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ABSTRACT

The technological (geometrical) deviations determine in the intermediate couples of the cardan joint
supplementary efforts due to restrained movement. The 4R spherical quadrilateral mechanism,
where by R is notated the rotation kinematic pair, from which is obtained the cardan mechanism, is
of third family, as consequence, multiple statically indeterminate and for calculating the reactions
from the kinematic pairs it is applied the elastic linear calculation, using the relative displacements
method noted in plukerian coordinates. The results of the numerical solving of this problem will be
presented under the form of a diagrams and will be commented.

Keywords: Quadrilateral mechanism; elastic calculation; cardan joint; technical deviation.

1. INTRODUCTION movement of a system with a cardan joint [1-4].

The 4R spherical quadrilateral mechanism is
This mechanism presents interest because is the  statically = undetermined [1,45] and for
all mechanisms basis of the primitive cardan calculating the reactions from the kinematic
joints and reproduces, cinematically, the pairs it is applied the elastic linear calculation
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[6,7], using the relative displacements method
noted in plukerian coordinates [8]. The
technological (geometrical) deviations lead to
further efforts in the kinematic pairs. These, in
the local system of reference are constant [9,10]
but in general system vary harmonic after certain
law which depends on the values of the
deviations. They harmonic ranging, these
become further sources of excitation which lead
to the modification of dynamic response of the
cardan transmission. Knowing the shape of
variation these forces we can evaluate the
influence on the dynamic response
(characteristic pulses). This paper only refers to
the influence of technological (geometrical)
deviations on the efforts from kinematic pairs.
The obtained results allow us to conclude the
influence of the technological (geometrical)
deviations over the unitary efforts that appear in
the kinematic pairs of the mechanism. In a future
paper | will also present the influence of these
forces on the dynamic response of cardan
transmissions.

2. MATERIALS AND METHODS

2.1 Aspects Technical

Deviations

Regarding

During the manufacturing and montage process
of cardan transmissions, at the component
elements may inevitable appear deviations that
influence their cinematic and dynamics
characteristics. Next we will refer to the
subassembly cardan joint, made of bracket entry
1, cardan cross 2 and bracket exit 3 (see Fig. 1).

The possible deviations that may appear during
the manufacturing process may be:

a. The deviation from A - the deviation from
perpendicularity and intersection of the
axis of the tail bracket 1 towards the
reaming axis, the deviation from nominal
mounting position of the bearing from A,

deviations noted with(A , f.

b. Bracket deviation at the joint 2 - the
deviation from perpendicularity and
intersection of the reaming axis 1 of cross

1 towards the axis of the tail, {552}.

c. Bracket deviation at the joint 3 - the
deviation from perpendicularity and
intersection of the reaming axis 2 of cross

1 towards the axis of the tail, {533}

d. Cross deviation at the joint 2 - the
deviation from  perpendicularity and
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intersection of the axle 1 of cross 2
towards the other axis of the cross axles,

)

of -

e. Cross deviation at the joint 3 - the
deviation from perpendicularity and

intersection of the axle 2 of cross 2
towards the other axis of the cross axles,

@}
f. Cross deviation at the joint 5 - the
deviation from perpendicularity and

intersection of the axle 3 of cross 2
towards the other axis of the cross axles,

o}

-

g. Cross deviation at the joint 6 - the
deviation from perpendicularity and
intersection of the axle 4 of cross 2
towards the other axis of the cross axles,
{8},

h. the deviation from perpendicularity and
intersection of the reaming axis 1 of cross

2 towards the axis of the tail, {Eds}.

i. the deviation from perpendicularity and
intersection of the reaming axis 2 of cross

2 towards the axis of the tail, {Eds}.

j- Deviation from D - the deviation from
perpendicularity and intersection of the
axis of the tail bracket 2 towards the
reaming axis, the deviation from nominal
mounting position of the bearing from D,

.

