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Abstract
Both collecting data and constructing of a diesel engine’s specific fuel consumption model by two-stage modeling
approach is investigated in this study. The cam angle is swept from minimum to maximum for different engine speed
and torque values and, the specific fuel consumption at these points are measured at an engine test bench in a workshop.
The different specific fuel consumption models are created by using the collected data and, the best model among these
models is chosen by the help of statistical parameters
Keywords: Engine mapping, Two-stage modelling, Specific fuel consumption
1. Introduction
Engine mapping is the modeling engine behaviors as a function of engine’s adjustable parameters. The main objective
of engine mapping is optimizing engine parameters due to desired restrictions, which is called model-based calibration.
The benefits of the calibration methodologies utilising a model based approach both enable the calibration engineer to
visually evaluate the parameter interactions in a multidimensional space and also give the ability to evaluate the
drive/emissions compromise with no additional testing (Guerrier M., Cawsey P. 2004).
The objective of this study is describing experimental approach for two-stage engine mapping and constructing the
specific fuel consumption model of a diesel engine. The two-stage modelling method is supported in model-based
calibration toolbox by MATLAB.
2. Two-Stage Modelling
The way of collecting data for the two-stage modelling is to fix engine speed, and torque within each test and sweep
cam angle from minimum to maximum value. This type of data collection has two sources of variation. The first source
of variation is within each cam angle sweep, when the engine speed and torque are held constant, and it is called local.
The second source of variation is between the cam angle sweeps when the engine speed, and torque change, and this is
called global. The specification of the diesel engine used for this study is shown in Table-1
Two-stage modelling estimates the local and global responses separately by fitting local and global models in two
stages. A local model is fitted to each cam angle sweep independently, and the results of these local models are used to
fit global model across all the global variables. Once the global model has been estimated, it can be used to estimate the
local models' parameters for any engine speed, and torque values (Model Browser User’s Guide).
The least square method is used to estimate the coefficients of both local and global models. This method chooses the
coefficients of the models so that the sum of squares of the errors is minimized (Kazan R, Taymaz I, Gokce M).
3. Experimental Study
The data used in this study is collected at a test bench in a workshop. The engine test bench and the screen of control
console are shown in Fig-1 and Fig-2 respectively
3
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The different values for both engine speed and torque are adjusted manually by the help of the control console, and the
cam angle is adjusted mechanically by using the marks on the flywheel of the engine as shown in Fig-3.
After each cam angle changes, the fuel pump’s injection time must be also adjusted. This adjustment is done also
mechanically as shown in Fig-4.
The different combinations of engine speed and torque are tried for each cam angle sweeps, and the specific fuel
consumption is measured for each measurement point. The measurement set up is shown in Table-2.
4. Modelling the Engine
After the data is collected, the data is transformed in to excel format to be used in the toolbox. The algorithm used in
two-stage modeling approach is shown in Fig-5.
The global inputs are engine speed and torque whereas local input is cam angle, which is swept from maximum to
minimum values, and the response is the specific fuel consumption.
There are different types of functions for both local and global model that can be chosen by the engineer. Once the local
model type is chosen, the curve is fitted for each cam sweep as shown in Fig-6.
The dark points are the measured specific fuel consumption for the cam angles, and the curve is the fitted curve for
quadratic function.
The model definition is given for each local model, which is given below for test no:7;

spefuelcon= 897.737 + 2.793× C − 51.388× C 2

(1)

where,

spefuelcon : specific fuel consumption
C : cam angle.
The local model definition is evaluated for each cam sweep, which is 90 for this study. This is the first step of two-stage
modeling. Afterwards, the global coefficient of the model is evaluated by using the coefficients of each model, which is
the second step of two-stage modeling.
At the end of modeling, the equation for specific fuel consumption is evaluated as shown below;

spefuelcon = a1 + a 2 × C + a3 × C 2

(2)

where a1, a 2, and a3 are calculated in terms of engine speed and torque. In other terms, first a1, a 2, and a3
shall be calculated for any engine speed and torque, then the specific fuel consumption can be evaluated for any cam
angle by using Eq. (2).
The more detailed explanation of two-stage engine mapping for CO emission response is presented in Ref (Tabak S,
2007) which is very similar to specific fuel consumption model.
The different model types are tried for specific fuel consumption response and the best model among these models is
chosen by using the statistic parameters given by the toolbox, which are root mean squared error (RMSE) and predicted
sum of squares (PRESS) RMSE.
RMSE indicates how well the curve is fitted to the measurement points, whereas PRESSS RMSE shows how well the
model evaluates the measurement model if it is included during the measurement.
The calculated statistical parameters for different models are shown in Table-3.
The best model is chosen as model “D” in Table-3, because it has the lowest RMSE and PRESS RMSE values.
The 3-D view of the best chosen model is displayed in Fig-7.
5. Results and Discussions
The most benefit of two-stage modelling is the ability to choose different function types for local and global models,
which decreases the model’s RMSE value, whereas one function type can be chosen during current one-stage
modelling.
The outliers are displayed during modelling, and the engineer can remove these outliers during modelling to improve
the models (Kozan R., Gokce M. 2009). However this must be done very carefully, because the removed data can be
very specific character of the engine.
Two-stage engine mapping is the first step of model-based calibration. Since the model is created, this model can be
used in CAGE browser of the toolbox to optimize the cam angles for desired objectives.
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Table 1. The specification of the diesel engine
Cylinder Number

10

Cylinder Inner Diameter

165 mm

Stroke

175 mm

Compression Ratio

1:18 – 1:19.5

Maximum Power

2200 rpm, 610 KW (830 HP)

Maximum Engine Speed

2400 rpm without load

Table 2. The measurement set up
Cam
Angle
(o)

Torque

Speed

(Nm)

(rpm)

-10,

200

850, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400, 2480

-8,

400

850, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400, 2480

-6,

600

850, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400, 2480

-4,

800

850, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400, 2480

-2,

1000

850, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400, 2480

2,

1200

850, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400, 2480

4,

1400

850, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400, 2480

6,

1600

850, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400, 2480

8,

1800

850, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400, 2480

2000

850, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400, 2480

10

Table 3. The statistics of the investigated models
Model

Local

Global

Local

Two-stage

PRESS

Model

Model

RMSE

RMSE

RMSE

A

Quadratic

Quadratic

29.99

66.11

72.78

B

Cubic

Quadratic

29.99

49.26

55.28

C

Cubic

Cubic

31.23

42.20

48.37

D

Cubic

Poly_4

31.23

34.65

39.84
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Figure 1.The engine test bench [4]

Figure 2. The screen of control console [4]
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Figure 3.The cam angle degree marks on flywheel [4]

Figure 4. The mechanical adjustment of fuel pump [4]
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Figure 5. The algorithm for two-stage modelling

Figure 6. The fitted local quadratic function for test no:7
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Figure 7. The response surface of the best-chosen model
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Abstract
The Wehrl’s entropy of the Schrödinger-cat states has been calculated numerically in this paper. In particular, we show
the dependence of the Wehrl’s entropy on the two parameters of the Schrödinger-cat states, which act as, respectively,
the photon number parameter α and the phase difference φ . The Wehrl’s entropy has been found to be in the range
1 ≤ W < 1.7 , and its changes with respect to α ,φ are not homogenized. Furthermore, we obtain both the dependence
of the Wehrl’s entropy on the average photon number and the relation between the Wehrl’s entropy and the statistical
entropy.
Keywords: Wehrl’s entropy, Schrödinger-cat states, Statistical entropy
1. Introduction
Entropy is a crucial concept in the thermodynamics, statistical mechanics and information theory. Its sovereign role
regarding the behavior of macroscopic systems was recognized about one century ago by Clausius, Kelvin, Maxwell,
Boltzmann and many others. Traditionally, entropy is derived from thermodynamically phenomenological consideration
based upon the second law of thermodynamics. Entropy relates macroscopic and microscopic aspects of nature and
determines the behavior of macroscopic systems.
In quantum statistical mechanics entropy is defined by von Neumann in terms of the density operator as (E.T.Jaynes
R.D.Levine and M.Tribus, 1978).
S = −Tr ρlnρ

(1.1)

where ρ is density operator.
However, the quantum entropy has the problem that it gives the zero value for all pure states, whether or not they are
classical or non-classical. Wehrl introduced a new definition of entropy for radiation filed in terms of coherent states by
(A Wehrl, 1979)

W =−

1

π

∫ Q(β ) ln Q(β )d

2

β

(1.2 a)

where

Q( β ) = β ρ β
10

(1.2 b)
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are the diagonal elements of the density operator in coherent states β , subject to the constraint

∫ Q(β )d

2

β =π

(1.2 c)

We recognized that Q(β ) is exactly the distribution function corresponding to the antinormally ordering of operators,
and it is called the Q representation. The Wehrl entropy has bellow characteristics:
(1) The Q representation is always non-negative.
(2) Q(β ) is a bounded function lying within unit. Thus
0 ≤ Q(β ) ≤ 1 .

Q( β ) serves as a standard distribution function since

(3) As a c-number form, it is calculated much more easily than the quantum entropy.
The different pure states may be distinguished in terms of the Wehrl entropy. It takes its minimum value W = 1
coherent states. This may be used as a reference to measure the degree of squeezed states (C.T.Lee, 1988).

for

Qrlowski (Arkadiusz Orlowski, 1993) discussed the Wehrl’s entropy of the two-photon coherent states (squeezed states),
photon-number states, ideal laser light, chaotic (thermal) radiation, and displaced photon-number states. They are fond
to displace the same shape respect to the average photon number N . Then Qrlowski pointed out that the Wehrl’s
entropy can be considered as a good measure of the strength of the coherent component and there is a possibility of
using the Wehrl’s entropy as a reasonable classification of quantum states.
The difficulty with the quantum entropy and the Wehrl’s entropy lies in the fact that they remain immeasurable at
present. Actually, neither eigenvalues of a density operator or its Q representation have yet been found to be measurable
by present quantum optical technique, although some possible methods have proposed (L.Knoll and A.Orlowski, 1995).
However, the statistical entropy (Qiao, Gu, 2003) can be measured by means of the photon counting data.
A question may be put as follows: whether Wehrl’s entropy of Schrödinger-cat states displace the same shape respect to
the average photon number N as (Arkadiusz Orlowski, 1993)?whether statistical entropy of the Schrödinger-cat states
can replace the Wehrl’s entropy to describe the coherence of such states (Qiao, Gu, 2003)? To answer these questions,
there are three main works in the present paper.
Firstly, we calculate the Wehrl’s entropy of the Schrödinger-cat states.
Secondly, we discuss the dependence of the Wehrl’s entropy of the Schrödinger-cat states on the average photon
number.
Thirdly, we discuss the relation of the Wehrl’s entropy and the statistical entropy.
2. The Wehrl’s Entropy of the Schrödinger-cat states

2.1 Calculation of the Wehrl’s Entropy of the Schrödinger-cat states
The Schrödinger-cat states have the explicit definition: it is a quantum superposition of two macroscopically
distinguishable states. The Schrödinger cat states can be formulated in different ways [6]. One of them is expressed by

1

αc =
where α 1

and

α2

A

[ α1 + α 2 ]

(2.1 a)

are coherent states, which have the same amplitude α but different phases, that is

α 1 = α e iφ

1

,

α 2 = α e iφ

(2.1 b)

2

The normalization constant A is determined by α c α c = 1
For simplicity, we take φ1 = 0 and

φ2 = φ , so φ

acts as a phase difference

We can get that
2

2

2

A = 2 + 2 exp(− α + α cosφ ) cos( α sin φ )

(2.2)

Now we calculate the Wehrl’s entropy for density operator

ρ = αc αc

(2.3)

For this purpose, we first write the distribution function in terms of α = r exp(iθ ) .
From (1.2), a straightforward and strenuous calculation gives
11
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W =−
Q (α ) =

1

π

∫ Q(α ) ln Q(α )d α
2

(2.4)

1
( B + C + D );
A

where
B = exp(− r 2 − α 2 + 2rα cosθ )
C = 2 exp( E ) cos(rαF )
D = exp(−r 2 − α 2 + 2rα cos(θ − φ ))
E = −r 2 − α 2 + rα cosθ + rα cos(θ − φ )
F = sin(θ − φ ) − sin θ

From (2.4), we know that the Wehrl’ entropy depends on the parameters α and φ .In the present case, the Wehrl’
entropy cannot be calculate analytically, but it can be evaluated numerically.
2.2 Discussing the results
From Fig.1to Fig.5, we can get many information concerning the Wehrl’s entropy of the Schrödinger-cat states.
(1) The values of the Wehrl’s entropy of the Schrödinger-cat states have a limit: 1 ≤ W < 1.7 .
(2) The wehrl’s entropy with respect to α and φ have different characters.
3. Dependence of the Wehrl’s Entropy on the Average Photon Number

The average photon number is given generally by
N = a + a = tr( ρa + a )

(3.1)

Substituting the (2.3) into (3.1) and calculating the (3.1) we get :
N=

2
2
1
2
2 α [1 + exp( − α + α cos φ ) cos Δ )]
A

(3.2)

where
2

Δ = cos(φ + α sin φ )
On the basis of (3.2), we can calculate numerically the Wehrl’s entropy as a function of the average photon number, and
the result is shown in Fig.6.
From Fig.5, one can see that the shape of wehrl’entropy with respect to N is similar to that in Ref. (Arkadiusz Orlowski,
1993).
4. The Statistical Entropy and The Wehrl’s Entropy

We know that Wehrl entropy remains immeasurable at present. However, we can discuss the relation between the
statistical entropy and Wehrl’s entropy.
Some researchers (V.Perinova,J.Krepelka and J.Perina, 1986) have proposed to use the entropy
∞

G = −∑ p(n) ln p(n)

(4.1)

n=0

as an alternative measurement of entropy for the radiation field on account of the measurability of photon number
distribution
p ( n) = n ρ n .

(4.2)

Calculating p ( n) of the cat states defined by (2.1), we get that:
2

1 exp(− α ) α
p ( n) =
n!
A

2n

(2 + 2 cos nφ )

(4.3)

Substituting (4.3) into (4.1), we can get the statistical entropy of the cat states. The numerical result is shown in Fig7.
We can distinctly conclude that wehrl’s entropy and the statistical entropy is the one-to-one corresponding relation. So
cat states can be can described by statistical entropy as wehrl’ entropy do.
12
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5. Brief summary

We get the dependence of Wehrl’s entropy of cat states on two parameters α ,φ . Wehrl’s entropy has a limit ( 1 ≤ W < 1.7 )
and the density of Wehrl’s entropy respect to α ,φ are not homogenized.

The Wehrl’s entropy can classify cat states. Both the average photon number and the statistical entropy are one to one
relation to Wehrl’s entropy, so Wehrl’ entropy can replace to both the average photon number and the statistical entropy
to describe the cat states.
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Figure 1. Wehrl’s entropy with respect to α , where φ = π .

Figure 2. Wehrl’s entropy with respect to φ , where α = 1 .
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Figure 3. Wehrl’s entropy with respect to φ ,where α = 3 .

Figure 4. wehrl’s entropy respect to φ , where α = 5 .

Figure 5. Wehrl’s entropy respect to φ , where α = 7 .

