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i Partnership

e Electrochemical impedance spectroscopy (EIS) is a powerful tool to
characterize electrochemical reaction process

* Typically an expensive laboratory equipment is applied to perform EIS

« REACTT objective

— Development of affordable (low-cost), reliable and flexible equipment for EIS

— Equipment that could be applied for in-field application of EIS for SOEC
— In first step as incorporated additional hardware, but eventually it can be designed

as a part of stack’s power electronics
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e EIS procedure steps 1/3 reac(tt)
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el )
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i Clean Hydrogen

s Excitation module hardware structure

SYNCH EXCITATION MODULE

Excitation module consists of

o — AC/DC power supply (12V, 1kW)
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| ReacttHAT

ETHERNET
comn |1

Raspberry Pi

: o — Excitation Control module (ECM)
i ELECTROLYZER
ACé‘% 12 I____% $ 1dbal diode® ) STACK
power supp
EXCITATION POWER
MODULE
A
POWER
SOURCE
L1 @ > vy
L. & MAIN POWER %g f
SUPPLY FOR
Ly @ STACK |_|_1 )
N @ < . —
Schottky diode Al Capacitor
(Check if necessary) 10mF/100V

Figure 2: Detailed block diagram of the hybrid supply/excitation system
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Hardware details
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RHAT3401 excitation controller

Raspberry Pi Controller

Voltage monitoring rela:

* New version in preparation

* Improved security (over-
current protection monitoring
and fast cut-off system)

Fan with filter

e Possibility to connect two
external stack power supplies

Fuse FF 63A
12V_1000W Power suppl

Mains fuse 10A

Safety disconnect rela

Maiis' inlt: {230V REACTT EIS EXCITATION MODULE
1JS Ljubljana, June 2023 WITH SAFETY FEATURES
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e Software building blocks of ECM reac (tt)

1 : Signal upload @ Signal upload
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* Web-Service (WS) interface
— Generate new signal
— Take over control

— Manage experiment (trigger, terminate,
status)

* GPIO interface

— Trigger excitation

— Terminate excitation
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s Web-service AP reac(tt

e HTTP request-response communication (REST API)

* Swagger/OpenAPI| standard definition of API is available at
https://repo.ijs.si/mglavan/reactt-excitator-api/

Signals signal creation and management EIS communication between EM&BBR to perform EIS experiments
[ e
[ POST /init_experimentSIN Initialize EIS experi istin of several si idal signals
o P
{ POST /init_experimentPRBS Initialize PRBS experi isting of several sil idal signals
l /signal/{exp_id} Delete signal
[m /signals Get list of available signals [ /started Check if EM is ready for EIS execution
(oo rp— _
* POST /set_perturbationSIN Prepare next sinusoidal excitation signal
[ /all_experiments Delete all experiment signals EXxcitation Excitation control
[ POST /set_perturbationPRBS Prepare next PRBS excitation signals
[omcr P — { L
/prepare/{exp_id} Prepare excitation experiment
[ Jcreate/duration/{duration_in_s} Prepare excitation experiment by time duration { sl /stop_experiment Stop current EIS experimentation StackPowerSu pply Management of Stack Power Supply
POST 3 etiti iti Pr it iment by number of repeti /trigger Trigger excitation experiment ) )
[- /create/repetition/{repetition_no} Prepare excitation experiment by number of epet { 88! - /stopped Check EIS status /voltage_mode/ Drive stack power supply to voltage operation mode
[ /create/sine/{repetition_no} Prepare sine excitation experiment by number of repetitions. . .
/terminate Terminate current excitation experiment . .
/ current_mode/ Drive stack power supply to current operation mode
[ /create/prbs/{repetition_no} Prepare PRBS excitation experiment by number of repetiti

[ S /state Getstate of excitator /output control/{state} Enable/Disable output of of Stack Power Supply

