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LEGAL NOTICE 
This report was prepared as an account of Govern- 
ment sponsored work. Neither the United States, 
nor the Commission, nor the Air Force, nor any 
person acting on behalf of the Commission or the 
Air Force: 
A. Makes any warranty or representation, express 

or implied, with respect to the accuracy, com- 
pleteness, or usefulness of tlie information 
contained in this report, or that the use of any 
information, apparatus, method, or prooess 
disclosed in this report may not infringe 
privately owned rights; or 

B. Assumes any liabilities with respect to the 
use of, or for damages resulting from the use 
of any information, apparatus, method, or . 
process disclosed in this report. 

. 

As used in the above "person acting on behalf of 
the Commission or Air Force" includes any em-  
ployee or contractor of the Commission or Air 
Force to the extent that such employee or con- 
tractor prepares, handles, or distributes, or pro- 
vides access to, any information pursupnt to his 
employment or contract with the Commission or 
Air Force. 
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I I . INTRODUCTION 
li 

i 
A s  the temperature r e s t r i c t i o n s  on control  system components 

increased, the need f o r  a new power source f o r  actuators  becomes 

apparent, This power somce must withstand high temperatures, 

be economical t o  operate, and be l i g h t  i n  weight, 

l ed  t o  *the choice of an a i r  motor, 

pressed air  from the gas turbine compressor removed the need f o r  

aux i l i a ry  power uni ts .  

materials allows the motor t o  be operated t o  temperatures of 

1000%'. 

I -* 
1 -  
I 
1 

.c 
, J  

I 

j 
These r e s t r i c t i o n s  

I 
! The a v a i l a b i l l t y  of com- 

The use of graphite and s t a i n l e s s  steel 4 
I 

1 , 
I 

The a v a i l a b i l i t y  of b e t t e r  bearing materials w i l l  allow 

I even higher operating temperatures. 

~ 

I 
i 

The development of such an a i r  motor is contained herein. 

11. REFEREEICES 

I 
! 

I 

i 

A. Refer t o  Appendix A for a complete descr ipt ion of the 

motor as contained I n  the patent  appl icat ion.  

f h r  t o  Appendix B f W  the physical diglensions of motor 

otype number 2. 
! 

C. Refer t o  DC 57-11-76 f o r  an 'Analysis of Vane-Type A i r  

a Motors' by B, 
r 
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111. DESIGN ~ c i  
1 &- The o r ig ina l  conception of t h i s  motor was t o  dr ive a b a l l  

screw type actuator ,  The ba l l  screw was t o  be contained within i 

A, Description 

i 
1 
I I (see Flgwe ). The vanes ape held against  the outer  
I 
I 

The a i r  motor is a r o t o r  type motor w i t h  six s l id ing  vanes 

t housing by means of air pressure, thus forming six indivi-  
I 
i I dual power chambers per revolution. 

cylinder double opposed cam design using secondary a i r  

expansion for greater  effleiency. 

exhaust por t  removes the necessi ty  of expending energy t o  

The motor is a two 

A primary and secondary 

1 
1 

B. Construction 

exhaust a i r  from the cylinders. 

The -prototype motors are fabricated from s t a i n l e s s  s t e e l  
and graphite. The or  e and end b e l l s  a r e  made of 

s t a ln l e s s  s t ee l ,  the r o t o r  is from 309'" s t a in l e s s  s tee1 . 
'irtie lesser c 

over 347 s t a i n l e s s  IS 

f i c i e n t  of expansion of" 309-stairrless steel . 
insures  the opening of motor 

clearances a8 a operating temperature inereases , '  Graphite 9488 

723 05 
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I '  chosen as the bearing, vane, and thrus t  p la te$  mater ia l  
r 

i 
m e  that no metal-tn-metal contact would be possible  

vated temperatures, L-56-HT earboa graphite (Pure 

Co.) has a temperature lbit of" 1000°F i n  8n oxi- 
I d iz ing atmosphere. 

i : Iv, 
I 

A .  Prototype Motor 81 

The first motor b u i l t  From the basic design data had a 2 t  

I iameter ro tbr -wi th  an oval case o f f s e t  inch mEtZlmv 

The bearings (4  inch long) , vanes and thrus t  

p l a t e s  were fabricated from eomon reaetor  grade graphite. 

h end, 

a f t  diameter was se'h a t  1.1075 inches so t he ' 

Crew would pass through the center  ( r e f e r  t o  r o t o r  
I 

p r i n t ,  - Appendix B) . 
, I  

.," . 
. .  

completed motor, perated f o r  a 16 hour break-in I d b  6, 
i8%. 

