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(57) ABSTRACT 
A method of transitioning a motor from a torque control 
mode to a Speed control mode includes providing the motor 
with a torque command to eliminate torque holes at the 
transition. A speed controller generates a speed error, which 
is used to generate two torque terms. The first torque term is 
proportional to the Speed error, and the Second torque term 
includes the integral of the Speed error. A third torque term 
comprises a feedforward torque, which is added to the first 
two torque terms to generate the torque command. 
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METHOD AND SYSTEM FOR CONTROLLING A 
MOTOR 

Background of Invention 
0001) 1. Field of the Invention 
0002 The present invention relates to a method and 
System for controlling a motor. 
0003 2. Background Art 
0004 Electric motors may be operated in any one of a 
number of different operating modes-e.g., torque control 
and Speed control. The optimum mode of operation may 
depend on many factors, including the application in which 
the motor is being used, and the particular motor require 
ments when the motor is being run. One difference between 
a torque control mode and a Speed control mode is the 
desired output of the motor. For example, when operating in 
a torque control mode, a motor controller may send a signal 
or Signals to the motor to control the torque to achieve a 
desired motor torque. Conversely, when a motor is being 
operated in a Speed control mode, the goal is a desired motor 
Speed. Thus, even though the motor controller may still 
control the torque of the motor, the torque is controlled to 
achieve a desired motor Speed. 
0005 Electric motors have many different applications, 
including use in electric Vehicles and hybrid electric Vehicles 
(HEVs). In electric vehicles and HEVs, the ride quality is 
directly related to the electric drive systems ability to 
produce a Smooth, continuous torque. For these Vehicles to 
perform just as their “engine only counterparts would, the 
electric motor must be operated in Several different modes. 
These different modes will typically complicate the system 
control and thus require additional effort to offset their 
complexities. In HEVs, a vehicle system controller (VSC) is 
usually present to manage System functions and to interface 
with a traction drive System. A traction drive System may 
include the electric motor, a motor controller, and power 
electronics. The motor controller, which may include a 
Speed controller, controls the motor through the power 
electronics, which manipulates magnetic fields within the 
motor to control the motor torque. 
0006. At a basic level, the electric motor is operated in 
the torque control mode; however, in many instances, the 
best vehicle performance requires that the motor be operated 
in the Speed control mode. Transitioning the motor from one 
mode of operation to another can cause problems in pow 
ertrain performance. For example, as a motor is transitioned 
from torque control to Speed control, the vehicle System 
controller provides a Speed command, or target Speed, to the 
motor controller. The target Speed is then compared to the 
present motor Speed, the difference between the two being a 
Speed error. If this target Speed is at or below the present 
motor Speed, the Speed error is Zero or negative, and this 
momentarily Sets the moto's output torque to Zero (or even 
a negative torque) as Soon as the motor is transitioned into 
Speed control. This situation is transient however, and as the 
motor decelerates, the Speed error becomes positive and the 
torque of the motor begins to increase. This recovery takes 
time, and even if the System responds quickly to increase the 
torque after the motor decelerates, the initial drop in torque 
may cause the vehicle to experience a brief, Sudden decel 
eration. In fact, an undesired “torque hole' may occur each 
time the operating mode is changed from torque control to 
Speed control. 
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0007 An example of where an electric motor in a vehicle 
may change from torque control to Speed control is seen in 
the operation of an HEV. If the HEV is operating solely 
under the power of the electric motor, and the electric motor 
is operating in the torque control mode, the need to Start the 
internal combustion engine may necessitate transitioning the 
motor from torque control mode to speed control mode. 
Thus, while the Speed controller initializes, the potential for 
a torque hole would exist. Another example of where a 
motor in a motor driven vehicle may need to be transitioned 
from torque control to Speed control is during the accelera 
tion of the vehicle when a gear change is required. The gear 
change may force a rapid transition into Speed control mode 
to aid in a Smooth shift. This frequent Switching from one 
mode to another is required for optimal vehicle performance, 
but also means that Special attention must be paid to the 
transitions. 

0008 Accordingly, it is desirable to provide a method and 
System for transitioning an electric motor between two 
operating modes, Such that the transitions may occur as 
frequently as needed to optimize vehicle performance, while 
eliminating undesired degradation in powertrain perfor 
mance caused by a Sudden drop in motor torque. 

