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I.

INTRODUCTION

Ag the temperature restrictions on control system components

increased, the need for & new power source for actuators becomes

apparent. This power source must withstand high temperatures,

be economical to operate, and be light in weight. These restrictions

led to the cholce of an air motor. The avallabllity of com-

pressed air from the gas turblne compressor removed the need for

auxiliary power units. The use of graphite and/stéiﬁless steel

materials allows the mohor’te be operated to temperatures of

'1000°F. The avallability of better bearing materials will allow

even higher operating temperatures.

The development”of such an air motor 1s contained herein.

3

II. REFERENCES

A,

Refer to Appendix A for & complete description of the

) motbr as contained in the patent application.

;BQfér to Appendix B fer éhe‘physical dimgnsions of motor

'T_prqgctype'number 2.

Refer to DC 57-11-76 for an "Analysis of Vane-Type Air

Motors" by B. Kaplan.
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III. DESIGN

The original conception of this motor was to drive a ball

screw type actuator. The ball screw was to be contained within

the rotor shaft. Refer to accompanying sketch for details of

assembly.

A.

Deseription

The air motor 1s a rotor type motor with six sliding vanes

(see Figure i). The vanes are held against the outer

housing by means of air pressure, thus forming six indivi-
dual power chambers per revolution. The motor is a two
¢ylinder double opposed cam design using.Secondary air
expénsiqn for greater effieiency. A primary and secondary
exhéﬁst port removes the necessity of expending energy to

exhaust air from the eylinders.

- Construction

'The'prototype motore are fabricated from stainléss steel

and graphite., The motor case and end bells are made of

347 stainless steel, the rotor is from 309 stainless steel.

'The lesser coefficient of expansion of 309 stainless steel

v’oYer 347 stainless steel lnsures the opening of motor

clearances &s operating temperature increases,’ Graphite was

723 05
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Sketen oF Six Vane Air MoTor ConrFicueaTion

AIR 2ND
O, INLET  EXHAUST

|ST
EXHAUST

BLOCKED

EXHAUST

zb AR
NOMENCLATURE EXHAOST  wieT
£ = ANGLE OF TRAILING EDGE OF INLET PoRT (CONTROLS EXPANSION)

f = FoRcE COMPONENT DUE To INLET PRESS.
,91 = FORCE COMPONENT DUE To SEQONDARY PRESS.

{2 = FORCE COMPONENT OF EXHAUST AIR.

NOTE: MOTOR HAS BALANCED INTERNAL FORCES,
MOToR HAS B|- DIRECTIONAL OPERATION.
VANES ARE SUPPORTED RY AlIR PRESS.

6, §©, = VANE ANGLES WHEN EXHAUST PORT OPENS SCHNORR.
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- chosen as the bearing, vane, and thrust plate< material

to insure that no metal~te—meta1 contact would be ‘possible

o at elevated temperatures. L-56-HT carbon graphite (Pure

Carbon Co.) has a. ‘temperature limit of 1000°F in an oxi-

dizing atmosphere.

TDEVELOPMENT | b e

Prototype Motor #1

Thé"first motor bullt from the baéic design data had a 2%
1nch diameter rotor ‘with an oval case offset é inch: maximqm

'at each end. The bearings (% inch long), vanes and thrust

plates were fabricated from common reactor grade graphite.

The shaft diameter was set at 1. 1075 inches 80 that the

- ball serew would pass through the eenter (refer to rotor

print, Appendix B)

fhg g9mp1etéd motgrwgngQPePaﬁed for a 16 hour bgg%kéég'
period with water injection for lubrication.  The use of
water relieved the high eeefficient of friction of the
uﬁpolished graphite, bub‘proﬁed detrimental to the operation.
Graphite powder mixihg with the water formed“a“ghmﬁy“déposit
on all interior surfaces of the motor, and was of sufficient
quantity to gompletely stall this motor. The complete motor

wag vapor-degreased and then tested.