period with water in jec t ion  f o r  lubricat ion,  The use of 

water re l ieved  the high coefficient of f r i c t i o n  of the 

unpolished graphite, but proved detrirnental t 

aphkte powder mixing with the water formed a gkhmy'deposit 

on a l l  I n t e r i o r  surface8 of the motor, and was of su f f i c i en t  

the Operation* 

I 

' e  I 

! 

quant i ty  t o  completely s ta l l  t h i s  motor, The complete motor 
z i was vapor-degreased and then tes ted.  I 

1 
~~ 

! 
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T e s t  Data from Prototype #1 

(Room Temperature - Dry) 

1 2 3 4 

Motor Pressure (psig)  40 60 80 90 

Vane Pressure (psig)  9 14.5 13 12 

A i r  Flow (SCFM) 6 7.5 8.5 10 

Speed (RPM) 1230 1700 2200 :.e400 
> .  

Load (Pounds) None None None None 

T h i s  data indicates  the motor was performing well, but there is a 

large amount of power l o s t  i n  overcoming in t e rna l  f r i c t i o n ,  T h i s  

is  apparent from the low speeds and high i n l e t  p r e s s ~ ~ e s ,  T h i s  

f a c t  became apparent when Prototype Motor #2 was assembled and 

bu l l  t . 
Be Prototype Motor #2 

The o r ig ina l  tllotor case and r o t o r  ws$ reassembled using 
i L-56-HT carbon graphite,  supplied by the Pure Carbon Co., 

as bearings, vanes, and thrus t  plates '  

f o r  use i n  reducing atmospheres up t o  1000°F. 

t-56-HT is  su i tab le  

T h i s  motor configuration was operated for a twenty hour break- 

i n  period t o  obtain a high pol ish on graphite surfaces t o  

reduce f r i c t i o n .  

723 09 
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Prototype #% was then completely tested. 

data w i l l  show improved operations 

One set of test # U  
i 

2 

T e s t  Data of Prototype #2 

(Room Temperature - Dry) 

.c* 

" -  

No 0 Line Pressure Vane Pressure Speed Load 

1 10 ps ig  , 3  P s i 3  1300 None 

2030 

3 30 P s i s  10 ps ig  2550 

1 
I 2 20 psig 8 P s i g  

j 

I 6 54 P s i s  16 p i g  3330 

1 

i 

, None 

4 40 psi3 14 psi3 2980 None 

5 50 P s i s  15 P s i g  3250 None 

I 

I 

The above data shows a more than double speed increase due 

t o  the better 3rade of 3r 

I Prototype #1 Q 40 p s i  =: 1230 RPM 

Prototype #2 @ 40 p s i  = 2980 RPM 

(Efficiency Increase) N 243s increase 

Refer t o  Figure = f o r  the complete test  r e s u l t s  of Prototype 

#2. 
'% 

I T h i s  is a plo t  of motor presswe vs. motor speed f o r  
I 

I various values of vane loading pressure. The non-linearity 

of" these curves is ind ica t ive  that vane loading pressure is 

an important motor parameter, 

on Figure xII.ita observb' the : B E Q e e b C o f r ~ n p r p ~ ~ ~ ~  a3dmbor  

I *  

Figure 2 data wa8 cross p lo t t ed  

% b d  
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c .  

f o r  ti constant motor I n l e t  pressure, which shows a 

e need f o r  Oontrolllng th i s  parametero 

zed assumption was t ransferred t o  

The 

and r e su l t ed  d e f i n i t e  n6n-linear schedule f o r  

vane pressure. 
i 

ar i son  of Prototypes #1 and #2 is made graphically, . %> 

k 

Furnace T-es t inq  

P r  

750°F. 
e Motor #2 
The test parameters are as follows:' 

u t  on l i f e  test i n  furnace a t  

nace temperature - 740°F 

e t  a i r  temp 

or  bearing tern e - 6 7 0 ~ ~  and 680°F 

4. -Motor case temperature - 650°F 
5. Motor pressure 

i 

or  vane press 

7. Motor speed - 
was concluded a t  120 houh because of an unforeseen 

equipment failure, 

f i t t  vibrated 100s om the motor case, The missins a i r  

supply r e su l t ed  i n ' a  pressure unbalance of 52 pounds on the 

bearings supporting 

The failure occurred when a threaded tube 

, . -  

\ 
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c, 
This  force sh i f ted  the end bel ls  by an amount equal t o  the 

loca t ing  p in  clearence a t  750OF (0.0010"), which added t o  the 4 
bearing wear of 0.0023' (out of round) allowed Interference 

between r o t o r  and case a t  the seal point. The interference 

caused ga l l i ng  and scoring of the r o t o r  and 6888 which broke 

blades and s ta l led the motor. The normal r o t o r  clearance a t  

seal point i s  0.0025" t o  0.0030". 

