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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 – general information

CALMET Sp. z o.o.

Ç Calmet = CALibrators + METrology

Ç founded in 1989, roots come from LUMEL, big factory of measurement 

equipment in Poland, Zielona Gora

Ç designing, production, selling and servicing new kind of calibrators and electric  

equipment testers

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

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

Ç since 1996 ï electricity meters testing and power network parameters analysing

Ç since 2002 ï generating and measuring network quality parameters

Ç since 2006 ï automation of electro-utility automatic protective equipment testing

Ç since 2011 ï automatic Test Benches for energy meter testing

Ç since 2019ïnew group of Automatic Test Systems
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since 1989

Energy meter testers, Current 
Transformers testers, Power 

quality analysers

AC/DC Voltage, Current & Power 
Calibrators, Test Benches 

Control Software for 
measurement equipment

Customer Support 
in problems solving

1 phase,
0,2%

3 phase, 
120A, 0.02%

3 phase, 
0.05%

3 phase U,I,j,P,Q,S,E 1 phase U,I,j,P,Q,S,E

3 phase Test Bench
Multifunctions DC/AC

Current and Voltage Source with

Integrated Reference Standard
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Testing the entire energy measurement system!                   

Electromechanical 

(Ferraris) Meters                 

Electronic

(static) 

Meters                 

4 - Quadrants

Smart Meters                   

Max. Demand

Meters                    

Accuracy of all kinds of meters Ů[%] CT/PT burden, ratio, phase shift error                   

Wiring errors

TS41   

TS41 High Power Automatic Test System 
for Electricity Meters Testing
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Reference Meter & 3-phase U&I Source in one case! Modes of testing

U

I

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

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

U&I U&I

TS41 as 

reference 

meter   

TS41 as U&I

source and 

reference 

meter   

TS41 Automatic Test System for Electricity 
Meters Testing on Site and Lab: All-in-One

Testing without meter disconnecting!



6
www.calmet.com.pl

4 Easy verification of meters under precise 

load conditions, using integrated current and 

voltage source in class 0.02 or 0.04

4 Voltage range 0.05é600V

4 Current range 0.001é120A

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

4 Automatic setting of measurement 

conditions

4 Big 7-inch full colour touch screen and 

computer software Calmet TS PC Soft

4 Reading data and remote controlled via  

USB, Ethernet

4 Recording data on flash memory SD card

up to 32GB

4 Calibration Certificate

TS41 High Power Automatic Test System 
for Electricity Meters Testing
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Photo Scanning 
Head Impulse 

Inputs / Outputs

TS41 Front panel view:

SD Memory Card 
socket Ethernet socket

7” Colour LCD touch 
screen

Protective Fuse

Power ON / OFF 
switch

TS41 High Power Automatic Test System 
for Electricity Meters Testing

Power cord socket

USB socket

Fan cover with filter
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TS41 High Power Automatic Test System 
for Electricity Meters Testing

Voltage output 
protective fuse 

cover

Phase L1-U1 voltage 
output & sense (input) 

sockets

Voltage output 
protective fuse 

cover

Phase L2-U2 voltage 
output & sense (input) 

sockets

Voltage output 
protective fuse 

cover

Phase L3-U3 voltage 
output & sense (input) 

sockets

Fan cover with 
filter

TS41 Rear panel view:

Current
output 

protective 
fuse cover

Current
output 

protective 
fuse cover

Current output 
protective fuse cover

Phase L1-I1 current 
sockets; (*) current 

(input / output) 
terminal

Phase L2-I2 current 
sockets; (*) current 

(input / output) 
terminal

Phase L3-I3 current 
sockets; (*) current 

(input / output) 
terminal
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TS41 High Power Automatic Test System 
for Electricity Meters Testing

TS41 Voltage and Current Inputs:

Voltage U1, U2, U3, Un Input (Sense)
/ Output sockets

0.05…600V

Current I1, I2, I3, Un Input / Output 
sockets

0.001…120A

4mm Voltage Safety Cables 

Length=2m                    

4mm Current Safety Cables 

Length=2m, I Ò 30A                    
25mm2 High Current Cables 

Length=1m, I Ò 120A                    

Easy connection 

due to rich set 

of accessories 

for safety cables
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TS41 Pulse Input / Output: can test all kinds of Electricity Meters

1. Pulse Input / Output
socket

In case, that we need

higher than offered by

TS41 accuracy 0.04 or

0.1, we can use external

reference easy way

Inductive energy meter
- disk with redor black mark
- photo head with LED lamp and
photo sensor

