[image: ]
Calibration Specification Template for Energy-Measuring Equipment

Energy-measuring equipment is used to characterize, refine, calibrate, adjust, and monitor equipment associated with energy engineering. Measuring equipment and standards need to be calibrated periodically to ensure that their use yields accurate measurements. Calibration needs, however, vary in sophistication, based on user expectations. The specification template presented in Part A of this document can be used when requesting calibration services and should be tailored to meet each user’s needs. 
To illustrate, Part B of this document provides an example set of energy-measuring-equipment test conditions to develop a customized calibration specification (reflecting the planned usage of the device to be calibrated).
For more information, see the report, Specifying Calibration of Energy-Measuring Equipment.

Part A: Calibration Specification Template for Energy-Measuring Equipment

Part B: Example Energy-Measuring Equipment Calibration
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[bookmark: PartA]Part A: Calibration Specification Template for Energy-Measuring Equipment
Specifications for calibration of (provide complete make/model information, including relevant accessories).
Basic requirements for calibration are as follows: 
Calibration shall be performed by an ILAC MRA signatory-accredited laboratory and within its scope of accreditation to (specify standard such as ISO/IEC 17025). Any calibration points not covered by the scope of accreditation shall be clearly marked accordingly.
Report shall include data for each calibration point as detailed in sections 7.8.2 (common requirements for reports) and 7.8.4 (specific requirements for calibration certificates) of ISO/IEC 17025:2017, with conditions readily discernible from text.
Report shall indicate (specify)-year calibration interval.
Report shall express calibration in the form of a (choose one or more of the following as appropriate: statement, calibration function, calibration diagram, calibration curve, calibration table, additive/multiplicative correction of the indication with associated measurement uncertainty).
Verification pass/fail criteria shall be per the calibrated equipment manufacturer’s (specify)-month accuracy specifications.
If adjustment is required (verify equipment can be adjusted before requesting adjustment), report shall state that adjustment was performed and provide values before/after adjustment. Cost of adjustment shall be quoted as a distinct line item, separate from cost of calibration. 
The third harmonic in the current waveform shall not exceed 0.5% of the fundamental, and other harmonics in the current and voltage waveforms shall not exceed 1.0% (per ANSI C12.1-2014).
Measuring-equipment settings shall be as follows:  
Use crest factor mode = (specify).
Turn frequency filter ON when input signal frequency is (specify).
Use (specify) single-phase two-wire (1P2W) direct input wiring.
Use (specify) integration mode for energy measurement calibration.
Energy calibration (specify "shall" or "shall not," as appropriate) require pulse output.
Measuring equipment shall be calibrated at the following calibration points, where values for voltage and current are root-mean-square (RMS): 
1. AC source voltage measurement shall be calibrated at 5 points in Table A1.
AC source frequency measurement shall be calibrated at 6 points in Table A2.
AC load displacement power factor measurement shall be calibrated at 3 points in Table A3.
AC load current measurement shall be calibrated at 11 points in Table A4.
AC load active power (W) measurement shall be calibrated at the 10 points in Table A5.
AC load energy (Wh) measurement shall be calibrated at 5 points in Table A6.

Table A1. AC source voltage measurement
	Calibration
point
	Source voltage1
(V)
	Voltage range2
(V)
	Source frequency3
(Hz)

	A
	120
	150
	58.8

	B
C
D
	108
120
132
	150
	60.0

	E
	120
	150
	61.2

	Notes (delete this and superscripts after editing values in table as needed)
1. Values are for 120 V nominal and ±10% tolerance. Edit as appropriate.
2. Range setting should be specific to calibrated equipment. Edit as appropriate.
3. Values are for 60 Hz nominal and ±2% tolerance. Edit as appropriate.



Table A2. AC source frequency measurement 
	Calibration 
point
	Source frequency1
(Hz)
	Source voltage2
(V)
	Load current2
(A)

	A
B
C
	58.8
60.0
61.2
	120
	 

	D
E
F
	58.8
60.0
61.2
	 
	2.5

	Notes (delete this and superscripts after editing values in table as needed)
1. Values are for 60 Hz nominal and ±2% tolerance. Edit as appropriate.
2. Value should be near median of expected distribution. Edit as appropriate.



