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CLASSI FI CATI ON: Rout i ne
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SYSTEM Any systemwi th parts or assenblies which require either
saturation peening or peen forning.

SUBJECT: Shot and bead saturation peening or peen formng of aircraft
parts using either manual, automatic, or conputer controlled
peeni ng equi pnent .

REF: (a) M L-S- 13165, Shot Peening of Metal Parts.

(b) RR-S-366, Sieve Tests.

(c) SAE J441, Cut Wre Shot.

(d) SAE J1830, Size Classification and Characteristics of
Ceram ¢ Shot .
SAE J442, Test Strip, Holder and Gage for Shot Peeni ng.
PPP- T- 60, Tape, Packagi ng, Waterproof.
AMS 2432, Shot Peening, Conputer Mbnitored.
LPS/ JX-501, Shot Peening Using the Rotary Flap Peen Mt hod.
NADEP Jax | nstruction 4855.26, Specials Skills Cert.
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ENCL : None

1. PURPOSE: This specification establishes the materials, equipment,
procedures and requirenments applicable to netallic shot, glass bead, and
ceram ¢ bead saturation peening and peen formng of aircraft parts and
assenblies. This specification has provisions for manual, automated, and
conmputer controlled and nonitored equi pment.

2. CANCELLATI ON: LPS/ JX 341-149
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3. BACKGROUND | NFORMATI ON: Peening is a process which cold works the
surface of nmetallic materials and i ncreases resistance to failure by fatigue
and/ or stress corrosion cracking. The peening process nust be highly
controlled and nonitored. Uncontrolled peening practices are detrinental to
a part's serviceability and nay cause premature, catastrophic failure.
Conmput er controll ed peening presents the opti num neans of controlled

peeni ng. Automated peening al so provides for controlled peening but to a

| esser degree than conputer controlled. Manual peening provides the |east
control. Definitions for peening equipnment are given in reference (a) and
this specification.

4, APPLI CATI ON: This specification applies to all aircraft, engine, and
ground support conponents when specified by engineering directives.
The specification incorporates the requirenents and information
necessary to neet or exceed references (a) and (Q).

5. SPECI AL TOCLS AND TEST EQUI PMENT:

5.1 PEENI NG EQUI PMENT: Peeni ng nmachines are classified as nanual,
automatic, or conputer controlled as described bel ow

5.1.1 MANUAL PEENI NG Manual peening equi prent shall propel the peening
nedia by air pressure or centrifugal force against the part. The nachine
will include a hopper for recycling the nmedia continuously. The air system
wi |l have regulators and oil or noisture traps and/or filters to preclude
nmedi a and part contam nation. The nmachi ne shall be capable of consistently
reproducing the required intensity.

5.1.2 AUTOVATI C PEENI NG The nachi ne used for automatic peening shall neet
all of the requirenents of the above paragraph as well as provide neans for
movi ng the shot stream across the part (or vice versa) in either rotation or
translation, or both, as required. The machi ne shall contain nechanical and
el ectrical devices for the control of nedia flow rate with adjustable high
and low limts and automatic shut-off when the linits are exceeded. The
machi ne shall also contain a separator for continuous renoval of broken or
defective media during operation

5.1. 3COVPUTER CONTROLLED PEENI NG The nmachi ne used for conputer controlled
peeni ng shall meet the requirenents of para. 5.1.1, para. 5.1.2, ref. (0)
and be equi pped with computer nonitoring equi pment. This equi pnent shal
continuously nmonitor critical process paranmeters through interaction with a
sensi ng

system The nedia shall be netered to each nozzle with the desired flow
rate. The machine shall be capable of interrupting the peening cycle wthin
one second when detected tol erances for



NADEPJAX LPS 500
31 JAN 95
PAGE 3 OF 29

shot flow, air pressure, or air flow are exceeded. The peening system
shall retain in nenory and print out any abort details and be able to
resune operations to conplete the bal ance of the peening cycle, fromthe
position of shut down, after the out-of-tol erance condition has been
corrected. Conputer controlled shot peening nmachi nes shall continuously
nonitor and record process paranmeters as specified in ref. (g), Table 1

5.1.4 I N-USE MEDI A MAI NTENANCE: The conputer-controll ed peeni ng machi ne shal
be equi pped with shot screening and shot shape control equi pment capabl e of
continuously maintaining the quality of the peening media in the machine to
no nore than 2% of broken or deforned pieces for netallic shot, 5% for
ceranic

medi a, and 10% for glass nedia. For automatic and manual nachines, the limts
of Table 1 shall be enpl oyed.

5.1.5 ROTARY FLAP PEENI NG Rotary flap peening shall be
acconpl i shed in accordance with ref. (h) when authorized via witten
engi neering directive.

5.2 ALMEN GACE: Al nen gages for determning arc height of Alnen strips shal
conformto the requirenents of ref. (a) (type 2). However, type 3 (digital)
gages per ref. (g) are preferred and shall be used when avail able. Al nen
gages shall be zeroed daily using a calibrated flat gage bl ock. The gage nust
have

current calibration and be free of defects and damage.

5.3 ALMEN STRI P HOLDER: Fi xture for holding Alnmen strips during exposure to
medi a stream shall conply with reference (a) and Figure 1.

5.4 SIEVES: Sieves for size analysis of nedia shall be in accordance
with reference (b) and Table 2.

5.5 SI EVE SHAKER: A standard, motorized sieve shaker for 8 inch dianeter
sieves with sinultaneous rotating and tapping nmotion shall be used for shot
si ze anal ysi s.

5.6 BALANCE: Standard | aboratory pan bal ance capabl e of weighing up to 3000
grans and resolution of 0.1 gramshall be used during shot size analysis.

6. SPECI AL MATERI ALS

6.1 PEENI NG MEDI A: W ought carbon steel shot and w ought stainless
steel shot shall conformto the requirenments of reference
(c) except as nodified in 8.4.1 and 8.4.2. Cast steel shot

and gl ass beads shall conformto reference (a). Ceranic shot shal
conformto reference (d).

