
M iodrag V ELIM IR O V IC

A N  A D D IT IO N  O N  D E V E L O P IN G  A  S Y S T E M  F O R  A U T O M A T IC  D E S IG N  O F  
G E A R  T R A N S M IS S I O N  S Y S T E M

SU M M A R Y . An engineer experience exhibits a great variety  o f possible assignm ents in the field of 

gear transm ission system  design. As a result a large num ber o f program m e m odules for calculating 

vital transm ission item s has been developed. D eveloped item s for developing gear transm ission 

system  are not relevant fo r user because each newly form ed concept o f  gear transm ission system 

dem ands a great system  im provem ent. Due to this reason a program m e system  integrating a series 

o f  partial program m es and data files into unique calculating system  has been developed.

This essay exposes the results o f conducted exam inations and also a description o f the system  

for autom atic design o f gear transm ission system  has been presented. This system  is developed to 

provide the usage for a wide range o f gear transm ission system s, independent on the num ber of 

inlet-outlet values and degree o f transm ission. Studies have been lim ited to the gear transm ission 

system  with fixed rotation axes.

1. INTRODUCTION

H aving in m ind their function and econom ic value, transm ission gear system s are am ong the 

m ost im portant assem bly blocks. Transm ission gears m ake 80%  o f all installed gear transm ission 

system s, in driving m achines, technological and transport system s.

M uch m ore severe dem ands concerning the quality  and price o f  transm ission gear system  and 

shorter tim e for acquiring a new  product, m ake design procedure a problem  in this process.

A  large num ber o f program m e m odules has been developed for calculating vital item s of 

transm ission gear system s, for instance fo r calculating cogged pairs, shafts and bearings.

D eveloped system s for designing transm ission gear system s are not flexible for used because 

for each newly form ed concept o f transm ission gear' system  they dem and enorm ous system

Faculty of mechanical engineering, Ni§, Yugoslavia

349



rebuilding. Adding necessary data o r their transfer from  one program m e m odul in toanother makes 

large d ifficulties w hile using these program m e packages. For this reason, we have developed a 

p rogram m e system  integrating a series o f partial program m es and data files into unique calculating 

system . Researches have been lim ited to transm ission gear system  with fixed rotation axes.

T he function o f  such a CAD system  is to provided:

* design of transm ission gear system  for general and special use,

* a com plete autom atic and sim ultaneous design o f transm ission gear system ,

* a partial usage o f single m odules and the application o f unique contro l system  for 

interconnecting program m e m odules m ot depending on the selected transm ission gear 

system  concept,

■ operation w ith m inim um  input data,

■ optim isation with flexible usage o f d ifferent target and lim it functions.

In engineering practice exists a great variety o f  possible assignm ents in the field o f  designing 

transm ission gear system s, so that an analyses o f these assignm ents is necessary.

2. PO SSIB LE  A SSIG N M EN TS IN T IIE  FIE L D  O F  D E SIG N IN G  T R A N SM ISSIO N  G EA R  

SY STEM S

Tire aim  of analysing design-construction assignm ents is to stale the rang o f  the problem  

w hich is to be solved in this process.

D esign-construction assignm ents can be devided based on the follow ing criteria:

■ a com plexity  o f designing object,

■ a degree o f know ledge about the object, regim es and conditions o f  exploitation and

■ the range o f eventual production o f designed object.

According to the first criteria, it can be devided to design and construction process items, 

subsystem s, i.e. elem ents, subassem blies, assem blies and etc. For the sake o f m aking a m uch more 

defined possible design-construction assignm ents, transm ission gear system  as a com plex system 

can be devided to the system  intended lo r pow er transm ission, based construction o f  the system 

(housing), and lubricating system  and system  lo r stating working capacities. At this stage the 

follow ing assignm ents are possible:

♦ a com plete design of transm ission gear system ,

♦ pow er transfer system  design,
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♦ b a s e  c o n s tr u c t io n  d e s ig n  (h o u s in g ) ,

♦ c o o l in g  a n d  lu b r ic a t in g  s y s te m  d e s ig n ,

♦ d e s ig n  o f  a  s y s te m  f o r  s ta t in g  w o rk in g  c a p a c i t ie s .

