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BACKGROUND

Ih e  1/S. Navy ’s intere st in high performance craft in recent years has created a
requirement for marine transmissions with new constraints i m posed. The components of
these transmissi ons must be l ight  weight and,  therefore , hi ghly loaded. Additionally, t h ey
must operat e wi thin  a flexible struct ure and cope with the adverse marine environment.  This
tra nsn )j ssit )n ~~stemn is different from former transmissions of aircra ft or marine type.
Operatio na l proble ms have res u lted , and sti ll fur ther  problems are anticipated as we move to
higher power and larger craft

I his Mechanical Transmission Workshop, conce nt ra t ing  on applications directed
towa r d high perfor mance shi ps , was i nitiated by a letter on 4 August 1976 from the
(‘omn 1ander of the David W. Taylor Naval Ship Research and l)evelopment Center
(Appendix  A ) .  The workshop was conducted to bring experts from the government

- , 
and indus t r y  togeth er , to compile necessary information for support of Navy efforts in this
area. Resp ondees to the letter of invi ta t ion  were then sent further  informat ion presenting
some back~~ound material  and the mechanics of the workshop. Both letters are presented in

• Appendi \  A

• The decision to conduct a workshop was based on a perceived need as well as the
success of recent technology workshops sponsored by the Naval Sea Systems Command.
These workshops included a Gas Turbine Workshop held in March of 11)74 , a Hydronie-
chanics Workshop held in August of 1973 and a Marine Engineering Workshop held in the
summer of l9~ 4. These workshops have provided broad-based information for the
tor niulation of ’ research and development progra ms.

As ment ioned in the letter of inv i t a t i on ,  the  purpose of this Mechanical Transmission
Workshop was threefold A c  lear def ini t ion of the state-o f-the-art was required. An
eva lu at ion n eeded to be m ade of wh at resea r ch a nd develop m en t wou ld be requi red to solve
current problems and meet future  needs. F ina l ly ,  criteria were req uired to specify and
procure fut tire tra f lSI f l iSSiOI1 S.

I
The workshop Was divided in to  three  working groups. Ih e  t irst group was an Overview

of Mechan ica l  irau smissions. This group loo ked at future sy stem requi rements  and the
state-of- t h e-a rt de f in i t ion .  The group was co-moderated by Mr ~\~fred Ii. liarhage and Mr.
Leonard ( .  Schneider  of David Taylor Naval Ship Res earch and Development (‘enter .  An
Ope ra t m on • i l  Problems Group was co-moderated 1w Mr . George N a g o r ny  and Mr. Jules
l)e Baecke of the Naval Ship Engi nee rin ~ (‘enter in Phi ladelphia .  This group worked towards
es ta b l i sh ing  research and development requirements to he lp solve f u t u r e  opera t ional
problems . F in a l ly ,  Mr.  E dmund  J . G u t ow s k i  of the  Na ~ i J  Ship Engin e er ing (‘enter .

r l l v a t t s v i l t e .  moderated the  Specifications group:  the i r  purpose was to establish criteria for
• speuhe at iun  and procurement of hi gh performance t r a i l s m n i s s i o n  sy s l e l i l s .

f 
I he II I ) Ies  of moderators are pre sented as the  hu lk  of the  Ic \ l  of t h i s  report . The notes

are b as i c a l l y  as de li ’~.ere d by the  moder ators  r ather  tha i i  a t t e m p t i n g  to cairv a single format
throughout  t he  report.  I h i s  was done to exped i t e  release of t h i s  report • N o a t t empt  has
been made to • i l t e r  no te s  taken or to express any f ina l  Navy p051 ion on what  t ranspired.

~~~~~~~~~~~~~~~~~~~~~~ ~~i• _• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • •~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~
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A verbatum transcript of the meeting was made. This has been received and is now
bein g reviewed.

In addition to these notes , a breakdown of the attendees and which group they
participated in is enclosed as Appendix B.
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WORKSHOP

Registrat ion for the Mechan ica l  i’ran smission Workshop was completed on schedule .
by 11:00 a m .  oim .N September .  the f inal  agenda see page 4 was d is t r i l ) u ted  to the
participants .

FO l lowing  the in t roduct ion  of ( apt .  R. I Sugg . Officer-in -(’harg e DTNSRDC ’s
Annapol is Laboratory , Mr . I..  F. Marc ou s . Head of the Propulsion and Auxil iary Systems
Depart m ent at DTNSR I)( ’ ope ned the W orksh op  with welcoming remarks to the
pa rticipants.

Dr. II .  R. Quan dt. DTNSRD C , i ntroduced (‘apt I . I .  Albe e . Head , Advanced
Technology Systems i ) iv is i o i i  of the- Research and lechno logy l)irectorate , N AVSEA . who
prese nted the keynote address to the Workshop. (‘apt . .\ ihe e spoke on the Navy ’s interest in
high performance craft and the rela ted t ransmiss ion  problems with this type of craft . He
po inted out that each craft  must have some uni que capa b i l i ty  to justify its use. Transmission
proble ms result from the constrai nts oI • large reduct ion ratio and confine d space req uir ing
highl~ loaded gears. These gears operate iii a f l ex ib le  s t ruc tu re  and the  harsh marine
environment .  Transmissions of 25 .000 , 50 .00() and 100 .000 lip were t ’elt to he needed i n a
reliable conf igura t ion  so t f i at  advan ce d  ship s  would  not be delayed for lack of a propulsion
system .

I)r . Quan dt  then presented the background i n f o r m a t i o n  and in troduc t ion to the
~v OFks Ji ~~j i . F he mater ia l  presented was a surve y of cx i s )  ing advan ced ship propulsion
sys t e i i i s . s imi la r  to t ha t  contained in the sc IInd letter sent to t he par t ic ipants  prio r to t he
co n ference .

I lie par t ic ipants  were div ided i n t o  groups tha t  met for ti m e r e m a i n d e r  of time Workshop.
I lie p a r t i c i p a n t s  of each grou~ arc  listed in A pper idix A .  I h e  remainder  of th is  report
cons is t s  ot notes t a k e n  in each oup . 1 ina l  ~ ) f l c t i i s i o n~ w i l l  he made f o l l o w i n g  a review of
the t ranscr ip ts  made f r o m  tapes t h a t  were recorded at each session

OVERVIEW . ALFREI ) H A R B A G I  MODERATOR

First Working Session

I lie sessioll  began w i t h  a d s C i i  s s i ) l i  on i l i a t e r i , i  Is. l u c r e  was broad concurren ce in the
use o f ( ise ( / i r h u r i i  in g ~~ 10 .i id 0310 ( i  V M  as t h e  present s t a t c - l! ’ar l  . Co n cer n i ng i ngot
site , t ime par t  ft ipa i t s  con curred t h a t  t ip  to 40-inch st/es could be h a n d  led u sing prese n t
techn iques . ( lu ench  presse s . etc. . \ho~e 40 inches.  distortion pro b lems arise . i .e .  case depth
may be ground o f t . The desired case dep t h  was discussed. For smal l  d i a m et ra l  pitch . i.e .
large tee th , a question r emains as to j u s t  how deep a case is requ ir ed .  and whether  it can be
ac hieved. I h i k  led into a d iscuss ion  on spira l bevel gearing. The subject of pitch line velocity
was then brought  up. Two F igure s fro m an Al . \ \ S N , \ M t .  paper numbered 76-87 1 relating

I 
pitch , i i i t c h  d iaj i ie t e r , beam s t re ss  compre ss ive st re ss , and p i tch  i ine v e l o c i t y  a t 3,600 rpm
was sk e t c h e d  on a d is pI ~ v pad to show , I i e u i r . i t i e ly .  thei r  interdependence or trade offs . At
t his point in the di scussion , the  bevel sy s t e i l i  of the .\ I I I  \vas descr ibed.  This svsten i is a
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MECHANI CAL TRAN SMI SS ION HORK .S}IOP

David W . Taylor Naval Ship R&D Center
Annapolis, Md.

AGENDA

Wednesday — 29 September

1030-1100 Regis t ra t ion

1100-1200 Welcome — L. F’. Marcous, Head , Propulsion & Auxiliary Systems
Department

Keynote - CAPT T. L. Albee , Head , Advanced Technology Systems
Div of the Research & Technology
Directorate , NAVSEA

1200—1300 Lunch

1300-1400 Introduction and presentation of background information —
Dr. Earl Quandt, DTNSRDC

1400-1630 First Working Session

1630-1700 Moderators ’ i4eeting

1730-1900 Cocktail Party — Hubbard Hall, U. S. Naval Academy

Thursday_- 30 September

0830-0930 Presentation to General Meeting — Paul L. Diehi , Diehi &
Lundgaard , Inc.

0930-1130 Second Working Session

1130—1230 Lunch

1230-1300 Moderators ’ Meeting

1 300-1630 Third Working Session

1630-1700 Moderators ’ Meeting

Friday~~~~1 Octobe r

0830—0930 Presentation to General Meeting - Procurement Expe r i ences

0930-1130 Fourth Working  Session

1 
1130—1230 I,unch

1230- 1300 Moderators ’ Meeting

1 300—1430 General Meeting, Presentation by Moderators

1430-1500 Concluding Remarks
4
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dual  m esh syste m ~ !ucht ) ç R ’ i . E I C S  ~t I Su n r u i n i  d l - I i ~~ i u ig I 5 ( I f t )  hp hrough the two

meshes.  ic ah tn : I  ‘.~~U ( J  l ip  u i e s t i  I t  was iI ~~ft i i c d I~~u .~~ .I)l I ) l ip at 3 ,000 rpm.  i c  15. 000
hp / m esh ( )ui e a t t e n d e e  s a i l  t h a t  t h i s  s~ ~l~~m u w as  s u i t a b l e  a m id  un d er  control  ( I lus sys tem
uses 6—i nc hm he~ et gea rs ~s l l I i  a 2 p i t J i  I \ I  t h i s  po in t  t h e  ( t i s C u l s s i u I m l  s i n I t l i to epicyc l ic
gea rs.

i hie ques t ion  ~sas  ~~~~~ .is I I I  u l i e ther  t he  n i u t e r u a l  p u o I t ’ n t s  b r  the c p i e v c l i c  gea r .
required t o  reduce the  s l e e t 1, 1 -~/~() rpm t n  a “ 1 1 t h  111 . 11 1 1 reducer . ~v ere  in hand .  ‘1 he
e t l u i m m i e n t  ~~.us i t i , i , ’ t h . i t  i t a l i c  I’ul ’ ‘.~i l t h  ~~~‘s’ l i e  in s t r a igh t  gea r s t h a n  i i i  b evel gears. A
fu r t h e r  10101 -u t  i~~i .  i i  I i h i  u i u  d ‘i - i i i i  gea r s  .j re I’ j s\  t o  measure and tha t  bevel
gea rs are m i i u i ~ i i f t i e ’ i h  to  , l .i i1~ te u l  m is t e r  ex is ts :  a l so ,  t ha t  aho~ e 3u inches in
diamet er . ca rl u l i / I d  a i t i ~r . u  ‘ I  ~~~

‘ - s ~ i hl  m c c i i )  pr ’ ’hh en i s

The cau se i f~~~~
,. 1 i I I  g eam ~ whi le  on le st  was qu er ied  ‘i h ie response was

t h a t  the f a i l u r e  ‘ e i s  f l i C I . I I i  c c i . , )  I t ie d i s 1  i i s s l o i i  r e tu rne d  I t he  li glu es pr esented in the
A I A A SN \ M l  p a t s -  ~

‘ ) ~~7 I ‘~ u t I i  a i s .  u l i t u i n  of t he i r  value . u s in g  as an example  a
b e n d in g  st iess  of 3t) t )u lb ~l ’ t  . i t ; , i  1 p i t c h  l r i i ~’ \ ~l n c l t \  i t  30 01 h I  t e e !  a

At th is  point . cous tr . I n (  . 1  an a ) ) l f t . t i o n for a high p eu 1! u u t a i l I c  t r an smi s s ion  sy ate m l i

wer e  i’ i e s c u i t c d  I h is  s~as ~ , d i o l u I  I i i s i i t g  5 11( 10 ))  i t . l l ! n l s c t o\\ L’i d e lm ~ ered by two

F 
; 25 ,0 ( 0  lip, 3,000 t o 3 t O t )  I pw  pou ci f u r b i  ft’ s ~m m u d  .1 dm0 1)  LI )  a pod w i t h  an i n s i d e  d iamet er

of h t’eet and a length  ot 3)) te l l w i t h  a ~~1) ’ rp mmi  Pi o p ’ h l c t  10 ,111 i t  was q u i c k l y  ment ioned
here t h at 7 . 1  ~~as t h e  l i m i t  t o t  1’ I. u c I - i r ~ l c l h i l c L ’rs w i t h  mu l t i p l e  pla id s and tha t  t he ~ were
sun gear l imi t ed .  h i t .  d ISI  lI~.s iu ’i  I : t i I i n e L !  t O ft ’

~~C g I J i  and t h e r e  s~as a Io n s l -nsus  w i t h i n  the

~ ‘l.)1if) tiiJ t tu .~s~’ I ge . I i s  W I l d  a ~~l I i l I h L ’ l i 1 .  \ t  t i l l s  f l o i t i )  50111.’ \ I t ~ t I ’s t a k e n  from a i e t ~ r to Mr.
Bob J oh n s t o n .  ‘, 1 u i i e c  ( ode 1 1 5 1 . I l v d i , ’t o i l ‘~~e l o p I i I e u i  l’ i an .uui ~ at 1)TNSRI)C(U were
presented  I hi ~’sv INed l i m i t s  of 30 1 )1 11 ) psi in b e n d i n g  5 )  ress  711 11 .1)00 psi in contac t  stress

and 25.000 b e  ‘I  mi i i .  p i t ch  line . c L ’ c i t v

Dia meter  ( i i i . )  \ cI~~~~i i s  I - PM RPM I n i t i a l  R a t i n g  ( l i p )  Pot ent ia l  Rating (lip)

34 32 , 1 4 4  3601) 43 . 1 1 1  50. 184

27 ‘ioU 28 0 )  33 .5 4  3~
) .I 58

3600 3 r o8 42 .3 13
Sii Ib 31 ~3 -1 2. u I u 7  37 .4 12

7 t 1114 ( I t i l l 1 ) 1 1  31 , 3 ) 17

The l X ) t eml t i a l  t d t i i 1 ~ was h.is ed ni ~5 .00() psi b e n d i n g  sI t  ess amid  250,00() p~ contac t  stress

limits , an d, in al l  Lasc ’ - . u ’ed a I 1 load d i s t r i b u t i o n  ~l e i a i  ag fact or. ‘t h e  p i tch  of the teeth
was 1 267 for t h e  34 - in ch  c e l l s  I 265 I n  the  31u - in ch  gears, a n d  I 423 t~~ l the 26—inch
gears. A l l  t t l c s l ’ f i g u r e s  i dci to m i t e r  a t l o  .i m~d are I)cr/n lesh ~a h u i e s  - \ ~op~ of the  le t te r  was
s u b m i t t e d  to t he  u i i ide i l l — i It l i i  i i )  US V C I I ’ inc luded A comnien t  was made t h a t  “Solar ’’

L 
had in opera ! ion si ’ualle i , mom e 1 1 C l i t l \  t o u t e d  gears op era t ing  at  37 , 111)0 feet r u i n ,  and that
there may he a load I r i d e  I I  for  speed. I lie si/c elf o the r  b ev e l  geam mi l eu t  ton ed were :
M ,u r . iu l  23 ’’ ! , t e asoii  21 ’’ . A) ~h h i  7u ’’ . ( ‘ai i ,u d i a m i  14 ’’ , 1 1 1 1 1  ‘? , and t h a t  these have  ~ccn very
l i t t l e  up ) ’ r . i t i o I I a l  t ime  ‘\ g . i im , it ‘,sa s ‘, l a t e I ( p r o l ih l \  in r e sp ’’flse to a ques t ion )  that  a

( 1 1( d ea somi ~~~~~ I ) , . I - dc  2 4 3 f 4 t ~-b io  ‘ -I
‘5

