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Design of Actuator for Underwater Vehicle using Fuzzy Logic Control

Hyeon-]Jin Cho,  Seung-Yun Yang,
Agency for Defense Development

ABSTRACT

This paper describes the design of fuzzy logic
controller for underwater vehicle actuator with
high hydroload torque disturbance. For real-time
processing of the fuzzy rule, the look-up tables
including coarse mode and fine mode are used in-
stead of inference engine process. Computer simu-
lations are done in order to analyze the perfor-
mance of the proposed algorithm and the very use-
ful results are shown to us by comparing with the
existing controller.
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Torque Table 2. Control Rule for Coarse Mode
, - T
750 1b-in Error Change ‘ | I I
(&) NB NS | Z0 PS ‘ PB !
Error(e) | !
w n!
' | NB EIEIEIEIE)
| [ NS EIEERE x|
0.0! " |
140 0 147 Degree 20 M | Ns |20 | ps | P8
Fig.3 Disturbance Torque Curve Dependent to Rudder Angle. PS PS PS PB PS l PB ‘
T i |
PB | P8, P8 | P8 | PB . PB |
1 L
Table 3. Quantized Variables(Coarse Control)
Table 1. Coefficients of Motor and Load ; i \ g
T e ! € U i Quantize
Sy'mboliValue Unit | Nomenclature (Deg) ! (Deg/sec) | (Volt) J{ Level f
Kp 229.2| — | Velocity Loop Amplifier - 4.0 -0 | -0 -5 ‘J
WM 2.0 — PWM Amplifier - 3.2 - 56 -8 i -4
kr |1/1000{ Ohm | Shunt “2: | e - 1
L Neglect H Motor Inductance -1.6 | - 08 : -4 : -2 !
R | 1.6563 Obr | Motor Resistance - 0.8 - 14 ‘ - 2 i -1 i
Kt ' 0,02154 Nm/Amp | Motor Torque Constance ‘ 0 o | 0 o \‘
| Ke |0.02154 Volt/ | Motor EMF Back | 0.8 , 14 2 ; 1 i
| i rad/se ] ' 1.6 28 4 | 2 |
| T (2x10 JKg.mZ Total Inertia \ 24 © 6 ! 3|
’ B ] Neglect' Nm sec | Viscous Friction | 3 f 56 1’ s 4 ‘
i /rad . ! 4.0 | 70 ; 10 5
CON ; 316 — | Gear Ratio i
TG 2.62 voé;!{Ms Tachoneter Table 6. Control Rule for Fine Mode
{ LML . 10 | Volt éi:a;ﬁtVoltage of D/A Brror ! ‘ j
i I I
| LIM2 i *15 | Volt |Limit Voltage of Velo- Error(eghange(e) N8B | NS Z0 ' PS | PB ‘
\ ‘ \ | city Loolp ¢ P / | | 1 !
! LIM3 | + 24 ! Volt | Limit Voltage o - ‘
| ’ | Amp B | | B [{ s : ‘
‘ i
S ‘ .
NS & | NS \ 0 i PM
. _ 2 R
Table 4, Discrete Hembership Function : — T \\ —
[ Quantized PS ¥ | 20 | ps | |
Levels |~5 | -4 |[-3|-2|-1 0 1 2 3 4 5 L ‘
Linquistic PB ] | Ps | 8 | 1
Level H
' B [ of o] of o] o] o] o] ooz]os 1 Table 7.  Quantize Variables(Fine Control)
1 . N ] B ]
‘ ps o of oj o] o oo04 08 |08 |08] 0 e lr & | au Quantize |
i i
f 20 o] of o [042 o6 | 110602 o 0| o (Deg) (Deg/sec) | (Volts) | Level |
NS | oo o8 |08 foa] o o] of of of o - 0.4 - 42.0 1.0 | -5 |
L 1 -0.2 -336 | -08 -4
| N8 | 108 oAz(o‘o;o 0 oLo;o 0 -01 | -5z -0 -3
- 0,05 -~ 16.8 - 0.4 ! -2 !
- o.ozsi - 84 -02 | T
0.0 0.0 0.0 | 0
0.025 8.4 0.2 ! 1 ‘
3 0.05 16.8 0.4 [ 2
Table 5. Look-Up Table for Coarse Control . 01 30 0’6 5 i
Quantized 0.2 33.6 0.8 4
T R A RN EE R RN I N I I P 04 20 | 10 ' s ]
Level
-5 ]As.o] -5.0] -5.0| »5.0} -5.0| -5.0|-5.0]|-s.0| -5.0| -5.0| -5.0 Table 8. Look-up Table for Fine Control
- ‘ f — ; — -
-4 J 5.0[-4.0{ 4.0]-4.01-4.0|-5.0] 4.0| 4.0 4.0 -4.0] 4.0 Q‘ﬂxﬁd] P ' P N N I . ' s 1o s
‘ -3 | -5.0| 4.0]-4.0|-a0]-s.0]-5.0] 4.0]-4.0[ 30| 3.0[ 3.0 Lipquistic Lo [
T T | ! | i
‘ -2 [-5.0]-40i-3.0]-3.0{-3.0] 0] -3.0] -2.0{-1.0| -1.0] -L.0 = [05]50] 05| 1o] 50| 50] 0] 50 TIETIER
[ -1 1501 40130 20l2.0|20]-1.0] 00| 10| 1.0] 20 : i
; -4 |-0.0]-00[-00]-1.0f2.0] 4.0 -3.0|-2.0[-1.0] -1.0] -0.0]
! [ [-5.0[-4.0]-3.0]-2.0] -1.0] 0.0 1.0] 2.0] 3.0| 4.0 5.0 ‘
! -3 -0.0[-00]-0.0] -1.0[-2.0] 3.0] -2.0]-1.0] 0.0 0.0 -0.0
3 1 1-20]-1.0]-1.0] 00| 1.0] 20| 20| 20| 3.0] 40/ 5.0 ; s ;
. - : : ! -2 1.0]-1.0f-10]-1.0]-1.0f-2.0{-1.0] 0] 10| 1ol 1.0
| 2 j 1ol Lot 1of 20] 20] 4.0i 30] 3.0] 5.0] 40| 50 : ‘
‘ ! ; | -1 30] 2020 -1oj-10]10]-10] o] 10] 10 10
! 3 [ 301 5.0 30| 4.0/ 40] 5.0f 40 4.0] 40} 4.0 50
(S S B j 0 5.0 -4.0{-3.0|-2.0{-1.0] 0] 10] 2.0] 30| 40| 5.0
i 4 [ 4.0, 40 40 40/ 4.0] 5.0] 4.0] 40| 40| 4.0} s0 -
: w ‘ P ; ! 1 4.0]-3.0/-20]-10] o] 10| 1.0] 1.0] 2.0] 20| 3.0]
s . 5.0] 50 50l 501 50| 5.0] 50 50| 5.0/ 501 5.0 :
L | i 30! i ‘ 2 3.1 20-10) 0] o] 20f 10 10] to] 10] 10,
; - T |
h 3 2.0/ -1.0 0.0] 1.0 2.0 3.0] 20| 10| 0.0} 0.0f 0.0
4 -1.0] 00f 10] 20l 307 sl 201 15 00 00! ool
s | oof 10f 26] 5.0] «0] 50 30] 1.0] 0.0] 0.0] 0]
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