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Abstract: In this paper we will consider substitution of special mechanism, part of bottle washer, which caries bottles to special „baskets“. 

These mechanism are mostly gear- bar mechanism and their construction is very expensive and overhauls last too long because of 

complexity of mechanisms..  

Mechanisms synthesis based on highly developed analytical / numerical procedures will be considered in this thesis. This means that we will 

develop procedure for constructing bar mechanism which will be able to fulfill our task to transfer bottles into „ baskets”, and to return into 

start position. The mechanism should also meet requirements in terms of main dimensions, which should be the same as for the old 

mechanism so the substitution can be performed. Special attention will be paid to analyze the singular positions of the mechanism when it 

loses mobility. These positions it is necessary to solve in a way so that mechanism continues to move and perform its function. 
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MECHANISM ANALYSIS. 

1. Introduction

In every beverage filling line there are many mechanisms 

which in combination with high automation level, provides efficient 

work of beverage filling lines with almost no hand manipulation. 

All glass bottle filling lines must include bottle washer that is, 

because of washing standards, large and in it there is many bottles 

located in special baskets. These baskets are fixed on chain 

mechanism which transports them trough baths with cleaning fluids, 

and above spray nozzles. Because of this it is necessary to insert 

many bottles into baskets at the same time. Bottle should be 

transferred from vertical into horizontal position and transported in 

baskets. This type of movement should be also synchronized with 

movement of baskets. . Special gear-bar  mechanism does this task. 

Production of these mechanisms is very expensive, also 

maintenance is very difficult and it requires very long time. 

Breakdowns are not often but when it happens it is very difficult to 

repair the mechanism. Because of these problems, possibility of 

replacement of gear-bar mechanism with bar mechanism, whose 

connection link makes full rotation, will be shown in this paper. 

Mechanisms synthesis based on highly developed 

analytical / numerical procedures will be considered in this paper. 

This means that the geometric parameters should be defined, on the 

basis of set tasks, which mechanism should complete. The main 

task to be achieved is the positioning of the element for transferring 

the bottle into the basket from the initial (catching the bottle) into 

the final position (delivery of the bottle to the "basket") and after 

realization of this task, mechanism should return to the starting 

position so the operation can be repeated. The mechanism should 

also meet requirements in terms of main dimensions, which should 

be the same as for the bevel-lever mechanism so the substitution 

can be performed. 

2. Short analysis of gear-bar mechanism and main

task short introduction

Bottle washer infeed mechanism main task is to transfer 

bottles from nearly vertical position (≈10o between bottle and 

vertical axis) into baskets in horizontal position across special made 

guides (Fig 1). 

Fig. 1 
This task fulfills special gear-bar mechanism which is expensive for 

production and complicated for maintenance and adjustment. Draft 

of this mechanism is shown on figure 2. 

Fig. 2 
Mechanism on figure 2 generates special cam movement necessary 

to fulfill the task transferring bottle from vertical into horizontal 

position. This mechanism also returns into start position, and it is 

ready to repeat this action. 
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Fig 3 

Special cam path through multiple positions is shown on figure 3. 

We can clearly see the path of cam peak and specially the part of 

this path that matches with task demanded movement.  Also we see 

that during comeback movement cam peak makes longer path, and 

this fact made us to consider optimization of this movement. 

Attention should be paid on static strength of this mechanism 

because during task fulfill there are many blockages and high 

torsion loads. Also we should mention that mechanism should 

follow movements of other machine parts and mechanism, and it 

should have possibilities for adjustment, that is not case with 

mechanism shown on figure 2. Because of deficiencies of gear-bar 

mechanism, mentioned before, and due to set tasks in further paper 

paragraphs we will consider possibility of replacing this mechanism 

with bar mechanism, whose connection link performs full rotation 

and replaces a gear with a special cam. 

 

3.Procedure for forming of bar-planetary mechanism 

 
 Because of task that bar mechanism needs to fulfill (five 

specific positions), it is necessary that the connection link makes 

full rotation. This means that this connection link is the shortest bar 

in mechanism. 

 

 
Fig. 4 Fig. 5 

On figure 4 we can see four bar mechanism that does the demanded 

tasks. Connection link AB does planar movement and full 360 

degrees angular rotation.  

 Bar AB makes planar movement and we can see that it 

rotates around point A so we can substitute bar 3 with a gear (figure 

5). 

