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I n  t h e  i n t r o d u c t i o r ~  t o  Volurfle I 1  of h i s  book ,  "NUVRBLE HRIDGES". 
U t  is Hovey ,  R s s i s t a n t  C h i e f  E n g i n e e r  of R m e r i c a r ~  B r i d g e  Cn. a t  
t h e  t i r n e ,  h a s  oitt l i r i e d  t h e  d e s i r e a b l e  c h a r a c t e r i s t  ics of t n e  
r n a c h i n e r y  t o  rnove t h e  s p a n .  Rrnurtg o t h e r  t h i n g s  h e  o o i n t s  oitt : 

- t h e  r n a c h i n e r y  s h o u l d  b e  l a i d  o u t  i n  t h e  s i m o l e s t  o o s s i S i e  way. 
- t h e  m a c h i n e r y  s h o u l d  b e  s u c h  t h a t  t h e  n u m b e r  o f  o a r t s  is 

smal I. 
- e a c h  p a r t  s h o u l d  b e  u f  t h e  s i m p l e s t  c o r t s t t - u c t  i o n  t c ~  d o  t h e  

work .  
- t h e  first cost a n d  r o a i n t e r ~ a n c e  s h o u l d  b e  roinirnitni. 

R i t h o u g h  t h e s e  i n s t r u c t  i o n s  were w r i t t e n  c!ver s i x %  y  y e a r s  a g o  
t h e y  are  s u r e l y  . j u s t  a s  t r u e  t o d a y  a s  t h e y  were i n  i727. 

Unce  m o v a b l e  b r i d g e s  a d v a n c e d  b e y o n d  t h e  s t a g e  of a i - ~  
p o s i t i o r i e d  across a g u l l y ,  o r  a o l a t f o r r o  c r o s s i n g  t h e  moat 
s u r r o u r r d i r i g  a cast le  a n d  t h e  q u a i r r t ,  r na r rua l l y  l i f t e d  s 3 a n s  50 

p o p u l a r  across t h e  c a n a l s  ccf t h e  N e t h e r i a n d s  i t  is l o g i c a l  t h e  
E n g i n e e r s  arid D e s i g n e r s  s e l e c t e d  g e a r s  a s  t h e  h e a r t  of t h e  
r n a c h i n e r y  s y s t e r f l s  t r r s  move t h e  s p a n s .  

R f t e r  a l l ,  g e a r s  are o n e  of Man ' s  o l d e s t  r n e c h a n i c a l  d e v i c e s ,  t h e y  
h a v e  s e r v e d  Mankirad f o r  o v e r  58@@ y e a r s ,  t h e y  are a re  of t h e  riiost 
b a s i c  m a c h i n e r y  e l e m e n t s .  I n d e e d ,  i n  C h a r l  ie  C h a u i  i n '  5 meg~.ie,  
"Mode rn  Ti rnes"  w e r e  syrnbul  i z e d  w i t h  Gears arrd pi i . i ior :s :  RiiSe 
G o l d b e r g i s  n f f s p t - i n g ,  t h e  r e c e n t i y  p o o u i a r  c h i i d r e r r '  s garne 
"Mol.tsetrap" i n c l u d e d  a t y o e  ctf g e a r s :  ever r  t h e  s e r v i c e  c t - g a n i z a -  
t i a n  R o t a r y  I n t e r - n a t i o n a l  is i d e n t i f i e d  by a g e a r  s y m b o l :  ri?ariy 
a d v e r t  iseroerit s i n c l  cide g e a r  w e s h e s  a n d  o u t  st a n d  i n g  c r w s o r a t  i n n s  
s u c h  a s  XEROX i n c l u d e  g e a r s  i n  t h e i r  c n r o n r a t e  3 1 - t b l i c i t y  t o  
c o n v e y  t h e  a s s u r a n c e  of s~.~ccessf it:  erit i t  ies w o r k i n g  t o g e t h e r .  

Gears are  c e r t a i r t l y  o n e  of t h e  rnast r e c o g n i z e d  mach iuie e l e r r e f i t s  
a n d  create i m p r e s s i o n s  of p o s i t i v e  act i o n ,  coo t -d  i r i a t e d  rnclvernefit, 
r e o e a t e d  a c c u r a c y  a n d  eff  i c i e r i c y  i i ? ~  t h e  o u b l  ir mind .  

T h e y  h a v e  i n s t i l l e d  r e s p e c t  a n d  c o r i f i d e r i c e  i ? i  r e l i a b l e  o e r f r w -  
roance a n d  i r i t e g r i t y  of o o e r a t  i o n .  I t  is n o  wondel- E r i g i n e e t - s  c n c s e  
thern t o  rnove t h e  m a s s i v e  s o a n s  of t h e  h i g h w a y  a r c  r a ?  ii-ce.2 
b r i d g e s  i n  t h e i r  c r o s s i n g s  of r r a v i g a b l e  w a t e r w a y s  throi!~h: :~s . i t  t h e  
U n i t e d  S t a t e s  a n d  t h e  Wor ld .  

T o d a y  w e  a re  g o i n g  t o  l o o k  a t  g e a r  d r i v e i - i  r.?c!vaSle kt- ic iye o o e r a t -  
i r ~ g  r n a c h i n e r y  s y s t e r f l s  arld f i n d  a!.!t j t - t s t  w h a t  a S t a t e  of T h e  Rr-.t 
S y s t e r n  l o o k s  arid s o u n d s  i i k.e, w h a t  co r f l pcne f i t s  i t  i n c ?  t i d e s  a n d  
w h a t  m a i n t e n a n c e  it  r e c u i r e s .  

B a s i c a l l y  t h e  o p e r a t  i r ig  roach i r i e r y  is a sirflrile , s t r a i  z:t - far-ware 
system t h a t  c o n v e r t s  a r n o d e r a t e  r o t a t  i o r ~ a l  s p e e d :  low torci te  
i n p i i t  t o  a l o w  s p e e d ,  h i g h  torei.ie o ~ i t o b t t .  I t  cci r ic , ;s ts  O F  : 

1. R p r i r n e  rnover  s u c h  a s  a n  e l ec t r i c  rnotctr, i n t e r r ~ a i  cc! r i iO! . t s t  ~~~~~I 
e n g i n e ,  steam er tg i r i e  or e v e n  a n i m a l  o r  hurnan pcswer-. t h a t  iri- 
t t - a d u c e s  ro t  a r y  root i o n  tri 
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2. R series o f  p i n i o n s ,  g e a r s  arid s h a f t s  t h a t  r e d u c e  t h e  s o e e d  
artd i n c r e a s e  t h e  t o r q u e  t o  a f i n a l  mernber w n i c h  i n t r o d u c e s  
mot i o n  t o  t h e  s o a n .  

