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(57) ABSTRACT 

An electricity output managing system for a fuel cell Stack is 
disclosed. It includes a fuel cell Stack, many power Switches, 
an electricity adjusting module, multiple thermal sensors, and 
a controller. This electricity adjusting module is provided to 
combine the electricity outputs from these power switches 
into a single final output. The thermal sensors can detect the 
inner temperature values of the fuel cell units. The controller 
can receive the inner temperature values via these thermal 
sensors and calculate an average of all the inner temperature 
values which is a floating one. When one of the inner tem 
perature values falls outside a normal range or one of the inner 
temperature value's variation rates exceeding a preset refer 
ence value, the controller turns off the power switch of the 
corresponding fuel cell unit and sends out a warning signal. 
So, it can effectuate the fuel cell management by monitoring 
the inner temperatures of these fuel cell units. The managing 
system is judged by its floating average temperature. In addi 
tion, it can detect any abnormal fuel cell unit inside a fuel cell 
stack. 
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ELECTRICITY OUTPUT MANAGING 
SYSTEM FOR A FUEL CELL STACK 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to electricity output 
managing system for a fuel cell stack. In which, it can effec 
tuate the fuel cell management by monitoring the inner tem 
peratures of these fuel cell units. The managing system is 
judged by its floating average temperature. In addition, it can 
detect any abnormal fuel cell unit inside a fuel cell stack. 
0003 2. Description of the Prior Art 
0004 Fuel cell technology has become increasingly 
sophisticated in recent years. A traditional fuel cell stack 200 
(as shown in FIG. 6) usually is constituted by dozens or 
hundreds fuel cell units 20 stacked together. Each fuel cell 20 
include a membrane electrode assembly (briefly referred as 
MEA) 201, an anode layer 202, a cathode layer 203, and a pair 
of bipolar plates 204. Of course, the adjacent bipolar plates 
204 of neighboring fuel cell units 20 can be combined as one 
integral plate (or sharing one plate). Besides, the integral plate 
(also labeled as 204) has both sides. Each side has one or more 
flow channels. 
0005. However, the traditional fuel cell stack still has the 
following disadvantages and problems. 
0006 1A general battery management's focus is only on 

its Voltage or current output. Temperature variation is one of 
the important factors to determine whether this fuel cell stack 
is normal or not. Before the fuel cell stack is break down, its 
Voltage or current output might be kept within a preset range, 
but its internal temperature will increase obviously. If each 
fuel cell unit is treated as a battery, a general battery manage 
ment only monitors its Voltage or current output. Once the 
Voltage or current increases above a preset level, a warning 
signal is generated and a necessary action (such as turned off) 
might be taken. Therefore, the traditional method is not based 
on its internal temperature variation. Therefore, it is hard to 
detect its internal temperature variation when it is breaking 
down. 
0007 2. The temperature control of a fuel cell stack is 
based on a fixed value rather than a floating value. Assuming 
Some thermal sensors are embedded inside a fuel cell stack, it 
is possible to detect the inner temperature. It usually contains 
one or more fixed values such as a fixed upper limit or a fixed 
lower limit (for example, 55° C. and 45° C.). However, the 
chemical reaction inside the fuel cell is very complicated. It 
might be influenced by many factors, such as the Supplying 
Volume of the reacting gases changes, the temperature of the 
entering gas becomes higher or lower, the inner water is 
jammed in the channel, and so on. Therefore, when the oper 
ating condition changes, the fixed value has to be reset or 
changed again. Thus, it is really troublesome. 
0008. 3. It is hard to know one of the fuel cell units in the 
entire fuel cell stack breaks down or not. When one of dozens 
or hundreds fuel cell units is out of order, the inner tempera 
ture of that one becomes unstable. If such unstable tempera 
ture fluctuation is within a fixed range, it still is considered 
normal. Under this condition, the abnormal condition cannot 
be detected and known. 