6.2 ALMEN STRIPS: Prem um grade Al nmen "A", "C', and "N' strips
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per reference (e) shall be used. These strips shall be acconpanied by a
dated certificate of conpliance for hardness, thickness, |ength, wdth,
and 100% i nspected for flatness on both sides. Strips shall be packaged
in corrosion inhibitive paper

6. 3 MASKI NG MATERI ALS: Cl ot h- backed adhesi ve tape, waterproof per reference
(f), Type 3, Class 1, electroplating masking tape, scotch 1470 or their
equi val ents are suitable maskants. Permanent rubber masks or metal shields
shall be used whenever possible.

7. EFFECTI VE DATE: As indicated on Tech. Data Rel ease Card.

8. | NSTRUCTI ONS:

8.1 PEENI NG OPERATORS: Peening shall be perfornmed only by operators
with proper training who denonstrate the requisite skills and ability.
Shot peen operators nust have special skills certification and be
certified per paragraph 8.12.

8. 2 DESI GNATED PEENI NG AREAS:

8.2.1 SURFACES TO BE PEENED: Unl ess otherw se noted, parts shall be peened
on all surfaces. Surfaces of holes less than 0.125 inch dianeter are not
required to neet the designated intensity requirenment.

8.2.2 NO PEEN SURFACES: Areas designated not to be peened shall be nasked
fromthe peening streamw th appropriate maskant or pernmanent nasks.

8.2.3 SURFACES OF THI N SECTIONS: Thin sections under 0.090 inch in
t hi ckness shall not be peened unless specifically required on the
appropriate technical docunent.

8.2.4 OPTIONAL PEEN AREAS: Areas designated as optional peen areas are not
required to neet intensity specifications.

8.3 PREPEENI NG TREATMENT:

8.3.1 DI MENSI ONS AND SURFACE FI NI SHES: Di nensions and finishes shall be as
specified by the engineering drawing or other document prior to shot
peeni ng, unless otherw se not ed.

8.3.2 STRAI GHTENI NG AND FORM NG Strai ghtening and forming shall be
conpl eted prior to peening.

8. 3.3 HEAT TREATMENT PROCESSES:. Heat treatnent processes which require
t enper at ures above those specified in paragraph 8.8.4 shall be-perforned
prior to peening.
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8.3.4 MACHI Nl NG AND DEBURRI NG Al'l machi ning of areas to be
peened shall be conpleted prior to peening. Al burrs shall be
removed and all sharp edges shall be radiused or chanfered.

8.3.5 NONDESTRUCTI VE | NSPECTI ONS: Al'l nondestructive
i nspections, when required, shall be conpleted prior to peening.

8.3.6 CORRODED OR DAMAGED PEENI NG SURFACES: Unl ess ot herwi se
pernmitted by engineering directive, all surfaces to be peened
shall be free of corrosion or nmechani cal danmage

8.3.7 CLEANI NG PRI OR TO PEENING Parts requiring peening shal
be free of oil, grease, paint, contam nation, etc. See

appli cabl e engi neering directives for specific cleaning nethods
to be used.

8.3.8 | NCOVPLETE OR QUESTI ONABLE DI RECTI VES: Contact the
Mat eri al s Engi neering Laboratory, Code 34100, when peening
docurmentation is inconplete or questionable. If media size and
intensity are not specified on applicable docunents, they shal
be established by the Materials Engi neering Laboratory. Tables
3 and 4 are provided for reference.

8.4 MATERI AL AND EQUI PMENT:

8.4.1 STEEL SHOT: Extra conditioned cut wire shot (steel or
stainl ess steel) shall be used exclusively for all shot peening
at NADEP Jacksonville. The cut wire shot shall conformto the
requi renents of references (a) and (c). Cast steel shot will be
used only in energencies and with prior approval fromthe

Mat eri al s Engi neeri ng Laboratory.

8.4.2 CUT W RE SHOT CONDI TIONI NG Cut wire shot shall be
precondi ti oned such that the shot shape is predom nantly
spherical, with no sharp edges. This will require extra
conditioning (vice standard conditioning) by the supplier prior
to delivery. Standard conditioned cut wire shot my be used
only when authorized via engineering directive.

8.4.3 SHOT Sl ZE ANALYSI S: New condi ti oned cut wire shot and,
when al |l owed, cast shot, shall be tested via size analysis for
conformance with Table 2. Shot size analysis shall be perforned

as follows:

(a) A 100 gram sanple shall be weighed to the nearest tenth of a gram
Using Table 2, select the five sieves which correspond to the shot
si ze being tested.

(b) Measure and record the wei ght of each sieve and the bottom
pan. Nest the sieves from coarsest to finest
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pl aci ng the coarsest on top, then add the bottom pan. Pour the
sanple onto the top sieve and then cover the stack. Place the
stack in the sieve shaker and run for 10 ni nutes.

(c) Renpbve and di ssassenbl e the stack. Measure and record the wei ght
of each sieve with retained shot, including the bottom pan. The
amount of retained shot on each sieve is equal to the fina
sieve weight minus the initial sieve weight.

(d) Conpare the percentages of the amounts of retained shot in the
sieves and pan to the requirenments of Table 2. Any new shot which
fails to nmeet sizing requirements shall be rejected from use.

8.4.4 EQUI PMENT CALI BRATI ON: Measur enent equi pnent such as
Al men gages, air pressure gages, etc. which effect the contro
of the shot peening process shall be calibrated sem -annually
agai nst instrunments whose calibration is traceable to the
National Institute of Standards and Technol ogy (NI ST).

8.4.5 ALMEN STRI P TEST FI XTURE: Either a scrap part or a representative
fixture shall be fitted with test strip support blocks. These bl ocks shal
conformto the requirenments of reference (a) and shall be clanped or wel ded
to the test fixture. Fitting strips directly to the test fixture surface is
not allowed. The Almen test fixture shall be oriented to the shot stream and
rotated/translated in the sane nmanner as the production part. The design of
the Alnen test fixture shall be approved by the cognizant airfrane

engi neering branch and the Materials Engineering Laboratory. It shall be
serialized or nunmbered by Code 600 and recorded in the procedure sheet. It
shall be used for all subsequent Al nen intensity verifications.

Modi fications to test fixtures nust be approved by the Materials Engineering
Laboratory and the cogni zant engi neering branch. The fixture's serial nunber
shall indicate if a nodification exists (i.e., 001-94-MOD1).

