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Abstract: The corrected mechanism model of battery voltammetric function is helpful to guide the 

development and application of battery. There are two scientific issues that need to be answered: 

First, how many mechanisms do batteries have; Second, how to establish the mechanism model 

separately under the overlapping of these mechanisms. Volt-ampere characteristics of both linear 

state and nonlinear state exist; the monotonic decreasing of volt-ampere characteristics indicates 

that the battery have only three kinds of mechanisms. Without changing the basic form of the 

function and under the principle of the mechanism function’s working region considered, we 

propose a mechanism function which satisfies the monotonic decreasing characteristic of the 

voltammetric curve of battery, via the derivative law of each mechanism function in the 

voltammetric function of battery. By using the voltammetric data, the obtained cell mechanism 

function can accurately predict the potential (current or voltage) when the independent variable of 

the cell is zero, and provide the theoretical basis for the internal working mechanism of the cell, 

which can guide the practice. 
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1. Introduction 

With the increasing consumption of fossil fuels, the energy crisis has become increasingly 

apparent. Battery, as a kind of chemical energy, can realize the conversion between electric energy 

and chemical energy, and also is one of the effective ways to solve the energy crisis. Therefore, 

battery is of great significance in the field of power energy and energy storage. 

Fuel cell was invented by Britain's William Grove in 1839, and in the same year, Alexander-

Edmond Becquerel, a French physicist, discovered the photovoltaic effect, which opened the 

curtain of battery research [1,2,3].Battery, as high efficiency of energy conversion device, has 

attracted more and more attention. The mode of electrical energy transmission has changed from 

the earliest development of direct current to alternating current, from the non-mobile power supply 

device to the mobile one.  

In recent years, the mobile device power battery research is in full swing[4]. It is one of the hot 

topics in battery research to determine the specific form of nonlinear volt-ampere battery function, 

at the same time. Also, a great deal of research work has been done on the issues of nonlinear volt-

ampere battery function. Battery is a device that produces potential difference between two poles 

by chemical reaction or physical change of substances. It can be divided into physical battery and 

chemical battery. The working process of chemical battery is the chemical reaction between two 

electrodes, in which the electrodes gain or lose electrons[6-9]. Physical battery, like solar battery, 

are made the ones according to different physical effects or physical phenomena; solar cells are the 

ones to convert light energy into electricity, or convert heat energy directly into electricity[12,15]. 
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In the research of chemical battery, qualitative experimental research is the most, while quantitative 

mathematical expression is less. In the research of physical battery, more attention is paid to its 

physical essence. In the study of the working principle of battery, the working mechanism of linear 

battery is mostly studied. In practical application, battery volt ampere characteristic plays an 

extremely important role.  

Many scholars use modeling and simulation methods to get the battery volt ampere 

function[13]. Few scholars have studied the volt-ampere function theory of nonlinear 

batteries[16,17], and yet, their conclusions have not reached the effect of guiding practice. Thus, It 

is the key to the theoretical research of battery to establish the explicit expression of volt ampere 

characteristic of battery, which is of great scientific significance and technical value for the 

development of battery. 

2. Basic phenomena of battery volt-ampere characteristics 

For any physical experiment, its mathematical function can be expressed as follow: 

                                    
 y f x

                               (1) 

The rectangular coordinate system constructed by current and voltage is called the volt-

ampere coordinate system [10, 11]. The value of output current and output voltage by the battery 

can draw the volt-ampere characteristic curve of that battery in the volt ampere coordinate system, 

and the curve is located in the first quadrant of the coordinate system, namely  0, 0x f x  . 

Experiments show that [5], the volt-ampere function of the battery has the characteristic of 

monotone decreasing, which can be expressed mathematically as follows   0kf x  . 