SUMMARY OF INVENTION 

0009. Therefore, a method of transitioning an electric 
motor from a first operating mode to a Second operating 
mode is provided. The method comprises measuring the 
speed of the motor and generating a second torque com 
mand. The Second torque command may be a function of the 
measured motor Speed, a first torque command, and a motor 
Speed command. The Second torque command is Sent to the 
motor, and it is modified when the measured motor Speed 
reaches a predetermined value. 
0010. The invention further provides a method of transi 
tioning an electric motor from a first operating mode to a 
Second operating mode. The method comprises measuring 
the Speed of the motor and generating a Speed error. The 
Speed error is the difference between a motor Speed com 
mand and the measured motor Speed. A Second torque 
command is also generated. The Second torque command 
may be a function of the Speed error, an integral of the Speed 
error, and a first torque command. The Second torque 
command is Sent to the motor, and it is modified when the 
measured motor Speed reaches a predetermined value. 
0011. The invention also provides a system for transi 
tioning an electric motor from a first operating mode to a 
Second operating mode. The System comprises a first con 
troller for at least controlling the motor. The first controller 
is configured to at least receive a measured motor Speed, 
receive a first torque command, and receive a motor Speed 
command. The first controller is also configured to generate 
a Second torque command, the Second motor torque being a 
function of the measured motor Speed, the first motor torque, 
and the motor Speed command. The first controller is also 
configured to output a Second torque command. 
0012. The invention further provides a controller for 
controlling an electric motor. The controller comprises an 
algorithm for generating a Second torque command and for 
Sending the Second torque command to the motor. The 
Second torque command may be a function of a measured 
motor Speed, a motor Speed command, and a first torque 
command. 
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0013 The above object and other objects, features, and 
advantages of the present invention are readily apparent 
from the following detailed description of the best modes for 
carrying out the invention when taken in connection with the 
accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

0.014 FIG. 1 is a simple schematic diagram illustrating a 
System in accordance with the present invention, the System 
being used to control an electric motor; 
0.015 FIG. 2 is a control circuit illustrating a speed 
controller used in the system illustrated in FIG. 1; 
0016 FIG. 3 is a flowchart illustrating a method in 
accordance with the present invention; 
0017 FIG. 4 is line graph illustrating motor speed and 
motor torque profiles as a motor undergoes a transition from 
torque control to Speed control; and 
0.018 FIG. 5 is a line graph illustrating motor speed and 
motor torque profiles for an electric motor undergoing a 
transition from torque control to Speed control, the electric 
motor having the benefit of the system and method of the 
present invention. 

DETAILED DESCRIPTION 

0.019 FIG. 1 is a simple schematic diagram of a system 
10 used to control an electric motor 12 in a vehicle. The 
vehicle may be an electric or hybrid electric vehicle. By way 
of example and not limitation, a hybrid electric Vehicle may 
be a gasoline or diesel hybrid electric Vehicle, or a fuel cell 
hybrid electric vehicle. The system 10 includes a first 
controller, or motor controller 14, a Second controller, or 
vehicle System controller 16, an electronic Subsystem, or 
power electronics 18, and a battery 20. The motor controller 
14 includes a Speed controller 22 which, as explained in 
detail below, is configured to facilitate a Smooth transition of 
the electric motor 12 between operating modes. AS readily 
seen in FIG. 1, the various components interact with one 
another to provide inputs and outputs that help to control the 
motor 12. 

0020. As an example of this interaction, the motor con 
troller 14 may receive a number of inputs from the VSC 16, 
Such as a first torque command, a motor Speed command, 
and a signal that commands the mode of operation for the 
motor 12-e.g., Speed control mode or torque control mode. 
In addition, the motor controller may receive an input from 
a sensor (not shown) on the electric motor 12 that indicates 
a measured motor Speed. The motor controller 14, and more 
Specifically the Speed controller 22, may provide output 
Signals to the power electronics 18 based on the various 
inputs received. The power electronics 18 are configured to 
receive inputs from the motor controller 14, and to control 
magnetic fields within the motor 12 to achieve a desired 
result, for example, a desired motor torque or a desired 
motor speed. The battery 20 provides power for the system, 
and may be recharged by any Suitable method, including 
those commonly used in the field of electric vehicles and 
HEVS. 

