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ABSTRACY OF THE B3¢ OSURE

This invention is directed to pething apparatus, par-
ticularly adapted for peening turbine blades. Provisions
are made for peening the blade structure inftially with
iis edges covered and for peening the blade structure
with the protective covering removed prior to finalization
of tiiz peening operation. The protective component is
usually in the form of a pliable material.

This invention relates (0 peening apparatus and pro-
tective arrangements used therewith,

A protective or shrouding arrangement is particular-
ly important when the peened arlicle is constituted by
a set of turbine blades. Provis'... are mede by this in~
vention for protecting particularly the leading and trail-
ing edpes of the blades from intenss pezning action dovr-
ing a substanital portion of the peening operation which
the blades, as a whole, undergo in treatment prior to
finishing.

As an [lustration of the invention, consideration will
be given to turbine constructions wherein, particularly
on the siator elemeats, a substantial number of blades ex-
tend between an outer rim and an inner ring, between
which they are held in secured pcsition. To provide
strength for the blade and to improve the blade contour
particularly, it is usually dezirable to direct pezning com-
ponents against and over the blade face from each side.
The peening components may be included in a slurry
directed trom a peening nozzie (usually of the so-called
“duck bill* vaniety) i~to which the slurry is fed in one
portion and into another portion of which fluid, such as
air under pressure above atmosphere, is fed to force the
slurr- outwardly toward the blade structure itself. In
other forms, the hlades are peened by directing hardened
shot elements also by fluid jets against the bludes. The
peening tends to toughen the outer surface of the blade
stracture and, in addition and to at least a minor extent,
10 aid in shaping the blads structure to precisely that
desired.

In one form of t.e peening apparatus, as shown par-
ticularly in comparion application of Harold W. Bur-
ney, Walter }. Bissinger and Ravmond W, Lozier and cn-
titled “Blade Peening Apparaius” Ser. No. 708,442,
filed Feb. 26, 1968 there has been illustrated a cabinet
within which one form of a blade pe¢ning operation
occurs. This par:icular invention is directed primarily
to th: actual kiade mounting within the structure of the
outer support frame and an inner ring for securing the
blade structure as it is subjcted to the peening compo-
nents.

In the concurrently filed patent application above re-
ferred 10, the turbine stator elerent is positioned upon
a shaft extending through a panel member. The panel
member, which at times is termed an “indexing door,” is
capable of being rotated through an angle of 360°, with
rotation then being capable of beinog stopped at any inter-
mediate angle and then repeated. ‘The operation usually
occurs by supporting the component to be peened upon
the shaft on one side of the panel or door and then
turning the pane! or door through an angle of 180" 50
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that the panel itself forms a closure ciement or door
the cabinet within which the peening operation is
take place, One side of the panel is thus left free
access and work handling so that previously peened
ticles can be removed and articles to be peencd in
future can replace them. Numerous peening jets
nozzles are positioned within the cabinet which is closed
by one or the other side of this panel The jets are
arranged so that the released peemng' components are
dire ‘ted against the supporte: work within the cabinet
frora at least two sides. For rapidity of operation, multiple
jets are usually used with the peening operation at any
moment covering a selected portion of the total sur-
face area of the article which s to be treated, The peen-
ing nozzles or jets make a sclected number of traversals
of a portion of the work-piece to be peened after which,
as explained in the mentioned copending application, the
work position is changed tc bring & new section into the
range of the peening jots. In many instances the work
held on the door ot panel is rotated continnously at a
relatively stow rate so that the entiie operation continnes
until the compicte set of blades is pecned. The pane]l or
door is generally locked closed in the latter condition and
then, after the nozele jot assembly has made a pre-selected
number of reciprocations {gavged by the iotational rate
of the work) an indexing mechanism releases the door
or pane! for turning, It is at this time that a finished work-
piece can be removed and another work-piece (previous-
ly mounted on the opposite side of the door) can be
moved to a peening position.

The components 10 be peened which are held upon the
support spindie or shaft extending through the panel
are usually removably fastened to this shaft on an appro-
priate arbor so as to be suspended in cantilever fashion
at a selected distance from the panel face. While not the
subject of this invention, the foregoing description of the
pec..ag jets reciprocated relative to the work and the
replacement of new work after a selected number of rel-
ative movements of the jet to the v.ork component treat-
ed will be helpful to 2 full undsrsirading, although dealt
with in the mentioned companion application,

It has been found convenient, particularly in connec-
tion with the peening of blades for turbines, such as the
blades of a turbine constituing portions of the jet engine
strucrure for an aircraft, to treat each blade with a peen-
ing operation wherein the peening slurry is first directed
against the blade surface at a relatively high velocity.
This peening slurry comprises usually a selected concen-
tration of water and small but hard snd generally uni-
form size ob;ccts Most frequcntly. the objects which per-
form the peening Opcranon are in the form of glass
beads or balls of minute size. In most instances, these
beads ars of a size range from approximately a dmn-
eter of 0.001" to one ¢f about 0.033”,

Tt is possible also (o use as the peening element other
comporents such as steel balls or tungsten carbide balls
or other hard objects, but in blade treatment work these
ustally are not preferred. Whatever oblecls are used,
the peening elements should be such tha: there is mini-
mum breakage and shape change, as by chipping, so that
a maximum amount of work is done rer urit time period.

