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A Layman’s Guide to Converters & Inverters
for Single-Phase Supplies
Phase Conversion, Frequency Conversion & Motor Control

Phase conversion (with or without motor control)
is a subject of growing interest to the user of
machinery in the home workshop, particularly
as the cost of inverter technology has dropped
dramatically in the last 5 years.

•

A Phase Converter varies the voltage in
the conversion (240v single-phase to 415v
SKDVH  EXW À[HV WKH IUHTXHQF\ +]  VR
there is no motor control available. The supply
remains a.c. throughout the conversion.

Trying to get realistic advice as to what is available,
ZKDW PDFKLQH PRGLÀFDWLRQV DUH QHFHVVDU\ DQG
what performance can be expected is a little
PRUHGLIÀFXOW7KLVJXLGHLVGHVLJQHGWRKHOS\RX
negotiate the various issues raised.

•

A Phase Converter is a so-called “Linear
Load”. There are no electro-magnetic
compatability issues (EMC). No power
TXDOLW\ LVVXHV 1R +DUPRQLF GLVWRUWLRQ 1R
ÀOWHUVUHTXLUHG

There is great confusion surrounding the
differences between the two distinctly different
technologies available for operating threephase motors from a single phase supply: Phase
Converters and Inverters.

•

As the output from a Phase Converter is
Y WKH FRQYHUWHU UHWURÀWV GLUHFWO\ WR D
machine that is wired for 415v three phase
RSHUDWLRQ VR QR PDFKLQH PRGLÀFDWLRQ LV
necessary.

The traditional “analogue” Phase Converter
(static or rotary) is based on the “Steinmetz”
FDSDFLWRU SULQFLSOHV ÀUVW DSSOLHG E\ WKH
American, Charles Steinmetz, in the late 19th
century. The old adage “you can’t get something
for nothing” holds true for phase conversion like
anything else. There is, always has been, and
DOZD\V ZLOO EH DQ HOHPHQW RI DUWLÀFLDOLW\ DERXW
the supply a phase converter produces. Despite
the idiosyncrasies associated with the nature of
the supply, phase converters continue to offer
a proven and reliable compromise for people
wishing to operate three-phase machinery in
single phase environments.

•

The output from a Phase Converter is
ÁH[LEOH DQG ZLWKLQ UHDVRQ  FDQ EH DSSOLHG
to a variety of different machines whether
operated one at a time or simultaneously.

•
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Phase converters are available to support any
PRWRUUHTXLUHPHQWSURYLGHGWKHUHLVHQRXJK
single phase supply available to support
the three phase demand. TRANSWAVE
Converters are available to 22kW/30hp.
Larger ratings are accommodated by
paralleling two units together.
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STC Static Converter (1.1kW - 4kW)

STC Static Converter (5.5kW - 7.5kW)

MT Style Rotary Converter (1.1kW - 2.2kW)

MT Style Rotary Converter (3kW - 11kW)

MT Style Rotary Converter (11kW - 22kW)
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Frequently Asked Questions

An A to Z of explanatory notes

21-day Money Back Guarantee

IDFLOLW\ 3&/ ZDV ÀUVW DFFUHGLWHG ZLWK D %ULWLVK
6WDQGDUG LQ  2YHU  XQLWV KDYH EHHQ
VROGWR2(0·VPDFKLQHU\GHDOHUVDQGHQGXVHUV
VLQFH  7KH &RPSDQ\ HPSOR\V  SHRSOH

Power Capacitors Limited (PCL) offers a 21 day
no obligation money back guarantee (carriage
excluded) on condition that the converter is
UHWXUQHG WR 3&/ LQ D VWDWH ÀW IRU UHVDOH 1R
KDQGOLQJFKDUJHZLOOEHUDLVHG

in the UK and achieved an annual turnover in
H[FHVVRI PLOOLRQLQWKHÀQDQFLDO\HDU20

2-Year Warranty

After-Sales Support

7KH 75$16:$9( FRQYHUWHU LV FRYHUHG E\ D
2-year parts warranty against failure due to
faulty manufacture, further details of which are
DYDLODEOH RQ UHTXHVW ([WHQGHG ZDUUDQWLHV DUH
DOVRDYDLODEOHRQUHTXHVW

6DOHVHQJLQHHUVDUHDYDLODEOHRQRXU'LUHFW'LDO
+HOSOLQH 0800-035-2027 IURP0RQGD\WR)ULGD\
DP WR SP WR DQVZHU DQ\ VDOHV RU WHFKQLFDO
VXSSRUW LVVXHV $QVZHULQJ PDFKLQH VHUYLFH
DYDLODEOHRWKHUZLVH

Air Compressors

CE marking/EMC Compliance

0RVW FRPSUHVVRU PRWRUV FDQ EH RSHUDWHG
VXFFHVVIXOO\ XVLQJ VWDWLF FRQYHUWHUV 'LUHFWRQ
OLQH VWDUWLQJ LV HVVHQWLDO $ URWDU\ FRQYHUWHU LV
UHFRPPHQGHG IRU +\GURYDQHVW\OH V\VWHPV ,Q

Power Capacitors Limited manufactures and
VHOOV &( PDUNHG SURGXFWV FRPSOLDQW ZLWK (0&
UHJXODWLRQV 7KH /RZ 9ROWDJH 'LUHFWLYH DQG
%6 (1 ,62  7KH FRPSDQ\ FDQ
SURYLGHRQUHTXHVWD'HFODUDWLRQRI&RQIRUPLW\
'2& IRUHYHU\SURGXFW

all instances please ensure that you advise the
PRWRUVL]HDQGFXUUHQWUDWLQJEHIRUHRUGHULQJ
$OXPLQLXP %RGLHG 0RWRUV $OXPLQLXP PRWRUV