B e tw e e n  th e s e  s y s te m s  th e r e  is  a  c o r r e s p o n d in g  c o r r e la t io n  o f  p a ra m e te r s  a n d  h ie ra rc h ic a l  

s y s te m  s ta g e s .  A  s im u lta n e o u s  d e s ig n in g  is n e c e s s a ry  w h e re  p a ra m e te r s  o f  s y s te m  f o r  p o w e r  

t r a n s f e r  m a k e  th e  s t a l l in g  p o in t .  F o r  in s ta n c e  lo a d in g  a n d  o v e r a l l  d im e n s io n s  o f  th e  s y s te m  fo r  

p o w e r  t r a n s f e r  m a k e  th e  b a s ic  d a ta  f o r  h o u s in g  d e s ig n ,  w h ile  p o w e r  lo s s e s ,  a re a  a n d  s h a p e  o f  th e  

h o u s in g  a re  u s e d  f o r  c o o l in g  s y s te m  d e s ig n . V e n  d ia g ra m , F i g . l ,  s h o w s  a  fu r th e r  p ro c e s s  o f  p o w e r  

t r a n s f e r  s y s te m  d is m a n tl in g  b a s e d  o n  th e  e x a m p le  o f  tw o -s ta g e  t r a n s m is s io n  g e a r .

Fig. 1. Ven diagram of two-stage transmission gear

T h is  s y s te m  c o n s is ts  o f  th re e  s u b s y s te m s  c o n n e c te d  to  th e  s h a f ts ,  w h ile  c o r r e la t io n ’s b e tw e e n  

th e s e  s u b s y s te m s  a n d  th e i r  e le m e n ts  a re  p re s e n te d  w ith  s u i ta b le  c ro s s  h a tc h e d  a re a s .

T h e  a b o v e  m e n tio n e d  s h o w s  p o s s ib le  a s s ig n m e n ts  fo r  d e s ig n in g ,  c o n s t r u c t io n  o r  c o n tro l le d  

c a lc u la t io n s :

■ e n e r g y  t r a n s fo rm a t io n  i te m s  (c o g g e d  p a ir s ,  w o r m - ty p e  p a i r s , . . . )

■ s h a f ts ,

■ b e a r in g s ,

■ tie s  a n d  c o n n e c t io n s .

T h e n  n e x t  s ta g e  is  d is m a n t l in g  th e  i te m s  o n  o u te r  a n d  in n e r  s t ru c tu re s  w h e re  f r o m  th e  

fo l l o w in g  a s s ig n m e n ts  c a n  c o m e  o u t.  A s  fo r  c o g g e d  p a ir s  th e y  a re :

♦ s e le c t io n  o f  to o ls  p ro f i le ,

♦ s e le c t io n  o f  m a te r ia l  a n d  h e a t  t r e a tm e n t ,

♦ s e le c t io n  o f  q u a l i ty  a n d  m a n u fa c tu r in g  p ro c e s s ,

♦ s e le c t io n  o f  th e  s h a p e  o f  c o g w h e e l  b o d y .
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B a s e d  o n  th e  s e c o n d  c r i te r ia ,  i .e .  o n  th e  k n o w le d g e  a b o u t t r a n s m is s io n  g e a r  s y s te m , its 

re g im e s  a n d  e x p lo i ta t io n  c o n d it io n s ,  d e s ig n - c o n s t ru c t io n  a s s ig n m e n ts  c a n  b e  b a s ic a l ly  c la s s i f ie d  to :

■ re l ia b i l i ty  d e te rm in a t io n ,

■ m a x . lo a d in g  d e te rm in a t io n ,

* s u m m a r is in g ,  d im e n s io n in g  a n d  s h a p in g .

