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This invention relates to abrading means for 
enclosed rotor elements, and more particularly 
to abrading means permanently associated with 
the casing of a machine such as a turbine unit 
for producing and maintaining a predetermined 
clearance between the rotary element of the tur 
bine and its surrounding casing. 

Et has long been recognized in the use of 
turbines, compressors or the like having heavy 
rotors that it was important to maintain mini 
mum clearance between the rotor element and 
its surrouliding casing. Consequently it has 
been the practice, When the rotor-dti:e to béar 
ing Wear or other factors--is calised to hit the 
casing, to open the casing and grind a Way the 
periphery of the rotor so as to prevent it from 
striking the casing, and yet to maintain a min 
inuin anotint of clearance Suficient to aSSure 
efficiency of Operation. Such grinding opera 
tions were time consuming and necessitated put 
ting the units out of action for considerable 
periods. Since the clearance factor was not as 
critical as it might have been, the practice has 
long been followed. With the advent, however, 
of modern gas or jet turbines such as are used 
in high Speed aircraft, it is recognized that the 
efficiency of such units is very dependent in most 
cases upon the maintenance of an extremely 
Small clearance between the tips of the rotor 
blades and the stationary casing. This not only 
requires the closest tolerances in manufacture, 
but necessitates difficult Servicing operations to 
maintaith that clearance when the rotor strikes 
the casing. This striking ray be due to bearing 
Wear or to distortion of the casing due to un 
even heating, but, most important of all, due to 
Creep of the rotor blade material due to the 
high Stresses which it encounters at the high 
temperatures characteristic of the operation of 
gas turbines or jet engines. - 

"Eine present invention is therefore Concerined 
in providing means permanently carried by the 
machine casing for abrading the tips of the rotor 
blades whenever, due to any cause, they assume 
a position which causes thern to Strike the cas 
ing. This means abrades the surfaces Which 
project too far, and by proper positioning of 
the 2)orading inearns the minianum clearance for 
MnOS:t effectiye Operation can be målintained per 
inaneintly without dismantling the tirbine stric 
tire, and even Witicut stopping it, to perform 
this grinding or abrading operation: 

it is to be understood that this invention is 
capable of application to a turbine of any type 
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difficulties herein stated. However, for purposes 
of illustration, the invention will be described 
in connection with a modern unit composed of 
an axial-flow compressor and a gas turbine of 
the type used in jet propulsion of aircraft but 
Without any limitation to that particular type 
of apparatus. It is chosen for purposes of illus 
tration because it presents in its most acute 
form the problem to which this invention is 
addressed. ? 

Referring now to the drawings, - - - - - 
Fig. i is a side elevation, partly in vertical 

section, of a combined axial-flow compressor and 
turbine unit showing rotatable abrading means 
of the present invention attached thereto. 

Fig. 2 is a vertical section on line 2-2 of 
Fig. 1 showing the position of the various abrad 
ing means with respect to the tips of the rotor 
blades. - ?- " ? . . . . " , ? 

Fig. 3 is an enlarged detail of one of the abrad 
ing devices shown in Fig.2. - ? ?? ? ... ? 

Fig. 4 is a view similar to Fig. 3 showing a 
modification of the invention in- which the abrad 
ing means is a stationary abrasive block element 
carried by the casing. ? ? ? ? ? ? ??? ? ? ? 

Fig. 5 is a view similar to Fig. 4. showing still 
another modification in which the abr?ding 
means takes the form of a fixed cutting blade 
carried by the casing. - - 

Referring now to Fig. 1 of the drawing, ref 
ei'ence character 6 designates the casing of an 
axial-flow compressor-turbine unit of known 
type. This elongated hollow casing, details of 
which are not important to the present inven 
tion, carries at its forward or inlet end a con 
pressor unit designated generally as 7, communi 
cating through the inside of the casing with a 
combustion chamber 8 and a turbine unit 9. The 
inlet end of the unit comprises the usual bell 
shaped mouth if supporting through a spider 
f2 the bearing 3 of the main shaft which car 
ries the rotor of the compressor and that of the 
turbine. Means designated f4 are provided for 
supplying a jet of fuel to the combustion cham 
ber 8 where it mixes with the compressed air, 
is ignited, and passes to the turbine, whence 
it is discharged through the outlet at f5, said 
outlet having the usual conical form employed 
in jet propulsion. . . . . . . . . 