8.5 PEENI NG MACHI NE SELECTI ON: The sel ection of the type of peening
machine is a critical step in establishing the peening process. The
following criteria shall be considered.

8.5.1 COVMPUTER CONTROLLED PEENI NG A high | evel of control in
the peening process is critical for parts whose fatigue life is
affected by the shot peening treatnment and parts which are
deened "flight critical". It is preferred that these parts are
processed with conputer nonitored and controll ed equi pnent.
Large parts which require fixturing and parts typically peened
in batches are al so recomended for this equipnent.
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8.5.2 AUTOVATI C PEENI NG: Automati c peening is best suited for
batch parts which are basically cylindrical

8.5.3 MANUAL PEENI NG Manual peening can used for al
applications. NOTE: Upon receipt of computer controlled
peeni ng equi pnent, usage of the manual peening process will
diminish. At that tine, parts discussed in para. 8.5.1 will be
required to be processed with conputerized equi pment unl ess
witten authorization is given for automatic or nmanual peening.

8.6 PREPRODUCT!I ON SET- UP VERI FI CATI ON

8.6.1 I NTENSI TY VERI FI CATI ON LOCATI ONS: The intensity
varification |locations shall be as noted on the draw ng or other
technical directive. When the locations are not identified,

t hey shall be established by the cognizant airframe engi neering
branch and the Materials Engineering Laboratory.

8.6.2 SATURATI ON CURVE: The peening intensity shall be
determ ned by the procedures outlined bel ow using test fixtures
per para. 8.4.5.

8.6.2.1 Devel opnent of Peening Procedure: A peening procedure
must be devel oped for all parts peened at NADEP Jax. A conplete
saturation curve shall be devel oped for each intensity
verification location and the curves shall forma part of the
peeni ng procedure sheet. The critical peening paraneters,
confirmed by the saturation curves and coverage deterni nation
shall be recorded in the conmputer program or applicable | ogbook
or docunent.

8.6.2.2 Generation and Interpretation of Peening Saturation
Intensity Curves:

(a) A peening intensity nmust be specified on the appropriate
technical docunent. The intensity may be given as a decinal or
whol e nunber val ue such as 0.006A or 6A. These val ues are
equi valent. A four point range is typically cited, i.e., 4-8A or
0.004-0.008A. If a single nunber is given, then two points shal
be added and subtracted to establish the range. (i.e., 12A =
10-14A). If a maximum or mninmum value is specified, then four
points are either added or subtracted as appropriate. (i.e.

m ni rum 10A = 10- 14A: nmaxi num 10A = 6- 10A).

(b) Sel ect the proper Alnen strip (A, C, or N. Place the
strip on the Al nen gage and test for flatness. The
side of the strip neasuring zero pre-bow shall remain
unpeened and pl aced agai nst the face of the Al nen
bl ock. NOTE: Al nen strips cannot be re-used.
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(¢)

(d)

(e)

(f)

(9)

(h)

(i)

(i)

I nspect the Al men block for excessive wear or contam nation
Clean or replace the block as needed. Place the Almen strip
onto the block and firmly tighten the four screws. Wth the
Al men strip securely in place, inspect to verify that nothing
(especially shot) is trapped under the strip.

Expose the nounted Al nen strip to the shot stream for a measured
amount of tinme. The strip shall be peened in a manner which
simul ates the nmethods used during production peening of the
part. Expose at |least three nore strips to the shot stream using
vari ous exposure times. Time intervals such as 1/2T, T, 2T, and
4T are suggested. For exanple, if T=10 seconds, then 1/2T=5,
2T=20, and 4T=40 seconds.

Usi ng the Al nmen gage, neasure the anmount of strip arc on the
unpeened side for each of the strips. Record the arc height and
time of exposure onto the strip.

Using a graph of arc height versus exposure tine, plot the data
points and draw a curve simlar to the one shown in Figure 2. Do
not connect the data points with straight lines, the curve shal
be snpboth. A satisfactory saturation curve will exhibit a
"knee'' and a region which flattens to the right.

Sel ect a point at the knee of the curve (point "a" on Figure 2).
Move to the right a distance which doubl es the exposure tine of
point "a". If the intensity at the doubled-tine point has |ess
than 10% i ncrease fromthe intensity at point "a", then point
"a" is a suitable saturation point. The arc height at point "
is the saturation intensity for the machine at the sel ected
settings.

a

For production peening, the saturation intensity nust fal

within the four point specified range. |If not, new machine
paraneters nust be selected and new strips peened to construct a
new saturation curve.

Figure 3 depicts several saturation curves drawn on one graph
Wth curve 1, saturation is not reached since the curve does not
flatten out. After a nachine adjustment (i.e., lowered air
pressure), curve 2 is drawn but the saturation intensity is

bel ow the range. A final nachine adjustnent is nmade which
produces curve 3 and the desired intensity is obtained

Upon successful conpletion of the saturation curve,
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record all required informati on on the peening procedure
sheet. These parameters will be used to peen production
parts.

8.7 PEENI NG PROCEDURE:

8.7.1 COVERAGE OF PRODUCTI ON PARTS: Unl ess ot herw se specified, the
production part shall receive 100% coverage. After exposing all areas of the
production part to the media stream for the determ ned saturation exposure
time, inspect for conplete coverage per para. 8.10.5. If coverage is

i ncompl ete, additional exposure tine may be applied. \Wen specified,
mul ti pl e exposure times are obtained by nultiplying the 100% coverage cycle
time by the appropriate factor. For instance, a 200% coverage cycle time is
obtained by multiplying the 100% coverage cycle time by two.

NOTE:
On the production part, on a unit area basis, the tine required to
obtain 100% coverage will likely be different fromthe saturation
exposure tinme determined fromthe saturation curve. Soft metals such as
aluminumwi || require | ess exposure tine to obtain 100% coverage than
harder parts such as steel. Therefore, coverage nust be nonitored
i ndependent of intensity. As a rule-of-thunb, the total surface area to
be peened on the production part can be divided by the area of an Al nen
strip (2.25 square inches). The resulting nunber can be nultiplied by
the saturation exposure tine. This will give an estimate of the tota
cycle time which will be required to peen the part.