Figure 6. Wehrl’s entropy with respect to N.
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Figure 7. The relation between the Wehrl’s entropy and the statistical entropy.
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Abstract

Forward Scattering Radar (FSR) is a special type of Radar. The interest in FSR is rises after its capability in target
classification is validated. Unfortunately, the speed of the target still not been solved. Thus, this paper proposed a
method to estimate speed FSR system. The theory of FSR systems is briefly described together with practical
experiments to evaluate the feasibility of such a system in real-life scenarios. All data are collected from the practical
experimentation by using typical ground vehicle as target (e.g. car, lorry). In the proposed system, Standard Deviation
for each raw radar signal is calculated. This Standard Deviation information is exploited to estimate the speed of a
target. This method shows a good result in estimating the vehicle speed crossing FSR baseline. By analyzing 850
experimentally obtained car signatures, the performance of the system is evaluated and the effectiveness of the system
is confirmed.
Keywords: Forward scattering radar, Standard Deviation method and speed estimation
1. Introduction

There are different types of radar systems based on the transmitter-receiver topology as shown in Figure 1. Forward
scattering radar (FSR) is a special mode of bistatic radar that can be used for target detection and classification. FSR
offer a number of interesting features such as: relatively simple hardware (Gould, D.M., Orton, R.S., Pollard, R.J.E.,
2002)( Willis N. J., 1995); an enhanced target radar cross section (compared to traditional radar)(Chernyak, 1998); a
long coherent interval of the receiving signal; robustness to stealth technology and possible operation using
non-cooperative transmitters. Recent research has shown its capability in target classification (M. Cherniakov, R.S.A.R.
Abdullah, P. Jancˇovicˇ, M. Salous and V. Chapursky, 2006)( Abdullah R., Cherniakov M., Jancovic P. 2004)( M
Cherniakov, Salous, Kostylev and RSA Abdullah. 2005)( M Cherniakov, V.V Chapurskiy, RSA Raja Abdullah,
P.Jancovic, M. Salous. 2004)( RSA Raja Abdullah, M Cherniakov, 2003). Although FSR has an advantage compared to
the traditional radar, but it also has number of known drawbacks, such as the absence of range resolution and narrow
operational area, etc.
In references (M. Cherniakov, R.S.A.R. Abdullah, P. Jancˇovicˇ, M. Salous and V. Chapursky, 2006) which describe
the automatic target detection using FSR, the speed is estimated by analyzing the information from the video camera.
Thus, this paper is filling the gap towards the current research in FSR by estimating the speed of a target. The
information from the Standard deviation of a raw radar signal is analyzed to predict the speed of a target crossing the
FSR baseline. It is shown that using these techniques the speed can be effectively estimated. This paper is dedicated to
the experimental study of the feasibility of FSR and its’ application for target (ground vehicle) speed estimation. It
introduces the radar system itself, fundamental theoretical analysis, and the targets speed in relation to Doppler
frequency. By using FSR for detection and classification of ground targets together with the low cost system, it could
find various applications in civil, defense, medical and security systems.
16
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2. Forward Scattering Radar basics

Before the speed estimation procedure is described in detail, this section summarizes the basic technical of FSR in terms
of signal scattered and power budget. More detail about this subject can be found in (M. Cherniakov, R.S.A.R.
Abdullah, P. Jancˇovicˇ, M. Salous and V. Chapursky, 2006) for FSR theoretical background and in (Sizov, V;
Cherniakov, M.; Antoniou, M, 2007) for power budget analysis. References(M. Cherniakov, R.S.A.R. Abdullah, P.
Jancˇovicˇ, M. Salous and V. Chapursky, 2006)( Abdullah R., Cherniakov M., Jancovic P. 2004)( M Cherniakov,
Salous, Kostylev and RSA Abdullah. 2005)( M Cherniakov, V.V Chapurskiy, RSA Raja Abdullah, P.Jancovic, M.
Salous. 2004)( RSA Raja Abdullah, M Cherniakov, 2003). (Blackman, A.B., Ryndyk, A.G., and Sidorov, S.B.
2000)( Chapurskiy V.V, Sablin V.N. 2000) have elaborate on the basic FSR system and it is shown again in Figure 2. It
is comprises of a transmitter, Tx with fc central frequency with an appropriate wavelength, λ and a receiver, Rx
separated by a distance, b from the transmitter. The target is assumed to be moving along a trajectory that crosses the
baseline with speed, V and has zero elevation as the system operates in a ground plane. For a moving target, the
received signal experiences Doppler shift, f dbr and can be evaluated as (M. Cherniakov, R.S.A.R. Abdullah, P.
Jancˇovicˇ, M. Salous and V. Chapursky, 2006):
f dbr = 2V

1

λ

cos δ cos( β / 2)

(1)

where β is the bistatic angle.
The maximum Doppler shift occurs for the target trajectory normal (perpendicular) to the baseline. Even in this case,
f
the absolute value of dbr is essentially less than its maximal rate fdmax = 2V/λ corresponding to a monostatic radar.
The information from the scattered Doppler frequency is used in further processing for target classification from the
assumption that a unique target possesses a unique Doppler signature in frequency domain (M. Cherniakov, R.S.A.R.
Abdullah, P. Jancˇovicˇ, M. Salous and V. Chapursky, 2006). The Doppler shift depends mainly on the target velocity
vector components and the carrier frequency. The general equation that describes the received waveform, that is, target
signature from the moving sample target with a rectangular shape is described in (RSA Raja Abdullah, M Cherniakov,
2003).
It is expected that the boundary for FSR is around β ~ 170o. At the time when the bistatic angle β approaches to 180o,
the target blocks part of the transmitted signal, which leads to a reduction of the received signal power. In this case, the
target acts as an aperture antenna with a maximum gain as (RSA Raja Abdullah, M Cherniakov, 2003):
G =

4π A

λ

2

(2)

where the signal wavelength, λ is assumed to be small compared to the target’s dimensions, and A is the target shadow
silhouette area projection on the transmitter-target line. When β = 180o, the level of received signal reaches its
maximum and the target can be characterized by a forward scattering cross-section (FSCS), σb, which also depends
upon the target shadow silhouette area A (RSA Raja Abdullah, M Cherniakov, 2003):
σb =

4π A 2

λ2

(3)
The increase in FSCS inherently contributes to the total received signal in the power budget equation (RSA Raja
Abdullah, M Cherniakov, 2003).
The reason why the speed information is silence to FSR is illustrated in the Figure 3. Let assume that the transmit time
for the two positions of target be To = 0 sec. The received signal scattered by the target arrive at the receiver at the same
time regardless of the target position on the FRS baseline, hence the range resolution which is critical parameter to
measure speed does not exist in the received signal.
3. Vehicle data collection and speed estimation

An experiment to collect data using real vehicles was carried out on a public road using the setup shown in Figure 4 (M
Cherniakov, V.V Chapurskiy, RSA Raja Abdullah, P.Jancovic, M. Salous. 2004). During this experiment, signals from
a random stream of vehicles, as well as a number of test vehicles were collected and recorded. A video recorded the
vehicles passing through the beam and allowed the speed with which the vehicles passed through the beam to be
calculated. Figure 4 also shows the positioning of the video camera and a typical video scene. Two posts were
attached to a tree and a lamppost and have been highlighted in the scene. The two posts were 16m apart. By playing
back the recorded video, the speed of a particular vehicle can be evaluated by finding the time taking for the vehicle to
travel between the two posts, so we can compare the result of vehicle speed after applying the proposed method with the
result from video camera. The Figure 5 shows the example of received signal in time domain from the experiment for
two different vehicles crossing the FSR baseline.
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Our aim is to find the vehicle speed when the vehicles cross the sensor or the forward scattering radar system. However,
speed information, in general, is not available from the radar signal itself (assuming the length of vehicle is unknown).
Therefore, it is necessary to develop a practical algorithm for speed estimation. This section describes the algorithm
used during the experimentation.
Vehicle speed was measured using the relationship between the time-domain signature and the speed of the vehicle as
estimated from the captured video footage. In order to establish this relationship, the speed of vehicle was associated
with the value of standard deviation that calculated to each vehicle signature. Figure 6 shows the example of received
signal in time domain for different speeds. The graphs show that as vehicle speed increased, the vehicle’s time-domain
signature is compressed and vice versa. This indicates that a relationship exists between Standard deviation values for
the time domain signal and the speed of vehicle. Thus, Figure 7 illustrates the general block diagram of the proposed
method which utilizing the value of Standard Deviation as a steps in estimating the speed of vehicle crossing the FSR
sensor.
3.1 Standard Deviation

In probability and statistic, the standard deviation, σ (STD)of a probability distribution is a measure of the spread of its
values. It is defined as the square root of the variance which is the average of the squared differences between data
points and the mean. STD, σ being the square root of that quantity therefore measures the spread of data about the mean
(Berger J.O. 1985). In this paper, a default Matlab code is used to find the STD values for the time-domain signals. The
matlab code is denoted by S = Std(X), where X is the time-domain signal and it returns the STD by using equation (4):

⎛ 1 n
⎞
s=⎜
( xi − x ) ⎟
∑
⎝ n − 1 i =1
⎠

1/ 2

(4)

Where

1 n
(5)
∑x
n i =1 i
n is the number of elements in the sample, x is the mean average and x is the random variables. The steps to find the
STD to the time-domain vehicle signature are shown below:
x=

i.

Compute the mean for the data set.

ii.

Compute the deviation by subtracting the mean from each value.

iii.

Square each individual deviation.

iv.

Add up the squared deviations.

v.

Divide by one less than the sample size.

vi.

Take the square root.

3.2 Relationship between the speed of vehicle and the standard deviation

The assumption to associate the standard deviation value to the vehicle speed is described in this section. The basis of
assumption is depending on the Doppler effect which can be described as the change in frequency when either the
receiver or the energy source are in motion relative to each other. In the considered case, the source of the scatter field
is moving relative to the receiver due to the motion of the vehicle; the frequency of the received signal will be shifted
due to the Doppler effect. As the vehicle, in our case, is considered to be moving perpendicular to the baseline, the
Doppler shift will vary throughout the vehicle’s motion. Figure 8 illustrates the overall FSR system layout as seen from
above and at the scene during experimentation.
When the vehicle enters the sensor coverage area from one side (position ‘a’ in Figure 10), the Doppler shift will be
large, reducing to zero as the vehicle reaches the baseline (position ‘b’). The Doppler shift then increases again as the
vehicle moves towards the other side of the coverage area (position ‘c’). So, in theory, the Doppler frequency is larger
as the vehicle enters and leaves the sensor coverage area, and the Doppler frequency is zero when the vehicle is on the
baseline. Figure 9 shows the variation of the Doppler frequency relative to the scattering point of the vehicle
The general equation that describes the received waveform, i.e. the target signature from the moving sample target is
explained in detail in (RSA Raja Abdullah, M Cherniakov, 2003) and it is summarised below:
V
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where

ℜ = KA

lh E o co s 2 (α )
2λ zb

⎛ π l co s(α ) ⎞
α⎟
sin ⎜
λ
⎝
⎠
π l co s(α )

(7)

α

λ

l and h are the target’s length and height respectively, ℜ is the amplitude of the Doppler components, v is the velocity of
the sample target passing through the sensor, KA is the receiving antenna transformation coefficient, zb is the distance
between the target crossing point on the baseline to the receiver and Eo is a constant. This equation was derived for a
rectangular shaped target. The Doppler frequency can be extracted by the derivation of the phase component of
equation (7) and given by (RSA Raja Abdullah, M Cherniakov, 2003):
fd =

2v

λ

(8)

sin α

From equation (8) it is obvious that the Doppler shift depends mainly on the target velocity vector components and the
carrier frequency. This Doppler shift can be used for moving target selection (M. Cherniakov, R.S.A.R. Abdullah, P.
Jancˇovicˇ, M. Salous and V. Chapursky, 2006). From the above explanation we can see that the Doppler shift is
related to the speed of vehicle and this also guide us to find the relation between the standard deviation value and the
speed of vehicle because whenever the speed is changing, the value of standard deviation is also changing as shown in
Figure 10 for different speeds.
4. Automatic speed estimation structure in FSR

The overall automatic system is divided into two phases: the first phase (known as training phase) is to create a database
(Speed vs. Standard deviation) which will generate the final relationship of the two parameters. Here, the information
from the video camera is needed as a reference. The next phase is where the speed determination is processed, and it is
known as the testing phase. In this phase, the unknown speed is compared with the database which was generated from
phase one. Figure 11 illustrates the overall structure
In total, 700 samples for different vehicle with different speeds were used in the training phase and are plotted in Figure
12. This plot (database) will indicate the correlation between the speed and Standard deviation value and for this case a
linear relation was generated. A line of ‘best fit’ was determined for this plot and it is used to find the unknown
vehicle speed during testing phase. The line of best fit give the relationship between the value of standard deviation and
the speed of the vehicles and for this plot is given by:
Vehicle speed = 20 * Standard Deviation Value - 1.5

(9)

In the testing phase, the Standard deviation for unknown time domain signal input is calculated in the pre-processing
stage. The standard deviation value is then substitute into the equation (9) to find the speed. A total of 150 samples were
used in testing phase and Figure 13 shows the plot of using equation (9).
To show that the length of vehicle is not related to the standard deviation, a plot of 30 samples of different vehicle
length but with same speed 8.1 m/s as illustrated in Figure 14. The graph shows that the standard deviation values stay
the same for different value of vehicle length. To analyze the reliability of the proposed method, this section
investigates the Root Mean Square (RMS) Error between the speed estimated from the algorithm and from the video
camera. The normalized RMS error is calculated for this data using equation (10) (Pawel L., Thomas H. 2005).

(

n
⎧ 1
xi − x
⎨
∑
n − 1 i =1
δ
⎩
Error =
=
mean
x

) ⎫⎬
2

⎭

1
2

(10)

n

where n is the number of data, σ is standard deviation and x = 1 ∑ xi .
n i =1
For the plot in Figure 14 the RMS error is 22%. This error is acceptable in FSR application especially for classification
using FSR system.
5. Conclusion

This paper presents vehicle speed estimation in special mode of radar system known as forward scattering radar.
Standard deviation characteristics are utilized to achieve the objective. The value of Standard deviation for each signal
is unique for different speed. Thus, it carries information about the speed of the vehicle. This is confirmed by data
obtained from practical experiments with a system that was developed in-house. The proposed method shows a better
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accuracy compared to the previous method first introduced in (Blackman, A.B., Ryndyk, A.G., and Sidorov, S.B. 2000).
This paper also shown that, more hidden information can be possibly extracted from the FSR signal with signal
processing techniques.
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Figure 5. Time domain signals for different vehicle
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Figure 6. Different speed signature and its Standard Deviation

Figure 7. General block diagram for speed estimation in FSR system
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Figure 10. Theoretical Doppler signal for different speed for target with rectangular shape
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Abstract

Some problems on setting up die-forging technological scheme design criteria by means of traditional methods are
analyzed. The idea of mining die-forging technological schemes based on orthogonal plan is pointed out. The height and
width of the hub are selected as key factors from many ones which influence the die-forging technological schemes of
axisymmetric forging, then, in connection with the two factors, the relative experiments are arranged by using the
two-factor-twice-composition orthogonal plan. Flash metal consumption is choosed from a lot of factors as object
function whose values are measured in the experiments. When the height and width of the hub are the constant, from
several experimental schemes, the technological scheme which makes flash metal consumption be the least is selected
as the optimal scheme, so the design criteria of optimal die-forging technological schemes are got. Because of adopting
orthogonal plan in arranging the experiments, the design and manufacturing period of forging is reduced, the developing
cost of forging is cut down, and the raw and processed material consumption is decreased. In laying down the design
criteria of optimal die-forging technological schemes, optimal technology is combined with artificial intelligence. In
determining the relations among so many factors in die-forging technological schemes, expert’s experiences are used,
and experimental results are dealt with by means of association rule mining technology, which makes the decision of
die-forging schemes more reasonable and practical.
Keywords: Orthogonal plan, Factor, Optimal die-forging technological scheme, Design criterion, Association rule
mining

The die-forging of axisymmetric forging is a complicated deformation process. Therefore, it is difficult to analyze and
estimate it. So up to now, there have not yet been common design criteria of die-forging technological schemes. With
the development of CAD technology, quantitative die-forging design criteria become increasingly urgent. Many
scholars use such ways as theoretical analysis, experimental research or their combination (Xiao Jingrong, Li dequn
Translation, 1983) to achieve this goal. As for theoretical methods, because of the complexity of die-forging production,
either the analytic method, the main stress one, deformation work one, slip-line one, or discrete finite-cell one can only
solve very simple forging problems and has a certain distance from guiding practical design. That is because, first, these
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methods make a lot of assumptions which have been quite different from actual production conditions; Second, it is
difficult to determine border conditions which are not enough precise. In experimental methods, no matter which of the
coordinate grid method,the inspect plasticity one and light plasticity one is used , it could be hard to achieve common
design criteria. This has forced people to explore more effective ways to draw die-forging design criteria. In order to
improve processes, enhance forging production capability, and enhance the utility of CAD systems, we analyzed some
factory’s forging die-forging technology of axisymmetric forging. On the basis of first-hand materials, we have decided
to mine the design criteria of die-forging technological schemes of axisymmetric forging and to plan these experiments
using the orthogonal design method. Thus, more effective data can be received with less experimental number and the
corresponding design criteria of technological schemes of die-forging will have greater reliability. The aims of these
experiments are to review flash metal consumption produced at every experiment and the quality of shaped forging, and
thus determine the design criteria of optimal die-forging technological schemes of axisymmetric forging.
The strategy of orthogonal plan method is to make coefficient matrix become diagonal one after choosing appropriate
factors, determining their variational ranges and making certain coding. Thus, the calculation of adverse matrix is
simplified and the relativity of regression coefficients is eliminated. It is more important to obtain the desired sample
number and factor values.
1. Orthogonal Plan of Experiments

1.1 Basis of Orthogonal Plan

The on-vehicle die-forging process of axisymmetric forging has the following characteristics: axisymmetric forging has
a series of feature variables to best reflect its own characteristics(etc. shape complex coefficients, the height-to-width
ratio of hub, and so on) most of which are always stable within a certain scope (for example, shape complex coefficients
and the height-to-width ratio of hub are always between 1~5), and corresponding to these feature variables, a optimal
technological scheme may be found, that is, on-vehicle die-forging has a optimal range. The range divisions to these
feature variables with orthogonal plan may fully cover the information of these feature variables using less test points.
1.2 Strategy of Orthogonal Plan

The paper arranges experiments using twice composition orthogonal design. These experiments arranged in
composition design have a series of advantages. Firstly, its test points are greatly less than the ones of three-level
full-factor experiments, but maintain sufficient residual free degree; Secondly, they are received on the basis of
one-time regression and if one-time regression is indistinct, asterisk points and central ones may be supplemented.
In the paper, two basic factors which are the height B and the width of hub are selected according to
two-factor-twice-composition. In the case of two factors B and H, the number N of these experiments arranged in
composition orthogonal design is 9. After standardized processing, a test point distributed list is received as shown in
Table.1.
1.3 Choices of the Factors Affecting Die-forging Technological Schemes

