ARCUS®V in practical use
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ARCUS®V in practical use

INTRODUCTIONz what is ARCUS?

We, thetardg 2 NJ Ay3 3Id22 & G DY9 9fS{TGOGNRYA] !. 3 KI@S o685
problemsin industrial power systems, automation and drifesmore than fourty years.

We have been using Power Quality Analyzesgjlloscopes, FFT/Harmonics anafgzand recorders

caftz2¢ YR Fraidz LI LISNI FYyR YSY2NR® hYI AG KlFa o
problems often meant that we had to leave the equipment on site for weeks or months. ¥llg re

O2dzZ Ry Qi | F 96 R 0QEurosidr Suchdzldngnime in more than one or two places

FYR GKS Odzadi2YSNBR RARYQl NBrfteée gLyl G2 LIeé& GKS

2S 320G 2dzi 2F GKS RAfSYYl octdeR&@dhatdegdesiedddzdel 2 6y ¢
our needs:

Cost¢ arounde 1000, includingsoftware

Fits incomputer carrying case together with computer
Fits in tool beltg together with tools ¢ fits everywhere
Easy user interface Four lines of text to get started
10full speed analog channels

12 bit resolution. Simple feld calibration

Fast 50000 samples/seond over all

¢Paper recorder functioawith Paug/Resume

4-20 mAmeasurements without breaking loop

Math channel in real time, possible to trig on
Reference recordings and comparison possibilites
Automatic set up wha reference loaded

Plenty of comments possible. Stored with actual data
¢Unlimited memong

Recording time: seconds to daySontinuous recording
Norange settingg ¢ 2y S &A1 S FAGA | ff
Extreme zoom range

Trace comparisom compare actual to knowrgood
Extensive cursor measurements, four cursors
Encoder check up to at least 25 kHz

¢AllE  (fuNatidls ¢ including trig across all channels
Settable snapshotfunction

Yit, XIY, FFBRnd «Sparky» stylélarmonics
Postprocessing Excel, Matlabor own filters

LK <LK<LK<LK<LK <K<K <K<K <LK <LK <LK <LK K<LK LKL KLK KKK KK KL

In ARCUS Wall 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 Turlnirg&iseel and Paper Mills

as well ag urbine Test StandBower Plants and Data@ter cooling and power problems and we

221 FT2NBIFINR (2 az2t@S | €20 Y2NB AaRAFFAOMAZ G F YR

This introduction describes the ARCUS IV and its use in real world situations. You can download the
SW from www.gke.org forée and run the examples on your windows computer. Use the
GDSYSNI 1S¢ YSydz G2 siteNKulard, SianjlSaadinoisednyd gbitinationgydull K
can think of Have fun!



ARCUS®V in practical use

GET STARTEL and a few exercises in zoom
(You need to have Java on yamomputer before installing the ARCUS IV software)

Prerequisite sand limitations

1

Start

rwn

ARCUS3V handles voltages in thelO V till +30 Yange That is the kind of signals that you
meet in automation and drive systems and there is no need to switch rangesyeolen
connect different signal types. PLC logic or pssoeariables are all treated equal

There are no banana jacks. Instead, you connect to Wago cage cldmppeciabafety

leads or shrouded plugs needed. This does not only contribute to the lovottst ARCUS
IV ¢ it also eliminates the risk thdtigh powered or lethdy highvoltagesare being
connected.The ARCUS IV is strictly ELV/PELV

All signals are assumed to have a common reference potential (ground, if yoTliké)s

quite common in X @S adaeaidisSya FyR t[/ aeaidaSvyad ¢KSNB
and it is then possible to either use external isolation devices or use differential
measurement techniques.

The input impedance & Mm and there is an internal very wedkV offset that facilitates
measurements on dry switches like reed elements or auxiliary contacts without need for
external voltage source3he offset introduces leskan 01% extra error as long as the

a A 3y | habimpedayicé iS INWer thah kw, which is almost universally the case.

400/230 V(Europe) grid voltage can easily be handled by using a small transformer guéth 4

V secondaryYou can also use a simple hoimew voltage dividet

Connect signal ze/ground GND

Connect signals to channdlg 9

Plug USB cable to youaptopor PC

Start theARCU$rogramto get this screen

|/ GKE ARCUS 10 Channels 1!1: “ 5 T8 . (= @] E

File Scope Axes PostProcessing Analysis ?
Tligmode|Slope (A) 1 |V|CIIA|CII1 |V| 5000 mV Snaps: |60 minutes
E::gl'fez“‘ E ARCUS @ 43485als
Elapsed time: 0s Levels (Volts)
g
|EW | |
u F Timing (secs)
| Waiting for trig...
L] F
C10.0v
(] F Delta voltages
¥
| 7
u Foov Delta timina (s)
u F Derivatives (Wis)
F-10.0v
u £ Area (vs)
(n U o R i S U S | L L ET
E-300
[_comments |[_pan | [ zoom ][ c1 ][ c2 ][ s |[_cs ][ panc_] [ow | e ][ 0 |[oe]

Clické¢ D 2iHidwer right corner and recording starts. this setup, channels 0 and 1 are shown but
all channels are recded and show when the corresponding color (left panel) is clicked.

