
 
 
 



 
Parts list and Notes for making a 10 hp 240V single phase to 240V 3-phase 

converter. 
 
 
Introduction: 
 
This document describes typical parts and a schematic for building a single to three phase 
rotary converter.  The parts listed were taken from the 1996 Grainger catalog #387 for 
convenience and having a point of common reference.  Equivalent surplus parts can be 
used and will result in considerable savings of money at the expense of time and some 
study to be sure they are the electrical and functional equivalent.  The reference 
designators refer to the attached schematic diagram.  Tuning instructions are on the 
diagram and in some notes below. 
 
Electrical measuring equipment:   
 
The following equipment should be on hand when tuning up the converter. 
 
AC Volt meter with at least 370 VAC range. 
 
AC Clamp on ammeter with at least 100A capability. 
 
Both instruments can be combined if a FLUKE 30 is purchased.  The FLUKE 30 is a 
combination digital AC voltmeter/clamp-on current meter and ohmmeter.  It has 200V 
and 600 V ranges, 0 - 200A, 0 - 400A, and 0 - 600 A current ranges, and an electric 
power type of resistance meter reading up to 2,000 ohms with a resolution of 0.1 ohm 
(very useful for continuity testing to verify wiring before applying power).  It normally 
sells for about $100.00.  It is a quality meter - a lifetime purchase. 
 
During the tuning process voltages will be measured to balance the converter.  The clamp 
on ammeter will be used to take data on the idler motor currents to insure that the current 
shown as Icn on the schematic doesn't exceed the idler motor FLA (Full Load Amps) 
when the converter is running unloaded, and to select the power factor correction 
capacitor.   
 
Converter Tuning: 
 
DANGER:  The voltages in a converter are lethal.   Carelessness or accidental 
contact with exposed terminals with the converter turned on or plugged in may lead 
to severe injury or death.  Always turn off and unplug the converter before making 
"ANY" wiring modifications.  When making voltage or current measurements, use 
only one hand on the probe and keep the other hand away from the equipment.  
Keep the work area clear of obstructions and other objects to avoid tripping and 
coming into accidental contact with live wires. 
 



Typical data from an actual 10hp converter tune up session is shown in the tables below.  
This data is for a particular motor.  Your measurements may vary from these, but the 
trends and general characteristics in response to changes should be the same.  The goal is 
to tune up the unloaded converter so that the generated phases (Vac, Vbc) are equal to 
each other and 8% to 10% higher in voltage than the incoming line (Vab).  Then Cpf is 
added to minimize the single phase line current for the unloaded converter.   The concept 
is that the higher generated phases will be pulled down to at or maybe a bit below the 
incoming line voltage by the load, but will be much higher than they would be if no run 
caps were used.   If the converter is tuned for voltage balance with the load attached, the 
open circuit voltage will be quite high, probably high enough to require 440V run caps 
instead of the 370V normally used. 
 
The process for tuning the converter is as follows: 
 
• Wire up the converter except for the run capacitors (Cp, Cs, Cpf).  Double check 

the wiring using an ohmmeter to verify that all is connected per the schematic. 
• Start up the converter and take some voltage measurements (reference the 

schematic).  They will probably look something like the measurements on the first 
line (Cp = Cs = Cpf = 0) of table I below.  Trouble shoot and make corrections 
until this much of the converter is working properly. 

• Turn off the converter and unplug from the wall between capacitance changes as 
required to perform the following steps: 

• Add capacitance to gradually increase the value of Cp as shown in Table I below.   
Make measurements between each addition.  Notice that Vbc is increasing faster 
than Vac.  Stop when Vbc is about 1.03 times Vab.   

• Add Cs in increments as shown in table I.  Notice that Vac increases much more 
than Vbc. 

• You may find you need to reduce Cs by a small amount.  The goal is to end up 
with  
1.08 Vab < Vac = Vbc < 1.10 Vab within a couple of volts or so.  At the same 
time Icn should be less than the idler motor FLA rating.   

 
Table 1. 
 
Cp Cs Vab Vac Vbc 
 
0 0 232 201 211 
50 0 233 208 224 
100 0 233 212 236 
150 0 233 224 246 
200 0 237 239 254 
 
 
 
 
 



-------- Now start adding Cs ------ 
 
Cp Cs Vab Vac Vbc 
 
150 50 237 240 245 
150 65 237 242 246 
150 80 237 245 247 
150 95 237 247 248 
150 110 237 249 248 
 
This looks just fine for voltage balance.  On the schematic I sent, notice that 
L1 and L2 are the wires from the plug prior to any other components.  The current should 
be close to the same in L1 and L2 (other than instrumentation error). 
 
