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Calmet TS41
High Power Three-phase Fully
Automatic Test System with
Reference Standard
and Integrated 3-phase
Current and Voltage Source
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CALMET Sp. z o.0.

¢ Calmet = CALibrators + METrology

C founded in 1989, roots come from LUMEL, big factory of measurement
equipment in Poland, Zielona Gora

C designing, production, selling and servicing new kind of calibrators and electric
equipment testers

C employs over 25 engineers, including 3 with Ph.D.

C cooperates with University of Zielona Gora; common projects and lectures

C since 1996 1 electricity meters testing and power network parameters analysing
C since 2002 7 generating and measuring network quality parameters

C since 2006 T automation of electro-utility automatic protective equipment testing
C since 2011 7 automatic Test Benches for energy meter testing

C since 20191 new group of Automatic Test Systems

—
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Mesurement Equipment

g
Customer Support /

in problems solving
-

)

Energy meter testers, Current

Transformers testers, Power
qguality analysers

3 phase,

3 phase, 120A, 0.02%

Control Software for
measurement equipment

since 1989 \

I AC/DC Voltage, Current & Power
Calibrators, Test Benches
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Current and Voltage Source with
Integrated Reference Standard
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Testing the entire energy measurement system!
Accuracy of all kinds of meters U[%6] CT/PT burden, ratio, phase shift error

Electronic
(static)
Meters

4 - Quadrants
1 Smart Meters

Max. Demand
Meters




www.calmet.com.pl . . ' All-in-One

Reference Meter & 3-phase U&I Source in one case! Modes of testing

Testing ON LINE — meter and load are connected to the
network; the value of metering point depends on
current load; TS41 works as portable reference meter

TS41 as
reference
meter

J
Testing without meter disconnecting! 4

Testing OFF LINE — meter & load are not connected to the
network; metering point can be set in whole range of load;
TS41 works as source of U&I and reference meter

Dt_ngf_—-m-—c TS41 as U&l
source and

reference
meter
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4 Easy verification of meters under precise e - e )
load conditions, using integrated current and
voltage source in class 0.02 or 0.04

4 \Voltage range 0.05é 600V

4 Current range 0.001e 120A
4 Automatic operation with predefined load
points without the need of an external PC

4 Vector, oscilloscope, bar and trend charts
of three phase network

4 Automatic Meter Constant recognition o - n - —
. . U @®u1-230005v Y8 Ux 04:05:34
4 Automatic setting of measurement @12-231.012v | a— ,L‘ 20000123
.. ©®L3 zzsggw @ N
conditions 0 19 16
4 Big 7-inch full colour touch screen and U; 230.005 Vv 231.012 V 228997 V f 50.000 Hz
U; 377.610 V| 408.054 V| 407.067 V. Uy 354767 v
CompUter SOftware Calmet TS PC SOft I:| 5.00031 A 510047 A 490017 A I 3.84876 A
4 Reading data and remote controlled via o1 19.998 9 25007 9 -19.994 1
PF: 0.93970 0.90626 0.93973 0.92829
USB1 Ethernet sin] 0.34199 0.42272 -0.34192

2

2
4 ReCOI‘dIng data on ﬂaSh memory SD Card tgp: 0.36394 0.46645 -0.36386 2] 0.158M
Duu: 0.000 % 109.989 9 =125.000 a L123

2

2

2

up to 32GB P: 1.08075 KW 1.06781 kW 1.05449 KW 3.20305 KW

= g 3o Q: 393.327 var 498.081 var -383.681 var 507.726 var
4 Ca“bratlon Certlflcate S 115010 kVA 1.17827 kVA 112212 KkVA 3.45049 kVA

(E=])
|
0.14715
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TS41 Front panel view:

Photo Scanning
Head Impulse

for Electricity M.

Inputs / Outputs
7” Colour LCD touch SD Memory Card
screen socket

< 230,005
s 2012
228997
S 500031
s 510047
;490017
e 19.998
. 25.007
19994

5.024
5 23
s 354767
o XsagTe

USB socket

Ethernet socket

Fan cover with filter

Protective Fuse

Power ON / OFF
switch )

Power cord socket

J
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TS41 Rear panel view:

Phase L1-U1 voltage
output & sense (input)
sockets

—

Phase L2-U2 voltage

output & sense (input)

sockets

Voltage output
protective fuse

AN AN . .o v

s T o

Phase L1-I11 current Current

sockets; (*) current output
(input / output) protective
terminal fuse cover

Voltage output [ Voltage output
protective fuse protective fuse
. cover
N e |

“ Q % OUTPUT
u2 -

SENSE/
INPUT
CAT 11 _GOOV
CAT 11T 300"
.

oV MAX 600V

r o —

o i . W,
y e v.auu
EENw mEEN
mEEEn Freen
WAWNT gy
BN A S T

s BT

OUTPUT/INPUT

[ GO0V
11300V MAX 600V

Phase L2-12 current

sockets; (*) current

(input / output)
terminal

u3

W e —. " W

w7 v.au
EEEN
EEEn
L § 8 S -

N AN SV

SENSE/
. INPUT
CAT 1]
o

AT 11T 300V MAX 600V

-\
L Y

e

4
-~

s B e

OUTPUT/INPUT

*

CAT 11 600V
CAT 1] 200V MAX

soov

Current
output
protective
fuse cover

Phase L3-U3 voltage
output & sense (input)

sockets

Fan cover with ]

— filter

Current output
protective fuse cove

r]

Phase L3-13 current
sockets; (*) current
(input / output)
terminal
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TS41 Voltage and Current Inputs:

Voltage U1, U2, U3, Un Input (Sense) Current|1, 12, 13, Un Input / Output

/ Output sockets sockets
.05...600V 0.001...120A
|||III SENSEI C

INPUT A

1
1

b 3 OUTPUT/INPUT

‘ 12

/N

UUTPUT/IN PUT

Wi %

Easy connection
due to rich set
of accessories

for safety cables

Ll

RORCRCRCRE
WU wwww

1l

{"m ég,. -

25mm?2 High Current Cables ~ 4mMm Current Safety Cables
4mm Voltage Safety Cables
< 4 Length=1m, | O kspath=2m, |

Length=2m
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TS41 Pulse Input / Output:

- red, greenor infrared LED

- photo head with photo sensor
— - N
0.0001Hz...200kHz

————
Electronic energy meter

blinking or LCD segment flashing

for Electricity Meters Testin

can test all kinds of Electricity Meters

1. Pulse Input / Output
socket

Electronic and Inductive

energy meter

manual pushg button and
pulse generation

Inductive energy meter

- disk with red or black mark
- photo head with LED lamp and
photo sensor

\

2. Pulse Input for external}

Reference Meter socket

Electronic and Inductive
energy meter
SOstandard electric pulse |

S

20 | 21
+

Additional external very, h
high accuracy Reference
Meter ——
y,

TS41 has pulse output with
frequency proportional to the
power, with freely programmable
constant imp/kWh

+Ucc

U.maxRR 7V
J—BUCC |.max> 00mA

0.0001Hz...200kHz

g Open collector pulse output + externgc

In case, that we need
higher than offered by
TS41 accuracy 0.04 or
0.1, we can use external
reference easy way
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TS41 Communication:

for Electricity Meters Te
many ways of PC connection and data storage

u1:  230.005 v
Uz 2301z v
@ U3 228997
H: 500031 A
12 510047 A

13:  4.90017
Q1: 19998  ©

n
N / 02 25007 °

U 03 19984 0. X ~
=5 12 Uy 5024 % 0382 | 0435 | o/
[$5 L1273 0574 | 000z | S/
P. 0 P+O- U: 354767 V. E:_’ } 0576 | 0.003 |/ @E
1] ~_ | v l: 3.84876 A 0579 [ 0003 | ./
35 |13: 5545 308000 | 1250.47 ELL 0.576 0.008 @@]
Screenshoots 3:50:20 309491 11645. 0 017 6600
37 [14:00:07| 30946.6 | 11620.6 | 1.000 | -0.611 | 0.001
38 |14:00:47 | 30946.7 | 11621.1 | 1.000 0.609 0.001 \/
39 [14:01:25| 309461 | 116211 | 1.000 | -0.606 | 0.001 | -/ @

Results

TS PC-Soft

|

|_Samisk

[ X ]
Removable SD
cards 2..32GB

USB

a x|
CIRCRTYTH 7 \
R e
® [ves || @

@ E H Pmax 1<y \
W ]l!;.é H ]l!%:a v B ‘
|

Verse rware: 009-RC2 Comected: COMA

Ethernet

Switch Gate Gate Switch
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for Electricity Meters

All possible types of connection: 1P2W, 3P4W, 3P3W, ..., direct T TS41 as meter

Single phase meter testing 1P2W — TS41 as meter

/AR T DDL
N/

4 3 4 6

-é%—a'ﬁ?-

Three phase meter testing 3P4W — TS41 as meter

- | 750
AAAL e
)| . ess)-

N

t_\':-l;n/;- ..\;’.,:.m.'...
P, < P,
L1 L1
L2 L2
L L L L3
\ . N N N
Three phase meter with CT testing 3P4W — TS41 as meter
mm e L
1‘2‘3u4|5|5 7[8]s ﬁ' -nml%_rfl.\?-
: —+
1 |
.
e 0 [N
) =1 52(!“ ?s: sz%
PWPZ P’,\NPE P’,WPE
L1 L1 I L1
L2 L2 L2 L I 1 L2
L3 L3 3 i K |3
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All possible types of connection: 1P2W, 3P4W, 3P3W, ..., direct T TS41 as source

Single phase meter testing 1P2W —TS41 as source Three phase meter testing 3P4W — TS41 as source

ARk
\J Y W DD - —
- 31—[‘56}&9 “imos oz

Three phase meter testing 3P3W — TS41 as source

MR A 1
qu 3u4|s|eu7|s|s
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Functionality of TS41: as reference meter

TS1 General
Settings

Voltage and current
source With built in
reference meter

Reference meter

[ Status line U %t;ggggx ‘ I %Lz u mzodeu _ A ‘. s
e =0. 92= /
® (& L3-0.000v ® @ L3-0. g3= A2 oI N 2020-12.02

\/ Maximum power
@ Vi
[RMS values at TS33 [ 70 M a /[ (demand) test

| terminals //4_[_\/ R

, HER 23 I'maT <— U, 1,0 PFsip ,

Meter error testingJ o ERE .. tgdp ,oUU, P, Q, S,[f,
p—

~ THD(versus time)
observation

—h

\,

[ Counter (register)—

test, dial test r

4 ] \/
Harmonicqversus
time) observation

\.

