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PSL Power Standards Lab
 980 Atlantic Avenue Alameda, CA 94501 USA
 TEL ++1-510-522-4400 FAX ++1-510-522-4455
 www.PowerStandards.com
 Power Sensors Ltd. PQube® 3 AC Analyzer
 IEC Class 0,2 S Accuracy Compliance Report
 IEC 62053-22 Electricity metering equipment (a.c.) –
 Particular requirements Static meters for active energy
 (classes 0,2 S and 0,5 S)
 Section 8: Accuracy Requirements
 http://www.powerstandards.com/
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 PSL Power Standards Lab
 980 Atlantic Avenue Alameda, CA 94501 USA
 TEL ++1-510-522-4400 FAX ++1-510-522-4455
 www.PowerStandards.com
 IEC Class 0,2 S Accuracy Certificate
 Power Sensors Ltd. PQube® 3 AC Analyzer
 IEC 62053-22, Section 8 (accuracy requirements) Equipment Under Test was equipped with the following accessories or options:
 CTI-5A current module and PM1 power supply module Certified at 230V L-N, 50 Hz, 5A rated current
 IEC 62053-22 Section Test Result
 8.1 Variation of current with balanced load (positive energy flow) Pass
 8.1 Variation of current with balanced load (negative energy flow) Pass
 8.1 Variation of current with single-phase load (positive energy flow) Pass
 8.1 Variation of current with single-phase load (negative energy flow) Pass
 8.1 Difference in error between single-phase load and balanced polyphase load Pass
 8.2 Influence quantity: ambient temperature Pass
 8.2 Influence quantity: voltage variation Pass
 8.2 Influence quantity: frequency variation Pass
 8.2 Influence quantity: reversed phase sequence Pass
 8.2 Influence quantity: auxiliary voltage (does not apply to EUT) Pass
 8.2 Influence quantity: harmonic components Pass
 8.2 Influence quantity: sub-harmonics Pass
 8.2 Influence quantity: magnetic induction (dc) Pass
 8.2 Influence quantity: magnetic induction (ac) Pass
 8.2 Influence quantity: electromagnetic RF fields Pass
 8.2 Influence quantity: operation of accessories (does not apply to EUT) Pass
 8.2 Influence quantity: conducted disturbances Pass
 8.3.1 Initial start-up Pass
 8.3.2 No-load condition Pass
 8.3.3 Starting Pass
 8.4 Meter constant (does not apply to EUT) Pass
 Tests were performed on a single sample of PSL PQube® 3 AC Analyzer, S/N P3001592. Manufacturer states that the tested sample is representative of Model PQube® 3. Contact the manufacturer for further information regarding Section 8.2 fast transient burst and damped oscillatory waves immunity.
 This Class 0,2 S Accuracy Certificate summarizes the results of the PSL IEC Class 0,2 S Accuracy Compliance Report, document #PSL IEC 62053-22 Ed 1 Test Report – PQube 3, dated 12 May 2015.
 Signed: Name: Matthew Muh Title: Senior Engineer, Power Standards Lab Date: 12 May 2015
 PSL PQube® 3 AC Analyzer
 http://www.powerstandards.com/
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 Test category IEC 62053-22 Ed. 1, Class 0,2 S and Class 0,5 S Accuracy (Section 8) Equipment under test EUT manufacturer: Power Sensors Ltd. EUT model: PQube3-PQ-E08N-0000 with CTI-5A current module EUT serial number: P3001592 (PQube-3), M3002120 (CTI-5A) EUT firmware version: 3.3ZCR9, 3.3ZCR10 Accessories included in test: PM1 power supply module (S/N M3001019) Test parameters Test locations: Power Standards Lab, Alameda, California, U.S.A. ITC Engineering Services, Sunol, California, U.S.A. Test dates: April 14, 2015 to April 27, 2015 Ambient temperature: 21°C to 25°C Supervising engineer: M. Muh Connection type: Wye (three-phase plus neutral), CTI-5A outputs connected to
 PQube-3 current channels L1, L2, L3 Loading for accuracy tests: Polyphase or series-parallel (where noted) Duration of Wh measurement: 2 minutes minimum (unless otherwise noted) EUT Wh/pulse value: 1.0 Basic EUT specifications for test Reference voltage (Un): 230 V L-N Rated current (In): 5 A Maximum current (Imax): 6 A (= 1.2 In) Rated frequency: 50 Hz Testing notes The CTI-5A module under test is a pre-production unit which is representative of, but not identical to, the forthcoming production unit. According to our engineering judgment, any differences between the pre-production unit and the forthcoming production units have a negligible effect on the performance and accuracy of the CTI-5A module. The accuracy of the EUT’s watt-hour pulse output is dependent upon the duration of the watt-hour measurement. Except where otherwise noted, a two-minute measurement was taken, which results in a maximum uncertainty of less than 0.02% due to the pulse output. This uncertainty is minimal relative to the typical error limits of IEC 62053-22. The typical accuracy of the reference energy standard is 0.01%, with a maximum worst-case specification of 0.04% across its entire operating range. This specification is sufficient to meet the accuracy requirements of IEC 62053-22.
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 Description of test setup See Figure 1 below. A multi-channel 16-bit analog output board (NI PCI-6733), coupled to PSL-written waveform generation software, is used to generate balanced, three-phase sinusoidal voltage signals. These voltage signals are applied to the inputs of three high-voltage amplifiers (Trek 2210), creating programmable voltage sine waves at 230V, 50Hz. The outputs of these amplifiers are applied to the voltage measuring terminals of the EUT. The same 16-bit analog output board is used to generate another set of three-phase sinusoidal voltages signals, which are applied to the inputs of three transconductance amplifiers (Fluke 5220A). These amplifiers convert the applied voltage inputs to three proportional current outputs, which are connected to the inputs of the CTI-5A current module. The three voltages applied to the voltage measuring terminals, as well as the three currents applied to the current module, are connected to the reference energy standard (Radian RD-30). The energy (Wh) readings from the EUT are compared to the reference meter reading by means of the EUT watt-hour pulse (KY) output.
