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Six Phase AC Power Applications

1 Six Phase Power Applications C

While three phase power distribution is used for utility power transmission and most high power loads require
three phase AC power inputs, there are many applications that benefit from using six phase AC power.

Six-phase AC power is used in specialized applications because of its benefits over traditional three-phase
systems. Here are some key applications where six-phase AC power is utilized:

1.1 High-Power Rectifiers and Converters:

Six-phase power systems are often used in high-power rectifiers and converters to improve performance
and efficiency. Six-phase systems reduce the voltage ripple on a DC rectifier system compared to three-
phase systems. This is important for applications requiring stable DC power such as avionics DC power
systems. The IEEE and other electrical engineering publications often discuss the advantages of six-phase
rectification in power electronics. This is probably the most used application of six phase AC power.

1.2 Electrolysis Processes:

Industrial electrolysis processes, such as aluminum and other metal refining, benefit from the smoother
DC output provided by six-phase rectifiers. The reduced ripple helps in maintaining consistent electrolysis
conditions, improving the quality and efficiency of the process. Papers on electrochemical engineering
and industrial process optimization highlight the use of multi-phase systems for enhanced performance.

1.3 Railway Electrification:

Six-phase systems can be used in railway electrification to supply power to trains. The use of six-phase
power can help reduce the size and weight of transformers and improve the efficiency of power

transmission to the trains. This is especially relevant for low frequency (16.7 Hz) AC power used in
railway traction.
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1.4 Power Transmission and Distribution:

1.5

1.6

In some advanced power transmission and distribution systems, six-phase power is used to reduce the
phase angle difference, thereby minimizing transmission losses and improving the stability of the power

grid.
Source: Research on smart grid technology and advanced power distribution systems often mentions
the potential benefits of six-phase power in reducing losses and enhancing grid stability.

High-Efficiency Motor Drives:

Six-phase motor drives are used in applications requiring precise control and high efficiency, such as in
aerospace and high-performance industrial machinery. Six-phase motors can offer better torque
characteristics and smoother operation than three-phase motors.

Source: Industrial automation and motor control literature, including IEEE Transactions on Industry
Applications, discuss the benefits of multi-phase motor drives.

High-Power Poly-phase Inverters:

In high-power inverter applications, such as in renewable energy systems, large-scale energy storage and
high power airborne or maritime applications, six-phase inverters can provide better performance by
reducing harmonic distortion and improving power quality.

For airborne applications, the need to reduce weight is driving the DC output voltages of these power
inverters up to ever higher DC voltage levels — in excess of 400Vdc - in an effort to reduce the DC current
on aircraft busses to lower weight, keep physical hardware at a minimum (less copper / smaller

conductors and smaller interconnects).

These applications leverage the benefits of six-phase systems, such as reduced harmonic distortion,
improved efficiency, and better performance in high-power applications.

When polyphase AC is rectified, the phase-shifted pulses overlap with each other to produce a DC output
that is much “smoother” (has less AC content) than that produced by the rectification of single-phase AC.
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Figure 1: Six Phase AC/DC Rectifier
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The diagram in the figure below shows the full-wave rectification of a three-phase AC. A six phase version
will yield half as much AC ripple. This is a distinct advantage for high-power rectifier circuits, where the
sheer physical size of filtering components aimed at reducing output ripple would be prohibitive when
low-noise and ripple DC power must be obtained.

TIME =—

Hesultant DC Waveform

Figure 2: Rectifier Output AC Ripple

2 Creating Six Phase AC Power using Two Three Phase AC Sources

Commercially available programmable AC power sources at power levels above 4kVA are usually available with
three phase AC output. This matches the worldwide utility power grids that they are designed to replicate for
development and test applications. Instances of commercially available six phase programmable AC power
sources are extremely rare, so a different approach is needed.

However, using the right type of product, it is relatively easy to create a six phase AC power output using two
commercially available three phase AC power sources. This invariably requires that the phase angles of one of
these AC power sources are freely programmable. Static inverters or AC generator sets typically have fixed
phase angles between phases —i.e., they don’t support phase angle programming — and can thus not be used
for this purpose.

A fully programmable AC power source or grid simulator like the Pacific Power AFX, AGX, AZX, GSZ or RGS series
can be used for this as all phase angles are fully programmable.

3 Six Phase Input, 12 Pulse Bridge DC Rectifier Example

A six phase AC input DC rectifier that uses six AC inputs to create a low ripple DC output using multiple full
bridge rectifiers is illustrated in the image below. To distribute the 12 DC voltage peaks evenly, all six phases
have to be 30 degrees apart (360 / 12) = 30°.

