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degree 

Distance of the tooth to the slewing axis 

Effective face width of tooth 

Constants 

Pitch circle diameter 

External diameter of s,pacer 

Internal diameter of spacer 

Eccentricity of floating member 

Eccentricity of mass 

Radial force 

Friction force, coupling thrust 

Weight 

Weight of floating member 

Axial distance between the teeth of the floating 

member 

C m n  tooth depth 

Axial clearance 

Bending moment 

Friction moment 

Mass of floating member 

speed 
Power 

Allowable surface pressure 

Transmitted torque 

Residual unbalance 

Mean sliding velocity 

Distance between load and critical section 

Number of teeth 

Angular misal igmnt 

Conti-Barbaran value 

Coefficient of friction 

Tangential stresses 

Angular velocity 



1 I n t r o d u c t i o n  
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S h a f t  coup l ings  p l a y  a major role as to rque  t r a n s m i t t i n g  elements  i n  t h e  

f i e l d  o f  mechanical engineer ing .  Of t h e  numerous types o f  coupling en- 

countered ,  i n  t h i s  wide danain ,  t h e  toothed coupl ing  is w e l l  e s t a b l i s h e d ,  

p a r t i c u l a r y  i n  power machine engineer ing .  Fig. 1 g i v e s  a s m a r y  o f  t h e  

d i f f e r e n t  coupl ing d e s i g n s  t o g e t h e r  wi th  t h e i r  c h a r a c t e r i s t i c s  ( 1 0 ) .  I n  

t h i s  t a b l e  t h e  a p p l i c a t i o n  p o s s i b i l i t i e s  f o r  toothed coupl ings  and t h e i r  

o f f s h o o t s  are ind ica t ed .  

2 General  Remarks Bas i c  Cons idera t ions  

2.1 Purpose 

The purpose o f  t h e  too thed  coupl ing  is t h e  connect ion  of two independent- 

l y  supported s h a f t  systems and the t ransmiss ion  o f  a to rque ,  where r a d i a l  

and axial s h a f t  d i sp lacement  may occur  du r ing  ope ra t ion .  

Requirements 

The requi rements  which toothed coupl ings  have to meet are: 

a) During t ransmiss ion  o f  t h e  to rque  no wear s h a l l  occur  on any coupling 

component. 

b )  The toothed coupling s h a l l  n o t  create e x t e r n a l  f o r c e s  

c) During o p e r a t i o n  t h e  too thed  coupl ing  s h a l l  n o t  e x c i t e  v i b r a t i o n .  

2.3 Behaviour 

To e s t a b l i s h  how f a r  t h e  toothed coupling can cope wi th  its requirements  

s e v e r a l  t h a r e t i c a l  cons ide ra t ions  have to  be reviewed. The fol lowing 

s t a t emen t s  are o f  g e n e r a l  v a l i d i t y .  They are independent o f  t y p e  and make 

o f  t h e  toothed coupling.  
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The toothed coupling ( h e r e a f t e r  called simply-coupling), c o n s i s t s  funda- 

mental ly of  3 components i.e. 2 hubs ( r i g i d  members), which a r e  mounted 

on t h e  s h a f t s  to  be coupled and one f l o a t i n g  member. The hubs may have 

ex te rna l  or i n t e r n a l  teeth, t h e  f l o a t i n g  member is then designed accor- 

dingly ,  see Fig. 2. 

The var ious  des igns  w i l l  be d e a l t  wi th  i n  a following chapter .  For t h e  

t e e t h  themselves t h e  invo lu te  too th  form with a pressure  angle o f  20"-25" 

has  proved to he advantageous. The t e e t h  a r e  b a r r e l l e d  i n  longi tudinal  

d i r e c t i o n  to avoid corner  loading when t h e  coupling is misaligned, see 

Fig. 3 ( t h e  amount o f  b a r r e l l i n g  is exaggerated f o r  c l a r i t y ) .  The toothed 

components may be designed such, t h a t  one member is centered i n  t h e  ma- 

t i n g  member. To achieve t h e  center ing ,  it is genera l  p r a c t i c e  to raise 

t h e  t i p  of  t h e  e x t e r n a l  t e e t h ,  over  p a r t  of t h e  tooth  width, and to manu- 

f a c t u r e  the root of  t h e  i n t e r n a l  t e e t h  c i r c u l a r  to t h e  s l e e v e  axis .  A 

small  c learance  w i l l  be made between t i p  - and root diameter.  This  design 

is known as " t i p c e n t e r i n g " .  

When determining t h e  c learance  f o r  t h e  tooth  mesh and t h e  t i p  center ing ,  

t h e  following is to be considered: 

- Assembly 

- Freedm of movement f o r  coupling components while misaligned 

- Expansion due  to  sh r ink  f i t s  

- Dif fe ren t  expansion of  t h e  coupling members during operat ion.  

The f l o a t i n g  member o f  s u f f i c i e n t l y  loaded couplings w i l l  always be cen- 

t e red  by t h e  tooth  f l a n k s  due to t h e  torque,  whether t h e  coupling has  an 

a d d i t i o n a l  center ing  device  (i.e. t i p  center ing)  or not.  An add i t iona l  

center ing  may be of advantage for :  

- Light ly  loaded couplings. 

- Couplings which are used i n  i n s t a l l a t i o n s  with which a s t r i n g  test a t  

f u l l  speed and p a r t i a l  load is c a r r i e d  ou t .  

- Couplings i n  i n s t a l l a t i o n s  which w i l l  be f requent ly  run-up to speed, 

without  load. 
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- Couplings which have to opera te  s a f e l y  during a c e r t a i n  time with par- 

t i a l l y  worn o f f  tooth  f l a n k s  ( t h i s  requirement a p p l i e s  mostly f o r  ma- 

r i n e  i n s t a l l a t i o n s ) .  

T i p  cen te r ing  f o r  couplings is required  by c e r t a i n  spec i f i ca t ions .  How- 

ever ,  it must be born i n  mind t h a t ,  e s p e c i a l l y  f o r  high speed couplings, 

t h e  cen te r ing  diameters  have d i f f e r e n t  expansion due to t h e  d i f f e r e n t  

t angen t i a l  stresses i n  t h e  coupling compnents ,  due to r o t a t i o n  which 

w i l l  r e s u l t  i n  increased t i p  c learance  (1 ,7) .  

2.3.2 Kinematics o f  t h e  Toothed C o u ~ l i n a  

The t e e t h  have to t ransmit  t h e  r o t a t i o n  and t h e  torque. The kinematics 

pr imar i ly  concern the  transmission of  t h e  r o t a t i o n  i n  a misaligned c o u p  

l i n g .  Th i s  s u b j e c t  is very academic and is of wide scope ( 6 ) .  This  chap- 

ter  considers  only  s impl i f i ed  t h e  r e l a t i v e  movement which occurs  between 

t h e  mating t e e t h  o f  a misaligned r o t a t i n g  coupling. Fig. 4 shows t h a t ,  

dur ing  one revo lu t ion ,  a r e l a t i v e  movement occurs  between t h e  f l anks  of  a 

pair o f  t ee th .  I n  t w o  p o s i t i o n s ,  d iamet r i ca l ly  opposed, t h e  tooth  of  t h e  

s l eeve  performs a pure  slewing movement. I n  t w o  o t h e r  pos i t ions ,  rectan- 

g u l a r  to the slewing pos i t ion ,  t h e  tooth  o f  t h e  f l o a t i n g  member tilts on 

t h e  tooth  of  t h e  hub. I n  a l l  in termedia te  p o s i t i o n s  t h e  slewing and tilt- 

ing movements are superimposed. For t h e  slewing movement a mean s l i d i n g  

v e l o c i t y  can be def ined as: 

T e s t s  ( 3 )  have shown t h a t  i f  t h e  mean s l i d i n g  v e l o c i t y  continuously ex- 

ceeds approx. 0.12 m/s su r face  f a i l u r e  may occur. 

