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50kV 1kW High-Voltage DC PSU 
 

Mineral Sands Industry tested and approved 

 
 
Applications  
 
These units have been specifically developed for 
electrostatic separation of heavy mineral ores from beach 
sands, with high-tension roll separators, as well as 
electrostatic plate separators. 
 
However, any industrial or laboratory application which 
may require an ultra stable source of high-voltage, with 
current limitation and arc protection, can only benefit from 
these power supplies.   
 
Functionality 
 
Able to operate from a wide range of AC input voltages, 
they can be utilized anywhere in the world. All inputs and 
outputs including the HT, conveniently connects via high-
quality connectors, which reduces downtime during 
maintenance. 
 
The units can be controlled locally, via their front panel controls, or remotely from a control room via 
industrial standard 4-20mA programming signals as well as digital inputs and outputs, which are 
isolated with relays. 
 
An onboard microcontroller with intelligent software, comprehensively manages and protects the unit 
from external and internal fault conditions.  When the unit is enabled, the controller ramps up the 
voltage in a preset time. If an arc occurs, rapid analogue protection circuitry reduces the output voltage 
immediately, with simultaneous signaling to the microcontroller, which will further cut back the voltage 
a certain percentage for a preset time.  In the event of a sustained arc, the output will be reduced by the 
controller, until the arc is quenched.   Thereafter the voltage will be ramped to its original value. If the 
output is shorted, the unit will trip.  The controller will try to restart the unit automatically for a number 
of times, before it will report a trip condition.  If the trip  rate exceeds a set limit, the unit will shut down 
and report the trip condition.  All parameters such as cutback percentage, arc rate limit and retry number 
are adjustable from the front panel with password protection.  HMI for these functions are via membrane 
tactile switches and a backlit 4x20 digit LCD display.  Highly visible 19mm LED panel meters indicate 
the output voltage and current locally.  The output voltage set-point is locally adjustable with a 10 turn 
potent iometer.  All other controls are industrial standard 23mm panel switches and indicators. 
 
A convenient push button, cycles the output voltage meter to indicate the voltage set-point, whether the 
unit is in local or remote. A high-bright LED indicates the remote enable signal independently from the 
local control system.  These two functions enable an operator at the unit, to see the control room setting 
of the unit. 

Find us at www.jeenel.com! 
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Calibration of the output voltage vs. the front panel setting vs. the remote 4-20mA setting vs. the local 
display vs. the remote 4-20mA indication are all independent and can be carried out, through a small 
side panel which opens eas ily with one retained screw. 
 

Technology in use 
 
A resonant converter topology operating at ±40kHz is used for the power stages of the unit, whilst the 
output stage is a voltage multiplier with extremely low capacitance, offering a neat compromise between 
ultra-low output stage stored energy, low ripple and fast recovery after an arc.  Because of its output 
impedance characteristics, the basic circuit is immune against output short circuits for periods lasting 
several seconds.  This, in conjunction with rapid analogue detection and current limitation as well as the 
intelligent software controller, makes the power circuit very reliable as opposed to any ordinary switch-
mode unit. 
 
All high-voltage components are enclosed in a sealed oil filled aluminum tank for total protection 
against any ingress of moist or dust. 
 
The wide input voltage range (220VAC – 550VAC single phase) is due to a complete phase control unit 
on the input stage, which also limits inrush current during turn on.  Changing between 220V, 380V and 
525V operation is done by changing internal settings.  Normal voltage variations of ±10% are controlled 
out by the phase controller.  Power dips of 50% lasting up to 600ms will not trip the unit.  
 
Power frequency ripple and output voltage control is controlled by buck-type converters prior to the 
resonant converter which drives the output.  All control loops have PI components and the dynamic 
range of each is tuned to perform the best for its intended purpose.  
 

Output voltage stability 
 
As one of the most important factors in separated product yield  and grade, voltage stability was of 
primary importance during the industrialization of these units.  There are five component parts which 
constitute voltage stability of a power supply.  These are (i) variations of output with respect to the set 
point (or programming voltage), i.e the accuracy of the output voltage.  (ii) dynamic control instabilities, 
(iii) regulation with load changes, (iv) temperature dependent voltage drift with time and (v) voltage 
ripple.   There are many possible causes for numbers i to iv.   All of the causes are well understood and 
great care has been taken to engine er them to have minimal effect in the system.  The total voltage 
accuracy with respect to the programming signal, as well as the regulation with load and stability over 
time, of the unit is equal or better than the 12 bit accuracy of the digital control system which was used 
to verify this on as much as 15 units operating in separation plant conditions.   
 
Voltage ripple, is a constant output voltage variation at the operating frequency.  As stated earlier, there 
is an inescapable tradeoff between voltage ripple and the stored energy in the output stage of a power 
supply.  Furthermore, recovery time is also determined by this tradeoff.    
 