J

Easy, i1con driven, operation on Db
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20,000

20000 j
250001
[

for Electricity Meters Tes

TS41 reference meter mode: windows appearance
RMS values of U,1,¢,F,P,Q,S

0li)

e ]W cr[ (D
e[ 3 [s e[ (D)

3 P

Counter (re

U Bu=znamy | | U=sons e 0000 il
() 12-720020mV | o E)L2-50000A  |g2- 30003 *
® @
(&) 13-2.00981mV | ¥/ ) L3-5.0000A |p3= 30003 i

ister) test

Vv e [ PHix @:l
=3

gt
Du

220999 V. 229997 V 220995 V. fi 50.000 Hz

; 387.948 398.365 V 407.948 U.  20.0668
4.99966 A 489869 A 510039 A I: 3.76596
20.001 24997  ° 19.993

3 0.93968 0.90632 0.93973 2: 0.92880

in;  0.34202 0.42257 | -0.34190 3: 013576
0.36398 0.46625 -0.36383 2: 014617
0000 ° 115000 ° 425000 °© U L123
1.08056 kW 1.02114 kW 1.10237 kM 23 3.20407 k!
393.299 var 476106 var -401.073 var 3: 468.331 va

| 114992 kVA 112668 KVA 1.17307 kVA! 2: 3.44967 kVAl

El
(@)
&

lim:[ 100 %
" n s O

3P [ 3a7T3E KW

'0148% 20 | 4518 var

| 58 | 344885 KVA
s[ootos | 3PF| 0.91980

‘. No & ﬁ

- 0 1 0148
1.00% T e
[—— 1 0130

0.000000kWh| 0.000000kvarh| 0.000000kWh
0.893400kWh| 0.513050kvarh| 0.886958kWh
0.893400kWh 1kvarh  0.886958kWh
0.893457kWh 1kvarh  0.886710kWh
-0.006% 0.006% 0.028%
1.000% 1.000% ‘ 1.000%

@ eammiTe

O wamn

OE)

Maximum demand meter test

u (@IL1-230338v

L2234 206V
O@umzwy |©

] @ L1-502.95ma [pt- 1823 |
(B L2-502504mA | gi- umv‘::
L3530 g3=_ 14747 |y Lx

M | 15:03:52
A = po1a.0213

b &) | Pmaxw] | Pmax-Pref
20190243 | 13:46:43 | 3.394 -0.006
20190243 | 13:51:50 | 4764 1.364
20190243 | 13:56:57 | 5444 2.044
2019-02-13 | 13:50:1 5444 2044
20190243 | 14:04:38 | 5444 2.044
2019-02-13 | 14:00:45 2.116 -0.634
20190243 | 14:17:26 | 0.680 2720
20190243 | 14:20:00 |  6.803 3.403
2019-02-13 | 15:00:58 0.340 -3.060
201902413 | 14:55:50 | 0.340 -3.060

Z| 10.899

Pref:[ 3400 kW @

t [2 min
Pin: 0.340 kW
T[4 min

&)

300 0004

20000008

4200 00004

Harmonics trend test

U,L,p,F,P,Q,S trend test
A1

Favali

t )\ M | 04:04:41
M ¥ [200001-23

250000

s [

Tk

=

220000

5 000sa.

oo [ R

s 00020

(@)
(2B
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Functionality of TS41: as reference meter and source of U&l

Reference meter Voltage and current TS1 General
mode source with built in Settings ]
reference meter
mode

[ Status line

[u@ Ve ][ a, Setting harmonics ]n
[RMS values at TS33 __——__output signal
___terminals . / — —
- : . . etting specia
26U 1 tl' : gt tq; ++++ ! n+++T IIII — -1/ _j shapes of the ]
_Ssymmetric outpu — n _ output signal
Setting — F ... i n _ _
[assymmetrioutput BEE 23 u-_b E ﬁ /,/ Load points sett!nE
p ] = — Q >0 for procedures in
Meter error testingr AN \ automatic testing,
[ Register (counter)—= \\ ~ Meter under test)
L testing parameters setting$
- - Z for automatic
U, 1o PF,sip , ¥ - %\L testing

tgd ,oUU, P, Q, S,{, Harmonicqversus Automatic test

THD(versus time) time) observation) execution )

observation
\_
Easy, il con dri ven

: operation on
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for Electricity Meters Tes

TS41 source of U&I mode: windows appearance

RMS values of U,1,¢,F,P,Q,S

Asymmetric settings

@@ U gu:zn.nnv 1 %u:ﬁ.nnnm\ 1= 20,0007 45 ¥ @ ﬂ , leagaid :_‘ = - | A
d 46 ] :
phian | |22 = | o) O Jofims [ofinm B amhre AR o) |
o (@) (®)®) (&)@
uf 220,999 29997 229.995 £ 50.000 Hz- M 1 1z u == < £ 5 i 1 3 S
U 387848 v 308365 V 407848 V U, 20.0668 VE ug vV ET rh I vy v g [0 v rh -
l:| 499966 A 489869 A 510030 A L 376506 A 1 v v (o) [i5 A I v (ue) [15 A
o 20001 24.997 19.993 % L rur - ul_ o
PF{ 0.93968 0.90632 093073 3! 0.02880 o[ 2000 @v o mm@y [ me@v [ me@Ev |
sinj_0.34202 042257 | 034190 3 013576 o. T o ot
tg0] 0.36398 046625 | -0.36383 3014617 s o 388 - -
a;: 10‘:22: 2 :1052:2: kW 1215022: : t; “:‘1‘;: kW 1] 50000 (@) a 1| 5000 [&)a 51000 (§)A aonon (@a [ mo[  wnw [ (1)
‘[ 1 g I [ 70000 : 7 : TOF[ 1839 % 2
Q: 393.299 var 476.106 var -401.073 vaﬂ >: 468.331 var * ©[_ i I zrmw@[_ l ?HW@F l e @r_ i_ CF 44
S 144992 kVA 112668 KVA 147307 KVA 31 3.44967 KVA a2 vz ome g [msew(@e [z @ - "
150000 @H @[ [:EE] 1w @n €[ [E{] P " [ |

