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MG PAU
1. Ly do chpn d@ tai

Ngay nay trén thgiéi khéng c6 céng nghnao phéat tén
nhanh va ranh nhr ky thuit robot. Robot & tr¢ thanh nét trong
nhitng dong lrc quan tong nhit caa sr phat trén ky thuat. O nudéc ta,
la mot nuéc dang trong giaidoan céng nghip hoa hén dai hda dat
nudc, viéc ttng ding robot céng nghp la khéng th thiéu.

Robotdd vadangduoc ttng ding rong rai trong nkiu linh wrc
khac nhau. Tay magiuoc dung ch yéu trong cac cong §c nhr:
Gap vat liéu, han, dp rap, sn,...Cac cong \ic nay throng yéu éu
tay may phi c6 d6 chinh xac caoap lai va thxc hién nhanh.

Hién nay c6 nhiu phrong phapdiéu khién tr dong nhrng
phuong phéapdiéu khién kinh dién PID Van d6ng vai trd quan ¢ng.
Tuy nhién i tay may ladbi tuong c6 tinh phi tugn manh, viéc sir
dung phrong phapdon thiin PID € cho céc chtiéu chit lugng qua
d6 khong bt, chiu nhéu kém va @ mat 6n dinh. Dodo, viéc nghién
ctiru vatng ding cac that toandiéu khién hién dai nhim diéu khién
chinh xac va lgi bé cac taaiong khéng mong min trong qua trinh
diéu khién tay may ludn thu hidtuoc ar quan tam, nghiénic cia
cac nha khoadt.

V6i cac ly do trén, tac gida hra chon d& tai “ Ung dung bd
diéu khién PID thich nghi trong diéu khién lai vi tri-luc cho tay
may” lam d tai nghién ¢u véi mong mwn dapttng ngd ra va cac
dic tinh @ia e thbng diéu khién thba man cac yéuda dadé ra.

2. Muc dich nghién aru
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Muc dich nghién ¢u d¢ tai nay la nBm danh gia nic do uu
viét caa b diéu khién PID thich nghi sodi bo diéu khién PID
3. Péi twgng va pham vi nghién atu

Nghién é¢u va xay ang diéu khién PID thich nghidé diéu
khién lai vi tri-lyc cho tay may robot va amag md plong thuit toan
diéu khién nay trén mé hinh tay may adty do.

4. Phrong phap nghién a@u

+ Nghién tu ly thuyét.

+ M6 hinh tire nghém: M6 phong trén Matlab va Simulink.
5. Y ngha khoa hpc va thuc tién cia dé tai

- Ung dung dé diéu khién lai Vi tri-luc cho tay may 2 DOF.

- Nang caatuoc chit luong didu khién ddi vai didu khién tay
may robot. Gép pin ttng ding robot ngay cang phién ¢ nuéc ta.
6. CAu tric caa luan vin

Noi dung Iin van bao ém 4 chrong, trongdo:

Clrong 1: Tong quan tay may robot. @bng nay gbi thiéu
tong quan ¢ sy phat trén va thanh pin ciu tao chinh tay may robot

Clrong 2:Dong lyc hoc aia tay may robot. Glong nay gbi
thiéu dong luc hoc lai vi tri-luc tay may robot va mé hinh titutoan
ciadong @ dién mot chicu (DMC)

Chrong 3: G s ly thuyét diéu khién PID thich nghi va tiat
ké bo diéu khién PID thich nghitiéu khién lai vi tri-lyc cho tay may
robot 2 Hc tr do. Chrong nay gbi thidu oo s ly thuyét cac 1§ diéu
khién kinhdién, thich nghi va tkt ké bo diéu khién PID thich nghi

Chrong 4: M6 plbng h thong va Kt luan
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CHUONG 1
TONG QUAN TAY MAY ROBOT
1.1. Lich sir phét trién
1.2. Cécdinh nghia
Dinh ngha theo RIA (Robot Institute of America)
Pinh ngha theo tiéu chén AFNOR (Ph&p)
Dinh nghia theol” OCT 25686-85 (Nga)
1.3. CGu tric co ban caa Robot cong nghép
1.4. He théng din dong
1.5. He théng cam bién.
1.6. Két cAu tay may
1.7. Céc phrong phapdiéu khién tay may robot
1.8. Kétluan

