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Abstract

There are some drawbacks exist in multi-method intelligence control algorithms which are popular
researched in motion control. Many of the most significant ones are high algorithm complexity, long time-
consuming and not easily applied in industrial production. According to the disadvantages mentioned
above, and also take the conflicts between control accuracy and response speed into consideration, a
“Good Gain” PID tuning method is studied on motion control. Firstly this PID tuning method is described
and the processes of finding proper PID gains by analyzing the outputs of PID controller are designed.
Secondly the method is simulated on a DC motor model and finally acquires a proper balance between
response speed and control accuracy. Finally the method is tested on real DC motor and control devices.
After software simulation and real experiments, the effectiveness of this PID tuning method is proved.
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1. Introduction

The large inertia characteristics lead DC motor velocity to a hard control which is mainly
reflected in the equilibrium between fast response and control accuracy. Now, many kinds of
motion control algorithms are under research, and one of the most popular fields is multi-
method intelligent control and self-tuning such as Fuzzy-PID control, ANN-PID control, Rough-
PID control and so on [1-6]. These control algorithms can automatically provide reliable control
process and require a stable velocity curve, but their disadvantages are also very significant.
Firstly, their complex tuning and control progresses cost such a long time. Secondly, even the
results of these algorithms are stable, but mostly their control responses can hardly meet the
running expectation of real systems, changing their control parameters is also a hard work.

For the reasons above, the motion control based on “Good Gain” PID tuning method is
studied. Taking DC motor velocity control into consideration, by tuning PID parameters, this
method ensures the fast response of large inertia part. Firstly the whole process is simulated in
LabVIEW environment. Then its control effect is tested and verified through real experiments on
DC motor cooperated with CompactRIO control system.

2. “Good Gain” PID Tuning Method

“Good Gain” PID tuning method was developed by Finn Haugen in 2010 [5]. It is a
method that based on both experience and theoretical calculation, and it also belongs to an
effective human involvement linear tuning method. Its methodology flow is shown in Figure 1.

The way of calculating PID parameters K, T; and T; from observed K., and T,

are:

K, =n Kyss T, =nT,
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In equation (1), the value of proportional gain Kp is slightly less than K, , so n, can

take the value about 0.8; the integral time is longer than T

ou» SO N; can be the reference value
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1.5; differential time is proportional to the integral time according to classic Z-N rule, so N, is
0.25.
The differential and integral gain K; and K, can be calculated from T; and T,

cooperate with the sampling period T, :
K =P 5 , Kd -_Pp d 2)

The unit of all the time variable T, , T, and T, using in equation (1) and (2) are
second(s).
Since the values of K ; and T, in this method are initially acquired by observation,

so the PID gains calculated from them may not be proper values that can be used in the control
system. Therefore, after the PID gains have been calculated, some manual adjustment is still
needed in order to find acceptable control result.
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Figure 1. Methodology flow of “Good Gain” method

3. DC Motor Model and Software Simulation

3.1. DC Motor Model
The internal structure of the DC motor and the external load, and the related various
parameters are shown in Figure 2 [5].
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Figure 2. DC motor model

The mathematical model of DC motor’s angular acceleration and internal current can be
drawn from the mechanical properties and electrical characteristics:

a0 _ 1[4 . ., dé)
E:_—jgl_&r!_ﬂit} b ‘ (3)
d@m 17 .. ., d6(6) |

4 :I_ii_R!‘i(I}-i-}H—KB ai(r) ‘ (4)
The value of J; in equation (3) is the total inertia of motor and load disk.
I =3, 49, (5)

According to the DC motor model mentioned above, a simulation program is developed
by using Control Design & Simulation module in LabVIEW environment. Under the condition of
open loop and no load, the result of simulation is shown in Figure 3.

The curve on Figure 3 shows the simulation result is consistent with the motor chosen
for real experiment, including start-up current, maximum velocity and the linear relationship of
PWM duty cycle and motor velocity. So this motor model is proved and the further simulations
and analyses of the control system can be started on it.
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Figure 3. No-load motor velocity simulation (100% Duty cycle)
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3.2. PID Tuning

Simulation program takes PID.vi provided by LabVIEW as the controller, uses PID
algorithm to control motor velocity by adjusting PWM duty cycle. Set the time of PID control
cycle to 0.01ms. The simulation of control system is shown in Figure 4.
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Figure 4. PID control simulation program in LabVIEW environment

The inputs of PID controller are motor velocity, setpoint, PID gains and sample time.
After essential calculation, the output of PID controller is transferred to PWM duty cycle.
The relationships between the inputs and outputs of this PID control simulation are:

u(k) =u, (k) +u; (k) +us (k) . e(k) =setpoint(k)- PV (k)

u, (K) =K,e(K) © u () =K ég‘i(D*_:('_l) Uy (K) =- K, PV (K)- PV (k- )

CoN N

In the equations above:

k : Sample times;

u(k): PID output;
e(k) : Error, the difference between process value and setpoint.

P (k : Process value, in this controller is motor velocity.
u, (k) u. (k) Uy (k) : Outputs of proportional, integral and differential controller.
K, Ki, K, : Proportional, integral and differential gain.

Follow the methodology flow which is shown in Figure 1 to find initial PID gains by using
“Good Gain” tuning method. Firstly, ensure that the controller is a P controller with the values of
integral and differential gains are 0, increase proportional gain value from O until you observe
some overshoot and a barely observable undershoot, like what is shown in Figure 5. The

proportional gain value at this time is denoted K, . By analyzing the response curve, find the

time interval between overshoot and undershoot T, . So K., =25, T , =0.0006 .

