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EXECUTIVE SUMMARY
Advanced lighting control systems provide networked control and monitoring capabilities of connected
luminaires via onboard metering and system reporting features. These advanced features allow system
owners to dynamically balance visual comfort and lighting energy use. CLTC, in collaboration with
SDG&E, developed a technology validation program to determine the accuracy and reliability of onboard
metering and system reporting features of advanced lighting control systems. Project outcomes are
intended to assist SDG&E and other utilities with future incentive program development activities
focused on this product category.

PROJECT OUTCOMES
The project team conducted a market assessment, defined a system testing methodology, and tested
three commercially available advanced lighting control systems in accordance with the methodology to
validate its procedures and identify areas in need of refinement. The three systems are referred to as
ALCS 1, ALCS 2, and ALCS 3 throughout this report.
ALCS 1 employs ‘real power’ methods to measure both the current and voltage. However, ALCS 1
resulted in significant error in measurements as compared to the reference analyzer measurements.
Two potential sources for this error are 1) are the sampling rate of the current and voltage waveforms
not being quick enough to capture the “spikey” waveform of the load used, and/or 2) lack of sufficient
bandwidth to capture the “spikey” waveform by the onboard current transducer.
ALCS 2 employs ‘apparent power’ methods which determines energy use by multiplying the measured
root‐mean squared (RMS) current by the assumed RMS voltage. ALCS 2 resulted in power
measurements with greater than 50% error. The apparent power method is more accurate in cases
when the power factor is 1. The non‐linear loads selected for this evaluation do not have a power factor
of 1 resulting in this approach having a significant amount of error.
ALCS 3 employs ‘real power’ methods to measure both the current and voltage. ALCS 3 resulted in
power measurements with errors within 2.1% when comparing ALCS power measurements to reference
analyzer measurements. ALCS 3 reports one minute power measurements at a five minute resolution.
Modeled power measurement sampling rates were also evaluated to determine their effect on reported
energy use. Simulated shorter sampling rates resulted in more accurate energy use. Five minute time
delays on the simulated occupancy sensor combined with one minute sampling rates resulted in the
most accurate energy use reported by the modeled ALCS system. To ensure accuracies within 1% of
reference analyzer energy use for the occupancy pattern used in the simulation, the sampling of ALCS
power measurement must occur more frequently than once per minute. An alternative approach to
ensure sufficient sampling over time is on‐demand sampling, where power measurement occurs at light
level changes.

PROJECT RECOMMENDATIONS
For utilities interested in using ALCS systems to provide lighting energy use data for measured
incentives, it is important to note the differences in power measurement and reporting capabilities of
ALCS available today. Test results demonstrate the importance of accuracy in power measurement and
frequency in sampling and sub‐sampling rates. Each ALCS manufacturer measures and reports energy
differently and each system has varying degrees of accuracy. If the three systems tested as part of this
methodology development turn out to fully represent the ALCS product class, systems which utilize
‘real’ power measurements with one minute or less sampling rates, may reach necessary accuracy levels

4

ALCS BENCH TESTING: FINAL REPORT
to achieve 2% revenue‐grade metering accuracy. If ALCS incorporate such methods to achieve revenue‐
grade metering standards and improve the accuracy of sub‐sampling and reporting capabilities, ALCS
will increase their appropriateness for use as part of a measured incentive utility program.
In addition, this procedure is not intended to replace existing standards such as ANSI 12.20 (2010)
American National Standard for Electricity Meters. It is recommended that future ALCS evaluated under
this program provide certification that their systems have been tested in accordance with the ANSI
standard prior to submission to any utility ALCS evaluation program. This will better ensure systems can
withstand basic thermal, vibration and other stress testing, which can affect the metering accuracy.
The newly developed ALCS metering test methodology presents a significant step towards the utility
goal of using such systems to determine energy use and savings for incentive programs. However,
additional test procedure development and product testing is needed to fully characterize the ALCS
product class and produce program qualification criteria for manufacturers and customers. There are
approximately 10‐15 unique ALCS currently offered in the California marketplace, including systems that
utilize correlated power measurement techniques. This test procedure does not address correlated
power metering systems due to lack of product availability at the time this research was conducted.
Laboratory test infrastructure and methods must be added to the current methodology and
representative ALCS evaluated under its protocol in order to have a full test procedure that addresses all
three types of ALCS power metering on the market. Only after this work, will a full set of product
eligibility criteria be available for future utility programs.

1.0 INTRODUCTION
Advanced lighting control systems provide luminaires with networked control and monitoring
capabilities via onboard metering and system reporting features. These advanced lighting control
features allow system owners to dynamically balance visual comfort and lighting energy use. A
technology validation program to verify the accuracy and reliability of the onboard metering and system
reporting features for advanced lighting control systems (ALCS) is developed in this project to evaluate
the appropriateness of ALCS as a whole product category to be used in support of measured incentive
utility programs. Tested ALCS performance and the refined technology validation program specifications
are provided in this report.
In the future, energy and system performance data collected by ALCS that have been validated under a
sanctioned program may substitute for third party monitoring and verification data often required by
utilities in order to receive financial rebates or incentives for specific technologies.

2.0 BACKGROUND
Energy‐use monitoring is accomplished by metering the lighting systems power consumption over time.
The power meter location will vary based on the load capacity of the meter and what individual loads
are of interest. ALCS energy monitoring is performed at one of the following locations: the fixture/sub‐
component level, the sub‐meter collection of loads, or the lighting electrical panel.

2.1 ENERGY MONITORING METHODS
Three common methods for energy monitoring are true power, apparent power and correlated power
measured over time. To perform ‘true power’ energy monitoring, both voltage and current are
measured simultaneously at the same location with sufficient temporal resolution to capture the time‐
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varying waveform. For each power measurement, this requires a voltage transducer, a current
transducer and two data acquisition channels. The necessary rate of acquisition is based on load type
and is a function of the rate of change of the voltage and current signals (slew rate). Resistive loads with
an alternating current (AC) supply will result in sinusoidal voltage and current signals of 60Hz with a
relatively low slew rate. Non‐linear loads will have waveforms that exhibit more pulse‐like behavior with
much higher slew rates. True power monitoring is necessary for revenue‐grade metering.
1
2

1

To perform ‘apparent power’ energy monitoring, the current to the device is measured while the
voltage signal is assumed. This method does not take into account any phase difference between the
two waveforms, distortion to the voltage waveform, or deviation of the voltage from 120Vrms. Currently,
apparent power monitoring is not utilized in revenue‐grade metering systems.
1
2

1

To perform ‘correlated power’ energy monitoring, the ALCS control signal (e.g. 0‐10V or DALI control
signal) is recorded over time for each luminaire in the system. The signal is correlated to the associated
power level of each monitored load based on a dimming signal vs. power curve. Manufacturers may
provide dimming curves to correlate the control signal to power, or they may be determined through
laboratory evaluations. The correlated power method quantifies intended energy use as opposed to
installed energy use. Currently, correlated power monitoring is not utilized in revenue‐grade metering
systems.
The accuracy of the calculated energy use is a result of the accuracy of both the power measurements
and the sampling rate of the power measurements.

2.2 POWER MEASUREMENT ACCURACY
Standards and test methods for determining the accuracy of power meters are defined in the American
National Standard for Electricity Meters ‐ Accuracy and Performance (ANSI c12.20). ANSI c12.20 was
developed for general load applications and provides test conditions for variation in load level, power
factor, voltage, and frequency. Additional atypical conditions outside the scope of this project are
included in the ANSI c12.20 standard.
ALCS typically monitor lighting loads. Each lighting product has a unique current waveform shape, or
load shape. Two categories of load shapes are linear and non‐linear. Incandescent lamps and lighting
technologies with power factor correction circuits are linear loads with sinusoidal current waveforms
(Figure 1). Lighting technologies with no power factor correction circuits are non‐linear loads with
current waveforms that are distorted or spiky (Figure 2).
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Figure 1 – Example of Linear Waveform (Incandescent Lamp with PF = 1.0)
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Figure 2 ‐ Example of Non‐Linear Waveform (LED Product with PF = 0.77)

ANSI c12.20 specifies the requirements for the performance of power meters in order to be defined as
0.2 Class and 0.5 Class meters. The ANSI c12.20 standard includes tests for linear loads, but not non‐
linear loads. Non‐linear waveforms are a greater measurement challenge as compared to linear loads
for current transducers and data acquisition units in power meters. For this reason, the proposed
technology validation program evaluates ALCS power metering and reporting capabilities when
controlling non‐linear lighting loads.
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CLTC referenced the Lighting Market Characterization1 published by the US Department of Energy to
identify what lighting technologies are most commonly used in the commercial applications where ALCS
could be installed. The 2010 market assessment includes the percent distribution of each lighting
technology for non‐residential building types. The majority of the lamps are linear fluorescent at 80%,
followed by CFL at 10%, and incandescent (Figure 3).

Figure 3 – Lamp distrubution by commercial building type in 2010 1

Incandescent sources are not considered for inclusion in this evaluation because of their linear
waveform. In addition to fluorescent lamps, LED replacements for both linear and compact fluorescent
lamps are considered based on their increased market penetration for commercial buildings since 2010.

2.3 ALCS SAMPLING RATES
Energy use is determined through the integration of power over time. To accurately capture the
behavior of a load the ALCS sampling rate of power measurements must be higher than the switching
frequency of the load. For example, if instantaneous power is sampled from the meter every five
minutes by the ALCS system but the light load is switched off for four of the five minutes, energy
consumption will be over‐reported by 80%. Instantaneous power measurements sampled every one
minute will result in a more accurate report of energy use, and power measurements sampled every 30
seconds will result in an even more accurate report of energy use.

1

http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2010‐lmc‐final‐jan‐2012.pdf
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The sub‐sampling rate of an ALCS is the frequency at which the power meter takes measurements. The
sub‐sampling rate of an ALCS system affects the accuracy of the reported energy use polled at the
sampling rate by the ALCS.
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3.0 METHODOLOGY
The test methodology provides the selected ALCS and the test set‐up required for ALCS evaluation for
the ALCS technology validation program proposed in this report.

3.1 ALCS SELECTION
Three commercially available advanced lighting control systems (ALCS) were selected for the initial use
of the technology validation program. Energy use monitoring methods and meter location features
were used to identify a representative cross‐section of ALCS available. Key features of the three
selected ALCS are provided in Table 1.
Table 1 – ALCS included in Round 1 of the Technology Validation Program

Energy Use Monitoring Method
Meter Location

ALCS 1

ALCS 2

ALCS 3

Real Power

Apparent Power

Real Power

Fixture

Sub‐Meter

Fixture

3.2 ALCS EVALUATION
Power measurement accuracy is tested at a variety of load levels (Watts) over each meter’s rated
current range to characterize the meter in varying operating conditions. For non‐linear loads, this can be
achieved by using a collection of fluorescent and/or LED lamps where varying the number of powered
lamps will vary the size of the load.
For this evaluation, ALCS power meters were tested at varying load levels when connected to non‐linear
loads. The loads were simultaneously metered by the ALCS power meter and a laboratory‐grade power
analyzer, used as a reference measurement for evaluation. The bench top testing setup was wired as
shown in Figure 4. Test circuit component specifications are provided in the Testing Setup section of this
document.

