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PREFACE 

The D i v i s i o n  o f  Advanced Automotive Power Systems Development 
(AAPSD) o f  the Environmental Pro tec t ion Agency (EPA) has a pro- 
gram f o r  developing and demonstrating automotive powerplants 
which might be considered as an a1 t e r n a t i v e  t o  the Ot to  cycle. 
Correspondingly, one o f  the areas o f  i n tens ive  AAPSD a c t i v i  t y  
has been the Brayton Cycle or  more speci f i c a l  1 y the automotive 
gas turb ine.  I n  support o f  t h i s  a c t i v i t y ,  €PA, beginning i n  
ear l y  1971, has l e t  several contracts f o r  technological improve- 
ments i n  the area o f  combusliun and f o r  determining optimum 
cycles and h igh volume engine cost po ten t i  a1 . Addit ional 1 y, 
NASA Lewis has been con t r i bu t i ng  t o  the Program through an 
inter-agency agreement. 

On November 22, 1972, Chrysler Corporation contracted t o  sup- 
p o r t  t h i s  ac t i , v i  t y  by ca r ry ing  out a Base1 i n e  Engine program. 
The goal o f  t h i s  program i s  t o  demonstrate by 1976 an experi- 
mental gas t u rb ine  powered automobi 1 e which meets the 1976 
Federal Emi  ssion Standards, has s i gn i f i can t1  y improved fue l  
economy and i s competi t i  ve i n performance, re1 i abi 1 i t y  and 
po ten t i a l  manufacturing cost  w i t h  the conventional p i s ton  
engine powered, standard-si ze Ameri can automobi 1 e. 

Speci fi c a l l  y, component improvements resul t i  ng from the tech- 
nology contracts,  NASA programs, and Chrysler ls  e f f o r t s  are 
bei ng eval uated and developed i n automotive gas t u r b i  ne engi nes 
and vehi c l  es. 

Chrysl er Corporat ion 's  s i x t h  generation automotive gas t u rb ine  
engine i s  the  Base1 i n e  Engine. This i s  a 4:l pressure r a t i o  
regenerat ive engine w i t h  va r iab le  power t u rb ine  nozzles which 
meets the 1975 emissions standards. Base1 i n e  Vehicles are 
i ntermedi ate-si ze, 4-door sedans modi f i ed t o  accept the t u rb ine  
engines. 

The program, which i s  scheduled t o  run f o r  3-1/2 years, a lso  
c a l l s  f o r  an Upgraded Engine design. This w i l l  incorporate a 
se lec t ion  o f  improvements best abl e t o  achieve overa l l  program 
goals. Bui l d i n g  and veh ic le  demonstration o f  the Upgraded 
Engine i s  t o  conclude the program. 

Chrysl e r  Corporation e f f o r t s  are bei ng managed and coordinated 
by the Research Section o f  the Engi neeri ng and Research Of f ice .  
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INTRODUCTION 

This i s  the t'hi r d  qua.rter ly r e  o r t  o f  the  Base1 i n e  Engine Pro- e gram, EPA Contract No. 68-01-0 59. I t covers work done dur ing 
the per iod May through July,  1973. 

P 

. The Program Plan has been rev ised t o  r e f l e c t  the change i n  the 
nature o f  the regenerator development (Task 5.2)  from a two- 
p a r t  e f f o r t  i nvo l v i ng  metal and ceramic regenerators t o  a ceramic- 
on ly  program as described i n  the previous quar te r l y  report .  
Addl t iona' l ly ,  the cont ro l  system e f f o r t  (Task 5.3) was delayed 
and res t ruc tured so as t o  be compatible w i t h  an t i c ipa ted  Modi- 
f i c a t i o n  3 fue l  economy improvements; the combustion system 
e f f o r t  (Task 5.1) was made consistent  w i t h  the Solar schedule; 
and the design o f  a sol i d  d i sc  wheel was added t o  the t u rb ine  
wheel evaluat ion e f f o r t  (Task 5.4). The program f o r  improving 
fue l  economy w i  1 1  be included when the cont rac t  mod i f i ca t ion  
detai  1 s are compl eted. Thi s w i  1 1 detai  1 e f f o r t s  towards higher 
temperature operat ion, use o f  va r iab le  i n l e t  guide vanes and 
water i n j e c t i o n ,  and support t o  NASA aerodynamic component 
upgrading. 

Tasks 1 and 2 cont inue t o  be paced by the a v a i l a b i l i t y  o f  hard- 
ware. Procurement d i f f i c u l t i e s  have been rece iv ing a great 
deal o f  vigorous a t t en t i on  dur ing the period, but  a continued 
h igh 1 eve1 o f  ' e f f o r t  i n  t h i s  area w i  1 1  be necessary t o  mainta in 
the present schedules. 

The f i ' r s t  new engine b u i l t  under the cont rac t  was de l ivered 
dur ing the period; and major m i  lestones were passed i n  the 
completion of the design o f  the veh ic le  i n s t a l  l a t i o n ,  the 
completion o f  the conversion and q u a l i f i c a t i o n  o f  the f i n a l  
t e s t  c e l l ,  and the completion o f  the vehi c l e  chassis and 
s t ruc tu ra l  modi f icat ions.  

Program progress u t i l i z i n g  loaner engines has continued. En- 
durance t e s t i n g  o f  improvements by Chrysler t o  the basic program 
engine, development e f f o r t s  toward a va r i  able geometry combus- 
t o r  control, and extensive e f f o r t s  i n  t e s t  and evaluat ion o f  
the f r e e  gas generator ro to r  concept have taken place. 

Support was continued t o  NASA and EPA i n  such areas as person- 
nel t r a i n i n g  and fami 1 i a r i  zati.on, consul t a t i o n  on and discussion 
of development concepts and hardware requirements, and program 
presentat ions. 



PROGRESS SUMMARY 

. Procurement del ays have caused an addi t i o n a l  one-month s l  i p- 
page i n  engine de l i ve r i es .  

. A1 1 t e s t  c e l l  conversion and p repara t ion  tasks are  compl ete. 

. .Assembl y, qua1 i f i c a t i o n  .and del i very t o  NASA of  Engine 3 
were accomplished. 

. Vehi c l  e i n s t a l  1 a t i o n  design tasks were completed. 

. Vehi c l  e s t r u c t u r a l  modi f i c a t i o n s  were compl eted. 

. I n i t i a l  ope ra t ion  o f  the  f i r s t  v e h i c l e  has s l i pped  two weeks 
due t o  engine de l i ve r y  schedule changes. 

. The planned t r a i n i n g  a c t i v i t y  f o r  t he  NASA techn ic ian  took 
p l  ace. 

. Endurance a c t i v i t y  has inc luded cont inued t e s t i n g  o f  mol ded 
i n s u l a t i o n  and the  s t a r t  o f  t e s t i n g  o f  new coarse p i t c h  re- 
generator d r i v e  gears. 

. Test ing o f  a v a r i a b l e  geometry combustor f o r  con t ro l  schedule 
op t im i za t i on  s ta r ted .  

. The a l l -ceramic regenerator core program has been formulated 
and work s t a r t ed  on design and f a b r i c a t i o n  or  procurement o f  
core, d r i v e  and seal hardware requ i red  s p e c i f i c a l l y  f o r  these 
cores. 

