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Executive Summary  
 
Deliverable D4.2 is a demonstrator document, led by IONVAC, containing the information about 
design, engineering, and construction of the SUNSON-Box emulator system, which is released in the 
framework of the task 4.4. 
The word “emulator” is used aiming to highlight that the developed prototype emulates the actual 
conditions of the final SUNSON-Box regarding the operation of the TPV generator (the energy 
storage part is not included). The laboratory tests that will be done with this prototype will help in 
the optimization of the parameters, equipment and components that will be installed in the final 
demonstrator. 

The main activities of the task 4.4 are: the design of the whole system by using a CAD tool such as 
Inventor (IONVAC and UPM are involved), the manufacturing of the different parts and its assembly 
to obtain the SUNSON-BOX Emulator (IONVAC is involved).  
Starting from the raw materials, all the mechanical components of the SUNSON-BOX Emulator have 
been manufactured in the IONVAC mechanical workshop and in the IONVAC welding station with 
plasma arc tungsten inert gas (TIG) for the elements that required this process. On the other hand, 
electrical components and connections have been developed, tested, and modified in the IONVAC 
electronic laboratory. 
The main components of the SUNSON-BOX Emulator system are: 

 A Vacuum Enclosure DN630 ISO-K; 
 A Heating Joule System; 
 A protection Cover of Insulating materials; 
 A Water-cooled Vacuum Enclosure DN250 ISO-K; 
 The TPV module holder/cooling system; 
 A Handling System that allows to move the TPV module inside and outside the Heating 

System.  
The SUNSON-BOX EMULATOR operations will carry out in vacuum atmosphere (10-2 mbar), limiting 
the use of insulators, avoiding the presence of oxygen and objects that could dirty the TPV modules. 
A Customize Heating Joule System made in IONVAC has been chosen as the thermal source for 
achieving ultra-high-temperature operations. By changing the input power, the system will enable 
setting a wide range of heat source temperatures and therefore light emission. An important feature 
of the system is that, measuring both the power generated by the TPV module and the heat 
dissipated in it, it is possible to estimate the conversion efficiency of the module.  
The final design of the chamber and the fabrication and assembly of the most important parts are 
here discussed to prove the prototype nature of the apparatus described in the present deliverable.  
The vacuum and cooling systems have been successfully tested as well as the heating capability of 
the thermal strips (i.e., the heating elements of the customized heating system) up to 1000 VA 
(namely 10 A, 100 V). The complete manufacturing and assembly of the SUNSON-EMULATOR have 
been done and the system has been tested at different stages and operating condition. Due to 
limitation in the power supply, only 640 ºC has been reached in the emitter element (which is the 
protective cover). The capability of the system to reach higher temperatures (1200-1600 ºC) will be 
verified in the upcoming months, after the replacement of the electrical network at UPM facilities. 
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3 Introduction 
The D4.2 is focused on the design, construction and testing of the laboratory prototype named 
SUNSON-BOX Emulator.  
The manufacturing of this set-up aims to emulate the conditions of the final SUNSON-BOX relatively 
to all the parts concerning the thermophotovoltaic generator and so the conversion module.  This 
will allow UPM to characterize the performance of the TPV modules developed in this project (task 
4.3) under realistic operating conditions. 
In order to do this, materials with high thermal stability have been employed, thermal solutions to 
maximize or minimize (depending on the component) the thermal flow have been engineered and a 
Heating Joule System, that represents the solar energy input of the final SUNSON-BOX, has been 
fabricated. All this has been integrated in a manufactured vacuum chamber. 
Further, a cooling system has been engineered and manufactured to facilitate the measurement of 
the conversion efficiency of the TPV modules. Finally, the system is integrated in a bench studied to 
minimize efforts during the phases that allow the operator to inspect, to change pieces and to work 
at the system maintenance. 
This document contains: some 3D-CAD layouts, the technical solutions adopted for the assembly of 
the different components, some pictures of the manufactured and assembled parts as well as the 
testing done.  
 