Figure 4 – ALCS Power Meter Testing Circuit Diagram
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Table 2 is a test matrix of test conditions for the selected ALCS that were evaluated, showing number of
lamps and amperage for low, medium and high load levels.
Table 2 – Test Condition Matrix

ALCS 1
Load Level
Low
Medium
High

Lamps
4
20
40

ALCS 2
Amps
1.4
7
13.4

Lamps
4
20
40

ALCS 3
Amps
1.4
7
13.4

Lamps
1
5
11

Amps
0.35
1.9
3.9

Five samples of the power metering component were tested for each ALCS. Test conditions were
limited by the maximum rated capacity of the control device. ALCS 1 and ALCS 2 have a capacity of 15
amps and ALCS 3 has a capacity of 5 amps.
3.2.1

TESTING SETUP

Measurements were taken of representative, commercially available lighting products to characterize
the current waveform shape. Current waveforms were measured and evaluated to understand how the
waveform shapes vary between products. For dimmable products, the lighting technologies were
measured for three different load levels (100%, 50%, and 10%). Waveform plots are provided in the
Appendix 1.
The “current spike waveform” (Figure 5) was identified as the worst case scenario for power meter
components. The current spikes require a sufficiently high data acquisition rate and a current
transformer (CT) with sufficient bandwidth to capture the full height of the spike.
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Figure 5 – Current spike waveform
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Compact fluorescent lamps (CFL) determined to have a representative current spike waveform were
selected and used as the test load. The lamps were arranged in a test rack that separates the
components sufficiently from each other for thermal management (Figure 6). The number of lamps
(Table 2) required to achieve loads of interest (low, medium, high) were wired in parallel for each test
(Figure 4). Operation of the test setup occurred at ambient temperatures.

Figure 6 ‐ ALCS Test Rack

3.2.2

POWER TESTING EQUIPMENT

An AC power source and reference power analyzer were used for the performance characterization of
the ALCS power meters under testing. The AC power source and CFL load generate the test conditions
defined in Table 2. The power analyzer was used to capture reference measurements to compare to
ALCS power meter measurements.
3.2.2.1

AC Power Source

A precision alternating current (AC) power source provides power to the load banks during the tests.
ANSI c12.20 (§5.5.1) minimum specifications were used to select the AC power source for the
measurements. Minimum specifications defined by ANSI c12.20 are:





±1% Voltage
±1% Current
±1% Frequency
THD < 1% in current and voltage

A California Instruments CW 2501P AC source was selected for use in the technology validation program
(Figure 7). Full specifications are included in Appendix 2.

ALCS BENCH TESTING: FINAL REPORT

13

Figure 7 ‐ AC Power Source

3.2.2.2

Reference Power Analyzer

ANSI c12.20 §5.5.1 specifies the requirements for the performance of the reference power analyzer. It
states that power analyzers shall be accurate within 0.1% for the 0.2 Class of meters, and accurate
within 0.2% for 0.5 Class of meters.
Electrical measurements were performed using a National Instruments CompactDAQ chassis equipped
with voltage and current measuring modules. The NI 9225 module was used to measure voltage. The NI
9227 modules in conjunction with a current transformers (CT) were used to measure current. Figure 8
shows the NI modules.

Figure 8 ‐ Reference Power Analyzer Test Set Up

Key specifications for the data acquisition components are contained in Table 43 and Table 4. Full
specifications are included in the Appendix 2.

ALCS BENCH TESTING: FINAL REPORT
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Table 3 – Data Acquisition Module Specifications

Module

Measurement
Type

Range
(Samples per second, S/s)

Gain Error
(typical)

Offset Error
(typical)

NI 9225

Voltage

± 300 Vrms range, 50,000 S/s

0.05%

0.008%

NI 9227

Current

± 5 Arms, 50,000 S/s

0.1%

0.05%

Table 4 – Current Transformer Specification
Model

Bandwidth

Basic Accuracy

Measurement Range

ZES Zimmer PSU60

0‐800 kHz

0.02%

60 A

Custom software to control the data acquisition hardware was programmed in LabVIEW. The software
collects the voltage and current waveforms at the data collection rate and duration shown in Table 5.
The waveforms were analyzed to calculate system electrical performance metrics, including power,
power factor, and harmonic distortion.

Table 5 – Data Acquisition Specification

Collection Rate
(Samples per second)

Collection Duration

Collection interval

50,000 S/s

1 second

1 minute

3.2.3
3.2.3.1

SAMPLING RATES
ALCS Sampling Rate

ALCS evaluated in the technology validation program were tested for seven hours to collect at least
eight data points per load level per meter. Data from the reference analyzer was logged at one minute
intervals during the testing duration. Data was logged at one hour intervals for ALCS 1 and ALCS 3 based
on the system’s capabilities determined from a review of manufacturer literature and discussions with
manufacturer customer service. ALCS 2 offers the ability for any logging frequency to be defined by the
user. ALCS 2 was set 15 minute logging interval per the manufacturer’s recommendations.
3.2.3.2

ALCS Sampling Rate Simulation

A computer model was produced to illustrate the effect power meter sampling rates have on the total
energy use reported by the ALCS. Occupancy trigger data streams collected in a small retail space at a
resolution of one‐minute were used as the control signal for the computer model. The data set includes
41 instances of occupied to vacant changes.

ALCS BENCH TESTING: FINAL REPORT
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The dataset was randomized by adding randomly generated offset to approximate real time occupancy
patterns. For example, instead of a state change occurring exactly at 11:06:00 AM, it could occur, for
example, at 11:06:13 AM, or at 11:05:52 AM once the offset was added.
ALCS provide a sensor time delay, or an adjustable feature built in to hold the lights on for a user‐
defined period of time after the last occupancy trigger. One and five minute delays were modeled to
determine the effect of time delays on reported energy consumption by ALCS systems.
3.2.4

REPORTING CAPABILITIES

Utilities do not yet have a program or system in place to allow ALCS to directly provide energy use
information in lieu of third‐party metering or other data collection approach. Thus, it is not expected
that current energy monitoring systems will have the capability to communicate with the utility in this
way. To ready ALCS technology for this purpose, CLTC conducted interviews with ALCS manufacturers to
understand how to best integrate their ALCS with a utility incentive program and ultimately a utility
billing system.

4.0 RESULTS
Power accuracy and sampling rate results are provided in both tabular and graphic formats for the three
ALCS systems evaluated.

4.1 POWER ACCURACY
The power meter capabilities of the ALCS systems were evaluated with respect to the reference analyzer
data that was collected in parallel to the ALCS on‐board metering and monitoring system.
4.1.1

ALCS SYSTEM – 1

ALCS 1 overestimated energy use by 13.4%, 5.3%, and 4.5% for the low, medium and high power levels
respectively. Table 6 provides the summary results of the testing performed for low, medium, and high
loads described in Table 2 for ALCS 1.
Table 6 – ALCS 1 Testing Result Summary
Low Load

Medium Load

High Load

Meter ID

Analyzer

ALCS 1

Percent
Difference

Analyzer

ALCS 1

Percent
Difference

Analyzer

ALCS 1

Percent
Difference

Meter 1 ‐ 1

81.32

89.86

9.98%

457.12

480.14

4.91%

944.56

986.79

4.37%

Meter 1 ‐ 2

80.82

95.79

16.94%

455.92

484.00

5.98%

931.87

974.71

4.49%

Meter 1 ‐ 3

83.84

93.71

11.12%

458.39

480.64

4.74%

944.26

989.29

4.66%

Meter 1 ‐ 4

79.56

94.07

16.71%

455.05

481.00

5.54%

934.23

975.71

4.34%

Meter 1 ‐ 5

82.12

92.93

12.35%

456.33

481.36

5.34%

939.92

985.79

4.76%

Mean

81.53

93.27

13.42%

456.56

481.43

5.30%

938.97

982.46

4.53%

CoV

1.95%

2.33%

24.00%

0.28%

0.31%

9.35%

0.61%

0.69%

4.01%

The coefficient of variance (CoV) for the low level was significantly higher for the low load as compared
to the medium and high loads. The reference analyzer did not record any anomalies. Figure 9, Figure 10

ALCS BENCH TESTING: FINAL REPORT
and Figure 11 are visual representations of the test results for low, medium and high loads respectively.
‘CT’ shown in blue is the reference analyzer measurement; ALCS shown in orange is the device under
test.

Figure 9 – ALCS 1 tested at low load level for five unique meters (Average % difference = 13.42%; CoV = 24.00%)

Figure 10 – ALCS 1 tested at medium load level for five unique meters (Average % Difference = 5.30%; CoV = 0.31%)
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Figure 11 – ALCS 1 tested at high load level for five unique meters (Average % Difference = 4.53%; CoV = 4.01%)

4.1.2

ALCS SYSTEM – 2

ALCS 2 overestimated energy use by 76%, 57%, and 53% for the low, medium and high power levels
respectively. Table 7 provides the summary results of the testing performed for low, medium, and high
loads described in Table 2 for ALCS 2.
Table 7 ‐ ALCS 2 Testing Result Summary
Low Load

Medium Load

High Load

Meter ID

Analyzer

ALCS 2

Percent
Difference

Analyzer

ALCS 2

Percent
Difference

Analyzer

ALCS 2

Percent
Difference

Meter 2 ‐ 1

85.30

190.80

76.42%

467.57

830.66

55.94%

951.33

1660.29

54.29%

Meter 2 ‐ 2

80.70

188.40

80.05%

465.57

826.93

55.92%

957.72

1666.22

54.00%

Meter 2 ‐ 3

82.75

175.20

71.68%

469.55

889.44

61.79%

945.78

1551.45

48.51%

Meter 2 ‐ 4

80.03

180.00

76.89%

454.99

800.16

55.00%

941.66

1631.94

53.64%

Meter 2 ‐ 5

83.05

187.14

77.05%

457.74

822.45

56.98%

941.58

1671.58

55.87%

Mean

82.37

184.31

76.42%

463.08

833.93

57.12%

947.61

1636.29

53.26%

CoV

2.54%

3.52%

3.94%

1.37%

3.98%

4.73%

0.73%

3.05%

5.24%

Figure 12, Figure 13 and Figure 14 are visual representations of the test results for low, medium and
high loads respectively. ‘CT’ shown in blue is the reference analyzer measurement; ALCS shown in
orange is the device under test.
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Figure 12 – ALCS 2 tested at low load level for five unique meters (Average % Difference = 76.42%; CoV = 3.94%)