8.7.2 PRODUCTI ON PEENI NG SET- UPS: The production peening
set-up shall use the conputer pre-program (when applicable) and
the procedure sheet (see 8.9.2) to designate the machine and the
machi ne settings, fixtures, and locations of parts and fixtures.
Intensity verification using test strips is required by peening
a single set of test strips after all nonitored paraneters,
fixtures and | ocations match the conputer preprogram and the
procedure sheet. Intensity verification specifics are detailed

i n paragraph 8.10. 3.

8. 7.3 NOZZLE HOLDI NG FI XTURE: For automatic and conputer controll ed peening,
each nozzle shall be held in a fixture or positioned so that the angle of

i mpi ngenent and stand-off distance conforns to the procedure sheet during
peeni ng. The nozzle holding fixture shall be nunbered and recorded on the
procedure sheet.

8.7.4 PART HOLDI NG FI XTURE: The part shall be held in a
fixture designed to locate the part inside the shot peen cabi net
in a repeatable position in relation to the nozzle. For
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conmputer controlled equi pnment, the location tolerance zone is +/- 0.063
i nch. For autommtic machinery, the tolerance zone is +/- 0.25 inch. The
fixture shall be nunbered and recorded on the peening procedure sheet.

8.7.5 SHOT SI ZE: The shot size cited on the engineering directive shal

be used. Deviations will require witten authorization fromthe Materials
Engi neering Laboratory. For shot selection, the followi ng are guidelines to
be used in engineering decisions. Radii shall be peened with shot whose
diameter is no larger than one-half the size of the radius being peened. In
general, the snallest dianeter shot which delivers the required intensity
shal | be used.

8.7.6 PEENI NG OF HOLES: Hol es | arger than 0.125 inch dianeter shall be
peened to the specified requirenments utilizing internal peening setups. No
internal set-ups are required if the hole diameter is equal to or |arger
than half the hole depth, provided that the hole is open to direct

i npi ngenent from both ends. If such a hole is accessible fromone end only,
external peening with the specified shot size and intensity for the

actual part is then acceptable, provided that the hole receives conplete
cover age.

8.7.7 FREE EXIT OF SPENT SHOT: For internal peening, the part shall be
positioned so as to ensure free exit of spent shot.

8.7.8 SPENT SHOT: Peening with accunul ated, non-cl assified spent shot
is not pernitted.

8.7.9 PARTS W TH VARI ABLE THI CKNESSES: \When two or nore thicknesses are
present on the sane part and one is over 0.375 inch and the other is |ess
than or equal to 0.375 inch, the part shall be peened as follows:

8.7.9.1 Step 1: The thicker area shall be peened first using the correct
shot size and intensity for that thickness and the thinner area shall be
masked at any outside corner where the change of cross section occurs. Do
not mask an inside radius. If the change in cross section is gradual, the
peening intensity and coverage shall fade within two inches into the thinner
ar ea.

8.7.9.2 Step 2: The thinner section is then peened to the correct
intensity with no masking of thicker sections, except as required by the
applicable drawi ng or other docunmentation. Conplete coverage with the
required intensity is required for no less than two i nches overlap into the
area previously peened.

8.7.10 APPLI CATI ON OF EXTERNAL LOADS DURI NG PEENI NG No external | oads
shall be applied to the part during peening unless authorized by the
cogni zant airfrane engi neering branch
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8.7.11 PEEN FORM NG

8.7.11.1 Coverage During Peen Form ng: Peening for 100% coverage (saturation

peening) is not required if the sole purpose is to produce a prescribed
contour, or peen form

8.7.11.2 Peen Form ng Paranmeters: Peen fornm ng paraneters shall be
established so that a m ni num of manual procedure is needed to produce the
desired contour. This peening schedule shall be recorded for future peen
form ng of simlar parts.

8.7.11.3 Contouring: Using the established paraneters from®8.7.7.2, perform
the peening operations required to obtain the specified contour. Approved
check fixtures shall be used to determine if the contour is acceptable and
wi thin allowed tol erance.

8.7.11.4 Peening Precendence: Wen peen form ng and saturation peening are
required on a particular part, the peen form ng operation shall be conpleted
first, followed by saturation peening.

8.7.11.5 Intensities: Peen forming intensities shall be in
accordance with the table shown bel ow.

I NTENSI TY LIM TS FOR PEEN FORM NC

Maxi num Al | owabl e I ntensity

Section Thi ckness (1 nch) Al um num and st eel Ti t ani um
0. 030- 0. 059 0. 006A per dwg.
0. 060-0. 120 0. 010A 0. 009A
0.121-0.375 0. 014A 0.011A
Over 0.375 0. 019A 0. 014A

8.8 POST- PEENI NG TREATMENT:

8.8.1 I NIl TI AL CLEANI NG After peening and renoval of mmsking, all masking
adhesi ve, shot, and shot fragnents shall be renmpbved fromthe surfaces of

parts. Only nethods which do not scratch or otherwi se mar surfaces shall be
used.

8.8.2 SURFACE MATERI AL REMOVAL: When surface material is to be renoved,
one or nore of the follow ng methods may be used: polishing, |apping,

honi ng, sanding, or a second peening operation to a |lower intensity.
Grinding shall not be used unl ess approved by the Material s Engineering
Laboratory. Renpval limts are as follows:

(a) For parts with a specified nmininumtensile strength of
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220,000 psi and over, no nmore than 5% of the specified nmninmm"A"
intensity or equivalent "N' or "C' intensity shall be renpved from
the surface

(b) For other parts, no nore than 10% of the specified mnimum"A"
intensity or equivalent "N' or "C' intensity shall be renmoved from
t he surface

8.8.3 FURTHER CLEAN NG

8.8.3.1 Decontanination: Parts made from material other than all oy or carbon
steel which have been peened with netallic shot shall be decontani nated as
fol | ows:

(a) Corrosion resistant steel and titaniumalloy parts shall be
decontanminated in a 20 to 50% by volume nitric acid solution at
140E + 5F for 15 to 30 m nutes.

(b) Al umi num al l oy parts shall be decontanminated in a 50% +/- 5 by
volunme nitric acid solution at ambient tenperature or 20% +/- 2 by
volunme nitric acid solution at 140E +/- 5.