2.3.3 Lubricat ion 

A coupling i n  s e r v i c e  encounters  always a c e r t a i n  misa l ignment ,  t h i s  

means t h a t  t h e r e  is permanently r e l a t i v e  movement between t h e  t e e t h  o f  

t h e  hub and o f  t h e  f l o a t i n g  member. Therefore t h e  coupling has  to be 

lubr ica ted .  One d i s t i n g u i s h e s  t w o  methods of lubr i ca t ion :  



a )  Permanent g rease  or o i l  f i l l i n g  

Couplings with g rease  or o i l  f i l l i n g  a r e  used f o r  low speed only. The 

l i m i t  f o r  g rease  packed coupling can be g e n e r a l l y  f ixed  to  approx. 40 m/s  

pe r iphera l  speed o f  t h e  p i t c h  circle diameter  ( 1 ) .  For o i l  f i l l e d  c o u p  

l i n g s  t h e  l i m i t  is given by t h e  t i g h t n e s s  of  t h e  s e a l s  during opera t ion  

and by t h e  cen t r i fug ing  of t h e  o i l  ( a d d i t i v e s  and impur i t i e s ) .  

The opera t iona l  r e l i a b i l i t y  of  t h e  seal depends on its design,  a genera l  

l i m i t  can the re fo re  not  be given. The beginning of  cen t r i fuq ing  depends 

l a r g e l y  on t h e  acce le ra t ion  ac due to r o t a t i o n ,  ac t ing  on t h e  p a r t i c a l s  

i n  t h e  oi l .  Centr i fuging s t a r t s  when ac exceeds t h e  va lue  of  approx. 

4.5 x 104 m/s2. 

With increas ing value  o f  a, t h e  o i l  of  t h e  coupling has  to be changed 

more ' f r equen t ly  ( 9 ) . 
b )  Continuous forced l u b r i c a t i o n  

For high speed couplings t h e  l u b e  o i l  must be supplied continuously. 

E s s e n t i a l l y ,  3 d i f f e r e n t  arrangements are used, see Fig. 5-7. 

The arrangement according to Fig. 5 has  t h e  advantage t h a t  t h e  t e e t h  a r e  

cons tan t ly  submerged i n  an o i l  r i n g  which is generated due to t h e  rota-  

t ion .  A small  o i l  flow is s u f f i c i e n t  f o r  lubr i ca t ion .  The disadvantage is 

t h a t  impur i t ies  may be  cent r i fuged;  i n  t h i s  respect the  coupling behaves 

l i k e  an o i l  f i l l e d  coupling. 

The arrangement according to Fig. 6 is used i n  high speed appl ica t ions .  

The advantage is t h a t  impur i t i e s  are co l l ec ted  p a r t l y  i n  t h e  annulus. The 

hole  and a c e r t a i n  a r e a  around it remain c lean  because t h e  impur i t i e s  are 

carried away by t h e  o i l  due to its high v e l o c i t i y  i n  t h e  hole.  The a r e a  

around t h e  t e e t h  remains c l ean  f o r  a r e l a t i v e l y  lonq period. A f u r t h e r  

advantage is t h a t  i f  t h e  o i l  con ta ins  water (steam turbine drives), this 
w i l l  be drained continuously. The disadvantage of t h i s  design is t h e  high 



MClClG 
ZURICH 

3.2.1 Type Desiqnat ion 

The type designation cons is t s  of a group of 3-4 letters, which represent 

the type, and a number, which def ines  the  s i z e  of the coupling. 

The f i r s t  letter Z s tands f o r  toothed coupling. 

The letter or group of letters i n  the middle of the  designation defines 

the lay-out and function, whereby several  combinations are possible. 

A Spacer type coupling, external f l oa t ing  member made up of 3 capo-  

nents, sleeve w i t h  in tegra l  end covers. 

B External f loa t ing  member made up of 2 sleeves. 

C Couplirgs f o r  high torque and l o w  speed. 

E Spacer type coupling, in te rna l  f loa t ing  member (Marine type) 

L Spacer type coupling, external f loa t ing  member made up of 3 ccnnpo- 

nents, with removable sleeve: 

N Standard type w i t h  s ing le  piece, external f loa t ing  member having 

standard length. 

Q Shear pin coupling with s ing le  piece, external f loa t ing  member. 

R Spacer type coupling fo r  v e r t i c a l  arrangement. 

T The f loa t ing  member is a so l id  sha f t  with 2 standard hubs. For low 

speed applications only. 

U Spacer type coupling, external f loa t ing  member made up of 3 ccanpo- 

nents, t ee th  located a t  f a r  end of the hub ( l o w  mnen t ) .  

V Coupling with s ing le  piece, in te rna l ly  toothed hub. 

X Coupling with l imited ax ia l  f l o a t .  
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The last letter o f  t h e  des igna t ion  i n d i c a t e s  t h e  l u b r i c a t i n g  system. 

D Ind iv idua l  l u b r i c a t i o n  o f  each too th ,  so c a l l e d  " a n t i  sludge" lu-  

b r i c a t i o n ,  see Fiq. 6 .  

F O i l  f i l l e d  or g r e a s e  packed coupling. 

S Continuous l u b r i c a t i o n  (o i l  b a t h ) ,  see Fig. 5. 

The n o t a t i o n  ZF or ZS is used f o r  N-type coupl ings  b u t  with f l o a t i n g  

member which is longe r  than  t h e  s tandard  length .  

3.2.2 Sumnary o f  D i f f e r e n t  Couplinq Types 

Sketches  and d a t a  s h e e t s  o f  t h e  d i f f e r e n t  types o f  coupl ings  are shown i n  

a s e p a r a t e  ca ta logue  on couplings.  

3.2.3 Design D e t a i l s  

1 )  O i l  f i l l e d  or g r e a s e  packed couplings.  

A l l  t h e  bo l t ed  j o i n t s  are sea led  wi th  an  @Ring (s tat ic  seal). 

The seal between t h e  f i x e d  member (hub) and t h e  f l o a t i n g  member 

( s l e e v e )  is also a n  0-Ring b u t  w i th  a larger s e c t i o n ,  g iv ing  g r e a t e r  

f l e x i b i l i t y ,  so as to absorb t h e  smal l  r e l a t i v e  movements between hub 

and s l e e v e  (dynamic seal). The o i l  b a t h  which is generated by t h e  

r o t a t i o n  i n s i d e  t h e  s l e e v e  does  n o t  u sua l ly  extend to t h e  dynamic 

seal. The s l e e v e  h a s  two ho les  f o r  d ra in ing  and f i l l i n g .  

2)  Center ing  o f  bo l t ed  f l a n g e  connections. 

