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Table 3.7 Effect of Plastic Media Blasting (PMB) Treatments on thickness of
Protective Layers

Material 7 Thickness of Coating, inches
T e Anodized Alclad
As Received PMB As Received PMB Treated
Treated .
0.032 0.000197 0.000158 0.00182 0.00052 - 0.00236
0.040 0.000161 0.0001156 0.00212 0.00042 - 0.00242
L 0.050 0.000204 0.000191 ' 0.7070285 70.00054 - 0.00326

A comparison of the crack growth results with the Almen strip results from
section 3.2 illustrates how blast parameters can cause substrate damage.
The ancdized aluminum arc heights were consistently higher than the alclad
arc heights for each thickness. However, the crack growth rate in the
anodized material was essentially unchanged before and after blasting and
that of the alclad material was increased for all thicknesses. The higher
arc heights for the anodized material can be attributed to the lack of a
cushioning clad surface layer. The increased crack growth rate, in the
alclad material, can be attributed to residual stress and surface flaws.
From figures 3.11 toc 3.13 it can be seen that after plastic media blasting,
the alclad material crack length significantly increased at a lower life
cycle (more than 50% reduction) when compared to the "as received" (control)
specimen.

3.4 COATING REMOVAL AND SURFACE ROUGHNESS RESULTS

Determination of the depth of ancdized and alclad coating removed and the
surface roughness was made to assess the effect of plastic media blasting on
these corrosion resistant surface treatments.

e

The results ¢of measurements made to determine the thickness of the anodized
and alclad protective layers before and after plastic media treatment for
all three thicknesses are listed in table 3.7. It can be seen that the

anodized coating was not significantly affected relative to the alclad
coating. The maximum percentage loss in anodized layer thickness was 24
percent for the 0.040 inch thickness while the maximum percentage loss for
the alclad layer was 81 percent for the 0.0850 inch thickness. In addition,
the post-treatment alclad layer measurements greater than the original
thickness measurements indicate that the soft aluminum cladding was shifted
by the blast stream into peaks.
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	c.. 
	c.. 
	The control qu'rements on b s ng par meters. 


	The suitabil.i. y of A m n str'p tests for onitoring bl st'ng sf ects, 
	e.. Thernaximum umber 0 strippi. which can b· performe w'thout compromising the etal's f tigue Ii-e. 
	'hi~ report ,_scribes the at mpt obtai, pre'-exist' ng' d ,the test prog am dev'sed to pplement the p -xis'i g data, and analyt' cal met ods that can be used '0at d plastic med,' a bless' effect. Also esen ed are the raul s of h echn'ca search, the tes program (includi 9 arc eight da a, t'g c ack growth dat , SEM hotog aphy, a d rface roughne s measurement~), and 
	upplementary data bt ined ~n t e course f this study. And 
	'n lly, a compa'ison is given 0 he chnic 1, sat ty, and economic aspect~ of th, other h ds ein d veloped to repl ce che ica p int emoval. 
	The curr .nt pr'ma y method of stripping com ereia airer ft of pa is chemic 1 strip ng. This process is ecomin n easingly unaccep able due to 'ts .'nh rent problems. A major 'abiJi y of the chemi al ocess is that -it r pres t. a toxic hazard to hO$, lsing it t.o stri t e ai craft. The chemical gen u e to remove the pain co tain s ~tances, Be as dichloromethane, which s bee i enti ied by the 'on ental Prot ction Age cy as carcinogen n marked for st ingent r gul tory on rol, The rrent chemica process genera e
	1 e a paint remov method. 
	Many alter at'ves to chemical paint stripping are e ng developed a e I a ed in ths U.S, military and private industry, inc U "09 bI 5 ing 'ch media such as plas ic, ice, wa er, wh t starch, car on dioxide I and sodium bicarbona e. 0 these vario s pai t r moval methods, b ast'ng with plastic medi is the ost ea ily avail ble 
	e } 0 og to replac .h mical strippi g. It is current be'ng use by the Dn't d tes of Arne ie's (U.S.) military, some U.S. irl'ne, an by se eral me er of the Eu op an aviation community to emov aircraft coa ings. e ot' er paint stripp'ng methods mentione bove ar,e tur' ng, t. erefore, t ey deserv futu1:-e exami ation. ge ral overview of thes echnolog'es can e ·0 d 'n S ct'o 5.0. 
	B fore iscussi 9 plas 'c m dia paint stri p 9 and its effec on th'n a uminu subs rate, terms used in this report to d.'~cuss the proc 'S1 should be defined. 
	AlmeD stri~ -A ece metal cut specified siz~, usually 0.75 in x 3.0 in, w ich is used 0 measur the i enityof abla -. 
	Almen arc height -A me sure of the U ve caused by the re 'dual stress imparted by a last to Almen stri . 1 t i Ine ure na spec'f'ed anner by a d'al indic t r an is use to 'fy the bIas intensity. 
	Blast Pr~S$ure -The fore er ar a, me red at the nozzl I eo propel brasive edia at the subst ate. 
	Dwell time -T e amount of time that a 1 s constantly t the same impact point. 
	Impingement angle -T'e angle, measure rela-iv' 0 he subs a E, at whi h the blast stries he surf c . 
	Table 1.1 Definition of Mesh Size by Particle Diameter 
	U.S. Siev Number 12 
	U.S. Siev Number 12 
	U.S. Siev Number 12 
	lze 
	I 
	U.S. Siev lze Di ens a (inches) 0.066 

	20 
	20 
	O. 
	33 

	3 
	3 
	0.023 

	40 
	40 
	0.0 7 

	6 
	6 
	0 .. 010 

	80 
	80 
	0.007 


	Ref rene 
	M@dia -Th a eri 1 used for aint r maval. 
	esh size -The screen size use to defin e part'cle dimensions of the as i g media. ee tab'e 1.1. 
	coa ~n·1 t moved per uniL time. 
	Figure

	Sub rte-Thesufacetob hI d. 
	In Jnited States, ~he a-ly 'evelop ent of pI stic media 
	a was m r ed by -everal robl ms which cast do b s on i s suit bi j Y as a safe aV.ia 'on rocess. Th irst report, Plast'c Bead BIas Materials Chara ter'za 10 udy (reference 1) done by Batt lle fo he Ai-Force indicate some increases in the at'gue crack propaga ion rates for aluminum aircraft skin rna er'al. A follow-u_ report entitl d Plastic Bead Bast Materials Charac er'zat'on Study -Follow-on Ef_ort (re erence 2), donE by Bat el traced he proble to e se rticle conta 'n io of h bIas medi . T oS dense partic
	an , with a specific gravity greater ha hat of h 1 stic media, caused surf ce itt"n in he luminum a'rcraft skin This itting create e s 'sera tlat ncourag d ea 9 WL~. 
	rna eria 
	0 substrate da age ro he pI s ic media paint 
	he pote tial 

	emoval proc ss m t'va ed he establishment of user s ecifications. The U.. Air Free, U.S. N vy, Boeing, McDonnell Doug s, and Airbu developed their own specifications, five di ferent ones, or I stic media blasting. ese ar presented in able 1.2 (reference 14) . oncer S by e .'ed ral Aviation
	I 
	3 
	Adminis ra ion, over the potential problems with usi 9 lastic 
	media to rem e paint Lrom civil ai 'raft structu es resu te in 
	Advis ry Circular 45.33 (draft stag) (reference 3). The 
	p rpose of that document is to provi e methods for pot ntial 
	plastic media bl st'ng operators to show compliance with the 
	lim'ted rig for spec'alized services requiremen 'n P rt 45 
	of the Federal Aviation Regulations (FAR), That Advisory 
	Circu ar (AC) ad resses: 
	* 
	* 
	* 
	1'he training r .qu' "ed for las:i.c media blast' ng operato lU lificat'on. 

	* 
	* 
	The --oce :.:;pecifications. 

	* 
	* 
	Th_ qual" y co rol proc s n U ing botn n pee ion and epa'r of damaged a eas. 


	h 't ft doc e t ident' ies the si, nificant facto s ffecting the uccessful use f plastic me ia bI sting in c'vil av'a ion ap lications, 
	The hoice of ast par meters is cri ie-l to t e process. The bias pressure sho 1 be mini ized consiste with effe ive aint remova . Thi lim'ts he kin ic nergy mpar e to he blaste substrate an rovides a m rg'n of af ty s"o d 
	ar ic e co ta incnt escape the fil er process. S iet control over press re 1 c uation is impo tant t prev nt ~1 ges which could caus sub tr t da ag. he low rate oul be aximiz d. This inc eas s th pa' t re oval ate and co pensat s for the low 
	las ress reo MIti 1 n zz es or turbine whe Is can e se 0 achieve ~hi ai. he impingem nt angle s ou nor ally e in the range f 30 0 45 degrees. As he gle increases tow rds the erpendieu ar, the i p r ed inetic nergy i cr ases. As t e 
	mpi gemen a g1e g ts below 30 degrees, th paint removal rate drops an he potent'a for plastic flow an eosion of aJclad 
	ayers inc eas (r er. ce 4). Conlaminatio 0 hast media shoul be str'ctly can rolle. T e ility to r cycle u8cd bast med'a whil se ar ting de se r lea is ver mpor an 
	r pr ctical use of 1 stic media as 9 ao n aviat'on aint removal metho 
	It soul b oted that in man"1 PMB pa'nt r moval sys ems the 
	\ 

	. e of proper pa am t r is ~tor dep nd nt. In a typica h 5e and oz"le system, he operator mu t m nually mail n h prop blast distan from the substrate, as we a the proper impingemen angle with t ,e ubs ate. Th op rator must also b 
	.onscio of the dwe ima so th t no on su strate location is subjected 0 he blast longer th n necessary for a' t r moval, Excessiv dwel time cen irtcrease the re idual stre s im ar ed 0 th_ substr teo Oper Q-training a job perfo mance stan cr s are importaI factors in he suce ssf 1 manual use of pI stic medi bIas ing in aviation paint remo~a .. 
	In order 0 stablish and examine the cor elation b tween th 
	4 
	blast parameters used and the potential substrate damage, the intensity of the bIas must be quantified. The method commonly u ed by industry is he Almen strip test which was originally d v op d to me sure -h intens'tyo shot-peening operations. A pi ce of ubstra e rna eri I, cut to a standard size, is clamped '0" bo'a.n the.n blasted. T1e sub.'trate material, known as an Almen st ip, is then r moved fr m the holding frame. The res'dual r 69 _ impart d by the blast cause the Almen strip to b~come convex on th
	in a holding ram y 
	l 

	n e se the fatigue c ack pro ag 'on rate. The c e'ghts me sure from a Almen st i at each blast cycle can be used to plot a curv Lrc h ight ve au bl t cy Th's produces a saturation cu ve at beco es totic as it approaches the sat r tion stress level for that substr3t. Satu atio should be below a level that will not ause incr s d fatigue rack pro ag tion ra es. Then, for any addi ional blast cycles using the same parameters, no fur er sign'ficant residual stress will be c-sed in the substrate by the blast. 
	5. 
	TABLE 1:2 
	TABLE 1:2 
	TABLE 1:2 
	tJ... 
	COMPARI.S>ON ()~ PMB PilOCESS SPECIFICATIONS ON AIRFRAMES__ .... _.... __ .. _.. _..__ ... 

	rCaune~\I Pauli & Grifllfl ComJ)anv ~A,e'erl!lrlce 1.~ n 
	rCaune~\I Pauli & Grifllfl ComJ)anv ~A,e'erl!lrlce 1.~ n 

	_ 
	_ 
	us AIR fORC,E 
	US NAVY 
	BOEfNG 
	I 
	BOEING 
	DOUGLAS 
	I 
	AIRBUS 

	: 
	: 
	TO. 1-1·8 
	I'M EI SPEC 
	I)G·54705 
	1J6-55 ~ 64 
	eso #4 
	I 
	!ilL 51-007 
	I 

	-
	-
	1969 Sitp , 
	REV A 
	1988 Nov 14 
	'991 J<l11 11 
	,9B8 0C'1 HI 
	I 
	1989 SBJl 6 

	I 
	I 
	I 
	CHANGE 6 1991 SaP 30 
	1gg, JUll 19 II 
	I 
	I 
	I AIl'S 02·100 ~1990 Jar'l 30 

	t= 
	t= 
	APPLICABILITY 
	All ~rroraft 
	AIlAlufflinum 
	2024-T3 Clatl AI 
	OC..a. DC-9, C-9 
	.0..-300. A-31 0 

	TR
	AleJadAI 
	Ain".mesand 
	7075-T6 Chid AI 
	MO-BD, DC'10, 
	A·3QO.-600 

	TR
	Noooad AI 
	I 
	C,OlltP01lents.,.. 
	I 
	511:41 
	I 
	I 
	KC-10A 
	.0..-320 

	TR
	Co:mJl'llSltl!S Steel 
	II 
	Steel & T, 
	II 
	Tlt~nium 
	I 
	I 
	AI~.d AI Ar>OCIozl3d' AI 
	I 
	All melfl1$ All composnes 

	TR
	Jlt~njum 
	Sle.e1 
	rIO flbe' 'Ill",rorced 

	TR
	Malln8Slum 
	I 
	J 
	I 
	r 
	Titanium 
	,I 
	perrs CMtecJ wl~h 

	TR
	COPPBf AIloV 
	I 
	I 
	I 
	I 
	I 
	alLrminum loll or 

	TR
	Depot &. Fjeld 
	I 
	I 
	I 
	I 
	I 
	plas;tic 

	RESTRICTIONS 
	RESTRICTIONS 

	• NO OF PMB CVCLES 
	• NO OF PMB CVCLES 
	Nollm.1 
	One 
	I 
	No I,mlt 
	Four 
	No limit 