 Figure 1: Simplified diagram of test setup for polyphase loading
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 Due to practical equipment limitations, the tests performed at the external testing site (ITC Engineering Services) were carried out with the EUT and reference meter configured for series-parallel loading (i.e., current connections in series and voltage connections in parallel). See Figure 2 below.
 Figure 2: Simplified diagram of test setup for series-parallel loading
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 Photo 1: Test setup
 Photo 2: Close-up of EUT in test environment
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 Photo 3: Example of test setup for magnetic induction (d.c.) influence quantity test
 Photo 4: Example of test setup for magnetic induction (a.c.) influence quantity test
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 8.1 Limits of error due to variation of the current
 Table 4 – Percentage error limits
 (single-phase meters and polyphase meters with balanced loads)
 Positive energy flow
 Value of current
 Power factor
 EUT percentage
 error
 Percentage error limits for meters of class Remarks
 0,2 S 0,5 S
 0.01 In
 1
 0.11% ±0.40% ±1.00%
 Pass
 0.02 In 0.07% Pass 0.05 In 0.04%
 ±0.20% ±0.50%
 Pass 0.1 In 0.02% Pass 0.5 In -0.02% Pass
 In -0.03% Pass Imax -0.04% Pass
 0.02 In
 0.5 inductive
 0.17% ±0.50% ±1.00%
 Pass 0.05 In 0.12% Pass 0.1 In 0.11%
 ±0.30% ±0.60%
 Pass 0.5 In -0.01% Pass
 In 0.02% Pass Imax 0.04% Pass
 0.02 In
 0.8 capacitive
 0.07% ±0.50% ±1.00%
 Pass 0.05 In 0.04% Pass 0.1 In 0.02%
 ±0.30% ±0.60%
 Pass 0.5 In -0.05% Pass
 In -0.07% Pass Imax -0.07% Pass
 Negative energy flow
 Value of current
 Power factor
 EUT percentage
 error
 Percentage error limits for meters of class Remarks
 0,2 S 0,5 S
 0.01 In
 1
 0.04% ±0.40% ±1.00%
 Pass 0.02 In 0.04% Pass 0.05 In 0.04%
 ±0.20% ±0.50%
 Pass 0.1 In 0.02% Pass 0.5 In -0.04% Pass
 In -0.04% Pass Imax -0.02% Pass
 0.02 In
 0.5 inductive
 0.10% ±0.50% ±1.00%
 Pass 0.05 In 0.09% Pass 0.1 In 0.06%
 ±0.30% ±0.60%
 Pass 0.5 In -0.01% Pass
 In 0.01% Pass Imax 0.02% Pass
 0.02 In
 0.8 capacitive
 0.05% ±0.50% ±1.00%
 Pass 0.05 In 0.02% Pass 0.1 In -0.01%
 ±0.30% ±0.60%
 Pass 0.5 In -0.06% Pass
 In -0.07% Pass Imax -0.08% Pass
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 Table 5 – Percentage error limits (polyphase meters carrying a single-phase load, but with balanced
 polyphase voltages applied to voltage circuits)
 Positive energy flow
 Current phase
 Value of current
 Power factor
 EUT percentage
 error
 Percentage error limits for meters of class Remarks
 0,2 S 0,5 S
 L1
 0.05 In
 1
 0.04%
 ±0.30% ±0.60%
 Pass 0.5 In -0.01% Pass
 In -0.03% Pass Imax -0.02% Pass
 0.1 In
 0.5 inductive
 0.03%
 ±0.40% ±1.00%
 Pass 0.5 In -0.01% Pass
 In 0.02% Pass Imax 0.02% Pass
 L2
 0.05 In
 1
 0.06%
 ±0.30% ±0.60%
 Pass 0.5 In -0.05% Pass
 In -0.06% Pass Imax -0.06% Pass
 0.1 In
 0.5 inductive
 0.06%
 ±0.40% ±1.00%
 Pass 0.5 In -0.03% Pass
 In -0.04% Pass Imax -0.02% Pass
 L3
 0.05 In
 1
 0.04%
 ±0.30% ±0.60%
 Pass 0.5 In -0.03% Pass
 In -0.03% Pass Imax -0.03% Pass
 0.1 In
 0.5 inductive
 0.08%
 ±0.40% ±1.00%
 Pass 0.5 In -0.01% Pass
 In 0.04% Pass Imax 0.06% Pass
 Negative energy flow
 Current phase
 Value of current
 Power factor
 EUT percentage
 error
 Percentage error limits for meters of class Remarks
 0,2 S 0,5 S
 L1
 0.05 In
 1
 0.06%
 ±0.30% ±0.60%
 Pass 0.5 In -0.03% Pass
 In -0.02% Pass Imax -0.02% Pass
 0.1 In
 0.5 inductive
 0.06%
 ±0.40% ±1.00%
 Pass 0.5 In -0.02% Pass
 In -0.01% Pass Imax 0.03% Pass
 L2
 0.05 In
 1
 0.03%
 ±0.30% ±0.60%
 Pass 0.5 In -0.06% Pass
 In -0.05% Pass Imax -0.05% Pass
 0.1 In
 0.5 inductive
 0.04%
 ±0.40% ±1.00%
 Pass 0.5 In -0.06% Pass
 In -0.02% Pass Imax 0.01% Pass
 L3
 0.05 In
 1
 0.07%
 ±0.30% ±0.60%
 Pass 0.5 In -0.01% Pass
 In -0.03% Pass Imax -0.04% Pass
 0.1 In
 0.5 inductive
 0.07%
 ±0.40% ±1.00%
 Pass 0.5 In 0.01% Pass
 In 0.05% Pass Imax 0.08% Pass
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 The difference between the percentage error when the meter is carrying a single-phase load and a balanced polyphase load at rated current In and unity power factor shall not exceed 0.4% and 1.0% for meters of classes 0,2 S and 0,5 S respectively.
