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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 10-110-1600 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).

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]:

LD(2,3) + LD(4,5)
MM = MA(0,2) + . = 1)
LD(2,3)+LD(4,5)
With the new kinematic scheme (fig.2b) the structural - topological formula is written:
LT (2,345
MM = MA(0,1) + (234 _) 2
LT (2,3,4,5)

For this new structural and geometrical scheme, the kinematic elements 4 and 4 are central elements of the 31
degree of the corresponding triadic chain LT (2,3,4,5) and LT (2,3,4,5) of the 5SR+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 LT (2,3,4,5) and LT(2,3,4,5) , where the 3
articulations (B, C and D) respectively (B,C,D)of the central elements 4 and 4 are collinear (Figure 3.).

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 Co, 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.

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 As (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 1,, 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 A ( Figure 3.c).

4. KINEMATIC GEOMETRY OF THE TRIADIC CHAIN MECHANISM

We shall consider the kinematic scheme of the 3" class mechanism (with a triadic chain) of a VV power switcher
(Figure 4.3).
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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’ AjABCCo0’ and CoCDD,Co.

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

(0’AsABCC,0”): O'A + AyA—BA—CB +CC, +C,0' =0 3)
(CoCDDCo): CC, —CD — DD, — D,Cq =0 (4)

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

_ — — — s

BA+CB—CC, = O'A, + AyA+C,0’ ()

—_— — — —

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

I, cosg, +1; cos(p, —a,)—13c0sp; =C, 0"
|5 5in @, +158in(p4 —ay) = l3sings = Yo =l =5y
I;cosp; —1, cosg, —s5 c0s(90° + @) =e-cosa; @)

Iy 5in @5 — 1, Sin @, —s55IN(90° + ) = e-sin ar.

The system (7) consists of four scaling equations with four unknown variables, of which three angles
(92,5, 94)and a linear displacement (ss):

, oy oy

I, cosg, +1; cos(p, —ay) —13€0803 = Xo — Xc,;

55N @y +138in(@y —ay) —l3sings = yo 1 =5y
I;cosg; —1, cosg, +S5sina =e-cose;
I5sin @5 —1,sin @, —S5 COsa =e-sin a.

(8)

In the particular case when the articulations B, C and D are collinear, the angle «, is null (e, =0),so that the
scaling equations (8) become:

’ _ _ .
I, cosg, +1; cosgp, —13 0803 = Xo =X, ;
I;cosg; —1, cosg, +S5Sina =e-cose;
I5sin @5 —1,sin @, —S5 COsa =€ -sin a.

©)

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 (s; =0) we measure (on

the scaled kinematic diagram) the angles 35,93, ¢S and the linear displacement s .

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

become: @ +Ap,, 03 + Aps,0f +Ap, and SO +As; .
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The equations (9) are written:

I, COS(3 +Ag,) +1; COS(pf + Apy) —13C0S(p3 + A3) = Xor = Xc, ;

Iy sin(p2 +Ap,) +1;5in(p3 +Ap,) —lgsin(ps +Ag3) = Yo —| —s;; (10)
l3c08(p3 + Agg) —1, coS(@) + Ag,) +(s2 + Asg)sin a = e-cos;
lysin(ps +Apz) 1, sin(@l + Ag,) — (st +Asg)cosa = e-sin a.

The linearization of the (10) equations is done with the formulae:
cos(p; + Ag;) =cosg; —Ag; -Sin @;; sin(@; +Ap;) =sin@; + Ag; -cosg;. i =2,3,4 (11)
The system of non-linear equations becomes a system of linear equations:

o 0 ' i 0 0 _ Y 0 0_ .
I8N @; - A, +1;, i@y - Ay + 150803 - Apz =1, COS@; +1, COS@y +15C0SP3 —Xor + X}
I, cospY - A, +1;c080% - Ap, —15C0503 - Ay =Y, — 1y =51 — 1, 5in @I — 1} sin @2 +15sin 3;

. 0 . 0 . _ 0 0 0 . . (12)
I3sing; -Agp; —l,sing, -Ap, +sina - Asg =153 c05¢p; —1, COS@, + S5 -Sina +e-Ccosa;
l;c0505 - Aps — 1, COS@Y - A, —COSar-Ass = e-sina —l5sin @ +1, sin @) +5 -cosa.
This system of scaling equations shall be explicitly written:
a1 Xy +85 Xy + 833 X5 +ayy Xy =by;
Ay Xy + 8y Xy +8y3Xg+89, X, =by;
21731 227} 2 23773 24774 2 (13)

ag1 X1 +8g, X, +a33 X3 +a3 Xy =bs;

The following notations were used in this system of equations:

X1 =A@y Xy = Apa; X3 =A@y, X4 = ASs.

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:
=1y sin @, -, =1, sin @, -y +155IN @3- 3 =0;

1, €080, -, +1,COSQ, - 4 —13C0S 03 3 = =5y

: . . o (14)

I;cos¢; @3 —1,C080, - @4 +S5C0Scx =0.

We know the linear velocity of piston 1 ($;), and the unknown variables in the equations forming this system
are the angular velocities ¢, = @, = X{, @3 = @3 = Xy, s = @4 = X5, the linear velocity S5 =V = X, .