 Because gear 3 makes planar movement during point A 

rotates on circular arc which center is in point O2, this mechanism 

can be planetary mechanism shown on figure 6.  

  
Fig 6 

Rotation courses of gears 3 and 5 

are opposite 

Fig 7 
Rotation courses of gears 3 and 5 

are the same 

 Planetary mechanism shown on figure 6 has two degrees 

of freedom if the gear 5 is movable. Gear 3 is called satellite 

(planate), gear 5 is central gear (the sun) and the bar 2 is called 

satellite carrier. If we want that the rotation courses of gear 3 and 5 

is the same than we can enter gear 4 between them. Satellite carrier 

2 now has triangle form O2CA (figure 7). This bar can change its 

form and be even more complex depending on mechanism purpose.  

 If we install gears 7 and 8 on shafts A and C in parallel 

plain (gear 7 is located on shaft C and gear 8 is located on shaft A) 

and rotation velocity of gears 4 and 7 are the same (fix connection), 

rotation velocity of gears 3 and 8 are different. This planetary 

mechanism is shown on figure 8. 

 
Fig. 8 

 If the teeth number of individual gears of mechanism are: 

z5, z4, z3, z7, z8 than the transmission ratio relative to bar 2 is: 

 

𝑖5−3 =
𝜃5
 − 𝜃2

 

𝜃3
 − 𝜃2

 
=  −

𝑧4

𝑧5
  −

𝑧3

𝑧4
 =

𝑧3

𝑧5
> 0 

𝜃5
 − 𝜃2

    – relative rotation velocity of gear 5 relative to bar 2; 

𝜃3
 − 𝜃2

    – relative rotation velocity of gear 3 relative to bar 2; 

𝜃3
    – absolute rotation velocity of gear 3 relative to stationary 

point; 

𝜃5
    – absolute rotation velocity of gear 5 relative to stationary 

point. 

 When we bring together bar mechanism shown on figure 

5 and planetary mechanism shown on figure 8 we get bar-planetary 

mechanism-figure 9.  

 
Fig. 9 

This bar-planetary mechanism has further characteristics: 

 it has one degree of freedom; 

 connection link AB i.e. gear 3 makes full rotation during 

planar movement; 

 rotation courses of gears 3 and 5 are the same 

 drive electric motor can be connected with gear 5 and 

connected on shaft O2 

 if necessary on satellite carrier (on triangle bar 2) can be 

installed other gear pairs on parallel plains (figure 7). 

 So now we see that we can get movement on the shortest 

bar in mechanism that we got using mechanism synthesis. Analysis 

of bar-planetary mechanism is giving mathematical procedure for 

determination positions and velocities of all mechanism members. 

This will give us many qualitative and quantitative mechanism 

characteristics. 
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4. Bar mechanism synthesis 

 
 Using bar mechanism synthesis procedure we should 

create mechanism whose connection link would make full rotation 

and during that movement it would take five specified positions. 

Applying procedures from [1], [2] and [3] this task is coming down 

to determine zeros of a fourth degree polynomial. 

 

5. Bar-planetary mechanism analysis 

 
5.1 Bar mechanism position analysis 
 

 On figure 10 we can see bar mechanism which bar 3 is the 

shortest bar and it makes complete rotation. Due to that fact 

mechanism can be transformed into mechanism shown with dashed 

lines. Its shortest part is connected to ground pivot and rotates 360 

degrees.  

  
Fig. 10 Fig. 11 

If we apply position presentation using complex numbers [5] figure 

11 can be presented like this:  

 

𝑍𝐴𝐵 = 𝑍𝐵 − 𝑍𝐴;    𝑍𝐵 = 𝑙3𝑒
𝑖𝜃3 ;    𝑍𝐴 = 𝑥𝐴 + 𝑖𝑦𝐴;   𝐴 𝑥𝐴 ,𝑦𝐴  ;  

𝑙𝐴𝐵 =  𝑍𝐴𝐵  ;   𝜃𝐴𝐵 = 𝑖𝑚𝑔𝑍𝐴𝐵  

𝑙4𝑒
𝑖𝜃4

∗
= 𝑙𝐴𝐵 + 𝑙2𝑒

𝑖𝜃2
∗
 

𝑙4𝑒
−𝑖𝜃4

∗
= 𝑙𝐴𝐵 + 𝑙2𝑒

−𝑖𝜃2
∗
 

 

