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Abstract

The reliability of the automobile seat angle-adjuster directly affects the safety
of vehicle. The reliability of the seat angle-adjuster is improved based on
bench test. Liability model of seat angle-adjuster system is established ac-
cording to seat angle-adjuster of key parts failure mode. That provides tech-
nical support for the design improvements of seat angle-adjuster.
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1. Introduction

With the increase of car ownership in China and the improvement of the speed,
traffic accidents also increase year by year. Especially, vehicle collision accounts
for about 20% among the urban road traffic. When the vehicle collision occurs, a
larger impact will happen to the vehicle occupants instantly for the sake of huge
impact forces [1]. Then, once the failure of seat angle-adjuster happens, instantly,
back of occupant will happen under the acceleration function in the opposite di-
rection of driving. When the situation becomes more serious, spinal sprain will
lead to paralysis [2]. Under the condition of acceleration, deceleration, turning
and braking, a variety of forces acting on driver will cause a periodic alternating
shock to the seat back, and this situation has higher demand to the reliability of
the seat angle-adjuster [3].

Car seat is both a seat and a protection device, and car seat angle-adjuster is
the key component in the seat. The inner ring gear tooth plate and lock are main
bearing parts between the back of the chair and the base [4]. In order to adapt to
the human body posture, we can adjust the angle between seat and backrest of

human body, so as to maximize meet the requirements of comfort and offer
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support for the human body. In emergency situations, in order to guarantee the
safety of personnel, seat angle-adjuster parts must have sufficient strength, in
addition, a passenger or driver can adjust the seat quickly and easily [5].

Along with our country road traffic conditions improving, increasing car
ownership and car speed also gradually increased at the same time [6]. Total is
over, traffic accidents, casualties and property losses were caused by the grim
situation. So the car running safety has attracted more and more attention [7]
[8]. As one of the important parts of the car, car seat plays the role of supporting
the driver in place, which ensures that its good field of vision and the perfor-
mance of vehicle stability control at the same time reduce or avoid the hurt of
the driver and crew in accident damage [9]. With the rapid development of au-
tomobile industry, the security performance of the car seat already affects vehicle
ride comfort and safety, ergonomics, mechanical vibration, control engineering,
material science for the integration of systems engineering, such as product [10]
[11].

The seat angle-adjuster is the smaller parts of car. In fact, it has great effects
on safety and comfort. At the same time, the durability in the actual use process
is also one of the most prominent problems. With the constant improvement of
test methods, test ability and the quality requirement continuously improving
for seat angle-adjuster overall, the quality requirements of car seat assembly and
vehicle have improved, which promotes the development of auto industry [12].
The development of automotive technology for safety and comfort of car de-
mand is higher and higher. Now, for high-grade passenger cars, not only the
driver seat has been installed with the seat angle-adjuster, but all passenger seats
are installed with the seat angle-adjuster, etc. Due to a sharp rise of seat an-
gle-adjuster use and produce scope, auto factory and seat angle-adjuster factory
have strengthened the research and test ability of the product continuously, so
the research on automotive seat angle-adjuster structure optimization and relia-

bility is of great significance [13].

2. Seat angle-Adjuster

Car seat angle-adjuster generally has two kinds of manual and electric drive
mode, manual seat angle-adjuster and the handle. Rotating lever seat angle-
adjuster is a tooth-difference of 2k-h needle swing planetary transmission me-
chanism, whose adjust function and the self-locking feature set in one, and it has
advantages, such as compact structure, convenient operation, small adjust tor-
que and high controlling precision, and easier to motor driver instead, widely
used in various types of cars vans seat back angle adjustment. Through estab-
lishing mathematical model conforming to the actual working condition, carry-
ing out the optimization design of the product under the theoretical guidance, so
as to maximum enhance regulating function on the basis of satisfying its self-
locking performance. Double linkage seat angle-adjuster for around two sets of
adjustment locking mechanism in a set of institutions under the control action

at the same time, the lock at the same time, the locking strength is higher and it
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is applicable to all kinds of buses coach passenger [14]. Due to the safety of car
seat, comfort and durability depends largely on the quality and technology level
of seat angle-adjuster, so the research on automotive seat angle-adjuster struc-
ture optimization and reliability is of great significance [15].