ISO9001/2015 - Quality Assurance

may not operate successfully in conjunction with
VWDWLFFRQYHUWHUV:HZRXOGUHFRPPHQGWKHXVH
of a rotary converter to address this issue where
QHFHVVDU\

:H EHOLHYH WKDW WKH 75$16:$9( &RQYHUWHU
is the only converter manufactured in an
,6215 TXDOLW\ DVVXUHG PDQXIDFWXULQJ
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Continuous Duty Applications

Brake Testing Equipment (MOT

:HGRQRWUHFRPPHQGWKHXVHRI75$16:$9(
Converters for applications which operate on a
KUGD\FRQWLQXRXVGXW\:KHUHDFRQYHUWHULV
XVHGthe warranty will be reduced to 12
months. )RU UHPRWH QRQRSHUDWRU FRQWUROOHG
F\FOLFGXW\ DSSOLFDWLRQV VXFK DV UHIULJHUDWLRQ
FRPSUHVVRUV DQG SXPSV WKH QHHG IRU DQ ´RQ
demand” supply is often accommodated by
VWDWLF FRQYHUWHU 6HH “refrigeration compressors
and pumps”EHORZ

The use of a rotary converter is recommended
IRUERWK&ODVVDQG&ODVVEUDNHWHVWHUV

Car Ramps
These applications are regularly used in
FRQMXQFWLRQ ZLWK VWDWLF FRQYHUWHUV (QVXUH WKDW
you advise the motor size, current rating and style
RIFDUUDPS HOHFWURPHFKDQLFDORUK\GUDXOLF DW
WKHSRLQWRIHQTXLU\+\GUDXOLFUDPSVJHQHUDOO\
ZRUN D PRWRU WR IXOO ORDG ZKHUHDV VFUHZW\SH
HOHFWURPHFKDQLFDOUDPSVRIWHQZRUNDPRWRUWR
VKRUWWHUPRYHUORDG3ODWHGPRWRUFXUUHQWVRIWHQ
VXJJHVWDKLJKHUVKRUWWHUPN:GHPDQGHJD
N:$PRWRUZRXOGVXJJHVWWKHPRWRULVOLNHO\
WR GHYHORS N: VR ZH ZRXOG UHFRPPHQG D
N:FRQYHUWHUUDWKHUWKDQWKHN:XQLW 1RWH
WKDWDN:PRWRURQDPDFKLQHWRROZRXOGRQO\
EH SODWHG DW $  7KH SRZHU UHJXODWRU VZLWFK
ÀWWHGWRWKHFRQYHUWHUPD\KDYHWREHDGMXVWHG
LQOLQHZLWKDYDULDWLRQLQORDG(YHQWKRXJKWKH
UDPS PD\ KDYH D  WRQ FDSDFLW\ PHFKDQLFDOO\
WKH DUWLÀFLDO QDWXUH RI WKH VXSSO\ FUHDWHG E\ D

'&EUDNLQJFLUFXLWV UHFWLᎯHU
circuits) and lighting circuits (control
transformers)

converter may result in one power setting to lift
D)RUG0RQGHRDQGDQRWKHUWROLIWD/DQG5RYHU
The operation of the equipment in conjunction
with a converter may involve some operator
GLVFLSOLQH7KHURWDU\FRQYHUWHUPD\RIIHUDPRUH
RSHUDWRUIULHQGO\VROXWLRQ

Collection or Delivery
You are welcome to collect your converter from
RXU%LUPLQJKDPIDFWRU\'HOLYHU\FKDUJHVUHÁHFW
WKH XVH RI WKLUG SDUW\ FDUULHUV HLWKHU DHL RU
3DOOHWZD\V5HPHPEHUWKDWURWDU\FRQYHUWHUVDUH
particularly heavy and will arrive either on a pallet
RU LQ D FUDWH YLD D WDLOJDWHG GHOLYHU\ YHKLFOH
You may wish to have more than one person
DYDLODEOHWRDFFHSWGHOLYHU\3OHDVHHQGRUVHDQ\
palletised delivery “unchecked” when signing for
WKHFRQVLJQPHQW

There is more room for error connecting these
circuits to a converter output than would be
H[SHULHQFHG RQ D PDLQV WKUHHSKDVH VXSSO\
7ZR VSHFLÀF SKDVHV PXVW EH FRQQHFWHG WR
Y ZLUH FLUFXLWV ERWK RQ URWDU\ DQG VWDWLF
FRQYHUWHUV 6LPLODUO\ D VSHFLÀF SKDVH KDV WR EH
VHOHFWHG IRU Y SKDVHQHXWUDO UHTXLUHPHQWV
,Q VRPH LQVWDQFHV SDUWLFXODUO\ ZRRGZRUNLQJ
applications, a wiring diagram of the braking
circuit would be helpful as it may be necessary
to modify the control wiring of the machine
to ensure that the braking circuit is connected
to the same two phases as the starter control
FLUFXLW7KLVHQVXUHVWKHVXFFHVVIXORSHUDWLRQRI
WKH EUDNHOLJKW )DLOXUH WR LGHQWLI\ WKH QHHG WR
modify the circuit or connecting to the wrong
phases could lead to malfunction of the braking
PHFKDQLVPRUOLJKW