	C1' 
	C1' 
	, MIN HUCK AL 
	See billow 
	0,036 In 
	0.050 in 
	I 
	1.2 mIn 10.047"1 

	TR
	, MIN THICK STElEUTI 
	S"" Illliow 
	No min 
	Q,050m 
	No min 

	TR
	, MIN THICK·ALL METAlS 

	TR
	lYF'E I MEDIA 
	0.01& in 

	TR
	TVI>~ V MEDIA 

	TR
	TYpe II MEDIA 

	TR
	• ANODIZED PARTS OK PM8 
	Yes 
	Ves 
	No 
	Yes 
	Yes 

	TR
	• flEPLA1£ PARTS? 
	Ncr sQIIc:lfied 
	N-ot s'peo',~~ 
	YItS 
	Yos 
	NOI Sfl~\;irilld 

	TR
	, COMPoSITES OK? 
	. 
	Yes, rgt:a.mme.nded 
	No 
	NiJ 
	'r e$, sltip 
	'(es 

	TR
	I' LEAVE BASIC PRIMER? 
	, whcnaver possLbraI Motar· n()l speo"od 
	OPlrcn.aJ 
	Nol ~pe~III!1d 
	tOpnmer 
	Net spe.4::II'ad 
	Yes 
	I 

	TR
	oemp"sltll"·'lall-~r
	-

	'I­
	-+ 
	t­
	+­
	_ 

	TR
	• LEAVe ANTI-STATIC 


	MIIDIA AUTHORIZCDI TVpes I I. II 
	[TYPES PEA i Tvpe 11 (II Type 1 ---------,.-canno~ ~Irrll 0,5
	MIL-P-B5ri9tA. . 199:! APRIL .-:11 _ Sot! tl"nl"I·C~ution tot r~ .milvB 
	-.J 
	TABLE 1.2 
	TABLE 1.2 
	TABLE 1.2 
	A COMPARISON OF PMB PROCESS SPECIFICATIONS ON AJRFRAMES (CONT.) 

	TR
	us AU~ FO~CE 
	US NAVY 
	BOEING 
	BOEING 
	DOUGLAS 
	AlRBUS 

	MEDIA slZE 
	MEDIA slZE 
	--20-40 mesh n9V' 12-1 Gm~ke-UTJ 
	-1-----

	MEOlA NOT AUTH'IZ'ED 
	MEOlA NOT AUTH'IZ'ED 
	-Types III &. IV 

	M.tlXIMIJM MEDrA CONTAMlNATION LEVEL • TWO-STEP MeTHOD HIGH DENSITY ~ > 1991 I OVEflALL (> 1,575~ • ONE-STEP METHOD • FREQUENCY OF TESTING 
	M.tlXIMIJM MEDrA CONTAMlNATION LEVEL • TWO-STEP MeTHOD HIGH DENSITY ~ > 1991 I OVEflALL (> 1,575~ • ONE-STEP METHOD • FREQUENCY OF TESTING 
	I 
	0_02% j200 POPMl 2% (20,000 PPM) lonF.JBr or 80 hr ct !l>!1Wpmel1t ope.rlllO'fj or e~el'i ~'r(;rilrt 
	I 
	0.02% j200 PPMI rn~ir\tain m-adia !eS$ ,han O.O~% OPS reClulf~d In to(;Ii};m :5'l'stom 
	I 
	0.03"11> (300 PPM) m3 irtla,n madlB !egs than 0.03% 
	I 
	No miIX levlIl Gpe-raror must !lB~ [lPS eaplJD.lIw 
	l 
	No speQried 
	-

	PMIl PARAMETERS ON 
	PMIl PARAMETERS ON 

	MeTALLIC Sl)ilF'ACES NOZZLE DESIGN NOZl:~E l..£NGiH NOZZLE TI-lROAT SIZES 
	MeTALLIC Sl)ilF'ACES NOZZLE DESIGN NOZl:~E l..£NGiH NOZZLE TI-lROAT SIZES 
	I I 
	1/2" 
	3/8 & 1J2 in nQ &13 rnm~ 
	I 
	1110 ~e(;>'rect p~ri)miltllrs. c-Sa-a oparalOr15 + ble!i~ p31amEle-r ttu~hhC~t!Gn test pro.cedure below 
	I 
	Straight. Bora 8 &. 16 mm 15/lti &. SIS 11,1 

	MEDIA A.OW RATE • 3/5 IN NOZZl.£ • liZ IN NOZZU:-­-
	MEDIA A.OW RATE • 3/5 IN NOZZl.£ • liZ IN NOZZU:-­-
	Callabre of SOO ......e..h, 460­~ 50 jJ~'1 operational 
	400-450Ib/I" 700-800 Iblhi 
	Not ~clned 

	NOZZLE PRESSURE • TYPE I MEDIA • Type II MEDIA-­• TYPE V MEDIA NOZZLE DISTANCE • TYPE I MEDIA 
	NOZZLE PRESSURE • TYPE I MEDIA • Type II MEDIA-­• TYPE V MEDIA NOZZLE DISTANCE • TYPE I MEDIA 
	I 
	40·60 !lSi 20-30 psi 25-40 psi 12·24 in 
	I I, 
	30 psi max 
	( I 
	30 _,I-5 PSI 
	I I I 
	I 
	I 
	1.5 bar (22 ~/I "'<I~ 150 mm [8 in~ 


	co 
	TABLE 1,2 A COMPARISON OF PMB PROCESS SPECIFICATIONS ON A,IRFRAMES rCONT.l USAJR FORCE US NAVY BOEING BOEING DOUGLAS AIRBUS I NOZZLE DISTANcE lCont.' I • TYPE II MEOlA 18-30 in , j • TYPE V MEDIA 12-2'1 in 24 ill I I • JIB IN NOZZt.E 14-18 In I • 1/2 IN NOZUE 14·48 In I . NOZZlE AlllGlE 30--&5 cte!lrctls 30-46 dD\VOeS I -• TYPE I MEDIA ::m·go d8'i1r~ " TYPE I! MEDIA & II MEDIA 0-1'10 dO!jjrGlls • TYPe \I MEDfA-claA:1 +e:omp 0-60 degrees I • TYPE II MeOIA-noocle:d :l0-90 dBgtees I MAX ROUGHNESS hilNJ , Ro ..
	\D 
	TABLE 1.2 A COM~ARISON OF PMB PROCESS SPECIFICA.TIONS ON AIRFRAMES (CONT.J 
	u.s AIR FOR.CE 
	u.s AIR FOR.CE 
	u.s AIR FOR.CE 
	US NAVY 
	B1)EING 
	BOEJNG 
	DOUGLAS---
	AumUS 

	Of'J:RATOR TRAINING&, 
	Of'J:RATOR TRAINING&, 
	VB> 
	YU. 1TI0~t 61Jin­
	Yees 
	Yes 
	Ves 

	QUALIFICAHON REO'D? 
	QUALIFICAHON REO'D? 
	• ThDfoughiv ~rai,,"d 
	gonl inlorIl<miJ1:ion 
	• Formal IrBII1II1~ 
	• Mur.t r~ql.r.llify 
	• Celtif.oo operators 

	TR
	& thoroughl r 
	plus I o:Qnt' r 
	M;I' 
	• Pla~1i1;.a1 trT\ll 
	on~~l\;!r 
	;md allPro~ed 

	TR
	Noclnnatl!il 
	reeerl' tl~lion 
	• i1i~rr.:.otlte$hip 
	B8:!jls 
	lTinning 

	TR
	... 
	• 9 letqlf'l(S fm 


	~OOfile e.onl.ern 
	OPIERATOR & BLAST PAJRAMETER QUALIFlCAllON TeST PROCEDURE 
	OFIERATOR QUALIFICATION '1'88. soo OpeIBtl'l1 
	'l'eS,5-!lB OparBlOI 
	Vas. ~~e thls 
	Yas, see lhls Tranne & ctuall1;c4­
	Yas, see lhls Tranne & ctuall1;c4­
	Y~$, ~n9 Opor.lor 

	Tralnong &. Otlllli. 
	McllOnTr.lnl"'ll Ilo Quail' 
	5<""110" 
	ticn abQ"U'il 
	f /Callen above 
	t~bOf' 2lbo\'f':! 
	PROCESS QUAUFICATION NO 
	NG 
	No 
	~ 

	Ves. see Illd 
	YN. l'08thi~ 
	~~l",n&eoCtlon 
	• ALUMI Nu M "fEST PROC:EQUFlES 
	•• ALMEN UST STroP MANtn'.o.CTURE NUMBeR OF ST11I.PS PEFI OPERATOfl & PROC£S5 
	\ 
	~ 
	-

	2024.TJ nl)l'iC!adALUMINUM AllOY 
	craa ?015 LENGTH;.;. WIDTH, IN I 
	3,83 x \1,8 In LEL'lGTH 'X WIL'lTl-1. MM I 
	3.00" 0.7:) in 
	3.00" 0.7:) in 
	100 x 3000 mm76.2>( 19.1 If"" 
	THICKNESS, IN i 
	0.041 in THrCICNEoSS. M M I 
	032ln 
	o 

	0.61 mm 
	0.61 mm 
	1.2 rnm 
	• AV.,e,N STI1IP P1lEPARATION MI,NUFACllJRI:Fl PNNT SYSTlM 
	• AV.,e,N STI1IP P1lEPARATION MI,NUFACllJRI:Fl PNNT SYSTlM 
	Conversloo ~tg 

	ClVmic ac>d "nodz OPO;lo;Y prlrN!r 
	tI.!l$e primor, w~sh f'U !opcolrt 
	pnmer. PU J!..lrnr.t air dty,!'V!.U1 c...ln3 &topt'olll.oven Cllte 
	OJ)06IJl
	OJ)06IJl
	OJ)06IJl
	• MAX ARC HEIGHT ALLOWEP. I~ 

	(1.006 In 

	0.006 In MAX ARC HEIGHT AUOWED, 1IIl"l 0,15 min 
	O,lEi ('(11111O.'5mm 
	I 
	• MAX SURFACE ROUGHNESS ALLoweD 
	• MAX SURFACE ROUGHNESS ALLoweD 
	Ciao, Ra. 350 oJ·ln 

	Ra", 7 Itlirc;m<ls I 
	• PURTHER PROCESSI1$ OF FIRST lEST SllllP 
	• delIr"",;;;; 
	• wp+JI~!e 
	reccal 

	• IIdheslon te-!ll 
	I 
	• '}. ada,,'I ~ycles 
	!utlp & p.,inl
	I 

	I 
	,
	I 

	lolel 3 cyclll,.
	I 
	-
	..... 
	o 
	TABLE 1.2 A COMPARISON IOF PMB PROCESS SPECIFJCATIONS ON AIRFRAMES 'ICONiT.1 US AIR FORCE US NAVY IBOEING ! BO'EING DOUGLAS AIRBUS -·SECOND Al TEST STRIP PI'IOCEDURE' Ve5, w/clad 2024 same as ~bove • FATIGUE UI'E TESTING J • No r,educ­tlon after 5 r cycle test • CRACK GROWTH TEST TSD • CRACK DETECTABILJTY TEST HID • TAPE ADHESlON TEST Ves • MEDIA SANDWICH CORROSION Yes • ClAD PENETRATION TEST Ves • RESIDUAL STRESS TEST I Yes I COMPOSITE TEST PROCEDURES , COMPOSITE TEST PANELS I I NUMBER OF PANELS PER OPERAT
	TABlE 1.2 A COMPARISON OF PMB PROCESS SPECIFICATIONS ON AiRfRAMES ICONT.) 
	TABlE 1.2 A COMPARISON OF PMB PROCESS SPECIFICATIONS ON AiRfRAMES ICONT.) 
	TABlE 1.2 A COMPARISON OF PMB PROCESS SPECIFICATIONS ON AiRfRAMES ICONT.) 

	I us AI~ fORCE US NAVY I SOEING BOEING DOUGLAS AIRBUS I FURTHER PROCESSING • Similat to Al total 3 cycles • VISIBLE FISER DAMAGE. lOX MAGNIFIER I None • DELAMINATiON ~ Non.e • LONG BEAM FLEXURE VALUE No decrease-• OTHER NDI I As neQd~d • TAP!=: ADHESION nST l Yes • MEDIA SANDWICH CORROSION TEST I Yes I -QUALIFYING NEW MEDIA DOES THE PROCESS No No No Ylls,beJ;;gU5~ Yes, because Yes, section 3-3-7 -­SPEC INCLUDE PROCEDU-QualificBtlon qualification describes fatigue RE FOR QUALIFYING MEDIA tes1 proce· Ul61 PlQ
	I us AI~ fORCE US NAVY I SOEING BOEING DOUGLAS AIRBUS I FURTHER PROCESSING • Similat to Al total 3 cycles • VISIBLE FISER DAMAGE. lOX MAGNIFIER I None • DELAMINATiON ~ Non.e • LONG BEAM FLEXURE VALUE No decrease-• OTHER NDI I As neQd~d • TAP!=: ADHESION nST l Yes • MEDIA SANDWICH CORROSION TEST I Yes I -QUALIFYING NEW MEDIA DOES THE PROCESS No No No Ylls,beJ;;gU5~ Yes, because Yes, section 3-3-7 -­SPEC INCLUDE PROCEDU-QualificBtlon qualification describes fatigue RE FOR QUALIFYING MEDIA tes1 proce· Ul61 PlQ


	I-'. I-'. 
	Figure
	This project was an investigati n into the effects of pIa tic media basting ( MB) on he fat 'g rack growth rate in thin alL lin 
	aircraf k' s. The pproach used was a two phase effort at co 'ed a technical search with a test program. 
	2.1 
	Figure
	The main p rpos. of hi.s search was to de e ine what f tigue c a k prop gatio testing results had previou y been obta'ne wi a tic media blasting of 2024:-.3 aluminum in the thicknes es n surface 
	treatmen sen investigated, The technical I' e a ure obtai e was ass gse or: 
	*. 
	*. 
	*. 
	Containing data specific to the aluminum al oy, surf ce treatments, and material thick e se. b in investigated by this stu y. 

