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Calibration Hierarchy 

0,005 %

0,01 %

0,05 %

0 2 %0,2 %

CENTRO NACIONAL DE METROLOGÍA, CENAM, 
Copyright 200926. März 

2009



Calibration of Measurement Devices 

METERs
TRANSDUCERs
PQ METERsPQ METERs 
PMUs (Phasor Measurement Units)
MERGING UNITsMERGING UNITs
All kind of other measurement equipment like

current clamps
multi meters
Watt meters
any kind of measuring instruments for electrical... any kind of measuring instruments for electrical 
quantities 
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Requirements: three-phase system 

Devices in Three Three PhaserequireDevices in Three 
Phase Systems

Three Phase 
Calibrators

require
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Requirements: quantities

0 ... 360°
10 400 Hz

0 ... 300 V 

10 ... 400 Hz 

0 ... 5 A (5*In)

0 ... 25 A
for directly connected devices
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Requirements: high accuracy

Error rel.

Accuracy (relative) of the output power 
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Requirements: high accuracy

Volt. & Curr. Accuracy Error < 0,015 % rd. + 0,005 % rg. typ.
Error < 0,04 % rd. + 0,01 % rg. guar.

Power Accuracy
Error (rel.) < 0,05 % typ.   < 0,1 % guar.

10 – 63 Hz, 50 ... 127,5 / 300 V 0,1 ... 12,5 A

THD
I: 0,025 % typ. 
V: 0,015 % typ.

Frequency (volt./curr.)

, yp

DC ... 1000 Hz, error/drift   
< 0,5 ppm / ± 1 ppm, pp pp
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Requirements: signal generation

Harmonics
Interharmonics
IEC 61000-4-30 / IEEE1159:IEC 61000 4 30 / IEEE1159: 
50th harmonic
Frequency portions 3 kHz

Transients
IEC 61000-4-30 / IEEE1159: 
Notches (fast dips) 
or other irregular waveform
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Requirements: Test Automation

Ethernet port

USB portUSB port
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Application: Calibration of a meter

V, I
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Application: Meter Testing with Active Sources

B i ll it t ti ( t bl t t t)Basically on-site testing (portable test set)
Single position test system (1 meter at a time)
Basically for testing CT/VT connected meters
For commissioning, routine testing, testing on 

trequest, ....
Power/Time test method
St d d t t t ith t f tStandard test-setup without reference meter
Testing with real or „virtual“ reference meter 
also possiblealso possible   
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All type of meters to be tested

3 phase/4-wire
3 phase/3 wirep
1 phase
Wh importing/exportingp g p g
varh importing/exporting
V2h (iron losses of power transformers)V h (iron losses of power transformers)
I2h (copper losses of power transformers)
Qh (Quantity hour)Qh (Quantity hour)
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Various test modes required

Load test
result: meter error (measurement unit !)( )
if more than 1 run: average error and standard deviation

Mechanism test (Dial test)
lt t (i l ti h i dresult: meter error (incl. counting mechanism and meas. 

unit)
No-load test

result: started or not started
Creep test

lt t t d t t t dresult: started or not started
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Test Software
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Application: Calibration of a Transducer
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Application: Transducer Testing

Testing of multifunctional transducers (up to 4Testing of multifunctional transducers (up to 4 
functions without re-wiring)
Testing of meter functions and threshold values as g
part of an integrated test
For commissioning, routine testing, qualification 
t ti t f th f t itesting as part of the manufacturing process 
Automatic testing
St ti t t if t d d t b dj t dStatic output if tranducer needs to be adjusted
Single step function to include remote displays
Open loop mode for devices without analog outputOpen loop mode for devices without analog output
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Test Object Definition

all kinds of tranducer 
functionsfunctions
all kinds of characteristics

linear
compound
quadratic
directional or bi-directional

CT starpoint connection 
setting avoids the need for 
re-wiring
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Test ing multifunctional transducers without re-wiring
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All types of transducers to be tested

Active, Reactive & Apparant Power
FrequencyFrequency
Current
Signed average currentSigned average current
Voltage (L-N, L-L)
Phase (I-V I-I V-V)Phase (I V, I I, V V) 
DC voltage, current, power
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Various testing options required

Sweep test: variation of influencial quantities
frequency
voltage (if not part of the quantity to be tested)

Test Modes
auto stepping (standard test mode)auto stepping (standard test mode)
manual stepping (if remote displays shall be included in 
the test)

Test Set-up
closed loop (standard test mode if IDC or VDC are available)
open loop (in case IDC or VDC are not available). Open Loop open loop (in case IDC or VDC are not available). Open Loop 
testing is suitable for all kinds of device calibrations
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Test software
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Application: Calibration of PQ analyzers

open loop: result 
reading (manual test) 

V, I

closed loop: anlog, 
binary or protocol
(automatic test)(automatic test)
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Numerous PQ meters, stationary and portable
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PQ phenomena according to IEC 61000-4-30

CENTRO NACIONAL DE METROLOGÍA, CENAM, 
Copyright 200926. März 

2009



PQ Test Software
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Special PQ Test: automatic calibration of a PQ analyzer
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Automatic calibration routine with a customized software
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Calibration of Phasor Measurement Units 

System Monitoring CenterGPS Satellites

~~

PMU with 
GPS Receiver 

~~

CENTRO NACIONAL DE METROLOGÍA, CENAM, 
Copyright 200926. März 

2009



Calibration of Phasor Measurement Units: requirements 

Im
Region 

for

• ε = 0,25% (~0,1% / 0,1° error)
• 1 PPS or IRIG-B signal
• accuracy: 100 nsfor

TVE ≤ ε
ε 

• accuracy: 100 ns
• permanent synchronization

Actual 
Phasor 
= 100% 

Measured 
Phasor

Test Set
with the ability 
to operate as a 

IRIG-B or 1 PPS

Re

Phasor
with 

TVE < ε 
Test 

SignalsPMU 
under 
Test

time source
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Summary: Benefits of an Universal Calibrator

Reduction of payback period by a higherReduction of payback period by a higher 
degree of economic utilization
Facilitation and standardization of calibrationFacilitation and standardization of calibration 
procedures
R d i f d i b d dReduction of downtimes by automated and 
standardized procedures
Less error-prone procedures and thus more 
reliable results
Increased satisfaction of the personnel 
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