Figure 13 – ALCS 2 tested at medium load level for five unique meters (Average % Difference = 57.12%; CoV = 4.73%)
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Figure 14 – ALCS 2 tested at high load level for five unique meters (Average % Difference = 53.26%; CoV = 5.24%)

4.1.3

ALCS SYSTEM – 3

ALCS 3 overestimated energy use by 2.1%, 0.6%, and 1.3% for the low, medium and high power levels
respectively. Table 8 provides the summary results of the testing performed for low, medium, and high
loads described in Table 2.
Table 8 – ALCS 3 Testing Result Summary
Low Load

Medium Load
Percent

Meter ID

Analyzer

ALCS 3

Meter 3 ‐ 1

22.85

23.44

Meter 3 ‐ 2

22.79

Meter 3 ‐ 3

23.12

Percent
Analyzer

ALCS 3

2.56%

116.13

117.69

23.35

2.43%

115.35

23.55

1.87%

116.75

Difference

High Load
Percent
Analyzer

ALCS 3

1.33%

229.99

234.64

2.00%

115.82

0.41%

264.46

266.88

0.91%

116.53

‐0.19%

264.45

265.24

0.30%

Difference

Difference

Meter 3 ‐ 4

23.35

23.91

2.37%

116.67

118.05

1.17%

259.88

263.63

1.43%

Meter 3 ‐ 5

23.50

23.79

1.22%

116.92

117.26

0.29%

259.47

264.05

1.75%

Mean

23.12

23.61

2.09%

116.36

117.07

0.60%

255.65

258.88

1.28%

CoV

1.33%

0.99%

26.40%

0.55%

0.77%

105.85%

5.69%

5.26%

53.53%

Figure 15, Figure 16 and Figure 17 are visual representations of the test results for low, medium and
high loads respectively. ‘CT’ shown in blue is the reference analyzer measurement; ALCS shown in
orange is the device under test.
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Figure 15 – ALCS 3 tested at low load level for five unique meters (Average % Difference = 2.09%; CoV = 26.40%)

Figure 16 – ALCS 3 tested at medium load level for five unique meters (Average % Difference = 0.60%; CoV = 105.85%)
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Figure 17 – ALCS 3 tested at high load level for five unique meters (Average % Difference = 1.28%; CoV = 53.53%)

4.2 SIMULATING SAMPLING RATES
Computer modeling was performed to simulate the effect of sampling rates on the reported energy use
by the ALCS systems. Table 9 and Table 10 provide the percent difference between ALCS reported
energy use at varying sampling rates/time delays as compared to a theoretical energy use measured
with a continuous sampling rate.

Table 9 – Mean of Percent Differences for Modeled Sampling Rates and Time Delays
Sampling Rate (minutes)
1

5

15

30

60

Time

1

‐0.20%

2.60%

32.19%

3.89%

33.16%

Delay (min)

5

‐0.04%

1.30%

12.76%

‐6.27%

22.40%
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Table 10 – Standard deviation of Percent Difference for Modeled Sampling Rates and Time Delays

Sampling Rate (minutes)
1

5

15

30

60

Time

1

2.04%

7.30%

11.83%

11.04%

1.99%

Delay (min)

5

0.69%

2.18%

2.96%

0.66%

0.65%

Figure 18 and Figure 19 compare ALCS reported energy use for a sampling period of one minute with a
one minute sensor delay to an ‘actual energy use’, or energy use measured at a theoretical continuous
sampling rate. Additional simulations are provided in Appendix 2. A greater overlap between actual and
measured energy use is noted for decreasing the sampling rate. For the occupancy pattern used in the
simulation, increasing the time delay resulted in more accurate reporting of energy use by the ALCS.

Figure 18 ‐ Energy Use Modeled for One Minute Time Delay and One Minute Sampling Period
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Figure 19 – Percent Error for Energy Use Modeled for One Minute Time Delay and One Minute Sampling Period

4.3 REPORTING CAPABILITIES
Utilities do not yet have a program or system in place to allow ALCS to directly provide energy use
information in lieu of third‐party metering or other data collection approaches. To ready ALCS
technology for this purpose and provide utilities with the current ALCS reporting features, CLTC
interviewed ALCS manufacturers to understand how to best integrate their ALCS with a utility incentive
program and ultimately a utility billing system.
4.3.1

ALCS SYSTEM – 1

Power meters used by ALCS 1 record integrated circuit (IC) power measurements in 2.5 minute
increments, storing up to 15 back‐logged energy use measurements in the fixture‐level device. The
power meter is polled by the control unit to transfer the data packets and make it available for reporting
uses. The control unit stores the 2.5‐minute increment data and reports the summation at 1 hour
interval.
The current data transfer method of ALCS 1 relies on manually “running” reports and exporting data in a
‘flat file format’, or a file containing records with no structured relationships. This process can be
automated. Today, most information monitored by ALCS 1 is available in the exported report. ALCS 1
will publish their application program interface in January 2016. This is anticipated to provide the
defined method to access the system real‐time.
ALCS 1 is working towards reporting system energy use data at a 15‐minute resolution in the future.
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4.3.2

ALCS SYSTEM – 2

ALCS 2 current transformers measure current at any interval configured by the system owner. For
reporting, ALCS 2 collects current measurements at an interval defined during the commissioning
process. The manufacturer recommendation is to define this interval to be 15 minutes or longer for
large installations. The instantaneous current measurements are combined with the user defined
voltage value and time interval to report energy use.
The next generation of products from ALCS 2 will incorporate revenue‐grade metering in room‐control
and fixture‐control devices along with updated reporting capabilities.
4.3.3

ALCS SYSTEM – 3

ALCS 3 power meters utilize sub‐sampling on the order of one‐minute interval. ALCS 3 samples the
power meter readings to report the instantaneous power consumption of every device every 5 minutes.
The system is capable of reporting at customer defined sampling intervals.

5.0 CONCLUSIONS
ALCS 1 employs ‘real power’ methods to measure both the current and voltage. However, ALCS 1
resulted in significant error in measurements as compared to the reference analyzer measurements.
Two potential sources for this error 1) are the sampling rate of the current and voltage waveforms not
being quick enough to capture the “spikey” waveform of the load used, and/or 2) lack of sufficient
bandwidth to capture the “spikey” waveform by the onboard current transducer.
ALCS 2 resulted in power measurements with greater than 50% error. ALCS 2 employs ‘apparent power’
methods which determines energy use by multiplying the measured root‐mean squared (RMS) current
by the assumed RMS voltage. This method is more accurate in cases when the power factor is 1. The
non‐linear loads selected for this evaluation do not have a power factor of 1 resulting in this approach
having a significant amount of error.
ALCS 3 results were the most accurate measurements, with errors within 2.1% when comparing ALCS
power measurements to reference analyzer measurements. ALCS 3 employs ‘real power’ methods to
measure both the current and voltage and reports one minute measurements at a five minute
resolution.
Modeled sampling rates were evaluated to determine their effect on reported energy use. Simulated
shorter sampling rates resulted in more accurate energy use. Five minute time delays on the simulated
occupancy sensor combined with one minute sampling rates resulted in the most accurate energy use
reported by the modeled ALCS system. To ensure accuracies within 1% of reference analyzer energy use
for the occupancy pattern used in the simulation, the sampling of ALCS measurement must occur more
frequently than once per minute. An alternative approach to ensure sufficient sampling over time is on‐
demand power measurement, where power measurement occurs at light level changes.
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6.0 RECOMMENDATIONS
For utilities interested in using ALCS systems to provide lighting energy use data for measured
incentives, it is important to note the differences in power measurement and reporting capabilities of
ALCS available today. The program evaluated ALCS accuracy when monitoring non‐linear test loads to
ensure ALCS will report accurately regardless of what lighting appliance is being controlled. This
evaluation indicates the importance of the accuracy in power measurement and the frequency in
sampling and sub‐sampling rates. Each ALCS manufacturer measures and reports energy differently and
each system has varying degrees of accuracy. If the three systems tested as part of this methodology
development turn out to fully represent the ALCS product class, systems which utilize ‘real’ power
measurements with one minute or less sampling rates, may reach necessary accuracy levels to achieve
2% revenue‐grade metering accuracy. If ALCS incorporate such methods to achieve revenue‐grade
metering standards and improve the accuracy of sub‐sampling and reporting capabilities, ALCS will
increase their appropriateness for use as part of a measured incentive utility program.
In addition, this procedure is not intended to replace existing standards such as ANSI 12.20 (2010)
American National Standard for Electricity Meters. It is recommended that future ALCS evaluated under
this program provide certification that their systems have been tested in accordance with the ANSI
standard prior to submission to any utility ALCS evaluation program. This will better ensure systems can
withstand basic thermal, vibration and other stress testing, which can affect the metering accuracy.
The newly developed ALCS metering test methodology presents a significant step towards the utility
goal of using such systems to determine energy use and savings for incentive programs. However,
additional test procedure development and product testing is needed to fully characterize the ALCS
product class and produce program qualification criteria for manufacturers and customers. There are
approximately 10‐15 unique ALCS currently offered in the California marketplace, including systems that
utilize correlated power measurement techniques. This test procedure does not address correlated
power metering systems due to lack of product availability at the time this research was conducted.
Laboratory test infrastructure and methods must be added to the current methodology and
representative ALCS evaluated under its protocol in order to have a full test procedure that addresses all
three types of ALCS power metering on the market. Only after this work, will a full set of product
eligibility criteria be available for future utility programs.
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APPENDIX 1 – CURRENT WAVEFORMS
Linear Fluorescent Source
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Figure 20 – Linear fluorescent source with a rapid start high power factor ballast

Compact Fluorescent Lamp - Edison Base
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Figure 21 – Compact Fluorescent Lamp – Edison Base
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Recessed LED Luminaires
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Figure 22 – Recessed LED Luminaire ‐ Product A
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Figure 23 – Recessed LED Luminaire ‐ Product B
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Figure 24 – Recessed LED Luminaire ‐ Product C

0

0.01

0.02
0.03
time (s)

-0.5
0.04

Potential (Volts)

0

Current (Amps)

Potential (Volts)

0

-200

Product D 050%
0.5

200

0.4

100

0.2

0

0

-100
-200

-0.2

0

0.01

0.02
0.03
time (s)

0.2

100

0.1

0

0

-100
-200

-0.1

0

0.01

0.02
0.03
time (s)

Current (Amps)

Potential (Volts)