When the independent variable x  is 0, value of the function must be constant, and there is

 f x A ; At the same time, the numbers and the forms of the specific battery mechanism are 

unknown, caused by the volt-ampere function of the battery. And from the perspective of 

dimension, the explicit function of the volt-ampere characteristic of the battery can be represented 

by the form of sum, namely 

                           
1
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N

k k
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f x A f x f x A
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1

(0) 0
N

k
k

f

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1 2(0)+ (0)+ + (0) 0Nf f f  , whose solution of is not closed, but the experimental data of 

each mechanism function cannot be separated separately. The specific number of function N  and 

the specific form of each term ( )kf x in Eq. (3), both cannot be determined by this formula. That is 

a defect in the expression form of explicit function summation of the current volt ampere 

characteristic of the battery. 

The volt-ampere characteristic curve of the battery contains the influencing factors that 

determine the number of mechanisms, namely ( )f x N� ; 

                             1

( ) ( ), 1, 2,....
N

k k
k

f x f x k N


 
                   (4) 

By separating the functions in ( )kf x  from each other, the specific form of the battery volt-

ampere function can be accurately expressed: 
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1 2 1 2( )+ ( )+ + ( ), 1,2,.... ( ) ( ) ( ), 1,2,....N Nf x f x f x k N f x f x f x k N   ， ，，     (5) 

Therefore, it is the main content of this paper to express the battery volt-ampere function 

accurately, find the method of separating the battery volt-ampere function, and determine the 

mechanism function form respectively. 

3. Construction of the correct battery volt ampere function 

3.1 Establishment of the specific number of battery mechanisms 

Since all types of batteries have monotonically reduced volt-ampere characteristics 

[1,2,5,14],namely ( ) 0kf x  ,the volt-ampere curve of the battery can be expressed by ( )f x  in the 

plane coordinate system. 

From the point of view of mathematical physics, the independent variables and dependent 

variables of the battery voltammetric function need to meet the conditions 

 max0 , 0x x f x A    . 

The mathematical property of the battery volt-ampere characteristic shows   0f x  ,and the 

following volt-ampere function can be obtained by definite integral: 

   definite integralf x B f x A Bx                       (6) 

After nonlinear treatment of (6), the nonlinear function can be expressed as: 

                   
1,

, 0 , , 0
1,

n
linean

f x n A Bx A B n
n non

r

linear


    


           (7) 

Such a volt-ampere function is suitable for all types of batteries. The key is to give the three 

parameters  , , 0A B n  in the equation explicit physical connotation. 

In this paper, the mathematical expression of Eq. (7) is called the "universal volt ampere 

function" of the battery because the battery has the mathematical characteristic of monotonically 

decreasing   0f x  . 

The analysis of the experimental curve of the battery voltammetric function should be carried 

out from both the local and global perspectives, that is, the analysis is from the slope at any point 

in the voltammetric curve and the overall trend. The first derivative corresponds to any point on 

the volt-ampere curve, and the second derivative reflects the overall trend of the volt-ampere curve. 

Take the first derivative of the universal voltammetric function of the battery: 

                                     1 0nf x nBx                             (8) 

The first derivative of the universal voltammetric function obviously satisfies the condition of

  0f x  . 

The Second derivative of the battery voltammetric function can be obtained as follows: 
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           (9) 

In Eq. (9), the independent variable exponential n is related to the internal working mechanism 

of the battery and determines the opening direction of the curve of universal voltammetric 

function. The battery mechanism should also be reflected on the curve of the voltammetric 
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function, that is, the symbol state of exponential n  represents the corresponding form of the 

battery mechanism function. 

When 1n  , ( )f x A Bx  is the linear voltammetric function of the battery. When 1n  , 

the second derivative is greater than 0, ( ) 0f x  , and the voltammetric curve of the function opens 

upwards; when 1n  , the second derivative is less than0,   0f x  , and the voltammetric curve 

opens downwards. 
Table 1 Relationship between weighted parameters n and cell mechanism 

 
 
 
 
 
 
 
 
 

The volt-ampere curve of the battery can usually reveal the working mechanism of the battery. 

