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Preface 

 

It is our pleasure to welcome you to the 2013 International Conference on Mechatronics and 

Semiconductor Materials (ICMSCM 2013) in Xi’an, China. A major goal and feature of it is to 

bring academic scientists, engineers, industry researchers together to exchange and share their 

experiences and research results, and discuss the practical challenges encountered and the solutions 

adopted.  

We hope you will have a technically rewarding experience, and use this occasion to meet old friends 

and make many new ones. Don’t miss the opportunity to explore in Xi’an, China. And don’t forget 

to take a sample of the many and diverse attractions in the rest of the China. 

ICMSCM 2013 promises to be both stimulating and informative with a wonderful array of keynote 

and invited speakers from all over the world. Delegates will have a wide range of sessions to choose 

from and will have a difficult decision in deciding which sessions to attend.   

This book covers these topics: Mechanics, Electronics and Industrial Informatics. We hope your 

experience with ICMSCM 2013 is a fruitful and long lasting one. With your support and 

participation, the conference will continue its success for a long time.   

We would like to thank the organization staff, the members of the program committees and 

reviewers. They have worked very hard in reviewing papers and making valuable suggestions for 

the authors to improve their work. We also would like to express our gratitude to the external 

reviewers, for providing extra helps in the review process, and the authors for contributing their 

research result to the conference. Special thanks go to TTP Publisher. 

We wish all attendees of t ICMSCM 2013 an enjoyable scientific gathering in Xi’an, China. We 

look forward to seeing all of you next year at the conference. 
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Abstract. Internet routers play an important role during network congestion. All the routers have 

buffers at input and output ports to hold the packets at congestion. Various congestion control 

algorithms have been proposed to control the congestion. Recently, some proportional-integral- 

derivative (PID) controller based algorithms have been proposed as Active Queue 

Management(AQM) schemes to address performance degradations of end-to-end TCP congestion 

control. However, most of the proposed PID-controllers for AQM are validated for their 

performance and stability via intuitive explanation and simulation studies instead of theoretic 

analysis and performance evaluation. But there are a few drawbacks of PID-controller based AQM 

algorithms leading to poor performance like causing data retention dropping and oscillation when 

the time delay is large, which means that the existing PID-controller can not meet the Quality of 

Service (QoS) requirements. To overcome the drawbacks of traditional PID, we analyze and 

enhance the PID-controller based AQM algorithm by regarding the TCP congestion control 

mechanism as an input-rate based Adaptive Fuzzy Neuron PID control algorithm(IRAFNPID) to 

avoid congestion in TCP/AQM networks. By means of simulations, we evaluate and compare the 

performance of traditional PID, single neural adaptive PID(SNAPID) and IRAFNPID, simulations 

with experiment data analysis and find that IRAFNPID has better convergence, stability, robustness, 

goodput and lower loss ratio. 

1 Introduction 

The essence of Internet congestion control is that a sender adjusts its transmission rate according 

to the congestion standard of the underline network. Network congestion takes place when arriving 

data exceeds available bandwidth, which may cause the degradation of link utilization, more 

round-trip time, and even make network inaccessible. But only increasing network resources can 

not solve the problem of traffic congestion effectively. Various kinds of congestion control 

algorithms have been put forward to control the congestion. Active Queue Management (AQM) has 

been proposed to convey congestion notification early enough to the senders, and accordingly, the 

senders are able to reduce the transmission rates before the queue overflows and avoid the packet 

loss. AQM has been a very active research topic[3-7]. The main target of AQM is to: 1) stabilize the 

queue lengths at a given target in order to make a good tradeoff between high goodput and low 

end-to-end delay; and 2) ensure high link utilization. Random Early Detection (RED) is a 

recommended congestion control mechanism[1]. In recent years, researchers design the TCP/AQM 

dynamic model using control theory, such as proportional integral differential controller(PID)[4,7], 

and neuron theory[2,8,9]. Traditional PID controller for AQM based on classical control theory is a 

typical representative, which was applied to solve congestion control problem of the intermediate 

nodes on the Internet, and the quality of network service was improved. 

In this paper, a novel AQM scheme based on PID controller using input rate with adaptive and 

self-learning fuzzy neuron algorithm, suggests an input-rate based Adaptive Fuzzy Neuron PID 

control algorithm (IRAFNPID). The need for such an intelligent controller is justified because the 

Internet congestion control is complex and highly nonlinear. Compared with classical PID control 

algorithm, IRAFNPID can be more accurate in tracking target queue length, and the neuron 

adaptive learning strategy joined the routers with input rate can react more rapidly to network 

congestion, and is better adapt to the complicated network environment change. 
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2. Traditional PID Controller Scheme 

The traditional PID controller is shown in Fig.1 and 

described by Equation(1). 
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Where, Kp is the proportional gain, Ki is integration gain 

and Kd is derivative gain, which are the PID controller 

parameters respectively. T is the sampling time. p(k) is the packets dropping/marking probability, 

accordingly 

0( ) ( ) qe k q k= −                                                                   (2) 

e(k) is the queue length error, q(k) is the queue length, and q0 is the target buffer occupancy. 

3 Model of Adaptive Fuzzy Neuron PID Controller Based on Input Rate 

Single neuron adaptive PID (SNAPID) is a kind of dynamic network structure comprised the 

PID control mechanism and neurons, which can adapt to the change of network environment with 

self learning and adaptive ability. The traditional PID controller parameters are not set according to 

the real-time adjustment. Therefore it cannot adapt to the complicated network environment. 

Neurons’ self-learning capability can overcome the shortcomings of traditional PID. But the 

proportion coefficient of neurons in SNAPID is initially given, and cannot adjust itself online. To 

solve this problem, the paper puts forward an input-rate based adaptive fuzzy neuron 

PID(IRAFNPID) control scheme using routers input-rate to adjust the proportion coefficient of 

neurons dynamically, and to produce a better performance of convergence and robustness. The 

controller structure of IRAFNPID is shown in Fig.2. 

 
Fig.2 Fuzzy Control Based Rate of Neuron Adaptive PID Control 

 

q0 is the target queue length, q is instantaneous queue length, r0 is routers expected input rate, r 

is routers instantaneous input rate, and p is packet dropping probability. 

3.1 Model of Single Neuron Adaptive PID(SNAPID) 

The input and output neuron mathematical model is described as Equation (3). 
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Where, K is the neuron proportion coefficient, xi(k) is the neuron input, wi(k) is weighted 

coefficient of xi, and u(k) is the neuron output, the single neuron input model is  
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The differential form of PID control can be expressed as: 
3

1
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SNAPID controller’s output depends on the weights wi(k). In order to make the intermediate 

node’s instantaneous queue length q maintain in the near of q0. According to Hebb[4], the learning 

rule of a neuron is formulated by 
( 1) (1 ) ( ) ( ) ( ) ( )i i iw k c w k e k p k x kη+ = − +                                                (6) 

Where, η is the learning rate and η>0 and c is constant. In order to guarantee the adaptive neuron 

PID controller learning convergence and robustness, it adjusts the correction through 

Equation(7)[8]. 

 

Fig.1 Traditional PID 

controller in AQM 
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Where, Kp, KI and KD represent proportion, integral, and differential gain of the learning rate 

respectively. 

3.2 The Improvement of Learning Rate 

We should consider not only the error between instantaneous queue length q and target queue 

length q0 in the negative gradient direction, but also the trend of error function. In order to avoid the 

weights of learning process, slow down the rate of convergence, we add a momentum, which adds 

the previous weights to the current weights. The improved weights learning algorithm is the 

following. 
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Where, ∆e(k)=e(k)-e(k-1), and α is correction coefficient.  

3.3 Input-Rate Based Adaptive Fuzzy Neuron PID 

SNAPID’s neurons proportional coefficient K is set initial time, which can not adjust online. The 

experiment results show that the K is the sensitive parameters. When K is bigger, the system 

responds quickly which causes the big overshoot, even makes the system unstable. When K is 

small, the system responds slowly and the convergence speed is different. In order to make 

SNAPID proportion coefficient K adjust online, fuzzy control is introduced using routers’ input rate 

r(k) and the expected input-rate r0 as input variables. To accommodate a data flow, input rate r(k) is 

measured by Equation(9). 

( ) (1 ) ( 1)klr k f f r k
T

′ ′= − + −
                                                       (9) 

Where, T is the sampling period, lk is the first k sampling cycle to the total number of data 

packets, which is a constant. Here it takes for 0.1, f is a factor which affects the measurement 

results. 

Let re(k)=r(k)-r0, rec(k)=(r(k)-r0)-(r(k-1)-r0)=r(k)-r(k-1). For the fuzzy controller with two input 

variables, the fuzzy controller’s output variable is the first k sampling period of IRAFNPID with 

learning rate η(k). So K(k)=η(k)K(k-1), re(k) is the first k sampling of queue transmission rate, and 

the expected rate differential rec(k) is re(k) change rate. The input variable re and rec are divided 

into five fuzzy set {NB,NS,Z,PS,PB}. The fuzzy function of input variable is shown in Fig.2. The 

output variable is divided into seven fuzzy set {SL, ML, BL, M, SH, MH, BH}, and the fuzzy 

function of output variable is shown in Fig.3. 

NB NS Z PS PB

0 00.3r 00.6r
00.3r−00.6r−

                

SL ML BL M SH MH BH

1 η
1η 2η 3η 4η 5η 6η

 
Fig. 2 The fuzzy membership function for 

input variables                         

Fig. 3 The fuzzy membership function for 

output variable 

 

Fuzzy controller control rule is expressed as:  

IF re is rei and rec is recj, THEN ηij, i, j=1,2,…,5 

According to the fuzzy control experience, the fuzzy control rules are illustrated in table 1. 

Therefore, the first k sampling period of learning rate can be expressed as Equation(10). 
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Where, M is the total number of fuzzy rules, yi is the 

first i time rules of the output interval value, rei and reci 

are the ith fuzzy rules of the corresponding fuzzy set of 

re and rec. µ(x) is the first i set of the fuzzy membership 

function.  

4 IRAFNPID Performance Simulation 

We examine the sensitivity of control performance of 

PID, SNAPID, and IRAFNPID algorithms. 

4.1 Simulation Parameters 

The simulation topology is shown in Fig.4. We simulate 

the algorithms using NS2 tool[10]. 

Bottleneck link is located in router R1, R2, the link 

capacity is 1Mbps, and the link delay is 30ms. S is the source 

end which is connected to router R1, the link capacity is 

100Mbps, and the link delay is 10ms. D is the destination 

end which is connected to router R2, the link capacity is 100Mbps, and the delay is 10ms. The 

queue management algorithm in router R1 uses PID, SNAPID, and IRAFNPID respectively, and 

the other nodes use DropTail algorithm. The buffer at the bottleneck has capacity of 300 packets 

and the target queue length value is set to 150 packets.  

The parameters of PID controller are set as Kp=2.268×10-5, KI=4.193×10-5, KD=4.1225×10-7. 

Neuron proportion coefficient is K=6.4×10-4. IRAFNPID controller parameters of the learning rate 

and the proportion of neurons with SNAPID coefficient, the learning rate correction coefficient 

α=0.005, η1=0.5, η2=0.7, η3=0.95, η4=1.01, η5=1.04, η6=1.07, and r0 take for link capacity.  

4.2 Performance Comparison of Constant Load 

We examine the control performance in terms of instantaneous queue length, packet loss, link 

delay and throughput under two different traffic load conditions(N=150 and 300). The target queue 

length is 150Packets. The instantaneous queue length of three algorithms is shown in Fig.5 and 

Fig.6 respectively. 

   
(a) The queue length of IRAFNPID      (b) The queue length of SNAPID        (c) The queue length of PID 

Fig.5 Comparison of queue length for 150 sources 

   
(a) The queue length of IRAFNPID     (b) The queue length of SNAPID      (c) The queue length of PID 

Fig.6 Comparison of queue length for 300 sources 

From the simulation results, it is clear that IRAFNPID shows good control performance 

independent of traffic load levels in terms of the queue length dynamics around packets. 

4.3 The Steady-State Control Performance 

4.3.1 Performance Metrics 

Control performance of an AQM algorithm can be measured by two measures: the transient 

performance and the steady-state error control. Here we use the instantaneous queue length as a 

Table 1 Fuzzy control rule table 
rec 

re 
NB NS Z PS PB 

NB BH BH BH BH BH 

NS MH MH MH BL BL 

Z M M M M M 

PS ML ML ML SH SH 

PB SL SL SL SL SL 

 

 

Fig. 4 Simulation Network 

Topology 
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performance metric for the transient performance. For the steady-state control performance, we use 

the quadratic average of control deviation(QACD),which is only applicable to PI and PID-controller 

and defined as follows. 
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Where q0 is the target queue length, qi is the ith sampled queue length; M is the number of 

sampling intervals. 

4.3.2 Simulations of control performance 

The steady-state control performance of IRAFNPID, SNAPID and PID-controller can be 

evaluated in terms of QACD at two different traffic load levels: 150, and 300 flows. Table 2 shows 

the mean of QACD of three algorithms under two different traffic loads. Table 3 shows the average 

rates of delay of three algorithms under several traffic load levels. IRAFNPID reduces the delay 

compared with traditional PID algorithm. Table 4 shows the average ratio of packet loss and Table 

5 shows the average of goodput. It can be seen from the tables that goodput are comparable for all 

these schemes. IRAFNPID performs best in terms of packet loss is concerned followed by SNAPID 

controller. PID has more packet loss than either of the other schemes. In summary, IRAFNPID 

works same well as the other schemes for goodput, but has less delay and slightly higher packet loss 

than other schemes. 

Table 2 Mean of QACD of AQM algorithms 

(packets) 
No. Sources IRAFNPID SNAPID PID 

150 6.45 10.42 16.80 

300 8.90 12.45 20.38 
 

Table 3 Average delay rates of AQM 

algorithms in “ms” 

No. Sources IRAFNPID SNAPID PID 

150 4.56 5.17 6.32 

300 4.93 5.68 6.59 
 

Table 4 Average packet loss ratio of AQM 

algorithms “%” 

No. Sources IRAFNPID SNAPID PID 

150 6.52 7.89 8.67 

300 9.36 11.48 13.23 
 

Table 5 Average goodput of AQM 

algorithms “kpbs” 

No. Sources IRAFNPID SNAPID PID 

150 7746.62 7743.32 7742.32 

300 7866.62 7862.32 7860.32 
 

4.3.3 Loss Ratio 

Loss ratio is the rate of the number of packets dropped and the 

number of packets sent. In this experiment, the load varies from 

50 to 300 TCP sessions and the results are shown in Fig.7. It is 

clear that the loss ratio of IRAFNPID is the lowest. We find that 

the performance of IRAFNPID is much better than SNAPID and 

PID because of the efficient management of the buffer space and 

the variation in the target value. 

5 Conclusion 

The paper introduces a mode of input rate based adaptive fuzzy neuron PID controller, and uses 

routers’ input rate to control neurons proportion coefficient adjusting online, and correct the neuron 

learning rate. Simulation results show that compared with PID and SNAPID, IRAFNPID has the 

advantage of faster convergence performance, robustness, better stability and goodput, and lower 

loss ratio. 
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Abstract. The objective of this work was to investigate the concept of knowledge in order to obtain 

useful for the techniques of artificial intelligence and knowledge representation. several definitions of 

knowledge proposed by various authors are analyzed, compared and graded, they are then merged 

into a new definition, which is partially formalized tools logical-algebraic, and finally, discusses the 

possible links with the areas of intelligence artificial intelligence and knowledge representation. 

1. Introduction 

What is knowledge ? Philosophers have investigated for thousands of years on this issue, without 

going as far as I know , for a definitive answer. Then I will not be so presumptuous as to try to respond 

fully to this question : I will try rather to present some observations and reflections concerning the 

knowledge in a more organic way possible. 

The objective of this study is to investigate the nature of the concept of knowledge ( hereafter K , 

English knowledge) in order to obtain useful information for the techniques of knowledge 

representation (KR , from knowledge representation ) or more generally artificial intelligence (AI). In 

these notes do not expose consolidated certainties , but ideas and arguments on which I'm still 

thinking about it. You can investigate the K from different points of view : 

• formal logical : use the tools of mathematical logic to give definitions and formal proofs . This 

methodology is that the results of which are definitely less objectionable , but at the same time 

probably more limited; 

• psychological and cognitive perform psychological experiments on a sample of subjects. The 

validity of this method is ensured by statistical considerations , but it takes a considerable effort ; 

• philosophical- epistemological -IA : reflect, in an intuitive, on general considerations . It is 

without a doubt the point of view less "scientific" , but what I think is most suited to the initial phase 

of a study. It is those optics adopted here . 

As mentioned, the K has long been an object of study of philosophers, without definitive results. In 

recent decades , thanks to the development of the industry of AI , and more in particular in the sector 

of the KR , the term " knowledge" is returned fashion , without that for this has come to a complete 

understanding of the phenomenon[1 , 2] . 

This paper is structured as follows:In section 2, I present and discuss some definitions of K from 

the literature. In section 3, summarize the features in my opinion correct in a further definition. In 

section 4, I outline a possible formalization of the situation.In section 5 put in relation to the survey 

results carried out on K with the AI and finally. 

2. Knowledge: some definitions 

In this section are some definitions ( or pseudo- definitions) of K found in the literature, mainly in the 

work of IA , and representatives of the most widespread opinions . I have divided these definitions 

into five categories as follows: 

1) K = abstract data [3,4]; 

2) K = data and relations between them[5] ; 

3) K = data related to the real world[6] ; 

4) K = data to act [7]; 

5) K = property to explain the behavior[8] . 
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3. Knowledge : an attempt to define  

Combining the latest definitions of the preceding paragraph has a fairly realistic, but in my opinion 

this framework can be made more clear and complete . In this section I make an attempt in this 

direction , proposing what later call " the definition of K" , but in reality is only a list of characteristics 

that K must have in my opinion . Here is the list : 

• K is a characteristic that can be ascribed to an agent A1 , A2 attributed to another agent ; 

• the assignment of K is an abstraction that allows to explain the behavior of A1, A2 . 

