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Abstract: The paper wants to present an innovative device with a role in reducing the reaction moment,
which occurs under normal working conditions in machines that perform rotational movement around their
own axis. Starting from the third principle of dynamics, also called the principle of action and reaction, a
device was designed to decrease the reaction moment. The device presented in the article consists of a
mechanism with chain transmission made up of 12 identical chain wheels placed according to a certain
geometric scheme. The chain is driven in translational motion with the help of an electric motor by means
of a gear of two cylindrical gears with inclined teeth. One of these gears is mounted on the rotor axis of this
motor, and the other gear is mounted on the axis of one of the 12 sprockets. The structure that supports the
bearings of the chain wheels is rigidly connected to the stator of the motor, forming a common body with
it so as to make it possible to rotate it also around the same axis of the rotor. During operation, the reaction
moment produced by the entire system will be compensated and greatly reduced. To highlight the effect of
the chain as best as possible, weights placed evenly on the chain are mounted along the entire length of the
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chain.
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1. INTRODUCTION

Often, during drilling or drilling operations, we
were struck by the reaction moment produced by
the entire system. Drilling is the most widely
used machining operation, with applicability in
vast fields. The moment of the force has an
important role and expresses the ability of the
force to rotate a rigid body around a line that
passes through a point and is perpendicular to
the plane formed by the supporting line of the
force and that point. Cutting force is important
and depends on thrust force and drilling torque.
In addition, there is a reaction moment from the
entire system that can slow down or make the
drilling process more difficult. That's why we
want to lessen this reaction by introducing an
innovative device, fig 1.

Starting from the third principle of dynamics,
also called the principle of action and reaction
which was originally used in the context of

linear forces, we found its validity also in the
case of rotating systems.

For rotating systems, moment becomes the
equivalent of force in linear systems. So, if a
body acts on another body with a torque, then
this second body acts with the same torque but
of the opposite direction on the first body.

Thus, in order to operate without problems,
motors or rotating systems must be tied to a
foundation or must be fixed by means of a
clamping system so that the reaction moment is
transferred to the ground. Otherwise, the
moment and power produced by the motor will
be processed by its housing, which will rotate in
the opposite direction.

The use of the invention is possible in any
application involving rotational movement such
as for example drilling or milling certain parts,
milling tunnels, drilling wells, etc. In order to
reduce the reaction moment, the mechanism
called "Non-Reaction Torque Drive"[l] is
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known, which is composed of a rotor, a stator,
two gyroscopes, two high-speed electric motors,
which rotate the gyroscopes and four
electromagnets of 24 V used as direct current
drive elements and a co-control unit.

Fig. 1 The chain transmission mechanism

The non-reaction torque drive is actually a
rotary drive, which like most drives converts
some form of energy (such as electricity) into
rotary mechanical work and creates a rotational
torque.

In relation to the studied device, the
mechanism presented above has 3 major
disadvantages. First, the transmitted motor
power is limited by the efficiency of the
gyroscopes. Secondly, to rotate the gyroscopes,
the two high-speed electric motors are required,
so an additional energy consumption. And
finally, the reaction moment is eliminated with

the help of the mechanism in a percentage of
95%.

Also, for the same result, the device for
counteracting the reaction moment in a load-
bearing system of reversible actuation is also
known [2]. The assembly, named "Mechanism
for Counteracting Reaction Torque in a Powered
Reversible", contains an internal mechanism to
reduce the reaction moment, which would
otherwise act directly on the assembly housing
and therefore on the operator's hand. The device
is bi-directional, reducing the reaction moment
to the same extent that the system is operated in
one direction or in the opposite direction. The
assembly includes a differential planetary
mechanism, having an input driven from a rotor,
an output driving the drive shaft, and an
additional output coupled to an offset shaft that
is laterally offset from the axis of the drive rotor.
A system of levers is used to prevent the offset
shaft from rotating in any direction relative to
the housing, thereby reducing the reaction
moment that would act on the housing. This
assembly also has 2 disadvantages related, on
the one hand, to the lower percentage of
reduction of the reaction moment and, on the
other hand, to the power that can be transmitted
by this system carried by the hand of a human
operator, [3,4,5,6].

2. DESIGN AND DYNAMIC
CALCULATION OF THE DEVICE

The technical problem that the device solves
is that of reducing to a minimum the system of
holding the engine or the drive assembly in
rotational motion which must cancel the effect
of the reaction moment.

As shown schematically in Figures 1 and 2,
the system consists of a frame (a) to which 12
sprockets (f) are mounted which set the chain (g)
in motion. The frame being anchored in the
center (O). The chain is set in translational
motion by means of the cylindrical spacer (d)
which meshes with the cylindrical gear (h)
which is coplanar with the sprockets
corresponding to the positions (I) and of the
same number of teeth as the sprockets (f). Spur
gear (d).