'LJLWDO3KDVH&RQYHUWHUV0RGLᎯHG
Inverters
A standard converter varies voltage from
EXWÀ[HVWKHVXSSO\IUHTXHQF\DW+]
$ VWDQGDUG LQYHUWHU À[HV YROWDJH DW 
EXW YDULHV WKH VXSSO\ IUHTXHQF\ $Q\ GLJLWDO
LQYHUWHUGHYLFHWKDWYDULHVYROWDJHIURP
KDV EHHQ PRGLÀHG DZD\ IURP LWV RULJLQDO

5

A Layman’s Guide to Converters & Inverters and FAQs

GHVLJQ VSHFLÀFDWLRQ 3OHDVH VHHN DGYLFH EHIRUH VSHFLÀFDWLRQ FRQYHUWHU LV OLNHO\ WR DFKLHYH RQO\
considering this type of device as it is unlikely to  RI LWV  PHFKDQLFDO VSHHGV KRZHYHU WKH
comply with regulatory requirements governing
KLWRUTXH YHUVLRQ VKRXOG DFKLHYH DOO  3OHDVH
WKHXVHRILQYHUWHUV
do not hesitate to seek further advice from the
FRPSDQ\·VVDOHVHQJLQHHUVLI\RXDUHXQVXUHDV
to which size of converter is suitable for your
DSSOLFDWLRQ

Inverters/Frequency Converters and
Variable-Speed Drives (VSD/VFD)

3&/ LV D 7LHU 2QH 5HVHOOHU RI ,02 SD1
,QYHUWHU3URGXFWV7KHLQYHUWHUVDUHRIIHUHG ZLWK
D\HDUPDQXIDFWXUHU·VwDUUDQW\3OHDVHDVNIRU
GHWDLOV

Heating Elements
See “Resistive Loads”

Motors & Motor Control Packages

Hi-Torque Starting Requirements

3&/ LV D VWRFNLVW RI 7(& PRWRUV LQ ERWK 0HWULF
DQG % ,PSHULDO )UDPH 6L]HV 0RWRU &RQWURO

6WDQGDUGVSHFLÀFDWLRQVWDWLFDQGURWDU\FRQYHUWHUV

operate the vast majority of applications
Packages are available for both single and three
VXFFHVVIXOO\+RZHYHUWKHUHDUHLQVWDQFHVZKHUH
SKDVHVXSSOLHV3OHDVHDVNIRUGHWDLOV
additional starting performance is required for
DSSOLFDWLRQVVXFKDVVFUHZW\SHFDUUDPSVZKHUH
Variable Demand Environments
the plated motor current suggests a higher
- Multi-Motor and multi-operator
VKRUWWHUP N: GHPDQG WKDQ VWDWHG RQ WKH
applications
PRWRUSODWH6LPLODUO\VRPHPDFKLQHWRROVRIIHU
The rotary converter is the most appropriate
mechanical ratios in excess of the synchronous
solution for these examples as it automatically
VSHHG RI WKH PRWRU $ VWDQGDUG VSHFLÀFDWLRQ adjusts in line with any variation in demand or
static or rotary converter will invariably only start
VHTXHQFH RI PRWRU VWDUWLQJ ,I FRQVLGHULQJ WKH
DUDWLRRIPRWRUWRJHDUHGVSHHGSDUWLFXODUO\ use of a static converter, sequential starting
ZKHUHWKHUHLVDGLUHFWGULYHUDWKHUWKDQDFOXWFK (large followed by small) is necessary and the
DVVLVWHG VWDUW )RU H[DPSOH WKH +DUULVRQ 0 power regulator switch will have to be adjusted
ODWKHLVGULYHQE\DKSUSPPRWRUEXWKDVD LQOLQHZLWKDQ\YDULDWLRQRIGHPDQG7KLVLVOLNHO\
WRSPHFKDQLFDOVSHHGRIUSP7KHVWDQGDUG WRSURYHLPSUDFWLFDO
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0XOWLVSHHGRU3ROHFKDQJHPRWRUV$SSOLFDWLRQV
UHTXLULQJ IUHTXHQW VWRSSLQJ DQG VWDUWLQJ ,W

successful operation of the machine, the use of
a rotary converter is recommended, together
with a means of isolation between the converter
RXWSXWDQGWKHWKUHHSKDVHWUDQVIRUPHU

may be prudent to consider the use of a rotary
FRQYHUWHU IRU WKHVH DSSOLFDWLRQV 2WKHUZLVH
a pilot motor may be required with a static
converter if the magnetic characteristics of the
motor do not lend themselves to the creation of a
VDWLVIDFWRU\DUWLÀFLDOSKDVH0RWRUVZLWKUSP
DQG USP ZLQGLQJV PD\ SURYH SUREOHPDWLF

Produce Conveyors, Grading and
Potting Equipment
Care should be taken to ensure that the
75$16:$9(FRQYHUWHUUDWLQJLVKLJKHQRXJKWR
HQDEOHWKHPRWRUWRVWDUWXQGHUDORDGFRQGLWLRQ
%HZDU\RIPXOWLPRWRUDSSOLFDWLRQVZKHUHLWPD\
be necessary to consider a rotary converter or
to ensure that one motor is running constantly
to allow fractional horsepower ancillary motors
WR VZLWFK RQ DQG RII DW ZLOO 2WKHU VROXWLRQV WR
minimise this impracticality are available using
LQGLYLGXDOFDSDFLWRUFLUFXLWV0RWRUVVL]HGEHORZ
the minimum loading of the converter will
be damaged if operated independently from
DQ\ FRQYHUWHU RWKHU WKDQ WKH URWDU\ 3OHDVH
VHHN IXUWKHU DGYLFH IURP WKH FRPSDQ\·V VDOHV
engineers if unsure as to which converter to
RUGHU

