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Abstract: Starting from an existing V power switcher mechanism, the paper presents two 

new kinematic schemes of the V switcher mechanisms for medium and high power. The 

proposed schemes consist of triadic chains that ensure transmission angles near to the 

optimum values. The geometric and kinematic analyses of the proposed mechanisms, with\ 

driven components that have to move with high speeds on disengaging process in the 

extinguishing chamber, have been achieved. In the second section of the paper, an optimum 

kinematic scheme of the V power switcher with triadic chain type 4R+2T has been 

presented. 
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1. INTRODUCTION 

 

We consider the constructive scheme of a power switch (Figure 1) for 110 kV and 1600 A [1] with two put-out 

chambers mounted in V [2, 3, 4]. These power switched are mounted within outdoor electrical systems (Figure 

1.a), allowing for multiple interruptions of the electric arc by means of two or four serial put-out chambers [3, 4]. 

 

The drive by means of a single actuator of the two mechanisms of the type equalizing bar – guide allows for the 

simultaneous displacement of the translational bars of the mobile contacts in the put-out chambers. This 

mechanism breaks the electric circuit in two serial places. 

 

The insulating column 1 (Figure 1.a) enables insulation from the ground of the two put-out chambers 3 in V, as 

well as the insulation of the under-pressure part of the switcher 2. 

 
Each pole of the switcher is driven by means of an oleo-pneumatic actuator [4], and for a three-pole switch three 

actuators are necessary. 

 

The main components of the V switch (Figure 1.b) are: the bar of the mobile contact (1), the equalizing bar of 

the mechanism (2), the double effect hydraulic device (3), the mechanism casing (4), the locking device (5), the 

double guide bars (6), the oil gauge in the mechanism casing (7), the put-out chamber (8), the insulating cylinder 

(9), the upper casing cap (10), the lower cap (11), the fixed top contact (12), the lower fixed contact (13), the 

porcelain insulator (14), the oil gauge in the upper casing (15). 
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Fig. 1. The constructive scheme of the V power switch of the IO-110-1600 type. 
 

 

2. STRUCTURAL SYNTHESIS OF THE TRIADIC CHAIN MECHANISM  

 

The current mechanism of the power switcher with V placed extinguishing chambers (Figure 2.a) is based on 

two kinematic dyadic chains T+(3R)+(2R+T). Keeping the same structure of the kinematic couplings used [2, 3], 

the two dyadic chains [1] can be configured into a triadic chain (Figure 2.b).  

 

 
 

 

 

 

 

 

 

 
                   a)            b)          c) 

Fig. 2. The kinematic diagram:  

a) current; b) new; c) triadic chains LT. 

 

With the current kinematic scheme (Figure 2.a), the structural - topological formula of the leading mechanism is 

[1]: 
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With the new kinematic scheme (fig.2b) the structural - topological formula is written: 
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For this new structural and geometrical scheme, the kinematic elements 4 and 4  are central elements of the 3rd 

degree of the corresponding triadic chain )5,4,3,2(LT and )5,4,3,2(LT of the 5R+T type (Figure 2.c). 
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3. SYNTHESIS OF A NEW GEOMETRICAL VERSION OF THE V MECHANISM 

 

We can design structural geometrical versions of the triadic chains )5,4,3,2(LT  and )5,4,3,2(LT , where the 3 

articulations (B, C and D) respectively ),,( DCB of the central elements 4 and 4  are collinear (Figure 3.a). 

 

We can notice the particularity of this kinematic scheme of the triadic chain LT (Figure 3.a) which consists in 

placing the three articulations B, C and D on the same straight line. The rotation semi-couplings A and C0, as 

well as the translational semi-coupling E are called [1] potential kinematic couplings by means of which the 

triadic chain LT (2, 3, 4, 5) is connected to the leading element 1 and to the fixed element 0. 
 

 

 

 

 

 

 

 

    

 

 

 
 

   a)    b)    c) 

Fig. 3. Version of the kinematic scheme of the triadic chain LT(5R+T). 

 

The equivalent kinematic scheme of the triadic chain LT (2, 3, 4, 5 ) is obtained by replacing the bar 5 with a 

shoe 5* that slides along the fixed guide Δ5 (Figure 3.b). With this triadic chain LT (2, 3, 4, 5) we may notice that 

the central element 4 having a rotation – translational motion (plane-parallel) does an instantaneous rotation 

around the 
40I  point (the instantaneous rotation centre) situated upon the intersection of the equalizing bar 3 

with the line drawn through the articulation D and perpendicular on the guide 5 ( Figure 3.c). 