. The i n t eg ra ted  con t ro l  system sub-contract i s del ayed pendi ng 
r e s o l u t i o n  o f  the  adjustments t o  the  scope o f  work f o r  
requi  rements associ ated w i t h  con t rac t  Mod i f i ca t i on  3. 

. An e l as to -p l as t i c  s t ress  ana lys is  program i s  being w r i t t e n  
i n  support o f  design e f f o r t s  associated w i t h  the  low cos t  
t u r b i  ne wheel manuf a c t u r i  ng process devel opment. 

. The torque converter lock-up program has been def ined and 
hardware procurement s ta r ted .  

. The o r i g i n a l  t e s t  request f o r  f r e e  versus geared gas genera- 
t o r  r o t o r  eva lua t ion  was compl eted. Pre l  i m i  nary anal ys i  s o f  
t he  t e s t  r e s u l t s  has taken place. 

. Copies o f  Program Plan char ts  w i t h  heavied-in bars i n d i c a t i n g  
progress and expenditures t o  date are  shown i n  Appendix B. 
Copies o f  Estimated Manhour graphs w i t h  actual  e f f o r t s  i n d i -  
cated by p a r a l l e l  p l o t s  a re  shown i n  Appendix. C. 



DETAILED PROGRESS STATEMENT BY TASK 

TASK 1 FURNl SH 7 ENGINES .. .~ 

Procurement and Component Preparation 

D i f f i c u l t y  continued t o  be experienced i n  the procurement o f  
engine hardware. Acqu is i t i on  o f  acceptable cast ings has been 
the major d i f f i c u l t y  w i t h  the gas generator bearing support 
and the power t u rb ine  nozzle outer shroud being the  most sig- 
n i f i c a n t  c r i t i c a l  i tems. Current vendor promise dates i nd i ca te  
a v a i l a b i l i t y  o f  the remaining program hardware required t o  be- 
g i n  assembly o f  Engine 5 by mid-August w i th  the exception o f  
the machined power tu rb ine  nozzl e shroud and the d i  f fuser  p l  ate. 
No d e f i n i t e  date f o r  the. shroud can be determined u n t i  1 the 
cast ing source i s  able t o  produce acceptable par ts .  Three 
weeks w i l l  be required t o  machine the shroud, a f t e r  rece ip t  
and acceptance o f  a cast ing. A p a r t  from exi  s t i n g  inventory 
i s present1 y being inspected, and t h i s  shroud w i  1 1  be made 
ava i lab le  t o  the program i f  i t  proves t o  be usable. I n  an 
e f f o r t  t o  accelerate avai 1 abi 1 i t y  o f  the d i  f fuser ,  Chrysl er 
has authorized procurement o f  pa r t s  from a second source. 
This vendor's, t o o l i n g  i s  i n  process o f  approval inspect ion. 

The f o l  lowing are the 1 a tes t  vendor commitments: 

P/N Descr ip t ion  Promise Date 

Engine Housing (5 th  Engine) 

C/T Nozzle 

Wheel, Regenerator Dr ive  

Worm, Regenerator Dr ive  

Compressor Beari ng Housing 

D i f f use r  P la te  

Shroud, P/T outer 

Shroud, P/T Inner 

8/17/73 

7/28/73 

8/ 1/73 
8/ 1/73 
7/2 7/73 
No Date 

No Date 

7/ 2/73 

Fabri cat ion,  brazi  ng, and machi n i  ng o f  regenerator cores has 
been proceeding. Development o f  the new brazing s l u r r y  pro- 
gressed t o  permit  brazing three new cores during the period. 
Two o f  these exh ib i ted voids i n  the r im t o  expansion s t r i p  
j o i n t .  The t h i r d  core was acceptable as i s .  The Metal l u r -  
g i ca l  Research Department repaired the two unsat is fac tory  
un i t s .  A l l  cores assembled from now on w i l l  have the r i m  
t o  expansion s t r i p  areas pre-coated w i  t h  a copper suspension 
t o  avoid t h i s  problem. The supply o f  cores i s  s u f f i c i e n t  t o  
support the engine assembl y schedul e. 



Burner Development (Chrysl e r  Fundi nq 1 
F ina l  develvp~r~erlt  o f  t he  burner f o r  t he  Basel i n e  Engine i s  
near ing completion. The major area o f  concern was carbon 
format ion sustained a t  100% speed. This has been reduced 
t o  t r a c e  amounts by a minor redesign o f  the  reg ion  near the  
f ue l  nozzle. The design i s  shown i n  F igu re  1.  Durabi 1 i t y  
t e s t s  o f  t h i s  burner w i l l  begin short ly,-and s t a r t i n g  t e s t s  
a t  c o l d  ambierits a re  i n  progress. 

Emission t e s t s  o f  a  Chrysler t u rb i ne  v e h i c l e  w i t h  the base- 
l i n e  burner have been performed t o  determine tes t - to - tes t  
v a r i a b i l i t y  and the  e f f e c t s  o f  var ious engine va r iab les  on 
emi ssions. Resul t s  a re  being anal yzed. Experience i s bei ng 
gained w i t h  a heated FID f o r  determinat ion o f  hydrocarbons i n  
t u r b i  ne exhaust. 

Test Cel l  Preparat ion 

Conversion o f  the  second engine t e s t  c e l l  was completed dur- 
i n g  the  r epo r t i ng  per iod.  This e f f o r t  inc luded f i n a l i z i n g  
the  l u b r i c a t i o n  and f ue l  system p1,umbing and the  e l e c t r i c a l  
and ins t rumenta t ion  requirements. The c e l l  was i n i t i a l  l y  
checked ou t  w i t h  Engine 2, the  second Chrysler loaner. When 
a1 1 checkout and debugging a c t i v i t i e s  were complete, program 
Engine 4 was i n s t a l  1 ed. 

Engine 2 

An engine performance run was made on t h i s  powerplant p r i o r  t o  
i t s  being i n s t a l  l e d  i n  t he  second converted t e s t  c e l l  i n  order  
t o  p rov ide  a bas is  f o r  eva lua t ion  o f  t he  new f a c i l i t y .  The 
engine has subsequently been removed from the new c e l l ,  re- 
turned t o  the  Bui 1 d-Up Room and d i  sassembl ed f o r  i nspection. 
I t s  sui t ab i  1 i t y  f o r  f u t u r e  use on the  program w i  1 1  be depen- 
dent upon t he  r e s u l t s  o f  t he  inspect ion .  

Engine 3 
' Completion o f  the  assembly o f  Engine 3, t he  NASA powerplant 

occurred the  f i n a l  week o f  May. This e f f o r t  inc luded t he  i n -  
s t a l  l a t i o n  o f  t he  bas ic  ins t rumenta t ion  requ i red  by the  NASA 
program. Three thermocouples and th ree  t o t a l  pressure probes 
were i n s t a l  l e d  i n  the  i n t e r s t age  ahead o f  the  power t u r b i n e  
nozzle. One p a i r  o f  these i s  shown i n  F igu re  2. Four plat inum- 
rhodium thermocouples were i n s t a l  l e d  a t  t he  f i  r s t  stage t u r b i n e  
i n l e t ,  and a burner discharge t o t a l  pressure probe was i n s t a l  1 ed 
i n  the  vo r tex  downstream o f  the  burner e x i t .  I n  add i t i on  t o  
the  above, compressor i n l e t  and o u t l e t  temperature and pressure 
i nstrumentat ion was i n s t a l  led; and p rov i  s ions were made fo r  
i n s t a l l a t i o n  o f  regenerator temperature measuring g r ids .  The 
g r i d s  were f ab r i ca ted  but  no t  i n s t a l  1 ed. F igu re  3 i 1 l u s t r a t e s  
t h i s  ins t rumenta t ion  package. 