123 08
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Test Data from Prototype #1 ..
(Room Temperature_-'Dr&)_

_ i 1 2 3 4
Motor Pressure (psig) ko 60 80 90
Vane Pressure (psig) 9 14.5 13 12
Air Flow (SCFM) 6 7.5 8.5 10
Speed (RPM) 1230 . 1700 2200 2800
Load (Pounds) ~ None None ~ None None

This date indicates the motor was performing well, but there 1s a
large amount of power lost in overcoming internal frictlion. This

is apparent from the low speeds and high inlet pressures. - This

DAl

A

fact became apparent when Prototype Motor #2 was assembled and

built.

Prototype Motor #2

The original motor case and rotor was reassembled using

L-56-HT carbon graphite, supplied by the Pure Carbon Co.,

as bearings, vanes, and thrust plates. 'L-56-HT is suitable

for use in reducing atmospheres up to 1000°F.

This motor configuration was operated for & twenty hour break-

in period to obtain a&a high polish on graphite surfaces to |

reduce friction.

723 (08
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Prototype #2 was then completely tested. One set of test

data will show improved operation:

Test Data of Prototype #2

(Room Temperature - Dry)

Line Pressure Vane Pressure Speed Load

1l 10 psig : :3 psig _ 1300 ane
2 20 psig 38 psig 2030 None
'3,;: -.30 psig e« o« 10 psig 2550 ~. . None
L ko psig - 14 psig 2980 None
5 50 psig 15 psig 3250 None
6 54 psig 16 psig 3330 None

The above data shows a moré than double speed increase due

to the better grade of graphite used in assembly.

~Prototype #1 @ 40 psi = 1230 RPM
Prototype #2 @ 40 psi = 2980 RPM

(Efficiency Increasg) N = % gg = 243% increase

Refer “t:c-v)‘Fig-ure }Ifor tﬁe comple_te test results df Protétype
#2. This is & piot of motor pressure vs; motor speed for
various values of vane loading pressure. The non-linearity

of these curves 1s 1ndicatiVe that vane loading pressure 1is

an important motor parameter. Figure 2 data was cross plotted

on Figure III to observe theléfféct of:vaner-pregsure on:mopor

723 10



|
i
i
i

i
H

"3

Lt

-11=

S
-
x >
F] L
., .)'
¢
~
o1 R
® 1
A,
N
AN
= N
ALY - N
ANRY
X Y
N N
N u N 1
] kY
] AN
h "\
- N N
N N (4 l_l,
REF3 \\ N\
] NS UHA'Y w
BN NN ANE b |
. h AN A XA A N
[ ] A\ N T\ N =
[ h Y \ R ‘
. N ANYN §
EF-, AN ANVN
- Ft J NN
AN
N
: A A
- | N AN
K N
N
AN A
o r/ N ) :
.l l ,
N ¥
=
NAN
N N //uf ’
-1 6 b NN h, _
,. N \ i
. 4 NN
N\ // A —
h ur
n 3 ,
AN
AN
- NS
= - R
- \ \ \
11
5 \ \
I'
\ Y A\ d
A)
Al
A z\
-~ \ \
\
A\ \
p \
i
N n v
11Fs’) ]

123

11



#

N,

-12-

< MoToR. FRESS.~/2SIG:

7oPs)

65P51

Q’-

b GO PS)

=

55¥s1

b SoPs)

45pst

%0 PSy

35¢st

D 3051

25°s1

20Ps)

723

ScHnok®

12



AP

=3

spéed, for & constant motor 1nlet pressure, which shows a

defihi%eineed for édntrblling this parameter./ The

- linearized assumption made on Figure Hwas ‘transferred to

Figuref5

<5 .z

vane pressure .

and resulted ‘in-a definite ncn-linear schedule for

i

%wgggpgr;son of Prototypes #l1 and #2 1s made graphically -
on Figureffg. |
-

Furnace Testing
Prototype Motor #2 was put on life test in furnace at’

750°F. The test parameters are as followss

1;7{Fﬁ§néce temperature. - TUOCF
2. . Inlet air temperature - H490°F
3. Motor bearing tempepayure - 6TO°F and 680°F
4, TMOtof casé tempefature - 650°F

4

5. Motor pressure - 40 psig

6. Motor vane pressure - 9 psig
T

7. Motor speed —””2000'RPM‘

‘Testing was concluded at 120 hours because of an unforeseen

‘equipment failure.ﬁ The'failure occurred when & threaded tube

fitting vibrated- loose from the motor case. -The'missing air

supply resulted in & pressure unbalance of 52 pounds on the

»bearings supporting the rotor.