According to equation (1), the proportional gain, integral time and differential time can
be calculated from K., and T,

K,=20,T,=9%-4,T, =2.25¢- 4
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Figure 5. Getting K55 and T, (setpoint =1000)

Using these values in PID controller and the curve of motor no-load velocity response
simulation is shown in Figure 6. From the simulation result, the velocity response runs well in
high speed, but some oscillations appear in low speed. So the PID gains need manual tuning
like what is shown in the methodology of Figure 1. To solve this problem and get more
acceptable response, the possible ways are to increase integral time or decrease proportional
gain [5].

The final PID gains after adjustment are: K ) =20, T, =4.8e- 3, T, =1.2e- 3.

The PID control velocity response under adjusted parameters is shown in Figure 7.
Increasing the velocity of DC motor from Orpm to 1000rpm and 5190rpm (maximum velocity)
respectively take about 2ms and 19ms. Both of the control processes have stable running at the
set velocity with no obvious oscillation, and steady-state error is less than 1%.
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Figure 6. Simulation on initial PID gains Figure 7. Simulation after manual

PID gains adjustment

However, in real control system, DC motor often runs with load. So in our experiment
we use an inertia disk like what is shown in Figure 2. Its inertia can be calculated from equation
(6) below:
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1 1
J; :EMrdZ:Erprd“t (6)

In equation (6):
Iy - Radius of inertia disk;

I : The density of the material of inertia disk;

t: Thickness of inertia disk.
From equation (5) and (6), total inertia of the DC motor using in real experiments can be
calculated as 2.55x10°kg-m?. The control simulation under this condition is shown in Figure 8.
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Figure 8. Simulation with inertia disk

Figure 8 draws that the motor starts running from Orpm to maximum speed takes about
55ms; from Orpm to 1038rpm (20% PWM duty cycle) then accelerates to maximum velocity at
the time of 10ms takes about 5ms and 44ms respectively.

3.3. Compare with Other Tuning Methods

When compare with self-tuning methods, “Good Gain” method has its own superiorities.
Firstly, after manual adjustment, “Good Gain” method can provide a stable response fits for the
corresponding system. Secondly, the algorithm of “Good Gain” method is easier than self-tuning
ones to understand, and also its simple algorithm leads to a proper response. For these
reasons, “Good Gain” manual PID tuning method can be better used for real system.

When compare with classic experience based manual tuning methods Ziegler-Nichols’
rule, “Good Gain” method takes less time reaching the desired goal. “Good Gain” tuning method
has many similarities with the classic Ziegler-Nichols’ rule. But the latter one has a serious
drawback, that it requires the control loop to be brought to the limit of stability during the tuning,
while the Good Gain method requires a stable loop during the tuning. In Z-N rule, it is hard to
find the oscillation limit, which leads to more slight adjustment after theoretical calculation. But in

“Good Gain”, it is easy to find the parameter T, and quickly calculate the result which is closer

to the reasonable one. Figure 9 shows the different velocity control response after first step PID
tuning. So, it is obviously that “Good Gain” method can lead to a more acceptable result which
needs less slight adjustment for PID gains.
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Figure 9. Comparison between Z-N rule & “Good Gain” (setpoint=1000)

4. Experiments and Result Analyses
4.1. Experiments
The composition of the whole control system and workflow is shown in Figure 9. The
core program of control system is composed in LabVIEW environment, consists of the following
four parts [8].
- PID loop: Implement PID algorithm using the sampled data, the core part of the whole
program.
- Encoder loop: Acquire the feedback from encoder and calculate motor velocity from it.
- PWM generate loop: Generate PWM wave based on given duty cycle.
- Surveillance loop: Monitor the running status of every part of the control system and operate
the switches of every function module.

CompactRIO System
Computer Motor
im (= Processor FPGA Module | Motor Driver
4 cRIO-9024 cRIO-9114 NI-9505 <]\: Encoder

Figure 10. System composition & workflow

Set up the PID gains of the controller with the PID tuning results of simulation and run
the program. Then some manual adjustments need to be done according to the status of motor
velocity curve in order to get a fast response and stable running status of the motor. The 2
diagrams in Figure 10 indicate the velocity control processes in low speed status (from 800rpm
to 1800rpm) and high speed status (from 2500rpm to 3500rpm).

4.2. Result and Analyses

The result of real experiment indicates that increasing the motor velocity by 1000rpm
from one stable running velocity to another takes about 260 steps in average. Every step
represents a control cycle which cost about 0.026ms. Therefore the whole process cycle takes
about 7ms makes the value of motor velocity from one to another. The more velocity increases,
the longer time the control process costs. Driving the motor from stationary status to 5000rpm
takes about 40ms in average. At the same time, the control accuracy and its control response
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speed reach an acceptable equilibrium. Figure 11 takes the motor running status at 1500rpm as
an example to indicate its proper control accuracy with a steady-state error less than 0.8%.
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Figure 11. Motor velocity PID response on real devices
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Figure 12. Motor running status at the velocity of 1500rpm

5. Conclusion

In order to make a fast motion control response with an acceptable accuracy, a control
process which takes “Good Gain” PID tuning method as the core idea is studied. Based on
“Good Gain” method, the motor model and PID control workflow are simulated in LabVIEW
environment to get theoretical PID gains and control performance. Experiments result on real
devices indicate that the PID gains calculated from this “Good Gain” tuning method can make a
fast response of the motion control. During the control process and, its stationary-state error is
less than 0.8% which is an acceptable accuracy. So, the fast response and stability
characteristics of this method are proved.
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