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Dynamic Modeling of Spatial Cooperation Between
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Abstract: The complex nonlinear coupling in the spatial cooperation process of mobile manipulators, makes it extremely
tedious to directly model the spatial cooperative systems with the Lagrange equation or the Newton-Euler method. A
dynamic modeling method, combining the Udwadia-Kalaba (U-K) method with the Lagrange equation, was proposed for
spatial cooperation of dual-arm mobile manipulators. The load was simplified as a connecting link during modeling. The
load center was selected to be disconnected for decomposition, so that the lack of constraint information was avoided
between the end joint angle and the end link angle caused by the disconnection of the manipulator end joint; the segmented
2 subsystems were modeled with the Lagrange equation, thus, the dynamic model for the subsystems was obtained. The

inherent geometric relationships of the cooperative system were introduced in the form of constraints, and the U-K method
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numerical simulation verifies the accuracy of the model.
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was applied to obtain the dynamic model for the cooperative system. The computation for modeling was reduced. The

Key words: Udwadia-Kalaba method; dynamic modeling; cooperative manipulator; mobile manipulator
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Fig.2 The schematic of dual-system cooperative handling mobile manipulators: (a) the main view; (b) the vertical view
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M, =My =my +mp +my +my+m3,

M3z =me1/4+my(e) +82/2)? +m3@) + e +23/2* + [ + I+ 3 + 1y »

Mya = (my/4+my+m3)E + 11, Mss = (ma/4+m3)3+ 1, Mo =m3l3/4+15,

M3 =M;31 =~[(m1/2+my+m3)C1 +(mp/2+m3)Cyr +m3C3/2]sin 61,

M3 = M3o =[(m1/2+my+m3)C1 +(my/2+m3)y +m3C3/2]cos 1,

Mi4=Ms1 =—(m1/2+my+m3)$1cos 01, Moy =My =—(m1/2+my+m3)81sin 0y,
My 5=Ms)1 =—(my/2+m3)$2c0s 61, My5=Msp =—(mp/2+m3)§8in 01,
Mys=Msy=(my+m3)/2-111rcos(01 - 62),

Mg =Mg1 =-m383/2-cos 01, Mag = Mgr =-m353/2-sindy,

My = Mo g =m3l113/2-cos(01 —03), Ms = Mg 5 = m3lal3/2 - cos(62 — 63).
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G1=G2=G3=0, G4 =(m/2+my +m3)gty, G5 = (m2/2+m3)gCs, G = m3gc3/2.

Ci3=[(m/2+my +m3)§191 + (m2/2+m3)§292 +m3§393/2]sin 01—
[(m1 /2 +ma +m3)é1 + (ma /2 +m3)er + m3é3/2]cos 61 - 61 »

Ci1.4 = (m1/2+my +m3)($1sin 61 - 61 —&1cos 81 -61),
C15 = (my/2+m3)(§28in 6 - &1 — éyc08 61 -62), C1 6 =m3/2-(§38in &7 - &1 — E3c08 &1 - 63),
Cr3=—[(m/2+my +m3)8101 + (M2 /2 +m3)§205 + m353603/2]cos 61—

[(m1 /2 +my +m3)é) + (mp /2 +m3)er +m3é3/2]sin 61 - 51 »
Caa =—(my1/2+my +m3)(81cos 81 - 81 +¢&1sin 61 -01),
Ca.5 = —(m/2+m3)(82c08 81 - 51 +E28in 61 - 6), Ca 6 = —m3/2-(§3¢08 81 - 81 +¢3sin 61 - 63),
Ciz=-my/4-¢15101 —ma/2- (&4 +82/2)(28101 + §202) —m3 /2 (&1 + & + 3 /2)(28101 + 252602 + §303),
C3gq = —m121/2+my(21 +22/2) +m3(&1 +22+83/2)18161 5
Cs35=—[mp/2- (81 +¢2/2) +m3(&1 + 82 +83/2)18281, C36 = —m3/2- (81 + 82 +83/2)§361
Ca3 = [m121/2+mp(81 +2/2) +m3(81 + &2 +3/2)18161»
Cu5 = (m2/2+m3)l 1 psin(@) —62) -, Cag =m3/2-1113sin(0) — 603)- 03,
Cs3=[ma/2- (21 +22/2)+m3(@1 + &2 +23/2)18261, Cs4 = (ma/2+m3)l1lpsin(6r = 601) -6 »
Cs6 =m3/2-LI3sin(02 —03) - 03, Co3 =m3/2- (81 +&+83/2)8361 »

Co4 =m3/2-1113sin(03 - 01) - 01, Co5 = m3/2-l3sin(63 — 62) - 6.
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