S u c h  a s y s t e r n  is showri schernat  i c a l l y  irr F i g .  1. O f  c o u r s e ,  h e r e  
w e  a l s o  see t h e  a s s a c i a t e d  camporter i ts  of b e a r i n g s  t o  s u p o o r t  t h e  
s h a f t s  o n  which  t h e  g e a r s  a n d  o i r t i a r i s  a r e  mc;unted, c o u o i  i n n s  t~ 
ioiri tne s h a f t  e n d s  t o g e t h e r  a n d  a b r a k e .  T h i s  b a s i c  systers: .- 
o e r r n i t s  e a s y  rflodif icat i o n  to meet t h e  n e e d s  o f  v a r i o u s  d e s i g n  a n d  
o p e r a t i n g  r e q u i r e r n e r r t s .  F a r  i n s t a n c e ,  when t w a  pir t i r i rrs  are 
r r e c e s s a r y ,  i t  is easi 1  y  accurfipl i s h e d  by mere: y  add  i r i g  a n o t h e r  
s h a f t  e x t e n s i o n  w i t h  t h e  r e q u i r e d  g e a r s ,  s h a f t s  a n d  b e a r i n g s :  a rG 
when l o a d  s h a r i n g  is r e q u i r e d  a g e a r  t y p e  d i f f e r e n t i a l  is i n c o -  
r o o r a t e r ! .  ( F i g .  2)  

Notice t h e  b a s i c  s y s t e m  is s u i t a b l e  f n r  u s e  on a n y  t y ~ e  n f  S r i d s e  
- s w i n g .  b a s c u l e  o r  v e r t i c a l  l i f t  . Of col.$rse a v e r t i c a l  l i f t  
wou ld  riat i r i c o r o o r a t e  a d i  f f e r e r t t  ia! ; b u t ,  a s  h a s  b e e n  g o i n t e n  
caut, t h i s  d o e s  n a t  cha r ige  t h e  b a s i c  systerfl .  

The  f o l  l a w i r ~ ~  character is t ics  artd berref i ts  u f  g e a r  d r - i v e s  are 
r e c o g r i i z e d  t o  b e  of br i roe  i m p o r t a r i c e  t o  ii iovable b r i d g e  n p e r a t  irig 
rnach i r t e r y  : 

1. They are r u g g e d  a n d  d e p e n d a b l e .  
2. They are f o r g i v i n g  a n d  c a n  s u s t a i n  s u b s t a n t i a l  a b i i s e  

w i t h o u t  c a t a s t r o p h i c  f a i l u r e .  
5. Tney r e q u i r e  1  i t t  le r f l a in tenance  a n d  what  rnainter iarsce 

is r e o u i r e d  car i  b e  dorre w i t h a i i t  t h e  a i d  o f  h i g h l y  
t r a i n e d  t e c h r t i c i a r i s .  

4. They are c a b a b l e  of h a r ~ d l i r ~ g  s h o c k  l o a d s  w e l :  i n  e x c e s s  
o f  t h e i r  d e s i g r )  c a p a c i t y  w i t h o u t  f a i  ?~.!r-.e o r  e v e n  oel-1.7- 
a n e n t  damage. 

5. Ortce t h e  r a t i o s  a r e  set t h e y  d o  n o t  c h a n g e  sc! t h a t  
mot i o n s  a n d  r e g i s t r a t  i o n s  w i l l  repeat t h e m s e l v e s  t is le  
a f t e r  t i m e  af ter  time. 

6. The  c o r n o a n e n t s  l e n d  t h e i n s e l v e s  tci shcg3 a s s e m b l y  i n t  r:~ 
+ - , .  cornrrion frames arid orit  cg p la t  f or-riis so  t h a t  acci-it-at e dl i -,-;- .. 

iflent is p o s s i b l e  u n d e r  s h o p  c o n d i t  i o n s  w h i c h a l s o  rin?-.i i -  
f ies  f i e l d  i n s t a l l a t  i n n .  

T h e r e  a re  f e w  r e c o r d s  conce rn i . r ig  m a c h i n e r y  on r~larty of t h e  earl:: 
inovab le  b r i d g e s  i n  t h i s  cat.!ntry) t h e r e f o r e ,  1 5 r n  riot cer-taia i i s 5  

when t h e  f i r s t  g e a r  set f n i i r ~ d  a  borne o n  csne of t h e s e  c-trriict~it-es. 
However, a s  t h e  r a i l r o a d s  ni-ished w e s t w a r d ,  a s  e l e c t r i c a l  n c ~ w e r  
becarne a v a i l a b l e  a r ~ d  was d i s t r i b u t e d  a n d  a s  t h e  u s e  o f  t h e  
e lectr ic m o t o r  becarne f e a s i b l e  so w a s  t h e  ~ o o i t l a r  a?: icat  ior i  o '  
o e a r s  t o  m o v a b l e  b r i d g e s  a d v a n c e d .  

R s  a r e s u l t ,  mamy b t - i d g e s  d e s i g n e d  a n d  c o r n o l e t e d  irg t h e  1 8 8 m q s  
a n d  187e's were e o u i b o e d  w i t h  g e a r  d r i v e  s y s t e m s .  

Sorne af t h e s e  w e r e  i - i rn-bear in2  s w i n g  s p a r r s  - arid riiany a re  st i l :  
i n  i ~ s e  t o d a y .  R t y p i c a l  d e s i g n  wo:.ild h o u s e  t h e  r c o t u r s  a z d  cc!r:- 
trols t o g e t h e r  w i t h  t h e  p r i r n a r y  g e a r  t - e d z c t  i o n s  irt t h e  ra?achir:ery 
h o u s e ,  l r i c a t e d  iri t h e  m i d d l e  o f  t h e  s p a n  a b o v e  t r a c k .  l e v e l .  Twc~, 
or rnore d r i v e  p i n i o r i s  wer-e r io r rna l ly  u s e d  so  t h a t  a  d i f f e r - e n t i a l  
rnecnariisrn w a s  i n c l u d e d  i n  t h e  s y s t e r a .  T r a n s v e r s e  s h a f t s  e x t e n d e d  
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froto t h e  d i f f e r e n t i a l  o u t p u t  s h a f t s  to b e v e l  g e a r  sets, fre- 
a u e r t t  l y  !niter b o x e s ,  t h a t  t r a n s l a t e d  t h e  ro ta t  ion f ro i a  ?or i  zort- 
t a l  s h a f t s  to  v e r t i c a l  s h a f t s .  R d d i t  i o r i a l  g e a r  red l - ic t  i o n s  were 
i n c l u d e d ,  i f  r e q u i r e d ,  i n  c o n t i n u i n g  t h e  d r i v e  t o  t h e  P a c u  s i n i o n  
s h a f t s .  ( F i g .  3 )  