1) Basis of the Choices of Factors
One of the aims to rationally determine die-forging technological schemes is to obtain high-quality forging. And to
receive high-quality forging, metal must be filled with mould cavity. The factors affecting meta l moulding are
multifaceted. On the shapes and sizes of axisymmetric forging (here mainly referring to the gear type), shape complex
coefficients and the height-to-width ratio are two main factors affecting full moulding of metal. The two factors have
both independence and the interaction. The paper uses the variety of the height and width of hub to affect the one of the
two factors and the height and width of hub greatly affect shape complex coefficients. So the choices of die-forging
technological schemes of axisymmetric may be seen as depending mainly on the two factors, the height and width of
hub.
Some of the existing criteria determining die-forging technological schemes are mostly confined to a particular factor
(i.e. the height-to-width ratio) as a basis in order to select technological schemes. In this paper, the two factors are
inspected at the same time in determining the impact of the die-forging technological schemes. These are two mutually
independent factors and in determining die-forging technological schemes, the height-to-width of hub is preferentially
considered: When the height-to-width of hub is relatively large, even though shape complex coefficients are relatively
small, it is advisable that once or twice pre-forging should be introduced. This is the difference between the design
criteria and other ones.
2) Choices and Valuing of Factors
(1) Choices of Factors
As described above, the paper uses two steps to select factors: first selecting middle factors as shape complex
coefficients of cold forging and the height-to-width ratio of hub and then selecting basic factors as the height and width
27

Vol. 3, No. 3

Modern Applied Science

of hub.
(2) Valuing of Factors
The valuing of factors and the determination of ranges must reflect the characteristics of forging produced in some
factory. Specifically, the shape complex coefficients and the height-to-width ratio are all selected between 1and 5.The
fluctuating range of basic factors is determined by means of the following ways: first adding up the production data of
some factory in order to receive the fluctuating range of factors in actual production process; then proportionately
reducing statistical data in order to gain experimental data according to the principle “when experimental results are
applied to reality, geometric similarity, physics one and external environment one must be met. ” statistics will be to the
experimental data. Experimental data should ensure that the shape complex coefficients and the height-to-width ratio of
experimental forging are roughly equal to the ones of actual forging. According to the analysis of the site production
data, statistical data of H and B are received as shown in table.2.
After proportionately reducing statistical data of B and H and properly adjusting them, experimental data of B and H are
received as shown in table.3.
According to the experimental data of B and H and the discussion about experimental composition, Experimentalplan
list is gained as shown in table.4.
2. Determination of Optimal Die-forging Technological Schemes

2.1 Experimental Design and Processing Ways of Experimental Results

1) Experimental Design
Owing to short time, this paper could not complete the tests for nine types of forging. Only five typical types of forging
are selected for the tests. Such feature parameters as shape complex coefficients, the height-to-width ratio of hub, and so
on are displayed in Table.5.
Seen from Table.5, The shape complex coefficients and the height-to-width ratio of hub of the five types of forging
cover a large range. Despite the relatively little number of experiments, the results of the experiment are still lost
general.
Three Experiments are made for each type of forging, and the die-forging technological schemes of three experiments
are
free-upsetting—finish-forging,
free-upsetting—pre-forging—finish-forging,
and
free-upsetting—pre-moulding-pre-forging—finish-forging respectively.
2) Processing Ways of Experimental Results
The aim of the experiments is to determine the magnitude of flash metal consumption produced at each experiment and
thus develops the design criteria of optimal die-forging technological schemes.
In actual production, in judging the good or the bad of some technological scheme, except the quality of forging, such
factors as flash metal consumption, die life, the complexity of die structure, operating convenience, and so on are also
taken into consideration. Namely, The technological schemes which can achieve the best techno-economic benefit are
the optimal ones.
On the conditions of the experiments, such factors as flash metal consumption, die life, the complexity of die structure,
operating convenience, and so on are hard to be inspected. Therefore, in judging the good or the bad of some
technological scheme only the factors, the quality of forging and flash metal consumption are considered. For each
technological scheme, the design of its process step has to ensure metal fully moulded. Therefore, in this paper, optimal
technological schemes of forging are determined by means of using the magnitude of flash metal consumption as object
function and at the same time inspecting forging cost.
The design principles of the optimal technological schemes decided in the sense of less flash metal consumption and
lower forging cost are: when the scheme, free-upsetting—finish-forging, is compared with the one,
free-upsetting—pre-forging—finish-forging, or the scheme, free-upsetting—pre-forging—finish-forging, with the one,
free-upsetting—pre-moulding-pre-forging—finish-forging, the former is preferentially considered. At the time, it is not
much meaningful to reduce material consumption and the former is helpful for reducing die-forging process steps,
simplifying die structure, increasing productivity, thereby reducing forging costs; Otherwise, the schemes which make
flash metal consumption less are considered in order to make object function the least.
2.2 Experimental Results and Analysis of Material Consumption

After summing up and coordinating test data of 15 experiments at 5 test points, the experimental results of material
consumption are received as shown in Table.6.
Seen from Table.6,for tested Piece F1, The flash metal consumption of Experiment F12 is the least, its optimal
technological scheme is free-upsetting—pre-moulding--pre-forging—finish-forging; for tested Piece F2, The flash
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metal consumption of Experiment F22 is the least, its optimal technological scheme is
free-upsetting—pre-moulding--pre-forging—finish-forging; for tested Piece F3, F4, and F5, their flash metal
consumption of respective three tests is almost the same, but introducing pre-forging is helpful for prolonging die life
and
decreasing
waste
rate,
their
optimal
technological
scheme
is
selected
as
free-upsetting—pre-forging—finish-forging .
Based on the above analysis, the optimal technological schemes of five test points are shown in Table.7.
3. Conclusions

According to Table. 7 and 5, The corresponding relations between the optimal technological schemes of axisymmetric
forging, and the shape complex coefficients of forging and the height-to-width ratio of hub B/H can be found, thereby
the design criteria of the optimal die-forging technological schemes of axisymmetric forging can be gained as shown in
Figure.2.
From Figure.2, the following conclusions can be shown:
(1) The optimal die-forging technological schemes of axisymmetric forging can be determined by means of the shape
complex coefficients and the height-to-width ratio of hub;
(2) With the increase in the shape complex coefficients and the height-to-width ratio of hub , introducing pre-forging is
helpful for reducing the flash consumption, prolonging die life and decreasing waste rate.
Due to the following reasons, The design criteria have to be consummated and modified before being applied to actual
production. These reasons include: there are the greater differences between the experimental environment (including
materials, deformation temperature, deformation rate and semifinished materials processing methods) and the actual
situations of productions; Because of limited time, the orthogonal design only determines the two sizes, the height and
width of hub, and shape complex coefficients are adjusted by modifying the height-to-width ratio of hub. Therefore,
there are the large interaction and poor independence between shape complex coefficients and the height-to-width ratio
of hub. Clearly, the design criteria of optimal die-forging technological schemes received in the paper is not enough
accurate. Further research shows that the independence between the two factors can be modified through adjusting
external sizes of hub and thereby, the more acute and actual design criteria of optimal die-forging technological
schemes may be set up; Little test points make the design criteria not enough perfect.
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Table 1. Test Point Distributed List
Experimental No.

Factor Valuing

1

( 1 1)

2

( 1 -1)

3

(-1 1)

4

(-1 –1)

5

(γ 0)

6

(-γ 0)

7

(0 γ)

8

(0 –γ)

9

(0 0)

Explanation

Full-factor tests of (+1 –1) are composed of four test points: m = 2 = 4
2

The four test points are distributed in asterisk positions of Axes B and H:

2p = 4

The central test point is composed of The zero-level of B and H:

Table 2. Statistical data of H and B
Factors

H
B

Fluctuating Range

Max

Min

24.00

10.00

29.50

10.65

Table 3. Test data of H and B
Fluctuating Range

Factors

Max

Min

H

17.00

13.00

B

24.00

18.00

Table 4. Experimentalplan list
Experimental No.

30

Factors

H

B

1

17.00

24.00

2

17.00

18.00

3

13.00

24.00

4

13.00

18.00

5

17.00

21.00

6

13.00

21.00

7

15.00

24.00

8

15.00

18.00

9

15.00

21.00

m0 = 1
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Table 5. Feature Parameters of Experimential Samples
Numbers of Test Pieces

Feature Parameters

H

B

S

H /B

F1

17.00

24.00

3.56

4.25

F2

17.00

18.00

3.21

3.09

F3

13.00

18.00

2.89

2.49

F4

17.00

21.00

2.65

2.14

F5

15.00

18.00

2.43

1.86

Where Fi (i = 1,K,5) is the number of tested forging according to the large-to-small order of shape complex coefficients.
Table 6. Material Consumption List
Experimental No.

Material Consumption
Total Weight

Weight of Forging

Weight of Flash

F11

484.0

443.4

40.6

F12

461.4

440.0

21.4

F13

522.2

478.4

43.8

F21

507.7

468.7

39.0

F22

505.0

481.4

23.6

F23

514.6

489.0

37.6

F31

515.0

496.9

38.3

F32

509.1

473.0

36.1

F33

527.9

485.4

42.5

F41

526.4

490.2

36.2

F42

517.1

481.5

35.6

F43

523.6

499.0

28.6

F51

531.8

500.9

30.9

F52

465.1

463.8

21.3

F53

521.8

495.3

26.5

F * i = 1, K 5, j = 1, K 3)

is the experimental number, I is the number of tested pieces, and j is the
Where ij
experimental order of some tested piece. The corresponding technological schemes are:
(1) free-upsetting—finish-forging;
(2) free-upsetting—pre-moulding-pre-forging—finish-forging;
(3) free-upsetting—pre-forging—finish-forging.
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Table 7. Optimal Technological Scheme List
Tested Piece No.

Optimal Die-forging Technological Schemes

F1

free-upsetting—pre-moulding-pre-forging—finish-forging

F2

free-upsetting—pre-moulding-pre-forging—finish-forging

F3

free-upsetting—pre-forging—finish-forging

F4

free-upsetting—pre-forging—finish-forging

F5

free-upsetting—pre-forging—finish-forging

B
(0 , γ )
(− 1,1)

(1,1)

( − γ ,0 )

(γ , 0 )
0

H

( − 1, − 1)

(0 ,− γ )

(1, − 1)

Figure 1. Experimentalconstruct for two-factor-twice-composition orthogonal plan
Where
H

γ = 1 , as shown in Figure 1.

B

Free-upsetting—

5. 0

Pre-moulding—
Free-upsetting—

Pre-forging—

pre-forging—

Finish-forging

4.0
3. 0
2.0
1.0

0

finish-forging
Free-upsetting—
finish-forging

0.4

0.8

1.2

1.6

2.0

2.4

2.8 3.2

3.6 4.0

4.4

S

Figure 2. Design Criteria for the Optimal Die-forging Technological Schemes of Axisymmetric Forging
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Abstract

Thermal degradation of chemically treated plywood of Shorea parvifolia as the facing material in timber stud partition
was investigated. The plywoods were treated with Dricon, Monoammonium Phosphate, Diammonium Phosphate and
mixture of Borax and Boric Acid at 20% concentration. The cavity of the partition was filled with fibre insulating
material. The fire resistance of the partitions was evaluated using 1.5 m by 1.5 m gas-fired furnace following the
standard temperature-time curve set by the British Standard, BS 476 : Part 22:1987. The rating measures the
integrity-ability to withstand collapse or sustained flaming and the insulation-ability to prevent excessive increase of
temperature. In this study the best fire resistance rating time based on integrity failure was the partition using Shorea
parvifolia plywood treated with Dricon (118 min.) followed by Diammonium Phosphate (116 min.), Monoammonium
Phosphate (109 min.) and Borax and Boric Acid (97 min.) respectively. The untreated Shorea parvifolia plywood
partition shows the weakest fire resistance rating of 95 min.
Keywords: Chemically treated plywood, Shorea parvifolia, Timber stud partition, Fire Resistance Test, Integrity Tests
Introduction

Plywood, chipboard, block-board, cement-board and wood-wool slab are widely used as the non-structural components
in the building industry (Rashid, 1987; Lebow & Winandy, 1999; Winandy, 2001; Green 2004). These materials are
commonly used as wall partition, flooring system and ceilings. Being combustible in nature, they do not comply with
the fire safety requirements. Plywood include the most common and popular among wood composite performs more or
less identical to solid wood, i.e it carbonizes at the rate of 0.6 mm per minute and has a spread of flame rating of class 3
(Rashid, 1986). Sometimes wood is treated with chemicals to extend its utility into new markets. Fire retardant treated
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plywood is sometimes permitted as an alternative to noncombustible materials in structure that require increased fire
safety (Winandy, 2001).
Surface treatment of wood with intumescent or other flame retardant finish can also be employed (Levan, 1984;
Levan & Winandy, 1990). The incorporation of fire retardants chemicals such as mono-ammonium phosphate, boric
acid and borax enhanced the fire retardants properties of chipboard (Rashid, 1982 & 1987). The strengths of the fire
retardant treated plywood were found to decrease slightly compare to those of the untreated plywood (Wang, 1999)
In Malaysia the used fire rated building components of non-combustible material in multi-storey residential and
commercial building is common since the introduction of the building regulation, the Uniform Building By Laws
(UBBL) (Anonymous, 1984). At the moment the most common materials used in the fabrications of light weight
partition system in multi-storey and modern high-rise building are steel and gypsum plasterboard. Wood farmed walls
lined with wood-based material are not very popular except when used as separating walls in the two to three storey
timber chalets. Beings combustible, timber and wood-based panel product are not used widely in the building industry
unless they comply with the requirement specified in the UBBL. The clause on the non-combustibility criteria in the
UBBL for some building component has limited the use of timber and wood-based panel product.
In this study “the effects of chemicals on treated Shorea parvifolia plywood as timber stud partition were investigated in
relation to the flame properties”. The chemicals chosen have the fire retardants ability (Rashid, 1986 & 182; Green
2004).
Material & Method

Treatment of plywood
Shorea parvifolia plywood of 18mm thickness were treated with chemicals of Monoammonium phosphate (MAP),
Diammonium phosphate (DAP), Dricon and Borax:Boric Acid (BBA) respectively at 20% concentration. Treatments
were conducted in a commercial vacuum impregnation chamber using full cell process with an initial vacuum of 1 bar
for 30 min. followed by 14 bar of pressure for 2 hours and a final vacuum of 1 bar for 10 min. Treated samples were
weighed before and after treatments to determine the chemical loading by weight difference. After treatment, the
samples were labelled with stickers and stored outdoors under cover for fifthteen days to allow for chemical fixation to
proceed. The chemical loading of each of the veneer were calculated based on differential in weight before and after
treatments.
Timber stud partition system preparation

A timber stud partition system was constructed within a brick wall bonded together by cement and mortar. The overall
size of the Shorea parvifolia plywood partition was 900 mm high by 810 mm wide by 106 mm thick built within a
masonry brick wall inclusive of a 40 mm wide vertical gap along one edge to provide no lateral restraint to the
specimen. Each Shorea parvifolia plywood panel was fixed on both sides to a vertical hardwood timber stud. The cavity
of the partition was filled with 40mm thick Rockwool known as Fibertex with density of 100 kg m-3. The size of the
plywood was 900mm x 270 mm x 18 mm. Three samples of Shorea parvifolia plywood panels were fixed vertically to
the masonry brickwall. The Shorea parvifolia plywoods were predrilled and fixed to the frame with nominal nails at
300 mm centre to centre. Figure 1 shows the detailed drawings of the Shorea parvifolia plywood partition system.
Fire Resistance Test

The fire resistance test was conducted in accordance with the procedure specified in BS 476: Part 22:1987. The ambient
air temp., as measured by the ambient temperature specified as in standard, in the general vicinity of the test
construction shall be within 5°C to 35°C immediately prior to the heating period. The complete partition sample has
been installed to the frame of 120 mm thick cement wall within R.S.J. steel frame. The partition was exposed to fire
following the temp.-time relationship specified in British Standard in the following manner. The steel frame containing
the construction was mounted to form the vertical face of a gas-fired furnace provided with three probe thermocouples
and controlled to conform the following temperature-time relationship:
T = 345 log (8t+1) + T0

------------------------------------------------------------------------

(1)

Where,
T = furnace temp. at time, t
t = time of test (min.)
T0 = ambient temperature
Throughout the heating process, the pressure within the furnace and over the upper two-thirds of the specimen was
maintained slightly positive in relation to the pressure within the laboratory. The pressure conditions were controlled to
be within the range of 8 to 12 Pa at the point located at the top edge of the test specimen. The mean temperature of the
unexposed face of the partition was measured using five thermocouples in which one had to be fixed at the centre of
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each of the quarters of the wall with thermocouples (type K) in which one had to be fixed approximately at the centre of
each of the four quarters of the partition. Throughout the test, observations were made on the general behavior of the
specimen on the exposed and unexposed faces. The partition system was judged on their ability to comply integrity and
insulation criteria.
Insulation

In the insulation criteria, failure were recorded:
a. When the unexposed face temperature increases by more than 140 0 C above its initial value;
b. When the temperature recorded at any position on the unexposed face, either by a fixed thermocouple or by
the roving thermocouple were in excess of 180ºC above the initial mean unexposed face temp.
Integrity

In general, a failure of the test construction to maintain integrity occurred when the tested object collapses or sustained
flaming occured for more than 10 seconds on the unexposed face. Under criteria for impermeability, failure is deemed
to have occurred when one or either of the following conditions prevail:
a.

Where the cotton pad test is performed, flames and/or hot gases cause flaming of the cotton pad.

b.

