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BACKGROUND OF THE INVENTION 

In recent years both the galvanic cell and fuel cell 

have been used as sources of portable low-voltage electri

cal energy. In both the galvanic cell and fuel cell, 

5 chemical energy is converted directly into electrical 

energy. To obtain useful working voltages, a number of 

these voltage cells must be connected in series. In this 

manner, each cell adds its voltage to the total voltage of 

the voltage cells in the string below it. The output 

10 voltage of each cell depends upon both the type of cell 

and materials· used within the cell. For example, galvanic 

cells, such as the lead~acid storage battery, produce an 

open circuit voltage of approximately 2.2 volts per cell. 

The operating voltage of phospheric fuel cells, on the 

15 other hand, is approximately 0.6 volts per cell. 

·The concept of connecting voltage cells in series to 

produce a useful working voltage is easily accomplished as 

long as the performance of each voltage cell closely 

matches the performance of the other cells in the stack. 

20 However, if for some reason a voltage cell does not per

form in the same manner as the other cells in the group 

and presents a higher impedance to the current flowipg 

through it, localized heating may occur within the cell 

which can cause permanent damage to the cell. In some 

25 cases, the cell polarization reverses which can produce a 

potentially dangerous situation. Performance imbalance, 

localized heating, and reversal of cell polarization rect~

ily occur in galvanic cells which are deeply discharged, 
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such as, in battery powered or battery assisted electric 

vehicles which are forced to go beyond the designed opera

ting parameters of the batteries. This condition can also 

occur in fuel cells when improper cooling exists or when 

5 an insufficient supply of reactants is provided. In most 

cases, permanent damage can be prevented by simply reduc

ing or eliminating the demand on the voltage cell whenever 

these conditions exist. 

10 

SUr1Ml\.RY OF THE INVENTION 

It is therefore an object of the present invention to 

provide a device for detecting an error voltage to indi

cate malfunction of at least one voltage cell in a plural

ity of voltage cells connected in series. 

It is also an object of the present invention to pro-

15 vide a device for detecting voltag~ imbalances in a 

plurality of voltage cells connected in series. 

Another object of the present invention is to provide 

an automatic voltage imbalance detector. 

Another object of the present invention is to provide 

20 a device for-preventing damage to series connected voltage 

cells due to excessive discharge. 

Additional objects, advantages and novel features of 

the invention will be set forth in part in the description 

which follows, and in part will become apparent to those 

25 skil.led in the art upon examination of the following or 

may be learned by practice of the invention. The objects 

and advantages of the invention may be realized and 

attained by means of the instrumentalities and combina

tions pnrt.ictJ.lnr.ly pointed out in the appended claims. 

30 To achieve the foregoing and other objects, and jn 

accordance with the purposes of the present invention, as 

embodied and broadly described herein, the apparatus of 

this invention may comprise a device for detecting an 

error voltage to indicate malfunction of at least one 

35 voltage cell in a plurality of voltage cells connected in 

series comprising means for adding the voltage magnitudes 

... 
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of two adjacent voltage cells of said plurality of voltage 

cells connected in series at upper and lower voltage 

points to obtain a sum voltage; means for comparing said 

sum voltage with a central voltage between said two adja-

5 cent voltage cells to obtain an error voltage; switching 

means for providing an output whenever said error voltage 

exceeds a predetermined magnitude indicative of a malfunc

tion of at least one of said voltage cells. 

The present invention may also comprise, in accordance 

10 with its objects and purposes, a device for detecting 

voltage imbalances in a plurality of voltage cells con

nected in series comprising means for measuring the volt

age difference across a first voltage cell; means for 

measuring the voltage difference across an adjacent volt-

15 age cell connected in series to said first voltage cell; 

means for comparing said voltage difference across said 

first voltage cell with said voltage difference across 

~aid adjacent voltage cell to produce an error voltage; 

switching means for producing an output signal whenever 

20 said error voltage exceeds a predetermined magnitude. 

The present invention may also comprise, in accordance 

with its objects and purposes, an automatic voltage imbal

ance detector comprising a plurality of voltage cells con

nected in aeries such that R~~h two adjacent voltage cells 

25 have lower, middle and upper voltage points at connection 

points in said series; means for combining the voltage 

magnitudes at said upper and lower voltage points to 

obtain a sum voltage; operational amplifier means for corn

paring said sum voltage with the voltage magnitude at said 

30 middle voltage point to produce an error signal pro,Ror

tional to the difference between said sum voltage and the 

voltage magnitude at said middle voltage point; switching 

means for producing an output signal whenever said com

parison signal exceeds a predetermined error voltage. 