D:-28 Hour T e s t  Data 

c- 
The following data w: 

temperature t o  s t a b i l i z e  the motor operation: 

taken after 28 hours of running a t  

Furnace Temperature - 74OoF 

I n l e t  A i r  Temperature - 5OO0F 

Supply'Pressure Vane Pressure Motor Speed 

30 Psig 9 P s i g  1775 RPM 

40 ps ig  9 Psig 2090 RPM 

do psig 9 Ps i3  2775 RPM 

80 ps ig  9 Ps ig  3350 RPM 

50 PSQ 9 PSj-Sg 2450 RPM 

I 70 PSQ 9 PS% 3075 RPM 

1 

84 ps ig  9 P i g  3420 RPM I ;  
I 
I 

j 
P 

7 2 3  1 5  
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A graph of the 28 hour data is  on Figure 5, and the complete 

speed vs, time curve f o r  a l l  120 hours is  shown on Figure 6. 

120 Hour Inspection Data 

After the failure occurred the motor was taken t o  Znspection 

and the following wear noted: 

1. *Vanes: 0.0001 in/hr  (average wear between vane and case) 

0,00001 in/& (average wear between vane and r o t o r  
s l o t )  

4 

Estimated vane l i f e :  1550 hours (maximum) 

2. Bearings: (designed for  5OO0F, l lmited t o  8OO0F) 

The r o t o r  bearings were loaded with a composite load 

consis t ing of:  

a. 

b. 

2.4 pounds r o t o r  weight (balanced) 

4.5 ounces external  shaft load (one end) of which 

1.3 ounces was eccentr ic  from center l ine  of motor 

by 0.040 inch, 

The r e su l t an t  load was pulsat ing a t  a frequency equal to  one 

half of the motor speed (1000 cycles/minute). The load sum- 

mation varied from 0.747 pound t o  1.363 pounds on the f r o n t  

beari'ng '(Bearing A ), and from 0,852 pound t o  2.432 pounds 
* 

n n  

t t n  on the rear bearing (Bearing B ). The increased load on the 

rear bearing r e su l t ed  from lever  arm amplification by the 

r o t o r  shaft  (24 inches). 

723 1 6  
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Bearing Load Different ia l :  nA" - 0.616 pound 

?3'" - 1.580 pounds 
n n  yd oad on "A"' 

On - 2.56 (load factor)  

1 I _  bearing wear 

- 

I 

I "A" = v e r t i c a l  wear 0.002" 
i 

1 I = 0.0009" t o  0.0014n 

g "B" = v e r t i c a l  wear = 0.0045" 

side wear = 0.0023" t o  0.0037" 
! 

.) 

I O@lculated bearing wear from load fac tors  

I '  Bearing "A" = 0.002" v e r t i c a l  wear x 2.56 load f ac to r  = 
0,0051" 

I 

I (Should cor re la te  w i t h  0,0045" wear 'B") 

Bearing "A" = 0,0012' side wear x 2.56 load fac tor  = 
! 0.0031 

, (Should cor re la te  with O.OO3' average wear ) 

1 

i 

Estimated bearing l i f e  under imposed conditions: 

Bearing 'An = 500 hours 

Bearing "Bn = 200 hours 

. 
I =  

c, 

723 19 
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Shaft wear = unmeasurable 

Thrust Plate Wear e: 0.0007" t o  0.0009" from i n i t i a l  

condition (negligible) 

TT. CONCLUSIONS 

Recently the damaged motor was repaired to-opera t ing  condition, 

This motor was run on a dynamometer t o  determine a value of 

developed horsepower. 

The dynamometer r e s u l t s  were: 

Speed = 1000 RPM 

Torque = 13.5 in-lbs. 

Motor Pressure z 82 psig 

Vane Pressure = 50 psig 

Developed Horsepower = l/5 

The a i r  leakage was very large i n  t h i s  motor ind ica t ing  low 

eff ic iency;  so the developed horsepower I s  only Indicat ive and 

i s  not a maximum f igure ,  

The author feels that when th i s  motor i s  returned t o  good operating 

c ond i t ion, I the vbatmFd2 

that i t  was o r ig ina l ly  designed ( l i n e  pressure s 100 psig).  

The new bearing design w i l l  give the motor an operating range 

of -65Op t o  *10000F when i t  has been perfected. 

?" 
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I, 

Patent disclosure f o r  a High Temperature A i r  Motor. 3 

APPENDIX A 

Patent Docket Number 24D-A-46 
1 

I 

The motor described i n  the enclosed disclosure is designated 

as Prototype #3,because a new design of bearings su i t ab le  f o r  

1000°F operation has been incorporated., These bearings have 

been bui l t land the in t e rna l  diameter checks the design standards 

a t  room temperature and a t  1000°F. 

must be irnprovedjbecause the s t a in l e s s  steel  used has a non- 

l i n e a r  expansion curve. 

