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[57] ABSTRACT

A starter arrangement for an engine includes a fluid
actuated rotary vane motor which 1s adapted 1o engage
an associated engine. The rotary motor has a plurahty
of blades or vanes with each of the blades being made
from a fiber reinforced plastic material to reduce fric-
tion. A sleeve. in which the rotary motor 1s positioned.
has on its inner surface a hard metallic coating 10 reduce
friction. A relay valve member selectively provides a
pressurized operating fluid to the rotary motor. The
blade material and the sleeve inner surface coating co-
operate 10 enable the vane motor, when it i1s actuated by
the relay valve member, to rotate in the sleeve with a
minimum of friction thereby obyiating the need for a
lubricating agent.

24 Claims, 2 Drawing Sheets
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PNEUMATIC STARTER FOR INTERNAL
COMBUSTION ENGINE

Matter enclosed in heavy brackets [ ] appears in the 5
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION 10

This application is a continuation-in-part of patent
application Ser. No. 031,399, filed on Mar. 27. 1987 and
now abandoned, which in turn, is a continuation of
patent application Ser. No. 781.216, filed on Sept. 26,
1985 and now abandoned.

This invention generally pertains to starters. More
specifically, the present invention relates to a pneumatic
starter for an internal combustion engine.

The invention is particularly applicable to an air ,,
starter designed for truck applications. However, it =
should be recognized that the pneumatic starter of the
present invention may also be adapted for use in othe
engine environments such as off-highway equipment.
emergency generators. locomotives. dirt hauling equip-
ment. compressors and the hike.

When a compression ignition engine 1s started. 1ts
crankshaft must be rotated at a speed sufficient 1o com-
press the air in the cylinder to a pressure at which 1ts
temperature is sufficiently high to ignite the fuel in- 4,
jected into the cylinder. With the unavoidable leakage
of some air past the piston rings. it is essential that the
engine be turned over at a high rate of speed and this
requires a substantial power output from the starter
motor. A pneumatic motor or “air’” motor is especially 35
adapted for such starter applications since the motor '
can generale a large amount of power in a small frame
size and since there is no reduction of 1ts power output
at either low temperatures or high temperatures as there
would be with battery operated electric starters. The 45
pneurnatic motor is operably connected to the engine in
such a2 way that the rotation of the motor causes it to
engage and crank the engine until the engine becomes
self-sustaining.

Such a pneumatic motor system includes a tank 45
which contains a supply of pressurized fluid used to
rotate the pneumatic motor. Systems of this type also
commonly utilize a relay valve interposed between the
pressurized tank and the pneumatic motor. This valve 1s
normally closed and is selectively opened to feed pres- 50
surized fluid to the pneumatic motor to actuate the
latter.

In one known positive displacement pneumatic mo-
tor, the blades or vanes of the motor engage an eccentri-
cally located inner surface of a sleeve which provides a 55
circumferential restraint but radial freedom of move-
ment for the blades. The pneumatic motor is thus posi-
tioned within the sleeve in an eccentric manner so as to
provide a number of chambers with the sleeve. The
vanes are thrust into intimate contact with the sleeve 60
and a considerable amount of frictional heat 1s gener-
ated. There is thus a need to provide lubrication to the
motor to prevent undue wear of the vanes. 1f such a
Jubricating means is not provided, or if the lubricating
means should fail, the sleeve and the vanes would be- 65
come subject to failure in a very short period of time
due 1o friction. Generally speaking. such a lubricating
means includes a mechanism for entraining a measured

18

-

r--b
*

2

charge of atomized lubricant into the air delivered to
the starter at the beginning of each starting operation.

However. such Jubricators are relatively expensive in
relation 1o the cost of the entire air starter system. up 10O
approximately one sixth of the cost of the whole air
starter. Moreover. lubricators also add to the mechani-
cal complexity of the entire system. Also. even with a
Jubricator system. a conventional air starter only has a
lifetime of approximately 10.000 cycles by the end of
which the sleeve is usually scored and rusted, due to
moisture in the ambient air, and the vanes are worn.