R e l ia b i l i ty  d e te rm in a t io n  is  p o s s ib le  s p e c if ic  c o n d i t io n s  a n d  e x p lo i ta t io n  r e g im e s ,  w h e n  all 

r e le v a n t  g e a r  t r a n s m is s io n  s y s te m s  p a ra m e te r s  a re  d e f in e d .  D e p e n d in g  o n  th e  e le m e n t  f o r  w h ic h  th e  

c a lc u la t io n  is  to  b e  m a d e ,  i .e . o n  th e  d e g ra d a t io n  p ro c e s s  h a p p e n in g  o n  th e  i te m , i t  is  p o s s ib le  to  

d e f in e ,  f o r  in s ta n c e , th e  fo l lo w in g  c a lc u la t io n s :  c o g  b a se  a n d  s id e  h a rd  n e s s ,  te a r  a n d  w e a r ,  h e a t 

s ta b i l i ty ,  d y n a m ic  s ta b i l i ty ,  e la s t ic  d e f o r m a t io n s  a n d  s h a f t  e la s t ic i ty  a n d  so  o n .

F o r  d e te rm in in g  p o s s ib le  t r a n s m is s io n  g e a r  s y s te m  lo a d in g  it is  n e c e s s a ry  to  d e fin e  

e x p lo i ta t io n  c o n d it io n s  a n d  to  se t o n e  m in im u m  re l ia b i l i ty  v a lu e s  w h ic h  s h o u ld  b e  p r o v id e d  b y  th e  

t r a n s m is s io n  g e a r  s y s te m .

In  th is  c a s e  as  w e l l  it is  n e c e s s a ry  to  p ro v id e  a ll  r e le v a n t  t r a n s m is s io n  g e a r  s y s te m  p a ra m e te r s .

T h e  th ir d  a s s ig n m e n t  is th e  m o s t  c o m p le x  o n e  a n d  f o r  its  s o lv in g  a  c o m p le te  f o r  p a rtia l 

k n o w le d g e  o f  th e  fu n c t io n  w h ic h  s h o u ld  b e  a c h ie v e d  b y  th e  t r a n s m is s io n  g e a r  s y s te m , c o n d itio n s  

an d  r e g im e  o f  th e  e x p lo i ta t io n ,  in s ta lm e n t  c o n d i t io n s ,  te c h n o lo g ic a l  p o s s ib i l i t ie s ,  n e c e s s a ry  

re l ia b i l i ty  a n d  t r a n s m is s io n  g e a r  re l ia b i l i ty .

T h e  a s s ig n m e n t s h o u ld  b e  s o lv e d  in  s e v e ra l  s ta g e s  s ta l in g  w ith  m a k in g  a  c o n c e p t  to 

d e te r m in in g  a ll  t r a n s m is s io n  g e a r  s y s te m  p a ra m e te r s .  B a s e d  o n  th e  a c h ie v e d  re s e a rc h e s  a 

p r o g r a m m e  m o d u l  f o r  d e f in in g  d e s ig n - c o n s t ru c t io n  a s s ig n m e n t  h as  b e e n  m a d e . T h is  m o d u l  is  a  p a rt 

o f  p r e - p r o c e s s o r  e n a b l in g  e f f ic ie n t  s t a l l in g  d a ta  in p u t  w h ic h  d e p e n d s  o n  th e  s e le c te d  c o n c e p tu a l 

v a r ia n t  o f  th e  t r a n s m is s io n  g e a r  s y s te m  a n d  s e le c te d  a s s ig n m e n t  ty p e  as w e ll.

3 . D E S C R I P T I O N  o f  t h e  c a d  s y s t e m

In  o r d e r  to  s o lv e  th e  g iv e n  ta s k  a n d  u s e  p re v io u s ly  d e v e lo p e d  p r o g r a m m e  m o d u le s  f o r  p o w e r  

t r a n s m is s io n  e le m e n ts  c a lc u la t io n ,  a  C A D  s y s te m  f o r  s im u l ta n e o u s  a n d  a u to m a t ic  p o w e r  

t r a n s m is s io n  d e s ig n  h a s  b e e n  d e v e lo p e d .  T h e  C A D  s y s te m  c o n s is ts  o f  th e  fo l l o w in g  s o f tw a re  u n its  

(f ig -2 )

