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ABSTRACT 
The mechanism for starting of needle holders still being analyzed. In order to get the analysis of 
alteration of the force during penetration of needle through material to be soon it is necessary to 
make cinematic and dynamic analysis of the mechanism for starting of needle holder. Through the  
cinematic and dynamic analysis we will pass on to the analysis of forces between needle and material 
with direction of optimization of parameters which influence this process. 
Keywords: sewing, central curving, cinematic machine, dynamic analysis, between, needle, 
                     parameters, influence 
 
 
1. INTRODUCTION 
In order to get the rectilinear needle movement on the vertical plane in the sewing machine mechanism, it 
is necessary to make a kinematics analysis of the mechanism itself. It is usual to apply the mechanism with 
the simplest construction. In this paper we shall make the analytic solution for velocity and acceleration of 
needle conducting holder but also analytical and graphical solution of velocity and acceleration changes of 
needle conducting holder. The analysis of kinematical parameters is necessary because of calculation of 
inertial force which is the reason for dynamical load of sewing machine mechanism. 
 
2. CENTRAL CURVIED MECHANISM 
In the analysis we use the simplest curving mechanism for needle conducting holder for the machine 
type 22-A, as shown in picture 1. 
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Picture 1. Curving mechanism of needle conducting holder 
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Rotation of crankshaft  OA  can be defined by angle Bϕ  and movement of needle conducting handler 
can be defined by , starting point is GMT. On the base of  we hnS OABΔ ave: 
 
    0coslcosrBO B =ψ−ϕ+        (1) 
 
As it is known [2]               0coslcosrBO B =ψ−ϕ+          so it is 
 
                 ( ) 0sin1lcosrrlS B

22
BB =ϕλ−−ϕ+−+  

                 ( ) B
22

BB sin1lcosrlrS ϕλ−+ϕ−−=       (2) 
 
We got a periodical function which is inappropriate for the use. If we separate it into identical 
harmonic Fourier’s sequence of trigonometric sequence the finding of Fourier’s sequence coefficient 
goes with approximate methods of elliptic integrals. Identical harmonic sequence is divided in 
binominal 
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Where is: ( )( ) ( )[ ] .i...321/1in...2n1nnKi ⋅⋅−−−−=  
i.e. it is: 
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By inserting of last expression in the sequence (2) we get the movement of needle conducting holder 

. Instead of endless Fourier’s sequence we consider the final number of its particles. They also 
very accurately present the function we are interested in. But in case that we expel all the particles 
which contain and more, with enough precision for practise, we will get with        that it is 

BS

9λ 8,0≤λ
 
                            ( ) ( )[ ]{ } +ϕ−⋅λ⋅+⋅λ+λ+λ−= B

753
B cosr128128/3553216/1064/34/1rS  

                                  ( ) ( )[ ] B
753 2cos128128/5653216/1564/44/r ϕ⋅λ⋅+⋅λ+λ+λ+     (3) 

                        
In rough calculation from the equation (3) if we overlook all addends that have      and more, we 
will get the equation for the calculation of moving of needle conducting holder from its up standstill 
(UP) 

3λ

  
                             ( ) ( ) 4/2cosrcosr4/1rS BBB ϕλ+ϕ−λ−=        (4)
  
If it is necessary to determine the angle of rotation Bϕ  of the main shaft when the needle will lower 
from GTM to , we do the exchange: BS
 
                                          (5)
  

1cos22cos B
2

B −ϕ=ϕ

We will get the square equation: ( )( ) 01r/S2/2/cos2cos BBB
2 =−λ−λ+λϕ+ϕ  

From which base we get the angle: 
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                             ( )( ) 1r/S2/2/1/1cos B
2

B −λ−λ−λ−λ=ϕ                     (6)
  
The plus sign before root is left out since it doesn't give the realistic solution. If we want to determine 
the movement of the needle conducting holder from down standstill (DMT) we will have: 
 
