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ABSTRACT

This thesis presents the designing and implementation the electric compensation for
mechanical loss of dc motor. Mathmodel of moment of inertia and viscoss friction is analyzed for
compensation and improvement to the design. In addition, the thesis design the compensator
based on computer and microcontroller. They apply to control the virtual load of dynamometer.
The experimental results show the simulation of the compensation and its application as virtual
load that relate to theory. Moreover, the technique can adjust the compensation gain on the desire
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Abstract: This paper presents a technique to adjust and improve mechanical responses of DC Motor.

e proposed

technique uses math model for simulation to observe the transience and steady state response in no-load condition.
Information derived from the simulation results can be applied to compensate the mechanical loss, inertia, viscous

friction by feeding electrical energy. The test results of the compensation technique in this research ¢
improve the response of speed and torque under reasonabl

Dynamometer.

adjust and

e tests. Moreover, this technique can apply to virtual load for

Keywords: Math Model , Simulation, Mechanical, Virtual, DC Motor, Dynamometer

1. INTRODUCTION

A simple dynamometer using a DC machine is the
mechanical load for dynamic breaking [1].
The technique can operate and test only dynamic
condition, because it uses a DC motor as a mechanical
load which depends on duty cycle of switch. The
technique has some problems when the under test motor
is smaller than dynamometer. The mechanical loss,
inertia and viscous friction are discussed in this paper.
We studied and analyzed the math model of DC motor
[2] in both no-load and on-load conditions. The model
of DC motor is compensated by electrical energy relate
the model. The PID controller is used to control and
improve the initial and steady state response.

2. MODELING OF DC MOTOR

The equivalent circuit of permanent magnet DC motor can
be shown in the Figure 1.

@

Fig. 2 Block diagram of DC motor

_Block diagram of DC motor can be shown in the
Figure 2 which has the transfer function as

W(S) il kf (] )
V(s) (L,s+R,NJs+ B)+kyk, ‘

Where

@ is a speed of DC motor
V is a input voltage

J is a moment of inertia
B is a viscous friction

R is a resistance

L is a inductance

The electrical equation of DC motor can be written as

dl
V=L, —d—;'-+ R, + k@ )

The mechanical equation in no-load condition 7; =0

can be given by
deo
Tm=k,la=7}+T5=J-dT+Bw 3)
1, do 1
1, =—(J—+Bo 4
a=% ( 2 ) 4)
When substitutes Eq. (4) into Eq. (2), resulting in
L, d, ,do 1, ,do
V="2—(]— il ]
%, & (¥} 7 + Bw)+ R'(k, (") 2 + Bw)) + kyw )
L, ,d*o L,Bde R, do R,Bo

Ay yde LBde R ,de 500 14
.k dt ok, ar Kk +°‘T

The proposed technique uses the math} model of the
DC motor for compensation and adjustment the
parameter J and B. From Eq. (5), if we design B=0, the

voltage ¥, to compensate and adjust parameter J

can be written.




L, ,d’0 R,  do
=2 —+2]— 6
i k= dt ko di i

If J=0, the voltage V to compensate and adjust

the parameter B is equal to Eq.(7).

L Bdw R,Bw
o il P ket T
= @k M
3. DESIGN OF THE SYSTEM

Block diagrams of the proposed technique can be
shown in the Figures 3 and 4.

Plant
4 DC Motor @
V" Oon:ul«
—* Com
Math Model of
DC Motor
VB

Fig. 3 Block diagram of the system

Step & v
DC Motor &

v

Fig. 4 Block diagram of compensation J and B

Figure 3 and 4 show block diagram of the system,
which is compensated moment of inertia and viscous
friction by electrical energy. The math model and
block diagram for simulation can be written by the
Figure 5.

I—F =

B

Fig. 5 Simulation block diagram for compensation

Figure 6 shows block diagram for simulation
which compensates J and B of the DC motor. The

! 59

block diagram compares between not con}pensate
system and compensate system which adjust
feedback gain. ‘

Y TR
=
>
E-D__:.
==

1

Fig. 6 Block diagram for comparison

4. EXPERIMENTAL RESULTS

The experimental results perform on simulation by
Mathlab for moment inertia and viscous friction
compensation to improve the transience an‘ri steady state
speed responses. j

4.1 The compensation of moment inertia

The system has 2 model of DC motor, the above
model is’ not compensates but the other| compensates
moment of inertia. The test results show speed response

when feedback gain K, =0.3and K, = 0.5 respectively.

- o
= bt
e

Fig. 7 Block diagram for compensation thf moment
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Fig. 8 Speed responses of DC motor wl'T:n K,=03
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—— time (sec)

Fig. 9 Speed responses of DC motor when K; = 0.5

Figure 8 shows the speed res&onses of DC motor,
where the_dash line represents the response without
compensation and solid line is the compensated result

K, =0.3. Figure 9 shows the speed responses when

compensation K, = 0.5 . Figure 8 and 9 show the speed
response that inertia compensation can improve and
adjust the transient speed response.

4.2 The compensation of viscous friction .
This system performs by adjust the feedback gain
which concern to viscous friction of DC motor. The

experiment results show 2 feedback gains Kz =0.3
and K =0.5 respectively.

= T
= | a8

S
E s D

Fig. 10 Block diagram for compensation the viscous
friction

The experiments show the speed responses which
compensate the viscous friction by 2 feedback gains

Kz =03 and Kz =0.5 respectively.

—— DC Motor no compensate \\
- === DC Motor compensate A\

Speed w (rad/sec)
<

i i & W
—— b (sec)

Fig. 11 Speed responses of DC motor when K =0.3
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Fig. 12 Speed responses of DC motor when )L =05

Figure 11 and 12 show the speed response of DC
motor that is compensated the viscous friction. The test
results show the difference speed at steady state. The
compensation system can adjust the steady state speed

response and has the maximum speed higher than not
compensation system.

4.3 The compensation of moment inertia and viscous
friction |

The system in Figure 13 has 2 model of DC motor,

the above model is not compensates but the other

compensates moment of inertia and vis¢ous friction.
The test results show speed response when feedback

gain K, =Kz =03 and K, = K = 0.5respectively.

B L
n — ]

SRR T

Fig. 13 Block diagram for compensation the moment
of inertia and viscous friction
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Fig. 14 Speed responses of DC motor when K, = Kz =0.3
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Fig. 15 Speed responses of DC motor K, = Kz =0.5

The compensation of moment inertia and viscous
friction by electrical energy can adf|ust and improve the
speed response. However, the eedback gain is a
important for good transience and steady state speed
response.

5. CONCLUSION

_ The technique of this research can adjust and
improve speed resmsqs of DC motor. The test results
show the good sience and steady state speed
response when DC motor is compensated. The
technique can apply to Dynamometer which control and

adjust the mechanical load by electrical energy.

Motor Parameter
SANYO DENKI CO., TYPE R 840T-002W

Feature Value
Power 400W
Max. Input Voltage 75V
Max. Current 6.6 A
Max. Speed 2,500 RPM
Moment of Inertia (J 0.00018532 kg.m
Friction Coefficient (B) 0.00318 Nm.s/rad
Armature Inductance (L,) 0.005 mH
Armature Resistance (R,) 1.66 Q
Voltage Constant (k) 0.29098 V.s/rad
Torque Constant (k) 0.04 Nm/A
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