~~~~~~~~~~~~~~~~~~~~~~ :~~~ :_.~ _
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33,500 hp - mesh is required for 34-inch gears. Also. (probably in response to a que st  ion , the
,-\G1’.l I gears were based ~n root stress but !t for and tested at 3,600 rpm.

I he comment  was made that too much weigh t has been removed from the rotatin g
- . parts , and that  inci c as imig the weight wil l  improve its re l iab i l i t y  - More a t t e n t i o n  must be

- .. given to st ronger  wheels and cases . It Was t h en stated by one a t t en d e e  that  the
s ta te -o f - t he-art was a bending stress of 30 ,000 psi , a pitch line veloc i ty of ’ 25 ,000 fee t / m m ..
a comp ressive stre ss ot’ 200 ,000 psi , and scorimig index of 30.000 . and a development
program should include contact p a t t e r n  at low speed , i ncluding stress measurements.
‘\nother member , rel ’erring to the material  in the letter to Bob Johnston . menti o i led the
potential  of 40 ,000 hp / mesh  of the 34-inch bevel gear at 25 .000 t’eet/ min .  In response to
tile po~sibIe value of scale t es t ing ,  there  was a ~ery f i r m  consensus that for the bevel gear

‘
I 

problem there wouh d not he ,in ~ t h i n g  gained in an R~d) progra m based on scaling. A
comment was made that hearings were Ia ih i rm g at 1/ 10 BI 0 life . The question as to
posit ioning accurac Y of be se l gears was brought up. The response was 5-10 thousandths
from one m e m b er , and 2 th i ol m sandt l i s  of an inch from another.  One member of the group
asked whether  a I .2 p i tch  ge.ir could he made .

Second Working Session

[his session h e g am i  by d i rec t ing  discussion toward consideratiom is required to permit
motion between components or w i t h i n  the Sys tem of components (f lexibi l i ty)  or what  is the
state-o f-the-art toward f l ex ib i l i t y  of hard transmissions.

I h e  discussion began wi th  the comment tha t  the tooth ) type couplings were designed to
take up to 1/2 ° misa lignment in one particular application , and possibly the misalign nient is
~‘eater than 1/2 ° . A comment followed that sliding velocities greater than 5 in / sec. wilt
result in problems even for fully submerged fully crowned tooth forms. In answer , it was

— stated tha t in the single shaf ’t (referring to ~ part icular  Grumman applicat ion )  hydrofoil
t here was no problem. Another  at tendee stated that there seems to he no problem in
mainta in ing a l ignment .  .-\n o ther  comment , directed toward helicopter applications. , was
made tha t  for long runs  where f lexibi l i ty  i5 required,  intermediate  hearing. coupling ,  and
bulkhead mounts are utilized. but at the expense of complexity and weight.  It was then
s tated  Bendix  type  coup lings were all designed to take up to 1/ 3 ° to l / 2 ~ misa l ignment  per
disc. hut  series ar rangements  increa se this  and arrangements  have been operated at up to 8°
mn is . i l ignment .  The comment  was made that  Bendix  coup lings were larger , ari d in a pod
where they  are l oca ted  ol ’t’ the pod ax i s , there might not be enough room for such couplings .
as Bendix couplings are s i m m i l r l e r  bu t  larger. T h e  q uestion was raised , as to flexurable type
coupl ing s.  whether  possib ly fa t igue was due to water or sa l twater  env i ronment .  The
response to thi s was t h a t  l i t t l e  practica l experience existed, b ut that  they could he protected
by paint amid p oss i l ’h  o ther  mater ials  such as a t i t a n i u m ,  6 a l u m i n u m , 4 vanad ium allo
could be used, \ lore work is needed but good fatigue and corrosion resistance could be
obtained. ‘Fi tanium may he a good compromise having a light weight .  It was then brought

I 
I~~ m t t ha t  Zurn 11,15 a 5° misal ignment  coup ling. It was also brought out that  (lie mere
misalignment the couplings can handle the easier the overall design is. It was brought out by
one member of the group who had experience in the design of the AGF.1! t ha t  t h e  t u : t o n s
in -~ervm ce were not as severe as were calcula t ed.  There was consensus t h a t  u h e  eot 1ll i ng
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proble m was not n e a r ly  .lS ses ‘re .15 t h e  h u g e  b eve l  g ca i  problem It -~~ is  st .i t lah that
i l e f l e c ~i, ns most be f e t e r i i i ~m i c d .  In  a p ar t e ’ u I , i r  case , i t  ~ as s t a t e d t h u  bearing fa i lu re  wa s
observed but m i ot f a i lu re  of t h i t ’ c~ ~i p I i m r g  1 w h a t  t i n s  was in i ~‘t . ’ run cc  to ,~ as t iii ’,sed by the
reco r dert .  ‘[he ~h l esf on was a - .k~-d if t he re  wer e  any torque  li m i t  t i g  ,mspec t s  to  c o u p l i n g s .
A mi o t  her a t t e n d e e  s ta ted , no . Am i ot  her mii emher  st ated  th a t  B endix  en up h i n g s  had operated to
100 ,000 hp . t  3,600 rpni  V 1 hi no problem. Ii  was  s t a  R d  t h a t  I lie s~ s t I l l ]  can he di ’ s i g t i e 1 h to
limit the Jet I c I t i l l i l  to 1/ 2 ’  - i t  ‘.‘ as s ta ted t h a t  fle x lmr ah te c u a u p h i t i g s  caminot take  much a x i a l
motion , I t  was then StJ t CI I  hv an a t t e n d e e  t h a t  coup l ings  s t i l l  ire a p r oh le n i  . i e e u i n g close
a t te n t io n ( lur ing  the  t e s m g i i  Process and p ) Ss it b\ r e q u im e P ~ I) w o r k  -

I l ie  dms,, :is smii n was then directed toward casing I m i o l i m i t i n g  am id s t r uc tu re .  It was stated
tha t li gh t weigh t  was not all t h a t  impor t an t  and weigh t should not he skimped on at the cost
of decre.ised rel iabi l i ty  - l i e  e u m n m e n t  was made that  the su bj e c t  of easing d e smgn need s
a t t e n t m o m i . but  f i n i t e  e lem ent  ana ly s i s  m s not m i ee d ed .  c om u ml i om i semis e is the  need .  The fur ther
comnn iem it  was  miia d e that  a welded steel cd, - im l g  is be t te r  protect ion imi side of gear case amid
more compat ible  wi th  bearings and gears. Another  a t t endee  re sp ( in l hed  t h a t  large gears

- - require exacting dcsi gt i -s . not a r t i s t i c  j u l h g m n e n t s .  81 11 a n o t h e r  a t t endee  expressed the
surprises t h e y  re~ cl ’. eli on using f ’in ite e l em en t  an ah ~ sis , and supported i t s  use at times. It

- 
- w a s  s t a t e d  h at  m f weight is  not  im l ipor t an t .  wh at f1 ex ib i Im t ~ is needed. I t  w a s  stated by

ali t h e m  m nemnh c r  tha t  gear ho \es have not Imsed sot ti st i ca ted  enough design r i le)  10115. A
member of the group convey ed his I t i sagr een l emi t  w i t h  the s t a t e m e n t .  It V I s s tated by

another  menm b er  that the mnethods t o m sophis t ica ted  design t c l h i i l q u i e s  e \ i s t s .  It wa s  s t a t e d
by a nother  that  t i r e  .\ (  F11 boxes  were made of welded I - I  plate.  t h at no f’inite ele ment
a m i a l ~~sis was used, tha t  s t ress  was not a pr imary concern bu t  t h a t  d e f l e c t i o n  V iS , and the
boxes were t i n e  - He we n t on t o  say ,  the  h I l l ’ . used 1 - 8 - - i n c h  p l a t e  and was s t i l l  ( )k Another
a t ten dee  ,iga in  ad~ oeat ed the use of f i n i t e  L’ I C f l l C f l t design t L ’ e i l n l ques  a long wi th  old t ime
trial tests. The subject of a l u m i n u m  versus ste e l  was dis~ m issed am i d  it wa s stated that
a luminum has sonic advantages such ,Is s t i ffness th rough  t h i s . kn ess increase A r esponse to
this inchud e d Ih te  s t a t e m e n t  tha t  a t t a c h m e n t  p roblem s t’or be ar tu g s  ar i d I a s tc m i ers  e x i s t e d  in
a luminum casings l u c r e  was LI conse l is l is  t h at the f in i te  ehemn a i l  I l e s i g i m  t echnique  was an
avai lable  1.1101 i i i  Ihesigm i , \\ here and wh i en  it sh o u l d  he rmse d V .i~- not t ~m t k  agreed upon.

A di seu ~smoi ~ of the  neces s i ty  of we ig h i t r educt ion I o h iowe1h  ftc 4 ’ l l l n i I ’nt was made
t h at reduction in ‘dial t m n c  weight helps en)  le a h spcel h :1 n ih f u r l  her  red i ices we igh t  of ’
supporting s t r t t c l  t i e  and  t’ur ther  ment  oIled s’o n i p o s i l e  s h i : I  i i m i g  imi I l i i ’. l ine . % o m e on e  else .
at th is  poin t , s l a t e d  tha t  w~’ig h i  ~‘as a u  i m p o r t a n t  and amio t  h e r  s a i d  h~at you do riot
s a c r i f t c e  r e l i ab i l i ty  l’or we ig h m t  - h i ’  comuie mit  was in t roduced t h a t  m ore l a t i t u d e  in so far as
s~ ei gh t a l locat ion  is needed fo r  gears i t  r i  i i s l i ) I s s i (  i t s )  and ,  ,i so , th e a l l o c a t i o n  of t ime I or
problem ci ~r r e c t  i on is at t ilh’ S a rb i t r a r y . \not  he r  member  sugcl ’ st I’d t b i L l c ’ ’)  per pound
should be tisc i . or a cost per pound of ’ reduction ~h i o u i l u l  he tised .

l i m e  ( l isc issl ~~m i t h e n  was directed I U \ V . t r d  a u r a  i l g e i f l i ’ i l  ) s  of C~’ai  s ( ‘oinn iei i Is suggested
that  combining . cl l I l I I  be 111)01’ vvi th  bevel  or O f f s i ’f gears The idea of u s i n g  \ cu t  ic a l  dr ive
turbimies was br ou ght  up and t’or a ~( t ,0Oi ) lip c omi ib i i i ing  [1 \l CF t u r b i n e , and fur ther  that
bevel geam s wi l l  he req u i r e d  in the ‘‘t ’’ part of the  a r rangement  in LII1 ~ case I t  was a near
eI . )n semi ~~l I s  t h t , m t  n I l  i l ia to r  p ro h t l ’ i i i s  i’\ . ms t  in e l l m l i h i n i n g  gear s  cxci ’) )) mi u s ing  h . i m ge  he~el gears.
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Third Work ing  Session

‘l’hi s session opened with the diseti ssi om i of’ a ‘‘I.’’ a r r a n g e m m i e i i t  in which  a single input
bevel meshes ss it Ii two  bevel gears. ‘(‘he sha f t s  c o n n e c t  i’d t o t h e se gears Lire concentric , rotate
iii opposite directions. aiid go dowm i to the  pod. l’here t h e y  connect w i t h  bevel gears which
m esh with a simigle o u t p u t  bevel. ‘I hi e comment  was made th iat the bearings between shafts
would rotat e at double speed. It was f ’urther comm ented tha t  strut deflection must be dealt
w i t h ,  creating a i l i f h ’i euh t  coupling problem , amid fur ther , tha t  the dif ’t ’icu lt  bearing mounts
would m i i a k e  the shafting amid struts larger. Someone stated that  cumula t ive  gear error causes
a cyc l i c  lo,~ I . . i m i d  also there would be dif f ’ i c i i l t v  in load sh aring. Someone else said it was a
locked train sy st em and both shaf t s  need similar spring constam its .  T u e  final words omi the
subject were that the simnplest system should be used - ‘I hi e sit n a t ion  sho ul d n ot be made
w om - se by comp lica t ing  the problem as suc h Li sy s tem Wo li ld .