2.2 Mathematical Model

The mechanically speaking (static) , the 4R
mechanism has unknown the reactions from the
kinematic pairs A, 2, 3, 5, 6, 8 and also the
moment from the joint A (see Fig. 1), in total
6+5x5=31 unknowns and 3 elements x 6=18
times

equations, 31-18=13
undetermined [1,4,5].

statically

%A_

Fig. 1. The 4r symmetrical spherical
guadrilateral mechanism



For determining these components a linear
elastic calculation is used. In the following, a
mathematical model with be elaborated for the
linear elastic calculation of reactions, model that
has as basis the method of relative
displacements, presented in paper [8], with the
notation in pluckerian coordinates. In the elastic
calculation the joint from A is Dblocked
(see Fig. 1), thing that explains the apparition as
unknown of the axial moment in that point. The
pivotal points 1, 4, 7, have the displacements
{AJ} , {A4} , {A7} , and the pivotal points with
the kinematic pairs 2, 3, 5, 6 have left-right

displacements with {ASZ} {Adz} s} {03}, {az),

Are noted
[Kua] = [Kya]+ [Kop ]+ [Kys]
(Kool = [Ka]#[Kaa] & [Kao] = [Ka]#[Ka,]
[Kaa] = [K o]+ [K ]+ [K g ] +[K 4]
[Kes] = [Ksa] +[Ks7] & [Kes]=[Kea] #[Ker]

[K77]= [Kos ]+ [K s ]+ [K7g]

and taking into account the relations (1) it results

[Kll]{A.L} - [KlZ]{Ag}_ [K13]{4§} = {P1}

~[Kaufa}+ [K33]{A§}
_[K3l]{Al} + [Kssl{ﬁg}

}-
_[KM]{A4}+[K66]{ }

[K21H4}+[K22]{A§} [KoaK A} + &lKoafU ot =
[Kaufa}+&lKafus} ={r}

[Kau{au}+ &Ko fus} = {Ry} 4)
_[K54]{A4}_[K55]{4§ [Ker {4} + &K Just ={R}

[Kerfa}+ & [Ke Ul ={Rs}

[K75]{4§}‘[K76]{4€} (K77 K} - &[K 7 fush - €o[K s fU o} + &K 7 fUs} = {Pr}
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{A‘é} : { 56} {A“G} Pivotal point 8 has the
displacement to Ieft{A“é} and to right{A‘g}:{O} .S0
the relations are written under the form:

{al={a} efus)

{a)={a}+efus) o
{a)={a}+&fue)

{0 ={a}+ o)

Keslad-{ah+ ko fial {2l =(r) @

®)

{p}
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where {P}=[F’1,P2,P3,P4,F2r,,P6,P7]T is the matrix of the forces that take action in the pivotal points,

caused by the technical deviations, and is given by the relation:

(ool [} + [, s} = R

[k fas} [k {28} = (P2}

oo} Ik} = {r)
[Kz4]{2|~g}+[K34]{Z€}+[K45{ } [K4e]{ }
—[K45]{Z\§}—[K57]{Z\§‘} {5}
[z} -k 2} =R

(koo J8}+ [k N+ [ 2} {20} = P

and
G-[@) &) @y ) B) &) &) E) @) b e
Is the matrix of technical deviations of the mechanism elements.

The notations are made as

(@ =[(a) {af laf fa) {af {af fay |
{5}2[52’{31551{61{8]

[V2]=[20000] ; [vs]=[02000] ; [vs]=[00100]
[Vs]=[00010] ; [Vs] =[00001].

and then
¢i = [\4]{5}
and ZZ[K24]{U )= [Kz4]{U 2}[Vz]{f} , and the analogue.

Also, the notations are made

[Ku] -[ke] -[ko] [o] o] [o] [0 ]
“[Ka] [kl [0l -[ka] [o] o] o]
“[Ka]l 0] [ka] [Ka] [} o] o]
(o= o] -[Ke] -[Kia] [Kaa] ~[Kus] ~[Ks] [0] |
ol [ ol -lke] Ka] [0 -[Ks]
ol [ ol -lka] [0l [Kes] -[Kel]
Lol ][] kel [kl (K7l ]

©)

(6)

@)

(8)

)



o]

[KaaJUJve]

[Kasfuaival

~[KaaJulva] - [KaaJushiva]
(K7 fushive]

[Ke7JueHve]

[K.]=

L~ [Ks U sHVs] - [Ker RU liVs ] + [k 7 JU 8}[\/8]_

and then the equations (4) are combined into the

equation
ki +[K,Ke} ={P}
Equivalent with 42 scalar equations.

