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Mechanical Properties of Metals w.JI8~u.w~~
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CREEP & FATIGUE
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Rockwell, Brinell,and Vickershardness values

Rockwellhardness number Vickers Brinell
hardness hardness

Ascale 8 scale C sca'e Dscale number, number, Approx.
6O-kgload, lOO-kg load, ISO-kg 'oad, lOO-kg load, diamond- 3000-kg load, tensile

bra/e YI6-;n. bra'e brale pyramid 10-mm strength,
penetrator diam. ball penetrator penetrator penetrator standard ball 1000 psi

78.S . 55 66.9 595 287
_._-78.0 54 66.1 577 278

77.1. 53 65.J. 560 269
76.8 52 64.6 544 500 262
76;3 51 .63.8 528 487 253

75.9 50 63.1 513 415 245
75.2 49 62.1 498 239
74.7 48 61.4 484 232
71..1 47 60.8 471 442 225
73.6 46 60.0 458 432 219

711 45 59.2 446 421 212

-72.5 44 58.5 434 409 206

72.0 43 57.7 423 400 201

71.5 42 56.9 .412 390 196

70.9 41 56.2 .402 381 191

70.J. 40 55.1. 392 371 186
69.9 39 54.6 382 362 181
69.4 38 53.8 372 353 176
68.9 . . 37 53.1 363 344 172
68.J. (109.0)- 36 52.3 354. 336 168

67.9 (108.5) 35 51.5 345 327 163

67,4 (108.0) 34 50.8 336 319 159

66.8 (107.5) 33 50.0 327 311 154

66.3 (107.0) 32 49.2 318 301 150
65.8 (106.0) 31 48.1. 310 29.4 146

65.3 (105.5) 30 47.7 302 286 142

64-7 (10.4.5) 29 47.0 29.4 279 138
64.3 (104.0) 28 46.1 286 271 134
63.8 (103.0) 27 45.2 279 264 131
63.3 (102.5) 26 44.6 272 258 127

62.8 (101.5) 25 43.8 266 253 124

62.4 (101.0) 24 43.1 260 247 121

62.0 100.0 23 42.1 254 - 243 J 18

61.5 99.0 22 41.6 2.48 237 J 15
61.0 98.5 21 40.9 2.43 231 J 13

.Values in parentheses are beyond normal range and are given for information only.



.uf y~1 ~4 ~~;lJi,.;.I~ c...J )b),>y. ~l> ~I jI JJ) )~II.$ ~ ou.)';}A))' :»~

. ~ d) . ~\S' ~ creep Lli. ) 1.$. '-Fr tJ".)

Ju.») ~ .H~ ~i ~U load ~ J1~ ):>U ~1 jl ~ oji; ~L.h9- Fatigue

G~ I) f'~ 0)b c ,.,)jl ~I . J...j;-x~ ~1 (fluctuating stresses) ~ ow. stress

. J.:..olj~ fatigue

Thefatigue is actually deterioration of metal bt alternating or

fluctuating stresses .
,c.1J , --. < ~ ..\Ilo.;fati gue l>,)I cUb;1.$ 1;: 45 .u.,) .L:.; . t...}. ~);--' . ~ - - ). ) U!, ~ uAu ~)

JLi. y ~t b; ~,u.. ~ e,S1y.~~l>}S ),)...: J rj'1cUb; ~ )Ixl ~I c.Sly.d$ ..: J ($1o\:.w~

. ,)~ uA O,)lA:...!d'~ ($~~ jl (fatigue strength) fatigue

mON & STEEL

y~:f 01r.- .PI.~ ~ I.'IV jl 01t.y.~~)j.:-45..:J ~~ , 0-"1~ e,SJ\.J1j.DI ),) )'1';

.~1~ c ,~ (cast Iron) 0~ ~ )~I ») ~ ) -.:: I. 'IVjl ;411-

~ ~ 01 t.y.~e,S1,::-~ Y J ~~~ 45)~ uAa e,S,)'1,;~ - Carbon steel

:Nj~) ~I,> U"1e,St.~ Y 1.$c.S)~ Ixj ~~) J y t.y.~fi- c.S~) ~~) ~)~ ~

~ 0,;-5<L..I<l..1carbon steels. ~1 u-" ,), :-y.steel alloys, ~ b~ e,S~.) d)l9 ~ ~

. .1j~ c.sA

~.I1../f/:) \;1..1' ~ d$..: J c.S.)'1,;- mild steel=low carbon steel rO; )'J~ -,

~JA Iy..j~ 01t.y.~~ e,S1,:;:-\;l.oA01JJ) , .»)b($.,>malleability ,ductility 4t! , ~b

