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ON-LINE ELECTRICAL QUALITY IMPROVEMENT OF A SINGLE PHASE BOOST RECTIFIER WITH FUZZY CONTROLLER AND EXPERIMENTAL DESIGNS

This paper shows the validity of experimental design methodology as an efficient on-line tuning tool for a fuzzy logic controller (FLC) dedicated to electrical engineering applications with multi-objective criteria. Our purpose is to improve the input and output system characteristics as well as the global quality of electrical power. Experimental designs give FLC parameters effects with a reduced number of experiments and allow to estimate the response surface for the selected criteria. Factor effects are dependant on the chosen levels of the experimental parameters but the estimated response surface analytical optimum can be found between those levels. The desirability notion combines here time dynamic and harmonic criteria for a boost rectifier with unity power factor correction and illustrates the trade-off that has to be made between the different properties. Criteria improvements with the tuned FLC are sizeable in comparison with a PI linear controller.

I. INTRODUCTION

Our work deals with the tuning of fuzzy controllers in order to control electrical systems and improve electrical quality. Fuzzy-logic-based controllers are widely used in various applications, mainly because of advantages such as the dynamic performances, the robustness or the possibility of taking into account experimental knowledge of the process.

Nevertheless, some drawbacks have to be underlined: firstly the huge number of parameters that have to be tuned, even for a very simple fuzzy structure and the lack of an efficient on-site tuning strategy for all these parameters. The fuzzy controller parameters could of course be tuned trough a trial-and-error procedure [START_REF] Hessburg | Fuzzy logic control for lateral vehicle guidance[END_REF], but it can be quite long and delicate. On the other hand, some methods have already been proposed for the tuning of fuzzy controllers using adaptive algorithms [START_REF] Barrero | Fuzzy self tuning system for induction motor controllers[END_REF] and [START_REF] Kang | Adaptive fuzzy logic control[END_REF], additional fuzzy rules [START_REF] Takagi | Application of neural networks and fuzzy logic to consumer products[END_REF], neural networks [START_REF] Perneel | Optimization of fuzzy expert systems using genetic algorithms and neural networks[END_REF], H8 and LMI methods [START_REF] Liu; Chuen-Yau Chen | Design of adaptive fuzzy logic controller based on linguistic-hedge concepts and genetic algorithms[END_REF], or genetic algorithms [START_REF] Hoffmann | Evolutionary algorithms for fuzzy control system design[END_REF].

Moreover, a simple tuning methodology based on experimental on-line designs for all the parameters of a PID-like-fuzzy-logic controller has shown its interest [START_REF] Hissel | Experimental on-site tuning of fuzzy-logic controllers for electrical systems[END_REF] and has been used in [START_REF] Faucher | A new shaping method for fuzzy state feedback tuning on a power converter[END_REF] a few years ago. This method, based on a time criterion, for fuzzy controller tuning gave experimental and simple pre-established settings just like the well-known Ziegler-Nichols methods for classical PID controllers.

Our aim is now t o show that experimental designs methodology can be an efficient tool for tuning on-line fuzzy controllers for applications that require multiobjective criteria. In this paper, the methodology will be applied to a single phase boost rectifier with unity power factor correction. This kind of converter is nonlinear. Thus linear controllers are not truly efficient, especially when sudden and large parameter variations are applied to the system. A fuzzy controller should be an efficient solution for the control of such a converter. Moreover, two criteria have to be considered: a time-response-based criterion on the voltage output and harmonic distortion of the electrical network input signal. Fuzzy controllers have already been used for control of this system [START_REF] Henry | Development of a Fuzzy Logic Controller for boost Rectifier with Active Power Factor Correction[END_REF], [START_REF] Mattavelli | Fuzzy control of power factor preregulators[END_REF], [START_REF] Pires | Fuzzy logic control of a single phase AC/DC buck-boost converter[END_REF] and [START_REF] Qin | Comparison of fuzzy logic and digital PI control of single phase power factor pre-regulator for an on-line UPS[END_REF], but there is a lack of efficient tuning methodology.

First, system structure, FLC and experimental design methodology will be briefly described. Then, the tuning procedure will be detailed and divided in 2 steps. The first step is devoted to the determination of FLC parameter effects and gives a first tuning linked with FLC parameter levels. The s econd step focuses on selected criterion improvement through surface response methodology. A specific experimental design, dedicated to response surface estimation, will be used. Then, working on this estimated surface, an optimum c an be sought out, independently from the levels used during experiments. Moreover, the estimated surface optimum can be found analytically and classical optimization algorithms are not required.

