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Tom tat

Hién nay, hé thong md phéng hang hdi duoc sir
dung réng rai nham hiéu dweoc s trong tac giira
thuyén vién va con tau, cia hanh vi nguwoi diéu
khién tau va trong dao tao thuyén vién. Trong
nghién cizu ndy, san chuyén dgng cua ca bin lai dé
xudt la kiéu truc song song, duot truyén déng boi
ba dong co servo. Tur do, bai bao trinh bay mét bé
diéu khién dua trén PLC va Drive nham tqo ra su
két hop d@éng hoc phi tuyén ciia mé hinh déng hoc
3 bdc tw do Stewart trong thudr todn diéu khién
Feedforward, b0 md men tai va du b4o s6 dé tang
doé trung thuc va khd nang bam cua tin hiéu mo
phong hang hdi. Cac md phong da dwoc thuc hi¢gn
ddy dii, chi sé chat lwong bam ciing dirge xdc dinh
d@é s0 sanh mét cach khach quan két qud cua cac
thugdt toan khac nhau dwoc d@é xudt. Di ligu thu
duoc cho thay chdt heong bam tham chiéu tot hon
Véi sai so goc quay lac ngang va doc thap hon.
Cudi cing, tac dung bé diéu khién bam dia trén
PLC ciing 1am cho cac chuyén dgng cua bé truyén
dong servo murot ma hon.

Tir khoa: Hé thong dieu khién néi tang, diéu khién
vi tri, mé phong hang hai.

Abstract

Nowadays, marine simulator systems are widely
used for understanding sailor—ship interaction,
sailor behavior and in crew training. In this
research, the motion platform deck of cabine
proposed the parallel manipulator is moved by
three servo drives. This paper presents a
controller-based PLC and Drive which
incorporates the nonlinear kinematics of the
3DOF Stewart motion platform within the
Feedforward control, load torque compensation
and digital predict algorithm in order to increase
the cueing fidelity and tracking capabilities of

marine simulator signal. Full simulations were
carried out, tracking performance indicators were
defined to objectively compare the result of the
proposed different algorithm. It is concluded that
a better reference tracking with lower roll, pitch
angle error. Lastly, the effect of the tracking
controller-based PLC was also observed in the
form of smoother servo-actuator movements.

Keywords: Cascade control system, position
control, marine simulation.

1. Pt van dé

Tir két qua c6 dugc tir cong trinh [1], muc tiéu tiép
theo 1 tao ra hé théng mé phong tau thiy c6 chuyén
dong gidng nhu budng lai cua mot con tau. Trong [1],
kich thuéc cua budng lai dugc thiét ké 1a 4x4m va
chiéu cao la 1,75m. Khéi luong du tai cua budng lai
khoang ~1500kg. Budng lai dwoc gan trén mot san
chuyén dong trong ba bac tu do. San chuyén dong
duoc thiét ké trén nguyén tic cua Stewart platform.
Thuc té, ¢é san md phong bam theo 3 chuyén dong
(lic ngang ¢, lac doc @, thang ding z) cua tau dugc
cap tir may tinh chu 3D véi d6 chinh cao la rat khé dat
duogc [2, 4, 7]. Céu trac didu khién vi tri cua servo
drive dang ba mach vong néi tang la loai rat phd bién
hién nay trong cac hé mé phong [3]. Mach vang trong
cung la diéu khién dong (md men) véi tan sb cat lon
ddc trung cho qua trinh dién tir va dién tir véi thoi gian
dap tng rat nhanh khoang 2,5-20ms. Mach vong &
gitta 1a vong téc do dic trung cho qué trinh dién co
vai thoi gian dap tng 20-100ms. Ngoai cung |a mach
vong Vi tri ddc trung cho qué trinh chuyén dong cé
thoi gian dap @ng tir 200ms dén hang gidy, né tly
thudc vao quén tinh cia hé. Bé giam thoi gian dap ung
cia vong diéu khién vi tri da c6 nhiéu céng trinh
nghién ctu xoay quanh kiéu cAu trac tuong tw nay nhu
cac cong trinh [2, 3, 4, 5, 7, 8]. Cac cong trinh nay déu
cho phép tinh todn gan dung goc quay dong co servo
a; trén mot may tinh khac rdi thuc hién didu khién té
hop Drive/Servo motor qua hé théng mang CAN. Tuy
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nhién, téc d mang CAN la khoang 125kbit/s, mdi
khung truyén chi c6 8 byte, qué trinh truyén duoc thuc
hién quét lan luot theo thir ty qua 3 servo, didu nay lai
lam ting thém thoi gian tré [2, 4, 7], thoi gian tré lity
tién theo khao sat khoang 0,75+2,8s dan dén lam giam
tinh trung thuc trong mé phong chuyén dong tau thuy.
Vi vay, nhom téc gia s& tap trung vao viéc phan tich
céc nguyén nhan dan dén lam ting do tré va dé xut
mot s giai phap ang dung bo diéu khién kha trinh
PLC két hop voi mot sb thuat toan diéu khién va
phuong an dy bao dé khic phuc hién tugng do.

