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Kinetics Industries Manufacturer Of: 

Excitation Systems For Synchronous Machines 

Kinetics Industries has prepared this book to present common questions and requests for technical 

information that we receive concerning the application, service and trouble shooting of synchronous 

motor field excitation systems. The booklet highlights Kineticsô expertise and capabilities to design and 

manufacture excitation solutions for a wide range of motor designs, applications, power system 

management and application specific electrical and mechanical configurations.     

 
 

Synchronous Motor Field Excitation Systems 

Table Of Contents For: 

Application Question & Answers: 

1.    Who is Kinetics Industries? 

2. What is the difference between a brush and brushless synchronous motor? 

3. If I have a brush type synchronous motor; what equipment is required to operate the motor? 

4. If I have a brushless type synchronous motor; what equipment is required to operate the motor? 

5. Brushless exciter application caution; off-shaft brushless exciter circuit design warning of potential 

circuitry failure when applied to a GE motor. 

6.  What parts of a synchronous motor system does Kinetics manufacture or have the availability to 

supply as a fully test / integrated system? 

7. A Generator is similar in theoretical principle to a synchronous motor; can a generator excitation 

system be used in a synchronous motor application? 

8.  Exciter application guide, avoiding unit misapplication: necessary selection considerations when 

considering a diode, constant potential, rectifier verses a SCR, regulated output, limited range rectifier.  

9.    When applying a regulated excitation rectifier; what rectifying configuration, 3 or 6 pulse, is ñbestò 

for the highly inductive load characteristics of a synchronous motor field? 

10.  Does Kinetics offer a ñsmallò synchronous motor, functionally simplistic, excitation package? 

11. Can units be supplied as open panels for mounting within existing enclosures or OEM switchgear 

line-up enclosures? 
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12. Can a Kinetics system be packaged to fit into a medium voltage switchgear enclosure cell section? 

Kinetics cell-in-cell design package. 

13. Does Kinetics manufacture solid state field / discharge application switching packages? 

14. Brush type exciters; large field current capacity excitation systems in space efficient, user friendly, 

packaging configurations for retro-fit , OEMôs and installed in Kineticsô stand alone enclosures. 

15. Field application contactors vs. solid state application via SCR switching and latching crow bar circuit. 

16. Why does Kinetics manufacture two digital annunciation and logic modules? 

 ¶ KinetSync-SR for brush type synchronous motors. 

 ¶ KinetSync-NB for brushless type synchronous motors. 

17.  Are systems available that have the capacity to supply operating data and/or remote operating 

control via a computer network information highway? 

18. Why is the concept of a KinetSync module to Kinetics exciter / field application system, inter-

connection cable with plug-in connection is a very important Kinetics product advantage over 

competitive offerings by others? 

19. Can a stand along application panel be supplied for use with an existing DC power source? 

20.  How to safely apply an oscilloscope for the monitoring and recording of a brush type synchronous 

motor acceleration to synchronous speed and slip frequency. 

21. Are there common guidelines for sizing of brush type motor discharge resistors? 

22. How can it be determined if the DC excitation voltage is being applied at the ñcorrectò time? 

23. Why is the wave form observed from a ñSmallò synchronous motor discharge circuit not uniform 

and per the ñtext book? 

24. What is ñpower factor"? 

25. CTôs and PT configuration and wiring for power factor regulation of synchronous motors. 

26. What is a synchronous motor V-curve pattern? 

27. How much power factor correction can be obtained from a given motor? 

28. What factors determine the speed of a synchronous motor? 

29. What conditions could prevent a synchronous motor from reaching synchronous speed or pull-up 

speed and prevents the field from being safely applied? 

30. Is there a general ñtestò procedure to a brushless motor to determine if a rotating semi-conductor 

has failed or not ñfiringò properly? 
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31. Is a ñloadò required to properly set up an exciter to maintain a desired motor power factor? 

32. Can a Kinetics excitation system be applied to a synchronous motor, commonly referred to as a 

synchronous condenser, to regulate plant power factor? 

33. Are systems available for ñimpulseò loading or extreme differential of no load to maximum load to 

no load applications? 

34. Can motor starting lockout protection be included within the excitation system that prevents 

damage to the motor amortisseur winding or squirrel cage winding from excessively frequent 

starting? 

35. Does Kinetics manufacture retro-fit systems for prime mover synchronous motors that have a multi-

exciter combination field control system? 

36. Does Kinetics manufacture excitations systems for operation with stator power variable frequency 

drives, VFDs? 

37. Does Kinetics manufacture alternating current, AC, excitation systems for brushless synchronous 

motors designed to require a variable AC off-shaft excitation system? 

38. Have an ñunusualò type of synchronous motor; can Kinetics offer  excitation design assistance? 

39. What is a super synchronous motor? 

40. Types of two speed synchronous motors. 

41. Consequent pole, two speed synchronous motor. 

42. Prime mover, pony motor, for motor starting of large synchronous motors and/or heavy coupled 

mechanical loads. 