Glass beads or balls of the size suggested can be ac-
quired very cheaply. They are almost usually of prac-
tically uniform size and because of smali diameter come
ronent selected they are usuvally regarded as preferable
for the chosen operation. Any peening operation effective
on even hardened steel blades, such as fungsten steel,
has a general cutting or erosion effect.

Thus, a blade structure, which tends to be thinner at its
leading and trailing edge than in its center, would be
peened to an extremely sharp edge if permitied to be
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subjected to the pecning operation throughout the entire
timz period of treaiment of the remainder of the blade.
To avoia bis effect, this invention makes provision for
masking or protecting the leading and trailing edges of
the blades for & portion of the time whiie the peening
operaiion is proceeding at one rate and at onec selected
peening velocity. Following the selected period of peening,
the invention makes provision for rapidly removing the
blade protective medium or shroud components from the
trailing «nd leading edges of the blade so that the entire
blade structure may then be peened, usuaily at a lower
velocity of the impacting jet of peening slurry or dry
elements,

The piztec: 've component when so positioned length-
wise of the ttwue and along its leading and trailing edge
is such titat it generaily has the effect of shadowirg the
blads structure proper and thus, in this way, also pre-
cluding 2oy peening action. The protective component
is usvally in the nature of some form of tough, yet flexi-
ble, thermoplastic resinous material which has substantial
strength and yet is softer than the blade structure itself
so0 that the impacting peening componerts tend to lose
their hardness and are even reffected from this protective
covering, whercas if impacting the hardened surface of
the biade itself, all of the energy of the impacting jet
maust be absorbed immediateiy by the blade structure
itself as contrasted to that absorption which is provided
by the more or less resilisnt protective component. To
this end, various forms of structures for protecting the
edges of the blades are described and provided by this
invention. . .

In one farm, metal rods having a bonded covering of
a plastic are positioned in the path of the stream from
the peening jets to the blades in such a way that direct
impact on the blade edges of any ejected components
from the peening nozzles is precluded. In other forms,
the protective components are in the form of a plastic
rod which generally wiil seem hard io the human touch
but, as compared to the hardness of the blade o be
treated, actually is soft and pliable. Such componsnts
oft=n have a longitudinal notch into which the leading
or wrailing edge of the blades to be peened are positioned
for a portion of the operating time. In still other forms,
the proteclive component is in the form of a rather henvy
plastic tube having a slot cit therein for positioning over
either or both the leading and trailing edges of the biades.
Various other forms of structures ma_ be provided within
the teachings of this invention.

The important feature is that the protective compo-
nents shall be capable cf heing positinned in a protective
shrouding fashion relative to the blades to be treated and
removed fro.n the protective position almost instantane-
ously by z quick release component secured to a part of
the arbor on which the blade structure as a whole is sup-
ported for the controlling operation. The remcval may
taie place following oue portion of the peening opera-
tion where all peening is maintained generally at the same
velocity, and at approximately or th: same concentration
of peening components. Tlica, after the component has
been pesned, it may be replaced and the peening opera-
tion restarted with the components removed or, in the
alternative, the protective componeats may be removed
by an opening of the panel door and & guick releass of
the protective elements prior to finishing the peening
operation at the lower velodity.

Matters of this latter type are purely arbitrary and
selective and per se do not constitule any significant por-
tion of this invention. The invention, as herein 10 be de-
scribed, has as one of its main objects that of providing
protective components for shielding the front and rear
rdges of turbine blades doring a portior of a peening
operation when the main blade siructure is to be treated,
and then to have this protective structure capable of being
rapidly removed at a later time so that the entire blade
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structure may be treated to form the finished component. 75
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Other objects of the invention are those of providing
a structure which is easy to install and in which the wear
feature is good and which is readily ard easily arranged
for positioning with respect to turbine blade components.

Still other objects and advantages will naturslly sog-
gest tiremselves from a cousideration of the following de-
scription and claims in connection with the sccompany-
ing drawings wherein

FIG. 1 is generally an environmental view to show an
arrangement of a turbine stator element positioned for
peening and held upon a panel structure which is adapted
to form 2 closure element of a cabinet within which peen-
ing occurs. The figure shows, looking from Ieft to right,
the blade-holding stator element as it would be positioned
interiorly of the cabinet with a portion of eitber a fin-
ished article or a new article to be peened shown to the
right side of the panel;

FIG. 2 is a schematic cross-section of a tuibine blade
with ihe portions with the spaces (2) and (b) being the
regions on which proteciion is desired during the initial
peening operation;

FIG. 3 is another cross-section of a blade following
the removal of the protective arrangement showing the
erosion of the thicker Jeading edge of the turbine blade
and shcwing, particularly, the thinning cflect and the
tenddency to curve very slightly the trailing edye; each of
FIGS. 2 and 3 is greatly magnified (o illustrate principle
rather than to be r:garded as iilustrative of the specific
relationship, nor yet even specific blade contour or
thickness;