Eliminating 𝜃4
∗ we get: 

 

𝜃21,2
∗ = ±2 arctan  1 − 𝑐  1 + 𝑐  = 𝜃2 𝜃3           (1) 

𝑐 = cos𝜃2
∗ =  𝑙4

2 − 𝑙𝐴𝐵
2 − 𝑙2

2 2𝑙𝐴𝐵 𝑙2 =  1 − 𝑥2  1 − 𝑥2   ;  

𝑥 = tan
𝜃2
∗

2
 

 

Now: 

 

𝜃41,2
∗ = 2 arctan

𝑙2 sin𝜃2
∗

𝑙𝐴𝐵 + 𝑙2 ∙ cos𝜃2
∗ 

𝜃21,2 = 𝜃21,2
∗ + 𝜃𝐴𝐵 ;        𝜃41,2 = 𝜃41,2

∗ + 𝜃𝐴𝐵    

 

Solutions with prefix “+“ in equation (1) determines closed loop 

presented with continuous line on figure 11 (left from -axis), and 

solutions with prefix “–“ in equation (1) determines closed loop 

presented with dashed line on figure 11 (right from -axis). 

 Equation  (1) presents relation between angles 𝜃2 i 𝜃3. So 

if we know geometrical characteristics of mechanism:  𝑥𝐴 , 𝑦𝐴 , 𝑙2, 

𝑙3, 𝑙4 and if 𝜃3 is known we can calculate 𝜃2 and after that 𝜃4. 

When we determine these parameters mechanism is completely 

determined. 

 

 

 

 

 

 

 

 

5.2  Planetary mechanism position mechanism  
 

 On figure 12 we can see planetary mechanism that is part 

of bar-planetary mechanism. 

 
Fig. 12 

For planetary mechanism we can determine position like this: 

 

𝑖5−3 =
𝜃5
 − 𝜃2

 

𝜃3
 − 𝜃2

 
=  −

𝑧4

𝑧5
  −

𝑧3

𝑧4
 =

𝑧3

𝑧5
 

𝜃5
 − 𝜃2

 =
𝑧3

𝑧5
 𝜃3

 − 𝜃2
   

From this equation we get: 

𝜃2  
𝑧3

𝑧5
− 1 + 𝜃5 = 𝜃3

𝑧3

𝑧5
+ 𝐶            (2) 

C- integral constant 

 

5.3  Bar-planetary mechanism position analysis 
 

 If we consider equations (1) and (2) and due to the fact 

that mechanism has one degree of freedom, determination positions 

of bar-planetary mechanism should be done just by solving 

equations (1) and (2). So if 𝜃3 is given, than equations (1) and (2) 

are not related. First from equation (1)  𝜃2 should be calculated 

(than 𝜃4), and after that from (2)  𝜃5 should be calculated. If 𝜃5 is 

given than calculating 𝜃3 (and after that from equation (1)  𝜃2 and 

𝜃4 are calculated) should be done by solving nonlinear equation: 

 

𝜃2 𝜃3  
𝑧3

𝑧5
− 1 − 𝜃3

𝑧3

𝑧5
+ 𝜃5 + 𝐶 = 0              (3) 

Specially if 𝑧3 = 𝑧5 than  𝜃3 = 𝜃5 + 𝐶 

 

5.4 Bar mechanism velocity analysis 
 

 By derivation of equation 𝑙4𝑒
𝑖𝜃4 = 𝑍𝐴𝐵 + 𝑙2𝑒

𝑖𝜃2  in 

respect to time we get 𝑙4𝑒
𝑖𝜃4 ∙ 𝑖𝜃4

 = 𝑍𝐴𝐵 + 𝑙2𝑒
𝑖𝜃2 ∙ 𝑖𝜃2

 , than 

multiplication this equation with 𝑒𝑖𝜃4  we get 𝑙4 ∙ 𝑖𝜃4
 = 𝑍𝐴𝐵 𝑒

−𝑖𝜃4  +

𝑙2𝑒
𝑖 𝜃2−𝜃4 ∙ 𝑖𝜃2

 . By separation of real part of equation we get:  

 

