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l .  IN'IRODIJ( l  tON

Planetrry geuh,r ei ! ilh il'ek co.lpact design are largely
rcpresented irr ol)craling synenrs of rnobile Drachinery.
Oleftli.g coDdrllors lbr trinsmissions nr molile
rtu.hi'rery vart 1\itlLln r $lde r0nge. Res€arch of thc
gcarbox dynon,i(:r jn tlris ca\c is of great impofiancc.
Eximin ing the d)nrn ics ofp lanelary gearboxes leads to
conclusiolc th,Ll iould greally assjsi the develophent ol
plalretary red,(xrs with reSard lor in]rrovnig d,eir
conip.ct dcslrn. ircfeasing reliability, infeasing the
lifer Dre of thi ndic. rcducing vibration and reducing
nolse in worlnig (onditions. elc.
Duc to the a,(nrientioneii rosons. a loi ol research is
donc nr $e llrl(l of se..box dymmics. Analysh of the
dyramic beh rvior of planeta.y rcduccrs is posible with
vafious (r'rt)urJ sollware. *hich periorn sirnuLatioDs

I  l l  1 l  . , ' 1 p l r c ,  ' ,  u " , i l n , u u l J  b e  \ e r i f i c . l  b )
cxpc ncDril methods I4l, [5]. An even gre.ter inpact or
phretary,liile resea.ch is givetr by thc possibility of
pcrfonniD! t)h)s;cc1 experimenis to verify tl,e conrtut€r
sjmulaled Jtn(rnlc aDalyscs.
In this pape' a rew coDcept ofll.nctary drive has been
d.veloped. lts dlnahic rnodel has been made, rhich has
I'een solveil ii M.4;Zl, v,uut,/N.(, [6]. Tle results .f
the sinularjo, are also prescnted in thc palcf. The paper
also presixrrs rhe conclusions drasn lionr lhe simulaLior.
a.(lpossihle diectioDs for firlure research.

2. DYNA]\'IC JVIODI'L O}'NEW CONCEPT
I'I,ANI :TARY GIIARI]OX

lhnetarr F#rhor ofC co,,ceprion has been dcvcloped in
this patrcJ Ii lonshts ofa pinion canier (h), a statbnary
ceDtmi liDs sca. (e). dual pinion (f - g) and the movable
centril ri,rg gears (b). (fisure l).The planetary sedrbox ln
liguft! I il designed 1br theparanieters given i. TabLc l

I

l'is. L S(htnlati.t oJthe der.loped plan.tdry gatftor

2.l Dynrmic model setuD

The dynanic model o1-the llanetary reducer is set in such
a way as ro present the planetary redu.er in lNo pLanes
(figu.e l). Confton elemenh to both rlanes arc the
pinion caf'er (h), dxal plnior (f ' C) and the shalt (hal

conncctr tbe dual pinion to the piDioD cdjcf. The
dyoarnic model h.s fcu degrees of lieedonr Nhich
de,'frs d1e dynamic system of the planetary reducer: 11
radirJ movehent, the inovement ofthe pnrion canief (h)
arou4(l lts axis ei, inoving dtral pinlon aromd rts orvn
axis {). (it is equivalenL to O!, siDcc it is a duaL pinion
selup) and movirrg of the po abLe certral ring gear (b)
.  o " 1 J  . .  i . 4 ,  l l ( . 5 ,  " e  o '  \ .  h .  u i J . g e - .  o
fieedoin best des*ibes tie operation of lhis planetary
redrcd Conlacts behveen gea,s wbich a.e coupled a.c
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modeled !s springs ard dan1pe6. Crontaor bellteen t}le

g e , r ! ! . o  l o e d -  r  ' o r P o . . p r i r ' - - l j  I ' c ' ,

and dunpor with danpjng coefilcient tr. while the

contact belween the geaf g and gear b is modeled as a

spri.g sith stlffnc$ .r, dunler with damping cocfilcient

tr. The dynanric nodel does not take inro consideration

l .  . l  . c J , r ' . .  l - e  ' )  c r ' . , F '  L o . c F  i r

favor ofnore accurate calculations: the lotal mass oflhe

system eLcDents has teen used here. Thc values of ma$

and moments of inedia rvere obtained fion thc CAI)

n o a e  o  r  ( J p c o r o .  p l d , e r ' 1  8 . a o .  l r F  l \ r " n i c

modcl ofLhe planetary gearbox h shown in Flgure 2.