Where the use of cotton pad is not suitable, failure shall be deemed to have occurred when either:

• the 6 mm diameter gap gauge can penetrate a through gap such that the end of the gauge projects into the
furnace and the gauge can be moved in the gap for a distance of at least 150 mm ; or
• the 25 mm diameter gap gauge can penetrate a through gap such that the end of the gauge projects into the
furnace.
Results & Discussions

Actual Furnace Temperature according to Standard Temp. Time Curve

Table1 shows the overall percentage deviation of each different sample following their time interval specified as in the
BS standard. Supposedly, as in the standard, stated that any deviation calculated shall be within the specified percentage
tolerance as in the table above. The percentage deviation is within the specified percentage tolerance for all tests. For
the first 10 min. the percentage deviation for control, MAP, DAP, BBA and Dricon are -1.7%, 2.0%, 4.8%, 2.27%
and11.9% respectively. Although Dricon has the highest percentage it still is within the tolerance. Between 10 to 30 min.
the percentage deviation for control, MAP, DAP, BBA and Dricon are -1.5%, 0.5%, 0.7%, -0.07% and 1.5%
respectively. It shows that the actual furnace start to burn accordingly. Between 30 to 120 min. the percentage deviation
for control, MAP, DAP, BBA and Dricon are 0.03%, - 0.03%, - 0.2%, - 0.04% and - 4.1% respectively.
Unexposed Face Temperature of the Partition System

The temp. rise recorded on the unexposed face of the samples as determined by the surface thermocouples is shown in
Table 2. Fire retardants treated plywood performed much better than the untreated samples. The recorded temperature
shows MAP treated samples having the lowest mean temperature followed by BBA, Dricon, DAP and untreated
samples respectively. In BS standard the failure point is above 180°C while for the mean temperature is above 140°C
and all the plywood stills below the failure point.
Observation in failure of integrity during testing

Observations on the general behaviour of the test specimen taken during the test at the failure of integrity are tabulated
in Table 3. The best fire resistance rating time was the partition using Shorea parvifolia plywood treated with
commercial fire retardant chemical namely Dricon (118 min.) followed by DAP (116 min.), MAP (109 min.) and BBA
(97 min.) respectively based on their integrity failure.
Conclusions & Recommendations

The best fire resistance rating time based on integrity failure obtained from the studies conducted was the partition
using Shorea parvifolia plywood treated with commercial fire retardant chemical namely Dricon (118 min.) followed
by DAP (116 min.), MAP (109 min.), BBA (98 min.) and control (95 min.) respectively. Based on the observation and
in the sense of integrity, all the four partition samples that were made from treated plywood have failed before they can
reach the final 120 min.. Dricon has showed the longest period which is only 2 min. away from the standard. On the
other hand, untreated plywood showed the shortest period which was failed in the 95 min. In the insulation criteria, the
treated Shorea parvifolia plywood performed slightly below the optimum or failure temperature and the insulation
rating.
Further study needs to be undertaken in improving the tests design, increasing the effectiveness of the chemical
treatment and uptakes, and the material used.
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Table 1. The percentage deviation of each sample following time interval
Time

Specified Percentage

Percentage Deviation (%)

(min.)

Tolerance (+ or -)

Dricon

BBA

DAP

MAP

Control

0-10

15

11.9

2.27

4.8

2.0

-1.7

10-30

10

1.5

-0.07

0.7

0.5

-1.5

30-120

5

-4.1

-0.04

-0.2

-0.03

0.03

Table 2. Unexposed face temp. of the partition system
Plywood Treatment

Mean temp.
(°C)

36

Maximum

Remarks

temp. (°C)

Untreated (Control)

122

154

Temp. at 95 min shows no failure in insulation

DAP

116

166

Temp. at 115 min shows no failure in insulation

MAP

76

92

Temp. at 100 min shows no failure in insulation

BBA

80

99

Temp. at 95 min shows no failure in insulation

Dricon

98

178

Temp. at 110 min shows no failure in insulation
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Table 3. Observations noted on the samples that fail the integrity tests
Treatment

Failure in Integrity

Observations

Tests (min.)
Untreated

95

At 86 min plywood panel at the bottom side started to char. The

(Control)

charring area starts to create a gap and at 95 min a flame flashing
through the plywood panel for more than ten second.

DAP

116

At 110 min plywood panel at the bottom side started to char. At 118
min a flame flashing through the surface for more than ten second.

MAP

109

At 105 min surface of plywood started to char. It builds a gap within
the plywood and at 109 min a flaming flashing through the surface
for more than ten second.

BBA

98

At 96 min surface of plywood started to char. The charred area
increased. At 98 min a flaming flashing through the surface more
than ten second.

Dricon

118

At 110 min surface of plywood started to char. It builds a gap within
the plywood and at 118 min a flaming flashing through the surface
for more than ten second.

Figure 1. Isometric drawing view of the wall assembly
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A Simple Analysis Method of Products Lifetime Distribution
Yueming Wang
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Abstract

The basis of reliability analysis is determining products lifetime distribution type, which is also a tedious job. In
accordance with the failure of parametric estimation using probability papers and hypothetical examination, products
lifetime distribution type is studied with linear regression analysis and Office Excel.
Keywords: Cumulative distribution function, Reliability, Linear regression analysis, Correlation coefficient, Office
Excel

The lifetime distribution type of a product is determined for analyzing reliability of it.Parametric estimation using
probability papers and linear hypothesis examination are two commonly methods (ZHU Min-bo,WANG Shi-ping.Study
and Application on Analysis Method Using Probability Papers under Reliability Test[J].COMPUTER AND
PERIPHERALS,1997,21(6),66.), but both of them have deficiencies. The former is intuitive, but difficult for manual
drawing, more artificially imposed factor analysis of low level precision.The test data of some products is
approximately close to a linear line on the various kinds of probability papers,and it is difficult to determine its most
suitable distribution type.The latter is usually supposing some distribution type suitable for the product lifetime and then
making correlation examination.If correlation coefficient is greater than the minimum value,the hypothesis about
lifetime distribution type is tenable .But this method may miss more reasonable distribution type.
The linear regression analysis method is accurate calculation that is widely used in various fields,and also can be used
to determine the distribution types of products lifetime.
1. linear regression correlation coefficient calculation with Excel

Basic thoughts of linear regression analysis is to analyze a non-linear problem by turning it into a linear problem and to
make linear correlation coefficient R as examination,R is defined as (CHEN Min-xiang.Lifetime Distribution Analysis
and Reliability Estimation of Electric Motors[J].ELECTRIC MACHINES AND CONTROL,1998,2(2),89.):
n

R=

∑ ( ti −t )( Z i − Z )

(1)

i =1

n

n

∑ (ti −t ) ∑ (Z i − Z )
i =1

2

2

i =1

In above formula, ( t i , Z i ) is test data, t , Z are the the average values,namely:

t=
Z=

n

1
n

∑t
i =1

i

n

1
n

∑Z
i =1

i

(i=1 ,2 ,3,…n)

From formula (1), it is tedious to calculate R value, but the Office Excel tool will make it simple.If scattered points
2

sketch is drawn with Excel,it is much more simple, it is simple to get R and R value directly.
2. Product lifetime distribution type analysis method

In reliability analysis,product lifetime distribution type usually include an exponential distribution,normal
distribution,lognormal distribution and the Weibull distribution.These cumulative distribution functions are all nonlinear
and very complex,they can be transformed into linear equations through variable transformation, Scattered points sketch
about products test data for ( t i , F (t i ) ) can be drawn directly with Excel and R value can be given directly with
Excel.By comparing these R values,the distribution type correspondence with the maximum value of R is the most
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reasonable lifetime distribution function for the product.
3. Linearization of cumulative distribution function and determination of products lifetime distribution type

To estimate the distribution type and characteristic parameters of all products through the experimental results for large
samples,histogram with frequency usually used.But in engineering practice,There are usually small samples.It is
inaccurate to estimate the result of small samples with estimation method for a large samples.To estimate the probability
of small samples,methods of calculating the cumulative distribution probability are usually used,namely,mid-rank being
calculated as follows:

F (t i ) =

i
n +1

In above formula, n is the total number of samples under test, t i
arranges from short lifetime to long lifetime.

(2)
is the sequence number of failure samples, which

Now motor accelerated lifetime data shown in table 1(CHEN Min-xiang.Lifetime Distribution Analysis and Reliability
Estimation of Electric Motors[J].ELECTRIC MACHINES AND CONTROL,1998,2(2),89) is studied as an
example, F (t i ) in the table 1 can be given immediately with Excel according to formula (2).
3.1 Linearization of an exponential distribution function

Cumulative distribution function of two-parameter exponential distribution is as follows:

F (t ) = 1 − e

−

t −γ

(t ≥ γ )

θ

(3)

The above formula is arranged in order and changed in natural logarithm,it can become a standard linear equation:

Z e (t ) = at + b

(4)

In above equation,

Z e (t ) = ln 1− F1 ( t )

a=

(5)

1

θ

b = − θγ
Z e (t ) can be given immediately with Excel according to formula (5), shown in table 2.
According to table 2,take t as x-axis and Z e (t ) as y-axis,scattered points sketch about products test data is drawn with
Excel,and then,selecting Linear Type in Adding the Trend Line, clicking on Showing Formula button and Showing
Square Of R button in the function of Select,pressing Enter,linear tread chart can be drawn automatically,its linear
2

formula and the value of R can be given immediately,as shown in Figure 1, the linear equations of exponential
distribution function is as bellow:

y = 8 × 10 −7 x − 1.4674

(6)

R 2 = 0.9506

(7)

−7

From equation (6), a = 8 × 10 , b = −1.4674 ,From equation (4)and(5), the parameters of

θ

and

γ

can be given.

From equation (7), the correlation coefficient R is given,namely: R = 0.9750 .
3.2 Linearization of normal distribution functions

The cumulative distribution function of normal distribution is as follows:
t

F (t ) = ∫

1
2π σ

e

− 12 (

t −μ 2

σ

)

dx = Φ( t −σμ ) = Φ ( Z N )

(8)

0

In it,

Z N = σ1 t − σμ

(9)

Taking the inverse of the standard normal cumulative distribution,selecting NORMSINV(n/(N+1)) in some
spreadsheets,transforming F (t i ) (or Φ ( Z N ) ) into Z N (i ) ,listed in table 3.
According to the same method as subclauses 3.1, Figure of Linearization and correlation coefficient of normal
distribution functions can be drawn with Excel.
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3.3 Linearization of lognormal distribution function

The accumulative distribution function of lognormal distribution(ZHANG Zhi-hua.Statistical Analysis of Accelerated
Life Test on Lognormal Distribution Case Under Type I Censoring[J].ACTA MATHEMATICAE APPLICATAE
SINICA,2000,23(4),489.) is as follows:
t

F (t ) = ∫

− 12
1
2π σx

e ( ln σx − μ ) 2 dx = Φ( ln σt − μ ) = Φ( z LN )

(10)

0

In it,

Z LN (t ′) = σ1 t ′ − σμ

(11)

t ′ = ln t

(12)

According to the same method as subclauses 3.2,select NORMSINV(n/(N+1)),transform Φ ( z LN ) (or F (t i ) ) into

Z LN (i ) , Z LN (i ) can be given as the method in table 3,and according to the equation(12),change t into t ′ ,,listed in
table 4 with Excel.
According to the same method as subclauses 3.1, Figure of Linearization and correlation coefficient of lognormal
distribution function can be drawn with Excel.
3.4 Linearization of Weibull distribution function

The cumulative distribution function of three-parameter Weibull distribution(TONG Xiao-jun,MA QUN.General
Regression Analysis Method for Estmating The Weibull Three Parameters[J].JOURNAL OF TANGSHAN INSTITUTE
OF TECHNOLOGY,1995,17(2),78.) is as follows:
−(

t −γ m

)

(13)
F (t ) = 1 − e η
In it, γ ,η and m are the location parameter, the scale parameter and the shape parameter (or Weibull slope) of
Weibull distribution, respectively.
The equation (13)is arranged in order and taken natural logarithm, it is:

Z w (t ) = at ′ + b

(14)

In it,
Z w (t ) = ln ln 1− F1 (t )

a=m
t ′ = ln(t − γ )

b = −m lnη
From equation (14), if ( t i , F (t i ) ) obey Weibull distribution, relationship between Z w (t i ) and t i′ should be linear,but
its linear correlation relates to the location parameter γ . According to the drawing principle of Weibull probability
paper, γ value correspondence with maximum R value is the most reasonable location parameter estimation of
Weibull distribution.
Due to the complex R value calculation, trial calculation by equation (1) is very simple and accurate with Excel.The
method of trial calculation(FANG Zhi-qiang,GAO Lian-hua.Estimation of Parameters of Three-parameter Weibull
Distribution in Life Analysis[J].Journal of Armored Force Engineering Institute,1999,13(1),72.) in Excel
spreadsheets:Suppose a minimum lifetime t1 was location parameter γ ,Then,a start from γ 2 = 0.95γ 1 , step down
from Δ = 0.05γ 1 ,The respective corresponding correlation coefficient R is calculated,the location parameter
correspondence with the maximum R value is γ . In this example, γ = 1.73 × 10 6 .
According to equation (14), Z w (t i ) can be calculated directly with Excel, shown in table 5.
According to the above method in subclauses 3.1,Figure 2 is drawn with Excel.
From figure 1 to figure 4, each of the four distribution functions can be fit a linear relationship sketch,and among them
the linear correlation coefficient R value correspondence with Weibull distribution function is the maximum.It
indicates that Weibull distribution is the most appropriate function to describe products lifetime in this example.
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4. Conclusion

Based on the linear regression analysis,products lifetime distribution function is linearized,fitting-straight line,its
equation and its correlation coefficient R value are given quickly and easily by using Excel auxiliary drawing
method.Through comparing the R values,the distribution function correspondence with the maximum of R values
describes the most reasonably lifetime distribution,which is a simple method to determine the distribution type of
product lifetime. According to the fit linear equations, correlative parameters can also accurately calculated.
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Table 1. motor accelerated lifetime test data, ( t i is reversal times)
i

ti/h

F(ti)

i

ti/h

F(ti)

1

1.82E+06

0.0714

8

2.76E+06

0.5714

2

1.95E+06

0.1429

9

2.92E+06

0.6429

3

2.20E+06

0.2143

10

3.55E+06

0.7143

4

2.18E+06

0.2857

11

3.90E+06

0.7857

5

2.25E+06

0.3571

12

4.20E+06

0.8571

6

2.27E+06

0.4286

13

4.44E+06

0.9286

7

2.43E+06

0.5000

Table 2. corresponding relation between Z e (t ) and t
i

ti/h

z e (t )

i

ti/h

z e (t )

1

1.82E+06

0.0741

8

2.76E+06

0.8473

2

1.95E+06

0.1542

9

2.92E+06

1.0296

3

2.20E+06

0.2412

10

3.55E+06

1.2528

4

2.18E+06

0.3365

11

3.90E+06

1.5404

5

2.25E+06

0.4418

12

4.20E+06

1.9459

6

2.27E+06

0.5596

13

4.44E+06

2.6391

7

2.43E+06

0.6931
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Table 3. corresponding relationship between Z N (t ) and t
i

ti/h

z N (t )

i

ti/h

z N (t )

1

1.82E+06

-1.4657

8

2.76E+06

0.1800

2

1.95E+06

-1.0676

9

2.92E+06

0.3600

3

2.20E+06

-0.7917

10

3.55E+06

0.5659

4

2.18E+06

-0.5659

11

3.90E+06

0.7917

5

2.25E+06

-0.3660

12

4.20E+06

1.0676

6

2.27E+06

-0.1800

13

4.44E+06

1.4657

7

2.43E+06

0.0000

Table 4. corresponding relationship between Z LN
（t ′) and t ′
i

t i′ /h

z LN (t i′ )

i

t i′ /h

z LN (t i′ )

1

14.415

-1.4657

8

14.831

0.1800

2

14.481

-1.0676

9

14.888

0.3600

3

14.606

-0.7917

10

15.082

0.5659

4

14.596

-0.5659

11

15.177

0.7917

5

14.626

-0.3660

12

15.249

1.0676

6

14.634

-0.1800

13

15.306

1.4657

7

14.702

0.0000

Table 5. corresponding relation between Z w (t i ) and t i′
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i

t i′ /h

Z w (t i )

i

t i′ /h

Z w (t i )

1

11.3144

-2.6022

8

13.8373

-0.1657

2

12.2307

-1.8698

9

13.9836

0.0292

3

13.0476

-1.4223

10

14.4083

0.2254

4

13.0013

-1.0892

11

14.5861

0.4321

5

13.1402

-0.8168

12

14.7136

0.6657

6

13.1768

-0.5805

13

14.8084

0.9704

7

13.4386

-0.3665
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Figure 1. Linear and correlation coefficient of exponential distribution function
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Figure 2. Linearization and correlation coefficient of Weibull distribution function
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Abstract