R t  t h i s  tirne g e a r s  w e r e  e x p o s e d  arsd t h e  s h a f t s  s u p o o r t e d  csn cast 
i r o n  o r  B a b b i t t  b e a r i n g s ,  a x i a l  locat ion was i n a i r s t a i n e d  by t h r i i s t  
faces o n  t h e  b e a r i n g s  a n d  g e a r  h u b s  or s h a f t  s h n i i l d e r s .  I t  w a s  
corflrnarr t o  o f f e r  surfle p r o t e c t  i o n  t o  t h e  u p p e r  e n d s  of ,vet-t i c a -  
p i n i c s n s  b y  p r o v i d i n g  a cover, ar s h r o u d ,  t o  h e l p  k e e p  jitrik fr'orn 
e n t e r i n g  t h e  !flesh. DSHR w a s  n o t  i n  b u s i n e s s  a t  t h e  t i r n e  s o  n o  
p r o t e c t  i v e  g e a r  g u a r d s  w e r e  r e q u i r e d  arot-trbd t h e  o o e n  g e a r i n g ,  
c o u p l i n g s  a n d  o t h e r  ro ta t  i r ~ g  e c u i p m e r , t .  Gear t y p e  c o ~ . i ~ i i n c s  were 
soroe t i r n e  away  i n  t h e  f u t u r e  so s h a f t  e r i d s  were J o i r ~ e d  by r i g i d  
f l a n g e ,  sleeve o r  j a w  t y p e  c o i i p l  i r ~ g s .  

R  s w i n g  b r i d g e  of t h i s  p e r i o d  is t h e  C h i c a g o ,  C e n t r a l  R P a c i f i c  
R a i l r o a d  b r i d g e  across t h e  Missoi-iri R i v e r  b e t w e e n  Coiirici  l Rl l!ffc,, 
I owa  arid E a s t  Omaha, N e b r a s k a .  Irr a d d i t i o n  t a  t h e  f a c t  i t  is o l d  
- e r e c t e d  i n  1893 a n d  st i 1 1  o p e r a t i n g  i in t  i l  Js-tne, 1798, when a 
t o r n a d o  c a u s e d  t h e  d e s t r u c t i n r s  of s e v e r a l  r a c k  artd t r a c k  s e c t i n n s  
r e r ~ d e r i n g  i t  i r v o o e r a b l e  - i t  is a n  i r r t e r e s t i n g  i r t s t a l l a t i o n  sirrce 
t h e  c r o s s i r r g  c u n a i s t e d  of t w o  s w i n g  s p a n s ,  e a c h  w i t h  i ts  p i v o t  
p i e r  o n  t h e  r i v e r  b a n k  a n d  h a v i n g  a cornmon rest p i e r  i n  t h e  
m i d d l e  of t h e  r i v e r .  

, . 
T h e  E a s t  s o a n  is o p e r a t e d  b y  two s e g a r a t e  e l ec t r i c  motors o t - i v i n c  
g e a r s  on a carnmon s h a f t .  T h e  s eco r id  r e d s i f t  ion Si t i  l gear-  i ~ ~ c o t - -  
aora tes  a t w o  o i r i i o n ,  b e v e l  g e a r  d i f f e i - e r ; t  i a l  w h o s e  two ori t  o u t  
s h a f t s  e a c h  d r i v e  a set of !niter gea . r s  i m t n e d i a t e l y  f o l l o w e d  by 
a n o t h e r  \#ert ical  s h a f t  s p u r  g e a r  set d r i v i n g  a v e r t i c a l  s h a f t  t o  
a o i r i i o r ~  w h i c h  is rneshed w i t h  t w a  g e a r s  on t h e  r a c k  3 i n i o n  
s h a f t s .  Thi t s  t h e r e  are  foc i r  r a c k  z i n i o n s  d r i v i n g  t h e  s o a n .  L o a d  
s h a r i n g  b e t w e e n  e a c h  set of t w o  p i n i o n s  is a c h i e v e d  by t h e  
d i f f e r e n t i a l  irt t h e  i n a c h i r i e r y  h o u s e ,  bi i t  no l o a d  s h a r i n g  is 
o r n v i d e d  b e t w e e n  t h e  t w o  r a c k  o i n i o n s  a t  o r e  locat i o n .  

- N o w  rerflernber, t h e s e  o h o t a s  s h o w  eai-i iprnent - g e a r s ,  b e a i - l n g s ,  
s n a f t s ,  c o u s i i r r g s  - t h a t  h a v e  r e r i d e r e d  n e a r l y  :Via y e a r s  
s e r v i c e .  M a c h i r t e r y  e x p o s e d  t o  t h e  e ? e r n e n t s  - r a i n ,  srmw, l i ? t .  
p i g e o n  d r c ~ o o i n g s  - b e a r i n g s  h a v i ~ r g  y e a r s  r ~ f  acc@.imi.i:ated d i r t  a n d  
contarniriat e d  g r e a s e  3: l e d  h i g h  an t h e i r  w o r k i n g  c-!.i.rFacee, T h e  
fact t h i s  !nachirre.-y h a s  c a n t  i n i i e d  t w .  i i n d e r  s u c h  a d - v e r s e  
c a r , d i t i n n s  is a t r i b i i t e  t o  t h e  e r i g i n e e r s  F o r  d e s i g n i r s s  c i i ch  
r ~ l g g e d  e a u i  omerst, a comroendat  i o n  tco t h o s e  who bi i i  l t  ar!d i n s - t a i  l e d  
t h e  ech-iiorflerk fo r  t h e  q i ! a l i t y  a n d  i n t e g t - t t y  of t h e i r  wc.rk.i::ar:shii 
a n d  a test i r t~ony  t o  t h e  r e ?  i a b i  l i t y  artd s~l!civrdnesc of t h e  rjeai- 
d r i v e  s y s t e m .  

