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Yokogawa Test & Measurement Corporation released the LS3300 AC power calibrator 
in 2017. The LS3300 is for calibrating power meters, which helps Yokogawa strengthen its 
presence in the field of power measurement.

AC power calibrators are required to generate AC voltage and current signals 
accurately and stably at any power factor, and thus require highly precise phase control. 
The LS3300 achieves this control by using FPGA-enabled digital assist analog technology. 
With multiple units connected, the LS3300 can calibrate 3-phase 4-wire power with the 
same operability and performance as a single unit. This paper describes these technologies 
implemented in the LS3300.

INTRODUCTION

Since the release of the 2558A AC voltage cur rent 
standard, Yokogawa Test & Measurement Corporation 

has developed its business through reorganizing the high-
accuracy calibrators of the Yokogawa brand. The LS3300 is 
the fourth product of the series. The three previous models of 
the 25xxA series were designed for calibrating analog meters 
and thermometers and were developed based on the functions 
and designs of preceding models. In contrast, the LS3300 is 
designed for calibrating power meters and has new functions 
and design. Figure 1 shows an external view and Table 1 
shows the major specifications of the LS3000.

In general, measuring instruments must be calibrated 
periodically to maintain their accuracy. Calibrations are 
performed using instruments that are traceable to national 
measurement standards. Conventionally, Yokogawa proposes 

calibrating single-phase power meters by using two 2558A 
units and a reference power meter(1). However, with the 2558A, 
it is necessary to confirm and adjust the power and phase upon 
each event of power generation using a reference power meter 
because the phase accuracy is not specified for the 2558A.

The LS3300 features specified phase accuracy and can 
output voltage and current simultaneously. Thus, a single 
LS3300 can calibrate a single-phase power meter, while 
multiple LS3300 units can be used to calibrate three-phase 
power meters and phase meters.

Figure 1 Front view of LS3300
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FEATURES

High Phase Accuracy
Expressing the phase difference between voltage and 

current as the sum of the nominal value, φ0, and error, Dφ, 
and neglecting the higher order terms of Dφ, the AC power is 
expressed by:

where V and I are effective values of voltage and current, 
respectively, and φ0 and Dφ are in units of degree (°).

Equation (1) means that the power is affected by the phase 
error, Dφ, if the power factor is not 1 (φ0 ≠ 0). Thus, phase 
accuracy is critical for generating highly accurate and stable 
AC power at an arbitrary power factor. The LS3300 features 
an excellent phase accuracy of ±0.03°, and can output highly 
accurate and stable AC power at any power factor.

Single- to Three-phase Power Calibration
A single LS3300 can calibrate single-phase 2-wire power. 

With multiple units connected, the LS3300 can calibrate 
single-phase 3-wire, 3-phase 3-wire, and 3-phase 4-wire 
powers. A 3-phase power calibration system can be easily 
constructed by connecting multiple LS3300 units using USB 
cables for control and BNC cables for synchronization. In spite 
of being composed of multiple units, such systems show the 
same operability and performance as a single unit thanks to 
interlinked settings (amplitude, phase, and other characteristics 
of signals) and control (output on/off and others).

High Accuracy, High Stability, and Wide Output Range
The AC generating technology obtained through the 

development of the 2558A has been refined for the LS3300, 
resulting in the power accuracy of ±450 ppm (±0.045%) and 
power stability of ±100 ppm (±0.01%) in the typical operating 
range. The maximum output of a single LS3300 unit is 1,250 V 
and 62.5 A.

Large Current Output by Synchronized Operation
The LS3300 is capable of delivering a maximum of 

187.5 A parallel output by selecting the 150 A range during 
synchronized operation of three units. Settings and control of 
the three units are interlinked to secure phase synchronization, 
enabling large AC cur rent output with extremely low 
distortion. Thus, the LS3300 can calibrate AC current sensors 
for currents exceeding 100 A.

AUX Output
The LS3300 features an AUX output terminal with the 

maximum output range of 6.25 V for calibrating clamp-
on power meter units and the external current sensor input 
(voltage input) of power meters. Users can select either the 
500 mV or 5 V range according to the output range of a current 
sensor.