 

 

4. KINEMATIC GEOMETRY OF THE TRIADIC CHAIN MECHANISM 

 

We shall consider the kinematic scheme of the 3rd class mechanism (with a triadic chain) of a V power switcher 

(Figure 4.a). 

 

 

   

 

 

 

 

 

 

 

 

 

 

 
    a)          b) 

Fig. 4. Kinematic scheme of the proposed mechanism (a) and the associated vector contour lines (b). 
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For a geometrical kinematic analysis of the proposed mechanism, we isolate the triadic chain LT (2, 3, 4, 5) of 

the 5R+T type (Figure 4.b). We identify two vector contour lines associated to this kinematic chain, where each 

side is suitably oriented [1] and positioned by means of the trigonometrically oriented angle. 

 

The two independent contour lines selected are (Figure 4.b): O’A0ABCC0O’ and C0CDD0C0. 

 

For each independent contour line we write the closing vector equation: 

 

(O’A0ABCC0O’): 00000  OCCCCBBAAAAO    (3) 

 

(C0CDD0C0): 00000  CDDDCDCC      (4) 

 

The two vector equations are written in a suitable way so as to have the vectors containing unknown variables to 

the left: 

 

OCAAAOCCCBBA  0000      (5) 

 

0000 CDDDCDCC        (6) 

 

The scaling equations related to the vector equations (5) and (6) are expressed as follows (Figure 4.b): 

 

   ;cos)cos(cos 03344422 OClll    

   ;sin)sin(sin 1103344422 slylll    

   ;cos)90cos(coscos 0
54433   esll        (7) 

   .sin)90sin(sinsin 0
54433   esll  

 

The system (7) consists of four scaling equations with four unknown variables, of which three angles 

),,( 432  and a linear displacement :)( 5s  
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In the particular case when the articulations B, C and D are collinear, the angle 4  is null ),0( 4  so that the 

scaling equations (8) become: 
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To solve the system consisting of four partially non-linear scaling equations (9) with 4 unknown variables, we 

can apply the linearization method [1, 4]. Thus, in the initial position of the mechanism ( 01 s ) we measure (on 

the scaled kinematic diagram) the angles 
0
4

0
3

0
2 ,,   and the linear displacement

0
5s . 

 

In a position of the plane mechanism (from the vicinity of the initial position) for 1s  imposed, the four variables 

become: 4
0
43

0
32

0
2 ,,    and 5

0
5 ss  . 



Journal of Engineering Studies and Research – Volume 22 (2016) No. 1                                        11 

 

 

The equations (9) are written: 
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The linearization of the (10) equations is done with the formulae: 

 

4,3,2.cossin)sin(;sincos)cos(  iiiiiiiiiii    (11) 

 

The system of non-linear equations becomes a system of linear equations: 
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This system of scaling equations shall be explicitly written: 
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The following notations were used in this system of equations: 

 

.;;; 54433221 sXXXX         

 

 

5. THE KINEMATIC CALCULATION OF THE PLANAR TRIADIC CHAIN MECHANISM 

 

We begin from the final stage of the geometrical calculation of the plane triadic chain mechanism, when we 

know the angular or linear positions of the component elements. 

 

To determine the angular and linear velocities of the kinematic elements in the structure of the mechanism, we 

consider the previously determined position scaling equations (9).  

 

Each scaling equation is differentiated with respect to time, resulting in the linear system: 
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We know the linear velocity of piston 1 ( 1s ), and the unknown variables in the equations forming this system 

are the angular velocities 344233122 ,, xxx    , the linear velocity 455 xvs  . 

 

The linear equations system (14) shall be generally written: 
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The angular / linear accelerations are obtained by differentiating with respect to time the velocity scaling 

equations (14), resulting in:  
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Keeping to the left of the above equations the terms containing accelerations, the system of linear equations (16) 

shall be written: 
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Solving the system of 4 linear equations (17) the 4 accelerations shall be inferred as unknown variables: 

 

.;;; 55443322 as          

 

 

6. THE GEOMETRICAL CALCULATION OF THE NEW TRIADIC CHAIN MECHANISM  

 

We consider the kinematic scheme of the V mechanism (Figure 5.a) where two symmetrical triadic chains are 

identified LT(2,3,4,5) and LT( 5,4,3,2 ). 