! Make sure that you know about the risg®r ask a certified electrician to it for you.



ARCUS®V in practical use

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 snapshotis recorded evérk y dzi S 6cn Ay G&ayl LJ&Aé O62E0®
There § a detailed description of the different settings on thedwaling pages, but this is all thes

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 yoltéjexnd the current

consumed by a copying machine is measured with a current clamp that is connected to the next
channel (ch £) There is a current surge when the copier is started, the surge reaches the trig level
andthe saved file looks like this:

7|EIGKE ARCUS 10 Channels 12 bits = | B
File Scope Axes PostProcessing Analysis 7
Trigmode | Siope () / |v‘an‘cn1 ‘v“snnn mV Snaps: [50 minutes
CIEr=E 201411:01  17:05:02 ARCUS @ 43485als
Ea Elapsed time: 1m 24s Lavels volts)
:
o
u E Timing (secs)
Waiting for trig...
L] F
C10.0v
L] E Delta voltages
u Com l n Delta timing (s)
E-10.0v
u £ Area (Vs)
| c
[ comments | [_pan ][ zoom ][ 1 |[c2 | o> ][ ca ][ penc | (o | [Cean ][ 1 |[6e ]

Zoom and reference r ecording

Each time the trigger condition is met, all channels are saved to theltliskhe saved data that are
shown in the picture above. The 1 second tibese is the shortest timbase availabldt saves
memory and is preferred for short transierise this.Every trigger event consumes no more than
0.4 MB on the diskyou can use up to 60 seconds and still have 200 us resolutioeablitrecording
will then consumeround 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 trdcetce that the zoomed area is
indicated in the upper right box, which represents the total recording area)

2014:11:01  17:0502 [ 20141101 17:05:02

\flapsedtime'ﬂm 24s r Elapsed time: 1m 2
f"\ L
L 6.0V

ﬂf FAVIANAW
LAV

0.475s 0.500s 0.525s 0.550s r 0,510s 05158 0,520s 05258
A [ A RO S S S SR I SR T

H

Waiting far trig

¥

\

,2dz Oy 122Y Y2NBI o6dzi GKF{G ¢g2dZ RyQli AYLINR@ZS NBI

2 Using a 40:1 voltage divider.
% The international resistor color code is used to identify chanridisre is a deviation for channels 8 and 9.
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Use tre Pan button taactivatepan andthen click on the digram to move aroundthe zoom

indicator is continuously updated to shamhat part ofthe recording is shown.

The zoom and pan are quite nice to have when you need to compare recordings of sinijeat, bu

RATFSNBYy (s aKkKLSe [SiQa YIS

-
|£| GKE ARCUS 10 Channels 12 bits \ l‘:' @ﬁj
File Scope Axes PostProcessing Analysis ?
Trigmode|Free run |V|ChA‘Ch1 |V‘ 5000 m\V Snaps: |60 minutes
E"agl"f"ﬁ ' 20141100 17:50:08 ARCUS @4348Sals
nable: o Elapsed time: 10s Levels (volts)
E Ref. curve enabled
p
u F Timing (secs)
L] a
C10.0v
| [] F Delta voltages
=_Ji:
| u Lo gy Delta timing (s)
u E N v ‘h Derivatives (vis)
I :_710.0\)’
I u o Area (Vs)
I u p0s IU.25S F.5US |0.759 MNumber of pauses 0
E 1 1 1 1 1 1 1 1 1 1 1 1
[ comments |[_pan | [ESR [ < [ c2 |[ e |[ cs |[ panc |[ panser |[ ou |[ run |[ 1 |[ ce |

¢tKS FT2NNX¥SNI NBO2NRAYy3 KlFLa 0SSy FSGOKSR
recordingd i SE(G & wS F &. ThedeNsla SiffeRyGead zddmiggtn shows that much clearer:

Ww2014:11:01 17:50:04 J2014:11:01 17:50:04
Elapsedtime: 10s Elapsedtime: 10s
Ref. curve enabled Ref. curve enabled

