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§ 1 Complete Shaking Force and Shaking Moment Balancing of the RSCR
Spatial Mechanism

Yu Yueqing
Section of the Theory of Machines and Mechanisms, Beijing Polytechnic University, Beijing 100022, China

Abstract: The complete shaking force and shaking moment balancing of spatial linkages which has not
been accomplished until now is studied for the first time in this paper. The shaking force and shaking
moment of RSCR mechanism is completely balanced by adding balancing dyads and counterweights. The
complete balancing equations are given. This balancing method can also be extended to many other
spatial linkages. As an example, the complete balancing of the planar 4R mechanism is shown in the paper.

1. Introduction

The shaking force and shaking moment balancing of linkages is an important subject in dynamic
balancing of mechanisms,it has an event of theoretical and practical significance. The research on this
aspect has been carried on for many years, and large amount of rich fruits have been reaped. Since Prof.
Berkof put forward "the Method of Linear Independent Vactor"“], witch laid the theoretical fundation of
the full shaking force balancing of linkages by the method of mass redistribution, Lowen, Tepper, Walker,
Elliot, Bagci and Chen etc. have made brilliant contribution®”
of (planar and spatial) linkages perfectly solved. But no great progress on the full shaking moment

, which made the shaking force balancing

balancing has been made. As is known, the full shaking force balancing is the necessary condition of the
full shaking moment balancing of linkages. When the shaking force balancing is achieved, the shaking
moment will increase evently, and it can not be fully balanced by the method of mass redistribution. The
difficulty and complexity of the full shaking moment balancing are showed clearly. Therefore,there are
only some special planar mechanisms of which shaking moment are fully balanced by other methods, e.g.,
addition of gears™™, balancing idler loops'®), but no general and common balancing method has been found.
For spatial mechanisms, there is no paper presented up to now. This difficulty is studied for the first time
in this paper, and it is succeeded. The shaking force and shaking moment of the RSCR spatial mechanism
are completely balanced by adding balancing dyads and counterweights. From that, we can find a general
method of complete balancing for some kind of spatial linkages. Easy for illustration, the complete
balancing of planar 4R mechanism is showed as an example firstly.

2. Complete balancing of planar 4R mechanism

The planar 4R mechanism is showed as Fig.1, the dot line expresses the additional balancing dyads,
the m’ expresses the counterweight.
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Fig.1
2.1 Shaking force balancing

According to the stationary of the total mass center of the mechanism, we get the shaking force
balancing equations as follows:

mg-rs =ms-r, (1

-1y = my -1y o+ (mg o+ mg)(hy — 1) (2)
(m, +m)-r =my -1, +(m, +m, +m, +m.)h (3)
(my +my)-ry =m, -1, (4)

2.2 Shaking moment balancing
The shaking moment of the mechanism respect to point O,(M,,) can be expressed as:
M o4 = -H 04
Where, H,, isthe moment of momentum of the mechanism, and
H,, =Zmi ’T;X?i+zﬁr'
i=1 i=1

When the shaking force is fully balanced, i.e., the total center of the mechanism is stationary, so according
to the principle of moment of momentum,we can obtain

o =Y (H+H)=Y
i=1 i=1

Here, His similar to H', also an angular momentum.Therefore, the H,,is an angular momantum too,

it is only relative to the rotation of all links of the mechanism, but not to the translation of mass center. If
we can make some links rotate conversely to the original links of the machanism, the shaking moment
(angular momentum) can be fully balanced. From Fig. 1, we can see that links 5, 7 and 8 rotate conversely

to the links 2, 1 and 3 respect to links 3, 4 and 4, respectively. Full shaking moment balancing equations
can be obtained as follows
-M,, =H,, = A6, + Bé, + C6,
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Here,

A=m(kl +r7)+ m;(kl‘2 +r1°1)+(m2 +m, +mg + m;)h12 —m, (k; —r,‘2 )
B=my(k; +7)+m (ks +15 )+ (my+ m)hy =LY —my(k +13) = mi (ks +7)
C=2my(k} +12)+2mi(k; +r5 Y+ my(k2 +r2)+mi(ks +r )—my(k2 —r7)
M,, equals zero, obviously when 4, B and C are all vanish. So we can get the full shaking moment

balancing equations as follows

my (k2 =1 ) —my (k1) = (my + mi)hE = m (k] +52) + (my + my )k (5)
my(ks +rs ) =my(ky +r ) =my(hy = L) =my (k2 +r2)+my(h, — L) — my(k? +72) (6)
mg(k2 =15 Y= 2mi(ks +7 ) —mi(k +r ) =2mg(k? + 1)+ my (K + 1) 7)

Now, the Egs. (1)~(7) are the shaking force and shaking moment balancing conditions of the planar
4R mechanism. The solutions of these equations can be found easily.

3. Complete balancing of the RSCR mechanism
The RSCR mechanism is shown as the solid lines in Fig. 2. The dot lines express the additional dyads.
Pair P is a prism pair which can move alang the Z, on the link 3 and rotate following the link 3. Owing to
ly=l, r,=r, =r
the moment of momentum of links 1, 2 and 3 can be balanced by links 7, 5 and 8, respectively. The m,

are counterweights which can balance the shaking force. Therefore, the complete balancing equations may
be obtained.

Fig.2

3.1 Shaking force balancing

According to the stationary of the total mass center of the mechanism, the shaking force balancing