 Positive energy flow
 Current phase EUT percentage error
 with single-phase load
 EUT percentage error with balanced
 polyphase load
 Difference between percentage errors
 Percentage error limits for meters of class Remarks
 0,2 S 0,5 S
 L1 -0.03%
 -0.03%
 -0.00%
 ±0.40% ±1.00% Pass
 L2 -0.06% -0.03% Pass L3 -0.03% -0.00% Pass
 Negative energy flow
 Current phase EUT percentage error
 with single-phase load
 EUT percentage error with balanced
 polyphase load
 Difference between percentage errors
 Percentage error limits for meters of class Remarks
 0,2 S 0,5 S
 L1 -0.02%
 -0.05%
 0.03%
 ±0.40% ±1.00% Pass
 L2 -0.05% 0.00% Pass L3 -0.03% 0.02% Pass
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 8.2 Limits of error due to influence quantities Ambient temperature variation
 Value of current
 Power factor
 EUT percentage
 error at 65°C
 EUT percentage
 error at 45°C
 Mean temperature coefficient from
 65°C to 45°C
 Limit for meters of class
 Remarks 0,2 S 0,5 S
 0.05 In
 1
 0.18% 0.12% -0.003 %/°C
 ±0.01 %/°C ±0.03 %/°C
 Pass
 In 0.10% 0.02% -0.004 %/°C Pass Imax 0.11% 0.01% -0.005 %/°C Pass
 0.1 In 0.5
 inductive
 0.28% 0.16% -0.006 %/°C
 ±0.02 %/°C ±0.05 %/°C
 Pass
 In 0.18% 0.06% -0.006 %/°C Pass Imax 0.16% 0.11% -0.003 %/°C Pass
 Value of current
 Power factor
 EUT percentage
 error at 45°C
 EUT percentage
 error at 25°C
 Mean temperature coefficient from
 45°C to 25°C
 Limit for meters of class
 Remarks 0,2 S 0,5 S
 0.05 In
 1
 0.12% 0.02% -0.005 %/°C
 ±0.01 %/°C ±0.03 %/°C
 Pass
 In 0.02% -0.08% -0.005 %/°C Pass Imax 0.01% -0.07% -0.004 %/°C Pass
 0.1 In 0.5
 inductive
 0.16% 0.04% -0.006 %/°C
 ±0.02 %/°C ±0.05 %/°C
 Pass
 In 0.06% -0.03% -0.005 %/°C Pass Imax 0.11% -0.01% -0.006 %/°C Pass
 Value of current
 Power factor
 EUT percentage
 error at 40°C
 EUT percentage
 error at 20°C
 Mean temperature coefficient from
 40°C to 20°C
 Limit for meters of class
 Remarks 0,2 S 0,5 S
 0.05 In
 1
 0.09% -0.01% -0.005 %/°C
 ±0.01 %/°C ±0.03 %/°C
 Pass
 In -0.01% -0.10% -0.005 %/°C Pass Imax 0.01% -0.10% -0.006 %/°C Pass
 0.1 In 0.5
 inductive
 0.13% 0.03% -0.005 %/°C
 ±0.02 %/°C ±0.05 %/°C
 Pass
 In 0.07% -0.05% -0.006 %/°C Pass Imax 0.10% -0.02% -0.006 %/°C Pass
 Value of current
 Power factor
 EUT percentage
 error at 20°C
 EUT percentage
 error at 0°C
 Mean temperature coefficient from
 20°C to 0°C
 Limit for meters of class
 Remarks 0,2 S 0,5 S
 0.05 In
 1
 -0.01% -0.12% -0.006 %/°C
 ±0.01 %/°C ±0.03 %/°C
 Pass
 In -0.10% -0.24% -0.007 %/°C Pass Imax -0.10% -0.22% -0.006 %/°C Pass
 0.1 In 0.5
 inductive
 0.03% -0.08% -0.006 %/°C
 ±0.02 %/°C ±0.05 %/°C
 Pass
 In -0.05% -0.19% -0.007 %/°C Pass Imax -0.02% -0.15% -0.007 %/°C Pass
 Value of current
 Power factor
 EUT percentage
 error at 0°C
 EUT percentage
 error at -20°C
 Mean temperature coefficient from
 0°C to -20°C
 Limit for meters of class
 Remarks 0,2 S 0,5 S
 0.05 In
 1
 -0.12% -0.29% -0.009 %/°C
 ±0.01 %/°C ±0.03 %/°C
 Pass
 In -0.24% -0.40% -0.008 %/°C Pass Imax -0.22% -0.38% -0.008 %/°C Pass
 0.1 In 0.5
 inductive
 -0.08% -0.19% -0.006 %/°C
 ±0.02 %/°C ±0.05 %/°C
 Pass
 In -0.19% -0.37% -0.009 %/°C Pass Imax -0.15% -0.35% -0.010 %/°C Pass
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 Voltage variation
 Voltage variation
 Value of current
 Power factor
 EUT percentage
 error
 EUT variation in percentage
 error
 Limit of variation in percentage error
 for meters of class Remarks
 0,2 S 0,5 S
 Reference
 0.05 In
 1
 0.06% Reference Reference
 +10% 0.06% 0.00% ±0.10% ±0.20%
 Pass -10% 0.07% 0.01% Pass
 Reference
 In
 -0.05% Reference Reference
 +10% -0.04% 0.01% ±0.10% ±0.20% Pass +15% -0.02% 0.03% ±0.30% ±0.60% Pass -10% -0.03% 0.02% ±0.10% ±0.20% Pass -20% -0.04% 0.01% ±0.30% ±0.60% Pass -50% -0.05% 0.00% +10/-100% +10/-100% Pass
 Reference
 Imax
 -0.05% Reference Reference
 +10% -0.03% 0.02% ±0.10% ±0.20%
 Pass -10% -0.04% 0.01% Pass
 Reference
 0.1 In
 0.5 inductive
 0.06% Reference Reference
 +10% 0.06% 0.00% ±0.20% ±0.40%
 Pass -10% 0.08% 0.02% Pass
 Reference
 In
 0.00% Reference Reference
 +10% 0.01% 0.01% ±0.20% ±0.40% Pass +15% 0.01% 0.01% ±0.30% ±0.60% Pass -10% 0.02% 0.02% ±0.20% ±0.40% Pass -20% 0.03% 0.03% ±0.30% ±0.60% Pass -50% 0.03% 0.03% +10/-100% +10/-100% Pass
 Reference
 Imax
 0.02% Reference Reference
 +10% 0.05% 0.03% ±0.20% ±0.40%
 Pass -10% 0.04% 0.02% Pass
 Frequency variation
 Frequency variation
 Value of current
 Power factor
 EUT percentage
 error
 EUT variation in percentage
 error
 Limit of variation in percentage error
 for meters of class Remarks
 0,2 S 0,5 S
 Reference
 0.05 In
 1
 0.05% Reference Reference
 +2% 0.07% 0.02% ±0.10% ±0.20%
 Pass -2% 0.07% 0.02% Pass