Two methods are known f o r  cen te r ing  t h e  components of  f langed connec- 

t i on .  

a )  Sp igo t  cen te r ing .  The b o l t s  are f i t t e d  i n  one cmponent  and have 

c l ea rance  i n  t h e  o t h e r  one. The advantage o f  t h i s  des ign  is easy 

assembly. The d isadvantage  is t h a t  t h e  s p i g o t  d iameters  have to be 

ad jus t ed  to each o t h e r  to avoid e i t h e r  too much c l ea rance  or too 

much i n t e r f e r e n c e  o f  t h e  sp igo t .  T h i s  e n t a i l s  problems i n  p r d u c -  

t i o n  and stocking.  Th i s  des ign  may be appl ied  f o r  s i n g l e  p iece  pro- 

duct ion .  
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b) The MAAG method is to center  the  canpnents  by c l o s e f i t  bol ts .  The 

bo l t  holes and the b o l t s  a r e  manufactured independently according 

to drawing. This method guarantees t h a t  the connection is f r ee  of 

clearance and t h a t  the canpnents  a r e  f u l l y  interchangeable. 

3) Limited ax i a l  f l oa t .  

Couplings with l imited axial- ( o r  end-) f l o a t  a r e  used f o r  connecting 

two sha f t s  one of which has no th rus t  bearing. T h i s  sha f t  is ax ia l ly  

located by the th rus t  bearing of the  other  sha f t ,  by means of the 

coupling with l imited ax ia l  f l oa t .  The main application of t h i s  c o u p  

l i ng  is with e l e c t r i c a l  machinery where the ax ia l  force is small 

pared w i t h  the tangential  force. 

To l imi t  t h e  ax i a l  clearance of the  f loa t ing  member d i f f e r en t  designs a r e  

applied, depending on the coupling type. The l imit ing clearances a re  

indicated i n  the following f igures  by L/2. 

a )  Types ZNXS,  ZNXF 

This design is used fo r  the N-type coupling with standard sleeve 

length only. The contact area  of the  dmed covers is surface hardened. 

The covers a r e  bolted t o  the sha f t  end. 

b) Types ZLXS, ZLXF, ZXS, ZXF, ZQS 

The design conforms t o  Fig. 14 and cons is t s  of a r ing nut which is 

secured by a dog point screw, a s ing le  piece dis tance r ing,  and an end 

cover. 

c) Types ZAXS, ZAXF 

A l i m i t e d  ax i a l  f l o a t  fo r  these couplings is achieved by means of a 

r ing which is placed i n t o  the  sleeve see Fig. 15. 

This design may a l so  be applied f o r  ZLXS and ZLXF couplings. 

d )  Type ZEXD, ZUXD 

The design is shown i n  Fig. 16. The buffer p i n t s  a r e  the spool piece 

o r  sleeve and the snap rings. 

I n  a l l  cases the hubs a r e  t o  be fixed to the sha f t  ends. For cyl indr ical  

sha f t  ends, f i x t u r e  is by means of a cover which is bolted t o  t h e  shaf t  

end. For tapered sha f t  ends the hub is held by a nut. 
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For a l l  t h e  above mentioned des igns  t h e  t o t a l  a x i a l  f l o a t  is 

To avoid jamming of  t h e  coupling, t h e  c learance  Ltot must be equal  

or l a r g e r  than t h e  va lues  given i n  Fig. 17. 

4)  Shrink f i t s .  

For shr ink  f i t s  where t h e  toothed hub is mounted by applying hea t  t h e  

following temperature limits must be considered when determining t h e  

amount of  in te r fe rence :  

210°C f o r  hubs having induction hardened t e e t h  

2 8 0 " ~  f o r  hubs having case hardened t e e t h  

400°C f o r  hubs having n i t r i d e d  t e e t h  

For hydrau l i ca l ly  f i t t e d  sh r ink  f i t s ,  any of  t h e  hardening methods may 

be used. Fur ther  information is to be found i n  the  pub l i ca t ions  of SKF 

(9) 

5) E l e c t r i c a l  insu la t ion .  

I n  i n s t a l l a t i o n s  with e l e c t r i c a l  machinery it is sometimes necessary 

to i n s u l a t e  t h e  coupled s h a f t s .  By using a coupling, with an i n t e r n a l  

f l o a t i n g  member (E-Type), t h e  i n s u l a t i o n  mate r i a l  is placed between 

t h e  f l a n g e s  f o r  hub and s l eeve ,  and around t h e  b o l t ,  see Fig. 18. 

Preferably ,  t h e  i n s u l a t i o n  is arranged on the  hub of  the  s h a f t  of  t h e  

electrical machine. 

3.2.4 Se lec t ion  o f  Type 

For t h e  s e l e c t i o n  o f  t h e  appropr ia te  coupling type t h e  Fig. 18 may be 

helpful .  I t  shows t h e  l o g i c a l  sequence of  t h e  cons idera t ions  to be made. 

3.3 Disenaaaeable Toothed C o u ~ l i n a s  

These couplings are appl ied  f o r  connecting s h a f t s  which may be uncoupled 

dur ing opera t ion .  
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3.3.1 Non-automatically Engaqing Couplings 

These couplings a r e  i n s t a l l ed  i n  s h a f t s  systems to disconnect one or more 

machines frcm the  sha f t  system which remains i n  operation. To disengage 

the  coupling the  torque must be reduced to approx. 10% of its ncminal 

value. Special  designs a r e  avai lable  to disengage the  coupling a t  higher 

percentage of  ncminal torque. For re-engagement of t he  coupling the  

sha f t s  to be coupled must be a t  s t a n d s t i l l .  

The disengaging couplings a r e  avai lable  i n  two d i f f e r e n t  designs: 

a )  Type ZSP, with external  f loa t ing  member and continuous lubr icat ion;  

applied f o r  l o w  speed. 

b) Type ZEP, with in te rna l  f loa t ing  member and individual tooth lubrica- 

t ion;  applied f o r  high speed (see Fig. 20., 21).  

The tee th  of these couplings a r e  mostly provided with tooth t i p  center- 

ing. Otherwise, the  same design pr inc ip les  a r e  applied a s  f o r  the  non- 

disengaging couplings. I n  the  engaged posi t ion they behave l i k e  an 

ordinary coup1 ing . 

For engagement and disengagement one set of t ee th  is brought in to ,  or 

ou t ,  of mesh by ax i a l l y  moving the  coupling sleeve. I n , t h e  disengaged 

posi t ion the  sleeve is supported, and centered, on one s ide  by the  tee th ,  

which a r e  still being i n  mesh, and on the o ther  s i de  by a centering 

ring. Both center  r ings  a r e  arranged on the  sane sha f t ,  i.e. the  one 

which is shut down a f t e r  disengagement. 

To ease engagement, the  face of t he  engaging t ee th  a r e  champfered. One of 

t he  t w o  sha f t  systems must be equipped with a turning device to r o t a t e  

one sha f t  system r e l a t i v e  to the  other ,  i n  case t he  tee th  to be engaged 

a r e  aligned exact ly  tooth on tooth. 

For f u l l y  automatically controlled i n s t a l l a t i o n s  a specia l  design a l l o w s  

the  r e l a t i v e  ro t a t i on  of t he  s h a f t s  to be i n i t i a t e d  by the  coupling shif -  

t i ng  mechanism i t s e l f .  The sh i f t i ng  mechanism has to be dimensioned to 

o v e r m e  the  brake-away torque. However, f o r  engaging the  coupling t h e  

sha f t s  must be a t  stand still. 
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The sh i f t i ng  mechanism can be designed f o r  manual or power operation. For 

power operation, usually hydraulically operated cylinders a r e  used. Power 

f l u i d  is tapped off  the  lube o i l  of t h e  ins ta l la t ion .  It is of course 

advantageous to connect to a source w i t h  a high pressure, fo r  example t o  

the control  o i l  c i r c u i t .  

