes embodying
work value motivation, such as work satisfactory, organization
commitment, etc. Collections of data are corresponding to the in-
put and output of neural network respectively.
(2) Set up a model of personnel motivation based on neural net-
work for PSRIs. Divide the obtained data into training sample and

(
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testing one, with the former to obtain the structure of neural net-
work, and the latter to verify the performance and effectiveness of
the network.

(3) Design personnel motivation schemes of work value for PSRIs.
While using the trained neural network, analyze key factors among
the current work value factors that influence work performance of
employees, and use them as motivation factors to determine the
motivation intensity.

(4) Simulate the result of motivation schemes. Input motivation
schemes into the trained neural network, and verify the result of
the schemes for different individuals in order to provide auxiliary
decision-making support for designing an individualized motiva-
tion scheme.

3.3 Algorithm steps

Algorithm steps to design personnel motivation schemes for
PSRIs by use of neural network are as follows:
(1) Design network structure. Numbers of input and output knots
are determined by the problem in consideration. Number of hid-
den knots is determined according to the convergence and can be
determined with trial calculations or experienced formulas. A gen-
eral formula is

s= 1/0.43nm + 0.12n2 + 2.54n + 0.77m + 0.35 + 0.51.

(2) Use random numbers (generally between O and 1) to initialize
w;; and 6;;, herein w;; is the connective weight of neural element
Jj, and 6; is the threshold value of neural element j at hidden or
output layer.

(3) Pre-process the training sample setz,; and the correspondent
expected outputy,;, Herein p and [ mean numbers of elements
within the sample and of input victors respectively.

(4) Calculate output O for each layer. For input layer, output is the
same with input, that is, Op; = Tp;, herein z,; is the ith value
of the pth sample element. And for hidden and output layers, the
output operations to neural elements are

Op; = f (Z w;iOpi — 9:') .

herein O,; is the output of element 7 as well as the input of ele-
ment j, f(z) is a non-linear non-reductive differentiable function,
which generally takes the form of S.
(5) Calculate error signals at each layer.

dpj = (¥pj — Op;)Op;(1 — Op;)
at output level; and 5

bpj = Op;(1 — Op;) Z 0pjWpj

J

at hidden layer.
(6) Transmit backward in order to adjust the weights

w,']'(t . = 1) = w,‘j(t) + aé,-jOp_,-,
herein a means the learning speed.
(7) Calculate the error.

B =3 30 Ok — )’
P k

if the training process for network is ended, otherwise, go back to
step iv and continue with the training process.

(8) Verify the effectiveness and precision of the trained sample by
using the test sample.

4 Analysis on calculation case
4.1 Data acquisition and processing

(1) Questionnaires for personnel work values in PSRIs.
Questionnaire for PSRIs was designed in order to collect factors
related to work values of personnel in PSRIs. As shown in Tab.
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Table 1 Questionnaire of operational efficiency and benefit factors for PSRIs

Index Factor Index Factor

Ch1 Consciousness of national development strategy Cas | Reasonable mechanism for achievement sharing and transfer

Ca National level of science and technology development Cag | Perfect personnel training mechanism

Cs National system and total amount of economy development | C3o Perfonpance appraisal system leading personnel to key and
strategic research fields

Cy Position of the institution and legal assurance . .

Cs Relevant policies and implementation C3; | Performance appraisal system leading personnel to concern

Cs Basic conditions and funds income Csz | Appraisal system for higher research performance

C7 Bright development prospects

Cs Position in national construction

Cq Development plan and objectives

C1io Reputable academic leaders

Cn Satisfactory work facilities

Ci2 Advocating conventions and inheritance

Encourage to pay attention to virtue and be indifferent to
fame and gains

Cia Encourage to pursue individual interests

Cis Encourage academic freedom

Cie Generous environment of allowing failures

Ci7 Advocate fair competitions and equal opportunities
Cis Advocate an organization atmosphere of the Golden Mean
Cig Balance and coordination of life and work

Cao Atmosphere and system guarantee for talented persons
C2 Centralized organization structure with clear levels
Ca2 Decentralized flat organization structure

Ca3 Decision mechanism with broad participation of staffs
Research projects established according to organization
objectives