723 13
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This force shifted the end bells by an amount equal to the
locating pin clearance at T50°F (0.0010"), which added to the

bearing wear of 0.0023" (out of round) allowed interference

between rotor and case at the seal point. The interference
caused galling and scoring of the rotor and case which broke

blades and stalled the motor. The normal rotor clearance at

__seal point is 0.0025" to 0.0030".

-~ 28 Hour Test Data

The following data w:i.: taken after 28 hours of running at

'temperature to stabilize the motor operation:.

Furnace Temperature - T4OCF

Inlet Air Temperature - 500°F

Suppinyressufe Vane Pressure Motor Speéd
30 psig 9 psig ‘1775 RPM
Lo psig 9 psig | _ 2090 RPM
50 psig | 9 psig | 2450 REM
60 psig 9 psig 2775 REM
70 psig 9 psig 3075 RPM -
80 psig 9 psig 3350 RPM
8h;hsig : 9 psig 3420 RPM

723 19
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A graph of the 28 hour data is on Figure 5, and the complete

speed ve. time curve for all 120 hours is shown on Figure 6.

120 Hour Inspection Data

After the failure occurred the motor was taken to Inspectlon

and the following'wear noted:

1.

2,

;vanésé 0.0001 in/hr (average wear between vane and case)

0.00001 in/hr (aver?ge wear between vane ahd rotor
- slot ,

-

Estimated vane 1life: 1550 hours (maximum)

Bearings: (designed for 500°F, limited to 800°F)

The rotor bearings were loaded with a composite load

consisting'of:

a. 2.4 pounds rotor weight (balanced)
b. 4.5 ounces external shaft load (one end) of which
1.5 ounces was eccentric from centerline of motor

by 0.040 inch.

The resultant load was pulsating at a frequency equal to one

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

‘mation varied‘from 0.747 pound to 1.363 pounds on the front

bearing (Bearing "A"), and from 0.852 pound to 2.432 pounds

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

réar‘bearing resulted from lever arm amplification by the

rotor shaft (2% inches).

723 16
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. Bearing "B"

o -19-

Bearing Load Differential: "A" - 0.616 pound.
' LOE L 1z580,pounds

Load on "BY -
Load on "AY = 2.56 (load fa:ztor)

‘Actual bearing wear:

Bearing "A" = vertical wear = 0.002"

- side weas" = 0.0009" to 0.0014"
Bearing "B" = vertiéal wear = 0.0045"
side wear = = 0.0023" to 0.0037"

Calculated bearing'wear from load factor:

Bearing‘"A”' = 0.002" verticel wear x 2.56 load factor =
| 0.0051"
(Should correlate with 0.0045" wear "B")

Bearing "A" = 0,0012" side wear x 2.56 load factor =
0.0031

i

(Should correlate with 0.003" average wear "B".)
Estimated bearing 1life under imposed conditions:

500 hours

Bearing "A"

200 hours

723
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Shaft wear = unmeasurable

Thrust Plate Wear = 0.0007" to 0.0009" from initial
condition (negligible)

V. CONCLUSIONS

Recently the damaged motor was repaired to operating condition.
This motor was run on a dynamometer to determine a value of

developed horsepower.
The dynamometer results were:

Speed = 1000 RPM
Torque 5 13.5 in-1lbs.

Motor Pressure = 82 psig

Vane Pressure = 50 psig

Developed Horsepower = 1/5

The air leakage was very large in this motor indicating low
efficiency; so the developed horsepower 1is only indlcatlve and

is not a maximum figure.

The author feels that when this motor is returned to good operating
condition,tbheﬁmctnr@ﬁttiﬁﬂéﬁéiﬁpﬁﬁﬁgwﬁﬁ%%ﬁg%h%ﬁﬁﬁsﬁﬁﬂweﬁwwﬁr
that it was originally désigned»(line pressure = 100 psig).
The new bearing design will give the motor an 6perating range

of -65°F to +1000°F when it has been perfected.

723 20



p;

B

®

-21-

APPENDIX A

Patent disclosure for & High Temperature Air Motor.