The compressor unit comprises the usual struc 
ture for directing the incoming air in proper dis 
rection, through the alternating rotor and stator 
blades designated R and S respectively. The 
rotor blades are carried by the shaft of the mas 

or to a similar machine which is subject to the 55 chine, which shaft is supported in bearing f3 
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at the compressor end and in the member 
adjacent the discharge end of the unit, and 
carries the rotor of the turbine in accordance 
with usual practice. The turbine unit also in 
cludes the nozzle ring 8 which directs the flow 
of hot gas and air through the blades of the 
turbine, these rotor and stator blades being 
designated, as in the case of the compressor, R. 
and S respectively. Since the details of these 
blades are not important to the present inven 
tion, they are shown diagrammatically and a 
brief description will suffice. 

It will be apparent from what has already been 
said that in accordance with usual practice in 
starting the unit, the rotor shaft will be rotated 
so as to draw air through the inlet where it 
passes between the rotor and stator blades, is 
compressed and enters the combustion chamber 
8 into which liquid fuel is injected by the means 
4. In this chamber the mixture is ignited, by 
means of a sparkplug in starting, and then Sub 
sequently by the heat of combustion, and ex 
pands and escapes with great velocity through 
the nozzle ring 8 and through the blades of the 
turbine, whence it is discharged along with ex 
cess air through the outlet 5 so as to produce a 
high speed propelling jet. This is merely a brief 
description of the general operation of devices 
of this sort. They are characterized by the fact 
that the tips of the rotor blades must be main 
tained in close proximity to the inside of the 
casing so as to obtain maximum effect from the 
gases supplied to the turbine. Since these units 
operate at extremely high temperatures, there is 
a definite tendency on the part of the rotor blade 
to expand and to contact the inside of the casing. 
Inasmuch as the rotor operates at extremely 
high speed, it is obviously essential that this strik 
ing be prevented, and yet the blade tips not be 
ground away sufficiently to cut down upon the ef 
ficiency of the machine by providing too great 
clearance. 
In accordance With the present invention it is 

proposed to mount permanently in connection 
with each rotor one or more abrading elements 
capable of independent rotation, or capable of 
abrading by contact with the rotating rotor, so 
as to maintain the clearance at a proper value 
without attention on the part of the machine 
operator, or at least without dismantling the 
machine to perform the grinding or abrading 
operation. 

Referring again to Fig. 1, where one proposal 
is illustrated, there are disposed on the periphery 
of the casing 6, at the end adjacent the com 
pressor 3, abrading units 9, 20, and 2. As here 
shown, these units are spaced 120° apart in order 
to maintain symmetrical clearance throughout 
the peripheral extent of the rotor. Such an ar 
rangement would be desirable, for example, in 
a unit which assumes in use several different 
positions as in aircraft. Were the unit a station 
ary power plant, it is possible that a single abrad 
ing unit might be sufficient to maintain desired 
clearance, and in such a case it would probably 
be placed at the bottom of the Casing where the 
clearance reduction. Would be most pronounced 
due to bearing wear. As shown, each of these 
units comprises a casing bolted as at 22 (Fig. 3) 
to the periphery of the casing 6. In order to 
seal the connection between the abrading cham 
ber and the inside of the turbine, gasket means 
designated 23 may also be provided and may also 
serve as shins. Rotatively mounted within this 
casing and carried in Spaced bearings 24 is a 
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4. 
shaft 25 carrying a plurality of abrading wheels 
26 fixed thereon and projecting through openings 
27 in the periphery of casing 6. The shaft 25 is 
coupled to a driving means such as an electric 
motor 28, one motor being provided for each set 
of grinding wheels, that is, for each of units 9, 
20 and 2. In the illustration, therefore, a sepa 
rate driving means for the abrading wheels is in 
dicated, but it is obvious that they may be driven 
through suitable connection with the rotor Shaft 
or through a small turbine Within the casing 28 
and Supplied with propulsion fluid from the com 
bustion chamber 8. Inasmuch as the units may 
be identical, a description of one of them is be 
lieved to be sufficient. These abrading means 
may be driven whenever it is apparent that the 
rotor blades are striking the casing or the grind 
ing means may be run at predetermined inter 
vals in order to insure maintenance of proper 
clearance and Without waiting for it to reach a 
dangerous and undesired minimum. Further 
more the units may be employed to grind the 
rotor blade tips to proper clearance during as 
sembly of the machine. In this way it will not 
be necessary to reduce the rotor blades to the 
precision which would normally be required, but 
after a mere rough grinding they may be mounted 
in the casing and then ground down to proper 
clearance by the abrading means on the casing. 
As shown in Fig. 1, the turbine unit which is 

particularly vulnerable to the action of the high 
temperature gases, is provided with an abrading 
unit similar to that already described. This unit 
designated 29 includes a driving motor 30, coupled 
to a shaft 3 mounted in bearings 32 and which 
shaft carries abrading wheels 34. As indicated, 
there is a set of three abrading wheels, as in Fig. 
2, disposed at 120° intervals around the periphery 
of the turbine, and one set of wheels is provided 

3 for each set of rotor blades as indicated. The 
driving means 30 may be similar to that described 
in connection with 28 and it may be an electric 
notor, a small turbine, or other means driven 
from the rotor shaft of the unit. 