	*. 
	*. 
	0 ta' ing specific information rega"di. the fiv tasks of this s y. 

	*. 
	*. 
	Containing information reg rding altern paint strippi 9 methods, 


	In the course of obta' 'ng reports, papers, and related I' e ature, i was discov r d that much of the testi g t td b en performe as fo 707 -T6 alumi m, c mm nly use alloy for military aircraft. Much of h infor-rna ion was not directly ap 'c b e 0 the materials b in studied by his proj ct. Th chnical search revealed e natur of h _ pla t' m ia b st'fig process, the est blished e 'g p acti~esJ d crrrent industry standards 0 b ast'ng pa arne ers, 
	'ect"on 3.1 ummarizes tle contributions rna e y the survey sources to the study 0 la ti media blasting an i s ffec:;t on tID. 2024-T3 aluminum. 
	2.2 
	To supplement he -eil ical survey resu. ts a test program was also 
	cond cted, The safe use of plastic med'a b as 'n n viation paint emov 1 i epe ent on th combination of parameter a e he las ed subs -ate. The approach used for this est progr m was 
	0 narro he range of parameters to be tested t those etermined be most 'nflue tial he process ,fEec. bi 2. summariz 8 the 
	last arame1:_r used in this test pro ram. Each 0 he pas me ia blasting u rs listed in figure 1.2 have developed t vir ov S tof aperat'ng procedures based on 
	Table 2.1 Blast Parameter Specifications 
	Table 2.1 Blast Parameter Specifications 
	Table 2.1 Blast Parameter Specifications 

	BLAST PARAMETER 
	BLAST PARAMETER 
	SPECIFIED VALUE 

	Media Type 
	Media Type 
	TYpe II, Size 30/40 

	Nozzile Pressure 
	Nozzile Pressure 
	35 psi 

	Distance 
	Distance 
	12 incnes 

	Nozzle Diameter 
	Nozzle Diameter 
	0.5 inch 

	Media FrOW rate 
	Media FrOW rate 
	8701b/hr 

	Impingement Angle 
	Impingement Angle 
	90 degrees 

	Number of Blast cycles 
	Number of Blast cycles 
	4 (1 initial 

	TR
	str~ppjng', then 3 

	TR
	subsequent blasting) 


	their own propr'eta yanalyses. g~neral, th 
	Figure
	found to d termine a 8 e plastic med'a ng process were (1) dense particle contamination, (2) w pressure, and (3) high flow 
	rate. 
	Media type was found to be extremely impo tant in past tests, particle size and hardne bei related 0 s ip rat a d urI ce roughness. Figure 1.0 descri es m s .' ze in terms of art' cle dimensions. The mesh si e chosen, 30/4 , is an iate particle size that has good pa"nt stripping qualit"e ce 6). T contamination level has b en f u d, y Battelle' e t d'e i particular, to be very inf entia in caus'ng ubstrate damage. e co tam'nation level leve ch en or this test was 0.05 e ce An aggressive media, Tell, w u d in
	he ele ed ~est parameter , ba e on the technical research, are s mm r'ze in t ble .1. The nozzle e ure, led'a flow ate, and angle 0 m ingement ar blast":'ng param er hat ave the greatest ef eet on the substra e, The values s ecte; fOr these 
	hree par m ters are 3~ psi, 870 Ib/ nd 90 degrees. A blast di anc of 12 inche as a onservat'v d' ance (reference 5); there a-e wo common sizes of nozz e diameter used by he American dry strippin commun~ty, 1/2 and 3/8 ch_ 
	The pres""ure, ':low rate., e of imp'ngement are the blasting p amet rs ha~ have 
	ee on the s bet ate, The p essur c osen was 3 ~ t e onserv t:ve value used by in ustry with Type I media (refe ence able 1.2) Jill imping ment 
	n e of 90 d rees s chosen because 'I i the cst paten ially damagin angl due to f 1 pp ication of the les' kinetic energy. A flow r t of 70 lb/hr was hosen Om ha used in a 
	recent AE paper written by Batt Ie and DuPont (ref renee 7). Th number of bl sting was chosen to be four because this would p ovide enoug data points 0 construe saturation curve to indicate r dE in the rocess ffeet. Table 2.1 summari. s the e parameters chosen 
	rom the technical search. 
	When pal:' meters are control ed for repeatability, th€ sid stresses im arted by the blast become asymptot'c a a st e sa uration point, Thi fact mean that or t st purpose the n er af las ings needed are those requi ed to canstr ct a at ra 'on curve. The pa' .t was applied to t e appropriat a.lumin m sarn Ie and a ifici 1 y aged according to McD nnell Douglas requirements eSD #4 
	(re erence B) nd hen it was stripp he stri ped metal w s the bi ste more t'mes. This was necessary due to ex.erime al ti e co strai ts involved with repea d y ag'ng he pint an was con idered to be a mor severe, eo se vative test 0 the oeess since the bl st effect was not reduced by he pa'nt co t'ng, ee Appen for docu entation O' the painti 9 and blasting p oc 8S, includi 9 the specific paint application and g' g p cess u ed, 
	The substrat test were 2024-T3 a uminum, in both the clad n a odize condition, for the thi esses of 0.032, 0.040, and 0.050 inches respective y. The measure e stake duri g the basting est 
	ace B were t e s ripping rat, the dwe11 time, nd he med'a breakdo rate. 
	The -sting ddressed the aforementioned material thickness and s rfac reatments fo tlin alu inurn skins bee use of hese a erlals common usage in aircraft. he blas 'n pa ameters osen repre'snt a comb'n t'on of th current y spec'fie y' dust y, It was the pur as this progra 0 Gonser atively test what w s determin.e 0 b the most i luent'al combination 0 aramet -8 for he pla..,tic med'a blastin rocess. 
	A fa 'gue crack prop"gation est program was also pe formed 0 assess th ef eet 0 Dlastic dia basting on the 2024-T3 al minum specimen-. Th est rna ix specified for this program is describe t ble 2,2. he de ai ed specif'cations for these tes S, 'Deluding photog aphs of the te t equipm nt, re pr sen ed 'n A pendix D. Th results are se d and discussed in sect'on 4,3, 
	Tab e 2.2 Fatigue Crack Propagation Test Matrix 
	MATERIAL THICKNESS 
	MATERIAL THICKNESS 
	MATERIAL THICKNESS 
	ANODIZED SPECIMEN As Received 
	ANODIZED SPECIMEN PMB Treated 
	ALCLAD SPECIMEN AS Received 
	ALCLAD SPECIMEN PMB Treated 

	0.032" 
	0.032" 
	1 
	2 
	1 
	2 

	0.040" 
	0.040" 
	1 
	2 
	1 
	2 

	0.050" 
	0.050" 
	1 
	2 
	1 
	2 


	TOT . 8 sp cimens 
	15 
	3. RESUL~S AND DISCUSSION 
	Thi ection iscusse h res 1 s of the technical search a d th test rogram performed "'or this inves igation, The 'g l' ghts of teehnica sea C I nc U ng a analyt' a met'od relatin arc height with esidu 1 s ress values, re prese ted in this section. The full ra ge 0 e ate s urees hat wer id t'fi_d i th's repo t ar 
	resented in Appe dix A and are in en ed to id fut re researchers. 
	est esul s re en ed inel d Almen s pre heig tI fatigue ack 
	ropag tion rates for selin and bI sted spe imens, Scanning 
	lee ron Microscope (SE ) photographs, ur ace rou ess measuremen 5, an supplem.nta y Almen a c height d t up -ied by Mess rsc mitt­Balk -Blohm (MBB) , 
	Th@ first par of this project was, as previously a e I to conduc a ech i a 'terature search. The rea les of this search have been organized into thre mai cat gar 
	• 
	• 
	• 
	Technical Repo ts and Papers 

	• 
	• 
	In ustry Specificat'ons 

	• 
	• 
	Analytical Method 


	The 
	The 
	The 
	earch 
	r 
	ult 
	ese 
	ed i 
	his 
	sec 
	io 
	were 
	hosen because 
	they 

	provided intorma 
	provided intorma 
	io 
	hat 
	was 
	sig i ti. 
	a 
	t 
	at 
	le 
	t 
	on 
	of 
	h 
	three 

	eva 
	eva 
	ua 
	ion criter' 
	listed in section 3,1. 






	3.1. echnical Reports and Papers 
	3.1. echnical Reports and Papers 
	Tee w re seve a primary sponsors of PMB reae reh ident'fied i avia ion appl'c tion a pa'nt removal process. T e u.s, Air Fo-c~ 
	as one of ~he first arganiza ions 'n the U ' e Sta e tha s d'ed t e p. ces n i s e eets on the material nd fa igue properti of a urn TI'1 aircra t skin. DuPont and .Be have a] so pod signif'ca t resea c on plastic m di blasting. An ove~ ew of ~ome of the more impo tant t chnica literature from these three sponsors 
	S r ene 
	Those eports spons red by the U. S, A' Fecea s rmna~ ',ze in t Ie 3,1, In these D. '. A • rce studies, 2024~T3 alumi urn was test d in the bare con ition. The bare alu'nu is e uently tea ed because it has no surf ce coating to abs rb -he blast and herefore provides a cO servativ est of he base effects. Th ta we e therefore not 
	irec ly re to he pecific a rials e'ng investigated y s effort. S v al seful results were f und 'n these reports, howev and these are: 
	16 
	Figure
	De se arLicle co ami ation ause sur_a e f aws t at 
	• 

	seem. to provi e the pr rna y mac anism for reduci g f tigue e, 
	, 

	Use of virgin b1as ia. loss, 
	Th~cker an a clad igue l~fe reduct '0 an n 
	•. 
	Figure

	Th ush'o ng ffe t observed in c_ad subs ra e n he eff ct 0 surface flaws are shown in tear he' h_, .ur ace roughness m asurement , an S phoLogr hs p esen cd later in this 
	The reports sponsore by D on summar'~· In table 3.2. Agai as 1 e .S. A" _ rc tu ies, 
	2024-

	3 alumi m tud'ed. e significant res"l S fr hese 
	•. Plasti blast medi v S ca ego Z d cording to med'a 
	eness and paint stripp'ng e e ve ss. • 
	0 curves was emphasize to prese ~ Almen arc 
	, saLura data. 

	'fh u=e of Typ r e n is st dy was part y in 1 enced byits ch ra terizatlon as being very agg ess've to ~ tra e yet effctive a a"n strppe Th Ame arc hig t at ae p ese ed ec on 3, an 3.6 1 saturation plo 
	Table 3.~ Batelle Studies -Air Force 
	Table 3.~ Batelle Studies -Air Force 
	able 3.2 Batelle Studies -DuPont 

	Soon:c SA JuJ·86 PMU·T AIll. FORCE • 7075·1'6 bin: &. lIlrLad • 2024­!we (0.016' TO 0.190"') • 2Q24­1 to-(O,(~') • 1219­1 ~ (O..06n • 747S-T761 .I.1clod (O.ml' • 6A'-<lV "W11ll11l (0..00) • Tha:b:r IIld d;:1Id alIU:tWs 'hawed Wigue liIe mlocOOcl. , • SimnlalGd b' c,u.. />ad .imilar results 10 acllJJlJ blast Ie<.. • 0.016" AI 0.032" IS showod up c.o 98 % f-'guc lif~ l_ I.DIIl ~aE3r; growUt nl&e afIa 4 blasl cyde:s.. • .. uri IIOCIIX'iIID primary rnecJwIi.sm for n:ducing Wig\le liCe.. SA-n-a..u;.A1R FORCE MlI
	Table
	TR
	SA J ·90 PMB THIN S£NSmvE SUBSTRA1'E 
	• 2024-n (0.016") 
	• EffICient biJlst parameten far lOU-T3 0.016-di=.~ In 45 ~gret: impingm<::tll. )() PSI. 0.5" aouIe. I~" disrance, 600 1bttJ,t using 30,140 Type: ~) 

	TR
	BATT'EU.E-DuPO Jun-89 PMB-mM}'A,RATIVE S1VDY BA DuPONT Jun-39 PMB.·FO W -UP 5I1JOY 
	• Comparison of media types L II. m. VI.. &; Vx 0.0'32" • 7(J}5-T6 b8re '" clad • 2024-1"3 b8re • McsII sizJe ..,., varied from 12/l6 10 401'60 for lypC: L lIII!dia (VL) • 2024-n b8re (0.0'32") 
	• Type II has strip ralC. is ~ve. • Type I has pocR:!t strip -" Types VL & Vx inu:rmedilW: in effectiveness and _ " Larger mesh sizes had lo"'d' tlll~ ~ bc~ IIJ snip r1lIeS.. and Wgcr saturat!~ *l'I: ~ 