. .)~.u.1,>) W...~:01brittleness, hardness ~4 >-.~::.)'1';t.y.~

. ~4 I.S'"t~ ~I jl Ut.0A'1y.;,~lo.:>t..,).)o.)~I.»)}Aok:>'1,;

Jmrdness .)}:>~~I..lf/:) L..;i../f/:)~ .)'1';t~ ~I- Medium carbon steel-r

01J'J, ,..: I~ J malleability, ductility J, )}.)u!'> tensile strength, o.)y.:>~j~
. )~ c.sAo.)~1 shafts u:.>L.u ))

,J.::5~)~ ~;-:I.\/v l; /.-/rO e,)--:!;j!~ ~») :>'1'; CY ~I ):>- High carbon steel-r

. ~ ~ o:>~1 cutting tools J>y.}~I ~t..,):> J jl, c 1)~j ~ <.SI})
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Steel alloys

~ ~);) 4.5 ~i u-" c ,.)~ ulj19 y-L...~r} ;)'1~ 1,)(:>1jl 'J,..,..,...;)'1~ I.SLo.jlJT

r*¥~' ry-;)t;I",.,f ,~, ~ 0~~)9 ~'J~ .)'1~.J.j)b<.S.)~j.))".)15u'~ly. ~L:...::.

0",~;-A .), ).)I.S~ ~ ~1 ).)U .).)~ If ~ ):U.)~;~T, d 1,~ ~ ,

. .

Bolts & ~L... ).)0Tjl , ~~ If' ~ J :».)(;)I; r I.SI}.)~ c J I.SjlJT- Nickel steel-,

0»~I)II;-JT elastic limit ,tensile strength, hardneSs~ .)~, . .)~ If' o.)lA:.:.,Inuts

. .)~ ~ J ductility ~I 0'~

~L..., ).) yp ~~ ~ , .)~j ~,~ F ~ jlJT0!1- Chrome Nickel Steel- Y

~ t>-!.1jl ~~ t,y . .: ,1O.)U:...!.))¥' connecting Rod, crank shaft 0~ ~ ~ ul.h;

...: 1,.~,... stainless steel~ ~ ~ i.A, r'~ i.'A<.SI}.)45.)'1';

1$;.-5)~}J.i.o, d.) r,f i., ~~ .)'1'; t,y 0!1-Chrome Vanadium Steel-T'

- .)~ If' 0.)lA:,JLa.oJ.j;), La.~ ~t ,).) 0l.iTjl, .)b f'~.)l.il,

~ )~ <.S)I5.:,~(51)".~~ .)'1';t,y tY-.1-Chrome Molybdenum Steel -f

_.)~ If' 0.)!.A:.JEng _mount, LDG 0~ o~ 1.S)15.:,~ <.S.)'1,;ut.h9 ~L... ).)J jl, o.)y.

~ J.j~ ~ ~ o~.):?~ SAE b..,i 45~) )~ J5 ~ 4 .)'1';I.SLo.;lJT- Hint

4130.)'1';

a = 1050

b=2115

c = 3140

d = 4130

. .)b ~fi.-/O. I)d c J yl~a

~..: II.S.)'1,; c.Y~ 4130: JI~

,.:.-J J ~~ }..Lioi.-If, (') .)b ,.~.1J,...~).) ~, (f)~ f'~.1J,....)'1,.J.ylR

. .: J ~L 1.S)\5...:.~<.SI)".~ a ~ 45 1.S),biloJa.
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MA TERIALS

FERROUS METALS

Fer~ous metals are those whose principal content is
iron (Latin, ferrum), such as cast iron, steels, and
similar products. Because of the vast number of dif-
ferent steels and steel alloys, we shall not attempt to
describe more than a few of the more commonly used
types.

A large percentage of the steels used for general air,.
craft work are of the wrought type and are designated
as shown in Table 7.1. In addition to the standard

Table 7./ SAE IDENTIfiCATION FOR WROUGHT STEELS

Carbonsteels .
10xx . Nonsulfurized carbon steel (plain carbon)
IlxxResulfurized carbon steel (free mathining)
12xx Resulfurized and rephosph~rizcd carbon steel

A I/o}' ~Jeels
I3xx
23xx
2Sxx
31xx
32xx
33xx
40xx
41u

43xx

Manganese 1.7S:t (1.60-1.9QY.)
Nickel 3.S0:t
Nickel S.OO:t

Nickel-chromium (Ni 1.2S:t. Cr 0.6S:t)
Nickel-chromium (Ni 1.7S:t, Cr I.OO:t)
Nickel-chromium (Ni 3.S0:t, Cr I.SO:t)

Molybdenum 0.2S:t
Chromium-molybdenum (Cr 0.50 or 0.95:t, Mo 0.12

or 0.20:t) .