FIGS. 4, 5 and 6 are intended to show sections through
masking or shrouding components for protecting or shad-
owing either or both the froni and back blade edges from
the path of the jet stream during at least a part of the
peening operation. In these figures, FIG. 4 represents
schematically a section through a relatively long metallic
rod with a plastic coating adapted to be positiored adja-
cent to one of the blade edges; FIG. § is an illustration
of a section through a form of plastic rod m=mber
notclked to permit a blade edze to be fitted within the
notch for protective purposcs during at Icast a part of the
peening operition; and FI1G. 6 is a section through a
tubular shield means having an elongated slot within
which a blade edge similarly may be fiited;

FIG. 7 is a sectional view taken approximaiely alorg

3 the section 7—7 of FIG. 1 looking in the direction of the

arrows for showing a blade support member carried upon
a sapporting shaft and arbor and arranged for peening
action as dspicted by FIG. 1;

FIG, 8 is a section showing scveral blades protected
at their edges by the protective or shrouding structuie,
such as those of FIG. 4 through FIG, 6, during at Jeast
the initial peening operation, the scetion being taken
along the line 8—8 of FIG. 7 looking gencraliy in the
direction of the arrows;

FIG. 9 is a general plan view of a part of the tooling
used particulaily in the proiection of the edpes of Targe
blade elements during the initial peening operation, waich
blade clements are shown :more particularly by FIG. 13,

with the tooling adapted 1o be h=ld adjacent to an arbor,

asin FIG. 13;

FIG. 10 is an enlarged view of a portion or section of
the tnoling structure for supporting the blade protective
elements along the blade edge during at least the initial
stages of the peening operation with tkc blade positioned
adjacent to the tooling;

FIG. 11 is a view somewhat similar to FIG. 7 with the
protective or shadowing shields cr shrouding members re-
moved from the arbor structure to permit edge peening
of the blades suppoted from the inner ring and tbe shaft
and arbor as shown by FIG. 1;

FIG. 12 is a section taken along the line 12—12 of
FIG. 11 looking in the Jirection of the arrows to show
three of the finished blades after having had their edges
subjecied to peening, these blades forming & part of a
stator ¢lement;
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FIG. 13 is a view in some respects similar to F1G. 7
but intended to show & substaniirlly jarger size supparied
blade and a mudified tooling structure for protecting the
edges of the llades during at least the inilial peening
oneration and illustrating particularly the quick rciczse
mechanism for holding the blade protective elements at
their inner and outer ends; and

FIG. 14 is a sectiopal view taken substantially along
the path 14—14 of FIG. 13 looking in the direction of
the arrows to show scveral large blade elements in their
initial positioning for peening under & high velocity peen-
ing jet.

If reference is made to the accor.ponying drawings, the
operation may be assumed illushiztively to depict the
peening of turbine blade elements held between an outer
1im and an inner ring sad coilectively represented by
the numeral 11. The blade elernems at the time peening
occurs are held and supported outwaidly of a panel door
strecture 12 on a supporting shafi and arbor, as shewn
in the companion concurrently filed applicalion above
mentioned. Peening jets, herein schematically represented
at 13 and 14, providz & muitiplicity of jets projecting
relative to one facc of the panel 1. The jets are carried
upon a reciprocaticey festle (not thown) 1o be recipro-
cated back and forih across the blade serface while the
work is being rotated at either a constani speed or in 2
stepped fashion. In practice, the jets are usually carrizd
at the ends of nozzle sticks (not shown) which are
secured 1o the reciprocating trestle so that each side of
the blade element cen be peened. In FIG. 7, the relative
movement provided at peening nozzles 13 an?! 14 whea
within the deld of the turbine blade elements 12 which
are to be peencd is shown by the jets or nozzles 13° and
14* denicted in dntted ontiine, as well as by the doulle
ended arrows to indicate jet reciprocation rclative to
the supporied blade elements.

in this showing, it may be assumed, illustratively, taat
the peening jet elements 13 are arranged to peen the rear
or under side of the supnorted blades, while the jet ele-
ments 14 can be assnmed as atranged to peen the iront
or near side of the biate elements. A supply of peening
material, such as a slurry formed of a combination of
some cuitable liquid, such as water, and some peening
element, such as generally minute size glass beads or balls
of the type already described, is adapted to be diracted
into the peening nozzies from a suitable source (not
shown) under a suitable pressure 2t each inlet por: 15,
Some suitable fuid, such uc air under pressure. is adapted
to be injected into each of the peening nozzles 13 or 14,
s the case may be, through 2n inlet port 16, This fluid is
supplied under pressure-control means from a snilable
supply source (neither cf which is shown}). The injected
finid forces the poening slarry {(or in the event that a
slurTy is not nsed it forces minule size steel or wungsten
carbide ot equivalent balls of very small size) ouwiwardly
from the jet nozzle hczeby to impant any component ia
the ¢jection peth from the forward edge of each nozzie.
1a this instapce, each turbine blade is held between an
outer rim 20 asd_s~ inner ring 24. In this position. tie
inner blade surface 2o may be considered as facing tovward
the panel door surface 12 and the blace outer surface 27
js (hen facing away f.om the panel ¢oor and would e
faced in the direction of an observer looking at FIG. 1,
as depicted. One blade edge is adapted 1o be mounted
jnwardly toward the -ing 24, as schematiceily represented
at 28, whereas the other blade cdge which is shown at
29 can be lucated by the inner ring member 24.

