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Abstract 

 
 We describe metrological issues observed during our work on EMC and protection aspects of a Square 
Kilometre Array (SKA) technology demonstrator. By careful study of dish scale models, measurement 
configurations and cable trays, using both experimental and computational techniques, we become confident in our 
understanding of key points. S-parameters measurements on specifically inserted observation ports are used instead 
of invasive sensors. We have computationally modelled and measured: scaled versions of the SKA dish 
demonstrator and cable trays in a screened room. From this, and related investigations, we recommend cabling and 
protection policies for an evolving project. 
 

1. Introduction 
 
 The SKA according to [1] will be the largest and most sensitive radio telescope ever. The large number of 
dishes, which will be between 10 - 15 m in diameter, along with panels, is expected to provide one million square 
metres of receiving area. South Africa and Australia are the remaining countries short-listed to host this mega-
telescope. South Africa’s site in the northern Karoo has the certainty of a government-proclaimed radio quiet zone. 
Protection from lightning and static build-up, background RFI and self-generated emissions, due to the required 
power and super-fast data transport networks, are important factors in maintaining the SKA’s integrity. A 
technology demonstrator, the Karoo Array Telescope (KAT) is already constructed. We have been tasked to keep an 
active research portfolio on these topics. Confidence in our computational modelling tools must be derived by 
corroborating experimental evidence. This paper presents some aspects of our recent work with an emphasis on 
metrology. The involved computational issues will not be discussed in any depth. 
 

2. KAT Dish Scale Modelling  
 

 We are interested in determining specific current paths induced on KAT structures from indirect and direct 
lightning strikes, and radiated fields arising from operational equipment and cellular phones.  We have constructed 
two elementary 40th-scale models which have been computationally studied using codes such as CADFEKO 
(Method of Moments (MoM)) and CST (Finite Volume Time Domain (FVTD)). Our initial scale model is shown in 
Fig. 1, along with its MoM model. This was built according to the KAT design in early 2007, giving attention to 
metallic parts in the structure that would carry induced currents.  A frequency range of 2GHz to 6GHz was chosen 
as this fitted well with an available anechoic chamber and reached into the scaled lower end of the operational band.   
 
 

Fig. 1  Physical scale model of  the first KAT dish and its MoM model 



 We define two SMA coaxial ports for excitation and detection respectively, allowing comparisons between 
predictions and measurement without the need for intrusive sensors. The thinking here is that if the vector network 
analyser (VNA) calibrated S-parameters agree with some accuracy, the computational model can be trusted to 
determine information such as specific current paths. We have used this approach with success in [2]. The excitation 
here is provided through a semi-rigid cable run through the pedestal to the dish part of the structure. The 
measurement port is a pick-up loop through the ground-plane connected to one of the structure legs. The MoM 
model obviously requires attention to physical geometry. At one point, we realised that the bottom wire of the 
model’s dish structure was positioned incorrectly. The re-orientation by about 10 degrees caused a difference of 6dB 
in a portion of the S21 band; this feature had puzzled us until the change was made. 
 
 After good first results [3], we built a more accurate scale model, focussing on the present Experimental 
Demonstrator Model (XDM) of KAT. Attention was given to the structure, foundation and cable conduits as 
possible routes for induced currents. L-plates were added around the structure, which also allows the study of soil 
effects on coupling levels. This is achieved by adding saltwater into the contained base with the correctly-scaled 
conductivity values. 
 

3. Earthing and coupling between enclosures 
 

 Well-known problems arise at interfaces where cables or wires are brought into an enclosure.  Generally all 
sheaths and reference conductors coming through the interface are grounded.  A simple experiment illustrates the 
EMI consequences of different grounding policies. 

    Fig. 2  Testing coupling between enclosures

 
 Two cast aluminium enclosures with military standard 
EMC connectors were used for the investigation, as shown in Fig. 
2.  Typical shielded twisted pair (STP) wire was used as the cable 
between PCB’s inside the enclosures.  The STP has a heat shrink 
sleeve, and an additional outer braided sheath acts as earth for the 
cable and connectors. 
 

To replicate an interfering magnetic field inside the 
enclosures, loops to ground were placed in the corner of each and 
connected to ports of a VNA. Fig. 3 depicts this. The measured S21 
shows the amount of coupling through the communication wires 
between the enclosures. For various connections of the STPs, 
either in a balanced connection or grounded via a resistor to 
chassis, and for different connections of the sheath, coupling of 
between -8 dB and -30 dB was measured around 45 MHz.   