Degrees ot lieedom. accordln ro \hic\ the i)lt,tle
rodel has ber made, are shown at [igure : Degfccs of
needo are marked aI thrce'diinei:rional Jlgue .f

f-ig. 3. Desr..t ql-l cloo,1 tal tkut.tory rcdr.er

2.2 DJ"namic lllodol definition

D e f i .  1 9 ' , e , 1 ) n  n ( . , , ' . J N ' I  i , ' ( r d , l  ! o L J  ! . i

lcrfomed r.i|g L.agrange .quil{ors of the second kjrd
. r l d  h .  1 r u p r ' J . h ( .  r D ,  ,  r l e . h o ! ( ' \ ' \ e "
and Drh efs l inc ip le or  (vrn l lan i l tor r \  l . inc lde,
Laghngc e(tualioN gjvc tbc b, sl ,lei,i(ti(,n of r dynamic

) J e m .  W l r l  \ c r r ' ' U  r f  , \ '  L l ' . r  : (  c , l r i ' i o _ '  . ;
Lagrangc c,tud{iois ofthc rela)d,l kii , the Liielic enorgy
ofrhc systcnr  i r  I l rs l  c i lcu lnted

" .

fiA. 2. Th. dlne ic,wlal olthe Plandon gubax d)
ptMc It b)pla,c 2

I  I  l i

r - . , ( , , r " , ) .  e  - . l : . ' . i , )  t .E .a t ; . l  . t d ) - r . l  t l l  t d
.  ) t  " -

Following thc kinelic energy. the lotential enerCy cftre system ls caleolrled:

/  
'  

l , l  |  .  d . '  1 l ' l  . , '  " r .  , 1 . d .  i ,  [ . -  d  , l  . .  '  l t . . N )  D - 3 1  a  a

Finally. tic function ofsystcm dissipatlon is calculated:

(?)

(r)o=lt,tp;-1,(p, ,u,)-"al\ kt,V,\i .011-,0.1-:4i2,i.ty1p,,.a,1-"a,. ,t,r,)'] 4,,,1,,,(i,*a,l,ai,.',i0.)

Alief calcuLating these tunclions the next stcp is the LagranSe eq!0liors ol lhe sc*rxl kind lbr the dvnannc svslern

acco nig to tle fornrla:

n  , - 8 ,  l E .  ? 1 ,  ; , Q  
.̂  ( )

1! at1 iq, -,!, ;4,

WritiDg tlre dyrihic cquation\ Ireserts lhc final stet before its l,! rg in rnatrix iirlr) S.lstem ofdvDamic equalions

has trecnputted in natrix foD because ofits easicr solvingl

{r}+ B{4},  c{, / }= {D}
first menber ii expre\ion (5) is nas and mornent ofinertia m.rrlx
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(6);lfu*'Y*a^4'l=l 
:

0

++r"
J4+.Iq

0

0

a; +Ja+n t +Ja+nsd +J",
Jq+1,

' 0

(7)

S€cond meinber in dpresion (5), is dumpins mar.ix:

I t 'q . .0. 9I
d,tl o tt,hf.-\|,, .1 +,,1,, *)-V,h,d _ u;|,"*Al' 

| 0 t\,.v,a1+r{av" at t"1-4 _tv, I
I o t"l7| -V,r" ,",1 l

t.''iil;t", in qprsion r5r :\ sdffiRss mrri\ 
0 

.l

o", I i :'il"),|Zli;:t ", "'h' a,+r', "'t -*'tl
I o *ntr, '") -er{s .t I

Last mahix h expresiof, (5), is inpulse matrix:

f'l," ll'f
L'l

B y definins all of Mtrixe, and equatioN it can b€ pro.edced to solving dlnmic system.

(8)

(e)

2.3 Dynamic model $olying

SolviDg €quatior syst€ms of rhe dl.nmic modet, is
p€rfomed with a simularion n MATLAB-SrMItt,tNt;. ttl
ofdor to solve the systcm of equations a solvi,,g ccherne
Itas been nade (Fisw 4), in rhe J1,41ULr{tr etr\ ;(mnr€nr.
Belb e solvire fie sysr.n ilyMmic equariors. pd,{nrelct{
or tne sysreo m6t be raken Fom CAD modet (t aht. ?).

7?hte 2. Dlnamic ho.lel paruheteB

Dumtins and stifhess coefficient valus har b@r uK€n
liom liieratue, t3l, [8].