43. What is a wound rotor ï synchronous motor and does Kinetics offer a system for these combination 

specialty configuration motors? 

44. Brush hydro-planning: Brush type synchronous motors, brush hydro-planning causing separation 

of slip rings and brushes on motor start resulting in an open field circuit, motor protection trip.  

45. What ñstandardsò, ñcodesò and ñcertificationsò does Kinetics design and manufactured product to? 

46. How are Kineticsô units designed, manufactured and tested? 

47. Product documentation operational maintenance manual & software provided with Kinetics product.  

48. Why purchase a Kinetics excitation system? 

49. Kinetics engineering start-up services and training. 

50. When comparing quotes & proposals: important standard features of Kinetics excitation systems. 
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51. What information is necessary to obtain a quotation? 

Caution: Application note concerning brushless synchronous motor excitation systems ï exciter logic 
must match the operational logic of the rotating exciter electronics of the motor manufacturer. 

 
52. Key commercial contacts at Kinetics Industries. 

53. Operation manuals and, drawings. 

54. When comparing quotes & proposals; important standard features of Kineticsô field application panels. 

55. Basic Kinetics SCR regulated exciter specification. 

56. Constant potential, diode, exciter with multiple EPT taps specification. 

57. Specification: Contactor applied field application panel. 

58 Specification: Totally solid state brush type motor field application panel & Kineticsô KinetSync-SR 

digital annunciation and logic module. 

 

>> Typical large horsepower, steel mill, rolling mill, brush type synchronous motor under repair << 
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Kinetics Synchronous Motor Field Excitation Systems 
 

1. Questions & Answers: Who is Kinetics Industries: 

       Briefly, Kinetics Industries is a USA owned and operated, integrated, power systems manufacturing 

company, located in Trenton, New Jersey. Kinetics Industries was founded as S&M Electric Motor Repair, in 

1939 by E. Paul Secrest. The company began as an electrical apparatus repair and service company for the 

regionôs heavy industrial customers. In the early 1960ôs Kinetics began working closely with ñlocalò heavy 

industrial customers to design and manufacture diode rectifiers, SCR rectifiers and DC motor drives for the 

retro-fit of motor generator set and mercury arc rectifier and new solid state power conversion systems for plant 

automation. The company added capacity to manufacture dry type transformers in the late 1960ôs. During the 

mid-1970ôs a complete sheet metal fabrication facility was added for the manufacture of enclosures, panels and 

buss work. 

      Kineticsô roots within the motor service industry made the company well suited to develop rectification 

products for crane motors, lifting magnet, traction power system and excitation systems for synchronous 

machines. 

      Kinetics has developed experience working closely with various motor oriented production processes, such 

as, floor material manufacturers, steel & aluminum mills, rubber mills, pulp & paper mills and public utilities. 

From this heavy industrial experience, Kinetics has grown from a regional custom manufacturer to a world-wide 

manufacturer of a product line of standard and custom DC power supplies, SCR regulated rectifier and field 

excitation products for synchronous machines. 

      Kineticsô extensive customer list includes a wide spectrum of diverse industries, utilities, governmental 

agencies and geographical locations. Our diverse customer base has enabled Kinetics to develop a product line of 
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power system products that begins with a basic diode power supply to the sophisticated facility integrated 

production process solid state digital logic and control excitation system for a synchronous motor with data 

networking capabilities. 

     At Kineticsô single source manufacturing, plant located in Trenton, NJ, Kineticsô skilled staff designs and 

manufactures our own SCR and diode power control assemblies, dry type transformers from 1 to 2000 KVA, 

control and firing circuitry and sheet metal panels and enclosure fabrication. As a self-contained manufacturing 

facility, Kinetics brings the team concept to the manufacturing process. We work to consistently manufacture the 

highest quality power system products and provide the availability of the most comprehensive and accessible 

engineering support on the market.  

  

 
>> Motor pump room at one of the many pumping facilities of Southwest Nevada Water Authority. Pumps driven by 
2,500 Hp brushless synchronous motors. Excitation systems incorporate the use Kinetics regulated exciters and 
KinetSync-NB digital annunciation and control logic modules. 

 
2. What is the difference between a brush and brushless synchronous motor? 

     The motor theory and delivery of mechanical power is nearly identical for both type of motors. The major 

differences between motors is the method of ñdeliveryò of the field excitation to the rotating field poles. 

¶ A brush type synchronous motor incorporates the use of brushes riding against slip rings to deliver the full field 

current and voltage, power, field directly to the motor field. The DC power source for field excitation, field 

application logic, field application / discharge resistance application method and field discharge resistors are 

located external from the synchronous motor. 

¶ A brushless type synchronous motor incorporates the use of a remotely located DC power source called a ñpilot 

exciterò or ñcontrol power exciterò. (Common value 125 VDC at 3 to 20 amps DC). The DC ñcontrolò power source 
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is applied to the motorôs rotating rotor via an induced electro-magnetic field. The field application logic, power field 

exciter and discharge resistors are mounted to the motorôs rotor. By increasing or decreasing the output of the 

ñpilotò exciter, the rotating power exciter increases or decreases field strength. The motor manufactures promote 

that the elimination of brushes and slip-rings reduces the maintenance requirements of the motor. 

