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: 1
SHOT PEENING METHOD

BACKGROUND OF INVENTION
This iavention relstes to peen forming metal sheets

sad other peening procedures and is particularly 3

adapted for use in the aircraft industry.

Keaily, the aircraft engineer, in the design of such
siruciures as cantilevered aircraft wings, should use
ose piece structures to prevent the requirement of
weight adding splices. Also, such structures should
hsve constantly tapering thicknesses to carry the neces-
sary Joads with minimum structural weight. He is
usuaily thwarted in this goal, however, by the limits-
tions imposed by available manufacturing techniques.
For example, aircraft skins with simple airfoil curva-
tures are usually contoured by bumping in a press
brake or rolling between forming rolls. These
techniques are not practical for long tapered skin sec-
tions.

Compound contoured skins, especially of hewvy sec- 20

tions, are very difficuit to form with consistent accura-
cy. They are usually stretch formed over massive con-
toured dies. The material is in a soft condition and is

2
restricted to relstively small structures or low produc-
tion applications because of the problems inherent ia
the use of sir nozzles and the requisement for large
quantities of compressed aif.

SUMMARY OF INVENTION

An object of this invention is to provide a method of
ghot peen forming which overcomes the disadvantages
of conventionel peen forming by vse of air nozzles.

10 A further object of this invention is to provide such s

method which lends itself to high production rates as is
necessary in mass production.
In accordance with this invention metal gheets are

15 Peen formed by projecting peening shot from centrifo-

gal shot throwing wheels against the sheet passing
thereunder. In accordance with another aspect of this
invention the centrifugal shot throwing wheels are zlzo
used for saturation peening metal objects.

In an advantageous form of this invention the peen-
ing shot is projected from a bask of centrifugal throw-

. ing wheels with the individual wheels being mounted oz

a common mounting member in a staggered arrange-
ment in that the set of wheels on one side of the mount-

stretched through its yield point to induce permanent 35 ing member are intermediate the whee!s on the other

set af the contour desired. The parts must later be heat
treated to a hard condition and the excess material
required for the stretch cperation is trimmed away and
discarded. Parts of high strength materials may require

hot forming, in which case both the part and the die 39

must be pre-heated. This method also limits the pant
size to the size of the streich press or form dies, both of
which have practical size limitations. Parts that are
tapered in thickness cannot be stretch formed.

Shot peen forming overcomes these limitations in 35

that it ean form simple or compound contours in
tapered skins. Peening shot is applied directly to
materizl ia its hard state or final temper and therefore
requires no subsequent beat treatment. Parts can be cut

to a predictable undersize and after peening will be to 40

exact size eliminating waste of expensive material Shot
peen forming further requires no expensive contoured
stretch dies thereby eliminating allied storage and
transportation problems. The process is versatile in that

with proper automated controls any contour within the 45

capabiites of the system can be repested accurstely.
Subtle zoplication changes are possible to accom-
mogate kzown variations in the material or the process.
Part iz=cth need not be kimited by this system. Shot
peea forming is alzo used to comtour extruded or
mackined structurel shepes. It is aleo used to streighten
parss wkich have been misformed by other manufzctuy-
ing mettods. Another major adventzsge of peen forming
is that the surface layer of compressive stresecs result-
ing from peening can eignificandy improve the faticus
life of the parts and help prevent stress corrosion

The erolication of simple curvetures to alrerefi eking
by she: gmen formizg is Bot Bew, It bas beea donae with
air sozzie peeains for mony yeem &8s exempiiizd by
U.S. Pt No. 2,705 473, kizthads kovs beea deveiopsd
te contred part dsformetion wiils posning eo thet com-
pousd cusvatures couls be greeraicd. Oz heavier ching
pre-etrewsng is renired exd the s of lnvgs Clameier
bails, GrasErieentta izch end ceo-fourth inch, is
pometmes peceeny. The fenl5lly of chot pecs form.
iaz bas fosg beca epprecizied, but €3 uss kas bees

side thereof. The wheels may be disposed across the
moving sheet with the shot patterns produced by the
wheels overlapping to assure compizte caverage of the
sheet and to eliminate the necessity for oscillating the
wheels as is conventional with zir nozzie methods.