8.8.3.2 Rinse: After decontam nation, parts shall be spray rinsed or
rinsed in agitated water.

8.8.3.3 Ceaning Via dass Beads: As an alternate postpeen cleaning
procedure, parts listed in (a) or (b) above may be peened with gl ass beads
using an intensity of 0.002-0.006N. Only trained peeners are authorized to
performthe gl ass bead peening for cleaning purposes.

8.8.4 POST- PEEN HEAT TREAT: To avoid reduction of induced
conpressi ve stresses, peened parts shall not be exposed to
tenperatures higher than those |isted bel ow

(a) Alloy steels .......... ... ....... 475F
(b) Corrosion resistant steels .......... 750F
(c) Aluminumalloys ......... .............. 200F
(d) Titaniumalloys .......... .......... 600F
(e) Magnesiumalloys .......... ... ....... 200F
(f) Ni ckel and cobalt alloys ............ 1000F

8.9 PROCESS CONTROL:

8.9.1 PEENI NG SET- UP: The peening set-up shall be established
by placing the Alnen test strip set-up fixture in the machine in
the identical orientation to the shot streamin which the part
shall be exposed. Air pressure shall be adjusted to yield the
designated intensities. Nozzle positions shall be set so that
t he shot stream shall have an angl e of inpingenment between 45



NADEPJAX LPS 500
31 JAN 95
PAGE 13 OF 29

and 90 degrees with respect to the Al nen strips.

8.9.2 PEENI NG PROCEDURE SHEET: A peeni ng procedure sheet which shows the
peeni ng paranmeters for production parts shall be established for each part
nunber. The paraneters |isted on the procedure sheet shall be approved by the
Mat eri al s Engi neering Laboratory prior to initial production peening. The
procedure sheet will include a sketch of the machine set-up show ng nozzle

pl acenent with respect to the part. Locations of Alnen test strips wll also
be identified. The procedure sheet will also include the information |listed
bel ow. A sanple procedure sheet is shown in Figure 4

* Procedure sheet nunmber and approval date

* Shot peen operator name and certification informtion

* Comput er program nane or nunber (if applicable)

* Part nunber and nomencl ature

* Specific aircraft or engine application

* Peeni ng machi ne identification

* Fixture identification numbers (Al nen strip fixture, part
fixture, nozzle fixture, masking fixture)

* Shot flowate for each nozzle

* Nozzle orifice size

* Nozzle translation speed and direction of travel relative
to the part

* Nozzl e angl es of inpingenent

* Nozzl e-to-part distance

* Air flow of each nozzle

* Air pressure for each nozzle

* Size and material of shot

Speed, direction, and travel of part in translation or rotation

(when applicable)

Areas to be masked

Saturation curve for each intensity verification point

Ti me of exposure to the shot stream

Sequence of nozzle shut down (if applicable)

Desi gnated intensity range

Target intensity

coverage requirements

Prepeeni ng cl eaning and other rel ated tasks

Post peeni ng cl eani ng requirenents

*

[ S

8.9.3 PEENI NG PROCESS SHEET: During the peening of production parts,
peeni ng process sheets shall be conpleted and mmi ntai ned. The peening process
sheet shall contain the information |listed below. A sanple peening process
sheet is shown in Figure 5.

* Shot peen operator nane and certification information
* Date

* Aircraft or engine type

* Part nunber and nonmencl ature
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Part serial nunber(s)

Correspondi ng procedure sheet number for part nunber

Required intensity range

Saturation intensity value from saturation curve on procedure
sheet (for each Alnen strip | ocation)

* Verification intensity value for peening at saturation exposure
time on intensity curve from procedure sheet (for each Al nmen
strip location)

b

8.10 QUALI TY ASSURANCE:

8.10.1 SHOT SI ZE AND UNI FORM TY: Shot size and uniformity shall be
verified by sanples taken fromthe nozzle. Sanples shall be taken and

anal yzed weekly for each shot size to be used. Size and shape anal yses
shall conformto and neet the requirenents of Reference (a). A |ogbook
showing the results will be maintai ned by each peening shop for a period of
five years.

8.10.2 ALMEN STRI PS: Randomly picked Al nen strips shall be tested by the
Mat eri al s Engi neering Laboratory for dinensional and physical conformance to
the requirenents of reference (a).

8.10.3 I NTENSI TY VERI FI CATIONS: Intensity verifications shall be
routinely perforned to ensure that equi pnent is operating properly and that
the desired, established intensities are being maintained.

8.10.3.1 Verification Frequency: Intensity verifications shall be nade with
the appropriate Alnmen strip, A, C, or N. At |least one intensity

determ nation for all required |ocations shall be nade before and after each
production run and/or at |east every eight hours of production when using
steel shot (every four hours for ceram c shot and every two hours for glass
bead).

8.10.3.2 Verification Tolerance: Intensity verification shall be
acconpl i shed at the exposure tine which corresponds to the saturation point
on the preproduction procedure sheet saturation intensity curve. |If the arc
hei ght at the saturation point is not within +/- 0.001 inch of the
preproduction value, a new saturation curve and procedure sheet shall be
generated for the part. The intensity verification value shall be recorded
on the peening process sheet.

8.10.3.3 Verification Foll owi ng Medi a Replineshnent: Intensity verification
shall be perforned following a major addition or replineshnent of nedia. An
addi tion of 10t or nmore of full charge is considered a ngjor addition

8.10.4 RECOVERY FROM SHUT- DOAN FOR OUT- OF- TOLERANCE CONDI Tl ON
Upon correcting an out-of-tol erance condition which caused a
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shut -down of the peening equi pment, the part being peened will be conpleted
followed by an intensity verification with the Alnmen test fixture. If the
resulting intensity fails to conpare to the original saturation intensity
within + 0.001 inch, the Materials Engineering Laboratory nust be notified
for disposition of the part. Any discrepancies of the nachine nust be
corrected and a new saturation curve and procedure sheet nust be generated
for the part.