 

Left: Off-shaft brushless motor excitation system 
Right: Brush or slip ring motor excitation system 

                          Typical rotating exciter assembly              Typical slip ring motor assembly 
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   3. Brush type synchronous motor: what is needed to run the motor?: 

   1) AC main line power motor starter and / or switchgear. 

   2) CT's & PT's in quadrature on the AC main power feeds to the motor. 

   -> Quadrature defined: A quarter of a cycle phase difference. If the angle of lag or of lead between two sets of 

alternating current waves be 90ô, or a quarter circle, the waves are said to be in quadrature with each other.  

   3) DC power source for field excitation. DC for excitation can be supplied from several possible means: 

 ¶ Common DC mill buss power. 

 ¶ Motor generator set. 

 ¶ Synchronous motor shaft mounted DC generator. 

 ¶ Constant potential diode exciter. 

 ¶ SCR regulated rectifier exciter. 

   4) Field application control and application logic. Old vs. modern methods 

 ¶ Discrete components consisting of contactors, relays and timers 

            (Pre-electronic panels) 

¶ KinetSync-SR, solid state, micro-processor based, digital logic and annunciation control module. 

   5) Field application method: Two of the common methods are; 

  ¶ Two normally open poles & one normally closed pole contactors with over-lapping contacts. Found in 

ñolderò vintage packages. Currently used when excitation power is supplied from a DC buss, constant 

potential exciter or existing exciter. 

  ¶ Solid state field / discharge resistor application via SCR switching with latching crow-bar circuit. Solid 

state switching is the most desirable method of switching and is the modern standard. Solid state 

switching application circuits are only available when an integrated regulated exciter is supplied as a 

system.   

   6) Field discharge resistance grid. 

7) Application specific features: Kinetics engineering is available to  assist in application customizing features 

such motor ñinchingò control for ball mills and field forcing for steel processing rolling mills. 
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>> Typical brush type motor excitation system drawing 

 

 
>> Typical ñcompleteò excitation system: 5 KV input LBSF, regulated exciter, solid state application circuit, 
KinetSync-SR annunciation & logic module, discharge resistors all in a NEMA3R line-up enclosure. 
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  4. Brushless motor: what is required to run the motor? 

 1) AC main line power starter and / or switchgear. 

 2) CTôs & PTôs in quadrature on the AC main line power feed to the motor. 

 3) Constant potential or regulated output exciter. 

 4)    For applications where controlling power factor, monitoring the motor, having a operational history registry 

or placing operational information on a communication network Kinetics recommends the KinetSyn-SR digital 

annunciation and logic control module.  

5) Electrical drawings or a written description of the operational configuration of the rotating field excitation 

circuitry and the relationship to the off-shaft exciter.   

 

>> Typical brushless motor excitation system drawing 
 

 

Typical Brushless Motor Off-shaft Excitation Regulator 
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5.  Off-shaft brushless exciter circuit design warning of potential failure when applied to a GE motor. 

      Off-shaft exciter system designs, when applied to GE brushless synchronous motors, must address the 

potential of rotating electronics damage if voltage suppression is not applied to the output of the exciter.  Failure 

to provide adequate voltage suppression between the off-shaft exciter and the rotating exciter electronic can 

result in a failure to the rotating electronic package. A failure of the rotating exciter semi-conductor can produce 

an interaction that can result in failure of the off-shaft exciter due to voltage surges.    

      Specific to the GE brushless synchronous motor rotating electrics design, GE offers the following warning 

within their instruction manual concerning the off shaft exciter design and the need for circuitry voltage surge 

protection: 

Caution: It is possible to develop a high induced voltage across the exciter field terminals during 

abnormal operation (Failure of a rectifier circuit component). To limit subsequent damage to the exciter 

field supply and control components, it is recommended that a 100 ohm, 200 watt, fixed resistor be 

placed across the exciter field terminals. If an ammeter is incorporated to monitor the field current, the 

resistor should be located on the supply side of the ammeter. Failure to observe these precautions may 

result in equipment damage. 

      Failure to provide a simple, common and inexpensive resistor, on the output of the off shaft exciter, 

when applied to a GE brushless motor, can result in an expensive motor failure.   GEôs manual highlights 

the potential of off-shaft exciter failure, however failure of the rotating exciter and circuitry is a far more 

expensive and time consuming event. It is not uncommon of one exciter to lead to the failure of the other if 

sufficient voltage suppression is not present. 

      Various manufactures deploy various configurations of rotating exciter circuitry that have pro's and con's for 

functional reliability, durability and operational / application flexibility. The designer and application engineer of 

brushless excitation systems must be on constant guard for the dangers of the improper exciter compatibility 

and / or inadequate system circuitry protections.   

      The instruction manual for GE brushless motors provides the following circuit drawings as recommended 

configurations of possible off-shaft exciter designs that incorporate the critical voltage suppression resistor 

across the exciter output.  
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