In this article cold extrusion of carbon electrodes using the direct extrusion die that is designed using one of the
theoretical concepts, Constancy of the Ratio of the Successive Generalized Homogeneous Strain-increment (CRHS), is
presented. On the basis of the above concept we used three types of dies that are categorized as uniform (UCRHS),
accelerated (ACRHS), and decelerated (DCRH) according to the deformation rates. All dies were with fixed reduction
area of 50%. The mixture used (filler with binder) was extruded in round section carbon electrodes carried out at 60oC
to 80oC. Ten samples are produced and tested for properties such as electrical resistivity, hardness, density and porosity.
The results show that the extrusion die UCRHS is the more efficient die design for the production of carbon electrodes.
Keywords: Extrusion die, Carbon electrodes, CRHS, Binder ratio, Porosity
1. Introduction

Extrusion is used to produce the large electrodes for electric furnaces, small rods for dry cell batteries, finer grained
graphite for molds used by the metallurgical industry, electrolytic anodes, and the bulk material from which certain
motor and generator brushes are made. Traditionally, the extrusion processes can be divided into three types: forward
extrusion, backward extrusion, and combined forward/backward extrusion. The extrusion processes can also be
categorized by the operation temperature into hot, warm, and cold extrusion. Metal extrusion is a near-net-shape
manufacturing process that can reduce the machining tasks. This process can be used to produce long and straight
extrusion product such as gear spline, bar, wire, and seamless pipe. The die electrode is used to produce the extrusion
die cavity [(Kao (2000)].
Regarding the axisymmetric extrusion, the Constancy of the Ratio of the Successive Generalized Homogeneous
Strain-increment (CRHS) and the constancy of the Mean Strain Rate (CMSR) had been proposed and used by
Vaidyanathan and Blazynski (1973) and Blazynski and Lee (1984) in obtaining the extrusion die profile. Some other

44

March, 2009

Modern Applied Science

generalised die profiles, such as conic functions by Chen and Ling (1968) and streamline by Yang et al. (1986) were
also used in creating uniform extrusion flow and obtaining smaller extrusion load.
As far as the authors are aware, use of CRHS dies for extrusion of carbon electrodes has not been published so far.
Against this background, the current study focused on the application of CRHS dies for the cold extrusion of carbon
electrodes. Three typical designs namely, 1) Decelerated Constancy of the Ratio of the successive generalized
Homogeneous Strain-increment (DCRHS), 2) Accelerated Constancy of the Ratio of the successive generalized
Homogeneous Strain-increment (ACRHS) and 3)Uniform Constancy of the Ratio of the successive generalized
Homogeneous Strain-increment(UCRHS) have been used and tested for their efficiency. It has been found that UCRHS
die design is the best for the application.
2. The CRHS Concept

CRHS is the abbreviation of ‘Constancy of the Ratio of the Successive Generalized Homogeneous Strain-increment’.
This concept of tool design is based upon the basis of homogeneous strain for the metal forming operation, which
represents a function of the physical dimensions of the engineering material to be formed. The die surface profile or tool
profile can be produced by using this concept, because the forming pass is divided into, number of sections (n)
depending on the expression of CRHS through these sections as follows
(1)
Where εHn is the value of homogeneous strain at the section ‘n’ through the forming pass. But S is a constant called
‘Rate of Deformation’, it does not depend on the time because it is related to the deformation rate and has no relation to
the strain rate. The value of S can be taken randomly, if it has a value S<1, it means that the rate of deformation is
‘Decelerated’, and it has a sign of DCRHS. S=1, the rate of deformation is ‘Uniform’, and it has a sign of UCRHS. S>1,
the rate of deformation is ‘Accelerated’, and it has a sign of ACRHS, as shown in Figure 1.
The constant S may take different values, but the experience in the metal forming tool design indicates that the range in
between (0.8 –1.2) is sufficient for most applications. In this study, the value S = 0.9 is considered as a decelerated rate
of deformation, and the value S = 1.2 for the accelerated rate [Kena (2007)].
3. The Extrusion Machine

Extrusion press illustrated in figure 2 consists of a jacketed cylindrical chamber known as the mud chamber which is
filled with the mix. A separate molding operation known as preslugging is done by means of the vertical ram
(Tamping ram) and the horizontal one known as extrusion ram forces the warm mix from the mud chamber through a
reducer into a die of the desired shape. Another design of extrusion machine is the tilting type in which the mud
chamber may be raised to vertical position to facilitate loading, and then lowered to a horizontal position in extrusion.
Chamber adapter and dies are jacketed and are generally heated with steam or hot oil, or electricity.
A typical extrusion temperature for large electrodes is about 100 oC and extrusion pressure may range from 2.6 – 55
MPa. (400 – 8000 Psi), depending on the ratio of die area to mud chamber area, temperature and type of mix. Extrusion
rate may be about 10 mm/s (24 in/min) at 16.8 MPa (2500 Psi) [Kirk and Othemer (1964&1978), Hibbler (1997)].
4. Extrusion Die

Figure 3 shows the extrusion die designed according to German specification (DIN). The basic parts of the die are as
follows:
4.1 Container

It is a cylinder machined in the turning machine from steel (34 CrNiMo6) with inside diameter, 100 mm.
4.2 The Punch

The punch is machined from steel (X210Cr12/6) to have a good toughness against the force applied. It is turned and
heated treated to 40 HRC and surface ground to ensure alignment with the container.
4.3 The base

The base of the press has a hole in the middle of it to have a good fitting between the die and the base.
4.4 Dies

1) Accelerated Constancy of the Ratio of the successive generalized Homogeneous Strain-increment (ACRHS), S= 1.2
2) Uniform Constancy of the Ratio of the successive generalized Homogeneous Strain-increment (UCRHS), S = 1 and
3) Decelerated Constancy of the Ratio of the successive generalized Homogeneous Strain-increment (DCRHS), S= 0.9
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The material that was used in making the dies is X 155Cr V Mo 12 1/G which has a good hardness besides its ability to
be heat treated up to 42 HRC. The reduction in all dies was 75%. Figure 4 shows a photograph of the dies, the container
and the punch.
5. Extrusion Process

Extrusion process was done on die by using hydraulic press, type IVA LOLA RIBER with capacity of 40 tons at the
University of Technology, Bagdad, Iraq. The die was kept at the base of the press in such a way that the outer surface of
the die outlet fit into the inner side of base hole of the press. A light oil lubricant was used to lubricate the inside wall of
the die and the container. Cold extrusion process was done at 800C by putting a heating element around the die. The
slugging force was 2 MPa and the extrusion force was 3 MPa. Extrusion samples of 50 mm diameter and 150 mm long
have been produced whose details are given in table 1. A hollow cylinder was putted under the base of the press to let
the samples flow outside. Turning was done for some samples for using them in the tests, the forces used were the
highest, and sufficient forces for the dies that were used in extrusion process, except the die (DCRHS) with deformation
ratio of (S = 0.9) which needed high force (more than 7 MPa). This force indicates that the die was less efficient than
the other dies. The products made by dies of type ACRHS and DCRHS show outside cracks and poor service finish,
hence the electrodes made by them were rejected. Many experiments have been done by using the die UCRHS with the
same filler mixture for different binder ratios (27%, 29%, 31%, 32%, 33%, and 34%) and for different binder
temperatures (600C, 700C, 800C, 900C, 1000C, and 1200C) . Also, experiment was done to measure the time and velocity
for electrode extrusion of 150 mm with different binder ratios.
6. Testing of Carbon Electrode Samples

Carbon electrodes tests include the following:
6.1 Electrical Resistively Test

The Electrical resistively of the samples were measured by using high sensitivity digital Avo meter. The temperature
coefficient of resistance was calculated by taking measurements under different temperatures using a furnace (type HP)
with a maximum temperature 500 oC. The temperatures were measured using thermo couples (type K) attached to the
sample. A graph between current and voltage was plotted, and specific sensitivity Pc and the electric resistance R were
calculated as follows,
A
Pc = R
L

(1)

where,
L is the length of the samples, A, cross section area of the contact
Temperature coefficient of resistance can be calculated as:
Rt
RT =
1 + αT (t − T )

(2)

where,
RT, electric resistance at room temperature, Rt, electric resistance at the known temperature,
and

α T , temperature coefficient of resistance which is obtained from,

αT =

Rt − RT
RT (t − T )

(3)

6.2 Hardness test

In this test Brenell hardness tester model (Wilson B554T) was used. The applied load was 0.6 kg and the diameter of
the ball indenter was 2.5 mm. Then, the LIETZ optical microscope was used to measure the diameter of the indent. The
H.B. was calculated using equation [Mohamed Ali (2002)],
BHN =

2P

πD 2 (1 − (1 − d 2 / D 2 )

where:
P, load in kg, D, diameter of the ball in mm, and d, diameter of the impression in mm.
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6.3 Density and Porosity Measurements

In this measurement the typical way (20 – 83) ASTM was used. The upper and the lower surfaces were ground by a
samfering paper. First the dry sample is weighed in air then dropped in boiled water, and kept at the same temperature
for six hours then the sample and the water are left to cool. The sample is then weighed in water and out of water after
the two surfaces are slightly cleaned with a piece of cotton. Then it is baked for twelve hours in a furnace, and is
weighted again after baking.
The density of the sample can be calculated by

ρ=

D
V

(5)

Where,
D, the weight after backing, V , volume of sample obtained from,
V = (W − S ) ρ ′

(6)

where, W, weight out of water after cleaning, S, weight in water and
1

ρ ′ density of water equal to 1 g/cm .
3

II

The volume of open pores V and the volume of prevision portions V in cm3 can be calculated as follows
V ′ = (W − D ) ρ ′

(7)

V ′′ = ( D − S ) ρ ′

(8)

Apparent porosity P is calculated from,
P=

(W − D )
ρ ′ *100%
V

(9)

Water absorption A is obtained from the equation,
A=

(W − D)
*100%
D

(10)

And apparent specific gravity T can be calculated from equation,
T=

D
D−S

(11)

7. Results and Discussion

Carbon electrode extrusion is one of forming operations which occurs at a degree less than recrystallization temperature
and leads to have strain hardening in the material. Its degree depends on the value of strain which depends on the
redundant ratio and causes to improve the mechanical properties. This result is well-suited with that of previous work
(Mohamed Ali S., 2002). The dies with UCRHS have a less strain redundancy factor among all the dies and have the
shortest length for different extrusion temperatures.
7.1 Density, porosity, and water absorption

The results of density, porosity, and water absorption test are shown in table 2. A comparison with the product of S.G.L.
Group Company is shown in figure 5 .The curve shows the result of this research which is compatible with the result of
the company.
7.2 Hardness

The result of hardness test is shown in table 3. This result is compatible with that of published work [Farook (1999)].
Figure 6 shows the relationship between the density and the hardness of the samples.
7.3 Effect of Extrusion on Hardness

The sample showed high compression stress as the porosity already present in the material has been minimized by
compressing the material before extrusion, which leads to increase in hardness and tensile resistance. This result is wellmatched with that of published work [Salam (1996)].
7.4 Electrical Resistivity

The electrical resistively is shown in table 4. The results are is good agreement with other workers [Kirk and Othemer
(1964&1978)]. Figure 7 shows the relationship between the density and the resistivity of the samples.
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7.5 Effect of Binder Temperature on Extrusion Process

There is a limit for binder temperature through which extrusion process can be done. This limit is found to be 60 oC to
80oC for the surface of the mixture near the internal surface of the container and the die, and 90 oC to100oC for the outer
surface of the container and the die. It has been experienced that the temperature of the mixture near the container
surface should be more than that of the remaining part of the mixture by 20oC to simplify the forming process, and get
a good fluidity of the mixture in and out the die.
7.6 Effect of Binder Ratio on Extrusion Process

The extrusion velocity increases by increase of binder ratio by non linear relationship which can be expressed by the
function T = AB-α. For the coke and binder used, the minimum binder ratio is found to be 31% for extrusion process.
For a ratio 27% – 30%, the extrusion process is too hard and the miture has no plasticity to form carbon electrode. Fig.
8 shows the variation of time versis binder ratio. It is clear that the binder ratio decrease with increase the time and
sharply variation at the time (145 - 10 ) sec.
7.7 Effect of Friction on Extrusion Process

The extrusion product at the first time had a crack at the surface because of the surface resistance of the die and the
container. This problem was solved by the following actions
1) The surface grinding of both die and container.
2) The careful use of lubricant.
3) Increase in extrusion force.
Surface grinding for both small scale die and container is very important because of high friction. The use of lubricant
for 2 cm3/kg of the mixture was very necessary.
8. Conclusion

The cold extrusion process of carbon electrode forming by using CRHS die designing concept is being presented. Three
typical die designs such as accelerated (ACRHS), uniform (UCRHS) and decelerated (DCRHS) were used for the
process and the samples in each case were tested for their quality. From the result analysis, the following conclusions
are drawn
1) The best temperature of the mixing (the filler and the binder) is 100 oC – 120oC.
2) The best temperature of the extrusion is 100 oC for outside wall of the container and 80 oC – 90oC for
inside wall of the container.
3) The best die is UCRHS.
4) The force needed for preslugging the mixture is 2 MPa.
5) The force needed for extruding the electrode is 3 MPa.
6) The electrode can be produced successfully by direct cold extrusion.
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Table 1. Samples taken for electrodes
Symbol

Filler Type

Binder
Ratio%

Type of Die

E1

Needle

31

UCRHS

E2

Needle

31

UCRHS

E3

Needle

31

UCRHS

E4

Needle

31

UCRHS

E5

Needle

31

UCRHS

E6

Needle

31

UCRHS

E7

Needle

31

UCRHS

E8

Needle

31

UCRHS

E9

Needle

31

UCRHS

E10

Needle

31

UCRHS

Table 2. Density, porosity, and water absorption for needle petroleum coke and binder samples
Sample no.

Density
g/cm3

Water
absorption%

Porosity %

E1

1.63

11.52

25.38

E2

1.65

11.5

24.5

E3

1.69

10.8

22

E4

1.71

10.2

21.8

E5

1.70

10.3

21.9
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Table 3. Hardness and density for needle petroleum coke and binder samples
Sample no.

Hardness

Density

E6

318

1.62

E7

319

1.66

E8

320

1.69

E9

322

1.70

E10

325

1.72

Table 4. Electrical resistively for needle petroleum coke and binder samples
Resistively

Density

Ohm - cm

g/cm3

E6

0.291

1.62

E7

0.290

1.66

E8

0.275

1.69

E9

0.285

1.7

E10

0.270

1.72

Sample no.

Figure Legends

1.

Figure 1. The compounds die (CRHS) surface profile along the die inlet-exit.

2.

Figure 2. Extrusion machine for carbon electrode manufacture.

3.

Figure 3. Schematic assembly drawing for extrusion die.

4.

Figure 4. The dies, the container and the punch.

5.

Figure 5. A comparison between the research result and SGL group company product.

6.

Figure 6. Relationship between the density and hardness.

7.

Figure 7. Relationship between density and the resistively

8. Figure 8. Variation of binder ratio with extrusion time for electrodes 50 mm diameter at constant pressure and
temperature.
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Figure 1.

Figure 2.
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Figure 3.

