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Review of Shot Peening Technology 

INTRODUCTION 

I 

I f  you are in the aircraft or airline industries please bear with u s  for a few lines: among our readers 

Special Edition 

AGING 

ar r  Inany who are not intimately familiar with the challenges of maintaining the safety and integrity of 
our conimercial, niilitary, corporate and private aircraft fleets. For that matter, there may well be a 
lew (a very few, we hope) who are asking "What's Shot Peening, anyway?" This introduction is 
primarily for their benefit, a s  well a s  to give rredit to some of our people who have furnished first 
hand information fbr this Special Edition. "The Aging Aircr:lSt Fleet". 

We will answer the question first because from the answer you will understand very quickly how 
the Shol Peening process relates to the Aging Aircraft situation. Shot Peening is a cold process which 
uses millions of tiny spheres of' steel, glass or ceramic (typically 0.023 inch or just over half a 
inillirneter in diameter). 'll-iese spheres arc propelled at  about 200 feet per second (60 m/s)  on to the 
i~ l r laces  of metal parts to Induce a resldual compresswe stress w h ~ c h  prevents or greatly retards 

failures from metal fatigue, corrosion fatigue and stress corrosion 
cracking. In the aircraft industry, Shot Peening is also used to - - 

Shot Peening Plays a form the aerodynamic curvatures into wing skins; to correct the 
shape of distorted parts; to permit the use of much harder 

Major Role in the - 

Rejuvenation Process 

materials and,  particularly applicable to aging aircraft, to identify 
areas of subsurface corrosion known a s  exfoliation. If you would 
like more details, please mark and return the reply card, 
requesting our engineering manual entitled "Shot Peening - 
A ~ ~ l i c a t i o n s " .  There is no charge for this book. . a u 

The public was suddenly made aware of the term "Aging 
A~icraft on Apnl 28, 1988 when a 19 year old Aloha A r l ~ n e s  B-737 explosively depressurized a t  
24 000 fcct (7300 m) and 18 feet (6m) of the skm npped from the fuselage Thougn one crew member 
was lost ~n~raculously the pilot made a safe Iandmg Subsequent lnvestlgation revealed that the 
( ausr  ol rhe Aloha ~nr lden t  was corrosion and metal fatlgue Lest you immediately vow never to fly 
again, let us  site some statistics that show flying to be unquestionably one of the very safest modes of 
transportation. 

The inridcnce ol'struct~1ral or skin failures have been so few a s  to be, statistically a t  least, almost 
iioncxistent when considered in the context that there are about 3,500 aircraft just in the U. S. airline 
fleet, accounting tbr 17.000 flights each day and half a billion passengers per year. Approximately 18 
percent of these aircraft are older than 20  years Ult~matelv, the safety of the older aircraft depends 

MIC field crew prepares to peen form B-737 replacement wing 
panel. 

on the quality of the maintenance performed. On March 6, 1990 the 
Federal Aviation Authority (FAA) adopted new regulations regarding 
extensive structural modifications to older aircraft to be completed by 
1994 deadlines. These regulations apply to the large commercial 
airliners with which we are all familiar. However, of the 3,500 aircraft 
mentioned above, about 1,800 are the so-called "commuters", by 
definition carrying less than 60 passengers and operating in domestic, 
regional service. This fleet is made up  of 59 different types of airplanes 
from 17 (mostly foreign) manufactures, and operated by no less than 
165 differmt carriers. The Small Airline Directorate of the FAA has the 
responsibiiilv for the Aging Commuter Aircraft Program. The above 
facts are presented only to give some perspective to engineers not 
associated with the aircraft and airline industries. There are also large 
numbers of military and private aircraft that are not counted here. 

The rest of this Special Edition is devoted to real life examples, some 
long bef'ore the Aloha incident, where Shot Peening has  been used to 
rejuvenate or restore aircraft components. In many cases the Shot 
Peening work is performed by Metal lrnprovement Company (MIC) field 
crews on the aircraft. In others, notably engine, landing gear and brake 
parts, the conlponents are tiismantled at  overhaul and sent to one of 
our 20  plus FAA approved service centers for treatment. The 



PEENED SURFACL 

I Why Shot Peening Works 
1. Impact of a high speed pellet creates a d~mple of diameter "D". The depress~on 

is about 1/10 D. 