Chrong nay ching ta tim &l o lugc Ve lich sr phat trén cia
cong nglé robot,dic diém co ban aia robot va cac ptong phapdiéu
khién robot. Vic diéu khién canh tay robot luén laghtrong nhiing

nhiém wu quan tong doi hoi phai thuong xuyéndugc nghién ¢u,

phét trén va hoan thiin theo lwéng i wu hon.
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CHUONG 2
PONG LUC HQC CUA TAY MAY ROBOT
2.1. Phrong trinh dgng hoc aia Robot
2.1.1. Phrong trinh dgng hec thugn ciza Robot
2.1.1.1. Thamdcua thanh @i va khip
2.1.1.2. ldp hing théng 8 (DH) Danevit-Hartenberg
2.1.2. Phrong trinh dong hec ngwec aia Robot
2.1.2.1. CAcfiéu kién aia bai toandgng hoc ngroc
2.1.2.2. loi giai theo phép quay Euler
2.1.2.3. lvi giai cua phép quay Roll, Pitch, Yaw
2.2. Phrong trinh déng luwc hoc cia robot
M(@g+C(adar d g=7

(2.10)a phuongtrinh dong hrc hoc cua taymay c¢6 n-DOF
2.2.1.Cdc tinh chat ciia mdhinh déng luc hoc taymdy robot

2.2.1.1. Ma tin guan tinh M(Q)
2.2.1.2. Ma tgin lyc ly tdmva lyc Coriolis
2.2.1.3. Vector momenpng luc

2.2.2. M6 hinhdgng luc hpc cho tay may hai éc tw do
AY

.

Hinh 2.3: Giu tricddng hpc cia tay may hai fic tr do

(2.10)



2.2.2.1.P¢ng hpc thuin

MRS 223)

Wi tay may robot 2 DOF, mbinh dong hoc dugc cho li:
x =1,cos, )*1, cosg, +q,

y=lsin(q)+,sin@, +d,) 2.24)
2.2.2.2.D6ng hoc ngroc
{0“} =g (%)
& (2.27)

2.2.2.3.D¢ong luc hoc tay may hai tic tw do

Ham Lagrangeta tay may robotid cho hinh 2.3dugc xac
dinh hoi: L(g.0)=K(g9- RQq

Plrong trinh Lagrange-Euler chinh lacl tbng quat taatong
lén khau tif i. Luc tbng quat chinh 12 momemt dugc xacdinh hyi:

. ﬁ{&.gq)}_uéz 9.1,

Cln k¢ truc taa do Oxynhu trén hinh 2.3. Taéstinh dugc mé
men irc khop 1 va kiip 2

M6 hinh ting thai ¢ia tay may robot:

|:M11 M12:|q+|:C11C12:| q+|:gl:| =7
I\/|21|\/I 22 C:ZIC:ZZ gZ

2.3. Piéu khién lai vi tri-l wc tay may

2.3.1. Tng quandiéu khién lai vj tri-lzc tay may robot
2.3.2.Piéu khién lai v tri-lgc tay may 2 Bc tw do
Phrong trinhdong lec hoc lai vi tri-luc tay may [8]:
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r=M(@a+C(q 9 &g+ Ty I( Y (2.47)
M6 men ngao luc tac ding vao tay may c6 plong trinhdong
luc sau [8]:
r,=J(q) f (2.48)
J(qdugc xacdinh (2.25)
2.4. Pong oo dién mét chiéu trong diéu khién tay may robot
2.4.1. M6 ti toan hpc dgng co' dién mét chiéu
2.4.1.1. CH dé xac bip aia déng @ dién mpt chiéu
2.4.1.2. CB d6 quads ciading @ dién mpt chieu
2.4.2. Cac ham trugn
2.4.2.1. Ham trugn by chinh keu
2.4.2.2. Ham trugn by bién dongdo lrong
2.4.2.3. Ham trugn may phatdc
2.4.2.4. Ham trugn b cam bien v tri
2.4.2.5. Bng théng 8 déng o
2.5. Kétluan chwong 2
T&)_Hg)chong nay tac di da nghién au ly thuyét dong hrc hoc
cua robot céng nghp cung nlr moé hinh that toan ailadong o dién

(2.43)

maét chieu va'ap dng cho robot hai4zx ty do.

'\{QhA%T tu dong hrc hoc robot la céng vic cin thiét khi phan
tich ding nhr tdng hyp qué trinhdiéu khién chuyén dong dé dua ra
cac phrong trinh dong lrc hoc lai Vi tri-luc tay may. T d6 giai
phueong trinhdong rc hoc dua ra mé hinh ting thai tay may. Kt