Figure 4.
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Abstract

Taking 2-acrylamido-2-methylpropane sulfonic acid (AMPS) and 2-dimethylamino ethyl methacrylate (DMAEMA) as
monomers, taking N,N’-methylenebis acrylamide as the cross linker, and taking the ammonium persulfate and sodium
bisulfite as the redox initiators, we adopted the aqueous polymerization to prepare the Ploy(AMPS-co-DMAEMA)
hydrogel and studied the shrinking and bending behaviors of hydrogel under exterior DC electric field stimulation. The
result indicated that the DMAEMA monomer content and the pressure could significantly influence the electric
sensitivity of hydrogel. With the increase of the DMAEMA content and the non-contract electric field, the
Poly(AMPS-co-DMAEMA) hydrogel first bended toward the cathode and then bended toward the anode.
Keywords: Hydrogel, Electric stimulation response, 2-acrylamido-2-methylpropane sulfonic acid (AMPS),
2-dimethylamino ethyl methacrylate (DMAEMA)

According to the response of hydrogel to the exterior stimulation, the hydrogel can be divided into traditional hydrogel
and intelligent hydrogel, and the intelligent hydrogel can perceive exterior tiny physically chemical stimulations such as
temperature, electric field, magnetic field, light, pH, ion strength and pressure, and show significant expansions or
responses in the response process. We can utilize this characteristic to apply the intelligent hydrogel into the medicine
controlled release, chemical convertor, memory component switch, artificial muscle and many domains (He, 1997,
P.118-127, Moschou, 2004, P.499-502, Hamlem, 1965, P.1149-1150).
The DMAEMA molecule contains alkaline tertiary amine which can be turned into protons and presents characteristic
of positive ion in the acidic medium (Huang, 2003, P.177-182). The sulfoacid group in the AMPS molecule has high
charge density, and it is easy to be dissociated as sulfoacid ion and presents the characteristic of negative ion. In this
article, we took the N,N’-methylenebis acrylamide as the cross linker, took the ammonium persulfate and sodium
bisulfite as the redox initiators, and adopted the free radical polymerization process to prepare the
Poly(AMPS-co-DMAEMA) hydrogel, and studied the sensitivity under the stimulation of the electric field.
55

Vol. 3, No. 3

Modern Applied Science

1. Experiment

1.1 Main reagents and apparatus

The main reagents in the experiment included AMPS (industrial class, made by Guangzhou Shuangjian Trading Co.,
Ltd), DMAEMA (industrial class, made by Guangzhou Shuangjian Trading Co., Ltd), N,N’-methylenebis acrylamide
(MBAAm) (analytical pure, made by Tianjin Kermel Chemical Reagent Co., Ltd), ammonium persulfate (analytical
pure, made by Tianjin Kermel Chemical Reagent Co., Ltd), sodium bisulfite (analytical pure, made by Tianjin Kermel
Chemical Reagent Co., Ltd) and other reagents which were general analytic pure and didn’t be treated before using.
The apparatus in the experiment included Spectrum 2000 Fourier Transform Infrared Spectrometer (Pekin-Elmer, USA),
JY600 Electrophoresis Apparatus Trophoresis Power Supply (made by Beijing Junyi Dongfang Electrophoresis
Equipment Co., Ltd), 902C Platinum Electrode and Electric Heat Constant Temperature Water Bath.
1.2 Preparation of hydrogel

Weighed certain quantitative monomeric AMPS, DMAEMA and cross linker MBAAm according to Table 1, added
proper quantitative distilled water to make it dissolved, and added quantitative ammonium persulfate and sodium
bisulfite, mixed up and encaseed miscible liquids into the plastic pipe (which diameter was 6mm and the length was
20cm) and pressurized it, and put it in the constant temperature water bath of 50℃ and produced the hydrogel. Marinate
the hydrogel into the deionized water for three days, and changed water twice one day to eliminate the monomers which
didn’t react. Finally, put the hydrogels into the vacuum drying oven to dry until constant weight, and the drying
hydrogel could be used in the infrared spectrum test.
1.3 Infrared spectrum token of hydrogel

Made the infrared spectrum test to the hydrogel sample by the Spectrum 2000 Fourier Transform Infrared Spectrometer
(Pekin-Elmer, USA), and the scanning range was 500~4000cm-1, and the resolution was 4cm-1.
1.4 Electric stimulation shrinking behavior of hydrogel

First, made the hydrogel expand in the distilled water, and chopped the expanded hydrogel into column forms (the
bottom diameter was 8mm, and the altitude was 10mm), and put them into the measurement equipment, and put a pair
of platinum electric characteristic into the hydrogel along the horizontal directions from two sides. Connected the power
supple, and took out the dehydrated gelatin, absorbed the surface water and measured them again. Computed the mass
maintenance rate (Rm) according to the formula (1).
Rm (%) = mt / mf × 100

(1)

Where, mt was the mass of the gelatin through electrification of t time (g), and mf was the mass of the hydrogel before
electrification (g).
1.5 Electric stimulation bending performance of hydrogel

First, expanded the hydrogel in the NaCl liquor with 0.8% of mass concentration, and chopped the expanded hydrogel
into the gelatin bars (20mm×2mm×1mm), and put them into the culture dish with a few NaCl solution and lucid bottom.
Vertically put two parallel electric characteristic which interval was 20mm in the culture dish, and made the gelatin bars
vertical to the direction of the two electric characteristic and in the middle position of two electric characteristic, and
fixed one end of the gelatin bars, and put the angle measurement equipment on the bottom of the culture dish. Threw
pressure to the gelatin, and measured the curve degree of the gelatin through reading the angle deviation of the gelatin
on the angle measurement equipment. When the gelatin bar achieved the maximum curve angle under the electric
simulation, cut off the power supply and read the number, and regulated that when the gelatin bended toward the
cathode, the curve angle was positive, and when the gelatin bended toward the anode, the curve angle was negative.
2. Results and discussions

2.1 Infrared spectrum analysis of Poly(AMPS-co-DMAEMA) hydrogel

Figure 1 was the infrared spectrum of the Poly(AMPS-co-DMAEMA) hydrogel, and the flexing libration absorption
apex of the amido group in the AMPS molecule occured at 1665 cm-1, and the flexing libration absorption apex of the
ester group in the DMAEMA molecule occured at 1730 cm-1. But characteristic absorption apex (at about 1640 cm-1) of
the unsaturated double-linkage didn’t exist, which indicated that two sorts of monomers have produced the
polymerization reaction.
2.2 Electric simulation deswelling behavior of hydrogel

2.2.1 Hydrogel deswelling kinetics under constant pressure
The change of the mass maintenance rate of expanded Poly (AMPS-co-DMAEMA) hydrogel under the 15V contact
pressure stimulation with the time was seen in Figure 2.
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From Figure 2, under the situation that the pressure kept at 15V, with the delay of electrification time, the Rm value of
the hydrogel would decrease gradually. With the increase of the DMAEMA content in the copolymer, the Rm value of
the hydrogel also decreased in turn.
The reason might be that acidic sulfonic group and alkali tertiary amine existed in the Poly(AMPS-co-DMAEMA)
hydrogel network. A90D10 hydrogel contained more AMPS main chain, and when the content of the side chain sulfonic
group was more, the hydrophilicity and the conductivity were better. DMAEMA molecule in the A50D50 hydrogel
contained hydrophobic ester group, and the hydrophobic side groups on the macromolecule chain would assemble and
form hydrophobic micelles, and the macromolecule chain would present austere conformation (Zhang, 2002, P.25-29),
so the expansion change degree of the hydrogel with much DMAEMA would decrease.
2.2.2 Influence of pressure on the hydrogel shrinking behavior
The hydrogel shrinking influence result under different DC pressure stimulation was seen in Figure 3. From Figure 3,
when the electrification time kept 30min, with the increase of pressure, the Rm value would gradually decrease. And
with the increase of the DMAEMA content in the copolymer, the shrinking degree of the gelatin volume would be
delayed.
For general polyelectrolyte hydrogel, under the function of electric field, the transfer speed of the movable counterion
was related with the electric field tension except for the character of the ion (ion radius and charges) (Ma, 2002). With
the increase of the pressure, the transfer speed of the charged ion increased. With the transfer of the ions with different
electric characteristic in the gelatin network, because of the function of electrostatic attraction, part of charges on the
poly ion group in the gelatin network would be shielded, the decrease of the charged poly ion quantity would reduce the
“distracting” function of the gelatin to the water, and the moisture would be exuded into the gelatin network. For the
Poly(AMPS-co-DMAEMA) gelatin with different matching ratios, with the increase of the voltage, the Rm value would
gradually decrease.
2.3 Electric simulation bending behavior of hydrogel

The influencing result of the pressure to the bending behavior of gelatin is seen in Figure 4, and the exterior pressure
would act on the hydrogels with different components through the NaCl solution with 0.8% of mass concentration.
From Figure 4, under the stimulation of non-contact DC pressure, A90D10 hydrogel bended toward cathode, and
A50D50 hydrogel bended toward anode, and A70D30 hydrogel first bended toward cathode and then bended toward
anode and with the increase of pressure, the curve angle of the gelatin would increase with it.
The reason might be that the electric characteristic of the poly ion group in the sample gelatin network were different.
For A90D10 hydrogel, the poly ion group in the gelatin network presented the characteristic of negative ion. For
A50D50 hydrogel, the poly ion group presented certain characteristic of positive ion. With the increase of pressure, the
poly ion group in the A70D30 hydrogel network changed from the characteristic of negative ion to the characteristic of
positive ion, so it first bended toward the cathode and then bended toward the anode, and the function of the osmotic
pressure might influence the electrode change of the poly ion group, and the electric stimulation response mechanism
should be further studied by scholars. Through adjusting the pressure, the bending direction of
Poly(AMPS-co-DMAEMA) hydrogel could be controlled, which indicated that this sort of hydrogel material possessed
potential application foreground in many domains such as bionic material and chemical valve.
3. Conclusions

In this article, we prepared the Poly(AMPS-co-DMAEMA) hydrogel through the aqueous solution polymerization
method, and measured the sensitivity under the simulation of the electric field. The results included (1) under the direct
contact pressure stimulation, the mass maintenance rates of A900D10, A70D30 and A50D50 decreased in turn under
same condition, and with the increase of the pressure, the shrinking phenomena of hydrogel were more and more
obvious, (2) under the non-contact electric field stimulation, A90D10 hydrogel bended toward cathode, A50D50
hydrogel bended toward anode, and A70D30 first bended toward cathode and then bended toward anode with the
increase of pressure.
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Table 1. Feed composition of Poly(AMPS-co-DMAEMA) hydrogela
Hydrogelb

AMPS

DMAEMA

Crosslink agent

Initiator

Total concentration

(mol %)

(mol %)

(mol %)

(mol %)

of monomer (mol/L)

A90D10

90

10

A70D30

70

30

1

1

1

A50D50

50

50

a

Note: : The amount of crosslink agent or initiator is mole percent (mol %) of total monomer content.
b

: The A90D10, A70D30 and A50D50 hydrogels respectively denote n(AMPS):n(DMAEMA)=9:1, 7:3, 5:5.

Figure 1. FTIR Spectrum of Poly(AMPS-co-DMAEMA) Hydrogel

Figure 2. Shrinking Behavior of Poly(AMPS-co-DMAEMA) Hydrogel under 15V Electrical Stimulation
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Figure 3. Shrinking Behavior of Poly(AMPS-co-DMAEMA) Hydrogel under Electrical Stimulation for 30min

Figure 4. The Effects of the Applied Voltage on the Bending Angle of Poly(AMPS-co-DMAEMA) Hydrogel
in 0.8wt% NaCl aqueous solution
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Abstract

In this work, some characterizations of partially null curves of constant breadth in Semi-Riemannian space are
presented.
Keywords: Semi-Riemannian Space, Partially Null Curves, Curves of Constant Breadth
1. Introduction

Curves of constant breadth were introduced by L. Euler, 1780. Ö. Köse (1984) wrote some geometric properties of
plane curves of constant breadth. And, in another work Ö. Köse (1986) extended these properties to the Euclidean
3-Space E 3 . Moreover, M. Fujivara (1914) obtained a problem to determine whether there exist space curve of constant
breadth or not, and he defined ‘breadth’ for space curves and obtained these curves on a surface of constant breadth. A.
Magden and Ö. Köse (1997) studied this kind curves in four dimensional Euclidean space E 4 .
E. Cartan opened door of notion of null curves (for more details see C.Boyer, 1968). And, thereafter null curves were
deeply studied by W.B. Bonnor (1969) in Minkowski space-time. In the same space, special null; Partially and Pseudo
Null curves are defined by J. Walrave (1995). Additionally, M. Petrovic et. al. (2005) defined Frenet equations of
pseudo null and partially null curves in E 24 .
In this paper, we extend the notion of curves of constant breadth to null curves in Semi-Riemannian space. Some
characterizations are obtained by means of Frenet equations defined by M. Petrovic et. al.(2005). We used the method
of Ö. Köse (1984).
2. Preliminary Notes

To meet the requirements in the next sections, here, the basic elements of the theory of curves in the space E 24 are
briefly presented. A more complete elementary treatment can be found in B. O’Neill (1983).
Semi-Riemannian space E 24 is an Euclidean space E 4 provided with the standard flat metric given by
g = − dx12 − dx 22 + dx32 + dx 42 ,

where ( x1 , x 2 , x3 , x 4 ) is a rectangular coordinate system in E 24 .
r
Since g is an indefinite metric, recall that a vector v ∈ E 24 can have one of the three causal characters; it can be
r r
r r
r r
r
r
space-like if g (v , v )〉 0 or v = 0, time-like if g (v , v )〈 0 and null (light-like) if g (v , v ) = 0 and v ≠ 0. Similarly, an
r r
arbitrary curve α = α ( s ) in E 24 can be locally be space-like, time-like or null (light-like), if all of its velocity vectors
r
r
r
r r
α ′( s) are respectively space-like, time-like or null. Also, recall the norm of a vector v is given by v = g (v , v ) .
r r
r
r r
Therefore, v is a unit vector if g (v , v ) = ±1. Next, vectors v , w in E 24 are said to be orthogonal if g (v, w) = 0.
r
r
r
The velocity of the curve α is given by α ′ . Thus, a space-like or a time-like curve α is said to be parametrized
r
r r
r
by arclength function s , if g (α ′, α ′) = ±1. Let a , b be two space-like vectors in E 24 , then, there is unique real
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r
r
r r
r r
0 ≤ δ ≤ π , called angle between a and b , such that g (a , b ) = a b cos δ .

{

}

r
r
r
r
r r
r
Denote by T ( s ), N ( s ), B1 ( s ), B2 ( s ) the moving Frenet frame along the curve α in the space E 24 . Then T , N , B1 , B2
are, respectively, the tangent, the principal normal, the first binormal and the second binormal vector fields. Recall that
r
a space-like curve with time-like principal normal N and null first and second binormal is called a partially null curve
r
in E 24 M. Petrovic et. al. (2005). Let α be a partially null curve in the space E 24 , parametrized by arclength
r
function s . Then for the curve α the following Frenet equations are given by M. Petrovic et. al. (2005):
r
r
⎡T ′ ⎤ ⎡ 0 κ 0 0 ⎤ ⎡T ⎤
⎢r ⎥
⎢r ⎥ ⎢
0 ⎥⎥ ⎢ N ⎥
⎢ N ′ ⎥ ⎢κ 0 τ
r
⎢ r ⎥ = ⎢0 0 σ
0 ⎥ ⎢⎢ B1 ⎥⎥
⎢ B1′ ⎥ ⎢
⎥
⎢ Br ′ ⎥ ⎣ 0 τ 0 − σ ⎦ ⎢ Br ⎥
⎣ 2⎦
⎣ 2⎦
r r
r
where T , N , B1 and B2 are mutually orthogonal vectors satisfying equation
r r
r r
r r
r r
r r
g (T , T ) = 1, g ( N , N ) = −1, g ( B1 , B1 ) = g ( B 2 , B 2 ) = 0, g ( B1 , B 2 ) = 1,
r
And here, κ ( s ),τ ( s ) and σ (s ) are first, second and third curvature of the curve α , respectively.

M. Petrovic et. al. (2005) gave a characterization about partially null curves with the following statement.
r r
Theorem 2.1 A partially null unit speed curve ϕ = ϕ (s ) in E 24 , with curvatures κ ≠ 0, τ ≠ 0 for each s ∈ I ⊂ R
has σ = 0 for each s.
3. Partially Null Curves of Constant Breadth in E 24
r r
Let ϕ = ϕ (s ) be a simple closed partially null curve in the space E 24 . These curves will be denoted by C. The
normal plane at every point P on the curve meets the curve at a single point Q other than P . We call the point
Q the opposite point of P . We consider a partially null curve in the class Γ as in M. Fujivara (1914) having parallel
r
r
r
r
tangents T and T * in opposite directions at the opposite points ϕ and ϕ * of the curve. A simple closed curve of
constant breadth having parallel tangents in opposite directions at opposite points can be represented with respect to
Frenet frame by the equation
r
r
r
r
r
r
ϕ * = ϕ + m1T + m 2 N + m3 B1 + m 4 B2 ,
(1)
r
r
r
r
r
where mi ( s ), 1 ≤ i ≤ 4 arbitrary functions of s and ϕ and ϕ * are opposite points. Vector d = ϕ * − ϕ is called
‘the distance vector’ of C. Differentiating both sides of (1) and considering Frenet equations, we have
r
r dm
r
r
dm
dm
dm r
dϕ * r * ds *
=T
= ( 1 + m2κ + 1)T + ( 2 + m1κ + m 4τ ) N + ( 3 + m 2τ ) B1 + ( 4 ) B2 .
(2)
ds
ds
ds
ds
ds
ds
r
r
Since T * = −T . Rewriting (2), we obtain following system of equations,
⎛ dm1
⎞
ds *
⎜
+ m2κ + 1 +
= 0⎟
⎜ ds
ds
⎟
⎜ dm
⎟
⎜ 2 + m1κ + m 4τ = 0 ⎟
⎜ ds
⎟.
⎜ dm 3
⎟
+ m 2τ = 0
⎜
⎟
⎜ ds
⎟
⎜ dm 4
⎟
=0
⎜
⎟
⎝ ds
⎠

(3)

r
If we call φ as the angle between the tangent of the curve C at point ϕ with a given fixed direction and consider
dφ
= κ , we have (3) as follow:
ds
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⎛ dm1
⎜
⎜ dφ
⎜ dm
⎜ 2
⎜ dφ
⎜ dm
⎜ 3
⎜ dφ
⎜
⎜ dm 4
⎜ dφ
⎝

where f (φ ) = ρ + ρ * , ρ =

1

and ρ * =

1

⎞
= − m 2 − f (φ ) ⎟
⎟
⎟
= −m1 − m 4 ρτ ⎟
⎟
⎟,
⎟
= −m 2 ρτ
⎟
⎟
⎟
=0
⎟
⎠

(4)

r
r
denote the radius of curvatures at ϕ and ϕ * , respectively. It is not

κ
κ
difficult to see that m4 = c 4 = constant. Then, using system (4), we easily have the following differential equations
with respect to m1 and m2 as
*

⎛ d 2 m1
⎞
df
⎜
⎟
− m1 +
− c 4 ρτ = 0
⎜ dφ 2
⎟
dφ
⎜ 2
⎟.
⎜ d m2
d
(ρτ ) − f (φ ) = 0 ⎟⎟
+ m2 + c4
⎜
2
d
φ
d
φ
⎝
⎠

(5)

r
These equations are characterizations for the curve ϕ * . If the distance between opposite points of C and C * is
constant, then, due to null frame vectors, we can write that
r
r
ϕ * − ϕ = m12 − m 22 + 2m3 m4 = l 2 = constant.
(6)

Hence, by the differentiation we have
m1

dm3
dm1
dm2
dm4
− m2
+ m3
+ m4
= 0.
dφ
dφ
dφ
dφ

(7)

Considering system (4), we get
⎞
⎛ dm
m1 ⎜⎜ 1 + m2 ⎟⎟ = 0.
⎠
⎝ dφ
Since, we arrive m1 = 0 or

(8)

dm1
= −m2 . Therefore, we shall study in the following cases.
dφ

Case 1: m1 = 0. Moreover, let us suppose that c 4 ≠ 0. In this case (5)1 deduce other components, respectively,
φ

∫

m2 = − f (φ ) = −c 4 ρτ dφ

(9)

0

and
φ

∫

m3 = − ( ρ + ρ * ) ρτ dφ .