Patent Docket Number 24D-A-U46

Al

_The motor described in the enclosed disclosure is designated

as Prototype #3;because a new design of bearings sultable for

“1000°F operation has beén incorporated.. These bearings have

2been builq,and the internal diameter checks the design standards

at room temperature and at 1000°F. The mid—teﬁperature range
must be improved, because the stalnless steel uséd has a non-

linear expansion curve.

123
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AIR MOTOR

I. PURPOSE

‘The purpose of this invention 1s to provide a new and improved

.air motor capable of operation at high temperatures (500°F-1000°F).

It is also arpurpose to provide an alir motor having a plurallty

 of'vanes and air ports to facilitate operation in either

‘direction and provide Increased efficlency. Anothér improvement

is provided by the use of air loaded vanes to eliminate the use
of springs and improve the pressure loading of the vanes upon |
the motor case at various speeds; St1ll another improvement llies

in the use of balanced forces (double opposed cam design) to

lengthen bearing life. Another improvement is the faet that

this motor is equipped with bearings that are capable of operation
in the temperature band of 500°F to 1000°F. Another improvement

_1s the fact that this motor is equipped with a shuttle piston
' that allows bi-directional operation with two air lines.

"II. ADVANTAGES
:One advantage of this construection is high starting torque.
" Another advantage is an even power flow for 360° of rotation.

Another advantage is the fact that?the motor has no dead spots

,'and w;ll start with fﬁll power from any rotor position.

723 22
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Still another advantage is the fact that, due to the secondary

‘expansion &ir cylinder, a maximum amount of powér is secured

‘from the compressed air before discharge from the motor.

’iAnother advantége is the gse,of-graphite to stalnless steel con-

gtruction to insure a low friction operation at elevated temper-

atures with & minimum of wear.

bther'ﬁdvantageswill become apparent in the following description

5and drawings,of one embodiment of my invention in which:

| ~ Figure I 1s an end sectional view through air motor
.-Figure II 1is a.side sectional view through air motor

'i.Figure III 1s & face view of an end bell for air motor
:Figure IV is a diagram of motor force balance

'gigure v presents sketches of possible inlet air channel

configurations

III. DESCRIPTION

The air motor as il%ustrated in Figures I‘and*II is provided
with a body 1 and & rotor 2 that revolves inside of the body 1.
The rotor 2 is equipped with six equidistant vanes 3, that slide
in slots & in the rotor 2. The motor-body 1 is preferably con-

‘structed of high temperaturg-stginlgss“gtée} (AISi‘Qype 347 or

equivalent). The cylinder 19}&20§&aﬁa~26518?5fﬂdOuﬁlé‘ww”%
opposed. cam design (balanced rotor forces, see Figure IV),

which can either be oval, as shown, or eliptical in form.

723 23
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The rotor 2 is preferably constructed of high temperature

stainless steel (AISI type 309 or equivalent) of a lesser

coefficlent of expansion than the body 1, so as to provide

an increasing internal rotor clearance 11 with 1ncreasing'
température. This clearance increase provides for better

operation at elevated inlet air temperatures.

The rotor 2vis supported by end bells 32 that are preferably
coﬁstfuctéd of the same material as the body 1. These end
bells are provided with high temperature, low friction bearings
33, 3&, and thrust plates 37, 38. The material suggested for
these surfaces is a high temperature Graphite (Pure Carbon Co.

Type L-56-HT) or other suitable material.

‘The rotor 2 1s provided with'vanes 3, 3a constrﬁcted of the same

material as the bearings., The vanes 3,'3a are éo operate with a
smooth sliding fit within the rotor slots 4 aftér an initial
break-in period to perform a polishing operation if graphite
is used. These vanes 3, 3a are provided with clearance 5 at
the bottom of the slots 4 to provide an air pocket at 5 for

pressure loading of the vanes 3 tO-position 3a frém the end

‘bells 32, This,pressurerloading provides & variable vane

pressure loading at 16 against the motor body 1, and also pro-
vides cushioning for vanes 3 constructed of graphlte td prevent

shock and breakage.

