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Rezumat. Lucrarea are ca obiectiv principal analiza Abstract. The main objective of the paper is the analysis
infuentelor unor parametri reprezentativi asupra of some representative parameters on the kineraatic
comportirii  cinematice si  dinamice a transmisiilor dynamic behaviour of n—cardan transmissions; with t
policardanice; pentru aceasta s-a realizat un progin ~ purpose a program, using the soft Excel, was ekhbdr
mediul Excel, care permite identificarea efectelor The obtained results are useful in the design e$dh
urmarite pe baza simadtilor numerice. Rezultatele transmissions.

obtinute sunt utile Tn proiectarea acestor transmisii.
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1. Introducere 1. Introduction
Conform obiectivului formulat, in lucrare se According to the formulated objective, in the

modeleaz, prin simulare asistaf influenta  paper, the influence of the mechanical moments of
momentelor mecanice de inier ale arborilorsi a  inertia of the shafts and that of the elasticitéthe

elasticititilor ~ arborilor  intermediari, asupra secondary shafts on the kinematic and dynamic
comportrii cinematicesi dinamice a uneitransmisii behaviour of a 2-cardan transmission, are modeled
bicardanice, Tn congi uzuale de exploatare through computer-aided simulation, for usual plant

(prevazute in prospectele de fimi6]). condiions (provided in firm leaflets [6]).

In simukrile efectuate, rigiditateasi(implicit In the performed simulations, the rigidity (and,
elasticitatea) arborilor intermediari este dedgcris implicitly, the elasticity) of the secondary shaits
prin coeficientul de rigiditate: described by the rigidity factor c:

* C=oo, In premizaarborilor intermediari rigizi; ¢ ¢ =00, consideringthe secondary shafts rigid;
e € = 952689 [N-m/rad], in premiza arborilor « ¢ = 9526,896 [N:m/rad], considering the
intermediari elastici. secondary shafts elastic.

Pe baza modelelor teoretice stabilite in ¢b] Basing on the theoretical models established in

[6], s-a elaborat un program, in mediul Excel.[5] and [6], a computational program, using the sof
Diagramele ofinute in urma simatilor numerice  Excel, was elaborated. The ohktained diagrams after
permit decelarea de concluzii utile pentru cereetarthe numerical simulations allow formulating

si proiectare. conclusions of use in research and design.

=

Figura 1. Transmisibicardani@ determinad static, cu arbore intermediar elastic
Figure 1. Statically determined 2-cardan transroigswith elastic secondary shaft

2. Premise, algornitmsi program de analiza 2. Assumptions, algorithm and analysis program
In modelarea transmisiei cardanice (izoldin In the modeling of a cardan transmission
masina) se consider ca: (isolated from the machine), it is considered that:
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Influente dinamice in transmisiile cardanice

* Fonele exterioare ale transmisiei constau intr-une® The external forces of the transmission consist of
moment motor (de intrareM; si un moment a (input) drive momeni; and a (output) moment

rezistent (de igre) M,; of inertiaM,;
® Pierderile prin frecare, datorategaiirilor relative @ The losses due to friction, caused by the relative
de rotaie din cuple sunt considerate neglijabile; rotating motions in couplings, are considered
neglectable;

® Se neglijeaz momentelesi fortele de inetie ale e The inertial torques and forces of the crossheads
crucilor cardanice, in raport cu cele ale arborilor in relation to those of the cardan shafts are

cardanici; neglected;
® Transmisia este static determifiat ® The transmission is statically determined;
® Se considarindependent momentul deire M,; * The output moment Ms considered independent;