2. Md hinh mé phéng chuyén déng tau thiy
ba bac tw do

M6 hinh chuyén dong wng dung cho hé thng md
phong ca bin budng lai tau thiry duoc [1] dé xuat co
dang 3 bac ty do trén co s& cau tric cua Stewart
platform nhw Hinh 1. Trong bai bao nay tac gia nghién
Cliu c4u tric ¢6 didu chinh trong d6 3 truc song song
thay bang 3 tay don duoc ndi khop véi 3 tay quay
truyén dong boi 3 dong co servo. Nhu vy, tin hiéu
diéu khién tryc tiép chuyén dong cua san cabine 1a gia
tri goc cua 3 tay quay: a=[a ay az]”

Hinh 1. M6 hinh mé phéng chuyér dgng 3 béc tue do a)
Mgt san dé gin cabine buéng lai, b) Gid dé khung tam
giac gom 3 dpng co servo truyén dong

Hinh 2. a) So d6 hinh hoc ciza md hinh 3DOF,
b) Tay quay va tay don ciia 1 truc

Céu trGc hinh hoc thé hién ¢ Hinh 2, trong dé
Py, P,, P; 13 ba diém trén san di dong duoc néi khép
Vi canh tay don; By, B,, B; la 3 tdm truc quay cua
hé servo/hop sb trén san cb dinh va A;,4,, A5 12 3
khép ndi gitra tay don b vatay quay a. Hai tam giac
déu P, P, P, va B, B, By c6 kich thudc bang nhau
va d6 dai mdi canh 1a L = 1255mm. O vj tri ban dau
san di dong (P, P, P;) cach mat san ¢ dinh
(B, B, B3) la: h, = 458mm. Cabine budng lai Hinh

la dat cach mat san di déng (P; P, P;) Hinh 1b la
hy ~ 0. Ngoai ra, c6 A;P; = b =500mm; B;A; =
a =200mm; 0,0 = h,.

Truc toa d6 gan cb dinh trén mat san di dong
(P, P, P;) c6 cac tryc x,y,z nhu trén Hinh 2. Vi
mit phang nay tao ra 3 chuyén dong bao gom: chuyén
dong quay quanh truc y 1a ¢ (lic ngang); chuyén
dong quay quanh truc x 1a @ (lic doc) va chuyén
dong truot doc truc thang dung 1a z. Nhu vay, ta c6 3
trang thdi cia san 1a: n = [¢ 6 z]|7. Bé dong bod
trang thai cua mat san di dong theo budng l4i cua tau
mo phong ta phai chuyén doi 3 truc toa do vé hé truc
toa d6 gan trén san cb dinh (B, B, B3) bang cac ma
tran chuyén d6i truc. Theo [1, 8] mé hinh dong hoc
nguoc rat quan trong cho bai toan xac dinh géc quay
ctia mdi truc dong co a; (i = 1,2,3) tur dir liéu do
nghiéng, do lic va do cao twong ddi trong vector 7
cia md hinh md phong 3D con tau. Pat do cao ban
dau cuatdm san (P, P, P;) s0 Véi san ¢ dinh 1 h,,
khi d6 tim O c6 cao d0 la z; = h, +z va toa do
trong mat phang co6 dinh cé dang:

0=[0 0 h,+2z".

