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TOM TAT

Bai bdo nay dé xuat mét cdu triic dong hoc
méi cho mét tay may cdng nghiép dw dan dong
dang chudi. Pdy la mét co cdu tay may mdi duoc
phét trién dua trén y tuong cdi tién robot cong
nghiép 6 truc IRB 2400 ciia ABB. Tay may duoC
dé xuat gom 6 khap quay va 2 khép chuyén dgng
tinh tién. Do c6 hai khdp quay bi phu thuge co
khi vgi nhau lam cho hé chi ¢6 7 bdc tir do. Hai
khép tinh tién sé gitip cho co cdu tay may c6 thé
thu nhé hogc phéng to cdu hinh nham tgo ra mgt
khdng gian lam viéc linh hogt. Bai bao thuc hién
cac phdn tich dong hoc thudgn va nguot cia co
cau tay mdy. Pong hoc thudn cia tay mdy dwoc
phan tich dua trén ly thuyét Denavit-Hartenberg,

trong khi dé dong hoc nguoc duoc tinh toan duya
trén mgt ham tai wu dé toi thiéu héa chuyén dong
cua mot khop quay va hai khop tinh tién nham
tiét kiém nang lwong va giit cho co cdu tay may
hoat déng cing chdc, an toan. Phwong phép s6
Newton Raghson dwot img dung dé gidi bai toan
téi wu nay. Két qua md phong trén phan mém
Matlab d@ai véi mét quy dao cua tay may trong hé
toa do Pé cdc twong vmg Vi cdc goc quay va dé
dich chuyén cua cac khép trong hé toa dé suy
réng. Pdy la mét co cdu méi véi rat nhiéu tiém
nang vmg dung, dac biét trong gia cong ldp ghép
co khi bang phwong phdp nhiét.

Tir kh6a: Tay may di dan dong; RObot die dan dong; Robot 7 bdc tir do; tay may 7 bdc tu do, dong
hoc nguge; déng hoc robot chudi; phiong phdp s6 Newton Raphson; robat IRB 2400.

1. GIOI THIEU

Hién nay trong thyc tidn san xuét cé rat nhiéu
don vi thuc hién viéc gia cong, ché tao va lip
ghép co khi. Trong d6 viéc gia cong lap ghép cac
chi tiét kim loai bang phwong phap nhiét dang
duoc s dung hiéu qua. Phuong phap nay duoc
thuc hién bang cach nung néng céac chi tiét kim
loai roi gia cong, ép ching vao nhau bang mét huc
ép manh. Hinh 1 minh hoa mot ing dung cua

phuong phap nay. O d6 cac chi tiét co khi s& duoc
nung noéng d6 & nhiét do cao va sau d6 dugc robot
gap dé ghép v6i mot chi tiét khac dat trén mat
phing vudng goc vai miat dat. Viéc di chuyén chi
tiét tir vi tri nung dén vi tri ghép thuong ton thoi
gian v&i nhiéu cong doan thao lip phuc tap dan
dén lam giam nhiét 6 cua chi tiét va ning suét.
Hon nira viéc gé lap céc chi tiét thiéu
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Hinh 1. M6t (tng dung cua robot trong gia cong
Iip ghép bang phuong phap nhiét

chinh xéc c6 thé dan dén léch tam va pha hong
san pham. Vi vay ddi véi ung dung gia cong lap
ghép bang phuong phap nhiét thuong st dung cac
tay may cong nghiép nhu robot sau truc IRB 2400
ctiia ABB. Tuy nhién trong mot s6 truong hop doi
hoi cau hinh robot va khong gian lam viéc linh
hoat hon. Vi du nhu trong mot phan xudng san
Xuét trén Hinh 1, c4c chi tiét co khi dugc dé trén
nhitng cai khay gan pham vi hoat dong cua robot
S4u truc. Tuy nhién do kich thudc cua cac khéu
trén robot 1a cé dinh nén khong gian lam viéc
(tm v&i cua canh tay robot) bi han ché. Vi thé
d6i khi nguoi van hanh phai dich chuyén cac chi
tiét trén khay hozc dich chuyén khay dé dua chi
tiét vao dung khong gian lam viéc.

