
 V-Curve

Speed-Torque

Using EMEGEN, the full range of performance curves for a 
synchronous motor design can be created

INDUCTION AND SYNCHRONOUS MOTOR DESIGN (CONT)

Acceleration

Current vs. Speed

Saturation

As Machine Designers that understand all types of motor designs and 
construction, we are uniquely capable of designing specialty systems to 
support non-standard or First Of A Kind evolutions

RCP Motor Transfer System

Issues
• In Containment Steam Line interfered with lift
• 11-1/2ft.dia. motor needed to move vertically through 12ft.dia. Equipment Hatch
• Transfer System needed to be designed such that individual components could be hand carried into 
containment during plant cool down (<80 lbf each)

Solution
• Low Profile track and roller system – utilized motor lower bracket as strong-back to reinforce thin plate
• Individual beam sections, each less than 80 lbf bolted together to create bridge
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We present here two starting scenarios:

Cascade beginning at 45° and fully cascading by 90°

Cascade beginning at 60° and fully cascading by 90°

In order to simulate the period from the “frozen” charge at the start of the cascade to fully cascading, a ½ 
period cosine curve was fit from the resisting torque at either 45° or 60° to motor rated torque at 90°.

The calculations show that the motor does not quite start with a 60° beginning cascade angle - the 
resisting torque of the charge exceeds the motor torque.  While EMEʼs integration continues, in reality the 
motor would stall.  However, at 45° the calculation shows a full start, with pull-in-speed being reached in
just over 5 seconds, which closely matches documented performance. This demonstrates that even 
though the motor is unable to meet the Metso starting requirement, it is capable of starting the mill when 
assuming a realistic cascade angle.  This correlates to the known performance of the motor and mill 
combination on which this design is based.
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EME Proprietary Software, EMEINDUCT & EMEGEN, enable clean-sheet induction 
& Synchronous motor design & analysis

• Calculate steady state rotor and stator temperatures using a half tooth-half slot model of the rotor 
 and stator.  

• Combine distributed losses (copper I2R losses include resistance-temperature relationship) , thermal  
 resistances (conductivity through materials and forced convection using calculated heat transfer 
 coefficients) into a finite difference model.  

• Combine Finite Difference Model with results of the Ventilation Modeling –  include details of the air 
 flow distribution through the machine 

• Establish the air temperatures and the heat transfer coefficient at each convective node in the model. 

• Assess Impact of Changes
• Create Design Basis for New Machine

EMEINDUCT calculate the parameter necessary to 
solve the Equivalent Circuit for a motor design

R1 – Primary R, ohmic value Winding

R2 – Secondary R, rotor bar & end ring

RM – Iron loss R, Fundamental Frequency losses, 
          stator teeth/core & High Frequency surface losses

Xmp – Magnetizing Reactance

X1 – Primary Leakage Reactance, slot, zig-zag,
        & end leakage

X2 – Secondary Leakage – same components as X1 – 
         accounts for rotor slot style

Xs,Xt – System & Transformer Reactance 

INDUCTION AND SYNCHRONOUS MOTOR DESIGN ID Fan Motor Up-Rate Case Study
5000hp to 6000hp

Vibration Diagnostics & Rotor Dynamics
Field testing

EME Routinely supports customers with Up-Rate Analysis by performing a 
complete performance and thermal analysis on design changes
• No Dimensional Changes to core – balance of flux density unchanged

• Reduction in Turns/Coil and Coil Throw – increase in flux density of 9.3% across Air Gap, 
 Back Iron & Teeth

• Consider impacts to Core Heating and Coil Heating

• Flux Density within acceptable saturation region, however core losses increase during 
 normal operation

• Evaluate change in Coil Pitch for winding induced harmonics 

Field testing
• Acoustic testing
• Modal testing
• Operating deflection 
 shapes of structures

Rotor Dynamics Analysis
• Typically modeled with purpose made rotor dynamics software
• Can use other methods as appropriate
• Often calibrated with field acquired coast down data

Field Testing
• Acquire data from installed plant equipment
• Portable stand-alone instrumentation setup when needed

Seismic Analysis 
• Rotating element 
• Static structure 
• Or a combination (pump 
 & housing/bearings) 
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