Isolating the left side of the pair 2, (see F
results that

{Rz} = {525}: [K21]{{Zg}_{dl}}'

/_{H‘ Ry

-~2[€égjg

Fig. 2. The isolation of kinematic 2

and the analogue

_‘:ZI[Kﬂ] _{~2}T[K21] ~9

3 [K31] 0 _{ 3

[K]=| o 0 0

0 0 0

0 0 0
(0000 0
0000 0
[K,=/0 0 0 0 0
0000 0

0000 {JS}T[K78]{U8}_

11)

ig. 2)

(12)
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(R} ={est=I

(R ={es)=Ikulfa)-{a) .
(R} ={Es}= ke ] -}

(R} ={Es}={8) = [ks g} -2}

equations are obtained

[Kzl]{AE} LIZ}T [Kufa}=
} [K31]{A§} {JS}T[Kal]{Al
5} [KM]{AE} 5} [K54]{A4
e} [KM]{AZ} { } [Kefar} =
{ 8} [K87]{A7}+5{ } [Ke U }
where the matrix {Q} [Ql Q,,%5,Q;, Qs] is given

by the relation:

(14)

0.}
o
{
{

0 afal=o
{~3}T [K31]{~S} =Q,
0. kafz)=0 (15)
{~6}T[K64]{~S} Q4
0=0Qs
With the notations
0 0 0 0
0 0 0 0
Uflk.) -0fik] o o | @
Uy K, o fofk] o
0 0 o fIk
o]
Q,
Q3 a7
Q,
Qs ]




the equations (12),(13) are combined in the
matrix equation

(KoK +[K.Heé ={d}

Equivalent with 5 scalar equations.

(18)

The equations (11), (18) can be narrowed with
the notations

|41 )

ke] [k "
in the equation
il
If the force {F} occurs, then:
[K]ﬁjﬂ{@}{f}{;}} @

equivalent with 47 equations with 47 unknowns
from which results {A} and {E} , and the

reactions and efforts are calculated with the
relations (10), (11) in which{a’}=-£&{u,}. The
deviations are then defined in one of the three
reference  systems OX,Y'Z , OX%YzZ ,

0 0 0 l
Gilix
2
0 0 | 0
2E 1,
|2
0 _2EII 0 0
[hl= e
| 0 0
EA
3
0 ' 0 0
3Eiliz
3
0 0 | 0

where, E; ,G; are the elasticity modules
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OX'YZ; and that don't depend of 6,6, and

then in the system OX,Y,Z, and under this
form the relations (5), (15) are used.

2.3 Calculation Algorithm

1. The indexation of bars is done from
12,...14and the lengths are noted with |,
12,..14and I, =1,; 1, =1, ; 1, =1 ;1;=1,;

I, =1

|10 :|12 ’ 11 13 °

2. The inertia moment is calculated:

m? ?
|iy:|iz:6—;1 i =yt A, :T'-
(22)

3. The rigidity matrixes are calculated in the
local reference system:

o 0 0 Ef’ 0 0
o o eiliz o 12|E.‘5liz o | 23
. _6Ti2|iy o o o 12:E3iliy
[ki]: : i
% 0 o 0o o0 0
o Ml o o o _GEl
I I?
0 o 4E|iliz 0 Giliz o
0 0
l; 0
Eiliy
0 |
Eiliz (24)
0 0
2
- li
2Eiliz
12
: 0
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Fig. 3. Indexing bars

. The matrix [Gi];[R] are calculated, with the relations from Table 1 and then the product [GI ][R]

0 -z ¥
[G]{zi 0 —X} (25)

. The position matrixes are calculated:

TROO] L[ RE D
[Ti]{[ei][R] [RJ [l [{aﬂeir [ar}' =

. The matrixes [Hﬁ],[Ki“] are calculated:
[H iD] =[nIh]m]™ [K iD] =[nlk]m]? (@7)
. The matrixes [H;] [Hfs] [H Em], [H fm] are calculated:

Hal= bl el Imal= [l el

il el lis]: bigl=biale bie) (28’
kal=lka] s [kal=lhal™ kal=al®
kzl=lks]: [ka]=[kd] s [kal=[k] "

kal=ls]: (ke l=lgal™ kal=lnas]"

[Ke%] = [H1D213]_1; [K7DB] = [Kﬂ]-
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9. 4g,is calculated with the formulas:

1 T
arctg(—tgb, );0<0, < —
g(CO( g6,) 155

E-el:n
2 2 3
_ 1 Tt 7T (30)
0, =1 m+arctg(—1tgb, ); =<0, < — .
2 g(Cagl)z 155
3, :3T[
2’2