Vi thé tac gia di nghién ctru va d& xuit mot
céu tric tay may cong nghiép phi hop hon voi
rng dung nay. Ciu trac dong hoc cua tay may nay
dugc phét trién dua trén y tuong cai tién tay may
cdng nghiép sau truc IRB 2400 cua ABB. Ciu
tric tay may mai nay sé cé bay bac tu do va lam
viéc nhu mot robdt cong nghiép dé gép chi tiét
dugc nung néng va gép vao maot chi tiét khac véi
d6 chinh xac cao va thoi gian ga lip nhanh. Ngoai
ra co ciu nay ciing c6 thé dugc tng dung trong
cac linh vyc cdng nghiép khac nhu déng tau, gia
cong co khi, 14p rdp may méc va van chuyén san
pham.

Déi vé6i cac co ciu du bac ty do thi dong hoc
nguoc khé co thé tinh dwoc bang cac phuong
phap thong thuong vi s6 phuong trinh doc lap it
hon s6 4n hoic cac phuong trinh lugng giac qua
phtic tap. Vi thé phuong phap sé thuong dugc
dung dé tim nghiém cho bai toan dang nay (theo
[1-9]). Trong d6, lya chon ham t4i wu 1a mot van
dé quan trong lién quan dén quy dao chuyén dong
clia co cau va tinh tbi uu trong viéc sir dung ning
luong. Bai toan dong hoc nguroc 1a mot mau chét
quan trong dé c6 thé md phong chuyén dong vi
tri cua co cdu. Do vy céc tac gia dat trong tam
Vao Viéc giai bai toan déng hoc nguoc va md
phong chuyén dong cia co cu trén phan mém
Matlab.

2. PE XUAT MOQT CO CAU TAY MAY DU
DAN DONG MOI

Hinh 2 miéu ta mot co cau tay may dang chudi
véi 6 khop quay (theo thur tu 1a cac khop 1, 2, 4,
6, 7 va 8) va 2 khap chuyén dong tinh tién (khop
3 va 5). Do cac khép quay 2, 4 bi phu thudc co
khi véi nhau lam cho hé chi cé 7 bac tu do va gitp
cho khdp 5 lubn song song véi mat dat dé phu
hop véi tng dung trong gia cong lap ghép bang
phuong phap nhiét. Hai khép tinh tién con gidp
cho co cu c6 thé thu nho hozc phong to cau hinh
dé tao ra mot khong gian 1am viéc linh hoat.

Co cau robot trén Hinh 2 dwgc cai tién tir robot
IRB 2400 cua ABB khi dua vao thém hai khép
chuyén dong tinh tién s6 3 va 5 dé thay doi chiéu
cao va chiéu dai tay may (robot IRB 2400 trén
Hinh 3 c6 6 khép quay va tat ca cac khau la cb
dinh). Vi vay ciu trac dong hoc trén Hinh 2 s&
gidng véi tay may cong nghiép IRB 2400 (Hinh
3) khi hai khép tinh tién 3 va 5 duoc ¢ dinh,
ddng thoi khdng c6 rang budc gitra khop 2 va 4
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Hé toa d6 cua co cdu tay may va cac khop ciing
dugc thé hién trén Hinh 4. Khép 1 chuyén dong
quanh

