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What are constant torque applications? 
Inverter-fed motor load specifications are classified by the 
shaft output torque requirement across the entire 
operational speed. Constant torque applications are those 
where the torque demanded by the load remains constant 
across the entire speed range and the output horsepower 
decreases linearly with speed. This torque requirement is 
represented by the curve shown in Fig.1. This curve 
portrays a typical industry turn down ratio for constant 
torque which is 4:1 CT (15-60 Hz) or also known as an 
operational speed range of 25-100%.

Integrated Drive Systems 
Constant Torque (CT) Applications

Figure 1 – 4:1 CT Load Curve

Typical driven loads 
Many load types require constant torque when driven at 
speeds lower than base speed. These are classified as 
constant torque loads. Examples of loads that exhibit 
constant torque characteristics are reciprocating 
compressors (Fig.2), conveyors, hoists, extruders and 
traction drives. Constant torque loads cause motors to draw 
near to full load rated current all the way down to zero 
speed. As a result the losses are near to constant as the 
motor speed decreases. Only the magnetic losses decrease. 
In contrary, the cooling on motors with shaft mounted fans 
is a function of rotational speed therefore motors can run 
significantly higher at these lower speed. This can be seen 
in Figure 3, the temperature rise can increase by 10-12 
times on open motors and 2-4 times on TEFC motors. To 
eliminate a concern with overheating at low speeds it may 
be necessary to oversize the motor but this may not be 
practical at very low speeds so using a motor with speed 
independent cooling may be the only answer. 
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Figure 2 – Reciprocating Compressor

Design considerations 
Constant torque motors require oversizing and/or auxiliary 
cooling from additional heating incurred when shock loading 
(such as debarkers), overloading or high inertia loading are 
encountered during slow speed operation. Because motors 
must draw high current to maintain torque throughout the 
entire speed range, cable oversizing is typical as well. Most 
importantly, since input voltage is the driving factor in 
torque generation, the drive must have the capability of 
maintaining constant V/Hz output in order for the motor to 
sustain full-load torque throughout. 

It is a good idea to take advantage of the allowance for 
increased short duration intermittent temperatures covered 
in the NEMA and IEC application guide listed below or just 
allow the machine to run into its class F temperature range 
on what would typically be class B rise machines built with 
Class F insulation. The intermitted temperature allowance  is 
also covered in detail in the Siemens White Paper titled 
“Increased Component Heating Due to Harmonics Losses & 
Speed Change”. Since it is common for the motor to run at 
this maximum temperature condition for short durations 
these standards allow for an increase in temperature rise of 
21-25% for short durations as long as the average or 
equivalent temperature TE meet the levels identified in these 
application guides and referenced standards. 
 

It is important to note that some TEFC machines are 
oversized due to other requirements such as efficiency 
requirements and may not run hot at the reduced speed and 
this should be considered first. The solution for motors that 
could run hot at reduced speed may involve the use of an 
auxiliary blower which would create a speed independent 
cooling system or allowing the motor to run over the normal 
operating temperature rise for short durations as addressed 
in the NEMA and IEC application guides.
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Figure 3 – CT Temperature Multiplier Curves

For addition information see the NEMA or IEC application 
manual listed below:

[1]  NEMA (National Electrical Manufacturers Association) 
Application Manual is for ≤ 600 Volts. Available for 
download at ‘nema.org/standards’  
(http://www.nema.org/standards/Pages/default.aspx)  
(http://www.nema.org/Standards/Pages/Application-
Guide-for-AC-Adjustable-Speed-Drive-Systems.aspx)

[2] IEC (International Electrotechnical Commission) 
Application Manual  in IEC 60034-25: AC machines when 
used in power drive systems (All Voltages). Available for 
download from IEC web store for a charge  
(http://webstore.iec.ch/?ref=menu) or for Siemens 
employees through NORIS WEB.