Please do not hesitate to seek further advice
IURPWKHFRPSDQ\·VVDOHVHQJLQHHUV

Output variations
All standard static and rotary converters are
ÀWWHG ZLWK D SLQ SKDVH QHXWUDO DQG HDUWK
VRFNHWRIIHULQJWKHIDFLOLW\IRUERWKYROWDQG
YROWFRQWUROUHTXLUHPHQWV$$RU$SOXJ
is supplied free of charge with the converter as
D ORRVH LWHP 7KH IDFLOLW\ IRU LQSXW DQG RXWSXW
terminals for “hard wiring” is available on all
FRQYHUWHUVW\OHVRQUHTXHVW

Printing Machinery
0DFKLQHV ZLWKRXW DQ LQFKLQJ IDFLOLW\ FDQ EH
operated directly from a suitably rated static
FRQYHUWHU $SSOLFDWLRQV UHTXLULQJ DQ LQFKLQJ
facility must be operated in conjunction with a
rotary converter to avoid electrical damage to
WKHPRWRUZLQGLQJV-DSDQHVHSULQWLQJPDFKLQHV
HJ 5\REL  RIWHQ LQFRUSRUDWH  YROW WKUHH
phase motors, connected to a mains supply via a
WKUHHSKDVHYROWWUDQVIRUPHU7RHQVXUH
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Pump applications (slurry/dirty
water - irrigation/clean water),
aerators and mixers.
0RVWLQVWDOODWLRQVRIWKLVQDWXUHDUHFRQWUROOHG
UHPRWHO\UDWKHUWKDQYLDDQRSHUDWRU7KH
majority of converters manufactured for this
W\SHRIDSSOLFDWLRQDUHRIWKH´+L7RUTXHµVWDWLF
VW\OHRIWHQFXVWRPEXLOW7KHUHFRPPHQGHG
converter rating is determined by the duty
F\FOHRIWKHPRWRULHF\FOLFRUFRQWLQXRXV
WKHDSSOLFDWLRQPRWRUFXUUHQWSRZHU
UDWLQJDQGVSHHG2QVLWHFRPPLVVLRQLQJ
E\D3&/HQJLQHHURUTXDOLÀHGHOHFWULFLDQLV
UHFRPPHQGHGWHFKQLFDODVVLVWDQFHLVDYDLODEOH
LIUHTXLUHG
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Compressor motors can be operated successfully
XVLQJ WKH ´+L7RUTXHµ VWDWLF FRQYHUWHU )RU
PRWRU VL]HV LQ H[FHVV RI N:KS WKH ÀWWLQJ
RI DQ RIIORDG YDOYH LV DGYLVDEOH 'LUHFWRQ
OLQH VWDUWLQJ LV HVVHQWLDO 7KH XVH RI D URWDU\
converter is recommended for Hydrovanestyle
DLU FRPSUHVVRUV ,Q DOO LQVWDQFHV SOHDVH HQVXUH
that you advise the motor size and current rating
EHIRUHRUGHULQJ

VLQJOH PRWRU UDWLQJ UHÁHFWV WKH ODUJHVW VLQJOH
PRWRU WKH FRQYHUWHU LV FDSDEOH RI VWDUWLQJ 7KH
PD[LPXP ORDGLQJ RI WKH FRQYHUWHU UHÁHFWV
WKH PD[LPXP PXOWLPRWRU UXQQLQJ FDSDELOLW\
:KHUHSRVVLEOHWKHXVHRIGLUHFWRQOLQHVWDUWHUV
is recommended for machinery operated in
FRQMXQFWLRQZLWKD75$16:$9(FRQYHUWHUQRWH
WKDWWKHFRPELQDWLRQRIDFRQYHUWHUDQGDVWDU
delta starter could compound these starting
GLIÀFXOWLHVIXUWKHU

Resistive Load (Heating Elements)

Static converters - Minimum load?

Refrigeration Compressors

0RWRUV GULYLQJ D WDEOH ULVHIDOO VFULELQJ VDZ
feed rollers, coolant pump or table feed are
LQYDULDEO\ RI D IUDFWLRQDO KRUVHSRZHU QDWXUH ,I
RSHUDWHG LQGHSHQGHQWO\ IURP D 75$16:$9(
static converter, these motors would be
subjected to an electrical condition, which would
GDPDJHWKHPRWRUZLQGLQJV7KHPLQLPXPORDG
UHÁHFWV WKH PLQLPXP VL]H RI PRWRU FDSDEOH RI
interfacing independently with the converter,
WKHUHE\ HVWDEOLVKLQJ DQ DFFHSWDEOH DUWLÀFLDO
WKUHHSKDVH VXSSO\ $QFLOODU\ PRWRUV VL]HG
EHORZWKHPLQLPXPORDGLQJRIWKH75$16:$9(
should be operated in conjunction with and not
independently of a larger drive motor that falls
ZLWKLQWKHUDWLQJRIWKHFRQYHUWHU1RWHWKDWWKH
5RWDU\FRQYHUWHUGRHVQRWKDYHDPLQLPXPORDG

Phase Converters are not designed to support
UHVLVWLYHORDGVXFKDV+HDWLQJ(OHPHQWV2YHQV
&KLS)U\HUV3L]]D2YHQVDQG6XQEHGV:HDUH
not aware of any product capable of supporting
WKLVW\SHRIWKUHHSKDVHORDGRQDVLQJOHSKDVH
VXSSO\ 6XFK GHPDQGV RIWHQ WDNH WKH IRUP RI
three separate single phase elements with a
FRPPRQQHXWUDO

