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INTRODUCTION ɀ what is  ARCUS? 
We, the hard-ǿƻǊƪƛƴƎ Ǝǳȅǎ ŀǘ DY9 9ƭŜƪǘǊƻƴƛƪ !.Σ ƘŀǾŜ ōŜŜƴ ǿƻǊƪƛƴƎ ǿƛǘƘ έŘƛŦŦƛŎǳƭǘ ŀƴŘ ƛƳǇƻǎǎƛōƭŜέ 
problems in industrial power systems, automation and drives for more than fourty years. 
We have been using Power Quality Analyzers, oscilloscopes, FFT/Harmonics analyzers and recorders 

ς ǎƭƻǿ ŀƴŘ ŦŀǎǘΣ ǇŀǇŜǊ ŀƴŘ ƳŜƳƻǊȅΦ hYΣ ƛǘ Ƙŀǎ ǿƻǊƪŜŘΦ .ǳǘ ǘƘŜ ǊŜŀƭƭȅ ǘƻǳƎƘ ŀƴŘ άƛƳǇƻǎǎƛōƭŜέ 

problems often meant that we had to leave the equipment on site for weeks or months. We really 

ŎƻǳƭŘƴΩǘ ŀŦŦƻǊŘ ǘƻ ǘƛŜ ǳǇ мл 000 to 20 000 Euros for such a long time in more than one or two places ς 

ŀƴŘ ǘƘŜ ŎǳǎǘƻƳŜǊǎ ŘƛŘƴΩǘ ǊŜŀƭƭȅ ǿŀƴǘ ǘƻ Ǉŀȅ ǘƘŜ Ŏƻǎǘǎ ŜƛǘƘŜǊΦ  

²Ŝ Ǝƻǘ ƻǳǘ ƻŦ ǘƘŜ ŘƛƭŜƳƳŀ ōȅ ŘŜǎƛƎƴƛƴƎ ƻǳǊ ƻǿƴ άwŜŎƻǊŘŀƭȅȊŜǊέ ς a device that we designed to meet 

our needs:  

V Cost ς around ϵ 1000, including software  

V Fits in computer carrying case ς together with computer 

V Fits in tool belt ς together with tools ς fits everywhere 

V Easy user interface ς Four lines of text to get started 

V 10 full speed analog channels 

V 12 bit resolution. Simple field calibration 

V Fast, 50 000 samples/second over all 

V έPaper recorder functionέ with Pause/Resume 

V 4-20 mA measurements without breaking loop 

V Math channel in real time, possible to trig on 

V Reference recordings and comparison possibilites 

V Automatic set up when reference loaded  

V Plenty of comments possible. Stored with actual data  

V έUnlimited memoryέ  

V Recording time: seconds to days. Continuous recording 

V No range settings ς έƻƴŜ ǎƛȊŜ Ŧƛǘǎ ŀƭƭέ 

V Extreme zoom range 

V Trace comparison ς compare actual to known-good  

V Extensive cursor measurements, four cursors  

V Encoder check up to at least 25 kHz 

V έAllέ ǘǊƛƎ functions ς including trig across all channels 

V Settable snapshot function 

V Y/t, X/Y, FFT and «Sparky» style Harmonics  

V Post-processing in Excel, Matlab or own filters 

In ARCUS IV ς all our wishes have come true and we have already tested ARCUS in the most varying 

situations. From ships and ferries to 2.5 MW Solar Plants and Wind Turbines. In Steel and Paper Mills 

as well as Turbine Test Stands, Power Plants and Data Center cooling and power problems and we 

ƭƻƻƪ ŦƻǊǿŀǊŘ ǘƻ ǎƻƭǾŜ ŀ ƭƻǘ ƳƻǊŜ άŘƛŦŦƛŎǳƭǘ ŀƴŘ ƛƳǇƻǎǎƛōƭŜέ ǇǊƻōƭŜƳǎ ƛƴ ǘƘŜ ȅŜŀǊǎ ǘƻ ŎƻƳŜΦ 

This introduction describes the ARCUS IV and its use in real world situations. You can download the 

SW from www.gke.org for free and run the examples on your windows computer. Use the 

άDŜƴŜǊŀǘŜέ ƳŜƴǳ ǘƻ ŎǊŜŀǘŜ ǘŜǎǘ ǎƛƎƴŀƭǎ ǿƛǘƘ sine, square, triangle and noise in any combination you 

can think of.  Have fun!  
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GET STARTED ɀ and a few exercises in zoom 
(You need to have Java on your computer before installing the ARCUS IV software) 

Prerequisite s and limitations : 
¶ ARCUS IV handles voltages in the -10 V till +30 V range. That is the kind of signals that you 

meet in automation and drive systems and there is no need to switch ranges when you 
connect different signal types. PLC logic or process variables are all treated equal.  