CONFIGURATION OF LS3300

Figure 2 shows a block diagram of the LS3300. The 
LS3300 consists of a primary side that controls the oscillator 
output and a secondary side that is isolated by a transformer. 
The shaded area in Figure 2 is an FPGA-enabled digital 
processing block. The digital processing block generates 
digital waveform information of voltage or current with the 
desired amplitude, phase, and frequency, which is converted 

・・・(1)

Table 1  Major specifications of LS3300 and 2558A
LS3300 2558A

AC voltage
Guaranteed accuracy range 10 mV to 1,250 V 1 mV to 1,200 V

Accuracy 50/60 Hz* ± (300 ppm of setting + 50 ppm of range) ± (400 ppm of setting + 100 ppm of range)

AC current
Guaranteed accuracy range 0.3 mA to 62.5 A 1 mA to 60 A

Accuracy 50/60 Hz* ± (400 ppm of setting + 50 ppm of range) ± (550 ppm of setting + 100 ppm of range)

Frequency
Guaranteed accuracy range 40 to 1,200 Hz 40 to 1,000 Hz

Accuracy* ± 100 ppm ± 100 ppm

AC power

Guaranteed accuracy range
Range of voltage, current, and frequency 

mentioned above


Accuracy 50/60 Hz (PF = 1)* ± (400 ppm of setting + 50 ppm of range) 

Power stability (PF = 1) ± 100 ppm 

Power factor (Lead/Lag) − 1 to 0 to 1 

Phase angle − 180.000° to 359.999° − 180.000° to 359.999°

Phase accuracy 50/60 Hz* ± 0.03° 

Maximum output Approx. 36 VA Approx. 36 VA

Dimensions (mm) 426 (W) × 132 (H) × 450 (D) 426 (W) × 132 (H) × 400 (D)

* 1-year accuracy



LS3300 AC Power Calibrator with High Accuracy, Stability, and Usability

Yokogawa Technical Report English Edition Vol. 61 No. 2 (2018)

into an analog signal, amplified to the desired amplitude, and 
becomes the output that is isolated by a transformer. Ultra-
stable voltage, current, and phase are achieved by digital 
assist analog technology that digitally complements the analog 
performances of amplifiers and transformers.

Next, the phase control technology is explained. To 
generate arbitrary phase, the LS3300 uses orthogonal two-
phase sine waves (sin and cos waves) for the synchronization 
signal among other units. The phase rotation block achieves 
the desired phase rotation by adding the input two-phase 
waves, cos(ωt) and sin(ωt), weighted by cos(θ) and −sin(θ), 
respectively, based on a theorem of trigonometric functions, 
Equation (2), where θ is an arbitrary phase angle.

When the two-phase waves, cos(ωt) and sin(ωt), have 
different amplitudes or are not perfectly orthogonal, the 
calculation based on Equation (2) gives rise to an error in 
phase rotation. To solve this problem and achieve highly 
accurate digital phase control, a signal accuracy improvement 

block is newly built in the digital processing block, and the 
digital two-phase sine waves regenerated by this block are 
used for the reference signal.

After the digital processing, the signal passes through a 
D/A converter, is multiplied by the gain correction value, and 
is amplified by the voltage or current amplifier to become the 
voltage or current output. In addition, the current output is 
run through a resistor inside the device and becomes the AUX 
output.

To achieve highly stable operation by digital assist analog 
technology in the case of voltage and AUX outputs, the 
electrical potential at the LO terminal of the secondary side 
is used as a reference to detect the output voltage. Then, the 
detected value is A-to-D converted, isolated by a photocoupler, 
and fed back into the digital processing block. In the case of 
current output, a current transformer is used to detect and 
isolate the output current. Then, I-to-V conversion and A-to-D 
conversion are performed at the primary electric potential, and 
the digital signal is fed back into the digital processing block.

The synchronization signal input/output block, amplitude 
phase control block, and synchronized operation are described 
below.

・・・(2)

Figure 2  Block diagram of LS3300
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Synchronization Signal Input/Output Block
Figure 3 shows a detailed diagram of the synchronization 

signal input/output block. The shaded area is the FPGA-
enabled digital processing block. Thick lines represent two-
phase sine waves. With the mechanical switch set to int, the 
master unit performs D-A conversion on the digital signal 
from the two-phase sine wave generator to generate the 
synchronization signal. The slave unit, with the mechanical 
switch set to ext, acquires the synchronization signal from 
the master unit via the external input terminal. Both the 
master and the slave units perform A-D conversion on the 
same synchronization signal. The same amount of time 
delay occurs in both units, corresponding to one stage of an 
A/D converter. Therefore, a delay difference does not arise 
among master and slave units in this operation. After the A-D 
conversion, the synchronization signal is refined by the signal 
accuracy improvement block (PLL) in terms of amplitude 
and orthogonality, and serves as the reference signal for the 
amplitude phase control block.

Figure 3  Block diagram of synchronization  
signal input/output

The PLL block in Figure 3 outputs a stable reference 
signal by comparing the phase of its own reference signal 
with that of the synchronization signal after A/D conversion. 
Figure 4 shows the operation of the PLL using two-phase 
sine waves. In the conventional phase comparison using 
charge pump circuits, which are commonly used in many 

PLL systems, phases are compared only once in each signal 
cycle. In contrast, the PLL of Figure 3 using two-phase sine 
waves can compare phases multiple times during each signal 
cycle because the phase difference can be calculated based 
on the momentary values at an arbitrary time. The LS3300 
compares phases at the rate of 375 kHz, while the frequency 
of the synchronization signal is between 40 Hz and 1.2 kHz. 
The multiple phase comparison not only improves the PLL 
response but also enables stable operation against noises.