Shock-Load applications (e.g. Sheet
Metal Equipment such as Guillotines
& Presses)
The use of a rotary converter is recommended
IRUWKHVHDSSOLFDWLRQV7KHFRQYHUWHUVKRXOGEH
rated at a level that is at least twice the rating of
WKHPRWRURQWKHHTXLSPHQWLHDKSJXLOORWLQH
UHTXLUHVDKSUDWHGURWDU\FRQYHUWHU

Starting Currents/Star-Delta Starters
7KHIXOOORDGUXQQLQJFXUUHQW IOF RIDQLQGXFWLRQ
PRWRU RSHUDWLQJ RQ D VLQJOHSKDVH VXSSO\ LV
DSSUR[LPDWHO\  DPSV SHU KS :KHQ RSHUDWHG
LQ FRQMXQFWLRQ ZLWK D 75$16:$9( &RQYHUWHU
WKH VWDUWLQJ FXUUHQW RI D WKUHHSKDVH PRWRU LV
OLPLWHG WR DSSUR[LPDWHO\  WLPHV LWV IOF 7KLV
LV VLJQLÀFDQWO\ ORZHU WKDQ WKH PRWRU VWDUWLQJ
FXUUHQW RI DQ HTXLYDOHQW VL]HG VLQJOHSKDVH
PRWRUZKLFKZRXOGW\SLFDOO\GUDZEHWZHHQ
WLPHVLWVIOF

Static converters - Maximum single
motor load?
7KHVWDUWLQJFKDUDFWHULVWLFVRIDWKUHHSKDVHPRWRU
VXSSOLHG E\ D VWDWLF 75$16:$9( FRQYHUWHU DUH
JHQHUDOO\VLPLODULQQDWXUHWRWKDWRIDVWDUGHOWD
VWDUWHU7KHPRWRUVWDUWLQJFXUUHQWLVVXSSUHVVHG
E\ WKH FRQYHUWHU WR DSSUR[LPDWHO\  WLPHV WKH
IXOO ORDG FXUUHQW RI WKH PRWRU VLJQLÀFDQWO\
UHGXFLQJWKHDPRXQWRIDYDLODEOHVWDUWLQJWRUTXH
7KLV OHDGV WR VWDUWLQJ GLIÀFXOWLHV SDUWLFXODUO\ LI
the maximum loading of the converter is sized
FORVH WR WKH ORDG RI WKH PRWRU 7KH PD[LPXP
8

A Layman’s Guide to Converters & Inverters and FAQs

Welding Equipment

$V WKH VWDUWLQJ FKDUDFWHULVWLFV RI D WKUHHSKDVH
motor supplied by a converter are similar in
QDWXUH WR 6WDU'HOWD VWDUWLQJ RQ D WKUHHSKDVH
VXSSO\VLJQLÀFDQWUHGXFWLRQVLQVWDUWLQJWRUTXH
are experienced when compared with direct on
OLQHVWDUWLQJRQDWKUHHSKDVHVXSSO\*HQHUDOO\
when machinery is operated in conjunction with
D75$16:$9(&RQYHUWHUGLUHFWRQOLQHVWDUWLQJ
LVUHFRPPHQG)RUPDFKLQHU\ÀWWHGZLWKD6WDU
'HOWD VWDUWHU WKH SHULRG LQ WKH VWDU FRQQHFWLRQ
should be set as short as possible to ensure a
VXFFHVVIXOVWDUW:HPD\LQYLWH\RXWRDOWHUWKH
6WDU'HOWD WLPHU VHWWLQJ WR IDFLOLWDWH WKH DERYH
This is not the case when machinery is operated
RQDPDLQVWKUHHSKDVHVXSSO\

%RWK ´ZLUHµ Y WKUHHSKDVH DQG ´ZLUHµ
VLQJOHSKDVH YROW ZHOGLQJ VHWV FDQ EH
RSHUDWHGZLWKDVXLWDEO\UDWHGURWDU\FRQYHUWHU
As welding load is resistive, not inductive, it is
necessary to use a rotary converter to develop
WKH YROWDJH LQ WKH ´DUWLÀFLDOµ WKLUG SKDVH
LQGHSHQGHQWO\ RI WKH ZHOGHU 7KH FRQYHUWHU
VKRXOGEHRIVXIÀFLHQWFDSDFLW\WRPDLQWDLQWKH
YROWDJHRQWKHDUWLÀFLDOSKDVHZKHQWKHZHOGHU
LVRSHUDWHGDWLWVPD[LPXPFXUUHQWUDWLQJ
All Rotaryconvertersizesneedtobe
modifiedforweldingpurposesThismodification
incorporatesahand/autoswitch,which bypasses
the automatic boost circuit.