“[lie ne xt subject brought up was the p o s s i b i l i t y  of using a l)uPont Vespel 1)Iastic insert
-
‘ o! f in i te  thickness between the teeth of LI tooth-type coupl ing.  One a t t endee  stated that

lubricam i t  would still  be required t’or the removal of heat ,  Another  said it would he OK for
• sniall coupl ing work, ~t ill a i iother  said th iat  it would change torsional s t i f f  mi ess.

I l ie  quest ion 1 ) 1  (lie use ol solid f ’i lm n lubricants f ’or coup lings was raised. ‘I he response
was gi ’.en that  the  Ilertzian s t resses  b etween teeth were too high for solid lub r i can t s ,

The ih is cuss i on  was (lien directed toward  t h e  final redtmction gear . epme ~ chic  and/or
~~~. ~er- en t i : I l  1’. p1’ s I l ie c o m m i t e n t  was made tha t  the biggest problems wi th  planetary gears
~ere the bear im i gs  amid cent r i fugal  t’orce. There was a consensus at this point th at there was

no ln s u r m i ) u m it a h l e  problem with  the f i n a l  reducer. It was stated that  the  ( u i ’t i s s -Wrig h t  gear
box 40,000 hp 3,600 rp m to 900 rpm built for the N LI~ y had about 900 psi bearing load on
the planet hearings , and that the M A R A I )  p lanet  bearings had about 500 psi. it was
suggeste d that  R & l )  ef fort sho ul d be u n de r taken in the area of high p r es s u r e  s l e e v e - t yp e

b e L i r i i l g s ~vhi c I i  are the type u sed.

The ic x i i t em discu s sed was the  torsional v ibra t ion  which may he em ~coumit er ed w i t h
propeller s . It was s ta t ed  t h a t  a sen i isubrm i erged propeller may have t o i s i o n a l  var ia t ions  mm i
e xcess of .‘~t )-4 0’~ of ful l  torque. Lmn d that other propellers also ht a ~ e considerable torsional
variatio mis , al thlougli not. so large . The comment  was made that  an at te i l i l ’ll had been made on
propelle r blade t e s t s . h u t  (lie i m -ist r um n enta t ion  ~V LIS des t royed at t h e  L ’i \  ou t s e t  ot t h e  t e s t  -

Someone else i n e m i t m o m i e d  that  it is the last gears that  see , iIl  01 the  torque ‘. a r i . i i  momi , but  the
bevel gears rm i ig ht  also be a f l e c t e d .  It was gem i erally agreed t h a t  sonic R 1ti) eft ’ort should be
directed toward a 50 ,000-hp vibrat ion reducer. ‘I lie ‘‘(~e is I t tm g e r ’’ co ii p b i i i g  \ s a s  mii em i  t u i i f l - ’ u .

f The main thrus t  bearing was then  d i s c n s~ed t ’or a load of t he  order of 3~ 0 .t ) O ()  lb. it
WLIS stated that  a 40 ,000-lb thrust b earim ig of ’ t he tapered- lol ler  t y pe  ran to 4 1 1’ o~erIoad
tes t ed at  “ .- \ m ’m - ot et  .

‘‘ I ’here was genera l agreement tha t  there wa s not a gre a t  deal of trouble

I 
in th is  ~ir e.~ - It W Lis commented that  i ’o ll im i g contact bearings are LI\ a i l a b l e  p oss ib ly  slL ie ’ed,
and tha t  y l l u  could tall back to hydrodyna m ic  types . There wa s co m i sem i s uis  on the s u bj e c t  of
thrus t  bearings.
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In (lie ’~ ire a of seals a nd kee p ing  w L i I e r  out , it was stated that  dual seals were used on
one app l icat ion supplying oil bet ween the seals , also tha t  ( )~r i ng seals , lip seals. and carbon
f L ice  seals are used. A n o t h e r  comment  w is to use W a u k e s h a  seLi ls . which  are OK and very
relia b le low spee d seals . ~or the pr opeller shiL i I I .  and to sep Li ra te  t h e  seal oil syste m t’rom the
rest of (lie oil sy s t e m , I t was genera l ly  agreed t h a t  shaf ’t seals prope l ler pene t ra t ion )  were
not a major  p m-~ l~Ien i . I t  was suggested that  a clo sed ven t ing  sy ste n i  t)e used and that oil
should be cleaned a f t e r  shu tdown.  It  was also suggested t h a t  t h e  oil he heated to remove
water. ‘I he resp onse t o  l ids  wJs tha t  the  salt may he re ta ined . I t  w as  brought  up tha t  the
whole lube s y s t e m i t  \I .Is a problem in pract ice and it ~I L i S d i f f i cu l t  to maintain pressure and
te mperature to (lie desired level in au extended. complex sy s temii  - It was also mii ention ed that
lii a s l,irgl’ a S\ ’ s tC ti i L I5 t h is w i l l  be , the s s temmi could be brokem ’i up i n t o  complete ly separa t e
sn i ah l c i  sy s tems . suc h Lis having the pod oil sy s t em completel y sep ara te  amid the shaft seal
system completely separate. Another mem ber mentioned it mig h t be a good idea to
pressurize the  cn t re c a v i t y  with nitrogen or dry air. It was fur ther  stated that  this method is
sometimes used in (lie chemical indus t ry .  In respom ise to tile suggestion of nitrogen
pr c s s u r i t a t i o m i . i t WL IS brought up that  oxygen is needed f ’or oxide fi l m n s to protect sliding or
ro l l i n g  s u i r l L i c e s  Li m d t o m  s . i t isf ’a c t o r  l i t ’e of ’ ca rbon seals.

.-\ sh u rt  discussion om polygon couplings followed. The manufac tu r in g  capabi l i t ies  were
questioned. I ew machines are avai lable  amid s u e  is l imit ed at  present . The sign i fica n t
comment  w as  m iia de tha t  sp lines were  sLl t l s l . i e t o r v  when torque  onl ~ is a prob lem. h owever .
when Li r u ) I , i t i m t g  force ~ecior  i iormah to the  splined sh , if t  su i r l a c e  is encountered , t roubles
a rise , a n d the po h~ gon does not change t l u s  I l oo i~ st ress in t h i m i  shells of polygon couplings
was m n e n t l l l n c d .  l~ was generally agreed that polygon sp h im i es were applicable in some
par t i cu la r  appl icat ions .

‘[lie discuss iomi re turned to cp ie \  c h i c  gear ing.  I he Comni ei i t  w L l s  made tha t  diti ’erent iaf
p l an e t ar ies  m~iay be smaller t h a n  conventional planetaries . Another  comment  Wa s that  scal ing
up \V LI5 not s t r i c t l y  val id,  f lex ib i l i ty  amid heat r e j e c t i o n  w crc given as examples, It was
suggested t h a t  for iiomi—convent ional t~ P”~ . small units  sh o u l d  he built  to pro~e design
p r i u c i  p lc ’~ amid  establis h design criteria. J I l l ’ c o m m u e m i t  was made t h a t  somethin g can be
learned through sc.ih ing , ‘[lie f u r t h e r  s t a t emen t  w,is mii ade t h a t  on hLI ~ e a better e h i am i e e  of
s c , 1 l I l 1 e  up parallel sh a f t  i.’i’ar ing. Another  member  sta ted  t h at for  new types suc h as some of
the so- 1Lill ed h c at ’ in gie ’ss di!  i ’c ren t ia l  systems , 1/S scale models s l i o t i ld  he made, ‘l’iiis was
followed by ano thier s voice of approval. h ’hi is W L I S  followed by (lie s t a t e m e n t  that  small scale
al low s s i m r i i i k i t i g  th ings ,  ss i ic ii  wil l  heh p provide i n f o r mL i t io n . ( l3rea kmn g something  sm iia l is
bet ter  t h i a i i  b r e a k i n e  so mn e th im i g  b t g . Am iotlier m ii em i ib e r  so ced dm sa gre ernen l  with t h e overall
use of s c L l h l i i g ,  -\ i i o t  ic r  comment  Was made t h a t  high speed. h igh con f L ic t  stm esses . and high
load is ri,’ah k  w h a t  comp ln . a t cs  t lie problem.  I )urim ig th is d iscuss ion , i t became oh~ to ut s  tha t
smite t t l i ’t ) i I ) e r s were speaking toward sca l ing  of ’ conventio m ral PIL l  n e t L i r i e s , sonic toward
se , ih i i i g  bevel gear ing ,  and others toward new co m ci’p ts .  l ’he d is cu i ss iomi \~~LiS coi i t im iu ed by the
quest ion put forth by otie membei ’. i .e . could the  , -\ ( ,Eb I I i’sf t’a cml i t v  he resurre cted f o r
e~ L i h I m , i t i o f l  of ’ bevel gears . A i t o l  t i e i  sta ted  tha t  to extem id l i i i ’ s t L u t e — o t — t l i e — a r t  . use mi iod els . but
app i t c a t i o n  req aires fu l l—sca le  - Another  t ie r soi i  s tL i t ed  t ha t  I w o  te st s  are req ui r ed .  critical
e otup on em i t tests  and proof of pr i t i c ip le  tes t s, ,  8o~i ie o i i e  else stated tha t  u p p i n g  t h e  SIZe l i s t  a

little with parallel helical gear s was not a problem . ‘I h is l in e of dts i ’u i s s t o t i  was t e r r n ! m i L i l e d
with (lie n t  j c i s t i i  made by one member  tha t  in the  p 1st we scLi l e ih  i ips ~ .i nI both technology
and sj / ,e
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I lie workshio p then was directed toward what va l ues in gearin g represent the
state-o f’-t lie-art - l’hie following list was presented by one membe r :

E3eiiding Stress (unit load/J ) 30.000 psi
Scoring index 30.000 psi
(‘on tac t  Stress  180 ,000 psi
}~ t~actor 500
Pitch h u e  Velocity 25,000 fpni
Hardness 58 to 62 Re
1./ I ) inc luding  relief ’ space f’or cut ter  1 .5 for double Hel

1 .2 for sing le l id
lie L ix  angle 25 ° for ito ub le I id

10°-I 5° for single lid

‘I ’hie com m i n iemit  was made that the AGMA level could lie adjusted downward for longer
life . A GM A  provides 50~000 for bending and 180 ,000 in contact . Another member stated
that “GleL isoii ” can meet the AGMA 13 standard for a gear when shipped : AGMA 1 2 can be
produced cot i s i s ten t lv  (bevel gears). It was ge n erally agreed tha t K factor was probably a
poor cr i t eria in comparison of stress value method , hut that if it were not used, a modifier
or other application factor would be required.

Fourth Working Session

l’his working session returned to a discussioii of the reduction gear box because some
members felt t h at it was not given enough consideration , A member of the group started by
saying that I ,500 hours had been accumulated on each of two “Curtiss-Wright ” gear boxes
tested. ‘I lm c s e boxes were 40 ,000-hp planetaries with a 4:1 ratio and 900-rpm output . The
planets were carburized and ground , the sun was carhurized and ground. and the ring shaved
a n d m’i i trided. ‘[h ere had been sonic planet bearing problems initiall y but were resolved early.
‘rhi e “ C t i r t i ~s-Wrigh t \ .IARAD ,” a 4:57 ratio 40 .000 lip p laneta ry , with 105-rpm output , has
accumula ted  401) ho it r s ,

‘I ’Iie c o m m n e n t  was made by someone else tha t  in these boxes , ti -ic babbit t  is located on
the inner s u r f a c e  of (lie gears aiid might  prese n t a p roble m i n fat igue beca use it sees a once
per r evolut io n b id ,  l ie  fur ther  sta ted that the British h ave use d bah hi t ted pins with good
su cce~s for  year s  a nd had the t e c h n i q u e  for babbi t t ing (lie pins in hand.

‘l ’he subject u t  t he  “(‘ur t i ss -Wrigh it  free planet di f ferent ia l ”  gear arrangement was
discussed .ind ra t i os  around 8: I a mid 20: I h a d  been tested.  This type of gear was originally
designed for  h e l i c o p t e r s , I t  was stated by someone else that  f lexible gears require a higher
t legt cc of a cc i i r a .~ and t l i L i t  m n a m i u f a c t  urers were ge t t ing  away from the use ot’ rolling contact
bearings in pl a n e t a r t e s .

I h ie u l i s ~ l i s s i or i  was then  directed to mom l i tor ing in service . ‘\ member stated th at

I 
vibration ino n i t t ’a ing on the 51 , 8  I 00 ’\ was provided. Web f ’a i lure  in the drop box was found
list prior in  e o m t i p l e t e  f a i l u r e  t h r o u g h  this  s~’ ste in  - I ots of harmonics indicate impending

fai lure  ‘if the above web amid t h e  sphine fretting at t he bevel gear attachment. Foreign-object
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damage Is not predicted on this syste m . I t was al so stated t h at hi gh freq u ency,
structure-bor n e noise is not that good L III indicator , Someone added that one can tell a lot
from vibrat ion . hut t h a t  Li computerized system providing a trace is better , especially i f a
base line comparison is L iva i l ab le .  h u e  qu es t i on  of ’ t he value of chip detectors was raised.

• There w a s  co mi s e t t s u i s  t h a t  they w ere  very valu able ,  I t was stated also that acoustic vibration
m ight be ~a l u a l ’ h e ,  \ comment was made that  microprocessors were getting less expensive
aiid could f i n d  a place in mno iii tori m ig system.

‘l’he remainder  of this  session was directed toward presentation of a priority list for
R & I )  pm ogr . i l i i s  ‘.‘ h i i c h i  would increase general confidence in producing a reliable transmission
syster i l  lo t  a SiI , 000-hp/shaf’t high-performance ship such as a hydrofoil from a low to a
moderate to a hu gh degree of confidence , These were listed on a chart (see figure I ) which
was presem ted ~t (lie general meeting.

Very high priority (an absolute mus t )  should be toward the full-size evaluat ion of 26-
to 34-inch bevel gears, incorporating protection devices using state-o t’-the-art tech nology.
Strain gaging would be required . employing a four square set-up with each corner a single
mesh arrangememit , cacti corner having varied geo metry such as pitc h , dia mete r , spiral angle ,
lubricant , material , e tc.

Second on t h e  list was bearing R& l) which ant icipates  high load in bevel gear
appl icat io mis  f’or ro l l ing  con t a c t  beari ngs , life requiremen ts for highly loaded high speed
bea r in gs , race re temit ion , and thrust absorbing bearings , Also included itt this area is
sleeve-type bearim ig work associated wi th  the high loads incorporated in pla net bea rings.
Corrosion of bearings would also be considered under this heading.

Third on the list for R&D was the known operational problems of general corrosion
and frett ing.  Developmen t of ’ coatings suich as black oxide , system watert ight integr i ty,
lubricant maintenance , system isolation, press f i t s , and geometry in shaft s under races are to
be considered. )~e r h L i p  exists between the second and t h ird priority items ,

-i he f o u r t h  item deal s with couplings , covering compatibil i ty of diaphragm types in a
m n ar ine  environment , increasing th’ie sliding capability of 5 inches/second in tooth-types , and
i nvestigation of a l ternate  types.

The fif t h i tem deals wi t h  development of application standards through full-scale
expe rimental  evaluation of such devic e s as clutches,  brakes , over runners , disconnects , etc.

‘[lie s ix t h item deals with - i  the R&E ) ot’ vibratiomi , temperature , chip detect ion . etc.
devices and incorporation of these into an on-line monitoring system.

Within t h e  seventh item , it is intem i ded that  for new epicyclic arr angements , an ana lysis
of the design should be conducted in depth amid stop just short of the small parts-detailing
stage prior to bu ilding of hardware.

Ii
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The eighth item considers the R&D work for prop eller variable torque reduction.

The t’ina l item is minimal in that at the very least , a list should be compiled of available
lubricants , their characteristics , and t h e  requirements of the lubricant.

I
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1 . BEVEL GEARS 6. APPL ICATION OF PROTE(’TION
26-34” Miter Ratio DEVICES
E x p e r i m e n t a l  Investi gation with ’ Vibration Monitorin g

State-of-the-Art Technology Temperature Monitoring
Application of Protection Devices Micro Processors

r 

2. BEARINGS 7, EPICYCL IC GEARS
APPLICATION TO Design Studies of Full-Size Arrange-
a. Bevel Gears ment stopping just short of detail
b , Reduction (Epicyc lic) design
c. Thru st Absorption

Capacity — Life 8. T O R S I O N A L  VIBRATION RE-
— Corrosion DUCER

Race Retention FOR SEM 1SUBMERS IBLE
PROPELLER & OTHER LOADS

3. CORROSION & FRETTING
Coatings 9, LUBRICANTS
System Integrity Load and Temperature Characteristics
Lubricant Maintenance Improve Washability without
System Isolation Loss of Washing Characteristics.

‘ Characterize Requirement. (What
4. COUPLINGS is needed’ ?)

Marine Environment
On Dia phragm
(‘ouplings

Sliding Velocity of Tooth Couplings
Alternate Configurations

5. CE .UTC I -IES , B R A K E S .  OVER-
RUNNERS ,  DISCONNECT
Experimental Evaluation of Full Scale

Devices
Development of Application Stan-

* 
da r ds

Figure I .  R&D Program Priority List
Presented to the General Meeting,

1 Oct 1976
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OVERVIEW , LEONARD SCHNEIDER , MODERATOR

(‘harts I and 3 (see fi gures 2 and 4) were developed from the discuissions which are
summarized in the sections headed Wednesday Session and Thursday Session. In the Friday
session , the gr oup developed Chart 2 ( figure 3), R&D for Benefits from Lightening . There
are no notes on this session , as (‘hart 2 is the result of the discussion and represents a
consensus of the group.

Wednesday Session

Gearing, Present aircraft gear steel 9310 (AMS 6265 ) is applicable to Navy needs for
high-performance gears up to 50 ,000 tip, with Vasco steels applicable to the next step where

• higher temperatur e operation could be required.

A problem lies in translating aircra ft practice to large marine gearing where R&D is
needed in processing and quenching to control h eat treatment (case depth and distortion
control ) . (The 36-in, diameter is OK , anything over that  presents a control problem.)

One source reported successfully producing large turbine gears (40- to 60-in, diameter)
from 4145 induction hardened under water (NAT CO process ) to 52-56 Re case with good
control of ’ case depth and distortion control . This case hardness does not , however , rea ch
value reac h ed in 9310 carbur izing steel used for high output  aircraft gearing.

( ‘leanliness in processing steel is extremely important on performance. All inspection
methods to insure cleanliness should be employed ,

Use of corrosion resistant gear materials t’or mar ine environment would be an
advantage but there is no knowledge of carburizing materials which would be effective .
NASA reported a BG42 bearing steel (corrosion-resistant) which can be through-hardened
and has good fatigue resistance. The use of newer corrosion-resistant bearing steels for gears
is a possibility and needs to be puirsued , With present high output gearing, scoring, not
breakage or pitting, is the main problem. Bearings are often the hin i iting factor rath ier than
gear materials.

‘[lie designer needs to know good values for material properties at long life (at high
number of stress cycles) becauise high speeds representative of gas tuirbines mean very large
number of stress cycles at relatively low hours of operation : also , properties under marine
environment , The problem is usually niore in good design (light-weight requirement drives
one into a design problem ) than in materials themselves , i.e ., maximized design efficiency
based on adequately cataloged material is the goal.

( ‘ouplings. -- For slower speed shafting, dental couplings with hardened teeth -i can do
job ; limit misalignment to 5 in /sec. or less. Thomas disc coumpling is very successful: it is
rel iable , requires no lubrication , has no wearing parts , and the shaft is held on center so it

I 
can run at high speed (properly balanced ) : it is limited to 2° misalignment with 3/4 0 good
working value per disc pack , Th is type has also been used for high torque (4 X 106 lb. in. at
several hundred rpm). Solid diaphragm couplings (Bendix type ) are used by one
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manut~scturer on all high speed applica t ions. R&D is needed in notch sensitivity of disc
materials (titaniumn . The diaphragm coupling will have a weight advantage over the dental.
Coupling R&D niust consider the effect of thermal growth of the machine set-up on the
diaphragm, heat generation from flexing , and the effect on any isolation washers or mounts.

Thursday Session

Needed R&D
Couplings & Shafting. - -

Shafting. Fiber (graphite) reinforced drive shafts for aircra ft operate over longer
spans; stiffness to weight ratio is good. Reduced support bearing loads and weight as well as
reduced number and size (weight ) support struts are required. Costs are high in the aircraft
R&D area , however , there is possibly good applicability to Navy since the shaft problem is
to get steel with high yield strength and adequate stress corrosion capability.

Couplings. — The lower modulus of non-metallics (fiber-e poxy composites) are being
considered beca use they have good fatigue strength and are corrosion free. In aircra ft this is
in the R&D area , but the technology is advancing. There is a possible future applicability to
Navy.

Gear Arrangements. — Bevel gears represent smallest , lightest , most efficient right angle
transmission. AGEH represents the highest capability now available , 20-25K hp per mesh.
Presently the maximum grinding capacity is 36-in , diameter. Gleason is reported to be
working on the development of a 40-in, diameter spiral bevel gear generating machine.

Gleason program can optimize tooth design , but there is a need to optimize design of
webs and rim by f’mite element analysis. Furthermore , there is a need to do the same to
identify case (mounting) deflections. The producing of bevel gears is now an art rather than
a science , requiring successive regrinding and tooth contact pattern checks to get desired
result.

Improved metrology capability is needed for spira l bevels (similar to what can now be
done with involute spur and helica l gears) to know what you have and assure the desired
result.

New tooth forms for angle drives: Twin Disc has the manufacturing capability for
“conical-helical-involute ” V-drive gears (20-25° included angle) which gives involute form
with all the advantages this offers for checking on standard machines. It cannot be used for
large angles (e.g. 90° ). but is of possible Navy use . Oerlikon system of gearing is worthy of
consideration for 90° drive (Boeing Vertol).

Straight Thr u Reductions: Multiple path drive train (of which epicyclic is an example)
is the way to go for high hp reductions. 50 ,000 hp is within present state-of-the-art , but
must be done with good design and care in all aspects. Flexibility in design is neL..~ d to
allo w load sharing and free planet gears (latter type of transmission in development by
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Curtiss-Wright) are needed for high-capacity high-speed craft gear boxes. In pursuit of light
weight , one company has gone to a titanium carrier.

Reversing capability in planetary needs R&D.

Lowenthal , NASA , stated some work on torque splitting drives , which also supply
some redundancy in the drive system , has been done. It is worth looking into for new
arrangement ideas.

Epi cvelic ring gears. -- No trouble getting up to 36-in, diameter internally ground; but
above 36-in, there is a shortage of machine capabil ity.

Vibration: Work is needed to study the effect of increasing machining accuracy on
improvement in dynamic load capability.

16
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CHART I

R&D: Arrangements 5OKhp
Bevel Gears (~~90° ) 25Khp /mesh & up

• Tooth form s to accommodate displacement
• Improved metrology
• Design to maintain gear alignment in structure (gear box)
• Better definition of dynamic tooth stre sses
• Vibration characteristics of bevel gears
• Definition of service factors for 5OKh p bev el s

Helical Gears (single)
(Design programs and m easurement capability exist )

Double Helical & Herring bon e
• Define dynamic e ffects with floating ‘elements

General (applicable to alt arrangements )
• Improved review of bearin g application design
• Improved bearing rolling element and cage design
• Analysis for resonant frequency and provision for damping
• Analysis for web and rim stresses

Figure 2. Research and Development: Arrangements.

17