Wi th  t h e  materials h a r r d l i n ~  e q r i i o m e n t  arid t h e  t : ~ l s  o f  t h e  a e r i o c  
i t  w a s  a remarkable feat  .>itst t c  g e t  t h e  i i ? ach i r ; e ry  i n  31ace. T h i s  
w a s  a cumbersome irastai l a t  i o n ;  e a c h  g e a r  arid o i n i o ~ i  h a d  t o  D e  
i n d i v i d u a l  l y  a l  i g r t e d ,  e a c h  seariric o o s i t  i o n e d  a n d  shiinr::ed or.=a3e?- 
l y  arid a l l  r n o u n t i n g  b o l t  h o l e s  d r i l l e d  a n d  r e a m e d  ir:  t h e  f i e l d  t c .  
a s s u r e  correct f i t s  w i t h  t h e  m o u n t i n g  b o l t s .  T h e  rriiinaer of o i e c e c  
w a s  g r e a t  a n d  i n s t a l  l a t  i o n  t i r n e  c o n s i d e r a b ?  e. 
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M a i n t e n a n c e  costs,  o t h e r  t h a r ~  occasions! l u b r i c a t i o n ,  h a v e  beer t  
r o i n i r n a l ;  y e t  t h e  rnach i r t e ry  c o n t i n u e d  t o  d o  its j o b  i i r~ t i l  s i t t s i r ' e  
forces i n t e r r u p t e d  its o p e r a t  i o n .  

Similar  o p e n  g e a r  d r i v e s  were u s e d  o n  b a s c u l e  a n d  v e r t i c a l  l i f t  
b r i d g e s .  

R s  t i r n e  wen t  o n  sorneone  g u t  t h e  i d e a  t o  i n c s r ? o r a t e  t h e  g e a r s ,  
s h a f t s  a n d  b e a r i n g s  i n t o  a n  e n c l o s e d  h o u s i r i g  a n d  - Lo!,  a S n e e d  
R e d u c e r :  B a b b i t t  b e a r i n g s  y i e l d e d  t o  brarnze  b i i s h i r r g s  artd t h e y  to 
s e l f - a l i g n i n g ,  s e a l e d ,  a n t i - f r i c t i o n  b e a r i r r g s  a n d  r i g i d  c o u ~ l i r g s  
d i s a p p e a r e d  i n  f a v o r  of f l e x i b l e  g r i d  a n d  g e a r  c u u p l i n s s .  I n a c -  
c u r a t e  cast t u o t h  r a c k s  a n d  c o r n g o s i t e  t o o t h  f arrn g e a r s  were 
r e p l a c e d  by g e a r s  h a v i n g  a c c u r a t e ,  g e n e r a t e d  i n v o l i t t e  p r o f i l e  
t e e t h ;  s h a f t i n g  rnaterials h a v e  i rng roved  a n d  t h e  r n e c h a r ! i c a l  
r n a c h i r t e r y  s y s t e m s  rtnw h a v e  eve r t  rnare r e l i a b i l i t y  t h a n  t h o s e  ::sf a 
c e n t u r y  ago .  

T o d a y ' s  S t a t e  of t h e  R r t  Gear D r i v e  S y s t e r ~ i  b a s i c a l l y  is n o t  
s u b s t a n t i a l l y  d i f f e r e n t  f ro r c  ear l ie r  r n e c h a n i c a l  s y s t e r n s :  h o w e v e r ,  
i t  is s u p e r i o r  s i n c e  i t  i n c l u d e s  : i m p r o v e d  materiais;  m u r e  
a c c u r a t e  rnanu fac t  u r i n g  auld o u a l  i t  y a s s u r a n c e ;  a d v a n c e d  d e s i  gri 
c o n s i d e r a t  ions:  a b e t t e r  u n d e r s t a r i d  i r ~ g  of t h e  u o e r a t  i r tp  r e a u i r e -  
rflents arid s n e c i f  ic f e a t u r e s  e s p e c i a l l y  i n c l u d e d  t o  s a t i s f y  t h e  
n e e d s  u f  t h e  2 o b  at  h a n d .  

R a t h e r  t h a n  r e - i r i v e r i t i n g  t h e  w h e e l ,  g e a r  d l - i v e  s y s t e r n s  h a v e  
prof i t e d  frorfl t h e  e x o e r i e n c e s  of t h u u s a r t d s  of r n e c h a n i c a l ,  h e a v y  
r n a v a b l e  s t r u c t u r e s ,  r f l a c h i n e r y  i n s t a l l a t i o r t s .  T h e s e  s y s t e r l i s  
r e c a g r t i z e  t h a t  t h e  o b j e c t  is t o  rtlctve t h e  s t r u c t u r e  frorn o7ie 
p o s i t i n n  t o  a r t u t h e r  - ctwen o r  clsse t h e  s n a r t  - i n  t h e  easiest, 
roost r e l i a b l e  m a n n e r  p o s s i b l e  w i t h o u t  t h e  a i d  a f  co r t ?p ! i ca t ed ,  
s o p h i s t  i c a t e d ,  s e n s i t i v e  ecu in r f l en t  b e t t e r  s i i i t e d  t o  lurrat-  l a n d - -  
i n g s  o r  s u b r n a r i r r e  e x c u r s i o n s .  

M a c h i n e r y  s y s t e m s  s h o u l d  b e  d e s i g n e d  w i t h  s e v e r a l  p n a l s  i n  mind :  

1. S i m p l e ,  uncornpl  i c a t e d  d e s i g n .  
2. H i g h  o v e r a l l  s y s t e r n  e f f i c i e n c y .  
3. E a s i l y  i r t s t a l l e d .  
4. R e a d i l y  m a i n t a i n e d .  
5. H i g h  r e l i a b i l i t y .  
6. Econorny of o v e r - a 1  i cost .  

b!ith these g a a l s  h i g h l i g h t e c  le t ' s  tai.e a :cu:~k a t  t r sday '  s mechart- 
ica:, g e a r  d r i v e  s y s t e r n .  T h e  p r e v a i  1  i.ng St a n l a r d  S ~ e c i  f i c a t  icbns 
of b o t h  RRSHTC, (2.5. 1) a n d  R. R. E. R. (6.5.6) s ~ t  t h e  s tase fc i r  o u v  
c o r r s i d e r a t i o n s ,  f o r  t h e y  s ta te :  " T h e  r t l ach i r re ry  s h a ? !  h e  sirnsle 
arid af s i t b s t a n t  ia: c o n s t r u c t  i o n .  " 