• purposes A1 play an important role : A1 wants to understand , to explain the behavior of A2, and 

then attaches the K ; 

• This assignment is perhaps not completely arbitrary , but it is certainly subjective; 

• This assignment is not an atomic operation , as it can be decomposed into 2 most basic operations 

. First, the observer identifies herself in the agent A1 and A2 observed imagines perform the same 

actions ( operation of identification ), then A1 performs an introspection to explain to himself the 

behavior that he observed another agent A2 and imagine to play . In other words, it is as if A1 is 

saying, "If I were in A2 , and were to act like that, my actions could be explained by assuming that I 

have a certain K "; 

• also the task of identification can be further analyzed : it is in fact a special case of the function of 

creating a counterfactual world . In the case of the function of identification , the counterfactual world 

created is one in which the viewer imagines himself to be the agent A1 A2 ; 

• K to be learned ( learned ) : the only beings that are believed unanimously " have K" are human 

beings and K is a property that we humans learn by experience. As a result, the K is a dynamic 

property , evolving . However, it is important to note that learning does not start with a " clean slate " 

, but from a basic innate brain , obtained by the evolution of the species . 

Prior to investigate the consequences of this definition of K on AI, I summarize the situation in a 

more formal way. 

4. A more formal approach 

The situation is shown schematically : As the agent ("s" is derived from "see") notes the agent Aa ("a" 

from "act"). As also identifies an environment in which Aa acts: such environment is denoted EAs (Aa) 

("E" from the English "environment"), to be read "the environment Aa by As."  

   As The agent observes the actions of Aa; these actions constitute the behavior of Aa observed As; 

behavior is indicated by BAs (Aa) ("B" from "behavior"). In order to explain the behavior of Aa, As 

attributes K, denotabile with KAs (Aa) (K attributed to the As  to Aa). 

One might suppose that KAs (Aa) depends only on the environment and the behavior, or, in  

symbols (indicating with attr function assignment of K): 

K As(Aa)= attr (E As(Aa), B As(Aa)). 

But this is not true, as shown by the examples of the chess program and the thermostat are 

presented at the end of section 2. In fact (if the program that plays chess), if we consider another agent 

Aa', although that BAs(Aa') = BAs(Aa) and EAs(Aa) = EAs(Aa)', you can have that 

K As(Aa) ≠ K As(Aa'), 

then to the K As (Aa)  also depends on the agent Aa. Similarly (case of hermostat), if we consider 

two observers As and As', despite having B As (Aa)  = BAs' (Aa) and E As (Aa)  = EAs' (Aa), you can have 

that 
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KAs (Aa) ≠  KAs' (Aa), 

and then the K As (Aa)  also depends on the observer. In summary, the K As (Aa)  is therefore a 

function of the agent and the observer: 

K As (Aa) = attr (Aa, As, E As (Aa), B As (Aa)). 

The formalization of the scenario proposed here is not complete, and certainly would require 

further work. However, the road is drawn and then here there is no continuation of this line; hint 

instead ties existing between the above and the AI industry. 

5. Artificial intelligence 

The definition of K with section 3 may seem correct, but it certainly raises doubts about its usefulness 

pratica.Comunque , the usefulness of this definition occurs if the endeavor to understand the work of 

AI , or KR.In this paragraph , first briefly summarize the procedure followed for the construction of a 

knowledge base ( section 5.1) and then, in section 5.2 , illustrate the weaknesses of that procedure in 

the light of the definition of K presented in section 3. 

5.1 The construction of a knowledge base 

The KR has the aim of representing the knowledge that we humans use to perform certain tasks so 

that they are usable by a computer to play (or, if it is of the opinion Searle illustrated by the last quote 

of paragraph 2.5, simulate ) our behavior. We analyze in detail the steps that are being taken in this 

work of representation : 

1) the behavior of an agent Aa is observed . Using the terminology of section 4, it can be said that 

there is an agent Aa, acting in his room , another agent that identifies As the environment EAs (Aa) and 

observes the behavior of Aa, B As (Aa)  ; 

2) the purpose of As is to explain the behavior of Aa and for this purpose he attributes to the KAS 

(Aa) , ie the knowledge sufficient to explain his behavior. To do so , As first performs an operation of 

identification , that creates a counterfactual world (the world obtainable from " As if it were Aa, ..."), 

and then an operation of introspection. 

5.2 The weaknesses of artificial intelligence 

In the process described in section 5.1 we can identify some weaknesses : 

• the environment E As (Aa) is a function of the observer As; 

• the behavior B As (Aa) s a function of the observer As; 

• the outcome of the allocation of K is not unique. In fact, this operation is inductive ( induce a general 

rule from the observation of specific facts ) and, for the principle of the poverty of the stimulus, the 

outcome of this assignment is not unique, as a stimulus for which you want to capture the regularity 

can be completed in infinite ways; 

• the operation of construction of a world counterfactual ( component , as already repeated several 

times , the operation of identification ) is inherently problematic because it is not able to define all the 

conditions that must vary with respect to the real world ( what that is named ceteris paribus - see [ 9] 

) ; 
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• the operation of introspection is obviously subjective (each performs it " his way "), but is also 

problematic because you can not be sure that what we think we " see" inside of us is correct ; 

• are completely absent any form of learning and evolution of K : is the programmer (or knowledge 

engineer ) that provides the K computer " beautiful and ready ." Visas and considered all of these 

issues , we can certainly detect that the objective of the KR is ambitious and because the methodology 

is questionable , and this perhaps explains why the KR and, therefore , the AI are far from having 

reached a stable condition and satisfactory. 

6. Conclusions and Future Work 

The questions raised in this paper are more numerous than an provided, these questions can assist a 

reflection, which places the investigation of K in a more general. There are several concepts that we 

human beings we commonly use, but they seem to not be defined formally, such as life, intentions or 

will. I believe that an integrated study of these concepts can provide more answers than 

unidisciplinare an approach similar to the one shown here. 

In addition, the criticisms of the methodology of AI in the previous paragraph are not purposive, 

perhaps due to the fact that the approach adopted in the field of KR is the best available, at least for 

now. However, this work illustrates how an understanding of the "phenomenon knowledge" is limited 

and approximate and the questions proposed, together with the completion of the formalization of the 

scenario outlined in section 4, can be a useful agenda to improve this understanding. 
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Abstract. The ultrahigh frequency (more than 1MHz) of the HF Induction Heater need to be 

reached for surface-heat-processing of tiny mental components, which is not available by the 

traditional HF Induction Heater. To satisfy these requirements, by using the high-speed field 

effective transistor (FET) and high-speed phase-locked loops (PLL: MM74HC4046), the frequency 

of inverts for induction heater and the power can arrive at more than 1MHz and 5.5kW respectively 

at the same time. Additionally, it achieves the power adjusting technique and the frequency tracing. 

The experimental shows that this design can both achieve the high frequency and efficiency, and 

meet the requirement of the surface-heating-process of the tiny components. 

Introduction: 

Induction heating is a non-contact heating process, which uses high frequency electricity to heat 

materials that are electrically conductive. [ 1 ] Induction heating has the advantages of 

energy-efficient, high heating-rate, suitable factors of local heating, and less surface-oxide-layer，so 

induction heating has been widely applied nowadays. With the development of metal melting and 

the increasing requirements of metal surface heat treating, different kinds of inverters are widely 

used in induction heating applications, which lead to higher requirements to the inverter. Then 

different manufacturing engineering results in the different requirements to power and frequency of 

the inverter. Frequency varies from dozens of Hertz to several mega Hertz, while power varies from 

hundreds of watt to hundreds of kilowatt, and even to megawatt. The higher frequency of heating, 

the more concentrated of power, the shallower heating surface will be led to. The hardening for the 

surface of some small parts requires a frequency that reaches up to several megawatts, for example. 

In the early nineties， the GP series Vacuum tube H.F induction heating equipment, as the most 

popular H.F induction heating equipment , can achieve the high frequency(Power grade: 60 

kW~1500kW, Frequency range: 20kHz~1500kHz) by GP series H.F. vacuum tube welder adopts 

vacuum tube[2] and ,at present, the inductive heating power sources with a frequency higher than 

hundreds of kilohertz and a power higher than thousands of watts are mainly manufactured by 

vacuum tubes. However, the vacuum tubes are not only large in size, but short in service life. The 

efficiency of them is also relatively low（less than 30%）.In 1996, shen chen and wu yaolin 

manufactured the MOSFET high frequency power supply(power:20kW, frequency:300kHz)[3] and 

shen jinfei and hui jing developed it in 2002(power:1kW, frequency:2MHz)[4]., However，, it is 

hard to achieve the high frequency together with the large power at the same time(Generally, it 

cannot meet 3kW AND 1MHertz in the meantime) and its low efficiency also cannot be ignored. So 

the inductive heating inverter for surface hardening made of complete semiconductors with a 

frequency of 1MHz and power of 5 kW is introduced. It applies the high-speed phase-locked loops 

(PLL: MM74HC4046), which leads to the realizing of frequency tracing and automatic power 

control (APC). The efficiency of this kind of inverter is higher than 80%. 
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2.Main Circuit of the Inverter 

For the inductive heating powers with a relatively low 

power, series resonance has its own advantages. 

 Figure 1 shows the main circuit of it. A DC voltage is 

obtained from 220V power supply after uncontrolled 

rectifier and capacitor filtering. In order to achieve high 

frequency, the FET is used. Because of the limited current 

of a single transistor, each unit of H bridge circuit made of a 

6-parallelled-FET unit is applied to increase the output 

power. To simplify the system, the method of adjusting 

power factor is applied to adjust the power. Although the efficiency is not very high, it can 

obviously simplify the complexity, reduce the cost, and enhance the reliability of the system, 

especially for some low powers.[5] 

The inverter bridge is made from 4 groups of high-speed FET, from VT1 to VT4, and each FET is 

anti-parallel connected with a fast diode respectively. 

Figure 2 shows the wave shape of the voltage and 

current. At t=t0, VT1 and VT4 are on, and a positive 

voltage is applied on the load network. At this 

moment, the current is still reversed and the follow 

current comes from the freewheeling diode VD1 and 

VD4. As the load is a resonant network and Q is much 

greater than 1, i0 changes like a sinusoidal variation. 

At t1, the current drops to zero, and the current 

through VT1 and VT4 gradually becomes positive 

and it is actually an increasing sinusoidal wave from 0. At t2, VT1 and VT4 are turned off. Because 

of the continuity of the current, the resonant circuit produces a negative electromotive force, which 

keeps the current flowing. At this time, the freewheeling diode VD2 and VD3 are on and produce a 

circuit with the power source, which makes the load produce feedback energy to the power. During 

the period of freewheeling of VD2 and VD3, after a dead-time(FET spend more time on turning off 

than turning on. In order to make sure its safety, during a short time, all are opened, called 

“dead-time”), VT2 and VT3 are turned on. There is no current at all until t3, and current is 

transferred from VD2 and VD3 to VT2 and VT3 respectively, which realizes the ZCS (zero- 

current-switching). At t4, VT3 and VT4 are turned off and current goes to VD1 and VD4. After the 

dead-time, VT1 and VT4 are turned on. At t5, current starts to go through VT1 and VT4. The above 

processes form a whole cycle of the system. The resonant frequency f of the system is defined by 

the factors of the load network, that is： 

                         SS
CLπ2

1
f =

            

where Cs equals the load capacitance of the resonant network and Ls is the inductance of the 

whole circuit, including the reflected inductance of the load.  

The working frequency of the system, fs, is a little bit higher than fo. 

3. Design of the Control Circuit 

The resonant frequency of inverters for induction heating is greatly influenced by the load. 

Because of the differences in size of the parts and the environmental temperature, automatic tracing 
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of the frequency needs doing in order to get the best heating effect. Traditional method is to apply 

the SG3525[6]. Some other methods are also applied, for example, applying the PLL CD4046 or 

DSP. But for the frequency at megahertz high, the above ways can’t work as usual. Thus, the design 

of using high-speed PLL MM74HC4046 as control circuit is applied. The highest frequency can 

reach up to 10MHz, with a very wide sweeping range. The frequency is automatically traced and 

phase adjustment can be also done in this way.  

 

Figure 3 is the chart of the control circuit. From the main circuit and the wave shape in figure 2, 

the load voltage leads the current an angle Φ. It is obvious that the larger the Φ, the smaller the 

active power of the output. Thus the output power can be controlled by changing the angle Φ.  

  

Figure 4 Circuit for controlling the frequency and phase and the response characteristic 

The operating frequency of MM74HC4046 is much higher than CD4046, but the internal 

structure and operating principle of them are almost the same. The power supply is +5V. Figure 4a 

shows the frequency control and phase adjustment circuit made by the PLL MM74HC4046. Firstly, 

the operating frequency range is defined by the possible load of the high frequency inductive 

heating power, and the central frequency and sweeping range can be defined then. The factor of C1 

and R1 ensures the sweeping range, while R2 defines the central frequency of the sweeping. The 

sinusoidal current of the load can be measured from the series resonance branch with the help of 

current transformer. After the wave shaping circuit, the square wave with the same phase as the 

sinusoidal wave can be produced and it is applied to the isochronous terminal of the PLL. The 

output signal of the PLL goes through the frequency divider and goes to the comparison terminal. 

The phase of these two signals are compared at the input terminal of the frequency discriminator of 

the PLL. If the phase difference equals zero, the average output voltage of the phase discriminator is 

zero. If the phase difference is 180°, the output is 5V. Figure 4b is the linear relationship between 

the output voltage u0 and the phase difference. When the output square wave of the PLL is of the 

reversed direction as the resonance current, the pulse output of the phase discriminator exist a 

certain cycle ratio, which is filtered by the frequency divider low pass filter consists of R3 and C2. 

Then the filtered DC voltage adjusts the output frequency of the VOC. If there is no other control 

signal, the output signal of VOC will be synchronous with the resonance current, which means Φ 

equals zero.  
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When designing the circuit, the output voltage 

signal of the regulator u0 is used to control the VOC 

to achieve the goal of controlling the power. The 

power control is achieved by controlling the current. 

Figure 5 is the circuit of it. Power setting is 

determined by ui, which is applied by the 

potentiometer and goes directly to the input  of the 

operation amplifier. In order to guarantee the stable 

starting of the power, ui has a minimum restriction, 

which is determined by the positive step-down of 

VD1 and VD2. The feedback voltage uf is obtained 

from the load current going through the current 

transformer, after rectification and filtering. ui is 

applied to the non-inverting terminal of the 

regulator, while uf is applied to the inverting one. 

No matter what changes, the regulator can adjust u0 

automatically, until uf=u0 at last. The design can 

then change the way PLL works. The u0 from the 

regulator will be used as the internal control signal 

of VOC, which makes the operation frequency of the 

system fs deviates from the resonance frequency f0 

and makes u0 keep a certain phase difference Φ compared with load current i0. The adjustment of ui 

can then influence the angle Φ, thus control the power.  

4.Design of Drive Circuit 

In the high-speed induction heating power source, the signal 

transmission needs to be fast enough, the distortion of the wave 

needs to be small enough, and the drive power needs to be 

strong enough to guarantee the reliability of switching of the 

power part. The system applies the pulse transformer driving 

circuit, which can reach the highest transmission rate. Figure 6 

shows the circuit of it. The phase-splitter circuit outputs two 

inverting signals with dead-time and applies them to the two 

grids of two MOSFETs  respectively, which makes the 

MOSFETs on alternatively. The first stage of transformer 

produces a positive-negative polarity pulse voltage and after coupling, L3 and L4 will get a similar 

driving voltage as the primary voltage. It will drive the two electronic components of a single arm 

of the inverter bridge. The other arm of the bridge is of the same way, which makes the inverter 

bridge work safely when the phase is correct.  

5.Experimental Results and Conclusions 

According to the requirements of the experiment, design and manufacture a prototype of the 

high-speed induction heating power source. The actual input is 220V AC, the sweeping range is 

from 1.5MHz to 400kHz, the operating frequency is between 650 to 950kHz, the output power is 

between 0.3 to 5.5kW with adjusting continuance. The efficiency is around 82%. Figure 7 shows 

the experimental wave shape of load voltage u0 and load current i0 when the power output varies (Φ 

varies). The following statements are the conclusions. 

• It is appropriate to apply the high-speed PLL MM74HC4046 to design the 10MHz high-speed 

induction heating power. 
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• The high-speed induction heating  

• power of 5kW/1MHz under the suggested point of view is stable after half a year of 

bulk-production in Jintan Keyuan Electrical Alliances Co., Ltd 

• The design has reference value when developing some ultrahigh frequency induction heating 

power.            

 

 

 

 

 

Figure 7 Experimental Results 
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Abstract. This paper deals with the tracking control problem of attitude angles for a four-rotor 

helicopter with external disturbance. A new direct adaptive compensation controller and its parameter 

adaptive laws are designed based on the Lyapunov stability theory, and the designed contorller can 

not only compensate the disturbance efficiently, but also can make the attitude angles of the 

four-rotor helicopter track a given reference output. By using the Barbalat lemma, the system’s state 

tracking performance is proofed. Finally, the proposed adaptive technique is evaluated by a 

simulation example. 

Introduction 

Due to their novel appearance, simple structure, low cost, superior performance and unique flight 

control mode. Over the past few years, the control problems of four-rotor helicopters have gradually 

become a new study hotspot [1-3]. McKerrow[1] gives the dynamics modeling and structure of the 

four rotor UAV. Reference [2] proposes a new quaternion-based feedback control scheme for 

exponential attitude stabilization of a four-rotor aircraft. Adaptive control systems [4-8], for their 

capability of accommodating systems with parametric, structural, and environmental uncertainties, 

are widely employed to design of reconfiguration controller. Some adaptive compensation control 

researches have also been conducted for quadrotor helicopters [4-5], but most of them are aimed 

towards the uncertainties associated with quadrotor dynamics. 

In this paper, we study the attitude tracking control problem for a four-rotor helicopter with outer 

disturbance based on reference [8], which proposes a standard model reference adaptive control 

(MRAC) approach. The new designed compensation controller and its adaptive law can compensate 

the disturbance excellently and quickly without the use of disturbance observer, it can also make sure 

the attitude angles track the reference ones asymptotically with a simple structure and parameter laws. 

The structure of this paper is organized as follows. System description and problems statement are 

given in Section 2. Section 3 describes the direct adaptive reconfiguration controller design process in 

detail. The digital simulation is presented in Section 4, followed by some conclusions in Section 5. 

The Modeling of the Four-rotor Helicopter and Problems Statement 

Four-rotor helicopter is an underactuated, dynamic vehicle with four input forces and 6 DOF 

motion. Ignoring the gyroscopic effect, bearing friction and atmospheric disturbance on the 

propellers, a simple model consists of three differential equations can be get. The thrust force 

generated by the front, back, left and right propellers is denoted as fV ,
b
V ,

l
V  and 

r
V  respectively, and 

the thrust force generated by the front and back motors primarily actuate motions about the pitch axis 

while the right and left motors primarily move the hover about the roll axis. 