	TR
	DuPOl'-"T 1m PMS­CAL GUIDB 
	• Summary of PMB inIonnation. 
	.• Type VL '" Vx goo[! prani..-.e ~JZrip IlIllU low aggrc.ssiveoc:ss. " Saturalioo curves should be u=! to ~lJ/ltt s~ ~ 


	able 3,3 s mmarizes the results of two re orts gener ted by Messerschrnitt-Bolkow-Blohm (MBE) , These, ike the Pon reports, pima 'ly focused s dy 0 2024-T3 um'num he bar co don. Th signif'cant res Its from these repor s are as fall ws: 
	• e aug es f ec v on the f t' uecrack h e 
	were. offset by he cr ck retardation effects of the residual ompress'va st es induced by the b as . 
	•. 0 si 'ficant differences were Dund between the effects of las-ic me 'a bIas ng on a an 0 ized a iJm-'num. 
	Table 3,3 Messerschmitt -Bolkow -Blohm 
	" Effect of . QK;i:: growthrale offset by iDdJIald ...............oofi Sl-'"CSSCS. • No significant di.fli ~dad .m:l lad maleriaIs. " Sur&o!l !!fIllet. • lI:s.s than 15'l' '7075-1'6 a1c1ad (0.0121 wicb ..liIODOliLhic • Media: Type I!. ~ 30140. d.istaDce: 12". EgIe.: 30 degrees, 4 :ppiQp. F-18 <..JU.Jt;A/MtlB REF'OR'[S 1 PMB a: CRACK PROPAGATIO RATE 
	3.1. 2 Industry Specifications ev loan' al:ions c neerned wil: he B of plasti medja blast'ng 
	in aviation 
	in aviation 
	in aviation 
	a'n 
	r~~v 
	ap l'ca io shave estab 
	i 
	e 
	er 

	speei 
	speei 
	iea 
	ions. 
	e 
	U. S. 
	A' 
	Fo I~ce, 
	rimar' ly oj 
	wn 

	research into th 
	research into th 
	la 
	C 
	med~a 
	las 
	ng 
	c 
	d 
	v 
	ope 
	a 
	se 

	o 
	o 
	upeci ications 
	ha 
	de 
	he 
	aeee 
	cabl 
	rang 
	for 
	0 
	rational 

	fac 
	fac 
	ors 
	hat 
	inelu 
	e 
	blas 
	parameters, 
	Gontamina 
	ion levels, 
	and 

	~ubs 
	~ubs 
	rate 
	·cknesses. 


	T le 3.4 Industry pl s ic Media Basting Speci icat'ons 
	: 
	: 
	: 

	USAF 
	USAF 
	BOEOo<G 
	DOUGLAS 
	AfRBUS 

	No. of PM» Cyclea 
	No. of PM» Cyclea 
	No Limit 
	On,!!, fOT now 
	Four 
	No Limit 

	Min. AI Thii:bte-s 
	Min. AI Thii:bte-s 
	~I: 0.016 in.. 'I'ypc • V;O.032in_ 
	0.036 in, 
	0,050 in. 
	1.2 m.m (0.047 inJ 

	Plastic Media Type 
	Plastic Media Type 
	'l'ype 
	D&.V 
	'1)pe r, b &. V Z{LIJO o~ tinl!~ 
	No 
	.. trictl 0 
	1'yp<~ n, Grade A 4(l160 & 6Ql80 

	Contaminatioo • ,oale Diameter 
	Contaminatioo • ,oale Diameter 
	EIlgh Density (>1. 1):0.~ Overall (>U711): ~ 
	0.03% Ml 1J2in. 
	0.03% DPS Capability 
	& 16 moo (5116 & 5IS in.) 
	I I 

	cw Ilat.e 
	cw Ilat.e 
	318 in:4~01J:llttr 112 in.:700-a00lhihr 
	~ 

	Nonle Pre88UTe 
	Nonle Pre88UTe 
	'l)tpe 1:40"'0 pili Type nitV::~!O~10 P'li 
	3Qr.5 pBi 
	L5 Bar (22 psi) 

	N~e Distance 
	N~e Distance 
	Type ]; 12-24 in. Type n&v: 18-30 in. 
	JI8 . : 14-18 in. 112 in..: 14-48 In. 
	150 moo (6 in.) 

	N 
	N 
	e 
	gJe 
	Type I: 30",90" Type U&V:O".sO" 
	30"-85" 
	30"-45' 

	Mu.. Arc ff~ght 
	Mu.. Arc ff~ght 
	I 
	0.006 in. 
	0.15 mm (0.006 in.) 

	M JC. SIi"8Ce No 
	M JC. SIi"8Ce No 
	ooeSjI 
	I 
	Ha 350 Ji in. 
	7 micron (ita 276 Ii .in.) 


	Note: DPS", DellJle 'de Separator 
	Major irframe manufac rers such as Bong, McDonnell Dougl s, and 
	AirbUS, 
	AirbUS, 
	AirbUS, 
	'ecause of 
	concern 
	with 
	e 
	e 
	fec 
	of 
	last 
	aint 
	stripping 

	e 
	e 
	ods 
	on 
	t 
	eir ai eraft 
	I 
	airworthiness, 
	lave als 
	es 
	_ 
	1ished 
	u 
	er 

	s 
	s 
	ec 
	ic 
	0 
	or 
	plastic medi 
	blasting. 

	The 
	The 
	spec' fica io 
	s 
	e 
	.S. 
	A' 
	or 
	an 
	ir 
	am 
	manu 
	cturers 

	are 
	are 
	summarize 
	in 
	t~ 
	1e 
	.4. 
	Fu 
	documentat'on 
	o 
	hese 


	speci i ations are con aine i references 8, 9, 
	o, an 11. 

	From table 3.4, it can be seen h t: 
	•. 
	•. 
	•. 
	The acce t ble level of d uSe particle contaminatio has been defined. 

	•. 
	•. 
	Two specifications use th A men spas a measure to limit t.he a un of energy transferred to the substrate. 

	•. 
	•. 
	•. 
	A maximum allowable Almen arc height is specifi d fo uSer 

	o he blast p ocess. 

	•. 
	•. 
	he maximum allowable number of strippi ~s has been de i ed and is specified as unlimit by the U.S. Air Force and Airbus, subject to the rest of their specifica io s. 


	These process specif'cat'o a1" resent an wers to many of th ques on"" b:ing invest'gated by this project. 
	blasted substrate surface 
	t 

	./ 
	Figure

	Compressive
	d 
	Stress (-) cr 
	Figure

	Tensile 
	Stress 
	(+) 0 
	Figure 3.1 Stress Configuration of Constrained Almen Strip 
	3.1. 3 
	In investigating t e plastic media blastin parameters it became apparent t at a analytical method that related the Almen strip arc heig t with the induced reai ual stress would be ery useful. Because 
	he pote t'al mbination of bIas ing p rame e s is enormous, . way waS sought to deteI:ll1ine the blast ffect on the crack growt witho testing every parameter combination. Through the technical survey a 
	method was oun a U.S. Force report 
	enti ..L....I~OU"'~........Jiliii..Io.!.da.s.L-...M!..........lOUoo...a..lL;::.L--J,;l.~~~~..!dJl.l:I--~>b..!><+!i~"'--.28T-""'SI.:>Q.L!8oi.:4l1...ioo!.5.
	.....(@ference 12) . report. 
	Fa. constrained p cimen hat has been b ste (example: Almen stl' p being e di grip) e tress di' ribut'on 'oN 1 be tha wic shown i figure 3.1. The compre sive s ress S e residual $t ess induced by the (\l. on the a ·ted ur ace. he e .sil str s acts in opposition a he induced compress v stress. 
	A force balance ased on f'g re 3.1, a""",uming a u iform d's ri utian 
	for bo h t~" sile d compress"v stresses (v), resu IS 'n tre fa owing eq ation: 
	r 

	O"r t-d)0" =: (Equatio 1)
	C d 
	were t= the 'cknel5's of bla,;,ted sub . -at , d = ,-h' dep of 
	compress've res layer, and 0", = ck 8i e -en ile stress. 
	It can be shown that the depth of the pres ive s ess can be xpres e by the follow' quacl n (for der'vation a th's expression ',efer to . e e ence 12): 
	d = (°//1 -0"/2[,2) 
	(Equ tion 2) (0" /1 -0"(2) 
	\.\The e (J/\, (J/2 ' h. ack side nsile st ess s :0 w sp cimens of di _erent thickness, "nd 1, t2;::: he two th' cknesses 0" the blasted pe mens. 
	The beside tens'l stress 'n a spec"m n can be expressed as: 
	(E ua ion 3) 
	where (Ja -, E£ th "blast-st ain" stres on the c;k surface, and 
	My 
	(Jb = --th eu r surface ben i 9 st as caused by constrain~,ng
	I 
	th substr e. Equation 3 c als be shown as: 
	My 
	0'( =EE +---(Equation 4)
	1 
	---------­
	where, 
	E Young Modulus of t e substrate, 
	€ back surface strain of Almen s rip, 
	y distance from neutral axis of Almen strip to 
	outermost surface {assumed to be t/2}, an 
	8Elh 
	M Fuch's Equation {Equation 5 
	c 
	where c is how in fig € 3.2. 
	By obt ining stra.in gage readings on wo s tra'e th' kness ;s of e same tr= 'al subjected to the same blast process, the tensile stresses may be calculated using equation 4 and then used to determine the depth of th ompr sive stress lay-r with equat'o 2. owi 9 t value of d, the depth of the compressive s ress, on can calculate the value of the compressive stress us'ng equation 1­
	h -arc height 
	Figure
	~------------C---------_~
	•.I 
	c =gage length =2.25 in. (SAE Standard J442) 
	Figure 3.2 Almen Strip Measurements Used for Stress Determinat~on 
	This surface compressive stress can act to retard crack g ow hi however, the backside tensile stres acts to incras the or ck growth rate. The backside tensile stress induced by the blast must 0 excee a valu hat wou~d sign' ica tly increase the crac growth ra e of the rna erial. If one knows the value of the resi ~a c p essi e stress imposed by the blast process, then a w tress ratio and a ne'''' crack growth rate may be calculated. This method utilizes men strips 
	Figure
	to determine the blast-induced compressive stress levels and how they a feet e c c propaga 0 ra e. 
	The stre s ratio is defined as: 
	cy, R=~ (Equation 6) 
	CY max 
	were CY min the minimum value of cy 1 s res.':> a d 
	CY = the maximum val e of cycli s ress
	max 
	The stress raLio adjusted for the residual stress 'nduced by plastic media bl sting is define as; 
	CY min + CY raeRa,y/';CY res =CY I+ CY b (Equation 7) CY max +() res 
	where _ es is the residua st eSB composed t e backside tensile s ress and the bending .t ess caused by constraining the specimen. 
	The new crack growth rate may then be determined using the adjusted stress ratio in the Walker quation: 
	d 
	_0 = C(l-R .)" K(Equat' on 8)
	P 

	ad} 
	d 

	" 
	where C, n, and P = walker CoeE icient and K stress intensity. 
	res T e ec e la ignificantly r h compressiv 
	~ Blast Anodized, Thickness (inches) Alclad, Thickness (inches) Cycle 0.032 0.040 0.050 0.032 0.040 0.050 1 11.2 3.8 3.8 5.2 3.2 0.6 2 13 4.2 4.2 7.8 4 0.8 I 3 15.2 4.6 4.2 8.4 4.4 4 16.4 I 5.4 4.8 9 5 1.2 Note; Arc heights given in thousandths of an inch. 3.2 
	Table 3.5 Almen Strip Test Result Summary -Average Arc Heights 
	Table 3.5 Almen Strip Test Result Summary -Average Arc Heights 


	Figure
	Almen ests ast 
	e or ed eaSure the blast e f s of -ramet rs 0 a i'e test i ec ly 
	i ten ity a en arc height, 'he la t parame e s d for thes tests are pr S n edin t Ie 2. Fiv A men r'p tests were per armed 0 each of the l aet 'cknesses an 
	wo surface ea $, for a tala 30 A m s rips. The avera e arc e'gh a e l'sted for both the anod'z and alclad spec"me reaivetothe bas cy'eintable3. 
	p 0 . of arc hei..,h ver bI st cye1 are known as a ation cu cs. These curve. pr vide se u1 pre entations of AIm n rc :1eig t data 
	eeaus y illustrate e her he bi s -indu ed r sidua tre s i becom'ng symptotie at p ci i lev 1-Sa r tion elive fac'l't te c mparison of he effe of he same blast in ity on d'fferent tes 5 ecime T' 1 en rc heights f hi e progwe ot in saturation curves a w1 now be discusse 
	1 
	am 
	i 

	The rc heig ts we found to vary inversely wi hickness. In i ure 3,3 the v rage arc eight a ur on anodized al ca o . crease as the ateria h"' dec a es, 
	n f' gure3.4 hesaetrendc bemoeclea y ~een for aIelad al min m. is r sonabi ec ha thinner sp cimens will be more 
	when ub'e d 0 he arne bl ·t intesi y_ F t 'n en ity he 'nduce alue a d ep f the ay wil be the same regar less of substr te t' ic thinner 5 e imens, wever, will.'e 'gher alue~ of b ck~ide ensi1 stress th licke ec m n, This 1 
	s' ificant because this backside te sil-stress promotes increased cr ck growth rates. 
	he arc heights were also found to vary with s rface treatment with those for anodized al inum being consiste ly higher han those for alclad a"uminum in all thicknesses. A compar' on of the average arc hei ht saturation curves for 0.032 'nch a odized and 0.032 inch alclad is hown in igure .5. This plot shows that the anodized specimens h d a larg r warp (arc) th he alclad specins. This same trend is demonstrated in figure 3.6 for 0.040 inc a an in figure 3.7 for 0.050 inch aluminum. T 's difference can be a 
	2 

	m terials 
	m terials 
	m terials 
	was 
	0.56 
	sec/ft2 
	. 
	This 
	dmonst 
	ate 
	that 
	despite being 

	exposed for 
	exposed for 
	a 
	sho 
	ter 
	time 
	t 
	e 
	anodized 
	m terials h
	ad 
	a 
	gr ater 

	plaotic deformation than the 
	plaotic deformation than the 
	alclad materia 
	s 
	when 
	expose 
	to 
	the 
	same 

	blast 
	blast 
	intensity. 


