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Experience with Specia l  Appl ica t ions  

The MAAG Gear Wheel Cunpany has,  campared with o t h e r  gea r  manufacturers,  

a r e l a t i v e l y  l a r g e  engineering department with a s t a f f  o f  close to  50 

design engineers  and draftsmen. This  al lows us not  only to supply pranpt 

and thorough c o n t r a c t  information but  a l s o  to design s p e c i a l  gea r  boxes 

t h a t  have to be engineered from s c r a t c h  and, hence, r e q u i r e  much more en- 

g ineer ing  hours than g e a r s  of  t h e  standard range. A good p a r t  of  t h i s  

engineering e f f o r t  is invested i n  naval gear p r o j e c t s ,  where low weight, 

v i b r a t i o n  and no i se  is of extreme importance. However, t h e  f i e l d  of turbo 

gear ing  has ,  also, o f t e n  a p p l i c a t i o n s  where a s p e c i a l  gea r  can r e s u l t  i n  

b i g  advantages wi th  respect to weight/space savings or for extreme pow- 

ers or speeds. Sane of such a p p l i c a t i o n s  s h a l l  be explained i n  t h i s  part 

o f  t h e  symposium. 

1 S p l i t t e r  Gears for Power D i s t r i b u t i o n  

Many i n s t a l l a t i o n s  r e q u i r e  t h a t  a- s i n g l e  d r i v e r  is used to opera te  sev- 

e r a l  machines such a s  L D  and H/P compressors, a campressor and a gen- 

e r a t o r ,  e t ~ .  I f  t h e s e  machines a r e  i n s t a l l e d  i n  l i n e  they may r e q u i r e  

severa l  g e a r  boxes and t h e  total length  of the i n s t a l l a t i o n  becomes q u i t e  

considerable.  I f  t h e r e  is not  enough length  a v a i l a b l e  i n  t h e  i n s t a l l a -  

t i o n ,  an a l t e r n a t e  s o l u t i o n  can be o f fe red  by a s p l i t t e r  gea r  box where 

t h e  dr iven machines can be mounted parallel to each o the r .  

MAAG a l ready del ivered  a dozen of  t h e  following s p l i t t e r  g e a r s  i n  t h e  

e a r l y  5 0 ' s  (Fiq.1): 

Gear type  : G-295/5 

Driver (gas tu rb ine )=  12'500 kW/at 3836 rpm 

Driven machines: 

- Generator = 8500 kW a t  3000 r p  

- Blower = 3500 kW a t  6686 rpn 

- Canpressor = 3100 kW a t  10'174 rpn 

A few y e a r s  ago w e  supplied t h r e e  of t h e  following gears:  
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Type GX-101/4 m u l t i p l e  s h a f t  gearbox between g a s  t u r b i n e  

and 2 compressors (Fig.  2 ) .  

Power o f  gas t u r b i n e  3600 kW a t  7500 rpn 

Power of  h igh p ressure  canpressor 1980 kW a t  21'538 rpn 

Power of  low pressure  m p r e s s o r  1616 kW a t  15'849 rpn 

Vpitch l i n e  = 131 m/sec (26'000FPM) 

These g e a r s  are used on an o f f s h o r e  p la t form i n  Dubai. The t w o  compres- 

sors, both having t h e i r  own t h r u s t  bearing,  are connected to t h e  gea r  box 

by means o f  s p e c i a l  diaphragm couplings t h a t  on ly  allow a very l imi ted  

a x i a l  f l o a t ,  not  even s u f f i c i e n t  to absorb t h e  thermal growth of t h e  gea r  

and compressor rotors. By using a t h r u s t  c o l l a r  des ign to e l imina te  t h e  

h e l i x  t h r u s t  of  t h e  s i n g l e  h e l i c a l  g e a r s  and by allowing t h e  set of g e a r  

rotors to f l o a t  a x i a l l y  (Fig. 3) t h i s  problem could be resolved.  The gea r  

is also used to d r i v e  a lube  o i l  pump and a c o n t r o l  o i l  pump, o f f  o f  one 

o f  t h e  i d l e r  s h a f t s .  

Another, sanewhat s i m i l a r  i n s t a l l a t i o n  is shown on t h e  next  p i c t u r e  (see 

Fig. 4 ) .  I t  c o n s i s t s  of a system dr iven  by a g a s  tu rb ine  and a steam 

t u r b i n e  used to d r i v e  5 d i f f e r e n t  ccmpressors. Th i s  g e a r  system, b u i l t  by 

another  g e a r  c o m ~ & ~  i n  1968 wi th  a p i t c h  l i n e  v e l o c i t y  of  147 m/sec (29 

000 FPM) and using t h r u s t  collar des ign,  had f requent  f a i l u r e s  caused by 

scor ing  and t oo th  breakage. The i n i t i a l  des ign d i d  not  inc lude  modified 

leads .  