From reference [7], we can get the model of the four-rotor helicopter: 

x Ax Bu

y Cx

= +


=

�
 (1) 
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 
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,
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0 1 0 0 0 0
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C

 
 

=  
  

. 

with the sate [ , , , , , ]Tx y p r y p r= � � � , control input [ , , , ]Tf b r lu V V V V=  and output [ , , ]Ty y p r= , where , ,y p r  

represent the yaw angle, pitch angle and roll angle respectively. 

In this paper, we consider the four-rotor helicopter associated with external disturbance as follows 

( ) ( ) ( ) ( )x t Ax t Bu t B tωω= + +� , (2) 

where ( )x t  is the state space vector, ( )u t  is the control input, ( )tω  represents the bounded piecewise 

continuous external disturbance. n nA R ×
∈ , n mB R ×

∈  and n n
B R ω

ω

×
∈  are unknown matrix. 

The control objective is to design an adaptive feedback control law for the plant (2) such that all 

closed-loop signals are bounded and the plant state vector ( )x t  tracks a reference state vector ( )
m
x t  

asymptotically, which generated from the following reference model: 

( ) ( ) ( )
m m m m
x t A x t B r t= +� , (3) 

where n n

m
A R ×

∈ , n l

m
B R ×

∈  are known constant matrices and all the eigenvalues of 
m
A  are in the 

left-half complex plane, all columns of 
m
B  are independent, and ( ) lr t R∈  is bounded. 

Define ( )B tωω ω= , the following standard assumptions are given 

Assumption 1. { , }A B  is completely controllable. And there exists a matrix *

1

n mK R ×
∈  and *

2

l mK R ×
∈  

satisfying 

* *

1 2,T T

m m
A BK A BK B+ = = . (4) 

Assumption 2. The external disturbance is a piecewise continuous bounded function. And there 

exists a matrix * 1

3

mk R ×
∈  satisfying 

*

3 0Bk ω+ = . (5) 

Direct Adaptive Compensation Controller Design 

The direct adaptive controller is designed for system (2) as follows. 

1 2 3( ) ( ) ( )+T Tu t K x t K r t k= + , (6) 

where 1 11 12 1[ , , , ]T T

m
K k k k= … , 2 21 21 2[ , , , ]T T

l
K k k k= …  and 3 31 32 3[ , , , ]T

m
k k k k= …  are the estimates of 

*

1

TK , *

2

TK  and *

3k  respectively. Define the parameter errors and the tracking error 

* * *

1 11 12 1 1 1 2 21 22 2 2 2 3 11 12 1 3 3[ , , , ] , [ , , , ] , [ , , , ] .T T T T T T T T T

m m m
K k k k K K K k k k K K k k k k k k= = − = = − = = −� � � � � � � � � �� � ………  (7) 

( ) ( ) ( )
m

e t x t x t= − . (8) 

According to equations (2)-(5), we obtain 

1 2 3( )T T

m
e A e B K x K r k= + + + �� �� . (9) 

Select a Lyapunov function candidates as: 

1 1 1 2

1 1 1 2 2 2 3 3

1

( )
m

T T T

i i i i i i i ip

i

V e Pe k k k k kγ− − −

=

= + Γ + Γ +∑ � � � � � , (10) 
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where 
1 1

= 0T

i i
Γ Γ > , 

2 2
= 0T

i i
Γ Γ > , 

3
0

i
γ >  and n nP R ×

∈ , 0TP P= >  satisfies 

T

M M
PA A P Q+ = −  (11) 

for any constant n nQ R ×∈ , 0TQ Q= > . Then, according to (9) and (11), the time derivative of pV  is 

1 1 1

1 2 3 1 1 1 2 2 2 3 3 3

1

1 1 1

1 2 3 1 1 1 2 2 2 3 3 3

1 1

)2 2 ( ) 2 (

)2 2 ( ) 2 (

m
T TT T T T

p m i i i i i i i i i

i

m m
T T TT T T

i i i i i i i i i i i i i

i i

V e PA e e PB K x K r k k k k k k k

e Qe e Pb k x k r k k k k k k k

ρ γ

γ

− − −

=

− − −

= =

= + + + + Γ + Γ +

≤ − + + + + Γ + Γ +

∑

∑ ∑

� � �� � � � � � �� � �

� � �� � � � � � � � �

 (12) 

To make 0pV ≤� , we design the adaptive laws for 
1i
k , 

2i
k , 

3i
k  as 

1 1 1 2 2 2 3 3 3,, TT T

i i i i i i i i i i i ik k xe Pb k k re Pb k k e Pbγ= = −Γ = = −Γ = = −
� � �� � � � � � (13),

with this choice, equation (12) becomes 

2
( ) 0

T

mpV e Qe q e t≤ − ≤ − ≤� , (14) 

where 0mq > is the minimum eigenvalue of Q . 

Define the closed-loop signals vector 1 2 3( ) [ ( ), ( ), ( ), ( )]T T T T T

i ie t e t k t k t k t=� . 0pV > , 0pV ≤�  imply that its 

solution ( )e t�  is uniformly bounded, and in turn the boundedness of ( )e t�  because of (9), namely 

( )e t L∞∈� . (14) implies 2( )e t L∈ , applying Barbalat lemma, we conclude that lim ( ) 0
t
e t

→∞
= . 

Theorem 1: The adaptive controller (6), with the adaptive laws (13), applied to system (2) guarantees 

that all closed-loop signals are bounded and lim ( ( ) ( )) 0t mx t x t
→∞

− = . 

Numerical Simulation 

The values of ,m mA B  in (3) are designed as: 

0 0 0 1 0 0

0 0 0 0 1 0

0 0 0 0 0 1

8.005 0 0 4.0025 0 0

0 94.8064 0 0 23.4048 0

0 0 94.8093 0 0 23.4048

m
A

 
 
 
 

=  
−− 

 − −
 

− −  

, 1m
B b= , 

where 
m
A  is from an LQR design. 

m
B  is the same as 1b  of the plant actuation matrix B .  

Simulations are given with the following parameters: B Bω = , ( ) [1, 2, 3, 0.1sin(0.5 )]Tttω = , 40t ≥ , 

10r = , 610 *Q I= . The initial values are set as (0) (0) [0,0,0,0,0,0]T
m

x x= = , 1 (0) [0, 0, 0, 0, 0, 0]T
i
k = , 

2 (0) [5, 5, 5, 5]
i

k = − − , 3 (0) [1,1, 1, 1]Tk = − − . The design parameters for the adaptive laws are chosen as 

1 610*
i

IΓ = , 2 10
i

Γ = , 3 20
i

γ = . 

With the initial values, the attitude tracking errors of the four-rotor helicopter are shown in Fig. 1. 

From the simulation, it can be observed that there are transient tracking errors at the time instants 

when the external interference injecting to the system. But the tracking errors can go to zero 

asymptotically in a very short time. 

Conclusion 

In this paper, we design a new direct adaptive controller for a four-rotor helicopter subject to 

unknow external disturbance. The compensation controller and its adaptive laws can compensate the 

outer interference dramatically, and make sure a good tracking performance of the attitude angles. 

The simulation example illustrates the effectiveness of the proposed design. But there are still some 
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shortcomings. For example, although the tracking penformance is well, the transient response is 

unsatisfactory, which needs to be studied in the future. 
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Fig. 1. The digital simulation results of the attitude tracking errors 
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Abstract. The 15 DOF four in-wheel motor electric vehicle model is developed based on Matlab / 

Simulink. The model adopts modular design. The dynamic model equations, vehicle model diagram 

and the methods of each module modeling are presented. The model is verified by commercial 

software Carsim. The results show that the model is higher accuracy and it can be used for the 

control algorithm improvements and validation as a good platform. 

Introduction 

In the early time,The University of Japan has began to research the in-wheel motor electric 

vehicle. Both The University of Tokyo in Japan and Tokyo University of Agriculture and 

Technology built the 7 DOF vehicle model to study the stability of the four in-wheel motor electric 

vehicle[1-2].As described in [3],establish the four-wheel independent drive electric vehicle model 

with considering the round corner and suspension system of 18 DOF, among them the motor model 

is simplified to a second order transfer function. Literature [4] established a four-wheel independent 

drive electric vehicle model with considering suspension system of 15 DOF.In the motor model,the 

motor response approximation as a first-order lag characteristics,because it is modeling for hub 

motor,so considering the friction loss, has carried on the reset to drive efficiency.Both in literature 

[5] and literature [6],four-wheel independent drive,independent steering vehicle model is 

established for researching the electric vehicle, but they don’t consider the vertical movement of 

electric vehicle. The paper builds a model for four in-wheel motor electric vehicle based on 

Simulink ,the model contains brushless direct current wheel motor model.The model considering 

the electric vehicle of the horizontal and vertical movement at the same time,in total of 15 DOF.In 

the paper gives the dynamic model equations, vehicle model diagram and the methods of each 

module modeling are presented. The precision of the model is verified by commercial software 

Carsim.   

The vehicle dynamics model equation 

Four in- wheel motor electric vehicle dynamics model including the vehicle longitudinal,lateral 

vertical, pitching, yawing and roll 6 DOF,4 wheel rotation DOF,4 wheel vertical movement DOF,1 

front wheel angle DOF,in total of 15 DOF.Dynamic model coordinate systems are defined by the 

literature [7].Body dynamics equation of 6 DOF: 
( ) 4321 xxxxzyx FFFFVrVVm +++=+− θ                                                      (1) 
( ) 4321 yyyyxzy FFFFrVVVm +++=+− ϕ                                                     (2) 

( ) ( ) ( )
43213142

.

2
yyyyxxxxr FFbFFaFFFF

w
J +−++−−+=γ                                             (3) 

( ) gmFFFFrVVVm sssssyxz −+++=+− 4321θ                                                    (4) 
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( ) ( )
43214231

2
yyyyrssss FFFFhFFFF

w
J ++++−−+=ϕϕ
                                                     (5) 

( ) ( ) ( )43212143 xxxxpssss FFFFhFFaFFbJ +++++−+=θθ
                                                  (6) 

Independent suspension beating the unsprung mass vertical dynamics equation of single wheel: 
( ) siuiriuiuiui Fzzkzm −−=                                                           (7)   

The equilibrium equation of the wheel movement: 
wiwifbixixi JMTRFT ω=−−−                                                          (8)  

The suspension force of the sprung mass: 
( ) ( ) iiuisiiuisisi fzzbzzkF

i
+−+−=                                                        (9)  

Suspension and body connection points absolute position: 

   

zb
w

zzb
w

z
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w
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++−=++=

+−−=+−=

θϕθϕ

θϕθϕ

22

22

43

21
                                               (10)  

M is the total quality of the vehicles,ms is the sprung mass,mui is the unsprung mass of wheels,a 

is the distance from the center of mass of the vehicle to the front axle,b is the distance from the 

center of mass of the vehicle to the rear axle,w is wheelbase,R is wheel rolling radius,hr is the 

distance from the center of mass of the vehicle to the roll axle,hp is the distance from the center of 

mass of the vehicle to the pitch axis,Jθis the moment of inertia of pitch,Jφis the moment of inertia of 

roll,Jγis the moment of inertia of yaw,z is the vehicle sprung mass center height,zi is the height of 

the body and suspension points,θ is the pitching angle,φ is the rolling angle,γ is the yaw angle,Vx is 

the vehicle's portrait speed, Vy is the vehicle's side direction speed,Vz is the vehicle's  sprung mass 

speed,ksi is the suspension stiffness,bsi is the suspension damping,kui is the vertical stiffness of the 

wheel,Fyi is the yawing force of the wheel,Fxi is the portrait force of the wheel,Fsi is the 

suspension force,Txi is the driving torque of the wheel,Tbi is the braking torque of the wheel,Mf is 

the rolling resistance of the wheel,g is acceleration of gravity,ω is the vehicle's travel speed. 

The methods of each module modeling are presented of the vehicle model  

The vehicle model adopts modular design,including driver module,steering system 

module,motor drive system module,braking system module, wheel dynamics module and vehicle 

dynamics module, etc. 

A. Driver model  

The simulation model is mainly used to verify the rationality of the control algorithm,the driver 

model adopt the simple PID model,mainly used for simulating the driver in the established 

simulation working condition of driving,braking and steering operate,to realize the PID control 

speed. 

B. Steering system model 

Based on the basic angle transfer characteristics of the steering system and considering tire’s 

aligning torque has elastic additional influence on the steering system at the same time,according to 

the driver's steering wheel angle calculates left and right side of the front wheel angle. 

C. Motor driving system module 

In the motor driving system module,including motor model and four-wheel motor driving torque 
control allocation.In the motor system module,driving motor accepts the target driving torque signal 
Tedij is sent by the accelerator pedal by vehicle controller,output wheel driving torque Teij.Equal to 
equation (8),drive motor model described by following equations: 

                            wijijLijeij JrTT =−−
.

ω                                   (11)        

                             aijmeij iKT =                                         (12) 

                             aijaaijijeij iLRiKE
.

=−− ω                                 (13) 
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D. Braking system model 

Through the simulation from the brake pedal to the brake output torque’s transmission 
characteristics, calculating the output braking torque of the four wheels.The braking system model 
adopts hydraulic braking system model,wheel cylinder pressure,the brake effective area and friction 
coefficient are multiplied by the effective radius of the brake force.,we can obtain steady braking 
torque. 

E. Wheel dynamics model 

According to equation (8),we know that we can calculate the wheel speed through the wheel 
angular acceleration’s integral.The wheel angular acceleration can be calculated through the driving 
force of the wheel,braking torque,wheel’s longitudinal force and rolling resistance.Rolling 
resistance according to the vehicle body feedback speed,with the experience formula to calculate. 

F. Vehicle dynamics module 

Vehicle dynamics module through the tire’s longitudinal force, side force,applied force of the 
suspension system and air resistance calculate the vertical motion response,the longitudinal and 
lateral motion response of the horizontal motion and corresponding roll, pitch, yaw motion response 
of the vehicle.Using the dynamic equation (1)-(6) to build model. 

G. Tire model 

Tire model adopted the Magic Formula tire mode. Four wheel’s tire force that including the 
longitudinal force,the lateral force and the aligning torque will be calculated by using Pacejka2002 
tire model. Suspension system model 

H. Aerodynamics module 

According to the speed of the vehicle calculates the aerodynamic drag,which might be defined as 
in the following: 

                          15.21

)6.3( 2uAC
F D

w =
                                 (14) 

Fw is the aerodynamic drag of the vehicle;CD is the aerodynamic drag coefficient of the 
vehicle;A is the windward area of the vehicle;u is the longitudinal velocity of the center of mass. 

Model verification 

For the above simulink electric vehicle simulation model has been established, the model’s 

dynamic characteristics are verified by commercial software Carsim. According to parameters of 

the electric vehicle structure,parameters in Carsim need to reset. Verifying the work condition: The 

simulation speed is 80km/h,the road adhesion coefficient is 0.85.The results were shown as figure 1 

to figure 4.  
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 Fig.1.The contrast of lateral acceleration            Fig.2.The contrast of yaw velocity    
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     Fig.3.The contrast of side slip angle            Fig.4.The contrast of vehicle trajectory 

 

Due to analysis the simulation results from figure 2 to figure 6,we know when the lateral 

acceleration is smaller than 0.3g,the lateral acceleration,yaw velocity, sideslip angle,locus curve of 

the simulation model is similar to Carsim model,the main reason is when the lateral acceleration is 

small,suspension system has a little influence on the steering performance,therefore,linear 

suspension in the simulation model can well reflect the vehicle movement when the lateral 

acceleration is small. 

Conclusion 

 Four in-wheel motor electric vehicle model is builded based on Simulink. The model is verified 

by commercial software Carsim,the model is higher accuracy and it can be used for the control 

algorithm of the four in-wheel motor electric vehicle improvements and validation as a good 

platform. 
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Abstract：：：：In the vehicle stability control and other active safety systems, vehicle sideslip angle 

real-time estimation is necessary. However, the direct measurement of sideslip angle is more 

difficult or too costly, so it is often used in estimating methods. The vehicle sideslip angle of 

closed-loop Luenberger observer and Kalman observer were constructed based on two degrees of 

freedom bicycle model, as well as the direct integration method for large sideslip angle conditions. 

The comparative study showed that Kalman filtering estimation method and Luenberger estimation 

methods have better estimation accuracy in small slip angle range. 

Introduction 

The vehicle is stabilized by the differential braking and produce steering yaw moment by 

vehicle electronic stability control system with real-time measurement of vehicle yaw rate and 

sideslip angle, and to determine whether the vehicle in reasonable limits.The yaw rate can be 

directly measured using inexpensive sensor, although you can use the side angle optical or GPS 

measurements to measure vehicle sideslip angle, but its cost, accuracy and reliability problems are 

still exist
[1]

. So people made a lot of sideslip angle estimation method
[2]

. 

Linear two degree of freedom vehicle model 

In order to estimate the vehicle sideslip angle, at first the linear two-degree of freedom vehicle 

model is established which including yawing motion and lateral movement
[3]

, as shown in Figure 1, 

and the dynamics motion equations of the vehicle are 
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From above the following equations are deduced 
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Where, a  and b  are respectively distance of the centroid away from front axle and rear axle, 

1.1ma = , 1.5mb = , L  is wheelbase, L a b= + , fαC  and rαC  were front tire cornering 

stiffness and rear tire cornering stiffness, 43500N/radf rC Cα α= = , m  is the total mass of the 

vehicle, 1500kgm = , zzI is the automotive yaw moment of inertia, 22800kg mzzI = ⋅ , xV is the 

longitudinal speed, δ  is front-wheel angle, β  is vehicle sideslip angle, r  is vehicle yaw rate. 

Closed-loop state observer method 

The vehicle sideslip angle is estimated by the lateral acceleration sensor and the yaw rate 

sensor based on the the linear two-degree of freedom vehicle model according to Figure 1. And 

lateral wind disturbance is applied in the front and rear, the road slope disturbance and uneven 
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pavement are the equation of state interference system noise ω. The lateral acceleration sensor noise 

and yaw rate sensor noise are measurement noise υ. According to the ideas of state estimation 

theory
[4]

, the vehicle two degree of freedom model dynamics motion equations can rewrite as the 

state and measurement equations ˆ ˆ ˆ( )x Ax Bu L y y w= + + − + , y Cx Du v= + + . 