The numerical state of the independent variable exponent n  in the battery volt-ampere function 

can be used as the judgment criterion of the battery mechanism. The parameter n  can be shared 

.Thus, it can be determined that there are only three kinds of mathematical properties in the 

working mechanism of a battery: when the second derivative equals zero (the first mechanism of 

battery), less than zero (the second mechanism of the battery) and greater than zero (the third 

mechanism of battery). 

The conclusions are shown in Table 1. Compared with the analysis results in Table 1, the 

numerical state of independent variable index n  corresponds to the working mechanism of the 

battery. 

After obtaining the universal voltammetric function expression containing the mechanism of 

the battery, the expression can be decomposed to determine whether the universal voltammetric 

function can be used as the battery mechanism function, or not, then:  
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，

          (10) 

The above has shown three kinds of mechanism functions in generalized voltammetric 

function containing the mechanism of battery. Those three mechanisms are of the characteristics of 

piecework and exist independently, so they need to be described separately. 

By integration, in Eq. (10) shows the universal voltammetric function obtained can only be 

decomposed into the mechanism functions with two different expressions; that does not meet the 

conditions of three mechanism functions. 

In addition, when 1n  ,    1
3 1 0, 1nf x Bx x x    , the value of n  makes the mechanism 

function not meet the requirements of    max max0 ,0 kx x f x f x    . 

Therefore, the universal voltammetric function, obtained by mathematical integration , cannot 

be applied to the construction of the concrete form of mechanism function  kf x . 

3.2 Construction of the specific mechanism function form of battery  kf x  

Explicit 
expression of 
volt ampere 
function 

Numerical 
state of 
independent 
variable index 

Second 
derivative 
case 

Mechanism model of 
battery

 

 , nf x n A Bx   

1n  ( )=0f x  First mechanism model 

1n  ( ) 0f x   
Second mechanism 
model 

1n  ( ) 0f x   Third mechanism model 
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The volt-ampere characteristics of battery mechanism function are different from each other. 

Given the   , 1, 2,3kf x k  of the battery mechanism function, it is usually studied separately by 

separating the  kf x ,and the linear mechanism function  1 0, 0f x Bx x   has been separated 

from the universal volt-ampere function, and only two more nonlinear mechanism functions need 

to be constructed. 

In this paper, a mathematical deduction is attempted from the derivative direction of the 

battery volt-ampere function, and an appropriate function form is found according to the 

derivative law of each mechanism function. The original function  kf x of the battery volt-

ampere function, the first derivative  kf x and the second derivative  kf x are respectively 

expressed to separate the  kf x : 

                   

     

   
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



      

    


       
    




               (11) 

By comparing (11) with the conditional   0, 0kf x x   of mechanism function, it can be 

obtained that only  1 0, 0f x Bx x    under 1n  can satisfy the condition of mechanism 

function.  

                               1 0, 0, 0f x Bx B x                         (12) 

Meet the conditions    1 10, 0, 1f x f x n    . 

When 1n  , there are two mechanisms are  2f x and  3f x , since ( 1)n corresponds to 

''( ) 0f x  , and ( 1)n   corresponds to ''( ) 0f x  ;In nonlinear functions, there are inversely 

proportional functions, trigonometric functions, logarithmic functions, exponential functions. 

Among those functions, the trigonometric function is periodic, which does not accord with 

the monotonicity and convexity of the battery volt-ampere function. For the inversely proportional 

function ( )
k

f x
x

 , there is no intersection point between the function curve and the coordinate axis, 

which does not conform to the characteristics of the battery. 

The cell mechanism function presented by previous studies does contain logarithmic and 

exponential function forms [19-24]. In view of the above functions, they are the objective reflection 

of nature law phenomenon in mathematics. When the mathematical functions are constructed, 

from the perspective of mathematics, it should not change the symbols and exponential form of the 

function to meet the data obtained from such experiments. Only in this way, it can be ensured that 

the physical phenomenon of the functions will not be distorted by the change of symbol or the 

adjustment of index. In addition, the selected mathematical functions should be proportioned 

according to the dimensional and physical requirements.  