(10)

0

Additionally, it is safe to report that the following relation hold:
φ

∫

*

ρ = − ρ − c 4 ρτ dφ .

(11)

0

And if c 4 = 0, we have f (φ ) = c = constant. By this way, we know
⎞
⎛ m 2 = −c
⎟
⎜
φ
⎟
⎜
⎜ m3 = c ρτ dφ ⎟.
⎟
⎜
0
⎟
⎜
⎜ρ* + ρ +c = 0 ⎟
⎠
⎝

∫
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dm1
= − m 2 . In this case, from (4)1 we know f (φ ) = m 2 = 0. And first let us suppose that
dφ

c 4 ≠ 0. Thus the equation (5)1 has the form
d 2 m1

− m1 = c 4 ρτ .

dφ 2

(13)

By the method of variation of parameters, the solution of (13) yields that
⎡
c
m1 = e ⎢ A + 4
2
⎢
⎣
φ

where A, B are real numbers. Denoting

φ

⎡
⎤
c
ρτ e dφ ⎥ + e −φ ⎢ B − 4
2
⎢
⎥
0
⎣
⎦

∫

−φ

φ

∫

⎤

ρτ eφ dφ ⎥,

0

⎥
⎦

(14)

dm1
= ξ (φ ), we have other component
dφ
φ

∫

m3 = ρτ ξ dφ .

(15)

0

Last, we know that

ρ * + ρ = 0.

(16)

And if c 4 = 0, we write that
d 2 m1
dφ 2

− m1 = 0.

(17)

Using hyperbolic functions, we write the solution of (17) as
m1 = l1 cosh φ + l 2 sinh φ .

(18)

Considering (4), we have other components,
m 2 = −l1 sinh φ − l 2 cosh φ

(19)

and
φ

m3 =

∫ (l cosh φ + l
1

2

sinh φ )ρτ dφ .

(20)

0

Case 3: m1 = c1 = constant ≠ 0 and m2 = 0. Using (5)1, we arrive

ρτ = constant.

(21)

Corollary 3.1 In case 3, c 4 cannot be zero.
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Abstract

In this article, the advantages of laser cladding were briefly introduced, and a method for improving the life of piercing
plug was provided by the laser cladding experiment. In situ formation of TiC particles reinforced Ni-base composite
coating was prepared on the surface of piercing plug material H13 steel by CO2 laser. The microstructure of the clad
layer was characterized by SEM, EDX and XRD. The microhardness and wear resistance of the laser clad layer was
examined. The results show that laser clad layer can be achieved under technical processing parameters and that the
good metallurgical bonding is formed between the coating and substrate. The coating is uniform, continuous and free of
pores and cracks. The microstructure of the clad layer contains the TiC reinforced phase. The microhardness of the clad
layer is 800-950HV0.2, about 2.5-3 times larger than that of the substrate. The clad layer is reinforced by particles and
grain-refining, resulting in greatly increase in life comparing with piercing plug material H13 steel.
Keywords: Laser cladding, Piercing plug, Clad layer, Wear resistance
1. Introduction

In the process of rolling seamless steel pipe, the consumption of piercing plug is the biggest one of the mold (Cao, 1998,
p.51-55). The piercing plug contacts directly with high-temperature steel in the production of seamless steel pipe, and
bears a great friction in the process of piercing. At the same time, the piercing plug exists mechanical shock and other
effects, so that it occurs much failure such as nasal cavity collapse, deformation, steel plating and cracking in the earlier.
Therefore piercing plug manufacturing has become a key tool for high-quality steel pipe. The development of
high-quality piercing plug is required in the production of seamless steel pipe (Zhang, 2000, p.187-190).
Laser cladding technology has developed rapidly in recent years. Some research shows that laser cladding metal matrix
composite ceramic coating materials can significantly improve the wear-resistance (Qu, 2008, p.1546-1551 & Xu, 2006,
p.486-492 & Ocelik, 2005, p.303-315). The ceramic coating particles can be getted by “plus” method, and also can be
getted by "in-situ synthesis" in the process of laser cladding. In recent years, the use of "in-situ synthesis" of
metal-ceramic composite coating technology has been concerned extensively at home and abroad (Li, 2006, p.8-12 &
Yang, 2006, p.519-525 & Yang, 2002, p.26-30).
In this paper, selecting NiCrBSi(Ni60)+Ti+C as the clad material, In situ formation of TiC particles reinforced Ni-base
composite coating was prepared on the surface of piercing plug by the way of laser cladding. Analysis the
microstructure of the laser clad layer. Test the hardness and wear properties of the laser clad layer. It aims to improve
the life of piercing plug.
2. Experimental procedures

H13 steel of dimensions 20mm×20mm×50mm was used as the substrate, its chemical composition(quality scores,%)
are 0.32-0.42C, 4.75-5.5Cr, 1.1-1.75Mo, 0.8-1.2V, 0.8-1.2Si, 0.2-0.5Mn and Fe cushion. Powder mixture of
NiCrBSi(Ni60)+Ti+C in volume ratio of 20:4:1, was used as the clad material, which was replaced on H13 steel with a
thickness of 1mm.
A continuous TJ-HL-T5000 CO2 laser processing system was used for laser cladding. An overlap of 50% between
successive tracks was selected and argon gas was used as shielding gas during laser cladding process. The process
parameters of laser cladding were: laser power of 1.5-2kW, scanning velocity of 3–10mm/s and laser beam diameter of
3 mm.
The morphology of the irradiated sample was characterized by scanning electron microscopy (SEM) with
QUANTA200-scanning electron microscope, which could determine the thickness of the modified layer. These studies
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were complemented with EDX. The crystalline structure was analysed by X-ray diffractometry (XRD) with D8
diffractometer. In order to get some knowledge of the mechanical properties of the treated surface, its hardness was
performed by nanoindentation with HXD-1000T electron microscopy hardness, whereas the weight loss of laser clad
pin-specimens was measured using a high accuracy analytic balance (10-5g). Surface roughness of worn surface was
tested by JB-4C Precision instrument roughness.
3. Results and discussion

3.1 Microstructure of laser clad coatings
Figure 1shows a X-ray diffraction spectrums of the clad coatings. According to the indexed results of the X-ray
diffraction spectrums, the main phase constituents in the coatings include: γ-Ni, Cr7C3 and TiC.
Figure 2 shows the SEM micrograph of the cross-section of the coatings under different magnification. Figure 2. (a) is
SEM micrographs showing the morphology under low magnification, Figure 2. (b) is SEM micrographs showing the
morphology under high magnification of A zone in the Figure 2. (a). According to microstructure difference, the laser
clad coatings is constitute of dendrite and lumpish particles. The lumpish particles are 1-3μm.
In order to further the reaction product of the confirmation, the EDX spectrum analysis of dendrite and lumpish
particles was shown in Figure 3. According to dendrite of the spectrum analysis, it is composite of (wt%) 56.84Cr,
1.37Ti, 20.38Fe, 12.97Ni, 7.33C, 1.10Si, its elements for the formation of Cr and C compounds. Therefore, certain
dendrite for Cr7C3. According to lumpish particles of the spectrum analysis, it is composite of (wt%) 55.69Ti, 13.41Cr,
16.58C, 2.37Si, 6.30Fe, 5.65Ni, its elements for the formation of Ti and C compounds. Therefore, it was identified that
the lumpish particles was TiC.
3.2 Hardness of coatings and Wear resistance
The microhardness distribution curve across the depth of the laser clad layer is plotted in Figure 4. The hardness of laser
cladding in 800-950HV0.2 than the substrate increase by 2.5 to 3 times. The binding of clad layer and the substrate with
the hardness is in the area around 600HV0.2.
Multi-channel laser cladding lap of the sample was cutted into 25mm×7mm×7mm, and do the wear test with GCr15.
Friction process parameters: normal load N=100N, sliding speed V=400r/min, Wear time T=3600s. Figure 5 show the
wear weight loss of clad layer and H13 steel. Under the same wear condition, the wear weight loss of clad layer was
0.0132mg and the wear weight loss of H13 steel was 0.1365mg. The wear weight loss of clad layer was 10 percent as
that of H13 steel.
The surface roughness parameters of worn surface of laser clad layer and H13 steel in Table 1. From the Table 1, the
average roughness Ra of worn surface, the contour maximum height RY, the ten height RZ, the average distance S of
outline of an single-spacing and the average distance Sm of profile of laser clad layer are obviously smaller than that of
H13 steel. It shows that the wear track of laser clad layer is Small and shallow and the wear track of H13 steel is deep
and wide.
In view of the wear test analysis, it seems that laser clad in situ TiC reinforced Ni composite coatings excellent wear
resistance. It was mainly due to a lot of TiC particles was in the clad layer. When the worn of clad layer was in the
process of wear, TiC particles revealed in the worn surface. On the one hand, the TiC particles which revealed in the
worn surface played a supporting role. On the other hand, the TiC particles play a protection role on the substrate. Thus
greatly reduce the worn of substrate. In view of the of the microstructure analysis, the microstructure of laser clad layer
was very small. The clad layer not only contained the Cr, Fe, Si, but also contained a lot of Ti. Thus produce
grain-refining and particles strengthen and make the clad layer has high strength and toughness. It result in greatly
increase in wear resistance comparing with H13 steel. In other words, It result in greatly increase in life comparing with
piercing plug material H13 steel.
4. Conclusions

Crack and porous free composite coatings consisting of Ni alloy reinforced with in situ formation of TiC particles were
successfully obtained by laser cladding under optimal parameters on H13 steel substrates from powder mixtures of Ni
alloy, Ti and C. The microstructure of the coating is mainly composed of γ-Ni, Cr7C3 and TiC particles. The
microhardness of the coatings is between 800 and 950HV0.2, about 2.5-3 times larger than that of the substrate. The
laser clad layer is reinforced by particles and grain-refining, resulting in greatly increase in life comparing with piercing
plug material H13 steel.
References

Cao, Pengjun & Wu, Haidong. (1998). Studies about prolonging service life of piercing plug. Steel Pipe, 27(1), 51-55.
Li, Jing, Zhong, Minlin & Liu, Wenjin. (2006). Microstructures and properties of laser clad in situ particle reinforced
Ni-Base composite coating on 55Mn steel. Heat Treatment of Metals, 31(11), 8-12.
65

Vol. 3, No. 3

Modern Applied Science

Ocelik, V, Matthews, D & DeHosson J Th M. (2005). Sliding wear resistance of metal matrix composite layers prepared
by high power laser. Surface and Coatings Technology, 197(2-3), 303-315.
Qu, Shiyao, Wang, Xinhong & Zhang, Min. (2008). Microstructure and wear properties of Fe-TiC surface composite
coating by laser cladding. Journal of Materials Science, 43(5), 1546-1551
Wu, Xiaolei & Chen, Guangnan. (1998). Microstructural characteristics and wear properties of in situ Formed TiC
Ceramic Reinforced metal-matrix composites coatings by laser cladding. Transactions of Metal Heat Treatment,
19(4):1-7.
Xu, Jiang & Liu, Wenjin. (2006). Wear characteristic of in situ synthetic TiB2 particulate-reinforced Al matrix
composite formed by laser cladding. Wear, 260(4-5), 486-492.
Yang, Sen, Liu, Wenjin & Zhong, Minlin. (2006). In-situ TiC reinforced composite coating produced by powder feeding
laser cladding. Materials Science and Technology, 22(4), 519-525.
Yang, Sen, Zhong, Minlin & Liu, Wenjin. (2002). Research on in-situ formation of TiC particles reinforced nickel base
alloy coating produced by laser cladding. Journal of Aeronautical Materials, 22(1), 26-30.
Zhang, Xiaoping & Hu, Jianhua. (2000). The Application of A New Surface Alloying Technique to Piercing Plug.
Journal of TaiYuan Heavy Machinery Institute, 21(3), 187-190.

Table 1. Surface roughness parameters of worn surface
Material

Ra

RY

RZ

S

Sm

H13 steel

4.293

22.939

22.922

0.0051

0.0556

Laser clad
layer

0.655

4.917

4.877

0.0025

0.0217

Figure 1. X-ray diffraction spectrum of laser clad layer
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A

10μm

(b)

5μm

Figure 2. SEM photographs showing microstructure of clad layer
(a) under low magnification; (b)A zone under high magnification

67

Vol. 3, No. 3

Modern Applied Science

Intensity

(a)

Cr

Ti
Cr
Ni
Fe
C

Fe
Si

0.9

1.8

Ni

Ti
2.70

3.60 4.50

5.40

Energy/KeV

(b)

6.30

7.20

Fe

Ni

8.10

Intensity

Ti

C
Cr
Ti
0.9

Cr

Si

1.8

2.70

3.60

4.50

5.40

6.30

7.20

8.10

Energy/KeV

Figure 3. (a)Dendrite and (b)lumpish particles EDX spectrum
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Abstract

The aim of this paper is to study the performance of a simplified indirect field oriented control algorithm suited for
small power induction actuators. The main particularities of the control strategy under study are the use of a disturbance
observer in the speed and position control loops, and the absence of any current measurement. The good performance of
the proposed control strategy, particularly as concerns the flux control sensitivity to parameter uncertainties, is shown
by theoretical results and digital simulations.
Keywords: Field oriented control, Induction actuator, Performance analysis, Disturbance observer
1. Introduction

High performance motion control with induction actuators requires to control separately the flux and the current
producing the torque. As the flux measurement in an induction actuator has numerous drawbacks, the flux in the
actuator is usually indirectly controlled by controlling an intermediate variable, which is, in a d-q generalized reference
frame, the stator d axis current provided that the reference frame position is selected in such a way that the rotor flux is
along the d axis (Bose, 2002; Bin, 2006). However current isd related to the flux by a function which depends on the
electrical parameters. Moreover the computing of the reference frame position depends also on the electrical parameters.
Therefore the flux control is sensitive to errors on the parameters (Peresada and al; 2003; Robyns and al; 1993).
In some field oriented control schemes commonly used the d and q axes currents are controlled by PI regulators (Singh
and al; 2005). For small power motors, current regulators may be avoided and only estimated values of the currents may
be used in the control algorithm (Gorez and al; 1991; Larabi and al; 1998).
In this paper we study the performance of a simplified indirect field oriented control algorithm suited for small power
induction actuators improved by the introduction of a disturbance observer in the speed and position control loops.
A main characteristic of the control algorithm under study is that it does not involve any current measurement. The
effect of using estimated value of the currents instead of measured ones is therefore investigated. Particularly, the
interest of this solution as concerns the sensitivity of the flux control to parameter uncertainties is made clearly
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apparent.
The good performance of the proposed control algorithm is emphasized by a theoretical analysis, digital simulations; on
0.25Kw induction actuator.
2. Actuator modeling

In a generalized two axes reference frame, the electrical equations of a two pole induction machine are:

d ψ sd
= ωψ sq − R s i sd + U d
dt
d ψ sq
dt

= −ωψ sd − R s i sq + U q

(1)

d ψ rd
= ωsrψ rq − R r i rd
dt
d ψ rq
dt

= −ωsrψ rd − R r i rq

The electromagnetic torque is given by:
T em =

M
( i sqψ rd − i sdψ rq )
Lr

(2)

The fluxes are related to the currents by the following equations:

ψ sd = Ls i sd + Mi rd

ψ rd = L r i rd + Mi sd

ψ sq = Ls i sq + Mi rq

ψ rq = L r i rq + Mi sq

(3)

In these equations, ψsd ψsq ψrd ψrq are the fluxes along the stator and rotor d and q axes; M is the mutual inductance
between the stator and the rotor d, q windings; Ls and Lr are the inductances of the stator and the rotor d, q equivalent
windings. Ls=M+ls0 and Lr=M+lr0 where ls0 and lr0 are the leakage inductances of the stator and the rotor windings.
speed of the d, q reference
Rs and Rr are the resistances of the stator and the rotor d, q windings; ω is the angular
frame with respect to the actuator stator and θ its position; ωsr is the sleep frequency: ωsr= ω- ωm ,where ωm is the rotor
angular speed.
The position of the reference frame may be selected in order to obtain ψrq=0 (Leonhard, 2001; Blaschke, 1972; Vas,
1990). From equation (1), (2) and (3) with ψrq=0, we obtain the induction motor block diagram shown in full line in
Figure1. In this diagram TR is the load torque (considered as a perturbating torque), J is the inertia of the actuator rotor
and of the mechanical load, K is the viscous torque coefficient, σ is the dispersion coefficient [σ=1-M2/(LsLr)].