During t he  i n i  t i  a1 run- in  per iod,  horsepower was low (approxi-  
mately 15 horsepower) and could not  be s tab i  1 ized. I n  b r i n g i n g  
the  engine up t o  power: 

1.  Regenerator seals  were f reed up ( s t a b i l i t y ,  +5  hp). 

2. Repair work was done i nc i den ta l  t o  an o i l  pump 
f a i l u r e  (made w i t h  i n c o r r e c t  ma te r ia l  ). 

3. An assembly e r r o r  r e s u l t i n g  i n  i r r e g u l a r l y  se t  
power t u r b i n e  nozz le vanes was cor rec ted  (+5 hp). 

4. A compressor r o t o r  made from new t o o l i n g  was re- 
p l  aced by an 01 der one from stock w i t h  1 ess sharp 
lead ing  edges (+5 hp). This mat ter  i s  c u r r e n t l y  
being inves t iga ted .  

Resul ts o f  f i n a l  performance and emissions t e s t s  a re  shown i n  
F igures 4, 5, 6, 7, and 8. I t  should be noted t h a t  the  engine 
was qua1 i f i  ed and w i  1 1  be operated i n i  t i  a1 1 y a t  NASA Lewi s 
w i t h  the  o lde r  three-piece Chrysler combustor, no t  t he  cu r ren t  
released lower emissions design which meets the  1975 Federal 
Emissions Standards. This approach was taken because the  
newer burner i s s t i  1 1 i n development f o r  cons i  stency o f  opera t i  on 
and demonstrat ion o f  l i f e .  As soon as the  NASA f a c i l i t y  i s  
operat ing,  the  burner de l i ve red  w i t h  t he  engine w i l l  be re- 
placed w i t h  the  l a t e r  version. 

The engine was removed from the  t e s t  c e l l  on Ju ly  20 and shipped 
t o  the  NASA Lewis Research Center on Ju ly  25. They a re  being 
supp l ied  w i t h  a complete se t  o f  engine records and documentation. 

Enqine 4 

A dec is ion  was made t o  use the  engine housing which had been 
sent t o  Solar and subsequently re turned as t he  bas is  f o r  Engine 
4 ra the r  than t he  housing which had been s t a r t e d  through as- 
sembly. The returned housing, no t  requ i red  a t  Solar a t  t h i s  
t ime due t o  changes i n  the  program, was equipped w i t h  a com- 
p l  e t e  second stage nozzle whereas t he  o r i g i n a l  Engine 4 housing 
lacked t h i s  assembly and hardware. Del i v e r i e s  o f  t he  nozz le 
d e t a i l s  were behind schedule. Assembly o f  t he  engine was com- 
p l  eted u t i  1 i z ing  a s u b s t i t u t e  e x i s t i n g  gas generator, and the  
engine was de l i ve red  t o  the  t e s t  c e l l .  The gas generator sub- 
s t i t u t i o n  was requ i red  due t o  t he  d i f f i c u l t y  experienced i n  
ob ta i n i ng  gas generator bear ing support cas t ings  as repor ted  
above. The present program schedule shows t h i s  engine r e t r o -  
f i t t e d  w i t h  the  l a t e s t  gas generator hardware by the  end o f  t he  
f i r s t  week i n  August. Test ing t o  date has shown the  engine t o  
be producing marginal 1 y acceptabl e power (approximate1 y 145 hp) 
and otherwi  se opera t i  ng s a t i  s f a c t o r i  1 y. A compl e t e  performance 
map w i  1 1  be taken w i t h  the  f i n a l  hardware i n s t a l  1 ed. The en- 
g i  ne w i  1 1  be i n s t a l  1 ed i n  Vehicl  e "A". 



TASK 2 FURNISH 3 VEHICLES 

Vehicle Ins ta l  1 a t i on  Dcsiqn 

The powerplant-to-vehicle i n s t a l l a t i o n  design e f f o r t  was com- 
p le ted  dur ing t h i s  quarter.  Completion o f  the a i r  i n take  
system adaptation and deta i  1 s  o f  the engine and transmi ssion 
o i  1 coolers and the a i  r cond i t ion ing condenser i n  the Plymouth 
vehic les were t he  major items f in ished.  Addi t ional  1 y, design 
e f f o r t s  i n  support o f  the e l e c t r i c a l  system, a i r  cond i t ion ing 
and heat ing system, and other  veh ic le  i n t e r f a c e  d e t a i l s  were 
made. F igure 9 i 1 l us t ra tes  the f i n a l  . i ns ta l  l a t i o n  design. 

Vehicle Mod i f i ca t ion  

A1 1 s t r uc tu ra l  and sheet metal modi f i cat ions were compl eted 
by the vendor on Vehicles I1A l1  9 I1B", and I 1 C l 1  dur i  ng the report -  
i ng period. Vehi c l  es I1A l1  9 I1Bl1,  and " C I 1  were del ivered t o  
the Appl i e d  Research Development Department .on June 15, Ju ly  13, 
and July 2 7  respective1.y. These modi f ica t ions included, i n  
add i t i on  t o  the s t ruc tu ra l  and sheet metal changes, i n s t a l  l a -  
t i o n  o f  the suspension and s teer ing l inkage systems and the . 

b u i l d  up and i n s t a l l a t i o n  o f  body re la ted  por t ions  o f  the a i r  
i ntake systems. 

Vehicle Bui ld-Up and Assembly 

Engine and veh ic le  system i n s t a l  l a t i o n  e f f o r t s  have been pro- 
ceeding on Vehicle I1Al1. A mock-up powerplant was i n s t a l l e d  i n  
the car immediately upon i t s  rece ip t  a t  the laboratory. This 
required some minor I 1 f i t t i n g l 1  due t o  a  c lose v e r t i c a l  stack-up 
between the veh ic le  s t ruc ture ,  requi red ground clearance, and 
the e x i s t i n g  hood l i n e .  The hydrau l i c  brake booster and mas- 
t e r  cy l  i nder was i nsta l  1 ed, and the brake system p l  umbi ng 
adapted. 

Engine and transmi ssion o i  1 coolers were mounted; and the 
hydrau l i c  l i n e s  necessary f o r  power steer ing,  brake booster, 
and engi ne and t ransmi ss i  on cool er p l  umbi ng were mocked-up. 
These models are being used f o r  the f a b r i c a t i o n  o f  the required 
appropri a te  types and grades o f  hose assembl i e s  f o r  f i n a l  i n -  
s t a l  l a t i on .  . The s teer ing column assembly was completed which 
adapts the I1canl1 type energy absorbing column t o  the rev ised 
s teer ing gear locat ion,  and the u n i t  was i n s t a l  1 ed i n  the 
veh ic l  e. Numerous deta i  1 s  o f  bracket ing, plumbing, and mount- 
i ng of cont ro l  and accessory i tems have taken p l  ace. 

Engi neeri  nq Support 

The Instrument Panel Department completed the instrument c lus-  
t e r  f o r  Vehicle I1A1l .  Bui ldup o f  the remaining c l us te rs  i s  near 
completion. 