723 27
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Thé,motor body 1 is provided with a plurality of ports to secure

bi-directional operation. For the direction of rotation shown in

Figure I, the dual ports 6 become primary air inlet ports. The

- dual pofts 7 become blocked secondary expansion ports. The dual

ports 8 become primary air exhaust ports. The dual ports 9 be-

come secondary air exhaust ports. The above sequence will be

completely reversed for rotation counter to that which is

| indicated. The reversal 1s accomplished by changing the inlet
air supply on the shuttle valve from port 12 to port 30. The

port opening 10 within the body 1 shall have & width (with
rotation) exactly equal to the width of a vane 3. Thils fact
provides for posiﬁive shut=off of all ports during cylinder change-

over to prevent‘air leakage between cylinders.

#

' The ports 6, 7, 8, and 9 on one half of the motor shall be offset

by one vane width with respect to the other half of the motor.

This fact will allow no dead spots and starting with full power on

the motor will be possible. The length of the port openings 10

'shall'be a factor less than the vane length”to provide a bearing

“surface for the vanes 3 when in this position. This will prevent

vane chatter and possible bréakage or chipping. Suggested con-

.’f;gurations appear in Figure V.

The rotor 2 will preferably have a clearance of .002" to .004"
between the body 1 and the rotor 2 at the seal point 11, so that a
minimum of Ieakage will occur between the primary ports 6 and the

secondary exhaust ports 9. .
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The vanes 3 may be of solid construction with a radius on the
outermost surface 16 to afford an even mating surface to the
internal contour 18 of the body 1, or the vanes 3 may be of other

appropriate,designs;

The shuttle valve'x as 1llustrated in Fiéure I conslists of a
body 31; with inlet air borts 12 and 30 primary alr ports 15,
secondarﬁ expansion ports 22, primary exhaust ports 23, and
Sécondary exhaust ports 27, It is equipped with a smoothly
operating and tight fitting piston‘13 that operates between
-stops 14 within the body 31. The body.31 is completely sealed
 with end caps 44 to prevent air leakage. The shuttle valve x
ean be operated by a four-way valve (not shown) or by two three-

‘way valves (not shown).

‘"Tbe cross-sectional view of Air Motor as l1llustrated in Flgure

~ II, consists of a body 1, & fotor 2, and end bells 32. Vanes

3 are shown in the extreme position of thé@r‘travel as 3a. The
end bells 32 are provided with air inlets 39 to provide air

- pressure to position the vanes from 3 to 3a as necessary. The

a;r enters at point 39 proceeds through channel 40 into the open:
siot area 35 of the split bearing housing shell 33, ‘The air then
distributes through the annulus 41 and into the inlet guide 5 under
each of the vanes 3. The'pressure which is trapped in the loading
clearance in sldt 4 will move the vaneg to position 3a as necessary.

The end bells 32 are equipped with split bearings 3%, split bearing
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housing shells 33, and thrust plates 37, or 38. A clearance 42
is provided between the rotor 2 and the end béll 32 for high

temperature operation.

The Face View of End Bell and Bearing as 1llustrated in Figure III

‘eonsists of an end bell 32, containing a bearing 34 split at 43,
This bearing is contained in a bearing housing shell 33 which is

split at 41, The bearing housing shell 33 is conteined within the

" bore 36 of the end bell 32. The end bell body 32 is provided with

a thrust plate 37 that provides a high temperature thrust and bearihg
surface for the rotor 2. This thrust plate can be extended to 38

to allow & solid break—free surface for the vanes 3vto operate
against. The end bell 32 has an air linlet port 39 that connects
through a channe1 to the split 41 in the bearing housing shell 33

for vane 1oad1ng’ﬁithin the motor (refer to Figure II). The end

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

as the motor body 1 (Figure I). (AISI type‘347'5ta1n1ess)gtee1 or
equal )v The split bearing housing ghell 33 1is preferably constructed

of” high temperature material with a coefficient of expansion as

‘predicted ‘from bearing‘ealculations. The thrust plate 37for 38 and

the splib bearing 3& are preferably constructed of high temperature
graphite (Pure Carbon Co. type “L-56-HT or equivalent) '

Descript;on of Force Balange;(Figure'IV). The‘Figure,IV;consists
of é’rqtoriof weight W with 24vanes at the neutral poiptfwiphin the
body 1 of the motor. |
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The inlet pressure P, entering through port 6 and acting over

area A of the rotor, results in the fdrce components "F" cancelling
each other. This fact 1s provided for by port 7 being closed off

by the,shuttle valve. The pressure Py of the expanding air in
the-éxpansion cylinderAapplied over area Ag,'results in the force
components "Fo" cancelling each other. The decreasing pressure. . .. .