	One observation that should be made is hat the Alme rip tests indicate the e fect of blast inten ity on the substrat but do not indicate any surface damage effects. In the early research performed into pidstic media blascing ef cts, discus e in section 3.1.1, surface flaws were found to ffect the fatigue crack propagation rate. Surface roughness measur.me s nd Scanning Elec ron Microscope (SEM) a~ure the 5U face damage c~used by the plastic media b st'ng operat'on. Resul s of such tests are presented in sec
	photography may be use to assess and m 
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	Figure 3.3 Average Alrn n Strip Arc -e'ghts 2024-T3 Anodized 
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	Aluminu 0.032, 0.040, & 0.050 inch Thicknesses 
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	Figure 3.4 Av rage Almen Strip Arc He'ghts 2024-T Alcla A uminum, 
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	3.3 
	PAGATION TEST RESULTS 
	Figure

	A fa 'gue crack propagation est program was p r~ rmBd to s pplement 
	t e ex sing c , ck grow h data for 2024-'1' lumi um in anodized d 
	clad rea ments id ntified hrough t e echnical search. 'he crac propag tien tes parameters sed, such as the tress rat'o and spec'men dim nsions, are conea'ned in Appendix C. 
	The fa igue crack propagation tests, pe formed us'ng ASTM 
	specification 647-83, showed no signi icant increase i the crack growth ~ate for the anod'zed 2024-a u inum aft r it ad been bla . ed wi l"stic edia. The crack s'ze versu~ ycles p o. or 
	the anod' d 2024-T3 luminum i 0.032, 0.040, a d 0.050 inc 
	thickne ses ar plotted n figures 3.8, 3.9, an 3.10, respectively, and its c ack growth data counterpart a e represented i igures 3. 4, 3.15, and 3.16. From examin ion of hese platte data it can e seen 
	that the ateria xperienced retar a ion effee due t he 'ntense blast of ~e p acedure and the selected agressive parameters. 
	There were signi icant increa es in the cr ck growth rate for the alclad 2024-T3 aluminum shown y h fatigue crack rop gation t.est res,lts. '9 res 3.11, 3.12, 3.13 grahical y i Ius rates th c ack size versu cycles and .gUrE'!s 3. 7, 3.18, and 3.19 contain plots of the crack growth d for the lclad 2024-T3 aluminum in 0.032, .040, and 0.050 inch icknesse~, respec ively_ ~ ese curves show that he era k growth rate 'gnificantly increase in the blas ed mater'a 0 
	1 three t ickne es. This increas was m st "oticeable' th 0.032 
	inch t "ckness. 
	Comparison of the crack growth rate curves for the blasted specimens relative to material thickness was not significant for the anodized aluminum but the a c d aluminum showed a different behavior. The C ack growth rates for the blasted anodize 2024-T3 aluminum showed essentially no differenc. r ,I tive to ma erial thickness. Table 3.6 ~ent dK, of all t e specimens ested. Figure 3.20emon rates this by pr viding a plot of the cr ck g owth r tes for the bJa~ted anodized substrate in all hree thicknesses. For 
	presents the fatigue crack grow-h ates r s Its, at diff 

	~Ja ted materi 1 increased a -h mater'al 
	rowth ra es for the 

	h'ckness decreased. h's ren is shown in figur. ,21, which pots the crack growth curves for t El b Ie d substrate in all three thicknesses. 
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	TABLE 3.6 FATIGUE CRACK GROWTH RESULTS 
	A CLAD 20 4 3 
	dK 
	dK 
	dK 
	daJdN 
	CRACK GROWTH 

	TR
	INCREMENT FACTOR 

	TR
	AS RECEIVED 
	PM-B TRIEATED 

	5 
	5 
	0.032" 1.802E-Q7 1.802E-07 
	0.04" 0.050" 4.713E..(I7 2.893E-07 -2.893E-07 
	(4 BLASTS) 0.032" I 0.04" I 0.050" 4.870E-07 5.125E-Q7 4.948E-07 3.413E-07 -3.376E-07 
	0.032" 2.70 1.89 
	0.04" 1.09 -
	0.050" 1.71 1.17 

	TR
	1.a02E-07 
	-
	2.893E-07 
	7.376E-07 
	-
	-
	4.09 
	-
	-

	7 
	7 
	7.93E-07 
	1.264E-06 
	1.184E-06 
	1.177E-06 
	1.434E-06 
	1.973E-G6 
	1.48 
	1.13 
	1.67 

	TR
	7.93E-07 
	1.264E-06 
	1.184E-06 
	1.762E-06 
	1.612E-06 
	1.479E-06 
	2.22 
	'1.28 
	1.25 

	TR
	7.93E-07. 
	-
	1.184E-06 
	1.286E-06 
	-
	1.2S6E-06 
	1.62 
	-
	1.06 

	10 
	10 
	2.318E-G6 
	3.138E-06 
	3.031E-06 
	3.017E-06 
	4.621E-06 
	3.184E-06 
	1.30 
	1.47 
	1.05 

	TR
	2.318E-06 
	3.138E-06 
	3.031E-G6 
	3.094E-06 
	6.392E-06 
	5.877E-06 
	1.33 
	2.04­
	.94 

	15 
	15 
	2.318E-06 a.707E-06 a.707E-06 
	-1.195E-OS 1.19SE-'05 
	3.03lE-06 1.287E-OS 1.287E-OS 
	2.472E-06 1.969E-OS 1.673E-os 
	-3.749E-G5 1.484E-OS 
	-1.454E-QS 1.509E-GS 
	1.07 2.26. 1.92 
	-3.14 1.24 
	I I 
	-1.13 1.17 

	TR
	8.707E-06 
	~ 
	1.287E-QS 
	1.145E-OS· 
	-
	1,9236:-05 
	1.32 
	-
	1.49 


	ANODIZ 020'24-13. 
	dK daJdN CRACK GROWTH INCREMENT FACTOR AS RECEIVED PMB TREATED (4 BLASTS) 0.032" 0.04'" 0.050" 0.032" 0.04" 0.050" 0.032" 0.04" 0.050" S 3.187E-07 4.983E·07 -2.643E-G7 3.253E-07 4.776E-Q7 2.505E-07 1.02 0.96 0.95 3.1·87E-07 4.983E-07, 2.643E-07 3.893E-07 3.797E-07 3.623E-07 1.22 0.76 1,37 7 1.230E-06 1.463E-06 1.4S3E-06' 1.337E-06 1.343E-06 1.300E-GG 1.09 0.92 0,89 t.230E-06 1.463E-06 1.453E-06 -1.734E-06 1.470E-06 -1.19 1.01 10 3.170E-06 .3.170E·06 3.730E-06 2.828E-06 3.974E-06. 3.833E-Q6 0.89 1.25 1J13 3.
	Table 3.7 E act f pJa tic Me la Blasting (PMB) Treatm nts on thickness of Protective ayers 
	Materia~ 
	Materia~ 
	Materia~ 
	Thickneae of COHting, inches 

	Thicknes8 (inches) 
	Thicknes8 (inches) 
	I Anodized 
	AlcJad 

	A13 Received 
	A13 Received 
	PMB Treated 
	AJ1J Received I 
	--­PM.B Treated 

	0.032 
	0.032 
	0.000197 
	0.000158 
	i 0.00182 
	0.00052 -0,00236 

	0.040 
	0.040 
	0.000151 
	0.000115 
	0,00212 
	0.00042 -0.00242 

	0.050 
	0.050 
	0.000204 
	0.000191 
	0,00285 
	0.00054 -0,00325 


	A co pa :ison of te c'clck growth 'iults with Ll1e Almen 51 "'i.p res 1,1 c' from 
	se 'on3.2 i 1 is rates how blast parame e scan aU5 <-ubstrate da age. The a a ized alu inum arc he' ghts "Jere consiste .ly hi hel:' than the a lad arc heigh for each thickness. II w v-r, he :r ck growL rate in the 
	a.nodized m terial w essentia. y unc angea before a d fter blasting and 
	tha a theac] d ma e iol was increa ed for all th'cknesse . The high r a-c eig t~ for the a odiz d materl 1c n be a~ ribute to the lack of a cushion'n lad cayer. The increas_d crack 9 wth rate, in the
	0 
	alc ad mat r'al, can be a tribu ed 0 resi 'lal stress and surf c€ flaws, Fromfi res 3. -0 3.13 iL can be ee t at af pI ti m d'a bla ting, 
	the alclad ma tel-i 1 c ack J F:;n th at n '-icantly . r rased a a lower J' fe cycle (more t. 50%' redu 'on) when comp r 0 tll"" "as rece'ved" (control) specimen, 
	3.4 COAT~tlG REMOVAL AND SURFACE ROUGHNESS REaULTS 
	3.4 COAT~tlG REMOVAL AND SURFACE ROUGHNESS REaULTS 
	Determination a th~ deD h of anodized and lcl~d coa n~ rem ved and the surfa e roughne s was mad a -5 ess tee Be of p as ie medi-blasting on thes .orrosion resistant su-face t ea ments. 
	The re ults 0' me surement...> rna -e to el::ermlne he thickness of the anodized and alclad 9 Y teetiv ayer before an a te pI stie ed" trea ment f 
	11 three hiGknesses a e iste it ble 3.7. t can be seen that h Q no sign . antlya eted relaL've to th alclad coa in~. The maximu p r en ag loss in anodized layer tickne s was 24 p ree t for the 0.040 inch thickn. ss wh'l_ he maximum percen age loss for t e alc a ay r W'O 81 pe cen for th 0.050 inch thick es. Tn addition, the o~t-tre tm nt: alclad ye m suremen s gr a han. e original 
	ana "iz_d coating wa

	h'clrnes'" mea :r me' ts in icat t.3 ttl soft al1l1'I1'num cladding was shifted by the last s ream in 0 peaks. 
	45 
	The SUo f c roughness measurements made to determine the effect of th@ plastic media blast on the surface of the test specimens are listed in able 
	3.8. The a erage surface roughness measurements (Ra -the arit metic mean of d'pa tures from the mean line) and the maximum peak t valley measureme t (Ry) indicate that the anodized surface roughness was not vitally aff ct~d by the plastic media rea ment but the alc ad sur ace rougbn ss was increased. ThJs suppo s the obser:vations m d n m as ring the th'cknes of the protective layers -ha were removed. 
	E p.
	Figure

	3,5 
	Scanning E ,ectron Microsco e (8EM) photog aphs were taken 0 provi e v" sual data" ga .9 t gr wth of the cracks a dec of plastic medi blasti 9 on the SUY_BCereatments. It was no iced during t e fa 19 e c ack pro. agation tests the PMB tre t d a.. ad sp men t t visual crack measur e 
	blast d s' g_ner 1 y trailed t ose on he' bad s·de. h's was investigated through SEM photography 0 th c-ack surface, 
	The observa gard' g the surface damage of the as e alclad surface is confirmed by the BE photographs. igures 3.22 th oug 3.25 disp ay SEM hotog aphs t ken of the anodized mate ia be ore blasting E~r 
	0.032 'nch t ic es ,and f' e blasting fo 11 three thicknesses. The pic u es show no sig ificant surface damage as a resul of he las ic lTled'­blasting treatme t. vigures 3.26 t roug 3.29, which contain similar view for a. cl d a um'n rn, show the sign"ficant and extensive sur ace pitting caused by the lastic e ia bIas ng. 

