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SYSTEM AND METHOD FOR TUNING AN ELECTROCHEMICAL CELL STACK



[0001] This application claims the bene?t of US. Provi sional Application No. 61/856,494, ?led Jul. 19, 2013, which is incorporated herein by reference. [0002] Embodiments of the present disclosure relate to electrochemical cells, and more speci?cally, to a system and method for tuning at least one electrochemical cell in an electrochemical cell stack.



[0003]
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[0007]



Electrochemical cells having a higher voltage con



sume more power to compress the same amount of hydrogen. As a consequence, these cells can produce more heat and



operate at a higher temperature than other cells operating at lower voltage. The high temperatures can cause the high voltage cells to degrade over time which, in turn, can further



increase the voltage of the high voltage cells. This feedback cycle can continue leading to early failure of the cell. More over, these degraded cells can lower the ef?ciency of the



overall EHC stack, adversely affecting other cells. While this



Electrochemical cells, usually classi?ed as fuel cells



can be addressed by disassembling the EHC stack and remov



or electrolysis cells, are devices for generating current from chemical reactions, or inducing a chemical reaction using a



ing the high voltage cells, such methods are costly and prob



?ow of current. A fuel cell converts the chemical energy of a



fuel (e. g., hydrogen, natural gas, methanol, gasoline, etc.) and an oxidant (e.g., air or oxygen) into electricity and waste products of heat and water. An electrolysis cell represents a fuel cell operated in reverse. An electrolysis cell functions as



a hydrogen generator by decomposing water into hydrogen and oxygen gases when an external electric potential is



applied. [0004]



The basic technology of a fuel cell or an electrolysis



cell can be applied to electrochemical hydrogen manipula



tion, such as, electrochemical hydrogen compression, puri? cation, or expansion. An electrochemical hydrogen compres sor (EHC), for example, can be used to selectively transfer hydrogen from one side of a cell to another. An EHC can



comprise a proton exchange membrane sandwiched between a ?rst electrode (e.g., an anode) and a second electrode (e.g., a cathode). A gas containing hydrogen can contact the ?rst electrode and an electric potential difference can be applied between the ?rst and second electrodes. At the ?rst electrode, the hydrogen molecules can oxidize and the reaction can produce two electrons and two protons. The two protons are



electrochemically driven through the membrane to the second electrode of the cell, where they are rejoined by two rerouted



lematic as the degraded cells are electrically connected and



physically assembled in the stack. [0008] In consideration of the aforementioned circum stances, the present disclosure is directed to a system and method for tuning the performance of at least one cell in an electrochemical cell stack. The system can reduce variations



in cell voltages in the electrochemical cell stack during opera tion. In addition, the system can “tune” the operation of one or



more impaired cells while allowing continued operation of the electrochemical cell stack. [0009] At least one aspect of the invention is directed to a method for tuning the performance of at least one electro chemical cell in an electrochemical cell stack. The method can include supplying power to an electrochemical cell stack



having a plurality of electrochemical cells. The method can further include monitoring a parameter of at least one elec trochemical cell and determining if an electrochemical cell becomes impaired. The method can also include diverting a fraction of the current ?ow from the impaired electrochemical



cell during operation of the electrochemical cell stack. [0010]



Another aspect of the invention is directed to an



electrochemical cell. The cell can include an active area con



electrons and reduced to form a hydrogen molecule. The



?gured to generate hydrogen and a shunt area outside the boundary of the active area. The shunt area can be con?gured



reactions taking place at the ?rst electrode and second elec



to receive a shunt.



trode can be expressed as chemical equations, as shown below.



system for tuning the performance of an electrochemical cell.



First electrode oxidation reaction: H2—>2H++2e’



Second electrode reduction reaction: 2H++2e’—>H2



[0011]



Yet another aspect of the invention is directed to a



The system can include an electrochemical cell stack includ ing two or more electrochemical cells. Each electrochemical cell can include an active area for generating hydrogen and at



least one bipolar plate adjacent the active area. The system Overall electrochemical reaction: H2 —>H2



[0005] EHCs operating in this manner are sometimes referred to as hydrogen pumps. When the hydrogen accumu lated at the second electrode is restricted to a con?ned space,



can further include a shunt con?gured to be installed between at least a pair of bipolar plates bridging an active area of an



impaired electrochemical cell. [0012]



Yet another aspect of the invention is directed to a



the pressure within the space rises, compressing the hydro



system for tuning the performance of an electrochemical cell



gen. The maximum pressure or ?ow rate an individual cell is



stack. The system can include an electrochemical cell stack including two or more electrochemical cells. Each electro chemical cell can include an active area for generating hydro



capable of producing can be limited based on the cell design.