The A i  r Condit ioning and Heater departments have bui 1 t the 
f i r s t  veh ic le  system and have been supporting the i n i t i a l  i n -  
s t a l l a t i o n  o f  the system components i n  the car. This has 
included rev i s i ng  the p o r t i n g  on the gas-to-water heat ex- 
changer t o  f a c i  1 i t a t e  i n s t a l  l a t i o n  i n  the  ava i lab le  space 
and the f a b r i c a t i o n  o f  plumbing and brackets required t o  make 
the system operable. I n  the meantime, 1 i f e  t e s t i n g  o f  the 
heater/ai r condi t i  oni ng cont ro'l s  has been tak i  ng p l  ace w i  t h  
p a r t i c u l a r  emphasis on the hot  gas cont ro l  va lve and automa- 
t i c  water temperature cont ro l  components. 

The Transmission Department has assembled and tested the three 
veh ic le  transmissions and del ivered these t o  the program. 

The Brake Department acquired the hydrau l ic  booster system 
components. l n i  t i  a1 t e s t i n g  reveal ed a hysteresi  s  problem 
necess i ta t ing  re tu rn  o f  the components t o  the vendor f o r  re- 
work. This was done and the pa r t s  re-tested, accepted, and 
de l ivered t o  the program. 

The Wir ing Department has commenced build-up o f  the f i r s t  en- 
g ine compartment harness. The veh ic le  body harness a1 so i s 
being rev ised t o  r e f l e c t  the re loca t ion  o f  some items, the 
addi t i ona l  heater and a i  r condi t i o n i  ng system components, and 
the changed rou t ing  o f  the headl ight  harness due t o  the in take  
system. 

The Sound and V ibra t ions Department has been fab r i ca t i ng  body 
sound b a r r i e r  detai  1 s  and ass i s t i ng  i n  t h e i r  i n s t a l  1 at ion. 
Thi s  w i  1 1 resul t i n  the program vehic les being upgraded t o  
the same o r  higher leve l  as planned f o r  Corporate 1975 l1Bl1 
body intermediate cars w i t h  regard t o  passenger compartment 
noi se cont ro l .  

M i  scel 1 aneous 

The powerpl ant f o r  Vehicle "A l l  i s  expected t o  be avai 1 able by 
the end o f  the second week i n  August. The car i s  scheduled t o  
operate f o r  the f i  r s t  t ime approximate1 y August 20. 

TASK 3 SUPPORT TO THE GOVERNMENT 

T ra in ing  

A NASA Lewis technic ian spent i n  excess o f  four weeks a t  the 
Appl i ed  Research Development Department o f  Chrysler i n  order 
t o  become fam i l i a r i zed  w i t h  the s i x t h  generation gas turb ine.  
He was exposed t o  both build-up procedures and engine opera- 
t i o n  during the t ime spent i n  the department and was provided 
w i t h  soft-ware required t o  support h i s  a c t i v i t i e s  a t  NASA Lewis. 



EPA Contractorst  Coordination Meeting 

A presentat ion on gas t u rb ine  emissions, discussing burner 
f i x t u r e  versus cyc le  character i  s t i  cs, and a three-part 
progress repor t  on the Basel ine Engine Program were made i n  
support o f  the EPA June 1973 Contractors Coordi na t ion  Meet- 
i ng  i n  Ann Arbor. I n  addi t ion,  two Chrysler Turbine Cars 
(a  50-car p ro  ram veh ic le  and the s i x t h  generation engine 
powered Dodge 3 were made avai 1 abl e f o r  demonstration r i  de- 
d r i  ve progrems dur i  rig the  thi-ee-clay currference. 

Surplus Materi a1 

Per d i r e c t i o n  o f  the Government Property O f f i ce r ,  the three 
o r i g i n a l  veh ic le  p i s ton  engines were shipped t o  NASA Lewis. 
The shipment included the complete powerplants w i t h  trans- 
m i  ssions, cool i ng systems, and accessories. 

TASK 4 ENDURANCE 

The endurance engine and f a c i l i t y  continued t o  be u t i l i z e d .  
f o r  the evaluat ion o f  the p ropr ie ta ry  molded insu la t ion .  The 
engine was operated f o r  approximately 40 hours w i t h  the re- 
p l  acement power t u rb ine  i nsul a t i o n  b i  scui t. l nspection showed 
the b i s c u i t  t o  be i n  very good cond i t i on  w i t h  the exception 
o f  one small area o f  d i s t r ess  again a t t r i b u t a b l e  t o  a t o o l .  
mark. The vendor, a f t e r  examining the pa r t ,  requested a 
m i  nor design change which w i  1 1  permi t easier removal o f  the 
mol d and e l  i m i  nate the source o f  the too l  marks. Thi s change 
was made, and pa r t s  are t o  be fabr ic 'ated i n  the next several 
weeks f o r  f u r t he r  evaluat ion. The burner cover b i s c u i t  has 
acquired approximate1 y 42 hours o f  operat ion and i s i n  good 
condi t i on .  Temperature data i ndi ca te  a requi rement f o r  more 
extensive inst rumentat ion i n  order t o  proper1 y evaluate the 
i n s u l a t i n g  cha rac te r i s t i c s  o f  the materi a1 . Further a c t i v i t y  
i s  planned a f t e r  a new power tu rb ine  b i s c u i t  i s  avai l a b l e  and 
the burner cover more thoroughly ' instrumented. I n  the  mean- 
time, pre l iminary  discussions have been he ld  w i t h  the vendor 
w i  t h  regard t o  procur ing i n s u l a t i o n  b i s c u i t s  f o r  the main 
engine housing. 

Current ly  on t e s t  are the new coarse p i t c h  regenerator d r i v e  gears. 
Fol lowing 200 hours o f  endurance tes t ing ,  inspect ions showed 
no measurable wear on the p in ions but  some wear on the gears. 
The pa r t s  were re- ins ta l  1 ed, and a t h i  r d  100-cycle t e s t  segment 
star ted.  

A t  the completion o f  t h i s ' t h i  r d  100-hour segment, one o f  the 
r i n g  gears w l l l  be replaced w i t h  one having an e lec t ro less  
n icke l  p l a t e  t o  evaluate t h i s  process as an a i d  i n  wear reduc- 
t i on .  The endurance engine now has accumulated 3,267 hours o f  
running inc lud ing  26,699 s t a r t s  and 2,777 endurance cycles. 



TASK 5 COMPONENT DEVELOPMENT AND EVALUATION 

5.1 Vari ah1 e Geometry Combustor Control 

The p ropr ie ta ry  va r i ab le  burner was i n s t a l  l e d  i n  Engine 2 
(second 1 oaner ) f o r  continued e f f o r t s  towards the develop- 

.merit o f  a va r i ab le  burner cont ro l .  Test ing was s ta r ted  t o  
determine the optimum cont ro l  posi t i ons  f o r  burner emi ssions. 
Tests were run. from 50% t o  75% gas generator speed. Higher 
speed tes t s  could not be conducted due t o  d u r a b i l i t y  prob- 
lems w i t h  the development burner assembly. Addit ional 
e f f o r t s  w i l l  take p lace when e i t he r  the p ropr ie ta ry  burner 
development has progressed t o  the p o i n t  where continued 
t e s t i n g  i s  p rac t i ca l  o r  Solar hardware i s  avai lab1 e. 