~~~~~~~
,. .—.4_’.. ;,~~J•~ Jp~~~ ~~~~~~~~~~ 

, , ,
~~
, ... •, , 

~
,_, . — -‘ .- , 

~
, •~•‘~5.~ .



CHART 2

R&D for Benefits from Lightenin g 5OKhp
(includes development of analytical methods in approach ) 25 Khp/mesh & up

I. Fiber (graphite ) reinforced shafting (for operation over longer spans)

2. Non-metallic (fiber-e poxy composites) for couplings

3. Steels with high yield strength and improved stress corrosion properties for shafting

4. Use of titanium (define limitations for design configurations; methods of combating
limitations)

5. Improved design criteria for shafting from fatigue considerations (refer to ABS Regs.
for info )

6. Improved review of bearing application design (also listed under R&D Arrangements —

General)

7. Improved corrosion protection for materials applicable to weight saving designs
(including fretting)

8. Lubrication concepts for lightweight designs

9. Establish noise and vibration criteria (allowable levels) for light weight machinery
concepts

10. Establish system integr ation design criteria for light weight craft machinery systems

Figu re 3. Research and Development: Benefits from Lightening.
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CHART 3

Desired Requirements. General Materials SOKhp
25Khp/mesh & up

Fatigue (bending) strength a 9310 (AMS 6265 )*

Surface (pitting) capacity ~ 9310 (AMS 6265)

Stability (distortion in processing) ~ Nitriding StIs.

Corrosion resistance ~ Ti

Notch sensitivity resistance ~ 9310 (AMS 6265)

Hot hardness = VASCO, CBS, M50 , SUPERNITRALLOY

Cost ( m d .  fabrication) ~ 8620

Availability in super quality ~ M50

Weldabi lity (to dissimilar metals) ~ 9310 (AMS 6265)

*Most important (biggest payoff in attainment)

Figure 4. Desired Requirements of General Materials.
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OP E RATION AL PROBLEMS , GEORGE NAGORNY , M O1)ER ATOR

Recommendations

~l’he fo l lowing  list represents the reconimendations ol the work ing  group:

Recommendation I Conduct a workshop specifically on computer-aided design
tech niques . The purpose of the workshop would he to ident i fy  the state-o t’-the-art in
coniputer -a ided design of trans missio n s and to r elate e x perie n ce . Works hop to be made
up of several meetings of a small group. Examples of necessary work:

• Fits required to el iminate f re t t ing
• Bevel gear r im - suppor t  design
• Eft ’ect of changes in tooth contact on load distribution

Recommendation 2 - Develop a means to communic a t e  such information as experience
(problems encountCred and solutions ) to those concerned. (This could be done in the
manner of NAS A Monographs, for instance).