F a r  o u r  i r i v e s t i g a t i o n  w e  s h a l l  u s e  a r e n r e s e n t a t i v e  d r i v e  a s  
shown  i n  F i g  4. T h e  o v e r - a l i  t-atio o f  438.C:i is a c c n m o l i s h e d  i n  
o n e ,  d i f f e r e n t i a l ,  a u a d r ! i o l e  . i7educer .  Two 28 H P d r i v e  r n c ! t s ? ~ s  a?e 
c o u o l e d  d i r e c t l y  t o  t h e  i n p u t  s h a f t ,  b r a k e s  are  a l s c :  l o c a t e d  ar: 
t h e  h i g h  s p e e d  s h a f t  a n d  t h e  o c i t n ~ i t  s h a f t s  a re  c o r i n l e d  t o  f l oa t -  
i r i g  s h a f t s  w h i c h  c o n n e c t  d i r e c t l y  t o  t h e  r a c k  n i n i n n s .  S z h e r - i c a i  
Roller B e a r i r t g  P i l l o w  B l u c K s  s i i p n o r t  t h e  t w o  r a c k  p i n i o i . ~  s h a f t s .  
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Si~eLe~-Unco~eLLcate@-ee_sigc 
T h i s  sys tem is c e r t a i n l y  v e r y  s i m p l e ,  f a r  wha t  c n u l d  b e  rnore 
d i r e c t -  a n d  b a s i c .  N a t  ice t h a t  t h e  o n l y  o p e n  n r  e x p o s e d  g e a r s  are 
a t  t h e  r a c k / r a c k  o i n i o n  i n t e r f a c e ;  c a n r ~ e c t i n g  s h a f t s  a re  " f l aa t -  
i r rg" ,  t h u s  e l i m i n a t i n g  t h e  n e e d  f o r  a d d i t i o n a l  b e a r i n g s  arrd 
s ~ ! o o o t - t s :  f l e x i b l e  c o ~ i o l i r i g s  u n i t e  t h e  s h a f t  e n d s  so t h a t  wecise 
a ? i c n r n e n t  is n o t  beyorid r e a s o n a b l e  a rna i i n t s  a c h i e v a b l e  i n  t h e  
f i e l d .  I n d e e d  a simsle, a r a g r n a t i c  a o o r c ~ a c h .  

T h e  m a c h i n e r y  is d e s i g n e d  a n d  s i z e d  t o  muve t h e  s p a n  a g a i n s t  
f r ict  iorial r e s i s t a n c e s ,  irtert ia ,  a n d  u n b a l a r ! c e d  c o n d i t  i o r : s  
i n c l u d i n g  v a r i o u s  w ind ,  s n o w  a n d  ice i a a d i r r g s .  C e r t a i n  af t h e  
fr ict  ionai  c o n s i d e r a t  ioris are o u t s i d e  t h e  eci.!i omerst t h a t  cat-tses 
t h e  s o a n  to  rnove !i. e. T h e  1 0 5 5 e s  d e v e l o p e d  by t v u n n i n r r  b e a r l r i g s ,  
center b e a r i n g s ,  b a l a r t c e  w h e e l s ,  r i r n  r n l  lers, t h e  bend  i n c  o f  wire 

r o p e  a r o u n d  drurns ,  f l a t  a r ~ d  c u r v e d  t r a c k  p l a t e s ,  etc. ) a r K  ace 
p r e s e n t  rro rnatter w h a t  t y p e  d r i v e  is bused. Howeve r ,  t h e  f r i r t i o n  
i n t r o d u c e d  b y  t h e  rnenibers of t h e  d r i v e  s y s t e m  va t -y  d e p e r r d i n g  u p o n  
t h e  e a u i  prnent s e l e c t e d .  D e s i r a b l y  t h e  e n g i n e e r  w i  11 select com- 
ponents t o  r n a i r t t a i n  t h e  rnaxirnurn o v e r a l l  s y s t e r n  e f f i c i e n c y .  

R. R. E. R. a n d  RRSHTO o i v e  c e r t a i n  c o e f f i c i e n t s  f o r  t h e  b e a r i n n s  - 
a n d  g e a r s  t o  b e  u s e d  i n  d e t e r r n i n i r t g  t h e  rnach i r i e ry  losses;  s l e e v e  
b e a r i r t g s  - 0. 05, ark i-frict iorr b e a r i n g s  - 0. 0: arld o q e n  g e a r  sets 
- 0.02. 

T h e  e f f i c i e n c y  of t h i s  machinery, a s  a n  o;.eT: Qear t y p e  d r i v e ,  
w o u l d  b e  c a l c u l a t e d  a t  a b o u t  56% f o ? l o w i n g  $4. R. E. $4. a n d  RRSHTO 
v a l u e s .  Howeve r ,  b y  u s i n g  s a e e d  r e d u c e r s  a n d  m o u n t i n g  t h e  s h a G t s  
o n  a n t  i - fr ict  i o n  b e a r i n g s  t h e  lasses ar-e now on:y 1% p e r  r e d i i c -  
t i o n ,  arrd t h e  o v e r a l l  e f f i c i e n c y  is now a b o u t  30%. 

F i e i d  irtst a ?  la t  i o n  of t o d a y '  s rnach i n e r y  is e a s e d  c o r : s i d e t - a h ;  y  
s i n c e  s h o p  assemblies a r e  rnade ctf t h e  major csrtriiponents a n d  f i e?*  
w c r k  is h e l d  t o  a rninimurn. 

I n  t h i s  case t h e  redi-tcer-, rnotnt-s,  b r a k e s  ant i  e lec t r ica l  c o n t r o l  - d e v i c e =  a re  roo~.tnteti on a cornrngz:rt g l a t  form. I h e  e i n i o n  S e a r i n c ; ~  are  
s e c u r e d  t o  t h e  sti-1.ict:.tr-e af ter -  a l i g + ! i n z  t h e  ?aci. a n d  o i n i o n .  
FS? i g n r n e n b n f  t h e  iflair: r n a c n i n e r y  Frarne is t h e r i  rnade w i t h  t h e  
; . . , i o n  .,. s h a f t s  ar:c t h e  .Fr.art~e g r o u t e d  a n d  S l t e d  t o  t h e  3ier. 

:nc,ta::at ir?n u f  t h e  ?ac i  p i n i r ; n  b e a r i v r g s  h a s  Seer :  inale easiei- or, 
Fi ghway B r i d g e s  s i r : c e  9FISHTC1 rtciw r-ecororiier!cs zr-r .vi ," i r~i ;  - s l o t t e d  
3o:t "io:es 5 n  t h e  h o u s i r : r  feet er:f a n t i - f r i c t i o n  b e a r i n g  s i l l o w  
b l o c k s  a n d  t h e  u s e  of c h o c k s  f o r  i n s t a l  :at iar, a n d  a d  ?i.tstriiert 

Deae-:li?,; i!gs:rs t h e  a v a i  la"ie rooro, a r i d  o t h e r -  car,.r,si.ierat i o n s ,  or;e 
a r i r n a r y  a n d  t w o  s e r c ~ r ! c a r y  r e t i i . ~ c e r s  coi tZd 5e ).!seC w i t h o ~ t t  d e c r e a s -  
i n &  t h e  n v e v a l  l e f f i c i e n c y  ! F i g .  5). 1r:sts.l l a t  icir, procepiirec 
wci>.tl," b e  s a  e x c e z t  t h a t  the  seccir;tiar-y .pedi.~ce?-s w o i ~ l 1  >e 
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a : i$ r ied  w i t h  t h e  p i n i o r !  s h a f t s  f i r s t  arid t h e n  t h e  p r i r n a r y  r e d i ! c e r  
a s s e m b l y  a l i g n e d  a n d  i n s t a l l e d .  

