MEACS 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 327 (2018) 042079 doi:10.1088/1757-899X/327/4/042079

Motion laws synthesisfor cam mechanismswith multiple
follower displacement

Yu | Podgornyj®? V Yu Skeeba', A V Kirillov"® T G Martynova', P Yu Skeeba'

! Novosibirsk State Technical University, 20, Prospekt K. Marksa, Novosibirsk,

630073, Russia

2 Novosibirsk Technological Institute (branch) Russian State University named after
A.N. Kosygin (Technology. Design. Art), 35, Krasny Prospect ( 5 Potaninskaya St.),
Novosibirsk, 630099, Russia

® Novosibirsk State Pedagogical University, 28, Viluiskaya St., Novosibirsk, 630126,
Russia

E-mail: skeeba_vadim@mail.ru

Abstract. The research discusses the cam mechanisms design. The analysis of specialized
literature indicates that the synthesis of the cam mechanisms laws of motion is currently done
mainly by a standard set of acceleration curves. In some cases, the designer needs to synthesize
a new acceleration law which should be task-specific and enforce a certain production step.
The values of the technological loads and inertia forces loads generated by the mechanism are
calculated to analyze the slay mechanism behavior in the production of closely woven fabrics.
Mathematical packages Mathd and SolidWorks are used in calculations. As a result of the
research, the authors propose the methodology for synthesizing the slay mechanism with
multiple follower displacements for the point of contact between the reed and the fabric edge.
Theoretical studies have been tested on a specific machine model (STB loom). The authors
have synthesized the motion law of the filling threads beat-up mechanism for the production of
strong fabrics. New basic and closing cam profiles are proposed. The results are designed to
enhance the possibilities of the looms and to recommend the most efficient equipment
operation modes for the producers.

1. Introduction

Currently, the production of closely woven fabrics for industrial and public consumption needs is
mainly done on the shuttle looms. These machines have certain drawbacks, such as considerable
dimensions, heavy vibrations and noise in the process as well as low performance. Shuttleless looms
are devoid of such disadvantages. However, production of closely woven fabrics on these machines
may encounter a number of problems, such as: increased vibrations, machine stoppage because of the
increased beating-up banding, accelerated wear of the machinery. These factors reduce the
productivity and quality of the fabric. The closely woven fabrics are used in various industries such as:
mechanical engineering, aerospace industry, pharmaceutical and chemical industries, metallurgy, oil
industry. They are also used for the filtration of molybdenum, tungsten, air, etc. The growing demand
for the goods produced of such fabrics necessitates the production of them. Not only the equipment
maintenance or the quality of the produced materials, but also human health may sometimes depend
on the quality of fabrics production.
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The industrial use of STB loom indicates that in@ possible to produce strong fabrics without
considerable changes in definite mechanisms. Therfiechanism to modernize is the filling thread
beat-up mechanism (slay mechanism) containing darits drive since it is directly involved in the
formation of fabrics. The cyclical graph of the mee ascribes a certain amount of time for its work
to be taken into account in the synthesis of théiandaw. Thus, some research [1 - 7] provides a
synthesis of the cam motion laws for the accelemaforms that can be found in the specialized
literature. In some cases, the designer needsnthiessize an acceleration law which should be task-
specific and enforce a certain production stepthia given case it is the closely woven fabrics
production. The purpose of this research is theeefo develop a new law of motion for the slay
mechanism for the production of strong fabrics.

The laws of motion of the cam mechanisms, slaydeime of them, are determined by the phase
angle of the cam rotation, the magnitude of thekeocand the necessary mechanism duration,
expressed mainly by the contact stresses in therclien pair, or the wear resistance of the pair.