The sh i f t i ng  movement is transmitted frcm the hand lever ,  o r  cylinder, t o  

the  coupling sleeve by a lever  ad guide ring. For manual operation the 

hand lever  is locked t o  a point  on the casing which is ax ia l ly  spring- 

loaded. In  case of power operation, t h e  coupling sleeve is held i n  the 

engaged posi t ion i n  one d i rec t ion  by the  power f lu id ,  and i n  the  other  

d i rec t ion  by the cylinder which is connected v i a  springs to the casing. 

These arrangements avoid overloading t h e  guide ring when t h e  sha f t s  ex- 

pand axial ly .  

For p e r  operated couplings, an addit ional locking device is provided 

which locks t h e  coupling sleeve i n  its posit ion,  i n  the case of an exces- 

s ive  pressure drop i n  the power system. In  addit ion,  t h i s  device prevents 

an engaging or disengaging act ion u n t i l  the specified pressure, i n  the 

p e r  system, is reached, see Figure 21. 

Basically disengaging couplings can be designed to the  same ra t ings  as 

non disengaging coupling may be. Additional r e s t r i c t i ons  a r e  t h e  maxi- 

mum allowable circumferential speed of t h e  guide ring and the  overhang- 

ing weight of the  disengaged coupling sleeve. 

3.3.2 Autmat ica l ly  Engaging and Disengaging Couplings 

These couplings a r e  ins ta l led  i n  sha f t  systems t o  disconnect, ad recon- 

nect,  one, o r  more machines, f ran  a sha f t  system which remains i n  opera- 

t ion.  The coupling, cal led synchronous clutch coupling, has been designed 

t o  engage automatically as soon as the disconnected machine or shaf t  

system ("driving" system) overruns the  speed of t h e  operating machine or 

shaf t  system ("driven" system). Basically t he  clutch coupling is a disen- 

gageable coupling equipped w i t h  a mechanism ( t h e  synchronizing mecha- 

nism), which de t ec t s  synchronism of both sha f t s  and i n t i t i a t e s  the enga- 

g ing movement. 
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There are t w o  types  o f  c l u t c h  coupling: 

a)  Type HS,  t h i s  type  engages automat ica l ly  b u t  disengages upon cammand. 

b) Type MS, t h i s  type engages and disengages automatical ly.  

The synchronizing mechanism, t h e  same b a s i c  design is applied for both 

types, is an assembly cons i s t ing  of a number of  p a w l s  and a mul t ip le  

notched r a t c h e t  wheel which act as a f r e e  wheel dr ive .  The pawl cages 

toge the r  wi th  t h e  p a w l s  a r e  connected to the  "driving" system and t h e  

r a t c h e t  wheel to t h e  "driven" system. 

Fig. 22 shows part of t h e  assembly with t h e  d r iv ing  system a t  s t a n d s t i l l  

and the  d r iven  system a t  its s e r v i c e  speed, t h e  c l u t c h  being disengaged. 

The sp r ing  p resses  t h e  p a w l  l i g h t l y  on to t h e  r a t c h e t  wheel. Due to t h e  

speed d i f f e r e n c e  between p a w l s  and r a t c h e t  wheel and t h e  o i l  which is fed 

through ho les  i n  the r a t c h e t  wheel, an oil  f i l m  is generated which physi- 

c a l l y  separates t h e  t w o  m p n e n t s .  

To achieve an  engagement t h e  "driving" machine has  to be s t a r t e d  and 

accelera ted .  Fig. 23 shows t h e  condi t ion  when the  "driving" machine ac- 

celerates, t h e  speed d i f fe rence  decreases.  The sp r ing  has  becme i n a c t i v e  

and t h e  p a w l  is pressed on to  t h e  r a t c h e t  wheel by t h e  c e n t r i f u g a l  force 

a c t i n g  on t h e  p a w l .  

The "driving" machine accelerates f u r t h e r  u n t i l  it overruns t h e  "driven" 

machine, which b r ings  a p a w l  i n t o  engagement with a notch, shown i n  Fig. 

24. - 

The acce le ra t ing  torque o f  t h e  d r i v i n g  machine is now t ransmit ted  by t h e  

pawl to t h e  r a t c h e t  wheel and by t h i s  to t h e  d r iven  machine. 

The r a t c h e t  wheel is connected to t h e  d r iven  machine v i a  the synchronizer 

s p l i n e s  ( h e l i c a l  t e e t h ) .  Due to t h e  t ransmit ted  torque an axia l  force is 

generated,  i n  t h e  synchronizer s p l i n e s ,  which i n i t i a t e s  an a x i a l  movement 

o f  the  r a t c h e t  wheel. The movement is a screw motion because t h e  r a t c h e t  

wheel is guided by t h e  synchronizer sp l ines .  The a x i a l  force is transmit- 

t ed  to the  o t h e r  member of  t h e  synchronizing-mechanism by a spr ing  loaded 

buffer .  Th i s  b u f f e r  limits t h e  dynamic load on t h e  p a w l  during synchroni- 

zing a t  high angular  acce le ra t ions .  The synchronizing-mechanism follows 



the  screw motion of the  ra tche t  wheel which brings t h e  clutch t e e t h  into  

engagement (1st Phase, see Fig. 25, 27) 

For the  continuation of t h i s  i n i t i a l  movement, which is f u l l y  automatic, 

t w o  d i f f e r en t  systems have been designed, the  HS and the %-clutch. 

The HS-clutch (see Fig. 25 and 26) is equipped with spur c lutch teeth.  

This allows the integrat ion of the synchronizing-mechanism in  the floa- 

t ing  coupling sleeve,  s ince the  clutch tee th  can operate as coupling 

teeth.  An external  force is required to f u l l y  engage the coupling sleeve. 

This external force is excerted a u t m a t i c a l l y  by the  servo mechanism 

a f t e r  the coupling has t ravel led a ce r t a in  ax ia l  dis tance i n  the 1st 

phase. Once f u l l y  engaged, the HS-clutch can transmit torque continously 

i n  both direct ions ,  which is of g rea t  advantage f o r  cer ta in  applications. 

To disengage the clutch,  the torque has t o  be reduced, a s  i n  the  case of 

an ordinary disengageable coupling, and a command is given t o  the servo 

mechanism which r eac t s  imed ia t e ly  and disengages the  clutch. 

The MS-Clutch (see Fig. 27 and 28) is equipped with he l i ca l  clutch teeth.  

The ax i a l  movement is performed by the  synchronizing-mechanism only, 

which ca r r i e s  the  he l ica l  clutch tee th  and one set of t he  coupling teeth.  

The f i r s t  phase of engagement, which is an action of the synchronizing 

mechanism, is concluded when the clutch t e e t h  cme in to  mesh, see Fig. 

27. The torque n w  generates an ax ia l  force i n  these he l ica l  clutch - 
teeth ,  which consequently f u l l y  engage. The clutch remains engaged as 

long a s  the  torque is posi t ive ,  i.e. a torque is transmitted f r m  the 

driving t o  the driven machine. I n  t h i s  condition the  synchronizing-mecha- 

nism is r ig id ly  connected to the driven shaf t  system. The ax ia l  force 

generated i n  the he l i ca l  clutch teeth  is closed i n  a loop, no forces, 

except the  coupling thrus t ,  a r e  acting on t h e  shaf t  system. I f  the torque 

reverses, the  FJIS-clutch disengages automatically. 