[0006]



To achieve greater compression or higher pressure,



multiple cells can be linked in parallel or in series in an EHC



stack to increase the throughput capacity (i.e., total gas ?ow rate) of an EHC. In operation, an electric current is delivered to the EHC stack to cause the hydrogen in each cell to move from one side of the membrane to the other side. In a stack with more than one cell, the electrical current passes through



all the cells, while the voltage applied to the stack is split among the cells in the stack. While ideally the voltage would be split equally among the cells, in actuality the voltage varies



gen; and at least one bipolar plate adjacent the active area.: The system can also include bi-directional converters. The bi-directional converters can be arranged to provide current adjustments to at least one electrochemical cell of the elec trochemical cell stack.



[0013] Additional objects and advantages of the invention will be set forth in part in the description which follows, and in part will be obvious from the description, or may be learned



by practice of the invention. The objects and advantages of the



bipolar plate corrosion, catalyst degradation, or membrane



invention will be realized and attained by means of the ele ments and combinations particularly pointed out in the



degradation.



appended claims.



between cells. The voltage of a cell can be varied due to
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[0014] It is to be understood that both the foregoing general description and the following detailed description are exem plary and explanatory only and are not restrictive of the inven



water, glycol, or water glycol mixture). Bipolarplates 150 can be made from aluminum, steel, stainless steel, titanium, cop per, Ni4Cr alloy, graphite or any other electrically conduc



tion, as claimed.



tive material. [0027] Multiple electrochemical cells 100 can be linked in series or in parallel to form electrochemical cell stack 50. In



[0015]



The accompanying drawings, which are incorpo



rated in and constitute a part of this speci?cation, illustrate several embodiment of the invention and together with the description, serve to explain the principles of the invention. [0016] FIG. 1 is a schematic view of a system including an electrochemical cell stack and a shunt resistor, according to an exemplary embodiment. [0017] FIG. 2 is a schematic perspective view of the elec trochemical cell stack, according to an exemplary embodi



the exemplary embodiment, multiple electrochemical cells 100 are stacked in parallel to form a single-stage electro chemical cell stack 50. Electrochemical cell stack 50 can



comprise of any suitable number of electrochemical cells 100. For example, in the embodiment shown in FIG. 1, elec trochemical cell stack 50 includes three electrochemical cells 100. It is understood, however, that electrochemical cell stack



ment.



50 can include a greater or lesser number of electrochemical



[0018] FIG. 3 is a top view ofa portion ofan electrochemi cal cell having a shunt area con?gured to receive the shunt resistor, according to an exemplary embodiment. [0019] FIG. 4 is a side view of the electrochemical cell stack, having a shunt resistor located between two bipolar plates, according to an exemplary embodiment. [0020] FIG. 5 is a side view of a portion of the electro chemical cell stack having a variable shunt located between



cells.



two bipolar plates, according to yet another exemplary embodiment. [0021] FIG. 6 is a ?ow diagram illustrating a method of



tuning the performance of cells in an electrochemical stack, according to another exemplary embodiment. [0022] FIG. 7 is a schematic diagram of a system including bi-directional converters, according to an exemplary embodi ment.