gua tim dugc £ dugc md plong tay may trong atong 4.
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CHUONG 3
CO SO LY THUY ET PIEU KHI EN PID THICH NGHI
VA THI ET KE BQ PIEU KHI EN PID THICH NGHI
PIEU KHI EN LAI V I TRi-L UC CHO TAY MAY ROBOT
2 BAC TU DO
3.1 Téng quan
3.2. Céc 9 diéu khién kinh dién
3.2.1. B diéu khién 1i 1¢ sai léch (PE: Propotional Error)
3.2.2. B diéu khién ti 1¢ dgo ham (PD: Propotional Derivative)
3.2.3. B diéu khién ti 1¢ — tich phan —dgo ham (PID: Propotional
— Integral - Derivative)
3.2.4. B diéu khién tinh mé men (Computed - Torque Controller)
3.3. Pidu khién thich nghi
3.3.1. G¥i thiéu chung
3.3.2. H théng diéu khién thich nghi i chinh
3.3.3. H thang diéu khién thich theo mé hinh rdu
3.3.4. Luit thich nghi
3.3.4.1. Plrong phap hamnhay (ludt MIT)
3.3.4.2. Gradienta phurong phdp binh phrong bé nhdt dya trén tiéu
chi danhgid ham chiphi sai $
3.3.4.3.Ham Lyapunov
3.4. Thiét ké b diéu khién PID thich nghi chodiéu khién lai vi
tri-l wc cho tay may robot
Pong hrc hoc cho tay may phi tun cé dng:
r=M(@G+Cadar g+ Q)= L (3.9)
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D(t)OR" la nhéu
Ta co thviét: u=M(q) g+ k(q 9

Trongdo:
k(g 0)=C(qQa- G ¢
a(g,=-M*(9.Kq9
B(a)=-M7(9
Suyra: g=a(g 9+ Bqu O} (3.10)

Xét h¢ thdng phi tug¢n biéu dién phrong trinh tang thai @a
tay may (3.10):
Trongd6 ud R la vect cac e thng quét
Gia thuyét rang [6]:
a] < A
[B=[H|<h,
|d|<D

(3.11)

Goi g, 0R"Ia vecty qui dao mong mén,e=q-q & g-
la vecty sai Ech bAm vatao ham @a chung.
Chon 6, =Ce+e
Trongdo C=diag(G,C,...¢) ; @ R; & 0; 4 1,..,
Chon  u=Ksgn(o) 3.12)
Trongdd K =diag(K,,K,,....K)); K,=K>0; i=1,..,n
sgn(c) =[sgn(s,),sgn(s,)....sgr(s,) |’
Cho B thong (3.10) tlda man gi thiét (3.11) Wi u chpn theo
(3.12), trongd6: K=H(A+D+n+|Cet ) n>0
thi sai Bch bam da hé thang e & héi tu vé 0.
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Chizng minh:
bao ham daola: 6=Cetr¢g-Tq
c=Cetq-4 a9~ B & Ksgfo)-d(t)
Chon, V,=367620 V,=0".6=0"(Cerd
V,=c".6=c"[Ce+t -4 q;9- B § Ksgfo)-d(t)]
V,=0"B(q)[B*(Cerq- 4 ;9 ¢)}- Ksgfv)]
V,<o"B(a)sgn(o)[|H](|Ce+ a] +| & agf+| 4 )~ K
RO rangy,<0 &u K=H(A+D+n+|Cerg) 6w 1a mot hing
sb duong nho bét ky.
Theo tiéu chim 6n dinh Lyapunov thiv, :%GTG >0

cOV, <0, &dam bao he théng coo — 0.

Khi 0 = 0 = Cet+ € wongduong Wi Ce+e=0; i=1,...,n

Véi C; > 0 thi @ — 0 khi t — c ma tc do hoi tu phu thudc vao
gia ti cua G.

Tir cach cling minh nhe trén ta tAy rang e — 0 khi e - 0va
¢, cO gbi han vi tinh cht vat ly cia he thing nén co th tim duoc
mot hing $ E sao cho:

|Cer < E (3.13)

Tu d6 ta co thh chon K =(A+D+n+E)h, la hing 9.

H qui: Cho ¢ thdng (3.10) i gia thiét (3.11), (3.13) tha
man, u cbn theo (3.12), Trondgé: K=(A+D+n+E)h = K, (3.14)
thi sai Bch bam éa ke thbng e § hoi tu V& 0.
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Tur lut didu khién (3.12), ta thy ham sgng) s3 gay ra g thay
dbi cua u tr +K sang —K mt cach ét nhanh khio = 0 [6]. Biéu nay
trong thrc & s3 1am cho y thay doi nhanh gira + K, lam dong @
mau hr. Ta lam ném u king cach thay &l signum Bng ham ko
hoa sat. Khi thay ham signundrlyg hamti I¢é - tich phan-dao ham
(PID) bao hoa, ta cé thkhir chattering cho céac tin i diéu khién
ma khéng gay rayssai Ech trong hat dong aia ke théng [1].