Both the  HS- and MS-clutch behave i n  the  engaged posit ion l i k e  an ordina- 

ry toothed coupling, and the same theoret ical  considerations a r e  valid.  

Both types of clutches a r e  designed such t h a t  the  contact  faces  of the  

pawl and the ra tche t  wheel a r e  physically out of contact, which assures 

t h a t  the  synchronizing-mechanism takes no pa r t  i n  transmitting the tor- 

que, with the  clutch coupling i n  f u l l y  engaged posit ion.  



A device can be added to both types which allows the driving machine t o  

be rotated while isolated from the driven sha f t  system, t h i s  is known a s  

the "pawl free" posit ion.  

The clutch couplings have a wide range of application,  some of which a r e  

mentioned below: 

- Peaking power p lan ts  (i.e. turbine/alternator un i t s  with power and 

synchronuous condensing operating mode) 

- A i r  s torage power p lan ts  
- Combined sh ip  propulsion p lan ts  such a s  CODOG, CODAG, CODAD, COGOG, 

COGAG . 
- Connecting addit ional power from expander turbines i n  petro  chemical 

p lan ts  

- Combined cycle machinery 
- Star t ing  device f o r  gas  turbines 

- Turning gear dr ives  

A fur ther  application is the combination of a HS-clutch coupling with a 

hydraulic coupling fo r  a gas  turbine-alternator dr ive.  This ccmbination 

may be ins ta l led  between a one-shaft gas  turbine and an a l te rna tor  which 

is equipped w i t h  a frequency converter. With the a l te rna tor  operating a s  

synchronuous condenser the  c lutch coupling is disengaged, the  hydraulic 

coupling is empty, and the gas turbine is a t  s t a n d s t i l l .  I f  power is re- 

quired the gas  turbine is accelerated by f i l l i n g  the  hydraulic coupling. 

After the  turbine has reached the s e l f  sustaining speed, the hydraulic 

coupling is emptied. The turbine accelerates  fur ther  u n t i l  it overruns 

the a l ternator .  The clutch coupling engages automatically. Power can now 

be transmitted from the  turbine to the  a l ternator .  With t h i s  arrangement 

an expensive seperate s t a r t i ng  device fo r  the gas turbine is unnecessary. 

Should a longer s t a r t i n g  t i m e  be acceptable then even the  hydraulic c o u p  

l i ng  can be eliminated. The gas turbine is s ta r ted  by t h e  turning gear 

and kept a t  constant speed. A t  the  same time the  a l te rna tor  is 

decelerated by using the frequency converter. A s  soon a s  the  speed of the 

a l te rna tor  f a l l s  b e l o w  the  gas  turbine speed (given by turning gear) the  

HS-clutch engages fu l ly .  The gas  turbine can now be accelerated by the  

a l t e rna to r  working a s  a motor. When synchronuous speed has been reached 

the a l te rna tor  is synchronized and power can be transmitted. For t h i s  

application the HS-type clutch is ideal ,  s ince having spur clutch tee th  
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the  clutch can transmit the torque equally w e l l  from gas  turbine to 

generator and vice versa fo r  the  s t a r t  up. 

For cer ta in  propulsion systems having t w o  d i f f e r en t  operating modes, such 

a s  marine reversing gears  fo r  ahead and as te rn  ro ta t ion  of a fixed pi tch 

propel ler  driven by a mi-direct ional  prime mover, or d i n e d  propulsion 

systems (i.e. CODAG) i n  which the d i e se l  engine ( p r i m  mover) dr ives  

through a 2-speed gearbox, a f u l l y  autanat ic  and smooth changeover f r o m  

one to the o ther  operating mode is required. 

I n  such propulsion systems the  prime mover is connected t o  the  propeller 

v i a  two shaf t - t ra ins ,  each having a clutch. According to the selected 

propulsion mode, the  torque is being transmitted by one sha f t  t r a i n  with 

its clutch ( input  and output shaf t  of the  clutch have the same speed and 

d i rec t ion  of r o t a t i o n ) ,  while t he  other  sha f t  t r a i n  is t o t a l l y  disconnec- 

ted by its clutch and therefore cannot transmit any torque ( t h e  output 

sha f t  of the  c lutch may r o t a t e  f a s t e r ,  slower o r  even i n  opposite direc- 

t ion  i n  respect to the input s h a f t ) ,  and v ice  versa. 

An ordinary PE o r  H S  type clutch does not f u l f i l l  t he  requirement of 

complete disconnection, s ince should the output shaf t  r o t a t e  slower or i n  

opposite d i rec t ion  the  c lutch would immediately engage. 

I f  however a MS-type clutch is combined with a inversed HS-type clutch a 

double clutch is formed (ca l led  Ds-type) which can cope with the afonnen- 

tioned requirements, according to the selected propulsion mode, t h a t  is: 

- torque transmission with equal speed of input- and output s h a f t  of t he  

clutch 

or : 

- no torque transmission, t o t a l l y  disconnected clutch,  allowing any 

speed and d i r ec t ion  of ro ta t ion  of output sha f t  r e l a t i v e  to input 

shaf t  of the  clutch 

An integrated hydranechanical control  system allows, a t  any time, the  

f u l l y  automatic sequence of the  c lutch functions, depending on the one 

hand on the  selected operating mode, and on the other  hand on the  m e n -  

t a r i l y  prevail ing speed conditions of the  input and output shaf ts .  Clutch 
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movements t a k e  p lace  only  a t  no torque condit ions.  The c lu tch  and its 

con t ro l  system a r e  se l f - regula t ing ,  t h a t  means t h a t  n e i t h e r  t h e  speeds o f  

t h e  input  and output  s h a f t s  nor  t h e  torque have to be changed. 
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o i l  flow r e q u i r e d ,  as o n l y  a p a r t  o f  t h e  e n t i r e  o i l  q u a n t i t y  reaches  t h e  

t o o t h  f l a n k s  which are to be l u b r i c a t e d .  

The arrangement according to Fig.  7 can o n l y  be app l i ed  t o g e t h e r  w i th  t i p  

centered  t e e t h .  With regard to c e n t r i f u g i n g ,  t h i s  des ign  is p r a c t i c a l l y  

i d e n t i c a l  to Fig.  5. The d r a i n  is s i m i l a r  to t h e  des ign  according to Fig 
6 .  A s u b s t a n t i a l  d i sadvantage  is t h a t  t h e  oi l  l e v e l  is governed by t h e  - 
t o o t h  clearance. A s l i g h t  i n c r e a s e  o f  t h e  clearance, s a y  due  to minor 

wear which would have no adverse  e f f e c t  on t h e  performance of  t h e  coup- 

l i n g ,  would no longe r  gua ran tee  s u f f i c i e n t  l u b r i c a t i o n .  The i n i t i a l  neg- 

l i g i b l e  wear would then ve ry  r a p i d l y  r each  unacceptable  va lues .  T h i s  is 

t h e  reason  why MAAG does  n o t  apply t h i s  l u b r i c a t i o n  method. 

To s m a r i z e ,  t h e r e  is no des ign  which is a b s o l u t e l y  f r e e  from accumula- 

t i n g  impur i t i e s .  The toothed coupling acts l i k e  a c e n t r i f u g e .  To achieve  

optimum performance o f  t h e  coupling,  n o t  o n l y  t h e  des ign  must be impec- 

cable, b u t  t h e  lube-o i l  system and t h e  maintenance must also cope with  

t h e  requirement  o f  minimizing t h e  presence  o f  i m p u r i t i e s  i n  t h e  oil .  