3.1 Objectives 
The deliverable “SUNSON-BOX Emulator” is a demonstrator document related to the WP4, which is 
the work package focused to the development of the thermophotovoltaic generator that produces 
electricity from radiant heat.  
The aim of this document is to illustrate the manufactured parts, its assembly and the tests done at 
IONVAC laboratory. The delivery and installation of the SUNSON-BOX Emulator at UPM is also 
illustrated. This will allow to perform the experiments for the TPV-Module optimization. For this 
reason, the manufacturing of this laboratory set-up is strictly related to the special objective: 
 

 SO1.1. To model, design and develop the TPV cells and a module prototype for a 
thermophotovoltaic generator. 

 
Further, since this system is designed to emulate the final SUNSON-BOX, the learning obtain with it 
will be useful to optimize as much as possible the final system, so it can be said that this deliverable 
is also connected to the specific objective:  
 

 SO3.1. To design a compact and novel concept of CSP with TES and power generation based 
on TPV.  
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4 Results 

4.1 The heating system     

 
 
The heating system is illustrated in Figure 1. From the section view and by removing the screen as 
well as the upper flange, it is possible observe that this system consists of: 

• 2 symmetric hollow squares made of copper which are water-cooled.  
• 2 couple of water-cooled electrodes connected to each copper piece: 1) a couple of 

electrodes attached to the upper copper piece and 2) the other couple welded on the bottom 
copper piece. Further, focusing on a single couple, one electrode acts as water-inlet channel 
and the other as water-outlet channel. The same is for the electrodes on the bottom part. 

• 8 molybdenum shields to protect the copper parts from radiating power. 
• 12 molybdenum strips that act as heating source. They are electrically connected in parallel. 
• 4 electrodes connected to the upper flange by four electrical feedthroughs, to ensure the 

vacuum of 10-2 mbar in the chamber. 
• a system of refractory screen to shield the chamber from the radiative power. 

The strips are connected to the electrodes by refractory clamps, bars of molybdenum and 
molybdenum spacers to ensure a thermal break between the strips and the cooled copper parts. 
Concerning the manufacturing of these parts: 

• The heater copper components have been made and brazed. 
• The spacer, the clamps as well as nuts and screws have been made in IONVAC. 
• The electrodes with the different components and the strips have been fabricated.  

The strip’s heating capability was tested in a vacuum chamber in IONVAC laboratories by simulating 
the conditions expected in the prototype applications. 
 
 

Figure 1. 3D-CAD layout of the joule heating system. 
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4.2 The vacuum chamber     
The system is developed to carried out the experiments in a vacuum atmosphere of about 10-2 mbar. 
The manufactured chamber is a DN630ISO-K in stainless steel. The chamber has the proper size to 
include reflective screens surrounding the heater and to maintain this latter far from the walls. 
Additionally, a smaller water-cooled chamber DN250 ISO-K is present on the bottom part. The 
vacuum chamber was completely manufactured and the leak test has been successfully performed. 

4.3 The TPV system     

                                             
 

Figure 2. Overview of the TPV module holding/cooling system.     

The part of the SUNSON-BOX EMULATOR where the TPV modules will be located acts as: 1) holder, 
2) cooling system, and 3) positioner of the TPV-Module. Moreover, it allows to evaluate the 
conversion efficiency of the TPV modules by means of measuring the heat flux in the module, since 
this can be determined from the temperature gradient measured in the cooling system.  
The main parts of the TPV system are (Figure 2): a) the cover, which acts as the emitter that 
illuminates the TPV modules, b) the cover holder, c) the bottom flange with the elecrtical and 
thermocouple feedtroughs, d) the holder of the TPV module, cooled by e) an internal cooling system, 
f) an external cooling system to refrigerate g) the mask and its holder and  h1), h2) two  teflon 
centring rings that aim to center the pipe and avoid their blending. 
 