¶ There are no banana jacks. Instead, you connect to Wago cage clamps. No special safety 
leads or shrouded plugs needed. This does not only contribute to the low cost of the ARCUS 
IV ς it also eliminates the risk that high powered or lethally high voltages are being 
connected. The ARCUS IV is strictly ELV/PELV. 

¶ All signals are assumed to have a common reference potential (ground, if you like). That is 
quite common in dǊƛǾŜ ǎȅǎǘŜƳǎ ŀƴŘ t[/ ǎȅǎǘŜƳǎΦ ¢ƘŜǊŜ ŀǊŜ ŀ ŦŜǿ ŎŀǎŜǎ ǿƘŜǊŜ ǘƘƛǎ ƛǎƴΩǘ ǘǊǳŜ 
and it is then possible to either use external isolation devices or use differential 
measurement techniques.  

¶ The input impedance is 1 Mʍ and there is an internal very weak 1 V offset that facilitates 
measurements on dry switches like reed elements or auxiliary contacts without need for 
external voltage sources. The offset introduces less than 0.1% extra error as long as the 
ǎƛƎƴŀƭΩǎ ƛƴǘŜǊnal impedance is lower than 1 kʍ, which is almost universally the case. 

¶ 400/230 V (Europe) grid voltage can easily be handled by using a small transformer with 4 ς 6 

V secondary. You can also use a simple home-brew voltage divider1. 

Start  
1. Connect signal zero/ground GND 
2. Connect signals to channels 0 ς 9  
3. Plug USB cable to your Laptop or PC 
4. Start the ARCUS program to get this screen: 

 

 
 
Click έDƻΗέ in lower right corner and recording starts. In this set-up, channels 0 and 1 are shown but 
all channels are recorded and show when the corresponding color (left panel) is clicked. 

                                                           
1
 Make sure that you know about the risks ς or ask a certified electrician to do it for you. 
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The time base is one second, trig on rising edge of channel 1 at 5.000 V level and 50% pretrig. If there 
is no trig event, a snapshot is recorded every ƳƛƴǳǘŜ όсл ƛƴ άǎƴŀǇǎέ ōƻȄύΦ 
There is a detailed description of the different settings on the following pages, but this is all that is 
needed to make the ARCUS IV start recording from scratch.  
In this example, the ARCUS IV is connected to a 230 V 50 Hz mains voltage2 (ch 0) and the current 
consumed by a copying machine is measured with a current clamp that is connected to the next 
channel (ch 1)3. There is a current surge when the copier is started, the surge reaches the trig level 
and the saved file looks like this: 
 

 
 

Zoom and reference r ecording  
Each time the trigger condition is met, all channels are saved to the disk. It is the saved data that are 
shown in the picture above. The 1 second time-base is the shortest time-base available. It saves 
memory and is preferred for short transients like this. Every trigger event consumes no more than 
0.4 MB on the disk. You can use up to 60 seconds and still have 200 µs resolution, but each recording 
will then consume around 24 MB disk space. No big deal, but short files are faster both to load and 
transmit. 10 times and 40 times X zoom results in the following traces (notice that the zoomed area is 
indicated in the upper right box, which represents the total recording area):  
 

 
 
¸ƻǳ Ŏŀƴ ȊƻƻƳ ƳƻǊŜΣ ōǳǘ ǘƘŀǘ ǿƻǳƭŘƴΩǘ ƛƳǇǊƻǾŜ ǊŜŀŘŀōƛƭƛǘȅ ƳǳŎƘΦ 

                                                           
2
 Using a 40:1 voltage divider. 

3
 The international resistor color code is used to identify channels. There is a deviation for channels 8 and 9.  
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Use the Pan button to activate pan and then click on the diagram to move around, the zoom 
indicator is continuously updated to show what part of the recording is shown.   
 
The zoom and pan are quite nice to have when you need to compare recordings of similar, but yet 
ŘƛŦŦŜǊŜƴǘΣ ǎƘŀǇŜΦ [ŜǘΩǎ ƳŀƪŜ ŀƴƻǘƘŜǊ ŎƻǇƛŜǊ ǎǘŀǊǘ ŀƴŘ ŎƻƳǇŀǊŜ ǘƘŜ ŦƻǊƳŜǊ ǿƛǘƘ ǘƘŜ ƴŜǿ ƻƴŜΥ 
 

 
 
