Super-Twisting Control for trajectory tracking of a four-degree of freedom anthropomorphic robot manipulator

Appendix

Appendix A. Dynamic model of manipulator robot.
a. Inertia matrix

Where:

My, My, Mz My, (A1)

(mylc2c? + myléc2 + 2mglyl50p3 + malic2; + my(13¢2 + I3c2; + 124c25, + 2151505055 +

1
213lc4C23C034 + 2l5lc4CaCoCo34) + 1y, + Szzlxx1 + C221yy2 + Ly, (6'32522 + s5c5 — 55(2512) 5(2%)) +
1 1
lyys (5353 + ik = 55(202) 5(205)) + (el + 521y,) (5363 +35(242) +5(205) + 53¢ ) +
1 1
(Lexy = Iyy,) (5 €(202) 5(205) 5(244) +3 €(245) 5(205) 5(2a1) ) + (51, — 31y, ) (5253 —

>5(242) 5(243) + c3c3)
Myz =My =Mz =My =0
mylc2 + mg 12 + 2mglylesc; + mylc? +my(13 + 12+ 12 + Llscs + 2 l3lcac, +
2 lhleyczs) + Iy + Iy,
my byl c3 +mglcsd + my(l5 + lc§ + llzc3 + 2131cacy + Ly legc3a) + Iy,
my(lci + Llcye, + Lylegcsy)
malylescy + males + my (154 1§ + 2101303 + 2 L3lcyey + Lzlegesy) + 1oy,
mglcd + my (15 + e + 2l3lcycy) + 1y,
my(lc2 + Lilc,cy)
my [Lc2 + Llcyey + Llcyczq]
myllc + lzlc,cy]
my [lcf]

b. Coriolis matrix

Cii Ciz Ciz Cia (A.2)
~_|Ca Gy Caz Cpg
C@D=1c 0y Cy Ca
C41 C4—2 C43 C4-4-

2my e ¢; 8, G, + [(Ixx2 - Iyyz)s(Zqz) + (Ixx3 - Iyyg)s(z%) c(2q5)

+ (Lexs = 1y )s(2a3) c(2q3) — 2my) (15 ¢35, + Lyls €33 55 + 1cyC2345,)14d,
[(=2)(M3l3cy5, + Malylescysys + malylescyss, + Mylcgcyssys) — 2my (13¢50 + 164C2345234

+ Ll565855 + 13lcaCr38p34 + 13lC4C034523 + 151CaC8534) + (Cflxn

+ silyy,)(c3 5(2q2) — 555(2q2) + 5(243) €(242)) + (Salex,}

+ ¢ilyy,)(535(2q2) —c35(2q2) — 5(293) €(2q2))

+ (Iyy4 = Ly, )(5(2‘73)5(2‘74)5(2‘72)) + (Ixx4

- Iyy4) (c(293) s(2q1) ¢(2q2))141
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Cys =
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[2m3lylescysp3 + 2mglccyzs,s + ([xx3 - Iyy3) c(2q;) s(2q3) + ([xx3 - Iyy3)5(2‘h)c(2%)
— 2m, (1333523 + 1C4Ca348234 + Lol3CaSp3 + 131C4Co35534 + 131C4Co34523
+ l5lcyC8534) + (Cf Ly, + s§ [yy4)(_522 s(2q3) + c5 s(2q3) + S(ZQZ)C(Z%))
+ (57 Lw, + €5 Ly, ) (53 5(205) — 3 5(243) — 5(242)¢(245))
+ (Ixx4 - [yy4)( c(2q2)s5(2q4)c(2q3) — 5(2%)5(2‘14)5(2‘13))] q1
G1[—2my (IcfCaza Saza + l3lCaCazSa3a + 151C4C25234)

2 .2 2.2 1
+ (yy4 - xx4) sy c§ s(2q4) + s5ci s(2q4) + > 5(2q,)s(2q3)s(2q4)

+ (Lex, — Ly, ) (53 55 5(2q4) + ¢3¢ 5(2q4) + ¢(2q2) s(2q3) ¢(2q4)
+ ¢c(2q3) s(2q2) ¢(2q4))]
41 [malcicy s2G, + Mal3cy8,q, + mslylescysys + malylescyss, + mslcd c38,3
+ m4(l%(5252 + 132,523523 + 1c4Cr345234 + L13C38,5 + 1500358,

1
+ l3lcyCr38p34 + 13140034523 + LlcsCrSp34 + leuCr3us,) 3 [Uxx,

- Iyyz) s(2q;) + ([xx3 - Iny)C(Z%)S(ZQZ) + (IXX3 - Iyy3)5(ZQ3)C(ZQZ)
* iz, = lyy,) (€(293)5(2q2) ¢(2q4) + ¢(2q4) 5(2q3) ¢(2q2)
+5(2q4) (c(2q3) c(2q2) —s(2q3) s(2g2)))]]
—2mglylesss Gz — 2my[qs (Lolsss + LleaSs3a) + Ga (I3leysy + Llcyssy)
Gz (—m_31_2lc_3 5_3) —m_4[q3(l3l355 + lylcyS34) + G4 (2 13lcys, + 1ylcyS3s)
—My[lrlcsS34 43 + Ga (I3lcaSy + 1ylcysss)]
G1 [mslylescy sy +mslcdcyssyss My (13623823 + 1C4Ca34523a + Lol3Co5,3
_% [(Iyyg + IXX3) C(ZQZ) S(ZQS)
+ (Ixx3 - Iyy3) s(2q;) c(2q3) (Ixx4 - Iyy4) (c(2q2) s(2q3) c(2q4)
+ ¢(2q4) s(2q2) ¢(2g3) + s(2q4) (c(2q2) c(2q93) — s(292) s(2q3)))]]
G2[mslylesss + my(lalsss + 1plcyss4)]
—2my l3lcys,q,
—2my [Gy (2 l3lcass) + qq (L3lcas,)]
_% 41 [(c(2q3) ¢(242) 5(2q4) — 5(242) 5(2q3) 5(2q4) + c(2q4) (c(242) 5(2q3)
+ ¢(293) 5(292))) Uxx, — Lyy,)]
my [qz (Izlcysy + 151c4S34)]

+my [G, (213lcssy ) + L3leysy 3]
0

+ I3lc4C238034 Hl3lCsCo348,3 + 15104C25534)

c. Gravity vector

Nomenclature:

0 (A3)
lszzcz - l2m362 - lC3m3C23 + m4 (l_Z C_Z + l3Cz3 + lC4C234)
9(q) = l + l + 1
C3M3Cz3 my (I3 ¢33 C4 C234)
MylcyCazy
sy = sin”(a) c) = cos¥(a)
sy, = smy(a +b) cy = cos¥(a + b)
Sape = sin?(a+b +c¢) cope = cos¥(a+b+c)
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Le, 0 0
L=[0 1L, 0|[witha=1234.
0 0 Iy,
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