P3 of the exhaust cylinder, leaving through ports 8 and 9, and.acting

over area Ay results in the force components "F3" cancelling. The

resultant bearing load is composed of only "W" the rotor weight.

Figure V describes two possible methods of channelling the inlet
air flow to, or away from, the vanes. -The body 1 with edge 1b is
shown with air inlet holes 6, 7, 8, ar 9 changihg contour to
fan shape 10. Vane support is provided by areas 18 as shown in

Figure (a) or Figure (b).

IV. OPERATION

Figure I: The air motor 1is provided with a shuttle valve x having

avpiston 13)to provide & reversing mechanism for the motor. The

air inlet 12 to fhe shuttle valve x is shown for one directioh of

‘rotation of the motor. For opposite rotation the inlet 12 and

exhaust 30 ports must be reversed.

fAir enters the shuttle valve housing 31 through port 12 and slides

suitable piston 13 to stop 14. The air then proceeds through out-
let ports 15 into suitable connecting tubes 17 to the power inlet
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ports 6 of the motor body 1. The air then enters the power cyl-
inders 19 pushing upon the vanes 3, Fhat are in power position,
causing the rotor 2 to move through 60° of rotation. At this
point the air 1s then transferred to a new set of vanes 3 that

have been moved into the power'position;

i

Tpe power cylinder 19, before mentioneq,has been moved into the

- position for the secondary air expansion to take place in the

secondary expansion cylinder 20. This air then expands for 60°

of rotatioq,due to the fact that the shuttle piston 13 has blocked

the exhaust ports 7 of the secondary expansion cylinder 20, through

the connecting tubes 21 and the inlet ports 22 to the shuttle

valve housing 31. Therefore the air expansion cylinder 20 has

removed'asrmuch work as possible from the inlet air, and dropped
the original pressure of the inleb'air supply to a value that is

practical to remove it from the motor. This is accomplished by

- thé openihg of the primary”exhaust ports 8 as the vanes 3 move by.

The expanded alr is theh'disgharged through sultable connecting

~ tubes 23 into the collecting chamber 24 and out to atmosphere

through the primary exhéust ports 25 of the shuttle valve housing

31. The vanes 3 then proceed toward the secondary exhaust ports

9 of the moton pushing the amount of air left in the primary exhaust
Cyliﬁder 26, éfter dump,outrcfcthe secondary exhaust port 9. This

- port prevents any work being'done in moving the vanes 3 to a new

power stroke position 19. The secondary exhaust port 9 vents the
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air through the suitable connecting tubes 27, into the collecting

chamber 28, and throﬁgh the outlet port 30 of the shuttle valve,

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

'The vanes 3 have moved through 180° of travel and have accomplished

one half of the total number of power strokes per revolution. This

' type of operation gives rise to 12 primary power strokes per 360°

‘of/revolution and 12 secondéry air expansion strokes per revolution.

This'efficient use of alr provides the motor with even power

distribution, constant torque, and 2 high starting torque.’

~ The high temperature operation of the motor 1s provided for by the

bearings 34 and thrust plates 37, 38 shown in Figure II and Figure

III.

The alr motor shown 1nvF1gure II consists of a rotor 2 supported
by bearings 34 and provided with graphite thrust plates 37 or 38,
of other suitable material. There is no possibility of a metal to
metal contact within the motor at elevated temperatures. The vanes

in position 3 and 3a are provided with a graphite metal seal 37 or

a solid graphite seal 38 at the ends.