An additional free roving wheel may be utilized for
touch-up work by disposing this additional wheel
downstream or upstream from the bank of wheels,

The same apparatus for peen forming may also be
used for saturation peening by rotating the bank of
wheels 90° and oscillating the back in & transverse
direction back and forth ovaer & plurality of longite-
dinally moving metzal members such as stringers. With
this particular arrangement of wheels 2 novel pattem is
obtained whereby 100 percent coverage with the peen-
ing shot is assured. ‘

The concepts of this invention may aiso be applied to
form intricate shapes such as saddie back or dihedral
shapes utilized in wing structures. Thas, for example,
the air foil contour may be imparted to the wing skin in
accordunce with this invention and then dihedral shape
may be imparted thereto by masking aress of the skin
outside the z=ddle back go that only the saddle back

so area is expozed to the shot.

THE DRAWINGS

FIG. 1 is an elevationr] end view pactly in section of
an apparetus for peen forming sad sxturation peening

$3 in sccordance with this invention;

FIG. 2 is a side view of the spparstus shown in FIG.

FiG. 3 is a plan vicw showizg the feed structure of
the eroeretugeiovnin FEG. 1;

FIG. 6 i3 &3 exd elevationsl view of the spparstus
shows In FiG. § in one phsse of operation;
FIG. § is & pi=s view of the tppsranss ehown I FIG.

"FI3. 6 i3 £2 end view simlisr o Fi3. 6 bn 8 different

FiQ. 7 b 6 pioa view of the epperetes shows in FI0.
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FIGS. 8-11 are plan views showing the peening put-
tern resuiting from the use of the apparatus shown in
FIGS. 6-7;

FIG. 12 iz a plan vicw illustrating the forming of 2
saddle back in an aircraft wing skin section;

FIG. 13 is a side view of the wing skin shown is FIG.
12; and

FIGS. 14-15 are schematic showings of the cixcuitey
utilized with this invention.

DETAILED DESCRIPTION

FIGS. I-2 show the general arrangement for peen
forming and saturation peening metal pieces in ac-

4

ments of e compartments 40 wherein esch compest-
ment is srcuate with an arc lengeh grester than 90° each
conduit 38 remmains in registry with its compertmeng 40
regardless of the rotational position of boom 34,
sm‘e.mbymm&edofmmlhev&ds

As shown i FIG. § the wheels 36 are arranged is two
sets in a eingpered fashion wherein each set s &= 8
separate side on the boom or commoa mousgiog

10 pnember 34 FiG. S also shows the inclusion of an addi-

tionsal throwing wheel 14 downstream from the bank of
wheels 12. Wheel 14 & slso of the same general con-
struction a8 the type of universally mounted wheel

cordance with this invention. In general this arrange- ;¢ shown and described in copending application Ser. No.

ment 11 includes a treating chamber 10 having a bank
12 of centrifugal throwing wheels 38 therein with an
auxiliary wheel 14 also located in chamber 16. A work
piece conveying device 16 rides on tracks 17 and

687,701; filed Dec. 4, 1967. This whee! 14 is likewise
fed from common bopper 29. For example as showm in
FiG. 2 hopper 20 has two outlet pipes 59, 52 for fe=d-
ing shot into boppers 22 and 24. The shot from hopper

moves the metal picces being treated under the cen- 29 24 is theafed through conduit 54 into wheel 14,

trifugal throwing wheeis. Each end of chamber 10 in-
" cludes sealant doors which may be of any suitable con-
struction such as rubber flaps 18 to prevent the peening
shot from escaping from the chamber 10.

As shown in FIGS. 1-2 bank 12 is mounted on cax 56
whereby the eatire bank of wheels may move i the
direction indicated by the arrow 8. Conduit 50 is so
arranged 35 to remain in registry with hopper 22 re-

Shot is delivered from main hopper 20 into a pair of 2§ gardless of the position of its supporting car 56.

hoppers 22, 24 and uitimately to the throwing wheels.
Spent shot is collected in the tapered portion 26 at the
bottom of the treating chamber 10 and ultimately recy-
cled back to happer 20 through conventional separat-
ing and elevating devices 28, 30, 32.