The mechanism function of  2f x  should satisfy    2 20, 0, 1f x f x n    , that is, the 

first derivative and the second derivative have the same sign. Take the form of the exponential 

function with natural constant as the base,    2 expf x x : 
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   2 exp 0f x x    ,    2 exp 0f x x                     (13) 

In order to satisfy  0 0kf  , the function is expressed as    2 exp 1f x x  , and after 

dimensioning, the mechanism function becomes:  

                          2 0 1exp 1 0, 0f x C C x x                          (14)    

The mechanism function of  3f x  should satisfy    3 30, 0, 1f x f x n    , that is, the 

first derivative and the second derivative appear variable signs. The form of natural logarithm 

function    3 lnf x x can be selected: 

                               3

1
0f x

x
   ,  3 2

1
0f x

x
                       (15) 

In order to satisfy  0 0kf  , the function is expressed as    3 ln 1f x x  , and the   

mechanism function becomes:  

                        3 0 1ln 1 0, 0f x D D x x                       (16) 

Table2 Derivative characteristics of the battery mechanism function 

 
The volt-ampere characteristics of the battery mechanism function need to satisfy the two 

basic conditions of monotone   0f x  and  
1

0 =0
n

k
k

f

 , but the volt-ampere characteristics are 

different from each other:      1 2 30, 0, 0f x f x f x     .The voltage-ampere characteristics 

of the battery mechanism function can be sorted out, as shown in Table 2. 

The battery mechanism function which satisfies the conditions can be obtained: 

                          
3

0 1 0 1
1

= exp 1 ln 1k
k

f x A f x A Bx C C x D D x


                    (17) 

4. Application and value of the universal voltammetry function 

There exists a theoretical potential value: theoriticalA  in the cell (for example, chemical 

electromotive force of chemical cell, photoelectric conversion efficiency of photovoltaic cell), which 

usually cannot reach the theoretical potential value; so the applied potential value experimentalA of 

battery can be adopted in the experiment. The difference between the two potential values

exptheoritical erimentalA A A  can be used to effectively evaluate the state of the battery electrode. 

However, the battery data  exp max,erimentalA x on the coordinate axis in the voltammetric 

coordinate system is always difficult to measure, so it is impossible to measure experimentalA

Battery mechanism First mechanism model Second mechanism model Third mechanism model 

First derivative 
   

Second derivative 
   

Mechanism function form 
 

  

Mechanism function requirement   
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effectively. 

4.1 Determination and value of the parameters of the universal voltammetry function 

There are six parameters in the universal volt ampere function of the battery, as shown in 

(17), in which parameter A  is the "power parameter" of the battery and is the very key value in 

the battery. 

The closed solution parameter  0 1 0 1, , , , ,A B C C D D  is used to determine the power supply 

parameters when 0x   and maxx x  are            

                  

 

 

3

exp
1

3

max exp max
1

0 (0)

( ) 0

erimental k
k

erimental k
k

f A f A

f x A f x






  



   





                   （18） 

In the measurement of the battery volt-ampere characteristics, it is extremely difficult to 

conduct the zero value phenomenon in the experimental measurement and achieve the result of 

V E , when the current of the voltage source battery is 0. 

As for the current source battery, it is also extremely difficult to achieve the result of sI I  

in the experimental measurement, when the voltage is 0.Therefore, in battery experimental 

research; it is always difficult to measure the exact value of open circuit voltage or short circuit 

current.  

From the theoretical level of battery, there is   theoritical value0f A , and from the aspect of 

experiment, there exist experimental measurements namely,   experimental value0f A .  

