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A typical power-torque-rpm relationship for a spindle driven by an AC 
induction motor and vector drive is shown below. The following points should 
be noted: 

1. Between zero and base speed, the power increases in a linear fashion 
while the torque is a constant. Note that with a vector drive, full 
rated torque is available from zero speed while motors driven by an 
inverter will have zero torque at zero speed. 

2. Between a base speed and the maximum speed of the motor, the power is a 
constant while the torque decreases (remember that power is proportional 
to torque times the speed). 

3. For some motors, there may be a range between the base speed and maximum 
speed where the power linearly decreases. 

 
 

 
 
It is important to design the cutting process such that the required power and 
torque at any given speed is lesser than the available power and torque. When 
the process exceeds the available power and torque, it over heats the motor 
and eventually burns it up. So it is very important to understand the limits 
of the equipment. 
 
The power-torque ratings are different based on duty cycle applied. Thus IEC 
(International Electrotechnical Commission) has released a standard to judge 
the duty cycle rating. 
 
Every motor has a continuous duty rating for power and torque (also called as 
a S1 rating). This rating is typically based on reaching thermal equilibrium 
on a sufficiently long duration. Since most motors in machine tools (axes or 
spindle motors) are used in a duty cycle that is not continuous, the 



 

3/3 

power/torque capability is higher than the continuous duty cycle since the 
motor heats up in a differently than in a continuous cycle. Thus a standard 
specification has been developed (IEC 34) that describes the capability of a 
motor based on a set duty cycle and they are named S1 thru S9.  
 
The four prominent ratings that are used for machine tool spindles are S1, 
S3, S6, peak load ratings.  

• S1 – Continuous duty rating: Constant load with duration long enough 
for motor to reach thermal equilibrium. 

• S3 – Intermittent periodic duty type without starting: A sequence of 
similar duty cycles at constant load separated by no-load (zero spindle 
speed) conditions. 

• S6 – Continuous operation – periodic duty type: A sequence of similar 
duty cycles at constant load separated by no-load (but continuously 
running) condition. 

 
S3 and S6 ratings are expressed as a power available for a given percentage 
of load period in a given cycle duration. Note that when no cycle time 
duration is specified, a 10min time applies as default. For example: 

• 15hp S3-30%, 60min – S3 rating for the spindle is 15hp available when 
the spindle is under constant load for 18min (30%) in a 60min cycle. 

• 10KW S6-60% - S6 rating of the spindle is 10KW when the spindle is used 
under a constant load for 6min (60%) in a 10min cycle. 

 
• Peak load rating: This rating is the instantaneous power available for 

a very short burst such as when you enter a cut or for acceleration of 
the spindle to speed etc.  

 
Competition calls their motors 20 hp peak but it is really rated for 10 hp 
continuous. Below are examples of the standard FX spindle motor and the 
optional high torque spindle motor: 
Fanuc B12/8000i : S1: 14.7HP(15HP), Peak: 20HP. 
Fanuc B18/6000iP: S1: 12 HP, Peak: 14.7HP. 