5.1 Solar Combustion System 

A review o f  So la r ' s  progress and program was he ld  on July 1 1 ,  
1973. Thei r Phase I I va r i  able geometry combustor i s  schedul ed 
t o  be del ivered t o  Chrysl er by October 1. The u n i t  as cur- 
r e n t l y  conf igured w i l l  r equ i re  an eleven-inch diameter chamber. 
Consequent1 y,  f o r  i n i t i a l  evaluat ion on cont ro l  system develop- 
ment, i t  w i  1 1  be adapted ex te r i o r  t o  the engine housing. 

5.2 Ceramic Regenerator 

An al l-ceramic regenerator program has been formulated. I t  
cons is ts  o f  procur ing and evaluat ing state-of-the-art cores, 
seals, and dr ives.  Test ing w i l l  be done i n  f i x t u res ,  engines, 
and vehicles; and based upon the resu l t s ,  an improved mat r i x  
may be speci f ied,  procured, and simi 1 a r l  y evaluated. 

A1 1 ou ts ide vendors and/or subcontractors pe r t i nen t  t o  the 
execution o f  t h i s  sub-task have been contacted. 

l n i  t i a l  t e s t i n g  w i  1 1  i nvo lve  state-of- the-art  cores from two 
vendors. An advanced ma t r i x  ceramic core i s  cont ingent upon 
the outcome o f  t h i s  t e s t i n g  and vendor capab i l i t y .  

A suppl i er o f  h i  gh-temperatur'e e l  astomers has been contacted. 
They have o f f e red  the i  r f u l l  cooperation i n  the design and 
fab r i ca t i on  o f  an e l  astomer mount f o r  a metal d r i v e  gear on 
a ceramic regenerator core. They have given us samples o f  
the materi a1 s necessary t o  f ab r i ca te  the elastomer f o r  our 
own experimentation. 

A vendor has been contacted t o  t r e a t  our inner rubbing seal 
substrate materi a1 s w i t h  a coat ing t o  make them compatible 
w i t h  ceramic regenerator cores. They w i l l  use state-of-the- 
a r t  NiO-CaF2 coat ings since t h i  s should provide adequate 
serv ice  l i f e  f o r  the purposes o f  the program. However, ven- 
dor f a c i l i t y  and equipment modi f ica t ions w i l l  delay an i n i t i a l  
del i very u n t i  1 October. 



Most o f  the  hardware design has been completed. Two d i f -  
f e r e n t  methods have been designed t o  mount the  d r i v e  r i n g  
gear t o  the  ceramic regenerator core. One design (F igu re  10) 
i s  mechanical i n  na ture  and i s  a re-work o f  a ceramic core 
d r i v e  t h a t  was u t i l i z e d  p rev ious l y  f o r  a regenerator t e s t  
f i x t u r e .  A1 t e r a t i o n s  were necessary t o  use i t  i n  the  Base- 
1 i n e  Engine. The chances o f  success w i t h  t h i s  d r i v e  a re  
very h i g h  s ince  i t i s basi  c a l l  y the  same as t h a t  used 
e a r l i e r ;  however, i t  i s  no t  t he  p r e f e r r e d  design due t o  
mechani ca'l compl ex i  t y  . Thi s. desi gn has been 1 a i  d ou t  bu t  
must s t i  1 1  be de ta i  led.  The o ther  design (F igure  1 1  ) i n -  
corporates the  elastomer mater i  a1 mentioned ear 1 i e r .  .Thi s 
h i g h  temperature s i l i c o n  rubber serves bo th  t o  t r a n s f e r  
t h e  d r i v e  torque from the  gear t o  the  core and a l s o  t o  take 

. up the  d i f f e r e n c e  i n  thermal expansion between the  metal 1 i c  
gear and the  ceramic core. This gear mount i s  p r e f e r r e d  over 
. the  mechanical because i t  i s  much simpler and should be l e s s  
expensive. The supp l i e r  o f  t he  elastomer ma te r ia l  g ives  t h e  
design a good chance o f  success. The d e t a i l  drawings o f  t h i s  
d r i v e  are  near l y  complete. Both gear mounts a re  interchange- 
a b l e  on the  cores supp l ied  by both vendors. 

Engine adaptat ion o f  these assembl i e s  requ i res  s l  i g h t  seal 
mod i f i ca t i ons ,  a new center bear ing,  and spacer p la tes .  Most 
o f  t he  necessary design work has been completed. Regenerator 
t e s t  f i x t u r e  adaptat ion design has s ta r ted .  

5.3 In teg ra ted  Control  System 

I n i t i a t i o n  o f  work by a subcontractor has been delayed pend- 
i n g  r e s o l u t i o n  o f  e f f o r t ,  cost ,  and schedul ing adjustments 
associated w i t h  add i t i ons  t o  the  scope o f  work. These addi- 
t i o n s  were p r i m a r i l  due t o  c o n t r a c t  M o d i f i c a t i o n  3 ( f u e l  
economy improvement Y which necess i ta ted  t h a t  an Upgraded 
system inc lude  c o n t r o l  o f  v a r i a b l e  i n l e t  guide vanes and 
water i n j e c t i o n .  However, a1 so speci f i e d  was e a r l y  de l  i v e r y  
o f  a p repro to type un i  t t o  es tab l  i sh requi  red c o n t r o l  parameters, 
and t o  evaluate emi ssions and d r i  veabi 1 i t y  associated w i  t h  
va r ious  con t ro l  concepts. 

5.4  Low Cost Turbine ~ h e e i  Eva lua t ion  

The t u r b i n e  wheel t o  be evaluated under t h i s  task i s  t o  be 
fu rn ished from a separate ly  funded EPA Technology Contract  
w i t h  P r a t t  Whi tney. F a b r i c a t i o n  i s  t o  be b means o f  t h e i r  
hot ,  i sothermal f o r g i  ng process (Gator i z i  ng 1 . However, t he  
r i b b i n g  under the  r i m  o f  t he  wheel d i  sc poses them w i  t h  a 
d i  f f i c u l  t problem. To circumvent t h i s ,  P r a t t  Whi tney pro- 
poses t h a t  a so l  i d  d i s c  design be considered. Ribb ing i s  
necessary i n  cas t  wheels t o  ma in ta in  i n t e g r i t y  as low c y c l e  
f a t i g u e  r i m  c rack ing  i s  encountered. However, measurements 
on ma te r ia l  from t h e i r  f o rg ing  process i n d i c a t e  much h igher  
l e v e l s  o f  d u c t i  li t y  than on cas t ings .  They are, t he re fo re ,  
p r o v i d i n g  Chrysler w i t h  complete se ts  o f  mater i  a1 p r o p e r t i e s  
from which s o l i d  d i s c  designs w i  1 1  be attempted. 



For t h i s ,  a two-dimensional e las to-p las t ic  s t ress analys is  
program i s  being w r i t t e n  fo l low ing  a procedure o u t l i n e d  i n  
a NACA paper by S. S. Manson. This program, which w i  1 1  i n -  
clude the e f f e c t s  o f  p l a s t i c  s t r a i n  and creep, w i l l  be used 
t o  study the low cyc le  f a t i gue  behaviour o f  var ious d isc  
p r o f i  les. 

The e l a s t i c  po r t i on  o f  the program i s  operat ional and the 
resu l t s  have been v e r i f i e d .  Programming o f  the p l a s t i c  por- 
t i o n  i s  cu r ren t l y  i n  prncess. 