0021. In the embodiment shown in FIG. 1, the speed 
controller 22 is not a physical Structure, but rather represents 
a preprogrammed algorithm within the motor controller 14. 
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It is possible, however, that a motor controller, Such as the 
motor controller 14, could be attached to, or provided with, 
additional electronic components that perform the function 
of the speed controller 22. Because the speed controller 22 
is an algorithm within the motor controller 14, it is assumed 
that inputs into the motor controller 14 may also be inputs 
into the speed controller 22. Similarly, outputs from the 
Speed controller 22 may also be outputs of the motor 
controller 14. 

0022 FIG. 2 illustrates a detail of the speed controller 22 
and its operation. The Speed controller 22 is configured to 
handle motor operating mode transitions in an improved 
manner. Specifically, the Speed controller 22 is configured to 
minimize the torque perturbations and eliminate the result 
ing vehicular disturbances. At the outset, the Speed control 
ler 22 receives a Speed command and an actual motor Speed 
into a Summing junction 24. The Speed command, or motor 
Speed command, represents a desired motor Speed Sent to the 
speed controller 22 by the VSC 16. The VSC 16 may 
generate the Speed command according to is own prepro 
grammed algorithms, or it may be provided to the Speed 
controller 22 from other subsystems within the vehicle. 
0023 The actual speed is provided to the speed controller 
22, and in particular into the Summing junction 24, from the 
Speed Sensor on the electric motor 12. Hence, the “actual 
Speed” is the measured motor Speed. At the Summing 
junction 24, the difference between the Speed command and 
the actual Speed is calculated, thereby generating a Speed 
error. The Speed error is output from the Summing junction 
24 into two separate gain blocks 26, 28. At the gain block 26, 
a multiplier, or gain Kp, is applied to the Speed error. -This 
is a first torque term that will be used later in the algorithm. 
Prior to the speed error reaching the gain block 28, it is 
integrated at an integration block 30. At the gain block 28, 
a gain Ki is applied to the integral of the Speed error, to 
generate a Second torque term. 

0024. Included in the speed controller 22 is an adaptive 
anti-Windup function, or adaptive anti-Windup Strategy 32. 
The adaptive anti-Windup Strategy 32 can greatly improve 
the ability of the Speed controller 22 to quickly regain speed 
control tracking following a mode change transient. Spe 
cifically, the adaptive anti-Windup Strategy 32 resets the 
integrator, represented by the integration block 30, each time 
a mode transition occurs. This ensures that previously inte 
grated values will not be carried into future Speed control 
calculations. This illustrates another benefit of the present 
invention, for without the adaptive anti-Windup Strategy 32, 
the integrated value of the Speed error could increase to the 
point where it dominated the output of the Speed controller 
22. In addition, the adaptive anti-Windup Strategy 32 pro 
hibits the integrator from functioning during periods when a 
large Speed error exists. AS explained more fully below, this 
feature allows the use of much larger integral gains, Such as 
the integral gain Ki, Since these gains will only be applied 
when the Speed errors are Small. 
0025. After the gain Kp is applied to the speed error, and 
the gain Ki is applied to the integral of the Speed error, the 
terms are Summed at a Summing junction 34. In addition, a 
third torque term is added at the Summing junction 34. 
Specifically, a first torque command, or feedforward torque, 
is output from a torque feedforward controller 36. The 
torque feedforward controller 36 receives a mode Signal and 
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the first torque command from the VSC 16. The mode signal 
tells the torque feed forward controller 36 the operating 
mode of the motor 12. 