Meter error test in [%]

e o o o (D)
w T @ e GD (g
Iim:’T% n:,_5 OV

£ 0.148% | % i
s
b A

R

et t 3]s 3] <am @

5 )

/
o fo | & |

> -

M@ M [

Lo o
III.- N

.
Wl ece - ==

Q]

o

[T ‘N\

Counter (register) test

U @u=zny ] @L=smo
®@u-uns:mmv @®IHJIII]A

W F Vv e P+ @:l
E1: 0.000000kWh| 0.000000kvarh| 0.000000kWh| |"E=
E2:{ 0.893400kWh| 0.513050kvarh| 0.886858kWh
:E: 0.893400kWh tkvarh  0.886958KWh
Eref; 0.893457kWh tkvarh  0.886710kWh
€ 0.006% 0.006% 0.028%
€|  1:000% 1.000% | 1.000%

O

/.

/ U,lLo,F,P,Q,S trend test

U @Li-230005v | | BLI-500031A [pt= 19.999e 5
@®L2-231.01V (®1L2-5.10043A |g2= 25.007" —
@@u:msmv @@_L 4900168 _|g3- 49.994°(8y_Tx

nnnnnn

- " AW
N onat L Al \ [\
AT P (S A

<

nnnnnn

aaaaaa

i Na
PP ALY ki AemaLa
o T ‘l W Y A
WA
00025 v
R A
. JLW VAT vvll\,{\.vﬂw\/wf "
I "

<>
s |

o I I
o

000% B aT07e%

&

C

\

M | 04:04:41
A 9 20000123
(B
5 e § Goww ¥
==
5 e (&)

.

t 5 8| s 8 ¥ E B %

ST ——
@

Harmonics trend test
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TS41 functionality: RMS values of U, |

for Electricity Meters Testin
« , Eed3urémest results

Active PoweP

Neutral Current Neutral Voltage Frequency
E$‘<: - \ T\
® L1= L1=5.0000A |p1 i T
VOItage Phase |_|0| 1 v ®L2M=4.gnnnn q,::\ n 2(13184?20(131
L Neutm\l J @®L3=23I].I]I]\f =5.1A0008  |p3= 2 ) N
q w0
Voltage Phase L1 LZ\\ L3 @
. Phase | 229.999 V. 220997 V. 22\Q§ V 50.000 Hz '\ >=L_
—U, 387.048 V| 398.365 V| 407.948°\V U. 20.0668 V
Current
l:| 499966 A 4.89869 A 510039 ANl 3.76596 A
Phase shift O 20.001 24997 9 -19.993 °©
PF: 0.93968 0.90632 0.93973 S 0.92880
Power Factor sin;  0.34202 0.42257 -0.34190 /z: 0.13576
: 0.36398 0.46625 -0.36383 Si 0.14617
Reactive Factor ] ] R I
——— 0.000 115.000 -125, ;L1123 ls.
Tangent 1.08056 KW 1.02114 kW 374837 kW /5 3.20407 kW
p — 393.299 var 476106 »~ AA01.073 vay/ [5: 468.331 var
FUEEE Sl bEiEs 114992 kVA 1126 @A 147307 K/ [ 5: 3.44967 KVA
L Voltages

L

43001 Ix
— — F*OI*- ut: 230005 v

3 2 sd00a7 A

13 49017 A
@1: 10.998

®2: 25007

> Un
S=hr 93 19.994
2 U 5024 %
O L
Fra-

. U: 354767V
T T M hi 384876 A

Mo N | &
Ui H ..
I1:  5.00031 A
\ Y
/

9 FFQse

-

P U Eimme | Do i
|‘ | @B | O Buawwa v mow
- wLa-zan wry L-amonia g 0o [

hase oscilloscope

2000.01

Al

U:Z29.987V
1:50.000Hz

B Co8EE0e,
Zl EE0CI

/

Reactive Powe

ey
e

[ 3-Phase Factors

3-Phase Vector

Rotation

ANN

hase Powers

/

Apparent Powesb

£

Harmonics in table form

U730 | | U-LINIA (g1 BSTer . W | oi11ea

ogim |oftimm [ iz
@ ()
v
=B
@
)

]

A

THD:12.023%
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TS41 functionality: energy meter error testing idea

Principle of electricity meter testing 8
gp] et rafiallere; e Ts41 worksthath:
I LR | - asprogrammakie-Pphasesource of
EMeasured EReference VOItagemomerent

3-PHASE - as lhggfnaomwao;ef@feﬁenmeter

POWER o o

SOURCE J
(LOAD POINT D_I%Ug_l_"_l_l 1_1 s THREE PHASE TEST SYSTEM_C

SETTING)

. METER
UNDER
TEST (MUT) REFERENCE
STANDARD

VOLTAGE

CURRENT

vl
O (x L

Definition: energy meter testing (MUT) by energy comparison method consists in counting pulses from MUT
and calculation of measured energy as:

. ﬂ-o-v.wo e WO g >
| |

FOBT 0w <> V- «

and then compare it with, reference value measured by special, at least 5 times more accurate standard meter

k= 1

(Ereference)°
Example: counted were 500 pulses by meter with constant 375 turns/kwWh. The measured

energy is:
1 8 T 1

Mt voe ru™
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TS41 functionality: automatic energy meter error testing in [%]
Type of Power/ AUTOMmatic CT/PT usage
selection selection of meter | 2 NOmber of

constant and time|| easurements for
of measurements averaging

Meter constant unit
\
Meter under test

constant

T

N

Fundamental

€

L1=4 pi= 19.942° 04:14:41
F=0.1 = 129.2314° 2000-01-23
(A1 L3=T\ \my A
a5 N
P )C: | 6400.00\ [imp/kWh

tN:| 3 E

Time of test or =

il i |
Lnumberofpulsesf)/'m' 00 1% I O’l?