P P R  - a c c o rd in g  to  th e  r e q u e s t  lis t  p r e - p r o c e s s o r  m a k e s  s e le c t io n  o f  a ll p o s s ib le  s o lu t io n s  fo r  

a d o p t io n  th e  m o s t  a p p ro p r ia te  c o n c e p t io n  o f  p o w e r  t r a n s m is s io n .  O n  th e  b a s is  o f  th e
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a d o p te d  c o n c e p t io n  o f  p o w e r  t r a n s m is s io n  p r e - p r o c e s s o r  m a k e s  p o s s ib le  a  q u ic k  e n t ry  a n d  

c o n t r o l  o f  in p u t  d a ta .  In  th is  w a y  is p ro v id e d  v e ry  s im p le  a d o p t io n  o f  c a lc u la t io n  a n d  

b e c a u s e  o f  th a t  e n try  o f  m in im u m  n e c e s s a ry  d a ta .

P R O R -  p r o g r a m m e  c o m p r is in g  m o d u le s  fo r  p o w e r  t r a n s m is s io n  e le m e n ts  c a lc u la t io n .  In  th e  s c o p e  

o f  th e s e  m o d u le s ,  th e  o p t im is a t io n  is p o s s ib le  b u t fo r  o n ly  p a r a m e te r s  w h ic h  d o n 't  e f f e c t  th e  

re s t  e le m e n ts  o f  s y s te m .

O P T  - p r o g r a m m e  m o d u le  f o r  th e  a n a ly s is  o f  o b ta in e d  c a lc u la t io n s ,  s e le c t io n s  o f  p o s s ib le  s o lu t io n s  

a n d  o p t im is a t io n .  O n  u s e r  s r e q u e s t  a  c o m p le te  o r  p a r t ia l  o p t im is a t io n  o f  p o w e r  

t r a n s m is s io n  e le m e n ts  f o r  a  g iv e n  g o a l fu n c t io n  a n d  g i v e n  b o u n d a r i e s  is  c a r r i e d  o u t .  

A t th e  s a m e  l im e ,  p e rm a n e n t  c o m m u n ic a t io n  w ith  th e  d a ta  b a s e  e n a b le s  u p d a t in g  a n d  

c o m p le t io n  o f  th e  e x is t in g  d a ta  o n  p o w e r  t r a n s m is s io n  a f te r  e a c h  c a lc u la t io n  c y c le .

Fig. 2. CAD system for design of gear drives

S ta r t in g  w ith  d a ta  o n  p o w e r  t r a n s m is s io n  o b ta in e d  in  th e  f ir s t  p h a s e  o f  th e  d e s ig n  p ro c e s s  a n d , 

in  c o m m u n ic a t io n  w ith  th e  d a ta  b a se ,  o n e  o r  m o r e  p o w e r  t r a n s m is s io n  ty p e s  a re  s e le c te d . F in a l  

d e c i s io n  a s  to  th e  p o w e r  t r a n s m is s io n  c o n c e p t  is  m a d e  b y  th e  u s e r  o n  th e  b a s is  o f  th e  o b ta in e d  

r e le v a n t  d a ta  in  d ia lo g u e  w ith  th e  c o m p u te r .  T h e  d a ta  o n  g e a r  d r iv e  o b ta in e d  in  th is  p h a s e  a  s to re d  

in  th e  d a ta  b a se  a f te r  b e in g  a d e q u a te ly  c h e c k e d  a n d  u p d a te d . A ls o , m a c h in in g  te c h n o lo g y ,  m a te r ia ls  

a n d  s ta n d a rd  p o w e r  tr a n s m is s io n  e le m e n ts  a re  s e le c te d  d e p e n d in g  o n  th e  a v a i la b le  r e c o u r s e s  o f  th e  

u s e r .  T h e s e  d a ta  m o s t ly  d e f in e  f u r th e r  c a lc u la t io n s .
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B y  a n a lo g y  w ith  th e  a b o v e  m e n tio n e d  s y s te m s ,  c o r r e s p o n d in g  c a lc u la t io n  s o f tw a r e  a re  

d e v e lo p e d ;  th e y  a re  in c lu d e d  in  th e  b lo c k  P R O R  ( f ig .2 ) .  T h is  p ro g r a m  b lo c k  c o n s is ts  th e  n e x t 

p ro g r a m 's  ( f i g .3 ):