I 2. The surface is stretched by the impact. The depth of the stretching is 
approximately 'D: 

3. The "not stretched" core exerts a compressive force in attempting to restore 
the surface to its original condition. 

inforrnation for these examples, which are far from exhaustive, was 
provided by Roger Thompson and Peter O'Hara of MIC Newbury 
(England). David Avline of MIC Dallas, Jeff Meister of MIC 
Cincinnati, Bob Kleppe of MIC Los Angeles and Kevin Tower of MIC 
Hartford. Our thanks to th'nl. 

John  S.  Eckerslep. 
Editor 

AGING AIRCRAFT APPLICATIONS 

DC-9 Landing Gear Attach Fittings 
As far bark a s  the early 1970s, Stress Corrosion Cracking was 

1 I found 011 DC-9 main landing gear attach fittings (aluminum). 
McDonriell Douglas required that all DC-9s in service at  that time be shot peened on site in 
the critical areas of the attach fittings. The paint and anodic coating were removed in thr  
critical areas and energy absorbent tape applied to mask off adjacent surfaces. Thc general 
area was enrlosed in plastic sheeting. Thr shot was rontained by a differcntial pressure 
peening nozzle and returned to the pressure generators for conditioning and recirculalion. 
After peening, the anodic coating and paint were reapplied. It would appear that no further 
evidence of cracking in these areas has  been found, alter the shot peening was perfornied. 

CONCORDE Power Control Cradles 
In a paper entitled "Maintenance of Concordr into thy 21st Century." Mr. M. J .  Phillips. 

Senior Engineer, British Airways plc.. states the following: 'The power flying control unit 
(PFCU) cradles have caused problems in the past . . .  The ruddrr PFCU craclles wcre reshapc~ti 
using a clamp-on profile jig a s  a guide, and then the cradle was shot peened in situ, to 
improve its structural reliability". Since this report, MIC has further shot peened. on all 
seven Concordes, the much larger area of the wing airlerons to improve the fatigue life of the 
attachment brackets. 

B-737 Tail Fin Attachment Lugs 
There is a current and s ~ m ~ l a r  Roelng specifled retrofit process on all attachment lugs foi 

the B-737 200 tall fin assemblies The rework calls for reamlng the lug bores to a n  oversve 
dimension and shot peening of the bores followed by lnstalllng new b u s h ~ n g s  to fit Due to 
the proximity of the lugs a spec~al  tool ha5 been uidnuidciured ro ailow on site controlled 
shot peening of the lugs so that the fittmgs do not need to be disassembled f~orn the alrcraft 
or the fins Sophisticated masklng tools are used In conlurlction w t h  differentlal a11 
pressure techmques to contain thc shot 

B-737 Startruss Assembly 

Design of "Wing Walker" machine for fully 
automated shot peening along rivet runs. 

Thls large f~ttlng h& lugs that protrude through the fuselapr skm to which 
are attached the vcrt~cal and hol itont,il stabilvrr i The overhaul schecIulr r d l s  
for these luqc to be rebored anti refaced followed by controlled shot peening 
Again, we have manufactured dedicated tools to access these areas to obtaln the 
specified levels of lntenslty and coverage at the correct angles of mclderice 

B-747 Lower Web, Wing Center Sections 
Drawings relating to Boeing 747. "cosroded lower web, wing ctr. section, stn. 

1000," carry the following "Repair Procedure" (abbreviated): 
1. To inspect lower web for corrosion hidden by lower chord, refer to Boeing 

S.B. 747-53-2064. 
2. Blend out corrosion in web ... 
3 .  Remove fasteners shown.. . 
4. Shot peen corroded area per BAC 5730 all over blended area. Use 230-280 

grade shot,  ,004"-,008" A-2 intensity see ref. drg. 65B 10276 note G arid 
Boeing Overhaul Manual Chapter 20-10-03 for information. 