Product D 010%
200

-0.2
0.04

Figure 25 – Recessed LED Luminaire ‐ Product D

-0.4
0.04

Current (Amps)

Product D 100%
200

ALCS BENCH TESTING: FINAL REPORT

29

0.5

0

0

-100
-200

-0.5

0

0.01

0.02
0.03
time (s)

-1
0.04

200
150
100
50
0
-50
-100
-150
-200

0

0.01

0.02
0.03
time (s)

0.6
0.4
0.2
0
-0.2
-0.4
-0.6
-0.8
-1
0.04

Current (Amps)

100

Potential (Volts)

Product E 050%
1
Current (Amps)

Potential (Volts)

Product E 100%
200

0.2

100

0.1

0

0

-100
-200

-0.1

0

0.01

0.02
0.03
time (s)

Current (Amps)

Potential (Volts)

Product E 010%
200

-0.2
0.04

Figure 26 – Recessed LED Luminaire ‐ Product E

LED Omnidirectional Lamp – Edison Base
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Figure 27 ‐ LED Omnidirectional Lamp example waveform (Product OMNI‐29)
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Figure 28 ‐ LED Omnidirectional Lamp example waveform (Product OMNI‐27)
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Figure 29 ‐ LED Omnidirectional Lamp example waveform (Product OMNI‐06)
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Figure 30 – LED Omnidirectional Lamp example waveform (Product OMN‐04)
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APPENDIX 2 – SAMPLING RATE SIMULATION RESULTS

Figure 31 – Energy use modeled for one minute time delay and varying sampling rates
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Figure 32 – Energy use modeled for five minute time delay and varying sampling rates

33

ALCS BENCH TESTING: FINAL REPORT

APPENDIX 3 – DATA ACQUISITION EQUIPMENT

34

Elgar ContinuousWave Series

800–2500 VA

Pure Sinewave, Low Power AC Source

135–310 V

• Low THD and AC noise

2.6–18.6 A

• Advanced Measurement Available
• Wide range PFC Input

115

• Field Parallel Configurable

208

230

• Multiple Units Configurable for
Multi-Phase Operation

The Elgar ContinuousWave (CW) Series of AC
power sources provides clean single phase power
at an impressive price/performance ratio. These
compact switch mode sources come in two series,
manual (CW-M) or programmable (CW-P) with
standard IEEE-488.2 and RS-232 control. Both
series have three power levels, 800 VA, 1250 VA
and 2500 VA. The 800 and 1250 VA models are
2U (3.5”) high and allow the unit under test to be
connected to the front or rear panel. The 2500 VA
model is 3U (5.25”) high with rear panel output
connections. All models can be operated in a
benchtop or rackmount configuration.
The front panels have two bright four digit, seven
segment displays. Power Factor Corrected (PFC)
universal input voltage allows maximum power
to be delivered from an AC outlet without the
user selecting the range. Fully rated current is
delivered for either output voltage range of 135
VAC or 270 VAC over a standard frequency range
of 45 to 500 Hz. Both series can be paralleled to
provide extra power.
A separate output-on switch controls power
to the load. Remote voltage sense is standard.
Transformer coupled output is protected against
overvoltage and overcurrent. The unit is also
protected against over temperature conditions.
A two-speed fan results in quieter operation at
lower power levels. All models are CE marked.

Manual CW Features And Benefits
The manual series front panel knobs (10 turn
potentiometers) allow quick adjustment of
voltage, current and frequency settings. Frequency
and voltage can be programmed remotely using a
0 to 5V analog signal. LED’s indicate: output-on,
voltage or current mode operation, fault and slave
modes. Models can also be paralleled in the field
or configured for three phase operation using
a factory supplied cable. Current shutdown or
foldback modes can be selected from a rear panel
switch.
Programmable CW Features And Benefits
Front panel encoder knobs allow programming
of voltage, current and frequency settings.
Programmed or measured values can be viewed
on the two LED displays through push button
selection. Menu push buttons enable setting
system configuration including parallel or three
phase operation. This menu also allows setting
current shutdown or foldback modes. Remote
IEEE-488.2 and RS-232 control interfaces are
standard. LEDs indicate: high or low range output
voltage, measure or program mode, voltage or
current mode operation and output-on. LED’s
indicate menu/status, remote control, lockout and
fault conditions. Digital Signal Processing (DSP)
based measurements include voltage, current
(amperes, peak amperes, crest factor), power
(watts, VA and power factor) and frequency.

AMETEK
Programmable Power
9250 Brown Deer Road
San Diego, CA 92121-2267
USA

Applications for the CW Series include:
•Testing for real world sine wave power
conditions
•400 Hz testing for avionics equipment
•50/60 Hz margin testing
•Ballast testing
•Components testing
•Power supply testing for AC to DC converters

858.458.0223

sales.ppd@ametek.com
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CW Series : Product Specifications
Input
Model

CW 801M

CW 1251M

CW 2501M

CW 801P

CW 1251 P

Power

800 VA

1250 VA

2500 VA

800 VA

1250 VA

2500 VA

Voltage

90 - 264 VAC

103 - 264 VAC

180 - 264 VAC

90 - 264 VAC

103 - 264 VAC

180 - 264 VAC

Current

13 ARMS max

18.5 ARMS max

19.5 ARMS max

13 ARMS max

18.5 ARMS max

19.5 ARMS max

Frequency

CW 2501 P

47 to 63 Hz

Phases

single-phase

Power Factor

>0.99 typical at full load nominal line

Efficiency

>73% typical at full load

Output
Model

CW 801M

CW 1251M

CW 2501M

CW 801P

CW 1251 P

CW 2501 P

Power

800 VA

1250 VA

2500 VA

800 VA

1250 VA

2500 VA

Voltage
Voltage ranges

0 to 135 Vrms, 0 to 270 Vrms, user selectable

Accuracy (>5VAC)

± 1% of range

±0.1% of range <100 Hz, ± 0.2% of range >100 Hz

Resolution

0.1 Vrms

Total harmonic distortion

0.25% typical <100Hz add 0.5%/100 Hz above 100 Hz

AC noise level (typical)

<50 mVRMS

<50 mVRMS

Amplitude stability¹

<100 mVRMS

<50 mVRMS

±0.1% of full scale

<50 mVRMS

<100 mVRMS

±0.05% of full scale

Load regulation

±0.1% of full scale voltage for a full resistive load to no load (<10 mVRMS typical, measured at point of sense)

Line regulation

±0.1% of full scale voltage for a ±10% line change from nominal line voltage (<5 mVRMS typical, measured at point of sense)

Remote voltage sense

5 Vrms total lead voltage drop

Current
135VAC Range

6.0 ARMS

9.4 ARMS

18.6 ARMS

6.0 ARMS

9.4 ARMS

18.6 ARMS

270VAC Range

3.0 ARMS

4.7 ARMS

9.3 ARMS

3.0 ARMS

4.7 ARMS

9.3 ARMS

Accuracy

± 0.5% typical

± 0.5% max

0.1 ARMS

0.01 ARMS

Range

45 to 500 Hz

45 to 500 Hz, 45 to 1000 Hz (option)

Accuracy

±0.5% typical

±0.02% max

0.1 Hz

0.1 Hz, 0.01 Hz for remote programming

Resolution
Frequency range

Resolution
Phase

All models single phase output. Multi-phase system configuration with Digital Expansion Cable

Power factor of load

0 lag to 0 lead

Physical
Model

CW 801M

CW 1251M

CW 2501M

CW 801P

CW 1251 P

CW 2501 P

Height

3.5 in.

3.5 in.

5.25 in.

3.5 in.

3.5 in.

5.25 in.

Width

19 in.

19 in.

19 in.

19 in.

19 in.

19 in.

Depth

20.07 in.

20.07 in.

20.07 in.

20.07 in.

20.07 in.

20.07 in.

Weight

48 lbs (22 kg)

53 lbs (24 kg)

86 lbs (39 kg)

48 lbs (22 kg)

53 lbs (24 kg)

86 lbs (39 kg)

Shipping Weight

56 lbs (25 kg)

61 lbs (28 kg)

94 lbs (43 kg)

56 lbs (25 kg)

61 lbs (28 kg)

94 lbs (43 kg)

Environmental
Operating Temperature

0 to 40°C

Storage Temperature

-40 to +70°C

Humidity Range

0 to 85% at 25°C derate to 50% at 40°C (non condensing)

Altitude

Operating full power available up to 6,000 feet, non operating to 40,000 feet

Cooling

Dual fan speed with side air intake, exhaust to rear

General
Regulatory compliance
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CW Series : Product Specifications

800–2500 VA

Measurements
Model

CW 801M

CW 1251M

CW 2501M

CW 801P

CW 1251 P

CW 2501 P

Power

800 VA

1250 VA

2500 VA

800 VA

1250 VA

2500 VA

Voltage
Range
Accuracy² (VAC >5V)

0 to 270 Vrms

0 to 270 Vrms, 0 to 310VRMS (option)

± 1% of full range

±0.1% of range <100 Hz, ± 0.2% of range>100 Hz,
± 0.3% of range>500 Hz (option)

0.1 Vrms

0.1 Vrms

Resolution
Current³
Range

0 - 6.0 ARMS

Accuracy

0 - 9.4 ARMS

0 - 18.6 ARMS

0 - 6.0 ARMS

0 - 9.4 ARMS

0 - 18.6 ARMS

±2% of range for linear loads with current >0.2A,
> 0.4A for 2500 VA

±0.5% of range for linear loads

0.1 ARMS

0.01 ARMS

Resolution
Peak Current³
Range

-

-

-

Accuracy

-

-

-

0 to 25 A

±1% of range

0 to 35 A

0 to 70 A

Resolution

-

-

-

0.1 A

Frequency
Range

45 to 500 Hz

45 to 500 Hz, 45 to 1000 Hz (option)

Accuracy

±0.5% typical

±0.02% max

0.1 Hz

0.1 Hz

Resolution of display

Measurements
Model

CW 801 P

CW 1251 P

CW 2501 P

Power

800 VA

1250 VA

2500 VA

0 - 1250 W

0 - 2500 W

Power³
Range

0 - 800 W

Accuracy

±2% of range for linear loads

Resolution

1W

Apparent Power³
Range

0 to 800 VA

0 to 1250 VA

Accuracy

0 to 2500 VA

±2% of range for linear loads

Resolution

1 VA

Power Factor³
Range

0 to 1

Accuracy

±4% of range for linear loads

Resolution

0.01

Crest Factor
Range

0 to 3.5

Accuracy

±5% of range

Resolution

0.01

Phase
Range

-359 to +359 degrees. Positive indicates time lag from reference

Accuracy

Within 100 microseconds of equivalent angle

Resolution

1 degree

1

Over 8 hours at constant line, load and temperature after 15-minute warm-up typical

2

Typical values measured at point of sense

3

In a parallel system (for programmable units only), the current/power displayed on the master unit is the sum of all units in the system

858.458.0223

sales.ppd@ametek.com
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CW Series : Product Diagram
4X .250
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AC Power Source
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CW Series

800–2500 VA

Model Number Description

CW 1251 M

XXX

Series
Options

Maximum Power Single Phase
801
1251
2501

M = Manual
P = Programmable

Options and Accessories
H: Expanded frequency range 45 to 1000 Hz (CWP only)
L: Locking knobs (front panel potentiometers) (CW-M only)
S: Sync In/Out (clock/lock) (standard on CW-P)
V: 0-155V/0-310V Output (CW-P only)
-108: 200V/400V Output for (CW 801P Only)
Certificate of Calibration (CW-P only)
Rack Slide Kit: Elgar Part No. K161570-01
Multi-Unit Cable: Elgar Part No. 890-497-40
Digital Expansion Cable: Elgar Part No. 890-499-00 (CW-P only) Required to parallel or configure a 3ø system

© 2009 AMETEK Programmable Power All rights reserved. AMETEK Programmable Power is the trademark of AMETEK Inc., registered in the U.S. and other countries.
Elgar, Sorensen, California Instruments, and Power Ten are trademarks of AMETEK Inc., registered in the U.S.