;Figure IITI illustrates the high temperature-bearing provided for the

air motor. The bearing 34 with split 43 is manufactured oversize

before splitting and then compressed diametrically and inserted into

the bearing housing shell 33. The bearing housing shell 33 likewlse
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is manufactured 6versiZe; split at 35, and compressed for insertion
into the bore 36 of the end bell 32. This compression of the
cbmposite bearing Iinsures that they wili'fdllow the confining 0.D.,
which 18 the bore 36 in the end bell 32 through the complete
temperature range of the motor. Due to the split in both the

'bearing 34 and the shell 33, the wall expahsion 1s the only factor

contributing to the thermal characteristics of the I.D. of the bear-
ing 34. This bearing I:D. can be made to follow the thermal ex-
pansion of any size shafts by controlling thé size of the bore 36
in the end bell 32 and the wall thickness of the housing shell 33

“and the bearing 34. The relation equating these factors is as

. follows:

Shaft 0.D. at Temperature Z < Clearance = End Bell Bore at Temperature

Z - 2 (Shell Wall at Temperature Z + Bearing Wall at Temperature 2)

An equation has been developed by Pure Carbon Co. for determining

the optimum wall thickness of graphite so that the subJect bearing

34 will perform as desired through the total temperature band of the

air motor. The wall thickness established by this equation will

provide the bearing 34 with the necessary properties of diametrical

compression or expansion which will &allow the bearing to be com-

~ pressed for insertion without breakage.

This formula is as follows:

2

D
ZD = 3 x5 A
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Definitions

A D = the allowable diametrical compressicn or expansion of

a ring of given wall thickness before breakage due to
exceéding the allowable stress at elastic limit in

tension or compression.

~ (This compression or expansion is the factor that
insures that the bearing will follow the confining
0.D. through‘phe-;epp¢rature range.) |

D = mean bearing diameter, (free condition) at room .
temperature ... ,..-

t = ﬁéll‘thipkneségﬁﬁg%%g% temperature

;{ = allowable stress at elastic limit in tension or com-

pression for the particular graphite grade used in the
bearihg. (units = 1nches/inch). Exceeding this value

with graphite results in breakage.

2 for L-56-HT5: .0023 1pches/1nch in tension (diameter

compression)

An expansion of this formula made by the writer for simplicity

‘of solution is as follows:
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General Formula}

| | . . .
(}OOO°F mean diameter - TOOF mean diameter) =. mﬁ:gldiaggt;r (70°F))<

x'%:;t

Specific Conditions:

(0.D. @ 1000°F - (wall thickness + expansion @ 1000°F)) - (0.D. @

(0.D. € TOOF + I.D. @ 70°F)2 _ 2

[ 2
Wail © 7007

TOOF - wall thickness @ TOOF =

| This equation reduced to quadratic form using_aﬁz/B,a_ equal to
~ .001 inches/inch for L-56-HT graphite results in:

(709F-1000°F) @ T0°F

1.5 X2 ¢ (mean diameter change x 103 + 2 mean diameter) X -

(mean diameter € TO°F)2 = 0

X = optimum wall thickness desired.

This formula can also be used for,éalculating the wall thickness

of the}bearing hous;ng}shell 33. Supposing‘thgt the bearing housiqg
shell is construétéd of 347 stainless steel,xthé allowable stress
1n.£ension without exceeding the elastic limit or,allowing_appreci-
able cfeep at 1000°F results 1n'2/3¢;( & .00l inches/inch fiber_'

- stress,
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V. NOTE

The bearings 34 and shells 33 are to be manufactured oversize of

‘the top temperature oonditiong,so that a spring action will still

be present to insure that confining 0.,D., or end bell bore 36,

P due to the fact that the bearing 34

and shell 33 will maintain a pressure against this 0.D.

will control the bearing I.D

~ The oversize bearings 34 will have sufficient split to insure

that all circumferential change during "close in" will be absorbed

by the gap and not completely close same.,

'The oversize shells 33 will have sufficient split to insure that
v~a11 circumferential change during close in#will be absorbed by

- the gap and result in a sufficient gap for air loading'passage

35 to the vanes.

A hard chrome plate (flash) .0005" thick'may be applied to the
0. D. of the bearing housing shells 33 to provide a bearing sur-

'face‘forlinsertion and hilgh temperature operation ofAthe shells

33 within the end bell:beores 36,

. The operation of Figures IV and V are apparent with the descfiption-

provided.

Although I have presented one embodiment of my invention, other

forms may be had without departing from the scope of my invention.
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APPENDIX B

-Manufacturing prints for Prototype #2.
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