5. Alodine and paint whole of repaired area... 
6. Apply sealant.. .to all raying surfaces. 
7. . . .  replace removed section of chord along with splice plates and fixings.', 

B-747 Landing Gear 
Overhaul Manual 32 10-2 I ,  page 410 Feb 1 1991, carncs th? followng 

notation (before chrome plating) 
"Shot peen (all over except on threads) (Ref 20- 10 03) 

( I )  KC55-60 Shot Heat Treat 
(2) 0 01 6 0 033  Shot 5 7 e  
(3) 0 014-0 018 A2 Intrnslt31 
(4) 2 0 Coverage (use Peensran to ~er i fv  coverage) 
Maienal 4340W Steel (275-300 KSII 



Some explanation might be useful so we have added the 
numbers in parenthesis, for reference below: 

(1) If you look at  the last note, 011 "Material", you will 
see that this landing gear part is very hard, equivalent to 
HRC 54-58. To generate the n~ru;irrium residual 
compressive stress from shot peening. it is necessnn lo 
peen with a shot that is a s  least a s  hard a s  the part b e i q  
peened: see also MIL-S- 13165C "Shot Peening of Metal 
Parts'' and Federal Specification QQC-320 "Chrome Plating 
(Eleetrodeposited)". (Check Reply Cart1 if  you would like a 
fi-ee copy of these specifications). 

(2) Item specifies actual dian~eters of shot that call be 
used: M1230H shot falls within this range of tliameters a s  m 
well meeting the hardness req~ii~-ement. 

(3) Item is a n  industiy standard for rncnsuring 
(relatively) the kinetic energy that is transferred SI-om the 
shot to the part. (Check Reply Card at "Shot I'rming 
Applications - Seventh Edition.") 

(4) Coverage is  essentially a visual determination of 
when the part surface is 100°/o impacted with prening 
dimples. On very hard parts, this clcte1-mination is vcq. 

Close-up of exfoliation corrosion revealed by MIC's search 
peening process. 

difficult even with the accepted 10X magnification, Metal Impro~~ement Company uses anc? 
licenses the patented PEENSCAN'. process, whei-e tlle pal-1 is coatcd prior to peenirig wit11 a 
fluorescent tracer liquid that,  when dry, is removed by the direct impingement of the shot. 
Under ultra-violet light, the highly fluorescent trarcr material nlakrs it easy to deter-niinc 
when 100% coverage has been reached. 2.0 signifies that the time required, in the 
automatic peening machine, to reach 1009i, coverage should bc doubled. (Check Reply Card 
for "SAE Technical Paper #850708, Uycscan Trncrrs a s  a Quality Control Tool for- Coveragc 
Determination in Controlled Shot Peening.") 

B-747 Lower Wing Skins 
The auxiliary fuel pumps are positioned withi11 the wing structure, between the inboard 

engine and the fuselage. A modification in this area requires shot peening on the inner 
surface of the lower wing skin. This area can be reached only through the fuel tank access 
ports. Again, MlC has  designed and built dedicated Shot Peening tools for this operation and 
we use PEENSCAN to verib coverage in a n  area of very limited accessibility. 

DC-8 Surface Corrosion Removal 
In addition to on site shot peening, MIC can also undertake 

on  site controlled abrasive blasting. A typical case was a DC-8 
freighter with a requirement for corrosion removal on all the 
exposed steel fastener heads. The original specification called 
for blast cleaning using glass beads but we c?enionstra~cc\ to 
the airline's engineers that glass was the wroil,< media for this 
application. By the time th? glass beads had removed the 
corrosion kom the fasteners, thr  cladding had been damaged 
on the surrounding skin. From our experienrc, v e  reccir~miencl 

Shot Peening Retards Fai!ures 
From Metal Fatigue, Stress 
Corrosion Cracking, Corrosion 
Fatigue, Fretting and Galling. 