[0023] FIG. 8 is a diagram of a bi-directional converter, according to an exemplary embodiment. [0024]



Reference will now be made in detail to the exem



plary embodiments of the present disclosure, examples of which are illustrated in the accompanying drawings. Wher ever possible, the same reference numbers will be used throughout the drawings to refer to the same or like parts. Although described in relation to electrochemical cells



employing hydrogen, it is understood that the systems and methods of the present disclosure can be employed with various types of fuel cells and electrochemical cells, includ



[0028] Bipolar plates 150 can separate each electrochemi cal cell 100 from the neighboring cells in electrochemical cell stack 50. In some embodiments, each electrochemical cell 100 in stack 50 comprises two bipolar plates 150, one on each



side of the membrane-electrode-assembly (MEA), i.e., if stack 50 comprises n cells, then the total number of bipolar plates 150 in stack 50 is Zn. In some other embodiments, two adjacent electrochemical cells 100 in stack 50 share a bipolar



plate 150, i.e., if stack 50 comprises n cells, then the total number of bipolar plates 150 in stack 50 is (n+1). [0029] In operation, according to an exemplary embodi ment, hydrogen gas can be supplied to active area 80. A voltage can be applied to electrochemical cell stack 50, so that



an electric potential can be applied between anode 110 and cathode 120, wherein the potential at anode 110 is greater than the potential at cathode 120. Further, an electric current is delivered to electrochemical cell stack 50 to cause the



hydrogen in each cell to be electrochemically transported or “pumped” through PEM 130 while the electrons are rerouted around PEM 130. At cathode 120, on the opposite side of PEM 130, the transported protons and rerouted electrons are reduced to form hydrogen. As more and more hydrogen is



formed at cathode 120, the hydrogen can be compressed and pressurized within a con?ned space. [0030] As noted above, in an electrochemical cell stack



ing, but not limited to electrolysis cells, hydrogen puri?ers, hydrogen expanders, and hydrogen compressors.



with multiple electrochemical cells, the electric current sup plied to the stack passes through all the cells, while the volt age applied to the stack is split among the cells in the stack.



[0025] FIG. 1 shows a side view ofan exemplary system 20. System 20 includes an electrochemical cell stack 50 formed



While ideally the voltage would be split equally among the cells, in actuality the voltage varies between cells. For



of multiple electrochemical cells. Each electrochemical cell 100 includes an active area 80, which is exposed to hydrogen



example, the cell voltage can vary from 0.01 to 1.0 V/cell in a stack. As a consequence, the heat generation caused by the



gas. Area 80 encompasses an anode 110, a cathode 120, and



passage of current through the cell (e.g., ohmic heating) can



a proton exchange membrane (PEM) 130 disposed in



also vary between cells. The disclosed system can reduce



between anode 110 and cathode 120. PEM 130 can comprise a pure polymer membrane or composite membrane where



variations in cell voltages and ohmic heating by shunting individual cells operating at high voltages. In the exemplary



other material, for example, silica, heteropolyacids, layered



embodiment, shunting can include use of a shunt resistor 200



metal phosphates, phosphates, and Zirconium phosphates can



of a predetermined (?xed), user selectable, or programmable resistance value. [0031] FIG. 2 is a schematic view of the exemplary elec trochemical cell stack 50. As shown in FIG. 2, each electro



be embedded in a polymer matrix. PEM 130 can be perme



able to protons while not conducting electrons. Anode 110 and cathode 120 can comprise porous carbon electrodes con



taining a catalyst layer (not shown). The catalyst material, for example platinum, can increase the reaction rate. [0026] Electrochemical cell 100 can further comprise two bipolar plates 150. The two bipolar plates 150 can act as



chemical cell 100 can include at least one shunt area 220. Shunt area 220 can be located on any portion of electrochemi



for the removal of the compressed hydrogen. Bipolar plates



cal cell 100 that is accessible from outside of electrochemical cell stack 50. For example, shunt area 220 can be located outside the boundary of active area 80 on a comer or edge of electrochemical cell 100. In some embodiments, each elec trochemical cell 100 can include multiple shunt areas 220. In



150 can also include access channels for cooling ?uid (i.e.,



those embodiments, shunt area 220 can be located on some or



support plates, conductors, provide passages to the respective electrode surfaces for the hydrogen gas, and provide passages
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all corners of electrochemical cell 100. Similarly, it is con templated that shunt area 220 can be located on some or all
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[0038] In use, shunt resistor 200 can be used to adjust the voltage across an impaired electrochemical cell. An impaired



edges of electrochemical cell 100.