Finally, the last part gives experimental results and shows that experimental designs can be an efficient tool for the on-site tuning of nonlinear controllers and improve electrical quality under those specific constraints.

II. SYSTEM DESCRIPTION

The system is a 1.6 kW single phase boost rectifier with unity power factor correction. The values of the different components of the system are given in table 1.

Large and sudden load variations are applied to the system in order to evaluate the performance of the control strategy. The benchmark test is the following: from steady-state operation under no load conditions (R = R0) to sudden maximum load connection (R = Rload), and sudden disconnection. 

III. CONTROL

The control of this type of system is usually done by linear controllers. The performance of these controllers will be the reference for comparison with the fuzzy controller and its initial parameters values.

There are two control loops (figure 1): one for the dc output voltage and the other for the rectified input current.

A. Current loop

The objective of this loop is to get a sinusoidal current in phase with the electrical network. Thus, it reduces harmonic rejection and maintains a unity power factor. A linear PI controller is used in combination with a PWM module.

The shape of the current reference is generated from the network voltage (via K vn ) and its amplitude from the DC voltage (via the voltage controller) as shown on figure 1.

The transfer function of the current controller is: Figure 2 shows the simulation results for a continuous controller. One can observe the regulation efficiency since the rectified current is closed to its reference and contains very few low frequency harmonics.
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B. Voltage loop

This loop must control the output voltage V DC with respect to load, input voltage and input current variations.

The PI controller tuning is based on the average model of the system. This method relies on the equilibrium of the instantaneous powers between the output of the rectifier and the DC part [START_REF] Liu; Chuen-Yau Chen | Design of adaptive fuzzy logic controller based on linguistic-hedge concepts and genetic algorithms[END_REF]. The transfer function is:
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where V is the V DC average value.

The transfer function of the voltage controller is:
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From different considerations like the bandwidth, the dynamic of the current loop and the reduction of the oscillations, the following coefficient of the voltage PI controller are calculated:
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C. Criteria

The control quality for the whole system will be evaluated trough two criteria. The first one is the IAE (integral of absolute error, e). dt t e IAE . ) ( ∫ = [START_REF] Liu; Chuen-Yau Chen | Design of adaptive fuzzy logic controller based on linguistic-hedge concepts and genetic algorithms[END_REF] This criterion applied to V DC reflects the robustness and the dynamic performance of the controller at its output. In addition, a second criterion, total harmonic distortion (THD), represents the harmonic rejection quality at the input (for the current). It is defined by: Moreover, t he CEI 61000-3-2 standard defines the electromagnetic compatibility and limits the harmonic current emissions for the 39 first harmonics. It gives the maximum allowable amplitude for each of those current harmonics. Thus, 2 criteria can be taken into account, the global THD and/or the values of the first 39 harmonics.

Figure 2 shows how and when the two different criteria are calculated during the test benchmark. The IAE criterion is taken into account throughout the test. The harmonic distortion is only computed during steady-state operation under rated load conditions, i.e. rated current. 

IV. FUZZY CONTROLLER

A fuzzy controller will be used in the rest of this paper in order to improve dynamic performance. The controller is a classical PI-like fuzzy controller (FLC) (see figure 3). The inherent difficulty of such a kind of controller is the huge number of parameters. The fuzzy part consists of two inputs / one output Sugeno FLC [START_REF] Hissel | Experimental on-site tuning of fuzzy-logic controllers for electrical systems[END_REF] and [START_REF] Driankov | An Introduction to Fuzzy Control[END_REF] with seven triangular membership functions on each input and seven singletons at the output. There is a normalisation factor for each input (em for the error signal and dem for the error derivative) and for the output (gm).

A zero-symmetry is imposed for both membership functions and singletons in order to provide a similar response for positive and negative inputs . A classical antidiagonal rule table, with fixed parameters, is used. By Fixing em to the reference value, only 8 parameters have to be tuned among the initial 73 (7*7 rules, 3*7 membership functions and 3 gains). These 8 parameters are: dem, gm, PSe and PVSe (membership functions on error), PSde and PVSde (membership functions on error derivative) and PSs and PVSs (output singletons). However, the tuning problem remains complex as 8 control parameters are to be tuned according to two criteria.