certam parameters of abras~ve medla kmet~c enercy and dwell r ~ m c  (hat renlovrd tht 
eorroslon perfectly off the fasteners w i h  no cimmye to the skini  Hl<tit~ng tinlr was also 
reduced slgn~ficantly so that the a~rp lane  could I?? returned to servlcc ~ n u c h  sooner thrill 
onglnally anbcipated 

The above examples are only typical of many appl~canons of h~ghly controlled Shot 
Peenmg performed by MIC on aglng axcraft to prevent or greatly retard Stress C orroilor1 
Crack~ng. Corros~on Fat~gue and Metal Fat~gue Oui process 15 appllcabie not onlv to thc 
a l u m ~ n u m  alloys ( ~ n c l u d ~ n g  alummum lithium) but also to steel5 ( land~ng gear5 Sol 
instance), b t a n ~ u m  and the super allovs usrd in jet englnes Je t  englne components 
~ncidentally are shot peened several times for restorallon ol cornpr e551vr str esses at  pri lodlc 
overhauls, usually a s  a protection agamst fret t~ng fatigue 

EXFOLIATION CORROSION 
Exfoliation Corrosion, a more sevcrc form of Intergranular Corrosion, ocrurs alonq 

aluminum grain boundaries which in sheet and plate are orientrtl parallel to thc surfarc of 
the material, due to the rolling process. it is characterized by dilamination of thin layrrs oi' 
the aluminum, with white corrosion products between the lavers. It is often found nest to 
fasteners where the electrically insulating sralarll or a sacrificial cadmium plating, for 
instance, has  broken down. permitting a galvanic action betwecv the dissimilar metals. 
Where fasteners are involved, thc corrosion extends out\srard from thr  fastener hole. citllrr- 
from the entire circumference of the hole, or i r i  on? direction fronl a scgnlmt of thr  hoic. 11, 
severe cases, the surfare bulges outarard, h r ~ t  in less severc cases. there he no tellt;ilt, 
blisters, and the corrosion can only be detected hy ~ ~ o n d ? s r r u c t ~ \ ~ r  inspection methods tiiat 
a re  not always totally effect.ivc. 

Wing surface showing fastener areas after 
dressing to remove exfoliation. 



Controlled shot peening is of little value in preventing Exfoliation 
I 
I 

Corrosion but it can hc very effective in thc process of both identifving and 
repairing the damage. Semim manuals normally call for the rernoval oS 1 

the fasteners and then for thr  use of rotary discs io sand away thc I 
I 

corroded material followed by blending the area and polishing out the tool f 
marks. Aircraft structural c'ngineers have used MIC's controlled peening f 
alter polishing to compensate lor the lower iatlguc strength of tlic newly ; 
reduced cross-sectiori. The action of the peening, however. will cause the 
surfacc to blister again where deeper exfoliation is present. The surface I 
can then he redressed and reperned ~ ~ n t i l  no further blistering orcurs. 
rl'his pro~,ess, now called "Scarrh I'cening." providi.~ a reliable ITon I 

Ikstructivc- Testing ofthe exfoliated material. The action of the peening on f 
the thin exfoliated layc-r is essc>ntially the samc a s  that employed in thc 1 
proi.css of Peen Forming, used to generate the aerodynamic curvatures in f 
thc wing panels of most comnicrcial air-linc~s. Peening of corroded I 

I 

surfaces can be accomplished using special enclosures to contain the I 

media. I t  is essential to maintain rxtremr control on the intensity of the 
peening so a s  not to calusc tlistortion o l  the skin itself. raihrr than just the f 
blistering of the exfoliated layers. MIC has  applied lor a patent on our 

I I 

"Wing Walker" machine wt1ii.h is used to undertake automatic and fully 
controlled Search Peening for exloliation corrosion along the fastener runs ; 
or1 tlic wing and tail surfaces. I 

I 

B-737 MIC have workecl on a signif~carit n u ~ n b r r  of older aircraft of f 
this ~riodel to remove surface corrosion, to search peen for and dress areas 
exhibiting subsurface exfoliation corrosion and to subseq~~cnl ly  shot peen I 

Reply Card - Fall 1991 
Please: 

Add me t o  the mailing list 

___ Keep me on the mailing list 

Remove me from the mailing list. 