 Reference
 In
 -0.03% Reference Reference
 +2% -0.02% 0.01% ±0.10% ±0.20%
 Pass -2% -0.04% -0.01% Pass
 Reference
 Imax
 -0.05% Reference Reference
 +2% -0.04% 0.01% ±0.10% ±0.20%
 Pass -2% -0.06% -0.01% Pass
 Reference
 0.1 In
 0.5 inductive
 0.08% Reference Reference
 +2% 0.06% -0.02% ±0.10% ±0.20%
 Pass -2% 0.14% 0.06% Pass
 Reference
 In
 0.00% Reference Reference
 +2% 0.02% 0.02% ±0.10% ±0.20%
 Pass -2% 0.00% 0.00% Pass
 Reference
 Imax
 0.05% Reference Reference
 +2% 0.06% 0.01% ±0.10% ±0.20%
 Pass -2% 0.05% 0.00% Pass
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 Reversed phase sequence
 Phase sequence
 Value of current
 Power factor
 EUT percentage
 error
 EUT variation in percentage
 error
 Limit of variation in percentage error
 for meters of class Remarks
 0,2 S 0,5 S
 Reference 0.1 In 1
 0.04% Reference Reference
 Reversed 0.04% 0.00% ±0.05% ±0.10% Pass
 Voltage unbalance
 Phase(s) interrupted
 Value of current
 Power factor
 EUT percentage
 error
 EUT variation in
 percentage error
 Limit of variation in percentage error
 for meters of class Remarks
 0,2 S 0,5 S
 Reference
 In 1
 -0.05% Reference Reference
 L1 -0.05% 0.00%
 ±0.50% ±1.00%
 Pass L2 -0.04% 0.01% Pass L3 -0.04% 0.01% Pass
 L1 and L2 -0.02% 0.03% Pass L2 and L3 -0.03% 0.02% Pass L3 and L1 -0.05% 0.00% Pass
 Note: Since the reference meter requires a voltage on L3 for accurate energy measurements, L1 or L2 voltage and current were connected to L3 on the reference meter for the tests in which L3 is interrupted.
 Auxiliary voltage ±15% This test is not applicable since the EUT is powered by an external power supply (PM1 module) which has a worst-case line regulation of ±0.50%, i.e., the output voltage of the external power supply does not vary by more than ±0.50% across its entire specified input voltage range. Harmonic components in the current and voltage circuits
 Test condition Value of current
 Power factor
 EUT percentage
 error
 EUT variation in percentage
 error
 Limit of variation in percentage error
 for meters of class Remarks
 0,2 S 0,5 S
 Reference 0.5 Imax 1
 -0.02% Reference Reference
 With harmonic components
 -0.05% -0.03% ±0.40% ±0.50% Pass
 Sub-harmonics in the a.c. current circuit
 Test condition Value of current
 Power factor
 EUT percentage
 error
 EUT variation in percentage
 error
 Limit of variation in percentage error
 for meters of class Remarks
 0,2 S 0,5 S
 Reference
 0.5 In 1
 -0.02% Reference Reference
 With sub-harmonics
 0.31% 0.33% ±0.60% ±1.50% Pass
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 Continuous magnetic induction of external origin
 Test condition Value of current
 Power factor
 EUT percentage
 error
 EUT variation in percentage
 error
 Limit of variation in percentage error
 for meters of class Remarks
 0,2 S 0,5 S
 Reference
 In 1
 -0.05% Reference Reference
 Electromagnet applied to EUT rear input terminals
 -0.04% 0.01%
 ±2.00% ±2.00%
 Pass
 Electromagnet applied to EUT display -0.04% 0.01% Pass Electromagnet applied immediately above
 EUT display -0.05% 0.00% Pass
 Electromagnet applied immediately below EUT display
 -0.05% 0.00% Pass
 Electromagnet applied to EUT front input terminals
 -0.04% 0.01% Pass
 Electromagnet applied to top of current module
 -0.04% 0.01% Pass
 Electromagnet applied to rear output terminals of current module
 -0.05% 0.00% Pass
 Electromagnet applied to front output terminals of current module
 -0.03% 0.02% Pass
 Electromagnet applied to current module output cable
 -0.05% 0.00% Pass
 Electromagnet applied to left side of current module
 -0.05% 0.00% Pass
 Electromagnet applied to rear terminals of power supply module
 -0.05% 0.00% Pass
 Electromagnet applied to right side of power supply module
 -0.04% 0.01% Pass
 Electromagnet applied to front terminals of power supply module
 -0.05% 0.00% Pass
 Magnetic induction of external origin 0.5 mT
 Test condition Value of current
 Power factor
 EUT percentage
 error
 EUT variation in percentage
 error
 Limit of variation in percentage error
 for meters of class Remarks
 0,2 S 0,5 S
 Reference
 In 1
 -0.04% Reference Reference
 EUT facing up, display parallel to loop -0.06% -0.02%
 ±0.50% ±1.00%
 Pass
 EUT facing up, display perpendicular to loop -0.04% 0.00% Pass EUT facing up, display diagonal to loop -0.06% -0.02% Pass
 EUT upright, display parallel to loop -0.04% 0.00% Pass EUT upright, display perpendicular to loop -0.05% -0.01% Pass
 EUT upright, display diagonal to loop -0.05% -0.01% Pass
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 Electromagnetic RF fields
 See attached ITC test report for description of test parameters.