/state/ Get current state of the stack power supply

{ /set_current/{current_value} Set curentto new value

G
1 { /measucepCetcunerineasusnericiniiagslandeurert [ /remote_control/{state} Change remote control mode of Stack Power Supply

{ /set_dc/{dc_value} Setdc tonew value

POST /set_setpoints Set stack power supply setpoints
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s GPIO interface reac (¢

Used GPIO signals
* AFE triggers experiment with START/STOP
 EM responds to confirm with ConV OK 2 Coure
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 NodeRed based Web application as
GUI

e Use of REST-API to fully control the
excitator

— View 1: Excitation signal upload window
— View 2: Excitation signal generator
— View 3: Experiment control window

* Prepare experiment S e e
* Trigger/Terminate experiment LT LT L
« MQTT for on-line visualization of the current L ' : ﬁ
C O n di ti 0 n S Voltage_act Current act Power_act

° . . . 9'.51 _—

— View 4: Console for debugging

— View 5: Power source control
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S't e EIS component testing
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Lab testing

% of 2023 -> manual
mode testing (EM + SC)

12.6-13.6.2023 -> testing
together with BBR and
AFE performed together
with UNISA & Bitron




(s Next steps... reac(tt)

* New hardware in finalization phase

e Software update in progress (Power Supply interface, general
update resolving minor bugs)

* Field implementation and testing (EPFL, VTT, CEA)
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Thank you
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SELECTION OF HYBRID POWER SUPPLY SCHEME
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Solution A:

Current-mode power supply provides

main supply to the stack and performs
also the excitation.
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Solution B:

Current-mode power supply and

excitation module are connected in
parallel. Both have high output impe-

LoZ

Excitation vanishes here

€

LoZ

- |«— Excitation

reac(tt

Solution C:

Standard power supply provides main
supply to the stack. Excitation module is

connected in parallel. Most of

excitation current vanishes on output
capacitors of the main supply.

DC )
>- e —\&/
) T— Excitation
s ™ LoZ @ High freq.
DC Level

Solution D:

Standard power supply provides main
supply to the stack. The excitation
module adds the excitation
provides high output impedance.

and




s EIS procedure - example e

 Example of power conditions for Main power supply and EM through the EIS experiment routine
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SUPPLY EXCITATOR oV ] *
- Ugxc varies
Ujim = Ustacko - 2,5V
. Ugxe ~ OV EXCITATION I' g ’ irl T 6 7 8 9 { Ixsr=Istacko
i lim STACKO EXCMAX
— Oll:\’lé);{Ah_/II_?éN Inm > ISTACK 1 —{Texsr=1[0,Is7ack) E 60A + | Texemax] -f(E)
= "R Iexc = Istack
L
§ S AR cCl y
= cc/M v ZV] y ~ . g\/ Ugxe ~ 2,5V
lim = Ustacko = 4/
i _ .l Ugxc ~ OV Ll EXI(E:'}I'II?A'(I')IZN . . 10 Iexse = Istacko
o SOFT Ujim = Ustack _ o im > Istacko I -1
< TRANSITION I =1 LA Texse = Istack S o exc = lstacko
L o % Iexc = Istack L
= = CC/M v cCl v
O vl vy ccl v o o - o U oy
|: 6 U = 2,5 — S(;FT o lim = Ustacko 11 EXC
<t TAKE- Uim = Ustacko = 2,5V , <L TRANSITION Lim = Istacko Iexsp = Istacko
= OVER Los1 — 4 — 5 — Texsp = Istacko | “ssacko = Ista l: o
o lim STACKO
@) - Iexc = Istack  |Ustacko = USTACK O
> < cc] v Zv] vy
o BACK TO Uiim > Ustack
"y -y Ugxc varies NORMAL L =1 12 Texsp=[0,Isack)
im = -2, lim = lstack
EXCITATION I_I o STAiK;)I 1 6 7 8 91 Isr=Istacko OPERATION " 53,5A Texe = Ismack
lim STACKO EXCMAX + I IEXCMAxl .f(t)

Co-funded by
the European Union