Variable Speed Drives (often
referred to as Inverters or Frequency
Converters)

7ZRSKDVH
ZHOGLQJ
VHWV
FDQ
DOVR
EHRSHUDWHGIURPGHGLFDWHGWUDQVIRUPHUV1RWH
that any rotary converter used for welding
purposes can still be used for standard motor

3&/ LV D 7LHU 2QH 5HVHOOHU RI ,02 SD1
,QYHUWHU3URGXFWV7KHLQYHUWHUVDUHRIIHUHG ZLWKa
\HDU
PDQXIDFWXUHU·V
ZDUUDQW\
3OHDVHDVNIRUGHWDLOV
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DSSOLFDWLRQV 3OHDVH VHHN DGYLFH IURP RXU VDOHV
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So is a "Digital" Inverter is also a Phase Converter?
Yes. “Digital” Inverters offer a 21st century approach to the dilemma of operating three phase motors
from a single phase supply. These days, most people who are aware that a device exists to operate
WKUHHSKDVHHTXLSPHQWIURPVLQJOHSKDVHWHQGWRNQRZDERXWLQYHUWHUVDQGDVVXPHWKDWWKHFRQFHSW
KDVVXSHUVHGHGWKHWUDGLWLRQDO´DQDORJXHµVWDWLFRUURWDU\SKDVHFRQYHUWHU+RZHYHUWKHWZRSURGXFWV
ZLOODOZD\VFRH[LVWDVWKHWHFKQRORJLHVVHUYLFHGLIIHUHQWPDUNHWUHTXLUHPHQWV

In contrast to the “Analogue” Static or Rotary Phase Converter:
•

A “digital” InverterÀ[HVWKHYROWDJHLQWKHFRQYHUVLRQ YVLQJOHSKDVHWRYSKDVH DQG
DOVRYDULHVWKHIUHTXHQF\ HJ+] WKHUHE\RIIHULQJPRWRUFRQWURO7KHWKUHHSKDVHVXSSO\
DWYLVFUHDWHGE\UHFWLI\LQJWKHDFVXSSO\WRGFDQGLQYHUWLQJLWEDFNWRDF +HQFHWKHQDPH
Inverter).

•

The involvement of dc means that InverterVXSSOLHVDUHGHÀQHGDV´1RQ/LQHDUµ7KHLQSXWDQG
output supply is subject to EMC regulation as the conversion process affects the a.c. single phase
VXSSO\QHWZRUN&XUUHQWKDUPRQLFVDUHSUHVHQWDVDGLUHFWFRQVHTXHQFH5) 5DGLR)UHTXHQF\ 
PDLQVÀOWHUVDUHJHQHUDOO\UHTXLUHGWRHQVXUH\RXUFRQWUDFWXDOREOLJDWLRQVWRWKHHOHFWULFLW\VXSSO\
company are not compromised.

•

As the output from an Inverter is 240-v 3-phase, an inverter cannot be accommodated without
PDFKLQHPRGLÀFDWLRQ

•

The output from an Inverter can only be applied to one motor.

•

Inverter manufacturers do not offer product for single-phase supplies in excess of 3kW to
ensure compliance with European Power Quality Standards such as BSEN 61000-3-2:2006 and
%6(1)RUVLPLODUUHDVRQVInverter manufacturers do not offer product with an
output voltage that is different to the supply voltage (e.g.: 240v input, 415v output).
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&DQ,UHWURᎯWDQLQYHUWHUWRP\H[LVWLQJVLQJOHSKDVHPDFKLQH"
Motor control is a three phase motor technology available for operation from both single phase and
three phase electricity supplies. A single phase input inverter offers the facility to electronically vary
WKHVSHHGRIDWKUHHSKDVHPRWRUIURPDVLQJOHSKDVHVXSSO\E\YDU\LQJWKHIUHTXHQF\RIWKHVXSSO\
to the motor. It is not possible to vary the speed of a single-phase a.c. motor so if your machine
is currently single-phase you will have to change the motor.

So are all 3-phase motors compatible with the output of an inverter?
Generally, yes. Most small single speed three-phase motors are wound for operation from either a
380/415v or a 220/240v 3-phase supply. A typical “dual-voltage” motor plate will indicate a voltage
rating such as “V 220-240 ̩ / V 380-415 Y” together with two current ratings. The lower current will
refer to the higher voltage, the higher current to the lower voltage.
STAR CONFIGURATION²,QWKH´<µRU´6WDUµFRQÀJXUDWLRQWKHPRWRUZLOOUXQRQDWKUHHSKDVH
supply from 380v to 415v phase to phase. The “Y” sometimes appears as a three-pointed star.
DELTA CONFIGURATION – In the “̩µRU´'HOWDµFRQÀJXUDWLRQWKHPRWRUZLOOUXQRQDWKUHHSKDVH
supply from 220v to 240v phase to phase. The “̩” sometimes appears as a “D”

Star Connection
W2

U2

U1

L1

Delta Connection
V2

V1

L2

W2

W1

U2

U1

L2

L1

V2

V1

L2

W1

L3

Fig. 1DERYHVKRZVDW\SLFDOPRWRUWHUPLQDODUUDQJHPHQWIRUWKHVWDUFRQÀJXUDWLRQ7KUHHWHUPLQDOV
are linked together with a set of three brass/copper links. The other three terminals (commonly
marked U1, V1 and W1) are then connected to the three phase 415v supply (L1, L2 and L3).
Fig. 2DERYHVKRZVDW\SLFDOPRWRUWHUPLQDODUUDQJHPHQWIRUWKHGHOWDFRQÀJXUDWLRQ7KHWKUHHPHWDO
links are simply removed and rearranged. The other three terminals (U1, V1 and W1 as before) are
then connected to a three phase 240v supply or the output of an inverter/frequency converter.
If the motor plate does not display a 240v three phase connection facility, it may still be possible to
UHFRQÀJXUHWKHYROWDJHUDWLQJIURPYWRYWKUHHSKDVH6HHNDGYLFHIURPDORFDOPRWRUUHSDLU
or rewind company. A pole change three phase motor (displaying more than one synchronous speed
e.g. 1400rpm/2800rpm) can only be connected for 380/415v so is usually incompatible with the
output of a single phase inverter. This type of motor would have to be changed to a single speed,
dual-voltage motor to facilitate use of an inverter.
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How do I connect a machine to the output of an inverter?
2QFH DQ H[LVWLQJ WKUHH SKDVH PRWRU KDV EHHQ UHFRQÀJXUHG IURP Y RSHUDWLRQ 67$5  WR Y
RSHUDWLRQ '(/7$  WKH HTXLSPHQW ZLULQJ ORRP VWDUWVWRSIRUZDUGUHYHUVHIHHGFRRODQWOLPLW
VZLWFKHVHWF KDVWREHGLVDEOHGDQGLVPDGHUHGXQGDQW7KHUHFRQÀJXUHGPRWRULVFRQQHFWHGGLUHFWO\
to the output of the inverter and the single phase supply is connected to the input of the inverter.

