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Rezumat. Pe baza cordfdlor modulare prezentate in Abstract. Based on modular correlations presented in
prima parte a ludrii [5] si a algoritmului propus Tn cea the first part [5] and the algorithm shown in thezsnd
de-a doua [6], Tn acedskucrare se propune un algoriim part [6], in this paper it is proposed an algoritfon
pentru modelarea t®lor si momentelor din transmisile modeling of forces and torques of n-cardan
policardanice Tn premisa @rborii cardanici intemmediari  transmissions, considering that the secondary slaadt
sunt elastici; acest algoritm se bazeaz asamblarea elastic; this algorithm relies on the assemblage of
modelelor analitice (de tip modular) stabilite aimtesi analytical models (of modular type), established
este exemplificat pe o transmisie bicardanieprezen-  previously, and is exemplified on a representaive
tativa. Pentru a evideia Tn mod distinct infuga  cardan transmission. To point out distinctively the
elasticittii arborelui cardanic intermediar se neglifeaz influence of the secondary shat elasticity, im@érti
momentan efectele in@le. Influena elasticiitii effects are neglected. The influence of secondaats
arborilor intermediari Tn prezem momentelor mecanice elasticity in presence of mechanic moments of imert
de inetie va fi prezentatintr-o lucrare ulterioar will be presented in a following paper.
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1. Introduction

In the first part of the paper, an initial base of
modular correlations regarding the forces in the
typical modules of the cardan transmissions was
elaborated [4, 5]; the assemblage of these caomsat

1. Introducere

In prima parte a lugrii s-a elaborat o
biblioteca de corelasii modulare, referitoare la
fortele din modulele tipice ale transmisiilor
cardanice [4, 5]; prin asamblarea acestor corela
devine posibd algoritmizarea si  implicit makes it possibe to define an algorithm and tglgyn
simplificarea modekii fortelor si momentelor din  the compuational modeling of forces and torques in
transmisiile policardanice. In partea a doua :n-cardan transmissions. In the second part of the
lucrarii  s-au modelat dinamic transmisiile paper, the n-cardan transmissions were dynamically
policardanice, cu exemplificare pe o transmisiesimulated, giving as example a 2-cardan transmissio
bicardanid [1, 2, 6], in premisa elementelor rigide. [1, 2,6] and considering the elements rigid.

In continuare se propune un algoritm genera Further on, a general algorithm for modeling
de stabilire a faelor si momentelor din transmisiile the forces and torques of statically determined 2-
bicardanice clasice, determinate static, in premidsa cardan transmissions is proposed, considering the

arborele intermediar este elastic. Pentru evielera
distince a influenei elasticiiti  arborelui
intermediar,

secondary shaft elastic. To point out distinctitbly
influence of the secondary shaft elasticity , ie th

la inceput sunt neglijate efectelebeginning the inertial effects are neglected. The

inertiale. Aplicarea algoritmului generalizat propus aplication of the proposed generalized algorithm is

este exemplificat pe transmisia bicardanidin
figura 1.

2. Notétii si premise

Notaiile si premisele uilizate n ludrile
anterioare [5, 6]aman valabile in continuare. La
aceste premise se mai adaugmatoarele doér

shown, as example, on the 2-cardan transmission
from figure 1.

2. Notations and conditions

The notations and condtions used in the previous
papers [5, 6] are valid. To these conditions the
following two are added: the secondary shaft is
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Fig. 1. Variani de transmisie bicardariicleterminai static, cu arbore intermediar elastic
Fig. 1. Version of a statically determined 2-carttamsmission, with elastic secondary shat

arborele intermediar este considerat elastic elastic and the mechanic moment of inertia is
momentul mecanic de in® este neglijat. neglected. The elasticity of secondary shafts is
Elasticitatea arborilor intermediari este dedcpsn  described by means of the rigidity facr= Tu/&;;
coeficientul de rigiditate; = Tj1/£; [N-m/ad], in care [N-m/rad], whereT; is the torque of the foril,
Tj1 reprezink momentul de torsiune aferent fugdi and §&; represents the angle of shearing
iar &; desemnediz deformaa unghiulad torsionaf, = deformation, meaning the difference between the
adic difererta unghiulai dintre unghiurile de rot@  rotation angles of the secondary shifibrks:
ale furcilor arborelui intermedigr.