O t h e r  f e a t u r e s  rnay b e  i r r c l u d e d  i n  t h e  s o e e d  t - e d i i c e r  t o  r e d u c e  t h e  
rriiri1be.r o f  p a r t s  t h a t  roust b e  p u t  t o g e t h e r  i n  t h e  f i e l d .  Fop- 
e x a m p l e ,  a n  e r n e r p e n c y  d r i v e  s h a f t  cart b e  ~ r a v i d e d  a t  l i t t l e  
a d d i t i o n a l  cc!st. T h i s  s h a f t  is s u i t a b l e  f o r  harld .rioeratic!?i, 
d r i v i . f ~ g  i r i t h  a ~ c ~ r t d b l e  pnei-irflatic or- hydt-a!.! l ic r c o t o r  o r  a n  
e:ectric C ? - i  l l. Khen t h i s  f e a t u r e  is i n c o r ; ; o r a t e d  a s a f e t y  i n t e r -  

L - l o c k  s w i t c h  is s u p o l  i e d  or, t h e  s h a f t  e n d  c o v e r  LLS p r e v e n t  acci- 
d e r ~ t a i  s t a r t i n g  o f  t h e  rnain d r i v e  rncaturs when t h e  e rnerger icy  d r i v e  
s h a f t  is ir u s e .  

M a i n t a i r r i r i g  an e n c l o s e d  d t - i v e  s u c h  a s  t h i s  is 7 i - e t t y  mi!cn rele- 
c a t e d  to  p e r i o d i c  d u d  i o - v i s u a l  s i i r v e i  l l a r r c e ,  l u b r i c a t  :ran of t c e  
b e a r i n g s ,  cot-is: i n q s ,  s s e e d  r e d i i c e t - s  a n d  r a c k i r a c k  s i n i o n s  a s  
d e s i g n a t e d  by t h e  mar t i i fac t  u r e r -  a ~ i d ,  s.f c o u r s e ,  n o u s e k e e s i n g .  

h!::, s z e c i a l  i z e d  et;i.!i ornerit , g a g e c  o r  i r ~ s t t - u r n e n t  s nor t e c h r i i c a l  l y 
t . ~ a i n e C  se r so ' f i ne !  a r e  v i e c e s s a r y  t o  c o r n q e t e n t  l y  rna i r i t a i r i  t h e  
e g u i  3rner:t. 

B e a r - i n s ?  arid ctriiip1 iris5 r n i i s t  b e  o b s e r v e d  v i s r - i a i  l y  t o  asc,i.i?-e t h e  
seals  a?-.= r e t a i r : i r r g  t h e  g r e a s e  a n d  t h a t  t h e  f a s t e n e r s  a re  t i 2 h t  
a7:d n o t  d e t e r i o r a t  i n n  t h r o i i g h  c o r t - o s i ~ n .  f ind, of c e u t - s e ,  t h e y  
mi~st b e  l i - i b r i c a t e d  3 e r i o d i c a l  l y .  

T h e  g e a r s  i n  r e e d  r e d u c e r s  a r e  a u t o m a t  icai  l y  ? ! . ! b ~ i c a t e d  by 
e i t h e r  a s s l a c h  a r  c i r c u l a t i n y  sys t e r l ? .  Iu: r~czs t  cases t h e  b e a r i n y s  
are  : t .~bt- . icated i n  t h e  sarne way. ? o w e v e r ,  s o r o e  t i r n e s  this is r : u t  
soss i  b!e a n d  s e ~ a t - a t e  g r e a s e  f i t t i n g s  a?-e o r o v i d e d  t o  i u b r i c a t e  
t h e  b e a r i n s s .  - T h e  i i !S - i ca t  i r ig  o i  i i n  t h e  i - e d i i c e r  i -e~! i i res  o e r -  
. . .  : r r ~ o ~ c  char :g i i .h~ :  j i - i s t  l i k e  t h e  o i l  i n  o r r e ' s  ca r .  

Ciie- a =,e-iod of t :;fie i t  b e c o m e s  C i l u t e d .  act!-!rci!later iot-ei g n  
inateriaLs au:d l o u s e s  i t s  a b i l i t y  t o  e f f e c t i v e l y  s e r f o r r o  i t s  . jciS. 
Fiisc!, w h e r e  t h e  a r n b i e n t  t ers??erat u t -es  v a r y  w i c t e l  y Frorc s i ! r : ? m e r  t o  
* : i n t e r  ace =?-ale - of o i l  is next s ~ . i i t a S l e .  

. . C b s e r v i r : r  - t h e  011 , e v e !  i n  a s j eec  t-.eciicre is nccrmal l v  e::ar:e by 
in i r id ing  t h e  s i g h t  l e v e l  g a g e  cr !.isi?:p a C i l - s t i c k :  h~weve?', i t  

. . c a r ,  b e  ~ o n i t o r e d  a t  t h e  O s e r a t c s r '  s Cr<rcscile by i c . c a t  ~ T C G  a?, O X  i 

l e v e l  re i ;s , r~;  i n  t h e  r - e d i ~ c e r  c a s i n z  t h a t  wi i l .  s e n d  a s i g n a i  wher! 
. . 

t h e  : e v e ;  1s Inw. 