A1

MAINS IN

A2

L

FORWARD

REVERSE

V

E

W

M

U

N

P24 24VDC
1

FWD

2

REV

3

START

4

INVERTER

5
CW
STOP

REF
SPEED

SPEED
OV

Most inverters offer “local” control in the form of small buttons for start and
stop, a potentiometer or up/down arrow for speed adjustment and possibly a
IRUZDUGUHYHUVHIDFLOLW\)RUVRPHSHRSOHWKHVHEXWWRQVDUHDQDFFHSWDEOHPHDQV
RIFRQWUROOLQJWKHPRWRUKRZHYHUWKHPDMRULW\ÀQGWKHEXWWRQVWRRVPDOODQG
impractical.
Another option is to consider a remote control station/pendant (see image)
for a minimum additional outlay, which offers the basic control functions in an
acceptable form. The pendant connects directly to the inverter control terminals
and comes with a 2 metre length of cable so it can be mounted in an appropriate
area of the machine. The inverter itself can then be put out of harm’s way.
The motor must be connected directly to the inverter output so controls should not “make and
break” the supply to the motor under any circumstances. Be wary of ancillary motors such as coolants
and table feeds. These are likely to have to
be disconnected completely and fed from
L
U
V
MAINS 230Vac
N
an alternative source, as are lighting circuits
W
E
and control transformers.
M

MOTOR

P24 24VDC

1

FWD

2

REV

It is possible to rewire a machine wiring
loom to the inverter control terminal rail
so that existing switchgear/levers/limit
switches etc can be used. Seek advice from
a competent electrician as there is often a
lot of work involved.

240V

REVERSE

A2

5

A1

FORWARD

A1

4

INVERTER

A2

3

CW
REF
SPEED
SPEED
OV
STOP

START

240V RETURN
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:KDWSHUIRUPDQFHFDQ,H[SHFWIURP
the motor once it has been connected
to the inverter?

$W SDUWLFXODUO\ ORZ IUHTXHQFLHV LW PD\ EH
necessary to consider the implications of
secondary motor cooling since the fan built into
the motor could lose its ability to cool the motor
HIIHFWLYHO\7KHIUHTXHQF\ZLQGRZRXWOLQHGDERYH
The speed of an induction motor is directly W\SLFDOO\ HOLPLQDWHV WKLV UHTXLUHPHQW $W KLJKHU
UHODWHG WR LWV VXSSO\ IUHTXHQF\ 7KH IUHTXHQF\ IUHTXHQFLHVWKDQ+]LWLVLQWKHXVHU·VLQWHUHVW
IURP\RXUVLQJOHSKDVHVXSSO\LVÀ[HGDW+]VR to check that the integrity of the driven motor/
LIWKHRXWSXWIURPWKHLQYHUWHULVVHWDW+]WKH machine will not be compromised at the higher
motor will operate at its synchronous speed (e.g. speeds involved.
750-1000-1500-3000rpm). Any mechanical ratios
will operate at plated mechanical speeds. Your $GGHG EHQHÀWV RI XVLQJ DQ LQYHUWHU DUH D VRIW
inverter is simply acting as a phase converter start in the form of a controlled acceleration
under these circumstances.
over a time determined by the machine-user.
7KH UHODWLRQVKLS EHWZHHQ IUHTXHQF\ DQG VSHHG
LVOLQHDUVRLIWKHIUHTXHQF\RIWKHVXSSO\WRWKH
PRWRU LV UHGXFHG E\  WR +]  WKH PRWRU
speed is reduced pro-rata. So, theoretically, if
\RXU LQYHUWHU RIIHUV D UDQJH RI +] \RXU
machine can now operate between zero speed
and four times motor speed! Understandably this
leads to an assumption that belt/pulley changing
is a thing of the past! Unfortunately, there is a
UHODWLRQVKLS EHWZHHQ WKH IUHTXHQF\ DW ZKLFK
D PRWRU RSHUDWHV DQG WKH SRZHUWRUTXH LW FDQ
deliver. Inverters come in all shapes, styles and
UDWLQJV ² YROWDJHIUHTXHQF\ WRUTXHYHFWRU HWF
Like most things, you get what you pay for.
The more money you spend, the more
SHUIRUPDQFH\RXDUHOLNHO\WRDFKLHYH)RUVPDOO
machine tool applications, inverters should be
used in conjunction with, rather than as a direct
replacement for, an existing mechanical variation
of speed. It is better to achieve a 50rpm shaft
VSHHGIURPDUSPJHDUHGVSHHGDW+]WKDQ
DUSPJHDUHGVSHHGDW+]

Similarly, there is a controlled deceleration
RSWLRQ GF EUDNLQJ DQG ´UHYHUVHRQWKHÁ\µ
a particularly useful feature when tapping or
screw-cutting. Once you have programmed the
VRIWZDUHSDUDPHWHUVWRPHHW\RXUUHTXLUHPHQWV
the parameters do not need to be changed again.