&ij=0i2 =01 (1)

Pentru arborii intermediari, realigzadin The rigidity factor and the mechanic moment

teavd de gel, coeficientul de rigiditatge momentul  of inertia of the steel pipe secondary shafts are
mecanic de inee au expresia cunosaut[7]: known [7]: ¢ = [&:G-(D* — d9]/324;; [N-m/rad],
c = [n-G-(D* — d")]/321;; [N-mikad], in caré; [mnm]  wherel; [mm] isthe length of the secondary cardan
reprezink lungimea arborelui cardanic intermediar; shaft;G = 81000 [N/mn] is the shearing modulus
G = 81000 [N/mrd] reprezinh modulul de of seel; D, d [mm] is the outer diameter,
elasticitate transversalpentru aeel; D, d [mm]  respectively the inner diameter of the secondary
reprezint diametrul exteriosi respectiv diametrul cardan shaft.
interior ale arborelui cardanic intermediar.

3. Adaptarea corelaiilor cinematice la 3. Adaptation of the kinematic correlations
premiza arborilor elastici to the condition of elastic shafts
Spre deosebire de modelarea cineniaidc Unlike the kinematic modeling of n-cardan

transmisiilor policardanice cu elemente rigide, ir transmissions with rigid elements, in the modeling
modelarea transmisiilor cu arbori intermediariof transmissions with elastic secondary shafts the
elastici, egalitile ¢> = ¢ se transforrm n  equalitiespi = ¢j1 are changing into equalities of
egalitati de tipul g1 = @iz — &;j; celelalte corelgi type ¢j1 = ¢i2 — &;j; the other correlations are the
riman nemodificate. Pentru exemplificare, insame. As an example, further on the kinematic
continuare se prezilt corelaile cinematice correlations in  modeling of a 3-cardan
necesare in modelarea unei transmisii tricardanic transmission with elastic secondary shafts are
cu arbori intermediari elastici: presented:

0
t N
09:=0, ¢% :afCtécos'; J 09, =Bij + ¢ —vij 90 (2)

. 0
¢i2:af0t%ﬂq$ﬂ)]—¢iozi bj1=0i2—&j; (3)

, sin aj; [£0g0i1 + ¢
tg6i; =tgaq; E‘Bln(¢i1+¢91), tg0io = 2|1 bi1+0n =. (4)
1-sin?a; oL (pi + 93
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Tindnd seama & varigia momentelor de Considering that the variation of the torques
torsiune, ale unui arbore intermediar, este uzucof a secondary shaft is usually reduced in relation
redug in raport cu valoarea sa medie, se poatto its average value, the cancellatigr constant
admite simplificarea§ = constant; ca urmare, can be admitted; as a consequence, the angular
vitezele si accelergile unghiulare pot fi speeds and acceleration can be determined by
determinate cu expresiile: means of the expressions:

_ i A . 1 -

N2 = TR st r90) | cosa RTOR ®

_A B oy qutﬁl A, )Et|n2(¢,1+¢,1)
1+ (A2 -1Jrzin2(p;; + ¢ )

€ = =&y. (6)

4. Adaptarea algoritmului general la 4. Adaptation of the general algorithm to
premisa arborilor intermediar elastici the condition of elastic secondary shafts

Tn premisele arborilor intermediari elastici, o Considering the elastic secondary shafts, part
parte din reldile algoritmului, propus in lucrarea of the relations of the algorithm proposed in the
precedert [6] raman neschimbate; se modific previous paper [6] remain the same; only the
numai relaiile Tn care intervine influeta rigiditatii relations the influence of rigiditg interferes with
c. Astfel, momentul de torsiune pe un arboreare changed. The torque on an elastic considered
cardanic, considerat elastic, devine: cardan shaft becomes:

Tj1=8i; 16 (7)

Pentru exemplificare, in figura 2 se preint As an example, in figure 2 there is presented
sintetic, sub forrd de organigram, n variani  a flow chart, in modular version, of the algorithm
modula, algoritmul pentru transmisiile bicardanice for 2-cardan transmissions as those shown in
de tipul celor din figura 1. figure 1.

Algoritmul generalizat propus #tla baza The proposed generalized algorithm is the
unui program de calcul, elaborat in mediul Exsel, basis of a computational program, elaborated by
a fost rulat pentru un set reprezentativ de dat means of the soft Excel, run for a representative
numerice; aceste date sunt precizate deasupinput data set; these data are specified above the
figurilor. Ca exemplu de simulare numericin  figures. As an example of numerical simulation,
continuare sunt prezentate céteva diagrame pentfurther on some diagrams for angular differences,
varigtiile unor diferene unghiulare, vitezesi angular speeds and accelerations and representative
accelerdi unghiulare precunsi a unor momente torques are presented.
de torsiune reprezentative.