But when the current is zero, the experimental value and the theoretical value of the battery 

are not exactly the same, then the theoretical study of the battery mechanism function can judge 

the gap between the actual value and the theoretical value of the battery open circuit voltage, 

namely
theoritical value experimental valueA A A   

. The error between the theoretical value and the 

experimental value is determined, consequently. 

4.2 Application of nonlinear batteries 

Fuel cell is the most typical non-linear cell, and its volt-ampere characteristic curve is the most 

complex curve at present, which can reveal three working mechanisms inside the cell: activation 

polarization loss, ohm polarization loss and concentration polarization loss [18], As shown in 

Figure.1.  

Therefore, taking fuel cells as an example, this paper analyzes and studies various V-I function 

models that have been widely used in the analysis and research of proton exchange membrane fuel 

cells from the perspectives of the first and second derivatives and the voltage value when the 

current is 0. 

In[22], an improved mass transport item model is proposed for theoretical analysis of fuel cells: 

                            0

0

ln( ) exp( )
I I

U E A m nI IR
I


                      (19) 

In[23], The mold is constructed after the current density of electron leakage being considered: 

                      

0 0

ln( ) ln(1 ) ( )in in
in

I I I I
U E X Y I I R

I I

 
                 (20) 

In [24], exponential expressions of activation and mass are introduced: 
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                           lg exp( )
L

I
U E b m nI RI

I
                        (21) 

In [25], a model considering anode and cathode is proposed: 

                         

. .

ln( ) ln( ) ln( )L
a c

o a o c L

II I
U E b b B IR

I I I I

 
     
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               (22) 

In [26], the model is proposed: 

                             2

0 0

ln 1 ( ) ln(1 )
2 2 L

RT I I RT I
U E IR

F I I nF I

 
       

 

           (23) 

From the above analysis of the first and second derivatives of the volt-ampere function and 

the voltage value when the current is zero for the five common fuel cells (see Eqs. (19) to (23)). The 

first derivatives of the Eqs. (22) And (23) in the five functions (see Eqs. (19) to (23)) are greater than, 

equal to and less than zero, which do not conform to the monotonously decreasing characteristics 

of the battery volt-ampere function. When the current is zero, the voltage values in the formulas 

from Eqs. (19) to (22) are not the open circuit voltage E, or even infinite voltage value is produced. 

That does not conform to the actual experimental measurement. Second derivative reflects the 

opening direction of battery volt-ampere characteristic curve, and the opening direction of fuel cell 

volt-ampere characteristic curve is not a single opening direction mechanism. Moreover, the second 

derivative of volt-ampere function of fuel cell in Eqs. (19) and (23) is only less than zero. Therefore, 

the theory cannot fully reflect the battery’s internal mechanism. 

 
Figure1.Volt-ampere characteristic curve of fuel cell 

Via the analysis of the common functions from the first and second derivative and the voltage 

value when the current is zero, it can be concluded the existing theoretical function form of fuel 

cell is the result of fitting the experimental data based on experiment. 

Therefore, there is no sufficient basis to add or reduce the constant term, so that the voltage 

value of the fuel cell volt-ampere function does not appear infinite when the current is zero, which 

is not in line with the actual situation, and makes the first derivative of the volt-ampere function 

meet the characteristics of monotonic decline. 

When there is a big difference in the fitting of fuel cell volt-ampere function to experimental data, 

it will try to change the symbol in front of the independent variable for a new data fitting. In order 

to meet the experimental data, the symbol in front of the independent variable changed, which 

changes the unequal sign direction of the second derivative of the fuel cell mechanism function. 
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5. Conclusion 

This paper presents a new type of battery volt-ampere function model, ( ) nf x A Bx  . From 

the mathematical level, it demonstrates the battery volt-ampere characteristic curve of monotone 

decreasing ( ) 0f x   and opening direction and so on characteristics, determines the numbers of 

the internal mechanism of the battery. 