Fuzzy logic is only used for the PI controller on the voltage loop. Due to frequency limitations of our DSP, the current loop must be continuous because the sampling period could not be longer than ms Te 1 . 0 =

. Moreover, two fuzzy controllers for the same system would dramatically increase the number of parameters that have to be tuned.

V. EXPERIMENTAL DESIGNS

The history of experimental designs began in the 1930s in England with M. Fisher, but it has known accelerating development since the publication of predefined tables by Taguchi. This principle of this methodology is to carry out a schedule of experiments designed to obtain the most accurate information for a specific problem w ith a minimum number of experiments [START_REF] Dey | Fractional Factorial Plans[END_REF], [START_REF] Atkinson | Optimum Experimental Designs[END_REF], [START_REF] Khuri | Response Surface, Designs and Analyses[END_REF] and [START_REF] Myers | Response Surface Methodology, Process and Product Optimization Using Designed Experiments[END_REF].

A. Fractional Factorial Plan

The main purpose of these designs is to gain information on the effects of the selected parameters. The idea is to modify the level of each factor in each experiment according to a specific procedure. This allows a drastic reduction of the number of required experiments, the possibility of taking into account much more parameters, the detection of interactions between factors and gives an optimized solution. Considering for example only two levels for each of the 8 factors described above, the classical experimental tuning method that consists in varying one of the parameters when all the others are maintained constant leads to 2 8 =256 required experiments. With experimental designs methodology, only 16 experiments are necessary to find the suitable combination of factor levels in order to minimize the selected criterion

We use centered reduced variables, i.e. -1 for the low level and +1 for the high level of each factor. Thus an experimental table such as the one shown on Table 2 can be used. Each line represents an experiment and each column is indexed to a factor, an output singleton position or a gain for example. For each experiment (i), the selected criterion value ( yi) is measured during experiments. 

According to the experimental design methodology [START_REF] Qin | Comparison of fuzzy logic and digital PI control of single phase power factor pre-regulator for an on-line UPS[END_REF], the effect of a factor is obtained through expression [START_REF] Ya | Fuzzy Logic in Voltage and Reactive Power Control in Regulated and Deregulated Environments[END_REF]. For example, E1 = 0.12 means that factor 1 at high level has an effect of +0.12 on the criterion. Moreover, the effect of interactions between factors 1 and 2 can also be investigated with this methodology. Expression [START_REF] Hissel | Experimental on-site tuning of fuzzy-logic controllers for electrical systems[END_REF] leads to the effect of interaction between factor 1 and 2, on the desired criterion. Furthermore, the interaction E 12 between factors 1 and 2 could also be used to study a third factor [START_REF] Dey | Fractional Factorial Plans[END_REF].

From these effects, optimal tuning could be achieved. It requires a trial in order to validate the design. If the obtained results are irrelevant, then the assumptions have to be reconsidered.

The experiment table is built like a Hadamard matrix [START_REF] Dey | Fractional Factorial Plans[END_REF], for which:
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where n is the number of experiments. Such a structure gives the best accuracy on effects. Indeed, the standard deviation on the effect (s E ) is a fraction of the standard deviation on the criterion (s y ):

n y E σ σ = (11)
A major problem is the determination of the experimental error. The accuracy of the estimation s, the experimental standard deviation on the criterion s y , depends on the number of experiments. By repeating N times each experiment of the design table, the estimation s i for each experiment is improved. If y i,j is the j th repetition of the i th experiment and _ i y is the average of the N repetitions of the i th experiment. The variance is then:
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The classical isovariance assumption is considered and it appears that:
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Afterwards the estimation of the experimental standard deviation on the effect, s E , is given by:

n N s s E . = (14)
The confidence interval is thus balanced by the variable of Student Nevertheless, the final tuning depends on the parameter levels and the fuzzy controller parameters are continuous.

Response surface methodology should overcome this difficulty.

B. Response Surface Methodology

The main purpose of these designs is to look for an optimum. By modeling the experimental response surface through a specific experimental design, an optimal tuning could be done independently from the parameter levels as in [START_REF] Khuri | Response Surface, Designs and Analyses[END_REF] and [START_REF] Myers | Response Surface Methodology, Process and Product Optimization Using Designed Experiments[END_REF].