1f reference is made now to FIGS. 2 and 3, cne portion
of the edge 28 of the blade is shown az the region a
while the region between the opposite blade cdge 25 of
the blede surface proper is shown wiihin the region b.
1t is these parts of the blade which are usually protecied
during the initial stages of the peening operation. As
already suggested, this is lo prevent the thinner sections
of the blade from being subjected to the generally high
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velocity peening operations which woukd have the effect
of wearing away of eroding these thinner outer edges
and bringing them down 1o a status more nearly approach-
ing a knife edge. This would necessari'y reduce the
strength of the blade at ils edges and would noi be of
any substantial help in comrection 'with the operation
of the device as a whole when finally asscmbled.
Mention bas been made herctofore that the biades are
held beiween an cuter rim 23 and an inner ring, such as
shown schematically at 24. During the peening operation,
the entire assembly is carried outwardly from the panel
on an arbor 35 which is shown in more detail in the
sectional views of FIGS. 7, 11 and 13. The arbor 35
usually comprises an elongated tubular hub member 36
aad associated components. The arbor s supported from

the support shaft 37 which extends through the panel -

12 and terminates gene~rally at approximately the outer
edge of the rim in which (he blade is located and sup-
poited. The arbor is secired to the support shaft 37 in
any desired fashion, such as that schematically jllustrated
by the set zcrews 38, to turn with it. The arbor itself
supports & quick-release mechanism 39, which will later be
described in more detail.

Generally speaking, the arbor 35 has its tubular hub
provided with an upstarding guide and support portion
66 on is inner side and a circular end member 47, The
circular end member 47 carries a quick-release mechanism
39. The quick-release mechanjsm supports and positions
the shialding or shadowing members, generally designated
as 40, relative to the direciion from which the jet mem-
bers can eject the slurry toward ike blade so that the
projecied jet liquid with the swa!l glass beads or balls
(or any other form of peening component) is directed
against the blade.

I the showing of FIG. 4, this shielding or shadowing
member is depicted generally as a shroud against which
the edge of the blade 25 abuts. The shroud is therc formed
frem a metalic tube or rod 41 having a zenerally thermo-
plastic resinous or a rubberized coating firmly secured
and fastened to its outer edge. This covering 42 is adapicd
to extend the Jength of the rod 41 and, as depicted by
FIG. 4, provides a shadowing element wherety the ovt-
put from the peening jet 14 in neither of iis cxireme
positions, or in any position there-between, czn strike
the outer edge of the blade. Schematically represtnt:d,
the path of the peening raterial ejected from the nozde
14 in either its uppermost or lowermost position is indi-
cated by the dash-dot directional paths 53 nnd 54 re-
spectively.

In the modified arrangement of FIG. 5, the shiclding,
shrouding or shadowing member is formed as a rod of
generally thermoplastic material whick tu the touch feels
rather hard and rigid. However, as compared to the
hardness of the blade against which the peening com-
ponents are o be cjected the rod 43 is soft and ab-
sorbs substantially afl of the energy o the peening com-

ponent. After impact on the rod 43, the peening compo--

nent is permitted to return to some form of return sump
{not shown but iilustrated in the application alrcady men-
tioned) in which agitation occurs and from which it may
be recirculated by a pumping force.

Tn order that the blac. in ¢ither its ianer or oufer
edg:s may he maore firmly positioned relative to the rod
element 43, it is wsually desirabie to form at the side
thereof which .is to be adjacent to the blade some form
of notch element, such as shown at 44. As shown by
FIG. 5, the blade fits into such notch, The notch can be
of various shapes such as a portion of a circie or it can
be generzily U-shaped as shown by FIG. 5 or any vari-
ation thereof.

In the maodification of FIG. 6, the shiclding or shadow-
ing component to prulect the blade edge from the initial
peening action is represented as a plastic or rubberized
tubvlar element which may have a slot or the equivalent
formed in one edge thereof through which the edge of
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. the blade may be positioned. As shown by FIGS. 2 and
3, it is the portions @ and b of the blade whick are to
be proiected initially, bui eventually and in the finishing
operation of the peening, the shielding or shrouding tool-
lug component is removed in the manner to be later ex-
plained. Thun, if the peening operation is continued, it
occurs generally at a lower peening velocity. The signifi-
cant thing is that the component which is placed adjacent
o the edge of the blade should be some form of struc-
ture which is not readily penetrated by the peening com-
ponents. Such structures are those which are softer than
the component to be peened, and, as above mentioned,
structores which abscrb the energy from the peening jet
and then after the peening components have struck it have
sufficient resilience or elasticity generally to return to their
initial shape and at the same time peimit the peening efe-
mcnts to return to a supply source or sump for re ircula-
tion.