Correct my address, etc. 

Send "Impact" to: (below) 

Please send me (free): 

1. - "Shot Peening Applications - Seventh Editic 

2. - Mil-5-1 31 65C, "Shot Peening of Metal Parts. 

3. - QQC-320, "Chrome Plating (Electrodeposite 

4. .- SAE #850708, "Dyescan Tracers as a Quality 
Control Tool for Coverage Determination in 
Controlled Shot Peening." 

5. - "Shot Peening Stress Profiles," Henry Fuchs, 
Editor. 

6. - "Shot Peening Conference," Cincinnati, OH. 
September 29-30, 1992, I.I.T.T. Sponsor. 

the aflected areas per ongmd equlpnrent manufacturing spec~fi'atlons I 
(BAC 5730) to restore the now even more essential resldual compressive ; 

Contact me ASAP! I need more information on: 

strrsses. 'I'ypicA areas include rivet lines along upper and lower wing I 
I -- 

skins and horizontal and vertical stabilizer- surfaces. Also included are f 
landing gear bay s tn~c tures .  the lancii~ig gcars thcntseives and a n ~ l r n i ~ c r  
of internal airframe components where exfoliation and surface corrosion I Name 
h a w  created obvious damage. I 

I Title 
B-747 We first developed the techniques for "Search Peening" when we : 

were contracted to saturation peen (for fatigue) the upper and lower wing 1 Company 
planks along the fastener lines after airline maintenance personnel had 
already dressed out all visible traces of Exfoliation Corrosion [actually, 

I Address 
I 

"invisible traces" also, because their usual NDT methods gave no I City 
indications of deeper exfoliation). To their surprise, the peening caused I 
numerous areas to blister, revealing deeper layers. Redressing and 

I Statelcountry Zip Code 
I 

repeening was done in some areas for a s  many a s  ten times, with I Telephone Fax 
exfbliation being found to depths of a s  much a s  0.090 inch (2.25 mnl). 
Service experience shows that if hidden exfoliatiol-I is left and not removed. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,  

it will quickly manifest itself hy new surthcc blistering, once the aircraft rc- 
enters service. 

MIC field crews have sinrc carried out the search peening and dressing work on a number of different aircraft. Typically, on B-747s, we 
have applied our skills to exfoliation not only along the rivet lines a s  described but also to fuel tank access ports, to the keel beams and on 
other structural cornponc~its, particularly in the corrosion prone wet areas of tlie g d e ~ y ~  and toilets. 

B-757 Hardly an "old" aircraft but fretting corrosion foliowcd by exfoliation corrosion has  been fbund extensively in the recesses of thc. 
fuel access ports, where thc, cover plates fit. This seems to be more common with the 757s but we have also treated 747s and 737s in the 
20-25 access ports undcr eavh mlng. Spcciai tooling and masking techniques have been tlevelopcd by MIC that allow u s  to be very efficient 
a t  1111s job. 

G l O l l  We have worked on detection and removal of 

Fuel tank access ports masked before shot peening in door recesses. 

significant exfoliation in the center torque box and wing box 
areas, on the "bath tub" fittings. We have also treated 
structural frames that suffered severe exfoliation, 
particularly in the cargo hold and,  of course, the ubiguitous 
rivet lines along the upper and lower wing surfaces where 
exfoliation corrosion has  been brought on by the galvanic 
action between dissimilar metals. 