I n  a s tudy which w e  conducted, w e  ca lcu la ted  t h e  tooth  deformation incur- 

red i n  opera t ion  (caused by h e a t  a s  w e l l  a s  t o r s i o n a l  and bending 

d e f l e c t i o n )  and came up wi th  f i g u r e s  o f  up to 0.028 mm. With a new g e a r  

set, including proper too th  c o r r e c t i o n s  to o f f s e t  t h e  deformations i n  the 

g e a r  mesh, t h e  problems were resolved and t h e  2 gearboxes have now been 

running f o r  more than 4 y e a r s  to t h e  use r s  f u l l  s a t i s f a c t i o n .  

2 Larae Gear Boxes with Thrust  C o l l a r s  

With re spec t  to t h e  r e l i a b i l i t y  o f  o u r  t h r u s t  collar design,  w e  wish to 

use t h e  example o f  t h e  following i n s t a l l a t i o n  (see Fiq. 5 )  that is running 

i n  an oxygen p l a n t  near Chicago. 
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Gear type : GX-90 

Center d i s t a n c e  = 906 nun 

Power = 30'000 kW 

Speeds = 1200/4437 rpn 

Helix t h r u s t  = 6650 kg 

The funct ion  of  t h e  t h r u s t  c o l l a r  is shown i n  Fig. 6. 

3 P a r a l l e l  S h a f t  Gears with Extreme Power, Speed and P i t c h  Line Velocity 

Already in 1963 MAAG suppl ied  a g e a r  box f o r  t h e  following extreme power 

app l i ca t ion  (Fig.  7 ) :  

Gear type  : G-175 

Center  d i s t a n c e  = 1750 nun 

Power = 62'500 kW 

Speeds = 2988/1000 r p n  (Steam Turbine/Generator) 

P i t c h  l i n e  v e l o c i t y  = 137 m/sec (27'000 FPM) 

A t o t a l  of 8 o f  such or s i m i l a r  g e a r s  have been del ivered  i n  t h e  mean- 

time. 

I n  t h e  recent y e a r s  we b u i l t  s eve ra l  g e a r s  with a s i m i l a r  power r a t i n g  

but  q u i t e  higher speeds (see Fig. 8 )  : 

Gear type  : G-72s 

Center d i s t a n c e  = 720 mm 

Power = 60'000 kw 

Speeds = 6349/3600 rpn (Gas Turbine/Generator) 

P i t c h  l i n e  v e l o c i t y  = 173 m/sec (34'000 FPM) 

These gea r  boxes a r e  equipped with a lube  o i l  pump supplying 3180 l/min 

(840 US GPM) a t  a p ressu re  of  7 bar.  Whereas t h e  b u l l  gea r  has its own 

t h r u s t  bearing to a x i a l l y  l o c a t e  t h i s  rotor, which is r i g i d l y  connected 

to t h e  genera tor ,  t h e  p in ion is not  equipped with a t h r u s t  bearing. It 

is a l s o  connected to t h e  tu rb ine  rotor by means of  a r i g i d  coupling 

( q u i l l  s h a f t ) ,  i.e. t h e  h e l i x  t h r u s t  is absorbed i n  t h e  g a s  turbine .  

By close coordinat ion  between t h e  engineering departments o f  t h e  



turbine builder and MAAG, t he  he l ix  angle was selected i n  a way tha t  the 

hel ix  t h rus t  a c t s  against  the  t h rus t  of the  gas  turbine,  thus considera- 

bly reducing the  ac t ive  load i n  the  qas turbine th rus t  bearinq (Fig.9).  

Another application with extreme p e r ,  tooth/bearinq loads, pitch l i n e  

and bearing ve loc i t i e s ,  a s  w e l l  a s  ro tor  speeds w i l l  very soon be in- 

s t a l l ed  on the North Slope of Alaska: 

Gear type : GB-50 

Center dis tance = 500 nun 

Pmer  = 47'500 HP 

Speeds = 4'670/1O1720 rpll 

Pitch l i n e  veloci ty  = 170 m/sec (33'500 FPM) 

Units with s imilar  load charac te r i s t ics  have previously been ins ta l led  a t  

other  locations i n  Alaska, a s  w e l l  as i n  the deser t  of Algeria. The pin- 

ion journal bearings of these i n s t a l l a t i ons  a r e  of t he  MAAG t i l t i n g  pad 

design, i n  order to absorb the considerable heat generated i n  these bear- 

ings as w e l l  as to cope with t he  resu l t ing  high bearing veloci t ies .  