a) 

b) 

c) 

h1) 

h2) 

g) 
d) 

e) 

f) 
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4.3.1 The TPV module holder, the mask holder, and the cover 
Figure 3 illustrates a perspective view of the holder of the TPV modules (d) and the holder of its 
mask (c), once they are assembled (a) and ready to be used under operation conditions (b). In this 
Figure the grey area represents TPV modules with different areas (for example a square area of 50 
mm x 50 mm and a rectangular area of 60 mm × 20mm) to illustrate that different configurations 
for the TPV modules can be tested. Molybdenum clamps are used to fix the position of the modules, 
using different holes along the TPV holder to adapt to different shapes and dimension. A mask is 
used to cover the surroundings of the TPV modules, where the wires that extract the electrical power 
generated by the modules are located, to avoid its overheating. This mask is attached to a different 
holder (Figure 3 b). Both holders (the TPV holder and the mask holder) are cooled with different 
cooling circuits to avoid the overheating of the elements attached to them. In particular it is 
mandatory to cool the holder of the TPV module to prevent temperatures above 150ºC, that can 
damage the performance of the modules. 

 
Figure 3. Components of the TPV module system: a) TPV holder and mask holder; b) perspective view of the upper part of the 
system with the mask highlighted in blue; c) mask holder alone; d) TPV holder alone.  

A cover is incorporated to replicate the geometry of the final SUNSON-BOX system, where the cover 
is necessary to protect the TPV modules from potential condensation issues. In the Emulator this 
problem will be not present, but we include the cover to replicate the conditions of the final prototype. 
So, the irradiation of the high-temperature heaters will reach the cover, made using a thin wall (0,1 
mm) molybdenum sheet, and characterized by a square shape, then the “incandescent” cover will 
irradiate the TPV. 
 

                                        
 

Figure 4. Protective cover (left) and support system for the protecting cover (right)  

a) b) c) d) 
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This molybdenum hollowed-out parallelepiped is seat on 4 alumina small cylinder fix on four 
stainless steel rods or directly on the mask holder, other 4 alumina cylinder are thought to centre the 
cover. These configurations were selected to minimize the heat transfer between the hot piece and 
the cooling parts by a thermal break in the bottom. 
4.3.2 Conversion efficiency evaluation of the TPV modules 
The SUNSON-BOX Emulator will be used to test the 
performance of the TPV modules and guide its 
optimization.  
In addition to the electrical power generated by the TPV 
modules, the system needs to acquire other analogic 
signals (related to temperature values and water flow 
values) using a Data Acquisition System (DAQ). All these 
signals are collected using different feedthroughs 
attached on the bottom flange. The electrical power 
generated by the modules will be collected from 2 low 
current BNC connectors and 2 high current coaxial 
connector (20 A). The temperatures of the cover will be 
measured by thermocouples type C, while the temperatures of the TPV module and the cooling plate 
will be measured respectively with thermocouple type K.  Moreover, the system is engineered to 
allow the possibility to evaluate the conversion efficiency of the TPV modules. The mounted mask 
has the obvious role of leave subjected to the irradiation only the TPV module and protect the rest 
of the central cooled plate.  Indeed, once the irradiation starts, the power heating that reaches the 
masks will be dissipated from the external cooling system. Conversely, the power heating that 
reaches the TPV module will be dissipated by the internal cooling system.  Two thermocouple type 
K will be used for measuring the inlet and outlet temperature of the water in the internal cooling 
system and an electronic high resolution flow meter will provide the value of the water flow. 
Therefore, these data will allow to calculate the heat dissipated on the TPV module. This parameter, 
together with the power generated by the TPV module (obtained using the 4-wires connections 
mentioned above) will be used to calculate the conversion efficiency. 
In order to measure just the heat dissipated on the TPV module, the system is designed to minimize 
the thermal contact of the internal cooling system and the other parts, the internal tubes are 
insulated thanks the vacuum. Additionally, all the metal contacts are limited, and some cantering 
rings of Teflon will be provided to avoid the bending of the tubes (see Figure 6).  
                                                                                                     

Figure 5. Bottom flange: electrical feedthrough for 
signals and temperature acquiring. 
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Figure 6. Conversion efficiency evaluation system: details of the two cooling systems and water paths. 