The mid-temperature range 

% 

I 

723 2 1  
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A I R  MOTOR 

5 I. PURPOSE 

The purpose of t h i s  invention is t o  provide a new and improved 

a i r  motor capable of operation b t  high temperatures (500°F-10000F) , 

It is a l s o  a purpose to  provide an a i r  motor having a p lu ra l i t y  

of vanes and a i r  por t s  t o  f a c i l i t a t e  operation i n  e ' i ther 

d i rec t ion  and provide increased eff ic iency,  

is provide$ by the use of a i r  loaded vanes t o  eliminate the use 

of springs and improve the pressure loading of the vanes upon 

the motor case a t  various speeds. 

i n  the use df balanced forces  (double opposed cam design) t o  

lengthen bearing l i f e .  Another Improvement is the fact  that 

t h i s  motor is equipped with bearings that a r e  capable of operation 

i n  the temperature band of 500°F t o  1000°F. 

a 4  

I i 

I 

! 
i 
i 

I 

I i 

i 

Anothir improvement I. 
j 

S t i l l  another improvement l ies  

I 

I 
1 
I is the f a c t  that t h i s  motor is equipped w i t h  a s h u t t l e  pis ton 
I 
1 

Another improvement 

that  allows bi-direct ional  operation with two a i r  l ines .  
~ 

I 

I 11. ADVm'OES 
I 

One advantage of t h i s  construction is high s t a r t i n g  torque, 

Another advantage is an even power $low f o r  3600 of rotat ion.  - i 

Another advantage is ,the f a c t  tha t ' the  motor has no dead spots  

and will s ta r t  with f u l l  power from any r o t o r  posi t ion.  
* 

U 
I 
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S t i l l  another advantage is the f a c t  that? due t o  the secondary 

expansion a i r  cylinder, a maximum amount of pow& is secured 

I 
‘ U  ~ 

I 

I 

I 

1 

3 -  * 
/ 

, 

from the compressed a i r  berora discharge from the motor. 

Another advantage is the use of graphite t o  s t a i n l e s s  steel  con- 
I 

s t r u c t i o n  t o  insure a low f r i c t i o n  operation a t  elevated temper- 
I 

I at&es with a rninimum of wear. 1 
I 
i 
I ’Other 4dvantageswill become apparent i n  the following descr ipt ion 
l 

i 
I 

and drawings of one embodiment of my invention i n  which: 

I 
i 
I 

Figure I is an end sec t iona l  view through a i r  motor 

Figure I1 is a s ide  seot ional  view through air motor i 

I 
I Figure I11 is  a face view of an end bell  f o r  a i r  motor 

Figure IV is a diagram of motor force balance 
i 
i 

~ 

I Figure V presents  sketches of possible t n l e t  a i r  channel 

I conf igura t ions  
~ I 
1 111. DESCRIPTION 

The a i r  motor as i l l u s t r a t e d  in Figures I and ‘I1 l a  provided 

I wi th  a body 1 4 n d  a r o t o r  2 that revolves ins ide  of the body 1, 
1 ‘  
I 
I 

The r o t o r  2 is equipped wi th  s ix  equidis tant’vanes 3, that  sl ide 

l o t s  4 i n  the r o t o r  2. The motor bod is preferably coh- 

s t rue t ed  of high tempepature s t a i n l e s s  s tee l  (AIS? type 347 or 
* ~. 1 .  ., _ +  

equivalent)  . The cylinder 29 2 

5 opposed cam design (balanced r o t o r  forces,  6ee Eslgare I V ) ,  

which can either be oval, 8 s  shown, or  e l l p t i c a l  i n  form. 

723 23 
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A I R  MOTOR -24- 
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?m- 

i l  
I 

L 
I I  I I  

I '  4 
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FIGURE 5[: 

CROSSECTIONAL V IEW O F  Mo10R L E N G T H M S E  W \ T H  EhlD BELLS \ N  PLACE 

I J  

FIGURE ILL 
I 

t A c E  VIEW O F  END BELL AND BEARING 

30 
eJ 

I 
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b I 

1u 
i The r o t o r  2 is  preferably constructed of high temperature 

s t a i n l e s s  s t e e l  (AIS1 type 309 or  equivalent)  of a l e s s e r  
~~ =. :- 
3 

! coef f ic ien t  of expansion than the body 1, so as t o  provide 

an Increasing in t e rna l  r o t o r  clearance 11 with increasing 

temperature. T h i s  clearance increase provides for  be t t e r  

I =- 

i 
! 

! operation a t  elevated i n l e t  a i r  temperatures. 
I 

1 
The r o t o r  2 is 8upported by end bells 32 that 8Pe preferably i I constructed of the same material as the body 1. These end 

i b e l l s  are provided with high temperature, lops f r i c t i o n  bearings 

1 33, 34, and thrus t  plates 37, 38, The material suggested f o r  

these surfaces  I s  a high temperature Graphite (Pure Carbon Co. 