Electronic and Inductive 
energy meter

manual push ςbutton and 
pulse generation

Open collector pulse output + external Rc
+Ucc

Ucc
Rc

UccmaxҖ27V
IcmaxҖ100mA

0.0001Hz…200kHz

Electronic and Inductive 
energy meter

S0standard electric pulse

U

I

2. Pulse Input for external 
Reference Meter socket

Electronic energy meter
- red, greenor infrared LED
blinking or LCD segment flashing
- photo head with photo sensor

0.0001Hz…200kHz

Additional, external very, 
high accuracy Reference 

Meter

TS41 has pulse output with

frequency proportional to the

power, with freely programmable

constant imp/kWh

TS41 High Power Automatic Test System 
for Electricity Meters Testing
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TS41 Communication: many ways of PC connection and data storage 

Screenshoots

Results

Removable SD 

cards 2..32GB

TS PC-Soft

I N T E R N E T

Remote control

Ethernet

USB

TS41 High Power Automatic Test System 
for Electricity Meters Testing
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All possible types of connection: 1P2W, 3P4W, 3P3W, ... , direct ï TS41 as meter

Single phase meter testing 1P2W – TS41 as meter Three phase meter testing 3P4W – TS41 as meter

Three phase meter testing 3P3W – TS41 as meterThree phase meter with CT testing 3P4W – TS41 as meter

TS41 High Power Automatic Test System 
for Electricity Meters Testing
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All possible types of connection: 1P2W, 3P4W, 3P3W, ... , direct ï TS41 as source

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

Three phase meter testing 3P3W – TS41 as source

TS41 High Power Automatic Test System 
for Electricity Meters Testing
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Functionality of TS41: as reference meter

Status line

Reference meter 
mode

Voltage and current 
source with built in 

reference meter 
mode

TS41General 
Settings

Easy, icon driven, operation on big 7ò touch screen

RMS values at TS33 
terminals

Counter (register) 
test, dial test

Meter error testing

U, I, ϕ, PF, sinϕ, 
tgϕ, ϕUU, P, Q, S, f, 
THD (versus time) 

observation

Maximum power 
(demand) test

TS41 High Power Automatic Test System 
for Electricity Meters Testing

Harmonics (versus 
time) observation
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TS41 reference meter mode: windows appearance

RMS values of U,I,ϕ,F,P,Q,S Meter error test in [%]

Harmonics trend test U,I,ϕ,F,P,Q,S trend test

TS41 High Power Automatic Test System 
for Electricity Meters Testing

Counter (register) test

Maximum demand meter test
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Functionality of TS41: as reference meter and source of U&I

Status line

Reference meter 
mode

Voltage and current 
source with built in 

reference meter 
mode

TS41General 
Settings

Easy, icon driven, operation on big 7ò touch screen

RMS values at TS33 
terminals

Setting U, I, ϕ, F … in 
symmetric output

Setting U, I, ϕ, F … in 
assymmetricoutput

Meter error testing

Register (counter) 
testing

Load points setting 
for procedures in 
automatic testing

U, I, ϕ, PF, sinϕ, 
tgϕ, ϕUU, P, Q, S, f, 
THD (versus time) 

observation

Setting harmonics in 
output signal

Setting special 
shapes of the 
output signal

Meter under test 
parameters settings 

for automatic 
testing

Automatic test 
execution

TS41 High Power Automatic Test System 
for Electricity Meters Testing

Harmonics (versus 
time) observation
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TS41 source of U&I mode: windows appearance

RMS values of U,I,ϕ,F,P,Q,S

Meter error test in [%]

Harmonics trend testU,I,ϕ,F,P,Q,S trend testCounter (register) test

Symmetric settings Asymmetric settings Harmonics settings

Special shapes of signals

TS41 High Power Automatic Test System 
for Electricity Meters Testing
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TS41 functionality: RMS values of U,I,◖,F,P,Q,Smeasurement results 

Apparent Power S

Reactive Power Q

Active Power P

Phase shift between 
Voltages

Tangent ϕ

Voltage Phase -
Neutral

Voltage Phase -
Phase

Current

Phase shift

Power Factor

Reactive Factor

FrequencyNeutral VoltageNeutral Current

3-Phase Powers3-Phase Factors
3-Phase Vector 

Rotation

3-phase vector diagram

3-phase oscilloscope

Harmonics bars

Harmonics in table form

TS41 High Power Automatic Test System 
for Electricity Meters Testing
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TS41 High Power Automatic Test System 
for Electricity Meters Testing

TS41 functionality: energy meter error testing idea
Principle of electricity meter testing

CURRENT

VOLTAGE

U

I
REFERENCE 

STANDARD

METER 

UNDER 

TEST (MUT)

ε[%]3-PHASE 

POWER 

SOURCE 

(LOAD POINT 

SETTING)