Where, 
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Where, x̂  is the state estimation vector; y  is output vector; L  is estimated gain matrix and its 

selection principle is: make the deviation yye ˆ−=  rapidly converges to zero, in which 
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Where, λ1and λ2 are closed-loop observer poles. ω, υ is the state noise and observation equations 

noise, and ω, υ is assumed as independent white noise. Namely [ ]
0

T
Q n k

E
n k

ωω
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, 

[ ]
0

T
R n k

E vv
n k

=
= 

≠
, [ ] 0TE vω = . The vehicle sideslip angle close-loop observer (Luenberger 

observer) diagram is shown in Figure 2. 
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Fig.1  Linear 2-dof vehicle model       Fig.2  Sideslip angle loop observer 

Kalman filter estimation method 

Kalman filter is based on minimum mean square error for the estimation of the best criteria to 

derive a set of recursive estimation algorithm, the algorithm's basic idea is using signal-to-noise 

state-space model, the estimated value of the previous time and current time on the observed values 

to update the estimated state variables, the estimated value of the current time is obtained
[5]

, it is 

very suitable for real-time processing and computing. Let the discrete state equations were 

described by the following stochastic differential equation: 1 1 1k k k kx Ax Bu w− − −= + + . Defining the 

observed variables z, the observation equation is k k kz Hx v= + . 

The ˆ
kx
−  is defined as the case of estimation of the state variables kx  at time k and at the time 

the observations kz  are unknown, and which is called a priori state estimation. The ˆ
kx  is the 

estimation value of the state variables kx  with observation kz  is known, and which is referred to 
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as posterior estimates. The kP
−  and kP  are define as priori estimation error covariance and 

posteriori estimates error covariance, respectively. Kalman filter can be divided into time update 

process (forecast) and measurement update (correction) two parts. The next time priori estimation is 

obtain based on the current state of the system at time update process. The improved system 

posteriori estimates is obtain based on the combination of measurement and a priori estimate in 

measurement process. The filtering algorithm is: (1) Time update process: 1 1 1
ˆ ˆ
k k k kx Ax Bu w−

− − −= + + , 

1

T

k kP AP A Q−

−= + . (2) Measurement update equations: 1( )T T

k k kK P H HP H R− − −= + , 

ˆ ˆ ˆ( )k k k kx x K z Hx− −= + − , ( )k k kP I K H P−= − . 

Direct integration method 

If the vehicle hasn't nod angle and roll angle, and sideslip angle is very small
[6]

, the vehicle 

body's slip angle is calculated by the following formula: ∫∫ −+=+=
t
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 ββββ . 

According to vehicle four wheels model (Figure 3), the equation of motion for the vehicle is 
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Where, WT  is the distance between the wheels， 1.3mWT = 。The 

formula (3) becomes as follows 
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Where, 011 =A , xVA =12 , 021 =A , 022 =A , 
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The formula (4) was discretized as 
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Letting 11 2 −+ −⋅= kkk rrr , and after it is substituted into Eq (5), we obtain 

TDTrADTrTArV kkkkkky ⋅++⋅−−⋅−= −+ 11221221, ])1([                             (6) 

Direct integration method has small computational workload. When the signal quality is high it 

has good accuracy and does not require vehicle parameters, and there are good arguments 

robustness. However, the sideslip angle will obtain a greater deviation passing through the 

integrator with accumulation of the sensor signal weak errors. 

The several estimation methods results contrast is shown in Figure 4 (a), which is on high 

coefficient of friction road surface and step input steering wheel angle( 00.8, 60 /V km hµ = = ), 

where "Lbg" is the closed-loop observer Luenberger method. The several estimation results are 

compared in Figure 4 (b) under steering wheel angle sinusoidal input. 
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Fig.3  Several side slip angle estimation results comparison 

It has satisfactory estimation accuracy and good robustness using Kalman filtering method and 

the closed-loop state observer method within a small slip angle. The direct integration method is 

preferred under the large range side slip angle, but we should pay attention to cumulative errors of 

direct integration method. 

Conclusions 

Vehicle sideslip angle estimation are hot and difficult hotspot in vehicle chassis active control 

systems. The closed loop full state observer method, Kalman filtering observer method and direct 

integration method for vehicle sideslip angle estimation are introduced and studied and comparative 

study of estimation accuracy is outspreaded using various methods by simulation in this paper.  
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Abstract. A kind of vehicle active suspension based on Electro-Hydrostatic Actuator (EHA) is put 

forward. The suspension system consists of two parts: spring and actuator with controlled force. The 

actuator includes hydraulic cylinder, hydraulic pump, controller, etc. In this paper, a quarter-car 

dynamic model is exactly established involving bond graph models of EHA parts. Under the input 

conditions of the given road profile and designed sky-hook controller,  The  prototype  and  test  rig  of  

EHA active suspension  are  developed  and  bench  tests  are  carried  out.  The simulation and 

experimental results show that sky-hook active suspension with EHA provides better ride comfort, 

handling and stability than passive suspension. 

Introduction 

The vehicle suspension isolates the car body from road disturbances for comfortable ride and 

controls vehicle body attitude. Vehicle suspension systems have been developed over the last 100 

years to a very high level of sophistication. Complex kinematic configurations are designed to strike a 

balance between the complicated functions to be carried out by the suspensions. Most passive 

suspension systems mainly employ some types of springs in combination with hydraulic or pneumatic 

shock absorber. It is commonly accepted that passive suspensions have limited performance because 

their components can only store or dissipate energy. It cannot satisfy the comfort and handling 

requirements under varying road conditions. The idea of adding active components was introduced to 

improve vehicle handling and ride comfort [1]. 

The concept of active suspension was put forward in the 1950s .Active suspension employs 

pneumatic or hydraulic actuators which in turn create the desired force in the suspension system. In 

the study, a novel vehicle active suspension based on Electro-Hydrostatic Actuator（EHA） is 

proposed. The paper also investigates control methods on active suspension based on EHA. The paper 

develops sky-hook controller that is applied to the active suspension system with EHA. Based on a 

quarter-car dynamic model and developed suspension physical prototype, simulations and 

experiments for EHA suspension with designed sky-hook controller, under a certain road condition, 

are completed to confirm the validity of the proposed controller and suspension models. The response 

characteristics of vehicle active suspension system are studied. 

Vehicle Active Suspension with Electro-Hydrostatic Actuator 

The basic structure of vehicle active suspension based on EHA is given in Fig.1. The system consists 

of two parts: spring 7 and actuator with variable control force. The actuator is made up of hydraulic 

cylinder 5, hydraulic pump 4, controller 2 and BLDCM 3(Brushless Direct Current Motor). Hydraulic 

cylinder and spring are vertically connected respectively with sprung mass 6 and axle 8. And 

hydraulic cylinder is connected with hydraulic pump. Hydraulic pump is coupled with BLDCM by 
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shaft coupling and BLDCM is connected with accumulator 1. Controller is installed between 

BLDCM and accumulator [2]. 

In this paper, a quarter-car model with two degrees of freedom is exactly established involving 

mathematical models of EHA parts, which is shown in Fig.2. This model uses a power unit to create 

the control force between sprung mass and unsprung mass.  

                                    

Fig.1 Vehicle active suspension with EHA    Fig.2. A schematic diagram of a quarter-car model 

According to bond graph principles, bond graph model of 2 DOF suspensions is established as 

shown in Fig. 3 and Fig. 4.   
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Fig.3 Bond graph models of passive suspensions Fig.4 Bond graph models of EHA active suspension 

Main elements are dissipative element R, inertial element I and storage element C. The 

connections between these elements are implemented through junctions. There are two types of 

junctions: 1-junctions and 0-junctions which respectively correspond toseries connections and 

parallel connections. They express in fact the generalized Kirchhoff’s laws. The transformers and the 

gyrators are used to go from a field of physics to another. Causal rules exist at the junctions. Only one 

port can fix the flow through a 1-junction. Only one port can fix the effort at a 0-junction. For instance, 

an effort source connected to a 0-junction fixes the effort at the junction; the rest of the system fixes 

the flows through this junction [3].                         

Sky-hook Control Simulation 

Sky-hook control method was first proposed by Professor D.Kamopp in 1974. Because of its simple 

control algorithm, sky-hook control is widely used in active and semi-active suspension control[4-5]. 

Ideal sky-hook damping force is written as  

2xcF skys
⋅−=                                                                                                                                 (1) 
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Fig.5 Ideal sky-hook control model       Fig.6 Practical sky-hook control model    

Where 2x  is the velocity of sprung mass, skyc  is sky-hook damping coefficient. 

The ideal skyhook control model as shown in Fig.3. It envisages a move of the shock absorber 

system between vehicle body and the inertial coordinate. For an active suspension, the control force is 

required to produce, which is proportional to the actuator absolute speed.  

Under the input of sine road with amplitude 0.03m and frequency 2Hz ， the response 

characteristics of EHA sky-hook active suspension are simulated as shown in Fig.7 and Fig.8. 

                 

Fig.7 Sprung mass acceleration response        Fig.8 Suspension displacement response     

Experimental investigation of EHA active suspension 

To prove the effectiveness of proposed active suspension, according to simulation researchments, 

EHA active suspension prototype, vibration exciter and vibration bench are developed. A photograph 

of the schematic diagram and experimental quarter car rig are shown in Fig.9. 

 

                                                               
                                       Fig.9 The experimental system of EHA active suspension 

 

The mechanical cam vibration exciter is developed to generate sinusoidal signal, which is equal to 

simulation input. Experimental results are given in Fig. 10 and Fig. 11. 

32 Advances in Mechatronics, Automation and Applied Information
Technologies



 

 

                            
Fig.10 Time response of sprung mass           Fig.11 Power Spectrum Density of sprung  

acceleration                                              mass acceleration 
                                      

Experimental results show sprung mass acceleration for active suspension descends by 15.3%. 

Conclusions 

In the paper, a bond graph model with EHA active suspension is established to simulate vehicle 

behaviors and verify sky-hook controller. The simulation results show that EHA sky-hook controller 

is rather effective. On the base of EHA suspension system simulation, physical Prototype and test 

bench for active suspension were developed. Experimental results show that EHA active suspension 

apparently improves vehicle ride comfort. 
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Abstract. The error sources of machining accuracy of CNC machine tools including geometric 

error, thermal error, system error and error of load control etc. The error source affect the relative 

position of the cutting tool and the workpiece by the dynamic motion, and then affect the machining 

accuracy of the workpiece. By trial cutting method, "S" test part is a new test part for detecting 

machining accuracy of five-axis linkage machine tools. Through experiment and simulation, 

identification of the error source of the machining accuracy and the regular of "S" test part surface 

errors, surface quality, results show that "S" test part can reflect the machining accuracy of CNC 

machine tool. 

Introduce 

Five-axis linkage CNC machine tools, with its high speed, high precision characteristics, are 

widely used in large aircraft structure part machining, to meet the development needs of "complex 

structure surface, high precision, high surface quality". Due to the CNC machine tools designed 

based on Cartesian coordinate system, the error accumulation among transmission chain, in order to 

ensure the quality of processing parts, it is necessary to make a comprehensive detection in machine 

tools precision at the CNC machine tools’ debugging and acceptance-checking stage. 

The error sources of machining accuracy of CNC machine tools including geometric error, 

thermal error, system error and error of load control etc. The error source affect the relative position 

of the cutting tool and the workpiece by the dynamic motion, and then affect the machining 

accuracy of the workpiece. 

The machining accuracy detection, for the influence of machine tools dynamic characteristics 

and machining technology, etc, now mainly detected by trial cutting method, the usual implemented 

standards is "universal cutting test -- NAS series, metal cutting equipment specification" (referred to 

as "NAS979" standard), developed by the United States National Aeronautics Board[1]. This 

method’s test cut is called "NAS" test part (shown in Fig.1a), limited by the test piece’s itself 

characteristics, NAS979 test part’s test results cannot reflect the need of complex shape parts, and is 

difficult to characterize the processing error in multi-axis coordinated motion, does not reflect the 

five axis linkage CNC machine’s open-close angle conversion characteristics, also can't make 

integrate test on machining accuracy of five-axis CNC machine tools.  

Presented in this paper, "S" shaped test part (shown in Fig.1b) can effectively solve the shortage 

of NAS979 standards, correctly realize the error source identification of machining accuracy of 

CNC machine tools [2]. 

      
a) NAS979 test part        b) “S” shaped test part  

Fig.1 The test part model 

Advanced Materials Research Vols. 846-847 (2014) pp 34-39
© (2014) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMR.846-847.34



Design of simulation platform 

CNC machine tools processing error is mainly caused by the integral linkage of mechanical 

control system in the cutting process[3,4]. Machine tools’ basic motion structure, servo system’s 

coordination ability and performance are the main factors affecting machining accuracy. Therefore, 

to adopt the function errors-transfer modeling method for the analysis of the machine tools 

machining accuracy errors. As shown in Fig.2a is the motion association graph of machine 

mechanical system and control system, machine tools motion instruction pass by the way of  

position link, speed link, motor link, eventually driving machine link, to realize the CNC machine 

tools cutting movement. Each link can be represented through corresponding proportion, integral 

and differential G function, the main index of machine tools machining accuracy-influencing in 

each link has been listed in Fig.2a. 

Fig.1b is the model of motion simulation established in MATLAB/Simulink, which based on the 

movement of machine tools moving association graph, to analyze machine tools motion’s following 

error and motion matching under the influence of variable parameters. Due to the machine tools 

following error, multi-axis parameters mismatch and motion incoordination, eventually leading to 

the parts contour errors. Such as circular contour processing, each axis parameter matching exist 

small error in the radius direction, but when mismatch, it will make the processing contour oval. In 

corner milling, if the gain is too small, the axial dynamic performance will have to follow the 

damping, causing following error bigger and system response slow; if gain is too large, the system 

will less damping, follow error will cause the system to overcut. In order to obtain high contour 

precision at high speed, CNC machine tools system must be in the critical damping and gain 

matching. 
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  b) Control function of each link 

Fig.2 Simulation model of CNC machine tools 

Experimental design 

From the analysis of simulation experiment can be found in the "S" test part can reflect main 

factors of the machining accuracy, assumed to be factors 1~7. Because the experimental conditions 
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are limited, cannot design a lot of experiment for each factor experiment, and the factor level 

change is too small, surface performance of the test part is not sensitive, therefore assume that the 

level of each factor change for two. According to the normal design of experiment, at least 128 

specimen cutting, but using the orthogonal design table cutting experiment design, only need to do 

8 times, after the experiment through the regression analysis of SPSS professional can analyze all 

factors and level of the error source. 

In this paper, the experimental design is carried out by selecting factors: the position loop gain 

(five axis CNC machine tool matching uniform adjustment), axis-Y and axis-B acceleration. The 

level of experimental factors design as shown in table 1. 

Table 1 The level of experimental factor 

 Level 

Factor 
1 2 

Position loop gain +30% -25% 

Acceleration（Y/B） -50% +50% 

Data processing 

Experimental data processing. Fig.3 is the first experiment result, error measurement by 

three-coordinate measuring machine. Fig.3a shown 75 point position error, Fig.3b is three 

dimensional display of the position error, the surface of "S" test part in different colors to 

distinguish the error value and the negative image, to express distribution of the cutting error. "*" 

indicates the origin of measurement, "+" indicates the location of maximum error, "O" represents 

the maximum negative error position, in addition to Fig.3b gives each experimental measurements 

and super slip. From the Fig.3b can directly see the "S" test part central opening and closing angle 

conversion position prone to large negative error (the phenomenon of over cutting), as shown in the 

blue calibration region in the Fig.3b; in the "S" test part cutting end is easy to appear the large 

positive errors (undercut phenomenon), as shown in the red calibration region in the Fig.3b. 

  

a）Point position error                  b）Three dimensional display 

Fig.2 The first experiment result 

Regression analysis 

Multiple linear regression method is studied more arguments and experimental indexes, the main 

idea is to use linear experimental method is established between the cause variable and multi 

variables regression model[5]. The controllable variables into the hypothesis in the experimental 

process, i.e.x1, x2, …, xn. The multiple linear regression model can be expressed as equation 1: 

0 1 1 2 2i i i n in iy x x x         
      (1)
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In the equation: yi is the index of observation value; 0 1 2, , , , n     is the linear regression 

coefficient; { xin } is the controllable variables of the experiment examines; i  is the random errors 

in the process of experiment. 

After the cutting experiment, measure error of "S" test part through three-coordinate measuring 

machine. According to the obtained experimental results of orthogonal test design, through the 

SPSS statistical software to do a special regression analysis, set up multi input (dynamic factor 

index) and the output (the error of "S" test part). Analysis of the experimental factors alone, 

coupling changes corresponding to the error. At the same time calculate the weight by the 

experimental factors on the error contribution through linear regression coefficient. 

As shown in Fig.4a dotted curve indicates a cutting experiment method to the error, The solid 

curve indicates the error through linear regression coefficient calculated, comparing two curves, the 

tendency is consistent, the isolation of single factors using the method of multiple linear regression 

model to error is reliable. Fig.4a b, 4c, 4d is a phase separation results of experimental factors. 

Comparing the three figure can be seen, the error is rising in cutting of the "S" ending up position. 

In order to influence on the error description when change of factor level, injected new ideas 

"range" (errors of different level by the same factor difference), if a factor to the range is greater, 

mean change of the factors influence of the larger error of "S" test part. The range under the action 

of acceleration of axis-B calculated 1.239, acceleration of axis-Y acceleration calculated 0.6205, 

position gain calculated 0.5847. Therefore the acceleration of axis-B level changes to the error of 

"S" test part great influence, the acceleration of axis-Y acceleration time secondly, the position gain 

minimum. 

 

           a) The measured data and predicted data comparison b) The error of acceleration of axis-B 

 

c) The error of acceleration of axis-Y         d) The error of position gain 

Fig.4 The separation results of experimental error 

Error source identification 

Many factors influence the cutting of "S" test part, direct use of the neural network to identify the 

error source, the accuracy is not high[6]. First, using the fuzzy membership tracing out key error 

factors of "S" test part, and then combining BP neural network to identify the key factors. 
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Fig.5 gives algorithms of error source identification of the CNC machine tools. 

Relationship database of 

Error and influence factors 

Error measurement

Error source identification

Identify based on BP
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Fig.5 Algorithms of error source identification 

According to the error distribution results, choose normal fuzzy membership function is 

calculated, as shown in equation 2, first establish the matrix 1 2 n( , , , )i i i iE a a a corresponding to 

the change of errors of every dynamic factor (Ei representation error matrix, n representation 

number of the errors), calculate the cutting error into the equation 2, get out of the membership, as 

shown in equation 3. 

( )2x k x a

B
 （ ）=e

 （ 0k  ）                  (3) 

In the equation: a is the error of Ei; x is the error of error matrix. 
In order to determine the degree of similarity x and Ei, substitution the result of equation 3 into 

the equation 4, calculated the corresponding similarity value, in accordance with the closeness 

maximum principle, tracing the main dynamic influence factor of the CNC machine tools. 