 Test condition (Frequency, antenna orientation)
 Value of current
 Power factor
 EUT percentage
 error
 EUT variation in percentage
 error
 Limit of variation in percentage error
 for meters of class Remarks
 0,2 S 0,5 S
 Reference
 In 1
 -0.04% Reference Reference
 80 MHz, horizontal -0.02% 0.02%
 ±1.00% ±2.00%
 Pass
 100 MHz, horizontal -0.08% -0.04% Pass 120 MHz, horizontal -0.01% 0.03% Pass 140 MHz, horizontal -0.03% 0.01% Pass 160 MHz, horizontal -0.08% -0.04% Pass 180 MHz, horizontal -0.14% -0.10% Pass 200 MHz, horizontal -0.15% -0.11% Pass 220 MHz, horizontal -0.01% 0.03% Pass 240 MHz, horizontal -0.06% -0.02% Pass 260 MHz, horizontal -0.07% -0.03% Pass 280 MHz, horizontal -0.06% -0.02% Pass 300 MHz, horizontal -0.05% -0.01% Pass 320 MHz, horizontal -0.05% -0.01% Pass 340 MHz, horizontal 0.00% 0.04% Pass 360 MHz, horizontal -0.10% -0.06% Pass 380 MHz, horizontal -0.03% 0.01% Pass 400 MHz, horizontal -0.03% 0.01% Pass 450 MHz, horizontal -0.09% -0.05% Pass 500 MHz, horizontal -0.03% 0.01% Pass 550 MHz, horizontal -0.09% -0.05% Pass 600 MHz, horizontal -0.09% -0.05% Pass 650 MHz, horizontal -0.03% 0.01% Pass 700 MHz, horizontal -0.03% 0.01% Pass 750 MHz, horizontal -0.03% 0.01% Pass 800 MHz, horizontal -0.02% 0.02% Pass 850 MHz, horizontal -0.02% 0.02% Pass 900 MHz, horizontal -0.02% 0.02% Pass 950 MHz, horizontal -0.02% 0.02% Pass
 1000 MHz, horizontal -0.02% 0.02% Pass 1100 MHz, horizontal 0.01% 0.05% Pass 1200 MHz, horizontal -0.03% 0.01% Pass 1300 MHz, horizontal -0.01% 0.03% Pass 1400 MHz, horizontal -0.07% -0.03% Pass 1500 MHz, horizontal 0.00% 0.04% Pass 1600 MHz, horizontal -0.07% -0.03% Pass 1700 MHz, horizontal -0.01% 0.03% Pass 1800 MHz, horizontal 0.00% 0.04% Pass 1900 MHz, horizontal -0.06% -0.02% Pass 2000 MHz, horizontal -0.06% -0.02% Pass
 80 MHz, vertical 0.01% 0.05% Pass 100 MHz, vertical -0.36% -0.32% Pass 120 MHz, vertical -0.07% -0.03% Pass 140 MHz, vertical -0.09% -0.05% Pass 160 MHz, vertical -0.12% -0.08% Pass 180 MHz, vertical -0.10% -0.06% Pass 200 MHz, vertical -0.07% -0.03% Pass 220 MHz, vertical -0.05% -0.01% Pass 240 MHz, vertical -0.10% -0.06% Pass 260 MHz, vertical -0.02% 0.02% Pass 280 MHz, vertical -0.04% 0.00% Pass 300 MHz, vertical -0.10% -0.06% Pass 320 MHz, vertical -0.07% -0.03% Pass 340 MHz, vertical -0.06% -0.02% Pass 360 MHz, vertical -0.06% -0.02% Pass 380 MHz, vertical -0.05% -0.01% Pass 400 MHz, vertical -0.05% -0.01% Pass 450 MHz, vertical -0.05% -0.01% Pass
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 Test condition (Frequency, antenna orientation)
 Value of current
 Power factor
 EUT percentage
 error
 EUT variation in percentage
 error
 Limit of variation in percentage error
 for meters of class Remarks
 0,2 S 0,5 S
 500 MHz, vertical
 In 1
 -0.05% -0.01%
 ±1.00% ±2.00%
 Pass 550 MHz, vertical -0.04% 0.00% Pass 600 MHz, vertical -0.04% 0.00% Pass 650 MHz, vertical -0.04% 0.00% Pass 700 MHz, vertical -0.04% 0.00% Pass 750 MHz, vertical -0.04% 0.00% Pass 800 MHz, vertical -0.04% 0.00% Pass 850 MHz, vertical -0.04% 0.00% Pass 900 MHz, vertical -0.04% 0.00% Pass 950 MHz, vertical -0.04% 0.00% Pass
 1000 MHz, vertical -0.04% 0.00% Pass 1100 MHz, vertical 0.01% 0.05% Pass 1200 MHz, vertical -0.03% 0.01% Pass 1300 MHz, vertical -0.01% 0.03% Pass 1400 MHz, vertical -0.07% -0.03% Pass 1500 MHz, vertical 0.00% 0.04% Pass 1600 MHz, vertical -0.07% -0.03% Pass 1700 MHz, vertical -0.01% 0.03% Pass 1800 MHz, vertical 0.00% 0.04% Pass 1900 MHz, vertical -0.06% -0.02% Pass 2000 MHz, vertical -0.06% -0.02% Pass
 Note: For all the tests in the table above, except for the reference measurement, the measurement duration was reduced to 30 seconds to reduce the overall duration of this set of tests. This increases the measurement uncertainty to a worst-case value of approximately 0.07%, which is well within the percentage error limit for these tests.
 Operation of accessories Per engineering review, this influence quantity is not applicable to the EUT. Conducted disturbances, induced by radio-frequency fields See attached ITC test report for description of test parameters.