Seat angle-adjuster is the key parts of car seat part to adapt to the human body
posture, and adjust the seat and backrest angle of human body, so as to maxim-
ize meet the requirements of comfort and offer support for human body. In
practical application of seat angle-adjuster, the following aspects need to be sa-
tisfied: 1) We should ensure enough parts strength in use process, in emergency
situations, for example, when traffic accident occurs, seat angle-adjuster will
withstand sudden external shocks, in order to guarantee the safety of personnel,
parts must have sufficient strength. 2) When the passengers or the driver adjust
seat, it can ensure that users can conveniently adjusted. 3) During the assembly
with the car seat, design requirements should meet certain gap [16].

TJL type seat angle-adjuster is 2k-h type one tooth difference cycloid pin gear
planetary structure, which makes a good use of the inevitable relationship be-
tween efficiency and self-locking, analyzes the self-locking sex from the angle of
efficiency, puts forward measures of improving the performance of self-locking
and gives improvement results [17].

Reliability is the important indicators of security quality and fatigue life of
product. The research areas are related to many fields, such as reliability analysis
application on mechanical and electrical design, application of mechanical con-
trol, and the simulation application reliability of missile control system. The re-
liability of the automobile products is closely related to personal safety and eco-
nomic benefit, only reliability secured, safety, comfort, economy and other per-
formance of automotive can be fully functional. The improvement of reliability
can reduce or even prevent the occurrence of failure and accidents, especially
prevent catastrophic accidents. Reliability analysis is helpful to optimal design of
automobile seat angle-adjuster, so that we can design more perfect seat angle-
adjusters.

Reliability theory is a comprehensive and borderline science whose main re-
search object is product life features. It involves many scientific fields, such as
basic science, technology science and management science. Since the 1960s, the
development of space science and aerospace technology has improved the level
of reliability research, extended the scope of its research. For the transformation
from traditional stochastic reliability based on probability theory to fuzzy relia-
bility based on fuzzy theory, the reliability put forward in recent years makes the
theory more rich and perfect [18].

In the past few years, in order to make the reliability of research results be
more close to reality, some uncertain factors are included in the scope of study.
So reliability analysis method based on fuzzy theory and neural network become
a new research method to solve the problem. With the establishment of various
new types of complex systems and implementation of the project, the contradic-

tion between traditional reliability design theory and engineering practice has
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been increasingly prominent. Traditional theory of structural reliability design
has the following problems: traditional reliability theory is based on common set
theory and binary logic. It makes binary state assumption on system state, sys-
tem either in a totally normal state or in a state of complete failure. This failure
line of one size fits all approach is not practical. The traditional theory of relia-
bility design is faced with contradictions between complicated things and de-
scribing the nature of things and state accurately. And this kind of traditional
ideas and methods of the reliability research needs a fuzzy method to describe
the reliability of system. Finally, the traditional reliability design theory lacks of
necessary data.

Distribution scheme of random variable and statistical parameters is obtained
by the method of fitting and estimate involved in mathematical statistics. The
accuracy of experimental result is related to the capacity of the sample, methods
of statistical inference and parameter estimation method. Moreover, we may
have to get these data through the experiences of experts when lacking of data.
For the uncertainty analysis of probability, mainly concentrated in: 1) The cal-
culation of reliability of structure system and the failure mode of the probability
are studied for the uncertainty of statistical data, that provides a good theoretical
support for numerical evaluation. 2) System reliability is considered the influ-
ence of structure fuzzy factors on structural based on the theory of fuzzy reliabil-
ity. Method of optimal allocation of structure system reliability based on this
theory is more practical than normal distribution method. 3) Because the func-
tions used for structure design to actual situation is not fully reflect, and the
same function can be represented by different expression, the calculation of re-
liability of structure will be affected. These studies are more comprehensive to
reflect the structural uncertainty. At present, the reliability theory as a useful
supplement to the reliability theory is still at the fledgling stage, which needs to
be further improved [19].

The overall reliability engineering research in China is still in infancy, espe-
cially in the aspect of practical application of reliability engineering which exist a
large gap. Therefore, it stills need to make arduous efforts if the reliability re-
search wants catch up with the world advanced level. Today improving the relia-
bility of the product has become the key to improve the quality of products.
Therefore in the increasingly fierce competition in the future days, the reliability

research will be more and more enterprise value.

3. Optimization Methods of Seat Angle-Adjuster

The optimization design method used in the automobile design not only can
make the design cycle be shortened, but improve the design accuracy and solve
optimal problems which traditional design method can’t solve.