¢ƘŜ ŦƻǊƳŜǊ ǊŜŎƻǊŘƛƴƎ Ƙŀǎ ōŜŜƴ ŦŜǘŎƘŜŘ όCƛƭŜκhǇŜƴ ǊŜŦŜǊŜƴŎŜύ ŀƴŘ ƴƻǿ ŜȄƛǎǘǎ έōŜƘƛƴŘέ ǘƘŜ ŀŎǘǳŀƭ 
recording όǘŜȄǘ άwŜŦΦ /ǳǊǾŜ ŜƴŀōƭŜŘέύ. There is a difference, and zooming in shows that much clearer:  
 
 

          
Triggers coincide                                         Main voltages coincide 

 
There are three pan situations that can be chosen: 

1. Pan both traces ς click Pan button 
2. Pan reference only ς click Pan ref button 
3. Pan cursors. All active cursors pan together ς click Pan C 

Tip: Select button with your roll mouse by rolling while in the button area.  
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Measurements  

Different met hods ɀ cursor measurements and automatic measurements  

Time Constant, capacitance etcetera 

There are four cursors in the ARCUS IV (yes, that is plenty ς and they are needed). The position (time 
and voltage) is shown in the right panel when the cursor is activated. There are also difference, 
derivative and area data fields.  LetΩs use a common capacitor charging process (Cargus Communis4) 
as an example: 
 

 
 

The Tangent Method and the Percent Method 

There are, as you already know, several methods to measure capacitance. We shall look at two, that 
are equally well suited for non-polarized as well as polarized (electrolytic) capacitors. One method is 
to draw a tangent that touches the charging curve just as it leaves zero and measure the time needed 
to reach the final voltage. The other method is to measure how long time it takes for the capacitor 
voltage to reach 63.2% of the final voltage.  
Both methods use the fact that the charging voltage follows a simple exponential rule and the fact 

that ό ό ᶻρ Ὡ  where  ό  is the final voltage and the RC product is the time constant, †. 
 

Tangent  

[ŜǘΩǎ ǎǘŀǊǘ ǿƛǘƘ ǘƘŜ έƛƴǘǳƛǘƛǾŜέ ƳŜǘƘƻŘΦ Lǘ ŘƻŜǎƴΩǘ ƴŜŜŘ ŀƴȅ ǾƻƭǘŀƎŜǎ ǘƻ ōŜ ŎŀƭŎǳƭŀǘŜŘ ŀƴŘ Ŏŀƴ ōŜ 
carried out with a ruler and pencil in the diagram.  
²Ŝ ŦƛǊǎǘ έŎƭŜŀƴ ǘƘŜ ǘŀōƭŜέ ōȅ ŘŜǎŜƭŜŎǘƛƴƎ ŎƭǳǘǘŜǊ ƭƛƪŜ ǘ ŀƴŘ ¸ ƎǊƛŘǇƭǳǎ ǘƘŜ ǘǊƛƎ ǎȅƳōƻl with its vertical 
line. We then activate cursors 1 and 2 (CI and CII) by clicking their buttons and then right-click the CI 
button so we get an automatic line that is drawn between CI/CII. Do the same thing with CIII and CIV 
and zoom in for best resolution: 

                                                           
4
 Just joking. 
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Then do what the text says: 

 
 
¢ƘŀǘΩǎ ŀƭƭ ǘƘŜǊŜ ƛǎ ǘƻ ƛǘΗ No more comments needed. 
 

The 63.2% Method  

If you want better precision, you should use the 63.2% method. It is not easy to know when there is a 
good encounter5. It takes some practice and good judgment.  The 63.2% method is perhaps not so 
έŀǊǘƛǎǘƛŎέ ōǳǘ ƛǘ ƛǎ ǎŀŦŜǊ ŀƴŘ ƳƻǊŜ ǇǊŜŎƛǎŜΦ It is an easy matter to add the necessary index to the line 
between the cursors. And, to avoid any confusion, baptize that point 63.2%:  

                                                           
5
 Of any kind, really. 
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Inspecting pulse trai ns ɀ divide and solve the problem  

Another cursor function is the possibility to do pulse train inspections quickly and reliably. We have 
added selectable sub-divisions to the lines between cursors. This function is invaluable when you are 
doing visual inspections of several sorts. Gating pulse symmetry in controlled rectifiers is one use. 
The example shown is from an automation system:  
 

 
It looks quite OK ς ŘƻŜǎƴΩǘ ƛǘΚ 

 
 

 
The eye is not very good at judging regularity. Adding subdivisions help. 

 
 
The deviations are actually quite large. That kind of measurement is 
quite difficult to do with an oscilloscope or a counter. An FFT analyzer 
could perhaps be used, but it ƴŜŜŘǎ ŀ ǊŀǘƘŜǊ ƭŀǊƎŜ ŀǊǊŀȅΣ ǿƘƛŎƘ ƛǎƴΩǘ 
always available if the pulses represent a limited movement. The 
subdivisions can be used horizontally or vertically or any angle in-
between. 