	@ surtronic 4 
	@ surtronic 4 
	Table 3.8 Surface Roughness Measurements 

	ID Alloy (a. Thickness PMB Treated 
	2.0 
	1.00 

	Figure
	AN32·2 AN32-1 
	AN40-2 AN4(}1 
	ANSQ-2 ANSO·1 
	tl'> IAL32-2
	-.J 
	AL32-1 
	AL40·2 AL40·1 
	AL50-2 AL50·1 
	2024-T3a 
	2024·13a 
	2024-T3a 
	2024·T3a 
	202.4-T3a 
	2024-T3a 
	Ale 2024·T3. Ale 2024·T3. 
	Ale 2024-T3. Ale 2024·T3. 
	Alc 2024-T3. Ale 2024-13. 
	0.032 
	0.032 
	0.04 
	0.04 
	0.05 
	0.05 
	0.032 
	0.032 
	0.04 
	0.04 
	0.05 
	0.05 
	NO. YES. 
	NO 
	YES 
	NO 
	YES 
	NO 
	YES 
	NO. YES. 
	NO 
	YES 
	25.59 
	20.87 
	29.92 
	26.77 
	11.81 
	16.54 
	9.45 
	253.94 
	9.45 
	176.77 
	11.81 
	241.34 
	241.34 
	19_29 

	24.02 
	27.56 
	29.53 
	12.99 
	21.26 
	20.47 
	253.94 
	20.47 
	191.34 
	18.50 
	279.53 
	279.53 
	19.29 

	21.26 
	27.56 
	27.56 
	12.99 
	17.32 
	9.84 
	235.43 
	9.84 
	162.99 
	5.91 
	263.39 
	263.39 
	22.05 

	27..56 
	26.38 
	25.59 
	12.99 18..11 
	17.32 
	262.60 
	17.32 
	172.05 
	15.35 
	254.72 
	254.72 
	18.90 29..53 

	28.35 
	29.13 
	12.20 
	18.11 
	14.96 
	247.24 
	14.96 
	183.86 
	13.39 
	277.16 
	277.16 
	21.02 

	24.65 
	27.95 
	27.72 
	12.60 
	18.27 
	14.41 
	250.63 
	14.41 
	177.40 
	12.99 
	263.23 
	263.23 
	282.28 

	286.61 
	226.38 
	253.94 
	171.26 
	176.77 
	274.0 2059.05 
	27.... 1429.13 
	187.40 1799.21 
	NOTES: 
	a 
	a 
	a 
	2024·13 sheet anodized and sealed 

	b 
	b 
	Ra is the arithmetic mean of departures from the mean line 

	c 
	c 
	Ry is the largest peak to vallev height in tile lengths analyzed 
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	Cross-sec ional EM photographs also depic th cont st 9 fac ef ect 
	of he as 'c medi b'ast on t e ano ize and a clad aluminum. Figur 
	3.30 to 3.31 show s ct'on 1 iews L e nblas~e and blaste anodized
	3.30 to 3.31 show s ct'on 1 iews L e nblas~e and blaste anodized
	I 
	rna eialan on i that the anodized coating r ine -ela iv ly' act. Figures 3.32 0 3.33 show ec '0 a1 views of the ill1blasted and last d alclad luminum and 'ernonstr e the of he sot clad layer that took a~ a re ult of the blast 
	pIa e 

	SEM photogra h we e so taken of he tracture surface of bIas ed a clad 
	pecimens 0 investigate of rae growth on the baste side 'ehind tha of gu as 3.3_ and 3.35, Incre e magr ificar.ion figure 3. 6, confi rn ha~ he crack front does slo e tn t. e bIas ed spec':'men. This confirms t e t s's observa ions an" ca. b a ibu ed _0 increase ~nsile -e6i tal stre.e OL the bIas ed s race. 
	3.6 
	During the course of the tec mical searc a series of Almen s rip arc flEd J ­
	e a waco ec~ed an provided by MBB usi -e hicknesses and surface reatments bejng ~o . eed i this 1nv8scigation. This d a is p ese ee for comparison purposes to contr wi h 1e men arc leight da , 
	resente in s c on .2. T e arc height da a in section 3.2 wa~, 0 tained u i_g both conserva ivan v y a ressive parameters d, s a] ·ea y abse VB , ~xceeded the acceptable rc high 0 D.006 inch a specif'e y industry (ta 1 1.2). 
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	b} PMB tr .ted e 200X Direction.of propagation 200X 
	Figure 3.36 Fracture S race Ar. as 1/2 inch from Hole, 0.050 in. Alclad 2024-T3 Sheet 
	Figure 3.36 Fracture S race Ar. as 1/2 inch from Hole, 0.050 in. Alclad 2024-T3 Sheet 


	Important distinctions mu t e made when compar'n the MBB a c height da a with that in section 3.2. Both pI stie media bl sting operations were pe formed using nozzle sysLems, however he last equipment manufac urers were d'tter nt, manu versus qU omated. A16o, t e bla t pre sureS a d impinge ent angles were differ nt than thos used to produ~e the arc h igh ~ presented in section 3.2. T ble 3.9 shows he blast p a eters that were reported for e MBB arc hei t dat. .~ m ximum dwel time of ] seconds was observed 
	26.1 psi. Additionally, the aggressive Type II media, used to obtain he arc he"ght in scion 3. , /Jas al"'o used _or the MBB tests. Table 3.10 presents the arc height values that were obtaine 's'ng these blast parameters. 
	Table 3.9 MBB Almen Strip Test Blast Specifications 
	IJlast Parameter Specified Value 0.132 inch tJlickness 0.063 inch thickness 
	Figure
	I
	I

	I 
	Media Type 
	Polyplus, size 30/40 
	Po]yplus, size 30/40. Nozzle Pressure. 
	35 psi. Distance 11.8 inches. 
	26.12s.l 
	I 
	11.8 ~ncbes ­
	Nozzle D.iameter 
	I 

	-
	I 
	Media Flowrate 
	5291b/hr 
	728Ibs/h.r Impingement Angle 
	20-30 degree:il 
	20-30 degrees Number of Blast Cycles 
	4 (1 initial stripping, 
	4 (1 initial stripping, then 3 subsequent 
	then 3 subs~ ent 
	blasting) 
	Figure

	blasting) 
	Table 3.10 MBB Almen Strip Test Result Summary ­Average Arc Heights 
	Table 3.10 MBB Almen Strip Test Result Summary ­Average Arc Heights 
	Table 3.10 MBB Almen Strip Test Result Summary ­Average Arc Heights 

	Blast Cycle 
	Blast Cycle 
	Anodized, Thickness (inches) 
	AJclad, Thickness (inches) 

	TR
	.032 Mod 
	.063 Mod 
	.032 clad 
	.063 clad 

	1 
	1 
	0.0009646 
	0.0013583 
	0.0004331 
	0.0009646 

	2 
	2 
	0.0012008 
	0.0016929 
	0.0004724 
	0.0009646 

	3 
	3 
	0.0015945 
	0.0016929 
	0.0006102 
	0.0009843 

	4 
	4 
	0.0019488 
	0.0016929 
	0.0006693 
	0.0009843 

	5 
	5 
	0.0020866 
	0.0016929 
	0.0006693 
	0.0009843 

	6 
	6 
	0.0020866 
	0.0016929 
	0.0006890 
	0.0009843 


	Note: Arc heights given in inches. 
	Figure 3.9 shows the saturation curv for the 0.032 inch anodized and 0.032 inch alclad average arc heights re ative to the specified arc height of 
	0.006 inch. t can be seen from this figure that the saturation curves for both surface treatments become asymptotict approximately 33 percent of the specified value. The same t end can be seen in figure 3.10 which presents saturation curves for 0.063 inch anodized and 0.063 inch alclad aluminum. 
	I , _.~__=_ __ L .... • ~_ r .. I I I I___0 • , , 5 4 2 6 ._-­---~ ":' ~ ~ ~ t I I • ~ I I I 1 I I r , I I I I••••__ J _•• _. _ .1. _ • _. _ • L •••__ • J •• __ •• .J•• _ ••• -I I I I I I I I .. I I I I I I 1 I I I • • I I • I --.. _ .... .I __ ..... __,_ .... _ --... -...--.... ­.. _ .. -• ~_ • ----.. I I & I t I .. I I I I I I • I I I I • I I I I I I _ ••••• J • _ ••__ .1••• _ ••• L ••• J _ ••••• oJ•••_ • --I I • I • • I 'I I I I I I I I I Average Almen Arc 3 Height (mils) 
	··-allowable 0-.032 aood .••.032 clad 
	o 2345 6 Blast Cycles 
	Figure 3.37 MBB Average Almen Strip Arc Heights, 26 psi on 2024-T3 0.032 Anodized and 0.032 Alclad Aluminum 
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	In compar these MBB a 1J ation c J es wi those p ese te Ul sec .i.o 3 .•0 several t ings can be oed: 
	•. S uratio urve or anodized m terial we e cons en 1 high than those fo· aiclad m r"al in bo h sets of dat~. 
	.032 inch h'c rna eria.18 were t oae in th sec ion .2 da set than se -, 
	In all, 10 sp mens w re es sd for each hickness ~n surface tr at tent for a total of 40 ~1 es 6 i .he M data set. 
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	4. CONCLUSIONS 
	4. CONCLUSIONS 
	The potential damage that can be caused by plastic media blasting is 
	of two main types: residual tensile stress and surface flaws. These 
	types of damage can affect and/or increase the fatigue crack growth 
	rate. 
	The fatigue crack growth rate found in the 2024-T3 anodized aluminum showed no significant change when PMB blasted. After analyzing the Almen strip arc height data, it was recognized that the crack growth experienced retardation due to the cold working effect induced by this stripping process. 
	The fatigue crack propagation rates, after PMB t eated, were also determined for the thin alclad 2024-T3 sheet specimens, and they ranged from 1.05 to 4.09 times those obtained for the untreated samples at intermediate stress intensity range (refer to Table 3.6) According to fracture mechanic practices, an increase of more than two times the control specimen's crack growth rate is considered to be significant and will affect the service life of the material. Apparently, clad surfaces act to cushion the blas
	P astic media particle contamination can cause surface flaws. Increases in fatigue crack propagation rates have been observed because of these contaminant-induced surface flaws. Dense t cle contaminant thresholds recommended by user specifications and accepted as standard practice is to have a contamination level of less than 
	0.03 percent. 
	0.03 percent. 
	Aggressive use of plastic media blasting (Type II media, 30/40 mesh at 35 psi) can damage alclad surface, thus reducing its corrosion protection capabilities. The surface layer of 2024-T3 alclad aluminum was damaged by the aggressive blast procedures as indicated by surface roughness measurements and Scanning Electron Microscope (SEM) photographs. 
	Strict control and repeatability are required for plastic media blasting parameters. The Messerschmitt-Bolkow-Blohm (MBB) arc height data demonstrate that acceptable arc heights can be obtained 
	reproducibly if the equipment is precisely calibrated controlled, n maintained with parameter values appropriate for the substrate being s ripped. 
	Almen strips provide a means of monitoring the effects of plast" media blasting. Analytical methods that correlate Almen strip arc h "ghts wi h he blast-"nduced residual stress can support s essments of potential substrate damage, including increases in the crack rowth rate. Almen strip tests can not, however, be used as an indica or s ace f aw damage" 
	When plastic media blasting is properly employed and saturat'on i r ac ad a safe stress level, the maximum number of stripping at may be p€r 0 med is unlimited. 
	Al native paint stripping methods to plastic media blasting currently exi t and others are being dev loped th t how potential as viable techniques in terms of aircraft safety, posi"ive en ira ental impact, and economics. 
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	APPENDIX B -PAINTING AND BLASTING TEST PROCEDURES. TEST PLAN -Aero-Tech coatings Removal, Inc. Paint Specifications. 
	1.. 
	1.. 
	1.. 
	Clean metal surface to remove surface contaminants. 

	2.. 
	2.. 
	Abrade metal surface with water and abrasive nylon web pads to obtain a water-break-free surface. 

	3.. 
	3.. 
	While still wet, surface treat abraded side of coupon with MC coating material meeting MIL-C-81706 to produce a coating conforming to MIL-C-5541. 


	4 .. Within 4 hours after surface treating, mix and apply an epoxy-polyamide primer conforming to MIL-P-23377. Apply primer to obtain a smooth and even dry film thickness of 1.0 to 1.3 mils. 
	5.. Allow primer to air dry 2 to 24 hours before applying an aliphatic polyurethane topcoat (color optional) conforming to MIL-C-83286. Apply coating to a dry film thickness of 1.8 to 
	2.4 mils of topcoat. 
	2.4 mils of topcoat. 
	6.. The coated metal (one side only) should be allowed to air dry one week, then oven cure for 100 hours at 210 F ±5 F. 
	Note: These paint specifications follow McDonnell Douglas requirements CSD #4. 
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	APPEN.DIX 
	APPEN.DIX 
	APPEN.DIX 
	B 
	-PAINTING 
	AND 
	BLASTING 
	TEST 
	PROCEDURE::'; i 

	TEST 
	TEST 
	PLAN 
	-Aero-Tech Coatings Removal, 
	Inc 

	TR
	Blast Specifications 


	Media Type: Type II Mesh size: 30/40 Purity: 99.95 % strictly controlled during blasting 
	Blasting Parameters Pressure: 35 psi Distance: 12 inches Nozzle: 0.5 inch diameter, straight nozzle if possible Flow rate: 870 Ib/hr Impingement angle: 90 degrees Number of strippings: 4 (1 initial stripping, then sUbsequent blasting) 
	substrate 
	Materials: To be supplied by Alcoa 2024-TJ aluminum 0.032, 0.040, 0.050 inch alclad 0.032, 0.040, 0.050 inch anodized Quantity: 6 panels total, one of each thickne ~ for both 
	surface treatments. Size: each panel = 14x14 in
	2. 