Két hop céac phép bién ddi truc ta duoc toa do cac
diém P,,; c6 dang nhu (1) nhu sau:

P123 =

—gcostp—%sinesinqﬁ

V3L

L 3L . .
{ ;cosq) —%smﬂsm(j)
—cosf
6

V3L

—?sinGSind) }
—cosf
6

V3L
—Tcosf)

Esind) + %sinﬂcosq& + 2z —%sind) + %sinf)cosq& + 2z —%sinf)cosd) + 2z
1)
Phuong trinh (1) cho ta toa do cua ba diém trén
mit san di dong két ndi khap vai ba thanh truyén dong,
n6 chinh 1a san cabine budng l4i khi xét tau md phong
dit trong toa do b dinh. Theo [1] tir (1) ta s& tinh dwoc

chinh xac goc a; nhu phuong trinh (2, 3) sau day:
a; =1 — (81 + 62) (2)

Trong dé:

bi=cosTl| —=———=1|; 6, =

2
/a2+zi2+(c— xi2+yi2> —bz\
-1

cos = ;c=00Bi=\/L5
kza( zi2+<c— xl-2+yi2) ))
3
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3. Xay dyng cau tric diéu khién bam tin higu
moé phéng chaa to hop Drive/Servo &ng dung
PLC

Dé diéu khién cac goc quay cua dong co theo
phuong trinh (2, 3) thi ciu trdc vong lap diéu khién
ddng co servo thuong gém 03 mach vong kin ndi tang
nhu Hinh 3. Vong trong cung 1a diéu khién mé men,
& gitra 1a vong diéu khién toc do va ngoai ciing 1a vong
diéu khién vi tri.

—ePp-oPp-o)h-

’ CURRENT LOOP

VELOCITY LOOP

POSITION LOOP

Hinh 3. Cdu tric vong ldp trong diéu khién néi tang
dong co servo

Tiép theo nhom téc gia d& xuat phuong 4n diéu
khién vi tri str dung PLC va Servo Motor nhu Hinh 4.
Trong d6, PLC s& nhan tin hiéu tir may tinh, tién hanh
xtr 1y sau d6 str dung cac dau ra toc do cao YO, Y1
phat xung diéu khién vi tri téi bo Drive/Servo, Bo
Drive/Servo nay lam viéc gidng nhu thiét bj bién tan,
né thuc hién diéu khién cac van IGBT dé cép dién ap
va tin s6 cho dong co servo. Tin hiéu dong va encoder
gan trén dau truc dong co s& thyc hién phan hdi dong
dién, tbc do va vi tri chinh xac dam bao goc quay cua
truc dong co bam theo vi tri yéu ciu voi dap tng
nhanh va chét lugng téi vu. Nhu vay, véi giai phéap
ghép ndi tin hiéu tryc tiép gitra tin hiéu gitra PLC va
Drive da giam duoc thoi gian tré so véi ghép nbi mang
CAN.

Ho PLC cua hang Delta cé loai PLC
DVP28SV11T2 c6 4 cip (8 dau ra) co thé phét xung
téc do cao tir 10+200kHz 1a: YO, Y1, Y2, Y3, Y4, Y5,
Y6 va Y7, vi vay nhém tac gia lua chon loai PLC nay.

Reverse limit

sensor X1

Processing Forward li

device sensor X0
0G
bens

Servo me

Zero point

DOP-Aseries HMI [+
WPLSOft

Y0 pulse output
Y1 forward/ revefse

it
!

Y4 pulse clear

Hinh 4. Céu triic diéu khién siz dung PLC va Servo

Trén co so tai trong cua ca bin budng lai va ty s6
truyén cua hop sé 1a i = 120, tan sé dao dong cua
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san < 0,25Hz ta s& chon 03 Drive/dong co servo 3
pha ASDA-B2 c6 cong suit 1a 1,5kW, téc do dinh
muc 2000 vong/phat, hinh anh PLC Drive/Servo lya
chon va két qua sau khi hoan thanh lap dat hé thong
nhu Hinh 5.