If reference is now made to FIG. 7, the front or outer
jet 14 zenerally ejects its peening components over the
path 53, The inner jet or jets 13 ejects its peening com-
ponents over the path 54. Ia cither event, the shiclsing
or shrouding elements 43 are placed and held along the
inner and outer edges of the blade by the suitable form of
guiding and arbor structurs already n-entioned. The blade
generally desicnated as 25 extends through the inner edse
55 of the rim 23 and particularly through vatious slots
86 which are accurately formed within the xim. The slots
are cut or otherwise formed 2 as to have the correct
slope or angle with respect to a normsl hlade edge ss it is
held gererally radially 1o the suppuritng shaft 37. The
outer edge of the blade is therr suivably §istened into the
rim in ary desired fashion, sucl, as by wel ling or upsstting
the outer edge to an extent sufiicient to oreclude its re-
moval.

The intevnal edge 55 of the rim extends cutwardly from
one side of the blade and, with the inner edpe §7, forms
the complete r'm component. 3t will be noted that for

- ease of mounting the blade and sacurirg it through the
slot 56 between the inner and outer edges of the rim 58,
§7 that the inner edge i3 usnally formed in a generally

~ L-shaped pattern, thereby to permit the slot to be formed
cquidistant from the cenier of the ring irresy :ctive of the
slope o- angle at which it may be cut into these elements.

The inner edge of the blade is preferably held in a
secondary ring 58. An anrolar rirg 59 has suitable open-
ings 59° thereir through which the shadowing or protect-
ing elements are inserted thereby to protect thic blade
edges when the tooling elements are used as biade sup-
ports.

The secondary ring 58 is preferably held to the ipner
ring 24 by a suitable bevel structure 60 attaching to the
inner ring 24 by way of a clamping or welding fit 61 which
carries & s=cond internal ring member 62 thot is fitted
adjacent to thc secondary ring 58 and provides the sup-
port therefor relativ: to the ring 24. The beveled atiach-
ing section 60 is also then preferably welded to the inner
ring 24 or otherwise suitaply fastened theieto to make a
tight fitting structure.

The arbor element 35 has its upstanding ~dee 66 forms=d
as 2 generally L-shapad member with the lower portion
87 forming a support for both of the ring members 68 and
€% which are adapted to Le positioned on either side of
the blad: holding rim and ring. The lower portion 67
of ithe L-shaped member also has its outer diameter of
si°'cii size that it may support an insulating disk 76 hav-
irg an internal circular opesning 78 coirespcnding to the
outer diameter of the L-section 67 and an outer edge 79
which exactly corresponds to that of the inner edge cf
the ring 24. Yo this way, the blade ho’ding outer rim and
inner ring may be positioned upon the arbor and sup-
ported fro'n the shaft 37 through the arbor, the L-shaped
member 66 and its base 67 and the insalating disk 70. The
blades. when supported as already described, will then be

masked or at least partly shrouded by the protective or 7t
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shadowing elemenis 43 which can then be held
the inner and outer edges of the tlades when the
components are positioned on the arbor. Then, at
for the first portion of the peening operation, the
ing components ejected from the nozzles 13 and 14 sh
stiike only the portion of the blades 25 betwoem the
ner boundaries f the sections a 2nd b.

It will be considersd that the insulating disk and the
L-shaped member 67 are adapted to have a metalic disk
element 80 secured thereto by a fastening element. wnch
as the pin aad bolt 81. The metallic disk member 80 has
its inner opening of a diameter corresponding io the
outer diameter of the L-section 67 so as to rest there-
upon. Its outer dizmeter is greater than that of the insy-
1 ting disk 70 but, as will be noted from FIG. 7, thi
outer edge extends beyond the periphery of eachh of the
inner ring 24 and the outer edge 79 of the disk 70. To-
ward the outer edge of the metallic disk 80, an L-shaped
braciet 82 is held by a bolt or other snitablz fastener 83
to extend inwardly generally toward the openings 39 in
the ring 58. The outer surface of the metallic disk 80 is
coated preferably with some form of moderately soft
thermo-plastic or rubberized material which adheres
thereto or which can be fastened thereto by some suitable
form of adhesive (not shown} so that any peening com-
poneat which may he directed from the jet elements 13
down toward the direction of the L-shaped element 82
will be precluded from striking the L-shaped clements
which serve as a holding means for the shadowing or
nrotective componenis 43 whick extend betwean the outer
edge of the biade 25 and into the fastening apertures or
openings 59 of the ring §8.

In the form in which FIG. 7 has bteen illustrated, it has
becn assumed illustratively that the fastening element shall
ive of the type shown by F1G. 4 with 1he metal rod central
portion 41 extending into the openings §9 and serving
as u fastening means adapied to be clamped up against
the L-shaped member 82 with the protective coverirg 42
abcut the rod interposed between this element and tha
path of the jet sream from he nozzle 13 in any of its posi-
tions. In this form of structure, the L-shaped member
82 presses the rod which i; held in the openings 59 tightly
in such a way that the rod is support:d only from its in-
ner edge and extends ouiwardly frors the ring 24 to a
portion adjacent o the edpe of the rim 57 but for a
distance sufficient to cover the completc edge of the blade
structure,

The other edge of the blade is also covered or shielded
from the action of the jet 14 by a similar element in the
form of the metal rod 41 aad it i held by a similar L-
shaped fastener 84 which is secured 1o the ring member 68
in any suitable fashion as by the fastzning bolt 85, The
outer surface of the ring member 68, like that of the sur-
face #9, is covered for at least that portion which is in
the possible range of ejected material from the nozzle or
jet 14 with a resilient covering 91 that may be fastened
or secured thereto. In each of the showings of FIG. 7, the
coverings 81 and 91 are generally exaggerated in thickness
for purposes of illustration although thsse coverings may
be of any type of plastic or soft material adapted to be
fastened ov secured to the ring member thereby to pre-
clude any peening operation occurring on either of the
Tiegs 68 or 69.