Recommendation 3 -- Develop computer analysis techniques to establish optimal trade-off
between bevel gear case deflections and tooth profile modifications.

R~commendation 4 — Th e com p u te r techni ques , men tio n ed above , sho u ld be speci f ied in
future  contracts.

Recomm endation 5 — Contracts should include design reviews to be cond ucted by q ua li f ied
Na vy englneers.

Recommendation 6 — Land-based testin g should be conducted prior to shipboard
installation that includes , first, the component only and then the componen t in the
system. These tests should he performed with extensive instrumentation and should
include environmental simulation. The environmental simulation should include
torsional excitation , oil contamination , deflections , etc.

Recommendation 7 — Availab le tech n iq ues for perfo rm a n ce monitor in g should be
documented. New devices should he~ ieve Ioped as required.

Recommendation 8 --- Available techni ques for vib rati on mon ito r in g shou ld be documented.
l)evehop recommended equipment for on-line monitoring and trend monitoring.

Recommendation 9 — Investigate alternative bevel gear geometries that  are available and
recommend development if indicated by studies.

Recommendation 10 — Pursue the use of sleeve bearing s for spiral bevel gears.

Recommendation I I  - - Document lube oil research within industry and government.

21)
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Recommendation 1 2 - Stud y coatings for corrosion protection.

Recommendation 1 3 — Document case-depth requirements of hardening for spiral-bevel
gear app lications.

Recommendation 14 - Study coatings to eliminate fretting.

I
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Gear ‘l’ooth I~i h l e n i .~
A. lte ni / ..\i ca Reduction and comb in t u g  g e a i u u i g  separate helices

1. (‘au s e / f a i l u r e / p r o b l e m  looscnni ~’ :i~~’I f r e t t i n g
2. Solution ‘re co iu im en d at io i i s~ conin i ent s  in t eg ra l  desigui shall be used unless

analyt ica l  techniques  show that  the use of s epa r a t e  lielices wi l l  not be a
problem.

B. I tem / Area  Right angle g e a i u i i g / ca rbur i ted  te e th
(‘ause -‘ fa i lure  - - p roblem t i p  cracking

2. Solut  ott  r ecomine n d a t  on -c o m m en t s  d e f i n e  and document  end cham—
t er i ig t o  i - d i u i i e i t s i o n . i l  case . l)e~ cto l )  fo r  3-dime nsional  ease and document .
1 l i i s  ni av he done wi t h  a docun ien i , similar to N A SA  m onograph.

C. I t e m  Area ‘s i t r u d e i l  and carhuri zed
(‘a us e ! t au l  itre p rob lem case c r u s h i n g

2. So l i . it iou r e c o u n n i e n d a t i o n / c o m n i i i e n t s  documen t  desired case depth rela-
t iv e  t o t oo th  des ign in order to e l imina t e  o’~er lap  in hardening.

I) . I te in -  Ar e ,u - high v ibra t ion  -‘ iioi s e
So lu t i on / r e co i nm en da t  ion c om m e n t s  consider tise of ‘‘octoid ’’ profile
wh ich  is v er Y sensitive to detlections . O ther  avai lable  and conceived profiles
should be studied and the best se lec t ed  f’or development. Example: constant
r e l a t ive  radius  at curvature  profile , used in snil ie  commercial  appl icat ions . . It
lids less change in load d i s t r ibu t ion  w~~h var ia t ions  in pro file , lower sl iding
ve loc i t i e s  and , in tests to date . subs tan t i a l l y  less noise. ( ‘:~n be niade wi th
minor  c l i .uu i g c s  to current Gleason machines and may be used imm ed ia t e l
for parallel a \ i S  app lications.  \ oi ’e .s!/o / / - .~ N .\ SA Langely - helicopter
l I O I s L  h ughes H el icopter . [_Ol -l Model  - \ r i u i v  I n t e r im  Report Ma th  Model to
Reduce ‘si us e) .

F. I t e m  Ar ea M a t e r i a l
a use - ta  lu re  pr cu h Ic in higher s t rength

2. S o l u t i o n  - ‘ r e c o m m e n d a t i o n  c o m m e n t s  VA S( O tool s teel  is one of the best
(mus t  he m e t a l n r g i c a l l v  clean since inclusions at the surface can result  in
n o n — u n i f o r m  carb u r ization ).

F. I tem ,- - \ IL ’ I I~c.i r in gs
.iu se f a i l u r e  problem - use of sleeve -t~ pe

2. Sol ii t ou t  r e c o m m e n d a t i o n  comments  Would provide more damping and
also giv ~ s t i t t e r  support than rol l ing contact . If a less sen s i t i ~ e tooth  profile
is u sed l ikel ihood of su cces s  with sleeve h e a r i n g s  is h igher .  ( s c  of deaera tor
can reduce su im p  t ank  c . ip : l c i t v  to 1/3 of tha t  required w i t h  na tu ra l

• deae r a t i on  - I ) cs ign s ire needed tha t  can go to 1000 to 2000 psi Pad type
could m i n i  m i / c  c lear ance  - ‘ n ioven i en t s  s i g n i f i c a n t l y  ove r p la in  sleeve bearings.

( .  I t e m  - -\r c i R o l l i n g  v’ lenient  hea r n ig ~
( a u s c / t : n l u r e  probl em l :nec r  su ,~

2. Solution r e c o m m en d at i o n / c o n t n i e n t s  Al larger d ian i c le r s  and hig h spced ~
i n t e r n a l  h ~~~ due to cen t r i fuga l  torc e  become l imi t ing .  Tapered roller
h e a r u u i  can handle  large l oads . b t m t  lu hric at ioi i  must he handled 1w
d r a s l u  c , u t lv  d i f f e r en t  means ‘oi c li us holes in inne r  race ) -\~l~ .u n t a g c s  of
tapered rol ler s  i n clude lower power loss than ball  h e a r i n g s  and the t a c t  t h a t
two tapered roller I e a r i n g s  ~an he used I ns t  cad of three ball hea r ings .
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-: I-f . I ~em ,- .-\ r e .i l) esig iu m e t  boil s
(‘ause fa i lure /problem h a c k i n g / i n a d e q u a t e

1. Sot1 it ion reco ii  uuucn d a t i o i i cuuu un c u t  ts require analyt ical  techniques For
proper proport ioning of r im cross-sect ions . Current ly  thickne ss  equals th ree
times tooth depth , this gives too heavy a gear for weight sensitive craft .

I tem/ Ar ea - loot ii eon tact prol)Ieni
1. ( a  use fa i l u re  problem how to obtain b et ter  contact

- Sei l i i t ion r ecommenda t ion / comment s  - require  anal y t ica l  technique to
per mit  good unders tanding  of total deflection (gear case and tooth
deflection and their relat ionsh i p to contact pat t erns .  Present “dev-el -
opm ent ” itiet hod is too costly.

J.  I t em/ Area  S u e
I . (‘a use - failure / problem - - l imi t a t ion

- - 2. So lution , ’ rcco mmendation / con iments  — presently Gleason can grind 34-inch
diameter .  Larger than 36-inch diameter would req u ire t’ou r to five
mi l l ion—dollar  investment .

K . Item/Area - Epicyclic s
( a u s e ’ t ’a i l u r e  - ‘ problem high centrifugal  loads on planet hea r in g s  P l an e t
bearing deflections

2. Solution ,/ re comn iendat io n / c ouni l ien ts  — with proper ana l y s i s  th is should not
he a problem. Must  be car efu l ly  analyzed in light weight designs.

11. Lower Gear (‘ ase (‘orrosion
A. Item/Area — Environmental  contro l

1 . Cause / failure/problem - - salt wate r entry / fresh water condensation
2. Solution / r econurn en datio n / comments - dry nitrogen with  a sealed sy s t e m .

Use of deacrator  or a c c u m u l a t o r  or bot h .
B. Item/Area Seals

(‘a use f a i L ur e/p rob lem salt water e n t r y
2. So lu t ion / rec om u i t en d a t i ou t  comments - - carbon t’ace type used succes s fu l l y

on SI I S- IOOR and P(’H-l ( two wi t h  5 p. s _ i.  oil pressure be tween:  m o n i t o r i n g

of’ pressure drop and lube oil in accumula t ion  indicates leakage) . Seals should
be located in area o f low l iv i t rod y namic  pressure. wh ere possible. so oil goes
out rather than water in. Sta t ic  seals must he used on lower housing joints.
NS R l)(’ seal handbook available.

(‘. Item/Area - L ube oi l
Cause/failur e ‘problem -— salt water entry /fresh water condensation

2. S o l u t i o n / r e c o m m e n d a t i o n  co m m e n t s  — bet ter  lube oil. \ f l L - L -
244b7 .900772 21 t I )  TEP wi th  vapor phase inhibitor .  N -\P I ( \AS 23 54 has
high corrosion re s is tance .

D. Item /Area \ I on  i t o r i t i g  t e chniq t i e s
I. (‘ause t a i l i u r c / p r ob l em  - sa lt w a te r  e n t r y  fresh water condensation
2. Snlu i t io i t  - r c c o m m e n d a t  ion c o m n u e i i t s  - tn onitor percentage water and re-

place oil if water exceeds 0 .2’ ~~. If chloride content  ex ceeds 1 2 -15 ppm . look
for salt  water  e n t r y .

-~~ — . ~~~~~~~~ ~~~~~~~~~ 
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I -  I t e m  \ u c a  \ l r t u . l ~
usc f a i l u r e  p r o b l e u u t  sa l t  w at e r  e u u t r v :  t r .’~h u wa t er conden sa t ion

2 . S u l u i t u u u i : r c c & u i t u u i e n d a t u o n  c o u u u i n i ’ n t s  u i v  e st i g a t e  use of black oxide
coatings (can ’ t he used on M - I i .  Black ox id e  not compat ib le  wi th  some
lith e oil a d d i t i v e s  - I ’hiosp l i .i t e ci i ,1 t iug a rid rust  h an pa in t  (appl ied  within 24
h o  u ir s , i v cr sand—blast I u m u u s l i

Ill. Fretting ( r r osu ui
\ .  I t e m \r L ’.l I r e t  t in.! c t u r r o s i , u u l

usc t . u u l u r e  p r u u b k  i i i  high b ra t  iou iu np r op e r  design
2. Solut  o i ls  r e c o u i i u u t e u u d a t u ( u u i s  c o n t i n e n t s  need analytical method to assure

opt i mum l i t  - ( I C  re co inmeuid e 1l approach for hearings is to a i ia ly ze
in t e r l er en c e  l c t v v c e u i  i nner  hea r ing  race and 0.1) . of shaft . Shaft thickness
must  he uut c re as e d  it hoop stre sses ex ceed 20,000 psi - Use of coatings for
mar ine  use is  considered to he o L u l \  a t empora ry  tu l easur e  to inhibit start of
I’r e t t i u g .  Sp lu n es  should he used v, it li a double pi lot .  A n a l y t i c a l  work is
required to del ’m i i e  use of sp line s v~ hen ro t a t ing  force vec to r  ( a ~ in case of

u , i I he ‘c l  or Si i t g l c  h e l i c a l )  is present.

IV. Problem I )c te t ion I )c ices
- I t eu n ! - \ r ea  \‘ib r a t i o n  m o nit o r i n g

use t a i l  t i re pro I) c i i i  op t im al  t ~ pes sho u ld he selected
2. S o l u t i o n , - r e e o i u u n c n d a t i on ” c om n i en t s

a many  t i t t u c s  elahorate v i b r a t i o n  i n s t r u m e n t a t i o n  of grea t cost . com—
p l e x i t ~ ha s not provided ulecessary warn ing  to prevent failure. Often
airborne noise changes are the signal to impending fa i lure.  Simple .
ru g ged s~ s t e r n would he preferred .

- ‘ b. several monitoring levels are required
I on lin e m o  n i to r ing  Simp le . rugged , a mid e f f e c t i v e

2 trend a n a l ~- sus  long range main tenance  indicat ions should be
collected

B. I te i t -  ,-\rea Pert  o rn uan  cc m o n i t o r i n g
Solut io r ij r eco nim en datio n ~comment s lube oil pressure . bearing tempera—

4 ture. temperature of discharge oil , chip detectors wit h  in-line screen ,
suspended par t ic le  d e t e c t i o n  ( t ’or part icles smal ler  t han  in- l ine  screen can
d e t e c t  . oil conduc t iv i ty  change . percentage it l h(  ) and Cl in lube oil .
spectrographic  oil anal sus . I n p u t  to rq u e mon i to r ing  wa s suggested as
p os S i b i l i t y ,  it had b een f o u n d  to change as a hear ing t’ai l s.

Ii
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SPECIFICATIONS & PROCUREMENTS , EDMUND J. GUTOWSK I , MODERATOR

Approach: Since it was impossible to cover Mi l-G- 17859 , “Military Specification Gear
Assembly, Propulsion (Naval Shipboard Use)” in every detail , major areas were selected
for review by the Specifications Group. The following major areas were selected :
a. arrangements

- 

. 

b. gearing details
c. tooth design details
d. component fits and measurements
e . lubrication
f. gear components such as:

I .  clutches
2. brakes
3. couplings
4. shafting
5. bearings
6. housing /casing
7. seals

g. test

The procedure was to discuss the requirements of existing specifications (Mil-
G- 17859C) in the above mentioned areas; then describe the requirements in the
pro posed specification (Mi l-G-l 7859D) and then to elicit comments as to the
application of these requirements to high performance craft .