T F A%
Limits of meter SP | 317316 kW

L undertesterrorJ/ £ -0.148% SQ | 451821 var

[ Average value of SS | 3.44985 KVA

71

/
! error J/ S |0.010% | SPF|  0.91980
7 W o

, PAS
1 =0.148 A
/ 1.00% 0 .00% ; i
Z o ¥

3 0.130

AT

5[ PO QIVAR] [Limitf%]| %]

27 [13:53:10 3333.00 891167 | 1.000 | 0.563

28 [13:53:53 3333.02 891176 | 1.000 | 0.559 X

29 [13:54:34 3333.00 891.166 | 1.000 | -0.553

30 [13:55:18 3333.02 891.168 | 1.000 | -0.563

31 [13:95:59 9060.00 125048 | 1.000 | 0082 | 0135 |

32 [19:56:41|3089.02 1250.49 | 1.000 | D574 | O

33 [13:57:22 3080.03 125049 | 1.000 | 0.576 .

B

13:58:06 3080.01 125048 | 1.000 | -0.579 X

13:50:29 30849.1 11646.9

35 [13:58:45 3080.00 125047 | 1.000 | -0.576 .

37 [14:00:07 | 30946.6 116208 | 1.000 | .61 X

38 [14:00:47 30946.2 11621.1 | 1.000 | -0.609 X
39 [14:01:25 300461 11621.1 | 1.000 | -0.606 .

Standard deviatior] [\ y
—~ —~

7

3-Phase Powers [Partial error result

\

4 function of computing meter error (partial errors, average error, standard deviation) directly in
percentages [%] with method of setting time of measurement or number of impulses,

4 function of automatic identification energy meter constant,

4 function of automatic determining measurement time or number of pulses.

Vector diagram
I | o B L2 50000 | w2 o

122 540047 A
-

T O ]
et I

-u1: 230005V

Uz 231.M2 v

u3: 228997 V

11: 500031 A

13: 480017 A
P1: 16.998
92 25.007
$3:  19.994

U 5024 %
U Lz

Uz 354767 V

i 3.84876 A

04:06:48
20000123

1y
(I
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TS41 functionality: register (counter) test

[settlng for selected ®

reqister
Register value

Up to 3 registers
testing at time

(A)L2=0.25538mV
(A)L3=0.19500mV

o Fundamental
<€« only!

13:36:17
20190115

TestSTART / STOP ]

Olils
=

| before starting tes

= .

stopping test

P Q VL
0.000000kWh| 0.000000kvarh| 0.000000kWh
1.019123kWh| 0.588698kvarh| 1.019680kWh

Difference betweeF JE:  1.019123kWh
| E2E1

0.588698kvarh 1.019 ;

Value of active )
energy with all
harmonics

) Eref 1.019277kWh 0.588480kvarh
Reference value o
{ Energy flow £: -0.015% 0.037%
4 0 0 0
value of error £ o 1.000% 1.000% 1.000%

1.018611kWh
0.105% i

Limits of error

J

Value of first )
harmonic only in
active energy

isifisl

4 function of simultaneous testing up to three registers,
4 function of every kind of power selection enables to test multi-quadrant meters,
4 testing all harmonic energy or only fundamental (1-st harmonic) Energy, required for all new metres of reactive

energy and active energy in near future
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TS41 functionality: Voltage and current source with built in reference meter mode
Operation with autd (* Setting maximum

[Switching harmoniﬂs Hﬁ
range or constant| | value of Voltage o ON / OFF

Current
| ®L1-sTB | U |
(B L2-STB

\@ () 13=5.00004

[File name od store
settings

( Switching ON /O
of individual U & |
L channels

Set data acceptati%n

I

START / STOP ]

L1 L2 L3  id—b- <V ™Y generation

v [ v G [0 v |« (H#1)
v [ [ (auto) 15 A [
L123)

[ Voltage Iin phase
L1121L3

[ Voltage between

L1 L2 L3
u[ 23000@)v | 2000F)v [ 2000F)v [ | ]
phases

111213 | | 1| s.0000@)A | s0000FA [ so0000F)A [ value for all three

: u,[ 407.06 [ 398.50 [ 389.74 Setting the same
[ Current in phase —

phases
Phase shitual =1 ° | * @ [ @ [ s @[ [

> . L123 0.000 2 ° 120.000 (&) ° -120.000 (&) °
Phase shift betwee I = Ii@ Ii@ -E_)
\oltages f[ 50000 @)Hz @[ )

\
r Frequency settin I Frequency Synchronisei
S i d 0 with power frequency

4 Individual setting in each phase value of voltage, current, power factor and phase shift between voltages,
4 Independent switching ON / OFF of each current and voltage in phase L1, L2, L3,

4 Automatic or manual range selection,

4 Protection against overvoltage or overcurrent

4 Pure sinusoidal or harmonic distorted signal generation
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TS41 functionality: Voltage and current source i harmonic generation