5. Simuldr numerice si concluzii 5. Numerical simulations and conclusions

In urma simuirilor bazate pe organigrama After the simulations based on the flow chart
din figura 2, in continuare sunt ilustrate diagréene from figure 2, further on the diagrams of angular
unor diferene unghiulare (fig. 3,a), viteze differences (figure 3,a), angular speeds (figut®,3,
unghiulare (fig. 3,b), acceleinunghiulare (fig. angular accelerations (figure 3,c) and torques
3,¢)si a unor momente de torsiune (fig. 3,d) din (figure 3,d) of the previously analyzed 2-cardan
transmisia  bicardanic analizai  anterior. transmission are presented. The considered
Parametrii de stare considérasunt precizd  parameters are specified above each figure.
deasupra fietrei figuri.

In condiiile exemplului numeric considerat, Under the circumstances of the given
se obser¥ ci elagticitatea arborelui intermediar numerical example, one can observe that the
influenteaz Tn principal cinematica transmisigi  secondary shaft elasticity mainly influences the
are o influetd redud asupra momentelor de transmission kinematic and has a reduced influence
torsiune (v. fig. 3si 4). In consecim, concluzile on the torques (see figures 3 and 4). Thus, the
prezentate n lucrarea anteridareferitoare la conclusions regarding torques, presented in the
momente, ¥man practic valabilgi in acest caz. previous paper, are valid also inthis case.
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MOWMENTELE g1 FORTELE TORQUES &MD FORCES
transnisiel cu 2 cuplaje cardardce ([5] #ifig.1). of the transrission with 2 cardan joints ([5] and figare 13,
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Fig. 2. Organigrama algoritmului de modelare modula  Fig. 2. Flow chart of the modular modeling algamith
al unei transmisii bicardanice, Tn premigaatborele of a 2-cardan transmission, considering the secgnda
intermediar este elastic shatt elastic
In schimb, elasticitatea arborelui intermediar The elasticity of the secondary shaft induces
induce o abatere de la homocinetism, care in amum a homokinetic deviation, witch can become
cazuripoate deveni semnificati. fig. 3,b). significant in some cases (see figure 3,b).
Cregerea abaterii de la homocinetism este The increasing of the homokinetical

insaita de generarea unor momente de fieer deviations is accompanied by generation of the
torsionale care influeeaz negativ fungionarea inertial torques which influence negatively
transmisiei. Ca urmare, se impune o0 corelar transmission acting. In consequence, a judicious
judicioad intre momentele de TAcares elastictatea correlation becomes necessary between the load
arborilor cardanici. torgue and cardan shafts’ elasticity.
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Fig. 3. Variaiile unor: a. deformaii unghiulare,b. viteze unghiulare,
c. accelergi unghiularesi d. momente de torsiuri@ premisa arborelui intermediar elastic
Fig. 3. Diagrams ofa. angles of shearing deformatidm, angular speeds,
c. angular accelerations adtorques, considering the secondary shat elastic
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Fig. 4. Variaiile unor: a. deformaii unghiulare,b. viteze unghiulare,
c. accelergi unghiularesi d. momente de torsiune in premisa arborelui internnettjal
Fig. 4. Diagrams ofa. angles of shearing deformatidm, angular speeds,
c. angular accelerations addtorques, considering the secondary shat rigid
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In fig. 3,a este reprezenfiatariaia deformgei In the figure 3,a the variation of the
unghiulare a arborelui intermediarp{ — @19, intermediate shaft angular deformatioq(— ¢1)
suprapus cu deplasarea unghialartotak is represented; the total angular deformation
(@22 — @11); deformdia unghiulad totak reprezing represents the summation of the effects due to
insumarea efectelor datorate heterocinetismull heterokinematics generated by the elastic shaft
cauzat de deforntéle elastice ale arborilor. deformations. According to figure 3,a, the
Conform fig. 3,a, varitile diferentelor unghiulare, variations of angular differences, which describe
care descriu deforntidle torsionale ale arborelui the torsional deflections of the secondary shaft
intermediar (»1 — @12), sunt reduse, In raport cu (@21 — @12, are low in relation to their medium; the
varigtile lor medii; se justifid astfel premisa conditiong; = constant is justified.
simplificatoares = constant.

Un studiu detaliat al influgalor datorate A detailed study regarding the influence of
eladticitatior arborilor intermediari, cumulate cu secondary shafts elasticity's, added to their iakrnt
efectele indiale ale acestora, va fi prezentat intr-o effects, will be presented in a following paper.
lucrare ulterioat.
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