Cas Effective management of research projects

Reasonable scientific research achievement evaluation
mechanism

Car Advocate to team study

Cs3 | Salary system encouraging competitions

Consummate and reasonable promotion mechanism for
management staffs

Consummate and reasonable evaluation mechanism for
professional titles

C3s | Rational and orderly exchange mechanism for talented staffs
C37 | Good relationship between leaders and personnel

Css | Atmosphere of union and co-operation among personnel

C3g | Reasonable post setting

Cyo | Clear understanding of post responsibility and duty
Cy41 | Jobs in accordance with career plan

Cy42 | Aesthetic feeling from work

Ca3 | Jobs in accordance with personal interests

Cas | Jobs inspiring creativity

Cys | Job Challenge

Cse | Jobs improving quality and developing ability

Cy7 | Jobs with more autonomy

Casg | Achievement feeling from work

Cag | Adequate respects from work

Cso | Satisfactory salary and welfare
Cs1 | Job Stability
Csz | Relaxing body and mind

Cs3 | Traffic convenience

Table 2 Matrix of rotated load factors and their contributions

Factor Fy Fy F3 Fy Fy Fg Fr Fg
Eigenvalue 7.339 6.899 6.436 3.976 3.116 2.509 2.266 1.797
Contribution 1498% 14.08% 13.13% 8.11% 6.36% 512%  4.62% 3.67%
Accumulated value | 14.98% 29.06% 42.19% 5030% 56.66% 61.78% 66.40% 70.07%

1, it contains 53 items including external environment and inter-
nal operational mechanism of the organization, self-development
of personnel, material and spiritual rewards and so on (Feng and
Li, 2009 [3]). 5-point remark was used for the questionnaire with
Fig. 1 and Fig. 2 to mean 5 levels from “the least important” to “the
most important”. Questionnaires were distributed and collected in
a lumped way, with 362 questionnaires distributed and 292 effec-
tive ones collected.

(2) Data Acquisition and Processing for Comprehensive Personnel
Performance Based on Work Value Motivation.

Motivational function of work value can be an increase of cur-
rent work performance or a nonconscious influence onto the per-
sonnel, and the latter cannot be measured with the current per-
formance. With this in mind, the following indexes were used to
measure the motivational effect of work value by the means of
weighted sum. Main indexes selected are as following: Current
Personnel Performance, personnel satisfactory, personnel commit-
ment, consistency of the targets of personnel and the organization
and long term development of personnel.

Among them, the first index mainly used the result of year-end
appraisal, indexes from 2 to 4 were obtained by means of ques-
tionnaires, and index 5 was according to the comprehensive points
from personnel department and the department leaders of relevant
employees. Data space is [0, 1], herein 0 means the worst and 1
means the best. Weights for the indexes were determined with in-
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formation from specialist, among which, weight for index 1 is 0.5,
and 0.2 for index 2, 0.1 for index 3 ~ 5.

Table 3 Influences onto personnel comprehensive performance by their work
value

Factor Fn F, F3 Fy Fs F¢ F; Fg
Mean value | 5.12 0.72 3.71 8.56 7.25 4.56 —0.28 0.11

4.2 Structural design, training and test result of
neural network

(1) Dimension reduction for data.

Factor analysis was made for original data in order to reduce
data dimension, avoid data intercross and overlap, and reduce the
difficulty to train the neural network. Statistical analysis was made
with the software of SPSS13.0. And 8 factors were selected with
the criteria that their information amount is more than 70%. Ro-
tated load factors and their contributions are shown in Tab. 2.

(2) Structural design of neural network.

With the above initial processing, original data were reduced
to 8 factors, which were input knots of the network. There was
only 1 output knot, that is, comprehensive judgment of employ-
ees. Number of hidden knots were approximately determined as 4
with trial calculation formula. Therefore, structure of the network
is8—4—1.

(3) Training and testing result of the neural network.