	Measurements To Be Taken Stripping rate Dwell time Breakdown rate Aimen strip tests: 5 Aimen strips for each panel blasted 
	-arc height measurements to be taken after each blasting -total of 30 Almen strips 
	74. 
	B.~ Blast Parameters 
	Table 

	BLAST PARAMETERS:. 35-psi nozzle 12-inch nozzle distance from sUbstrate 90 degree nozzle angle (from horizontal) 1/2-inch diameter straight nozzle size 900 lb/hr media flow rate 
	Table B.2 Media Type 
	MEDIA TYPE:. Type II (Urea Formaldehyde) 
	Grade: A 
	Mesh Size: 30-40 
	Ship date: March 18, 1991 
	Lot Number: 43 
	Manufacture: Composition. Materials, Inc. 
	1375 Kings Highway East Fairfield, CT 06430 
	Table 
	Table 
	Table 
	B.3 P 
	int at. 
	ipping Rate 
	and 
	Dwell 
	Time, 
	2024-T3 
	Imodized 
	Aluminum 

	TR
	Test 
	Paint 
	Paint 
	Paint 
	Dwell 

	TR
	Panel Number 
	Removal Area, ft2 
	Removal Time, sec 
	Removal Rate,ft2 )/min 
	Time sec/ft2 ) 


	AN32-1 1. 36 30 2.72 0.37 AN40-1 1. 36 26 3.14 0.32 AN50-1 1. 36 26 3.14 0.32 
	Average 3.00. 0.34 
	Table B.4 Paint stripping Rate and Dwell Time, 2024-T3 Alclad Aluminum 
	Test Paint Paint Paint Dwell Panel Removal Removal Removal Time Number Area, ftTime, sec Rate,ft/min sec/ft
	2 
	2
	2 

	AL32-1 1. 36 37 2.21 0.45 AL40-1 1. 36 47 1. 74 0.57 AL50-1 1. 36 54 1. 51 0.66 
	Average 1. 82 
	0.56 
	75. 
	Table B.S Plastic Media Particle Size Distribution 
	VIRGIN MEDIA PARTICLE SIZE DISTRIBUTION 
	Media Type:. Type II (Urea Formaldehyde) 
	Grade:. A 
	-esh Size:. 30-40 
	Ship date:. March 18, 1991 
	Lot Number:. 43 
	Manufacture:. composition Materials, Inc. 1375 Kings Highway East Fairfield, CT 06430 
	WEIGHT, gms 
	pan Paint Empty Sieve with Removal Sieve Percent Size Media Time,sec or Pan by Weight 
	12 440.0 440.0 0.0 0.0 
	16 435.9 435.9 0.0 0.0 
	20 398.9 398.9 0.0 0.0 
	30 404.3 393.0 11. 3 11.2 
	40 446.0 377.6 68.4 68.0 
	60 376.8 355.9 20.9 20.8 
	80 347.4 347.4 0.0 0.0 
	PAN 372.0 372.0 0.0 0.0 
	Total 100.5 100.0 
	Table D.6 Media Particle Size Distribution After 4 PMB Cycles 
	BLAST PARAMETERS:. 35 psi nozzle pressure 12 inch nozzle distance from substrate 90 degree nozzle angle (from horizontal) 1/2 inch diameter straight nozzle 900 lb/hr media flow rate 
	WEIGHT, gms 
	Pan 
	Pan 
	Pan 
	Paint 
	Empty 

	Sieve 
	Sieve 
	with 
	Removal 
	Sieve 
	Percent 

	Size 
	Size 
	Media 
	Time,sec 
	or 
	Pan 
	by Weight 


	12 440.0 440.0 00.0 00.0 16 435.9 435.9 00.0 00.0 20 398.9 398.9 00.0 00.0 30 394.0 393.0 01. 0 01. 0 40 394.7 377.6 17.1 17.1 60 394.2 355.9 38.3 38.3 80 366.2 347.4 18.8 18.8 PAN 396.7 372.0 24.7 24.7 
	Total 99.9 99.9 
	Table B.7 Media Breakdown Rate Calculation 
	(Product retained on 30 mesh sieve) 
	consumption = Virgin media weight -4 PMB cycle media weight Virgin media weight x 4 PMB cycles 
	11.3 + 68.4 -1.0 -.17.2 X 100 
	11.3 + 68.4 -1.0 -.17.2 X 100 
	(11.3 + 68.4) x 4) 
	19.3 %/cycle 
	77. 
	Figure B.1 Plastic Media Blast System with operator 78 
	Figure B.2 Plast'c Media D ast Syste nterior with Nozzle Restraint. I'i ture and -pecimen. 
	79 
	Figure B.3 Tyler-Ro-Tap Siev est E ipm nt 80 
	APPENDIX C -ALMEN STRIP TESTS. 
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	Figure
	t t =thickness depending on material being tested Figure C.l Almen strip specified Dimensions 
	81. 
	Fiqur C.2 Al D strip T st it e an Aen Arg Heigbt Gaug 
	82 
	Figure C.3 Almen Gauge Test Fixture 83 
	APPENDIX D -FATIGUE CRACK PROPAGATION TEST PROCEDURES 
	TES PLAN -Per armed by Alcoa Laboratories. Crack Propagation T~st Spec-'fications. 
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	APPENDIX E. 
	ALTERNATIVE PAINT STRIPPING METHODS-AN OVERVIEW 
	INTRODUCTION 
	In response to the challenge of safely and economically replacing methylene chloride paint strippers many alternative paint stripping methods are being developed. These methods each utilize a variety of 
	paint removal mechanisms. Each method has advantages and 
	disadvantages in effectiveness, substrate sensitivity, environmental 
	cost, health cost, and economic cost. Comparisons can be difficult to make since there are a wide variety of parameters which must be 
	considered. For example, one strip rate may be higher, but then his neglects multiple nozzles that may increase the lower rate for an equivalent cost. Additionally, the material/method with a lower s r 
	rate may have a lower disposal cost than the faster material/metho . 
	The objective of this section is to compare several alternative paint removal method by using a common measure of performance. The alternative technologies considered in this section are: blasting wi h plastic media, wheat starch, sodium bicarbonate, carbon dioxide, and ice; non-methylene chloride solvents; thermal/optical paint removal with lasers and flashlamps; and a combined water and solvent m thod. These technologies are then evaluated on their performance in five areas: 
	1. 
	1. 
	1. 
	paint stripping effectiveness 

	2. 
	2. 
	substrate damage 

	3. 
	3. 
	environmental impact 

	4. 
	4. 
	health impuct 

	5. 
	5. 
	cost 


	ESTAELISHMENT OF COMPARISON CRITERIA 
	It was necessary to establish a common measure of performance so that a matrix comparison could be made in the five chosen areas. The common measure of performance chosen was the removal of an polyurethane aviation coating from a Boeing 747-400 transport aircraft with a surface area of 25000 square feet (reference 13, p.114). Because the method of applying the various paint removal methods differs, it was assumed for the purpose of this comparison that only one worker and/or delivery unit was performing the
	DATA COLLECTION To gather the necessary information uniformly and efficiently a survey sheet was developed. The purpose of this sheet was to obtain th specific numerical data necessary to prepare 
	Table E-l Effectiveness of Alternative Aviation Paint Removal. Methods for Standard Area. 
	P iot Re oval Metbo 
	P iot Re oval Metbo 
	P iot Re oval Metbo 
	, I 
	Strp 
	te 
	'l 
	Strip Time (brs) 
	, 
	Media/Solvent Con umption (pounds) 
	Geometry Limitations 

	Mechanical Plastic Media Wheat Starch Sodium Bicarbonate Carbon Dioxide Ice 
	Mechanical Plastic Media Wheat Starch Sodium Bicarbonate Carbon Dioxide Ice 
	3 ft2/min I 1.5 ft2/min 2 ft2/min 0.067-0.167 ft2/min 1.33-1.67 ft2/min 
	139 278 208 2500 250 
	I 
	83,400* 250,200* 99,840 1,500,000 125,000 
	None None None None None 

	Thennal/Optical Lasers Flashlamps 
	Thennal/Optical Lasers Flashlamps 
	4-5 ft2hl:1in 3 ft2/mm 
	83 138 
	Energy Energy 
	None None 

	Solvent Non-methylene Chloride Based 
	Solvent Non-methylene Chloride Based 
	1-3 hours 
	140 
	125 ,gallons 
	None 

	Other Combined Water and Solvent 
	Other Combined Water and Solvent 
	1-3 hrs (solvent) 108 ft2/hr (water) 
	232 
	125 galons (solvent) 136,138 gallons (water) 
	None 


	"'Note: Material passing through nozzle 
	quantitative cost and performance compar'sons in the five evaluation areas. he summary sheet was se t to man acturers, sales repre natives, and end users of the products and systems being investigated. Appendix F contains a c y of this survey sheet. This information was supplemented by other da 'resea ched independently. 
	ANALYSIS 
	Figure
	The raw strip rate informat"on gathered-or the various paint removal me ods was sed to det,c.rmi e the t' me req' 'red to strip a given area oat. As described in Tabl B-1, his given area was the surface a'~craft, d fined as having 25,000 square feet of surface area. 
	area a a Boeing 747-400 _ an port 

	Table E-presents the overall comparison of paint removal 
	effectivene s f r the paint removal methods being examined. The 
	following evaluat'ons may be made: 
	•. 
	•. 
	•. 
	Lasers, though possessing th~ fastest strip rate, a estill in the experimental stage. 

	•. 
	•. 
	pl stic media, flashlamps, and the non-methylene chloride solvent all have comparable strip rates and rank next below lasers. 

	•. 
	•. 
	Carbon Dioxide is extremely slow relative to the ther ain removal methods. 


	It should be not~d that these strip times are for one worker an /0 delivery unit and are for comparison purposes only. The operat'onal s r'p rate could be enhanced for these methods hrough the a plication of additional workers and/or delivery units. Also, use of t hi e systems rathe than hose and nozzle delivery systems would inc ease the blasting st ip times by a factor of seve... 
	Substrate Dam 
	The comparison of substrate damage presented in this section is a qualitative assessment of the paten ia harm a particular pain 
	remova. method may inflict on a sub trate, Also presented re t e precautions necessary to prevent potential damage from occurring. T' e survey forms were not used as the sale source for this sectio bee se of the obvious bias introduced when asking a representative or manufactu er a a paint removal method process whet er it causes substrate damage. 
	Table E-2 summa izes the potential substrate damage and h necessary precautions for each of the alternative paint stripping method s'ng considered, T e most significant categories of potentia dama e we e: 
	•. 
	•. 
	•. 
	Residual stress/cold-hardening 

	•. 
	•. 
	Corrosion 

	•. 
	•. 
	Damage of surface treatment 

	•. 
	•. 
	WaLer intrusion 


	Strict control and proper use of blast para eters, media puri y, and masking are currently used precautions in indu try. The i trusion 0 blasted corrosive material, however, may be more d'fficul 0 p ev t and therefore poses a significant po ential ri~k. 
	Table E-2 Substrate Damage Caused by Alternative Aviation. Paint Removal Methods. 
	Table E-2 Substrate Damage Caused by Alternative Aviation. Paint Removal Methods. 
	Table E-2 Substrate Damage Caused by Alternative Aviation. Paint Removal Methods. 

	I 
	I 
	Paint Removal Mc.1Jlod 
	.. Polellliill Hmm 10 
	ubstrate 
	Precautions 10 Substrale Damage 
	J 'I 
	Other SubsIJ1lte LimiLations 
	I 

	TR
	Mechanical 

	TR
	Plastic Media 
	• media in ion • residual stress, crac.tc growth 
	· g • prec ise calibration and control of parameters 
	lighlI1ing 8upprcsion foil !ape 

	TR
	¥/ht..'I.! Starch 
	• media intrusion 
	• m sting 
	• None 

	, 
	, 
	Sodium Bicart>onalC 
	• media intrusion • corrosiOiil 
	• IrulSIOng 
	• None 

	, 
	, 
	Carbon Dioxide 
	• cold-hardening, crock growth • comp::lsite fiber erosion 
	• usc with paint softener or other me od (flashtamp) 
	• > 0032 inch Al • No comp::lsilCS 

	TR
	lee 
	• none 
	• none 
	• none 

	TR
	ThcrmallOp 'c 

	TR
	Lasers 
	ppcr layer b! composite damage 
	• fccdbac: 
	control .. 
	• none 

	TR
	flashlamps 
	• heating of substrnte 
	• energy control 
	' 
	• none 

	TR
	Solvenl 

	TR
	Non·methylene Chloride Based 
	• hydrogen embriUlemenl of' magnesium, high srreogth sleds 
	• masking 
	• none 

	TR
	Other 

	TR
	Combined Wa.t.ef and sotven 
	• waLer intrusion 
	• maslcing 
	• none 


	E vir 
	Figure
	Becau. e of the ef e 0 environm n al actors in creating the need 
	or alte ative Fa' nt ripping methods, his s.c ion is of special importanc~. T e info· mation morna, '. zed i able E-3 tries to present any sage an disposal -nv onrnental hazar s associated wi th each me hod. There are s ve 't m of no e: 
	•. 
	•. 
	•. 
	The use . envi onmenta ly haz rdous paint removal materials w sera ly avoi ed. 

	•. 
	•. 
	The moved aint waste contain toxic substances which are prese t rega less of the p in~ emov ethod used. 

	•. 
	•. 
	Sep ati n echnigu_s are generally requir to separate the . moved pa' nt w e from he p' nt ~·emoval materials. 