 Test condition Value of current
 Power factor
 EUT percentage
 error
 EUT variation in percentage
 error
 Limit of variation in percentage error
 for meters of class Remarks
 0,2 S 0,5 S
 Reference
 In 1
 -0.04% Reference Reference
 150 kHz, applied to current conductors -0.07% -0.03%
 ±1.00% ±2.00%
 Pass
 200 kHz, applied to current conductors 0.01% 0.05% Pass 250 kHz, applied to current conductors -0.03% 0.01% Pass 300 kHz, applied to current conductors -0.01% 0.03% Pass 350 kHz, applied to current conductors 0.00% 0.04% Pass 400 kHz, applied to current conductors -0.05% -0.01% Pass 450 kHz, applied to current conductors 0.02% 0.06% Pass 500 kHz, applied to current conductors -0.04% 0.00% Pass 600 kHz, applied to current conductors -0.02% 0.02% Pass 700 kHz, applied to current conductors -0.07% -0.03% Pass 800 kHz, applied to current conductors 0.00% 0.04% Pass 900 kHz, applied to current conductors -0.05% -0.01% Pass 1 MHz, applied to current conductors -0.04% 0.00% Pass 2 MHz, applied to current conductors -0.03% 0.01% Pass 3 MHz, applied to current conductors -0.09% -0.05% Pass 4 MHz, applied to current conductors -0.01% 0.03% Pass 5 MHz, applied to current conductors -0.01% 0.03% Pass 6 MHz, applied to current conductors -0.07% -0.03% Pass
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 Test condition Value of current
 Power factor
 EUT percentage
 error
 EUT variation in percentage
 error
 Limit of variation in percentage error
 for meters of class Remarks
 0,2 S 0,5 S
 7 MHz, applied to current conductors
 In 1
 0.00% 0.04%
 ±1.00% ±2.00%
 Pass 8 MHz, applied to current conductors -0.07% -0.03% Pass 9 MHz, applied to current conductors -0.05% -0.01% Pass 10 MHz, applied to current conductors 0.07% 0.11% Pass 20 MHz, applied to current conductors 0.03% 0.07% Pass 30 MHz, applied to current conductors -0.03% 0.01% Pass 40 MHz, applied to current conductors -0.03% 0.01% Pass 50 MHz, applied to current conductors 0.06% 0.10% Pass 60 MHz, applied to current conductors -0.03% 0.01% Pass 70 MHz, applied to current conductors -0.11% -0.07% Pass 80 MHz, applied to current conductors 0.01% 0.05% Pass 150 kHz, applied to voltage conductors -0.05% -0.01% Pass 200 kHz, applied to voltage conductors -0.02% 0.02% Pass 250 kHz, applied to voltage conductors 0.03% 0.07% Pass 300 kHz, applied to voltage conductors -0.05% -0.01% Pass 350 kHz, applied to voltage conductors -0.08% -0.04% Pass 400 kHz, applied to voltage conductors -0.04% 0.00% Pass 450 kHz, applied to voltage conductors -0.09% -0.05% Pass 500 kHz, applied to voltage conductors -0.06% -0.02% Pass 600 kHz, applied to voltage conductors -0.04% 0.00% Pass 700 kHz, applied to voltage conductors -0.02% 0.02% Pass 800 kHz, applied to voltage conductors 0.00% 0.04% Pass 900 kHz, applied to voltage conductors -0.01% 0.03% Pass 1 MHz, applied to voltage conductors -0.01% 0.03% Pass 2 MHz, applied to voltage conductors 0.00% 0.04% Pass 3 MHz, applied to voltage conductors -0.06% -0.02% Pass 4 MHz, applied to voltage conductors -0.07% -0.03% Pass 5 MHz, applied to voltage conductors -0.03% 0.01% Pass 6 MHz, applied to voltage conductors -0.05% -0.01% Pass 7 MHz, applied to voltage conductors 0.00% 0.04% Pass 8 MHz, applied to voltage conductors -0.02% 0.02% Pass 9 MHz, applied to voltage conductors -0.03% 0.01% Pass 10 MHz, applied to voltage conductors -0.03% 0.01% Pass 20 MHz, applied to voltage conductors 0.01% 0.05% Pass 30 MHz, applied to voltage conductors -0.08% -0.04% Pass 40 MHz, applied to voltage conductors -0.02% 0.02% Pass 50 MHz, applied to voltage conductors -0.01% 0.03% Pass 60 MHz, applied to voltage conductors -0.07% -0.03% Pass 70 MHz, applied to voltage conductors -0.07% -0.03% Pass 80 MHz, applied to voltage conductors 0.03% 0.07% Pass
 Note: For all the tests in the table above, except for the reference measurement, the measurement duration was reduced to 30 seconds to reduce the overall duration of this set of tests. This increases the measurement uncertainty to a worst-case value of approximately 0.07%, which is well within the percentage error limit for these tests.
 Fast transient burst Contact the manufacturer for further information regarding this influence quantity test. Damped oscillatory waves immunity Contact the manufacturer for further information regarding this influence quantity test.
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 8.3 Test of starting and no-load condition 8.3.1 Initial start-up of the meter The meter is functional within 5 s after the reference voltage is applied to the meter terminals. 8.3.2 Test of no-load condition The minimum test period Δt shall be
 Δt ≥ (900∙106)/(k∙m∙Un∙Imax) [min] for meters of class 0,2 S Δt ≥ (600∙106)/(k∙m∙Un∙Imax) [min] for meters of class 0,5 S
 where
 k is the number of pulses emitted by the output device of the meter per kilowatthour (imp/kWh) m is the number of measuring elements Un is the reference voltage in volts Imax is the maximum current in amperes
 For this test, the Wh/pulse value of the EUT was set to 0.1, resulting in a value of k equal to 10000. This results in a minimum test period of 22 minutes for meters of class 0,2 S, and 15 minutes for meters of class 0,5 S.
 Voltage Number of pulses produced
 by meter over minimum test period Δt, class 0,2 S
 Number of pulses produced by meter over minimum
 test period Δt, class 0,5 S
 Maximum number of pulses allowed
 Remarks
 115% Un 0 0 1 Pass
 8.3.3 Starting The meter starts and continues to register at 0.001 In and unity power factor, with balanced load. This test was applied with energy flowing in each direction, and was conducted over a period of greater than 30 minutes, with the Wh/pulse value of the EUT set to 0.1. 8.4 Meter constant This requirement is not applicable since the meter does not carry a name-plate.