As was above mentioned, the interior diameter of the
ring 68 corresponds preciscl (o the outer diameter of the
L-shaped secticn 67 of the erbor. At the outer edge of the
arbor, a suitabls bracket 92 is fastened in any Jesired
manner and frn it the quickwclease element 39 is suit-
ably pivoted. :

The quick-Te'case elerient 39 comprises a kever 93
which has an cdjustable pin 94 terminating in a fasten-
g cup 95 that is adapted to rest against the ring mem-
ber 68. When the lcver 93 is furned in a clockwise direc-

?agigg

- tion about its Livct poirt §6 on the bracket 92 by virtue

of the actuating kver 97 against the pin 98, it can be seen
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in 94 and the fastening cup 95 presses againsi
and thereby forces the ring 68 against the
ring 24. ’l'hwactwn.mmm,pnssestheb
member 84 against the protecting rod extending
through the opening 59. This, then, causes 2 similar
action in the opposite side through the insulating disk
70 and the ring 69 thereby 10 hold these elements in the
desired position. Whenever it is desi;ed to release the
components following any desir~d period of peening ac-
tion thiough the jets 13 and 14, the lever 97 is turped
ic a counter-clockwise direction about it¢ p vot point 99
and immediately the pin 94 and its holding cup is released
from tke ring 68. This then permits the ring to be
manualiy remuved from the edge of the 1ing 24.

Similarly, by reason of the relezse of pressure, the ring
9 is removed from the opposite edge of the ring 24 with
the insulating member 70 withdrawr. therefrom, As soon
as this release occurs, it is of cours: apparent thac the
protective or shadowing members 41 and 42 and the
rods 41 which extend into the openings 59 in the ring
58 may be withdrawn and the blade then held and posi-
tioned adjacent to the rim 58 and fastepcd at its outer
cdge 56. At thiz tin:e, if it is desired 10 continue the
peening operation, the peening material ejected from the
jets 13 and 14 are adapted to strike the full surface of
the blade and cover not only that blade section between
the regions ¢ and b but also 1o cover the regions a and 3
as well. With the arber keyed to the shaft 37, it is apparem
that any rotation of ihe shaft 37 will carry with it the
complete arbor and all of the guick-relezse support ele-
ments for holding the blades in a_protected position rela-
tive to the jet and supporting them with respect o the
internal ring as they are supported from their outer edge
at 56.

Referring particularly now to FIGS. 9 and 10, the pro-
tective rods 43 extending outwardly from the peripheral
edge of the angular ring 59 are shown generally in plan.
The protective rods 43 extend outwardly from the in-
sulating disk member 70. The insulating disk member, as
shown, is arranged for support npon the lower part 67
of the L-skaped portion of the arbor 35 (see FIG. 7)
and thus vonstitutes a part of the tooling for the opera-
tion.

In FIG. 10, these protective rods 43 are shown slightly
in enlarged scale and, as designated at 43’, certain of
the rods are broken off to show their relationship relative
to the blade members 25 against which they abut. The

blade members 25 in FIG. 10 are shown as extending

through the slots or apertures 56 in the rim member 23.
The blades, as they extend through the slots §6, then are
preferably upset or hammered over their edges o hold
them in the indicated positions, At their inner edge, these
blades rest against and are held by the secordary ring
58 to which they are positioned as indicated more par-
ticularly by FIG. 7.

In the form shown, the insulating disk 70, like the disk
68, is fitted over the L-shaped end $7 of the arbor 35.
When so positioned the insulating disk 70 holds all of
the components in the desired relationship one with re-
spect to the cther and with respect to the jets 13 and 14
from which the peening material is ejected. At times,
when it is desirable to peen the inner and outer edges
of the blades 26, the ring members 68 and 69 may be
removed, in which event it is often desirable that the
fasiening element 81 be loosenzd so that the insulating
disk 70 may rem=in positioned upon the 'ower portion
&7 of the L-shaped portion of the arbor 35 and thereby
hold the outer edge 79 of the ring 24 in o:der that the
blades and the outer ring may be posit.oned for rotation
and peening action.