To create a six phase AC power source output, we will use two three phase 3150AFX programmable power
sources. One will function as the master unit, the other will be synchronized to the master unit using its
external sync input I/O line. On the master AFX unit, phase A will be at zero phase angle and function as the
reference for all other phases. The auxiliary unit’s phase A will be programmed to 30° and phase B and C
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shifted by 120° and 240° with respect to Aux unit’s Phase A and thus 30° from the master unit’s phase B and C

phases respectively.

This setup is shown in the figure below.
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Figure 3: Two 15kVA AC Sources Synced for 6 Phase Output

4 SYNCOUTPUT & SYNC INPUT Settings

To set up both power sources for this application, either the front panel or the SmartSource Suite web interface
can be used. For ATE systems, relevant remote control SCPI commands can be used in the test program.

SYNC mode settings are located in the SYSTEM MENU under Digital & Analog I/O’s.

INTERFACE SETUP

=
( Error/fevent queue ) ( Localinterface )
Access
— o (D T
S R— ( Ser )
[ Unitinfo ) - [ UsSB ) -
( Connected units ) - ( GPIB ) -

¢

SCPI console

—

Next
Ready  Prog. MAN D S/M LOC 3ph ﬂ% Screen

Back

Ready Prog. MAN D S/M LOC 3ph &

On the Master unit, we need to set the SYNC output so scroll down and select “External Sync” on the second

screen.
DIGITAL & ANALOG I/Os DIGITAL & ANALOG I/Os
Configure Configure
( Analog inputs ) - | Extenalsyne | A -
[ Analog outputs ) - [ Trigger input ) -
[ Digital inputs ) [ Strobe output )

| Digtloutputs |V C rnowa ) v D

Next Next

Ready Prog. MAN D S/M LOC 3ph g3| Screen Ready Prog. MAN D S/M LOC 3ph g3| Screen
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Make the following setting changes on both units to have them operating in synchronized, six phase mode:

1. On the master unit, both SYNC IN and SYNC OUT settings must be enabled.

2. To minimize and phase jitter between the two units, the Speed setting on the auxiliary unit should be
set to a value of “1”. This provides the lowest phase jitter but also the slowest sync relock speed. With
this setting, any frequency changes on the master must be made slowly, i.e. not fast frequency
transients should be used on the master unit. Also, any frequency set changes required must be made
on both units at the same time. This implies being under program control.

3. To enable high resolution for the sync mode, use the following command:

SOURce:SYNChronize:OUTput:HIGHRESolution 1

4. On the master unit or cabinet system, the EXTERNAL SYNC OUTPUT setting must be enabled at the
bottom of the EXTERNAL SYNC menu screen “Enable sync output signal” or the SmartSource Suite web
interface as shown on the right (make sure the click on the APPLY button to confirm settings). The
other settings in this menu apply to SYNC input and are not relevant when External sync input mode is
Disabled.

[ STATUS
Status = ]
— EXTERNAL SYNC INPUT
——
SYNC SOURCE v
Sync source AC Line ] ACLINE
Phase shift 0.00 ] Deg PHASE SHIFT om0 e .
Speed 2.50 ] X SPEED 250 «x <
Range 10.00 ] Hz RANGE 000 He + -
Enable sync output signal EXTERNAL SYNC OUTPUT [ o 4
Ready Prog. MAN E&E S/M LOC 3ph &% v APPLY % cance

5. On the auxiliary unit or cabinet system, the EXTERNAL SYNC INPUT setting must be enabled, either
from the front panel in the EXTERNAL SYNC screen or the SmartSource Suite web interface as shown on
the right (make sure the click on the APPLY button to confirm settings). Make sure both power sources
are set to the exact same output frequencies.

| EXERNAL SN
) All STATUS
Status -
P— EXTERNAL SYNC INPUT
Externalsync (ERGBEANIND Concel 4
Syncsource [ ACLine | SYNC SOURCE DIGITALINPUT (TTD)
Phase shift L] Deg PHASE SHIFT 000 Deg +
Speed [ 100« m o
Range &] Hz - RANGE T .
(7] Enable sync output signal EXTERNAL SYNC OUTPUT
Back
Ready Prog.MAN E&E  'S/M LOC 3ph gp v ApRLY % cANCEL

6. Note that EXTERNAL SYNC setting screens on AZX and GSZ Series models are slightly different as they
have a separate EXTERNAL SYNC OUTPUT screen as shown below.
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EXTERNAL SYNC OUTPUT - EXTERNAL SYNC INPUT -
" Status = ]
/| Enable
- External sync Disabled ] -
O invert - Sync source ACLine | -
Pulse mode | Fixed width ) Phase shift 0.00 ) Deg
Sync Sync
Pulse width | 100 ] us Speed ¢] 5
Range 10.00 ) Hz
Ready Prog. MAN D S/M REM 3ph & — Ready  Prog. MAN D S/M REM 3ph &% —

AZX or GSZ Master Unit/System — Sync Output AZX or GSZ Auxiliary Unit/System — Sync Input

All these settings can be done using remote control using a suitable ATE program that controls both units via
LAN, USB or GPIB.