Hinh 5. PLC model DVP28SV11T2 va Drive/Servo
ASDA-B2 cia hang Delta

Tin hiéu chuyén dong lic ngang ¢, lic doc 6
va thang dimng z cua con tau duoc cap tir may tinh
cha 3D théng qua giao thicc Modbus TCP dén PLC.
Trong chuong trinh 1ap trinh cua PLC ta s& su dung
céc lénh Float 32bit dé tinh ra gia tri géc cua 3 tay
quay: a =[@1 az az]T theo cac cong thic (2) va
(3) vai chu ky tinh 12 100ms. Bén canh d6, dé phat
xung diéu khién tir PLC cho Drive ta str dung thuat
toan Hinh 6 véi ciu tric 1énh DRVA nhu sau:

|DRVA [s1|s2| D1 D2 |

Trong do:

S1: S6 lwogng xung can phat ra, chinh 1a gié tri goc
quay «; tinh dwoc & trén, dbi véi dong co servo ma
ta lya chon thi 1 vong c6 160000 xung.

S2: Pit tan sé phét xung, duoc chon la 44kHz.

D1: Pau ra phat xung, tly thudc vao diéu khién
servo nao trong 3 servo ma ta cai dat sao cho phu hop.

D2: Pau ra cho dao chiéu quay cia dong co.

Ba dong co servo sé truyén dong doc lap cho ba
dinh cua gia d& san tam giac (P; P, P;), do d6 mo
mentai M. vamod menquantinh J ddivaihétruyén
dong dién cua mdi dong co s& c6 sy thay dbi ngiu
nhién tly thudc trang thai chuyén dong cua con tau.
Diéu nay dan dén chit luong didu khién vi tri s& bi suy
giam l6n ca vé d6 chinh xac 1an thoi gian dap tung. Dé
cai thién, ta can phai thiét ké bo didu khién PID cua
Drive hoat dong ti wu hon théng qua viée cai dat ché
do ‘AMT - AUTO MODE TUNING’ nham ty dong
tinh todn mé men quan tinh J cuaa hé. Tuy nhién, khi
cho hoat dong thyc té trong ché do nay chat luong cua
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hé ciing khong duoc cai thién nhiéu do J bién thién
lién tuc nhu (4) trong khi thoi gian cap nhat cua ché
d6 AMT 12 5 pht.

2
J=Jpc+ Lz E( COS(%)) (4)
Trong d6: Jpe,J; 1a md men quén tinh ctia dong
co, hop s6; m 14 tai trong cabine; i 1ty s6 truyén;
g la gia téc trong trudng; @; la goc nghiéng cta
dinh tam giac thir j.

M1002: Véng quét dau tién cai dit thong sd tan so
khéi déng, chay va tan sd dimg...: nhan tin hi¢n
g6c quay va chuyén thanh s6 xung cin phat ra

M1011: So sinh xung can phat ra
1 va xung hién tai D1136.

Dimg phét
xung

M1011: So sénh xung can phét ra
§1va xung hién tai D136,

Phit xung tai diu ra
>0 DI va dat D2 vé ON

Phit xung tai dau ra
D1 vadat D2 vé OFF

End

Hinh 6. Thudt fodn diéu khién vi tri bang lénh DRVA

Ngoai ra, trong mach vong diéu khién vi tri ton tai
hai dau vao 1a luong dat (setpoint) tir hé théng may
tinh md phong 3D va nhidu tai M,. Hai dau vao nay
déu 1a cac tin hiéu ngiu nhién do phu thudc vao cac
chuyén dong (roll, pitch, heave) cua con tau va sé
luong ngudi trén ca bin md phong. Theo [7], dé giam
duoc sai s6 diéu chinh do sy bién thién cua lwong dat
gay ra thi cap vo sai cua hé ho phai I6n hon cp vo sai
cua luong dat mot bac.