FIGS. 4-5 show the utilization of this invention for

Similarly, wheel 14 is not only universally mounted, per
se, but is alco mounted on car 66 for oscillating i the
directioz of the arrow 58. AdEtionally, the bank of
wheels 36 and the individual wheel 14 may be moved in

30 a vertical direction. FIG. 1 for example shows the geade

rollers 62 to zssure proper vertical orientation of the

peen forming skins of aircraft wings. As indicated  bank 12 Moreaver, limit switches 64 are suitably ar-
therein and in conjunction with FIG. 1, the bank 120of  ranged to coatrol the oscillatory movement of the cars
throwing wheels includes centrally mounted rotatable __ 56 and 6). Thus, for example car 56 would mowe
boom 34 to which is connected four individual throw- 33 toward the left 25 shown in FIG. 1 until limit switch 64
ing wheels 36. Advantageously, wheels 36 are of the  is contacted whereupoa the direction of the drivimg
type lustrated and disclosed in detail in copendingap-  motor would be reversed to change the direction of
plication Ser. No. 687,701; filed Dec. 4, 1967, the movement of car $6 to the right until a further hent
details of which are incorporated herein by reference 40 switch is contacted to agzin reverse the directiom of
thereto. Accordingly, reference will not be madetothe  movement of car 5§. Similar operations would aiso
specific details of these throwing wheels except where  take place with regpect to car 60,

necessary to facilitate an understanding of these wheels As shown in FIGS. 1-2 bank 12 is mounted on car 58
within the concepts of this invention. It isnoted thatthe ~ whereby the estire bank of wheels may move in the
wheels 2re mounted directly on a motor and are capa- 45 direction indiczed by the arrow 58. Conduit 50 i o
ble of obtaining univerzal type movement 0 as to pro-  arranged as to remain in regietry with hopper 22 re-
vide an infinite variety of adjustments for the throwing  gardless of the pozition of ifs supporting car &

pattem of the shot propelled by each wheel. The
wheels 36 may, for example pivot about axes 38, 37,

Similarly, wheel 14 is rot only universally mounted, per
se, but is slz0 mounted on car €3 for oscillating in e

while support boom 34 mey rotzte, move up and down, 50 direction of the arrow 53. Additionaily, the bark of

and move back and forth. Shot is fed from bin 22
through individual conduits 3§ for each of the throwing
whecls 36. Each conduit 33 terminstes in & compart-
ment 3 (FIG. 3) in the compeartmentalized boom 34.

wheels 35 end tee individes! whes] 14 mey be moved in
a verticz! direction, FIG. 1 for example shows the pide
roliers €2 to amure proger vertical orientstion of 22
bark 12, koreower, liemit switches €4 are suitably ar-

The ehot travels down compartments ) and exits 55 ranged to conted the ascilictory movement of the cars
therefrom through conduits 42 into the individual 56 and 63. Tizs for exzmpic car §5 would mowe
throwing wheeiz 36. By proper adjusiment itis poesitle toward the ol 22 shows In Fi 3. 1 vetil it cwitch &8
10 clsse off certaia of the conduits eo that eny nember s contested whsrerpon the direction of the driviag
of the throwing wheels 3§ mey be rendered inactivefor  motor wosld ke soverzed 1o chzsss the directices of
smelicr obs. movement of e2r £3 © tie rizht et & further i