Hinh 3. Robot IRB 2400 cua ABB

Hinh 4. Hé toa d6 cua co ciu tay may
dang chudi 7 bac ty do

mot truc thang dung Z,véi goc quay 6, , trong
khi d6 khau 1 (OO, ) nghiéng mét géc 6, so véi
hinh chiéu cua n6 xudng mat phang dat. Khép 2
quay quanh truc Z, véi géc quay 6, va khop 3
dich chuyén Ién xudng doc theo truc Z, véi do
dich chuyén d,. Riéng khép 4 mic du van quay
quanh truc Z, véi goc quay 6; nhung bi rang
budc véi khép 2 sao cho 6, + 6, = pi/2 va khop
5 dich chuyén ngang theo truc Z, véi do dich
chuyén d, . Cac khép 6, 7, 8 lan lugt quay quanh
CAc truc tuong ung voi goc quay la 6;,6,,0, .Tén
cac goc quay dugc dinh nghia sao cho phu hop
v6i bang tham sé dong hoc DH (Denavit
Hartenberg) nén thir tu c6 khac nhau.

3. NGHIEN CUU PONG HQC THUAN

Tham sb dong hoc DH cua co cdu tay may 7 bac
tu dwoc miéu ta cu thé & Bang 1. trong do, a; 1a
khoang cach gitra hai truc Z (truc khop); di 1a
khoang céch gitra hai truc khau (truc X); a; 1a gdc
gitra cac truc khéop do tur truc khau thar Ziatoi Z;
theo hudng duong 1a tryc X;; 6, 1a gdc gitra hai
truc khau tir X;.1téi X theo hudng duong 1a truc
Zi1.
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Tir d6 6 thé tim duoc ma tran chuyén vi tir truc
toa do thtr i dén truc toa do thur i-11a:

cosf, —cose;sing, sing;sing,  a;cosé,
i1, _|siNG  cosa cosd —sina;cosd  a;sing,
1o sine, cose, d,
0 0 0 1
1)

Dua theo céch chuyén nay thi vi tri va huéng cia
khau thao tac c6 thé dugc xac dinh tir cac thanh
phan cua ma tran sau:

T=A=AAATASATACATA =[u v w g0 001]
0)

Trong dé,uT:[uX u, uz],VT=[VX v, VZ],

W =|w, w, w, ] 14 céc véc to xac dinh huéng
va q = [qX q, qz] 1a véc to xac dinh vi tri cia
khau thao tac;

Bing 1. Tham sb DH ciia co cau
tay may 7 bac tu do

Khiu | a; a; | d; Gia tri diu
1 | a 90° | d, & 900
(0.22m) (0.420m)
2 o 90° [0 é, 0
3 0 900 | ds 0 1.025m
(thay dé1)
4 0 0|d, 0 0.5645m
(thayd‘&i)
5 ay S0 | O 6.=90°—@, | 90°
(0.207m) :
6 0 -60° | 0 &, o
7 0 90° | O 6. 0
8 |0 0 ds é, 0
(0.018m)

u, =—co0sé, sin @, cosd, +
sin @, (sin 6, cosé, cosé, +cosé, sin b, )
®)

u, =-sin @, sin &, cosd, —
cosé, (sin 6, cosé, cosé, + cosb, sin 4;)
(4)

u, = cos g, cos b, cos g, —sin g, sin 6, (5)

v, =C0sé, sin b, sin 6, +
sin 6, (~sin 6, cos, sin 6, + cosd, cosd, )
(6)

v, =sin @, sin &, sin G, —
cosé, (—sin 6, cos@, sin 6, + cosb, cosé,)

U]
v, =—C0S 6, cos b, sin 6, —sin g, cos b, (8)
W, =C0s ¥, cos @, +sin g, sing,siné, 9
w, =sin ¢, cosd, —cos g, sin g, sin o, (10)
W, =c0s 0, siné, (11)
q, =cosé,(a, —d,sin @, +d, +d, cosé, )+ 12)

dg sin 4, sin G, sin 9,

q, =siné,(a, —d,sin @, +d, +d, cosd, )- 13)

dg c0sé, sin 6, sin 6,

g, =d, +d,cosé, +a, +d; cosg, sing, (14)
4. NGHIEN CUU PONG HQC NGUQC

Trong van d& dong hoc nguoc thi vi tri va huéng
cua khau thao tac s& duoc cho truge dé tinh toan
vi tri cta cac khép (goc quay di véi khop quay
va d¢ dich chuyén ddi véi khop tinh tién). Doi
Véi co cau 7 bac tu do nay thi cac véc to chi
hudng u, v, wvavéc to vitri g cta khau thao tac

dugc cho dé tim nam goc quay 6, 6,, 6;,6,, 6,
(do rang bugc co khinén 6, = pi/2-6,) va hai
khop tinh tién d,, d, .