( Phase shift with
reference to
L fundamantal
[ Amplitude in % o
| fundamental

U ®L1=230.00v
(&) L2-230.00V
@ (&) 13-230.00v

o

“ 100.0

0.0

Number of harmoni

(" Setting number oh—— E—
harmonic, its
amplitude and J/

\___ phase shift

égnal parameters:
THD —total harmonic distortion (all

harmonics to fundamental)

TDF —total distortion factor (all harmonics
to RMS value)

CF —crest factor (peak value to RMS valu
SF —shape factor (average rectified value

@

| ®ri=s0000a  |p1= 20.000°

for Electricity Meters Te

o

18 Ux W | 11:46:43
(A)L2-4.9000A |p2- 25.000 oy * H 0018-12-11
o X

0.0 A

. 180.0 o 00 °
7| 150
B
L UE

D

QRMS value) /

(B L3-5.10008 |3~ 20.000°

THD 18.71 %

TDF 18.39 %
CF 1.44

SF 1.10

Real signal measured at
TS1 output

1 A |gt= 20000

A g3~ 20000
U

w2= 25000

THD:17.374%
U:229.999V
:50.000Hz

3 40

Conn =
o _Ix
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www.calmet.com.pl
TS41 functionality: Automatic energy meter test in whole range of loads idea

METER TYPE =+ TEST PROCEDURE “%®  TEST EXECUTION

- & Type of test: - load points for test
@- - error selection
i - repeatability - serial nunioer of meter
—amB | = - start up current under test
- no load test - test execution
. - dial (register) test - results table
B
Load points:
- value of current No| &) | PO | QIVAR] |lim[%] | el%] | se[%] |OK
U:230V U:230V 1 [11:43:27] 172502 |-0.008651 | 1.000 | 0.660 | 0.022 |/
. i - value of VOltage 2 [11:44:50] 344.987 |-0.013448 | 1.000 | 0638 | 0.010 [/
1:10(60)A 1:0.255(60)A 3 [11:45:35] 680.012 |-0.040320 | 1.000 | 0505 | 0107 [/
: - power factor e A e
f:50Hz f:50Hz P 4 [11:46:57| 1726.03 | -1.00918 | 1.000 | 0.628 | 0.003 |/
C:375imp/kWh C'6400imp/kWh - frequency 5 [11:43:16| 2760.15 |-0.290766 | 1.000 | 0.616 | 0.006 \/
) 6 [11:49:37] 3450.06 |-0.479581 | 1.000 | 0.600 | 0.004 [/
7 f11:50:56] 413007 |-0.758828 | 1.000 | 0589 | 0.001 [/

Cl: 2 \ c|;A/ - harmonics l Az
% Data gq Data glh Data
E base Q_i? @ base - @ base

[ty
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TS41 functionality: Automatic energy meter test i Meter Type

Fundamental
<€« nly!

[

e Power type
measured by mete

( Type of meter in
Data Base or ne
meter

\_

[ Comment to the
meter

\,

( Meter connectio

\_

4 Meter constant
entered in:

L}&yz&nm&w
n
type: STAR / DELT.

SINGLE PHASE—]

u g | Qs B | 1522102
(@ L2-STB @ L2-STB
MEJ @®L3=STB @®L3=STB )\ ‘R 19-01-02

=

Base voltage of
meter under test

)

AFAL12E

A (e

(Maximum voltage t

protect meter
—

. N
Base (nominal)
current

\

Maximum current

b[s -

C (6400

J

4 Current )

( imp/kWh )

[imp/kWh] 1
imp/Wh] [Whimp] ]

/Programmable ﬁ/

[s] delay between
applying signals t

Usn|5?.? v

\

transformer if used
and its primary anc

secondary nominj
Potential

current
transformer if use

the meter and test
start (prepayment
\_neters with rela

Conclusionparameters oofidifferent typesfof metre

can thesstoredwyithrindividual-namesdntdata: base :

then recalleddduring automated tests

and its primary an
AN secondary nomin

voltage
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TS41 functionality: Automatic energy meter test i Procedure

X

error test <
repeatability
start up current
no load, creep test
register (dial) test

o Type of test ]

Error limit

Time of test

Name of load pomFE@p

05 LO

(" Load point
parameters in [%] qf
base value define
\__In Meter Type J~

(Phase shift or powgr
L factor
([ Symmetry of

voltages and
(_ rotation direction

ﬁ/

|tim [1.000 | |_|_// [[n [3

L1

N

(" Synchronization
with network
. frequency

Harmonics in signgr -

U| 100.000 %
|| 5.000 %

[ o [ 1000[°

1L123 | 0.00°
f| 50.000 Hz

/

Number of
measurements for

averaging

Table with load ]
? points

J

L2 L3
100.000 % 100.000 %
STB % STB %
T
N G

Conclusionit is pessible toldefine eachdoad pointcandkind|of
test andithenssave the-segquence of points in: ene:procedure in
data baseywhich:can-be recalledrduringautomated:tests
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TS41 functionality: Automatic energy meter test i Execution

Test Procedure

Markedloadpoint
values
U

Load point execution

name and error results
( Type of Meter in r‘ n L1 STB ®z ST v'- ﬂ ‘. 10:02:23 Thim |ohem | X mlnn
__ database gl = A porece "'Lsim )
[ List of load pointsj>~gﬁ""“L 126 L) TST ( | @] & g x| S ﬁ'
with one selected | | (sotest)( Ctest) T @ =3
Ok | No B a2 L1 L2 L3 -
1 |U: 500V 50Hz 3= U [230.000v [ 230.000v [ 230.000v
m | [10.0000A | 10.0000A [ 10.0000A | | Results m table format
\T 3 U: 110V 50Hz ¢ | 000 0.00° 0.00° : T e X
\ 4 |U: 57V 50Hz : {’ 50.000Hz AR