21+ arctg(itgel ); 3—n< 0, <2m
ca 2

10. TAB],[TBC],[TCD] are calculated with the formulas:

[TAB]{[RAB] [o]} ;[TBC]{[RBC] [o]]

O [Ree] o [Rec]
(31
col= -
o [Reo]
Where
1 0 0 coch, +ssé,ca sasd, O
[RAB]: 0 cb -s6|; [RBC]: -c@;sb,sa cd, -—-s6
0 s cG —-s@;s6,sa casf, c6
(32)
ca sasf, sach,
[Reol=| © co, -sb, |
-sa casf, cach,
11. Are calculated:
[KlA],[Klz],[KB] with the formula
[K]= [TAB][K DITAB]_l' (33)
[K24],[K34],[K45],[K46] with formulas type
[K]= [TBC][K D][TBC ™ (34)
[K57],[K57],[K78] with formulas type
[K]= [TCD][K Dch:D]_l- (35)
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12. Are calculated:

F}=M[000,ca0-sa] ; {68}{F} =M.

13. For a given g, and

A=l o] el ok alaF laf |
onoser, (4= 18] ] (2} 0] (Y (' (2] (2]

is calculated with the formulas from Table 2.

l
-
B!
=
—
l
S
—_

14. Are calculated the matrixes {P} = [I31,P2,P3,P4,%,P6,P7]T and {Q} = [Ql,Qz,Q3,Q4,Q5]T with the

reactions (5), (15).

(36)

37

(38)

15. Are calculated the matrixes [Kl],[KZ],[K3],[K4],{P},{Q},[K] with the formulas (9), (10), (16), (17),

(5).(15)).(19).
16. It is solved the matrix equation (20), (21) in case of need.
17. The reaction from A is calculated with the relation
{RA} = _[KlA]{AL}-
and expressed in local coordinates.

18. The reactions are calculated{Rz},{R3},{RS},{R6},{RB} with the relations (12), (13).

19. The reactions are expressed under {R,},{R,}.{R.},{R,}.{R,}in local system coordinates.

20 The graphs 52’53’55’56’68’Rlx’Rly’Rlz’Mlx’Mly’Mlz’ RZX’RZy’RZZ’MZX’MZy’MZZ’
RSx’Rsy’RSZ’M3x’M3y’MSZ’RSx’R5y1R52’M5x’M5y’M52’ Rﬁx’Rﬁy’Rﬁz’Mex’MGy’Mez’

RBX’RSy'Rsz'MSx’MBy’Msz'

are made taking into account 4, .

(39)
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Table 1. The expressions of the position and rotation matrixes [Gi],[Ri]

The The local reference The The position matrix The rotation matrix
element  system coordinates of [Gi] [R]
Ox, Y, z the local
reference
system
Xi’Y’i Zi
1 Xy ==(ly +13) 0o 0 O (1 00
Y,=0 [al=sfo o I+, [R]=|0 1 0
0 —(,+,) 0 00 1
Z,= -
2 X, =-l, [0 0 O] [0 0 -1
Y,=0 [G,]=[0 o 1, [R]=[0 1 0
Z,=0 0 -1, 0] 1 0 0
3 X, =-l, [0 -1, 0] 100
Y,=0 [G]=[1, o 1, [R]=]0 1 0
z,=l, 10 -1, 0] 001
4 X, =-, [0 0 O [0 01
Y,=0 [c]=|0 o 1, R]=|0 1 0
Z,=0 0 -1, © -1 00
5 X, =, [0 1, © 1 0
Y, =0 [G]=[-1, o 1, [R]=]0 1 0
Z.=-, |0 -1, 0 001
6 2 X, =0 [0 0 O] [0 0 -1]
LY Y, =0 [c]=/0 0 0 [R]=|0 1 0
R Z,=0 0 0 0 10 0]
7 P X,=0 [0 0 0] [0 0 1]
P Y, =0 [6]=/0 0 0 [R]=l0 1 0
of 7 z,=0 0 0 0 -1 0 0
8 X, =0 [0 0 O] [0 0 1
Y,=0 [c]=l0 0 0 [R]=]-1 0 o0
Z,=0 0 0 0] |0 -1 0
9 z X, =0 [0 0 O] [0 0 1
o - Y,=0 [c]=/0 0 0 [R]=]1 0 0
. x Z,=0 0 0 0 010
10 2 n w X, =0 0 0 1 100
c Y, =, [G,J=| 0 0 0 [RJ=]0 1 0
. . Z,=0 -, 0 0 001