                            (7) BBmaxN Sr2SSS −=−=
 
In picture 1. we can see that  and with including it into equation (3) we have: 
 
                            ( ) ( )[ ]−⋅λ⋅+⋅λ+λ+λ+= 128128/3553216/1064/34/1rS 753

N  

                              ( ) ( )[ ] N
753

N 2cos128128/5653216/1564/44/rcosr ϕ⋅λ⋅+⋅λ+λ+λ−ϕ−    (8) 
 
We will get the simplified expression as in equation (3) if we leave out the same particles: 
 
                             ( ) ( ) 4/2cosrcosr4/1rS NNN ϕλ−ϕ−λ+=        (9) 
 
3.  VELOCITY AND ACCELERATION OF THE NEEDLE CONDUCTING HOLDER 
All the points of the needle conducting holder have the same velocity and acceleration. It is necessary 
to know the exact movement of the needle conducting holder, which is connected with technological 
process of making the prick, determination of velocity and acceleration of the needle conducting 
holder doesn’t require such accuracy that is why we can use simplified expression (4). 
In differing by time we get to the velocity of the needle conducting holder: 
 

                              
dt

d
2sinr5,0

dt
d

sinr
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v B

B
B

B
B

B

ϕ
ϕλ−

ϕ
ϕ==     (10) 

Taking into consideration that  

dt
d Bϕ=ω  we get the expression for 

velocity: 

            
dt

d Bϕ=ω   (11) 

 
We can get acceleration of the needle 
conducting holder if we search for the 
first derivation of velocity by time: 
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With 5,0=λ the charts are given for  

 and  in picture 2. and 
for

BS ,

Bv Ba
3,0=λ , the charts for 

acceleration  is shown. Ba
 

 
 
                           
 
 

 
Picture 2. Change of relocation of  , velocity  and acceleration  of needle conducting holder BS Bv Ba
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4. CONCLUSION 
Analysing the mechanism for moving of needle conducting holder, we can notice that the needle 
pricking of sewn material is achieved somewhere in the middle of the movement , when the 
movement of the needle conducting holder approximately reaches its maximum. We will find the 
maximum of velocity when we equalize acceleration with zero, so we have 

 from which it is 

maxS

05,02/coscos BB
2 =−λϕ−ϕ ( ) λλ+±=ϕ 4/811cos 2

B  and the result is  and 
 angles, 

*
Bϕ

**
Bϕ ( )**

max 2sin5,0sin BBrv ϕλϕω −= . 
During analysis of the work of the needle conducting holder mechanism, the change of acceleration 

  is especially interesting, because the inertial forces which are produce in the working process of 
sewing machine depend on that acceleration. These inertial forces are destructive for the mechanism. 
We will get the position where  appears if we equalize derivation of acceleration by time with 
zero. 

Ba

maxa

 

( ) 02sin2sinr
dt

da
BB

2B =ϕλ+ϕ−ω=  i.e. ( ) 01cos4sin BB =−ϕλϕ  where there are two solutions:    

a) 0sin B =ϕ 0=⇒ Bϕ i π  
b) λ=ϕ 4/1cos B which gives meaning to two angles   and  *

0ϕ
**

0ϕ
 
For   it is  3 , then it is 5,0=λ 3/*

0 π=ϕ /5**
0 π=ϕ ( )*

0
*
0

2*
max 2coscosra ϕλ−ϕω , and for 0B =ϕ  

acceleration reaches its minimum: ( )λ−ω= 1ra 2
min . 

If  then the adequate acceleration will be maximal and will have negative meaning because it 
is directed to the opposite of velocity: 

0B =ϕ

( )λ+ω−= 1ra 2
max , then it is: max

*
maxmin aaa pp  

On the base of the explained above, we can conclude that the biggest inertial force in the needle 
conducting holder will be in DMT when the acceleration is negative. As we can to see in picture 2. 
decreasing  of λ during changing of acceleration becomes more even, and it decreases dynamic load 
of sewing machine, so it is advisable to take λ as smaller as possible. 
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