Type L-56-HT) o r  other  su i tab le  material. 

The r o t o r  2 is provided with vanes 3, 3a constructed of the same 

I 

I material as the bearings, The vanes 3, 3a a r e  t o  operate w i t h  8 
1 

smooth s l id ing  f i t  within the ro to r  s l o t s  4 after an i n i t i a l  

break-in period t o  perform a polishing operation i f  graphi te  

i 
! 
i 
1 
I 

I s  used. These vanes 3, 3a are provided with ciearance 5 a t  
I 
I 
I the bottom of the s l o t s  4 t o  provide an a i r  pocket a t  5 f o r  

pressure loading of the vanes 3 t o  posi t ion 3a from the end 

bells 32, T h i p  pressure loading proviaes a variable  vane 
, 

c pressure loadihg a t  16 against  the plotor body 1, and a l s o  pro- 

vides cushioning f o r  vanes 3 cons t rue t eds f  Waphtte t o  prevent 

and breakage. i 
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The motor body 1 i s  provided wi th  a p l u r a l i t y  of po r t s  t o  secure 
iir' 

bi -d i rec t iona l  operation. For the d i rec t ion  of ro t a t ion  shown i n  
c 
L 

1 Figure I, the dual por t s  6 become prlmary a i r  i n l e t  ports .  The 
1 
c dual po r t s  7 become blocked secondary expansion ports .  

po r t s  8 become primary a i r  exhaust ports.  

come secondary a i r  exhaust ports.  

completely reversed f o r  r o t a t i o n  counter t o  that  which is  

The dual 

The dual por t s  9 be- 

The above sequence w i l l  be 

1 indicated.  The reversa l  is accomplished by changing the i n l e t  

I a i r  supply on the s h u t t l e  valve from por t  12 t o  po r t  30. 

por t  opening 10 within the body 1 shall  have 8 width (with 

r o t a t i o n )  exact ly  equal t o  the width of a vane 3. 

provides for pos i t i ve  shut'-off of a l l  por t s  during cylinder change- 

The 

T h i s  f a c t  

over t o  prevent a i r  leakage between cylinders. 

The po r t s  6, 7, 8, and 9 on one half of the motor shal l  be o f f s e t  

I t 

1 

I 
i by one vane width with respec t  t o  the other half' of the motor. 

This  f a c t  w i l l  allow no dead spots  and s t a r t i n g  with f u l l  power on 
~ 

I 

i the motor w i l l  be possible. The length of the port  openings 10 

shall  be a f a c t o r  less than the vane length to provide a bearing 

surface f o r  the vanes 3 when i n  this  posit ion.  T h i s  w i l l  prevent 

vane cha t t e r  and possible breakage or chipping. 

f igura t ions  appear i n  Figure V. 

The r o t o r  2 w i l l  preferably have a clearance of 

between the body 1 and the r o t o r  2 a t  the seal point 11, so that a 

minimum of leakage w i l l  occur between the primary po r t s  6 and the 

Suggested con- 

J 

002" t o  .004" 
t 

LiJ secondary exhaust po r t s  9. 
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The vanes 3 may be of s o l i d  construction with a rad ius  on the 

outermost surface 16 t o  afford an even mating surface t o  the 

i n t e r n a l  contour 18 of the body 1, o r  the vanes 3 may be of other 

u 
1 

.s .. 

1 

i d  appropriate designs . 
I 
I 
I , The s h u t t l e  valve x as i l l u s t r a t e d  i n  Figure I cons is t s  of a 
I 

body 31; with i n l e t  a i r  por t s  12 and 30 primary air por t s  15, 

I secondary expansion po r t s  22, primary exhaust po r t s  23, and 
! 
I secondary exhaust po r t s  27. It is  equipped wi th  a smoothly 1 
I 

I operating and t i g h t  f i t t i n g  p is ton  13 that  operates between 

s tops 14 within the body 31. 

w i t h  end caps 44 t o  prevent a i r  leakage, 

i 
I 

The body 31 is completely sealed 

The s h u t t l e  valve x 

can be operated by a four-way valve (not shown) or by two three- 

way valves (not shown). 