Nhu vay u = KonseSato/e)

_KCOHSt khi 0- < _¢

Hay o_K K const - :
U= K o =2t Cet—ste khi —@<0<
K. PR 5 pso<¢
K

khi o>¢

const

Luat didu khién dugc 1am mém hoéa nay thc chit 1a mbt bo

d|éu kh|én PD i KP - K;(;nst C va KD - Kznst

Vi I diéu khién 1a khau PDié diéu khién mot déi tuong phi
tuyén, nén ludn luéndn tai sai kch e. Trén dudao pha @a sai éch

(68, thong € hoi tu lai mot ving quanh éc toa d6 cia
(e=0,e=0). RS rang nit khau Idugc dua vao 1 diéu khién PD c6

thé 1am sai éch e - 0. Tir d6 ta c6 th xay ding ndt luat diéu khién
PID nhr sau:

- Kconst khi o< _¢
_IK Koot me 10 ;
u= const C e+ const ‘@ I_[i dt kh| —¢ <o< ¢
¢ ¢ o
K onst khi o>¢
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Hay
_Kconst khi o< _¢
K. .C+l K. Clt .
U = —const et—ostpr = edt khig<o<g 3.15
7 s o p=o<d 3.15)
Kconst khl 0->¢
édé.y K :M-K :QK :Kconst
" ¢ 2

Tir két qua thiét ké va xay drng luat diéu khién PID thich nghi
tong quat nix trén, tAc gi 4p ding cho tay may 24g ty do
Khop 1: Luat diéu khién PID thich nghi K, K, Kp

KP]_ - Kconsti'Ci+ Ii : K|1: Ci'Ii Kp, = Kconsti;i =1+3
¢ ¢ 7
Khop 2: Luat diéu khién PID thich nghi K, K, Kp
K<:0n'si'Ci-|-|i. _Ci'li. _Kconsi.'_ .
Kp, =t¢%ivK|2 _Ti’KDz_ 4 1i=1+3

3.5. Két luan chwong 3

Chuong nay gbi thiu cac b diéu khién kinh dién vadiéu
khién hién dai cho tay may robot. Apuhg dé thiét ké bo didu khién
PID thich nghi cho tay may robot. Qu#& xac dinh day la nét
phuong phéap khoadt dé lya cton va tinhduoc cac 1§ b Kp, K, Kp
thdng qua cac thong Keenss C, | va@. Didu nay § duoc ching

minh king mé pléng trong clrong 4.
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CHUONG 4
MO PHONG HE THONG VA KET LUAN
4.1. M6 hinh hoa tay may robot
4.2. M6 hinh héaddng oo dién mét chiéu
4.3. M6 hinh héa ld diéu khién PID thich nghi véi cac tham $

thichnghila k = KeonsiCi 1 1 K. = C.l, K. = K onsi
Pi ¢ L [ ¢ ' 7 DI ¢
i i I
~ N 7 4
4.4. M0 hinh hoa & thong
22
e2 u
(&) ¢
g1 xd
002 yd
{BOK PID-TNIVT
(- » b = TAY MAY ROBOT
>
(D, * at P
gd2 Vdk Vdk  Tmi -
i ~E = —{T1 q2 2y PID+TN
» af »{ 3 )
= —
g Tm2 - H 1) 92
| i »
B ) =@ 1
fz
MH DCM.
(BDK-PIDJL
.— pid e
fd2 vk ik
»li
’—' Tmf2 —

Hinh 4.4: $ d6 m6 hinh héa dunggdiéu khién PID thich nghidiéu
khién lai i tri-luc cho tay may 2 DOF
4.5. Két qua md phéng va phan tich nHin xét



