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Introduction;

Ginning is the process of separation of cotton fibers from its seed. In the cotton ginning machine there
is & fixed knife & a moving knife. This moving knife is called as beater and it oscillates about its central
longitudinal axis of the beater. The fixed knife is in contact with the roller made of leather linings. The
distance between the roller and the fixed knife is adjusted according to the quality of raw cotton. Using
this fixed knife & the rollers cotton fibers are captured and the beater beats the held cotton to remove the
seed from it. . ;

The beater is allowed to oscillate with the help of a four bar mechanism and the rollers are allowed to
rotate with the help of gear linkage as shown in Fig 01.
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Fig01 : Fou’rBar Chain & Gear Train in Ginning Machine

In the above process the main parts, which contribute to the actual working, are beater and the roller.
The beater is allowed to oscillate with the help of a four bar mechanism O,ABO, as shown in Fig 01. The
- rollers are allowed to rotate with the help of gear train G1, G2, G3 and G4.

Objective: Central Institute of Research on Cotton Technology (CIRCOT), Nagpur, a unit of CSIR,
New Dethi, India, complained about the vibration problem in this machine. We have recorded the vibration
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signatures [1,2]* on the frame with four bar chain and without four bar chain. These vibration signatures
showed the high vibration level when the four bar linkage was present in the system. So in this work, we
decided to balance this four bar linkage. This study is restricted only upto the calculation of the balance
weights and not the incorporation of these in the machine and confirming the performance.

Diagnosis & Approach

As stated earlier it is understood that there are two driving mechanisms with which the whole machine
works. There is a gear train mechanism to rotate two leather-lined rollers in opposite directions and a four
bar linkage to oscillates the beater.

We have operated the machine individually by providing one mechanism at a time and observed the
effect on vibration level. This test has revealed that the vibration level is more when four bar chain is
operated as compared to where only when the gear train is operated.

Again from the vibration signatures it also clear that the high peaks are present only at the input shaft
speed as compared to the peaks obtained at other locations.

From the above observation it is diagnosed that the main cause of the vibration and hence of the noise
is due to the unbalanced four bar mechanism present in the ginning machine. Therefore it is required to
balance this four bar mechanism.

Approach

Mechanism design cannot be complete without focusing attention on the interface between that mecha-
nism and its mounting frame. Berkof and Lowen [3.4,5,6,7,8,9,10,11] have addressed this prob-
lem in depth. Two methods, complementing each other, have been developed, permitting elimination of
both shaking forces and shaking moments transmitted to ground. In the present investigation balance
weights are calculated using this approach of balancing the linkages. '

It is well known that, during running condition, the total center of mass of the mechanism changes it's
position which creates the considérable unbalanced shaking forces and shaking moments. These unbal-
anced shaking forces and moments thus generated by an unbalanced linkage are transmitted to its frame
giving rise to the vibration, noise, wear and may cause fatigue problem.

Thus balancing of linkages comprises of two parts
I} Batancing of Shaking Force
2) Blanching of Shaking Moments

r, = vactor from vhe il of link vactor 8, 10 the center
" of mass of the ith link

¥, = argr, — arg a, constants

"Wy = arg &, constant

8, = varigble arg u,

- & =vector of Yink

Fig 02 : Balancing of Linkage
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Balancing of Shaking Forces
Parameters*
s, Thiek . F— Length, a; (cm)
a1 . Width, d; (cm)
e /9: 5 Thickness, b; (cm)
3 ; meky L Mass; m"i (kg)
4 1°; (cm)
. 3 Vi (deg)
k° (cm)
I - 0i (deg)

Fig 03 : Unbalanced Four-bar Linkage to be  ¥Parameters are os explained in
Completely Force and Moment Balanced [1] the above Figures 03 and 04.

Total Moving Mass of the system = ;S‘zmi
If r,= Vector def;ming center of mass of system
Then, Mxr, = Z mr;
=2 Where, r=r e tY)
BR=n ei(93 . +a, )
r‘=r4ei(3‘ *1" Yp a, ei(vl }

Substituting in the above equation we get

Ml" b mzrze“’z*‘z) + ma(rae‘(asi"s’ + a’e“z) + m‘(r‘e‘(“"'“) + alei*!)
Again the loop closure equation is

2,07 + 2, 5, 6% 5,6 =

dy
Ml‘.=[mgrze""= + My — Myry— e“*SJ et
ads '

a . as .
+ [m‘r.e‘*i +— m,r,e‘*a] ed + [m‘al + mary— e"h] et
Qs d;

Which is of the form
Mr, = Ael®2 + Be,_"‘c +C

If'the time-dependent terms vanish (ie, if A= B =0), then Mr, is constant,
wiing the criterion required for complete force balance. When A = 0,

. az
marae¥2 + mya; — myr;— ea =
as

Using all above equations and canceling all the linearly time dependent terms we get

o | - ' 1
ry = —b-—{(mml + msrs 2 e""a) etV =’;} C
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Balancing of Shaking Moment :

Fig 05 : Definition of momentum M and
moment of momentum {or angular momen-
tum) H/o of the point mass m located at r
and moving at velocity v = r with respect to
three-dimensional cartesian coordinates
system Oxyz.

- Momentum is a vector colinear with velocity

- Principle of momentum states that rate of change of angular momentum equals sum of externally
applied moments.

d
ie. M, =——H
e M, ETRRE
Where, M| = Externally applied moments
H_= Angular momentum of the system

b

Fig 06 : Arbitrary link i in rotation about the z axis.
Oxyz represents the right handed system
Any externally applied moments are given by |
M,,=M,+r,xF,+M, +1, xF,, +r, xF, + M,
where the subscript ei implies externally applied
gi implies from ground
ki implies from another link
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Solving we get

Z (Mei & 1-e'iX'Fe_i) _”MM;’G:’O_ il Ho

- ' ) dt
Application : the four bar chain has the following specification :
Sr. | Links* (a) - . Length - Weight - Width, Thickness
No.|. T kgl | d (cm) h {cm)
1. [ Crank (OA) 35 0.37 v5.5 2
2 | Coupler AB) . | 485 | 430 7y 05
3. | Output Link {0,B) 11.43 6.10 05 :
4 | Fred Dk 0,0). | 50 | - - -
5 | MotorSpeed 1450-1460 RPM

: e e . *As shown in the following figure 01.

Using the above said approach of balancing the four bar linkage, we have calculated the weights of
the counterbalance masses that we have proposed to attach to the present unbalance linkage which will
make the linkage balanced and thus will eliminate the vibrations as well as noise problem. These balance
weights are as shown in the following Fig 08. '

r=2.4578m
I=4187.36 N-m?

r=0.6628m
I =23.63 N-m*

: r=0.6874m
r=0.147m m=11.8kg

m = 0.5433 kg

Fig. 08: Funy fof;e’jand moment-balanced in-line four-bar linkage of Ginning Machine. Shaded area
is material added to achieve {a} force- and (b} moment-balance.

Computer Simulation: We have computerized this process of balancing so that the counter weights
- can be calculated easily and quickly. '

Conclusion

Due to the present space constraints it is not possible to incorporate these calculated balanced weights
in the present unbalanced ginning machine. This can be considered as a matter of further development.
It is required to redesign the existing machine, fabricate it and test for vibration & noise response.
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