Additionally, both bus operators and the marine in-
dustry have experienced annoying and costly problems
with conventional air starters having lubrication sys-
tems. These problems emenate from frequent lubnicator
malfunctions which cause an *over lubrication™ condi-
tion resulting in surplus lubricant being sprayed into the
engine compartment. The lubricant is eventually di-
charged into the atmosphere. In the case of diesel en-
gine buses especially, lubricant discharged into the at-
mosphere worsens air pollution in urban areas. Gener-
ally, such lubricant fluid can be the diesel fuel used by
the engine itself. Even when the conventional air starter
lubricators are not malfunctioning. approximately | ¢c
of lubricant fluid 1s discharged into the atmosphere on
each engine start.

It is evident that the use of unlubricated air starter
motors would be of great environmental benefit. Addi-
tionally. by providing an unlubricated air starter, a con-
siderable sum of money could be saved 1n fuel costs per
year, since the “saved” fuel would have been expended
to lubricate a conventional air starier.

Accordingly. it has been considered desirable to de-
velop a new and improved pneumatic starter for an
internal combustion engine which would overcome the
foregoing difficulties and others while providing better
and more advantageous overall results.

BRIEF SUMMARY OF THE INVENTION

In accordance with the present invention, a new and
improved starter arrangement for an engine 1s provided.

More particularly in accordance with the invention,
the starter arrangement includes a flmid actuated rotary
vane motor which is adapted to engage an associated
engine. The rotary motor has a plurality of blades with
each of the blades being made from a fiber reinforced
plastic material to reduce friction and wherein the
blades have a wear surface made of the same matenal.
The rotary motor is positioned in a housing including a
sleeve which has on its inner surface a hard metallic
coating and a microfinish of less than 10 micro-inches
R.M.S. to reduce friction. A relay valve means of the
starter arrangement selectively provides a pressurized
operating fluid to the rotary motor. When such operat-
ing fluid is provided, the blade material and the sleeve
inner surface coating cooperate to enable the motor to
rotate in the sleeve with a minimum of friction thereby
obviating the need for lubricating system for the starter
arrangement.

In accordance with another aspect of the invention, a
starter arrangement for starting an internal combustion
engine with compressed fluid i1s provided.

More particularly in accordance with this aspect of
the invention. the arrangement includes a housing hav-
ing a metallic sleeve and a fluid actuated rotary vane
motor rotatably mounted in the sleeve. The motor has a
plurality of vanes or blades with each of the blades
being made from a fiber reinforced plastic matenal to
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reduce friction. wherein each of the blades hay a wear
surface made of the same material. Also. the sleeve has
on 1ts inner surface a hard metallic coating to reduce
friction so that as the blade slides against the sleeve.
mimimal friction occurs. A source of pressurized fluid is
provided for actuating the motor. The sleeve has a
microfimish of less than ten micro-inches R.M.S.

In accordance with still another aspect of the inven-
tion, a pneumatic starter for an iniernal combustion
engine 1s provided.

In accordance with this aspect of the invention. the
starter includes an inner housing including a sleeve
having on its inner surface a hard metallic coating a
reduce fricion. The coating comprises a chromium
electro-coating having a hardness which measures at
teast 70 on the Rockwell C Scale. Also. the sleeve has a
microfinish of less than 10 micro-inches RM.S. A fuid
actuated rotary vane motor 1s rotatably mounted in the
sleeve. The motor has a plurahty of blades with each of
the blades being made from a fiber reinforced plastic
material 1o reduce friction as the blades rotate in the
sieceve. The fiber 1s made from an aramid material and
the blades have a wear surface made of the same fiber
reinforced plastic material. A source of pressurized air

1s provided for actuating the rotary motor. An eccentric 2

cam s provided for posinively displacing the blades
when the motor 1s actuated.

One advantage of the present invention is the provi-
s1on of a new pneumatic starter motor which runs with
less friction than previous starters.

Another advanilage of the invention 1s the provision
of a starter arrangement which obviates the necessity
for a separate lubricating system for the arrangement
due to the reduced amount of friction which 1s gener-
ated as the starter motor operates because of the motor’s
improved self-lubrication properties.