Published by World Academic Press, World Academic Union




Proceedings of The Fourth International Conference on Management Science and Engineering Management, pp. 569-573

573

Table 4 Predicted results for motivation policies of work value

Score o Scheme 1 | Scheme 2 Scheme 3 Scheme 1 and 2 | Scheme 1 and 3 | Scheme 2 and 3 | All Schemes

Sample Origin IPS {pg— ge | [PS_ Se | IPS Se| IPS _ Se | IPS _ Se | IPS__ Se | IPS__ Se
Sample 1 0.75 0.765 2.00|0.781 4.13]0.750 0.00( 0.840 12.00(0.770 2.67|0.781 4.13| 0.840 12.00
Sample 2 0.67 0.681 1.64|0.721 7.61|0.752 12.31| 0.768 14.63|0.799 19.40 | 0.828 23.58 | 0.857 27.91
Sample 3 0.72 0.734 1.94|0.765 6.25|0.801 11.25| 0.790 9.72 | 0.821 13.89 | 0.854 18.61| 0.882 22.50
Sample 4 0.95 0.951 0.11]0.962 1.26 | 0.950 0.00| 0.96 1.05 | 0.950 0.00 | 0.962 1.26 | 0.96 1.05
Sample 5 0.81 0.850 4.94|0.842 3.95|0.810 0.00| 0.921 13.70(0.850 4.940.842 3.95| 0.921 13.70
Sample 6 0.65 0.660 1.54|0.691 6.31|0.650 0.00| 0.715 10.00 | 0.661 1.54]0.691 6.31| 0.715 10.00
Sample 7 091 0.930 2.20(0.946 0.96|0.899 —1.11| 0.935 2.75(0.921 1.10| 0.907 —0.33| 0.924 1.54
Sample 8 0.78 0.820 5.13|0.812 4.10|0.785 0.64| 0.921 18.080.829 6.41|0.875 12.17| 0.925 18.59
Sample 9 0.83 0.850 2.41|0.863 3.98|0.832 0.24| 0.905 9.04 | 0.851 2.410.881 6.14 | 0.908 9.40
Sample 10 0.88 0.899 2.27]0.920 4.55|0.880 0.00 | 0.931 5.80] 0.899 0.00 | 0.920 4.55 | 0.931 5.80

Among the 292 questionnaires, 200 were randomly chosen as
training sample, and the other 92 as testing sample. For this pa-
per, Matlab software was chosen to make training and simulation
with the relevant data. By simulation, degrees of influences onto
personnel comprehensive performance by their work value were
obtained as shown in Tab. 3.

Compared with the testing sample, average error rate of the re-
sult of the neural network was than 10%, which shows that the
trained sample basically meet our requirements.

4.3 Design of personnel motivation scheme of work
value for PSRIs

8 factors were extracted on the base of factor analysis for origi-
nal data. Meaning of the 8 factors is as follows:
F; means the influence of project operations on personnel work
value of PSRIs,
means the influence of outside elements,
means the influence of personal growth and value realization,
means the influence of internal environment,
means the influence of material and spiritual rewards,
means the influence of performance
means the influence of environmental elements such as health
and communications,
Fg means the influence of work style of leaders.
With the current sample data, it was determined that important de-
grees of work value onto different structures were as follows: Fy,
F;, Fg, F'1, F3, F5, Fg and F;. We determined that main motiva-
tion policies for employees could include the following: a. to raise
personnel income, b. to improve internal mode and regulations for
project management, and c. to strengthen exceptional promotion
mechanism.

Fp
F3
Fy
Fy
Fg
Fr

4.4 Simulation result of the motivation schemes for
different samples

3 personnel motivation schemes of work value designed for
PSRIs in 4.3 were called scheme 1, 2 and 3 respectively. Simu-
lation took the form of composite verification, including to use
scheme 1, 2 and 3 independently, to use them 2 by 2 as a group,
and to use all the 3 together. Motivation strength was 10% increase
on the base of original motivation schemes. 10 samples were ran-
domly extracted. Their responses to the motivation schemes were
determined with the methods of specialist information and infer-
ence. Input for neural network was adjusted to predict the compre-
hensive performance. Predicted motivation effects by the neural
network were as shown in Tab. 4. Herein IPS means the compre-
hensive personnel performance, and Se means the sensitiveness of
the schemes, which was expressed by percentage increased.
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Following conclusions can be obtained from the current training
results: ‘
(1) In general, responses of different sample element to the
schemes were somehow different. Therefore, differentiated moti-
vation schemes should be adopted in PSRIs in order to improve
the motivation effects significantly.
(2) Current comprehensive performance was higher than individ-
ual one. This meant that whole motivation effect were not signifi-
cant, perfect work value were nearly set up, individual objectives
were basically in-accordance with organizational one, and higher
work efficiency and performance were well obtained.
(3) There were some individuals who had lower performance. This
showed that there values were far deviated from the organizational
value. They should be guided to set up a work value in accordance
with the organizational target, by improving management and in-
crease their material and spiritual rewards.
(4) The policy of exceptional promotion was significantly effective
for only a few employees but not so effective for most of the others.
Even worse, this could have negative effects on some individuals
within the organization, which should be paid more attention when
such a scheme of work value motivation was adopted.