electrochemical cell can be de?ned as a cell having a voltage



[0032] Referring to FIG. 3, shunt area 220 can be sized to receive shunt resistor 200. Shunt resistor 200 can be any known low-resistance device con?gured to divert a fraction of the electric current supplied to active area 80 of an individual electrochemical cell to the neighboring cells. Shunt resistor 200 can be positioned in shunt area 220 of each cell during



that is higher than a predetermined voltage value. The prede



production, or inserted into shunt area 220 during operation



de?ned as a cell where the ohmic heating e.g., amount of heat released from the cell due to the passage of current through



of electrochemical cell stack 50. The insertion can be com



pleted manually or through automated means. [0033] As shown in FIG. 3, shunt resistor 200 can be inserted into or removed from shunt area 220 from outside



electrochemical stack 50. It is contemplated that shunt resis tor 200 can be fully or partially inserted into shunt area 220.



For example, shunt resistor 200 can be partially inserted into shunt area 220 to vary the area of shunt 20011 that is in contact



with electrochemical cell 100. [0034] FIG. 4 is a side view of electrochemical cell stack 50. As shown in FIG. 4, when positioned in shunt area 220, shunt resistor 200 can extendbetween bipolar plates 150 of an individual electrochemical cell. In those embodiments where each electrochemical cell 100 in a stack comprises two bipo lar plates, shunt resistor 200 can be placed between the two



bipolar plates. In those embodiments (e.g., FIG. 4), where two



termined voltage value can be, for example, a value selected by the operator, an average voltage per cell of electrochemical cell stack 50, or the minimum voltage of an electrochemical cell 100 in electrochemical cell stack 50. Additionally and/or



alternatively, the impaired electrochemical cell can be



the cell, is higher than a predetermined ohmic value. The predetermined ohmic value can be, for example, a value selected by the operator, an average amount of heat released per cell of electrochemical cell stack 50, or the minimum heat generation of an electrochemical cell 100 in stack 50. The impaired cell can also have a temperature, current, resistance, or other parameter associated with the impaired cell that is greater than a threshold value of a healthy cell. [0039] Shunt resistor 200 can have a speci?c, non-zero



resistance value to partially by-pass the impaired electro chemical cell and drop that cell’s voltage to the predeter mined voltage value. In some embodiments, the resistance value of shunt resistor 200 can be calculated based on a



desired resistance and the actual resistance of the impaired electrochemical cell. The general formula for determining the resistance value of the shunt is:



adjacent electrochemical cells 100 share a bipolarplate, shunt resistor 200 can be placed between the bipolar plates 150 bridging the individual electrochemical cell. [0035] Shunt resistor 200 can be composed of any electri cally conductive material such as, for example, copper, alu minum, stainless steel, brass, nickel etc. Shunt resistor 200 can be coated with gold, silver, tin, a semi-conductive mate rial or any other known coating for minimizing the contact resistance or achieving a desired value of resistance. The size, shape, and/ or cross-section of shunt resistor 200 can vary. For



example, the size and shape of shunt resistor 200 can be suf?cient to extend between bipolar plates 150 and direct current ?ow to neighboring cells. The design of the shunt resistor can also be varied to include spring features to ensure



adequate contact is maintained between adjacent plates with variation in plate spacing caused by manufacturing tolerances and thermal expansion of the stack/cells. [0036] In certain embodiments, each electrochemical cell



FFRG The desired resistance (Rt) of the cell can be the resistance of a cell whose voltage is being matched. The actual resistance (Re) can be calculated based on the voltage of the impaired electrochemical cell before being shunted. [0040] In other embodiments, the resistance of shunt resis tor 200 can be calculated such that an amount of heat released



from the impaired electrochemical cell can be corrected to be the same as for healthy cells. The formula for determining the resistance value of a shunt to match the ohmic heat generation



between the impaired and healthy cells is:



100 includes one or more alignment devices located on each



RS :



corner of electrochemical cell 100. The alignment devices can be any known mechanical device con?gured to link two



adjacent electrochemical cells. For example, the alignment devices can comprise at least one fastener (e.g., rod, key, etc.) con?gured to be received in recesses or locks (not shown) of



R.