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 List of test equipment used
 Description Manufacturer Model number Serial number Calibration due date NIST trace path
 High-speed analog output, 16-bit, 8 channels
 National Instruments PCI-6733 0x134B48F N/A
 High-voltage amplifier Trek 2210 149 N/A
 High-voltage amplifier Trek 2210 160 N/A
 High-voltage amplifier Trek 2210 158 N/A
 Transconductance amplifier Fluke 5220A 5330005 N/A
 Transconductance amplifier Fluke 5220A 4610014 N/A
 Transconductance amplifier Fluke 5220A 4340119 N/A
 Programmable AC power source
 Chroma 61601 616010002652 N/A
 Reference energy standard Radian Research RD-30 301182 06/05/2015 Radian Research Cert. #28257
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Test Data Summary issued under the responsibility of:
 ITC ENGINEERING SERVICES, INC.
 IEC 62052-11:2003, Electricity Metering Equipment
 – General Requirements, Tests and Test Conditions – Part 11: Metering Equipment
 Report Reference No. ................ : 20150427-01R Power Quality Monitor
 Date of Issue ............................... : May 6, 2015
 Total Number of Pages ............... : 11
 Testing Laboratory .................... : ITC Engineering Services, Inc.
 Address ....................................... : 9959 Calaveras Road, Box 543, Sunol, CA 94586
 Applicant’s Name ...................... : Power Standards Lab
 Address ....................................... : 980 Atlantic Ave., Alameda, CA 94501
 Contact ........................................ : Mr. Matthew Muh
 Phone .......................................... : 510-522-4400 x826
 Fax ............................................... : 510-522-4455
 Test Specification Standard ....... : IEC 62052-11:2003
 Test Procedure ............................ : Immunity (IEC 61000-4-3:2010, IEC 61000-4-4:2012 & IEC 61000-4-6:2013)
 Judgment..................................... : Complies as Tested
 Test Item Description ................ : Power Quality Monitor
 Trade Mark .................................. : Manufacturer .............................. : Power Standards Lab
 Model/Type Reference ............... : PQube 3
 Input Voltage Rating ................... : 230V~, 50Hz
 ISO/IEC 17025:2005 Accredited Laboratory
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Applicant: Power Standards Lab Report No. 20150427-01R Power Quality Monitor
 Prepared By: ITC Engineering Services, Inc. 9959 Calaveras Road, PO Box 543 Sunol, California 94586-0543 Tel: +1(925) 862-2944 Fax: +1(925) 862-9013 Email: [email protected] Web: www.itcemc.com
 Page 2 of 11
 Product: Power Quality Monitor
 Model: PQube 3
 TABLE OF CONTENTS
 TABLE OF CONTENTS .............................................................................................................................................................. 2
 1 DOCUMENTATION ......................................................................................................................................................... 2
 1.1 SUMMARY OF TESTS ......................................................................................................................................................... 2 1.2 GENERAL TEST REMARKS: CUSTOM ................................................................................................................................ 2
 2 IMMUNITY TESTS .......................................................................................................................................................... 3
 2.1 RADIATED RF ELECTROMAGNETIC FIELDS PER IEC 61000-4-3:2010 ................................................................................ 3 Test Specification ................................................................................................................................................................... 3 Test Setup Photo ................................................................................................................................................................... 5
 2.2 ELECTRICAL FAST TRANSIENT PER EN 61000-4-4:2012 .................................................................................................... 6 Test Specification ................................................................................................................................................................... 6 Test Setup Photo ................................................................................................................................................................... 7
 2.3 CONDUCTED IMMUNITY PER EN 61000-4-6:2013 ........................................................................................................... 8 Test Specification: ................................................................................................................................................................. 8 Test Setup Photo: ................................................................................................................................................................ 10
 3 APPENDIX .................................................................................................................................................................... 11
 3.1 EUT TECHNICAL SPECIFICATIONS ................................................................................................................................... 11 3.2 MODIFICATION LETTER................................................................................................................................................... 11
 1 DOCUMENTATION
 1.1 SUMMARY OF TESTS ITC Engineering Services, Inc. as an independent testing laboratory, declares that the equipment specified above was tested to the requirements of :
 • IMMUNITY REGULATIONS: IEC 62052-11:2003 (IEC 61000-4-3:2010, IEC 61000-4-4:2012 & IEC 61000-4-6:2013)
 1.2 GENERAL TEST REMARKS: CUSTOM
 REVISION HISTORY
 Rev. # Date Prior Rpt. No. Rev. Rpt. No. Revision 1 6 May 2015 20150427-01 20150427-01R Inserted test setup photos.