Stll another advantage of the invention 1s that the
reduction in the amount of frichon generated as the
starter motor operates enables the elimination of the
conventuional expensive lubricator svstem contained in a
tradimwonal air starter as well as 115 attendam piping
svstem. This reduces the cost of the air starter by ap-
proximately one sixth.

Yet an another advantage of the present invention 1s
the provision of a lubrication-free air starter which
eliminates a source of environmental polution in com-
parison to a conventional air starter have a lubricator
system which discharges approximately 1 cc of lubri-
cant into the atmosphere per start of the engine.

Yet still another advantage of the present invention is
its provision of a lubrication-free air starter which can
save a considerable amount of money per year per en.
gine in fuel. The saved fuel would have been expended
to lubricate a conventional air starter.

An additional advantage of the present invention is its
provision of an air starter having an average life which
can be up to ten or more times as long as that of conven-
tional air starter due to its reduced friction characteris-
t1Cs.

Still other benefits and advantages of the invention
will become apparent to those skilled in the art upon a
reading and understanding of the following detailed
specification.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may take physical form in certain parts
and arrangements of parts, preferred embodiments of

which will be described in detail in this specification
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and illustrated in the accompanying drawings which
form a part hereof, and wherein:

F1G. 11s a schematic side elevational view of a starter
arrangement and related components according to a
first preferred embodiment of the present invention;

FIG. 2 1s an enlarged perspective view. partially
broken away. of the starter arrangement of FIG. 1.

FIG. 3 1s a reduced exploded perspective view of
certain components of the starter arrangement of FIG.
2,

FIG. 4 1s a schemanc cross-sectional view of the
starter arrangement of FIG. 2;

FIG. 515 a greatly enlarged view through a portion of
the starter arrangement of FIG. 4; and,

FIG. 6is a greatly enlarged view through a portion of
a starter arrangement according to a second preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now 1o the drawings. wherein the show-
ings are for purposes of illustrating the preferred em-
bodiments of the invention only and not for purposes of
hmiung same. FIG. 1 shows the subject new starter
arrangement in a complete starter installation. While
the starter arrangement ts primarily designed for and
wi1ll hereinafter be described in connection with a diesel
internal combustion engine for a truck, bus. boat. or the
like 1t will be appreciated that the overall inventive
concept involved could be adapted for other engine
environments. such as emergency generators. locomo-
tives, dirt hauling equipment, compressors. and the like
and also for engines other than diesel engines.

More particularly, the starter installation includes an
air tank 10 which 1s connected by an air conduit 12to a
relay valve means 14. A manually actuated valve con-
trol member 16, which is usually positioned in the cab of
a truck or other vehicle (not 1llustrated). controls the
actuation of the relay valve means 14 of an air motor.

With reference now also to FIG. 2, the valve means
14 1s preferably positioned within a housing 20. Also
posttioned within the housing 20 1s a sleeve 22 and a
sleeve adapter 24 which admits pressunized fluid from
the valve means 14 into a sleeve interior 26. The sleeve
22 has a body section 28 which has on its interior sur-
face a coating layer 30 as best seen in FIG. §.

In one preferred embodiment. the sleeve 1s made out
of a metal such as gray iron and the sleeve coating is
made of an “‘armoloy™ material. Such a matenal 1s a
hard chromium electrocoating having a hardness which
measures a! least 70 on the Rockwell C hardness scale.
This coating 1s sold by the Armoloy Corporation of 118
Simonds Avenue. Dekalb, 1. The coating is effective in
increasing wear resistance in sliding surface contacts
and provides superior corrosion and erosion resistance,

- This coating may be on the order of 0.0002 inches in

thickness. 1t 1s evident that the thickness of layer 30 has
been greatly magnified in FIG. § for easier visibility.
Alternatively, a metallic ceramic coating may be used
for the inner surface of the sleeve. This coating com-
bines metallic particles, such as aluminum particles,
encapsulated 1in a ceramic with a slurry binder system.
This coating also provides a great resistance to corro-
sion. erosion and abrasion. The thickness of such a pro-
tective film coating can vary from 0.001 to 0.006 inches.
Such coatings are availlable from Metallic Ceramic
Coatings, Inc., Front and Ford Streets, Bridgeport, Pa.
Such a coating provides abrasion and corrosion resis-
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tance and aids in reducing friction between compo-
nents. |

Another such coating is a titanium nitride coating
which is available from the Star Cutter Company of
Farmington Hills, Mich. This 1ype of coating can be
applied through a physical vapor deposition process
and will result in a coating thickness of 0.0001 to 0.0002
inches. The coating has a Rockwell C hardness of ap-
proximately 85. Such a coating effecuvely improves
abrasion resistance and corrosion resistance.