Day 1a mot co céu du dan dong 7 bac ty do nén
viéc tim vi tri cac khép bang phuong phép thong
thuong 14 rat kho khan. Giai phap dwoc dé xuit &
day 1a tim vi tri cia mot sb khép dua vao bién doi
phuong trinh dong hoc néu ¢é thé, sau d6 str dung
phuong phap sé véi cac ham rang budc pha hop
dé tim vi tri cac khop con lai.

Dau tién vi tri cua diém P (dwoc goi 1a diém tam
¢ tay) c6 thé dugc tinh nhu sau,
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PT = [px py pz]: [qx _dBWx qy _dSWy q, _dSWz]
(15)

o&%z X1 P

X
b] Case 1:0:<0

Hinh 5. Vi tri diém P trong mat phang dimng
Tir Hinh 5 & trén thi géc quay cua khop 1 ¢6 thé
dé dang tim dugc nhu sau:

0, = tan’l(py / px) (16)

Cing tr Hinh 3 din dén quan hé

p, =d, +d,cosé, +a,va
P2+ p2=a,—d,sing, +d,. Tirdo co thé tim
duoc cosé, =(p,—d, —a,)/d, va
sin 6, =(a1+d4 —WJ/%. Nhu vay goc
quay cua khap 2 cé thé tinh dugc nhu sau:
6, = atan 2(sin 6,,c0s6, ) (17)
Do c6 rang bugc dé khop tinh tién d, ludn

chuyén dong theo phuong ngang song song voi
mit dat nén géc quay cua khop 5,

6, = pi/2-6,, pi=314 (18)

Tiép theo nhan hai vé cua phuong trinh (7) v6i
cosé, va phuong trinh (8)sin 4, roi cong lai dé

duoc quan h¢ sau: w, cosd, +w, sin 6, =coso, .

Tir d6 tim dugc gdc quay cua khép 7,
6, =ta cos(wx cosd, +w, sin 491) (19)

Do ¢6 hai nghiém bang nhau vé d6 lén nhung
khéc diu nén viéc lya chon gid tri ndo phu thudc
vao diéu kién dau va gia tri goc quay trude do.
Tuong tu ciing tir phuong trinh (9) va (10) dan
dén quan hé sau,
sin g, = (Wx sing, —w, cosel)/sin o, .

Mat khac tr phuong trinh (11) tim duoc,
coss =W, /sin 8, . Do vay goc quay cua khap 6
1,

6, = atan 2(sin 6, cosd; ) (20)

G6c quay khép 8 gan véi khau thao thac ciing co
thé dugc tinh thong qua cac phwong trinh dong
hoc & trén. Tur phuong trinh (3) va (4) dan dén
cosf, = —(uX cosé, +u, sin 6?1)/sin o,va tu (6)
and (7 dan dén
sin 6, = (v, cosé, +v, sin @, )/sin,. Cubi ciing
g6c quay cua khop 8 dugc tinh bang mot cong
thire lugng giac don gian nhu sau,

6, = atan 2(sin 6,cos6,) (21)

Nhu vy la thong qua bién déi toan hoc cac
phuong trinh d6ng hoc, cic goc quay
6,, 6, 6,, 8, c6 thé dugc xac dinh. Vi tri cua
cac khop con lai, 6,,d,, d, c6 thé tim dugc
bang phudng phap sé. Trong rat nhidu phuong
phap thi phuong phap s Newton Raghson d
dugc sir dung phé bién dé tim nghiém céac phuong
trinh phi tuyén.
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Vi tri cac khép can ti wu, 6,, d,, d, dwoc xem
xét trong mot mién xac dinh phu thudc vao khong
gian lam viéc thyc té cua co cAu tay may. O day
co thé gia su

62 < [62min' 02max]’ d3 < [d3min’ d3max]’d4 < [d4min! d4ma><] oL B

, trong d6 chi s min va max thé hién gia tri nho
nhit va 16n nhat caa mién xac dinh do.