0026. The torque feedforward controller 36 may use the 
first torque command in one of a number of ways. For 
example, if the mode command indicates to the torque 
feedforward controller 36 that the motor 12 is in the speed 
control mode, the torque feed forward controller 36 will 
output the first torque command, or feedforward torque, to 
the Summing junction 34. Here, the feedforward torque, or 
third torque term, is added to the first and Second torque 
terms. The Sum of these three terms represents a Second 
torque command which is then output to a Switch 38. 
0027. In addition to receiving the second torque com 
mand via the Summing junction 34, the Switch 38 also 
receives the first torque command and the mode command 
from the VSC 16. Based on the mode command, the Switch 
38 allows either the first or Second torque command to pass 
through to a torque limiter 40. When the mode command 
indicates that the motor 12 is in the torque control mode (as 
shown in FIG. 2), the first torque command passes through 
the Switch 38 to the torque limiter 40. When the motor 12 is 
in the speed control mode, the Switch 38 allows the second 
torque command, including all three torque terms, to pass 
through to the torque limiter 40. It is worth noting that the 
Switch 38, like the other components in the speed controller 
22, is not a physical device; rather, it is part of the prepro 
grammed algorithm that makes up the Speed controller 22. 
Of course, the Speed controller 22 may comprise physical 
devices that perform the function of one or more of the 
components shown in FIG. 2. 
0028. The torque limiter 40 is included in the speed 
controller 22 because of the finite torque production capacity 
of the motor 12. Thus, if the torque command input into the 
torque limiter 40 is larger than the torque that can be 
produced by the motor 12, the torque command is limited to 
a predetermined torque value. This limit is polarity Sensitive 
Such that when the torque command is positive, the prede 
termined torque value will be a maximum torque. Con 
versely, when the torque command is negative, the prede 
termined torque value will be a minimum torque. After being 
appropriately limited with the torque limiter 40, the torque 
command is Sent to the motor 12 through the power elec 
tronics 18. 

0029 FIG. 3 is a flowchart 42 illustrating a method of 
transitioning the electric motor 12 from torque control mode 
to speed control mode. It is worth noting that the transition 
from torque control mode to Speed control mode is used as 
an example because it is known that torque perturbations 
and vehicular disturbances can occur during Such a transi 
tion. However, the System 10, and in particular the Speed 
controller 22, can be used to help Smooth transitions 
between other operating modes-e.g., from a Speed control 
mode to a torque control mode. 
0030) Returning to FIG. 3, it is seen that the transition 
begins with a start command, represented by oval 44. The 
start command may come from the VSC 16 via the mode 
signal which is fed into the motor controller 14 and into the 
speed controller 22 (see FIG. 2). The speed controller 22 
also receives a motor Speed command and an actual, or 
measured, motor Speed, and then generates a Speed error 
term from their difference (see block 46). After the speed 
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error term is calculated, it is determined whether a torque 
to-speed transition occurred; this is illustrated in decision 
block 48. If the transition did occur, the integrator within the 
Speed controller 22 is reset in accordance with the adaptive 
anti-Windup Strategy 32. 
0031) If the integrator is reset, as illustrated in block 50, 
or if a torque-to-speed transition did not occur, the Speed 
error is sent to decision block 52. In decision block 52 it is 
determined whether or not the Speed error is greater than the 
quantity (200/Kp). As briefly explained above, this inquiry 
is part of the adaptive anti-Windup Strategy 32 that prohibits 
the integrator from functioning during periods when a large 
Speed error exists. 
0032. In the embodiment illustrated in FIG. 3, the mag 
nitude threshold of the Speed error is Set by the quantity 
(200/Kp). The number 200 is a calibrated constant, chosen 
for optimum performance. AS discussed above, the term 
“Kp” is the controller's proportional gain. The value of Kp, 
and the calibrated constant 200, are chosen based on opti 
mizing a System, Such as the System 10. Thus, one or both 
of these values may change when the method is applied to 
a different System, or when a given System changes. For 
example, if the quantity (200/Kp) is optimal for a given 
System, and the electric motor is replaced, either or both of 
the terms in the quantity (200/Kp) may need to be changed. 
Similarly, a change in a component that affects vehicle 
performance-e.g., tires--may also necessitate a change in 
the quantity (200/Kp). 
0033 Comparing the speed error to a limiting quantity, 
Such as the quantity (200/Kp), is a feature of the adaptive 
anti-Windup Strategy that helps to prevent the integrator 
from winding up during Situations where large Speed errors 
exist. This may be important, Since the integrator is most 
effective for correcting errors during Steady-State perfor 
mance. In addition, this feature also allows the use of much 
larger integral gains, Such as Ki, because this limiting feature 
helps to ensure that the gains will only be applied when the 
Speed errors are Small. Using a larger integral gain can 
provide an overall benefit, Since a larger gain increases the 
Signal bandwidth and provides greater control of the motor. 
0034 Returning to FIG. 3, it is seen that if the speed error 
is greater than the quantity (200/Kp), the integrator is reset 
as illustrated in block 54. If the integrator is reset, or if the 
Speed error is less than or equal to the quantity (200/Kp), a 
torque limit is applied to the integrated value (see block 56). 
Because a motor, Such as the motor 12, has a finite torque 
capacity, a torque command must be limited Such that it 
remains within this torque capacity. In addition, the Second 
torque command contains a feedforward torque term, as 
discussed above in conjunction with FIG. 2, and so the 
integrated torque term must be limited as illustrated in block 
56, So that the Second torque command, including the 
feedforward torque, does not exceed the torque capacity of 
the motor 12. 