Still another possible coating is an electroless nickel
alloy. Such coatings may have a thickness of up to 0.00]
inch if desired. although thicknesses as small as 0.0003
inches can also be used. An electroless nickel alloy also
provides low friction properties and a smooth surface
finish. Such a nickel coating can be obtained from the
Armoloy Corporation of DeKalb. Ill. A nickel alloy
coating of this type can be infused with a polymer such
as fluorocarbon to provide an inherent lubrication.
Such a polymer infused nickel alloy coating 1s available
from General Magnaplate Corp.. of Linden, N.J.

With reference now also to FIG. 3, positioned in the
sleeve interior 26 is a rotor 40 having at least one rotor
vane or blade 42 thereon. In the preferred embodiment.
five such rotor blades 42 are provided but, of course,
anv suitable number of blades can be used. Driving the
rotor blades 42 is an eccentric cam 44 as may best be
seen from FIG. 4 The eccentric cam 44 prepositions
the blades 42 in1o the air stream flow from the air tank
through the relay valve means 14. This design 1s consid-
erably more tolerant of contaminants and frost than
most prior art designs and provides instant torque and
starting reliability even under adverse weather condi-
tions. -
With reference now to FIG. 5, it can be seen that
each blade has a blade body 46 which is provided with
a plurality of strand-like reinforcing elements 48. In one
preferred embodiment. the reinforcing fiber 15 an ara-
mid fiber. such as KEVLAR brand fiber sold by E. 1.
duPont de Nemours Corp. of Wilmington, Del., which
also provides great flexural strength as the blade rotates
in the sleeve.

Other reinforcing fiber could, of course. also be used.
Among these fibers are glass fibers, boron fibers, and
carbon fibers, i.e. graphite fibers. The fibers are prefera-
bly woven into a “cloth” which is then coated with a
resin binder. The resin coated *‘cloth™ is set in a humid-
ity chamber. A plurality of superimposed layers of such
cloth, depending on the thickbess desired for the blade,
are then provided in a sheet to a press. The press applies
heat and pressure to the sheet to bind the several layers
together. Thereafter, blades can be fabricated from the
sheet.

If the fibers are made of glass, the resin can be an
epoxy. On the other hand, if the fiber are aramid, the

resin can be phenolic. Of course, the various layers of

fibers in the blade can be oriented in different directions

or in the same direction, as desired. One advantage of

such reinforced plastic blades is that they are friction
resistant. Another advantage is that they are not prone
to rusting thereby increasing the life cycle of the air
starter.

In order to provide an airtight chamber, the sieeve 22
is provided on each end with a respective end plate 50,
§2 as shown in FIG. 3. With reference again to FIG. 2,
a gear element 54, which is driven by the rotor 40
through a shaft 56, is positioned adjacent the second end
plate 52. A second gear 58 is driven by the first gear 54.
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The second gear 58 is part of a drive means 60 for
transmitting the power of the vaned motor to an inter-
nal combustion engine having a flywheel ring gear 62
(see F1G. 1). Also positioned on the housing 20 1s an
integral muffler 64.

In the present invention it has been found that the use
of a sleeve coating 30 reduces the coefficient of frichon
of the rotor blades 42 as they rotate against the sleeve
22. Also, the rotor blades are made of a suitable fiber
reinforced plastic material which further reduces fric-
tion. Such friction has in the past been responsible for
the wear and corrosion of the sleeve 22.

A conventional air starter has an average lifetime of
approximately 10,000 cycles. Depending on the fre-
quency of the starts per day, such 10,000 cycles can be
accumulated in 3 to 8 years of use. At the end of this
time. the sleeve of the starter may have rusted or scored
so as to be unusable and the blades generally have be-
come worn despite the use of a lubricating system
which supplies lubricant for the sleeve and the blades.