8.10.5 COVERAGE VERI FI CATI ON: All peened surfaces shall be verified to have
conpl ete (100%) coverage. Peened surfaces which do not exhibit 100% coverage
must receive increased exposure tine until conplete coverage has been

obtai ned. Either of the follow ng nethods shall be used for the purpose of
verifying conpl ete coverage

8.10.5.1 | ox Magnification and Liquid Tracer System Peened surfaces
shal | be visually inspected using |ox magnification or higher in conjuction
with a liquid, nonfluorescent tracer systemto deternmine if the entire
surface of the required peened area has overl apping dinples.

8.10.5.2 Fluorescent Liquid Tracer System A fluorescent liquid tracer
coating may be enployed to indicate when 100% cover age has been Obt ai ned.
These coatings must be used in accordance wi th manufacturer’'s reconmendati ons
and shall be approved by cogni zant engi neering authority.

8. 10. 6 PREPRODUCTI ON APPROVAL: Saturation curve generation and machi ne
set-up during preproduction shall be w tnessed, verified, and approved by
the Materials Engineering Laboratory. Also, first-run production peened
parts and correspondi ng procedure sheets for each part nunber shall be
approved by the Materials Engi neering Laboratory.

8.10. 7 RECORDS: Procedure sheets (active and obselete), work sheets,

comput er records, tests, and inspection records shall be maintai ned by the
peeni ng shop for at least five years. The records shall contain all data
necessary to verify conpliance with this specification. Alnmen strips used to
measure/verify intensity shall also be kept for at |east five years. The
strips will be annotated with the date, neasured arc hei ght, correspondi ng

| ocation on the test fixture, procedure sheet nunber, and part nunber.

8.10.8 LOGBOOK: A daily |ogbook shall be maintained in peening shops to
track, as a nmininmum workload, nachine usage, operator experience, and
equi pment probl ens.

8. 11 DEFI NI TI ONS
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8.11.1 SATURATI ON | NTENSI TY: The saturation intensity is deternmined from
a saturation curve. Satuaration exposure tine is the mninmm duration of
peeni ng whi ch, when doubl ed, increases the Alnmen strip arc height by no nore
than 10% Arc height at saturation should correspond to the arc hei ght
required for the part. The re-use of peened test strips is not permtted.
The procedures for saturation curve generation are detailed in Reference (e)
and this document. A typical curve which exhibits saturation is shown in
Figure 3 with the saturation point occurring at tine "T".

8.11.2 100% COVERAGE: Conpl ete obliteration of the original surface
finish by peening dinples.

8.11.3 PEENI NG CYCLE TIME: The tinme required to obtain 100%
coverage of the part or peening area.

8.11.4 COGNI ZANT: The term applied to the engineering authority
responsi ble for the design and/of the integrity of the parts being
processed.

8.11.5 I NTENSI TY VERI FI CATI ON LOCATION: A critical location on a part at
whi ch peening intensity nust be verified as correct before the peening
process is approved. Locations will be as specified on the control draw ng

or designated by the cognizant engi neering branch and the Materials
Engi neeri ng Laboratory.

8.11.6 CRI TI CAL PEENI NG PARAMETERS: Machi ne/ process paraneters
which directly or indirectly affect the intensity or coverage
obtained in the shot peening of parts.

8.11.7 PEENI NG CYCLE: A conpl ete peening event in which the part or
area(s) of a part are exposed to the shot streamfor a sufficient tine to
obtain the required intensity and 100% cover age.

8.11.8 PROCEDURE SHEET: A data sheet which contains information regarding
all selected paraneters which are used to establish the peening cycle for a
particular part. The peening procedure sheet is described in detail in

8.9. 2.

8.11.9 PROCESS SHEET: A daily worksheet used by peening operators to
docurent the peening of production parts. The peening process sheet is
described in detail in 8.9.3.

8.11.10 SET-UP: A configuration and/or process in which the shot peen
paranmeters are established and confirmed for a particular part. Critica
peeni ng paranmeters are devel oped during the set-up process and the Al nen test
fixture is used to confirmintensity levels and a liquid tracer systemis
used to confirmthat the proper coverage is obtained.
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8.12  SHOT PEEN OPERATOR CERTI FI CATI ON (per ref.(i)and bel ow):

8.12.1 I NI TI AL CERTI FI CATI ON: A shot peen operator candi date (not
previously certified for shot peening) will receive certification after
acconplishing the foll ow ng.

8.12. 1.1 Optical Examination: Optical exam nation for visual acuity, near
vision 20/30 at 16 inches, in either eye.

8.12.1.2 Techni cal training

(a) 24 hours of classroomtraining on shot peen theory, purpose,
applications, etc. Lesson plan will be witten and adm ni stered by

Code 34100.

(b) 8 hours of shop orientation and QJT.
(c) 30 days of work experience.

8.12.1.3 Operator eval uation (subsequent to training):
(a) Witten exam - minimum passi ng grade = 80%

(b) Practical exam - mn. passing grade = 80%

8.12.2 RECERTI FI CATI ON: Recertification will occur every three
years and will consist of the follow ng:

(a) Optical Examination: Optical examper 8.12.1.1 (a) (annua
requirenent).

(b) 8 hours of classroomrefresher training.
(c) Witten and practical examw th mn. passing score of 80%
8.12.3 CERTI FI CATI ON CLASSES: Three classes will be enpl oyed.

(a) Class 1 (General): Basic certification |evel which allows the
operator to use manual and automated peening booths. Class 1 is
achi eved after successful conpletion of the certification or
recertification requirenents.

(b) Class 2 (Structural): Basic certification (Class 1) plus
additional training and certification in on-aircraft critica
peeni ng of bul kheads or other areas. Operator nust denobnstrate
an acceptable skill level to be certified for this application.

(c) Class 3 (Computer controlled peening): Basic



NADEPJAX LPS 500
31 JAN 95
PACGE 18 OF 29

certification plus additional training/experience to utilize
conputer controlled and/or robotic shot peen equi pnent. My
require extended off-site training at the equi pnent
Manufacturer's facility. Operator nust denpnstrate an
Acceptable skill level to be certified for this C ass.