® Se neglijeaz deformaiile elastice ale arborilor e The elastic deformations ofthe extreme shafts and
extremali si crucilor cardanice; n lucrare se crossheads are neglected; the paper presents only

studiaz numai influena elasticiiti arborelui the influence of the secondary shaft elasticity
cardanic intermediar, deoarece acesta are o0 because this has a pointedly smaller rigidity than
rigiditate net mai mica fata de cetlahrbori. the other shatfts.
Tindndu-se seama de aceste premise s-a Considering these conditions, the following
conceput urritorul algoritm de modelare: modeling algorithm was elaborated:
1. Se determinumericsi se traseazgrafic: 1. Numerical determination and layou of:
¢ varigia diferentelor unghiulare ¢ the variation of angular differences
b~y =& =& (¢11)i b~y =& =& (¢11)
¢ varigia vitezelorsi a accelergilor unghiulare ¢ the variation of angular speeds and accelerations
w; =(*1j( 1) respectivej; = gj; (611); wW; = %‘( 1) respectively; :Eij( 1);
¢ varigia momentelor de torsiune intermediare e the variation of intermediate torques
Ti2 = T1oM2.011), T =To1(M 5.014): Tio =Ti2(M3, 011), To1 =T (M 5,011);
¢ varigia momentul de torsiune de la intrare ¢ the variation of the inputtorque
M1:M1(M2’¢11)- M1:M1(M2v¢11)

2. Determinareai trasarea diagramelor s-au realizat2. The determination and diagrams layout were
cu ajutorul parametrilor de stare prezeintleasupra realized by means of the condition parameters
figurilor, in cele doa situaii: cu arbori rigizi  presented above the figures, for both of the casts:
(figura 2), respectiv elastici (figura 3). rigid shatfts (figure 2) and with elastic shaftgi(fie 3).

Pe baza acestui algoritm s-a elaborat un program  Basing on this algorithm, a computational
in Excel, cu ajutorul &ruia s-au efectuat sintui program, by means of the soft Excel, was
numerice conform ur#torului program de testare: elaborated, for numerical simulations according to

the following testing program:
e Arbore intermediar rigigi momente mecanice de ® Rigid secondary shaft and zero mechanical
inertie nule (fig. 2,a,..., €); moments of inertia (figures 2, a,..., €);
® Arbore intermediar rigigi momente mecanice de ® Rigid secondary shaft and mechanical moments
inertie (fig. 2,3, ...,.8) conform cataloagelor de of inertia (figures 2, @..., ), according to the

specialtate [6]; professional catalogues [6];
® Arbore intermediar elastig momente mecanice e Elastic secondary shaft and zero mechanical
de inetie nule (fig. 3,a,..., €); moments of inertia (figures 3, a,..., €);

® Arbore intermediar elasti¢ moment mecanice de e Elastic secondary shaft and mechanical moments
inertie (fig. 3, a, ..., @) conform cataloagelor de of inertia (figures 3, @ ..., @), according to the
specialitate [6]. professional catalogues [6].

3. Simulari numerice si analiza comparativa 3. Numerical simulations and comparative analys

Tn urma rufirii proggamului elaborat Tn mediul After running the program elaborated by means
Excel, cu datele anterior precizate, s-airab o  of the soft Excel, with the previously specifiedala
bogat familie de diagrame; in figurile 8 3 s-au a large set of diagrams was obtained; the most
ilustrat succint cele mai semnificative dintre deas  representative are presented in figures 2 and 3.

Pe baza figurilor i 3 se analizeazinfluenta Basing on figures 2 and 3, the influence of the
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elasticiatii arborelui cardanic intermediar asupra secondary cardan shaft’s elasticity on the kinemati

comportrii cinematice si dinamice a transmisiei
(arborii extremali find de obicei mai sair se
consides rigizi).

Din analiza comparativ a diagramelor din
figurile 2i 3 reiese &
e Diferena g,, — ¢, si abatereap,, — ¢, sunt nule

(fig. 2a), dad arborele cardanic intermediar este
rigid; in acead situgie transmisia este evident

homocinetié (vezifig. 2b, c);

¢ Din figura 3a reieseéicdifererta unghiulad, care
reprezini deformaia elasti@ a arborelui
intermediar, induce o abatere,, 011
asenanitoare diferepei ¢, — ¢, dar cu o
amplitudine mai mare. In aceste cdiidi
transmisia devinevashomocinetici cu o abatere
maximi 0,, — ¢ < 0,2; evident aceast
abatere scade cu aslerea momentului de
hcircareM.,.