Under the overlapping effect of different mechanisms, the battery mechanism function in 

physical level is established, and the correct battery mechanism function is obtained as

     0 1 0 1= exp 1 ln 1f x A Bx C C x D D x       .The open circuit voltage and short-circuit 

current of the battery can be calculated accurately with the help of the voltammetric data of the 

battery, which lays a foundation for the theoretical research of the battery. 

By establishing the mechanism function of the battery in physical layer, it is possible to apply 

the explicit function of the universal volt-ampere characteristic of the battery to the practical 

theoretical research. Three different working mechanisms matched with specific mathematical 

descriptions respectively, and the value range of weighted factor n  determines the matching of 

specific mechanism functions. 

When 1n  , corresponds to the cell mechanism model function 1( )f x Bx , is the first 

mechanism model function. 

When 1n  , corresponds to the battery mechanism model function  2 0 1( ) exp( ) 1f x C C x  , and 

is the second mechanism model function. 

When 1n  , corresponds to the cell mechanism model function 2 0 1( ) ln(1 )f x D D x  , and is 

the third mechanism model function. 

The common feature of all types of batteries is the monotone reduction of the volt-ampere 

curve and the downward opening of the power curve. Therefore, there is a universal volt-ampere 

characteristic function, which can be obtained by combining mathematical deduction with physical 

properties. The numerical range of the exponent n in the function corresponds to the three working 

mechanisms of the fuel cell, and the specific value of the battery open-circuit voltage can be 

obtained through that function. Consequently, not only does the construction of battery 

mechanism function provide the theoretical guidance for the research of battery, but it provides 

great convenience for the theoretical research of battery as well.  

Acknowledgement: This work supported by National Natural Science Foundation of China (NSFC) 

(51975549), State Key Laboratory of Mechanical System and Vibration (MSV202017), Anhui Provincial Natural 

Science Foundation (1908085ME161).  

References 

[1] Zerhouni M’hamed Houari, Zerhouni Fatima Zohra, zegrar Mansour. Photovoltaic Solar Array: Modeling and output power 

optimization. [J]. Environmental Progress and Sustainable Energy,2016,10(1002): 1529-1536. 

[2] Shubhankar Niranjan Deshkar, Sumedh Bhaskar Dhale, Jishnu Shekar Mukherjee. Solar PV array reconfiguration under partial 

shading conditions for maximum power extraction using genetic algorithm[J].Renewable and Sustainable Energy Reviews, 

2015,4( 3):102-110. 

[3] Thomas Ott, Thomas Walter, Dimitrios Hariskos. Accelerated Aging and Contact Degradation of CIGS Solar Cells[J]. JOURNAL 

OF PHOTOVOLTAICS, 2013, 3(1): 514-518. 

[4] Ding J L, Rakesh R. A new method to determine the optimum load of a real solar cell using the Lambert W-function[J]. Solar 

Energy Materials and Solar Cells, 2008, 92(12): 1566-1569. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 July 2020                   doi:10.20944/preprints202007.0669.v1

https://doi.org/10.20944/preprints202007.0669.v1


[5] Priya Ranjan Satpathy, Sasmita Jena, Renu Sharma. Power enhancement from partially shaded modules of solar PV arrays through 

various interconnections among modules[J]. Energy, 2018, 144: 839-850. 

[6] Daniel Gomez Lorente, Simone Pedrazzi, Gabriele Zini. Mismatch losses in PV power plants[J]. SOLAR ENERGY, 2014, 42-49. 

[7] Ye X, Zhao Y H, Quan Z H, Thermal management system of lithium-ion battery module based on micro heat pipe array[J]. 

ENERGY  RESEARCH, 2017：648-655. 

[8] J.Siecker, K. Kusakana, B.P.Numbi. A review of solar photovoltaic systems cooling technologies[J]. Renewable and Sustainable 

Energy Reviews, 2017, 79: 192-203. 