The cam mechanisms synthesis comprises severaks@gfining the motion law of the rocker for
the follower swinging motion or the travel of thaldwer for progressive motion; defining the design
or kinematic parameters. At present, the desigoao mechanisms is primarily performed on the
basis of well-established laws. Many authors preposnsidering the motion laws of the followers
according to the types: 1) dwell - rise - returdwell; 2) dwell - rise - dwell. These laws can be
represented by complete mathematical curves sushasoidal, cosine, rectilinear. Complex motion
laws can be represented as consisting of simpleamattical curves combination. There are universal
methods for selecting the motion laws of the fokowthere are also families of the stereotyped laws
with variable parameters whose characteristics wadgly [8 - 15], but in the given case they cam no
be applied because of the proposed law compleRityynomial laws cannot be applied owing to the
high degree of polynomial (above 10) which resuftstransmission functions oscillations and,
consequently, in the mechanism deterioration. Teshod is effective only with one fixed frequency
of the cam rotation. The variational method [3 44] can be used to describe the motion law of the
cam mechanism follower. It can only be appliedantioular cases. The most appropriate (in terms of
universality, ease of computer use, unnecessarpicamg) is the choice of the follower motion law
described by the third-degree spline [9 - 15], iuthis case the process is time-consuming and
requires expertise. The laws of acceleration diggtent at the boundary sites need to be combined
for the filling threads beat-up mechanism (slay)olhbhas a complex reed motion trajectory (triple
beat-up). This process is very labor-intensive ahd accuracy of the combined curves is
unsatisfactory. If this type of curve is inaccuhateombined, there may be significant acceleration
spikes, commensurate with the maximum acceleraadures of the main motion.

2. Materialsand methods

The authors of this research use the existing sgightexperience and introduce additional conditions
based on the specific task, namely that of tripezimanism's follower motion in the front position to
obtain closely woven fabrics. The whole synthesiscess is suggested to be performed using a
mathematical package. The cam mechanism's folltameof motion is independent of the kinematics
and mechanism's structure; it is assigned by tbiayder. The following requirements are imposed on
the laws of motion: the acceleration function sdobé continuous (without first and second-type
breaks); the acceleration curve should be smobéhetjuality of the positive and negative areadef t
acceleration curves must be observed.

A synthesis of slay mechanism law of motion is jused to be performed by assigning the
acceleration change mode. For this purpose, iecessary to define the values of the phase angles.
The cycle diagram of the filling threads beat-ughanism operation is shown in Figure 1 a.

According to the work cyclogram of the standardfiguration loom with a single beating-up, the
reed displacement from the initial position (pahto the fabric edge (poit) is ascribed 70 ° of the
main shaft rotative amount. At this point, the baatof the filling threads occurs and then the back
motion is given at the interval from 70 ° to 14(pdint ¢). The overall mechanism cycle of motion is
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140 °. In addition, the nature of the technologloald must be determined. Law of motion synthesis i
proposed to start without considering the elastiperties of the mechanism. The authors of the work
performed the synthesis of the slay mechanismeafrifjuency of the main shaft rotation with n =200
min® in the MathCAD package. The values of the phaggearare assigned in accordance with the
loom cyclogram preservation. In the first stagesyfthesis, the acceleration curve at the rise acll b
phases is described by the cycloidal law. Thisoisedonly to simplify the scale factors. In addition
the following conditions were observed in the sysih of the acceleration law: the acceleration
function should be continuous (without first anda@®d-type breaks); the acceleration curve shoeld b
smooth; the equality of the positive and negatirgas of the acceleration curve must be observed.

The authors also propose observing the conditidghe@fmechanism having a repetitive cycle of the
follower (slay system) in the front position. Ingltase, as noted previously, a triple displaceroént
the follower is necessary. The cyclogram of thetipl filling threads beat-up mechanism operation
is shown in Figure 1 b.
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Figure 1. Cyclograms: a - Cyobram of the machine work; b - Cyclogram of fillitlgreads beat-up
mechanism

According to the work cyclogram of the triple begtslay mechanism, the reed displacement from
the dwell position (poing) to the fabric edge (poirtt) is ascribed 54° of the main shaft rotative
amount. At this point, there is the first beat-dgte filling thread (poinb), the back motion and the
second beat-up (poid), and then the third beat-up (po@t The back motion is 54 degrees (pat
The overall mechanism cycle of motion is 135°.