Table A3. AC load displacement power factor measurement 
	Calibration 
point
	Load 
power factor1
	Source frequency2 
(Hz)
	Source voltage2 
(V)
	Voltage range3 
(V)
	Load current2
(A)
	Current range3 
(A)

	A
B
C
	0.5 leading
0.5 lagging
1.0
	60
	120
	150
	2.5
	5

	Notes (delete this and superscripts after editing values in table as needed)
1. Values are for 1.0 power factor nominal and ±0.5 power factor tolerance. Edit as appropriate.
2. Value should be near median of expected distribution. Edit as appropriate.
3. Range setting should be specific to calibrated equipment. Edit as appropriate.



Table A4. AC load current measurement
	Calibration 
point
	Load current1 
(A)
	Current range2 
(A)
	Source frequency3 
(Hz)
	Source voltage4 
(V)

	A
B
C
D
	0.005
0.05
0.15
0.5
	0.5
	60
	120

	E
	2.5
	5
	58.8
	120

	F
G
H
	0.5
2.5
5
	5
	60
	120

	I
	2.5
	5
	61.2
	120

	J
K
	5
10
	10
	60
	120

	Notes (delete this and superscripts after editing values in table as needed)
1. Values are for 1.0 power factor nominal and ±0.5 power factor tolerance. Edit as appropriate.
2. Range setting should be specific to calibrated equipment. Edit as appropriate.
3. Values are for 60 Hz nominal and ±2% tolerance. Edit as appropriate.
4. Value should be near median of expected distribution. Edit as appropriate.



Table A5. AC load active power (W) measurement 
	Calibration 
point
	Source frequency1 
(Hz)
	Source voltage2 
(V)
	Voltage range3 
(V)
	Load current 
(A)
	Current range3 
(A)
	Load 
power factor4

	A
B
C
D
	60
	120
	150
	0
0.15
2.5
10
	0.5
0.5
5
10
	1.0

	E
F
	60
	108
132
	150
	2.5
	5
	1.0

	G
H
	58.8
61.2
	120
	150
	2.5
	5
	1.0

	I
J
	60
	120
	150
	2.5
	5
	0.5 leading
0.5 lagging

	Notes (delete this and superscripts after editing values in table as needed)
1. Values are for 60 Hz nominal and ±2% tolerance. Edit as appropriate.
2. Values are for 120 V nominal and ±10% tolerance. Edit as appropriate.
3. Range setting should be specific to calibrated equipment. Edit as appropriate.
4. Values are for 1.0 power factor nominal and ±0.5 power factor tolerance. Edit as appropriate.



Table A6. AC energy (Wh) measurement 
	Calibration
point
	Load energy 
(Wh)
	Source voltage1
(V)
	Voltage range2 
(V)
	Source frequency1 
(Hz)
	Load current 
(A)
	Current range2 
(A)
	Load 
power factor1

	A
B
	1
	120
	150
	60
	0.15
2.5
	0.5
5.0
	1.0

	C
D
	10
	120
	150
	60
	2.5
10
	5.0
10
	1.0

	E
	100
	120
	150
	60
	10
	10
	1.0

	Notes (delete this and superscripts after editing values in table as needed)
1. Values are nominal. Edit as appropriate.
2. Range setting should be specific to calibrated equipment. Edit as appropriate.





[bookmark: PartB]Part B: Example Energy-Measuring Equipment Calibration
The following example illustrates the intended use of the specification template provided in Part A.
A set of nine test cases shown in Table B0 defines the range of intended use of a particular reference energy meter.  
Given the stated range of intended use, the following specifications were developed for this particular reference energy meter: 
Equipment to be calibrated is a two-element Yokogawa WT500 (model 760202-D/C7/G5).
Calibration shall be within scope of accreditation by ILAC MRA signatory. Any calibration points not covered by the scope of accreditation shall be clearly marked accordingly.
Report shall include data per sections 7.8.2 and 7.8.4 of ISO/IEC 17025:2017, with conditions readily discernible from text.
Report shall indicate one-year calibration interval.
Report shall express calibration in the form of a calibration table.
Verification pass/fail criteria shall be per the manufacturer’s six-month accuracy specifications.
If adjustment is required, report shall state that adjustment was performed and provide values before/after adjustment. Cost of adjustment shall be quoted as a distinct line item, separate from cost of calibration.
The third harmonic in the current waveform shall not exceed 0.5% of the fundamental, and other harmonics in the current and voltage waveforms shall not exceed 1.0% (per ANSI C12.1-2014).
Measuring-equipment settings shall be as follows: 
1. Use crest factor mode = 3.
Turn frequency filter ON when input signal frequency is less than or equal to 440 Hz.
Use single-phase two-wire (1P2W) direct-input wiring.
Use "normal" integration mode for energy-measurement calibration.
Use "sold/bought" watthour (Wh) integration method.
Energy calibration shall not require pulse output.
Measuring equipment shall be calibrated at the following calibration points, where values for voltage and current are root-mean-square (RMS): 
1. AC source voltage measurement shall be calibrated at 5 points (Table B1).
AC source frequency measurement shall be calibrated at 6 points (Table B2).
AC load displacement power factor measurement shall be calibrated at 3 points (Table B3).
AC load current measurement shall be calibrated at 11 points (Table B4).
AC load active power (W) measurement shall be calibrated at 10 points (Table B5).
AC energy (Wh) measurement shall be calibrated at 5 points (Table B6). 