𝜃2
 =

𝑅𝑒 𝑍𝐴𝐵 𝑒−𝑖𝜃4 

𝑙2∙sin  𝜃2−𝜃4 
=

𝑙3∙sin  𝜃3−𝜃4 ∙𝜃3
 

𝑙2∙sin  𝜃2−𝜃4 
               (4) 

 

On same way we get: 

 

𝜃4
 =

𝑅𝑒 𝑍𝐴𝐵 𝑒−𝑖𝜃2 

𝑙4∙sin  𝜃2−𝜃4 
=

𝑙3∙sin  𝜃3−𝜃2 ∙𝜃3
 

𝑙2∙sin  𝜃2−𝜃4 
               (5) 

 

where: 

𝑍𝐴𝐵 = 𝑍𝐴 − 𝑍𝐵 = 𝑙3𝑒
𝑖𝜃3 ∙ 𝑖𝜃3

 −  𝑥𝐴 − 𝑖𝑦𝐴     
 

5.5 Planetary mechanism velocity analysis  
 

𝜃5
 − 𝜃2

 

𝜃3
 − 𝜃2

 
=

𝑧3

𝑧5
 

 

𝜃5
 − 𝜃2

 =
𝑧3

𝑧5
 𝜃3

 − 𝜃2
                   (6) 
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5.6 Bar-planetary mechanism velocity analysis 
 

 Considering equations (4), (5) and (6)  and fact that 

mechanism has one degree of freedom it can be concluded that 

velocity analysis equation is linear. It is a system of three equations 

with three variables when one of four rotation velocities 𝜃2
 , 𝜃3

 , 𝜃4
 , 

𝜃5
   is given. 

 From equations (4) and (5) we can see that there are 

special mechanism positions when 𝜃3 = 𝜃4 ± 𝜋 and when 𝜃2 ≠ 𝜃4. 

These are trivial positions when 𝜃2
 = 0 and 𝜃4

 = 0, while 𝜃3
 ≠ 0. 

Singular positions appear when 𝜃2 = 𝜃4 ± 𝜋 ;𝜃3 = 𝜃2 ± 𝜋 . In this 

case two bars are placed on one straight line (figure 13).  

  

𝜃3 = 𝜃2 + 𝜋 𝜃3 = 𝜃4 + 𝜋 

 

 

𝜃2 = 𝜃4 ± 𝜋 𝜃2 = 𝜃4 ± 𝜋 = 𝜃3 ± 𝜋 
Fig 13 

 

6. Mechanism synthesis-example with specific 

parameters for bottle washer 

 
 Mechanism synthesis should give us positions of special 

cam while making work path and during return path (figure 3). 

 For five positions from table 1 we applied mechanism 

synthesis mentioned earlier. 

 
 Table 1: Five  positions of special cam that mechanism should generate 

 X (mm) Y (mm) θ 

1 665 -287 0 

2 95 -245 -109° 

3 -78 -293 -176° 

4 95 -245 -241° 

5 383 -228 -289° 

For these 5 specific positions we get two solutions and one of them 

is acceptable (figure 14). On figure 14 also we can see path 

comparison of old special cam peak path (green line)  and new 

mechanism (purple line) point of connection link paths. 

 
Fig 14 

We can conclude that the point of connection link of a four-bar 

mechanism, which represents also a peak of a new special cam, 

matches with path of the old mechanism. 

Connection link of this mechanism makes full rotation and we can 

say that this is a good solution for the task that was set on the 

beginning of this paper. 

  

7. Conclusion 

 
 On machines that do bottle washing gear-bar mechanism 

should be replaced with bar mechanism because they are cheaper, 

easier to maintenance and adjustment. To get mechanism with this 

type of movement it is necessary to connection link makes planar 

movement and full rotation. Planetary mechanism is added to four-

bar mechanism to perform this movement. This mechanism has one 

degree of freedom. 

 In this paper is shown that using analytical mechanism 

synthesis (5 specific positions given) we can define mechanism 

which has connection link that makes full rotation. Planetary 

mechanism can be different due to the movement that we want to 

achieve. 

 Position and velocity analysis gives us possibility to 

determine mechanism movement  during whole movement cycle. 

Determination of mechanism position is solving nonlinear equation 

(3) which can be solved numerically. In this analysis possibility of 

determination of specific positions is given. Also in this analysis 

influence of geometrical parameters on output parameters 

(especially on rotation velocity) is shown.  
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