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terrain. All these considerations are being addressed by the ongoing
effort.
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Comments on ‘‘Computation of Input Generalized
Forces for Robots with Closed Kinematic Chain
Mechanism”’

SHIR-KUAN LIN

The above paper! by Luh and Zheng extended Wittenburg's
reduced system [1] to derive a formula for the computation of inverse
torques of robots with closed kinematic chains. Their result is a
milestone and of great worth since the earlier works dealing with
dynamics of closed kinematic chains all concentrated on the
formulation of the forward dynamic equations. However, some
equations in Luh and Zheng’s paper' are confusing.

In their paper, if we substitute the Lagrange multipliers (24) into
(22) and note (25) we get

JO(qO)60+fO(qO, q‘0)+g0(q0)=[7.tl‘ e g€ 0---
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It is mathematically not equivalent to (17), which is repcated as
follows:
Jg0) G0 +£(q% ¢ +g% (g =17y - 1T (D)
It should be remarked that the motion and configuration of joints in
the virtual open-chain robot are assumed. although not explicitly in
Luh and Zheng’s paper, ' identical with those in the orginal closed-
chain robot. Thus g° = g¢, JO = J, f® = f¢, g° = g¢, where the
superscripts ‘0" and “‘¢’’ denote the virtual open chain and the
orginal closed chain, respectively. But the actuator torques in the
virtual open chain are not equal to those in the original closed chain,
i.e., 70 # 7¢, otherwise there were no physical difference between a
closed chain and its virtual open chain. The fact that the solutions of
the above two sets of equations ¢" are not identical gives rise to
doubt on the correctness of the result (25) in Luh and Zheng's paper. '
Using the Lagrange’s equations with Lagrange multipliers [2], 3]
to study the dynamics of a closed chain, the same result (25) has also
been obtained. I think that the result of Luh and Zheng's Paper! is
definitely correct, but the derivation is still confusing.

Reply? by J. Y. S. Luh’

The comments by Shir-Kuan Lin assert that in our paper' we
extend Wittenburg’s reduced system. He then discredits our work
based on the following exercise: Using our equations (22), (24), and
(25), he derives his (C1) and claims that (C1) contradicts our (17).

Our response is as follows: In our paper, we refer to Wittenburg's
method when we introduce our (20). There is no base to assert that
any of our equations prior to (20) are derived from his work. This
includes (17). Equation (17) represents the equation of motion for the
virtual open-chain robot in which the term virtual open chain means
that the original closed-chain robot is virtually (i.e.. make-believe)
cut open at one of its joints. We then treat it as if an open-chain robot.
Thus (17) does not include the constraints. The constraints, however,
are imposed when the virtual open chain is recoved to become the
original closed chain whose equations of virtual work and motion are
(20) and (22), respectively. Consequently, the derived cquations
(21)-(25) are for the closed-chain robots which include the con-
straints. Lin uses (22)-(25) to derive his equation (Cl) which
naturally is for closed-chain robots with constraints. Hence (C1)
agrees with (20) and, of course, not with (17).

Perhaps we should have emphasized in our original paper' that
(17) does not include the constraints which are introduced by the
closed-chain mechanism. However. we believe that the statement *‘to
form an n-jointed open-chain mechanism with a tree structure™” in our
paper includes that implication.
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