SUMMARY OF THE INVENTION 

0009. The object of the present invention relates to an 
electricity output managing system for a fuel cell stack. In 
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which, it can effectuate the fuel cell management by moni 
toring the inner temperatures of these fuel cell units. The 
managing system is judged by its floating average tempera 
ture. In addition, it can detect any abnormal fuel cell units 
inside a fuel cell stack. Hence, it can solve the traditional 
device's problems as follows. A general battery manage 
ment's focus is only on its Voltage or current output. The 
temperature control of a fuel cell stack is based on a fixed 
value rather than a floating value. Plus, it is hard to know one 
of the fuel cell units in the entire fuel cell stack breaks down 
Or not. 

0010. In order to solve the above mentioned problems, a 
technical Solution is provided. An electricity output managing 
system for a fuel cell stack comprising: 
0011 a fuel cell stack having a plurality of fuel cell units 
stacked together, a first gas inlet, a first gas outlet, a second 
gas inlet, and a second gas outlet; 
0012 a plurality of power switches connecting to the fuel 
cell units respectively so as to control electricity outputs of 
the fuel cell units: 
0013 an electricity adjusting module for combining a plu 
rality electricity outputs from the power Switches into a single 
final output which has a higher Voltage; 
0014 a plurality of thermal sensors disposed inside the 
fuel cell units respectively so as to detect the inner tempera 
ture values of the fuel cell units: 
00.15 a controller receiving the inner temperature values 
via the thermal sensors and calculating an average of all the 
inner temperature values, the average being defined as a float 
ing average temperature, a normal range being defined 
between the floating average temperature adding a predeter 
mined percentage and the floating average temperature 
deducting the predetermined percentage, the predetermined 
percentage being defined between 3% and 30%; 
0016 wherein when one of the inner temperature values 
falls outside the normal range, the controller turns off the 
power Switch of the corresponding fuel cell unit and sends out 
a first warning signal; and 
0017 when one of the inner temperature value's variation 
rates exceeding a predetermined reference value, the control 
ler turns off the power switch of the corresponding fuel cell 
unit and sends out a second warning signal; the inner tem 
perature value's variation rate being defined as a derivative of 
the inner temperature with respect to time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 is an exploded view of the present invention. 
0019 FIG. 2 shows the structure of the present invention. 
0020 FIG.3 is a perspective view of the present invention. 
0021 FIG. 4 illustrates the curves of the temperature 
variations in the fuel cell stack. 
0022 FIG. 5 illustrates a curve of the average of the inner 
temperatures of these fuel cell units. 
0023 FIG. 6 is a view showing the traditional fuel cell 
stack. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0024. Referring to FIGS. 1 and 2, this invention is an 
electricity output managing system for a fuel cell Stack. It 
mainly comprises a fuel cell stack 100, many power switches 
20, an electricity adjusting module 30, a plurality of thermal 
sensors 40, and a controller 50. 
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0025. About this fuel cell stack 100, it includes a plurality 
of stacked fuel cell units 10 (can be seen in FIGS. 2 and 3), a 
first gas inlet 11, a first gas outlet 12, a second gas inlet 13, and 
a second gas outlet 14. 
0026. With regard to these power switches 20, they con 
nect to the fuel cell units 10 respectively so as to control 
electricity outputs of the fuel cell units 10. 
0027. The electricity adjusting module 30 is provided for 
combining a plurality electricity outputs from these power 
Switches 20 into a single final output which has a higher 
Voltage (higher than each electricity output from one fuel cell 
10). 
0028 Concerning these thermal sensors 40, they are dis 
posed inside the fuel cell units 10 respectively so as to detect 
the inner temperature values 41 of the fuel cell units 10. 
0029. About this controller 50, it can receive the inner 
temperature values 41 via these thermal sensors 40 and cal 
culate an average of all the inner temperature values 41. The 
average is defined as a floating average temperature TA (as 
shown in Table 1). A normal range is defined between the 
floating average temperature TA adding a predetermined per 
centage and the floating average temperature TA deducting 
the afore-mentioned predetermined percentage. The prede 
termined percentage can be defined between 3% and 30%. 
0030. In addition, when one of the inner temperature val 
ues 41 (of a fuel cell 10) falls outside the normal range (that 
means an abnormal state), this controller 50 turns off the 
power switch 20 of the corresponding fuel cell unit 10 and 
sends out a first warning signal. 
0031. Also, when one of the inner temperature values 
variation rates exceeds a predetermined reference value or 
range (that also mean an abnormal state), the controller 50 
turns off the power switch 20 of the corresponding fuel cell 
unit 10 and sends out a second warning signal. Meanwhile, 
the inner temperature value's variation rate is defined as a 
derivative of the inner temperature with respect to time. 
0032 Practically, the predetermined reference value is set 
as a variation of the inner temperature value 41 exceeding +5° 
C. per minute (or other vale). 
0033 More specifically, each fuel cell unit 10 includes a 
membrane electrode assembly 101, an anode layer 102, a 
cathode layer 103, and a pair of bipolar plates 104. Of course, 
the adjacent bipolar plates 104 of neighboring fuel cell units 
10 can be combined as one integral plate (or sharing one 
plate). Besides, the integral plate (also labeled as 104) has 
both sides. Each side has one or more flow channels. 
0034. A fuel cell stack 100 having three fuel cell units 10 