Tuy nhién, cap vo sai ciia lugng dit ciing bién doi
ngau nhién nén khong d& dé thyuc hién duoc giai phap
nay. Mat khéc, d6i voi bo diéu khién ASDA-B2 cua
Delta ta con c6 phuong an thr hai 1a cai dat cau tric
Feedforward dau vao bang khau vi phan cho hai vong
diéu khién vi tri (P2-02) va téc do (P2-07) nhu Hinh 7.

Tiép theo, dé khu sai léch quy dao do nhidu tai gay
ra céc bo Drive déu cho phép ching ta thuc hién bang
mach bu Feedforward Hinh 8 cé dang:

, .. K
Fepw (s) = F_nz; voi By = Tm.;‘r:—l ®)
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(6)

Trong d6: M, 1a md mem can quy doi; AM la
thanh phan mé men ton that cua co cau; F,, la ham
truyén dat ciia mach vong diéu khién md men, cé thé
xap xi thanh khau qua tinh bac 1.

~ _ mL AM | wd]
Mo =Zreos(p) £ +55

Position Control
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Hinh 7. Cdu tric vong ldp vi tri (a) va téc dé (b)

trong ché d¢ c6 Feedforward diu vao

Fer | ,
Bo DK V. F, )é S
REES SR SHE

Hinh 8. So' @6 mach bu nhiéu tdi Feedforward

Tir sau b
BK vj tri

Viéc tinh toan M, rat kho khan do sy bién thién
cua tai trong theo s6 lugng ngau nhién cua hoc vién
trong cabine. Tuy nhién, két hop vai cac thong sb guri
dén tir may tinh chu 3D ta c6 thé wéc lugng gan dung
(6) trong chwong trinh PLC va sau d6 chuyén gi4 tri
M, cho Drive théng qua céng RS485/Modbus RTU
dé bu sai sb.

Dé kiém chung cai dat cho cac thuat toan diéu
khién trén ta cho hé thdng hoat dong va thu thap di
liéu tr PLC vé may tinh bang cong cu OPC toolbox
trong Matlab/Simulink véi  OPC  server |a
KEPServerEX 6. Tau md phong la loai TT400 co
chiéu dai 55m, chiéu rong 9,2m, mén nuéc 2,6m va
tai trong la 429 tan. Két qua c6 duoc ¢ Hinh 9, trong
do gia tri tir may tinh cha 3D do duoc 1a duong nét
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dut bao gdm géc quay lic ngang (roll_f) hinh trén va
lic doc (pitch_f) hinh dudi; gié tri goc quay bam theo
cta san cabine 1a roll_model va pitch_model 1a dudng
nét dam.

Qua két qua trén, két hop vai nhiéu lan khao sat va
do dac ta nhan thiy dap ung chuyén dong cua san
cabine ludn ¢o do tré tir 500+1500ms; bién d6 max
bam theo cua san c6 sai s6 khoang 12%. Diéu nay c6
thé giai thich duoc Ia do cac khau Feedforward chinh
x&c rat khé dé thuc hién nén déu xap xi ching dudi
dang khau vi phan (Hinh 7), luén ton tai mot khoang
thoi gian tré truyén thdng tin higu tir méay tinh chu toi
PLC va ddng thoi viéc tinh todn md men can M., md
men quén tinh J déu 1a gan ding. Cac nguyén nhan
nay rat kho khic phuc néu ta khong ding mot phuong
phap mai khéac.

Pitch (d0)

Thoi gian(s)

Hinh 9. Ddc tinh ddp irng bam theo cac géc quay con tau
cua san cabine

4. Cai thién chat lwong diéu khién vi tri bang
thuat toan du bao so trén co sé¢ PLC

Tir két qua va phan tich nguyén nhan & muc 3 ta
thiy day l1a cac han ché phé bién trong cac hé thong
m6 phong chuyén dong (motion) hién nay [5]. Dé cai
thién dugc diéu do trong muc nay nhom tac gia dé
Xuét str dung cac thuat toan du bao don gian. Viéc tng
dung cac thuat toan du bao hién dai nhu MPC [7] hay
mang noron hhan tao sé dugc nhdm tac gia nghién cuu
trong bai béo khac. Trong khudn khé bai bao ung
dung PLC dé thiét ké bo diéu khién bam ta s& sir dung
thuat toan du bao don gian trén co so diéu khién sb
cho PLC nhung van dem lai hiéu qua.