Ra _ R1



[0041]



(2) -1



As above, Rt corresponds to a desired resistance of



adjacent bipolar plates 150. It is contemplated that the



the cell, which can be the resistance of a cell whose voltage is



recesses or locks can be shaped and sized to be complemen tary to the at least one fastener.



tance of the cell, which can be calculated based on the voltage



[0037] In certain embodiments, shunt resistor 200 can be inserted, in place of the fasteners, into the recesses or locks of bipolar plates 150 bridging an electrochemical cell. In certain other embodiments, shunt resistor 200 can include one or



more locking mechanisms to lock or grip onto the fasteners



between bipolar plates 150. In alternative embodiments,



being matched. Similarly, Ra corresponds to an actual resis of the impaired electrochemical cell before being shunted. Using formula (2), the calculated resistance value can be higher than a calculated resistance value derived from the formula (1 ), discussed above. This can be effective to prolong the life of the poor performing cell while attaining the desired throughput of stack 50 which would otherwise be reduced



shunt resistor 200 can be positioned between bipolar plates of the cell, and mechanically fastened to the electrochemical cell stack 50 or a frame containing the stack (not labeled) using



using formula (I) discussed above.



traditional fasteners e.g., bolts, screws, etc.



embodiments, the shunt resistor 200 can be partially inserted



[0042] In certain embodiments, shunt resistor 200 can be a static resistor having a ?xed resistance value. In some of these
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into shunt area 220. The area 20011 of shunt resistor 200 in



contact with cell can be adjusted to provide the calculated resistance. In some other embodiments, a user can select a
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puter, and can be volatile memory or nonvolatile memory. The memory can have stored therein a number of routines that are executable on the processor. The processor apparatus



shunt resistor 200 from a plurality of static shunt resistors 200 having a range of resistance values. The selected shunt resis



receives input signals from sensors associated with each elec



tor 200 can have a resistance that matches the calculated



put apparatus.



trochemical cell and processes output signals sent to an out



resistance, and can be fully inserted into shunt area 220.



[0049]



[0043]



with each cell and con?gured to read the voltage of each cell during operation of stack 50. If the voltage of an individual cell is higher than a critical voltage set point (step 350), the operator could be alerted to shunt the cell. The critical voltage set point can, for example, correspond to the predetermined voltage value. If the voltage of an individual cell is higher than the predetermined voltage value, the operator can be alerted



In certain other embodiments like the exemplary



embodiment of FIG. 5, the shunt resistor can comprise a variable shunt resistor 210. Variable shunt resistor 210 can



include appropriate electronics and integrated circuits to enable the resistance value to change. Variable shunt resistor 210 can be constructed to include, for example, the electron ics and integrated circuits between two contacts made of electrically conductive material. The electronics and circuits can be designed to receive a user input or programmed to have a resistance that varies as a function of the temperature of the



In one example, a voltmeter could be associated



to reduce the voltage of the impaired cell by shunting the



impaired electrochemical cell (step 360).As described above,



tioned in shunt area 220 during production or can be inserted



the resistance value of shunt resistor 200 can be calculated based on a desired resistance and the actual resistance of the cell to be shunted. [0050] In another embodiment, a temperature sensor could be associated with each cell and con?gured to sense the



into shunt area 220 during operation of electrochemical cell stack 50. Exemplary variable shunt resistors include bipolar



temperature of an individual cell is higher than a critical



impaired electrochemical cell, the supplied current, the volt age across the impaired cell or the predetermined voltage value. In this embodiment, shunt resistor 210 can be posi



junction transistors (BJ T) or junction gate ?eld-effector tran



sistors (JFET). [0044]



The resistance values required to shunt the impaired



electrochemical cells can vary. It is contemplated that, in some embodiments, the resistivity of electrochemical cells 100 in electrochemical cell stack 50 can range from 5 to 1000 mQ-cmz. Cells having an active area ranging from 5 to 1000 cm2 can thus have an overall resistance ranging from 0.005 to 200 mU. As a current density can range from about 0.05 to



about 10 A/cm2, the shunt resistance can vary from about 0.005 to 1000 m9.