1) Mathematical programming method

Large amount of calculation and convergence speed is slow. For a large struc-
tural optimization, the algorithm convergence is bad, and the number of itera-

tions is overmuch which will lead to larger workload. The efficiency of structure
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analysis is not high. For the problem of nonlinear, programming is a sequential
unconstrained minimization technique, such as multiplier method, penalty
function method. The other is a sequence of approximate technique, such as se-
quential linear programming method and the method of sequential quadratic
programming method and cutting plane. The third is the constraint border
search the feasible direction method, such as feasible direction method, the gra-
dient projection method and generalized reduced gradient method [20].

2) Guidelines

Structural optimization is mostly according to the engineering experience, and
intuition criterion is put forward such as synchronization failure criterion and
the full stress criterion. So the application limitation is bigger, but its physical
meaning is clear, method is relatively simple, fewer optimization in structure
analysis, fast convergence, high computation efficiency.

3) The method of bionics

Bionics method is to simulate the nature evolution algorithm, such as the re-
turns process simulation and neural network. Wide application of genetic algo-
rithm, it can be practical continuous variables and be applied to an integer or
discrete variables, even the numeric variables has become a promising method
for solving complex optimization problem. But genetic algorithm iteration times

and calculation workload is very large.

4. Bench Test of Seat Angle-Adjuster

There are many reasons to carry out the reliability test, mainly include: inspiring
the potential failure modes, putting forward improvement measures, ensuring
that reliability project or system will meet the predefined requirements, com-
paring estimate failure rate with actual failure rate, monitoring reliability growth,
ensuring the safety of the design margin, confirming the weak links of design or
component.

1) Reliability demonstration test

Reliability demonstration test type depends on the stage and the maturity of
the product. These tests can be carried out in the prototype or developing stage.
After significant changes in product design, we can also indicate the reliability of
the product whether improved or reduced due to design changes.

2) Reliability appraisal test

Reliability evaluation test is to validate whether the reliability of the product
design meets the prescribed requirements or not, to extract the representative
products by experiments under prescribed conditions. Reliability evaluation tes-
tis used to estimate a design for booking function is acceptable, the product in
using process of the vibration, humidity, shock, temperature cycle and other en-
vironmental conditions.

3) Reliability acceptance test

Reliability acceptance test is verified that whether the reliability of batch of
product meets the provisions. This test method cannot be used for making deci-

sion about qualified rate or any other similar values are acceptable.

K2
035: Scientific Research Publishing



L. Liu

4) Reliability research and test

Reliability on prototype must have developed a test environment stress and
working stress, to expose prototype design and process defects test, analysis and
improvement process. It is difficult for engineers to predict every failure mode
that new products technique has brought, so in order to control research and
development process, new product design test must be carried out in different

period.

5. Reliability Analysis of Seat Angle-Adjuster

Due to various random factors in the process of design, produce, and using, the
final formation of the product has the character of random reliability index. The
true value of reliability index is a theoretical value. According to the sample ob-
servations reliability index, estimates value of the true value can be obtained by
statistical analysis.

Commonly used reliability indexes include reliability, failure rate, average life,
life expectancy and variance, life standard deviation, reliable life, characteristic
life, useful life, maintenance and replacement of life, such as life scale degrees,
average repair rate, etc.

1) Reliability

Reliability is the probability that product under prescribed conditions and
within a prescribed time interval to complete the required function, generally
known as R, because it is a function of time, so also for record R(¢) called the
reliability function.

If with random variable 7 said product work from start to happen failure or
malfunction of the time /' (), the probability density, is the product’s reliabili-

ty in certain specified time #
R(t)=P(T>t)={"f(t)dt (1)

2) Cumulative failure probability
The cumulative failure probability is the probability of unfinished regulation
function failure that product under prescribed conditions within a prescribed

time interval, also be called unreliability. General notes for For F(t).
F()=1-R()=P(T <t)=] f(r)dt (2)

3) Average life span

For irreversible product, it refers to the average time before failure, general
notes for MTTF, for repairable product, it refers to the average trouble-free
working time, general notes for MTBF. They all said trouble-free time T mathe-

matical expectation E(T).
T=E(T)=| i (t)dr (3)

4) In a reliable life and life
Reliable life is specified by the reliability of the corresponding time. General
notes for #(R). The general reliability decreases with the increase of working
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time t. Given the different R, there were different (R)
t(R)=R"(R) (4)

5) The failure rate

Failure rate is the probability that a product has not yet been failure for work-
ing some time, and when change the time, a failure may happen per unit time,
commonly referred to A, it is also a function of time t so also for record, called

the failure rate function A(r).