As iztor described boom 34 is conmected for §0° switch s comizesed. §imis oporations would sho il

rotetion by msens of any suitzhls sctuatizg member
such £3 cylizder €4 having piston rod £8 recinroceting
thereiz g2 coanscisd (0 braciaot 45 to cxcilisiz o
rolsls e boom 34 vnon movement of tho plzins =g
&5 izto ecd ont of eyiinder 64, As b eoporent frem FIS.
3, clough the boom 34 oscilistes, by the arrangs-

pisce with rerrastto cav €2,

FiGl. &6 oo o wilietios of epperetvs 11 f
pees forming girees w7 6510 esciicrs. As indicoted
thereln o il et et €5 D plased om forms €8 amd
clz=pod Corede by exy srinlis dvics mch 8 C
elsmzs 73 to bend e chast i the deaired gir-foll com-




3,705,510

. . s
tewr. Om thinser dheets this pre-forming or pre-
siressing on forzes i not required, part is peened flat,
and the C-clamps sre not required or sct only as loca-
sars. Fosms €8 are in tura mounted on an elongated car
55 for travelling under the various centrifuga! throwing
wheeis Asilfuctrated s FEGS. 4-8 free roving wheel 14
& wranged longitudinally offset from the bank of
wheels 36 so that the combination of wheels 14 and 36
forms & plersiity of pecuing patterns which extend
completely across the sheet 66. For smaller dimension
sheets the bank of wheels 36 would be sufficient to pro-
vide'the necessary peening coverage with the shot and
for even smaller sheets certain individusl wheels 36 can

S

10

be imactivated. Peesing shot is projected from the g

wieels 14 and 36 to permanently deform and thus pro-
vide the desired comtour to sheet 66, With this arrange-
meat 3t is not pecessary to tmpart any oscillzting move-
meal as is required with conventional air aczzles.

As can be appreciated the inclusion of free moving
wheel 14 lends much versariity to apparatns 15. Wheel
14 may for exsmple be used for skin straightening or
toech-up work. This wheei can be remotely controiled
to move horizontally or transverse to the work car
tiavel or to move up and down. Moreover, the wheel
cas rotate arcund a vertical axis or czn roll on its own
borzontal axis. The wheel 14 can be used in combina-
tios with the bank of wheeks for either adding to the
tzansverse coverage of the combination of wheels or to
aker the general curvatore of the skin by locating it
directly downstream from one of the other wheels so
that a certain portion of the skin will be subject to

FIGS. 6-7 show how tfe same apparatus 11 by cer-
tzin adfustments can be converted from a peen forming
device to a device for saturation peening. As indicated
thevein the bank of wheels 36 is rotated 90° from the
posttion adicated i FIGS. 4-5 to the position in-

20

25

30

35

dicated i FIGS. 5-& wherein pairs of the wheels are 40

loogitncimally aligned with respect to esch other. The
safuratioa peening unlike peen forming is not mtended
to deform the shape of the object being peened but
rather i3 mtended to impart certuin mechanical charac-
teristics to the object For exarmole the ssturztion peen-
ing conid be utHired for stress relieving snd surfzce im-
provement. During mos* ssturation peening operations
utifzing aoparatus 11, free moving whezl 14 would be
imsctivaeed and the saturation peening world be 2o-
complizhed by oscillating the besks of wheels 38
Wheels 36 are driven by static varizbls frequency

drivesso thet very jow intensities fa: safurstica peening gre thus formed wick on:

to very high frequencies for peet: formisg would be

45

S0
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The concepts of this invention may be sppEed for
peen forming flst sking without significant stiffening
members although longitudina! stiffeners do aot Lmit
peen forming of simple air foil contours. It is pessible to
frec form thin sections merely by controliag he shog
velocity, volume and coverage by use of s digitsf or nu~
merical control system. Heavier sectioas, owever,
might require pre-stressing by the use of holding
devices such as Cclamps 70 while the peening opera-
tion takes place. Where free formed sections are
peened it is not necessary to utilize a mold or female
die. Such free forming may be utilized to produce zir-
craft skins up to % inch thick as well as mold steelup to
the same thickness. Thus the concepts of this invention
could apply to the process of making larger-heavy wall
segments for welding into cylindrical or compound
shapes such as pressure vessels or radar antenna.

Since centrifugzi shot peening produces a somewhst
rough “orange peel” surface on the formed parts the
surface can be blended and smoothed by using the
same shot size and pattern at lower intensities. Larger
shot gives a smoother surface because the ball radios is
larger and the indeatation depth and ball velocity are
less.