[0045]



In yet other embodiments, shunt resistor 200 can



have zero resistance and act as a pure conductor. In those



embodiments, shunt resistor 200 can be used to divert the total



electric current ?ow supplied to the cell through shunt resistor 200. This may be effective to short circuit the impaired cell



and completely isolate the impaired cell from other cells in electrochemical cell stack 50. [0046] FIG. 6 shows a ?ow chart 300, for a method for tuning the performance of at least one electrochemical cell in an electrochemical cell stack. The method includes providing electrochemical cell stack 50, which can have multiple elec



temperature of each cell during operation of stack 50. If the temperature set point, the operator could be alerted to shunt the cell. In this embodiment, the resistance value of shunt resistor 200 can be calculated based on formula (2) so that the impaired cell releases the same amount of heat as healthy



cells.



[0051]



Once the resistance value has been calculated, the



operator can select a shunt resistor 200 to be positioned in shunt area 220 of the cell to be shunted. As described above, shunt resistor 200 can be a static resistor having a ?xed resistance value or a variable shunt resistor 210 programmed to have the calculated resistance value. The selected shunt resistor 200 can then be positioned in shunt area 220 from



outside of electrochemical cell stack 50 during operation of electrochemical cell stack 50. Alternatively, if shunt resistor 200 is placed in shunt area during production, the operator can make the shunt resistor operational. [0052] Once in contact with the impaired cell, shunt resistor 200 can divert a fraction of the current supplied to the cell around the cell to neighboring cells. The current that is not



diverted through shunt resistor 200 can be used by the cell to pump hydrogen across PEM 130. In this way, the current



trochemical cells 100 as described above (step 310). Next, the method can include supplying hydrogen gas to electrochemi cal cell stack 50. Power can also be applied to stack 50 (step



density and voltage of the cell, as well as the heat generation, can be lowered to repair the performance of the cell. This process can continue throughout the operation of electro chemical cell stack 50 (steps 370 and 380). In some instances,



320) and operation can begin (step 330).



it can be necessary to isolate an electrochemical cell from



[0047] During operation, a parameter of at least one elec trochemical cell 1 00 can be monitored (step 340). The param



necessary to isolate an electrochemical cell when the cell



eter can be, for example, a voltage across the least one cell, the resistance of the at least one cell, the temperature of the at least one cell, the current density, etc. Monitoring the param eter can be accomplished by a variety of means, e.g., a volt



adjacent electrochemical cells 100. For example, it can be



resistance becomes high due to bipolar plate corrosion, cata



lyst degradation, membrane degradation, etc., typically



including memory. The memory can be any one or more of a



caused by continued high voltages over time. In those instances, the critical voltage set point can, for example, correspond to a defective voltage value that is higher than the predetermined voltage value. The defective voltage value is a voltage that can lead to total degradation of the cell. If the voltage of an individual cell is higher than the defective voltage value, the operator can be alerted to isolate the defec



variety of types of internal or external storage media such as,



tive cell.



meter, an ohmmeter, a temperature sensor, etc.



[0048] Additionally and/or alternatively a processor can be con?gured to monitor a parameter of each electrochemical cell of stack 50. The processor can be any known processor



without limitation, RAM, ROM, EPROM(s), EEPROM(s),



[0053]



and the like that provide a storage register for data storage



ing a fraction of the current, the repaired cell can pump less



such as in the fashion of an internal storage area of a com



hydrogen. This, in turn, can reduce the throughput of electro



In some embodiments, as a consequence of divert
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chemical cell stack 50. In these embodiments, the overall



electrochemical cell. The amount of current output by each



current supplied to electrochemical cell stack 50 can be



bi-directional converter 400 can be calculated based on the



increased to maintain the overall throughput of electrochemi cal cell stack 50. For example, in an electrochemical cell stack



equation below:



with n cells, the increase in total current to compensate for one shunted cell can be l/n times the amount of current diverted



through shunt resistor 200. [0054] Diverting current through shunt resistor 200 can result in signi?cant ohmic heat generation by shunt resistor 200. This, in turn, can reduce the ef?ciency of system 20 and increase the load on the cooling components of system 20. In order to overcome such issues, bi-directional converters can



be used in lieu of a shunt resistor 200. The bi-directional converters can be con?gured to adjust current ?ow through a



IBiIIiH—Il- for i:l, . . . , 11—1



(3)



where IBl. corresponds to the current output from the bi-direc tional converter, and I1, I2, . . . , In correspond to the desired



cell currents.