is used as a simplified example for explaining the operation of 
this invention. Actually, it can apply to other condition which 
is more than three or less than three. 
0035. The thermal sensors 40 of these three fuel cell units 
10 (called unit No. 1, No. 2 and No. 3) detect the inner 
temperature values 41 (unit: C.) at different times as listed in 
the Table 1. 

TABLE 1. 

Item 30th min. 50th min. 60the min. 92nd min. 

Unit No. 1 T11 = 52.1 T21 = 56.6 T31 = 56.5 T41 = 56.4 
Unit No. 2 T12 = 52.3 T22 = 56.4 T32 = 56.4 T42 = 56.5 
Unit No. 3 T13 - 52.2 T23 - 56.5 T33 = 73.7 T43 - 56.3 
Average TA1 = 52.2 TA2 = 56.5 TA3 = 62.2 TA4 = 56.4 
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0036. As shown in FIG. 4, when it is at the 30th minute 
(briefly referred as min.), because the inner temperature val 
ues (T11=52.1° C., T12=52.3° C., T13=52.2° C. respec 
tively) are all falling within the average (TA1, as shown in 
FIG. 5) 52.2° C.i.5% (that means 49.59° C.-54.81° C.), it is 
considered as a normal state. 
0037. While it is at the 50th minute, all these inner tem 
perature values are still falling within the average (TA2) 56.5° 
C.5%. Although all these inner temperature values increase, 
it is considered as a normal state. It might be caused by load 
increasing when Supplying gases increasing accordingly, or 
caused by Supplying different gas changes so that its reaction 
temperature differs. 
0038. Furthermore, while it is at the 60' minute, the unit 
no. 3 (the third fuel cell 10) suddenly soars to 73.7°C. Under 
this condition, it exceeds the average 62.2°C. (TA3) +5% 
(that means 59.09° C.-65.31° C.) at that time. It will be 
considered as an abnormal state by the controller 50. Hence, 
this controller 50 turns off the power switch 20 of the corre 
sponding fuel cell unit 10 and sends out a first warning signal. 
0039 While it is at the 92nd minute and the 93rd minute, 
the unit no. 2 (as shown in the T24-T25 in FIG. 4 of the 
second fuel cell 10) has a larger temperature fluctuation. The 
temperature value's variation rate is calculated as follows. 

dT AT T25 - T24 51.0-56.5 
if T A T 93-92 1 = -5.5 C.fmin 

0040. Because it exceeds the +5°C. per minute, it is con 
sidered Such instantaneous variation is too large. Hence, the 
controller 50 turns off the power switch 20 of the correspond 
ing fuel cell unit 10 (in this case, the unit no. 2) and sends out 
a second warning signal. 
0041. No matter how many fuel cell units 10, the controller 
50 will operate based on the same principle as described 
previously. 
0042. Therefore, the advantages and functions of the 
present invention can be summarized as follows. 
0043 1. It can effectuate the fuel cell management by 
monitoring the inner temperatures of these fuel cell units. 
Most fuel cell management method is based on the stability of 
the voltage or current output. However, when the fuel cell 
becomes abnormal (its temperature will vary), the Voltage or 
current output might not fluctuate too much within a short 
time. Under this condition, it is hard to detect the abnormal 
condition. But, this invention, every fuel cell unit contains a 
thermal sensor and a power switch. If any fuel cell unit 
becomes abnormal, the power switch will be turned off and 
the controller will send out a warning signal. Thus, it is 
helpful for maintenance or repairing. 
0044 2. The managing system is judged by its floating 
average temperature. The inner temperature of the fuel cell 

93rd min. 