2.4 C a l c u l a t i o n s  

C a l c u l a t i o n  o f  t h e  Allowable Torque 

The too th  f l a n k s  t r ansmi t  t h e  torque.  The allowable torque  may be calcu- 

l a t e d  using t h e  fo l lowing  formula: 

T h i s  formula is based on  an  even load d i s t r i b u t i o n  between all t h e  

t e e t h .  

When t h e  s l e e v e  is misal igned r e l a t i v e  to t h e  huh, t h e  load d i s t r i b u t i o n  

becomes uneven, a f a c t o r  on which t h e  amount o f  b a r r e l i n g  h a s  a consider- 

able inf luence .  The g r e a t e r  t h e  m i s a l i g n m e n t  and b a r r e l i n g ,  t h e  g r e a t e r  

t h e  d i f f e r e n c e  between i n d i v i d u a l  t o o t h  load  ( 6 ) .  However, t h e  load d i s -  

t r i b u t i o n  is also dependent on t h e  p i t c h  errors i n  t h e  t e e t h .  It is a 
v e r y  m p l e x  problem to determine t h e  a c t u a l  load d i s t r i b u t i o n  ( 2 ) .  The 
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The minimum torque required to c e n t r e  t h e  s l eeve  can be ca lcu la ted  

by using t h e  following formula ( 7 ) :  

d 

Tmin = m~ E m2 - 
4 

The inc rease  i n  c learance  due to d i f f e r e n c e  i n  expansion between 

t h e  f l o a t i n g  member and the .hub,  a t  high speed, must be considered 

when determining t h e  e c c e n t r i c i t y  E. 

However, experience has  shown t h a t  t h e  torque must be g r e a t e r  to 

p o s i t i v e l y  c e n t r e  t h e  f l o a t i n g  member during running. Fran a s t a -  

t is t ical  inves t iga t ion  i n t o  t h e  performance o f  a large number of  

couplings t h e  following formula, known as Conti-Barbaran-formula, 

has  been derived (5 ) :  

For & >10 a s t a b l e  and t r o u b l e f r e e  performance of  t h e  coupling can 

be expected. I f  6 < 10 but  > 5 d i f f i c u l t i e s  may arise i f  t h e  run- 

ning condi t ions  a r e  unfavourable. I f  & < 5 problems a r e  most l i k e l y  

to occur.  

I t  must be noted t h a t  t h e s e  va lues  have been found empir ica l ly .  The 

formula does no t  m n s i d e r  t h e  a c t u a l  e c c e n t r i c i t i e s  nor t h e  produe- 

t i o n  methods. Nevertheless,  t h e  formula is very valuable  f o r  quick- 

l y  es t imat ing  t h e  behaviour to be expected. 

b) L a t e r a l  n a t u r a l  frequency 

With couplings having a long f l o a t i n g  m e m b e r ,  t h e  lateral n a t u r a l  

frequency o f  t h e  spacer  may m e  close to t h e  opera t ing  frequency. 

For t h e  c a l c u l t a i o n  o f  t h e  f i r s t  o rde r  lateral crit ical speed, it 

is assumed t h a t  t h e  f l o a t i n g  member has  a uniform s e c t i o n  over the  

whole length  H and t h a t  t h e  suppor ts  a r e  l i n k s  f r e e  o f  f r i c t i o n .  

The crit ical speed can then be ca lcu la ted  according to the  

following formula: 
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allowable surface pressure is i n  addit ion dependent on surface f in i sh ,  

surface hardness, and t h e  material  combination. A l l  t hese  fac tors  a r e  

allowed f o r  i n  prac t ice  by assuming an allowable surface pressure, which 

has proved su i tab le  fo r  a given make of coupling according to operational 

experience. A generally val id  f igure  f o r  the allowable surface pressure 

cannot be defined, s ince the coupling manufacturers use d i f f e r en t  produc- 

t i on  methods. However, it can be said  t h a t  t h e  harder the materials and 

t h e  be t t e r  the  surface f i n i sh  and the accuracy of t h e  teeth ,  the higher 

is the allowable surface pressure ( 4 ) .  

2.4.2 Dynamic Behaviour 

When considering t h e  dynamic behaviour of a coupling, t w o  categories can 

be defined : 

1 )  The " internal"  dynamic behaviour 

2 )  The "external" dynamic behaviour 

However, the  t w o  categories a r e  somewhat interdependent, i.e. the  "inter-  

nal" behaviour may influence the "external" and vice versa. 

1 )  "Internal" dynamic behaviour 

a )  Minimum torque 

A t  s t a n d s t i l l  the sleeve is eccentr ic  to the  ro ta t iona l  ax is  of the  

sha f t s  due to the clerance i n  the  teeth.  When the coupling s t a r t s  

t o  ro t a t e ,  the  sleeve w i l l  revolve eccentr ical ly  due to t h e  centri-  

fugal force,  as long a s  no torque is transmitted. The magnitude of 

the  generated o u t ~ f - b a l a n c e  depends on: 

a )  S p e d  

b) Weight of the  f loat ing member 

c) Eccentricity,  i.e. backlash o r  clearance of t i p  centering. 

Therefore, a f r ee  ro ta t iona l  force is generated which w i l l  be 

transmitted by t h e  hubs t o  the shaf ts .  To bring back the geometri- 

cal ax i s  of the  f l oa t ing  member into the  rotational axis of the 

sha f t s  a torque has  t o  be transmitted, see Fig. 8. 
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C = 4.82 f o r  components made of steel 

C = 4.75 f o r  ccmpnents made of Al-alloy 

da 
I = -  f o r  so l id  sha f t s  

4 

da2 + d i 2  

i ?$11 f o r  hollow sha f t s  

The calculated critical speed should be a t  l e a s t  20% above the 

maximum service  speed. 

2) "External" dynamic behaviour 

Under "external" dynamic behaviour, the  influence of the  coupling on 

the  vibrat ional  charac te r i s t ics  of the shaf t  w i l l  be discussed. 

a )  Out-of -balance 

Even a perfect ly  centered coupling shows sane imbalance. The allow- 

able  res idual  imbalance is calculated frcm the allowable eccentri- 

c i t y  between mass ax i s  and ro ta t iona l  ax i s  and the  weight of the  

component t o  be balanced: 

It is prac t ica l ly  impossible to carry out  t he  dynamic balancing of 

an assembled coupling. To posi t ively centre  the  f loat ing member on 

t h e  hubs, the  coupling would have to be balanced i n  a torqued con- 

, d i t i on .  The loading mechanism would be f a r  too heavy r e l a t i ve  to 
the coupling weight, and the balancing accuracy would be impairel. 

I n  the  case of t i p  centered couplings, ce r ta in  specifications call 
fo r  a t i p  clearance which does not d i s tu rb  the  balancing. This is 
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not achievable f o r  high speed couplings. The allowable excent r ic i -  

ties are i n  t h e  range of f r a c t i o n s  of 1/1000 mm whereas t h e  t i p  

c learance  is wi th in  a few 1/100 mm. 

b)  Overhang manent 

When c a l c u l a t i n g  t h e  lateral critical speeds of t h e  coupled s h a f t s ,  

t h e  mass and t h e  c e n t r e  of g r a v i t y  of t h e  "hal f  coupling" ac t ing  on 

t h e  s h a f t s  have to be considered. 

c) Coupling f a c t o r  

The c a l c u l a t i o n  of t h e  l a t e r a l  c r i t i c a l  speed of coupled s h a f t  

systems is d i f f i c u l t  s i n c e  t h e  a c t u a l  coupling factor is unknown. 