In a test of an air starter constructed according to the
present invention, however, the use of the "armoloy™
material together with aramid fiber reinforced plasuc
blades, resulted in minimal wear to the blades over
10.000 cycles of the air starter despite the absence of a
lubricating system. It was found that blade wear was
less than 0.010 inches even without external lubrication.
It was also found that there was negligible wear on the
sleeve. It is estimated that the construction of an air
starter from the materials listed above will increase the
life cycle of the air starter up to at least 14.000 cycles
and perhaps to as much as 30,000 cycles. Besides a
longer life cycle for the air starter, the elimination of an
external Jubrication system results in a considerable
savings on the cost of the air starter and also results in
a much simpler and mechanically less complex unit.

In the preferred embodiment, the blades are made of
aramid fiber reinforced plastic which can have a coeffi-
cient of thermal expansion of approximately
35.3% 10— ¢ inches/inch °C. linearly and approximately
32.9% 10— ¢ inches/inch °C. crosswise. In contrast, the
sleeve. which is made of cast iron can have a coefficient
of thermal expansion of 12.96 X 10—%cm/cm “C.

With reference now to a second preferably embods-
ment of the invention, as illustrated in F1G. 6, the inven-
tion is there shown as having another construction. For
ease of illustration and appreciation of this alternative,
like components are identified by like numerals with a
primed (') suffix and new components are identified by
new numerals.

In this FIGURE, the interior surface of a sleeve body
28’ has been given a very smooth surface. The surface
was reduced from 40 micro-inches, as in the embodi-
ment of FIG. 5, to approximately 8 to 10 micro-inches,
and ideally to 5 micro-inches R.M.S. in the embodiment
of FIG. 6. This finish is achieved by honing the sleeve
interior surface using the finest honing stone presently
available. Previously, a rougher finish was acceptable
for the sleeve inner surface since lubrication was pro-
vided during each start of the air motor. Now a
smoother sleeve inner surface finish i1s considered very
desirable despite its additional cost.

Extensive testing has revealed that the surface finish
of the inner wall of the sleeve is critical in determining
the life expectancy of the air starter. In this regard,
while a surface finish of 40 micro-inches might allow up
to 15 to 20,000 cycles on the air starter of F1G. 8§ before
failure, a microfinish of approximately 8 micro-inches
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has given a significantly longer life. More specifically. a
test run on such an air starter having such a sleeve
microfinish has exceeded 125.000 cycles without failure
of the blades. Eventually. a rotor shaft 56 of the air
starter failled due to metal fatigue. However, there was
a minimum of scoring or pitting on the sleeve surface
and a minimum of wear on the vanes.

The inner surface of the sleeve body 28 can be pro-
vided with a coating 80 which can be made of hard
chromium electro-coating. such as armoloy, having a
hardness which measures at least 70 on the Rockwell C
hardness scale. Hardness tests also indicate a measure-
ment of from 1020 to 1100 on the Vickers Dhamond
Pyramid Hardness Scale. This equals 70 to 72 on the
Rockwell C Scale. The armoloy matenal conforms to
the existing surface of a body including threads. flutes,
scratches, etc. with detail down to approximately 8
micro-inches R.M.S. Addiuonally, armoloy will not
affect a growth on the surface of the material more than
0.0002 inches under normal circumstances thereby elim-
mating the need for undersized design calculations in
most applications. The coating 80 works 11s way into
the surface of the sleeve matenal and adheres so posi-
ovely that it will not chip. peel, crack, or flake when
subject to standard ASTM bend tests over a radius
equal to half the thickness of the matenal to which it is
apphed.

Roughness, the finely spaced surface texture irregu-
larity resulting from the manufacturing process or the
cutting action of tools or abrasive grains, has in general
a greater effect on performance than anyv other surface
quality. The control of roughness appears to be very
important in prolonging the life of the air starter.

If desired. a slot 82 in a hub in which a vane 42 recip-
rocates can also be coated with a suitable hard material
coating 84 such as armoloy. This may be advantageous
in preventing the pitting or scoring of the slot 82 as well
as i preserving the vane maternial from scratches or
other surface degredation. The coating material 84 may
be the same as the coating 80 on the inner surface of the
sleeve or it may be another low friction coating mate-
nal.