1

1
( ) 1 ( ) ( )

n

H E i X i

i

E x x
n
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

  ，X                (4) 

In the equation: ( ) 1E ix  . 

Establishment 3-layers BP neural network identification model based on MATLAB as shown in 

Fig.6, input is the points of "S" test part, output is the accuracy index. The neural network is trained 

by using sample, the training process continuously adjust the weights and thresholds of connection 

between the 3-layers, so as to realize the relationship between error of "S" test part and accuracy 

index size of machine. After training, input to the error of "S" test part, iterative identification 

through the network to produce the corresponding index value of accuracy. 
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Fig.6 3-layers BP neural network identification model 
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Summary 

In this paper, by trial cutting method, "S" test part is a new test part for detecting machining 

accuracy of five-axis linkage machine tools. Through experiment and simulation, identification of 

the error source of the machining accuracy and the regular of "S" test part surface errors, surface 

quality, results show that "S" test part can reflect the machining accuracy of CNC machine tool. 
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Abstract. This paper presents a new constant tension control device which is suitable for warping 

of the carbon fiber or the flake yarns which are zero twist, high tensile strength, low shear strength, 

high specific modulus and self-lubrication and can meet the requirements of the warp tension of the 

carbon fiber multi-layer weaving equipment which is in the process of development. The device can 

make yarn tension consistent in warping process. Especially with the decrease of the diameter of 

yarn tube, the tension of yarn sheet is consistent in warping process. In the process of warping the 

warp doesn’t twist and wear is small. The experimental results show that the mechanism can realize 

accurate control on the tension of the single yarn and the yarn sheet, and is able to meet the 

requirements of the warp tension of the carbon fiber multi-layer weaving equipment which is in the 

process of development. 

Introduction 

With the rapid development of engineering and material science, the requirements of material 

performance have become more and more high. The carbon fiber composite materials because of its 

unique and excellent performance, is widely applied in aerospace and other fields [1, 2]. 3D woven 

carbon fiber is the rapid development of a new type of fabric structure and is a kind of the whole 

fiber reinforced skeleton interwoven by the continuous fiber in three-dimensional space according 

to certain rule and form [3].  

Domestic carbon fiber three-dimensional multi-layer weaving equipment is in the stage of 

development which can reach up to 30 layers, especially the yarn count up to twenty thousand. For 

the reason that the bobbin creel let-off covers a big area and can’t meet the requirement of 

multi-layer weaving, carbon fiber warping is the indispensable preparation process of carbon fiber 

multi-layer weaving. 

Traditional warping tension device cannot meet the requirements of tension control of the carbon 

fiber [4]. To meet the requirements of the long yarn path and the consistency of single yarn and yarn 

sheet of the carbon fiber multi-layer weaving equipment [5], a set of carbon fiber warping tension 

control system is studied and designed in this article and the problems of the carbon fiber warping is 

overcame.  

Technological process  

The carbon fiber warping tension control device on the overall design in turn includes yarn sheet 

tension servo control device, single yarn unwinding device, yarn tension detection device, five 

roller tension device. Technological process can be described below. Firstly, the yarns are unwound 

from tangential bobbin creel, by changing the tension of the spindle tape the single yarn tension can 

be adjusted; Secondly, separating reed folds and arranges yarns, and then tension detection roller   

detects the initial tension of the yarn sheet. For the reason that with the diameter of yarn tube the 

initial tension of yarn sheet will increase and winding density will increase so that the difference 

among pan heads will be obvious and have much influence on property of the weaving. In view of 
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the problems mentioned above, in this article the servo control device of the yarn sheet is adopted to 

adjust the unwinding tension; Thirdly, the yarn sheet gets around the five roller tension device, 

among the five roller the first two (near tension testing institutions) as the active roller. Through 

changing the difference of the linear velocity between the active roller and the wind up roll, the 

sliding friction between the yarn sheet and the active rollers will emerge, so that the tension of yarn 

sheet will be increased. Eventually the tension of yarn sheet fulfills the requirements of carbon fiber 

warping tension; in the end, the yarn sheet is winded to the pad head with constant linear velocity. 

The working principle diagram of the tension control device of the carbon fiber warping machine is 

shown in Fig.1. 

yarn tension

detection device five roller tension device

Winding shaft

yarn unwinding device

yarn sheet

tension servo

control device

 
Fig.1The working principle diagram of the tension control device of the carbon fiber warping 

machine  

Yarn tension control device 

Yarn tension control device, in turn, consists of three parts. The first is the single yarn unwinding 

device, after getting around the guide rods, ceramic ring, and set plate, the unwinding single yarn 

obtain an initial tension; The second is the yarn sheet initial tension detecting and adjusting device, 

this device detect the initial tension of the yarn sheet and compare the value with the set value, and 

then control the servo motor to adjust the detecting value equal to the set value; The last one is the 

final tension device, after the yarn sheet going through the device ,the initial tension of the yarn 

sheet will be improved to the winding tension. 

The single yarn unwinding device. This paper adopts a radial unwinding creel which can have 

a capacity of 120 bobbins. After unwinding from the yarn tubes, the yarns go through guide rod, 

ceramic ring, set plate and yarn guide roller. Under the winding of constant linear velocity and 

ignore the adhesion force during the process of yarn unwinding, etc, the single yarn tension can be 

calculated as follows: 

0 0
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µ α
µ α µ α µ α
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⋅ ⋅ −
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                                                 (1) 

Where: Fs is the spindle tape tension;μ0 is the friction coefficient of the spindle tape and the 

spindle seat; α0 is the wrap angle of the spindle tape and the spindle seat; D is the diameter of the 

spindle disk; d is the diameter of yarn tube;μ1 is the friction coefficient of the guide rods and the 

warp;α1 is the warp angle of the guide rods and the warp; μ2 is the friction coefficient of the 

ceramic ring and the warp; α2 is the warp angle of the ceramic ring and the warp;μ3 is the friction 

coefficient of the warp and the guide roller;α3 is the warp angle of the warp and the guide roller; 

The yarn sheet initial tension detecting and adjusting device. From the Eq. 1 we know that 

the initial tension of yarn sheet is that:  

1 n
0

F F= ⋅                                                                              (2) 

From the two equations, we know that the main variables affecting the initial tension of the yarn 

sheet is the tension of the yarn spindle tape and the diameter of yarn tube. In warping process, with 

the decrease of the tube diameter of yarn, the tension of the single yarn and the yarn sheet will 

increase gradually so that the winding quality and the winding density of the pan heads will be 
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influenced and the differences between the different pan heads will cause weaving opening is not 

clear. To solve this problem, this paper adopts the yarn sheet initial tension detecting and adjusting 

device. This tension sensor detects the initial tension of yarn sheet actively; the controller compares 

detection value with the set value and feedbacks to the servo motor to adjust the whole strain of the 

spindle tapes and adjust the detection value to the set value. The purpose of regulation is to ensure 

the ratio of the tension of the spindle tape and the tube diameter of yarn and the consistency of the 

initial tension of yarn sheet. Control block diagram, as shown in Fig. 2. 

PLC
Servo

motor

Tension

sensor

Set value of

yarn tension deviation

Inital tension of

yarn sheet

 
Fig. 2 The yarn tension control block diagram 

The final tension device. Ordinary warp tension of warping mainly relies on the elastic 
deformation of the fiber that is achieved from the linear velocity difference of the winding roller 
and traction roller. Due to carbon fiber itself has a high elastic modulus and self lubrication, 
difference of tension directly projects on the winding length. The carbon fiber on the traction roller 
needs only a small force to slide so that relying on the elastic deformation to control the tension is 
not too big effect. 

If warping tension is too small, the pan heads will be soft and the deviation of winding 
circumference will be big, during the weaving process, it is prone to defects cloth and cloth is not 
smooth, in addition the carbon fiber is a high tensile strength, so the carbon fiber is suitable for 
large tension warping. Creel unwinding tension or the tension of the yarn sheet is far less than the 
carbon fiber warping tension; the final tension device is adopted to increase the tension of warping. 
The final tension device is composed of five rollers, the first two rollers are active rollers which 
rotate to the opposite in the equal-sized speed, and the remaining three rollers is passive roller. The 
linear speed of the active rollers and the winding roller has certain differential, so when winding the 
sliding friction will be produced between the carbon fiber and the two active rollers. Due to the 
self-lubrication of the carbon fiber, mutual sliding will not cause damage to the carbon fiber, so the 
yarn tension will be increased. By changing the warp angle of the yarn sheet and the passive rollers, 
the tension of yarn sheet will be increased to the warping tension. 

Moreover, the final tension device has the effect of uniform the tension of yarn sheet. Due to the 
existence of the sliding friction, after going around the passive rollers, the yarns with the smaller 
tension will be increased, so the difference of yarns will be decreased and the consistency of the 
warp tension will be better. 

Experiment 

In the experiment the parameters of winding process is adopted, such as the warping speed, yarn 
tension, traverse frequency, and so on, to achieve the best winding density and winding quality. The 
measuring tool of the experiment is Y2301 (DTM) digital yarn tension meter. 

Fiber of the experiment. The T700-12 k carbon fiber. 
Experimental results and analysis. After repeated warping experiment, testing on the carbon 

fiber weaving equipment and comparing the experimental results, the optimum technological 
parameters of the carbon fiber warping are completed, as shown in Table 1. 

Table 1 Parameters of the carbon fiber warping 

Warping speed 40 m/min The number of yarn 45 

Beam width 200 mm the initial single yarn tension 450 CN 

Yarn sheet width 198 mm Yarn sheet tension 90 N 

Reciprocating stroke 4 mm Free yarn length 550 mm 

Winding density 1.13 g/cm
3 

Traverse frequency 0.25 HZ 
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Conclusions 

A new constant tension control device of warping which is suitable for the carbon fiber has been 

developed based on the characteristics of carbon fiber, such as zero twist, high tensile strength, low 

shear strength, high specific modulus and self-lubrication.  

This device can guarantee the consistency of yarn tension in the process of warping; the 

difference of pan head will not affect the usage and can meet the requirements of long-distance let 

off. 
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Abstract. In order to in-depth study the magnetic suspension molecular pump technology, a 4kW 

high speed magnetic motor was firstly developed. The magnetic motor includes 2 radial magnetic 

bearings, 2 axial magnetic bearing with five degrees of freedom. The wind abrasion and magnetic 

flux distribution in stators and the gap between the stator and the rotor were analyzed. Then the high 

speed magnetic motor prototype was introduced in detail. At last, the basic experiment result was 

present and the conclusions were given. 

Introduction 

In the past 10 years, research on magnetic suspension technology has become a significant subject 

in motor develops. High speed magnetic motors can be found as useful and energy saving tools in air 

conditioning compressor, sewage treatment plant, molecular pump technology and so on because of 

their small size, low-cost and no pollution [1]–[4]. Magnetic bearings offer many technical 

advantages for turbo machines such as oil-free operation, negligible friction loss, low acoustic noise, 

and extending a limit of rotational speed. For molecular pump rather high axial loads may occur and 

the reliability of axial bearings is extremely important [5]. In case the axial magnetic bearings are 

malfunctioning, the auxiliary mechanical bearings can hardly support the rotors due to the high speed 

and high axial force, which will result in unexpected damage to the compressors, even to the users. 

Presently most magnetically suspended compressors adopt active magnetic bearings (AMBs) [6]–[8], 

which have good controllability and damping properties. In order to complete the development of 

molecular pump, a lower powered high speed magnetic motor should be developed firstly to verify 

several key technologies. Therefore, this paper is focus on the development of a lower powered high 

speed magnetic motor. 

The paper is organized as follows. Section 2 gives a detailed introduction of the magnetic 

designing of motor stator. Section 3 gives a description of the magnetic designing of the radial 

magnetic bearing and the axial magnetic bearing stator. Section 4 describes the composition of the 

high speed motor in practical. Conclusions and suggestions for future work can be found in last 

Section. 

Design of Stator 

We know that the smaller the rotor length is the higher the first bending frequency is. And the 

bigger the rotor diameter is the higher the first bending frequency is. However, because the AMBs 

and sensors should be installed, the rotor length can not be too short. Fig. 1 shows the relationship of 

the rotor diameter and length with the wind abrasion. We can see that the wind abrasion increase 

significantly with the increase of the rotor length and diameter. So the rotor diameter can not be too 

big either. Fig. 2 shows the relationship of the wind abrasion with the gap between the stator and the 

rotor. We can see that with the increase of the gap between the stator and the rotor the wind abrasion 

will be decrease. 
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Based on the analysis of the wind abrasion, we designed the motor stator as shown in Fig. 3 and 

Fig. 4. Fig. 3 shows the simulation of magnetic flux density amplitude. And Fig. 4 shows the 

simulation of magnetic flux distribution. We can see that the flux density and the magnetic flux 

distribution are relative uniform. The simulation result can fit the design specifications. 

 
Fig. 5 shows the radial magnetic flux distribution in the gap between the stator and the rotor. We 

can see that the magnetic flux distribution is relative uniform.  
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Fig. 5 Radial Magnetic flux distribution in the gap between the stator and the rotor. 

 
Fig. 4 The simulation of magnetic flux 

distribution. 

 
Fig. 3 The simulation of magnetic flux 

density amplitude. 
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Fig. 2 The relationship of the wind abrasion 

with the gap between the stator and the rotor. 
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Fig. 1 The relationship of the rotor diameter 

and length with the wind abrasion. 

Advanced Materials Research Vols. 846-847 45



 

 

Design of Magnetic Bearing 

To reduce the develop difficulty, the high speed magnetic motor will be vertically installed that 

can make the debug easier. So there are some claims to radial magnetic bearing and axial magnetic 

bearing. Firstly, vertically installed can make the axial magnetic bearing symmetry because the rotor 

gravity can offset a part of axial load force. Secondly, the eddy current loss of radial magnetic bearing 

is more serious, and the skin effect is obvious. The bearing stiffness will decrease with the speed 

increased. Therefore, the load capacity of radial magnetic bearing should meet the requirements of 

the maximum radial force in the maximum speed of molecular pump. Finally, rotor suspension, 

which include begin to suspension and sudden failure to drop to auxiliary bearing in running then 

begin to suspension again, require the radial magnetic bearing have sufficient radial supporting force. 

Fig. 6 shows the magnetic flux density of amplitude of the radial magnetic bearing stator in 

floating status. Fig. 7 shows the magnetic flux density of amplitude of the radial magnetic bearing 

stator in Max output supporting force status. Fig. 8 shows the magnetic flux density of amplitude of 

the axial magnetic bearing stator in Max output supporting force status. We can see that the 

simulation result can fit the design specifications. 

 

 

 

 

 
Fig. 9 The Prototype of high speed magnetic 

motor.supporting force status. 

 
Fig. 8 The magnetic flux density of 

amplitude of the axial magnetic bearing 

stator in Max output supporting force status. 

 
Fig. 7 The magnetic flux density of 

amplitude of the radial magnetic bearing 

stator in Max output supporting force status. 

 
Fig. 6 The magnetic flux density of 

amplitude of the radial magnetic bearing 

stator in floating status. 
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Development of the Motor 

Fig. 9 shows the prototype of high speed magnetic motor, which mainly including 1 motor stator, 2 
radial magnetic bearings, 2 axial magnetic bearing, rotor and some other parts such as sensors, 
auxiliary bearings, controller and so on.  

The rated power of the high speed magnetic motor is 4kW. Rated rotation speed is 60000rpm. 
Rated voltage is 480V. Rated frequency is 1000Hz. The material of rotor is 40Cr. The total weight of 
the prototype is 30kg. 

Basic Experiment 

In order to improve current tracking speed, a current loop should be added on position loop. We 
directly added it to the duty cycle. This can make the position loop and current loop parameters 
independent. And it can also work in the condition of that the position loop and the current loop 
disconnected.  

The experiment result is as follow. The radial float time from the starting to float to a 
predetermined position is 0.035s. The axial float time is 0.09s. The overshoot phenomenon is greatly 
reduced. The highest voltage used in the speed increasing of motor is 43V. The motor now can reach 
the highest rotation speed is 53200rpm. 

Conclusions 

A high speed magnetic motor based on the magnetic suspension technology was proposed and 
experimentally verified. The following results were obtained: 

(1) The electromagnetic analysis and simulation of motor stator and magnetic bearing stator based 
on finite element method was presented. 

(2) A prototype of high speed magnetic motor was developed in practical. 
(3) The validity and feasibility of the prototype were tested by a series of basic experiments. 
Future work will focus on the technology of flexible rotor. And improve the shortcomings on 

mechanics and control to realize the expected target. 
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Abstract. This paper designs a set of jacquard and dobby shedding device, it  specially suitable for 

30 layers carbon fiber weaving equipment, which meet the requirement of the special shed. Through 

to the main drive system design of the jacquard, the structural design and the kinematics analysis of 

tandem cylinder dobby shedding mechanism, so that the design reasonable. The experiments show 

that the opening device can well ensure the shedding action orderly, continuously and the shed clear, 

it can meet the requirements. 

Introduction 

   The three-dimensional carbon fiber woven fabric is a strengthen frame system which is 

interwoven by continuous fiber bundles according to a certain rule in three-dimensional space. The 

fiber bundles which throughout the three directions made the fabric integrated and stable, so it can 

resist stress concentration of tensile, impact damage and crack propagation[1]. 

   The multilayer (up to 30 layers) carbon angle interlock fabric is a good carbon fiber reinforced 

material[2]. Due to the complexity of this kind of fabric structure, and the carbon fiber bundle is 

no-twist, nonelastic, easy to be broken, easy splits leading to fluff[5], all of that can cause the shed 

unclear. So far, there is still no relevant domestic equipment can meet its weaving requirements of 

30 layers angle interlock fabric[3]. This paper is derived from the national key scientific research 

project named the carbon fiber multilayer weaving equipment and technology research and 

development. In view of the particularity of the carbon fiber and the complex fabric structure, a new 

kind of shedding mechanism is designed. 

Design of the Main Drive of Jacquard and Tandem Cylinder Dobby Shedding Mechanism 

1.1 Design of the Main Drive of Jacquard 

   The mechanical model of lifting single harness cord shown in figure 1 

 

Figure 1  The mechanical model of lifting single harness cord 

1. Griffe  2. Hole on the bottom plate   3. Neck twine  4. Hole on the upon demarcation strip   

5.Hole on the comber board   6. The spring  7. Harness wire  8. The comber board  9. Harness 

cord  10. The upon demarcation strip  11. The bottom plate  12. Jacquard hook 
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   The tension of single harness cord can be deduced according to the model, combining with the 

winch formula µθ−= eTT ' .  

   maeKSFF
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                                            (1) 

   In the type, 1f , 2f , 3f  are the coefficient of friction between the harness wire and the comber 

board ,  the harness wire and the upon demarcation strip ,the harness wireand and the bottom plate. 