Referring again to FIGS. 5-6 the saturation peening
is accomplished by placing the objects such as loagito-
dinal stringers 72 on the work car 16 and adjusting the
bank of wheels 36 to the proper height with respect to
the stringers 72. FiG. 6 for example shows how the
bank of wheels 36 is capable of vertically moving the
distance B. Wieels 36 are angled to the proper position
such as 45° and work car 56 (FiG. 1) is set in motion to
oscillate back and forth whereby an oscillatory move-
ment equal to the distance A of FIG. 6 is imparted to
the wheels 31. Becese of the angular arrangement of
the wheels the vertical outer side walls 722 disposed
toward whee! 382 are peened by wheel 36a, while the
verticai inner side watls 725 disposed toward wheel 365
are peenied by wheel 385,

As the wheeis 35 oscillate back and forth above strin-
gers 72 a novel peening pattern is formed whereby in
two complete oscillstions there is 100 percent sztnra-
tion peening or peening coverage of a ziven area of the
stringers. This pettem is illustrated in FIGS. 8-11. FiG.
8 illustrates the patterns ¢, d, e and f obtained from
wheels 3&¢, 36d, 332, and 36f when the wheels have
moved once across the stringer 72 which in tumn moves
in the direction indizetec by the asrrow 74. As is in-
dicated in FIG. 8 when the bank of wheels 36 kas
moved oace compiziely rcroas stringer 72 five paths
of the peths g being compiete-

ly devoid of peening tre atment. This vacant path resuks

poscibie. The smell and compact v beel desicn makes it 55 from the particulsr ar-angement of stzggered whesls

poesbis fo gse 3 mounting which allowe five moticns so
thut the ot sirecm ez B2 zerved in wherever it is

36. .
FIG. 9 shows ths resultont pattern zfter wheels 38

wezted, Adventeseoucly, lrper dizmeter ¢35t is used kave moved compicizly back exd forth scroes gringer

to resoee surfoce roogkosss while ghat loes from brenk.

2. Asicicated dhorein triznezloy areas 76, 70 end 29

down is almost pon-exizest The et is preferebly ®0 o indicaind by the overizpped Rutching end eimpiing
mads by bell-bearing techaiomes and & very smooth,  hove bosa sublzctsd b 8 doudis coversss, Arem 23,
spaetical end corciciemt in ize. Eech ebeed 35 cam 84,85 and €5, bowever, have cz'y bad a eiacis eppice-
bends more then 3§00 pornds of kv per Bour st tion of pemalng, wilis erca 60 625 remaing urposaed.

shod velostes v3 o e exceeding 265 1. fer eoe, with
ths thr2 53 1o B ixh Clnmoter 23 coempared with 1/16
fospecs Esming.

€S

FiG. 12 dhiows Ua resulines potiorns whon the besk
ef eieea Il b mals p Gl posaor ths beginning of

5

I escond osciiiiion over etvinger 73, As incdieated
tiserein on'y thy four wisnseiar erces 92, 4, 63 and 08

lesd1e
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have had e single application of shot peering while the
remzinder of the aress have had at least two applica-
tions of peening.

Referring again to FIG. 8 as noted above the srea
covered by wheels 36c-f includes the five bands in-
dicated 83 c, 4, 8, ¢ and f when the wheels make one
pass over the stringer 72. Since the stringer, however, is
moving loagitudinally while the wheels are oscillating
o¢ moving perpendicular thereto, when the wheels 36
make a secord pass a zig-zag pattern is formed as in-
dicated by the bands ¢, d, g, e, f, h and i. (Each area
designated as a band is at an angle equal to the angle of
bands ¢, d, g, e and f cf FIG. 8.) [t is noted that bands A&
and i are only particl areas which do not extend
completely across the stringer 72. These bands are then
completed when wheels 36 make the third pass as in-
diczted in FIG. 10. FIG. 11 shows the resultant pattern
when the fourth pass or second oscillation is
completed. As indicated therein the areas covered by
the wheels 36 are designated as ¢, d, g, ¢, f, b, iL j, k
although the areas j and k do not extend completely
across the stringer 72. As indicated by the overlapped
hatching, the area of the five bands g, e, f, h and i hav:

been completely covered at least twice by the peeniug

wheels 36. This five-band area corresponds in dimen-
sion to the original area c, d, g, ¢, and f illustrated in
FIG. 8 but is shifted by two band widths because strin-
gers 72 are moving during the peening wheel oscilla-
tion. '