The cross-sectional view of A i r  Motor as i l l u s t r a t e d  i n  Figure 

11, cons is t s  of a body 1, a r o t o r  2, and end bel ls  32, Vanes 

3 are shown i n  the extreme pos i t ion  of thqir  t r ave l  as 3a. 

end bel ls  32 are provided with a i r  i n l e t s  39 t o  provide a i r  

pressure t o  pos i t ion  the'vanes from 3 t o  3a as necessary. 

a i r  en te r s  a t  point 39 proceeds through channel 40 i n t o  the open 

s l o t  area 35 of the s p l i t  bearing housing shell 33. 

d i s t r i b u t e s  through the annulus 41 and i n t o  t 

each of the vanes 3. 

clearance i n  s l o t  4 w i l l  move the vanes t o  pos i t ion  3a as neceha ry ,  

The end bells 32 are equipped with s p l i t  bearings 34, split bearing 

The 

The 

The a i r  then 

;r 

The pressure which I s  trapped i n  the loading 
\ 

:u 
I 

4 
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I 
housing shells 33, and thrus t  plates 37, or  38. A clearance 42 u 

i 

< -  

is provided between the ro to r  2 and the end bell 32 f o r  high 

i temperature opera t i on  , 

i 
4 i 

The Face V i e w  of End B e l l  and Bearing as i l l u s ’ t r a t ed  i n  Figure I11 

‘consists of an end b e l l  32, containing a bearing 34 s p l i t  a t  43* 
This  bearing is contained i n  a bearing housing shell  33 which is 

s p l i t  a t  41. 

bore 36 of the end b e l l  32. 
a th rus t  plate 37 that provides a high temperature th rus t  and bearing 

surface f o r  the r o t o r  2, 

t o  allow a s o l i d  break-free surface f o r  the vanes 3 t o  operate 

against ,  

through a channel t o  the s p l i t  41 in the bearing housing shell 33 

f o r  vane loading within the motor (refer t o  Figure II), The end 

bell  32 of body 1 Is preferably constructed of the same material 

as the motor body 1 (Figur 
equal.) The split bea ing shell  33 is preferably constructed 

I 

1 

I I 
I 

The bearing housing she l l  33 is contained within the 

The end b e l l  body 32 is provided with 

I 
1 
i 

This  t h rus t  p l a t e  can be extended t o  38 

The end b e l l  32 has an a i r  i n l e t  por t  39 that connects 

i 
l 

(AISI type 347 s t a i n l e s s  

I of high temperature mater1 t h  a c o e f f i c i  of expansion as 
! 
1 from bearing la t ions .  The th rus t  p l a t  

Pe+ably constructed of hi 

L-56-HT o r  equivalent ) 

t bearing 34 ar 
I 

we Carbon Co 
- 

Description of Force Balance (Figure IV), 

of a r o t o r  of weight W with 2.vanes a t  the neu t r a l  PO 

body 1 of the motor, 

The Figure IV cons is t s  

t within the 

. ”  ‘ U  
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The i n l e t  pressure P, enter ing thrcxl@port 6 and ac t ing  over 

I area A of the r o t o 9 r e s u l t s  i n  the force  components 'F" cancell ing 
t , P  

~ 

1 2  
I 
I 
i 
1 

1 

each other.  

by the s h u t t l e  valve. 

the expansion cylinder applied over area A2, r e s u l t s  i n  the force 

components 'F2" cancell ing each other ,  The decreasing presswe.- _. - 

P3 of the exhaust cylinder, leaving through por t s  8 and 9, and.aeting 

over area A 3 r e s u l t s  i n  the force components "F3" cancelling. 

r e s u l t a n t  bearing load is composed of only 'W" the r o t o r  weight, 

Figure V describes two possible methods of channelling the i n l e t  

T h i s  f a c t  is provided f o r  by por t  7 being closed off 

The pressure P2 of the expanding a i r  i n  

I 

i 

1 The 

I 
1 
i 
I a i r  flow to, o r  away from, the vanks.--The body 1 wi th  edge l b  is 
i 
1 

shown w i t h  a i r  i n l e t  holes 6, 7, 8, 'QE 9 changing contour t o  i 

I 
fan  shape 10. Vane support is provided by areas 18 as shown i n  I 

i 
I 

Figure (a )  o r  Figure (b). 
I 
1 IV. OPERATION i 
I Figure I: The a i r  motor is provided w i t h  a shu t t l e  valve x having 

a p is ton  13 t o  provide a reversing mechanism f o r  the motor. The 

a i r  i n l e t  12 t o  the s h u t t l e  valve x is shown f o r  one d i r ec t ion  of 

r o t a t i o n  of the motor. 

exhaust 30 por t s  must be reversed. 

A i r  en t e r s  the s h u t t l e  valve housing 31 through p o r t  12 and sl ides 

suitab.le p i s ton  13 t o  s top  14, The a i r  then proceeds through out- 

l e t  po r t s  15 i n t o  su i t ab le  connecting tubes 17 t o  the power i n l e t  

For opposite r o t a t i o n  the i n l e t  12 and 
I 

4 

1 

I 
8 -  
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po r t s  6 of the motor body 1, 

inders  19 pushing upon the vanes 3, that are i n  power posit ion,  

causing the r o t o r  2 t o  move through 600 of ro t a t ion ,  

point  the a i r  i s  then t ransferred t o  a new set of vanes 3 that 

have been moved i n t o  the power posit ion.  