10
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The The local reference The The position matrix The rotation matrix
element  system coordinates of [Gi] [R]
ox, Y z the local
reference
system
XY, Z;
11 X, =1, 0 0 0] 0 0 -1
Y, =0 [c]=l0 0 -1, [R]=|1 0 o
le:0 0l, 0] 0 -1 0
12 X, =0 0 0 -1,] 100
Yu:_ls [G“]: 000 [RJ.Z]: 010
z,=0 b 0 0] 001
13 X, =1, [0 0 0] 0 0 1
Y, =0 [GE]:O 0 -, [R13]= -1 0 O
Z.=0 0 1, O] 0 -10
14 )(14:|10 [0 0 © 1 00
Yl4:O [Gl4]: 00 _Im [R14]: 010
Z,=0 01, O] 001

Table 2. The expressions of the geometrical deviations

{ZA} the displacement of the bearing from {A }_ [ | I I | | | ]T
A and the displacement of crosses tail 1 Al BAX’HAV’BAZ’J Ony: Oz

Xy==(y+13) ;¥,=0;Z2,=0

“ o o 0

2
il v+

“ [GA]:O 0 ly+13 ;[RA]:[I]
_’,‘J,g./y‘_ gé« ~(,+ly) O

= L S

7S . -
the bracket displacement 1 at the joint 2
{AZ} 'SP 1o { } [HZSX’HZW’HZSZ’JIZS(’ 2w1 Zsz]T

[G2s] [1]

z Xas=0:Y=0;Z5 =g
A 0 -lg 0
oy lecd={1s 0 ol [Ry]=[1]
S 9 X 0 0 0
4 (&= { | }[AZS], =M}

{Azd } = [szx' gzdy ) ezdz ) 52dx ) 5|2dy ) 5|2dz]T

Xoq =03Y5q =025 =l
0 -lg O 00 -1
[sz]= ls 0 O ;[de]: 010
0O 0 O 10 O

11
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{ZA} the displacement of the bearing from
A and the displacement of crosses tail 1

{AA} =

[e;x,egy,egz,agx,agy,akzr

a}= hem][aml Rl

S }[Am] - Irockae)

{Z@} the cross displacement 1 at the joint 3

)=

[‘939< ) ‘939/ ' ‘9352 ) 5é9( ) 5:|’>9/ ) 5352]T

X3s =

[GSS] =

{2} =

0;Y3=0;23="1y
0 I, 0]
-l; 0 0 [Ry]=[]
0 0 0

[Lgs] ; {Zss}: [TAB]{ABS}

[[l] [ol]
[Gss] [1]]

{ d}=

eilidx ' eilidy ’ eil’,dz ’ Jigdx ' 5:|3dy ' 5:|3dz]T

X3g=0;Y3q =0 ;23 ="

5 Yo 0o I, 0 0 01
045 X [GSd]: =l 0 0f; [de]: 010
G/L |0 0 0 -1 00
[ -l | o -k
[Gaa]Ra] [Raa]
{43} the cross displacement at the joint 5 {ASs}: [Hésveésyigész’a—éswaésy’ ]T
7% XSS:0 ;YSS:|9 ’ZSS_O
, v YO [0 0 I 0 01
N (Gl=| 0 0 o] ¢ [RJ=[1 0 0
6/ -lg 00 010
. [ [R] o]
o o) ] -l
{Asd}: Hde’65dy165dz’5édx15édy’5édz]T
Xsg =0 ;YVsq=lg ;259 =0
[0 0 I
[Gsd]— 0 00 ;[de]z[l]
|-lg 0 O
1] [o]
a1+ ) ] G-l

{ZE} the cross displacement at the joint 6

S - ' ’ ! ! lsy’ 6sz
{ }_[HGSX 5653' 965z 5(|SS>< s ) ]T

12
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{ZA} the displacement of the bearing from
A and the displacement of crosses tail 1

{AA}=[9LX,9gy,9LZ,5' )

]

Zh =0 ;Yes=-lg ;26 =0
, Yo 0 0 -lg 0 0 1
5
L ul=[0 0 o | R o o
lg O o 0 -10

6

= [Re.]