5 Summary

In this paper, the feasibility and effects of motivation based on
work value were discussed in combination with the function fea-
tures of PSRIs and self-realization demands of their personnel.
Motivation model of personnel work value in PSRIs based on neu-
ral network was set up. On the base of training result of neural net-
work, motivation schemes of personnel work value was designed.
Results of personnel performance increase for different motivation
schemes were predicted by simulation analysis for neural network.
Effectiveness of the method put forward in this paper was verified
with practical examples.

References

[1] Dose, J. (1997) Work values: an integrative framework and illustrative
application to organizational socialization. Journal of Occupational Orga-
nizational Psychology, 3:219-242.

[2] Elizur, D. (1984) Facts of work values: a structural analysis of work out-
comes. Journal of Applied Psychology, 69:379-389.

[3] Feng, S. and Li, D. (2009) The research on work value structure of public
welfare scientific institutions in China. Chinese Journal of Ergonomics,
2:9-13.

[4] Locke, E. and Henne, D. (1986) Work motivation theories. International
review of I/O psychology, New York.

[5] Pryor, R. (1998) Differences among differences-in search of general work
preference dimensions. Journal of Applied Psychology, 72:426-433.

[6] Shuler, R. and Jackson, S. (1988) Linking remuneration practices to in-
novation as a competitive strategy. Human Resource Australia, 5:196-211.

[7} Super, D. (1980) A life-span, life-space approach to career development.
Journal of Occupational Psychology, 52:129-148.

Published by World Academic Press, World Academic Union




Average Life Prediction for Aero-Engine Fleet Based on Performance Degradation Data
Bai Fang" ?, Zuo Hongfu', Ren Shuhong’
1. Civil Aviation College, Nanjing University of Aeronautics &Astronautics, Nanjing 210016,China ;
2. Keda Industrial Co. ,Ltd. ,Foshan 528313 ,China ;

Abstract: The purpose of this paper is to
describe an approach to reliability life prediction,
applicable to the aero-engine fleet, operation under
dynamic conditions. The fleet performance reliability
model based on Weibull distribution is established
through measuring and recording the extent of
deviation and degradation from a normal operating
condition of aero engine fleet. The average life and
performance reliability control method of the aero
engine fleet are obtained under dynamic environment
by introducing the concept of performance reliability
which linked the reliability and actual performance.
On-line, real-time applications of performance
reliability prediction are useful in operation control as
well as predictive maintenance.

1. INTRODUCITON

Currently, traditional reliability = modeling
methods are adopted in aero-engine life prediction
mostly[1-7]. But traditional approaches to reliability
modeling are based on analysis of historical life-test
data. Such estimates result in models reflecting
population characteristics, typically under given
conditions. These models are very useful during
system definition and design phases, but are of limited
usefulness in day to day operational phases. Especially
for aero engine, manufacturers analyzed a large
number of global data and used traditional approaches
to reliability modeling, which got different models for
different engine types. But due to the differences of
utilization, the wuse of the environment and
maintenance level of airplane and so on, the models
given by manufacturers just only as a reference can
not be used to control the Q-percentile life of
aero-engine exactly for the isolated case. Therefore, it
is necessary to study the residual life prediction
method for aero-engine on-wing applicable to China's
actual condition of airlines whose aero engine fleet
sizes are generally smaller than foreign airlines
relatively.

Performance degradation processes contained a
large number of credible, accurate, useful and key
information of life. Few researchers developed
reliability control methods by introducing the concept
of performance reliability which linked the reliability
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and actual performance applying on different fields
[8,9].In this paper the fleet performance reliability
model based on Weibull distribution is established
through measuring and recording the extent of
deviation and degradation from a normal operating
condition of aero engine fleet. The average life and
performance reliability control method of the aero
engine fleet are obtained under dynamic environment
by using the similar method and assumption that
performance degradation is Gaussian random process.