The cylindrical gear (d) is driven in rotation by
the rotor of the electric engine (ENGINE)
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through its shaft (h), and the stator (i) counter- B¢
rotates the frame (a) as shown in figure 2. i .
3
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Fig. 3 Dispersion mode of accelerations on portions
1-6 of the chain
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By deriving the equations (6+15) of the
displacements, the velocities given by the

w
equations (16+25) are obtained E for gear (d),

respectively 2w for the gear wheel (h).
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To calculate the force required to move the
chain, we must establish the components of each

axi(tl.) respectively ayi(tl.) by the direction of

a2(t,) = ax2(t,) Gin (%j +ay2(t,) @osﬁ%j

(36)
a3(r3):axs(z3)Ein(“’}jmﬁ(g)@os(a’}j
37)
a4(t4):ax4(t4)Bln(wza4)+ay4(t4)l__¢os( @)
(38)
a5(1.) = axs S)Bm(%}ays(g)mo{%j
(39)
a6 (1,) ax6(t6)Em( ]+ay6(t6)ﬁos( ”6]
(40)

By multiplying the accelerations on different
portions by the mass unit m of the chain and
integrating over the respective portions, the total
force is obtained Fj,;,, necessary to set the

chain in motion, shown in relation number (41).
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The formulas are
given with the relations (36+40).

chain travel at all times ¢,.
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Variation of acceleration 5
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And the moment needed to train the chain is:

Mo = Fropy, [R0.02 =-2.34[N] (42)

The formulas (58+61) are used to calculate
the angles at different times 7;.

B(1,)= arctan(7 Bm(arccos[ D @ 52] (43)
4 7
= arccos (2)
4 7

(44)
n(3)
0 = arcsin| — (45)
7
1
& = arccos (gj (46)

For the calculation of the moment required to
train the frame M g s 1t 1S necessary to
multiply the x- and y-direction components of

the forces in the sprocket bearings with the arm
of each relative to the point of rotation O,

My, (1,) = Fy2(1,) EE(MZM] Eécos(ﬂ(tz) +%D “47)
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Fig.12 Variation of acceleration 5 equations (32, 33)
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We note that all the calculation algorithm was
made for the first dial of the mechanism. In the
final phase, to make the calculation complete, I
multiplied the respective moments by 4, to
obtain their real value.

The final moment of motion of the structure
will be given by relation (57).

M, =4M orcrors = —13.436[N L] (57)

The final moment of motion of the chain will
be given by relation (58).

If we mount a tool at the axis of rotation of
the stator, coaxial with it, then the moment for
its rotation willbe M 174 =M ;s =M as
a result the reaction moment produced by the

entire system will be compensated and reach
Zero.
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M 10 = Fropy, [RO.02 (59)
M, =4M ., =—9.36[N L] (60)

To obtain this torque we use an electric drive
motor, by means of its rotor axis according to
figure 4, and as a result a reaction moment
appears and as a result there is a moment of
reaction M ,,,., equal and opposite to M,,

mean M REACT — -M,, .

— | —5—
MuL AX STATOR
h e
MREACT i —
_STATOR —a’ ‘
Mus 1t

MUNEALTA:MMS_MRE T

Fig. 19 Electric drive motor

If we connect the body of the stator of this
motor to the frame structure of the sprockets, it
means that the moment produced by the
reactions in the bearings of the sprockets also
acts on the stator, mean M .

7. CONCLUSION

The element of originality is to cancel the
reaction moment that appears in normal working
conditions in an industrial machine equipped
with a work tool that performs rotational
movement around its own axis.
By applying the device,
advantages are obtained:

The realization of a moment of rotation that is
able to counteract the moment of reaction that
occurs in all systems of rotation, which during
operation use a working moment.
Manufacturing costs are relatively low, the
system being mainly composed of some
sprockets and weights mounted along the entire
length of the chain used.

the following
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The mentioned torque is dependent on the
angular speed of rotation of the system, for
which the system can be used (within certain
limits) of varied working moment.

The combination of mechanical chain
transmission characterized by the fact that
through the combined movement of the chain
equipped with weights (over its entire length) a
rotational moment is produced that serves to
counteract the reaction moment that inevitably
occurs when driving the working pin.
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Mecanism de transmitere prin lant utilizat la reducerea momentului de reactie pentru
utilajele care efectueaza miscare de rotatie in jurul propriei axe

Rezumat: Lucrarea face referire la un mecanism cu transmise prin lant alcdtuit din 12 roti de lant identice asezate
dupd o anumita schema geometrica. Iar lantul acestui este antrenat in miscare de translatie cu ajutorul unui motor
electric prin intermediul unui angrenaj de doua roti dintate cilindrice cu dinti Inclinati, iar una din aceste roti este
montata la axa rotorului acestui motor, iar cealalta roatd dintatd este montata la axa uneia dintre cele 12 roti de lant.
Structura care sustine lagarele rotilor de lant este astfel montata Incat sa faca posibil invartirea acesteia tot 1n jurul
aceluiasi ax al rotorul. Structura care este legati rigid cu statorul motorului, formand corp comun cu acesta. in timpul
functionarii lantul pe diferite portiuni, respectiv in fiecare punct al acestuia apar niste accelerari pe care putem
evidentia dupd doua directii perpendiculare x, respectiv y. Pentru obtinerea acestor acceleratii s consuma o forta de
tractiune a latului, care este realizata prin intermediul momentului realizat de rotorul motorului. Realizand calculul
cinematic al sistemului si considerand o sculd de lucru montata la axa statorului, coaxial cu axa acestuia si daca
aceasta unealta lucreaza cu un moment egal cu rezultanta dintre momentele ce apare in stator, atunci putem trage
concluzia reducerii la zero a rezultantei momentelor ce actioneaza asupra sistemului.
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