P P S  - p ro g r a m m e  fo r  c a lc u la t in g  s y s te m  f o r  p o w e r  tr a n s m is s io n ;

S P H  - p r o g r a m m e  f o r  c a lc u la t in g  th e rm a l  s ta b i l i ty  o f  p o w e r  t ra n s m is s io n s  a n d  lu b r ic a t in g  s y s te m s ; 

D P P  - p r o g r a m m e  fo r  c a lc u la t in g  d y n a m ic  b e h a v io u r  o f  p o w e r  t r a n s m is s io n s ;

D IJ  - - p ro g ra m m e  f o r  d e s ig n in g  s y s te m s  f o r  o p e ra b i l i ty  d ia g n o s t ic s .

Fig. 3. Programme block PROR

P P S  p ro g r a m m e  in c lu d e s  c a lc u la t io n  m o d u le s  fo r  p o w e r  t r a n s m is s io n  e le m e n ts  in  th e  s y s te m  

f o r  p o w e r  tra n s m is s io n .

T h is  p a r t  o f  a  C A D  s y s te m  in c lu d e s  th e  fo l lo w in g  c a lc u la t io n s :

► gear geometry calculation;
► determining the nominal loads for particular elements;
► calculating application factor through had distribution;
► calculation of load capacity of gears by various standards (ÜIN-3990, AGMA, Niemann) and 

vaiious criteria (pitting resistance, tooth strength, wear);
► calculation of scuffing load capacity and determining transverse tip relief and root relief;
► calculating the longitudinal and Iran verse load distribution factor Km, Kn, K,u KFa, and 

deteimining the end relief;
► calculating the shaft elastic deformation and strength;
► bearings calculation.

354



I n d iv id u a l  p ro g r a m m e  m o d u le s  a re  in te r r e la te d  s o  th a t  th e  r e z u l ta ts  o f  o n e  m o d u le  

c a lc u la t io n s  a re  u s e d  as in p u t d a ta  f o r  a n o th e r  m o d u le .  D a ta  o n  p o w e r  t r a n s m is s io n  a re  c o n s ta n t ly  

b e in g  u p d a te d  a n d , b y  c o r r e s p o n d in g  i te r a t iv e  s te p s  b ro u g h t to  a h ig h e r  le v e l.  C a lc u la t io n  an d  

d e s ig n  p ro c e s s  a re  b y  m e a n s  o f  c o r r e s p o n d in g  c o n tro l  fu n c t io n s ,  an d  u s e r  h a s  p e rm a n e n t  a c c e s s  to  

d a ta  a n d  is in  p o s i t io n  to  in te rv e n e  t ro u g h  a  c o r r e s p o n d in g  d ia lo g u e .

T h e r m a l  s ta b i l i ty  c a lc u la t io n  o f  p o w e r  t r a n s m is s io n  a n d  lu b r ic a t in g  s y s te m s  is  c a r r ie d  o u t b y  

m e a n s  o f  SPIT p ro g r a m m e . O n  th e  b a s is  o f  th is  c a lc u la t io n  o p e r a t in g  t e m p e ra tu re  o f  p o w e r  

tra n s m is s io n s  is  d e te rm in e d  u s in g  th e  d a ta  o n  e n e r g y  f lo w s  in t r a n s m is s io n ,  k in e m a tic s  an d  

g e o m e tr ic a l  p a ra m e te r s  o f  p o w e r  t r a n s m is s io n  e le m e n ts ,  d e s ig n  p a ra m e te r s  o n  p o s i t io n in g  m o d e  

a n d  t ig h tn e s s ,  lu b r ic a t in g  a g e n t  c h a r a c te r is t ic s  an d  h e a t lo s se s  th ro u g h  c a s in g ,  f o u n d a t io n  a n d  

tr a n s m is s io n  e le m e n ts .