FIGS. 8-11 merely show the result obtained over a
Fimited area by two complete oscillations of the bank of
peening whecls. Since the peening wheels continnously
oscillate while the stringers are moving, similar patterns
are obtained over the entire surface of the stringers so
that a complete saturation peening operation thereby
resulits.

FIGS. 12-13 illustrate another aspect of this inven-
tion wherein the bank 12 of wheels 36 is utilized to
fcrm a diliedral or saddle back break in an aircraft wing
skin section. In this embodiment such a compound con-
tour as the dihedral break frequently is acrodymically
necessary for aircraft wings but has, however,

presented a particular problem to the prior art. It was 4

commonly necessary in the prior art to separately form
the skin sections on each side of the dihedral break or
sadle back and also to form a separate saddie bsck
section. All three sections were then secured together,
which led to a number of disadvantages both
acrodynamicelly and with respect to the added weight
cavs=d by securing the sections together. In ac-
cordance with this invention it is possible to form an ia-

tegral aircraft wing skin having a seddle back section.

This is accomplished by {isst forming the air foil con-
tour on a skin section L2 in the manner described with
respect to FiGS. 4-5. As indicated in FIG, 12 the con-
tozwed skin section 160 is then mesked in the sress
IC2, 164 with the seddlc bock ECS being déz@ned
between these masted eections. Any cuitzble ms l:izsg
mzierisl guch s shsets of rubber or layers of h:avy
mestiza tene mey be veed. The beok of whesl: 36 then
oaciiniss over erecs 163, 264, and 65 slong tor exami-
p». ezzicr Bng [0S with the gm‘&w Ea.@ effec.ing only

zzonies eren tlitoresslinaselilzback for-m:ioa

i:‘%ﬁm%-l £-§ Q'c
ea;:i:m EEQ. Alsough FIG. 52 lustretes the bask of

££2 end 116 (FI3, 13) of the'

wheels as oscillating over the wing skin 100, for cerinin

spplicstions the wheels mey be stationary.

By utilizing the techuiques described with respect to
FIGS. 4-3 and 13-13, it is thereby pomsible to form &

S pair of masting wing skins having the desired
serodynamic contour includiag the dihedral or saddle
back sections. The peir of mating skin sections may
theresfizr be secured together ta form & wing which is
schematically illustrated as being secwed 0 the body

10 of the sirplune 116 in FIGS. 12-13.

FIGS. 14-15 schematically illustrate possible electri-
cal controls to assure a sypchronization of the trans-
verze movement of wheels 36 with respect to the lon-

15 .gitedingl movement of the work car 16 to assure that a
uniform pattern such as ilustrated in FIGS. 3-11 will
be obtained. Generally these coatrols include 2 pulse
generator 118 schematically flustreted in FIG. 2 ss
being suitably mounted oa the work car puiler drive

9 Which for example may be 27 % HP (SCR) DC varia-
ble speed Totor. FIG. 14 illestrates the transmitter 118
which is Jriven by the work car and also transformer
120 driven by the car 56 for the bank of wheels 36. The
signals generated by the longitudinal moving work car

25 16 and the traversely moving car 56 are compared by
phase detector 122 to assuve 3 synchronization of the
transverse and longitodmal movements. If the move-
ments are ot synchronized the oscillation might for ex-
ample be appropriately increased or decreased. FIG.

30 15 also illustrates the oscillating car motor drive SCR
of transversing car 56.