Referring now especially to Fig. 3, it will be 
Seen that the abrading wheel 26 may be so dis 
posed as to provide a proper clearance between 
the tips of blades R, and the casing. Whenever 
there is an indication that the clearance is too 
Small or that there is no clearance, the abrading 
device may be run for a short period sufficient 
to restore the clearance to its proper value. In 
aSmuch as wearing away of the abrading wheel 
26 Will change its position, it will in practice be 
advisable to provide some means for adjusting 
the position of shaft 25 to compensate for this 
Wearing of the abrading wheel, and the provi 
Sion of Such means is contemplated by this in 
vention. For example, the sealing shims 23 may 
perform this function. 
While it has been indicated above that a ro 

tating abrading means is used, it is contemplated 
within the scope of the present invention to pro 
vide fixed means carried by the casing for main 
taining proper clearance. One form which may 
be adopted is that shown in Fig. 4 where the 
opening 36 in the casing S is adapted to receive 
a block of abrading material 37 held in a suitable 
carrier 38 bolted over the opening in the casing 
by means 39. There again the casing may be 
sealed against the escape of gas by the provi 
Sion of Sealing shim 40. It will be understood 
that in the practice of the invention using the 
device of Fig. 4, the inside face 4f of the abrading 
material will be so disposed as to provide proper 
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blade clearance between the casing and the tip 
of a blade, for example, 42. Then as the rotor 
rotates this clearance will be automatically main 
tained without attention on the part of the op 
erator. When the abrading material 3 becomes 
worn away, a new block may be substituted. It 
is obvious also that while Fig. 4 shows but a 
single one of these abrading blocks, a plurality 
of them may be provided disposed at 120° inter 
vals as shown in Fig. 2, or a greater number than 
three may be provided if this is necessary. 

Fig. 5 is a view similar to that of Fig. 4 showing 
a further modification in which the abrading 
means takes the form of a hardened metal cutting 
blade 83 carried by a plate 44 bolted over the 
opening 45 in the casing and held by bolts 46. 
Any desired number of these means may be pro 
vided and they may be positioned to maintain 
proper clearance. The operation of the arrange 
ment shown in Fig. 5 is similar to that already 
described in that it performs its function auto 
matically without attention on the part of the 
operator and without manipulation of any outside 
driving means. 

It is to be understood that in practicing this 
invention it is not necessary that the turbine unit 
be of the gas type or that the particular abrading 
means disclosed be employed as the device is of 
general utility and may be applied to the grind 
ing away of rotor tips in any turbine where it 
would be useful, and by any Suitable abrading 
means permanently carried by the casing. 
Having thus described my invention, what is 

claimed is: 
1. In combination a turbine having a casing, 

a rotor mounted in said casing, blades on said 
rotor, and at least one abrading unit disposed 
on the outside of Said casing and extending 
through an opening in Said casing for abrading 
the peripheral Surfaces of said blades when they 
become deformed Sufficiently to strike the interior 
of Said Casing. 

2. In combination a turbine having a casing, 
a rotor mounted in said casing, blades on said 
rotor, and a plurality of removable abrading units 
disposed on the outside of said casing at periph 
erally displaced points, said units being accessible 
from the outside of said casing and extending 
through openings in said Casing for abrading 
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the peripheral surfaces of the blades when the 
strike the interior of said casing. 

3. In combination a turbine having a Casing, a 
runner rotatably mounted in Said casing and hav 
ing blades theireon, and rotatable abrading means 
mounted on the outside of Said Casing and ex 
tending through said casing for engaging and 
abrading the peripheral Surfaces of Said blades 
when they become deformed sufficiently to engage 
the interior of said casing. 

4. In combination a turbine having a casing, a 
runner rotatably mounted in said casing and hav 
ing bladies thereon, rotatable abrading means 
mounted on the outside of Said Casing and ex 
tending through Said casing for engaging and 
abrading the peripheral surfaces of said blades 
when they become deformed sufficiently to en 
gage the interior of said casing, and a motor for 
driving Said abrading means. 

5. In combination a turbine having a casing, a 
runner rotatably mounted in Said casing and 
having blades thereon, a plurality of rotatable 
abrading wheels mounted at spaced points around 
the periphery of said casing and extending there 
hrough, and motor means for driving said abrad 
ing lineans to abrade the peripheral Surfaces of 
Said blades when the runner becomes deformed 
sufficiently to strike the interior of said casing. 

CHARLES H. ZIMMERMAN. 
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