3x 10-3 [ksn2]

l7x 10-3lk8m2l

Moment_of inenia of
306x10-3lksm2l

69x10-3lml
52,5xr0-3Iml
48x10-l ln l
I l7xl0'3tml

I .67x 10101N/ml
I.56x10l0tN/mi

kt 3200fNVnl
2400fNJml

77



3. RtrSULTS OF SIMIJLINK DYNAMIC
SIMULATION

Simulatio! of tle dynamic model has been perfomcd rn

two peiods ofoscjllalion ofihe dyn!6ic svsten lmpulse

oftho oscillaling dynamic system $as pcrlorned wjth the

momcnt Mh. as an hput impnhe pararncret MomeDl nlh

{ i s  J - r e r o p c (  d .  n . h ' o l  ' r c  t _ e  t u n r i o n  l l - g r e  < )

I 7 I .

Fit!.4. S.hendtij o.f.l!na,ic rytt.n sah|r in SLVLit 1l'tK

!-,'t 
. 
',,t''',

, . ,  i  l
t l

r ;  i ; .  l i i i  q ; r  i , :

Fig. h. t . lu itieN 4 fedr.et etentents at

. t= 1,67r t 1 | a[Nh] c- l. 5 6x I 0 I 0 [N/ni ;
k-t: (t([Ns/hr]: k2 =2100[Ns/"i

o,r. ,. ,.,,*,,, t,"u*et elenerts at
cF t,67:t lAl1[N/h]; c|=t,t6! t0t0[N/ni:

I ) - 3:00 [Ns/nl : k, =u]a [Ns/"i
(lalcuhtion oi dynarnic torces las been perf'rmcd

Fig.5.InlP se nohert, Mr

With the introductioD ol an imfuls€ momcnt the

simulatlon is stafted (Figure 5). which simuLales thc

dvnamic oscillation of the pLanetary gearbox svsten as

tl,e output ol diagrams are oblained: acceleration. lelocilv
(Fisure 6). distlacement (ligxre 7l and lotal displacemenl

of sll lour desrees of lieedoDr in th€ dlnamic svstenr'

Accel€ration a1o!g 01e dilectlons of degrecs of ireedom'

at th€ begiiniDg of the first pcfiod of oscillatlon, is wLrh

la|ge varialions. while al tlie end ofthe second leriod oi

the oscillalions ;s jn caln variations. linal producl or

MA'ILAB SII.|ULINK sinllalion are the dvn.mic fonr's
(fisrr€il).

(10)

Dyn.mjc ftnlc. which is calcllated acco ing to foNula
(9). presents complcte dynaFic lorce whlch is actlng at

nrrlicular rtronNnt.,L element ofreducer' Iton ligu.c 8 i1

:xn be seen Lhrt oscillations ofd\damic force its far less

thaD oscilaliorN Dn vcLocities.

i!ccorJing to tirnirula:

F , , , , , = c  q t k  q
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froh figue 8 it can be seen that the bigesi dynanic
force .cts at double s!tcllite f-9. Doublc satellire only
h.s the negative dynamic. beoause t[c direcijor of
Jbrc€ depends of Lhe dircction ol movement and
velodty. Tlie snallest dvnarnic force acls on novdble
cenba gear b, but that dyndnic forcc fias the great€sr
oscillations (Figure 8d).

1. CONCI,USION

When ille sinuhtion has been completcd, it can be
concluded that the most critical is thc lirsr period of
oscillation. Afier tbe first period ol oscillation, the
dyla'ric oscillatjons of rhe dynamical systen are
calming. Tliir rule alllies to the dylamic tbrce, and
accelcration. and velocity, and displacement. Research
ol the dynamics of planetary gerr liom this point ol
view can greatly help to reduce vibration at starlu! of
planeiary reduc€r. Fudher research on rhis hsuc a,o
availablc on a th€oretical and analytical and
expernnental design. At thc lcvel of lheoreucar
scfeening can be (lotre at: improving lhe model, tle
J\  rhr  r .  lo(e I  dr  

'n  
ro l .  c .  I  e . r  I  in !  o f .hc dyrd n i .

force in real planeta.y ge unit, rhe deleoDilarion of
stiffnes through sjnulation and many otherparar,€teN
and their causes. On thc experinental dcsien c.n be
nade and rneasured values in order oiconfirmation of
re$'lls obtair€d by siinulatnni.
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