EMeasured EReference

ⱠϷ
╔╜▄╪▼◊►▄▀╔╡▄█▄►▄▪╬▄

╔╡▄█▄►▄▪╬▄
ɇ Ϸ

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

and then compare it with, reference value measured by special, at least 5 times more accurate standard meter 
(Ereference).
Example: counted were 500 pulses by meter with constant 375 turns/kWh. The measured
energy is: 

╔╜▄╪▼◊►▄▀▓╦▐
╝▬◊■▼▄▼▫►◄◊►▪▼▪◊□╫▄►

╒░□▬Ⱦ▓╦▐□▄◄▄►╬▫▪▼◄╪▪◄

╔╜▄╪▼◊►▄▀ ▓╦▐ Ȣ ▓╦▐

TS41 works both: 
- as programmable 3- phase source of 

voltage and current;
- as high accuracy reference meter.
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TS41 High Power Automatic Test System 
for Electricity Meters Testing

TS41 functionality: automatic energy meter error testing in [%]
Type of Power/ 
Energy selection

Time of test or 
number of pulses

Average value of 
error

Standard deviation

CT/PT usageMeter constant units

Meter under test 
constant

3-Phase Powers Partial error results

Vector diagram

Error table

Error diagram ε=f(t)

AUTOmatic
selection of meter 
constant and time 
of measurements

Limits of meter 
under test error

Number of 
measurements for 

averaging

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,
4function of automatic identification energy meter constant,
4 function of automatic determining measurement time or number of pulses.

Fundamental 
only !



Value of error
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TS41 High Power Automatic Test System 
for Electricity Meters Testing

TS41 functionality: register (counter) test 

Up to 3 registers 
testing at time

Register value 
before starting test

Difference between 
E2-E1

Reference value of 
Energy flow

The type of power 
setting for selected 

register

Value of active 
energy with all 

harmonics

Register value after 
stopping test

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

Fundamental 
only !

Value of first 
harmonic only in 

active energy

Test START / STOP

Limits of error
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TS41 High Power Automatic Test System 
for Electricity Meters Testing

TS41 functionality: Voltage and current source with built in reference meter mode

File name od stored 
settings

4Individual setting in each phase value of voltage, current, power factor and phase shift between voltages,
4Independent switching ON / OFF of each current and voltage in phase L1, L2, L3,
4Automatic or manual range selection,
4Protection against overvoltage or overcurrent
4Pure sinusoidal or harmonic distorted signal generation

Frequency synchronised 
with power frequency

Phase shift between 
Voltages

Switching ON / OFF 
of individual U & I 

channels

Operation with auto 
range or constant 

range

Current in phase 
L1 L2 L3

Phase shift U&I

Setting maximum 
value of Voltage or 

Current

Switching harmonics 
ON / OFF

Set data acceptation

START / STOP 
generation

Setting the same 
value for all three 

phases

Voltage in phase 
L1 L2 L3

Frequency setting

Voltage between 
phases
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TS41 High Power Automatic Test System 
for Electricity Meters Testing

TS41 functionality: Voltage and current source ïharmonic generation 

Amplitude in % of 
fundamental

Phase shift with 
reference to 
fundamantal

Signal 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 value)
SF–shape factor (average rectified value 
to RMS value)

Number of harmonic

Setting number of 
harmonic, its 

amplitude and 
phase shift

Real signal measured at 
TS41output



24
www.calmet.com.pl

TS41 High Power Automatic Test System 
for Electricity Meters Testing

TS41 functionality: Automatic energy meter test in whole range of loads idea

Type of test:
- error
- repeatability
- start up current
- no load test
- dial (register) test 

Load points:
- value of current
- value of voltage
- power factor
- frequency
- harmonics 

U:230V
I:10(60)A
f:50Hz
C:375imp/kWh
Cl: 2

U:230V
I:0.25-5(60)A
f:50Hz
C:6400imp/kWh
Cl: A

METER TYPE TEST PROCEDURE TEST EXECUTION

- load points for test 
selection

- serial number of meter 
under test

- test execution
- results table

Data 
base

Data 
base

Data 
base
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TS41 High Power Automatic Test System 
for Electricity Meters Testing

TS41 functionality: Automatic energy meter test ïMeter Type

Comment to the 
meter

Type of meter in 
Data Base or new 

meter

Programmable in 
[s] delay between 
applying signals to 
the meter and test 
start (prepayment 
meters with relay

Meter constant 
entered in:
[imp/kWh] 

[imp/Wh] [Wh/imp]

Meter connection 
type: STAR / DELTA / 

SINGLE PHASE 

Fundamental 
only !