15 16

4.5.1. Kt qud mé phing so sanh gka bj diéu khién PID thich nghi

eft (PID+TN) of2 (PID+TN)
et (PID) 06 of2 (PID)
va PID . .
=) =z
. e ae . . , P . . BN by L &
Khi co i vai vi tri goc qd1=pi/4(rad), qd2=pi/3(rad) vaut 5 5
5 50 £ oty
32 ©
dat f41,fs=const 5 g 02 i
0.9 [\ T T 12 T T g Eg 04
08 U ; i i 150 /
- i : — 1 * : =
B o7 f - q1 (PID+TN) B // 42 (PID+TN)
J—— , ‘_‘1”‘ ~ 08 9d2 200, 05 1 15 2 25 3 35 1 08y 05 1 18 2 28 3 38
S [ | a1 (PID) = / | 92 (PiD) Thoi gian [s] Thoi gian [s]
2 2 < . £
EN Z 0s / Hinh 4.11: Saidch bam irc khvp 1,2
g o g
g 03 '[/ g 04 //
% 0.2 i/ % 02 %
3"l g , =
0 =
0 1U 0.5 1 18 2 25 3 35 4 VDZU 0.5 1 15 2 25 3 3.5 4 E
Thoi gian [s] Thoi gian [s] 3
. , =
Hinh 4.8: Qii dao theo gbc quayig
7 6
" ——dq1 (PID+TN) dq2 (PID+TN)
6 | dq1 (PID) dq2 (PID)
7, [l 75
2’ Il 3 =
=¥ = =
i 2’ £
£ I ‘ £ ]
F 2 EE =
= Il - s
2 2\ :
g” 0 , \1’\ E’Z 1
£l s A
. > o o oz CE—— s o8 o7 o5  os 3
i U ] 1H \‘4\\ Thei gian [s]
2 N H H . s
. . — Hinh 4.12: Saidch lai v tri-luc khép
0 05 1 15 2 25 3 35 4 0 05 1 156 2 25 3 35 4 0
Thoi gian [s] Thoi gian [s]
, , - 0.5 o mmmmm oL
Hinh 4.9: Saidch win toc goc quay q & Y P S U U SO SVRNS SN R
=
=
”z " b —— &2 (PID+TN) B I e e e R St A SR
= ; ; . 05l ———2(PD) TP I SO N S S S S SO S
B 00 [\/ SR .- \\ %
= J ‘ e1(PID) e e e N S
% 01 ’ % S = o
£ 015 <
= I g " o
= 0.2 , 5 \ — I e B e R
§ o [ E” \ SIEE N ———
§ 03 ’ é 01 %
= = s
& 17 &, \ T~ =S N | U S R NN AN SRS N N S
R/ = :
4 i
-0 450 08 1 15Th ] 2 [ ]275 3 35 4 70,10 0 1 15Th ] 2 [ ]275 3 35 3 o 0.1 0.2 0.3 U._T_hc,i g.ian [sci.ﬁ 0.7 0.8 0.9 1
ol gian [s ol gian [s

Hinh 4.10: Saidch bam wtri khép 1,2 Hinh 4.13: Saidch lai v tri-lu.c khép 2(PID-TN)
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Bang 4.1: Bing $ liéu md ptong PID thich nghi va PID

B6 bieu Khop i Sai kch inh Thoi gian xac ép
Khién Vi tri Vi tri
PID-TN Khaop 1 -0.1047 1
Khap 2 0.08324 0.4
PID Khap 1 -0.4883 4.1
Khap 2 0.2854 2.7
Nhin xét:

Tur bang $ liéu va Kt qua mé pkeng hidu thi tréndd thi hinh
4.8, hinh 4.9, hinh 4.10, hinh 4.11, hinh 4.12hHiri3 ta téy:
*) V& sai Bch goc quay: Hinh 4.8, hinh 4.10

- Bo diéu khién PID-TN: C6 & daodong nhb va thdi gian
bam ti qui dao dit nhanh lon so i bo diéu khién PID.

- Bo diéu khién PID: Daodong lon va thvi gian tién toi xac
lap hay thvi gian bam theo qudao dat cham

*) V& sai Bch van toc goc quay: Hinh 4.9

- BO diéu khién PID-TN: Mic dau thoi gian diu c6 s dao
dong nhrng thyi gian tién @én xac hp nhanh bin b diéu khién PID.

- B¢ diéu khién PID: Daodong it nhrng thyi gian tién toi xac
lap chim hon by PID-TN.
*) V& sai Bch fyc: Hinh 4.11
So i bo PID thi b PID-TN c6 thyi giandén xac hp cao ln.
Tuy nhiénd khép 2 sr daodong aia b PID-TN c6 plan In.
*) V@ sai Bch \i tri-luc: Hinh 4.12, hinh 4.13
Nhin vadd thi ta thiy: Trong cuing thi giandiéu khién, khi vi

tri géc quays ché do quadd thi hrc cia tac dng theo ch do quadd
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cua Vi tri géc quay. Khi vitri goc quaydén cré do xac hp thi krc thoi
tac ding.