35 The present invention may also comprise, in accordance 

with its objects and purposes, a device for preventing 
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damage to series connected voltage cells due to excessive 

discharge comprising means for detecting voltage levels 

between said series connected voltage cells during dis

charge; means for comparing adjacent voltage levels to 

5 produce difference voltage signals; means for comparing 

adjacent difference voltage signals to produce an error 

voltage signal proportional to the difference between said 

difference voltage signals; switching means for producing 

an output switching signal whenever said error voltage 

10 signal exceeds a predetermined absolute magnitude indica

tive of potential damage to said voltage cells. 

The advantages of the present invention are that it 

provides a mechanism for monitoring a power system and 

preventing damage resulting from an excessive voltage drop 

15 in any particular cell compared to the surrounding voltage 

cells. The system can be implemented to automatically 

reduce or eliminate system load to prevent damage. 

Another impo~tant advantage of the present invention is 

that no prior guesswork is necessary for preventing the 

20 conditions that may cause cell damage. That is, any con

dition that may cause a cell voltage to drop, such as loss 

of fuel or a decrease in chemical reactivity, is automati

cally detected by measuring voltage imbalances. Moreover, 

the readings are independent of system load since the 

25 error signal represents a comparison between adjacent 

voltage cells. 

BRIEF DESCRIPTION OF THE DRA~VINGS 

The accompanying drawings, which are incorporated in, and 

form a part of, thR Rp~cification, illustrate an embodi-

30 ment of the present invention and, together with the 

description, serve to explain the principles of the 

invention. In the drawings: 

Figure 1 is a schematic diagram illustrating the 

important operating components of the device of the 

35 present invention. 

Figure 2 is a detailed schematic diagram of the manner 
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in which the device of the present invention is imple

mented with a plurality of series connected voltage cells. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT OF THE INVENTION 

Figure 1 schematically illustrates the concept of the 

present invention. The underlying principle of the volt

age imbalance detection circuit of the present invention 

is that the voltage difference, or imbalance between adja

cent groups of voltage cells, such as voltage cells 10 and 

10 ~ having equal outputs must not exceed a predetermined 

error voltage which has been found to be indicative of a 

failure in one or more of the cells connected in series. 

For example, if one cell group in a series of fuel cells 

develops 5.5 V and an adjacent cell group develops 6.5 V 

15 under the same load, there is good reason to suspect that 

one of the groups has one or more bad cells. The same is 

true for series connected galvanic cells. Since the out

put voltage of an electrochemical cell is a function of 

the load current, it is not possible to detect a bad cell 

20 simply by comparing the voltage of that cell to some 

standard voltage. Consequently, the comparison must be 

made between adjacent voltage cells or groups of voltage 

cells along the entire system string. If the output volt

ngP. of a group n is equal Vn' and the output voltage of 

25 the group immediately following group n in the series is 

Vn+l' and the output voltage of the group immediately 

preceeding group n 1s Vn-l' then an error voltage, 

denoted as E , can be defined as follows: v 

30 /cvn- vn-1) - (Vn+l - vn/ < Ev ( 1 ) 

In other words, if the absolute voltage difference 

between adjacent cell groups is less than or equal to an 

acceptable error voltage (Ev), then the cell group volt

ages are acceptable. Since all of the voltage cells are 

35 subjected to the snmP. external load, the relationship of 
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equation 1 is not affected by the load. This allows for 

continuous monitoring of the voltage cells and an immedi

ate indication of a potential damage situation. Where 

more than one comparison circuit is used for monitoring 

5 three or more voltage cells, the present invention pro

vides a redundancy since a bad cell or cell group will 

indicate a failure in the comparison circuit for voltage 

ceils or cell groups immediately prior to and following 

the particular voltage cell in question. This is true for 

10 all of the voltage cells connected in series, except for 

the first and last voltage cell. 

Equation 1 can also be rewritten as follows: 

/vn v + vn+lj E /2 ( n-1 < ( 2) 2 . v 

This form of the equation clearly shows that the left side 

15 of the relationship is a measure of the departure of the 

predicted value of Vn based on the average of Vn-l and 

20 

Vn+l' with t.J:"le actual value of Vn. 

Referring again to Figure 1, the voltages 

Vn+l are applied to the negative input 14 of 

amplifier 16 via input resistors 18 and 20. 