II .  A summary of the recommendations for each area covered is as follows:
a. arrangements — exclude specific arrangement requirements; instead , provide

functional and environmental requirements such as weight , size , reliability, as per
- 

- 
horsepower , et c.

b. gearing details:
1. materials — add aircraft material specifications , specify vacuum remelt steels

especially in highly stressed areas
2. life — 1 01 0  cycles may be harsh requirement , rather than stress cycles .

indicate allowable stress limits , provide operational spectrum
• 3. forgings — ito change recommended

4. welding — no change recommended
5. fasteners .— no change recommended

• 6. noise and vibration — deferred
7. shock — deferred until hull resistance is determined

• 8. piping — no change recommended
9. balance — no change recommended

c. tooth design details
1. accuracies — K factor — eliminate and apply contact stress within

the allowable limits of the materials
— helix angle — do not specify
— contact pattern — no change recommended
— binding stress — material stress limit should control

25
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surf’ace finish 21) r u n s  or b e t t e r
scor in g  flash tempe r a ture  and ela sto- Iuydrodynamic
film should be m d  tided in I lie calculations
sur f ~rc e durabi l i ty  no change recommended

general com ments  accuracies  as required by revised AGMA- l 2 should be
-. applied. Stress limits should be derated by safety

f a c t o rs.
d. coniponer it f i t s  arid n u c a s u r e u t i e n t s  l ) i i  not spec i fy  f i t s  of com po n en ts , instead

provide adequate i n t e r l a c e  req ui rements .  Fits and tolerances of i n ternal  parts of a
transmission should he l e f t  to the  m a n u f a c t u r e r .

e. lubrication Recon imend ations were deferred un t i l  a t tendees have an oppor-
t uni ty  to review the details  of the proposed specification.  One general
recommendatio n was to add M i I - I  - 2 3 n) 9  gas tu rb ine  oil as an acceptable
transmission oil. It \v.is further s t a t e d  that as a result of t h e high er operating
temperatures. greater consideration should he addressed to incompatibility of the

• oil and materials.
f. gear components

I .  clutches — Mil-( ’-l ~087 dated 1955 iii ust he revised. If  new types of oil are
used, one must consider t i le  ef ’t ec t s  oii f r ic t ion  clutches.

2. brakes - - The selection of the brake and the construct ion details should be
left to th e manufacturer

3. couplings — M il- ( ’-23233 would he acceptable wi th  necessary exceptions for
specific applications

4. shafting - no ch ange recommended , howeve r ,  stress l imi t s  should be reviewed
5. bearings no change recommended : however , temperature sensing for

rolling contact bearings should be added
6. casing/housing — no change recommended
7. seals - -  no change recommended

— g. testing: ]“hc only apparent couicern to t he group was in regard to the spin test. It
was recommended that a m i n i m u m  load he appl ied to provide operational
stability and the extent of the applied load would he deter m ine d by t he
manufacturer .

I l l .  Conclusions: It was quite obvious to all participants that the present Mii-G-I 7859C is
• inadequate for Light performa n ce ship transmissions and the proposed Mil-C-l 7859 is

too severe and r e s t r i c t i v e .  More specifi c conclusions are as follows:
a. Measurements should he specified as well as measur enient techni q ues and f its

should be avoided
b. Tooth accurac ies  and stress req uirements should he p rovided . hut  adj ust ment s

should be made for specif i c a p p l i c a t i o n s . ‘b ot h  geomet r ies  should not be
specified.

c. Specific arrangements should not be required , but e r i v  ir i ’,nmen ta l  and functional
parameters should be provided.

d. Navy de s i g n  r e v i ew s  should he initiated within two weeks of contract execution.
The first review is to assure a thorough unders tand ing  of the r equirements and
subsequent re v uL ’ws depending o u t  the c r i t i c a l  u u t i l e s l o u i e s  e s tab l i shed .

2 h
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IV. Recomniendations :
a. Develop new specifications for High Performance Ships (defining high per-

forn ia mice)
b. Establish a specification co mnmnittee for the purpose of developing a new

specification. T h e  committee to consist of Navy and Industry (both aircraft and
niarin e)

c. That present procurement policy (shipbuilder as prime contractor) be continued .
but with greatly increased Navy involven t ent in t h e  preparation of specifi cations
and periodic manuf acturing reviews.

Ii

1.1

I

I
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DEPARTMENT OF THE NAVY 
~4AP Oj j ~ LABORATORY

- 
~~~~~~ - NAVAL SHIP RESEARCH AND DEVELOPMENT CENTER A N N A P O L I S  ML) 21402

H E A D Q U A R T E RS CAROEROCK LABORATORY
~t ’!5 .~ ~~~~~~ BETHE S DA . MD 20084

- . ‘ ? “~~~ ~~~~~~~~~ B E T H E S D A , M A R Y L A N D  20084
-~~~‘ !R~~° : IN REPLY REFER Tti~

2721:KTP

-

II 5050
4 Aug 1976

From : Commander , David W. Taylor Naval Ship R&D Center
To:

Subj : Mechanical Transmission Workshop

End : (1) Workshop Goals
(2) Working Group Subjects
(3)  Tentative Agenda

1. The U. S. Navy ’s interest is moving increasingly toward high perform-
ance craft , as reflected by our current involvement with the surface
e f f e c t  ship,  assault  landing c r a f t  and hydrofoi l s .  The propulsion systems

• of these c ra f t  require co20plex transmissions of hi gh power density . In
order to assure the availabil i ty of such transmissions for future craft,
the U. S. Naval Sea Systems Command is sponsoring a three—day workshop on
the subject  of hi gh performance mechanical transmissions. This workshop
will be conducted at the David W. Taylor Naval Ship Research and Develop—
ment Center , Annapolis, Maryland , from 29 September to 1 October 1976.
The purpose of the workshop is to provide: (1) a clear definition of the
state of the art of transmission systems , gears , and related transmission
components , (2) an evaluation of what research and development is required
to meet the projected needs of future ships and to solve current operational
problems , and (3) setting of criteria to be used in specifications and
procurement procedures for these t ran smissions .

I

2. Because of your background and expertise in the area of mechanical
• transmission systems we wish to invite you to participate in this workshop .

3. Enclosures (1) , (2) and (3) indicate the goals of ~~~ workshop , a
tentative agenda , and the basic areas of discussion . No securit~ clearance
will be required for the workshop , however , participants must be U.S.
Citizens. The preparation expected of participants is a review of the
enclosures herein from the standpoint of their technology , so as to be
ready to contribute to the technical areas to be covered. The results of
the workshop will be documented and distributed to the participants . It
is expected that this workshop will aid in the solution of design , devel—
opment and procurement t robloms of power trains for advanced ships with
single shA ft horsepowers up to 50,000.

4. Your ae- f .L wtee to participate in the workshop must  be received prior
3 :;~~ -t~ mLi~r l’37i , for planning purposes.

r~ 
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Acceptance for and questions about the workshop should be directed to
Dr. Ear l R. Quandt , Head , Power Syste.ms Division , Code 272 , David W .  Taylor
Naval Ship Research and Development Center, Annapolis , Maryland 21402,
telephone (301) 267—2564.

Sincerely yours ,

J.  R. WALKER , CAPTAIN , USN
COMMANDER (ACTING)

End :
( 1) Workshop Goals
(2) working Group Subjects
(3) Tentative Agenda

I
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II IGII PE RFORNANCE M.ECI IAN ICA L TRANSMJ S S ION

WOP.KS1IOP GOALS

It is the in tan t of the workshop to achieve five specific goals. These
are as follows:

1. To define the state of the art of mechanical transmissions and
determine what it will do for future Navy craft.

2. To determine what development is suggested by the needs of
current and future Navy craft.

- 3. To dete rmine what supporting research is required to aid this
development.

4. To establish what development is required to solve current
problems with gearing related transmission components , and tranomisnion
systems.

5. To provide guidelines for Navy procurements, specification and
development of mechanical transmission systems.

Enclosure (1)
DTNSRDC ltr 2721:KTP 5050
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HIGH PERFORMANCE MECHANICAL TRANSMISSION WORKSHOP

WORKING GROUP SUBJECTS

The workshop wil l be organized in to three d if f e rent working groups , e- :h
of which wi l l  address one of th~ three topics below. The subjects under
each major heading will be covered during four working group sessions.

I. OVERVIEW OF MECHANICAL TRANSMISSIONS

1. System arrangement concepts and gearing types (parallel shaft,
epicyclic , angle)

2. Component weight and size reduction

3. Flexibility of systems

4. Manufacturing quality

5. Materials

II. SOLUTIONS TO OPERATIONAL PROBLEMS

1. Gear tooth scoring

2. Corrosion

3.  Fretting at interfaces

4. Bearing performance

5. Vibration

6. Problem detection

7. Noise

III. SPECIFICATION AND PROCUREMENT

1. Tooth form and gear geometry

2. Gear train ari d other mechani cal design

3. Fit:; and measurements

4. Lubrication

5. Seals

6. Acceptance testing criteria

7. Design review questions to be satisfied

Enclosure (2)
DTNS RDC ltr 272l :KTP 5050

A-4

_____ - - -

- ~~~ -~~-~- - ,



— 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 

—.. —-.--- — 

-~~~~~~~~~~ 
- __ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.- - .- —I”

Fl IGH PERFORMANCE MECHANICAL TRANSMISSION WORKSHOP

DAVID P. TAYLOR NAVAL SHIP R&D Ci - :NT I -:p

Annapolis, Mary land

TENTATIVE A(;ENDA

P : d f l~e3d,Iv — 29 September

1030-1100 Registration

l1u )-- 113 ;) Keynote and Welcome

1130-1230 Lunch

1230—1400 Introduction and presentation of background information

1400—1630 First Working Session

1630-1700 Moderator’s Meeting

Thuraday  
- 30 September

0830—0930 Presentation to general meeting

0930-1130 Second Working Session

1130—1230 Lunch

1230—1300 Moderator ’s Peeting

1300-1630 Third Working Session

1630-1700 Moderator ’s Meeting

Friday - 1 October

0830-0930 Presentation to general meeting

0930—1130 Fourth Working Session

1130-1230 Lun ch

1230-1300 Moderator ’s Meeting

1300—1430 General meeting, presentation by moderators

1430-1500 Concluding remarks

Enclosure (3)
DTNSRDC ltr 272l:KTP 5050
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DEPARTMENT OF THE NAVY ANNAPOLIS LABORATORY
NAVAL SHIP RESEARCH AND DEVELOPMENT CENTER A N N A P O L I S .  Hp 21402