Gear d r i v e  s y s t e m s  h a v e  a l r e a d y  e s t a 5 l i c n e d  t h e i r  r e l i a b i l i t y  
t h r o u g h  t h e  many y e a r s  of s e r v i c e  t h e y  h a v e  f u l f i l l e d .  T o d a y  t h a t  
?-el i a b i  l i t y  is i r i c r e a s e d  f o r  severs: reas!rir,s : 

Eic~ih PRSiiTO d?rd R. 3. E. R. r e q u i ? - e  s o e e d  r e d u c e r s  t o  b e  d e s i g n e d  i-: 
c o n f c t r m a n c e  w i t h  C m e r i c a n  Gear P!anufacti.tre?-s R s s a e i a t i o n  S t au :d -  
a r d s .  RCSHTO Ecses cane s t e ~  f i i r t h e r -  arrd i m n o s e s  this sarne reci-iire- 
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rnent an o p e n  g e a r i n g  a l so .  ? h e  t w o  a p p r o o r i a t e  s t a n d a r d s  c o r i c e r n -  
i n g  s p u r  and h e l i c a l  g e a r s  are RNSI/RGMR 2001-H88 ( a  r e v i s i o n  o f  
RGMR 218. 011, fo r  e v a l i i a t  iczn of operr g e a r i n g ,  a r ~ d  RGMR 420. 0 4 ,  
f o r  s p e e d  r e d u c e r s .  

T h e s e  st a n d a r d s  re~reserit a n  ad\ iancerf lent  o v e r  t h e  mod i f  i e d  i e w i s  - -or:n!.ila u s e d  f u r  d e t e r m i n i n g  t h e  a1 l o w a b l e  l o a d s  on g e a r  t e e t h  
;lei. RfiSFTO 2.6. 12 a n d  F?. 3. E. R. 6. 5. 13. T h e y  t a k e  i n t o  a c c o u n t  t h e  
C i e n r ~ e t r y  F a c t o r s :  Dynamic  F a c t o r s :  Load  D i s t r i  bait i ~ z r i  Fac t ,=*?-s  arid 
o t h e r  c o n c ! i t i o n s  t h a t  i n f l u e n c e  s a t i s f a c t n r y  sear set a e r f o r m a n c e  
i n  r a t i n g  e a c h  r e d u c t i o r !  f o r  S i . i r face  D t - i r a b i l i t y  ! P i t t i n g  Resis- 
tartce) , Berid i r ; ~  S t r e n r _ t h  a n d  Y i e l d  S t r e n g t h  H n r s e p o w e r .  :us m a s t  
cases ciri isic!vaSle b r i d g e s  t h e  S c r r f a c e  D u r a b i l i t y  R a t  irrg i s  t h e  
c r i t i c a l  c o n s i d e r a t i o n .  

Rdd i t i o n a l  : y ,  r s l o s t  s s e e d  red! . icer  ioanuf act ~irei-s make  a i n p i e  o r o v i s -  
lor: t o  h a n d ? e  i n s t a n t a n e u u s  ove i - l a ads  w i t h o u t  d a m a g e  t u  t h e  iirrit. 
RGMF S t a r j l a l - d  420.  04, Sect i c w  4. 7 s i i g g e s t s  a roaximi.iri? mcrnentar-:, -i? 

start i n &  l o a d  of 200% r a t e d  l o a d .  i i oweve r ,  t h e  s ? e e d  . i - e c i i c e r s  
p r o d u c e d  b y  r13nst m a n u f a c t u r e r s  w i  l i oer -mi t  much h i g h e r  l o a d s  
wi tho~. ! t  d e s t r o y i n g  o- r e n d e r - i n 5  t h e  :.!nit i r r n o e r a b i e .  

R n t i - f r i c t i o u r  b e a r i r r g s  u s e d  ir! t h e  s p e e d  r e d u c e r s  as  w e l l  a s  
2. t h o s e  s i i ?pccr t i r ig  ; h e  v a t - i n u s  s h a f t s  a r e  s e l e c t e d  w i t h  a r n i r r i r n i i r n  

Life e x o e c t a r t c y  of 4 8 ,  0 0 Q  h o u r s .  N o w ,  a 4 0 ,  000 h a i i r  rnir,irnum l i f e  
t r a n s 1 a t e s  t o  a b o u t  180 y e a r s  f o r  a s o a n  ooergir ig  1 0 0 0  t irnes a 
month .  

I n  a sirc;i:ar rflafiner t h e  s h a f t s  a n d  c o c ! ~ !  i n g s  a r e  d e s i , - r e d  t o  
acccsrnmodate t h e  l o a d s  d e v e l o o e l  a t  150% f i . i l l  r a t  e d  rno tu r  t a r - c u e .  

C e r t a i n l y ,  h i g h  i - e l i a b i  l i t y  is ass!.i'red. 

'he . . ,  a v a i l a b i l i t y  of a g r e a t e r  v a r i e t y  csP n o t  rir t ly i-au ? r ? a t e r i a ? s  
b u t  a!sc i m p r o v e d  curflrnercia!. 3r7c3dc.cts > a s  o t - iz~vided  t h e  e r r g i r r e e r  
msch ~ r e a t e r -  f l e x i b i l i t y  i n  d e s i g n .  T h i s  is ?ai ' t ic i i la?-!y e v i d e n t  
i n  t h e  steels l i sed  fc!r gear -s ,  g i i . r i c n s  a n d  t h e i r  s z i o o o r t  i n g  
s h a f t s .  

P t - o p e r  select ion of steels wi t : R  s u i t a b l e  r e s ~ c g r : s e  to h e a t  t r e a t -  
rnertt assists i n  o b t a i n i n g  f u l f i l i r o e n t  of t h e  ere~!.i i?*ed s o e c i f i c a -  
t i o n s .  I n  s o e e d  re~i-lcers t 2 h i s  is escecia: ? v  irnt.oi-tarit s i n c e  t h e  
a- . i . z w a b l e  stresses are  a ft.tnctic*rt of t h e  inatei-ial h a ~ c ' n e s s  a n d  i t  

is e s s e n t  i a l  t h a t  t h o s e  h a r d n e s s e s  S e  a c h i e v e d .  

The earne is triie of s h a f t s ,  c ~ i i i p l  i ~ s g s  artc b e a r i n g s .  I?! i f ! e  case  
rtf "uaarinq t h e  v e r y  h i g h  ~ ~ e l i a b i l i t y  a r r t i - f r i c t i o n  u r i i t s  a c h i e v e  
c u n t r i S u t e s  s i ~ n i f i c a n t l y  t o  i n c r e a s i n g  t h e  i n t e ~ r i t y  of t h e  
s y s t e r n  s i n c e  t h e y  d o  not "wear"  - t h a t  is, ir,crease t h e i r  i r $ t e r n -  
a l ,  r f i  c l e a r - a n c e r  - a s  s l e e v e  i seaz- i r ,gs  Go. R c c o r d  i ~ i s  i y. 
a,fjt i-frict  ion b e a r - i n g s  w i  l: ina i r ! t  a i r ,  t h e  correct  c e n t e r  e ist a n c e s  
ir: - r ap  - sets  a r ~ d  a s s i s t  i r i  r e d : i c i n g  a c r e l e i - a t e c !  toiz*t h wear. 
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t ? anu fac t : . i r i ng  p r o c e d u r e s  h a v e  a l s o  bee r ,  r e f i n e d  so tha t  s u r f a c e  
f i n i s h e s ,  t o l e r a n c e s  a n d  q u a 1  i t y  n o t  f o u n d  i n  e a r l y  e o u i  grnent is 
riot o n 1  y a c h i e v a b l e  b u t  s t a n d a r d  rrrract ice t o d a y .  F a r  i n s t a n c e ,  
l a r g e  d i a m e t e r ,  coarse p i t c h  r a c k  t e e t h  t h e  were ~ t ~ e v i c ~ i i s l  y  
i r r a c c u r a t e ,  "as cast"  t e e t h  are now rrrrecise, g e n e r a t e d  r.r for-m- 
ciit t e e t h  h o l d i n g  RGMR, Q u a l i t y  6 o r  b e t t e r  t o l e r a n c e s .  