Theo [6] ta c6 phuong trinh dong hoc tau thuy 6
bac tu do (DOF) cé dang:

N = Ji(m)vy (7
iz = J2(n2)v, 8
Trong do:

m=x vy 2" n=[¢ 6 P|"

v=f v whin=p ¢ 1T

J1(n1) va J,(n,) 1a cac ma tran chuyén dbi truc

Tur (7) va (8) ta c6 phuong trinh déng hoc tau thuy
viét cho 3 bién trang thdi ¢, 0,z nhu sau:
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ol = qeos(8) — rsin(¢)
2 —usin(0) + veos(@)sin(¢) + weos(F)cos(¢) )

Tur (9) do Vé trai 1a cac dao ham nén ta co thé thiét
ké céc thuat toan dy bao dé 1ap trinh cho PLC gom hai
budc nhu sau:

- Buéc 1: Cap nhat cac gié tri ¢ chu ky hién tai tu
may tinh chu thdng qua mang Modbus TCP:

p(k), q(k), r(k), u(k), v(k), w(k), ¢ (k), 8 (k), z(k)

- Budc 2: Dy béo céc trang théi lic ngang, lic doc,
truot doc ¢(k +1),6(k +1),z(k + 1) theo cdng
thuc (10) nhu sau:

(k) + T, (p0) + g(0sin(p ) tan(0(8)) + ) tan(pGh) )t (04)) )

Pk +1)
Bk +1)| = 80k + 7 (g(k)cos (8(K)) - r(k)sin(¢ (1))
e+ 1) 2(k) =T, (u(k)sm(b‘[k}) - v(k)ws(b‘[k))sin(q)(k)) - w(k)cas(b‘(k))ms(q)(k)))
(10)
Roll (dé)
Pitch (dd)
Paa T e =i
d \\ //,, . 4

- -
‘V""Tﬁn gian(s)

Hinh 10. Ddp 1ing bam theo cac géc quay con tau
cua san cabine khi siz dung dw bdo véi T; = 500ms

Thoi gian cat mau T, cho chu ky tinh toan duoc
chon nam trong dai 500+1500ms. Sau khi lap trinh,
cai dat vao hé thdng va thu thap dir liéu ta dugc céc
4 thi nhu Hinh 10.

Két qua trén cho thay cac g6c quay cua san cabine
dd bam t6t hon so v&i Hinh 9. Tuy nhién, khong duoc
nhiéu cai thién vé sai sb va do tré. Ngoai ra, trong ca
hai két qua Hinh 9 va 10 cac duong dic tinh dap @ng
déu c6 dao dong it hon, chuyén dong muot hon S0 Vi
lwong dit do da dwoc loc théng qua vong lap diéu
khién vi tri thyc té 1a khau qué tinh bac mat.

5. Két luan

Bai bao da nghién cau va xay dung thanh cdng bo
diéu khién bam tin hiéu chuyén dong ¢, 0,z cua con
tau md phong 3D ung dung thiét bi PLC. Trong do,
nhém tac gia da dé xuat cac phuong an ghép ndi giira
PLC va Drive, phuong phép thiét ké thuat toan diéu
khién trén PLC va Drive dé nang cao chat luong diéu
khién bam tin hiéu mé phong. Tuy nhién, do tinh chat
thay d6i ngau nhién cua luong dat va nhidu tai nén cac
phuong phap nhu Feedforward dau vao, bu nhiéu tai,
du béo s6 ma nhom téc gia da thyc hién chi cai thién
mot phan chét luong bam tin hiéu tham chiéu. Vi vay,
hudng phat trién trong twong lai s& 1a st dung cac
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phuong phap diéu khién du béo hién dai dé khic phuc
céc nhuoc diém con ton tai.
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