 mailto:[email protected]
 http://www.itcemc.com/
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Applicant: Power Standards Lab Report No. 20150427-01R Power Quality Monitor
 Prepared By: ITC Engineering Services, Inc. 9959 Calaveras Road, PO Box 543 Sunol, California 94586-0543 Tel: +1(925) 862-2944 Fax: +1(925) 862-9013 Email: [email protected] Web: www.itcemc.com
 Page 3 of 11
 Product: Power Quality Monitor
 Model: PQube 3
 2 IMMUNITY TESTS
 2.1 RADIATED RF ELECTROMAGNETIC FIELDS PER IEC 61000-4-3:2010 Date: 4/27/15
 Client: Power Standards Lab Tester’s Name: D.E. Waldbeser
 Name of Equipment (EUT): PQube Model No: 3
 EUT Serial No.: P3001567/P3001592 Joblog: 20150427-01
 Temperature/Humidity: 25/45 Test Voltage: 230 Vac, 50 Hz
 Equipment Description Manufacturer Model Name Serial Number Calibration Due Date
 RF Power Amplifier Amplifier Research 250A250 29034 N/A
 RF Power Amplifier IFI SMX200 L387-0407 N/A RF Power Amplifier OphirRF 5163F 1030 N/A Synthesized Sweeper Gigatronics 2550B 919003 12/1/16
 Log Periodic Antenna Amplifier Research AT1100 10537 N/A
 DRG Horn Antenna A.H. Systems SAS-571 887 10/14/16
 Isotropic Field Probe ETS LINDGREN HI-4455 00060849 10/15/16
 TEST SPECIFICATION
 Frequency Range 80 MHz – 2 GHz 1 GHz – 2.7 GHz
 Field Strength 1 V/m 3 V/m 10 V/m __V/m Distance Antenna – EUT 1 m 3 m Modulation AM 80 % 1 kHz FM __ % __ kHz Sine Wave Unmodulated Polarization of Antenna Horizontal Vertical
 mailto:[email protected]
 http://www.itcemc.com/
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 Product: Power Quality Monitor
 Model: PQube 3
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 Product: Power Quality Monitor
 Model: PQube 3
 Test Setup Photo:
 RADIATED SUSCEPTIBILITY
 mailto:[email protected]
 http://www.itcemc.com/

Page 25
                        

Applicant: Power Standards Lab Report No. 20150427-01R Power Quality Monitor
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 Product: Power Quality Monitor
 Model: PQube 3
 2.2 ELECTRICAL FAST TRANSIENT PER EN 61000-4-4:2012 Date: 4/29/15 Client: Power Standards Lab
 Tester’s Name: D.E. Waldbeser
 Name of Equipment (EUT): PQube Model No: 3
 EUT Serial No.: P3001567/P3001592 Joblog: 20150427-01
 Temperature/Humidity: 20/40 Test Voltage: 230 Vac, 50 Hz
 Equipment Description Manufacturer Model Name Serial Number
 Calibration Due Date
 EFT Burst Tester Haefely PEFT.1 081 879-0 N/A
 Coupling Clamp Haefely-Trench IP4A 083 839-11 N/A
 TEST SPECIFICATION
 Pulse Ampl. - AC Power Port - source 0.5 kV 1.0 kV 2.0 kV 4.0 kV Pulse Ampl. - AC Power Port - measure
 0.5 kV 1.0 kV 2.0 kV 4.0 kV
 Pulse Amplitude - Signal/Data 0.5 kV 1.0 kV 2.0 kV ___kV Burst Frequency 5 kHz 100 kHz kHz Burst Duration 15 ms 0.75 ms ms Burst Period 300 ms ms Time of Coupling 60 seconds ___ seconds Coupling Method Coupling Clamp Coupling./Decoupling.
 Network Polarity Positive Negative
 mailto:[email protected]
 http://www.itcemc.com/
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 Product: Power Quality Monitor
 Model: PQube 3
 Test Setup Photo:
 ELECTRICAL FAST TRANSIENT
 mailto:[email protected]
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 Product: Power Quality Monitor
 Model: PQube 3
 2.3 CONDUCTED IMMUNITY PER EN 61000-4-6:2013 Date: 4/29/15 Client: Power Standards Lab Tester’s Name: D.E. Waldbeser Name of Equipment (EUT): PQube Model No: 3 EUT Serial No.: P3001567 & P3001592 Joblog: 20150427-01 Temperature/Humidity: 23/40 Test Voltage: 230 Vac, 50 Hz Model: Equipment Used: Serial No.: Calibration Due:
 Agilent 8648C RF Signal Generator 3847A05285 Verified Before Use
 Amplifier Research 250A250
 RF Power Amplifier 29034 Verified Before Use
 Tektronix TDS7104
 Oscilloscope B020599 1/9/16
 Fischer FCC-BCICF-1
 Calibration Fixture 464 Verified Before Use
 A.H Systems ICP-521
 Injection Current Probe 191 Verified Before Use
 EUT Clock frequency & harmonics:
 TEST SPECIFICATION:
 Frequency Range 150 kHz – 80 MHz 26 MHz – 80 MHz Field Strength 1 Vrms 3 Vrms 10 Vrms _ Vrms Modulation AM 80 % 1 kHz FM __ kHz Rate Sine Wave Unmodulated
 mailto:[email protected]
 http://www.itcemc.com/
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 Product: Power Quality Monitor
 Model: PQube 3
 HP 8648C AR250A250 20dB before amp driving ICP-521
 Frequency kHz
 Power Level dBm
 Frequency MHz
 Power Level dBm
 Frequency MHz
 Power Level dBm
 150 3 1.0 0 10 -2 200 2 2.0 -1 20 -1 250 2 3.0 -1 30 -1 300 2 4.0 -2 40 -3 350 1 5.0 -2 50 -1 400 1 6.0 -2 60 -3 450 1 7.0 -2 70 -2 500 1 8.0 -2 80 -1 600 1 9.0 -2 700 0 800 0 900 0
 Uo = 10 Vrms * 2√2 = 28.3 Vp-p Umr = Uo/2 = 28.3 Vp-p/2 = 14.1 Vp-p Umr = Uo/2 = 10 Vrms/2 = 5 Vrms
 mailto:[email protected]
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 Product: Power Quality Monitor
 Model: PQube 3
 Test Setup Photo:
 CONDUCTED IMMUNITY
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 Product: Power Quality Monitor
 Model: PQube 3
 3 APPENDIX 3.1 EUT TECHNICAL SPECIFICATIONS
 Manufacturer: Power Standards Lab General Description: The EUT, PQube 3, is a High Speed Power Analyzer EUT Description: Power Quality Monitor Model: PQube 3 Rated Voltage: 230V~ , 50Hz
 3.2 Modification Letter
 To Whom It May Concern:
 Standards EUT was tested to: IEC 62052-11:2003
 Immunity Test Methods: IEC 61000-4-3:2010 IEC 61000-4-4:2012 IEC 61000-4-6:2013
 For further information, please contact the manufacturer at:
 Mr. Matthew Muh POWER STANDARDS LAB 980 Atlantic Ave. Alameda, CA 94501 Phone: 510-522-4400 x826 Fax: 510-522-4455 Email: [email protected]
 mailto:[email protected]
 http://www.itcemc.com/
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