- {4 = { }4;5 Aad = rackad)

v ’ [GGS][RGS] [RGS [ ] %

{Aed} = [gedx ) gedyv gedz ) 5(|3dxv a—Gdy ) 56dz]T

Xeq =0 ;Yeq =-lg ;£ 64 =0

[Ges]=l0 0 O

) Leledl ﬂ["“]

0 0 -l
 [Real=11]

lg 0 O

}=[Teo Hoa)

{ABS} = [9890985/ ’ 685275890 8sy ! a-é!’;sz]T

6 /)

=

gs =lotly 1 Yes=0 ;2 =0

0 0 0
0 —(othd|: [Rs]z[l]
lg (1otd) 0

{“8 Le;l 1]

[O]}[AB AR

3. RESULTS AND DISCUSSION

It is considered the 4r symmetrical spherical
guadrilateral mechanism from Fig. 3. Elements of
the mechanism, have been indexed with the
numbers i =1,2,...14 and are considered to have

the lengths |; , the diameter d; , the elasticity
modules E;,G; , the sections A and the main
central inertial moments I;,I lix = liy +1

i =1,2,...14 that has a technological (geometrical)
deviation at the cardan cross.A shaft of

iz » lix iz

cardan cross is longer with 0,0001 m
than the nominal length. So I, =1 =005m ;
d, =d=002m ;i=12,..14 ; E=2100"N/n? ;
G=8100"°N/n? : 3,, =0,000Im
(see Fig. 4).

This deviation is defined in the local reference
system and is expressed in the plukerian

coordinate under {Az =[O, 0, 0,0.0001 O, O]T .

13

To solve this problem may use any conventional
method of calculation numerical [11,12].0n the
basis of a calculation program realized in Excel
with the algorithm presented in this paper, where
obtained, in the case where a=0" , for the
reactions from the kinematic pair 2 and 3,

RgX’R(Z)Y'RgZ’Fé)X’I%Y’F%PZ the

diagrams from Fig. 5.

For the reactions Rgx,ng,Rgz,@x,ng,@z ,

from the own reference system, the results are in
the diagrams from Fig. 6.

results from

It is found as expected that in the local reference
systems the reactions forces are constant and
this is due to the invariable positioning towards
these systems. For the reaction from the joints 5
and 6, in general reference systems, are
obtained the values presented in Fig. 7.



Fig. 4. Technical deviation at joints 2 in local
reference system
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and in own reference systems values presented
in Fig. 8.

Analogue, for the reactions from the other joints,
in the own reference systems, are obtained
constant values. For a#0° in the own
reference system, the components

Rox: Rov oz R R R+ R R R R R Rz

aren't constant and have a variation depending
on the angle & . The resuts will be presented in

next paper.

In Fig. 9 are presented the results obtained for
reaction forces from kinematic pairs 2,3,5 and 6

of cardan cross in the case where a =0°.
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Fig. 5. The variation of reaction forces in joints

2 and 3 for a=0° in general reference system
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Fig. 6. The variation of reaction forces in joints 2 and 3 for a=0° in local reference system
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Fig. 9. The reaction forces in joints cardan
cross for a=0° in local reference system

4. CONCLUSION

The elastic calculation and the relative
displacements method makes possible the
determination of the reactions from the kinematic

pairs of the 4R spherical quadrilateral
mechanism, that is  multiple statically
indeterminate.Following the numerical

simulations made with the program realized
using the mathematical model from the present
paper, the following conclusions can be taken.

1. For a=0% in the general reference system
OX,YoZ, the reaction forces vary with the

angle ,, and in the local reference system

they remain constant, depending only on
the mechanical and geometrical
characteristics of the element.

For o#0°% both in local and general
reference systems, the reactions and
moments vary with the angle &, as will

show in next paper.
The reaction forces are acting on the

15

8. The variation of reaction forces in joints 5 and 6 for a=0° in local reference system

direction of displacements and are
increasing as the displacements increase.
It is found as expected that the resultant
forces from mechanism is zero when the
mechanism is not requested of external
forces as shown in Fig. 9.

The results of this paper can be considered a
point of departure in the journey of designing
policardan transmissions for:

Determining the influence of different
technical deviations that appear inevitably
during the fabrication, over the efforts from
those elements,

Optimizing the production tolerances and
creating a montage for making production
cheaper,

Creating norms and standards regarding
the production and montage tolerances of
the component elements.
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