.1
A(t)=lim —P(t<T <t+A|T > 1) (5)
At—0 At
It reflects the time t product failure rate as the instantaneous failure rate.
Failure rate of the observed value is within the unit after a moment the failure
products and work to change time has not yet been failure the ratio of the num-

ber of products, namely
i)=Y (6)

The average failure rate is to point to in a certain time average failure rate.

6. Reliability Research Methods

1) Stress-strength interference model

For mechanical parts, stress is the factor that causes parts failure, strength is
the factor that parts resist stress and prevent failure, the relationship between the
stress and strength as follows:

Failure will happen when the stress of the parts is greater than strength of the
parts.

It is normal when the stress of the parts is less than strength of the parts.

When parts are under cyclic loading, the strength of the parts will deteriorate
over time. Its size will decrease as the life extending, and reduce the stress and
strength on the life of the parts is the leading role of change over time. As shown

in Figure 1, it expresses the life of the parts with the stress changes the relationship

S .
1 P=0.1%

P=99.9%

0 Uy

Figure 1. P-S-N curve of component.
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between called P-S-Ncurve [21].

Under a certain stress level, the life is in the form of a certain statistical distri-
bution, mechanical parts are mostly Weibull distribution, normal distribution
and lognormal distribution.

2) Probability finite element method

Finite element method is used to solve the numerical analysis, approximate
solution of engineering problems in the engineering analysis, and solve all kinds
of boundary value problem. Finite element method is widely used in reliability
engineering to promote new development of the reliability.

Probabilistic finite element method in linear finite element equation is:
Ku=f (7)

Stiffness matrix respectively K, u, fnodal displacement array and the node

load array. Stiffness matrix of the:

K= j B"DBAQ (8)
Q

B(x), D(x,b), u(b), f(b) respectively the strain matrix, material per-
formance matrix nodal displacement matrix and node force matrix to coordinate
geometry () as the integral domain D is a random function and f if all the
quantities in this equation is decomposed into two parts of the mean and devia-

tion of a random variable, has
(K+AK)(f+Au)=f+Af )

3) Fuzzy reliability calculation method

For the reliability design of mechanical parts, it must be used in the occasion
that fuzzy information really exists. In mechanical products, about 80% of the
failure is caused by the wear, so the research of reliability design of wear is very
important [22].

A large number of experimental results show that wearing capacitywith speci-
fied time can be described by normal distribution. The failure caused by wear is
a fuzzy event, that is to say, wear to what extent is a fuzzy concept. On this occa-
sion, we should adopt the fuzzy reliability design [23].

Fuzzy events as allows the amount of wear and tear on the membership func-

tion for the ring type the fuzzy reliability for:

R:P(A):Jiﬂfl (x) fyw (w)dw (10)

3) The competition failure model

Competition failure model is commonly used in reliability statistics model.
Because of the complication of its internal mechanism and external environment
for larger products, the physical and chemical cause of product failure often has
many kinds. The occurrence of any kind of reason will lead to product’s ultimate
failure. And the cause of the product failure is referred to as the failure mechan-
ism [24].

The product has m failure mechanism (m > 1), if any one failure mechanism

will lead to product failure says that this product has m failure mechanism of
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competition for the products. If random variable said the failure mechanism of

occurrence time have this product for the life:
T=min(X,,X,,X,), =12, m. (11)

This is also equivalent to a m a failure mechanism in series. Set product relia-
bility function is S(7)
S(t)=P(T>t)=P(X,>1,X, >1,---, X, >1) (12)

In many practical problems usually assume that the failure mechanism of time
X,,X,,---, X, wereindependent of each other and set up distribution function
for the reliability of the product function can be represented as F (1)

s()=T1P(x, >0 =115 (13
i=1 i=1

For the competition failure products if the failure rate of the failure mechan-

ism ( t) the product failure l( t) rate to meet:

A1) =24 (1) (14)

7. Conclusion

The paper mainly studies the optimization of the design theory and test analysis
theory. The reliability analysis for the seat angle-adjuster, optimization and ex-
perimental study of key parts provides a theoretical basis. All results of the paper
provide a theoretical basis for the reliability of the analysis of the seat an-

gle-adjuster.
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