5 |I: 120A 50Hz L1239 ’ I,w\. ] g-@

6 |I: 12A 50Hz A A.F/'l\l GQOTOW 9 TRy =l

7 I: 1A 50Hz "

8 |l 0.12A 50Hz 24 0%

9 |[I: 0.02A 50Hz @ 0%

10 [F: 230V 50Hz [i] o 0%
ConclusionAutomaticitesting:allows-to perform full test of Energy| [ALE
Meter on sitecduetdvieter Typeand Proceturestored iindatabbase. |-\ (€]
As results: arelidisplayed: _ 5, RaREE -
- table, whichceambetstered inamemory@anditransferredto PC @)
- diagramcofeerrornin ‘{%]againstdoadipt in the procedure o
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www.calmet.com.pl for Electricity Meters
TS PC-Soft functionality: all of TS41 functions can be accessed in remote way

Reference meter Voltage and current source T311 General
mode with built in reference meter Settings
mode
/
=TS
File Ei

Options Views Help

@®u  0.000mv ®) mA @ L1 178.§3 = -
0 L) v @2 oocomv : 0.300mA 3° 09° * Ll 10:19:20 Maximum b
o | 2024-01-15
‘ @@LS 0.000mV 132 0.000mA -66.4° 07° '&I demand meter
@ | &7 testing
[ RMS values a
i DEE — - \
| TSI terminals !> £ Pmax Harmonics
. trend
[ Meter error =
testing | : All quantities
trend (versus
Register time)
(counter) testin observation

Version: 1.3.7 Firmware: 1.4.4 SN: 32020 Connected: serial:COM27

ConclusionAll functionalitycofithel T&L is availalble througlvSB and Ethernet connection
(includinginternet remote control). TS REoft enablesdo download: reahtimesresults of
measurementimade bys4$ downleadsstoredrinrmemory:results;réadoutthe SDicard
memory and remote controliofmeasurements:sResults lcambe thenisaved:dimn Data Base
printed or €xported toeg. Exceksheet.
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TS PC-Soft functionality: example

RMS values of U,1,¢,F,P,Q,S

for Electricity Met

screenshots
~Voltage U1, U2, U3 oscilloscope

W1 MoinWindow

m3 - o X = O %Ki
Optors Views Help
\ S U 230004 ) S00021A | @ 15001 SO Di
] 2 3 . 220008V 4000314 19989 110.001* - = I /k T 20‘!6:’3020
; . @ w0 @ e 24908 ey i Direct I A
u: 233.000V 242997V 223.000V f: 50.000 Hz
U 431440V 403618V 373701V Uni 234050V u ‘
E o 500015A 3999854 5999754 v 263226A N\ N\ A \ [ N [\/\ g - |
P 14907° 19.953° 10.008° il \ /\\‘ J \/\> “ "‘- t
PE: 0.8659 0.8400 0.9848 L 08659 1 ( \ / \ \ /
s 02588 03413 01738 I 02491 | / b i f \ / \ \ \ / j_ IZ :
tgg 02679 0.3630 01765 02579 m \ | \ [ \ \
o 0000 130010 -110.023 ) L3 | | \ [ \ \ \ Ill
P: 1.125356kW 913.604W 131759 kW px 3.35654 kKW ‘0 ’“ \ “ \ \
Q  301476var 331682var 232.508var I 865667var + & “‘ & & ¥ \ ’ / b \/" &”
S 116504kVA 971.952VA 133795kVA B 3AT403KVA u I n | o vV \/\ \V /\ \ r 7;
Q % 180 0 =>
G s L
Version: 0101 | Firmware: 009-RC3  She—— Connectes: seristd |
o o
Harmonics in voltage Ul
Voltage, current and THD trend -
= o > = =} x |
2 ur S:owh s "D’ s "l [ < i )l .
u ‘ ' - :uz et L ‘ = ‘:.:;- 110000° = e I * - v
| us . A
) S 1 e P e ) =
ol o] S e FIT [ . . [0]
[ : .. E] T
o »
| Rms ||
‘i fars g, e
. '
E o | o | Uo7 s L _p . Ll
i s
- | ™
SO -
......... | e ‘I' ]‘” 1| “] sy ] - (
S 'T A g P S oy | po= 7..¥i
I | l I I 1 l I I I I I " I 1 E.);
s | =g
| [I?;ﬂ e 1a1 | Fimars009n) | ¥es. | Comeidinied |

Meter error versus | load g=f(1)

Harmonics in table form

= g %

i = o [JL 7 BN il R e = o [
it * w it ey e o oo A
frpes RO et I | _4 @ 2950y (@) s0e1 202 0001 AE Dt I
I:.
=y | No Amplitude 1%] Phase [deg]
5 | 000 0000
1l 1 10000 0.000
3 986 17861
:J || 4 oo 17asto
‘ ‘ 5 467 147472
{ & oo 17,005
7 1437 45561
Q. | & om 137.531
9 on 74162
1| 10 oot 112342
1 11 o008 6.544
Versior: 0104 Firmware: 0.09-RC21 ‘SN: 00003 Connected: COM4. Version: Firmware: 0.0.9-RC3 SN: -~ Connected: serial9
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www.calmet.com.pl for Electricity Meters
TS PC-Soft functionality: remote control of TS41 source