8.12. 4 NATURE OF WRI TTEN EXAM The witten examw Il test the operator's
knowl edge of the technical (classroon) information. In caseof failure of the te
within five workdays. |If the operator fails the second attenpt, he shall be
disqualified frompeening for a mninmmof 30 days. A third failure will be
cause for renoval of the operator fromthe shot peen process and revocation

of his special skill certification

8.12.5 NATURE OF PRACTI CAL EXAM The practical examw Il require the
operator to denonstrate the ability to performdaily peening tasks. Testing

wi |l cover such tasks as; reading and interpreting shot peen paraneters,
runni ng Al nmen tests, generating and interpreting saturation curves, etc. The
same failure and retest criteria outlined in para 8.12.4 will apply.

8.12.6 I NTERI M TESTING |If given due cause, an operator may be tested at

any tinme between recertification periods. In the event that the operator
fails to nmeet mininmum established requirenents, a thirty day peening
disqualification will result. After the 30 day period, the operator may
retest. A second failure will be cause for revocation of certification.

8.13 RELATED | NFORMATI ON

8.13.1 DEPTH OF COWPRESSI VE LAYER: The tabl e bel ow shows typica
dept hs (inch) of conpressive stress for common naterial s:

DEPTH

MATERI AL | NTENSI TY: 8N 8A 8C
Al um num al | oys 0. 003 0. 010 0. 027
Ti tani um al | oys 0. 002 0. 007 0.018
St eel (under 200 ksi UTS) 0. 003 0. 008 0. 025
Steel (200 ksi UTS and over) 0. 002 0. 005 0. 015
Ni ckel all oys 0. 002 0. 006 0. 020

8.13.2 | NTENSI TY COVPARI SONS: Al men test strip "A" is ordinarily

used for arc heights up to 0.024 inch; for greater degrees of

peening, Alnen test strip "C'" is used. For intensities bel ow 0.004A,
the Alnen test strip "N' should be used. For conparison of the

nomi nal intensity designations, the "A" Alnmen strip deflection nmay be
multiplied by three to obtain
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the approximate deflection of an "N' Alnen strip when peened at the sane
intensity. The deflection of the "C' Almen test strip may be nultiplied by
three to obtain the approxi mate deflection of an "A" Almen strip when
peened at the same intensity.

8.13.3 PRECENDENCE OF SPECI FI CATI ONS: The mpjority of this Loca
Process Specification is based on reference (g), which has been invoked
by NAVAIR to establish mnimum process requirenments for conputer
Controll ed shot peening. In the event of a problem not addressed within
this LPS, reference (g) will apply and take precedence. In the case of
conflict, this LPS applies and takes precedence. Any waivers to this
speci fication nust be approved by the Materials Engi neering Laboratory.

PREPARED BY: APPROVED BY

Lo/ Wt go—
D. W McKi nl ey A W” Thonms, Director,
Material s Engi neer Mat eri al s Engi neering Div

Code 34100 Code 34000

REVI EVED BY:

J.L. Yadon, Head,
Structural Mterials Branch

Code 34100
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TABLE | . Uniformty of shot to be nmintained in machine.
Cast shot Cut wire d ass bead Cerami ¢ bead Maximum 208
si zes si zes si zes, nmax si zes Passing U.S. si eve
(inches) (inches) Nunber and
opening 1/
930 - . 132 - 8(.0937)
780 - 111 - 10(. 0787)
660 - . 094 - 12(.0661)
550 CW 62 . 079 - 14(. 0555)
460 CwW 54 . 066 - 16(. 0469)
390 CwW 47 . 056 - 18(. 0394)
330 Cw 41 . 047 0. 046 20(.0331)
- CW 35 - - 20(.0331)
280 CwW 32 . 039 - 25(.0278)
230 Cw 28 . 0331 0.033 30(.0234)
190 CwW 23 . 0278 - 35(.0197)
170 CW 20 . 0234 0.024 40(.0165)
130 - . 0197 - 45(.0139)
110 - . 0165 0.017 50(.0117)
70 - . 0139 - 60(. 0098)
- - . 0117 0.012 70(.0083)
- - . 0098 - 80(. 0070)
- - . 0083 0. 008 100( . 0059)
- - . 0070 - 120(.0049)

1/ Sieve nunbers specified in RR-S-366, number in parenthesis represents
si eve opening size (inches).
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TABLE 2. Nunbers and screening tol erances for cast

Cunul ati ve Cunul ati ve

Al'l pass Max 28 on Max. 508 on min. 908 on mn. 98% on
Peeni ng US sieve U S. sieve U.S. sieve U S. sieve U.S. sieve
Shot Nunber and Nunber and Number and Nunber and Nunmber and

openi ng 1/ openi ng 1/ openi ng 1/ opening 1/ openi ng 1/

930 - 5 (.157) 6 (.-132) 7 (.11) 8 (.0937) 10 (.0787)
780 - 6 (.132) 7 (.11) 8 (.0937) 10 (.0787) 12 (.0661)
660 - 7 (.11) 8 (.0937) 10 (.0787) 12 (.0661) 14 (. 6555)
550 CW62 8 (.0937) 10 (.0787) 12 (.0661) 14 (.0555) 16 (.0469)
460 CW54 10 (.0787) 12 (.0661) 14 (.0555) 16 (.0469) 18 (.0394)
390 CW47 12 (.0661) 14 (.0555) 16 (.0469) 18 (.0394) 20 (.0331)
330 CW41 14 (.0555) 16 (.0469) 18 (.0394) 20 (.0331) 25 (.0278)
280 CW35 16 (.0469) 18 (.0394) 20 (.0331) 25 (.0278) 30 (.0234)
230 CW32 18 (.0394) _20 (.0331) 25 (.0278) 30 (.0234) 35 (.0197)
190 CW28 20 (.0331) 25 (.0278) 30 (.0234) 35 (.0197) 40 (.0165)
170 CW23 25 (.0278) 30 (.0234) 35 (.0197) 40 (.0165) 45 (.0139)
130 CW20 30 (.0234) 35 (.0197) 40 (.0165) 45 (.0139) 50 (.0117)
110 - 35 (.0197) 40 (.0165) 45 (.0139) 50 (.0117) 80 (.0070)

70 - 40 (.0165) 45 (.0139) 50 (.0117) 80 (.0070) 120 (.0049)

_1/ Sieve nunbers specified in RR-S- 366, nunber in parenthesis
represents sieve opening size (inches).
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Tabl e 3.