1α , 2α , 3α  are the wrap angles between the harness wire and the comber board , the harness wire 

and the upon demarcation strip ,the harness wireand and the bottom plate.K is the stiffness of the 

spring,S is the elongation of the spring. 

   According to relevant theory of the mechanical principle about dynamics,the torque of principal 

axis can be work out: 

   ∑ ∑+=
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iiiii MaVFM

1 1
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   In the type, iF is the forces acting on the ith motion part ,
iV is the lifting speed of the ith motion 

part, iα is the angle between iF and
iV ,ω is the rotate speedof the principal axis, iM is the torque of 

the ith motion part,n and k are the number of ift-up and rotation motion parts. 

   According to torque,it can deducethe formula of  the diameter of axle as follows:  

  [ ]
3

20 τ.
T

d ≥
                                                                (3) 

   In the type,d is the diameter of the shaft,T is the torque on the shaft, [ ]τ is the allowable torsional 

shear stress .                                                                                                                                    

1.2The Design of the Tandem Cylinder Dobby Shedding mechanism 

   The Shedding mechanism model is shown in figure 2   

 

                                    

   

Figure 2  The structure model of the tandem cylinder dobby shedding mechanism 

Optimization Design of the Tandem Cylinder Dobby Shedding Mechanism  

   The analysis process is shown in figure 3 

 

 

 

 

  

   Figure 3  The integration analysis process  

    

The figure 4 shown that all the parts imported into the ADAMS and exerted constraints 

Generate neutral[3] files in ANSYS, 

and the format of the files are .mnf. 
 

Modeling rigid parts in Solidworks, 

and saved as the format of .x-t. 

Exert constraints in ADAMS, 

and get the graphs through the 

united simulation. 
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Figure 4   Diagram of the ADAMS model connections 

Results of the Analysis 

   The analysis use a impulse of I = Ft to simulate the thrust of cylinder.The cylinder diameter is 6 

cm, under the pressure of 4kg/cm
2
, so the trust a cylinder providing is 1130N. Because the function 

time of the cylinder is 0.2s, the impulse a cylinder producing is I=Ft=1130×0.2=226N.s. And wire 

rope which is selected that the elasticity modulus is 140GPa. By changing the spring stiffness, 

obtained the best motion diagrams that are shown in figure 5  

 

    Figure 5  The curves of velocity and displacement changes of the heald frame  

   Through the velocity changes of the barycenter of heald frame, it can be known that the heald 

frame has a sudden change of velocity in a short time at start, and then the velocity decreases by the 

spring buffer system, at last the the curve changed as a rule of parabola. It is conform to practical 

situation. The curve of displacement of the barycenter of heald frame is smooth, it has an advantage 

to reduce the damage of the warps. 

Conclusion 

(1) Designing a set of jacquard and dobby shedding device which can specially suitable for the 

multilayer carbon fiber weaving equipment, and it can perfect meet the requirement of technology 

about carbon angle interlock fabric. 

(2) The shed device can solve the problem of unclear shed which leaded by the carbon fiber 

bundle that has no-twist and easy splits leading to fluff . 
(3) Making the design more optimal and reliable though the kinematics analysis of the dobby shedding 

mechanism. 

(4 ) Practice shows that the device has good stability and can satisfy the requirements of the shed 

orderly, the shed clear. 
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Abstract:This article designs a new set of beating-up mechanism for the multilayer angle 

interlocking construction loom based on the requirements of special material of carbon fiber and 

weaving technology,and it can battening 30 layers carbon fiber at a beating-up.Through building the 

3D solid models for linkage mechanism in SolidWorks, it show that the beating-up mechanism Run 

smoothly by the kinematics and dynamics analysis of different beating-up rule in ADAMS. 

Introduction 

   The woven technology of the 3D angle interlocking construction is bundling the separate layers 

of warp and weft together by the Binder yarn and unified as a whole[2].The basic theory of this 

technology is the weave technology of the multilayer warp.Because this technology is not mature 

enough at home,and the development of high-tech in aerospace demands urgent needed of the 

carbon fiber[1],the study of carbon fiber multilayer loom’s beating-up mechanism is particularly 

important.This research of beating-up mechanism belongs to heavy loom,the drawing mechanism 

and push rod mechanism have a large force to swinging rod when beating-up mechanism run to the 

extreme position,at the same time, the swinging rod mechanism will exert a larger torque because 

the drawing mechanism and push rod mechanism are not on a straight line.In this case, it is 

necessary to do kinematics and dynamics research for the beating-up mechanism (four-bar 

linkage) . 

Design of the Multilayer Carbon Fiber Loom’s Beating-up Mechanism 

   Building the 3d model for the beating-up mechanism in SolidWorks shown in the figure 1.            

 

Figure 1  The 3D model of beating-up mechanism in SolidWorks 

Optimization Design of Beating-up Mechanism in ADMAS  

   Using the algorithm of the Lagrange equation about the theory of the multi-rigid-body dynamics 

system in ADAMS to do dynamics analysis and calculation[3].it can determine the Descartes 

generalized coordinates of every parts through the Descartes generalized coordinates,and then using 
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the Lagrangian equation to complete the other coordinates to get a full-constrained 

system,exporting the variable which contain generalized coordinates and get the kinematic 

equations in the end. 

   Kinematics analysis is mainly analyse the displacement,velocity, acceleration and constraint 

forces[4] in fully constrained system,and the module of the ADAMS/View and ADAMS/Solver in 

ADAMS provide a variety of solvers that can offer the analysis of kinematics ,statics and dynamics. 

By solving the equations below can get the displacement,velocity, acceleration and constraint 

forces,etc. 

  ( , ) 0Φ =q t                                                                   (1) 

   It can get the location of a part at a moment of 0t based on the equation of Newton-Raphson[5], 

and the following is the equation. 
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                                                          (2)                                       

   In the equation, jji qqq −=∆ +1 , and the j represents the jth iteration.  

   It can get the velocity and acceleration by taking the first and the second derivative of the 

equation (2) at the moment of nt . 
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    The value of constraint force at the moment of nt can be gotten by using the Lagrange 

equations . 

  

( )λ
•
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T T

Td T T
Q

q dt qq
                                                (5) 

   Establishing dynamic differential equations by using the method of the Lagrangian multiplier in 

ADAMS. 
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   In the type, 0),( =tqφ is a full-constrained equation, 0),,( =
•

tqqφ is incomplete constrained 

equation,T is system energy, q is the array in generalized coordinates, Q is the array of generalized 

force, p is the full-constrained array of Laplace multiplier array µ is the incomplete constrained 

array of Laplace multiplier array, M is the quality array,ν is the array of generalized velocity, I is the 

array of rotational inertia. 
w —The array of generalized angular velocity 

   Building the model of the beating-up mechanism in ADAMS and exportting the model files in 

the format of .x_t, and then opening the files in the ADAMS directly. Defining the material 

properties of the parts in four bar mechanism,and inputting the mass,the moment of inertia and the 

other physical parameters according to steel type which is used.Defining the other parts which are 

not moving in simulation as the ground,so as to form a stable structure .As shown in the figure 2, 

adding the hinge pairs between 2 connecting rods, so it is for the connecting rods and the reed, and 
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then add the sliding pair to reed, at last ,adding a driving motor that the rotate speed is 1500r/min on 

the hinge pair near the end of the shaft.all of that accomplished can it start the simulation.                

   The pink part in the figure 2 is used to simulate the carbon fibers in the shed. Because the 

organization of carbon fiber is complex near the shed,it cannot build the 3d model for the shed as 

the same as the practic,with a flexible[7] rod instead of the carbon fibers in the shed can meet the 

requirements of the simulation.  

 
 Figure 2  Model of the Beating-up Mechanism in ADAMS   

 Results of the Analysis 

    The graph of the reed’s displacement and velocity shown in figure 3 as follow: 
 

  

Figure 3  The graph of the reed’s displacement and velocity in ADAMS 

 

   It can be seen from the figure 3 that the value of the reed’s displacement is 0.2299m when the 

reed goes forward to one extreme position,and the value of the reed’s displacement is 0.0718m 

when the reed goes backword to the other extreme position ,so the stoke of the beating-up 

mechanism is 0.1581m, it is corresponds to the stoke of 160mm that is required in the design.From 

the figure 2,it can get the the maximum speed is 1.4767m/s and the minimum velocity is1.5667m/s 

in a loop,and the results of the analysis within the range of the error. 

Summary 

  Motion analysis is an important process in mechanism design,it can provide a powerful guarantee 

to optimize and improve the mechanism.Through the kinematics and dynamics analysis for the 

beating-up mechanism (four bar linkage) of multilayer carbon fiber loom can know more movement 

rule for the reed,and the design is reasonable based on the graph of the reed’s displacement and 

velocity. 

Acknowledgments 

   This research has been supported by the National 12th Five-technology Support Key 

Projects(2011BAF08B02).Yang Kai also thanks Advanced Mechatronics Equipment Technology 

Tianjin Area Major Laboratory. The authors thank Yang Jiancheng for his valuable comments and 

helpful discussions. 

 

54 Advances in Mechatronics, Automation and Applied Information
Technologies



References 

[1] Hou Jianrong,Han Xiao. The research of carbon fiber fabric weaving technology                             

in china [J].Journal of high-tech fibers and applications, 2012, 8:37-43. 

[2] Ji Yingchao,Jiang Fengqin, Geng Junxin. The research of production practice in carbon fiber 

weaving [J]. Journal of Textile Research, 2004, 4:25 to 28. 

[3] Lu Ning, Chen Huanguo. The dynamics analysis and simulation of rapier loom’s beating-up 

mechanism [J]. Advanced Textile Technology, 2012,2:33-38. 

[4] KouJianBin. The dynamics analysis and virtual prototype design of the air-jet loom’s beating-up 

mechanism[D].Shanghai: master's thesis of donghua university.   

[5] Zhang Kai,Zhang Xiaozhang.Vibration control of rotational machines by means of active 

magnetic bearing[C]. Proceedings of the 7th Asia Pacific Conference on Control & 

Measurement,Tibet,China,2006:95-100. 

[6] Lee S.H,Kim B.S,Lee M.G.A comparative study on damage detection in speed-up and 

coast-down process of grinding spindle-typed rotor bearing system[J].Journal of Materials 

Processing Technology, 2007:187-188. 

[7] Janq G.H,Lee S.H.Free vibration analysis of a spinning flexible disk-spindle system supported 

by ball bearing and flexible shaft using the finite element method and substructure synthesis[J]. 

Journal of Sound and Vibration,2002:59-78. 

 

Advanced Materials Research Vols. 846-847 55



 

 Artificial Intelligent Diagnosing Method Based on the 
Certainty-Speculated Reason of Pivot Factor  

Tan,Wen Xue 1,2,a   Wu,Hua Rui 1,b *    Wang, Xi Ping 2,c 
1.Beijing Research Center for Information Technology in Agriculture, Beijing Academy of Agriculture 

and Forestry Sciences, National Engineering Research Center for Information Technology in 
Agriculture, Beijing,100097. 

2. School of Economics and Management, Hunan University of Arts and Science. Changde, 415000, 
China. 

3. College of Computer Science, Beijing University of Technology. Beijing, 100022, China. 

aemail:  twxpaper@163.com; bemail:  wuhr@nercita.org.cn; cemail: wxphuas@163.com  

Keywords: Reason; Computer Diagnosing; Intelligent System; Expert system 

Abstract. How to solve disease-diagnosing problem effectively by the aid of Artificial Intelligence 

Computer has been being a mainstream of Intelligent System researching and development. 

Heretofore, performance of the well-known native Uncertainty Reason Resolution method still is 

unsatisfactory to professionals. This paper pioneers the concept of Associative-Pivot Factor and its 

Certainty Index Speculation algorithm, and on this base designs A novelty Machine Diagnosing 

Algorithm based on the Certainty Reason of Associative-Pivot Factor. Results and analysis 

demonstrate that the method exhibit a better efficiency than man-expert individual and the native CF 

Method. Generally speaking, it manifests an accurate rate of diagnosis over 82% and possesses the 

capacity to expand diagnosing capability of man-expert. 

1. Introduction 

Along with the development of Artificial Intelligence (AI) application and agricultural 

information technology, Intelligent Disease Diagnosing System, which referred in the name of 

Disease Intelligent Aid System by some related literatures, has become a practical instrument used 

widely in the area of clinic diagnosis. It takes root in the computer technology and standardized 

expert experience knowledge, builds up human's diagnostic capability. For example, the Sheep 

Disease Intelligent System based on production rules which was proposed by [1], and the Grape 

Disease Diagnosis System based on Fuzzy Neural Network was discussed in [2]. 

On the one hand, Disease Intelligent Aid system, which based on digital technology and 

normalized expert experience knowledge, expands human’s diagnostic ability, and it is widely used 

in diagnosing as a practical instrument. On the other hand, some systems, of which expert knowledge 

only based on the traditional Uncertainty factor-Inference ( U-Inference for short ) [3], obviously 

manifest 2 faults at least as follows.1.A low efficiency of Knowledge-Rule.2.The mechanism of 

traditional U-Inference based on the static Certainty Factor Vector while short of Correction or 

Speculation process disagrees with the human’s habit of thinking and diagnosing, and always results 

in one-sided diagnosis, even misdiagnosis [4], [5], [6]. 

So, we try to overturn the situation by researching Artificial Intelligent Diagnosing Method Based 

on the Certainty Reason of Pivot Factor. 

2. Preliminaries of Associative-Pivot Factor Uncertainty  

Randomicity and chanciness, uncertainty are universe phenomena in the nature, and the same 

thing is in the area of disease diagnosing. Concepts of Uncertainty or Certainty are often used to 

measure indeterminate causality between cause and effect, which is taken into consideration when we 

select AI methods to lay foundation for intelligent Disease diagnosing mechanism. 

[6] and [7] referred that many nature phenomena always have a stochastic-uncertainty accidental 

manifestation due to unknown factors or undeterminate observing factors. It is the same thing to 

diagnosing and symptom manifesting. In order to depict indeterminable-casual relation between 
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diseases and symptoms, the system introduced concepts of Certainty Index or Factor, which was 

processed into an index representing experimental knowledge certainty degree and being-true degree 

of observation. 

After a long span of investigation, it is made clear that the native Certainty Factor method does not 

take it into account the associativity between the observed clinic symptoms and those so far not 

occurring and unobserved symptoms but which are listed in the standardized description of 

corresponding disease. Thus, a direct result is that some knowledge rules which should have been 

activated on reasoning have no access to be activated and applied, and misdiagnosis or  diagnosis 

failure comes out. Addressing such a situation, the project crew proposed concepts as follows. 

Definition 1.Sample complexity is defined as how many samples is needed to train a Machine 

learner to converge at an accurate hypothesis or to output a correct solution in a rather high 

probability. 

Definition 2.Computational complexity is defined as how much computation workload is cost 

before a Machine learner  converges at an accurate hypothesis or its convergent hypothesis is an 

optimal success in a rather high probability. 

Definition 3.Mistake bound is defined as how many times of mistake classification is made by a 

Machine learner during classifying learning samples. 

Definition 4.Uncertainty Rule. It refers to the knowledge rule denoted as (1) subject to (2), 

abbreviated as(2). CF(E,H) denotes the Certainty Factor depicting the knowledge intensity; the 

greater its value, then the more intensively the precondition denoted by E supporting the Hypothesis 

conclusion denoted by H. In other words, the bigger is the probability of conclusion H to be true. λ is 

a threshold of certainty, calculation of CF(E,H) referred in [8], [9].  

1 1 2 2  ( )    ( )    ( )   ( ( , ), )n nif E w AND E w AND AND E w then H CF H E λ      (1) 

1,0 1( 1,2, )i iw w i n= ≤ ≤ =∑           (2) 

Let iE be a symptom of disease A , whose knowledge rule is as equation (1) and A  is  assigned 

with the biggest weight iw  of all the symptoms concerned in the rule. 

Definition 5. This practical connotation is that iE  is decisive to confirmation of A  , and if iE   

has developed, the unobserved symptom 
jE  also will develop in succession if no further action is 

done to the subject, then define iE  to be a Pivot Factor. 

Definition 6. In the case aforementioned, define 
jE  to be the Factor in association with Pivot iE  

name it the Associative-Pivot Factor. 

 In a knowledge rule, a sequence of Associative-Pivot weights form a Associative-Pivot vector. 

3. Theory of Certainty Factor Speculation  

Definition 7. According to the description aforementioned, some steps should be constructed to 

speculate the certainty index of 
jE  which is a Associative-Pivot Factor in association with Pivot 

Factor iE , not to let it be 0 and assign ( )jCF E  (
jCF for short) with some correction value by some 

speculation algorithm from observed evidence certainty vector 1 2( , ,..., )kCF CF CF . If iE  is 

unobserved then it need a similar speculation. Define these steps and their corresponding process to 

be Certainty Index Speculation}, alias Certainty Speculation. 

Let 
speculateCF  be the output of speculation, the project crew proposes 3 methods of Certainty Index 

Speculation as follows. 
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1
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( 5 1) max( ,..., )
( 5 3) min( , ,..., )

2

n
speculate k

CF CF
CF CF CF CF

− ×
= + − ×    (5) 

Definition 8. Take the multiplication of cut-off-constant and the extremum of CF vector as and get 

the midpoint of both result as (3), which is called the cut-off-midpoint-Speculate. By this method, 

Speculation-value is only influenced by the extremum of observed CF indexes. 

Definition 9. According to the front n  CF Indexes of CF vector and 2n −  weights and 2 constant 

weights, compute weighted mean-value of  2n −  CF Indexes and get 
speculateCF  as (4). Define such a 

speculation method to be refined-mean-Speculate. 

With this means, we always get a median of confidence-interval between the lowest and the 

highest. Each of observed CF Index and the weight-vector of knowledge rule impacts 
speculateCF . 

Definition 10. If over-much variables restrict speculation value, reasoning process will be 

complex and low-efficient because of computation-workload. By a hint of golden-section-ratio and 

weighted-sum method, extract result of (5) and get speculation value, which is golden-section- 

Speculate. 

Its computational complexity is between cut-off-Speculate and mean-Speculate, and 
speculateCF  is 

only influenced by extremum of the observed CF sequence [10], [11], [12]. 

Which of 3 methods is best in respect of 3 kinds of complexity aforementioned? It is a puzzle. Data 

reveals that Facing different cases [13], they perform by a wide margin, which will be discussed in 

some following subsection. 