Therefore,  it is assumed, for t h e  ca lcu la t ions ,  t h a t  t h e  tooth  

meshes o f  t h e  coupling a r e  l i n k s  f r e e  o f  f r a c t i o n .  A misaligned 

coupling however induces always forces and manents on t h e  coupled 

s h a f t s .  An at tempt has  been made to determine t h e  coupling f a c t o r  

empi r i ca l ly  (8) .  

d )  Tors ional  v i b r a t i o n  

When computing t h e  t o r s i o n a l  c r i t i c a l  speeds, t h e  coupling has  to 

be regarded as a member of  t h e  e n t i r e  s h a f t  system. The coupling 

can be assumed to be a one-mass two-spring system. However, to 

c a l c u l a t e  with reasonable accuracy t h e  critical speeds of higher 

o r d e r s  it is necessary to rep lace  t h e  coupling by a t w o - m a s s  th ree  

spring system, see Fig. 9. 

The coupling is i n s e n s i t i v e  to t o r s i o n a l  v i b r a t i o n  a s  long a s ,  dur ing  

continuous opera t ion ,  t h e  lower va lue  of t h e  v ib ra to ry  torque does not  

impair t h e  cen te r ing  of t h e  coupling, and t h e  stresses caused by t h e  

v i b r a t o r y  torque  are acceptable  for t h e  m p n e n t s .  

2.4.3 Induced Forces 

Mechanics te l l  u s  t h a t  when t w o  bodies a r e  pressed aga ins t  each o t h e r  and 

have to be moved r e l a t i v e  to each o t h e r ,  a f r i c t i o n a l  fo rce  is generated. 

The same is v a l i d  f o r  a t o r s i o n a l l y  loaded coupling i n  which t h e  hubs are 
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to be moved a x i a l l y  r e l a t i v e  to t h e  f l o a t i n g  member. The f r i c t i o n a l  

force ,  t h e  so called coupling t h r u s t ,  is ca lcu la ted  according to: 

When t w o  machines, each one provided with a t h r u s t  bearing,  a r e  coupled 

by a toothed coupling then the  t h r u s t  bearings must be capable of  carry- 

ing t h i s  t h r u s t  because t h e  s h a f t s  w i l l  always expand a x i a l l y  when t h e  

machines are opera t ing .  I f  only  one machine is equipped wi th  a t h r u s t  

bearing, a coupling wi th  l i m i t e d  a x i a l  f l o a t  may be f i t t e d .  The e n t i r e  

s h a f t  system is then a x i a l l y  located, by t h e  one t h r u s t  bearing,  and t h e  

coupling with t h e  adjacent  s h a f t  w i l l  fo l low t h e  expansion and t h u s  no 

f r i c t i o n a l  f o r c e  w i l l  act on t h e  t h r u s t  bearing. 

I n  chapter  2.3.2 we  have seen t h a t ,  when a coupling is misaligned, a 

r e l a t i v e  a x i a l  movement i n  t h e  t e e t h  occurs  (slewing movement). I n  a 

t o r s i o n a l l y  loaded misaligned coupling which is r o t a t i n g ,  f r i c t i o n a l  

f o r c e s  w i l l  be continuously induced. 

The coupling slews around an a x i s  which is normal to t h e  slewing plane. 

A t  each too th ,  a f r i c t i o n a l  m e n t  is generated by t h e  f r i c t i o n a l  fo rce  

ac t ing  on the tooth  and t h e  d i s t a n c e  a i  of  the  tooth  to the  slewing 

a x i s  see, Fig. 10. The f r i c t i o n a l  mcment, with which t h e  t e e t h  oppose 

misalignment, is t h e  sum of  a l l  indiv idual  tooth  f r i c t i o n a l  moments. 

The f r i c t i o n a l  rnment is then: 

Th i s  m e n t  is overcane by a fo rce  couple applied i n  t h e  a x i s  o f  tooth 

meshes and ac t ing  i n  t h e  p lane  o f  slewing. The value  of  t h e  force  is: 
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The same happens in the opposite set of teeth of a double link coupling. 

However, the slewing plane of this second set of teeth may lie in any 

direction relative to the first plane. 

The shaft end of the coupled machines are therefore stressed by the fric- 

tional m e n t  MR and the radial forces F R ~  and FR~. The radial 

forces act in their respective planes. 

The maximum load on the shaft end occurs when the misalignment conforms 

with Fig. 10. F R ~  and FR2 then act in the same plane and direc- 

tion. The overall bending m e n t  acting on the shaft and at the point x 

has the value of: 

X 

Mb = MR + (FR1 + FR2) ' X = MR + 2FR ' X = MR(l + 2 -) 
H 

These considerations are valid only for an absolutely even load distribu- 

tion in the teeth and for small angular misalignments. For high sped 

couplings this can be assumed because of the high standard of accuracy 

demanded and the small allowable misalignments imposed for other reasons. 

The unknown in all these calculations is the coefficient of friction , u .  

Tests have been carried out to determine its values (6). The friction is 

dependent on: 

Misalignment 

Tooth geometry 

Tooth load 

Lubricant 

Surf ace finish 

Material cambination 

Lubrication 

At the present stage of technical knowledge only an approximate value can 

be given. For a coupling which is run-in and working under normal condi- 

tions the coefficient of friction may be taken as , u=  0,01 - 0,15. 

Should however the shaft alignment accidently be such that the coupling 

has no misalignment at al.1 then there is no movement in the teeth, the 

lubrication of the teeth is impaired and the coefficient of friction 

rises to 0.2 - 2.25. This condition is also known as "torque-lock1'. 
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It is also possible for the running conditions to change unintentionally 

for the worse, for the coupling to beccme overloaded and consequently for 

the surface of the teeth to wear. The coefficient of friction under such 

circumstances may rise to ,u = 0,3. . . 
The reason why same specifications stipulate to calculate with a coeffi- 

cient of friction of !I = 0,3 may be to prevent failure of a machinery 

component which is loaded by the coupling reaction in the event of coup 

ling teeth surface deteriorating. 

2.4.4 The Operation Limits of Toothed Couplings 

The toothed coupling has, as any other technical product, no unlimited 

range of application. Torque and speed cause stresses in the coupling 

components and set natural limits. The torque carrying capacity follows 

approx. the relationship 

The tangential stresses in the coupling parts are dependent on diameters 

and sped and follow approx. the equation 

Torque and speed can now be brought into relationship 

A -second limit is the "inner" dynamic behaviour. The equation of Conti- 

Barbaran can be written 

Equation ( 1 )  and ( 2 )  are shown graphically in Fig. 11 

This graph is only of qualitative value, and valid for a certain type and 

make of coupling. If the running conditions are within the shaded area a 
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coupling of t h i s  p a r t i c u l a r  des ign  can  be s u c c e s s f u l l y  appl ied .  If t h e  

cond i t i ons  are above curve  1 then  t h e  coupling components w i l l  be over- 

stressed. I f  they  &e below curve  2 t h e n  t h e  f l o a t i n g  member of t h i s  

p a r t i c u l a r  coupl ing  is t o o  heavy. Curve 1 can be s h i f t e d  uprlards e i t h e r  

by using a steel wi th  h ighe r  u l t i m a t e  t e n s i l e  s t r e n g t h  or by imprwing 

t h e  product ion  methods f o r  t h e  t e e t h ,  a l lawing  a h i g h e r  specific s u r f a c e  

load. Curve 2 can  be lowered by us ing  a material wi th  lower specific 

weight.  