τs= Ls/ Rs and τr= Lr/ Rr are the stator and rotor electrical time constant and s is the Laplace operator.
3. Control strategy

It is assumed that the flux can be controlled in open loop and kept constant and equal to its reference value (ψ rd )ref after
a transient associated to its build up, by considering for the d axis control voltage
Ud =

Rs
(ψ rd )ref − ωσ Ls isq
M

With ω = ω + M Rr
m
Lr

(4)

isq

(ψ rd )

(5)
ref

In equation (4) the term -ωσLsisq corresponds to a state feedback (shown in broken line in Figure1) which ensures the
decoupling of the d axis from the q axis.
As no current measurement is performed the value of current isq which is involved in this computation must be
estimated. This estimation is performed by considering the SISO system to which the block diagram of the actuator
reduces when the rotor flux ψrd is constant (this block diagram is shown in Figure 2 inside the frame in dotted line) and
by neglecting the electrical time constant σLs/(Rs+(Ls/Lr)Rr) in this block diagram:
isq =

Ls
(ψ rd )ref ωm
M
L
Rs + s Rr
Lr

Uq −

(6)
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The actuator rotor position is controlled through the q axis voltage Uq by using a regulator comprising a subordinate
speed loop with a disturbance observer. As the block diagram of the actuator reduces to the linear SISO system shown
in Figure2 (inside the frame in dotted line), when the rotor flux is constant, the synthesis of this controller is
straightforward (Gorez and al; 1991). The model H of the disturbance observer is deduced from the SISO equivalent
system after compensating the emf (ψ rd )ref ωm Ls / M and by neglecting the viscous torque coefficient and the electrical
time constant:
H =

M (ψ rd )ref

(7)

( R s L r + R r Ls ) J s

As an integral action exists in the disturbance observer, the position and speed controllers may be simply proportional
regulators. More details about the disturbance observer used are given in (Robyns and al; 1992).
4. Flux control sensitivity to parameter uncertainties

As the flux is controlled in open loop in the proposed control scheme, errors in the electrical parameters imply errors on
the flux. These errors can be computed in steady state.
From (1) and (3), one gets the following steady state equations:
U d = Rs .isd − ωσ Ls isq − ω

M
ψ rq
Lr

U q = ωσ Ls i sd + R s i sq + ω
i sd =

M
ψ rd
Lr

(8a)
(8b)

L
1
ψ rd − ωsr r ψ rq
M
MR r

(8c)

Lr
1
ψ rd + ψ rq
MR r
M

(8d)

i sq = ωsr

By introducing (8c) and (8d) in (8a) and (8b), one gets the following relations between Ud and Uq and ψrd and ψrq:

U d = A ψ rd − B ψ rq

(9a)

U q = B ψ rd + A ψ rq

(9b)

With A =

σ Ls Lr
1
( Rs − ω ωsr
)
M
Rr

B =

L R
1
(ωsr r s + ω Ls )
M
Rr

According to the control strategy adopted, voltage Ud and Uq can be related to the reference value of the rotor flux,
(ψrd)ref by
U d = A * ψ ref

(10a)

U q = B ψ ref

(10b)

*

The * indicating that estimated values of the parameters have been used in the computation of A and B.
From (10a) and (10b), one gets the following expressions for the errors due to parameter uncertainties on the flux along
the d axis (which should be equal to reference flux ψref ), and on the flux along the q axis ψrq (which should be equal to
zero):

ψ rd A A * + B B *
=
ψ ref
A2 +B2

(11a)

ψ rq A B * − A * B
=
ψ ref
A2 +B2

(11b)

From (11a) and (11b), it is possible to obtain the error on the flux amplitude ψr and on the flux orientation ρ:
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ψr
A *2 + B *2
=
=
ψ ref
ψ ref
A2 +B2

ρ = arctg

ψ rq
⎛ A B * − A *B ⎞
= arctg ⎜
⎟
2
2
ψ rd
⎝ A +B ⎠
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(12a)

(12b)

By introducing (8c), (8d), (11a) and (11b) in (2), one gets the following expression for the electromagnetic torque:
T em =

*2
*2
ωsr ( A + B )

Rr

(A

2

+B2)

ψ ref2

(13)

5. Simulated Results and Discussions

The parameters of the used machine model are given in Table 1. Figure 3 shows the speed, torque, fluxes, voltages and
currents responses of the system to a step in the speed reference from 0 to 1500RPM and to a step of torque equal to the
rated torque at t=1s until t=1.5s. The very low sensitivity of the system to the step of torque, due to the disturbance
observer, is clearly apparent.
In figure 4 an error of 50% on the rotor and stator resistances is introduced. This induces an error on the flux when the
actuator is loaded at t=1.5s, but owing to the robustness of the controller, this error remains small.
Figure 5 shows the position response of the system to a step in the position reference from 0 to 100Rad. In spite of the
fact that the sensitivity of the flux control to parameter uncertainties is more important at low speed; the position
response is very satisfactory.
6. Conclusion

It has been shown in this paper that it is possible to design a simplified indirect field oriented control system which has,
in spite of the simplifications, good performance owing to the design of a speed or position controller based on
techniques of robust control evolved for linear systems, and on an appropriate choice of the decoupling method which
allows to obtain a very reduced flux control sensitivity to parameter uncertainties.
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Components

Rating values

Voltage

V =110V

Power

P =0.25Kw

Speed

Nm =1500r/min

Moment of inertia

J = 0.012kg.m2

Coefficient of viscous friction

K = 0.0011Nms

Stator resistance

Rs =1.923 Ω

Rotor resistance

Rr =1.739 Ω

Stator inductance

Ls=0.1157 H

Rotor inductance

Lr=0.1154 H

Mutual inductance

M=0.1126 H
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Figure 3. Simulation of the dynamic behavior of the system to a step
in the speed reference and to a step in the load torque

Figure 4. Flux error in steady state due to parameter uncertainties
a- Flux error when Rr=1.5Rr*
b- Flux error when Rs=1.5Rs*
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Figure 5. Simulation of the dynamic behavior of the system
to a step in the position reference
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Abstract

Cottonseed protein was extracted from defatted cottonseed flour with alkaline solvent and its precipitation property in
different pH value was investigated. Orthogonal experiments design was introduced and factors influencing protein
extraction were studied, namely, extraction solvent type, solvent-to-flour ratio, extraction pH value, extraction
temperature and time. The optimum scheme of extraction was obtained: 0.1N KOH as extraction solvent,
solvent-to-flour ratio=12,pH=12.5, temperature=60℃ and time=40min.Under this condition, the cotton protein
extractability is above 70%and the protein extraction can be directly applied to further chemical modification.
Keywords: Cottonseed flour, Cottonseed protein, Extraction, Precipitation
1. Introduction

Recently, protein used as a non-petroleum, safe and biodegradable and renewable resource was focused by many
researchers. Applications on modification of protein, especially in nonfood industry have been increased. Carboxyl,
amido, amide, hydroxy, sulfhydryl groups exist in the main chain of protein molecule. Chemical modification such as
grafting, copolymerization and crosslinking could result in the desirable materials of proteins. As a herbage, cotton
cultivation is traditionally for the production of fibers. Nevertheless cottonseed is also an important source of oil and
protein with the content of 38%-45% protein in defatted flour (Li, 2004, PP. 34-35). Cottonseed oil is used in cooking,
salads, shortenings and the flour for livestock feed. In China about 8.0 million tons of cottonseed are produced annually,
which ranked the first in the world and accounted for one third production of the world(Xue, 2007, PP. 55-58). Herein,
annual defatted cottonseed flour would exceed 4.0 million tons after oil extraction, which contained nearly 1.6 million
tons of protein (Dai, 2001, PP. 30-32, Yang, 2000, PP. 3-4 ). Cottonseed flour have reasonable amino acid components
and nutrition value, however, the presence of toxic gossypol in the cottonseed flour is a limiting factor for human
consumption and various methods have been proposed for reduction of free gossypol content. Due to the denaturation
of proteins in the thermal processing of cottonseed oil extraction, and subsequently reduction of nutrition value, this
source of protein has not been intensively and extensively applied (Li, 2005, PP. 22-23). Thus, 80% defatted cottonseed
have to be used as fertilizer or substrates for edible mushroom, while only 5-10% are used as feed materials, which
result in a great waste of protein (Lu, 2003, PP. 48-51). Therefore, the application of protein isolated from defatted
cottonseed flour in non-feed or non-food industries would have great significance in economy and society.
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Isolating proteins from cottonseed was usually performed by the method of "alkali extraction and acid precipitation",
which utilized the difference of protein solubility in acids and alkali, dissolved the protein in alkali solutions in specific
pH and then adjusted the solution pH with acids until the isoelectric point was attained and then separated out the
protein isolates. The key point of this processing was to extract protein from the cottonseed flour as much as possible.
In this paper, the effect of technical conditions were investigated, and the resulting protein extraction would be taken
further investigation for modification, such as grafting copolymerization with other monomers, in order to prepare
different functional cottonseed protein derivates or composite materials.
2. Materials and methods

2.1 Materials
Defatted cottonseed flour was provided by China cotton-unis bioscience Co., Ltd., used for the protein extractions after
screened through 80 mesh(total protein content 49.17 % by Kjeldahl Method using the conversion factor of 6.25 ). All
other reagents were of analytical grade and used without further purification.

2.2 Extraction of cottonseed protein
Cottonseed flour (constant weight) was extracted with the extracting solutions at a solvent-to-flour ratio of 10-15 (w/v)
with constant stirring after the desirable temperature and pH value were adjusted. The pH value was kept constant by
extracting solutions. After extraction, solutions were filtrated immediately. The protein content was calculated after
nitrogen analysis by Kjeldahl Method and UV spectrophotometry method (Guo, 1996, PP. 61-64), using the conversion
factor of 6.25.The protein extraction rate was calculated according to the following formulation:
Extraction rate%=Total protein after extraction/ Total original cottonseed protein×100%

2.3 Precipitation of cottonseed protein
The cottonseed flour was extracted with 0.1 N KOH at pH 10.5 and 40℃ for 40 minutes and the content of total protein
was calculated after extraction. Then at the different pH values adjusted with 0.5 N HCl or 0.5 N NaOH, the extracting
solution were stirred and then kept steady at 5℃ for 24hours until precipitation, respectively. The protein content and
volume of the suspension was calculated. The precipitation rate was calculated according to the following formulation:
Precipitation rate %=( Total protein after extraction-Total protein of suspension) /Total protein after extraction×100%
3. Results and discussion

3.1 Effect of medium
Generally, mediums used for extracting cottonseed protein are ammonia(Zhao, 2002, PP. 25-26), NaOH(Cui, 2003, PP.
43-45), KOH(Zhao, 2007, PP. 49-50), Na2S2O3 (Liadakis, 1993, PP. 918-922), NaCl(El Tinay, 1988, PP. 19-27),
CaCl2(El Tinay, 1988,PP.19-27, 57-63), sodium hexametaphosphate (Shemer, 1973, PP. 460-462) and so on. According
to the previous researches, to obtain the optimized experimental parameters, a four-factor at three-level orthogonal array
experimental design L9(3)4 was adopted to extract protein from cottonseed flour at a solvent-to-flour ratio of 10 (w/v).
The four factors were medium, temperature, pH value and time. Based on the experimental results of the previous
orthogonal design, the optimal ranges for each factor and their extraction effect could be obtained, and the optimal
conditions could be speculated. The factors studied and the assignments of the corresponding levels are listed in Table
1.
The analytical results of 9 tests are listed in Table 2. The values of |kmax-kmin| in Table 2 indicated that the effect of
medium, temperature, pH value and time. The efficiency of these four factors were classified in the order of
medium>temperature>pH value>time. Thus, medium was the major factor affecting extraction rates and 0.1 NKOH was
applied for further investigation.

3.2 Precipitation characteristics of cottonseed protein
Generally, isoelectric point (pI) of plant oil proteins range from pH 4 to 5. Among them, pI of protein from soybean,
peanut and rapeseed is about 4.5 while from sunflower seed 4.0. As shown from Figure 1, the highest precipitation for
cottonseed protein was observed between pH 4 to 5.5. Due to different techniques of oil extraction and de-gossypol
process, highest precipitation for cottonseed protein from various source usually ranged from pH 3.5 to 5.5 (King, 1977,
PP. 1211-1213). Liadakis (Liadakis ,1993, PP. 918-922) found that the solubility of cottonseed protein was least at
pH4.37 while Beradi found that at pH 5.0. In the present paper, the precipitation rate was highest at pH5.0, which was
comparable with previous literatures and could be used for further acidic precipitation process.

3.3 Effect of solvent-to-flour ratio
Cottonseed flour (constant weight) was extracted with 0.1N KOH solution at a different solvent-to-flour ratio with
constant stirring at pH 12 and 60℃ for 40 minutes and the filtrated flour was extracted again with a solvent-to-flour
ratio10 (w/v) in the same condition. The results are shown in Figure 2.
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When solvent-to-flour ratio was too low, cottonseed flour swelled due to water adsorption, extracting solution
concentration became dense, causing the viscosity of the solution increased which hampered molecular diffusion. The
velocity of the extraction decreased accordingly. Although the extracting concentrate was dense, the obtained protein
amount was low. When solvent-to-flour ratio was 6, extraction was the lowest. Extraction rate increased with the
increasing of solvent-to-flour ratio. When the solvent-to-flour ratio ranged from 12 to 14, extraction rates made no
significant difference, due to the adverse effect of high solvent-to-flour ratio which could cause low protein content of
the extraction and interfered with further chemical modification. Considering the first extraction rate and the total
extraction rate after two times operation, the solvent-to-flour ratio of 12 (w/v) was acceptable and desirable.

3.4 Effect of pH value
Cottonseed flour (constant weight) was extracted with 0.1N KOH solution at a constant solvent-to-flour ratio of 12 (w/v)
with constant stirring at different pH and 60℃ for 30 minutes. The results are shown in Figure 3.
Obviously, in alkaline condition, extraction rate increased with the increasing of pH value. Separation and purification
of proteins for foodstuffs were generally performed under pH 10(Di, 2006, PP. 439-441, Feng, 2004, PP. 29-30, Luan,
2000, PP. 58-60). Since the further step of modification was undertaken in alkaline condition and in order to attain more
protein, the pH value applied could be increased properly. But cottonseed protein was prone to degradation and
denaturation and difficult to be kept in strong alkaline condition, so pH value of 12.5 was selected for further
investigation.

3.5 Effect of temperature
Cottonseed flour (constant weight) was extracted at same solvent-to-flour ratio of 12 (w/v) with stirring at pH 12.5 and
different temperature for 30 minutes. The results are shown in Figure 4.
With the increasing of temperature, extraction rate of protein increased. Extraction rate varied almost linearly with
temperature. When temperature increased, molecules moved fast, mass transfer rate of interface between solid and
liquid developed. Therefore, increasing temperature could promote mass transfer and solubility, reduce viscosity of
solution and thus increase extraction rate. However, high temperature could cause the reduction of protein activity and
thermal denaturation of protein. Additionally, with the increasing of temperature, color of the protein extraction became
dark, so temperature of 60℃ was selected for further investigation.

3.6 Effect of time
Cottonseed flour (constant weight) was extracted at same solvent-to-flour ratio of 12 (w/v) with constant stirring at pH
12.5, temperature 60℃ for different time. The results are shown in Figure 5.
As seen from Figure 5, with the increasing of time, extraction rate increased. After 20 minutes, extraction rate amounted
to 50%. While after 40 minutes the extraction curve slope decreased obviously and extraction rate increased slowly.
Until 80 minutes, extraction rate increased by only 4%, so time of 40 minutes for protein extraction was suitable.
4. Conclusions

At a solvent-to-flour ratio of 10 (w/v), the protein extraction efficiency of these four factors were classified in the order
of medium>temperature>pH value>time. The optimized extracting parameters of medium, solvent-to-flour ratio,
temperature, pH value and time were 0.1NKOH, 12, 60℃,12.5 and 40 minutes, respectively. Under this optimum
condition, the protein extraction rate was above 70% and the obtained protein extraction could be used for chemical
modification directly without further process.
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Table 1. Assignments of the levels to factors in orthogonal design
Factors

Level 1

Level 2

Level 3

Medium

1%Ammonia

0.1NNaOH

0.1NKOH

pH

12

11.7

11.5

Temperature(℃)

20

40

60

40

60

Time(min)
20
Table 2. The matrix associated with the analytical results
Factors

pH

T/℃

t/min

Medium

Extraction rate(%)

1

12

20

20

Ammonia

14.33

2

12

40

40

NaOH

38.45

3

12

60

60

KOH

65.03

4

11.7

20

40

KOH

25.38

5

11.7

40

60

Ammonia

21.67

6

11.7

60

20

NaOH

51.36

7

11.5

20

60

NaOH

19.97

8

11.5

40

20

KOH

26.01

9

11.5

60

40

Ammonia

10.1

Average1

39.270

19.893

30.567

15.367

Average2

32.803

28.710

24.643

36.593

Average3

18.693

42.163

35.557

38.807

|kmax-kmin|

20.577

22.270

10.914

23.440

Number
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Figure 1. Effect of pH value on precipitation of cottonseed protein
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Figure 2. Effect of solvent-to-flour ratio on extraction of cottonseed protein
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Figure 3. Effect of pH value on extraction of cottonseed protein
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Figure 4. Effect of temperature on extraction of cottonseed protein
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Figure 5. Effect of time on extraction of cottonseed protein
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