The power cylinder 19,before mentioned,has been moved In to  the 

pos i t ion  f o r  the secondary a i r  expansion t o  take glace i n  the 

secondary expansion cylinder 20. 

of rotation,due t o  the f a c t  that  the s h u t t l e  p i s ton  13 has blocked 

the exhaust por t s  7 of the secondary expansion cylinder 20, through 

the connecting tubes 21 and the i n l e t  por t s  22 t o  the s h u t t l e  

valve housing 31. 

removed a8 much work as possible from the i n l e t  air ,  and dropped 

the o r ig ina l  pressure of the i n l e t  a i r  supply t o  a value that is 

p r a c t i c a l  t o  remove i t  from the motor. 

the opening of the primary exhaust po r t s  8 as the vanes 3 move by. 

The a i r  then en ters  the power cyl- 
b 

I 

I 
1 5  

: 
; j ;  

1 
I 

i 6.. 

c 

A t  t h i s  

i 

I 

T h i s  a i r  then expands f o r  60° 

I 

1 Therefore the a i r  expansion cylinder 20 has 
I 

Th is  is accomplished by 

~ The expanded a i r  ,is t h  arged through suitable connecting 

tubes 23 i n t o  the c o l l e c t  

through the prlmary exh 

hamber 24 and out  t o  atmosphere 

po r t s  25 of the s h u t t l e  valve housing , 

vanes 3 then proceed toward the secondary exhaust po r t s  

9 of the motor, pushing the amount of a i r  l e f t  i n  the primary exhaust 

cyl inder  26, after dump9 out of the secondary exhaust po r t  g 9  
P 

This 

po r t  prevents any work being done i n  moving the vanes 3 t o  a new 

power s t roke pos i t ion  19. The secondary exhaust por t  9 vents the 
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a i r  through the su i t ab le  connecting tubes 27, In to  the co l lec t ing  id 

chamber 28, and through the o u t l e t  po r t  30 of the s h u t t l e  valveo 

t o  be returned t o  the four-way valve (not shown). 

The vanes 3 have moved through 1800 of t r ave i  and have accomplished 

one half of the t o t a l  number of power strokes per revolution, T h i s  

type of operation gives r i se  t o  12 primary power s t rokes per 3600 
of revolut ion and 12 

This  e f f i c i e n t  use of a i r  provides the motor with even power 

d is t r ibu t ion ,  constant torque, and a high s t a r t i n g  torque, ' 

The high temperature operation of the motor i s  provided f o r  by the 

bearings 34 and th rus t  plates 37, 38 shown i n  Figure I1 and Figure 

111. 

The a i r  motor shown in Figure I1 cons is t s  of a r o t o r  2 supported 

by bearings 34 and provided with graphite th rus t  plates 37 or  38, 
o r  other  su i t ab le  material. There is  no p o s s i b i l i t y  of a metal t o  

metal contact within the motor a t  elevated temperatures. The vanes 

i n  pos i t ion  3 and 3a are provided with agmphite  metal seal 37 or 

a s o l i d  graphite seal 38 a t  the ends, 

Figure I11 i l l u s  tra tes the high tempera turet bearing provided f o r  the 

air motor. 

before s p l i t t i n g  and then compressed diametr ical ly  and inser ted  i n t o  

the bearing housing s h e l l  33. The bearing housin$ she l l  33 likewise 

c 

3 ! 

1 

I 
I secoridary a i r  expansion s t rokes per revolution, 

r 
! 

1 

4 
The bearing 34 with s p l i t  43 fs%manufactured oversize 

I 

6d 

. 

723 33 



! 

-34- 

is  manufactured oversize, s p l i t  a t  35, and compressed f o r  i n se r t ion  

i n t o  the bore 36 of the end b e l l  32, This  cornpression of the 

composite bearing insupes that they w i l l  f6J.10~ the confining O.D., 

which is  the bore 36 I n  the end be l l  32 through the complete 

temperature range of the motor, Due t o  the s p l i t  i n  both the 
, 
! bearing 34 and the shel l  33, the wall expansion is  the only f ac to r  
I 
I 

contr ibut ing t o  the thermal cha rac t e r i s t i c s  of the I.D. of the bear- 

ing 34. 
pansion of any s i z e  shafte by control l ing the s i z e  of the bore 36 

i n  the end be l l  32 and the wall thickness of the housing she l l  33 

and the bearing 34. 

follows : 