5.6 Rotary Nozzle Actuator 

The i n i t i a l  u n i t  was tested a f t e r  bei-ng repaired. F igure 1 2  
shows the schedule o f  i npu t  and output angles. During t h i s  
checking, the u n i t  showed a de te r i o ra t i on  i n  response. In- 
spect ion reveal ed contami nat ion w i  t h  seal i ng materi a1 s 
previously used t o  repa i r  the u n i t .  The actuator was d is -  
assembled, cleaned, and re-tested., Operation i s  now 1 eak 
. f ree  w i t h  proper response. I t  w i  1 1  be funct ional  1 y tested 
when one o f  the program engines i s  ava i lab le  f o r  t h i s  develop- 
ment. 

5.7 Torque Converter Lock-Up 

The Transmission Design Department has determined t h a t  the 
most p rac t i ca l  and economical method t o  evaluate the concept 
o f  a Torque Converter Lock-Up device i s  t o  adapt a commer- 
c i  a1 1 y avai 1 able u n i t  t o  the tu rb ine  car transmi ssion. This 
uni t can be equipped w i  t h  a cont ro l  system wh.i ch i s swi t ch  
actuated and may be operated a t  d i f f e r e n t  t h r o t t l e  o r  speed 
condit ions, prov id ing .the most f l e x i  b i  1 i t y  f o r  t e s t  operation. 

The use o f  an off-the-she1 f device, not considered sui tab1 e 
f o r  normal passenger car app l i ca t ion  but capable o f  demonstrat- 
i ng actual performance and fue l  consumption e f fec ts ,  w i  1 1 permi t 
a proper and val i d  evaluat ion t o  be made a t  minimum cost and 
w i  t h i n  the shortest  possi b l  e time. The necessary hardware 
f o r  t h i s  task has been ordered, and the program schedule i n -  
d icates t ha t  the f i r s t  u n i t  w i  1 1  be ready f o r  t e s t  by the 
f i r s t  o f  October. 

5.8 Free Rotor 

Free Rotor i s  the i d e n t i f i c a t i o n  given t o  the concept whereby 
a l l  accessory dr ives  (engine or  veh ic le )  are removed from the 
gas generator r o to r .  A schematic o f  such an arrangement i s  
shown i n  Figure 13. Apparent advantages o f  such a system 
would be: 

. Reduced ove ra l l  engine noi se. 

. Simp1 i f i e d  gas generator design. 

. Improved co ld  s ta r t i ng .  

. Potent ia l  use o f  gas bearings. 



Some apparent disadvantages are: 

. Need for  a va r i ab le  speed power tu rb ine  accessory dr ive .  

. Obsoletes use o f  low cost Base1 i ne Engine con t ro l ,  which 
i s a re1 i able, mechanical 1 y governed uni t. . .May requ i re  s t a r t i n g  a i d  ( i .e. o i l  and a i r ) .  

To date, evaluat ion o f  t h i s  concept has consisted o f :  

1.  Comparative engine response tes ts .  

2. Comparative low speed engine character' i  s t i c s  
tests.  

3.  Var iable power t u rb ine  accessory d r i v e  design 
and cost study. 

1 .  Engine Response Tests 

Engine response ( torque vs. t ime) i s  o f  .fundamental im-  
portance t o  an automotive gas turb ine.  I t  re1 ates d i r e c t l y  
t o  veh ic le  d r i v e a b i l i t y ,  and the most s i g n i f i c a n t  p o r t i o n  
o f  emissions t e s t  cyc le  NOx i s  formed dur ing the gas 
generator accel e ra t i on  fue l  del i very mode. 

l n i t  
o f  t 
sory 
e f f e  
tanc 

i a l  l y ,  Chrysler funded a design analys is  i n  support 
h i s  program which ind icated tha t  removing the acces- 

t r a i n  from the gas generator would have l i t t l e  
:c t  on response time. However, because o f  the impor- 
e o f  t h i s  conclusion and because the design analys is  

was based on an unproven quasi-steady-state character i -  
zat ion,  an experimental ve r i  f i  ca t ion  program was under- 
taken. 

A schematic o f  the powerplant, instrumentat ion, power 
t u rb ine  loadi  ng device and engine auxi 1 i a r i  es d r i v e  
system f o r  t h i s  t e s t  program i s  shown i n  Figure 14. 

The engine output shaft  i s  coup1 ed t o  an automatic 
transmission, which i s  locked i n  d i r e c t  dr ive.  

For the f r e e  ro to r  mode, engine a u x i l i a r i e s  are dr iven 
by a 5 hp e l e c t r i c  motor i n  l i n e  w i t h  the a i r  pump d r i v e  
shaf t .  Load s imulat ion o f  engine a u x i l i a r i e s  trans- 
f e r red  t o  the power t u rb ine  i s  accomplished by a D.C. 
generator and associated load bank. This generator i s  
dr iven no-load f o r  comparati ve geared ro to r  t e s t i  ng. 

Both the response o f  the gas generator and engine output 
torque were measured. For the l a t t e r ,  the dynamometer 
sha f t  was locked t o  the case s t a l l i n g  the torque conver- 
t e r  output. Torque converter inpu t  speed and s t a l l  
torque were measured versus time. 



An independently dr iven constant speed open loop fue l  . 
cont ro l  meters the fue l  f o r  both geared and f r e e  ro to r  
concepts. By changing a  contro l  o r i  f i  ce, four  accel era- 
t i o n  fuel  schedu1.e~ were provided (Figure IS) .  Schedul e  
3 i s  representativ.e o f  the normal engine cont ro l .  Since 
the fuel  cont ro l  i s  i sol ated from the  engine, an e l  ec- 
t r o n i c  speed switch simulates governor fue l  cu t -o f f  as 
the gas generator speed approaches i t s  desi gn val ue. 

Typical t rans ien t  r e s u l t s  are shown i n  Figures 16, 17, 
and i8 .  F igure 18 are data traces f o r  a  f r e e  ro to r  engine 
accelerat ion. Figures 16 and 1 7  are comparative geared 
ro to r  t races f o r  accel e ra t i on  from comparabl e  1 evel s  o f  
i d l e  temperature and i dl  e  power respective1 y'. A1 1 three 
t es t s  used the same fue l  schedule, and a l l  show a gas 
generator response t ime o f  1 .2 seconds (s lope i ntercept  
method). Add i t i ona l l y ,  a l l  showed a  t ime t o  maximum 
torque converter s t a l l  o f  about 1.6 seconds i ndi c a t i  ng 
equivalent veh ic le  response. 

F igure 19 shows t h e  complete ma t r i x  o f  accelerat ion 
data. For geared r o t o r  tes ts ,  the i d l e  p o s i t i o n  o f  the 
nozzle was set t o  cover a  range o f  T8. Each value of 
T8 was i ndi c a t i v e  o f  a  speci f i c i dl  e  power 1 evel , and 
would r e s u l t  i n  a  higher torque converter inpu t  speed. 
A t  each T8 l eve l ,  response was measured f o r  each o f  the 
four  fue l  schedules. 

For f r e e  r o t o r  tes ts ,  i d l e  nozzle p o s i t i o n  was set t o  
g ive  a  desi red leve l  o f  power i n t o  the accessory load 
simul a t i  ng generator. Torque converter inpu t  speed was 
he ld  a t  approximate1 y  600 rpm. 