[0060]



As noted above, the disclosed system utiliZing one



or more bi-directional converters 400 can be more ef?cient



than a system utiliZing one or more shunt resistors. When bi-directional converters 400 are in operation, the current output from the power source can be calculated based on the



equation below:



poor performing cell by diverting current ?ow around the poor performing cell in electrochemical cell stack 50. By (4)



comparison, a system utiliZing bi-directional converters can be more ef?cient than a system utiliZing one or more shunt



resistors 200. [0055] FIG. 7 is a schematic diagram of an exemplary sys tem 20 including bi-directional converters. As shown in FIG. 7, system 20 includes an external power supply and at least



[:1



lej 1:1



one bi-directional converter 400. The at least one bi-direc tional converter 400 can be any known circuit or device con



where IFS corresponds to the current output from a power



?gured to divert a fraction of the electric current supplied to a



responds to the ef?ciency of a converter if it is operating in boost mode and the reciprocal of the ef?ciency of a converter if it is operating in buck mode. Assuming the converters have ef?ciencies of about 95%, the power loss of the system using



cell to neighboring cells. In the exemplary embodiment, the at least one bi-directional converter is a DC to DC converter.



[0056]



In the exemplary embodiment, the at least one bi



directional converter 400 can include two bi-directional con



verters arranged to perform current adjustments on an indi vidual electrochemical cell 100. Each bi-directional converter 400 can be arranged between two adjacent electro chemical cells 100 in stack 50 such that if stack 50 comprises n cells, then the total number of bi-directional converters in



stack 50 is (n—l). For example, in FIG. 7, system 20 includes a stack 50 having three electrochemical cells 100, and further



supply, Rj corresponds to the resistance of cell j, and 11 cor



the bi-directional converters 400 can be lower than a system



using shunt resistors which experience power loss due to



ohmic heating. [0061] Other embodiments of the invention will be appar ent to those skilled in the art from consideration of the speci ?cation and practice of the invention disclosed herein. It is intended that the speci?cation and examples be considered as exemplary only, with a true scope and spirit of the invention



includes two bi-directional converters 400.



being indicated by the following claims.



[0057]



arranged to perform current adjustments on multiple cells at



What is claimed is: 1. A method for tuning the performance of at least one electrochemical cell in an electrochemical cell stack, the



one time.



method comprising:



In certain embodiments, it is contemplated that bi



directional converters 400 can be provided in stack 50 and



[0058]



An exemplary bi-directional converter 400 is shown



in FIG. 8. As shown in FIG. 8, bi-directional converter 400 can include a buck-boost converter circuit. The bi-directional



converter 400 can be con?gured to operate in a boost mode when T1 is open and T2 switches, to divert some current from



?owing through the impaired electrochemical cell. The bi directional converter 400 can be con?gured to operate in a



buck mode when T2 is open and T1 switches, to output current to a neighboring “healthy” cell. [0059] Referring to FIGS. 7 and 8, power supply can pro vide current to electrochemical stack 50, and bi-directional converters 400 can be con?gured to adjust the current ?ow. When stack 50 is healthy, current can originate from the power supply and pass through electrochemical cells 100 of stack 50 without passage through bi-directional converters 400. When it is determined that one or more of the electro



chemical cells 100 are impaired, bi-directional converters 400 can be turned on. In certain embodiments, one bi-direc tional converter 400 can operate in a boost mode to divert



supplying power to an electrochemical cell stack, wherein the electrochemical cell stack includes a plurality of



electrochemical cells; monitoring a parameter of at least one of the plurality of



electrochemical cells; determining if an electrochemical cell becomes impaired, and diverting a fraction of the current ?ow from the impaired electrochemical cell during operation of the electro chemical cell stack. 2. The method of claim 1, wherein diverting a fraction of the current ?ow from the impaired electrochemical cell



includes shunting. 3. The method of claim 2, wherein shunting includes reduc ing a voltage across the impaired electrochemical cell. 4. The method of claim 1, wherein the parameter is at least one of a voltage, a current, and a temperature.



some current from the impaired electrochemical cell and another bi-directional converter 400 can operate in buck



5. The method of claim 1, wherein determining if an elec trochemical cell becomes impaired includes determining if a voltage across the electrochemical cell is higher than a critical



mode to output the same amount of current to a neighboring



voltage set point.
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6. The method of claim 5, further including: calculating a resistance value that is su?icient to drop the voltage across the impaired electrochemical cell to a



predetermined voltage value; and selecting a shunt resistor to shunt the impaired electro chemical cell based on the calculated resistance value.