The linear equations system (14) shall be generally written:
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81Xy + 815Xy +8y3Xg + 814Xy =Dy
81Xy +8gpXp +8p3X3 + 84Xy = by;
8g1% + 837X, +8g3X3 + 853X, = bs;
Ay Xy + 849Xy +yzXg + g Xe =Dy,

(15)

The angular / linear accelerations are obtained by differentiating with respect to time the velocity scaling
equations (14), resulting in:

1,080, - @ + 1,51 @y - G5, +14,COSQy - 3 +1;5IN @y - G5y — 13 €033 - 5 —35iN 3 - 33 = 0;
I, SN @, - o3 1, €03, - Gy +13 N @4 - 9 — 13 COSy - 34 — 351N 3+ G3 +13C083 -3 = &
—15c0805 - 2 —l35in g - b5 +1, COSQ, - 3 +1,5IN @, -y + 85 5inar = O;

—ly5in @5 - 92 +15,C0805 - o3 +1,Sin @ - 97 —1, COSQ, - (5, + 85 COsar = 0.

(16)

Keeping to the left of the above equations the terms containing accelerations, the system of linear equations (16)
shall be written:

Iy Sin @y - 3, +1,5iN @ - 34 I3 SiN 3 - G35 =~ COS @, - 95 —1; COSQy - 9 +13 €085 - 3
—1,C080, 3y —1;, COSy - G4 + 13 COSQ - i3 = 8 — 1, SiN @, - 95 — 1 5iN @, - 9f +155iN @3- 5 ;
—1538in @5 - G5 +1, 5N @, -, + 85 Sin @ = 3C080; - 92 —1, COSQ, - P2 ;
l3COSQs - 33 — |, COSQ, - 5y + 85 COSa = I3 SN g - 92 —1, 5iN 0, - 9.

a7

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

Py =&, Py =3, Py = &4 S5 = 8.

6. THE GEOMETRICAL CALCULATION OF THE NEW TRIADIC CHAIN MECHANISM

We consider the kinematic scheme of the VV mechanism (Figure 5.a) where two symmetrical triadic chains are
identified LT(2,3,4,5) and LT(2,3,4,5).
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Fig. 5. Kinematic scheme of the new V mechanism (a) and vector contour lines (b).
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Depending on the y,coordinate, the point Ay, the displacement s; of piston 1 and the lengths I, and
Il =0,5AA we determine the coordinates of the articulations A and A (Figure 5.b):

Xa=—:ya=Yo—h-si Xz =l; Yz =Y, -k =5
Also, the Cartesian coordinates of the fixed articulations C0 and 50 are known: Xe, = %5, Yo, = ¥e, -

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 C, is situated as to the guide Ay at the
distance C,D, =, and displacement of the point D asto Djis DyD = ss.

The constant lengths of the bars 2 and 4 are known: AB=1,; DB =1,.

We noted as C the mobile point on the bar 4, whose position as to the articulation D was noted as CD = s,4
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:

I, COS@, —1,4COSQ, +8,3C080, =X —Xc,;

|, 8in @, =1y 5iN @4 +5435IN 04 = Y=Y, (18)
S5 Sin @ — S5 COS, =€-CoSq;

S5 COSa —Sy3SiN @, =€-sina.

It should be noticed that the first two scaling equations are non-linear having the angular unknown variables ¢,
and ¢, , while the last two equations are partially linear having the unknown variables s,; and ss = sz .

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 LT (2,3,4,5) and

LT(2,3,4,5) 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:

—laSiN @, - @y + (14 —543)SIN @y - Py +COSPy -S43 = Xap;

|, C05¢; - 9 = (14 = 543) COSQy - g +SIN Py -Sy3 = Ya; (19)
S43SIN @y -4 —COSQ, -S43 +SiNx-$5 =0;

S43COSQ, - @y +SIN @, -S43 —COSax - $5 = 0.

The obtained equations (19) are linear equations forming a linear system that leads to the further calculation of
the angular / linear velocities ¢, = @,, ¢, = @4, S43 =Va3, S5 =Vs.
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The angular (¢,,¢,) and linear (s,3,55) positions of the elements of the triadic chain are determined in the
previous stage. The components of the point A velocity are: X, =0; Yy, =—V;.

Generally, the velocity scaling equations are written:

81Xy + 83Xy +8n3X3 + A Xy = Vi, (20)

a41Xl + a42X2 + a43X3 + a44X4 = O
The following notations were used in the system of linear scaling equations (20):

- for variable or constant coefficients: a;; =—I, sin @,;a,, = (1, —S43)SiN @,; 853 =COS@,; 84, =0;
Ay =1,C08¢y;85; =—(I4 —543)COSPy; 853 =SiN @y 85 =0;
agy =0;85) =S,3SIN @,; 853 = —C0SQ,; 83, =SiNa; a4 =0;84, = S43C0SP,; 8,3 =SiN@,;8,, =—COS.

- for unknown variables / angular or linear velocities: X; = @,; Xy = @4; X3 = S43: X5 = S5.

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:

—1,sing, - @, + (1, —s,35)sing, - @, +c0s@, - §,; =1, 08, - @; —1,C08¢, - @, +25iNY, -S43 P,;
|, cosp, - @, — (1, —S,3)COS@, - @, +Sing, -§,5=1,8iNQ, -@; —1,SiN@, - @, —2C05p, S5 @,;
S43SINQ, - By —COSQ, - 843 +SINct -8 =—5,,COSQ, - P —25INQ, -S43~ Py}

S,5COSQ, - B, —SiNQ, - 8,5 +COSa - §; =—S,,SINQ, - @7 —2COSP, -S43 P (21)

From this system of linear equations we determine the accelerations: ¢,,®,,543, 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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