	Paint Removal Methods 
	Tabl_ E-3 Environmental Effects of Alternative Aviat~on 
	Tabl_ E-3 Environmental Effects of Alternative Aviat~on 
	Tabl_ E-3 Environmental Effects of Alternative Aviat~on 

	Painl Removail }\,Iethod 
	Painl Removail }\,Iethod 
	Hazardous Media Ingredients 
	P'roass Byproduct 
	Amount of Spent Waste Produced • 
	Waste' Disposal Methods 

	Mechanical 
	Mechanical 

	Plastic Media 
	Plastic Media 
	nODe 
	*paint chips >l<unusable media dust 
	8000 Ibs per 25,000 ft2 stripped 
	separate paiot chips from media 

	Wheat Starch 
	Wheat Starch 
	none 
	*paint chips >l<lUlussble media dust 
	< 8000 Ibs per 25,000 ft2 stripped 
	separate paint chi ps from media 

	Sodium Bicarbonate 
	Sodium Bicarbonate 
	none 
	*paint chips >I< sodium bicarbonate and H20 mixture 
	24864 Ibs (sodium bicarbonate 
	remove paint chip from mixture 

	Carbon Dioxide 
	Carbon Dioxide 
	none 
	*paint chips >!<C02 and H2O 
	see footnote 
	disposal of paint chips 

	Ice 
	Ice 
	none 
	*paint chips +waler 
	see footnote 
	disposal of paint chips 

	Tbt1nrud rOpbc.a1 
	Tbt1nrud rOpbc.a1 


	Lasers 
	Lasers 
	Lasers 
	N/A 
	>l<paint chips and vapors 
	see footnote 
	vacuum vapor recovery organics bumed inorganics drysc;l1Ibbed 

	FlashJamps 
	FlashJamps 
	N/A 
	*paint chips and vapors 
	see footnote 
	vacuum recovery of paint chips and vapors 


	Sohent 
	NOll-methylene Formic Acid *paint/solveot 125 gal (solvent) remove paint from Chloride Based mixture solvent 
	Other 
	Combined Water 
	Combined Water 
	Combined Water 
	none 
	*paint, water, and 
	125 gal (solvent) 
	remove paint from 

	and Solvent 
	and Solvent 
	solvent mixture 
	water and 

	TR
	biodegradable 

	TR
	solvent 


	Note: It is estimated that a total of 6. 25 ft2 of paint will be produced regardles of method 
	92 
	Tale -4 H ali:b rmp at 0 Alternative Pint RoVa! Methods 
	Paint R oval 
	Paint R oval 
	Paint R oval 
	leallh 
	Sp cial 
	Special 

	Method 
	Method 
	J azard 
	ot diD 
	Precaut·ODS 

	TR
	D~1t3 
	Required 
	Required 

	Mechanical 
	Mechanical 

	Pla.5I:lc M!.XlIia 
	Pla.5I:lc M!.XlIia 
	• partidil/Ilir bl/l!ll 
	• full prol,=Olivc: clolllillg 
	• adeQuat,= ventilation 

	TR
	• au ,inhJl'llIti 
	includin it fc.d recsplrll.tor 
	• avoid billst 

	TR
	• Illlise 

	Whoot Starch 
	Whoot Starch 
	• ..irblnt 
	• full proteclive !olhi 
	-a;d uille ventilation 

	TR
	• clU!ll inhalation 
	indudin it f~d !1:.!Ip iratI;} 
	.. 8'0'0·d blast 

	TR
	• noillC 

	Sodium Bica bonate 
	Sodium Bica bonate 
	*none 
	• B°g.gle~ 
	I. adequate ventilation 

	! 
	! 
	I. gl()v~ 
	• avoid blast 

	I 
	I 

	TR
	·te inlion protection 

	TR
	-noill'e rml~cllcn 

	TR
	Croon Dioxide 
	-C02 is n asphyxianl 
	... gOBBIIl~ 
	• adequate vent.ilation 

	TR
	-none 
	-gl ves 
	-avoid blast 

	TR
	III 1'C!"1lpl~linn Ilrol~clion 

	TR
	lee 
	-mcdill. bl • ~o.ld 
	.. noi. "roLet: ion 
	... avoid blast 

	TR
	tCmpCf"lltlJ 

	TR
	-OO!$e 

	TR
	ThennallOptical 

	TR
	~fS 
	... NtA, &utOfQlll.e:u 
	• ¢ye pr-olei;li n 
	• avoid work area while in 

	TR
	• hig 10lens;I1' 11gbL 
	operation 

	TR
	F!ashlamps 
	-I'lOIk 
	I~n()ne 
	... unknown 

	TR
	Solvent 

	TR
	, 

	TR
	Non-mc!.hylene 
	-avoiJ eye, "kin, l\nd 
	• ctl<:mkal fa~e libk d 
	• adequate ventilation 

	TR
	Chlorid Based 
	el Uii[lg con ~l 
	go J~" 
	I. avoid spraying in 

	TR
	cOnfined ar~lls 

	TR
	Otber 

	TR
	Co billed water 
	.. high rccSSUr'll Wfltc r bllllli 
	• g0Il:/JJcs, gloves 
	-avoid blasl 

	TR
	and Solvenl 


	Health Impact 
	n ,add' tion to environmental 'mpact, the eff ct on oe workers using th paint emoval p oeeSE needs t b co sidered. The move to develo ment of a ternative pa'nt erno al methods was primarily caused by the suspected carcinogeni effects of met ylene chloride pa"nt tippers This section uses on worker h alth impact in three ma' n areas: general ,effects on health, special protection required, and special precautions required. The in orma ion obtained 
	93. 
	tor a stan ard for Alterna ive Avi tion aint emov 1 thods 
	T bl 
	-s str'ppinq Cost 

	PIiDt <Astof Cost of Cost of Paint WoeUs' Subslrnte Laber Wa= AiJo:,d'\ ad Uorecoverable Rmx7val Prolecrion Protoctioo Com Disposal Ma11A/SQlvent Media/Solvcot Equipmalt Costs Costs Cos:s (S) (S) (S) (S) (S) (S) (S) (S) ! Mta:bznical ~ PIIsUc Med.ia 1'33.440 4,003 1,200,000 500 6,000 4.170 !.SO 261.625 WbcatS~ 562.950 14.074 1.200.000 500 6.000 8.340 7;J.50 ~21~ I -­Sodium 239,616 239,616 13.CXXl 500 6.000 6,240 J'iIO.OOO IB.icarlx>nali\ e.tIonDi~ 50.000 50,000 104,500 5CO 6.000 i 750.000 l50 &68.15Q 150 46
	re ar ng these three areas is summarized in table E-4. T ere are several po' ts of note: 
	•. 
	•. 
	•. 
	Proper worker protection is required for most pa·. t removal methods. 

	•. 
	•. 
	T e dry blasting methods requ're control of the dust. 

	•. 
	•. 
	Carbon dioxide imposes worker breathing req irements. 


	Figure
	h cost of purchasing and operating a paint removal s stem is another ve y important consideration. Even a system that i af for the ai cat may be made uneconomical from the opera in os of haza dous waste disposal or h capital cost of expensive param ter control mechanisms. Tab e E-5 presents t results of converti 9 e cost information availa Ie to a common bas's fa campa iso. This cornmon basis is t e cost of removing ro the stanard s_rf ce area defined for compari on purpo s n this 
	ect'. n. 
	n this cost comparison of alternative aviation paint remoal methods the relative importance of these cost 
	94 
	should be discussed. The major costs involved in most of these aviation paint stripping methods are the capital cost of purchasing the equipment, but with increased throughput the per aircraft paint removal cost of the equipment decreases. The use of solvent-only methods of paint stripping eliminates the capital cost but introduces the need to dispose of significant amounts of liquid waste products. The time efficient removal of paint is a very important factor and is driven by the lost revenue from the dow
	95. 
	APPENDI ALTERNAT V~ AVIATI N PAINT STRIPPING. METHODS SUR EY aRM. 
	PIe se help us to evaluate your paint stripping system by 
	answering the following questions. 
	answering the following questions. 
	answering the following questions. 
	If you 
	use, 
	represent, 
	or 

	supply 
	supply 
	more 
	than 
	one 
	paint removal 
	method, 
	copy 
	and 
	complete this 

	form 
	form 
	for 
	each method. 


	1. 
	1.1 Name of paint stripping system 
	1.2 Type of paint removal product you supply, represent, use: 
	1. 
	1. 
	1. 
	[ J media 

	2. 
	2. 
	[ ] other paint removal material 

	3. 
	3. 
	[ J media delivery system 4 [] other paint removal equipment 


	1.3 Type of paint removal mechanism utilized by your proc s: 
	1.[ mechanical 
	1.[ mechanical 
	2. 
	2. 
	2. 
	[ thermal 

	3. 
	3. 
	[ solvent 

	4. 
	4. 
	[]. other.


	Figure
	2.1 What kind of coatings, such as paint/primer, can be removed? 
	2.2 What are the aviation painted substrate mater.ia sand physical geometries (such as engine pylons, tail section, 
	etc.) 
	etc.) 
	etc.) 
	hat 
	can be 
	stripped safely of 
	the coatings indicate 

	in 
	in 
	(2.)? 

	teria 
	teria 
	T 
	e 
	Thickness 
	Surface TreatmentGeomety 


	96. 
	2.3 What is the optimum strip rate for your system (ftjmin) per nozzle, turbine, or other delivery unit? 
	2

	2.4 At the optimum strip rate, what is the media consumption rate (ftjmin)? 
	3

	2.5 What are the parameters and values needed to safely obtain optimum stripping capabilities? 
	Parameter Value Comments 
	3. Substrate Damage 
	3.1 What is the potential harm that your system may cause: (select with check mark) 
	[ ] Corrosion 
	[J Residual stress 
	[ ] Media Intrusion in Aircraft structures such as: 
	engine inlets, skin fastener heads, joints, 
	control surfaces, etc. 
	[ ) Pitting 
	[ ] Erosion 
	[ ) structure Deformation 
	[J None 
	[ ] Other
	3.2 If damage or harm is existent, what precautions are. necessary to prevent it?. Select with check mark.. 
	[ ] Masking. [ ) Anti-Corrosion Additives. 
	97 
	Computer Controlled Systems. contamination Filters. other. 
	----------------------~--
	-

	3.3 What aviation substrate may not be stripped using your method and why? 
	4. Environmental Impact 
	If you have the Material Safety Data Sheet, that conforms with OSHA Standard 29 CFR 1910-1200, for the stripping media just attach it to the survey and skip sections 5 and 6. If you do not, please answer the questions in the aforementioned sections. 
	4.1 What are the Hazardous Ingredients of the stripping media? 
	4.2 What are the materials and con itions to avoid when using this stripping media? 
	4.3 What are the hazardous decomposition products of he media? 
	4.4 What is the stripping system1s waste disposal method? 
	98. 
	5. Health Impact 

	5.1 Health Hazard Data 
	5.1 Health Hazard Data 
	5.1.1 Routes of Exposure (select with check mark): 
	[ ] Eye Contact [ ] Ingestion [ ] Skin Contact [ ] Skin Absorption [J Inhalation 
	5.1.2 What are the signs and symptoms of overexposure? 
	5.1.3 What are the effects of overexposure? 
	5.1.4 Has NIOSH found potential carcinogen? 
	5.1.4 Has NIOSH found potential carcinogen? 
	5.1.4 Has NIOSH found potential carcinogen? 
	this material 
	to 
	be 
	a 

	[ 
	[ 
	] 
	Yes 
	[ 
	] 
	No 

	5.2 
	5.2 
	Special Protection Information 

	TR
	~.2.1 Does the maintenance check mark) : 
	crew 
	need 
	(select with 

	TR
	( ] Respiratory Protection. What Type? 


	( ] Protective Gloves What Type? 
	99 
	[ ] Eye Protection What Type? 
	[ ] Ventilation 
	Local Exhaust
	Mechanical
	Special 
	other 
	------------------~----
	-

	[ ] other Protective Equipment What Type? 
	5.3 Are there any special precautions to take with your system? 
	6. Environmental and Health Impact (Continuation) 

	6.1 What are the byproducts of your process? 
	6.1 What are the byproducts of your process? 
	[ ] Chemicals [ ] coating Chips [ ] contaminated Solid and/or Liq 'd Media [ ] other. Explain 
	6.2 What volume, ft, of byproducts are produced when stripping an 1 ftsubstrate? 
	3 
	2 

	100. 
	6.3 Is the media recyclable? ] Yes ( ) No 
	6.3 Is the media recyclable? ] Yes ( ) No 
	6.4 How much reu able m dia, in per en age, an be retrieved from the byproduct? 
	7. Cost Analysis 
	7.1 If the answer to (1.2) was 1 or 2, what is the cost of your media or other paint removal material ($/ft)? 
	3

	7.2 If the answer to (1.2) was 3 or 4, what is the cost of your paint removal system ($) per nozzle, turbine, or other delivery unit? What is the useful service life of your system (years)? 
	7.3 What is the cost of worker protection as defined by the following categories? Refer to your answer to question 
	(5.2) . 
	Protection Type Cost ($/person) Service Life (years or uses) 
	7.4 What is the cost of precautions against substrate damage. Refer to your answer in question (3.2). Please 
	indicate 
	indicate 
	indicate 
	if this 
	cost 
	is included in the overall 
	cost 
	of the 

	system. 
	system. 

	Protection Type 
	Protection Type 
	Cost 
	($/person)Service Life 

	TR
	years 
	or 
	uses) 


	101. 
	7.5 How many workers are needed to ,operate the system per nozzle, turbine, or other deliver unit? 
	7.6 What is the cost of disposing of waste generated by your paint removal method ($/ft)? 
	3

	7.7 What cost can be recovered by selling recyclable byproducts generated by your paint removal method ($/ft)? 
	3

	7.8 If you operate transport aircraft, what is the lost revenue of your aircraft when grounded for maint nance (cost of downtime in $/hour)? Please indicate type of aircraf . 
	8. 
	8. 
	8. 
	8. 
	Additional Information 

	8.1 Please send any other information that you fee' would be useful iD understanding the capabilities and application for your product. 

	9. 
	9. 
	Government statement 


	9"~ Can this information be released to the public? 
	[ ) YES[) NO 
	If no, what are the sections that you will allow the government to release to the pUblic: 
	9.2 Any information provided to the Federal Aviation Administration shall be free of cost. 
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