Spherical Four-Bar-Linkages

October 30, 2003

Derivation of the I-O Equation

Figure 1: A spherical four-bar linkage for function generation
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where Q; is the 7th rotation matrix:
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Synthesis equation:

€9 - €3 = COS (g
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Figure 2: Equivalence between the DH notation and our I/O notation
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= [es]; = | sazcaycly + cazsay (4)

—saizsacly + cozcay
Upon substitution of eqs.(2) and (4) into eq.(1) we derive
saysazsh sty — sagch (sascayscly + cagsay) + caq(cazcay — sagsaycly) = cay
or
CONLCO3C0L — COly — SO COi3Sacly — corySaizsauacly
—sasasgcayctcly + saqsagshi s, = 0 (5)

which is the input-output equation sought. Now, we introduce Freudenstein param-
eters upon dividing both sides of eq.(5) by sa;sas:

kl — kQCel — k3094 — k‘4091094 + 891804 =0 (6&)
with
by = CQ1CO3COLy — cag, ky = ca3sa4’ ks = ca13a4, by = cou (6b)
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the inverse relations being
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