Nickel.chromium-molybdenum (Ni 1.80:t, Cr O.SO or

0.80:t, Mo 0.2S:t) .
Nickel-molybdenum (Ni 1.75:t, Mo 0.25:t)

Nickel.chromium-molybdenum (Ni 1.05:t. Cr 0.457..
Mo 0.20:t)

Nickel.molybdenum (Ni 3.50:t, Mo 0.2S:t)
. Chromium 0.28 or O.40:t

Chromium 0.80, 0.90, 0.9S, 1.00. or 1.05:t
Chromium 0.50, LOO,or 1.45:t, Carbon I.OO:t .
Chromium.vanadium (Cr 0.80 or 0.95:t. V 0.10 or

O.IS:t)
Nickel.chromium.molybdenum (Ni 0.55 or 0.05 or

0.65:t, Mo 0.20:t)
Nickel.chromium.molybdenum (Ni O.55:t, Cr 0.507.,

Mo 0.25:t) .

Manganese-silicon (Mn 0.85:t, Si 2.007.)
Nickel.chromium.molybdenum (Ni 3.257.. Cr 1.207..

Mo 0.12:t)

Nickel.chromium.molybdenum (Ni 1.007.. Cr 0.80:t,
Mo 0.2S:t)

46xx
47xx

48u
SOu
Slxx
Sxxxx
6Lu

B6u

87xx

92xx
93u

98u

gnHp of wrought-carbon and alloy steels, a substan-
tial number of heat- and corrosion-resistant steels are
u~ej in aircraft and missiles. The principal designa-
tions for these steels are given in Table 7.2.

Table 7.2 AISIIDENTIFlCATlON FOR HEAT- AND CORROSION-
RESISTANT STEELS

2:, Chromium-nickel-manganese (nonhardenable. austenitic.

nonmagnetic) .

x Chromium. nickel (nonhardenable, austenitic. nonmagnelic)
4., 1\ (' 'uomium (hardenable. martensitic, magnetic)

4 1\ Chromium(hardenable.ferritic.magnetic)
5'}( C'Jromium (Iow chromium, heal-resisting)

In i"lble 7.1, the first digit of each number indicate~
111::gV1eral classification of the steel, that is, carbon.
nickel, etc. The number I indicates a carbon steel.

The second digit of the number indicates the approx-
imate percentage of the principal alloying element;
for example, a 2330 steel contains more than 3 percent
nickel. The last two digits of the number indicate the
approximate amount of carbon in hundredths of
I percent.

One of the most important considerations for
ordinary carbon steel is the quantity of carbon it
contains. A low-carbon steel contains 0.10 to 0.15
percent carbon. Medium-carbon steels contain 0.20
to 0.30 percent carbon. The higher the carbon content
of steel. the greater its hardness and also its brittleness.
High-carbon steels are used for cutting tools, springs,
etc. For general purposes, low or medium steels are
best because they are more easily worked, they are
tougher, and they have a much greater impact resis-
tance. Such steels were used for many years in the
manufacture of aircraft srructures and fittings.

Probably the most commonly used steel for general
aircraft structural purposes today is SAE 4130
chromium-molybdenum (chrome-moly) steel. When
properly heat-treated, it is approximately four times
as strong as 1025mild-carbon steel. SAE 4l30chrome-
molybdenum stee.1is easily worked. readily weldable
by any method, hardenable, heat-treatable, easily
machined, and well adapted to high-temperature
conditions of service. The technician should remember

the name and number of this steel because he is likely
to use it often in the repair of aircraft. .

Nickel steels, SAE 23xx and 25xx, contain from 3.5
to 5 percent nickel and a small percentage of carbon.
The nickel increases the strength, hardness, and elas-
ticity of the steel without appreciably affecting the
ductility. Nickel steel is used for making various air-
craft hardware including nuts, bolts, clevis pins~and
screws.

Nickel-chromium and chromium-vanadium steels

are used where still greater strength, hardness, and
toughness are required. Such steels are often found
in highly stressed machine parts such as gears, shafts,
springs, and bearings. ,

It is not essential that the technician know the type
of steel used in a particular factory-made part. How-
ever, if he needs to fabricate a steel part which is no
longer available, he must make sure that it is made
from a material as good or better than the original
and that iUs properly stress-relieved and heat-treated
if such treatment is necessary to provide the correct
degree of hardness and strength. The nature and
temper of the original part can often be determined
by means of a Rockwell or Brinnell hardness tester.