Power type 
measured by meter

Base voltage of 
meter under test

Maximum voltage to 
protect meter

Base (nominal) 
current

Maximum current

Current 
transformer if used 
and its primary and 
secondary nominal 

current

Potential 
transformer if used 
and its primary and 
secondary nominal 

voltage

Conclusion: parameters  of different types of metres 
can be stored with individual names in data base and 

then recalled during automated tests
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TS41 High Power Automatic Test System 
for Electricity Meters Testing

TS41 functionality: Automatic energy meter test ïProcedure

Type of test

Name of load point

Load point 
parameters in [%] of 
base value defined 

in Meter Type

Phase shift or power 
factor

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

Symmetry of 
voltages and 

rotation direction

Harmonics in signal

Synchronization 
with network 

frequency

Error limit

Time of test

Number of 
measurements for 

averaging

Table with load 
points

Conclusion: it is possible to define each load point and kind of 
test and then save the sequence of points in one procedure in 

data base, which can be recalled during automated tests
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TS41 High Power Automatic Test System 
for Electricity Meters Testing

TS41 functionality: Automatic energy meter test ïExecution

Type of Meter in 
data base

Test Procedure 
name

Conclusion: Automatic testing allows to perform full test of Energy 
Meter on site due to Meter Type and Proceduresstored in data base. 
As results are displayed:
- table, which can be stored in memory and transferred to PC
- diagram of error in [%] against load point in the procedure

List of load points 
with one selected

Marked loadpoint 
values

Load point execution 
and error results

Results in table format

Results as diagram



TS41General 
Settings
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TS41 High Power Automatic Test System 
for Electricity Meters Testing

TS PC-Soft functionality: all of TS41 functions can be accessed in remote way

Conclusion: All functionality of the TS41 is available through USB and Ethernet connection 
(including Internet remote control). TS PC-Soft enables to download real time results of 
measurement made by TS41, download stored in memory results, readout the SD card 
memory and remote control of measurements. Results can be then saved in Data Base, 
printed or exported to eg.Excel sheet.

Reference meter 
mode

Voltage and current source 
with built in reference meter 

mode

RMS values at 
TS41 terminals

Meter error 
testing

Register 
(counter) testing

Maximum 
demand meter 

testing

All quantities 
trend (versus 

time) 
observation

Harmonics 
trend



29
www.calmet.com.pl

TS41 High Power Automatic Test System 
for Electricity Meters Testing

TS PC-Soft functionality: example screenshots
RMS values of U,I,ϕ,F,P,Q,S

Voltage, current and THD trend

Meter error versus I load ε=f(I)

Voltage U1, U2, U3 oscilloscope

Harmonics in voltage U1

Harmonics in table form



Frequency setting
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TS41 High Power Automatic Test System 
for Electricity Meters Testing

TS PC-Soft functionality: remote control of TS41 source

Frequency synchronised 
with power frequency

Phase shift between 
Voltages

Switching ON / OFF 
of individual U & I 

channels

Operation with auto 
range or constant 

range

Phase shift U&I

Setting maximum 
value of Voltage or 

Current

Switching harmonics 
ON / OFF

Set data 
acceptation

START / STOP 
generation

Setting the 
same value 
for all three 

phases

Voltage in phase 
L1 L2 L3

Voltage between 
phases

Current in phase 
L1 L2 L3

4Individual setting in each phase value of voltage, current, power factor and phase shift between voltages,
4Independent switching ON / OFF of each current and voltage in phase L1, L2, L3,
4Automatic or manual range selection,
4Protection against overvoltage or overcurrent,
4Pure sinusoidal or harmonic distorted signal generation.
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TS41 High Power Automatic Test System 
for Electricity Meters Testing: All-in-One

TS41: how to order ïversions, options, accessories 

Standard scope of deliveryTS41 versions: accuracy class 0.02% or 0.04%

TS41 Automatic Test System Power cord Fuses C091 Amphenol connector

Voltage and current connection cables
Manufacturer Calibration 

Certificate
Operation manual

EA36 Set of shunts 
OUTPUT / SENSE (6pcs)

EA25
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TS41 High Power Automatic Test System 
for Electricity Meters Testing: All-in-One

TS41: how to order ïversions, options, accessories 

Optional scope of delivery 1TS41 optional accessories:

Laptop PC TS PC -Soft

EA30 120A cable set EA20 accessories for safety cables

CF106H photo head for LED 
& mechanical meters

EA25 accessories for safety cables
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TS41 High Power Automatic Test System 
for Electricity Meters Testing: All-in-One

TS41: how to order ïversions, options, accessories 

Optional scope of delivery 2TS41 optional accessories:

Calibration Certificate from 
ISO17025 accredited lab

Certificate of Origin from Customs 
and Chamber of Commerce

ET31 case for additional 
accessories

ER10 single position rack 
for hanging meter

EH10.3 Quick 
Connector for meters

ER10H.3 single 
position rack with 
quick connector
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To see more devices and information visit our Web site: www.calmet.com.pl

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