Gia sir vi tri ban dau cua céc khép duoc cho nhu
sau, 6,=6,,, d;=dg,,d,=d,,. Pay la vi tri ma
co cAu tay méy dich chuyén cac budc dau tién va
ham t6i wu duge dinh nghia sao cho su dich
chuyén cua cac khop chinh 6, d, d, Ia it nhat.
Viéc nay ciing dan dén tiéu hao nang luong cua
co cu duogc t6i thiéu hoa. Nhu vay ham tdi vu

duoc dinh nghia 1a,

f= (‘92 — 0y )2 + (ds - dso) 2+ (d4 - d40 )2 (22)
Ham rang budc duoc lya chon sao cho cé su xuét
hién cta day du 3 bién 6,, d,, d,va thé hién
dugc quan hé chinh gitta cac khop. Nhu vay ham

rang budc duoc lya chon nhu sau,

g, =d, +d;cosb, +a, — p,
23
9, =a,—d,sing, +d, —/p; + p; (3)

Phuong trinh Lagrange duogc dinh nghia dya trén
ham t&i ru va ham rang budc nhu sau,

L=f +4,9; + 4,9,
:(‘92 _020)2+ (da_d30)2+(d4_d40)+
2,(d, +d,cos@, +a, —p,)+ (24)

Az(ai—d3sinél2 +d, —,/p2+ pij

trong do, A;, A, 1a c&c nhan tir Lagrange va ciing
dong vai tro 1a cac bién dugc xem xét. Liy dao
ham phuong trinh Lagrange theo nim bién
6,,d;, d,, 4, A, thu duoc nim ham phi tuyén

Sau,

f,= % =26, - 4d;sin 6, — 2,d,c0s6,  (25)

2

f,= ;TL =2d,-2.108+ 4, cosb, — 4,sin 6, (26)

3

fy =£_2d4 —2dy + 4, @)
oL
L g @)

oL .
fy :@:ai—d33|n92+d4—,/pf+ p;  (29)
L4y dao ham ctia nim ham phi tuyén f,i=1..5
theo nam bién 6, d, d,, 4, A4, ¢ thu dugc ma

tran dao ham riéng nhu sau:

AN A A Y
00, od, od; o4 04,
00, od, od, o4 o4
N A A% I
00, od, od;, o4 04,
AR A A
00, od, od, oL o4
|06, od, od, o4 04,
Nhu vay nghiém téi vu dwoc tim 13;
X" =X"-JF', i=0,.,n (31)

trong d6, i =0twong tng Véi gia tri ban dau cua
céc bién, i=ntwong (ng véi gia tri nghiém toi
uu, X i+l — [92i+l d3i+1 d‘il+l ﬂifl ﬂi;l]r 1
xi=lp o @i 4 AJ va
F=[ £ & f ] Giatrinduocxic
dinh khi nao nghiém héi tu, c6 nghia 1a sai 1éch
gitra nghiém hién tai va truée d6 nho téi mac cd
thé chap nhan dwoc, cy thé nhu sau,

e[k]=(x 1[k]- x '[k]) x k] (32)
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trong d6, k=12,..5la chi s6 dai dién cho cac
bién 6,, d,, d,, 4, 4, va [k]la mot gia tri dugc
tinh dé so sanh voi mot giad tri &, dat trudc.

Nghiém sé dugc xac dinh khi |g| <é&.