6R ZLOO WKH LQYHUWHU EH DᎮHFWHG E\
swarf, coolant splash or dust?
7KHUH LV DQ LQWHUQDWLRQDO FODVVLÀFDWLRQ V\VWHP
for the sealing effectiveness of enclosures of
HOHFWULFDO HTXLSPHQW DJDLQVW ´IRUHLJQ ERGLHVµ
LH WRROV GXVW ÀQJHUV  DQG PRLVWXUH 7KH
FODVVLÀFDWLRQ V\VWHP XVHV WKH OHWWHUV ,3 ,QJUHVV
Protection) followed by two or three digits.

Users of “entry-level” inverters, typically available
for about £100 plus VAT, are recommended to
SUHVHWWKHIUHTXHQF\ZLQGRZEHWZHHQ+]DQG
+]WRHQVXUHWKDWWKHOHYHORIWRUTXHDYDLODEOH
is acceptable. So-called vector inverters enhance
WKH WRUTXH SHUIRUPDQFH DW ORZ IUHTXHQFLHV
FRPSDUHG WR WUDGLWLRQDO YROWDJHWRIUHTXHQF\
inverters.
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Degrees of Protection - First Digit
The first digit of the IP code indicates the degree that persons are protected against contact with
moving parts (other than smooth rotating shafts, etc.) and the degree that equipment is protected
against solid foreign bodies intruding into an enclosure.

0

No special protection

1

Protection from a large part of the body such as a hand (but no protection from
deliberate access); from solid objects greater than 50mm in diameter.

2

Protection against fingers or other object not greater than 80mm in length and
12mm in diameter.

3

Protection from entry by tools, wires, etc., with a diameter of thickness greater than
1.0mm.

4

Protection from entry by solid objects with a diameter or thickness greater than
1.0mm

5

Protection from the amount of dust that would interfere with the operation of the
equipment.

6

Dust tight.

Degrees of Protection - Second Digit
The second digit indicates the degree of protection of the equipment inside the enclosure against
the harmful entry of various forms of moisture (e.g. dripping, spraying, submersion, etc.)

0

No special protection

1

Protection from dripping water.

2

Protection from vertically dripping water.

3

Protection from sprayed water.

4

Protection from splashed water.

5

Protection from water projected from a nozzle.

6

Protection against heavy seas, or powerful jets of water.

7

Protection against immersion.

8

Protection against complete, continuous submersion in water.
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,QYHUWHUV DUH PDVV SURGXFHG E\ D ÀQLWH QXPEHU RI PDMRU PXOWLQDWLRQDO HOHFWULFDO DQG HOHFWURQLFV
companies. The vast majority are supplied to OEM’s for incorporation into electrical control panels.
)RUWKLVUHDVRQPRVWLQYHUWHUVDUHVXSSOLHGLQDQ,3HQFORVXUHDQGVKRXOGEHORFDWHGDZD\IURP
swarf and dust. If an inverter is enclosed to avoid contact with dust or swarf, the enclosure has to be
sized correctly to ensure acceptable levels of heat dissipation.

7KHPDQXIDFWXUHU·VPDQXDOXVXDOO\RXWOLQHVPLQLPXPHQFORVXUHUHTXLUHPHQWV&OHDUO\WKLVZLOODGGWR
WKHFRVWRIWKHRYHUDOOSURMHFW6RPHPDQXIDFWXUHUVRIIHUHQWU\OHYHOVSHFLÀFDWLRQLQYHUWHUVLQDQ,3
enclosure for an additional cost.

If part or all of your workshop supply incorporates an earth-leakage circuit breaker (ELCB), residual
current device (RCD) or residual current circuit breaker (RCCB), check before wiring the inverter to the
supply as you may experience nuisance-tripping resulting from additional earth leakage introduced
E\WKH5)ÀOWHUXVHG7\SLFDOO\LQYHUWHUVÀWWHGZLWKWKH5)ÀOWHUVLQWHUQDOO\ ¶LQWHJUDWHGÀOWHUGHVLJQ· 
have moderate to high earth leakage in the order of 6 – 15mA and some much higher! If the
circuit already has some existing level of earth leakage current, adding this extra component when
HPSOR\LQJDÀOWHUHGLQYHUWHUPD\WDNHWKHWRWDOWR!P$KHQFHWKHWULSRSHUDWHV$OVRDW\SLFDO
13A socket supply should typically have less than 3.5mA leakage as the earth connection is deemed
QRQSHUPDQHQW,QWKLVFDVHDORZHDUWKOHDNDJHPDLQVÀOWHU P$ LVXVHGLQFRQMXQFWLRQZLWKWKH
inverter and so this is compatible, this also then means the risk of nuisance tripping is greatly reduced.
Otherwise, connection of the inverter could be via a fused switch outlet (with the earth permanently
connected).

15

A Layman’s Guide to Converters & Inverters and FAQs

5HGIHUQ5RDG7\VHOH\%LUPLQJKDP%%+
7HOHSKRQH_Freephone: 0800-035-2027
transwave@powercapacitors.co.uk | www.transwave.co.uk
linkedin.com/company/power-capacitors-limited
© Power Capacitors Ltd 2021

ISO 9001
Registered

Quality
Management