During the course of the peening action, as indicated
by FIG. £, when the assembly is in the arracgement shown
in FIG. 7, the inner and outer edges of the blades are
piotected by the members 43. At times, when the guick-
release mechanisia 97 is operated and the insulating ele-
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ments and, with them, the ring 59 is removed
blude, the blade edges are frecly within the range
peening nozzle components 13 and 14 directed
any of the jet elements.,

This construction is shown more particularly by
11 where the same quick-reiesse mechanism may
wtitized, If desired, the insulating disk 7¢ may be
placed by & simitar insulating disk 108 and the disk
replaced by a disk 109, wilh the ring element 24
upon & shoulder 110 of the disk 108 and the di
being adapted to be brought against the edge of
24 by the action cf the quick-release clement 39,
quick-release clement is of the same form already -
plained particularly with respect to FIG. 7 and wi
be further discussed except to point out that in the ar-

gEY E‘
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the disk 109 and its position will be established si'milarly
by movement of the handle element 97 which is carried
and pivoted about the point 99 on the bracket 92 attached
to the arbor structure. The components aiready described
are present and when the peening of the edges is achieved,
the general appearance of the stiucture will be s sche-
matically represenied by the sectional view of FIG. 12
showing a few of the completed blade elements 25 after
the upper and lower sides 26 and 27, respectively, have
been exposed to the action of the jets 13 and 14. Other-
wise, except for the absence of the shielling means, the
general manner of supporting the rings from the arbor
is relativaly similar to that of FIG. 7.

FIG. 13 shows, again, a generally similar structure with
the quick-release member identical 10 that disgrammed
jn FIGS, 7 and 11. Becsuse of the fact that the FIG. 13
structure deals with longer blade elements 25, the pro-
tective rods or components 43 are arranged to extend
within and to be wedged between apertures in the ring
members 58’ and the disk edge 111 or 112 as the case
mzy be, In this instance, the protective clement is o be of
the form depicted by FIG. 5. Othervise the overall ar-
rangement corresponds to that shown in section in FIG.
14, The protective or shrouding rods extend through the
aperiures in the elemenis 11i and 112 which, in turn, are
protected by an outer coating of soft resinous or rub-
berized material 113 or 114 secured to the outer surface
of the elements 11§ and 152, The inner ring member 61°,
which supports the blades as a whole, is carried upon
an insulating member 115 vhich i5 in the form of an
angular ring which has an inlernal opening correspond-
ing to that of the outer periphery of the lower part 67
of the L-shapsd member 66, Thas: members are assembled
in any desired fashion and held upon the arbor during
the peening operation.

At the time the peening operation is completed, the
angular insulating member 115 is reteased concurrently
with the release of the quick-release mechanism 39 and
then by a release of the set screws 38 which fasten the
hub 36 of the arbor to the shaft 37, the stator element
and its rims with the blades. At the time the elongated
shielding members 43 are held in position as indicated
by FIG. 13, the end of the blade 25 protrudes through
the slot 56 (as cxplained in connection with FIG. 7).
Similarly, the inner edge of ihe blade is rested against
the secondary ring 58 ard is similarly fasfened. The rim
is provided with an inner edge 57 also similar to FIG, 7
and an outer edge 55. When the outer ends 127 of the
protective shrouds 43 are elongated as shown bv FIG. 13
and the section 14, it is dssirable that coms provision be
made whereby they shall be held free from vibration,
To this end, it is vsvally desirable to provide a pair of
bracket elements such as the L-shaped brackets 128 and
129 at either side of the protective elements 43, The L-
shared brackets have flattened plate members 130 and
131 attached thereio which extend from the L-shaped
brackets inwardly to a position where they abut the outer
end of the elements 43. These brackets are positioned
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from either side of the rim and just ;«ternally of the rim
and then are held tightly in position by means of a spring
member or the equivaient 132, the ends of which are
shown at 133 and 134 which extend through sma't open-
ings in the L-shaped bracket, At the lime it is desired to
releasc the shrouds frcm the edges of the blades 28,
whether the edpes be the front or the 1ear or both, one
end of the spring as at 133 is rcleased and this, in turn,
releases the force exerted on the opposite end so that
the brackets 128 and 129, together with the flattened
circular sections 130 and 131 may be freed from contact
with the outer edge of the protective elements. With this
being done, it is apparent that the compleie assembly
may be readily separated. The shiclding members form a
part of the prolective elements and, iherefore, are as-
sembled initially adjacent to the disk and blade edges. At
the time the pecning of the blade is complete, except for
the edge peening, the quick-release mechanism is un-
latched thereby to release the disk section 111. Similarly,
at this time, the set screws 38 on the arbor mecha sm
can be released and by sliding the arbor slightly to the
right in the position shown or by refaining the arkor in
its position and opening the quick-releasz mechanism, the
blade section in its support upon the outer and inner rims
can be moved to the left and lifted off the support shaft
and the retaining position thereby to ullocate it 10 a posi-
tion from which the peening operation of the edge section
can he continzed.

The illustration of FIGS. 13 and 14 thus shows the
applicability of the shielding elements to different size
blades and to different length blades. The invention
broadly covers each form of structure.

In the foregoing papers and description, reference has
been made to peening by way ~f supplying a slurry as
the peening material, It is, however, to >¢ understocd
that in many instances the pecning can be achieved with-
out the slurry and by feeding the peening components
such as the hardened steel balls of various sizes or even
glass beads of various sizes through the peening com-
ponent in the form of a nozzle.