The main s ign i f i cance  o f  F igure 19 i s  t h a t  w i t h  a  ho t t e r  
i d l e ,  a  given accelerat ion fue l  schedule w i  1 1  produce a  
higher T 5  and a  f as te r  accelerat ion. When the power 
t u rb ine  nozzle moves from i t s  i d l e  t o  power p o s i t i o n  a t  
the i n i t i a t i o n  o f  accelerat ion, the heat capacity o f  
the regenerator maintains the burner i n l e t  temperature 
a t  i t s  i d l e  leve l .  Viewed i n  terms o f  mainta in ing a  
given leve l  o f  acce lera t ion temperature, running a  
ho t t e r  i d l e  by a  concept such as va r i ab le  i n l e t  guide 
vanes should resul t i n  Less acce lera t ion ' f ue l  f low. 
A lower 1 evel o f  fue l  f low i n  i t s e l f  would reduce NOx. 
Addi t ional  1 y, w i t h  a  hot ter ,  burner i n l e t  temperature, 
there  i s  the possib i  1 i t y  o f  add i t iona l  NOx reduct ion 
by tak ing  advantage o f  the po ten t i a l  f o r  leaner combus- 
t i on .  

Another de r i va t i on  o f  these t es t s  i s  i 1 l us t ra ted  i n  
F igure 20. This shows the compressor c o l l e c t o r  pres- 
sure dur ing acce lera t ion t o  be signi f icant.1.y higher 



than l e v e l s  representa t ive  o f  steady s t a t e  operat ion.  
The d i f f e r e n c e  i s  a t t r i b u t a b l e  t o  coo l i ng  o f  the  com- 
press ion process by metal components as they absorb 
heat i n  approaching steady s t a t e  temperatures. 

The Base1 i ne Engine hydromechanical con t r o l  has 1 i m i  t ed  
adaptabi 1 i t y  f o r  t h i  s type o f  t e s t  program. Consequent1 y, 
Chrysler,  on i t s  own funding, i s  p rocur ing  .an e l e c t r o n i c  
acce le ra t i on  f ue l  con t r o l  which w i  1 1  incorpora te  a  
c losed '  loop T 5  con t r o l ,  w i t h  the  l eve l  o f  T 5  ad justable.  
Any f u t u r e  t e s t i n g  on t h i s  phase o f  t h i s  task w i  1 1  
u t i  1 i ze t h i  s  equipment. 

2. Low Speed Enqi ne Cha rac te r i s t i c s  

Theoret ica l  anal ys i  s  i nd i ca ted  t h a t  a  f r e e  r o t o r  system 
has p o t e n t i a l  f o r  lower i d l e  f ue l  f low. Observation o f  
data p r i o r  t o  r o t o r  acce le ra t i on  t e s t s  i nd i ca ted  a  mixed 
trend. For c l a r i f i c a t i o n ,  there fore ,  the  t ransmiss ion 
was removed and complete BSFC maps were run f o r  both con- 

I 
cepts  a t  50% speed. T8 was va r i ed  from 1000°~/85 t o  
1300°~/85 a t  prop sha f t  speeds o f  300, 600, 900, and 1200 
rpm. The r e s u l t s  a re  shown i n  Figures 21, 22, and 23. 
For Free Rotor t e s t  po in ts ,  t he  normal gas generator 
d r i ven  engine auxi 1 i a r i e s  ( regenerator ,  1 ube pump, 

I 
f ue l  con t r o l  and a i r  pump) were d r i ven  ex terna l  l y .  
This requ i red  approximately 1 hp a t  50% speed; an 
amount o f  power which must be subtracted from measured 

1 f r e e  r o t o r  ou tput  power f o r  comparison w i t h  measured 
geared r o t o r  data. 

Such a  comparison f o r  po i n t s  representa t ive  o f  10 and 
20 mph veh ic le .  speed i s  tabu la ted  i n  F igure 24. This  
shows no s i g n i f i c a n t  d i f f e r e n c e  i n  f ue l  f l ow  f o r  com- 
parable po in ts .  I t  i s  t he re fo re  concluded t h a t  the  
change i n  t u r b i n e  stage power spl  i t associated w i  t h  
t r a n s f e r  o f  engine a u x i l i a r i e s  from compressor t o  
power t u rb i ne  has no s i g n i f i c a n t  e f f e c t  on t u r b i n e  
e f  f i c i  ency . 
Figure 25 i s  a  layout  o f  a  f i x e d  r a t i o  b e l t i n g  arrange- 
ment f o r  d r i v i n g  engine accessories, from the  power 
t u rb i ne  a t  50% speed. This w i  1 1  be evaluated under 
Chrysl e r  funding f o r  the  purpose o f  v e r i  f y i  ng assump- 
t i o n s  regard ing the load t r ans fe r r ed  from compressor t o  
power t u r b i n e  f o r  a  Free Rotor system. 



3. Var iable Speed Powe~, Turbin-e .Acc,essory Dr i ve  Desiqn 
and Cost Study 

A pre l iminary  design and cost study o f  several proposed 
mechanisms t o  driv.e the engine and veh ic le  accessories 
on a Free Rotor engine has been made. Since the optimum 
speed range o f  the regenerator i s  from 10 t o  30 rpm, i t  
was necessary t o  devise a va r i ab le  d r i v e  which would have 
a range o f  about 2.5:1 compared t o  the power sect ion speed 
range o f  about 7: 1 .  Many conf igura t ions o f  mechanical, 
e l e c t r i c a l  and hydrau l i c  dr ives  u t i l i z i n g  var ious com- 
b ina t ions  o f  be l t s ,  chains, gears, and c lutches have 
been and are being i nvest i  gated. These i nc l  ude two-speed 
gear and chain dr ives,  va r i ab le  f r i c t i o n  dr ives,  constant 
and var iab le  speed e l e c t r i c  motors, s l  i p  clutches, and 
hydraul i c  pump and motor dr ives. A hydraul i c  d r i v e  sys-. 
tem was invest igated and discarded as i t  would requ i re  
a va r i ab le  displacement pump t o  ob ta in  reasonable ef-  
f i  ciency. Systems o f  t h i s  type are both too 1 arge and 
too expensive f o r  t h i s  app l ica t ion.  F r i c t i o n  and/or 
con t ro l l ed  sl ippage c l u t c h  dr ives  were abandoned due t o  
s i ze  requirements and t h e i r  inherent  low e f f i c i enc ies .  
A1 so considered and discarded was an e l e c t r i c a l  dr ive.  
The required soph is t i ca t ion  and s i ze  o f  the motor was 
prohi  b i  t i  ve. 

Three o f  the most promising schemes are the "Var iable 
Rat io  Be l tH ,  I1Select ive Dual Chain", and ItDual Rat io  
Gear". These systems are shown schematical 1 y i n  Figures 
26, 27, and 28. These systems would d r i v e  the fue l  
pump, lube pump, regenerator cores, a i r  pump ( i f  required) ,  
a1 ternator ,  a i  r condi t i o n i  ng compressor, and power steer- 
i ng pump. 

I n  the Var iable Rat io  Be1 t system, Figure 26, a la rge  
cross-section V-be1 t running on p u l l  eys w i  t h  va r i  abl e 
p i t c h  diameters i s  used t o  d r i v e  the a n c i l l a r y  shaft .  
The d r i v i n g  pu l l ey  i s  dr iven by a gear i n  mesh w i t h  the  
intermediate gear i n  the compound reduct ion gear set. 
A chai n from the anci 1 1 ary sha f t  i s used t o  d r i v e  the 
regenerator/ lube pump shaft .  A mechanical governing 
system t o  vary the d r i v e  speed i s  required. Service 
l i f e  o f  the d r i v e  b e l t  under the temperatures and f l u c -  
t u a t i  ng speeds and loads i s questionable. 