Cac gid tri ban dau
X0 = [Hf d? d? A zg]’ thuong dugc chon
sao cho vj tri cac khép 6,, ds, d, tring véi cau

hinh mic dinh cta co cau tay may.
5. KET QUA MO PHONG

Dé kiém ching céc két qua phan tich dong hoc
nguoc o trén, trudc tién tac gia tao ra mot quy dao
trong hé toa do khong gian D& cac véi ba thanh
phan vi tri va ba goc quay o le. Sau d6 sir dung
két qua phan tich dong hoc ngugc dé tim tam vi
tri cua cac khaop trong hé toa do6 suy rong (hé toa
d6 khop). Quy dao cua co cau tay may trong hé
toa o Dé cac duoc hiéu la quy dao cia diém lam
viéc trén khdu thao tac (end effector) hay con
duoc goi la tdm kep.

Hinh 6 minh hoa quy dao chuyén dong cua tam
kep trong hé toa do Dé cac sao cho hudng cua
khéu thao tac ludn vuéng goc véi mat phang quy
dao. Vi tri va van tdc cua tdm kep theo ba truc toa
dd x, y, z ciing dwoc thé hién trén Hinh 7. Nhu
vay tai mdi vi tri trén quy dao chuyén dong cua
tdm kep sé xac dinh duwgc mot ma tran T &
phuong trinh (2) véi céc thanh phan chi hudng 1a

uTz[uX u, uz], vT=[vx v, vz],

w' :[wX w, WZ] vavitrila q :[qx q, qz] :
Tur d6 c6 thé tim goc cua cac khop quay
(6, 0,, 6,0, 6, 6,=pil2—0,) va do dich
chuyén cua céc khop tinh tién (ds, d,) bang cac
phuong trinh dong hoc nguogc da trinh bay & trén.
Két qua mo phong vi tri va van toc cia cac khép
duoc thé hién ¢ trén hinh 8 va 9 véi cac ghi chu:

joint 1, joint 2, joint 3, joint 4, joint 5, joint 6,
joint 7 wva joint 8
6, 0,,d,,6,,d,,6,,6,, 6,. Bang viéc kiém tra

twong wng  Voi
mot s diém dic biét 6 thé thiy rang két qua md

phong vi tri va van téc caa cac khop rét hop ly
Vé6i quy dao trong hé toa do d¢é céc.

14

19 19
18 18
1T N1
16 16
1?.4 16 18 2 1-%2 01 0 01 02

Hinh 6. Quy dao chuyén dong ciia tam kep trén
khau thao tac trong hé toa do Dé cac

19 1

18
=17 g 0°
£ £

15

14 -05
] 10 15 i

time (sec) titme (sec)

o
=1
o
I
=]
@
w
5]

02 1

01
- 05
£
B
01

02 -08

x (m)
o

=
o
=
o
=
o
o
5
@
=]

19 1

18 05
Eqr £
= 0
16

15 05
5 o0 18 2 ] 5 0 15 2
time (sec) titme (sec)

o

Hinh 7. Vi tri va van téc theo 3 truc toa do Dé
cac cua tm kep trén khau thao tac
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Joint 1 (dag)
/
joint 2 (deg)

Joint 3 (m)
Joint 4(m)
&

Joint & (deg)
Joirt B (dag)
)

dog)
L.
Joint B (deg)

Hinh 8. Vi tri ciia 8 khép (6 quay va 2 tinh tién)
trong hé toa do suy rong

soc)

Joint 1 (ract
o

Jaint 2 (radfsec)
o

L] 5 10 15 20 il 5 10 15 2

=]

Joint 3 (misec)
&
= o
Jaint 4 (m/s)
o

] 5 10 15 20 o 5 10 15 2

=]

Joint 5 (rad
o

Joint 6 (rad/sec)
o

L] 5 10 15 20 il 5 10 15 2

=]