' y23KSNJ O2LIASNI adl N

OCAft SkhLISYy

W /!
Y C
/!
Ths 0,500s 05255 758 0,500s 05258
W I I | I I I I | I Mo I I I | I I I I | I
Triggers coincide Main voltages coincid

There are three pan situations that can be chasen
1. Pan both traceg click Pan button
2. Pan reference only click Parmref button
3. Pan cursors. All active cursors pan togethetick Pan C

Tip: Select button with your roll mouse by rolling while in the button area.
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Measurements
Different met hods z cursor measurements and automatic measurements

Time Constant, capacitance etcetera

There are four cursors in the ARCUS 1V (yes, that is gemy they are needed)he position (time
and voltage) is shown in the right panel when the cursor is activaieere are also difference,
derivative and areaata fields. Let® utse acommon capacitor charging proce@argus Communfy
as an exampte

[£/GKE ARCUS 10 Channels 12 bits SN _ _-q_' : _ =HAaf X
File Scope Axes PostProcessing Analysis ?
Trigmode |Slope (A) [ |V| CIIA|CI|1 |V| 5000 m\ Snaps: |60 minutes
E“*’;I“‘;'S FU Tl 4102 094320 ARCUS @ 4348als
navet [ F o Ejapsedtime: 5m22s Levels (Volts)
300y
u r Timing (secs)
L Waiting for trig... |
L) E
E20.0v
L] E Deltavoltages
El F10.0v Delta timing (s)
[ '
u E Derivatives (\Vis)
Y |
u I Area (V's)
0pos 0,255 0,508 0,755
u E L PP o 1T 0 o [ o o f|NumberofpausesO
| Comments | | Pan | | Zoom | | Cc1 | | c2 | | C3 | | C4 | | Pan C | | Out | | Full | | Go! |

The Tangent Method and the Percent Method

There are, as you already know, several methods to measure capacitdacshall look at two, that

are equally well suited for nepolarized a 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 theitapa

voltage to reach 63.2% of the final voltage.

Both methods use thfact that the charging voltage follows a simple exponential rule and the fact

thatd &6 z p Q  where 6 is the final voltage and the RC product is the time tamts 1.

Tangent

[ SGQa adFNI SAIKLGKR2SAYQUAVEBRE YEIG2RDI 3Sa (2
carried out with a ruler and pencil in the diagram.

2SS FANRG £€0fSlIy (GKS GloftSé¢ o0& RSa&Swithdsivertkad Of dzi G S
line. We then activate cursors 1 and 2 (Cl and CllI) by clicking their buttons and thedlidgthe CI

button so we get an automatic line that is drawn betwe&erCIlI Do the same thing witkCllland CIV

and zoom in for best resolan:

* Just joking.
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2014:11:02  09:43:29
| 20 U\FHDSBU time: 5m 22s
| 150v
| 10.ov
5.0v
/
F /
/
00
os 0,265 Click for line between Cl and ClI 0,508
i . . . . r . . . . r .

This cursor off

[ comments |[ pan |[ zoom |[M&Fimecica c | _out [[ ran |

oo |

Then do what the text says:

2014:11:02 | 09:43:29
|20 mﬁlansednmﬂ. &m 22s

ARCUS @ 43485als

L 150V

L 10.0v
MEASURING TIME CONSTANT USING CI/CIl AND AUTOMATIC LINE

1. Select "Line between cursors” by right-clicking Cl and Cll
2. Pasition Cl exactly where the charging starts
L 3. Pasition ClI so that the ClI horisontal linje touches final value (at 16.882 V)
s0v 4. Adjust CII horisontally so there is a "close encounter” between line CI/Cll and trace
[ 5. Read time constant as Delta timing C2-C1 (0.066 seconds) in right panel

|aos / 0,258 0508
y L L 1 L | L L

Levels (Volts)
C1:1.343
C2:16,882
C¥ 0,000

Timing (secs)
C1:0,081
C2.0147
©3:0,000
Delta voltages
C2-C1:14,539
C3-C1:-1,343
Delta timing (s)
C2-C1: 0,066
C3-C1:-0,081
Derivatives (Ws)
C1-C2:234,021
Area (Vs)
C1-C2:1,032

Mumber of pauses 0

¢KIFGQ&a I f fNo indteSoiBneritsineeded. A (i H

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

goodencounter. It takes some practice anadgd judgnent. The 63.2% method is perhaps not so

EF NOAAGAOE odzi A ltidan eady nateNd ddy/iie netesdaly inddNB BeliteS ©
betweenthe cursors. Ando avoid any confusion, baptizhat point 63.2%:

® of any kind, really.
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201411:02 094328 gﬁw‘ggz\/ ARCUS @ 4348Sals
Elapgedtime: 5m 22s (g'|1935) Leva\s (\/nhs)
&k 16 Bir
C3: 16,847
CIC
T\mmg (sacs)
cz m 193
| 1s5.0v ©3:0,152
Delta voltages
€2-C1:15,488
©3-C1:15,488
Deha hmmg (s)
ca c1 n 071
53.2% MEASURE TIME CONSTANT USING THE 63.2% RULE Derivatives (VIs)
C1-C2:137,794
L10.0v
1. Set Cl at charge start érwe-acczv?,m
2. Activate the 63.2% by right-clicking Cll and select 63.2%
3. Postion Cll so it touches final voltage AND the 63 2% point is on the charge curve || Number of pauses 0
{4. Position ClI (or CIV) to read time for 63.2%
5. Read time constant in panel to the right (C3-C1: 0,071 s)
5ov There is a difference in result between the two methods. Measurements of the R
[ and C involved shows that R = 21.7 kohms and C = 3.3 uF. There's no doubt as
to which method works best. The 66 milliseconds is not a bad result, but around
10% too low, while 71 ms is spot on.
n10: 15 020: 0 25; 0 30:
| L 1 L L I L L | L 1 L L

Inspecting pulse trai ns z divide and solve the problem

Another cursor function is the possibility to do pulse train inspectionsktyuand reliablyWe have
added selectable subivisions to the lines between cursors. This function is invaluable when you are
doing visual ingections of several sort&ating pulse symmetry in controlled rectifiers is one use.

The example shown is from an automation system:

Pulse train from proximity switch - regular or irregular?

| H H | H | | [ T .

W HEEEE
F—

i..“...

I | | I | I | I I I |
It looks quite OKR2 Say Qi A dK

Pulse train with reference ticks - not as regular as it looked...

o) H H H | ﬂ H | [ T

. =S SN (S IS NI S—_S N S— E——— .

L I I I I I I I I I I I

The eye is not very good at judging regulamtgding subdivisions help.

The ceviations are actually quite large. That kind of measurement is

How to select ticks between cursors O off

quite difficult to do with an osculoscope ora counten FFT analgz o
could perhaps be used, butytS SRa | NI G KSNJ f I ele(%i%é%t!ryvals(ﬂ|nth|sca§a)zgi g KAOK A&
always available if theytsesrepresent a limitel movement. The i
subdivisions can be used horizontally or vertically or any angle in . . i

L T L L T

between.

This cursor off Og

€ O Linec1-c2 010

How to cloose number of suldlivisions ==

1 63.2% o1
| ﬂ | Cursor distance C1-C2 divided by... b & 12 J
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More Cursor Measurements

i2t, When does the Fuse blow?

It is quite often interesting to calculate the area under a cu@ethe area bthe curve guared. The
latter case is when dealing with€dl f £ SR & K EHahd theyfoinfeENEry aitén the cas
when studying charge/dcharge cycled.he example shows what happens when a fuse blows:

20140013 220223
Elapsed tims: 05

DC applied to fuse results in tripped fuse

Applied voltage increases as fuse resistance increases with temperature

Current in fuse decreases as temperature and fuse resistance increases

Fuse melts
current goes to zero

Questions: 1. how long does it take? 2. what is the i2t integral?

40
11508 755 7805 T8 7705 i 780 78S 7308 795 2008 205 [N

There is a shottircuit after the fuseat time 11.53 secondd he initially high supply voltage falls

rapidly as tle 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 ard@;@D0 seconds (after less than

half a second), the voltage jumps to its unloaded value.

Measurements (voltage trace deactivated):

Delta timing (s)
C2-C1:0,469

| Derivatives (W/s)
[ 5.0V C1-C2:-3,529

Measurements on fuse trip
Cl and Cll defines area to be measured.
Panel to right says that duration (C2-C1) is 0.469 seconds
\ and that the i2t integral is 1.341 V2s, which eaguals 1.341 A2s

Area (Vs)
C1-C2:-0,777

Integral (Vs)

C1-C2 (Ch2) 0,762
Integral Square (V*s)
C1-C2 (Ch2) 11,341

since 1 V corresponds to 1 A.

1

RMS (V)
G1-C2 (Ch 2) 11,691
Mumber of pauses 0

T

1,585
1

11,605 1 655 11,705
I I R ST s [ 1

11,765 11.80s
P f

11855
1

| 71,805 11955 2,008
| 1

Put cursors Cl and CllI at beginning and erntti@bvercurrent cycle and righdlick the right panel.
Then clmose chanel 2 and area calculation. The results are showthénpanel. It is the Integral

Syuare that represents théQointegral.It is 1341 As (scale factor for arrent is 1A/V) It takes0.469
seconds before the fuse blows and that tells us that itrisoaerately high overcurrent.