The Dual Rat io  Gear system, Figure 28, u t i l i z e s  a plane- 
t a r y  gear set  mounted on the regenerator/ lube pump shaf t  
t o  g ive  an automatic speed range se lec t ion  a t  a pre- 
determined output sha f t  speed. A sprocket on the 
p lanetary output i s  used t o  chain d r i v e  the anci 1 l a r y  
shaft .  The p lanetary system i s  governed by a hydrau l ic  
c l u t c h  v i a  engine o i  1 pressure simi l a r  t o  t ha t  used i n  
automatic transmissions. 



The Selec t ive  Dual Chain system, Figure 27, i s  s im i l a r  
t o  the Dual Rat io Gear system described above except 
t h a t  the p lanetary system i s  replaced by a  simple hy- 
draul i c  c l u t c h  mounted on the  transmission inpu t  shaft .  
The hydrau l i c  c l u t ch  operates i n  conjunct ion w i t h  an 
overrunning c lu tch '  t o  se lec t  one o f  two chain dr ives  
t o  the regenerator/lube pump shaft .  From t h i s  shaf t ,  
an addi t i -onal  chain i s  taken t o  d r i v e  the anci 1 1  ary 
shaft .  

This combination o f  a f r e e  rotor and a va r i  able speed 
accessory d r i v e  presents some s i g n i f i c a n t  funct iona l  
imp1 i ca t ions :  

1 .  A po ten t i  a1 probl em may e x i s t  as the lube 
and a i  r pumps w i  1 1  no t  be operat ing dur ing 
the s t a r t i n g  cycle. 

2. The d r i v e  systems are r e l a t i v e l y  complex 

( a )  t o  cont ro l  or  govern, 
( b )  t o  assemble, and 
( c )  t o  service. 

3. The d r i v e  systems w i  1 1  simp1 i f y  the gas 
generator section. 

( a )  El iminates requirement fo r  a  separate 
bevel gear o i  1 sump. 

(b )  E l iminat ion o f  worm gear and shaf t  
housing complexit ies. 

( c )  Shaft dynamics may be improved since 
worm diameter w i l l  not be a  l i m i t i n g  
fac to r  on sha f t  s t i f f ness .  

( d )  Burner vor tex design w i  1 1  not be com- 
promi sed f o r  the worm wheel . 

A p r e l  iminary study was made o f  the re1 a t i v e  cost o f  i - 
p l  ementing the var ious systems based on a  volume of 10 
uni ts/year not  i nc l  udi  ng too l  i ng cost.  I t was assumed 
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t ha t  there would be no fuel  cont ro l  cost change and no 
s t a r t i n g  a i d  required. 

Cost savings poss ib le  i n  the accessories, if they are 
d r i ven  through the va r i ab le  r a t i o  system, appear t o  be 
r e l a t i v e l y  small a1 though an improvement i n  a i r  condi- 
t i o n i n g  performance i s  ant ic ipated.  A higher AC 
compressor speed a t  i d l e  could increase the cool i n g  
capacity o f  the system a t  low speeds where add i t iona l  
cool i ng i s desi rabl  e. This assumes tha t  addi t i o n a l  con- 
denser capacity i s  avai lable.  No increase i n  maximum 



speed would resu l t .  A de ta i l ed  analys is  could i n d i c a t e  
some cost savings i n  the c l u t ch  since the p u l l e y  s i ze  
may be changed t o  permit  more freedom i n  t h e  c l u t ch  
design. 

A higher a1 ternator  speed a t  i d1  e could permi t  the  use 
o f  a lower capacity u n i t  w i t h  a small savings i n  copper. 

The f i na l '  conclusion was tha t  w i  thout  considerabl e sys- 
tem in tegra t ion ,  i n  the  t rade-of f  between a va r i ab le  
speed d r i v e  atid a t'1.i yh speed gas gerierator reduct ion 
t r a i n ,  the former would be a t  a s l i g h t  cost penalty.  
O f  the three f r e e  r o t o r  proposals, the va r i ab le  r a t i o  
b e l t  system incurs  the  leas t  penal ty  (about 1% o f  engine 
cos t )  but  has the lowest confidence ra t ing .  The penalty 
f o r  the other  two sy,stems f igu red  t o  be about 2% o f  
engine cost. The.dua1 r a t i o  gear system o f f e r s  the most 
p o s i t i v e  d r i v e  system, has the l eas t  p r o b a b i l i t y  o f  
f a i l u re ,  and would be the easiest  system t o  design. 



FUTURE A C T I V I T I E S  

I n  the  next  per iod,  i t  i s  an t i c i pa ted  t ha t :  

1.  The f i  r s t  veh ic l  e  engine w i  1 1  be del i ve red  t o  the  program. 

2. The f i  r s t  .vehic le  w i  1 1  be operated, and base1 i n e  t e s t i n g  
w f l l  begin. 

3 ,  The 3500-hour endurance goal on the  present endurance 
engine w i  1 1 have been a t ta ined.  

4. F i x t u r e  eva lua t ion  o f  ceramic cores w i  1 1  be i n  process. 

5. The con t ro l  system sub-contract w i  1 1  be f i n a l  ized, and 
work w i  1 1  commence. 

6.  The e l  asto-pl a s t i  c  s t ress  ana lys i s  program w i  1 1  be com- 
p l  ete, and desi gn e f f o r t  w i  1 1 be underway on the  1 ow 
cos t  t u r b i n e  wheel. 

7. Engine t e s t i n g  o f  the  r o t a r y  nozz le actuator  w i  1 1  take 
p l  ace. 

8. Free r o t o r  t e s t i n g  w i  1 1  cont inue (under i n t e r n a l  fund ing)  
w i t h  p a r t i c u l a r  emphasis on i d l e  and 1 i g h t  par t - load f ue l  
consumption e f f e c t s .  

9. Contract  Mod i f i ca t i on  3 w i  1 1  be f i n a l i z e d ,  and design and 
procurement e f f o r t s  s t a r t e d  w i t h  p a r t i c u l a r  emphasis 
i n i t i a l  l y  on v a r i a b l e  i n1  e t  guide vane evaluat ion.  
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NASA ENGINE, INSTRUMENTATION SCHEMATIC 
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FREE VERSUS GEARED ROTOR FUEL FLOW AT 

50 PERCENT SPEED ROAD LOAD POINTS 

FOR BASELINE VEHICLE 

R PM - MPH - 

Figure 24 

M i  n i  mum Accessory 

Power Fue 1 
Turbine F l  ow 

Horsepower #/Hr 

10 Geared Rotor 2.4 10.4 

Free Rotor 

20 Geared Rotor 5.2 

Free Rotor 

F u l l  Accessory 
( Inc lud ing  A/C) 

Power Fuel 
Turb.Ine F l  ow 

, H o ~  sewwer #/H r 

* Requires higher gas generator speed. 

3kJc Includes add i t iona l  1 hp accessory 
a1 1 owance f o r  external  1 y d r i ven  engi ne 
auxi 1 i ary d r i v e  (regenerator, 1 ube 
pump, fuel con t ro l ,  atom. a i r  pump). 
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