4. Conclusion Certainty Integration 

When the reason course ends, it is possible that there be multi rules to be activated and outputs be 

multi results. However, the system needs to give a macro conclusion as a response to user.  

Definition 11. How to integrate a macro conclusion from results of all activated rules is an 

un-evadable subject matter. Define this fusing course of stand-alone results  to be Integration of 

Conclusion Certainty. 

Taking a hint from the conceptual similarity between certainty factor and set, researcher group 

devises an integration-method, where Certainty Factor is regarded as a set object, and is operated a set 

union operation and integrated several CF values of multi-rule into a  macro conclusive CF value as 

equation (6) whose right function is an expression of (7),(8). 

( ) ( ) ( ) ( ) ( )
( )· [ ( ), , ], 1

j j j j j
CF E w then H CF E w j mλλ≥ ≤ ≤      (6) 

1 2

( )( )( )( ) ( )

1
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jij j j

j i j m

f CF E w CF E w CF E w CF E w fλ
= < ≤

′= ⋅ + ⋅ × ⋅ +∑ ∑    (7) 

3

( )1( ) ( ) ( )

1

( )· ( )· ( )· ( 1) ( )
mC m

jk mi j

i j k m j

f CF E w CF E w CF E w CF E w−

< < ≤ =

′ = × × − + − ⋅∑ ∏   (8) 

5. Experimentation Statistics and Analysis 

Separate Sample Test. In the course of experiment, the Brindled Pig is singled out as a subject to 

experiment. The disease “ Swine Dysentery ” is highlighted as an example, of which the clinic 

manifestations are standardized and segmented into 8 atomic clinic items. A veterinary inputs the 

clinical symptom data sampled from diseased swine into both software prototypes, one of which 

based on this method  (this for short) and the other based on the method proposed by [3] ([3] for 

short ). Meantime, by diagnosing system several paper copies of the clinical report are printed and 

distributed to some human experts for diagnosing in order to determine the disease infecting the 

swine [6] and [14].  the information gleaned from the test is as follow. 

Average of human experts’ result is 0.69, which falls into the interval [0.65, 0.75]. Result of This 

are listed in Table 1. 5 knowledge rules about Swine Dysentery are activated on machine diagnosing, 
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each of which with a weighted vector of clinic characteristics, and the no. 5,6,7 symptoms are the 

Associative-Pivot Factors assigned with bigger weights. The Mean-Speculation method is used to 

speculate the Associative-Pivot Factors. The conclusion interval of this is about  [0.69, 0.75]; it is best 

consistent with [0.6, 0.8] drawn by human experts. However, the result of [3] is [0, 0.53], last column 

of Table 1, and only is 1 rule  activated. Mistake is obvious, while its reliability is very low.  

Group Sample Test. This system, another system based on [3], and 3 human experts (denoted by 

John, Mike, Brand) respectively diagnose about 70 typical cases which are arranged and singled out 

from the recent medical records [15], [16]. Evaluation of performance is shown in Figure 1. It reveals 

that the diagnosis from the system with the highest accurate rate 82%, the lower misdiagnosis ratio 

8% and uncertainty ratio 10%, and it demonstrates an overall diagnosing efficiency better than any 

individual human expert. Whereas, thing is nearly reverse as to the system based on [3]. 

TABLE 1.  STATISTCIS CONTRAST  

No. of Clinic CF 

  

 

Weight matrix  

0 1 1 2 3 2 4 4 

1 0.9 3 3 5 3 3 1 

2 0.8 11 16 4 3 1 3 

3 0.6 15 16 5 3 3 5 

4 0.9 5 8 7 9 7 11 

*5 0 9 7 10 9 6 5 

*6 0 7 4 9 7 9 3 

*7 0 3 5 8 5 5 3 

λ 
 0.6 0.5 0.55 0.75 0.6 0.6 

Result of  6  rules   

CF(D, L) 0.70 0.71 0.75 0.71 0.69 0.53 

 

 

 

FIGURE 1.Evaluation of Diagnosis Performance 

6. Conclusion 

Because of overlooking the associability between the observed factors and prospective ones, and 

without certainty speculation the CF inference mechanism widely used in intelligent Diagnosing 

system often outputs a blank reply or a mistake diagnosis and manifests a low accuracy and efficiency 

on solving diagnosing problem. With focus of it, the paper proposes the concept of Associative-Pivot 

Factor and Certainty Index Speculation algorithm; designs an innovative method to solve computer 

diagnosing problem. At last, after constructing the prototype system of this innovative diagnosing 

algorithm, research group take the swine as the subject of test  and practice ample test experiments. 

Results and analysis from the separate-group  sample test reveals that its diagnosis accuracy ratio 

attain 82% and it possess a better overall diagnosing efficiency than any separate man-expert and the 

native Certainty Factor Diagnosing brought forward by [3]. On the whole, the favorable performance 

demonstrates the proposed scheme would become a promising AI diagnosing method. 
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Abstract. This paper presents a set of the let-off mechanism of carbon fiber multilayer diagonal 

loom, which can accomplish thirty layer fabric weaving. This mechanism can realize multi-layer 

positive warp let-off and negative warp tension control and can meet different fabric structure and 

different types of warp weaving requirements. According to the requirement of the multi-layer 

weaving and the characteristics of carbon fiber, 3 d virtual prototype model of carbon fiber 

multilayer diagonal loom is established by applying the 3 d design software Solidworks and using 

the mechanical analysis software ANSYS analyses the mechanical properties of the key parts in 

different working conditions. Virtual prototype design ensures the rationality and reliability of the 

design of the whole machine. 

Introduction  

In recent years, carbon fiber has become a hot topic. More and more carbon fiber composite 

materials because of its unique and excellent performance, is widely applied in aerospace and other 

fields [1, 2]. 3D woven carbon fiber is the rapid development of a new type of fabric structure and 

is a kind of the whole fiber reinforced skeleton interwoven by the continuous fiber in three-

dimensional space according to certain rule and form [3]. However, carbon fiber multi-layer 

weaving equipment in our country is still in its infancy, in order to adapt to the needs of multi-level 

weaving equipment, this paper puts forward a set of let-off mechanism which is suitable with multi-

layer weaving equipment. 

Through in-depth analysis and studying the loom let off and the characteristics of carbon fiber, 

Using the theory of modern design method of textile machinery carries on the design of the let-off 

mechanism of carbon fiber multilayer diagonal loom based on using mathematical software to 

establish mathematical model of the tension of each layer of road rules of yarn, optimizes and 

chooses the motion of multi-layer warp, studies the key technology of carbon fiber let off, and 

realizes carbon fiber multi-layer weaving process of theoretical innovation. The design of the let-off 

mechanism of carbon fiber multilayer diagonal loom not only can provide the experiment platform 

the study of the theory of the carbon fiber weaving process and contribute to the research and 

development of new carbon fiber fabric, but also can make its directly used in production, liberate 

the workforce, improve the production efficiency and more likely can break the carbon fiber 

weaving equipment and technology blockade of the European and American countries. 

Virtual prototype design in Solidworks 

Let-off mechanism is mainly to achieve that in the weaving process, along with the formation of 

the fabric and away from knitting, weaving shaft releases corresponding length of warp and keep 

the warp tension to ensure the continuous of weaving. In actual production, the let-off amount range 

should be as large as possible in order to meet the needs of many varieties. In order to improve the 

quality of the products, the dynamic response of the let-off mechanism should be faster to timely 

follow the change of the tension and adjust the let-off amount; Warp send amount shall conform to 

the requirements of different weft density of fabric production [4]. 
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Carbon fiber bundle is composed of a number of carbon fiber, the tensile strength is big, but 

because of the carbon fiber can't bear the larger radial friction and the carbon fiber bundle cannot 

twist when weaving, therefore in the process of the yarns running should try to reduce the sliding 

friction between the carbon fiber bundle and mechanisms and the carbon fiber bundle is flat twist 

[5]. 

According to the analysis of let-off mechanism and the performance of carbon fiber, using 

Solidworks combining top-down and bottom-up design method carries on the virtual prototype 

design of the let-off mechanism, it includes three parts, positive let off unit, Negative tension 

control unit and Yarn curl device. Fig. 1 is the virtual prototype model of the let-off mechanism of 

carbon fiber multilayer diagonal loom. 

 

 
Fig. 1 The virtual prototype model of the let-off mechanism of carbon fiber multilayer diagonal 

loom 

Mechanics analysis of key parts of let-off mechanism 

The main shaft of carbon fiber multilayer diagonal loom let off is the key parts for let off tension 

control. According to the requirement of the host to let off par, Let off the rotation of the spindle to 

intermittent, And in order to guarantee the stability of the let-off system and the warp sheet fed yarn 

formation, Let off the largest cantilever part of spindle shape variables should be controlled within 

0.5 mm, Using ANSYS software to the let-off mechanism of different diameter of axle spindle to 

check full load, Can be accurately obtained variable in the shape of the beam under different 

diameter. 

Import the geometric model of the shaft. There are two kinds of methods to establish the 

model of part in ANSYS: (1) direct method, directly in the ANSYS according to the geometric 

shape of mechanical structure creates nodes and elements. Because of complex using of ANASYS 

software modeling, the direct method is applicable to simple mechanical structure system model. (2) 

Indirect method, first by the commonly used 3 d drawing software such as Solidworks and Pro/e 

model, etc. Again through model transformation, the geometric mode is imported to ANSYS. This 

way of operation can simplify the modeling process.  Apply to import structure which is more 

complex mechanical structure system. After established the model geometry, meshing is determined 

by the boundary grid. Each line segment is divided into several elements. After determining the 

number and size of each edge elements, the interior of the ANSYS program can automatically 

generate the mesh. Automatically generate nodes and elements, and at the same time to complete 

the finite element model. The part after importing the ANSYS is shown in Fig. 2. 
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Fig. 2 Spindle parts ANSYS model 

Meshing. Let off the spindle brand of 45 # steel. For material properties, Young's modulus is E = 

2.09 e11 pa, Poisson’s ratio u = 0.269 the density of 7890 kg/m3, According to the structure 

characteristics of the spindle, this model with solid element. The Structural Mess Solid Tet 10 

node187, Using ANSYS grid partition function, various properties of meshing Settings, Grid can be 

divided into: Attribute assignment set, intelligent classification level control, Unit size control, 

Divide the shape set and meshing, Refine the grid control.ANSYS level of smart grid can be 

divided into 10 levels. The 10th level is the rough classification, the default level for level 6. The 

model grid level 6. 

Boundary conditions and the results of analysis. Boundary constraints are an important step in 

the analysis of the finite element model. Through to the misalignment neck shaft parts imported into 

ANSYS is analyzed. Not the shape of the coaxial neck can be obtained under the maximum stress 

strain of the spindle. Fig. 3 is the analysis of the results of the shaft with diameter of 30 mm. Fig. 4 

is the analysis of the results of the shaft with diameter of 40 mm. Fig. 5 is the analysis of the results 

of the shaft with diameter of 50 mm. Fig. 6 is the analysis of the results of the shaft with diameter of 

65 mm. 

 
            Fig. 3 Journal 30 mm analysis results          Fig. 4 Journal 40 mm analysis results 

 

 
            Fig. 5 Journal 50 mm analysis results        Fig. 6 Journal 65 mm analysis results 

 

Analysis conclusions. Through the mechanical analysis of the shaft with different diameters, the 

deformation of the shaft with diameter of 65 mm is the smallest, 0.471mm＜0.5mm. It meets the 

design requirements, therefore, let off unit shaft diameter is 65 mm. 
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Conclusions          

The let-off mechanism of carbon fiber multilayer diagonal loom is designed successfully; it can 

meet the fabric weaving of 30 layers. 

Based on application of the modern design method and CAD/CAE tools, the virtual prototype 

model of the let-off mechanism is established and meets the actual needs of carbon fiber multilayer 

diagonal loom. 
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Abstract. The article mainly introduces the design and application of a small power brushless DC 

motor drive control system circuit, describes the special control function of the gate circuit chip, gives 

a typical application circuit, and explains. 

Introduction 

Brushless DC motor has the characteristics of small size, light weight, high efficiency, low noise 

and high reliability, so it is widely used in projects like radar servo system. Currently, the brushless 

DC motor system control circuit are generally composed of application specific integrated circuit 

(ASIC), FPGA, microprocessors, digital signal processor (DSP) and other form s of components, 

circuits of which are relatively complicated and costly. This paper provides a control circuit which is 

composed of four pieces of ordinary logic gate integrated circuit. With less components, fast logic 

operation, convenient debugging, stable and reliable performance, the composition of the brushless 

DC motor drive control system is greatly simplified, and price ratio increases. Thus, it is suitable for 

applications whose requirements of motor control are not very high. 

1. System composition 

The drive current of brushless DC motor（BLDCM）is hundred-percent alternating, so the 

electronic switch control circuit which provides alternating current is needed. Therefore, the 

application of brushless DC motor is a no closed loop automatic control system composed of 

electronic switch control circuit, brush DC motor, and position sensor, as shown in Figure 1. In the 

structure, brushless DC motor and the position sensor are devices, and the electronic switch control 

circuit is a circuit board. [1] 

 

 

 

 

2. System function 

It is not difficult to see from Figure 1, that the control system is the position sensor and the 

electronic switch control circuit. Position sensor converts the position signal of rotor to electrical 

signal, and then controls the communication of stator windings through the electronic switch control 

circuit. According to the principle of the motor, obviously, the control system constitutes a reversing 

device to ensure the normal operation of the motor, which makes the magnetic field generated by the 

stator winding and the rotor field generated by the rotor magnetic steel always maintain the angle of 

around 90 ° in electrical angle in space. Thus the maximum electromagnetic torque is generated to 

drive the motor to rotate.
 [2]

 

As shown in Figure 2, the electronic switch control circuit composed of a logic gate switch 

control circuit and a power driving circuit achieves two functions of the position signal processing 

and power logic switch. According to the position feedback signal, the logic gate switch control 

DC power supply electronic switch control circuit electric motor 

position sensor 

Figure 1    Block diagram 
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circuit provides commutation driving signals to trigger the power driving tube through a certain logic 

operation, outputs square wave voltage required by the motor stator armature to make the winding 

phase current commutate according to a certain order with the changes of the rotor position, thus 

generating a leaping rotating magnetic field In the stator windings. According to the law of 

electromagnetic induction, energized stator windings will be affected by electromagnetic forces in the 

permanent magnets of the rotor, and drag the rotor to rotate in a certain direction. Since the 

conduction sequence of the power transistor is synchronized with the rotor position, it plays a role of 

mechanical commutator.
 [3 ] [4]

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Position sensor detects the magnetic pole position and speed of the rotor in the brushless DC 

motor. Permanent magnet brushless DC motor is a closed electromechanical integration system. It 

takes the rotor pole position signal as the commutation signal of the electronic switch control circuits 

to accurately detect the rotor position, and switches the power driving device in time according to the 

rotor position, which is the key to the normal operation of the brushless DC motor. 

3. Operating principle 

The three position signal AH1, BH1, CH1 generated by the position sensor are sent to the four 

exclusive NOR (XNOR) gate N1. The waveform of three signals output does not change after 

exclusive NOR with high level, and the signals are sent to six NOT gate N2 and four AND gate N3, 

N4. After reversed by N2, the output signals are sent to N3 and N4. Under the effect of a positive and 

a negative signal output by N1 and N2, N3 and N4 output six logic switch signals of different state, 

and then turn 24V AC into DC via pushing tube T1～T3, T7～T9 and power tube T4～T6,T11～

T12, thus driving the brushless DC motor. The waveforms diagram is shown as Figure 3.
 [5]

 

Obviously, the electronic switch control circuit is essentially a self-control inverter. According 

to the different combination forms, logic gate control circuit outputs upper and lower MOSFETS 

these two groups of three-phase commutation logic signal under the bridge of in the position feedback 

signal, which turns the DC into AC, and outputs the three-phase AC required by the brushless DC 

motor, under the control of six power tubes. The output frequency is controlled by the rotor position 

signal. The frequency of motor input current is always synchronized with the motor speed, and the 

motor and the inverter do not generate vibration and desynchronizing.  

Six power tubes adopt Darlington power amplifier tube, three MJ11015(PNP) and three 

MJ11016(NPN) each. The relationship between conduction sequence of each power tube and rotor 

position two-phase conducted by the three-phase six state brushless DC motor system is shown in 

Table 1, which complies with the principle of motor.
 [6]
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Figure 2  The control circuit diagram 
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The brushless DC motor using J46ZWS001 (J46ZWX01) type permanent magnet synchronous 

brushless DC motor, whose rated voltage is 24V, starting voltage is 2V, rated current is 1.84A,  rated 

torque is 0.05N• m（490mN• m）,and rated speed is 6400r/min(6.24N• m). 

The working voltage of N1, N2, N3 and N4 is 12V, which is provided by the three terminal 

regulator N5. N5 also provides working power for the brushless DC motor’s position sensor, and the 

light emitting diode T13 cascaded in the circuit is used to indicate the position sensor working state. 

 
Figure 3    Waveforms diagram 

Table 1  The relationship between conduction sequence of each power tube and rotor position 

electrical 

degree 
0°~60° 60°~120° 120°~180° 180°~240° 240°~300° 300°~360° 

conductive 

power tube 
T4T11 T6T11 T6T10 T5T10 T5T12 T4T12 

conduction 

phase 
A+B- C+B- C+A- B+A- B+C- A+C- 

instruction 
+ shows that current flows in from head end, and flows out from back end. - shows that current flows in 

from back end, and flows out from head end 

 

The control circuit board uses 24V and 15V two kinds of DC power supply, and can also use 

24V only. Because N5 uses L7812CV three terminal regulator, its input voltage can adopt any value 

in the range from 14.5V to 27V, output voltage is 12V, and output current is 1.5A.
 [7]

 

DIP switch can change the direction of rotation of the brushless DC motor. The principle of 

which is: When DIP switch sets “OFF”, N1 outputs A, B, C three position sensor signal and three 

high level, and the phase of the original A, B, C three position sensing signal do not change after 

XNOR; While when DIP switch sets “ON”, N1 outputs A, B, C three position sensor signal and three 

low level, and outputs the opposite phase of the original A, B, C three position sensing signal after 

XNOR. Through the reversion of N2 and conjunction of N3 and N4, the two states exchange the 

output signal of N3 with that of N4, as shown in Table 2, which makes the current direction of the 

power tube formed in the winding of the motor opposite.
 [8]

 

Table 1  The relationship between the DIP switch position and the logic output 

DIP N1 output N2 output N3 output N4 output 

OFF A,B,C A,  B,  C CB,    BA,  AC BC,   AB,    CA 

ON A,   B,   C A,B,C BC,     AB,    CA CB,   BA,  AC 
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As the system works in one steering over a long period of time, once toggled at the first time the 

system works, the switch never need toggling anymore. If the system is used to frequently change the 

steering, then just use the control signal frequently change its steering to replace the switch. 