Although peen forming is old in the art the use of
centrifugz! throwing wheels instead of the conventional
blast nozzles to accomplish the peen forming is unobvi-

35 ous for 2 sumber of ressons. For example it was be-
lieved by those skilled in the art that the intensity of a
pattern produced by z centrifugal wheel varied across
the catire pattern. It has beea found, however, that ac-
maﬁy!heonlyvmwemztheememesofﬁzpab
temn. This could be compensated for, however, by
providing overlapping petteres. Additionally, the wee of
centrifugal wheels has a nuwmber of unexpected ad-
vantzges In this respect th> wheels are actually more

s efficient than the prior art _r nozzles since oaly abost

20 HP i required to project the same amount of 250, . 8

compered with 420 HP of an zir compressor. The

emergence of the demend creztzd by the gircrafl indus-
try therehy erested nesds for Eher and mere efcient

50 production whereby such pecformance with prior art
nozziss wouid be totelly umsscfoctory. Furthermore,
with the priop a1t 2ir noz=izs in order to change the
velocity of the ghot it is neeessary to change the pres-

. sure which is Giicult to sccrztely adjust becsues of
53 pressure Enctustions, I contrast with the centrifugal
throwing wheels gccurate scimtments can be made by
simply efforize therpm,

The comeems of this iovertica czn be applied to fint-
ten & fisg o0t by moving the 2ost under 8 sireams of
shot; 0 resnsa of eoTlY @ £l eoatour (o o sheet
m«m&mmmwfmm
memar = sifezere; to form gime
ple or campound cominere i 2 ghest ueing tw?m
devices io pre-ctress the port i (a3 degired thizre whils
peening to filan o foom &z of comtound coa-
tours in i shogt whemin &8 ceatrifucs! wine’s are
usiverealy mouuisd oo thel Be aimixg of toe shot

€S
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streams i$ not restricted; to flatten or form simple or  sheet downstream from the bank of wheels, and utiliz-
compound contours in a sheet wherein the umiversal  ing the free moving centrifugal throwing wheel to spply
wheels are powered for remote actestion of tergeting & toGch-up opersation to the sheet.
o¢ siming; and to flatten or form simple or compound 4. A method as set forth in claim I wherein said sheet
contours with the eniversaily mounted wheels having 5 is an aircraft wing skin and is deformed into &n air foil
sny of all of its universal movements pre-programmed  contour, including the steps of masking portions of the
by digital, numerical or other coatrols. : ekin to creste an unmasked ares therebetweea cor-

The use of centrifugal wheels for peen forming ac-  respoading  a dihedral break, disposing the masked
tually represents a significant advancement in the art.  skin under centrifugsl throwing wheels, and peening
Heretofore shot peea forming has been treated — quite 10 the unmasked dihedral break eres with shot projected
properly — 25 more art then science. Those who  from the centrifugal throwing wheels to form a saddle
developed and practiced it considered the air nozzlea  back integral with the remaining portions of the skin.
necessary tool of the art. With the sdvent of 2 centrifu- 5. A method as set forth in cleim 4 wherein a pair of
gal shot-throwing whecl, peen forming now ceases to | ¢ the skins are formed with integral saddle backs and the
be an art and becomes a cosi-iaving manufacturing  pair of skins are secured together to form a wing.
method of great potential. Some of the user benefits 6. A method as set forth in cleim § wherein prior to
are the saddie beck formation the bank of wheels zre

I. Elimination of the length restrictions on long, rotated 90° and the wheels are oscillated back and forth
tapered parts with simple contours. Such parts are 5 across the skin to form the saddle back.
usually formed by bumping on a press brake or by 7. A method as set forth in claim 1 wherein the
forming rolls. Both of these processes impose length  peened suriace is blended and smoothed by projecting
limits because of their nature. shot from the bank of wheels at a lower intensity than