4.5.2. Kt qui mo phing khi thay déi cac hé 6 Keonst @, 11, G ciia
bé diéu khién

a) Vi Keonss |, @ 12 hang &9 va Glan luot 14 C; < C< C4 (C,=20,
C,=25, C;=30)

12 T 14

/\

q1(C1)
a1 (C2)
91 (C3)

——qa2
a2 (C1)
a2(C2) o
q2(C3)

A
\
\

4
ol |

/
/

0 02 04 06 08 1 12 14 16 18 2
Thoi gian [s] Thoi gian [s]

Hinh 4.14: Qi dao gdc theo kbp 1,2 khi Gthayddi

e1(C1) e2 (C1)

e1(C2) os e2(C2)

- //\ \ e1(C3) - | 22 (C3)
0 J

[N

wbotf

ol S
/7

o

Qui dao goc quay khop 1 [rad]
|
Qui dao goc quay khop 2 [rad]

/
J

0 0z 04 06 08 1 12 14 16 18 2

;

Sai lech vi tri khop 1 [rad]

Sai lech vifri khop 2 [rad]
[
L

° \\J =

i
0 02 04 06 08 1 12 14 16 18 2 g 02 04 06 08 1 12 14 16 18 2
Thoi gian [s] Thoi gian [s]

Hinh 4.15: Saidch bam ytri khép 1,2 khi Gthaydai

(1 |
; Vi
A AN
/i

ef2 (C1)
ef2 (C2)
ef2 (C3)

200

Sai so luc khop 1[N]
Sai 50 luc khop 2 [N]

0 02 04 06 08 1 12 14 16 18 : “%0 02 04 06 08 1 12 14 16 18 2
Thoi gian [s] Thoi gian [s]

Hinh 4.16: Saidch lec khop 1,2 khi Gthaydoi
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Bang 4.2: Bing $ liéu md ptong PID thich nghi khi thaydoi

Cac tham & Khépi | Sai$ tinh | Thyi gian xac p

Khép 1 | -0.1498 1.1

- C,=20
¢=05 | ™ Khop 2 | 0.1646 11
sgm‘ oo | KNOP1 ]| 01454 15
=05 & Khép2 | 0.1661 1.4
’ Khop1l | -0.1494 1.7

C:=30
s Khép2 | 0.1731 1.6

Nhgn xét:

Tu bang 4.2, hinh 4.14, hinh 4.15, hinh 4.16 fyth
Khi Cinho qui dao caa cac khau bamuoc qu dao chuin nhanh bn
so Wi C; 16n hon, G cang bn sai Bch bam qiuidao cang cam. Bdng
thoi sai kch lyc ding ting theo chiu ting aia G. G anh heong dén
sy tacdong nhanh ga Fe.
b) Vi C, |, gla hang $ va Keoni ldn lieot 12 Keonst < Keonsz< Keonsts
(KeonstF15, Keonstz=18, Keonstz=150)

1.2 14
——qdt —qd2

q1 (Keonst1) 2 (Keont1)

——q1 (Keonst2) | 12 ——q2 (Keonst2)

——q1 (Kconst3) o, ——q2 (Kconst3)

—
%\Q//

~

N

Qui dao goc quay khop 1 [rad]
\
Qui dao goc quay khop 2 [rad]

/

. |
™~ -

0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2
Thoi gian [s] Thoi gian [s]

Hinh 4.17: Qi dao goc quay theo kip 1,2 khi khi Kynsithay doi

Sai lech vitri khop 1 [rad]
-
T~

Sai lech vitri khop 2 [rad]
Lt

1/

N4 : e

05 0.1
0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08

Thoi gian [s] Thoi gi:

Hinh 4.18: Saidch bam ytri khép 1,2 khi Konsti

100 08

eft (Kconst1) i \
ef (Kconst2) 0.6 A ---i-
oft (Keonst3) p

Sai so luc khop 1 [N]
Sai 5o luc khop 2 [N]

04 I
150 “

06 ¥
02 04 06 08 112 14 16 18 2 o 0z 04 06 08 1 12 14 16 18 2
Thoi gian [s] Thoi gian [s]

Hinh 4.19: Saidch kec khop 1,2 khi Konsithay doi
Bang 4.3: Bing $ liéu md ptong PID thich nghi khi ks thaydoi

Sai 9 Thoi gian xac

Cac thams Khep i nh lap
Keonsu= 15 Khep 1 | -0.188 1.15
@=05 Khop 2 | 0.1851 1.15
Ci=20 | Keonse=18 Khep 1l | -0.18 1.8
li=0,5 Khep 2 | 0.1797 1.5
Keonstz= 150 | Khop 1 | -0.1453 2.2
Khop 2 | 0.1645 2

Nhgn xét: Ttir bang 4.3, hinh 4.17, hinh 4.18, hinh 4.19 #yth
Khi Keonsii 16N e ¢6 daodong bam theo dudao tt hon khi
Keonsti NNO. Khi Keonsi cang nbb thi xu hréng kch qu dao chu;én

dong cang dn. Keonsi 10N ciing 1am cho tin kiu diéu khién cé s thay
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ddi cua u &t nhanh. Konei Nho 1am cho sai & luc bam theodc dat Cac tham & Khépi | Sai$tinh | Thi gian xac ip
Khop 1 -0.08438 0.85