First, the most pertinent parameters must be chosen as the number of required experiments is larger when looking for modeling response surface. Usually, a fractional factorial design is employed to extract this information.

Then, a specific design is built in order to fit a second order model, which means that the experimental surface is supposed to be fitted on a particular form. The method of least squares enables to estimate the regression coefficients in the multiple linear regression model. The response estimation, ?, is then given by a second order polynomial:
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Finally, the quadric canonical analysis method is used to interpret the model equation.

To satisfy the objective, Central Composite Designs are used. Their design is specifically conceived to solve optimization problems and to give the optimal solution [START_REF] Khuri | Response Surface, Designs and Analyses[END_REF] and [START_REF] Myers | Response Surface Methodology, Process and Product Optimization Using Designed Experiments[END_REF].

A central composite design is defined by: -A complete 2 k factorial design, -n 0 repetitions on center points, for statistic analysis, -Two axial points on the axis of each parameter at a distance of a from the design center. These points contribute to estimation of the quadratic terms of the fitted model, i.e. give information on the curvature of the system. Figure 4 shows an example of a central composite design for 2 variables. Values of n 0 and a are chosen in order to respect the uniform precision condition. Then, the variance remains constant in the domain defined by a hypersphere centered on the experimental design center.

Finally, the adequacy of the fitted model is checked with standard statistical tools [START_REF] Draper | Applied Regression Analysis[END_REF]. Now the coordinates of the stationary points of the response system can be determined. The stationary point, which should be inside the experimental domain for an efficient prediction, must respect:
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Then, working on this estimated surface, an optimum can be found, independently from the levels used during experimentation.

C. Desirability Notion

The desirability notion was introduced by E.C. Harrington [START_REF] Harrington | The Desirability Function[END_REF]. It combines several different properties Y i with different scales and units [START_REF] Harrington | The Desirability Function[END_REF] and [START_REF] Derringer | A Balancing Act : Optimizin g a Product's Properties[END_REF]. Each of them is transformed in an elementary desirability function di. A desirability function has range between zero and one. A zero level corresponds to an unacceptable value for the criterion while a desirability of one represents the maximum desired performance. Many different transformations could have been chosen. The most classical one was adopted due to its simplicity. It is described below.

The value of Y i,p is the minimum acceptable value for Y i and Y i,c is the value above which an amelioration of Y i is not interesting. The parameters ri allow to balance the importance of the increase of the property on the elementary desirability (see figure 5). 
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Then, all the elementary desirabilities are combined into a composite desirability such as D:
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With this one composite criterion, experimental design methodology can be used.

VI. CONTROLLER TUNING

The tuning procedure can be divided in several steps. After choosing initial parameter values, a first tuning is given by an experimental design dedicated to parameters effects study. Then, the tuning is improved after a specific second design whose goal is to give an estimation of the experimental response surface.

A. Parameters values

In this controller, 8 parameters have to be tuned. The initial levels of parameters are difficult to choose. Accurate expertise on the system is required. The values of the continuous PI controller parameters will be used as initial values. Regarding S PI as the fuzzy controller output, on figure 3, equation 19 can be defined. K p is the proportional gain and k d is the derivative one of the first part of the fuzzy controller.

(

) Thus, the last expression in equation 19 reflects both integral and proportional action of the complete PI-likefuzzy controller which can be used for initial tuning.

dt
The values are sampled at the sampling period Te:
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Then, from the transfer function H voltage , comes:
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The levels of the membership functions are chosen on both sides of the values o f the equi-distributed membership function positions. Similar choices are made for gm and dem coefficients.

B. Initial Tuning

The first tuning is given by a classical fractional factorial design [START_REF] Dey | Fractional Factorial Plans[END_REF]. As 8 parameters have to be tuned in this controller, a 2 8-4 IV Hadamard experimental table is used (Tab 3), needing only 16 experiments. Two successive experiements are carried out: the first one is a global design and the second improves the tuning. The factor levels for the second design are given by table 3 and come from the first design results. The two criteria are measured for each experiment. The latter is repeated three times in order to improve the accuracy on results and the confidence interval is defined as 99.9%. Factor effects are given by Table 8 It appears that the factor effects are strongly different for each criterion. The factor PVSde is always the dominant one and its influence is opposite for each criterion, as shown by Table 5. From the factor effects given by the experimental design, a set of optimal parameters for the fuzzy controller can be defined for each criterion: the first one, Set 1, for the IAE criterion only and the second, Set 2, for the harmonic criterion only. Figure 6 represents the output voltage V DC for the two optimal settings and figure 7 the input current for the second setting. The criteria values are given in table 8. From theses criteria, experimental designs can not give a composite optimal tuning. The solution may consist of a combination of the criteria in a composite one through the desirability notion.