2. Real-time performance reliability modeling
theory

Five conditions need to be met when real-time
performance reliability model is build. [8]They are: (1)
Let malfunction or failure may be defined in
accordance with physical measurements. Failure is
usually manifested in the physical signal and the
information of possible failure are usually hidden in
the changes of performance. Therefore, the link
between the failure and signal need to build. (2) A
real-time online data sensors and transmission system
is needed in order to provide real-time performance
data. (3) The time series of observed values is equally
spaced; (4) Systems or components in a normal
working state (non-failure or fault condition) when
Model is build; (5) Physical measurements sampled
according to the schedule is a random process and can
be tracked as a time series.

According to the definition of life variables, the
product failure distribution function is as follow:

F(1]9)=P{T(3) <1} 1)

This is a complete description of statistical
principle of the product degradation failure, called
degradation failure model. According to the definition
of failure caused by the degradation, when the
degradation measurement is typical of the upward
trend, the relationship between degradation failure
model and degradation measurements can be obtained
as follows:

F(1]18)=P{T(8) <t} =P{x(t)2 9} =1-G(8,r) (2)

If the product failure density function is signified
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by £ (¢|9), the relationship between the distribution of
product life and the distribution of degradation
measurement is as shown in Figure 1. It is in a similar
situation when the degradation measurement is typical
of the downward trend. In the case of without
confusing, F(¢|9) and f(¢|9) can be written
F(t)and f(r) respectively.

For the samples measured at the same time, the
distribution of degradation measurement is
G(x,©(1)) and the corresponding density function is
g(x0(1)) , where the parameter vector is
e()=(8,().6,(s),-.6,(r)) . Supposed that the
product degradation failure threshold is signified by 4,
the product occurs degradation failure whenx(r) > 8.
Let T denote the time of the product degradation
failure, F(z) denote the product failure probability
function at time ¢, and f(¢) denote the corresponding
density function of failure. According to the equation
(2), we can get [8]:

F(1)=1-G(3,0(1)) 3)

To obtain the performance degradation data, the
product is continuously measured at the different time

t,t,,--,t,. If the available data can not strictly meet

the rules of a continuous measurement condition and
equal space, they need to be processed by the methods
such as Mean Interpolation, Similar Mean
Interpolation, Maximum Likelihood and Multiple
Imputation.

The basic steps of the reliability analysis method
based on performance degradation data are as follows:

Stepl. Analysis the failure mechanism, identify
the key performance parameter or degradation
measurement and the failure threshold.

Step2. Collect the degradation data in accordance
with the appropriate intervals, analysis the distribution
of degradation measurement at each time point and
select the appropriate distribution G(x,0(¢)) to
describe the distribution of degradation measurement
at time ¢ The parameters of distribution are

time-varying.

A Failure Threshold 9 f(t18)

Degradation Measurement
s e
—
=
o

0 4 t, Time ¢
Fig. 1. the relationship schematic diagram between t life

distribution and degradation measurement
Step3. Determine the estimated value ©(s) of

parameter vector ©(z) at each measurement time

t,(j=12,-,n).
Step4.Using the distribution of degradation

measurement G(x,©(s)) at time ¢, and failure

J
threshold &, we can obtain the failure probability
p; by equation (3) at the same time. Using this
method, a series of data {(tj,pj)|j=l,2,~-,n} can be
acquired.

Step 5.Using the data {(tj,pj)|j=1,2,--.,n}
and regression analysis techniques to solve the
estimated value of the unknown parameters in product
failure distribution. Then reliability can be analyzed

by the estimation results.
3. Average life prediction method based on
performance degradation data of aero-engine fleet
Performance degradation is the result of gradual
change within the materials under the effect of the
constant external force. As randomness of the external
environment and internal material, the degradation
measurement is also random at measure time.
Therefore, we can make use of stochastic process
model to describe the product's performance
degradation. According to the definition, causes and
attainability of recession, EGTM (Engine Gas
Temperature Margin) is selected from engine
performance parameters as the analysis target. By
analyzing EGTM degradation, the performance
reliability of civil aviation engine is assessed.
3.1 Assumption
The degradation data of the engine comply with
the following assumptions:
1) EGTM failure threshold value is 0. The function
failure is defined when the EGTM researches 0.
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