-2. Elimination of the need for massive stretch-form-  was used in the peen forming operation.
ing dies for shaping simple contours; ako, elimination 2§ 8. A method of saturation peening met2l objects
of the hezttreating operation that is almost always comprising providing centrifugal shot throwing wheel
necessary after streich forming. Parts ca» be peen-  means above the objects, said wheel means incloding a
formed in the bardered condition or final temper  bank of a plurality of centrifugal throwing wheels, said
without subsequent hezt trea'ment. Since stretch form-  bank being disposed in a longitudinal direction, each
ing cannot be applied to parts that taper in thickness, 30 centrifugal throwing wheel being disposed to project
this is still another design limitation thatczanbe avoided  shot in a loagitudinal pattern agsinst the objects to be
by using peen forming methods. treated, causing relative longitudinal movement

3. Improvement in fatigue properties of parts shaped  between the centrifugal shot throwing wheel means and
by peen forming. The surface layer of compressive __ the object so that the objects have the effect of paming
stresses produced by peen forming also belps to 35 under the shot throwing wheel mezns, feeding peening
prevent stress corrosion cracking. shot to the wheel means, projecting the peening shot

What is claimed is: : from the wheel nicans against the object, and oscillat-

1. A method of peea forming metal sheets compris-  ing the wheel means back and forth over the object
ing providing centrifugal shot throwing wheel means , transverse to the relative longitudinal movement
above the sheet, said wheel means inciudesabank of 2~ thereof while the shot is projected from the wheel
plurality of centrifugzl throwing wheels, each wheel of  means.
the bank being mouvatsd to a commoa mounting 9. A method as set forth in claim 8 including
member with one set of wheels on one side of the  synchronizing the escillatory movement of the throw-
mounting member and the remaining cet of wheels on ;¢ icg wheel means with the relative longitudinal move-
the other side thereof, and said wheelsof omz set being  ment to provide a uniform saturation peening.
stagzered with respect o the wheels in the other set, 19. A meikod 2s cet forth in clzim 8 wherein the
casusing relative longitadinal movement between the  wheel means includes a bark of a plurality of centrifu-
centrifugel shot throwing wheel mesnsend (iesheetso  gal throwing “vheely, dispocizs the whesls inthe bank in
thst the sheet has the efect of pazing wseder the cen- 50 a siegzered r:pauer, cresting an enlargad tresting zrea
trifugal shot throwing wheel means, dizpoaing the bank  egqusl to abi « t the number of wheels plus one times the
of whecls ecross the sheet in 8 direction zmgverze to width of the peastern obteined from u engle wheel upes
the direction of relstive movement of the sbeet, dispoes the first paes of the bank 5f wheels ecrom the objscts
ing each centrifugai throwing wheel o projectshotina with a portion of the enlarped tresting srea beirg un-
paziern extending acroes t5e sheet to be formad, mein. 55 tresied, revering the direction of ths benk of wheels
taining the benk of wheoels fized with resmect to the  beck 2nd forth over the objcss for two compiete cacil
treacverss dircction, fecding pesnins st o tho wheel Ietions with e erea egual © the enlarped arca being
meszs, projecting the peening shot from e centrifogal  pecned by &2 Lot two of tie foxr passes of the two
theowizg wheshs in oweslonping patiorss sgsinegt the eo=sistzeaciizt
M&adpemwu‘?dﬁmias&eémwi&&u“ 1. A mciad 25 et forth in cieim 10 wherein the

poenizs shot. benk of wihess tncludes four whe's and the enierped
2. A method esextforth in cloim [ incleding dispos- amm B8 fivs €:ss ths ares covered by 8 patiern

ing 8 fros moving centri’cosl throwimywisclsiove the produead by cas ol ths wheels indivilugtly,

shicct i 8 Jongitulined peaiion ¢irloced from tie n- o 2 Ao oetfrthncinbbdudng mounts

Givideal whoels o the bk ef wheaa, irg s imdinlant wioshs of €2 bezl 0 8 commos

JAssticdaetfirdinckis i inclafegdimes  mautimsmeniwvilonceiofwiscbonoassdeof
Irg & free movicg contrifogal throwing wisciclove the the moussting membor and ths remeiaing oots of wheels
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on the other side thereof, and staggering the wheels of
one set with respect to the wheels in the other set.
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