Stored energy and recovery time is of major concern in mineral sands separation plants, for reasons of 
safety and separating efficiency.  Our approach is to have the lowest possible level of stored energy.  
This inevitably produces a voltage ripple which is not comparable with other units in the field.   
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However, we believe that our solution is more appropriate to the mineral sands industry in particular. In 
the frequency range at which these units operate, the ripple does not really influence the separation 
process as each individual sand grain does not move any significant distance inside a separator, during 
the peak to peak variation of the voltage at the switching frequency, which has a period of less than 50 
micro-seconds.  If the ripple is of sufficient high- frequency, each particle is subjected to exactly the 
same average voltage , as it passes through the same point in the electrostatic field.  Therefore, our 
approach to the tradeoff, is to have a higher ripple value and lower stored energy value.  Careful 
consideration must be given to the above.  At power frequencies (50-60Hz), the ripple of a power supply 
will significantly influence the separation mechanism.  A grain of sand travels 52mm on the radial 
surface of a 10 inch roller at 200 RPM in 20ms.  Thus, significant power frequency ripple is not 
acceptable, because two conductor grains which are spaced 26mm apart, will see significantly different 
electrostatic fields, will be charged differently and will therefore follow much different trajectories.   
 
Other considerations to be taken into account when considering ripple, is the level of power output at 
which it is specified.  At half the rated output power, a power supply will have half of the ripple 
specified at its full rated output power. 
 
Connections  
 
There are five connectors which interface with the unit.  The 
first three are industrial type multi-pole connectors which are 
situated on the front panel.  There is a 2 pole plus earth power 
cable connector which is intrinsically safe to connect even 
when the power is on.  There are two twelve pole connectors 
which respectively connect the remote digital and analogue 
signals.  These are polarized to prevent erroneous insertion.  
The HT connector is situated on the back side of the unit where 
a recess is available to route the HT cable.  The female part of 
the connector is part of the HT tank.  The male part is moulded 
onto the HT cable and plugs vertically into the female.  It is 
retained with a brass locknut which can be hand tightened.  The 
last connection is optional.  It is an earth busbar which mates 
with a connector inside the back of the unit as it is slid into 
position.  The busbar must be installed as part of the panel 
enclosure which houses the unit in a plant.  As stated, this is 
optional as there is an earth connection in the power 
connection.   Furthermore, the bottom rails of the unit are zinc 
plated and will also connect to the panel if conductive rails are 
installed. 
 

Safety aspects 
 
The ultra-low output stage stored energy (less than 0.25J) in 
the unit, makes it one of the safest ‘rectifiers’ in the industry.  
The unique high-voltage connector, which plugs directly into 
the high-voltage tank, is totally safe to use.   
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Although it is not recommended, it can in fact be disconnected while the unit is on, without danger to 
the operator.  
 
A front panel emergency stop switch, in conjunction with a relay isolated external interlock loop is hard 
wired to the main contactor for the power circuit in the unit.  Furthermore a key-switch is provided as 
the main power switch in the system.  If the key-switch is in the on position, the control system is 
activated, irrespective of the emergency stop switch or the external interlock loop.  The status of these is  
independently displayed on the LCD screen if either inhibits the system.  
 
Mounting and cooling 
 
These units have been designed to slide into panel compartments.  They have to be protected from dust 
ingress and also needs to be operated in an environment where the ambient temperature does not exceed 
30°C.  Since all mineral sand plants are very dusty and hot, we recommend the following options: 
 

1) Installation of multiple units into IP65 panels, where an integral cooling system is incorporated 
into the panel.  

2) Installation of multiple units into panels that are situated in a clean environment with air 
conditioning such as plant MCC room.  Said panels to have integral circulation fans.  

 
In both of these options, the recommendation is to have three units vertically stacked with compartments 
open on either side.  The power input and plc interface marshalling terminals can be housed on one side 
and the HT cables can be routed into the other side.  
 
 
Jeenel Technology Services (Pty) Ltd can design and supply any panel configuration as may be required 
to suit a specific plant ’s needs. 
 
Furthermore, minor modifications to the units themselves can be incorporated to adapt to a specific 
interface standard if required. 
 
Technical backup 
 
Jeenel Technology Services (Pty) Ltd is committed to providing an efficient backup service for all of its 
products.  We are fully aware of the importance of reliability of production equip ment.  As such, we 
strive to provide not only the most reliable equipment, but also to give the highest level of technical 
backup which extends to an onsite problem solving service. 
 
At present, we have systems (other types) operating successfully  on five continents and have as such 
given backup internationally. 
 
With the development of this unit, we have committed ourselves to bring technical excellence to the 
high-voltage power supplies used in the mineral sands industry.   Furthermore, we are committed to 
continual product improvement. 
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Specifications  
 

Parameter Value Unit 
Output voltage  +50 kV DC  
Output current 20 mA 

Accuracy with respect to set point <0.25 % 

Voltage stability  (8 Hours) <0.25 % 

Voltage regulation (1mA to 20mA) <0.25 % 
High frequency ripple at full load 2.8 % RMS 
Power frequency ripple at full load  0.01 % RMS 

Recovery time (after arc) 3 ms 

Stored Energy in output stage  at 50kV 0.25 J 

Input voltage  220 -550 V AC 
Allowable input voltage variance ±10 % 
Efficiency at full load 80 % 

Mass 70 kg 
Shipping mass in crate 90 kg 

 
Mechanical dimensions 
 
 