The subject invention thus provides an air starter
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Having thus described the invention. 1t 1S now
claimed:

1. A starter arrangement for an engine. COMprising:

a fluid actuated rotary vane motor which 1s adapted
10 engage an associated engine, said rotary motor
having a hub and at least one blade which i1s shd-
ably mounted in said hub and is made from a fiber
reinforced plastic material to reduce friction. and
wherein said at least one blade has a wear surface
made of the same material;

a housing including a sleeve 1in which said rotary
motor is positioned, said sleeve having on its inner
surface a hard metallic coating to reduce friction.
wherein said sleeve inner surface coating com-
prises a chromium [electrocating] electrocoating
having a hardness which measures at least 70 on the
Rockwell C hardness scale and a microfinish of
[less than] approximately 10 micro-inches R.M.S.:
and,

fa relay valve means for selectively providing a
pressurized operating fluid to said rotary motor, ]}
wherein said blade material and said sleeve inner
surface coating cooperate to enable said motor to
rolate in said sleeve with a minimum of fricuon
thereby obviating the need for a lubricating system
for the starter arrangement.

2. The arrangement of claim 1 wherein said fiber
reinforcing material for said at least one blade s se-
lected from the group consisting of aramid fiber, glass
fiber, boron fiber or carbon fiber.

3. The arrangement of claim 1 further comprising:

a source of pressurized operating fluid;

a conduit means for interconnecting said source of

operating fluid and [said} a valve means; and,

a driving means for transmitting the rotation of said
motor to the associated engine and wherein said
driving means includes a pinion gear which coop-
erates with a flywheel of the associated engine to
rotate said flywheel.

4. The arrangement of claim 1 further comprising:

a muffler which is secured to said housing; and,

an eccentric cam which urges said at least one blade
outwardly as said vane motor rotates.

5. The arrangement of claim 1 wherein said at least

arrangement which produces less friction as the blades 45 gne blade comprises an aramid fiber reinforced resin

rolate In a sleeve than do conventional systems. There-
fore, the present arrangement enables the elimination of
conventional lubrication systems which are used in air
starters thus resulting 1n a considerable cost and mate-
nal savings on the starter arrangement.

Through a judicious selection of coating materials
and vane matenals as well as through the provision of a
microfinish on the sleeve inner surface in the range of 8
to 10 micro-inches, a tenfold increase has been achieved
in the life expectancy of air starters for engines. More
specifically, while a conventional air starter has a life
expectancy of approximately 10,000 cycles by the end
of which the sleeve i1s usually scored and rusted and the
vanes are worn, an air starter according to the present
invention can have a life expectancy of more than
100,000 cycles.

The invention has been described with reference to
preferred embodiments. Obviously, modifications and
alterations will occur to others upon the reading and
understanding of this specification. It i1s intended to
include all such modifications and alterations insofar as
they come within the scope of the appended claims or
the equivalents thereof.
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material.

6. The arrangement of claim 1 wherein said at least
one blade comprises a plurality of superimposed layers
of a reinforcing fiber cloth coated with a resin binder.

7. The arrangement of claim 1 further compnsing a
hard metallic coating provided on a portion of said hub
adjacent said at least one blade to reduce friction be-
tween said hub and said at least one blade as said at least
one blade slides in said hub.

8. The arrangement of claim 7 wherein said hub hard
metallic coating comprises a chromium electrocoating
having a hardness which measures at least 70 on the
Rockwell C hardness scale.

9. A starter arrangement for starting an internal com-
bustion engine with compressed fluid, comprising:

a housing including a metallic sleeve wherein said

sleeve has on 1ts mner surface a hard metallic coat-
ing which measures at least 70 on the Rockwell C
hardness scale, said coating on said sleeve having a
microfinish of [less than] approximately 10 micro-
inches RM.S..

a fluid actuated rotary vane motor rotatably mounted

in said sleeve, said motor having a plurality of
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blades with each of said blades being made from a
plurality of lavers of a resin-coated fiber cloth ma-
terial to reduce friction wherein each of said blades
has a wear surface made of the same material. and
wherein as said blades shide against said sleeve
there is minimal friction occurring thereby obviat-
ing the need for a separate lubricating syvstem for
the starter arrangement[: and.

a source of pressurized fluid for actuating said rotary
motor}.