[9] Wang Y.P, Shi X.S, Huang Q W. Experimental study on direct-contact liquid film cooling simulated dense-array solar cells in 

high concentrating photovoltaic system[J]. Energy Conversion and Management, 2017, 135: 55-62. 

[10] Liu Dehui, Liu Xirong. Circuit Basis [M]. China Water Resources and Hydropower Press, 2004 

[11] Yang Peixin, ZHAO Xiqing. Ideal power supply in circuit theory [J]. Chinese Journal of Physics, 2005 (12) : 26-27 

[12] Ding Jinlei. Principle Research and Application of Explicit Solution of I-V Equation for Solar Cell [D]. Ph.D thesis. Hefei: 

University of Science and Technology of China, 2007. 

[13] Elodie Lechartier, Elie Laffly, Marie-Cécile Péra, Rafael Gouriveau, Daniel Hissel, NoureddineZerhouni. Proton Exchange 

Membrane Fuel Cell Behavioural Model Suitable for Prognositics[J]. International Journal of Hydrogen Energy 2015; 40: 8384-

8397. 

[14] E. Duran, J.M. Andujar, F. Segura. A high-flexibility DC load for fuel cell and solar arrays power sources based on DC-DC 

converters[J]. Applied Energy, 2011,88:1690-1702. 

[15] Xian-liang, XIAO Jian, JIA Junbo. Experimental Study on Alternating Impedance Spectra of Proton Exchange Membrane Fuel 

Cells [J]. Chinese Journal of Electrical Engineering, 2010, 30(35): 101-106. 

[16] Zhang Zhongzheng. Research on Solar Cell Application Theory. Doctoral dissertation [D]. Hefei: University of Science and 

Technology of China, 2014.6-12. 

[17] Yuan Qibin. Theoretical Study on Power Mismatch of Battery Array. Master's thesis [D]. Hefei: University of Science and 

Technology of China, 2018. 

[18] Junbom Kim, Seong-Min Lee, Supramaniam Srinivasan. Modeling of Proton Exchange Membrane Fuel Cell Performance[J]. 

JOURNAL OF THE ELECTROCHEMICAL SOCIETY, 1995, 142(8): 2670-2674. 

[19] Xu zhidan, huang haiyan, bao cheng. Semi-empirical model of proton exchange membrane fuel cell [J]. Chinese journal of 

mechanical engineering, 2007,43 (10) :126-131. 

[20] Weijie Shen and Dennis K.J.Lin. A Conjugate Model for Dimensional Analysis[J]. TECHNOMETRICS, 2018,60(1), 79-89. 

[21] Kari L, Seppo V. Effects of PV Array Layout Electrical Configuration and Geographic Orientation on Mismatch Losses Caused 

by Moving Clouds[J]. Solar Energy, 2017, 144: 548–555. 

[22] James Lamir, Andrew Dicks. Fuel Cell System-Principle Design Application [M]. Beijing. Science Press, 2006. 

[23] Wang Linshan, LI Ying. Fuel Cell (second edition) [M]. Beijing: Metallurgical Industry Press,2005. 

[24] Zhang jinhui, Pei pucheng. Experimental Study on Ohmic Impedance of Proton Exchange Membrane Fuel Cell [J]. Journal of 

tsinghua university, 2007,47 (2) : 228-231. 

[25] Cao Dianxue,WU Yanzhuo. Department of Fuel Cell [M]. Beijing: Beihang University Press 2009:49. 

[26] Tan xunqiong,wu zhengqiu,zhou ye.Integrated Modeling and Simulation of Solid Oxide Fuel Cells [J]. Chinese journal of electrical 

engineering, 2010,30 (17)

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 July 2020                   doi:10.20944/preprints202007.0669.v1

https://doi.org/10.20944/preprints202007.0669.v1


 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 July 2020                   doi:10.20944/preprints202007.0669.v1

https://doi.org/10.20944/preprints202007.0669.v1