858.458.0223

sales.ppd@ametek.com
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CW Series
Notes
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OPERATING INSTRUCTIONS AND SPECIFICATIONS

NI 9225
3-Channel, 300 Vrms, 24-Bit Simultaneous,
Channel-to-Channel Isolated Analog Input Module
Français

Deutsch
ni.com/manuals

This document describes how to use the National Instruments 9225
and includes specifications and pin assignments for the NI 9225.
Note The safety guidelines and specifications in this
document are specific to the NI 9225. The other
components in the system might not meet the same safety
ratings and specifications. Refer to the documentation for
each component in the system to determine the safety
ratings and specifications for the entire system.

Related Information

2 |

NI CompactDAQ &
NI CompactRIO Documentation
ni.com/info  cseriesdoc

Chassis Compatibility
ni.com/info  compatibility

Software Support
ni.com/info  softwareversion

Services
ni.com/services
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NI 9225 Operating Instructions and Specifications

Safety Guidelines
Operate the NI 9225 only as described in these operating
instructions.
Hot Surface This icon denotes that the component may
be hot. Touching this component may result in bodily
injury.
Hazardous Voltage This icon denotes a warning

advising you to take precautions to avoid electrical
shock.
Do not operate the NI 9242 in a manner not
specified in this manual. Product misuse can result in a
hazard. You can compromise the safety protection built
into the product if the product is damaged in any way. If
the product is damaged, return it to National Instruments
for repair.

Caution

Safety Guidelines for Hazardous Voltages
If hazardous voltages are connected to the module, take the
following precautions. A hazardous voltage is a voltage greater
than 42.4 Vpk or 60 VDC to earth ground.
NI 9225 Operating Instructions and Specifications |
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|

3

Ensure that hazardous voltage wiring is
performed only by qualified personnel adhering to local
electrical standards.

Caution

Do not mix hazardous voltage circuits and
human-accessible circuits on the same module.

Caution

Make sure that devices and circuits connected
to the module are properly insulated from human contact.

Caution

When module terminals are hazardous voltage
LIVE (>42.4 Vpk/60 VDC), you must ensure that devices
and circuits connected to the module are properly
insulated from human contact. You must use the NI 9971
connector backshell kit to ensure that the terminals are
not accessible.

Caution

4 |
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Figure 1 shows the NI 9971 connector backshell.
Figure 1. NI 9971 Connector Backshell

NI 9225 Operating Instructions and Specifications |
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Safety Guidelines for Hazardous Locations
The NI 9225 is suitable for use in Class I, Division 2, Groups A, B,
C, D, T4 hazardous locations; Class I, Zone 2, AEx nA IIC T4, and
Ex nA IIC T4 hazardous locations; and nonhazardous locations
only. Follow these guidelines if you are installing the NI 9225 in a
potentially explosive environment. Not following these guidelines
may result in serious injury or death.
Do not disconnect I/O-side wires or connectors
unless power has been switched off or the area is known
to be nonhazardous.

Caution

Do not remove modules unless power has been
switched off or the area is known to be nonhazardous.

Caution

Substitution of components may impair
suitability for Class I, Division 2.

Caution

For Zone 2 applications, install the system
in an enclosure rated to at least IP 54 as defined by
IEC 60529 and EN 60529.

Caution

6 |
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Special Conditions for Marine Applications
Some modules are Lloyd’s Register (LR) Type Approved for
marine applications. To verify Lloyd’s Register certification, visit
ni.com/certification and search for the LR certificate, or
look for the Lloyd’s Register mark on the module.
To meet radio frequency emission
requirements for marine applications, use shielded cables
and install the system in a metal enclosure. Suppression
ferrites must be installed on power supply inputs near
power entries to modules and controllers. Power supply
and module cables must be separated on opposite sides of
the enclosure and must enter and exit through opposing
enclosure walls.

Caution

NI 9225 Operating Instructions and Specifications |
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Connecting the NI 9225
The NI 9225 has three 2-terminal detachable screw-terminal
connectors that provide connections for three simultaneously
sampled, isolated analog input channels.
Figure 2. NI 9225 Terminal Assignments

8 |
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AI0+
AI0–

0
1

AI1+
AI1–

0
1

AI2+
AI2–

0
1

NI 9225 Operating Instructions and Specifications

You can connect ground-referenced or floating signal sources to
the NI 9225. Connect the positive signal of the signal source to the
AI+ terminal, and connect the negative signal of the signal source
to the AI- terminal. If you make a ground-referenced connection
between the signal source and the NI 9225, make sure the voltage
on the AI+ and AI- connections are in the channel-to-earth safety
voltage range to ensure proper operation of the NI 9225. Refer to
the Specifications section for more information about operating
voltages and overvoltage protection.
Note You must use 2-wire ferrules to create a secure
connection when connecting more than one wire to a
single terminal on the NI 9225.

NI 9225 Operating Instructions and Specifications |
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Refer to Figures 3 and 4 for illustrations of how to connect
grounded and floating signal sources to the NI 9225.
Figure 3. Connecting a Grounded Signal Source to the NI 9225
Signal
Source

+
–

AI+
AI–
NI 9225

Figure 4. Connecting a Floating Signal Source to the NI 9225
Signal
Source

+
–

AI+
AI–
NI 9225
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The NI 9225 analog input channels are floating with respect to
earth ground and each other. The incoming analog signal on each
channel is conditioned, buffered, and then sampled by a 24-bit
Delta-Sigma ADC.
Each channel provides an independent signal path and ADC,
enabling you to sample all three channels simultaneously. Refer to
Figure 5 for an illustration of the circuitry for one channel of the
NI 9225.
Figure 5. Input Circuitry for One Channel of the NI 9225

AI+
AI–

Overvoltage
Protection

ADC
Amplifier

Prefilter
NI 9225
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Wiring for High-Vibration Applications
If an application is subject to high vibration, National Instruments
recommends that you either use ferrules to terminate wires to the
detachable screw-terminal connector or use the NI 9971 backshell
kit to protect the connections. Refer to Figure 6 for an illustration
of using ferrules. Refer to Figure 1 for an illustration of the
NI 9971 connector backshell.
Figure 6. 2-Terminal Detachable Screw-Terminal Connector with Ferrule

12
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Understanding NI 9225 Filtering
The NI 9225 uses a combination of analog and digital filtering
to provide an accurate representation of in-band signals while
rejecting out-of-band signals. The filters discriminate between
signals based on the frequency range, or bandwidth, of the signal.
The three important bandwidths to consider are the passband, the
stopband, and the alias-free bandwidth.
The NI 9225 represents signals within the passband, as quantified
primarily by passband flatness and phase nonlinearity. All signals
that appear in the alias-free bandwidth are either unaliased signals
or signals that have been filtered by at least the amount of the
stopband rejection.

Passband
The signals within the passband have frequency-dependent gain or
attenuation. The small amount of variation in gain with respect to
frequency is called the passband flatness. The digital filters of the
NI 9225 adjust the frequency range of the passband to match the
data rate. Therefore, the amount of gain or attenuation at a given
frequency depends on the data rate. Figure 7 shows typical
passband flatness for the NI 9225.
NI 9225 Operating Instructions and Specifications |
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Figure 7. Typical Passband Response of the NI 9225
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0.5

Stopband
The filter significantly attenuates all signals above the stopband
frequency. The primary goal of the filter is to prevent aliasing.
Therefore, the stopband frequency scales precisely with the data
rate. The stopband rejection is the minimum amount of attenuation
applied by the filter to all signals with frequencies within the
stopband.

Alias-Free Bandwidth
Any signal that appears in the alias-free bandwidth of the NI 9225
is not an aliased artifact of signals at a higher frequency. The
alias-free bandwidth is defined by the ability of the filter to reject
frequencies above the stopband frequency and equals the data rate
minus the stopband frequency.

Understanding NI 9225 Data Rates
The frequency of a master timebase (fM) controls the data rate (fs)
of the NI 9225. The NI 9225 includes an internal master timebase
with a frequency of 12.8 MHz, but the module also can accept an
external master timebase or export its own master timebase. To
synchronize the data rate of an NI 9225 with other modules that use
master timebases to control sampling, all of the modules must
NI 9225 Operating Instructions and Specifications |
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share a single master timebase source. Refer to the software help
for information about configuring the master timebase source for
the NI 9225. Visit ni.com/info and enter cseriesdoc for
information about C Series documentation.
The following equation provides the available data rates of the
NI 9225:
f M ÷ 256
fs = -------------------n
where n is any integer from 1 to 31.
However, the data rate must remain within the appropriate data rate
range. Refer to the Specifications section for more information
about the data rate range. When using the internal master timebase
of 12.8 MHz, the result is data rates of 50 kS/s, 25 kS/s,
16.667 kS/s, and so on down to 1.613 kS/s, depending on the value
of n. When using an external timebase with a frequency other than
12.8 MHz, the NI 9225 has a different set of data rates.
The cRIO-9151 R Series Expansion chassis does
not support sharing timebases between modules.
Note

16
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Sleep Mode
This module supports a low-power sleep mode. Support for sleep
mode at the system level depends on the chassis that the module is
plugged into. Refer to the chassis manual for information about
support for sleep mode. If the chassis supports sleep mode, refer to
the software help for information about enabling sleep mode. Visit
ni.com/info and enter cseriesdoc for information about
C Series documentation.
Typically, when a system is in sleep mode, you cannot
communicate with the modules. In sleep mode, the system
consumes minimal power and may dissipate less heat than it does
in normal mode. Refer to the Specifications section for more
information about power consumption and thermal dissipation.