From the given results, the main difference between harmonic rejection for Set 1 and Set 2 is the value of the third harmonic (0.325 A for Set 1 and 0.113 A for Set 2), the others remaining equivalent. This preponderant harmonic amplitude is then transformed into elementary desirability dh 3 . Values Yh 3,c and Yh 3,p are equal to Set 1 and Set 2 results with rh 3 = 0.1, increasing the penalty for low values .

IAE is also transformed into elementary desirability d IAE with r IAE = 1. Y IAE,c = 0 and Y IAE,p is slightly higher that the worst value of the experimental designs.

Finally, the harmonic values of the other ranks i are transformed into elementary desirabilities

dh i ( 3 ], 39 , 2 [ ≠ ∈ i i
) with Yh i,c = 0 as the objective is to reject harmonic distortion. Yh i,p is equal to the CEI 61000-3-2 standard limit value so as to respect it. We fix 1 01 . 0 << = rhi so that the sensibility of elementary desirabilities for harmonic re jection is improved near the standard values.

Giving more importance to the IAE criterion and the third harmonic amplitude through wi parameters, the final criterion Y is therefore:
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The new tuning, Set 3, gives results shown by fig 8 andtable 8. It appears that the THD benefit is equal to a third of the difference between the better and the worst tunings by keeping a really good dynamic behavior.

It is also important to notice that the network voltage THD is 2.6%. Then, the THD for the optimal setting is really close to the network's value. It underlines the excellent performance of the fuzzy controller with respect to harmonic rejection. The dynamic improvement under such important load variations is significant in comparison with linear PI. 

C. Surface Response Estimation

In this section, the surface response methodology [START_REF] Khuri | Response Surface, Designs and Analyses[END_REF] [19] is used to improve the dynamic performance of the system, i.e. the IAE criterion. The first difficulty is the choice of the variables. As an experimental design dedicated to the response surface requires more experiments than those dedicated to parameters effects, the number of factors must be reduced. From the results given by the first experimental design, it appears that there are 3 main factors (PVSde, PVSe and dem). Their effects are strongly positive and their interaction immaterial. So, their values are fixed to low levels. By isolating the preponderant parameters, secondary influent factors should be selected for response surface variables as their interaction should be different from zero. Thus, 3 parameters stay influent: PSs, PVSs and g. Moreover, the duality between PSs and PVSs, the membership functions, on the one hand and gm, the denormalisation gain, in the second hand introduces strong interactions. This duality is a property of this Sugeno Fuzzy Controller [START_REF] Ya | Fuzzy Logic in Voltage and Reactive Power Control in Regulated and Deregulated Environments[END_REF].

Choosing 3 variables, starting from Set3 and respecting the uniform precision condition, 20 experiments have to be done, the 15 given by Table 3 plus 5 iterations on the experimental center [START_REF] Faucher | A new shaping method for fuzzy state feedback tuning on a power converter[END_REF]. From the coefficient given by the least square method, the estimated points are calculated and are shown in figure 9. The adequacy of the fitted model should be checked. The scatter plot is aligned on the bissextile built with experimental measures. It shows that the quality of the model description is quite good.

In order to confirm this conclusion, an analysis of variance table is built (Table 7). The main point is here to reject the lack of fit. The value of the Fstatistic (F 0.05,9,10 given by Table 7) allows testing zero lack of fit. As the statistic Fc exceeds the value F 0.05,9,10 , the hypothesis of a lack of fit at the 0.01 level of significance can be rejected. 
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Generally, it is preferable to fit the full quadratic model with these coefficients. Here, R 2 and adjusted R 2 values for this model are satisfactory.