Asadar, in cazurile uzuale, influgnelasticitii
arborelui intermediar poate fi practic neghjatin
cazurile speciale (cu arbori lungimomente mari de
incircare) se impune compensarea abaterii de
homocinetism prin proiectareatransmisiei astidhc
stare deformat (incrcaf) abaterea de la
homocinetism &devin nuld sau neglijabi.

* Momentele arborelui intermediar,, T,; au o
variaie cosinusoidal a cérei amplitudine descrie
incircarea dinamica arborelui intermediag nu
este influeati nici de elasticitatea arborelui
cardanic intermediarsi nici de momentele
mecanice de inge;

® | a scara de reprezentare uiligatn figurile 2d,
d; si 3d, d momentele arborelui de intrage
iesire sunt aproape identice; aceasta arct
incarcarea dinamit, datorai momentelor
mecanice de inge ale arborilor, este practic
nesemnificatid; pentru a se scoate tetuin
eviderta ordinul de narime al in@rcarii dinamice,
cauzai de momentele mecanice de fterale
arborilor, in figurile 2e, &si 3e, ¢ s-au ilustrat, la
scali marita, varigile momentului de intrare, n
premisa @ momentul rezistentaméne constant
M, = 150 N-m. Conform diagramelor titute,
momentulM, = —T,, are o varigie sinusoidal in
condiii dinamice (figurile 2dsi 3d,) si este egal
cu momentul de la intrare n cordistatice
(figurile 2dsi 3d).

Momentul arborelui de
identic cu momentul arborelui de i (v. figurile
2d, d si 3d, d); aceasta araica incircarea dinamit
datorati elasticiiti si momentelor mecanice de
inertie, este practic nesemnificaiiv

intrare este practic

and dynamic behaviour of the transmission is

analyzed (because usually the extreme shafts are

shorter, they are considered rigid).
The outcomes of the comparative analysis from
figures 2 and 3 are:

e The differenceg,; — ¢, and the deviation
¢, — ¢, are zero (figure 2a), if the secondary
cardan shaft isrigid; in this case, the transroissi
is obviously homokinetic (see figures 2b, ¢);

e From figure 3a it derives that the angular

difference, representing the elastic deformation of

the secondary shaft, induces a deviatipp - ¢,;,
similar to the difference,; - ¢,,, but with a greater

amplitude. Under these circumstances, the
transmission becomes quasi-homokinetic, with a
maximum deviation O0¢p — O1:0m < 0.2

obviously, this deviation becomes lower with the
decrease of the loading moméng

Thus, for usual conditions, the influence of the
secondary shaft's elasticity can be practically
neglected; in special cases (with long shafts and
lgreat loading moments), the adjustment of the

homokinetic deviation is assessed, so that, in a

deformed (loaded) state,the homokinetic deviations

should become zero or negligible.

® The torques of the secondary shafi T, have a
cosine variation, whose amplitude describes the
dynamic loading of the secondary shaft and is
not influenced by the elasticity of the secondary
cardan shaft, nor by the mechanical moments of
inertia;

e At the used scale, the torques of the inpu and
output shaft are in figures 2d, é&nd 3d, d
almost equal; this shows that the dynamic
loading caused by the mechanical moments of
inertia of the shafts is practically insignificatd,
point out the size grade of the dynamic loading,
caused by the mechanical moments of inertia of
the shafts, in figures 2e,, eand 3e, g the
variations of the input moment, considering a
constant moment of resistandé = 150 N-m,
were represented at a larger scale. According to
the obtained diagrams, the torqde = — T, has
a sinusoidal variation under dynamic conditions
(figures 2d and 3d) and is equal to the input
moment under static conditions (figures 2d and
3d).