Vi C la hing & va | lan luwot 1a 11< 1, < 15 (1;=0.01 K const = Khop2 | 0.08089 0.85
C) Vi C, Keonss @ 12 hang 9 va | lan lugt 1a 1< 12 < 15 (1,=0.01, const = Knhop 1 | -0.08421 0.85
|2:0.8, |3=5) 500 |2: 0.8

v = C=o5 Khop 2 0.08083 0.85

lon. Tom hi K gonsianh hrangdén ar 6n dinh aia ke. ¢=0,08| 1,=0.01

T
qd1

—q1 (1)

= a@| =2 a2 2) Khé’p 1 -0.0833 0.85
& /‘ a1 (3) B m q2 (13) |3 e 5 _

2 ” / g ' /”' Khop 2 0.08054 0.85
i Bl Nhdn xét:

g e / Tor bang 4.4 va hinh 4.20, hinh 4.21, hinh 4.22 fyth
} ) | it anh heong nhiu dén ar én dinh aia ke théng

o 01 02 03 04 05 06 07 08 0985 A1 0 01 02 03 04 05 06 07 08 09 1
Thoi gian [s] Thoi gian [s]

Hinh 4.20: Gii dao géc quay theo Kip 1,2 khi khi lthayddi d) V61 Ci, Keonsy I |2 hung 9 va g7 lan luot la i< @< @2 (@=0.5,

o »=5, ¢=10)
el e2 (1) 12 T 14 T
01 | &1 (12) 05 | 2 (12) qd1 qd2
el (13) : e2 (13) ql (Fi1) q2 (Fi1)
g , /-M\ ) B \ 5 | qt (Fi2) = 2 2 Fi2)
e ha e =" = a1 (Fi3) i 2 (Fi3)
z g_ < oe ~
£ o £ 03 2 /Q& E‘ //
= = i 06 é; 08
= 0.2 s 02 £
2 v = \ ES ] !/ /
3 8 o 04 o 06
= 03 = 01 [=} (=]
NV ’ N =/ i
2/ o = 02 // § 04 y
S S
(<] (e}
0 5U 01 02 03 04 05 06 07 08 09 1 VD"U 01 0z 03 04 05 06 07 08 09 1 0 v L
Thoi gian [s] Thoi gian [s]
N 02 0
N . . r . and , . = ] 05 1 15 2 25 3 o 05 1 15 2 25 3
Hinh 4.21: Saidch bam vtri khép 1,2 khi | thaydoi Thoi gian [s] Thol gian [s]
5
N A . P . . 2.
s Hinh 4.23: Qi dao bam theo 1,2 khi khig thaydoi
oft (1) ef2 (1) < !
&f1 (12) 06 ef2 (12}

100 il o | = "2 o1 (Fil) o e2 (Fi1)
= = el (Fiz) e2 (Fi2)
% % \ & et (Fi3) e e2 (Fi3)
e 5" g A B
£ 2, TN S 3 S
E E A g =
g ° g 12 AN e T
= T E E
« @ g4 s 02 s 02

-50 S // ko \\

06 % 0.3 % 01
3 /] 3 \ —
-100 0.8 ! 04 o (<
0 01 02 03 04 05 06 07 0s8 09 1 0 0.1 0.2 0.3 04 0.5 0.6 07 0.8 0.9 1 T =
Thoi gian [s] Thoi gian [s]
05 0.1 z

Hinh 4.22: Saidch kec khop 1,2 khi ] thayddi T Tmesew T T T g T T

Bang 4.4: Bing $ liéu mé ptong PID thich nghi khi; lthaydoi Hinh 4.24: Saidch bam ytri khép 1,2 khig thaydodi



I
i

Sai so luc khop 1 [N]
5
Sai so luc khop 2 [N]
Z

0 05 1 2 25 3 o 05 1 2 25 3

15 15
Thoi gian [s] Thoi gian [s]

Hinh 4.25: Sai é luc khop 1,2 khig thayddi
Bang 4.5: Bing $ liéu mé ptong PID thich nghi khig thaydoi

Cac tham & Khépi | Sai$ tinh | Thyi gian xac ip
=05 | Khép1 | -0.1502 12
Koonsi= Khop2 | 0.1656 1.1
150
C =20 ®m=5 Khop 1 -0.2405 2.1
1205 Khop 2 0.2089 1.8
@ =10 Khop 1 -0.3687 3
Khop 2 | 0.2751 2.7
Nf@n xét:

Tr bang 4.5 va hinh 4.23, hinh 4.24, hinh 4.25 g th

Khig nho qui dao aia cac kisp bamduoc qu dao dit tét hon
S0 Wi ¢ 16n hon. Sai $ lyc ding bién thién theo, khigp nho sai kch
bam qi dao it nén saidch hec ding it ton khi ¢ lon. Khi ¢ 16n do
bam qid dao khong ét nén saidch rc 16n. Bong thyi ¢ Ion tinhiéu
diéu khién tir lGc daodong dén ltc én dinh mit thoi gian nhéu hon
khi @ nho. Tém ki, ¢ anh hrong dén mic d6 on dinh aia ke thong

va gr tdcddng nhanh ga Fg.

e) Nhin xét chung
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Két qua md prong cho tiy: Khi dung I diéu khién PID thich
nghi dé diéu khién lai vi tri-luc cho tay may robot thio 6n dinh va
tacdong nhanh ga ke théng 6t hon so i ding b diéu khién PID
thdng throng.

Wi két qua d¢a ching minh trong thit ké bo diéu khién PID
thich nghio cheong 3

K = Koonsi:Ci Ii;K“ — C.l; ; Di:m
?, [ ¢
thi ar hoi tu va sai éch aia hé thong < thaydbi khi cac théng &
Keonss I, @, G (i = 1+3) thaydoi. Cu thé:
- C anh hrong dén sy tacdong nhanh ga k¢ théng. G cang

[6n sai Ech bam theo dudao va krc cang cm.

- Keonsianh hrang dén sr 6n dinh aia ke, Khi Kgnsi caNg Nk
thi xu hréng kch qu dao va krc cang &n. Néu Konsi quUa nid s3 1am
hé thong mit 6n dinh.

- 1, anh hrong khéngdang K dén sy 6n dinh aia ke théng

- @anh hrong dén do 6n dinh va s tacdong nhanh 6a te.
4.6. Kétluan chwong 4

- Néu he két hop o didu khién PID dugc chinhdinh theodiéu
khién thich nghi thidc do dat dén gia ti dat nhanh b khi hé chi
duoc diéu khién bing b diédu khién PID.

- Trong cuing rét thoi gian diéu khién, PID thich nghi c6 kh
nang chinh xac vai dén vi tri mong mén (xg, ya) cao fon hé chi sir
dung b diéu khién PID.
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KET LUAN VA KI EN NGHI

\Wi pham vi nghién ¢u da xacdinh, Iuan van tp trung nghién
ctiru két hop bd didu khién PID thich nghi vao ¢t diéu khién lai vi
tri-luc cho tay may 24z tr do. Qua qua trinh tit hién tac gi nhn
thdy rang viéc Sr dung bb diéu khién PID thich nghi choéthdng tr
dong c6 nhéu thuan loi nhu: Don gian, & thay ddi va hiéu chinh
tham $ théng qua lat thich nghi PIDda thiét ké sin.

Tr nhitng két qua nghién ¢u ly thuyét. Cu thé 14 qua phn mé
phong b diéu khién PID thich nghi cho tay may 2ibtr do ta c6
nhitng Kt luan:

- Néu he Két hop b diéu khién PID Wi bo didu khién thich
nghi thi 6c do dat dén gia ti dit nhanh bn khi k& chi dugc diéu
khién bing bh diéu khién PID.

- Trong cung it thoi gian diéu khién (thoi gian md plkng),
hé két hop by didu khién PID \6i bo didu khién thich nghi c6 ki
nang hi tu dén zero nhanhdn nhiéu so i PID. Piéu d6 c6 nghia
khi sir dung ko diéu khién PID thich nghi thi & théng € tac dong
nhanh v&n dinh hon wi PID

Nhr vay luan vin da gii quyét dugc cac yéu au dat ra la thét
ké bo diéu khien PID thich nghit d6 ap ding md pléng bing md
hinh hoa trén Matlab & Simulink. Quatkqua md plong & chuong 4
cho phép ta king dinh ring phrong phapdiéu khién chodéi tuong
la phul fop, c6 tit 4p ding lam © s5 nghién ¢u dé thiét ké bo diéu
khién moi, gép phin giai quyét nhitng van dé trong nh wre diéu
khién hoc hién nay.
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Tuy Wy, trong plaim vi van dé dit ra va thi gian han cré, luan
vin chradé cap va gii quyét nhiéu van dé lién quan, chng han nh:
Viéc didu khién diém tacdong cui caa robot theo dudao, luc yéu
cau hay win d¢ t6i uu ning hrgng trong qué trinhidh chuyn cia cac
khau, léu viéc ar dung két qua nghién @u dé diéu khién dong @
cho robot n-DOF c66t uwu hay khéng, & qua thuc nghém trén mé
hinh thrc € thé nao,...D6 la nhing vin d& ma tac gi ciing mong

mudn tiép tuc nghién éu trong thi gian .