Note that because the reference meter being calibrated was not a power source, it was necessary for it to be calibrated for electrical quantities beyond AC energy (e.g., power factor). Also note that limits on uncertainties are not specified. Although calibration point A in Table B5 entails no (zero) load current, a calibration laboratory cannot be accredited to calibrate at zero current, given that zero current cannot be realized. 

Table B0. Nine test cases in a test method for characterizing the reporting accuracy of energy-measuring equipment.
	Test case
	Description
	Source voltage
(V)
	Source frequency
(Hz)
	Load current
(A)
	Displacement power factor

	1
	No load
	120
	60
	0
	n/a

	2
3
4
	Current variation
	120
	60
	0.15
2.5
≤10
	1.0

	5
6
	Voltage variation
	108
132
	60
	2.5
	1.0

	7
8
	Frequency variation
	120
	58.8
61.2
	2.5
	1.0

	9
	Displacement power factor variation
	120
	60
	2.5
	0.5 lagging



Table B1. AC source voltage measurement
	Calibration
point
	Source voltage
(V)
	Voltage range
(V)
	Source frequency
(Hz)

	A
	120
	150
	58.8

	B
C
D
	108
120
132
	150
	60.0

	E
	120
	150
	61.2



Table B2. AC source frequency measurement 
	Calibration 
point
	Source frequency
(Hz)
	Source voltage
(V)
	Load current
(A)

	A
B
C
	58.8
60.0
61.2
	120
	 

	D
E
F
	58.8
60.0
61.2
	 
	2.5



Table B3. AC load displacement power-factor measurement 
	Calibration 
point
	Load 
power factor
	Source frequency 
(Hz)
	Source voltage 
(V)
	Voltage range 
(V)
	Load current 
(A)
	Current range 
(A)

	A
B
C
	0.5 leading
0.5 lagging
1.0
	60
	120
	150
	2.5
	5



Table B4. AC load current measurement
	Calibration 
point
	Load current 
(A)
	Current range 
(A)
	Source frequency 
(Hz)
	Source voltage 
(V)

	A
B
C
D
	0.005
0.05
0.15
0.5
	0.5
	60
	120

	E
	2.5
	5
	58.8
	120

	F
G
H
	0.5
2.5
5
	5
	60
	120

	I
	2.5
	5
	61.2
	120

	J
K
	5
10
	10
	60
	120




Table B5. AC load active power (W) measurement 
	Calibration 
point
	Source frequency 
(Hz)
	Source voltage 
(V)
	Voltage range 
(V)
	Load current 
(A)
	Current range 
(A)
	Load 
power factor

	A
B
C
D
	60
	120
	150
	0
0.15
2.5
10
	0.5
0.5
5
10
	1.0

	E
F
	60
	108
132
	150
	2.5
	5
	1.0

	G
H
	58.8
61.2
	120
	150
	2.5
	5
	1.0

	I
J
	60
	120
	150
	2.5
	5
	0.5 leading
0.5 lagging



Table B6. AC energy (Wh) measurement 
	Calibration
point
	Load energy 
(Wh)
	Source voltage 
(V)
	Voltage range 
(V)
	Source frequency 
(Hz)
	Load current 
(A)
	Current range 
(A)
	Load 
power factor

	A
B
	1
	120
	150
	60
	0.15
2.5
	0.5
5.0
	1.0

	C
D
	10
	120
	150
	60
	2.5
10
	5.0
10
	1.0

	E
	100
	120
	150
	60
	10
	10
	1.0
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