 
In a very poor scheme, which can be inferred from Fig. 3, the grounded STP sheath itself acts as a pick-up 

loop in the box and then acts as the TEM centre conductor in the outer braided sheath configuration. This would be 
equivalent to taking wires unconnected through a hole in the sidewall and, not surprisingly, the coupling is high. 
Such a connection can happen inadvertently and it is sometimes necessary to illustrate or test the consequences of a 
particular scheme. This high coupling is reduced by grounding the sheath at the connector face, thereby reducing the 
effect of the pick-up.  For a coax wire it can be inconvenient, as the outer plastic of the coax is not easily stripped 
without damaging the coax itself.  A commercial filter seal at the interface does a much better job. 
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Fig. 3  Diagram illustrating different configurations for enclosure coupling 



4. Cable trays 
 

 The study of cable trays to shield conductors from outside interference is not new [2,4,5]. However, from the 
enclosure experiment just discussed, it becomes clear that it is necessary to start looking beyond just the tray. As the 
KAT project will make use of cable trays, we are interested in the best termination policy of earth conductors 
entering cabinets from cable trays, the method of termination of the tray to the cabinet and the consequence of the 
operational environment.  
 
 Using these goals, we defined an experimental model. The FVTD geometry of this, seen in Fig. 4, is 
asymmetrical with a feeding L-plate on one side and a box on the other. The focus of the analysis is on the amount 
of coupling taking place between an external EM field and a conductor on the inside of the cable tray for different 
configurations.  

 
 We generate an effective external field 
through an exposed centre conductor, 
positioned underneath the cable tray and 
variously terminated. The system is fed at port 
1, and port 2 is connected to the victim loop 
inside the cable tray and box. This loop can 
then be terminated inside the box either in a 
short to ground or a known impedance.  
 
 The importance of the L-plate can be 
overlooked, but it is significant here. Firstly, it 
defines an exact calibration plane for both ports, and secondly, it minimizes the amount of common-mode (CM) 
current that gets onto the measuring cables. The width of the L-plate is thus relevant. Current obviously flows on the 
entire surface of the L-plate facing the cable tray. If the L-plate is too narrow, the current could flow in CM around 
the sides and onto the cables connected to the model. This will cause unwanted resonances in the measured data. 
With wide enough plates, current is confined to the model shown, ensuring that the measurement ports are isolated. 

Fig. 4  Cable tray and termination model 

 
 We tested this configuration in a screened chamber to eliminate outside interference. The chamber can be 
likened to a microwave cavity with dimensions 2.45 x 2.45 x 3.75 m. Despite our highest frequency of only 100 
MHz, standing waves form inside the chamber, which are also seen as resonances in the measurements. Poorly 
constructed L-plates exacerbate this issue. We originally thought that the experiment was enclosed, but noticed that 
by opening and closing the door to the chamber, the resonant frequency shifted. This pointed to the resonances being 
caused by standing waves in the chamber and not CM currents reflecting up and down the port cables.  
 
 Initially all the simulations were done with an open boundary condition, comparable to measuring on an 
Open Area Test Site (OATS). No resonances were seen in the first computational results. Once we realized the 
room’s importance, the open boundary definition was replaced with conducting walls of the correct dimension. By 
expanding our L-plates, we determined experimentally that no CM currents were measurable on the feeding cables, 
so the cables need not be included in the model. Fig. 5 shows our screened room and computational model showing 
the perfectly electrically conducting (PEC) boundary positions.  
 

Fig. 5  Cable tray in screened room with its FVTD model  



 Fig. 6 shows a typical set of S-parameter 
results that we obtained. The 100 dB of dynamic 
range required great care in the setup, calibration 
and measurement sequence. The comparison 
right down to the small chamber resonance 
should be noted.  
 
 Main computational issues which have to 
be considered are the method of port excitation, 
and the requirements for a transient simulation in 
this highly reflective environment. The 
simulation time is much longer than for the open 
boundary case. The EM modelling proved 
invaluable because we were able to visualise the 
chamber modes and current distribution on all 
the structures. This level of insight greatly 
enhances better use of cable trays. 
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 Once these matters were understood, we studied cable-tray mid-breaks, box connections, pick-up loop 
terminations and environmental geometry. 
 

5. Conclusions 
 
 We have presented some challenges in the EMC metrology and computation related to our study of KAT 
structures. We have gained valuable lessons, building confidence in the use of our preferred computational EM 
packages. Key points for us include consideration of CM cable currents, termination and earthing issues, 
environmental effects, required modelling precision and minimally intrusive observations. As the KAT and then 
SKA project evolves, we will develop our models and recommendations for RFI mitigation. 
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Fig. 6  Simulated and measured cable tray S21