To achieve the research objective, the authordemtdhe matrix of acceleration values on the basis
of the proposed law, depending on the rotationeangithe cam shaft. The matrix further underwent
cubic spline interpolation. The requirement of thesitive and negative areas equality of the
acceleration curve was observed in the matrix. ddeeof cubic spline interpolation allowed avoiding
the problems that occur when cycloidal functiores @mbined.

3. Resultsand discussion

The auhors presented the general methodology gmagh to synthesizing the mechanism laws of
motion. The law of motion synthesis can be exengalibn the slay mechanism of the shuttleless STB
loom designed to produce closely woven fabrics. [Bloen's design provides for triple beating-up of
the filling threads to the fabric edges. The bgsicameters for synthesis are: follower's motion H =
0.024 m; phase angfe= 54° (curve angle) forward running - 0°- 54°; ioatwith fabric edge in the
front position: amplitude a = 0.00056 m; phase @figt 27°. The back motion of the mechanisrfi is

= 54°. The cycloidal law is taken to be the baaie for the displacement of the follower to the tron
position and for its back motion at the first stafehe synthesis. The sinusoidal law is chosen for
additional front displacement. It is essential bs@rve acceleration curve smoothness and continuity
compiling the values matrix. The laws for changisgeeds and displacements are received by
integration (Figure 2).

The picture demonstrates that the displacemeneduag 3 explicit vertices which provide a triple
motion of the follower in the front position. It waecessary to identify the nature of the techricébg
load which, in turn, had been determined by thge¢tary of the beat-up point displacement and in
accordance with the resulting reed motion curve f&gure 3a) to obtain the overall picture of the
mechanism and fabric interaction.
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Figure 2. Kinematic characteristics of the filling threadsat-up mechanism for a new synthesized
law: a - acceleration; b - speed; ¢ — displacement

Using the acceleration change law, the authorsivedehe curve of moment shifts caused by
inertial forces. The curve was defined as the prodfi the follower system mass moment of inertia
and its angular velocity. The inertial mass chamastics of the slay system are calculated usieg th
SolidWorks package. As a result of the inertia dorooments and the beat-up force, the autors
received the cumulative moment graph that charaetethe pattern and magnitude of the load in the
cam-roller pair.

Figure 3b presents a graph to get the overall fgadhi how the moment correlates with the forces
of inertia and technological load.

1200 :
800
500 \ \ 600 I\‘ IA
400
£ =
Z 600 \ 5 0 [ ]
300 | 500 M
-800
_J ke f
0 70 o000 70 140
o, degree o, degree
a b

Figure 3. Moment graph: a - the curve of moment change guoertechnological load; b - cumulative
moment graph

The graph shown in Figure 3b demonstrates thah#otime of the technological load operation the
sum of the moments exceeds the moment of inertiadef This suggests that the difference in
moments should be balanced by the machine engergyen

To implement the proposed law, the authors condutte necessary calculations and designed the
basic cam and closing cam profiles (see Figure 4).
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Figure 4. Cam profile: a - basic cam profile; b - closirapcprofile.

4. Conclusion

The authors propose a new cam profile to providenttethod of fabric production based on the
principle of the slay system multiple action on tirerp and fabric. It has advantages over the daksi
one because it is possible to achieve a considemablease in the assortment of weaving equipment
products without a significant design change andit@hal energy. The suggested method allows
sequential energy supply to the fabric-formatiomezoln addition, the interaction time of the slay
system in the fabric-formation zone has been irsea which positively influences the fabric
formation process and reduces the plastic defoomati the warp and fabric.

Conclusions

1. The authors have synthesized the law for thptetrlisplacement of the follower in the front
position.

2. The authors have proposed a new law of the tdabical load change.

3. The proposed analytical dependencies have a&thuiumerical values; the results of the
calculations are presented in the form of the ¢ated cams.
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