7. The method of claim 6, wherein the predetermined volt age value corresponds to at least one of an average voltage per electrochemical cell of the electrochemical cell stack and a minimum voltage of an electrochemical cell of the electro chemical cell stack.



8. The method of claim 6, wherein the selected shunt resis tor has a ?xed resistance equal to the calculated resistance value plus or minus 50%.



9. The method of claim 6, wherein the selected shunt resis tor has a variable resistance, and further including program ming the shunt resistor to have a resistance equal to the calculated resistance value plus or minus 50%. 10. The method of claim 2, further including installing a shunt resistor in a shunt area of the impaired electrochemical



cell during operation of the electrochemical cell stack, wherein installing the shunt resistor includes at least partially inserting the shunt resistor into the shunt area to adjust an area



of the shunt resistor in contact with the impaired electro chemical cell.



11. The method of claim 2, wherein shunting the impaired electrochemical cell includes diverting a fraction of the cur



rent supplied to the impaired electrochemical cell through a shunt resistor to reduce the voltage across the impaired elec trochemical cell. 12. The method of claim 1, wherein determining if an



electrochemical cell becomes impaired includes determining if a temperature of the electrochemical cell is higher than a



critical temperature set point. 13. The method of claim 12, further including: calculating a resistance value that is su?icient to drop the heat generated by the impaired electrochemical cell to a



predetermined value; and selecting a shunt resistor to shunt the impaired electro chemical cell based on the calculated resistance value.



14. The method of claim 2, wherein shunting the impaired electrochemical cell includes diverting a fraction of the cur



rent supplied to the impaired electrochemical cell through a shunt resistor to reduce the heat generated by the impaired electrochemical cell. 15. The method of claim 1, wherein diverting the current



from the impaired electrochemical cell includes diverting current with two or more bi-directional converters.
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16. An electrochemical cell comprising: an active area con?gured to generate hydrogen; and a shunt area outside the boundary of the active area, the shunt area being con?gured to receive a shunt. 17. The cell of claim 16, wherein the shunt is con?gured to be partially inserted into the shunt area to adjust an area of the shunt in contact with the electrochemical cell for adjusting current ?ow through the electrochemical cell. 18. The cell of claim 16, wherein the shunt area is disposed on a comer or edge of the electrochemical cell.



19. A system for tuning the performance of an electro



chemical cell, the system comprising: an electrochemical cell stack including two or more elec



trochemical cells, wherein each electrochemical cell includes: an active area for generating hydrogen; and at least one bipolar plate adjacent the active area; and a shunt con?gured to be installed between at least a pair of



bipolar plates bridging an active area of an impaired electrochemical cell. 20. The system of claim 19, wherein the shunt has a non



zero resistance, the shunt being con?gured to divert a portion of the current ?ow to reduce a voltage across the impaired electrochemical cell. 21. The system of claim 19, wherein the shunt is a static



shunt having a predetermined resistance. 22. The system of claim 19, wherein the shunt is a variable shunt resistor having a variable resistance based on at least one of voltage across the electrochemical cell, a temperature of the electrochemical cell, and the resistance across the



electrochemical cell. 23. A system for tuning the performance of at least one electrochemical cell in an electrochemical cell stack, the sys



tem comprising: an electrochemical cell stack including two or more elec



trochemical cells, wherein each electrochemical cell includes: an active area for generating hydrogen; and at least one bipolar plate adjacent the active area; and bi-directional converters, wherein the bi-directional con verters are arranged to provide current adjustments to at least one electrochemical cell of the electrochemical cell stack.



24. The system of claim 23, wherein each bi-directional converter includes a buck-boost converter circuit.



25. The system of claim 24, wherein one bi-directional converter is con?gured to operate in a boost mode to divert a fraction of the current ?ow from an impaired electrochemical



cell, and the other bi-directional converter is con?gured to operate in a buck mode to output the same amount of current to a neighboring electrochemical cell. *
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