I f  o p e r a t in g  te m p e ra tu re  s u rp a s s e s  th e  lim it v a lu e ,  a  c a lc u la t io n  o f  c o o l in g  s u b s y s te m s  is 

d o n e ,  a l te rn a t iv e ly  fo r:

* p u m p s  a n d  c o r re s p o n d in g  s y s te m s  fo r  in c re a s in g  o il c i r c u la t io n  w ith in  c a s in g  (h o u s in g ) ;

■ fa n s  o n  th e  in le t  s h a f t  o f  a  p o w e r  tra n s m is s io n ,

■ c o o l in g  s y s te m s  w ith  c o o l in g  o u ts id e  th e  c a s in g .

L u b r ic a t in g  o il is  s e le c te d  o n  th e  b a s is  o f  d a ta  o b ta in e d  t ro u g h  c a lc u la t io n  s c u f f in g  lo a d  

c a p a c i ty .  In  o rd e r  to  f in d  a d e q u a te  d e s ig n  s o lu t io n  w ith  re g a rd  to  c r i t ic a l  a n d  s u p e r c r i t ic a l  

r e v o lu t io n  n u m b e r  a re a  it is n e c e s s a ry  to  d e te rm in e  th e  d y n a m ic  b e h a v io u r  o f  p o w e r  tr a n s m is s io n  

in  e x p lo i ta t io n  c o n d it io n s .  T h e  e f fe c t  o f  in te rn a l  d y n a m ic  fo rc e s  o n  p o w e r  t r a n s m is s io n  lo a d  

c a p a c i ty  is a l r e a d y  c o n s id e re d  v ia  d y n a m ic  fa c to r  K v in th e  s y s te m  c a lc u la t io n  fo r  p o w e r  

t r a n s m is s io n .  H o w e v e r ,  in c a s e s  w h e re  m a jo r i ty  o f  d a ta  w e re  u n k n o w n  o r  o n ly  s o  a p p ro x im a te ly ,  

th e  c a lc u la t io n  w a s  d o n e  o n ly  b y  C  m e th o d  ( D IN - 3 9 9 0 ) .  A t th is  s ta g e , d a ta  o n  p o w e r  tr a n s m is s io n  

d e s ig n  s o lu t io n  h a v e  b e e n  c o m p le te ,  s o  th a t  f a c to r  K v c a n  b e  c a lc u la te d  b y  A  m e th o d .  T h e  

c a lc u la t io n  is in c lu d e d  in  D P I’ p ro g r a m m e  w h e re  g e o m e tr ic a l  an ti d e s ig n  p a ra m e te r s  o b ta in e d  in 

th e  c a lc u la t io n s  s o  fa r ,  a rc  u s e d  as in p u t d a ta .  S h o u ld  a  c h a n g e  o f  th e  p o w e r  t r a n s m is s io n  d e s ig n  

p a r a m e te r s  p ro v e  n e c e s s a ry  at s ta g e , an  a c c e s s  to  a n y  p r o g r a m m e  m o d u le  fo r  th e  p u rp o s e s  o f  

r e n e w e d  c a lc u la t io n s  is p o s s ib le .

D IJ  p r o g r a m m e  in c lu d e s  th e  d ia g n o s t ic s  s y s te m  d e s ig n  f o r  p o w e r  t r a n s m is s io n  a n d  

c o r r e s p o n d in g  s a fe ty  d e v ic e s  o p e ra b i l i ty .
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4. CONCLUSION

T h e  p re s e n te d  C A D  s y s te m  f o r  p o w e r  t r a n s m is s io n  d e s ig n  e n a b le s :

► automatic and simultaneous design of complete power transmissions with fixed axes of 
rotation;

► selection of the optimum variant of multi-vaiiant solution with flexible use of vaiious goal 
functions and boundaries;

► operation with minimum number of input data and their constant control;
► work in dialogue with the computer and with an easy access to programme modules;
► application of unique control system functions for interrelating programme modules 

depending on calculation type;
► simple connection to the users systems with the use of available user s programmes and data 

bases.
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