¢ KS OdzNNEB vy is Ao shewn{anddi ks fedzSuring to see that the RMS value squared times

the length of the overcurrent is very close to tH@bintegral Computes well.
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Math z Real Time and Post-processing

Three -Phase grid supervision 8 21 11 UT OO0 1T x1T 01 !'T Al UUAOS
Real Time Math on two or three signals is a valuable tool in many situagrseating difference or
ratio between two timevariable signals, it is often possible to detect abnormal situatidesdip,
incorrect excitation, heabr pressure leakage and insulation problems.

A very speciat and seldom utilized case ighree-phase grid supervisiont is a weHestablished

fact that the sum of three symmetrical sine voltages at 120° anglerés Any deviation from zero
indicates eitheran amplitude deviation, a transient or a distorted wavefoitis 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 thateéchnique on the following pages:

Trig on transient s

The standard, plain vanilla, moderately distorted ThRFease grids shown belowplease note trig
settings in upper part of screen)

File Scope Axes PostProcessing Analysis ?

Tngmt-de|Wmdnwonl(A,B) ‘v‘CIIA|Mﬂ|II‘V|‘Z[I[ID mV cn 8 [Math || 1000 | mv snaps: [o minutes

Channels [F
014:11:02  1522:42 ARCUS @ 43485als
Enabled | 1 15 U\é\apsednme 165 . Levels (Volis)
Mains voltage, 400 V L-L, 230 V L-GND
Measured via voltage divider 40:1 L-GND
[ Timing (secs)
[ 10.0v Waiting fir trig
Ll
] Delta voltages
u Delta timing (s)
u Math
u channel Derivatives (Vis)
u Area (Vs)
Integral (Vs)
/| e1-C2(ch 2) 0,093
Math Integral Square (vs)
L ©1-C2 (Ch 2) 13,630
enablgc RWS (V)
C1-C2(Ch 2):5919
Number of pauses 0
Lroov European positive phase sequence
F (US is normally ACB)
L -0,075s -0,070s 0,085s -0,060s L0,055s -0,050s -0,045s 0,080s -0,035s 0,030s
il L I | I T TR | T T TR T S T | T T T T T A T ST S RS S

conmenn v | [ [ | ][ e |

The Math FunctiogSum 3.JKhas been

selected with input®, 1 and2. The Trigmode |Window out (A8) |+ | cna [matn | +|[2000 | mv an 1000 | mv
instantaneous sum is shown in the (o e " )
Math C_hannel (_grey tra_'ce)' It I‘?’ as can Low range Channel Enabled Inverted Diff
be easily seen in the djgam, quite m| 0 O -0
GOILfYés @KAOK 7\)/R7\O|'Us-ﬂé.thUK|% ! g .
. . . . . 2 v +
distortion is low. There is a slight DC Math A [Channcto[~] s O O -
offset, which stems from the internal 4 O O +O
offset (see p. 3) ahstays constant Matn B (cnannet 1|~/ s O 0O -
regardless of grid variations. Math C [channei 2 |~ | : g g +u
Derivative timing 8 O O +=0
The trig window limits shown above s O 0O -
have been adjusted to accommodate it
the DC offset. | Reset || Hide Al || Show All || Apply || Cancel |

10
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lye ¢ S@Sy i éphadefgrifivil Gausé &dedBason in the math channel and results in a trig
and stored data file¢ 2 A Y R2 ¢ ¢ il shahdard thig mode and it is possible to make the trig
system almost ridiculously sensitive, as shown below:

2014:11:02  15:22:42
Elapsed time: 165

Trig on "Window out" and "Sum 3ph" turnsARCUS IV into a PQ recorder with

Linav flexible trig and unlimited storage length.

— | Transient that trigs recorder Waiting for trig...

L e - \\.._
e .
L - \-\\
-
5. 0w =

Sum of three phases
low value when everything
NJs normal

0.0

This example shown to illustrate operation and sepsitivity of three-phase trig

= Real World transients are a lot more severe. ARCUS IV can handle them, too.

010s 00055 000s p.ooss
. L L L L

Select any recording length frotrup to 60 seconds witlthe same high resolution. The only penalty
isthat60sec§ Ra NB&adz G Ay | wnm a. RFEGF FAES gKAETS m as
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):

e Except a slow symmetrical voltage change (when uslitiyists grid voltage, for instance).

11



















