Measure at that point and begin to add Cpf noting the line current in L1 after each 
addition.  Add another capacitor and measure again.  At some point, adding a capacitor 
will increase the current.  If that was a big capacitor (say 50uF), remove it and add a 
smaller one (say 20uF).  If the current decreases, leave that cap on and you are done.  If it 
increases, take that cap off and you are done. 
 
The converter in this example ended up with a line current of 4.3A with Cpf = 15 uF. 
Incoming line current at  L1 = 5.2A    L2 = 6.1A before adding Cpf. 
After adding 15uf cap  L1 = 4.3A.  I believe that the line current could have been reduced 
further but the guy I was working with didn't want to fuss with it any more. 
 
Current measured at converter motor leads at 
 
Ian Ibn Icn 
14.1 16.0 21.5     unloaded idler 
9.0 17.3 14.5     5hp lathe running 1000rpm no cutting 
 
Final values selected: 
 
Cp Cs Cpf Vab Vac Vbc 
150 110 15 237 249 248 unloaded idler 
150 110 15 235 242 222 with lathe at 1000rpm 
 
Il1 Ian Ibn Icn 
4.3 9.3 17.7 14.3  with lathe at 1000rpm 
 
 
 
 
 
 
 



Parts List: 
 
M1  10hp 17xx rpm 220/240V 3-ph motor 
 
T1                    Control transformer, use 4R390 or equivalent.  The required fuse holder is 

integral with transformer.  Use Grainger 1CT88 primary fuse.  No 
secondary fuse is required. 

 
Cpf Represents capacitors wired in parallel to achieve required value.  The 

capacitors used must be of the oil filled "run" capacitor type, 370 VAC 
minimum voltage rating.  Connect the capacitors to the circuit using #10 
wire and the appropriate crimp on connector.  The connections to parallel 
them can be #12 wire (see example below).  Use Grainger 4X7nn series or 
equivalent. 
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370 VAC
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#12
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Cp Connection Example
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Cp The primary run capacitor.  This capacitor "must" be connected between 

the same two motor leads as the start capacitor.  This capacitor is wired 
similarly to Cpf shown above but may be composed of 2, 3, 4 or more 
capacitors connected in parallel as required to achieve the performance 
specified on the schematic. Use Grainger 4X7nn series or equivalent. 

 
Cs The secondary run capacitor.  This capacitor is wired similarly to Cpf 

shown above but may be composed of 2, 3, 4 or more capacitors 
connected in parallel as required to achieve the performance specified on 
the schematic.  Use Grainger 4X7nn series or equivalent. 

 
C1 The motor Run Contactor.   Use 5B109 or equivalent.  This will have 

three sets of contacts.  Use two for power connections, the other as the 
hold in connection. 

 
C2 The starting contactor.  Use 5B118 or equivalent.  This will have three 

sets of contacts.  Use two of them to connect the start capacitors, the other 
to operate the coil of the run contactor (C1). 



 
S1 Industrial SPST push button switch, momentary on.  Use 5B453 with 

5B536 contact block. 
 
S2 Industrial SPST mushroom safety switch.  Pull on, push off.  Use 6B329 

with 5B537 contacts. 
 
LT1 Industrial indicator light, 120V AC/DC.  Use 5B455 or equivalent. 
 
R1, R2 Start Capacitor bleed resistor, two required.  Use 6X181 or equivalent. 
 
Cstart Start Capacitors, two required.   Use 4X662 or equivalent. 
 
Enclosure These parts all need to be mounted in an industrial type of enclosure.  The 

enclosure was the most expensive part of the converter when I built mine.  
Use 3A907 or 3A908.  Highly recommended procedure is to use plywood 
board same size as inside panel and do a trial assembly for bread board 
purposes using the plywood to mount the components.  When it works 
fine, move it to the panel that mounts inside the enclosure listed above. 

 
Power cord. This unit should have at least an 8-3 SO power cord wired to a 40A 240V 
plug.  Use a matching receptacle on the wall, feed from a 40A-circuit breaker/circuit with 
#8 wire minimum.  Use the same type of cord to connect the idler motor to the control 
enclosure.   
 
Notes: 
 
Tool connections can be by hard wired into the converter or by using 3 phase 4 wire 
plugs on the end of 8-4 SO cords.  The ground wire must be used to ground both the 
enclosure and the tool frames and must be totally separate from any other wires all the 
way back to the main entrance box. 
 
Mounting the idler motor on springs - several HD motor valve springs between the motor 
sub-base and the mounting frame can be used - will help to keep it quiet.  Mount the 
control enclosure separate from the motor to reduce noise due to motor vibration 
resonating in the metal enclosure. 
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