H E A D Q U A R T E R S  CARD ER OC K LABORATORY
~~~ ,

~ ~~~~ 
BETHESDA . MIA 20084

B E T H E S DA , M A R Y L A N D  20084

IN REPLY REFER TO:

2721:KTP
5050

From: Commander , David W. Taylor Ship R&D Center
To: Distribution List

Subj : Mechanical Transmission Workshop

End : (1) Group of Sketches showing various high performance craft arid
their transmission systems

(2) Sketches and data on hypothetical reference craft
(3) Topic Questions
(4)  List of Groups (Deleted for this report)

1. Thank you for your response to our invitation to participate in the
High Performance Mechanical Transmission Workshop to be held at this
Center from 29 September through 1 October 1976. Enclosed is a package
of information that will give a better understanding of the intent of
the workshop.

2. Enclosure (1) is a group of sketches showing various high performance
craft and their transmission systems . The PCH—l , AG(EH)—l , PG (H)—l ,
PG(H)—2, SES 100—A , SES 100—B and CPIC shown are all operational craft.
The hydrofoil small waterplane area ship (HYSWAS) is merely one example of
many possible future configurations . The power levels of the operational
craft are lower than those future craft of interest in this workshop. How-
ever , their configurations are similar and give an indication of the type
of transmission required.

3. Enclosure (2) gives sketches and data on hypothetical reference craft
of future interest to the Navy . The craft sizes and power levels are
greater than for the existing craft. The three craft shown are an SES
(Surface Effects Ship) , a SWATH (Small Waterplane Area Twin Hull) and a
hydrofoil. The hydrofoil poses the most difficult transmission design due
to size constraints in the foil pod. These are not intended to represent
proposed craft but merely to define example systems that may require 50,000
h.p. high performance transmissions for water propeller drive .

4. The approach then to meeting the workshop goals will be for the mod-
erators of the various groups to use topic questions for stimulation of
discussion within the group . The questions are not expected to be all
inclusive , but should bring up relevant discussion in the necessary problem
areas. From this discussion , data may be filled into a matrix of trans—
mission components and the workshop goals . Enclosure (3) indicates the
tnpi e questions to be used , and a matrix. On the matrix , the topic questions

A-6
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(to the left) are input . The components are listed across the top . The
goals are indicated at the right. The final matrix should indicate the
state of the art , the required R&D to meet future  needs , an approach to
operational problems , and an approach to specification and procurement
for the components listed. By attempting to solve the problems in this
manner , it is hoped that all the topics will be adequately discussed .

5. The final enclosure , (4), is a list of the groups in which people will
be asked to participate. An attempt has been made to provide knowledge
in all the aspects of transmission systems to each group . The list is
based on those who have responded to date .

6. We are looking forward to a rewarding workshop . Plans are to prepare
and distribute a report of the results to all participants. If there is
any question please contact our Mr . A. B. Neild at (301)267—2263 or Mr.
A. B. Harbage at (30l)267’-2845 .

- I
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~- -: .-~~~i (~/ I I ,  fJ~t J ~~~j ~; S 1 ( ) J  ~- . ) :~ r - I i ~) ’
TO!’! (~ ~)tJ 1-~ ST I (

1 . 1)v& r v i s /  of Solid Tr~I ! I : . c I i ~~i ( I I I a

1 . ~
-.‘ rIa t a r rdnqLu!~int C ~~~~ arId ~ ;p .~~Ci Ii c cIe.trirIrl ty 1 i ’-” ;Iioul~ I c

• p e ~~ f a I  I ) ’.-i 1 applicdt io;I~~’

‘.L’he r fu r e r u : ~ nh  i pa cle sci t )~ c1 d~ f i n c  t !ie ger Ie i  ~ l t ~ 
- of I ~I I l ~ : I r ~1 aJion

j a i  r & d , lightweight and (o..:pact.  , conse qu en t l y h igh ly io~ a’ &1 . i l  I~ o a r c
rJany ques Lions a ; to app roach to tIte~ &’ t r I l l a f l i  L a S i O f l S  . Tiv aL in ini ’ such
thi r-ja as defining t h level to which i i  qh twcight: , c d ;c -t . i c : I  CJ . a r i r ~~7 ( l i gh t
combining gear;; ~- ; l t h  ep icyci ic reduct ion)  SlIOUl d b used . h o w  f a r  should
the e f f o r t  b ’  e ar n  L U C I  ~n t I~e l l C lh t C !I . I IV  of C0I :puXi(-i; -

!-,na t is requi red to provtd-. t1 t ~ necessary r ight  ( I l I q i c  q ’ ~Ir in g?  Should
development be done on c o nt r a r o t ;t iri g epicyclic  a r r~I l ; g ( - i e ; ; t ; , ?  !~in i t  addi l o n a i
approaches to ar rangement  WOuld n n c I~~~ n n o n i n c ?

2.  what benefits could r ;’aul  t f ro :i  1 [gI l t & n i r i g of eo~--na ; - - - : ; t a ?

Discusnion of various cc; ~j o n : ; i t ; ;  15 i I I L U f l d - ’d . Should l i g h t e n i n g  of
shafts through use of caL~~o / c ~na~:y co;;-:~’n:; itsa; bc developed? Should new
coupling, clutch , to rs iona l  v i b r a t i o n  r ’;Iuccr , c’tc. , designs b~ sough t
(f r c o a lower we c~!i t . stancl poi ut )  ? Should ligh tening of cares and s lount i r al
st r u - : t u r c  be at t empted?  tJ~n & t  can he acco ;-ipl inbed in t I & c  area of lighte r
wei ;h L bear ing des igns?

Are lighter weight gear i -a i t& ’r i  ci s a practical appro,I(-h? If  so , is
mater ia l  development .  suggested?

3. What is the state of the art for syst&ei ficxihility for  hard
i~~~i~~~~~

What area ;; of coupling and so f t  mounting r ;c& ’cl to be } n r n u - -:i in order to
ach ~ vc t r O i d li  ; ‘fr .  cjear :L ocr in St r i c~ l i n i l l  ly f lex ib le  c r a ft . ?  Arc: f lli ’w (: o: - ~—

ponent d- - - ;  i j u n  req:; i red or Wli  1 judici on:;  desi gn and a r r l I& -~~- cfl ti U: adequate?

Arc the limits on m i s E x l i cj n n & - I I L : .; and cl~- f Ie c t io ns  in coup l ings in- j  r sent—
at ivo  of what,  can he achieved or onl y what  h a ;  been reg li t cd  to this point?

4.  What: is the s tate  of t he  a r t .  i n  m an u fac t u r i ng qua l i t y  and gear si~~c?

Can the necessary size cear :; be cut . , ground and heat t reated such that
the nece:. ; a r y  accuracy can he m a i r i t a i n ~~J? Does t~~i reqt11re n~ :’ciZi l tech—
ni lucs such as so f t  g r i n d i n g  and then I i n , I t  t r cat ing or is procluct:ion w i t h i n
sta te  of the art .?

Is t ! i ’ -  m I m e t r u r  for b va 1 (t ’at i :  , Ic ci  s l if  f er en t  are limi f :?

A~
- e m n - j r I u f : c t u r i  Hg  t e l  r r(.II( :r acl .:.tiiate to J:rc:lfl (&’ b I r t h  i ‘i- r o m an Ce gears ,

how i t’g r t  ar ~ arc’ t im - t ->1 -ia n ces to cuin i i ty (I~~~I l~~ ?

am &‘  ( 3 )  , Page 1
1) ’I’~-J :;1~nC 1 27711 KIT 5050
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D~’f i mi t I n  I At  l t€  ar t  of cj  15 I ; n i t  I I I l

~. m I It ~i O ’  t i m: V ’ , ; 1 . ;  m ;~~h m ;t  X ’ - I - l t a :  ~~d t i c ’  V I I  m m m i I -  i t - f  115 c u r ren t l y

t ; n . , t  l ) ~~~1~~’~~t ( -:; a r( d ;a ~~r L ’d of gear 0 ; t e r o i l n ;  t h at  c a n ’ t b~ } i u v : d ’ - d
• ~-:~~th av ai l  ab lt& ; i . : t t s - r  .11:,?

U i I . n t  is 1 i b;el i!tao:i of i d  vimIq CJ C .I r ‘ n a i n l m ’ n c ~ w i t:h lie roved ~~j t  er ial
pr op c&rt 1 (a~; , i .0 • , Imow much m i t t  c r i  a I. d~-v - 1  

~ 
li en t e f f o r t  ii; warximn Led?

II. S o l m n t  ii n ;  to Ope ration al Prob lawn

1 . Wha t can be done to e l i m i nat e  f a i l u r e  of II lqIll y I oadad  gear teeth?

Wha t ~ir ~’ the causes of- gear tooth d i a L r e .a ; .  Are bet t e r  lubr ica t ion,
flOw Cl I Let :  a H and/o r new m anu fa c  tur ing techniques requi red  to overcome
fa i lu re of h ighly  loaded gear teeth? Can desi gn load l imi ts  he }zept to a
level that will eliminate fai lure and still perrni t gears smt:tll enough to meet
light weight demands of high performance craft.?

2.  What techni ques can be used to el im ina t e  corrosion_ problems_wi th in
gear cases?

Wha t- are the causes of this  type of corrosion (purely water?) and what
surfaces corrode?

W i l a t .  solutions arc : o f f e red  through t h e  use of different materials ,
d i f f e r e n t  seal designs , d i f f e r e n t  lubr icants  and environmental  control
within areas containing t, - Ir a  and bcarThgs .

3. What can be done about f r e t t i n g  corrosion at b e a r i n g / s h a f t  in te r faces?

Can d i f f e r e n t  materials  be used that  are more resistant to fretting?

Can specification of f i ts  be sat  up that would elimina te causes?

Can design of systems u t i l i z i n g  i n te gr a l  gears or combinations of
in tegra l  and shaft fitted gear;; be provided that  will eliminate f r e t t i ng?

4. Wha t can be done to imipro v e h e a r i ng  life?

What techni ques can be cmployc’cl for c leaning  and cooling bear ing  areas?
L i

What can be done with h ydr o st a t ic  and hydrodyn amic rath er tha n currently
used an t  i f r i c t i o n  bear ings?

What -  c a n  be clone w i t : I i  new ant i  f r i  ct . ion b:’: r ing  de s i gns (such as he l l  ow
c’rvled cs:::’nl i a m : t  rollers)?

Is d- V. ’ l o~ a c r i t. warr an ta :cI in t l ~~’ , m &  a , :  o f  t h t  n i t  1 a : m r i m n . m n ; ?

1- . I I ’ i & I ; u r e  (3) , Page 2
tt:LNi ;kflC 1 tr 27 21  : KTP 5050
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1 . W I O L  ( ‘ III h ’  ~c : h t i  aVi d W i t h l ’ l o i t ( ’ t I  ~i t  - i t  O i l  ~ ri qe~~ b .- : - . - tm n -I oh ;: :
t n v - h n L L q n m ’s ca n be 5:5c c1? 

- - -

lt :a’ d l i  1110 . I i i  ty  proh~:’:. f o r  n i l  l~~c - t. L O i l S !

Tin: ’ ~~~~~~~ ( H I l  P ( ii ‘tT & ’CL ~i ( I I I  ;i  ~~~~ c-c;;?

a ore monj tori  m ;: j ?

\‘j h r n  Lion d a n A . t n  r i ng?

Iii ~il  1 cases , wi ma t :  can be concludedi from data availab le  and  what are
t nt-  be ;- ; t me thoci s to obtain  ;Ll L , m  ~ c I t  u n  Lel y?

6. t’hs1 L ir : :provemant s in gear no:i no are of n u f f i c i c i nt  r rnou i tude  to
war ran t  I, a i equ i red clavel op’nent?

R e d u c t i o n  in tooth fo rces by t cmr s io :m ,n l  v ibrat ion l : l l ; o r 1 n er .

-~ Het . t  or  case d.;: np ia;g t : ; i : u n a j ~n use of o o : t i n n g . ;  or noise at t a : n L : i  i L i m i g  P1 n t c : i a l .

J <edlu .:: Lion of sh a f t .  def lec t iorm s  at }n ; ’ar  i roj;; by control  lir;q dyr:~ ai c
i t:::~~a mm ; ; e  through t i L L  [f imess  and I ;rna ; ;  and ir mer t . i a  dis Lr ihu t . ions .

[I I .  S p e c i f i cat i o n  and P r o cu r e i n ’t i t

1. Wha t_ should be_ s pe ci f ie d  in  the arc’a of tooth_ fo rm and gear  qecc’~’t r y ?

ihow closely should this be controlled?

Are st , ; n c s m r c l : ;  within the i n d u s t r y  such that no controls on tooth to rn
arc’ 1:005’ :’ , ry?

2. W’n a t_ shouldi be spc’ci f led ~~:; f a r  a:; qear t r a in :n d :e:ee: stc;d m~ cL-
a im i c~~l ‘cl ni  q~ __i_ s con cre r mned ?

Should tt:c type of gearbox (ep icyclic  for ins tance)  be a j - ’ : i fled  or
• m -: - ruly r e in ‘c rements that  a uni t  m ust .  moo I.? Should d-::.; i q:n aspects (such a;;

in t e - t ;a ;L  &j: inr:5) be sp-:’c: i fled?

3. h i a t t  should he specified in ;n r c ’ -~ of _ compon ’ ;it f i  La; and component

f: - :asurelTV? n L a ?

Should specific compo:n’:rnt f i t ~ he called out or should problc :ns be
• avo i n ’i’ aI t h r o u g h some sort of design evalua t ion  a f t  - a  m a n u f a c t u r e r  has a

d e si gn ?

I to’.’: ; : I I ’ n n l d  n :opu ~~~: n ’ - i n t  a he ~n e , , ; : n n r n ’ d  to ; m : : t l U n ’ proper prof i les  of t e e t h ,
cl ’ar :mnc” - : ; , f i t : ; , c - I C ’ .

-~ 
, }tn . -~ should 1 m i b r i  ( r n  L ion  of hi ql i  ‘i Ice ‘n I e c e  t r a n n q d  s;; i c- rn  ho ;npcci f l e d ?

I - g n c : l o - ; c n i  t - (3) , l ag- ’ 3