5 Sync Status

During operation, the Auxiliary unit will synchronize it’s output frequency and phase + programmed phase
offset to the master unit. If synchronization is lost, an “Unsynced” error message will appear at the bottom left
of the LCD screen in yellow. In the SmartSource Suite web browser interface, a similar message will appear in
the Status bar.

PROGRAM & MEAS. -
Settings Measurements
Phase [ 0.0 n/a Deg
volt. AC( 120.00 )( 0.12 ) 0.11 ) 0.12 ]\fRMS
curr. [ 3.00 )( 003 ) 0.03 ] 0.03 )Aams
Pow. ( 375.00 )(0.001 ) 0.004 ) 0.001 Jw
- . . . Control

VA (375.00 J(0.004 ] 0.005 ][ 0.004 VA

@R rrog. MAN D S/M ABC &%

Front Panel Warning

VOLTAGE L-L DC 0.12 Vpe -0.12 Vpe 0.00Vpe

PEAK VOLTAGE L-L 025V 032V 019V

RECORDED PEAK VOLTAGE L-L -298.40V -298.87V -299.16 V

UNSYNCED PROG. MAN VOLT SRC DIRECT SETPOINTMODE ~ REMOTE ~ THREEPHASE  CONTROL | m

SmartSource Suite Browser warning
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6 Frequency and Sync Cable Considerations

Note that a phase locked system setup like the one described here may have a slight phase error between the
two units. This phase error is small but can become more impactful at higher fundamental frequency settings.
At 50 or 60 Hz, this phase error impact will be negligible.

6.1.1 360 Hz to 800 Hz Frequency Applications
At 400Hz or even higher frequency settings, it may be necessary to adjust the auxiliary unit’s phase A
setpoint to compensate for a small phase error. This is done by adjusting the phase A setpoint using the
available 0.01° programming resolution. For optimal results, this should be done under typical load
conditions.

For these AC power frequency sync range
applications, a shielded DB25 cable set with a
shielded DB25 connector at each end and twisted
pair wires is recommended. It is important to keep

this sync cable as short as possible.

6.1.2 1000 Hz to 3000 Hz Frequency Applications Figure 4: DB25 Sync Cable Assy

For very high frequency AC power applications requiring more than 1200 Hz, the AFX Series can be
used up to 3000Hz although at reduced voltage and power output using the extended frequency range.

For these high AC frequency sync applications, a special BNC type coax shielded cabling and connectors
is highly recommended. It is also important to keep this sync cable as short as possible.

25 PIN D-SUB MALE 25 PIN D-SUB MALE

g == ||

I

Figure 5: Custom Coaxial Sync Cable Assembly.

-x2© 2024, Pacific Power Source, Inc., Irvine, CA All rights reserved  Six Phase AC Power Systems Application Note Rev 0724 Page 7 of 8



=4 PACIFIC SIX PHASE TEST APPLICATIONS

Y & POWER SOURCE
2802 Kelvin Ave, Suite 100, Irvine, CA, 92614 USA

7 Example 180kVA Customer System

An actual example of a six phase test system in use by an
Aviation Company in the US is shown below. This system
consists of two 90kVA AFX Based power sources in two
standard 19” racks. Each 28” tall cabinet contains one
15kVA AFX master and five 15kVA AFX Auxiliary units in
parallel.

One cabinet serves as the Master three phase source and
the second cabinet is synchronized to the first one to
create a 180kVA, six phase AC system for testing 12 pulse
high power rectifiers.

8 Summary

Six phase AC test system can easily be created using
commercially available power sources as long as they are
capable of being synced together. All PPS AC power

sources support this capability so 6 phase six systems can
be created starting as low as 1000VA and as high as 880kVA.
9 Customer Support

For application support, contact Pacific Power Source’s Customer Service - Toll Free US: +1 (800) 854-2433 or
your local authorized Pacific Power Source distributor or send an email to support@pacificoower.com.
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Phone: +1 949.251.1800

Fax: +1 949.756.0756

Toll Free: 800.854.2433

E-mail: sales@pacificoower.com
www.pacificpower.com
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