T h i s  bearing I.D. can be made t o  follow the thermal ex- 

The r e l a t i o n  equating these f ac to r s  i s  as 

I Shaft O.D. a t  Temperature 2 9 Clearance = End B e l l  Bore a t  Temperatwe 

I 2 - 2 (Shel l  Wall a t  Temperature 2 + Bearing Wall a t  Temperature 2) 
i 
I 
! 
1 

1 An equation has been developed by Pure Carbon Co. f o r  determining 
j 
i the optimum w a l l  thickness of graphite so that the subject  bearing 
I 
I 

34 w i l l  perform as desired through the to ta l  temperature band of the 

a i r  motor. The wall thickness established by t h i s  equation w i l l  

provide the bearing 34 with the necesaarg proper t ies  of diametrical  

compression o r  expansion which w i l l  allow the bearing t o  be com- 

pressed f o r  i n se r t ion  without breakage. 
j 

This  formula 
1 -  
I 

is  as follows: . .  

2 
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I : 

General Formula: 

( 1000°F mean diameter - 70°F mean diameter) = (mean diameter (70°F) 1 
Wall @ 70°F 

ju 

! 

2 

Spec i f ic  Conditions: 

(0 ,D.  Q lOOOoF - (wall thickness * expansion Q 1000°F)) - (O,D, @ 

7OOF - wall thickness Q 7O0P = +I 

T h i s  equation reduced t o  quadratic form using a 2 / 3 h  equal t o  

.001 inches/inch f o r  L-56-m graphite r e s u l t s  in:  

I (700F-1000OF) @ 70%' 
I 1.5 X2 t (mean diameter change x lo3 4 2 mean diameter) X - 
I 

(mean diameter Q 2: 0 

X = optimum wall thickness desired. 

T h i s  formula can also be used f o r  ca lcu la t ing  the wall thickness 

of the bearing housing she l l  33. 

shel l  i s  constructed of 347 s t a i n l e s s  steel, the allowable stress 

I n  tension without exceeding the e l a s t i c  l i m i t  o r  allowing apprecf- 

able creep a t  lOOOOF r e s u l t s  i n  2/3 2 = 

stress. 

I 

Supposing that the bearing housing - 

I 

.001 inches/inch fiber 
I *  
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NOTE v. - Iu i 

i 
I 

I 
I 
I 

The bearings 34 and s h e l l s  33 are t o  be manufactured oversize of 

the top temperature conditions,so I that a spr ing ac t ion  w i l l  s t i l l  

be present t o  insure that confining O.D., or  end b e l l  bore 36, 
I 

w i l l  control  the bearing I.Dy due t o  the f a c t  that the bearing 34 

and shel l  33 w i l l  maintain a pressure against  t h i s  O.D. 

The oversize bearings 34 w i l l  have s u f f i c i e n t  s p l i t  t o  insure 

that a l l  circumferential  change during "close in"  w i l l  be absortied 

by the gap and not completely close same. 

The overs.ize shells 33 w i l l  have s u f f i c i e n t  s p l i t  t o  insure that 

all circumferential  change during close i n   will^ be absorbed by 

the gap and r e s u l t  i n  a s u f f i c i e n t  gap f o r  a i r  loading passage 

I 

i 
! 
i 

I 

i 
I \' I 

i 
I 35 t o  the vanes. 

I 
! 

i 
1 

A hard chrome plate (flash) .OOO5" thick nay be applied t o  the 

! O.D. t .  of the bearing housing shells 33 t o  provide a bearing sur- 
I facie f o r  i n se r t ion  and high temperature operation of the shells 

33 within the end be1l:bCEiz 

I 

i 

i 

The operation of Figures I V  and V are apparent w i t h  the descr ipt ion 
I 

provided. 

Although I have presented one embodiment ofemy invention, other 

forms may be had without departing from the scope of my invention. ~ I 
/ I d  

I 

I 
I 
! 
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APPENDIX B 

Manufacturing prints far Prototype #2. 

7 2 3  38 



W
 

39 

-A- 

723 
39 



I 

i 

40 

SECTION 'A-A" 

BREAK CORblER 
.005  x45'  BOTH € N O S .  

\ 

40 



,250 -. 249 
3- 

4 1  

723 4 1  



i 

I *  1 -  

I 

I 1 1 %  
I 

i 

I 
1 

I 

1 
2.00 i ,  SEE NOTE-3 

1 
1-99 

- -I 
I ,668 

I 

I 

i 

i I 
1 
f 
i 

3 SIDES TO 0E PARALLEL WITHIN .0005 FIR, 
2 BREAK ALLEDGES B O 5  X 45" 
I TAG '%E 105A5104 PI. REV, 

*e 

i 1 
NOTES: 

Vane ( 1 0 5 ~ 5  104) 
i 
1 
I 

! 

i c  
1 

I 

& s .  
I 

, u  

7 
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