 

a：output A phase signal 

(T4-c,T10-c) 

 

b：output B phase signal 

(T5-c,T11-c) 

 

c：output C phase signal 

(T6-c,T12-c) 

 

d：measured output waveform 
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Abstract. This paper is concerns with the study of modeling and control of sludge pyrolysis in a 

fluidized bed reactor. Firstly, a mathematical model is established for sludge pyrolysis in a fluidized 

bed furnace, mass balance and energy equations are established. Then, the model is linearized at the 

steady-state point, two linear models are derived: state space model and transfer function model. The 

transfer function model is used in internal model control (IMC), where the filter parameter is selected 

and discussed. The state space model is applied in model predictive control (MPC), where controller 

parameters of prediction horizon length and control horizon length are discussed. 

Introduction 

Sludge is one of the most important wastes produced by waste water treatment plant. The common 

disposal processes for sludge include landfill, agricultural compost and incineration. However, 

conventional disposal methods have certain limitations, such as landfill volume, toxic metals in soil, 

air pollutants regulation [1]. Pyrolysis is the thermal decomposition of organic substances under 

oxygen lack. Pyrolysis involves a series of complex chemical reactions to decompose organic 

material. Sludge pyrolysis make mainly the products of oils, gases, char. The synthesized oil, char 

and gas can be used as alternative fuels, especially the synthesized oil, which can be reused as diesel 

fuel or industrial chemicals raw [2]. Compared with conventional disposals, sludge pyrolysis has 

lower pollutants and higher efficiency of energy recovery [3].  

1 Mathematical model 

Sludge pyrolysis in fluidized bed reactor. A fluidized bed reactor for sludge pyrolysis is presented 

in fig. 1. The inert gas N2 is injected to guarantee an oxygen lacking environment. Sludge pyrolysis 

produce oil, gas, char and ash. Gas is separated from upper section and can be burned with char to 

supply pyrolysis energy. Sludge pyrolysis is endothermic. A heat input of fluidized bed reactor is 

installed to stabilize the temperature of sludge pyrolysis near 500°C, which is the optimal operation 

point [4]. 

 

Sludge 

Sludge gas 

fluidized bed 
 

Sludge Oil 

Heat 

exchanger 

500°C 

QN2 

Ash 

T=500°C 

Seperator 

Heat 

N2 

 

Fig. 1 Fluidized bed reactor for sludge pyrolysis 
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Nonlinear model. The fluidized bed reactor is supposed to be thermally isolated and perfectly mixed, 

i.e. the entering fuel is instantaneously mixed and uniformly dispersed in the furnace volume. Sand is 

supposed to be chemically inert. Sludge pyrolysis is supposed to be a simple reaction with second 

order. 

Hashoilgascharsludge ∆++++→                                                                                                                  (1) 

where ∆H is the pyrolysis enthalpy, which is positive due to endothermic reaction. The reaction 

rate can be expressed as: 
2kmr =                                                                                                                                               (2) 

where r is the reaction rate, m is the sludge mass in fluidized bed reactor, k is the reaction rate 

constant, which are based on the Arrhenius law: 
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Mass and energy conservations are derived: 
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Control objectives. The control objective is to stabilize the pyrolysis temperature at its optimal value 

of 500°C (773 Kelvin). Disturbances are sludge feed rate (Qb), nitrogen flow rate (QN2) and 

temperature of nitrogen feed (Tin). The heat supply (Hin) is considered as the manipulating variable, 

and pyrolysis temperature (T) is the measured output.  

2 Model linearization 

Most control methods use linear model, which can be calculated by Taylor approximation of 

nonlinear model at steady-state point. The nonlinear model written by equation (4)-(5) can be 

expressed in a generalized form: 
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After linearization, linear state space model is obtained: 
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State space model can be transformed to transfer function: 
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State space model and transfer function model will be used in controller design at following 

sections. 

3 Internal model control 

Internal model control (IMC) is a method that controller design can be acquired directly from 

mathematical model. IMC configuration is presented in fig. 2. IMC is constituted by controller and 

filter. Controller can be designed directly as an inverse form of process model; filter is normally one 

low-pass filter, which can attenuates mismatch of real process and mathematical model [5]. The IMC 

controller is written as follows: 

( ) ( ) ( )sfsGsG pc

1ˆ −=                                                                                                                                (10) 

Filter is normally designed as a low-pass filter of first order: 
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where λ is the only parameter tuned in IMC design, the value of λ decides the performance of 

controlled system. 

 

Fig. 2 IMC configuration 

 

The simulation result of IMC controller is presented in fig.3. Results of three different values of 

filter parameter are compared. When λ increases, performance of controlled system becomes slower, 

in contrast, the system becomes more robust. 
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Fig. 3 Simulation results of IMC for different filter parameters (λ=20, 50, 100) 

4 Model predictive control 

Model predictive control uses a model to predict the model output in a finite horizon, the error 

between model output and desired value can be minimised by optimization method [6]. The 

optimization critere is normally expressed as:  
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The prediction horizon length is P, the control horizon length is M. Q and R are seperately the 

weights of outputs errors and control variables. At every step, MPC calculates the optimal sequence 

of control variable, which satifies the constraints: 
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where the model is state space model of equation (4)-(5). Constraints can be expressed as: 
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Output feedback is normally applied to correct the error between model output and measured 

values: 
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In the MPC design, prediction horizon length is P=5, control horizon length is M=1, the weighs are 

Q=1, R=0.1.  
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Fig. 4 presents the MPC results of tracking reference point for different prediction horizon length P. 

After 80s, the reference point is increased by 20, two different prediction horizon lengths are 

compared: P=1 and P=5. As P=5, the controlled system is more robust and the change of manipulated 

variable u is more realistic.  

Fig. 5 presents the MPC results of tracking reference point for different control horizon length 

(M=1 and 3). The figure reveals that increasing control horizon length can accelerate the controlled 

system, but more M aggravates calculating burdens. Therefore, M is normally equal to 1 or 2. 
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Fig. 4 Simulation results of MPC tracking the reference point at different P (P=1 and 5, M=1) 
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Fig. 5 Simulation results of MPC tracking the reference point at different M (M=1 and 3, P=5) 

5 Conclusions 

This paper proposes a nonlinear model of sludge pyrolysis in a fluidized bed reactor. The nonlinear 

model is linearized at steady-state point to obtain tranfer function model and state space model. 

Transfer function model is used in IMC design, where the filter parameter selection is dicussed. State 

space model is used in MPC design, the parameters of prediction horizon lenght and control horizon 

length are discussed.  
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Abstract. This paper is concerns with the study of model predictive control of a circulating fluidized 

bed coal combustor. A nonlinear mechanical model is proposed based on a pilot plant and 

representative of the main combustion phenomena. The nonlinear model is linearized at the 

steady-state point, linear state-space model is obtained. Model predictive control (MPC) strategy is 

applied using linear model. Simulation results are presented and discussed. 

Introduction 

Starting in the 1980th the circulating fluidized bed technology has been widely used industrially 

for coal or waste materials combustion and biomass gasification. Due to the high complexity of the 

hydrodynamic behavior and chemical reactions schemes, the dynamical behavior of the circulating 

fluidized bed combustion is not well known. Conventional control strategies are difficult to deal with 

such process systems [1]. Model predictive control (MPC) is considered as one of the most attractive 

methods in process control, due to its inherent capability of treating multi-inputs multi-outputs 

systems with various kinds of constraints [2-4]. In this paper, a general approach is proposed for MPC 

design. 

1 Mathematical modeling 

Circulating fluidized bed Combustor. Fluidization operation consists in maintaining in suspension 

of homogeneous particles by a gaseous fluid with a fast velocity. In the circulating fluidized bed, 

which principle is presented in fig. 1, the gas is distributed through a distributor from the bottom of 

the furnace. The injected air flow rate is sufficiently rapid to carry away solid particles to the top of 

the furnace and assure the perfect mixing with particles and also a uniform furnace temperature. The 

particles movement is realized by gas bubbles surrounding the particles. The particles are almost 

constituted of sand, which stabilize the process temperature by inducing thermal inertia.  
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Fig. 1 Circulating Fluidized bed combustor pilot [5] 

In the post-combustion area, gas reactions continue, and the introduction of a secondary air 

accelerates the moving up particles and gives more oxygen to guarantee the complete combustion of 

fuel. A cyclone separates the particles that are recycled to the bed, from the flue gas, which is getting 

out of the plant. Ash is removed from the distributor.  
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CFBC model. The circulating fluidized bed is supposed to be thermally isolated and perfectly mixed, 

i.e. the entering fuel is instantaneously mixed and uniformly dispersed in the furnace volume. 

Decomposition of coal in gaseous and particles elements by the process of devolatilization or 

pyrolysis is not taken into account in the model. Sand is supposed to be chemically inert. Coal 

particles are recycled by the cyclone with an efficiency factor θ. 

The combustion reaction is: 

heatCOOC +→+ 22
                                                                                                                         (1) 

Oxygen is supposed to be sufficient so that the reaction is complete; otherwise carbon monoxide 

may be produced.  

Based on these assumptions, three mass balances and two energy balances can be established. 
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The reaction rate of the combustion, noted rC is based on the Arrhenius law and can be expressed 

as: 

2OCC mmkr =  and )exp(0

C

a

RT

E
kk −=                                                                                                   (4) 

The coal is recycled by a cyclone with an efficiency factor θ. The air flow rate and the coal feed 

rate entering in the cyclone are reconstructed as follows: 
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Control objectives. The control objective is to stabilize the furnace temperature at its optimal value 

of 850°C (1123 Kelvin). Disturbances are coal feed rate variations (Qe), Temperature of coal feed (Te) 

and temperature of air feed (Ta). The air flow rate (Qa0
v
) is considered as the manipulating variable, 

and gas temperature (Tg) is the measured output.  

2 Model linearization 

Due to mature and reliable linear theory, most control method is linear control, which is based on 

linear models. Nonlinear model can be linearized to obtain linear model, the most popular way is 

linearization at the steady-state point by Taylor approximation.  

Suppose that the nonlinear model can be written as follows: 
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where x is system variables of n dimensions, u is input variables of p dimensions, y is output 

variables of m dimensions. 

The objective of linearization at the steady-state point is to derive a linear model with such a form: 
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Matrices of A, B, C, D can be calculated by equations as follows: 
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where 0

'

0

'

0

' ,, yyyuuuxxx −=−=−= , which indicate that the variables of linear model are 

deviations from steady-state point, x0, u0 and y0 are steady-state point of nonlinear model. 

Based on the equation (9), the nonlinear model (2)-(6) can be linearized to obtain a linear 

state-space model, which will be used in MPC design. 

3 Model predictive control 

Model predictive control uses a model (such as step response model, transfer function, state space 

model, ARX) to predict the model output in finite horizon in future, the error between model output 

and desired value can be minimized by optimization method. The optimization criterion is normally 

expressed as:  
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where ( )kiky +ˆ , ( )kikr + , ( )kiku +∆ are values of model output, reference point and control variable 

variation at k+i time, calculated by k time. The prediction horizon length is P, the control horizon 

length is M. Q and R are separately the weights of outputs errors and control variables. At every step, 

MPC calculates the optimal sequence of control variable, which satisfies constraints: 
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where the model is state space model. Constraints can be expressed as: 
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Output feedback is normally applied to correct the error between model output and measured 

values: 
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In the MPC design, prediction horizon length is P=5, control horizon length is M=1, the weighs are 

Q=1, R=0.1. The constraints are defines as follows: 
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Fig. 2 presents the MPC results of tracking reference point for different prediction horizon length P. 

After 0.2 hour, the reference point is increased by 20, two different prediction horizon lengths are 

compared: P=1 and P=5. As P=5, the controlled system is more robust and the change of manipulated 

variable u is more realistic.  

Fig. 3 presents the MPC results of tracking reference point for different control horizon length 

(M=1 and 3). The figure reveals that increasing control horizon length can accelerate the controlled 

system, but more M aggravates calculating burdens. Therefore, M is normally equal to 1 or 2. 
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Fig. 2 Simulation results of MPC tracking the reference point at different P (P=1 and 5, M=1) 
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Fig. 3 Simulation results of MPC tracking the reference point at different M (P=5, M=1 and 3) 

Conclusions 

This paper proposes a nonlinear mechanical model of circulating fluidized bed combustor. The 

nonlinear model is linearized at steady-state point to obtain linear state space model, which is used in 

MPC design. The MPC with SS model and various constraints is applied and simulated in Matlab 

environment. The selection of prediction horizon length P and control horizon length M are 

discussed. 
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Abstract. A control framework to limit aircraft Euler angles (pitch/rolling) under adverse side stick 

command adding is introduced. Attitude envelope of the aircraft pitch/rolling angle is discussed 

based on geometrical position of the aircraft relative to the ground. Control law of is established by 

using linearized predictive control strategy. The simulation test presents the performance of attitude 

protection restricting the Euler angles within the required envelop at 1,000m. Based on the test 

work discussed herein, the control work proposed in this paper is believed to be applicable. 

 

 

Introduction 

 

An unintentional touch of stick input might unpredictably alter the flight attitude of the aircraft, 

which would cause the airplane to be Loss-of-Control (LoC). LoC has been the number one 

contributing factor to fatal airline accidents, and has resulted in more fatalities than any other 

factor during the past ten years [1-3]. On March 31st 2012, a JAL Japan Airlines Boeing 777-200, 

registration JA701J performing flight JL-82 from Shanghai to Tokyo with 296 passengers and 12 

crew, was on approach to Haneda Airport at 16:10L when in the flare the aircraft caught a 

gust prompting the crew to go-around, the tail however contacted the runway surface leaving 

tracks of about 7 meters/23 feet length and about 50cm/1.6 feet width on the runway
1
.On July 6th 

2013, an Asiana Boeing 777-200, registration HL7742 performing flight OZ-214 from Seoul to San 

Francisco with 291 passengers and 16 crew, touched down short of runway 28L impacting the edge 

separating the runway from the San Francisco Bay 115 meters ahead of the runway threshold while 

landing on San Francisco's runway 28L at 11:27L, the tail plane, gear and engines separated. Three 

people are confirmed killed in the accident, 10 people are in critical condition
2
. 

All these accidents were related to the unexpected flight attitude in ground-proximity flight stage. 

As for civil aircrafts typically, they have long fuselage and wide wing span. A tiny change of the 

Euler angle of the aircraft will cause an obvious shift of the wingtips and other components. While 

in low altitude flight situations, these components are prone to interfere with the runway, which is 

unexpected and dangerous. Therefore, we decided to design an attitude protection control system to 

protect the aircraft from impact accidents, and guard the aircraft to land safely. 

Control systems designed to protect aircrafts have been studied and employed for decades. With 

the rapid development of the active control technology, the stall/load-factor protection system has 

been applied in civil aircraft popularly. For instance, typical airliners like A320 series, B777 series 

are all equipped with mature protection system, which escorts the aircraft to fly safely. The design 

of AOA boundary limiter went through the stages from hard limit to soft limit. Early editions of F-

8C plane adopted hard limit mode, then survival control system of F-4 equipped the single-stage 

polyline soft limit mode, and the AOA limiter of F-16 used two-stage polyline restriction scheme 

[6-9]. Whereas researches specific to attitude protection control were rarely published. We 
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thought the attitude protection shared many similar ideas with the AOA boundary limiter, but the 

slight modification may solve a thorny problem. The restriction of Euler angles can prevent the 

aircraft from interfering with the runway so as to protect the aircraft and passengers’ life. 

Based on the development of modern FBW control system [4,5], the side sticks control has been 

used broadly in civil aircrafts and is preferred by airplane manufactures like Airbus and COMAC 

China. The side sticks control has significant advantages like saving the valuable space in the 

cockpit and providing broader visual span for the pilots. Whereas there might be some innate 

drawback of side sticks. Generally, they do not provide direct feedback of the stick force, and the 

stick on each side works independently without mechanical interconnection. This might bring a 

challenge for the pilot to either perceive the real-time aircraft state, or the manual control status of 

other pilot, and a command signal-overlapping could happen. In adverse cases an abrupt change of 

the aircraft state would be encountered, as the command signals are literally being added from both 

pilots. Given such analysis, the adoption of side-stick control could worsen the already-problematic 

ground-proximity situation, and in this paper we try to address this issue. In our study, two 

approaches are included to address the side sticks command-overlapping problem. Prior to adoption 

of the two pilots’ command signals, an adding logics is included to wash out unnecessary signals—

an “unintentional touch” on the stick, for instance; also after the command signal is synthesized, 

inline control laws could be employed, so as to limit the aircraft state change within a reasonable 

threshold. 
 

 

Attitude Envelope 
 

Flight envelope is defined as a group of lines consist of flight points insuring the aircraft against 

dangerous situations. The flight control system may warn the pilots when the aircraft is 

approaching the threshold of the angle of attack, velocity, or flight height, etc. according to the 

envelope. In our study, a concept of the aircraft “attitude envelope” is adopted. Analogously, an 

“attitude envelope” imposes a restriction on pitch/rolling angle at each current flight altitude, which 

prevents the airframe from interfering with the runway. 

The envelope for ground-proximity flight stage was elaborately designed. We believed that a 

reasonable attitude envelope should not only protect the objective aircraft from scratching with the 

runway but also reserve the maneuverability of the aircraft as far as possible. If we set the 

envelope only taking the tail and wingtips into account, other components would possibly hit the 

runway. On the other hand, if the constraint was too tight in order to avoid the impact, the aircraft 

will lose its maneuverability, which could lead to worse crash accidents for the aircraft cannot 

adequately turn off to evade the barrier. As a result, we must give consideration to both requirements 

when designing the attitude envelope. 

 

To prevent the objective aircraft from interfering with the runway, h*   should greater than zero 

( h* here is an 11-dimensional vector). Though we can obtain the scope of the safe Euler angles 

directly by solving the multi-dimensional inequalities, it is too cumbersome to implement the 

calculation. To simplify the problem, we reversed the known and unknown conditions. We 

calculated the attention points’ height at each Euler angle at the selected flight altitude (by Eq. (2)). 

Then, we marked and picked out the numerical value of the Euler angle when the height of the 

lowest point equaled to zero. The picked out Euler angle value composed the scope of the safe Euler 

angles at the current altitude, namely, the rudiment of the attitude envelope. 
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