In many in:ztances, the shot flow can be gravitational
or in other instances can te under a pressure generating
system which is more in accordanc: with the form in
which it is used when in a slurry. Various shot hardness
and shot compliance, of course, may be adapted to pro-
vide for various conditions of the operation. Likewiss,
the angle of the nozzle with respect to the horizontal as
well as the distance from the surface to be peened can be
varied within suitable limits. In a pressure generator sys-
temn, the pressure at which the shot is directed foward the
surface of the article can be varied through relatively
wide Lmits and this would also be true with respect to
the gravity flow systems,

In summary, it might be poiated out that the invention
as described offers a greatly impreved means of making
the leading and trailing edges of the blades and vanes
of turbine equipment by avoiding any rolling or distortiont
o! the delicate surfaces at the edges whils at the same time
it provides a means of peening these surfaces to obtain
greatly extended fatigue characteristics. The invention, of
course, can be modified within wide limits without de-
parting in any respect either from the spirit or scope of
what is herein set forth. Therefore, the claims are to be
interpreted broadly in the light of the inventive scope
of this disclosure.

Having now described the invention, what is claimed is:

1. A protective component means for shielding the
edges of turbine blades from the action of peening jets
which comprises

blade shielding means of pliable matcrial and means

for supportivg the shislding means in the path be-
tween the peening jet means and the blades to be
peened so that any blade edge is positioned in a
shadowed relationship 10 the field of the peening jet
means,
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b moomponmtmemudaimedinchhnlwheu-
in the shielding means comprises
metal rod means having & pliable covering thereon, and
means to suppert the metal rod means st each end rela-
tive to the blades to be peened.
3, Thec.:mponentmeamas chiimed in claim lwl:en-
in the shielding means comprises
pliable rod means each kaving a recess into which one
edge of each blade adapied to be pecned it adapted.
to fit, and
means to support the pliable rod means at each end
relative to the blade tc be peened.
4. The component mesos as claimed in claim 1 where-
in the shielding means comprises -
tabular pliable means having a recess through wtich a
l;:dde edge is adapled to be projected into the inbe,

means to support the tube av each end relative to each
blade to be peened.
5. The component means claimed in claiz: 2 compris-
ing in addition,
mears t0 support the rod means at each of its ends
with all portions thercof between th¢ ends substan-
tially in contact with at least one blude edge.

6. The component means claimed in claim 4 compm-
ing, in addition,

means to support the tubular means at each of its ends

with portions thercof between the ends substantially
in contact with at least one blade edage.

7. The component means claimed in claim I compris.
ing, in addition,

means to support rod means adjacent to each of the

front and rear edges of the hlade during at least &
portion of the peenting operation.

8. The component means claimed in claim 6 compris-
ng, in addition,

means to support the tubular means adjacent to each

of the front and rear edges of the blade during at
least a portion of the peening operation.

9 Apparatus for peening turbine blades from a
multiplicity of peening nozzles supported at opposite sides
of ithe blades comprising

a rim for supporting the blades with selected peripberal

spacing so that each blade occupies a generally ragial
position relative 1o the rim center and extends in-
wardly toward the riin center for a pre-selected dis-
tapce,

means for supporﬁng each blade by means substantially

adjacent fo the inner surface portion of the rim,

an internal ring-1'ke member within the rim adapted

to be located within the rim houndary

means fo secure each blade at its inner edge substan-

tially along the ring-like member, and

means to support a protective shielding e'ement along

the front and rear edge of each blade ¢uring the
major portion of the tivir period when the rim is
in the r=gion of any peeniny nozz's.

10. The combination claimed in claim 9 comprising,
in addition.

an arbor for supporting the inner ring, the turbine

blades and the outer rim for rotation.

11, TLe apparatos claimed in claim 10 comprising, in
addition,

disk-like member supported from the arbor for tem-

porarily securing the blade shiclding means to the
blade edge during blade peening periods.

12. The apparatus claimed in claim 11 comprising, in
addition,

a ring member adapted to be supported upon the

turbipe rim during blade peening periods, and
means for releasably holding the blade protecting means
from the ring member adjacent 10 the biade edges.

13. ‘The apparatus claimed in claim 12 comprising, in
addition,

quick release means for releasing all blade protecting




VT

3482428

13
means at their inner edge substantially simulia-

neously.
14. The apparatns claimed in clsim 11 comprising,
in addition,
resilient m:ans for clamping the outer edge of the blade
profecting means to the blade edges.
15. The apparatus claimed in claim 11 comprising,
in addition,
means for supporting the rim and its inner ring and
the blade secared thereto free from the protective
means whereby in the absence of protective means
the outer edges of the blades may be peened.
16. A structure adapted for peening turbine blades
comprising
a planar surface,
arbor means protruding from the planar surface for
supporting a turbine element comprising
a plurality of substantially radially positioned blade
members supported at one end in an outer rim and
at the other end in an inner ring,

14

means for releasabiy positioning a shroud element at
the leading and following edge of each blade in the
region between the outer rim and the inner ring,
whereby &l! of the central portions of the blade ma
be peened by the jet nozzles, and

means for releasing the shroud irom each edge of the
biade for subsequenily peening the complete binde.
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