TS1 = 56.4 
TS2 = 51.0 
TS3 - 56.7 
TAS = 54.7 
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stack in this invention is judged by its floating average tem 
perature. For example, assuming this fuel cell stack is consti 
tuted by three fuel cell units, the inner temperatures of these 
three fuel cell units are measured as 52.1° C., 52.3°C., and 
52.2° C. at the 30' minute respectively. Because they are 
within the range of 52.2°C.5% (that is between the range of 
49.59° C. to 54.81° C.), it is considered normal. Based on 
Such design, this invention is possible to be used by Supplying 
different reaction gases (different reaction might cause dif 
ferent heat generating). It can reduce the misjudging rate. 
Therefore, this kind of floating average temperature judging 
method is quite novel. 
0045 3. It can detect any abnormal fuel cell unit inside a 
fuel cell stack. If the detected temperature of one fuel cell unit 
in the fuel cell stack is 53.8° C. at the 32" minute, the 
afore-mentioned temperature becomes 60.3° C. at the 33" 
minute. The temperature variation rate is calculated as listed 
below. 

T AT T33 - T32 60.3 - 53.8 
- A - 3332 – 1 = 6.5 C.fmin 

0046 Because this variation rate exceeds +5° C. per 
minute (this preset value can be altered depending upon the 
user), it is considered as an abnormal state. Accordingly, the 
power switch of this abnormal fuel cell will be turned off. 
Thus, it can quickly detect any abnormal fuel cell in this fuel 
cell stack. 
0047 While this invention has been particularly shown 
and described with references to the preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes or modifications can be made therein without 
departing from the scope of the invention by the appended 
claims. 
What is claimed is: 
1. An electricity output managing system for a fuel cell 

Stack comprising: 
a fuel cell stack having a plurality of fuel cell units stacked 

together, a first gas inlet, a first gas outlet, a second gas 
inlet, and a second gas outlet; 

a plurality of power Switches connecting to said fuel cell 
units respectively so as to control electricity outputs of 
said fuel cell units: 

May 10, 2012 

an electricity adjusting module for combining a plurality 
electricity outputs from said power Switches into a single 
final output which has a higher Voltage; 

a plurality of thermal sensors disposed inside said fuel cell 
units respectively so as to detect said inner temperature 
values of said fuel cell units: 

a controller receiving said inner temperature values via 
said thermal sensors and calculating an average of all 
said inner temperature values, said average being 
defined as a floating average temperature, a normal 
range being defined between said floating average tem 
perature adding a predetermined percentage and said 
floating average temperature deducting said predeter 
mined percentage, said predetermined percentage being 
defined between 3% and 30%; 

wherein when one of said inner temperature values falls 
outside said normal range, said controller turns off said 
power Switch of said corresponding fuel cell unit and 
sends out a first warning signal; and 

when one of said inner temperature value's variation rates 
exceeding a predetermined reference value, said con 
troller turns off said power switch of said corresponding 
fuel cell unit and sends out a second warning signal; said 
inner temperature value's variation rate being defined as 
a derivative of said inner temperature with respect to 
time. 

2. The electricity output managing system for a fuel cell 
stack as claimed in claim 1, wherein said predetermined 
reference value be set as a variation of said inner temperature 
value exceeding +5°C. per minute. 

3. The electricity output managing system for a fuel cell 
stack as claimed in claim 1, wherein each fuel cell unit 
includes a membrane electrode assembly, an anode layer, a 
cathode layer, and a pair of bipolar plates. 

4. The electricity output managing system for a fuel cell 
stack as claimed in claim 3, wherein 

said adjacent bipolar plates of neighboring fuel cell units 
being combined as an integral plate; and 

said integral plate having both sides, each side having one 
or more flow channels. 
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