2.5 Conclusions 

Only a n  i d e a l  l i n k  can  satisfy t h e  requi rements  as s t i p u l a t e d  i n  para- 

graph 2.2. W e  have seen t h a t ,  due  to n a t u r a l  laws, a toothed coupling can 

n o t  work l i k e  an  ideal l i n k .  However, t h e  exper ience  shows t h a t  i f ,  a t  

t h e  des ign  s t a g e ,  a l l  the factors mentioned are considered,  a satisfacto- 

ry performance of t h e  too thed  coupl ing  can be expected. The l a r g e  number 

of MAAG too thed  coupl ings  which have been suppl ied ,  p a r t i c u l a r y  for tu rbo  

i n s t a l l a t i o n s ,  and which are working t r o u b l e f r e e ,  proves t h a t  toothed 

coupl ings  can  be s u c c e s s f u l l y  appl ied .  With t h e  t r end  to h ighe r  power a d  

speed i n  t h e  f ie ld  of turbanachinery ,  it w i l l  became necessary ,  i n  f u t u r e  

when des ign ing  new machinery p l a n t s ,  to regard  t h e  coupling as an  in te -  

g r a l  p a r t  of t h e  e n t i r e  s h a f t  system. 

3 The MAAG-Tbothed Couplinq 

3.1 The MAAG Technique 

B a s i c a l l y ,  a l l  o u r  coup l ings  are manufactured wi th  t h e  same q u a l i t y ;  t h a t  

is a l l  t h e  d i f f e r e n t  t y p e s  can  be app l i ed  i n  high performance machinery. 

The cambination of s u r f a c e  hardened wi th  through hardened t e e t h  has  been 

chosen to reach  a h igh  load c a r r y i n g  c a p a b i l i t y ,  a h igh  wear r e s i s t a n c e  

and good s l i d i n g  cond i t i ons .  One except ion  is t h e  h igh  torque  and low 

speed coupling,  for example used i n  t h e  cement m i l l  d r i v e r s ,  for which 

the e x t e r n a l  t e e t h  are n o t  s u r f a c e  hardened. 

3.1.1 The Tee th  

Genera l ly  all e x t e r n a l  t e e t h  are s u r f a c e  hardened and ground w i t h  s l i g h t  



b a r r e l l i n g ,  see Fig. 3 (exception a s  mentioned i n  3.1) .  With t h e  small 

amount o f  b a r r e l l i n g  a high load carry ing capaci ty  is achieved. Heavy 

b a r r e l l i n g  is no t  advantageous f o r  high speed couplings,  s ince  t h e  allow- 

a b l e  angular  misalignment is l imi ted  by t h e  s l i d i n g  ve loc i ty .  The i n t e r -  

n a l  t e e t h  a r e  c u t  i n t o  t h e  through hardened sleeve.  To avoid d i s t o r t i o n s ,  

normally no f u r t h e r  h e a t  t reatment is c a r r i e d  out .  For s p e c i a l  applica- 

t i o n s  the  i n t e r n a l l y  toothed compnents  may be n i t r i d e d ,  a t t e n t i o n  is 

then paid to minimise t h e  dimensional changes and d i s t o r t i o n s .  

3.1.2 Materials 

For t h e  manufacture o f  t h e  toothed coupling c m p n e n t s ,  case hardening or 

d i r e c t  hardenable steels a r e  used. Spacers may be made of aluminium 

( a n t i c o r r o s i v e )  or t i tanium a l l o y  i f  a l o w  coupling weight is required.  

The e x t e r n a l  t e e t h  are e i t h e r  induction hardened, case hardened, or ni- 

t r ided .  For high s p e d  app l i ca t ion  a l loay-s t ee l s  are used exc lus ive ly  f o r  

toothed m p o n e n t s .  

3.1.3 Dynamic Balancing 

The coupling hubs and t h e  f l o a t i n g  member are balanced individual ly .  I f  

however, they are a bol ted  u n i t  cons i s t ing  of d i f f e r e n t  p ieces ,  then they 

w i l l  be balanced i n  t h e  assembled condit ion.  When designing t h e  coupling 

components it is d e s i r a b l e  to achieve direct support  o f  t h e  m p o n e n t s  on 

the rollers of t h e  balancing machine. Balancing mandrels have to be used 

f o r  balancing t h e  hubs and c e r t a i n  coupling s leeves .  Hubs with one key- 

way only  are n o t  balanced, t h e s e  have to be balanced together  with t h e  

s h a f t .  But i f  such a hub has  to be replaced it is p r a c t i c a l l y  impossible 

to re-balance t h e  s h a f t  on site. Therefore,  t w o  keys should always be 

used f o r  s h a f t s  having a speed greater than 1500 min-l . 

Balancing mandrels are a v a i l a b l e  or w i l l  be manufactured i f  required 

f o r  : 

1 )  Tapered bores with cones of  1:10, 1:16 (Nema cone) ,  1:20 and 1:24. 

2 )  Cy l indr ica l  bores wi th  standard diameters  and IS0 to lerances  class H 

6. 
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The balancing accuracy corresponds t o  t h e  requirements of VDI-2060 quali- 

t y  c l a s s  Q? . 

- 3.1.4 A l l o w a b l e  Angular Misalignment 

The allowable angular misalignment is dependent on backlash, s l iding,  

velocity barrel l ing and loading. Since the tooth charac te r i s t ics  a r e  

fixed f o r  the  given standard s i ze s ,  t he  maximum allowable angular m i s -  

alignment can be given f o r  each s i z e  a s  a function of the  speed, see Fig. 

12. 

The allowable angular misalignment is given f o r  t w o  running conditions: 

1 )  Transient condition, f o r  example during run up of the  machinery. 

2 )  Continuous condition, t h a t  is when a l l  the expansion has se t t l ed .  

The horizontal  l i n e  i n  the  graph represents the  geometrical limit; the  

declining l i n e  is the  l i m i t  given by the  allowable s l id ing  velocity.  

For the  t rans ien t  condition, the  barrel l ing has been taken in to  conside- 

ra t ion  when determining the  maximum allowable misalignment, a s  allowable 

s l id ing  veloci ty  0.16 m/s has been assumed. For the  continuous condition 

the bar re l l ing  and the Hertzian defmat ion  have been considered, and a s  

allowable s l i d ing  veloci ty  0.12 m/s has been assumed. 

Should the operating conditions require  a la rger  misalignment then a more 

pronounced barrel l ing can be applied, within cer ta in  limits. The maximum 

allowable bar re l l ing  depends on the power, speed, and coupling s i ze ,  

therefore a generally applicable value cannot be given. 

For l o w  speed couplings, of the  type ZCF (cenient m i l l  d r ive ) ,  the  allow- 

able misalignment is 4 mm per 1 m ax ia l  dis tance between the tee th  

( H I  

3.2 Non-disengageable Toothed Couplings 

These couplings a r e  applied fo r  connecting s h a f t s  which remain coupled 

during opearation. Fig, 13 shows a MAAG toothed type ZUD, with spacer and 

" a n t i  sludge" lubr icat ion,  f o r  turbo-machinery. 