NI 9225 Operating Instructions and Specifications |
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Specifications
The following specifications are typical for the range -40 to 70 °C
unless otherwise noted. All voltages are relative to the AI- signal
on each channel unless otherwise noted.

Input Characteristics
Number of channels.......................... 3 analog input channels
ADC resolution................................. 24 bits
Type of ADC..................................... Delta-Sigma (with analog
prefiltering)
Sampling mode ................................. Simultaneous
Internal master timebase (fM)
Frequency ................................... 12.8 MHz
Accuracy..................................... ±100 ppm max
Data rate range (fs) using internal master timebase
Minimum.................................... 1.613 kS/s
Maximum ................................... 50 kS/s

18
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Data rate range (fs) using external master timebase
Minimum.................................... 390.625 S/s
Maximum ................................... 51.36 kS/s
f M ÷ 256
Data rates1 (fs) ................................... --------------------- , n = 1, 2, ..., 31
n
Operating voltage ranges2
Minimum.................................... 294 Vrms
Typical ........................................ 300 Vrms
Typical scaling coefficient ................ 50.66 µV/LSB
Overvoltage protection ..................... ±450 VDC
Input coupling................................... DC
Input impedance (AI+ to AI-)........... 1 MΩ

1

The data rate must remain within the appropriate data rate range. Refer to the
Understanding NI 9225 Data Rates section for more information.

2

Refer to the Safety Guidelines section for more information about safe operating
voltages.
NI 9225 Operating Instructions and Specifications |
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Accuracy
Percent of
Reading
(Gain Error)

Percent of
Range*
(Offset Error)

Calibrated max (-40 to 70 °C)

±0.23%

±0.05%

Calibrated typ (25 °C, ±5 °C)

±0.05%

±0.008%

Calibrated max (25 °C, ±15 °C)

±0.084%

±0.016%

Uncalibrated max (-40 to 70 °C)

±1.6%

±0.66%

Uncalibrated typ (25 °C, ±5 °C)

±0.4%

±0.09%

Measurement Conditions

*

Range equals 425 V.

Input noise ........................................ 2 mVrms
Stability
Gain drift .................................... ±10 ppm/°C
Offset drift .................................. ±970 µV/°C
Post calibration gain match
(ch-to-ch, 20 kHz)............................. ±0.25 dB max

20
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Crosstalk (60 Hz).............................. –130 dB
Phase match
Ch-to-ch, max............................. 0.035°/kHz
Module-to-module, max............. 0.035°/kHz + 360° · fin/fM
Phase linearity (fs = 50 kS/s) ............. 0.22° max
5
Input delay ........................................ 40 --------- /fs + 3.6 µs
512
Passband
Frequency ................................... 0.453 · fs
Flatness (fs = 50 kS/s) ................. ±100 mdB max
Stopband
Frequency ................................... 0.547 · fs
Rejection..................................... -100 dB
Alias-free bandwidth ........................ 0.453 · fs
-3 dB bandwidth (fs = 50 kS/s).......... 24.56 kHz
CMRR (fin = 60 Hz).......................... 104 dB
SFDR (1 kHz, -60 dBFS).................. 128 dBFS

NI 9225 Operating Instructions and Specifications |
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Total Harmonic Distortion (THD)
(1 kHz, -20 dB) ................................. -95 dB
MTBF ............................................... 301,606 hours at 25 °C;
Bellcore Issue 2, Method 1,
Case 3, Limited Part Stress
Method
Note Contact NI for Bellcore MTBF specifications
at other temperatures or for MIL-HDBK-217F
specifications.

Power Requirements
Power consumption from chassis
Active mode ............................... 495 mW max
Sleep mode ................................. 25 µW max
Thermal dissipation (at 70 °C)
Active mode ............................... 760 mW max
Sleep mode ................................. 265 mW max

22
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Physical Characteristics
If you need to clean the module, wipe it with a dry towel.
Screw-terminal wiring ...................... 16 to 28 AWG copper
conductor wire with 7 mm
(0.28 in.) of insulation
stripped from the end
Torque for screw terminals ............... 0.22 to 0.25 N · m
(1.95 to 2.21 lb · in.)
Ferrules ............................................. 0.25 mm2 to 0.5 mm2
Weight............................................... 141 g (5.0 oz)

Safety
Maximum Voltage
Connect only voltages that are within the following limits.
AI+ to AI- ......................................... 300 Vrms max

NI 9225 Operating Instructions and Specifications |
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Isolation Voltages
Channel-to-channel
Continuous ................................. 600 Vrms, Measurement
Category II
Withstand.................................... 2,300 Vrms, verified by a 5 s
dielectric withstand test
Channel-to-earth ground
Continuous ................................. 300 Vrms, Measurement
Category II
Withstand.................................... 2,300 Vrms, verified by a 5 s
dielectric withstand test
Measurement Category II is for measurements performed on
circuits directly connected to the electrical distribution system.
This category refers to local-level electrical distribution, such as
that provided by a standard wall outlet, for example, 115 V for U.S.
or 230 V for Europe.
Caution Do not connect the NI 9225 to signals or use
for measurements within Measurement Categories III or
IV.

24
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Safety Standards
This product is designed to meet the requirements of the following
standards of safety for electrical equipment for measurement,
control, and laboratory use:
•

IEC 61010-1, EN 61010-1

•

UL 61010-1, CSA 61010-1
Note For UL and other safety certifications, refer to the
product label or visit ni.com/certification, search
for the module number or product line, and click the
appropriate link in the Certification column.

Hazardous Locations
U.S. (UL) .......................................... Class I, Division 2,
Groups A, B, C, D, T4;
Class I, Zone 2,
AEx nA IIC T4
Canada (C-UL) ................................. Class I, Division 2,
Groups A, B, C, D, T4;
Class I, Zone 2,
Ex nA IIC T4

NI 9225 Operating Instructions and Specifications |
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Environmental
National Instruments C Series modules are intended for indoor use
only but may be used outdoors if installed in a suitable enclosure.
Refer to the manual for the chassis you are using for more
information about meeting these specifications.
Operating temperature
(IEC 60068-2-1, IEC 60068-2-2) ..... -40 to 70 °C
Storage temperature
(IEC 60068-2-1, IEC 60068-2-2) ..... -40 to 85 °C
Ingress protection.............................. IP 40
Operating humidity
(IEC 60068-2-56).............................. 10 to 90% RH,
noncondensing
Storage humidity
(IEC 60068-2-56).............................. 5 to 95% RH,
noncondensing
Maximum altitude............................. 2,000 m
Pollution Degree (IEC 60664) .......... 2

26
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Shock and Vibration
To meet these specifications, you must panel mount the system and
either affix ferrules to the ends of the terminal wires or use the
NI 9971 backshell kit to protect the connections.
Operating vibration
Random (IEC 60068-2-64)......... 5 grms, 10 to 500 Hz
Sinusoidal (IEC 60068-2-6) ....... 5 g, 10 to 500 Hz
Operating shock
(IEC 60068-2-27).............................. 30 g, 11 ms half sine,
50 g, 3 ms half sine,
18 shocks at 6 orientations

Electromagnetic Compatibility
This product is designed to meet the requirements of the following
standards of EMC for electrical equipment for measurement,
control, and laboratory use:
•

EN 61326 EMC requirements; Industrial Immunity

•

EN 55011 Emissions; Group 1, Class A

•

CE, C-Tick, ICES, and FCC Part 15 Emissions; Class A

NI 9225 Operating Instructions and Specifications |
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Note For EMC compliance, operate this device with
shielded cabling.

CE Compliance
This product meets the essential requirements of applicable
European directives, as amended for CE markings, as follows:
•

2006/95/EC; Low-Voltage Directive (safety)

•

2004/108/EC; Electromagnetic Compatibility Directive
(EMC)
Refer to the Declaration of Conformity (DoC) for
this product for any additional regulatory compliance
information. To obtain the DoC for this product, visit
ni.com/certification, search by module number
or product line, and click the appropriate link in the
Certification column.
Note

Environmental Management
NI is committed to designing and manufacturing products in an
environmentally responsible manner. NI recognizes that
eliminating certain hazardous substances from our products is
beneficial to the environment and to NI customers.
28
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For additional environmental information, refer to the Minimize
Our Environmental Impact web page at ni.com/environment.
This page contains the environmental regulations and directives
with which NI complies, as well as other environmental
information not included in this document.

Waste Electrical and Electronic Equipment (WEEE)
EU Customers At the end of the product life cycle,
all products must be sent to a WEEE recycling center.
For more information about WEEE recycling centers,
National Instruments WEEE initiatives, and compliance
with WEEE Directive 2002/96/EC on Waste and
Electronic Equipment, visit ni.com/environment/
weee.

⬉ᄤֵᙃѻક∵ᶧࠊㅵ⧚ࡲ⊩ ˄Ё RoHS˅
Ёᅶ᠋ National Instruments ヺড়Ё⬉ᄤֵᙃ
ѻકЁ䰤ࠊՓ⫼ᶤѯ᳝ᆇ⠽䋼ᣛҸ (RoHS)Ǆ݇Ѣ
National Instruments Ё RoHS ড়㾘ᗻֵᙃˈ䇋ⱏᔩ
ni.com/environment/rohs_chinaǄ (For information

about China RoHS compliance, go to ni.com/

environment/rohs_china.)

NI 9225 Operating Instructions and Specifications |

© National Instruments |

29

Calibration
You can obtain the calibration certificate and information about
calibration services for the NI 9225 at ni.com/calibration.
Calibration interval ........................... 1 year

Worldwide Support and Services
The National Instruments website is your complete resource for
technical support. At ni.com/support you have access to
everything from troubleshooting and application development
self-help resources to email and phone assistance from
NI Application Engineers.
Visit ni.com/services for NI Factory Installation Services,
repairs, extended warranty, and other services.
Visit ni.com/register to register your National Instruments
product. Product registration facilitates technical support and
ensures that you receive important information updates from NI.
A Declaration of Conformity (DoC) is our claim of compliance
with the Council of the European Communities using the
manufacturer’s declaration of conformity. This system affords the
user protection for electromagnetic compatibility (EMC) and
30
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product safety. You can obtain the DoC for your product by visiting
ni.com/certification. If your product supports calibration,
you can obtain the calibration certificate for your product
at ni.com/calibration.
National Instruments corporate headquarters is located at
11500 North Mopac Expressway, Austin, Texas, 78759-3504.
National Instruments also has offices located around the world. For
telephone support in the United States, create your service request
at ni.com/support or dial 1 866 ASK MYNI (275 6964). For
telephone support outside the United States, visit the Worldwide
Offices section of ni.com/niglobal to access the branch office
websites, which provide up-to-date contact information, support
phone numbers, email addresses, and current events.