4.3.3 The TPV module positioner 
The movement system (Figure. 7) aims to move the TPV module inside and outside the heating 
system, as well as to move it in intermediate positions. The bottom chamber allows to move the 
system completely away from the heating. This smaller chamber is also water- cooled, due to the 
possibility of residual heating irradiation from the cover. 
 

              
 

 
This positioner is a kinematic movement system with a chain-sprocket motion transfer. A motor 
puts in rotation the crew bar that moves up or down the tube of 70 mm in diameter and so the overall 
TPV module holding/cooling system. The movement will be done through a double O-ring axial 
feedthrough that ensures no leak during the shift. 

Figure 7. Positioning system: from left to right: TPV module positioned outside the heating system, in the cooled 
bottom chamber;  TPV module positioned facing the cover/heating system;  perspective view of the movement 
system. 
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4.4 Fabrication of components 
Concerning the manufacturing, all the required components have been fabricated and tested. 
IONVAC fabricated several components starting from the raw materials since many pieces have not 
been commercially available. In this section, some manufactured parts of the components 
described above are shown.   
Examples of the fabricated vacuum enclosure components are in the Figure 8.

 

a) b) c) 

g) 

i) 

f) 

h) 

l) 

e) 

d) 

Figure 8. Examples of the manufactured parts: a) Vacuum Chamber DN630ISO; b) upper flange; c) chamber lifted for 
inspection of the bottom flange; d) chamber DN250ISO; e) chamber closed (not lifted); f) lifter system welded on the 
chamber; g) pneumatic lift; h) bench; i) bench details- locking feet, wheels, aluminium joints; l) manufacturing phases of 
enclosure components.  
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In the Figure 9 the manufactured parts that compose the movement system are shown. Moreover, 
in this Figure the assembled system and some details can be observed.             

 
 
 
 
 
 

A crucial component of the SUNSON-BOX Emulator is the TPV holder that also acts as cooling 
system and signals acquiring to evaluate the TPV efficiency. Some examples of the fabricated parts 
of this component as well as the assembling steps can be seen in the Figure10. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. TPV module holder system: a) examples of the manufactured parts for the signal acquisition and system efficiency 
evaluation, b) TPV holder, c) mask holder, d) electrical feedthrough assembly, e) thermocouple and insulating material, f) 
detail of the feedthrough for the signals acquisition, g) measuring system of the heat flux, h) system assembled on the 
enclosure bottom. 

Figure 9. Examples of the movement system manufactured parts: a) manufactured components, b) movement system 
overall view, c) detailed of the chain-sprocket system, d) side view of the mechanism, e) system mounted on the enclosure. 

b) c) a) d) e) 

a) 

b) c) 

d) e) f) 

g) h) 
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The core of the SUNSON BOX Emulator is the heating system. The components manufactured for 
this part and its assembly is shown in Figure 11. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Examples of the Heating System manufactured parts: a) heater copper parts, b) electrodes feedthrough, c) nut and 
screws in molybdenum, d) a couple of electrodes, e) electrode brazing, f) clamp and molybdenum spacers, g) heater parts 
brazing, h) heater during assembly. 

 

a) 

b) c) 

d) 

e) f) g) 

h) 
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4.5 The assembly and testing 

 
 
The SUNSON-BOX emulator is provided on a bench. Some chamber movements are shown in Figure 
9. For example, by lifting the DN630ISO chamber and turning this right, it is possible remove the 
protective cover and work on the TPV module or change it. While, by lifting up only the upper part of 
the DN630ISO chamber, it is possible to work on the heating system.  
A first leak test made with a He leak detector showed no leaks in the vacuum chamber. Moreover, a 
high vacuum level of around 10 -5   mbar (measured with a Pfeiffer Pirani and a full range Gauge) was 
achieved by a Roots pump as primary pumping system and a Turbopump as main pumping actuator. 
Note that, indeed, a vacuum level of 10-2 mbar inside the chamber would be enough to avoid the 
oxidation of the hot elements inside and the heat transfer by convection. Additional vacuum tests 
were made once the cooling system was connected and active, concluding the presence of 
microcracks in the copper pieces welded as part of the cooling system. The location of those 
microcracks could not be identified, but the problem was solved by including Teflon in the cooling 
water to seal them. With this procedure it has been verified that there are no water leaks during the 
cooling system functioning as long as the water with Teflon is circulating while vacuum conditions 
are applied inside the chamber. Also, the movement system has been tested under vacuum, to check 
any leak due to the shifting of the linear feedthrough and to verify the correct functioning of the 
positioner. 
 