V and n-1 
operational 

The central 

vnltage. V , 
ll 

is applied directly to positive input ~of 

operational amplifier 16 and provides a standard voltage 

to which the combined voltages Vn-l and Vn+l are com

pared. Feedback resistor 24 functions to make operational 

25 amplifier 16 operate as a voltage dividing circuit for the 

voltage applied tu w:gative input 14. ThR voltage at out

put ?.n is a value of the comparison of the combined volt

ages applied to negative input 14 with the central voltage 

applied to positive input 22 of operational amplifier 16. 

30 The magnitude of the voltage at output 26 can be adjusted 

by the relative magnitudes of resistors 18, 20, and 24. 

Transistors 28 and 30 operate as switching devices for 

providing an automatic shutdown signal whenever a 

-.;>' 
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predetermined voltage is exceeded at output 26. Since the 

output voltage, V is a comparison between V and the 
o n 

voltage at output 26, as illustrated in Figure 1, whenever 

the voltage at output 26 exceeds the turn-on voltage of 

5 the base/emitter junction of transistor 28, transistor 28 

begins to conduct which causes current to flow through 

coil 32 causing relay switch 34 to close and thereby pro

vide an automatic shutdown signal. The base/emitter junc

tion of transistor 30 is connected exactly opposite to the 

10 base/emitter junction of transistor 28, so that when the 

voltage at output 26 exceeds a predetermined error voltage 

in a negative direction compared to voltage V , transis-n 

15 

20 

tor 30 conducts causing the same function to occur in coil 

32 and relay switch 34. 

Of course, transistors can be combined with diodes 

and/or zener diodes to generate various selected turn-on 

thresholds to provide a different predetermined voltage. 

However, the easiest manner of adjusting the voltage 

required to turn on transistors 28 and 30 is by way of 

selecting resistors 18, 20, and 24. If resistors 18, 20, -- --
and 24 are made essentially equal in value, the predeter

mined voltage will be essentially equal to the turn-on 

voltage of the base emitter junction of transistors 28 and 

30. In many cases this is essentially equal to 0.6 V, 

25 which is approximately the desired error voltage for 6.0 V 

galvanic cell batteries connected. in series and a 6.0 V 

group (normally 10) of fuel cells connected in series. 

This provides a very convenient circuit which can be con

structed with greater ease and at a lesser expense. 

30 Figure 2 schematiqally illustrates the concept of a 

complete circuit which consists of multiples of the funda

mental circuit illustrated in Figure 1. Each cell group 

output such as V 1 , V, V +l' etc., except for the n- n n 
last or total voltage is connected to a fundamental cir-

35 cuit. Each of the fundamental circuit outputs are con

nected together and to an additional circuit or device to 

~· 
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generate an alarm signal or initiate a remedial or shut

down action if any one of the switching transistors is 

caused to turn on by detection of a voltage imbalance 

within the string of voltage cells. 

5 Consequently, the present invention provides a device 

for detecting an error voltage to indicate malfunction of 

at least one voltage cell in a plurality of voltage cells 

connected in series. The device of the present invention 

can be implemented to reduce the output load to the series 

10 connected voltage cells or inhibit discharge of the volt

age cells altogether. The device of the present invention 

is capable of continuously monitoring the series connected 

v6ltage cells and providing a reliable output indicative 

of potential damage to one of the voltage cells during 

15 varying load conditions. This allows the device of the 

present invention to provide an instantaneous output sig

nal whenever the error voltage exceeds a predetermined 

magnitude. The device of the present invention is also 

useful in battery-powered electric vehicles as a device 

20 for preventing galvanic cells from becoming damaged by 

being overly discharged. Additionally, it provides an 

instantaneous indication of a malfunction within fuel 

cells and can thereby prevent costly damage to these 

devices. 

25 The foregoing description of a preferred embodiment of 

the invention has been presented for purposes of illustra-

tion and description. It is not intended to be exhaustive 

or to limit the invention to the precise form disclosed, 

and obviously many modifications and variations are pos-

30 sible in light of the above teaching. The embodiment was 

chosen and described in order to best explain the princi

ples of the invention and its practical application to 

thereby enable others skilled in the art to best utilize 

the invention in various embodiments and with various 

35 modifications as are suited to the particular use contem

plated. It is intended that the scope of the invention be 

defined by the claims appended hereto. 



ABSTRACT OF THE DISCLOSURE 

A device for indicating and preventing damage to volt

age cells such as galvanic cells and fuel cells connected 

in series by detecting sequential voltages and comparing 

5 these voltages to adjacent voltage cells. The device is 

implemented by using operational amplifiers and switching 

circuitry is provided hy transistors. The device can be 

utilized in battery powered electric vehicles to prevent 

galvanic cell damage and also in series connected fuel 

10 cells to prevent fuel cell damage. 

~· 
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