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Do you ;;j ~~c i fy  ~n l u b r i c a n t  ,nn l : I  a type of l :y ; . t - i , a t’c cj u i  ‘ ‘ n i  : .  I (If

l u i n r  ic: m t  1011 p r o p - c it i e s  under  q i v c - n I  load ing d : c a l d L  ion :;  ( ; ; n n r : i t  clii f i l m  t h i c h —
or cl - a you aj n . - a i  f y o i m l y t h e  requ i  n i h  I ’ r f d i r n : n : n n a ’ e  of the  I

icy V 1 n , I t  ‘v I n: ~~ t h:  I r n c ’ c a - ; ; u ; n c y  t cc  i~rovida t i n : I t :  p c ’ n - f o r n : I - I n n c e ?

5. IL : ’.: c ; l :o ;n l d  I r , I ! ; H I :1 i :;aion sc::j l :; i n : -  1 ; l ::( : L I  i t ’ d ?

Should seal ;;poc i t i c : :  t: i l I l a  I n ~ u lde I (~ typo or clesicj n or fil: m i - l y  aceil n n - j
r .’qu na ’;:: ‘ i l  ts?

6. i t ’ ’! should co!r n pon c-nn t a such as citut .ches , brakes , eonn ; ’l I n ga , 5 :1st f t —
ing , l ;~’a r i : n q n , housing s t ruc tu res  be snoc i f ied?

Should  5: 1 :-c ’  i fir: desi gn data he called out or should per lon : i;i c-o r e—
qu ir anue in t . s  alone be used?

7. t -hna t .  form should__Navy des i gr n r av i  a-i t a le -?

Should f requent  design reviews be conducted throughout  t in e  dc:sicjrm and
bu i lding  process in order to assure meet ing  of r cquirc ’ment s  or sh o uld

• specif icat ion be depended on to assure th i s  wi th  1 c a; ;o r  degree 0mm review?

8. 110w should component and system acceptance t e st i ng_be_performed?

I
Enclosure (3) ,  l’~l c tc ’ 4

DT?I fhWC i t r  272 1:KTP 5050
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OV1-~ OV I F-~w ( 1-LARBAGE )

Organ iza t ion  & Code
Pos i t ion/Ti t le/Area  Tel n : j C n O r n o

Alf red B. f larbage DTN SRDC , Code 2 723 Annapolis , MD 21402
Research Mechanical Engineer  (301)267—2845

- 
-• 

Power Transmission Branch

Gene Shipley Mechanica l  Technology , Inc. 968-969 Alba ny—Shaker Rd.
R&D Division Latham , NY 12110

(5 18) 785—23 19

C. ii. Gibbons Bendix Corporation Utica , NY 13503
Fluid Power Division (315)797—2500

0. W. f li s el  Cur t i ss— Wri c jh t  Corporation 1 Passaic St
Wood-Ridge , NJ 07075
(201)777—2900

Vince Zardus Grumman Aircraft Engine Corp. Bethpage, NY 11714
(516)752—3688

Pa ul Lombardi NAVSEC ( SEC 6144) Washington,  D . C. 20362
lid H igh Performance Ships ( 2 0 2 ) 6 9 2 — 5 3 3 2

Concepts Section

Art Bonsi gnore Gleason Wo rks 1000 Univers i ty  Ave .
App l icat ion:- :  Eng ineer Rochester ,  NY 1460 3

• (716)473—1000

WilJ . iam R. Alexander Kelsey—Hayes Co. 1205 W. Columbia
SPECO Division Springfield , Ohio 45501

- I (513)324—5831

R. V. Vittucci HQ Naval f l : lt er ia i  Command Washington , DC 20362
SEA 0333 (202)692—2646
Program Admth/Machy Systems

Chris Gaylo G r n n r r : -’ - i n  Ai rc ra f t  Eng ine Corp . Be thpaqe , NY 11714
(516) 7 52—3688

Charles L. t-liller NAVSEA (SEA 0331) Washington , DC 20362
Rd Ship Main Propulsion (202) 692-9462

& Energy Section

Roif K. Muench DTN SRDC, Code 2721 Annapolis , MD 21402
Hi n d , Gas Turbines Branch (301)267—2159

John Meyer DTNSRDC, Code 1170 Bethesda , MD. 20084
General Engineer (301)227—1700
Advanced Cnncepts Office
Sy st ems  Development Dept
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Organizat ion & Code Address
Name Posit ion/Title/Area Telephone

B. 3. Novak Western C ;- .~r Corp. P. 0. Box 190
Applied Tech Div. Lynwood, CA 90262

(213)968—6525

John B. Amendola ARTEC 1.tachy Corp . 34 Garth Road
• U. S. Rep MAAG Gear Scarsdale , NY 10583

President (914)725—5251

Tom Steele General Electric Company 1100 Western Avenue
Lynn, MA 01910

CAPT Thomas Albee , USN NAVSEA (SEA 031) Washingto n , DC 20362
Head , Planning Appra isal (202)692—1147

& Financ ia l  Management Div .

Paul Diehl Diehl & Lundgaard Inc . Bainbridge , WA 98110
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SPECS AND PROCU RE MENT (GU~~~WSKI)

Organia i t : ion & Code Address
Name Posi t ion/Ti tle/Area Telephone

Edmund 3. Gutowski . NAVSEC (SEC 6148) Washington , D. C. 20362
Gea r Sect ion—Special  Project (202)692- 5990

Len Ilolma n Rohr Indus t r ies , Inc . Chula Vista , CA 92012
Propu ls ion Des ign (714)560—8008 ext 525

Art Wi l l i ams  Western  Cn’ :nr Corp. P. 0. box 190
Eng .  Spec . Lynwood , CA 90262

(21 3)96 5—6525 ext 209

Ab :In I t•londale NAVSEZ\ (PM S 303) Washington , D.C.  20362
P111-i Project  (202)692—6407

Eugene Lenander NAVSEA (PM S 303) Washington , D. C. 20362
PHM Project  (202)692—6407

Werner P. Luscher Aerojet General Corp. El Monte, Calif. 91734
Marine Tech . Ngr (916)355—3142

Frank H. Cirer NAVSECNORDIV Naval Station
Combatant Craft  Engineering Dept Norfolk , VA 2 3511
Head Engineering Branch ( 804)444— 9268/ 9269

Dennis 0. Townsend NASA-Lewis Research Center 21000 Brookpark
Research Engineer Cleveland , Ohio 44155

( 216)433—4000 ext 6101

Fred Grassi NAVSECP HILADI V (Code 6700) Philadelphia, PA 19112
Head Power Transmission Branch (215)755-3842

Philip Ilatchard DTNSRDC (Code 2723 )  Annapolis , MD 21402
Project Engineer  (30 1)267— 364 1
Power Transmission Branch

J. W . MacDonald DThSRDC (Code 2831) Annapolis , MD 21402
Chemical Engineer (301)267—2164
Fue ls & Lubes Branch

P. .J .  Man q ione  Nava l Air  Propulsion Test Center Trenton , N.J. 08628
Power Drive  Systems

J ame s t . Brown NAv -: ’::e~-:)Iv (Code 6660) Naval Station
(oial ,,ll ,n : 5 Craft Engr Norfolk , VA 23511
E n g i n e e r  i r n g Branch (804 )444— 026 8/ 69/67

A/V 690-9268
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Organization & Code Address
Name Position/Title/Area Telephone

John Goyer Cincinnati  Gear Co. Wooster Pike &
VP Sales Mariemont Ave

Cincinnati , Ohio 45227
(513)271—7700

W . B. Herbert Precision V—Glide Co. 115 Industrial East
President Cl i f ton , NJ 07012

(201)471—2500

L. 0. Mjolsnes Boeing Hydro foil Ren ton , WA.
Propulsion (206)237-2886
Desi gn Spec.

G . R . Aschauer Twin Disc , Inc . 1328 Racine St.
Chf.  Engr . Advanced Eng . Racine , WI ~3402

(414)634—1981

A. DeFeo Curtiss-Wright Corp. 1 Rotary Dr.
Manager System Desi gn Wood- Ridge , NJ 07075

(201)777—2900 ext 2060

Arthur S. Irvin Marlin Rockwell Div., TRW Inc. Jamestown , NY 14701
Director R&D (716)661—2893
Bau & Roller Brgs

Roger Johnson ARTEC Machinery 34 Gar th Road
Govt Contracts—Sales Scarsdale , NY

1
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OPERATIONAL PIOBLEMS (NAGORNY)

Organization & Code Address
Name Position/Title/Area Telephone

• George W. Nagorny NAVSECPHILADIV, Code 6733C Philadelphia , PA. 19112
Hd. Mn Prop & Ship Silencing Sec (215)755—3842

- •  Keith Ellingsworth ONR, Code 473 800 N. Quincy St.
Mechanical Engineer Arlington, VA 22217
Power Program (2O2)y 02-44O3

W. F. Meyers Precision V—Glide Co. 115 industrial East
Tech. Dir. Clifton , NJ 07012

(201)471—2500 ext 23

Allen E. Ford DTNSRDC, Code 2721 Annapolis , MD. 21402
Mechanical Engineer (301)267—3551
Gas Turbines Branch

~‘-ne A. Stritzel Gleason Works 1000 University Ave
Senior Application Engr Rochester , NY 14603

(716)473—1000

Art S. Herman Koppers Company , Inc . P. 0. Box 1696
Engineering Section Manager Baltimore , MD 21203

(301)768—2000

Dennis Imwalle The Cincinnati Gear Co. Wooster Pike &
Mgr of Engineering Nariemont Ave .

Cincinnati, Ohio 45227
(513)271—7700

W . Werchniak DTNSRDC, Code 2814 Annapolis , MD 2l40~.
Mechanical Engineer (301)266—3755
Material Engineering Branch

R. L. Roxbury Naval Air Systems Command Washington , D.C.
Propulsion Division , AIR 53622C (202)692—6035
T56 Project Coordinator

F. G. Woessner Naval Air Propulsion Test Center 1414 Parkway Avenue
Project Engineer Trenton , NJ 08628
Power Drive Systems (609)882—1414 ext 429

T. G. Csaky DTNSRDC, Code 2721 Annapolis, MD 21402
Mec monical Engineer (301)267—3551
Gas Turbines Branch

B. W. Benson AACC/DTNSRDC, Code 1163 Betlni’ada , MD 20084
Head , E)esign & Enqineering (202)227—1694
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Organization & Code Address
Name Position/Title/Area Telephon e

John B.Amendola Artec Machinery Corp. 34 Garth Road
President Scarsdale , NY
116 Rep MAAG Gear (914)725—5251

Veeder C. Nellis General Electric Co. Bldg 24100, 1100 Western
Advanced Propulsion Gear Design Lynn , MA 01910

(617)594—2710

Charles D. Gray Westinghouse Electric Corp. Hendy Ave .
Supvr. Marine/Heavy Machinery Sunnyvale, CA 94088

Erigrg (403)735—2533

Neil DeBruyne Curtiss—Wright Wood-Ridge, NJ 07075
Mgr Tech Gear Development (201)777-2900

Tom Gugliuzza Western Gear Corp. P. 0. Box 190
Applied Technology Div. Lynwood, CA 90262
Ch. Des. Engr. (213)968-6525

Edward J. Zisk Bell Aerospace Textron New Orleans, LA 70189
Technical Director SES—100B (504)255-5832

Erwin V. Zaretsky NASA—Lewis Research Center 21000 Brookpark Road
Head, Bearing, Gearing & Cleveland , Ohio 44135
Transmission Section (216)433—4000

A. J. Lemanski Boeing Vertol Co. Boeing Center
Program Mgr R&D P. 0. Box 16858
Drive System Contracts Philadelphia , PA 19142

(215)522—3802

Paris Genalis DTNSRD C, Code 1720.1 H e t h- :-:d n , MD 20084
Naval Architect Structure (202)227—1659

1

Louis C. Tedeschi DTNSRDC DTNSRDC-HYSTTJ

* c/o I’SN~
• Bremerton, WA 98314

(206) $7:- -.2771

Gerald J. Philips DTNSRDC, Code 2832 Annapolis , MD 21402
Mechanical Engineer (301)267—3246
Friction & Wear Branch

Jules DeBaecke NAVSECPHILADIV Code 67338 Philadelphia , PA 19112
Hd , Gear & Clutch Section (215)755-3842

J. DuBief Boeing Marine System Seattle , WA 98124
Technical Staff (206)237-2887
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Orgenization & Code Address
Posit ion/Title/Area Telephone

W . W. Hea th Aerojet (SAC) Box 13222
Sr. Engr. Specialist Sacramento , CA

A. Bayne 1~ei1d DTN SRDC , Code 2723 Annapolis, MD 21402
lid , Power Transmission Branch (301)267—2263
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OVERVIEW (SCHN EIDER)

Organization & Code Address
Name Position/Ti tie/Area Telephone

Leonard Schneider DTNSRDC, Code 2832 Annapolis , MD 21402
Mechanical Engineer (301)267—2754
Friction & Wear Branch

John t~1ack Boeing Vertol Company P. 0. Box 16858
Transmission Design Philadelphia , PA 19142

(215) 522—2447

Nathan Glassman DTNSRDC, Code 2830 Annapolis, MD 21402
Chemical Engineer (301)267—2534
Applied Chemistry Div

Henry Schab DTNSRDC, Code 2707 Annapolis, MD 21402
Senior Project Engineer (301)267—2359
Office of Asst for Fleet Liaison
& Plan.

William Boylan NAVSECPHILADIV, Code 6730 Philadelphia , Penna . 19112
Head , Machinery Systems Dept (215)755—3915

Hobbs Horak NAVAI R, Code 53631 Washington , D.C.
Senior Engineer (202)692—2656
Installations & Sys Branch

Bruce Arnold Twin Disc Incorporated 1340 Racine St.
Racine , WI 53403
(414)634—1981

Samuel R. Shank DTNSRDC, Code 2721 Annapolis, Md. 21402
Mechanical Engineer (301)267-2464
Gas Turbines Branch

Stuart Loewenthal NASA—Lewis Research Center Cleveland , Ohio 44135
U.S.Army Air Mobility R&D Lab (216)433—4000

Arthur S. Irwin TRW, Inc. Jamestown , NY 14/01
Marlin Rockwell Division (716)661—2893

Walter L. Rye Cincinnati Gear Co. Wooster Pike &
Executive Vice President Mariernont Ave .

Cincinnati, Ohio 45227

Andrew P. Hall Boeing Marine Systems Seattle, WA 98124
Spec . Engr. (206)237—2675
Large Hydrofoil P.D.
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Organization & Code Address
Name Posit ion/Ti tie/Area Telephone

D. J. Folenta Transmission Technology 0 Comrners Rd
Fairfield , NJ 07006
(201)575—0418

Vic Viteri Aerojet Liquid Rocket Co. Sacramento , CA
( 916) 355—2012
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INIT IAL DISTRIBUT ION

Cop ies CENTER [1ISTRIBUT ION

7 NAVSEA Cop ies Code
1 SEA O3
3 SEA 0331G 1 00
2 SEA 09G32
1 SEA O32 1 01

3 NAVSEC 1 11
1 SEC 6145
1 SEC 6148 1 15
1 SEC 6144

1 16
12 DDC

1 27
1 Study Center

National Maritime Research 1 2707
Center

Kings Point , New York 11024 1 272

1 P. G. Cash 1 2721
Vought Corp Systems Div
P.O. Box 5907 25 2723
Dallas , Texas 75222 Harbage

28

1 522-2

2 5231
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