10. The arrangement of claim 9 further comprising a
motor housing in which said sleeve and [said] a relay
valve are positioned.

11. The arrangement of claim 9 wherein said blade
reinforcing material comprises an aramd fiber.

12. The arrangement of claim 9 wherein said sleeve
inner surface coating comprises a chromium electro-
coating having a hardness which measures at least 70 on
the Rockwell C hardness scale.

13. The arrangement of claim 9 wherein said sleeve
inner surface coating comprises metalhic particles en-
capsulated 1n a ceramic maternial, and a slurry binder
system.

14. The arrangement of claim 9 wherein said sleeve
mner surface coating comprises titanium nitride having
a hardness on the Rockwell C hardness scale of approx-
mately 83.

15. The arrangement of claim 9 wherein said sleeve
inner surface coating comprises an electroless nickel
allov.

16. The arrangement of claim 15 wherein said nickel
alloy coating is infused with a polyvmer such as fluoro-
carbon.

17. An unlubricated. and hence environmentally de-
sirable. pneumatic starter for an internal combustion
engine, Comprising: |

an integral housing including a sleeve having on 1ts
inner surface a hard metallic coating to reduce
friction. said coating comprising a chromium elec-
trocoating having a hardness which measures at
least 70 on the Rockwell C hardness scale and
wherein said coating on said sleeve has a microfin-
1ish of less than 10 micro-inches R.M.S.;

a fluid actuated rotary vane motor rotatably mounted
in said sleeve, said motor having a hub and a plural-
ity of blades with each of said blades being made
from an aramid fiber reinforced plastic material to
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a source of pressurized air for actuating said rotary
motor; and. |

an eccentric cam for positively displacing said blades
in relation to said hub when said motor 1s actuated.
the rotation of said vane motor in said sleeve, caus-
ing a mimimum of friction thereby obwiating the
need for a separate lubricating system.

18 The starter of claim 17 wherein said hub has a
plurality of slots. one for slidably mounting each of said
plurality of blades, and further comprising a hard metal-
lic coating provided on a surface of said hub at each of
said slots to reduce friction between said hub and said
blades as said blades slide in said hub.

19. The arrangement of claim 18 wherein said hub
hard metallic coating comprises a chromium electro-
coating having a hardness which measures at least 70 on
the Rockwell C hardness scale.

20. A starter arrangement for a compression Ignition
engine, comprising.

an air actuated rotary vane starter motor which Is
adapted to engage the compression ignition engine.
said rotary motor having a hub with a slot therein.
wherein said hub slot includes a hard metaliic coating
to reduce friction,

a blade which is slidably mounted in said hub slot, said
blade comprising a fiber reinforced plastic maierial to
reduce friction; and,

a housing including a sleeve in which said hub and blade
are positioned, said sleeve having on its inner surface
a hard metallic coating to reduce friction. wherein
said sleeve comprises a ferrous material and wherein
said hard metallic coating on said hub slot and on said
sleeve inner surface is a material selected from the
group consisting of chromium, nickel and titanium,
wherein said blade material, hub slot coating and
sleeve inner surface coating cooperate to enable said
motor to rotate with a minimum of friction thereby
obviating the need for a lubricating system for the
starter arrangement.

21. The starter arrangement of claim 20 wherein said
housing sleeve hard metallic coating has a hardness which
measures at feast 70 on the Rockwell C hardness scale.

22, The starier arrangement of claim 21 wherein said

housing sleeve hard metallic coating has a microfinish of

less than 10 microinches RMS.
23. The starter arrangement of claim 20 wherein said
hub slot hard metallic coating has a hardness which mea-

sures at least 70 on the Rockwell C hardness scale.

24. The starter arrangement of claim 23 wherein said

reduce friction as said blades rotate in said sleeve, 50 hub slot hard meallic coating has a microfinish of less

wherein said blades have a wear surface made of

the same fiber reinforced plastic matenal;
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than 10 microinches RMS.
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