At least, statistic coefficient model analysis and residual statistic analysis complete the analysis but are not detailed here. Then, the coordinates of the stationary points of the response system can be determined. The stationary point x s must respect [START_REF] Dey | Fractional Factorial Plans[END_REF]. The second derivative values (24) are all positives so the stationary point is a minimum. Nevertheless, the distance d between stationary point and experimental center is beyond the experimental . The hypothesis that the polynomial model can be extended beyond the domain limits is now tested.

VII. EXPERIMENTAL RESULTS

Testing experimentally this point, the measure gives IAE=5.13x0.01V.s and the estimation 5.14x0.01V.s. The model can now be extended and the analytical solution is found. As an example, figure 10 shows the response surface when fixing dem. Figure 11 presents the output voltage for the last optimal point (set 4) and the linear PI. The corresponding input current is plotted on figure 12. This optimal point is given after 16+20 experiments for the tuning of 8 parameters. Experimental results for Set 4 are given by Table 8. Set 4 shows a 50% improvement of IAE but the supply current TDH is significantly deteriorated. Nevertheless, its value remains acceptable. As parameter effects for both criteria are inconsistent, surface response methodology could not be applied in an efficient way on the same domain of parametric variations for the global improvement of these different properties.

All experimental results are summarized in Table 8 . Linear controller performance is quite bad and the comparison illustrates the validity of using FLC. Experimental design analysis allows to explore several tuning settings giving more influence to one or two criteria. Response surface methodology improves significantly the IAE criterion after only a few more experiments. 

VIII. CONCLUSION

The experimental design methodology is in this case an efficient tool for on-site tuning of fuzzy controllers according to electrical quality tuning in a limited number of experiments. Considering only one objective, the dc voltage c an be separately controlled with a minimized IAE criterion. Another objective, the input total harmonic distortion, c an also be reduced by on-line tuning. Moreover, employing a multi-objective criterion, dc voltage and THD can be simultaneously controlled with a single fuzzy controller. Finally, using the experimental response surface methodology, the tuning is significantly improved through a modeling of the response surface associated to the selected criterion. Global electrical quality is improved by combining desirability notion and experimental design methodology. Thus selective harmonic elimination is possible. The next stage will aim to conciliate the harmonic quality in steady state and the dynamic performance during transients in order to improve the global electrical quality.
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		IAE *10 -2 V.s	TDH *100 %		IAE *10 -2 V.s	TDH *100 %
	PSe	1.4	-3.1	PSs	-2	-3.2
	PVSe	3.9	-2.9	PVSs	-2.5	8.6
	PSde	0.7	-4.3	Gm	-2.2	1.5
	PVSde	5.6	-21	dem	2.9	-7.2
	Average	22.5	364	Confidence interval	0.27	4.04
		Tab. 5. Factor effects on both criteria	

TABLE 6 :

 6 CENTRAL COMPOSITE DESIGN TABLE

	Experience	x1	x2	x3	Criterion
	1	-1	-1	-1	y1
	2	+1	-1	-1	y2
	3	-1	+1	-1	y3
	4	+1	+1	-1	y4
	5	-1	-1	+1	y5
	6	+1	-1	+1	y6
	7	-1	+1	+1	y7
	8	+1	+1	+1	y8
	9	+a	0	0	y9
	10	-a	0	0	y10
	11	0	+a	0	y11
	12	0	-a	0	y12
	13	0	0	+a	y13
	14	0	0	-a	y14
	15	0	0	0	y15

TABLE 7

 7 

		ANALYSIS OF VARIANCE TABLE		
	Source	Degrees	Sum of	Mean	Fc	Fstatistic
		of	Squares	Square		
		Freedom				
	Regression	9	32.15	3.5722 53.9	3.02
	Residual	10	0.66	0.0663		
	Total	19	32.81			
	Moreover, from this table, determination coefficients
	could be calculated:				

TABLE 8

 8 

		EXPERIMENTAL RESULTS	
			Fuzzy Controller		Linear
		Set 1 Set 2 Set 3 Set 4	PI
	IAE voltage (0.01V.s)	9.6	47.1	10.1	5.13	53.1
	TDH (%)	3.7	2.8	3.4	13.7	4.1
	Load connection:					
	Tr 5% (ms)	57	173	56	26	193
	VDC min (V)	369	338	370	379	335
	Load					
	disconnection:					
	Tr 5% (ms)	118	1078	134	50	1236
	VDC max (V)	432	476	434	423	485
	VDC min (V)	390	350	388	396	344