PEEN FORMING 
B-737 Boeing S e n l r e  Bufletm 737-57A1081 covers the 

repalr of the lrft and right front w n g  chords I'o access the 
chords 11 15 necessary to remove a w n g  skm panel that 1s 
approx~n~ately 10 mches w d c  by 120 mehes lo~ig The 
replacenlent panel 15 essentiallv flat and so does not f ~ t  the 
aerodynam~c contour of the w n g  To restore the contour 
alter the t ra~ l~r ig  edge of th? panel 1s nveted securely the 
Senqce Bulletrn ~ns t ruc t s  a s  follows 

'5 Shot peen designated area pcr Boeing Standard 
O\ erhaul f'ract~ces 20 30 03  or operator s cornparablc 
procedure L I S ~ I I , ~  cut stainless steel w r e  shot a t  coverage 



I and intensity sufficient to bring spring-up value(s) to less than 0.03 
I inch." 
I Implied ( I I L I ~  not stated) is thnt these pancls m ~ i s t  be peened Sol-n~eci on 
I the aircraft, a procedure that rrquir's considerable experience antl skill. 
I Any distor~ion or evcn over-Sorming cannot he corrected once it has  
I happened, so thnt the panel would have to be replaced and the process 
1 started over again. MIC crews have developed forming techniques so that 
I the spring-bark value is icss than 0.01 inch antl no shimn~ing is 
I necessary. 

I COMMENTS 
I 

I Some general comments are appropriate: 
I Many ol the components (ha t  are being peencd in the field on aging 
[ aircraft werc. peened during original manufrictriring to the stringent 
: specification ofthe buildcrs of thc aircraft, It is essential that the rc- 
I peening results in a conlparable c111ality of. residual con~pressive stress. 
I Flapper wheel peening has intensity con~rol problems related to 
I surface geometry. For instancr  it is practically in~possible to adequately 
( flapper peen into a fillet radius. A further practical problem is that the 
i proc~ssing time on a typical ptxening repair can take a s  much as  five 
I times longer to flapper peen than to shot peen. 
: MIC has clevelopecl specialized equipment fbr  on-site work that varirs 
I from small portable machines (hat can be used anywhere on the ~iircxdi.  

to side firing nozzles and lancrs, usccl in conjunction with masking 
tooling, to achieve the rccluircd intensities in holes, clevisses and other 
areas o l  rcstric~ecl acc.c?ss. L)cvc.loplnent continues in all these arcas with 
the object of automating niorr and rnore a s  soon as possible. 

Wherever practical, rnasking is carried out with dedicated tooling and 
differential pressure systems are uscd to contain the shot in the a r m  
requiring peening. Thc pctming media uf our choicr for on-site work is 
ceramic (zirconium oxide) shot. This material is capable of achieving all 
normal steel shot intensities, has a long life before breakdown and it is 
chemically inert. This has two advantages: should a particle of shot 
become lodged in the airframe it will not become a source for galvanic 
corrosion and,  during the peening operation, ceramic rnedia do not cause 
surface ferritic contamination that must be removed before priming and 
painting of aluminum. 

When using rotary sanding disks lo remove exfoliated material, we 
have always been careful to preserve a minimum width to depth ratio of 
20: 1 with well blended edges. This operation is always fbllowecl by a 
saturation peening to introduc~c the resicl~~al compressive strcsses for 
fatigue and stress rorroslon t rackmg protection 

ENGINEERING MANUAL: 
Prevention of Metal Failures 

CONCLUSION 
The problem of aging aircraft now has a high profile both within thc 

industry and,  a s  a result (11 r i  Scw Ilighly puhlicizec-1 incidents, anlongsf thc 
Elghty-five pages, much of them new data ,  riiakes SHOT 
PEENING APPLICATIONS t h e  b r s t  r e s o u r c e  tor every 

general public. It is a n  unfortunate facr that all aging aircraft sufTer from 
fatigue and corrosion in all its forms: thr onlv clifference between them is 
one of degree. This will vary with the operating conditions and the 
operators maintenance program: for cxaniple, obvious factors are coastal 
operation and Srequency ol~rc~-1)ninting. Whe~i  the time comes that 

engineer a n d  technician responsible for design,  s t r e s s  
analysis,  metallurgy, product testing, weight rccluction, 
corrosion control, processes. Ikciiiiies, antl production. Mail 
the REPLY CARD for your copy of this Standard Reference treatment fbr these problems is required you need to find experts with 

experience in this highly spccializcd ficlcl. Manua l  t h a t  will 
i n t r o d u c e  you to 
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