 
 
 
 
 
 
 
 

Figure 12. Chamber on the bench: possible movement for inspection. 
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Figure 13. Test on the prototype:  leak test, vacuum evaluation and cooling system checks. 

Furthermore, IONVAC has developed a custom measurement system in a vacuum chamber for 
evaluating the use of additional W-Strips as heating sources with the selected electronics. The test 
done confirms that the selected electronic allow to reach temperature over 1100 °C degrees in a 
single strip.   
 

After that, the heater joule system has been assembled and connected to a triphasic-monophasic 
power supplier of nominal 80 kVA on the secondary, namely 40 V and 2000 A. This system has been 
tested at low power, showing that the 12 strips of tungsten (0.1 mm thick) require half of the total 
power supplied by the generator (40 kVA) to heat the cover at temperatures above 600°C. 
The system has also been heated up while removing the external screens to visually check possible 
damage/distortion in the strips or other heated parts. The temperatures of the cooled parts and the 
heated parts have been measured, reaching 556°C in the protective cover in absence of leakages 
and visual damage. Figures 15 shows the visual inspection of the heating system during the test. 

Figure 14. Test done on one strip in a IONVAC Vacuum chamber. 
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The final test carried out on the SUNSON Box Emulator has consisted on connecting the heating 
system to a dedicated solid state power controller (linear power regulation 0-10 VDC). This power 
unit is managed by a @Eurotherm controller (Figure 16) that allows to set the power supplied to the 
strips through: 
 

1.  an increasing/decreasing of the power supplied to the transformer (by a regulation from  
      0   to 10 Volts)  
2.  or by temperature PID (proportional–integral–derivative controller) and so by setting the  
      max temperature to be reached. 

The test done in this configuration has shown the possibility to reach high temperature faster.  
At IONVAC facilities the maximum temperature achieved in the protective cover has been 610 °C. It 
is important to emphasize that this value is lower than the target temperatures (1200-1600 °C) due 
to the limits of the electric network of the IONVAC facility (the supplied current was limited due to 
an overheating of the wires of the electrical net, since its section is too small). For this reason, further 
tests will be carried out at the UPM facilities, where the electrical network will need to be adapted to 
be able to supply higher currents to heat up the protective cover up to the target temperatures.  
  

Figure 15. SUNSON-BOX Emulator functioning test. 
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5 Delivery and installation at UPM facility in TECNOGETAFE 
Once the tests were done at IONVAC, the electronic functionalities were verified and the measuring 
tools (thermocouples, flow meters and signals acquisition connections) were checked, the system 
was prepared for the shipping to UPM.  
 
 

 

 
To assure a proper packing (Figure 17), the parts of the SUNSON-BOX Emulator that could be 
damaged during transport were dismantled, in particular the heating system. 

Figure 16. Sunson-Box Emulator test made in the final experimental configuration by using a dedicated power unit and 
a @Eurotherm controller. 
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Once the package was received at the UPM facility in Tecnogetafe, the SUNSON-Box Emulator parts 
were assembled again by taking attention on the axiality and the configuration defined in the IONVAC 
laboratory. Namely: 
 

1. The Heating system was assembled and mounted checking the distance from the upper 
flange and the positioning.  

2. The TPV module holder and the protection cover were aligned and centred respect to the 
enclosure and the heating system. 

3. Both, the signal acquisition wiring and the thermocouples, connected to the TPV holder, 
were tested to verify no displacement during the shipment. 