How to choose number of sub-divisions: 
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More Cursor Measurements  

i2t, When does the Fuse blow? 

It is quite often interesting to calculate the area under a curve. Or the area of the curve squared. The 
latter case is when dealing with so-ŎŀƭƭŜŘ άƘŜŀǘ ƛƴǘŜƎǊŀƭǎέ Ὥὸ and the former is very often the case 
when studying charge/discharge cycles. The example shows what happens when a fuse blows:  
 

 
 
There is a short-circuit after the fuse at time 11.53 seconds. The initially high supply voltage falls 
rapidly as the reservoir capacitor is discharged. The current falls accordingly. Then, the fuse starts to 
heat up, which increases the resistance so that current drops. The reduced current results in an 
increased voltage (upper trace) and when the fuse blows at around 12,000 seconds (after less than 
half a second), the voltage jumps to its unloaded value.  
 
Measurements (voltage trace deactivated): 
 

 
 
Put cursors CI and CII at beginning and end of the overcurrent cycle and right-click the right panel. 
Then choose channel 2 and area calculation. The results are shown in the panel. It is the Integral 
Square that represents the  Ὥὸ integral. It is 1.341 A2s (scale factor for current is 1A/V). It takes 0.469 
seconds before the fuse blows and that tells us that it is a moderately high overcurrent.  
 
¢ƘŜ ŎǳǊǊŜƴǘΩǎ wa{ ǾŀƭǳŜ is also shown and it is reassuring to see that the RMS value squared times 
the length of the overcurrent is very close to the  Ὥὸ integral. Computes well. 
 

 

 



ARCUS IV in practical use 

10 

Math ɀ Real Time and Post-processing  

Three -Phase grid supervision Ȣ 2ÏÌÌ ÙÏÕÒ Ï×Î 01 !ÎÁÌÙÚÅÒȣ 

Real Time Math on two or three signals is a valuable tool in many situations. By creating difference or 
ratio between two time-variable signals, it is often possible to detect abnormal situations like slip, 
incorrect excitation, heat or pressure leakage and insulation problems.  
 
A very special ς and seldom utilized ς case is three-phase grid supervision.  It is a well-established 
fact that the sum of three symmetrical sine voltages at 120° angle is zero. Any deviation from zero 
indicates either; an amplitude deviation, a transient or a distorted waveform. It is then quite smart to 
create a trig signal by adding the three voltages and trig on deviations from zero. We shall have a 
closer look at that technique on the following pages:   

Trig  on transient s 

The standard, plain vanilla, moderately distorted Three-Phase grid is shown below (please note trig 
settings in upper part of screen): 
 

 
 
 
The Math Function έSum 3ǇƘέ has been 
selected with inputs 0, 1 and 2. The 
instantaneous sum is shown in the 
Math Channel (grey trace). It is, as can 
be easily seen in the diagram, quite 
άŎŀƭƳέΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ 
distortion is low. There is a slight DC 
offset, which stems from the internal 
offset (see p. 3) and stays constant 
regardless of grid variations. 
 
The trig window limits shown above 
have been adjusted to accommodate 
the DC offset. 
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!ƴȅ έŜǾŜƴǘέ ƻƴ ǘƘŜ ǘƘǊŜŜ-phase grid6 will cause a deviation in the math channel and results in a trig 
and stored data file. έ²ƛƴŘƻǿ ƻǳǘό!Σ.ύέ is the standard trig mode and it is possible to make the trig 
system almost ridiculously sensitive, as shown below: 
  

 
 
Select any recording length from 1 up to 60 seconds with the same high resolution. The only penalty 
is that 60 secoƴŘǎ ǊŜǎǳƭǘ ƛƴ ŀ нп a. Řŀǘŀ ŦƛƭŜ ǿƘƛƭŜ м ǎŜŎƻƴŘ ƛǎ ƻƴƭȅ лΦп a.Φ Lǘ ŘƻŜǎƴΩǘ ƳŀǘǘŜǊΣ ǊŜŀƭƭȅΣ 
and with 60 seconds of data with 30 seconds pretrig you can be sure that any events leading to the 
trig will be caught. And also any event up to 30 seconds after it.  
You can also have 10, 25, 75 or 90% pretrig. The latter will show 54 seconds before trig and the 10% 
setting shows 54 seconds after trig. Example (zoomed): 
 

 
 
 

                                                           
6
 Except a slow symmetrical voltage change (when utility adjusts grid voltage, for instance). 


