0035. After the torque limits have been applied to the 
integrator, the Second torque command is generated as 
illustrated in block 58. The feedforward torque, or first 
torque command, after being output from the torque feed 
forward controller 36 (see FIG. 2), is added to the other two 
torque terms to generate the Second torque command. This 
is illustrated in block 58 in FIG. 3. Finally, an absolute 
torque limiter function is applied So that the value of the 
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Second torque command does not exceed the torque capacity 
of the motor 12. The absolute torque limiting function is 
shown as torque limiter 40 in FIG. 2, and is represented in 
blocks 60, 62, 64, and 66 in FIG. 3. Once the second torque 
command is appropriately limited, it is sent to the motor 12 
and fed back into the speed controller 22. 
0.036 The second torque command is delivered to the 
motor 12 until the motor Speed reaches a predetermined 
level. The predetermined level may be chosen to be slightly 
above the motor Speed command. This helps to ensure that 
the motor has reached its target Speed and that the mode 
transition is complete, before the Second motor torque is 
modified. Once the motor Speed reaches the predetermined 
level-i.e., exceeds the motor Speed command-the Second 
torque command is reduced. This may involve a reduction in 
the third torque term, or first torque command, Such that the 
first and Second torque terms predominate the Second torque 
command. The motor Speed is then controlled as the motor 
operates in Speed control mode. 
0037. An examination of FIGS. 4 and 5 clearly illus 
trates some of the benefits of the present invention. FIG. 4 
shows a motor torque and motor Speed profile for an electric 
motor in an HEV as it undergoes a transition from torque 
control to Speed control. The line representing the operating 
mode is initially in torque control mode until it moves 
Vertically up the graph and transitions into Speed control 
mode. Without the use of the method and system of the 
present invention, the Speed profile and torque profile both 
undergo noticeable dips at this operating mode transition. In 
fact, the motor torque drops to Zero for a short time, 
indicating a Zero or negative Speed error. It is at this point 
that this torque perturbation results in a noticeable vehicular 
disturbance. 

0.038. In contrast, FIG. 5 illustrates a similar transition 
from a torque control mode to a speed control mode utilizing 
the transition control described in the method and system of 
the present invention. In FIG. 5 it is seen that the actual 
torque increases slightly during the transition period, while 
the motor Speed remains nearly constant. This is because of 
the addition of the Second torque command, including the 
feedforward torque, which ensures that the motor torque will 
not drop to Zero. Once the motor Speed is slightly above the 
Speed target, or motor Speed command, the Second torque 
command is modified Such that the feedforward torque term 
is reduced. This is illustrated in FIG. 5 at the point where the 
assist torque is removed. The Speed of the motor is then 
modulated in a Speed control mode to maintain tight Speed 
control. 

0039 While the best mode for carrying out the invention 
has been described in detail, those familiar with the art to 
which this invention relates will recognize various alterna 
tive designs and embodiments for practicing the invention as 
defined by the following claims. 

1. A method of transitioning an electric motor from a first 
operating mode to a Second operating mode, the method 
comprising: 

measuring the Speed of the motor; 
generating a Second torque command, the Second torque 
command being a function of the measured motor 
Speed, a first torque command, and a motor Speed 
command; 
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Sending the Second torque command to the motor; and 
modifying the Second torque command when the mea 

Sured motor Speed reaches a predetermined value. 
2. The method of claim 1, wherein the first operating 

mode includes a torque control mode and the Second oper 
ating mode includes a Speed control mode. 

3. The method of claim 1, further comprising generating 
a speed error, the Speed error being the difference between 
the motor Speed command and the measured motor Speed. 

4. The method of claim 3, wherein the second torque 
command is a function of a first torque term, a Second torque 
term, and a third torque term, the first torque term including 
the Speed error, the Second torque term including an integral 
of the Speed error, and the third torque term including the 
first torque command. 