Figure 4  PLL using two-phase sine waves
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rectifying the feedback signal. In contrast, the LS3300 can 
detect both amplitude and phase thanks to the newly equipped 
synchronization detection block, resulting in highly stable 
power output.

Synchronized Operation
To generate power with mult iple generator units 

connected (synchronized operation), synchronization among 
the units must be secured and the AC signal generation 
parameter settings (frequency, amplitude, and phase) of the 
units must be mutually linked. The LS3300 uses BNC cables 
for transmitting synchronization signals and USB cables for 
controlling the interlinked parameters. Synchronization among 
units is always secured by supplying the synchronization 
signal from the master unit to the slave units via BNC cables. 
Synchronized operation is easily achieved because the 
synchronization is not lost and the setting link is maintained 
even if the parameter settings are changed.

Figure 6 shows the connection diagram for calibrating 
3-phase 4 -wire power using th ree LS3300 units. By 
connecting the output terminals of the LS3300 to each element 
of the power meter to be calibrated and operating the master 
unit, balanced conditions are automatically set to the slave 
units. Under a balanced condition, all parameters can be set 
on the master unit. If an abnormal condition such as overload 
occurs in a slave unit, the master unit detects the abnormality 
and turns off the outputs of all units in synchronization. Thus, 
the units operate with the same operability and performance as 
a single unit. Unbalanced conditions can be easily transferred 
from balanced conditions. Thus, the parameter settings by 
users are simplified even for calibrating 3-phase powers.

Figure 6  Connection diagram for calibrating  
3-phase 4-wire power

Figure 7 shows an outline of generating a large current. By 
synchronizing three LS3300 units and connecting their outputs 
in parallel, users can generate highly stable large current as 
well as 3-phase power. Similarly to the case of 3-phase power 
generation, parallel current output can be set to each slave unit 
by operating the master unit. This system can deliver a large 
current exceeding 180 A, and is ideal for calibrating high-
accuracy current transformers and shunt resistors.

Figure 7 Large current output

Figure 8 shows an example of the screen of the master 
unit operating under interlinked settings. The phase chart 
on the screen helps users check the phase status and prevent 
incorrect wiring. Two types of phase chart can be selected, 
TYPE 1 in which phase 0° points to the right or TYPE 2 in 
which phase 0° points up. Users can select the screen that is 
familiar to them to check the phase status.

Flexible systems can be configured because the LS3300 
serves as either master or slave. For example, multiple single-
phase power meters can be calibrated in parallel by disengaging 
the synchronization among the LS3300 units. The number 
of units can be optimally selected according to the object of 
calibration, so users can use the LS3300 for various operations.

Figure 8  Example of screen under interlinked settings
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STABILITY DATA

The LS3300 features excellent stability in both amplitude 
and phase, thanks to digital assist analog technology.

Figure 9 shows the stability of the power generated by the 
LS3300 at 100 V/5 A, power factor = 1 (phase = 0°), measured 
by using a WT3000E precision power analyzer. When the 
power factor is 1, the term involving sin in Equation (1) is 0. 
Therefore, the error in power depends only on the amplitudes 
of voltage and current. The measured value of power variation 
is about ±20 ppm, which indicates that the amplitudes are 
highly stable.

Figure 9  One-hour power stability (power factor = 1) 

Figure 10 shows similar data at 100 V/5 A, power factor 
= 0 (phase = 90°). When the power factor is 0, the term 
involving cos in Equation (1) is 0. Therefore, the error in 
power depends on the phase. The measured value of power 
variation is about ±10 ppm, which demonstrates highly stable 
power generation even at zero power factor, thanks to the 
phase control technology.

Figure 10  One-hour power stability (power factor = 0) 

Figure 11 shows a measurement result of the phase 
difference between voltage and current at 100 V/10 A, power 
factor = 0 (phase = 90°). The stability is ±0.001°, which is 
below the measurement limit of the WT3000E, showing 
extremely high stability.

Figure 11  One-hour stability of phase difference

CONCLUSION

Yokogawa Test & Measurement Cor porat ion has 
developed the LS3300 by ref ining the AC generat ing 
technology used in the 2558A and incorporating newly 
developed phase control technology. Users can construct power 
meter calibration systems easily by using the LS3300 and can 
perform calibration reliably and easily. The LS3300 supports 
the generation of 3-phase power and large current, and can 
meet various calibration needs. The LS3300 is expected to 
be used widely in the market for adjusting and calibrating 
standard watt-hour meters, power monitors, and clamp-on 
testers that require high accuracy, as well as power meters. 
Yokogawa will provide highly reliable power measurement to 
customers by developing not only power meters but also power 
calibrators for calibrating the power meters.
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