 

 

 

      

 

 

 

 

 

 

 

 

 

 

 
 

      a)           b)  

Fig. 5. Kinematic scheme of the new V mechanism (a) and vector contour lines (b). 
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Depending on the 0y coordinate, the point 0A , the displacement 1s  of piston 1 and the lengths 1l  and 

AAl 5,01   we determine the coordinates of the articulations A  and A  (Figure 5.b): 

 

    ;; 1101 slyylx AA  .; 1101 slyylx
AA

  

 

Also, the Cartesian coordinates of the fixed articulations 
0C  and 0C  are known: .;

0000 CCCC yyxx   

 

The two fixed guides of the bars 5  and 5  (Figure 5.a) are inclined at an  angle as to the axis of the 

coordinates.  

 

Following only the left kinematic chain, the fixed point 0C  is situated as to the guide 5  at the 

distance eDC 00 , and displacement of the point D as to 
0D is 50 sDD  . 

 

The constant lengths of the bars 2 and 4 are known: 2lAB  ; 4lDB  . 

 

We noted as C  the mobile point on the bar 4, whose position as to the articulation D  was noted as 43sCD   

and symbolises the relative displacement between elements 4 and 3. 

 

To determine the instantaneous positions of the proposed mechanism (Figure 5.a), we identify two independent 

closed contour lines containing the elements 0,2,4,3,0 and 0,3,4,5,0. 

 

Using the method of the associated vector contour [1, 4], we obtain the following scaling equations: 

 

    ;coscoscos
04434422 CA xxsll        

    ;sinsinsin
04434422 CA yysll         (18) 

    ;coscossin 4435   ess        

.sinsincos 4435   ess        

 

It should be noticed that the first two scaling equations are non-linear having the angular unknown variables 2  

and 4 , while the last two equations are partially linear having the unknown variables 43s  and 505 ss  . 

 

 

7. VELOCITIES AND ACCELERATIONS FOR THE NEW TRIADIC CHAIN V MECHANISM 

 

Depending on the instantaneous known position of the analysed mechanism (Figure 6.a), we can determine the 

angular and linear velocities of the led kinematic elements forming the triadic chains )5,4,3,2(LT  and 

)5,4,3,2(LT  of the 4R+2T type. 

 

We consider the positions/ displacements scaling equations (18) that are differentiated with respect to time, 

resulting in the velocities equations: 

 

   ;cossin)(sin 43444434222 Axssll        

    ;sincos)(cos 43444434222 Ayssll         (19) 

   ;0sincossin 54344443  sss         

   .0cossincos 54344443  sss         

 

The obtained equations (19) are linear equations forming a linear system that leads to the further calculation of 

the angular / linear velocities 5543434422 ,,, vsvs    . 
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The angular ( 42 , ) and linear ( 543 , ss ) positions of the elements of the triadic chain are determined in the 

previous stage. The components of the point A velocity are: .;0 1vyx AA     

 

Generally, the velocity scaling equations are written: 
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The following notations were used in the system of linear scaling equations (20): 

 

- for variable or constant coefficients: ;0;cos;sin)(;sin 144134434122211  aaslala   

;0;sin;cos)(;cos 244234434222221  aaslala    

;sin;cos;sin;0 344334433231   aasaa .cos;sin;cos;0 444434434241   aasaa  

 

- for unknown variables / angular or linear velocities: .;;; 554334221 sxsxxx     

 

In the third stage, knowing the angular / linear velocities of the kinematic elements 2, 3, 4 and 5 from the triadic 

chain, we determine the angular / linear accelerations of these kinematic elements. Thus, the explicit scaling 

equations (19) are differentiated with respect to time and the following are obtained: 

 

;sin2coscoscossin)(sin 4434

2

444

2
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2
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2
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2

444354344443    sssss    

.cos2sincossincos 4434

2

444354344443    sssss      (21) 

 

From this system of linear equations we determine the accelerations: .,,, 54342 ss    

 

 

8. CONCLUSIONS 

 

Starting from the current dyadic chain kinematic scheme of the V high voltage power switcher, the paper 

suggests new kinematic diagrams with a triadic structure. For the first kinematic scheme proposed, based on a 

triadic chain of the 5R+T type, we have analysed two versions having a different geometrical structure. 

 

The second kinematic scheme is based on a triadic chain of the 4R+2T type, having the possibility to optimize 

the operation of the V mechanism. For each new kinematic scheme the geometrical and kinematic analysis 

method has been developed, presenting all the stages of the analytic calculations of displacements, velocities and 

accelerations, especially for the translating bar with the power switch point. 
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