5. The method of claim 4, further comprising using an 
adaptive anti-Windup function to limit the Size of the Speed 
error integral. 

6. The method of claim 4, wherein the second torque 
command is modified when the measured motor Speed 
exceeds the motor Speed command. 

7. The method of claim 6, wherein the second torque 
command is modified by reducing the third torque term. 

8. The method of claim 1, further comprising an absolute 
torque limiter function for limiting the Second torque com 
mand prior to Sending the Second torque command to the 
motor. 

9. A method of transitioning an electric motor from a first 
operating mode to a Second operating mode, the method 
comprising: 

measuring the Speed of the motor; 
generating a Speed error, the Speed error being the differ 

ence between a motor Speed command and the mea 
Sured motor Speed; 

generating a Second torque command, the Second torque 
command being a function of the Speed error, an 
integral of the Speed error, and a first torque command; 

Sending the Second torque command to the motor; and 
modifying the Second torque command when the mea 

Sured motor Speed reaches a predetermined value. 
10. The method of claim 9, further comprising limiting the 

Speed error integral with an adaptive anti-Windup function. 
11. The method of claim 9, further comprising comparing 

the Second torque command to a predetermined value. 
12. The method of claim 11, wherein the predetermined 

value is used to limit the Second torque command prior to 
Sending the Second torque command to the motor. 

13. The method of claim 12, wherein the predetermined 
value is a maximum motor torque when the Second torque 
command is positive, and the predetermined value is a 
minimum motor torque when the Second torque command is 
negative. 

14. The method of claim 9, wherein the second torque 
command is modified when the measured motor Speed 
exceeds the motor Speed command. 

15. A System for transitioning an electric motor from a 
first operating mode to a Second operating mode, the System 
comprising: 

a first controller for at least controlling the motor, the first 
controller being configured to at least, 
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a) receive a measured motor Speed, 
b) receive a first torque command, 
c) receive a motor Speed command, 
d) generate a second torque command, the Second torque 
command being a function of the measured motor 
Speed, the first torque command, and the motor Speed 
command, and 

e) output a Second torque command. 
16. The System of claim 15, further comprising a Second 

controller, the Second controller being configured to at least 
Send the first torque command and the motor Speed com 
mand to the first controller. 

17. The system of claim 15, wherein the first controller is 
further configured to generate a speed error, the Speed error 
being the difference between the motor Speed command and 
the measured motor Speed. 

18. The system of claim 17, wherein the first controller is 
further configured to generate a first torque term, a Second 
torque term, and a third torque term, the first torque term 
including the Speed error, the Second torque term including 
an integral of the Speed error, and the third torque term 
including the first torque command. 

19. The system of claim 18, wherein the first controller is 
further configured with an adaptive anti-Windup Strategy for 
limiting the size of the Speed error integral. 

20. The system of claim 18, wherein the second torque 
command is a function of the first torque term, the Second 
torque term, and the third torque term. 

21. The System of claim 15, further comprising an elec 
tronicS Subsystem, the electronics Subsystem being config 
ured to at least receive the Second torque command output 
from the first controller, and to control magnetic fields 
within the motor. 
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22. A controller for controlling an electric motor, the 
controller comprising: 

an algorithm for generating a Second torque command and 
for Sending the Second torque command to the motor, 
the Second torque command being a function of a 
measured motor Speed, a motor Speed command, and a 
first torque command. 

23. The controller of claim 22, wherein the second torque 
command includes a first torque term, a Second torque term, 
and a third torque term, the first torque term including a 
Speed error calculated from the measured motor Speed and 
the motor Speed command, the Second torque term including 
an integral of the Speed error, and the third torque command 
including the first torque command. 

24. A vehicle having an electric motor and a System for 
transitioning the motor from a first operating mode to a 
Second operating mode, the System comprising: 

a first controller for at least controlling the motor, the first 
controller being configured to at least receive a mea 
Sured motor Speed, receive a first torque command, 
receive a motor Speed command, generate a Second 
torque command, and output the Second torque com 
mand, the Second torque command being a function of 
the measured motor Speed, the first torque command, 
and the motor Speed command. 

25. The vehicle of claim 24, wherein the system further 
comprises a Second controller, the Second controller being 
configured to at least Send the first torque command and the 
motor Speed command to the first controller. 