Table 3 — Shot sizes and Intensities for Steel and Titanium Parts.

Mat eri al Thi ckness Mat eri al Thi ckness
0.090 to 0.375 Inch 0.090 to 0.375 Inch Mat eri al Thi ckness Mat eri al Thi ckness
I ncl usi ve I ncl usi ve Over 0.375 Over 0.375
(2.29 to 9.52 mm (2.29 to 9.52 mm (2.29 to 9.52 M) (2.29 to 9.52 M)
MATERI AL (1) Shot Size Intensity Shot Si ze Intensity
Ti tani um Al | oys 110, 170 6 to 10A 110, 170 6 to 10A
Steel, m ni num 230, 330 8 to 12A 230, 330 10 to 14A

Tensile strength
200 ksi (1379 Ma)
and under

Steel, m ni num 170, 230 8 to 12A 230, 330 12 to 16A
Tensile strength
Over 200 to 260

Ksi (1379 to 1793 Mpa),

i ncl
Al Aloys Hol es Under 0.750 (19.05 mm) dianeter: 70, 110 Shot at 10 to 15N
NOTES: 1. Any shot size and intensity specified on the engineering drawi ng shall take precedence

2. Sizes in Table 3 are for ASR (cast steel shot, regular) and ASH (cast steel shot, hard)
Equi val ent sizes of other nedia, in accordance with AVS-2431, shall be used when shown on part
engi neering draw ng
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TABLE 4 - Shot Sizes and

Intensities for Al um num

Areas to be Peened

Intensity (1) Shot Si ze

Secti ons over
0.375 inch (9.52 mm

Sections 0.090 to
0.375 inch

(2.29 to 9.52 nmm), incl
in thickness

Hol es under 0.735
inch (18.67 mm) in
di anmet er

10 to 14A 230, 330

6 to | 0A 170, 230

10 to I5N 70, 130

NOTES: 1. Any shot size and intensity specified on the engineering
drawi ng shal |l take precedence.

2. Sizes in Table 4 are for ASR (cast steel shot, regular)

and ASH (cast steel

shot, hard). Equivalent sizes of other

medi a, in accordance with AMS 2431, shall be used when
shown on part engi neering draw ng.
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FIGURE 1. Assenbled test strip and holding fixture.




<—H~-wnzm-Hdz"—

<=~ wnzm-HzZz~-

SL JAN YD
PAGE 25 OF 29

Knee of Curve - Saturation
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v | N

Less than 10%

| I ncrease |In
| Intensity

| |
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|T Z‘T >

EXPOSURE TI ME/ NO. OF PASSES

Figure 2. PEENI NG SATURATI ON | NTENSI TY CURVE

>

1. Saturati on Not Reached

Too Low

Best Curve --- #3

Exposure Tinme / No. OF Passes

Figure 3. VAR OUS SATURATI ON CURVES GENERATI ON TO
OBTAI N THE DESI RED RANGE

2. Desired Saturation Qbtained

3. Saturation Point
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SHOT PEEN PROCEDURE SHEET,
For Documentati on of Peening Set-up Paraneters
Paraneter List, Sheet | of 3

Procedure Sheet Number Approval Date

Oper at or Nane Certification Nunber

Conput er Program Name/ Nunber (if applicable)

Part Nunber and Nonencl ature

Part Material and Spec. Mat eri al Hardness

Aircraft or Engine Type___ Peening Machine Identification

Fi xture I D Nunbers (list all fixtures for: Almen strips, parts, nozzles,

maski ng, etc.):

Nunmber of Al nen Test Bl ock Locations on Test Fixture

Shot Flow Rate (per nozzle)

Nozzl e Angl e of | npingenent

Nozzle Orifice Size

Shot Type and Size

Nozzl e-to-part Distance

Air Flow (per nozzle) Air Pressure (per nozzle)

Speed and Direction of Part, in Translation and Rotation

Cycle Tine for Peering of Part Coverage Requirenents

Specified Intensity Range ACN Target Intensity__  ACN

Prepeeni ng Cl eani ng and Ot her Preparatory Requirenents

Post peeni ng Cl eani ng Requirenents

Comrent s:

Figure 4. Shot Peen Procedure Sheet.



SHOT PEEN PROCEDURE SHEET,
Saturation Curve, Sheet 2 of 3
(NOTE: Use a separate sheet for each

Al men strip |ocation

Saturation curve data:

Ti
1:
Ti
2:
Ti
3:
Ti
4:
Ti
5:
Ti
6:

Saturation intensity of, A C

Requi red coverage obtai ned with exposure tine of

Conment s

EXPOSURE TI ME (NO. OF PASSES, SECONDS, CR

Arc
Arc
Arc
Arc
Arc
Arc
Arc
Arc
Arc
Arc
Arc
Arc

Hei ght :
Hei ght :
Hei ght :
Hei ght :
Hei ght :
Hei ght :
Hei ght :
Hei ght :
Hei ght :
Hei ght :
Hei ght :
Hei ght :

>>>>>>>>>>>>
O0O00000O00O0O0O0
z2Zz2z2zzz2zz2zZzzZ2zZ22zZ22Z2

N was obtained with
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SHOT PEEN PROCEDURE SHEET,
Sketch of Part, Sheet 3 of 3
(To include nozzle positions, Alnen
strip locations, and masked areas.
Use nmultiple sheets as required)

Comments:

Fi gure 4. (Continued).
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SHOT PEEN PROCESS SHEET
For Daily Record Keeping of Shot Peen

Process Sheet Seri al (i.e., 001-95)

Shot Peen Operator Name Certification Nunber

Number of Procedure Sheet Corresponding to This Task

Part Nonencl at ure

Part Nunber

Part Serial Number(s)

(Continue on back if necessary).

Aircraft or Engine Type

Required Intensity Range ACN

Using the part's Procedure sheet, |list the saturation curve intensity
val ue for each Alnmen strip |ocation

After running verification Alnmen strips, record the intensity
verification values which correspond to the Alnmen strip |ocations.

Does the verification strip arc height match the saturation curve
intensity for each location? If so, proceed with peening of

Comrent s:

Figure 5. Shot Peen Daily Process Sheet.