Operation with aut
range or constant

Setting maximum [Switching harmonic]s
value of Voltage o ON / OFF
Current

&8 TS PC-Soft - m} X
’Switching ON/O File Edit Options Views
of Ind;]VIduall U&l 0 ®0 U g: | g: :z::: @ L—U—"—H * . — START 7 STON
SIS | @ ® | feoov @@LB 4.000A : “_'&I el o eneration
p ] u L2 13 223 0 gy < 55 J
VOIti?-elen Egase U E J [7 ™ @ AUTO ’ ‘ v j 0 Set data. )
=" ] v v O | o A ] £, _acceptation |
[ Voltage between ‘
L nha§es o e [ B [~ [ ] (" Setting the
[ Current in phase — =1 | i1, ‘ i v same value
L1121L3 : 500 [=]s  [oom [=]a  [eomo =]~ (] for all three
Phase shift U&I Wle dww o]+ [ ]+ [aw  [o]- [ phases
(Phase shift betwee—— —«“ B H %‘E N ™
\oltages | /\ E—)‘
([ i Version: 1.3.7 Firmware: 1.4.4 SN: 32020 Connected: serial:COM27 -
Frequency setting

I Frequency synchronisid

with power frequency

4 Individual setting in each phase value of voltage, current, power factor and phase shift between voltages,
4 Independent switching ON / OFF of each current and voltage in phase L1, L2, L3,

4 Automatic or manual range selection,

4 Protection against overvoltage or overcurrent,
4 Pure sinusoidal or harmonic distorted signal generation.
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www.caimet.com.pl for Electricity Meters Testing:

TS41: how to order T versions, options, accessories
TS41 versions: accuracy class 0.02% or 0.04% Standard scope of delivery

]

]
-l

izl

L

SN Y

mo
i

TS41 Automatic Test System Power cord Fuses C091 Amphenol connector

_,_.,————1:‘..,—--—--—1"""‘_""r :

S—— CRCALMET TS41—— ﬁ_

Mk Y
[

L ‘ THREE PRASE RGTOWATIC TEST SYSTEN
s FMCALMET [ 1010w st e wemee. TSA1
SMCALMET  Siiaiem 1)

POWER
CERTIFICATE OF CALIBRATION
™

Do fivem: 12 018 v

cammATIN
GRET

USER'S MANUAL

g =
>—08 8N e —

EA25 : )
Vot g EA3$ ; o Set of shunts | j—— |
oftage and current connection cables OUTPUT / SENSE (6pcs) Manufacturer Calibration

Operation manual
Certificate
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i TS for Electricity Meters Testi
TS41: how to order T versions, options, accessories

TS41 optional accessories:

CF106H photo head for LED
TS PC -Soft & mechanical meters

it VR

EA25 accessories for safety cables

=23 AT BB b
o — 3 = 1*H

EA30 120A cable set EA20 accessories for safety cables
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www.calmet.com.pl

TS41 optional accessories:

|

ER10 single position rack
for hanging meter

ET31 case for additional
accessories

for Electricity Meters Testing: .
TS41: how to order T versions, options, accessories

EH10.3 Quick
Connector for meters

e a8 398205 1 ———

CALIBRATION CERTIFICATE

15 iy O g g :—\‘:,u-,‘ [rﬂh';l@'_f__ ‘1“ V(85 O g Wy B g
Calibration Certificate from
1ISO17025 accredited lab

Optional scope of delivery 2

ER10H.3 single
\ position rack with
il quick connector

UPaTER ey kot 0% e 74367 e
3 i 06.11.2018 S

el
‘o Enstrumoect Trucaforres class 0,099 SN 28362 with |

dated 06.11.2018)

|
Customs tarifY 5o.: 90308930 N
Total packages: one board case
_Total grom weight about 101

i

T réengred 230ty ot 1 Y oo et e g e carty Vo

[Py Um@mm@mwgpmwmw
e G A 1103k

e o v
ol

el sy e o

Certlflcate of Orlgm from Customs

and Chamber of Commerce
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To see more devices and information visit our Web site: www.calmet.com.pl

Ribd
4 Ba
=M Cn LME I HOME PRODUCTS LABORATORY DOWNLOAD~® ABOUTUS~™ CONTACT~ Search ... Q a eoopeis B

"u -
Smart Calibration Devices

TOP PRODUCTS

TS33 - Three phase Fully
Automatic Test System

Meter test stations

(C300B - Power Calibrator
TE30 - Working Standard
TE30 Lite - Meter Tester

TB41 - Four Position Meter Test
Bench for smart meters

PRODUCTS BY CATEGORY

Power calibrators and power

quality calibrators TB41 - Four Position Meter  TS33 option set TB1 - Three  TS41 - High Power Three-
o Test Bench for smart phase meter test station phase Fully Automatic Test
sl et il meters _ - System with Reference
Single position three phase fully

Standard and Integrated

Electricity meters testers and

Three phase electricity meter test automated 0.02%, 0.04% or 0.01%

reference standards P : Y ; Current and Voltage Source
bench with extremely compact accuracy class test station for

Instrument transformers testers design size and light weight for electricity active and reactive meter ~ The Calmet TS41 test system
simultaneous and automatic testing  testing up to 120A with accuracy consists of a three-phase reference

Protection relays testers
of 4 electricity meters with different  referenced to an internal reference meter of accuracy class 0.02% (or

Network quality analysers constants and with “closed link” meter 0.04%) and an integrated three-
Meter test stations ‘ ‘ phase current and voltage source
== Data sheet == Data sheet up to 3x120A/600V. It makes
possible automatic testing of
electricity meters in mwter test
station

or contact by e-mail: mail@calmet.com.pl
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