Joint 7 (radsec)
o

Joint 8 (radfsec)
o

T 5 10 15 20 o 5 10 15 20

Hinh 9. Van téc cua 8 khép (6 quay va 2 tinh

tién) trong hé toa do suy rong
Hon nita, md phong ciing chi ra rang khép 2 (6,)
c6 géc quay nho. Xét vé mat dong luc hoc thi day
1a khép chiu tac dung cua trong luc I6n nhat nén
dong co dién gan vao diéu khién khop nay s& can
mot gia tri md men 16n nhat. Vi thé viéc tdi thiéu
héa chuyén dong cua khop 2 s& khdng nhirng tiét
kiém nang lugng ma con dam bao d¢ an toan cho
co cAu tay may.

6. KET LUAN

Bai bao nay da trinh bay mot nghién ctru vé tay
méy dang chudi 7 bac tw do ¢6 cAu hinh linh hoat.
Pay 1a mot cAu triic dong hoc méi duge phat trién
dua trén robot IRB 2400 ciia ABB. CAu tric méi
nay c6 hai khop chuyén dong tinh tién va sau
khdp quay nhung do c6 rang budc co khi dé mot
phan ciia tay may hoat dong song song véi mit
dét dé phu hop véi tmg dung gia cong lip ghép
co khi bang phuong phap nhiét. V4i hai khép
chuyén dong tinh tién gitip cho tay may khong
nhitng nang chiéu cao d& dang ma co thé kéo dai
dé mo rong ciing nhu thu hep khong gian lam
viéc. Vi thé day 1a mot cAu hinh rat linh hoat c6
thé duoc mg dung trong nhiéu linh vuc cong
nghiép, dic biét 1a 1ip ghép co khi bang phuong
phép nhiét.

Hon nita bai bao da dua ra mot ham tdi wu dua
trén viéc tdi thiéu hoa chuyén dong ctia mot khop
quay chinh (khép 2) va hai khop tinh tién dé giai
bai toan dong hoc nguoc. Phuwong phap sb
Newton Raphson dugc sir dung dé giai bai toan
t6i wu nay. Két qua mo phong trén phan mém
Matlab da chi ra rang tit ca cic nghiém (vi tri
khdp quay va tinh tién) déu phu hop véi quy dao
chuyén dong ciia khau thao tac. Viée t6i thiéu hoa
chuyén dong cua khép 2 va cac khop tinh tién
gitip cho tay may tiét kiém ning luong trong hoat
dong va dam bao do an toan, cling chic cua co
cu.

Tuy nhién bai bio nay méi chi giai quyét dugc
céc van dé dong hoc thuan va ngugc. Mot van dé
quan trong khac 1a phén tich dong luc hoc dé tim
md men va lyc cta cac khap, tur do co can cur dé
lya chon dong co dién cho phu hgp va mé phéng

hé diéu khién.
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Research on kinematic structure of a redundant

serial industrial robot arm

e Vu Minh Hung
e Trinh Quang Trung
e Vo Quoc Thang

PetroVietnam University (PVU)
ABSTRACT

This paper proposes a new kinematic
structure of a redundant serial robot arm and
presents forward and inverse kinematic analysis.
This is a new structure developed based on the
robot IRB 2400 of ABB. The new structure
consists of six revolute joints and two prismatic
joints. The proposed robot arm has only seven
degrees of freedom because the structure has a
constraint between two revolute joints. Two
prismatic joints help to expand workspaces of

manipulator from small to very large. The paper
describes in details about forward and inverse
kinematics. Forward kinematics is derived based
on DH Convention while inverse kinematics is
calculated based on an objective function to
minimize motions of a revolute joint and two
prismatic joints. The simulation results on
Matlab software indicated that the joint positions
and velocities of a redundant serial robot arm
matched well the trajectories in Cartesian Space.

Key Words: Redundant serial robot; redundant arm; redundant manipulator; kinematics of
redundant robot; inverse kinematics; kinematic structure.
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