NI 9225 Operating Instructions and Specifications |
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Refer to the NI Trademarks and Logo Guidelines at ni.com/trademarks for more information on National
Instruments trademarks. Other product and company names mentioned herein are trademarks or trade names of
their respective companies. For patents covering National Instruments products/technology, refer to the appropriate
location: Help»Patents in your software, the patents.txt file on your media, or the National Instruments Patent
Notice at ni.com/patents. You can find information about end-user license agreements (EULAs) and
third-party legal notices in the readme file for your NI product. Refer to the Export Compliance Information at
ni.com/legal/export-compliance for the National Instruments global trade compliance policy and
how to obtain relevant HTS codes, ECCNs, and other import/export data. NI MAKES NO EXPRESS OR IMPLIED
WARRANTIES AS TO THE ACCURACY OF THE INFORMATION CONTAINED HEREIN AND SHALL NOT BE LIABLE FOR
ANY ERRORS. U.S. Government Customers: The data contained in this manual was developed at private expense
and is subject to the applicable limited rights and restricted data rights as set forth in FAR 52.227-14,
DFAR 252.227-7014, and DFAR 252.227-7015.
© 2008–2014 National Instruments. All rights reserved.
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OPERATING INSTRUCTIONS AND SPECIFICATIONS

NI 9227
4-Channel, 5 Arms, 24-Bit, Simultaneous,
Channel-to-Channel Isolated Analog Input Module

Français

Deutsch
ni.com/manuals

This document describes how to use the National Instruments 9225
and includes specifications and pin assignments for the NI 9225.
Note The safety guidelines and specifications in this
document are specific to the NI 9225. The other
components in the system might not meet the same safety
ratings and specifications. Refer to the documentation for
each component in the system to determine the safety
ratings and specifications for the entire system.

Related Information
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NI 9227 Operating Instructions and Specifications

Safety Guidelines
Operate the NI 9227 only as described in these operating
instructions.
Hot Surface This icon denotes that the component may
be hot. Touching this component may result in bodily
injury.
Hazardous Voltage This icon denotes a warning

advising you to take precautions to avoid electrical
shock.
Do not operate the NI 9242 in a manner not
specified in this manual. Product misuse can result in a
hazard. You can compromise the safety protection built
into the product if the product is damaged in any way. If
the product is damaged, return it to National Instruments
for repair.

Caution

Safety Guidelines for Hazardous Voltages
If hazardous voltages are connected to the module, take the
following precautions. A hazardous voltage is a voltage greater
than 42.4 Vpk or 60 VDC to earth ground.
NI 9227 Operating Instructions and Specifications |
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Ensure that hazardous voltage wiring is
performed only by qualified personnel adhering to local
electrical standards.

Caution

Do not mix hazardous voltage circuits and
human-accessible circuits on the same module.

Caution

Make sure that devices and circuits connected
to the module are properly insulated from human contact.

Caution
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When module terminals are hazardous voltage
LIVE (> 42.4 Vpk/60 VDC), you must ensure that devices
and circuits connected to the module are properly
insulated from human contact. You must use the NI 9971
connector backshell kit to ensure that the terminals are
not accessible.
Caution

Figure 1 shows the NI 9971 connector backshell.
Figure 1. NI 9971 Connector Backshell
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Connecting the NI 9227
The NI 9227 has four 2-terminal detachable screw-terminal
connectors that provide connections for four simultaneously
sampled, isolated analog input channels.
Figure 2. NI 9227 Terminal Assignments
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You can connect ground-referenced or floating current sources to
the NI 9227. Connect the positive side of the current source to the
AI+ terminal, and connect the negative side of the current source
to the AI- terminal. If you make a ground-referenced connection
between the current source and the NI 9227, make sure the voltage
on the AI+ and AI- connections are in the channel-to-earth safety
voltage range to ensure proper operation of the NI 9227. Refer to
the Specifications section for more information about operating
voltages.
Note You must use 2-wire ferrules to create a secure
connection when connecting more than one wire to a
single terminal on the NI 9227.
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Refer to Figures 3 and 4 for illustrations of how to connect
grounded and floating current sources to the NI 9227.
Figure 3. Connecting a Grounded Current Source to the NI 9227
Current
Source

AI+
AI–
NI 9227

Figure 4. Connecting a Floating Current Source to the NI 9227
Current
Source

AI+
AI–
NI 9227
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The NI 9227 analog input channels are floating with respect to
earth ground and each other. The incoming analog signal on each
channel is conditioned, buffered, and then sampled by a 24-bit
Delta-Sigma ADC.
Each channel provides an independent signal path and ADC,
enabling you to sample all four channels simultaneously. Refer
to Figure 5 for an illustration of the circuitry for one channel of
the NI 9227.
Figure 5. Input Circuitry for One Channel of the NI 9227

AI+
AI–

Shunt
Resistor

ADC
Amplifier

Prefilter
NI 9227
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Wiring for High-Vibration Applications
If an application is subject to high vibration, National Instruments
recommends that you either use ferrules to terminate wires to the
detachable screw-terminal connector or use the NI 9971 backshell
kit to protect the connections. Refer to Figure 6 for an illustration
of using ferrules. Refer to Figure 1 for an illustration of the
NI 9971 connector backshell.
Figure 6. 2-Terminal Detachable Screw-Terminal Connector with Ferrule
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Understanding NI 9227 Filtering
The NI 9227 uses a combination of analog and digital filtering
to provide an accurate representation of in-band signals while
rejecting out-of-band signals. The filters discriminate between
signals based on the frequency range, or bandwidth, of the signal.
The three important bandwidths to consider are the passband, the
stopband, and the alias-free bandwidth.
The NI 9227 represents signals within the passband, as quantified
primarily by passband flatness and phase nonlinearity. All signals
that appear in the alias-free bandwidth are either unaliased signals
or signals that have been filtered by at least the amount of the
stopband rejection.

Passband
The signals within the passband have frequency-dependent gain or
attenuation. The small amount of variation in gain with respect to
frequency is called the passband flatness. The digital filters of the
NI 9227 adjust the frequency range of the passband to match the
data rate. Therefore, the amount of gain or attenuation at a given
frequency depends on the data rate. Figure 7 shows typical
passband flatness for the NI 9227.
NI 9227 Operating Instructions and Specifications |

© National Instruments |

11

Figure 7. Typical Passband Flatness for the NI 9227
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Stopband
The filter significantly attenuates all signals above the stopband
frequency. The primary goal of the filter is to prevent aliasing.
Therefore, the stopband frequency scales precisely with the data rate.
The stopband rejection is the minimum amount of attenuation applied
by the filter to all signals with frequencies within the stopband.
12
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Alias-Free Bandwidth
Any signal that appears in the alias-free bandwidth of the NI 9227
is not an aliased artifact of signals at a higher frequency. The
alias-free bandwidth is defined by the ability of the filter to reject
frequencies above the stopband frequency, and it is equal to the
data rate minus the stopband frequency.

Understanding NI 9227 Data Rates
The frequency of a master timebase (fM) controls the data rate (fs)
of the NI 9227. The NI 9227 includes an internal master timebase
with a frequency of 12.8 MHz, but the module also can accept an
external master timebase or export its own master timebase. To
synchronize the data rate of an NI 9227 with other modules that use
master timebases to control sampling, all of the modules must
share a single master timebase source. Refer to the software help
for information about configuring the master timebase source for
the NI 9227. Visit ni.com/info and enter cseriesdoc for
information about C Series documentation.
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The following equation provides the available data rates of the
NI 9227:
f M ÷ 256
fs = -------------------n
where n is any integer from 1 to 31.
However, the data rate must remain within the appropriate data rate
range. Refer to the Specifications section for more information
about the data rate range. When using the internal master timebase
of 12.8 MHz, the result is data rates of 50 kS/s, 25 kS/s,
16.667 kS/s, and so on down to 1.613 kS/s, depending on the value
of n. When using an external timebase with a frequency other than
12.8 MHz, the NI 9227 has a different set of data rates.
The NI cRIO-9151 R Series Expansion chassis
does not support sharing timebases between modules.
Note

14
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Sleep Mode
This module supports a low-power sleep mode. Support for sleep
mode at the system level depends on the chassis that the module is
plugged into. Refer to the chassis manual for information about
support for sleep mode. If the chassis supports sleep mode, refer to
the software help for information about enabling sleep mode. Visit
ni.com/info and enter cseriesdoc for information about
C Series documentation.
Typically, when a system is in sleep mode, you cannot
communicate with the modules. In sleep mode, the system
consumes minimal power and may dissipate less heat than it does
in normal mode. Refer to the Specifications section for more
information about power consumption and thermal dissipation.
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Specifications
The following specifications are typical for the range -40 to 70 °C
unless otherwise noted. All voltages are relative to the AI- signal
on each channel unless otherwise noted.
The input terminals of this device are not
protected for electromagnetic interference. As a result,
this device may experience reduced measurement
accuracy or other temporary performance degradation
when connected cables are routed in an environment with
radiated or conducted radio frequency electromagnetic
interference. To limit radiated emissions and to ensure
that this device functions within specifications in its
operational electromagnetic environment, take
precautions when designing, selecting, and installing
measurement probes and cables.

Caution

16
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Input Characteristics
Number of channels.......................... 4 analog input channels
ADC resolution................................. 24 bits
Type of ADC..................................... Delta-Sigma
(with analog prefiltering)
Sampling mode ................................. Simultaneous
Internal master timebase (fM)
Frequency ................................... 12.8 MHz
Accuracy..................................... ±100 ppm max
Data rate range (fs) using internal master timebase
Minimum.................................... 1.613 kS/s
Maximum ................................... 50 kS/s
Data rate range (fs) using external master timebase
Minimum.................................... 390.625 S/s
Maximum ................................... 51.36 kS/s
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f M ÷ 256
Data rates1 (fs) ................................... --------------------- , n = 1, 2, ..., 31
n
Safe operating input range2, 3 ............ 5 Arms
Overcurrent handling4....................... 10 Arms for 1 s max
with 19 s minimum
cool down time at 5 Arms
Instantaneous measuring range5
Minimum.................................... 14.051 A peak
Typical ........................................ 14.977 A peak, at 23 ±5 °C
Typical scaling coefficient ................ 1.785397 μA/LSB
Input coupling................................... DC
1

The data rate must remain within the appropriate data rate range. Refer to the
Understanding NI 9227 Data Rates section for more information.

2

Refer to the Safety Guidelines section for more information about safe operating
voltages.