T h e  5 n t t c m  l i n e  o n  a l l  t h e s e  c a r s s i d e r a t  i o n s  is l o n g e r ,  more 
t r o u b l e - f r e e  l i f e  arid h i g h e r  r e l i a b i l i t y .  

Q t  f irst g l a n c e  i t  ro igh t  a p p e a r  t h a t  a g e a r  d r - i v e  s y s t e m  is more 
c n s t  l y  t h a n  a h y d r a i i l  i c  s y s t e m  s i z e d  fc!r t h e  sarne o n e r a t  i n g  
c a n d i t  i o n s .  

We a l l  a g r e e  t h e  a r i g i n a :  p r i c e  of t h e  h a r d w a r e  is o r - u b a b l y  less 
for h y d r a i i l  ic e g i i i  ymerit. H o w  rnuch less b e c o m e s  somevrhat  of a 
o r o b l e r n  t o  i d e r i t i f y  d u e  t o  t h e  rflarrrrer i n  w h i c h  t h e  b i d  i t e m s  a r e  
d e f  i r ~ e d .  F o r  i n s t a n c e t  mariy t i m e s  t h e  o p e r a t  i n g  roach i r ~ e r y  is 
luiilped t o g e t h e r  w i t h  t h e  t r u n n i n r ~  a s s e r n b i  ies, l o c k  m a c h i n e t - y  a n d  
i n s t a l  l a t  i9r :  casts. Th i i s  t h e  a c t u a l  h a r d w a t - e  cost of t h e  roach in -  
e r y  is coinbirred w i t h  o t h e r  r e l a t e d  arid n o n - r e l a t e d  casts. 

R d d i t  iorral l:y, h y l r a u l  i c  a n d  m e c h a n i c a l  r e p u i r e  d i  ffererit s t r u c -  
ti:ra! a t t a c h r n e r i t s  a s  w e l l  a s  o i e r  d e s i g n s  t h a t  d o n l t  e v e r !  shraw i!o 
i n  t h e  i n a c h i n e r y  p a c k a g e  casts. T o g e t h e r  w i t h  t h i s  are t h e  a n t i -  
c i p a t e d  r f l a i n t e r ~ a n c e  casts - h i s t o r i c a l l y  t h e y  are i..rrawri f o r  
n i e c h a r r i c a l  d r - i v e  s y s t e r i ? ~  b ~ i t  t h e y  are  ; t i s t  now b e i r t g  acci i r i?~.! la ted 
f o r  t h e  f e w  hydt-a~.i l  ic s y s t e i i i s  i n  a o e r a t  ion. 

paramours t  i n  d e t e r i n i r i i r i r  m a i r s t e r ~ a n c e  costs  is n e t - s o n n e l  e x o e n s e ,  
P r e  oiit- pt-eserr t  p e o p l e  a b l e  t o  d o  t h e  , j c (b?  S j l l  t h e y  r e o u i r e  
s jecial  t r a i r ~ i r t g ?  W i l l  a d d i t i o n a l  D e o n l e  w i t h  o t h e -  s k i 1 1 5  b e  
r e q u i r e d ?  

Other -  coc-ts t h a t  car, b e  s i g n i f i c a n t  i r i c l u d e  t h o s e  a s s o c i a t e d  w i t h  
m a i r s t e n a n c e  of t i -a f f ic  i n  t h e  e v e n t  of a set-ioi.,s b r e a k d o w n .  P a s t  
e x ~ e r i e r i c e  i n d i c a t e s  i t  is a rat-e 3 ~ : s s i b i  l i t y  t h a t  s!.ich arf e v e n t  
w i l l  acci!r or3 a r r?echar t ica l  s y s t e r n .  T i e  ti-ac!4. recoi-6 o n  h y d r a u l i c s  
is n o t  y e t  e s t a b l i s h e d .  

Csef i i :  l i f e  of t h e  m a c h i n e r y  a l s o  h a s  a ?ai-t i n  i ts  c-.st.-Eve?.:? 
d a y  tt-aff ic is ~ n i n r  - eve.- a n d  i i n d e r  n1ovaS1e b r i d r e s  t h a t  5a .ve 
b e e n  i n  s e r v i c e  502, G@ , 7 2  top roore y e a r s  ai.:d a r e  st i  1 i c ~ ? e r a t i n r  .. 
w i t h t h e  o i . i s i n a l  m a c h i n e t - y  w i t h  f e w ,  i f  a n y ,  r e g l a c e m e n t  c?arts  
a n d  eve r :  sca . r t t  mai rrt e n a n c e .  T o d a y '  s s y s t  errs w i  l l s e r v e  e v e r :  
1 oi-lier-. - 

T h e  f a c t  of t h e  matter is t h e  ti-tie cos t s  of a sy'stein c o n s i s t  of 
warty e l e r . i e n t s :  t h e  c u s t s  af - o r i g i n a l  hardwar-e .  str-iicti-%t-ai 
a t t a c h i i l e n t  s, m a i n t  er:ar;ce, r e o a i . -  sand r e o l a ~ e i f l e n t ~  ?!.!bi ic i . f i c ~ z v r  
v e r : i e n c e  a n d  usefj . i i  l i . F e  e x g e c t  ar:cy.  

I r !  sI.:ro!nat-y, t h e  pr -eser i5  d a y  g e a r  d r i v e  s y s t e r n  o f f e r s  t h e  ,~.~ar!er-  



STRTE OF THE RRT MECHRNICRL GERR DRIVE SYSTEMS PRGE 7 

comfort in the fact that it is simple, assures h i g h  systern ef- 
ficiertcy, is easily installed, readily maintained, very reliable 
and most ecunomical in over-a1 1 cost. 