Another application with extreme power is required f o r  steam turbine/re- 

ciprocating compressor t r a in s .  Already i n  1950 MAAG delivered the follow- 

ing un i t  with a q u i l l  sha f t  b u i l t  i n to  the  hollow low speed rotor: 

Gear type : G-70/95 (two s taqes)  

Center dis tance = 700 plus  950 nun 

Power = 6000 H P  

Speeds = 3600/230 rpn 

The l a rges t  of such un i t s  is the  following gear which was supplied in  

1969 : 

Gear type : G-65/120 (two s tages)  

Center dis tance = 650 plus 1200 nun 

Power = 6400 kW 

Speeds = 4261/230 rpn 

Recently w e  b u i l t  t w o  other  impressive gears  which were tes ted i n  Zurich 

a t  f u l l  load and f u l l  speed (see Fig.10): 

r. 
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Gear type : G-55/83 ( t w o  s t a g e s )  

Center d i s t a n c e  = 500 p l u s  830 mm 

Power = 4796 hl 

Speeds = 7469/333 rpn 

With reference  to extreme rotor speeds, t h e  following u n i t  can be re fe r -  

red to: 

Gear type : G-19/15 ( 2  s t a g e s )  

Center d i s t a n c e  = 190 p lus  150 mm 

Power = 220 HI? 

Speeds = 2'700/60'036 rpn 

P i t c h  l i n e  v e l o c i t y  (2nd s t a g e )  = 152 m/sec (30'000 FPM) 

This  gea r  box is used for t e s t i n g  of  f u e l  pumps f o r  a i r c r a f t  engines. 

4 Epicycl ic  g e a r s  

Standard e p i c y c l i c  g e a r s  are based on a design with 3 p lane t s  i n  o rder  to 

insure  equal load d i s t r i b u t i o n .  By means of a patented f l e x i b l e  pin de- 

s ign ,  MAAG has  t h e  p o s s i b i l i t y  of  bui ld ing g e a r s  with more than 3 plan- 

ets, but  still insur ing equal  d i s t r i b u t i o n  of  t h e  load to be transmit- 

ted.  

One of t h e  app l i ca t ions  is shown i n  Fig. 11 and 12. The gear  is bolted 

d i r e c t l y  onto  t h e  g a s  t u r b i n e  casing and, hence, is an i n t e g r a l  p a r t  of 

t h e  tu rb ine  s t r u c t u r e .  

Gear type 

Power 

Speeds 

The p lane t  c a r r i e r  with p l a n e t s  are supported by f l e x  p ins  (Fig. 13) .  The 

pa ten t  of t h i s  design belongs to a B r i t i s h  ccmpany, but  MAAG has the  

r i g h t  to use it. 



MAAG 
ZURICH 

Fig .  1 
Gear  t y p e  : G-295/5 
D r i v e r  ( g a s  t u r b i n e )  = 1 2 ' 5 0 0  k ~ / a t  3836 rpm 
D r i v e n  mach ines :  

- G e n e r a t o r  = 8500 kW a t  3000 rpm 
- B l o w e r  = 3500 kW a t  6686 rpm 
- Compressor  = 3100 kW a t  1 0 ' 1 7 4  rpm 
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Fig 
Gear type GX-101/4, multiple shaft gearbox 
between gas turbine and 2 compressors 
Power of gas turbine : 3600 kW at 7500 rpm 
Power of high pressure compressor: 1980 kW at 21'538 rpm 
Power of low pressure compressor : 1616 kW at 15'849 rpm 
Pitch line velocity = 131 m/sec (26'000 FPM) 
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Fig. 5 
Gear type : GX-90 
Center distance = 906 mm 
Power = 30'000 kW 
Speeds = 1200/4437 rpm, 
Helix thrust = 6650 kg 

- 
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Fig. 6 



MClClG 
ZURICH 

Fig .  7  
Gear t ype  : G-175 
Cente r  d i s t a n c e  = 1750 mm 
Power = 62 '500  kW 
Speeds = 2988/1000 rpm, 

(Steam ~ u r b i n e / ~ e n e r a t o r )  
P i t c h  l i n e  velocity = 137 m / s e c  ( 27 ' 000  FPM) 
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F i g .  8 
Gear t y p e  : G-72s 
C e n t e r  d i s t a n c e  = 720 mm 
Power = 6 0 ' 0 0 0  kW 
Speeds = 6349/3600 rpm 

(Gas  Turb ine /Genera to r  ) 
P i t c h  l i n e  v e r l o c i t y  = 173 m/sec (34 '000  FPM) 

F i g .  9 

Gas Turbine 

r 

G-72 s 50 Hz or 
60 Hz 
Generator 



mnnt 
ZURICH 

Fig.  10 
G e a r  type : G-55/83 ( t w o  s t a g e s )  
C e n t e r  d i s t a n c e  = 500 p l u s  830 mm 
Power = 4796 kW 
Speeds  = 7469/333 rpm 



MClAt 
ZURICH 

Fig. 11/12 

Gear type : TPV 12 /20  
Power = 4 ' 0 0 0  kW 
Speeds = 12 '000 /1500  or 1800 rpm 
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