4. The other thermocouples and the water circuit connection were connected again. 

Figure 17. SUNSON-BOX Emulator packaging and shipment. 
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After the assembly, the SUNSON-BOX emulator was connected to the main utilities at UPM (Figure 
19): 

1. Connection to the compressed air to be able to open and close the enclosure of the chamber. 
2. Connection of the Roots-Rotary pumping system.  
3. Connection to the water circuit (chiller) 
4. Connection of the transformer to the electrical network and connection of the transformer 

to the SUNSON-Box Emulator. 

Figure 18. Assembly of the SUSNON-BOX Emulator in Tecnogetafe: a) heater mounting, b-c) heater assembly and centring, d-f) TPV 
holder centring, g) connection check. 

a) b) c) 

d) 

e) 
f) 

g) 

e) 
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Once the system was connected to the main utilities at UPM, it was possible to check the reliability 
of the water circuit, the pneumatic lift and the connections to the heating system. So, finally the 
SUNSON-BOX Emulator was turn on and the possibility to heat up the protection cover up to 640°C 
and irradiate a TPV module was verified. 
 
 
 
 
 
 

a) 

b) 

c) 

d) 

e) 

f) 
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6 Conclusions 

6.1 Major Conclusions 

This document has reported the different stages of the fabrication and assembly of the SUNSON-
BOX Emulator, which will be used to test the performance of the TPV modules developed at UPM. 
These experiments will be done during the next months, emulating conditions close to the one of 
the final SUNSON-BOX system. 
The SUNSON-BOX emulator has been designed. All the single components have been either 
purchased at different providers or manufactured at IONVAC facilities, where the assembly of the 
hole system has been done. Different tests have carried out to check the reliability of the different 
parts. For example, the vacuum chamber and the cooling system have successfully passed the 
leakage test. It has been verified that all the electrical connections of the heating system are correct 
and that no electrical dispersion and short-circuits are present. After testing the heating process of 
single strips in a vacuum chamber and fabricating an ad hoc solid state power unit, with analogic  
linear power regulation 0-10 VDC,  the system has been turned on and power supplied by using the 
dedicated power unit managed by a @Eurotherm controller that allows to set the power supplied to 
the strips. At IONVAC facilities, the maximum temperature achieved in the protective cover during 
the heating process has been 610 °C. It is important to emphasize that this value is lower than the 
target temperature (1200-1600 °C) due to the limits of the electric network of the IONVAC facility 
(the supplied current was limited due to an overheating of the wires of the electrical net, since its 
section is too small). For this reason, further tests will be carried out at the UPM facility, where the 
electrical network will need to be adapted to be able to supply higher currents. 
The SUNSON-BOX emulator has been positioned on a bench to minimize efforts during the phases 
that allow the operator to inspect, to change pieces and to work at the system maintenance. It has 
been sent to UPM facilities in Tecnogetafe, where IONVAC technicians have assembled the system 
and connected it to the main utilities of the UPM laboratory (compressed air, water circuit network, 
electrical network and vacuum system). Once the system has been connected to the main utilities 
at UPM, it has been possible to check again the reliability of the water circuit, the pneumatic lift and 
the connections to the heating system. So, finally the SUNSON-BOX Emulator has been turned on at 
UPM and the possibility to heat up the protection cover up to 640 °C and irradiate a TPV module has 
been verified. 
 

6.2 Next steps and future work 

Further implementation in terms of security interlocks has to be made to warranty the disconnection 
of the power supply if the cooling system shut down. Also, an upgrade of the electric network line at 
UPM facilities is mandatory to be able to provide the power needed by the heater to achieve the 
target temperature range of 1200-1600°C in the protective cover that acts as emitter. It is important 
to mention that this activity was unforeseen and will require consuming more resources than 
anticipated at UPM side, not only regarding installations (adapting electric power system) and 
materials (thermal insulation and refractory materials) but especially regarding the number of 
person-months that will be needed to adapt the system to reach the required temperatures. This 
work involves fine tuning and optimization of the thermal insulation of the electrodes, which is 
essential for the input power to produce the required high temperatures exceeding 1200ºC. 
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