3

The maximum recommended continuous RMS current value applied simultaneously
on all 4 channels to keep the power dissipation inside the module within safe
operating limits.

4

Overcurrent conditions to keep the module operating within specified limits.

5

The maximum DC current that produces a non-saturated reading.

18

|

ni.com |

NI 9227 Operating Instructions and Specifications

Input impedance (AI+ to AI-)........... 12 mΩ
Input noise (fs = 50 kS/s)................... 400 μArms
Accuracy at safe operating range of 5 Arms
Percent of
Reading
(Gain Error)

Percent of
Range*
(Offset Error)

Calibrated max (-40 to 70 °C)

±0.37%

±0.18%

Calibrated typ (23 °C, ±5 °C)

±0.1%

±0.05%

Uncalibrated max (-40 to 70 °C)

±5.0%

±2.4%

Uncalibrated typ (23 °C, ±5 °C)

±2.5%

±1.0%

Measurement Conditions

*

Range equals 7.07 A peak (5 Arms).

Accuracy at operating range of 10 Arms

Measurement Conditions

Calibrated max (-40 to 70 °C)
*

Percent of
Reading
(Gain Error)

Percent of
Range*
(Offset Error)

±0.38%

±0.19%

Range equals 7.07 A peak (5 Arms).
NI 9227 Operating Instructions and Specifications |
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Stability
Gain drift .................................... ±21 ppm/°C
Offset drift .................................. ±51 μA/°C
Post calibration gain match
(channel-to-channel, fin = 20 kHz).... ±130 mdB max
Crosstalk
(fin = 1 kHz) ................................ -90 dB
(fin = 50 Hz) ................................ -115 dB
Phase match
Channel-to-channel, max ........... 0.1°/kHz
Module-to-module, max............. 0.1°/kHz + 360° · fin /fM
Phase linearity (fs = 50 kS/s) ............. 0.1° max
5
Input delay ........................................ 40 --------- /fs + 2.9 μs
512
Passband
Frequency ................................... 0.453 · fs
Flatness (fs = 50 kS/s) ................. ±100 mdB max

20
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Stopband
Frequency ................................... 0.547 · fs
Rejection..................................... 100 dB
Alias-free bandwidth ........................ 0.453 · fs
-3 dB bandwidth (fs = 50 kS/s).......... 24.609 kHz
CMRR (fin = 50 Hz).......................... 150 dB
SFDR (fin = 1 kHz, -60 dBFS).......... 110 dB
Total Harmonic Distortion (THD)
(fin = 1 kHz, -1 dBFS)....................... -95 dB
MTBF ............................................... Contact NI for Bellcore
MTBF or MIL-HDBK-217F
specifications.

Power Requirements
Power consumption from chassis
Active mode ............................... 730 mW max
Sleep mode ................................. 50 μW max
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Thermal dissipation (at 70 °C)1
Active mode ............................... 1.23 W max
Sleep mode ................................. 500 mW max

Physical Characteristics
If you need to clean the module, wipe it with a dry towel.
Note For two-dimensional drawings and
three-dimensional models of the C Series module and
connectors, visit ni.com/dimensions and search by
module number.

Screw-terminal wiring ...................... 16 to 28 AWG copper
conductor wire with 7 mm
(0.28 in.) of insulation
stripped from the end
Torque for screw terminals ............... 0.22 to 0.25 N · m
(1.95 to 2.21 lb · in.)
Ferrules ............................................. 0.25 mm2 to 0.5 mm2
Weight............................................... 145 g (5.1 oz)
1

Measured with 5 Arms on each channel.
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Safety
Isolation Voltages
Connect only voltages that are within the following limits.
Channel-to-channel
Continuous ................................. 250 Vrms,
Measurement Category II
Withstand.................................... 1,390 Vrms, verified by a 5 s
dielectric withstand test
Channel-to-earth ground
Continuous ................................. 250 Vrms,
Measurement Category II
Withstand.................................... 2,300 Vrms, verified by a 5 s
dielectric withstand test
Measurement Category II is for measurements performed on
circuits directly connected to the electrical distribution system.
This category refers to local-level electrical distribution, such as
that provided by a standard wall outlet, for example, 115 V for U.S.
or 230 V for Europe.
Do not connect to signals or use for
measurements within Measurement Categories III or IV.

Caution

NI 9227 Operating Instructions and Specifications |

© National Instruments |

23

Safety Standards
This product meets the requirements of the following standards
of safety for electrical equipment for measurement, control, and
laboratory use:
•

IEC 61010-1, EN 61010-1

•

UL 61010-1, CSA 61010-1
Note For UL and other safety certifications, refer to the
product label or the Online Product Certification section.

Electromagnetic Compatibility
This product meets the requirements of the following EMC
standards for electrical equipment for measurement, control,
and laboratory use:
•

EN 61326-2-1 (IEC 61326-2-1): Class A emissions; Industrial
immunity

•

EN 55011 (CISPR 11): Group 1, Class A emissions

•

AS/NZS CISPR 11: Group 1, Class A emissions

•

FCC 47 CFR Part 15B: Class A emissions

•

ICES-001: Class A emissions

24
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Note For the standards applied to assess the EMC of this
product, refer to the Online Product Certification section.
Note For EMC compliance, operate this device with
shielded cables.

CE Compliance
This product meets the essential requirements of applicable
European Directives as follows:
•

2006/95/EC; Low-Voltage Directive (safety)

•

2004/108/EC; Electromagnetic Compatibility
Directive (EMC)

Online Product Certification
Refer to the product Declaration of Conformity (DoC) for
additional regulatory compliance information. To obtain product
certifications and the DoC for this product, visit ni.com/
certification, search by module number or product line,
and click the appropriate link in the Certification column.
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Shock and Vibration
To meet these specifications, you must panel mount the system and
either affix ferrules to the ends of the terminal wires or use the
NI 9971 backshell kit to protect the connections.
Operating vibration
Random (IEC 60068-2-64)......... 5 grms, 10 to 500 Hz
Sinusoidal (IEC 60068-2-6) ....... 5 g, 10 to 500 Hz
Operating shock (IEC 60068-2-27)....30 g, 11 ms half sine,
50 g, 3 ms half sine,
18 shocks at 6 orientations

Environmental
National Instruments C Series modules are intended for indoor use
only but may be used outdoors if installed in a suitable enclosure.
Refer to the manual for the chassis you are using for more
information about meeting these specifications.
Operating temperature
(IEC 60068-2-1, IEC 60068-2-2) ..... -40 to 70 °C
Storage temperature
(IEC 60068-2-1, IEC 60068-2-2) ..... -40 to 85 °C
Ingress protection.............................. IP 40
26
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Operating humidity
(IEC 60068-2-56).............................. 10 to 90% RH,
noncondensing
Storage humidity
(IEC 60068-2-56).............................. 5 to 95% RH,
noncondensing
Maximum altitude............................. 2,000 m
Pollution Degree ............................... 2

Environmental Management
NI is committed to designing and manufacturing products in an
environmentally responsible manner. NI recognizes that
eliminating certain hazardous substances from our products is
beneficial to the environment and to NI customers.
For additional environmental information, refer to the Minimize
Our Environmental Impact web page at ni.com/environment.
This page contains the environmental regulations and directives
with which NI complies, as well as other environmental
information not included in this document.
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Waste Electrical and Electronic Equipment (WEEE)
EU Customers At the end of the product life cycle,
all products must be sent to a WEEE recycling center.
For more information about WEEE recycling centers,
National Instruments WEEE initiatives, and compliance
with WEEE Directive 2002/96/EC on Waste and
Electronic Equipment, visit ni.com/environment/
weee.

⬉ᄤֵᙃѻક∵ᶧࠊㅵ⧚ࡲ⊩ ˄Ё RoHS˅
Ёᅶ᠋ National Instruments ヺড়Ё⬉ᄤֵᙃ
ѻકЁ䰤ࠊՓ⫼ᶤѯ᳝ᆇ⠽䋼ᣛҸ (RoHS)Ǆ݇Ѣ
National Instruments Ё RoHS ড়㾘ᗻֵᙃˈ䇋ⱏᔩ
ni.com/environment/rohs_chinaǄ (For information
about China RoHS compliance, go to ni.com/
environment/rohs_china.)

Calibration
You can obtain the calibration certificate and information about
calibration services for the NI 9227 at ni.com/calibration.
Calibration interval ........................... 1 year
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Worldwide Support and Services
The National Instruments website is your complete resource for
technical support. At ni.com/support you have access to
everything from troubleshooting and application development
self-help resources to email and phone assistance from
NI Application Engineers.
Visit ni.com/services for NI Factory Installation Services,
repairs, extended warranty, and other services.
Visit ni.com/register to register your National Instruments
product. Product registration facilitates technical support and
ensures that you receive important information updates from NI.
A Declaration of Conformity (DoC) is our claim of compliance
with the Council of the European Communities using the
manufacturer’s declaration of conformity. This system affords the
user protection for electromagnetic compatibility (EMC) and
product safety. You can obtain the DoC for your product by visiting
ni.com/certification. If your product supports calibration,
you can obtain the calibration certificate for your product
at ni.com/calibration.
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National Instruments corporate headquarters is located at
11500 North Mopac Expressway, Austin, Texas, 78759-3504.
National Instruments also has offices located around the world. For
telephone support in the United States, create your service request
at ni.com/support or dial 1 866 ASK MYNI (275 6964). For
telephone support outside the United States, visit the Worldwide
Offices section of ni.com/niglobal to access the branch office
websites, which provide up-to-date contact information, support
phone numbers, email addresses, and current events.
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Refer to the NI Trademarks and Logo Guidelines at ni.com/trademarks for more information on National
Instruments trademarks. Other product and company names mentioned herein are trademarks or trade names of
their respective companies. For patents covering National Instruments products/technology, refer to the appropriate
location: Help»Patents in your software, the patents.txt file on your media, or the National Instruments Patent
Notice at ni.com/patents. You can find information about end-user license agreements (EULAs) and
third-party legal notices in the readme file for your NI product. Refer to the Export Compliance Information at
ni.com/legal/export-compliance for the National Instruments global trade compliance policy and
how to obtain relevant HTS codes, ECCNs, and other import/export data. NI MAKES NO EXPRESS OR IMPLIED
WARRANTIES AS TO THE ACCURACY OF THE INFORMATION CONTAINED HEREIN AND SHALL NOT BE LIABLE FOR
ANY ERRORS. U.S. Government Customers: The data contained in this manual was developed at private expense
and is subject to the applicable limited rights and restricted data rights as set forth in FAR 52.227-14,
DFAR 252.227-7014, and DFAR 252.227-7015.
© 2008–2014 National Instruments. All rights reserved.
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