T)he input shaft’s torque is practically equal to
the output shaft’storque (see figures 2danld 3d,

dy); this shows that the dynamic loading caused by

elasticity and mechanical moments of inertia is

practically insignificant.

RECENT, Vol. 8, no. 2 (20), July, 2007

159



Influente dinamice in transmisiile cardanice

0y =0, = 2799, ¢2,=0°v,,=0° By,=180°,wy; =1 [rad/s],e;, =0 [rad/s?], M, = 150[N [in]

¢, =00 [Nn/rad],J; = J;, = I3 =0[kgin?] ¢, =o[NIn/rad],J; = J;, = J5 = 341010 “kglin?]
a &
b d;
Cc Cy
d d;
e €

Figura 2 Diagramele vatidor cinematicesi dinamice, cu arbore intermediar rigid
Figure 2. Diagrams of kinematic and dynamic vauiasi, with rigid secondary shat
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a; =0, =2799, ¢, =, vy, =, By, =180, 0y, =1[rad/s]g,; = O[rad/$], M, =15(Nin]
¢, =952689599NM/rad],J; = J;, = J; =0[kgln?] G, =952689 [N [n/rad], J, = J;, = J; = 341010*[kg [n?

a &
b by
c C1
d d;
e €

Figura 3 Diagramele vatidor cinematicesi dinamice, cu arbore intermediar elastic
Figure 3. Diagrams of kinematic and dynamic vamiai, with elastic secondary shat
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4. Concluzii 4. Conclusions
Tn final pot fi formulate urmitoarele concluzi: Finally, the following conclusions can be
1. Desi teoretic Tnd@rcarea dinamig a transmisiei formulated:

creste cu momentul mecanic de inier, acest 1. Although the dynamic loading theoretically raise

efect poate fi neglijat in contdi uzuale de
exploatare.

with the mechanical moment of inertia, this effect
can be neglected under usual plant conditions;

2. Elasticitatea arborelui intermediar inflteaz 2. The secondary shaft’'s elasticity influences the

3.

Efectele momentelor de inier si ale elasticitii

abaterea de la homocinetism a transmisiei
astfel: a) 1n cazurile wuzuale, transmisia
bicardani@ devine cvashomocinetica si deci
abaterea de la homocinetism poate fi practic
neglijata; b) in cazurile speciale, cu arbori lungi
si momente mecanice de inier mari, se impune
compensarea abaterii de la homocinetism prin
proiectarea transmisiei astfel ca in stare defatmat
(Tncircati) abaterea de la homocinetisma s
devinda nulda, sau neglijabi. Din analiza
comparatid a diagramelor prezentate, reiese c
in condiii uzuale, influena elasticifitii arborelui
intermediar asupra momentelor de torsiune poate
fi practic neglijah;

3.
arborelui intermediar, asupra abateri de la
homocinetismsi a momentelor de torsiune, pot fi
neglijate in condii uzuale de utilizare; in contdi
speciale, in care momentele mecanice detiger
sunt foarte mari sau arborii cardanici sunt foarte
zveli, neglijarea acestor efecte nu mai poate fi
admis.
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homokinetic deviation of the transmission as
following: a) in usual cases, the 2/cardan

transmission becomes quasi-homokinetic and,
thus, the homokinetic deviation can be

practically neglected; b) in special cases, with

long shafts and great mechanical moments of
inertia, the adjustment of the homokinetic

deviation is assessed, so that, in a deformed
(loaded) state, the homokinetic deviation should
become zero or negligible. From the comparative
analysis of the presented diagrams it results that,
under usual conditions, the influence of the

secondary shaft’s elasticity on the torques can be
practically neglected.

The effects of the moments of inertia and
secondary shaft’'s elasticity on the homokinetic
deviation and torques can be neglected under
usual plant condiions; under special conditions,
when the mechanical moments of inertia are high
or the cardan shafts are very slim, the omission
of these effects cannot be admitted anymore.
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