CORROStON-RESISTANT (STAINLESS) STEELS

During the past three decades the term stainless steel
has become a household word because of its many
applications in consumer items as well as in aircraft
and missiles. The development of stainless steel has
made possible many of the outstanding advances in
aircraft, jet engines, and rockets. The most important
characteristics or stainless steels are corrosion resis-

:::-<)
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tance, strength, tOughness, and resistance to high
temperatures. Stainless steels can be divided into
three general groups based on their structures:
austenitic,ferritic,and martensitic. . .

The austenitic steels are chromium (Cr)-nickel (Ni)
and chromium-nickel-manganese alloys. They can
be hardened only by cold-working, and heat treat-
ment serves only to anneal them. They are nonmag-
netic in the annealed condition. although some may
be slightly magnetic after cold-working.

Austenitic steels are formed by heating the steel

mixture above the critical range and holding to fonn
astructure called austenite~.A controlled period of
f>artialcooling is allowed followed by a rapid quench
just above the critical range.

Ferritic steels contain no carbon; hence they do not
respond to heat treatment. They contain a substantial
amount of chromium and may have a small amount
of aluminum. They are always magnetic.

- -

Martensitic steels are straight chromium alloys that
harden intensely if they are allowed to cool rapidly
from high temperatures. They differ from the two
preceding groups because they can be hardened by
heat treatment.

The most widely used stainless steels for general
use are those in the 300 series, called 18-8 because
they contain approximately 18 percent chromium and
8 percent nickel. Typical of these types are 30I, 302,
321, and 347.

Although stainI~ss steels have many advantages,
there are certain disadvantages that must be faced by.
the fabricator and designer: (I) Stainress steels are
more difficult to cut and form than many materials.
(2) Stainless steels have a much greater expansion
coefficient than other steels; and they conduct heat.
at a lower rate; this makes welding more difficult.
(3) Many of the stainless steels .lose their corrosion
resistance under high temperatures.
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Heat -Treatment

r jldf ~.~j1J~ cooling, beating ~~J ~ Jt...dv)-'~ ~ ojl,.:y.1j J~.

~ cooling,beating,:}r.--,~L.j , ~ ~ »~ , y,lbov~ ~ J.a ~ .14 ~

.~. ~ 3),.. o>\..cl')'staUinestructure .:y.)~):.>L o~

.:..)r> 4)3 ,:}~...s.:-J ~ oj!, c.r'1pt! .:..})->~j3 vi}>jLJI~.;6 JA- Heati~g-\. .

critical u-'1~ v})-> ~j3 tlJ F»),.. j1i ~ jlJ1'J0!1}. "-!W..s-J~ ~ b~ jli c.PJ»)1:.>L.

j3 1..f""'1fX!':"}J->~y &!1} J-J3 «.f.ib~ ~Jl.d tY ~I.:J) ~ J~ .~W..s- r;!temp

. )Jb Ul::iu djii »~

.:..~ «.SIr!c)1~ v}r ~j3 j3 .;6c:,:.:.b45.;ojl, 0!1} ),t:u-Soaking .- Holding -T .

.:..)~ .~1 J>I~ )I::>LY 6'1 v'!,=xJ, 0.1.:.tt.:.:Jla} } J v~-rW 45 ~),'o ~.:..J ~ c:.,t.j. .

.' I, v )'~ J>~ ;..; ;j>f ..5.;>o~ ~jl,0!1j ),1=:.- Quenching =Cooling-f

~1;coolirig o~ , ~ ~ (brine)..5.-; y14 y' ~ ,:;'}c:.,~ ~t..) 0)y.,~ J.!)o j ~

. ),..; ~I,> o}L:)~t ~ ~ «.S~)J Y >,> ~~ ~ >}>Jo; »),.. vo',> y...5 ~~

: j x:;)~ ~'.:.Ijii «.Sly.be3t- treatment Cly'ey.; ~I)

.)}, j3 U casehardening - tempering - hardening - normalizing - annealing - .

: .).)~ d} u>~ ~~

':"}r ~» J,;\" c.J}r \;1)P )},..~ 1~1.J.,) 0!1» -(~)}" r'j) AnneaJing- a

~ r;.;6 ~0!1 ~ Y (slow<;ooling)p:-1..i~ ~ll~' ~ u-;-" o>;!r} c)1~

. ~ ..s-~ U. ~.~ .:..)~ ~, ~~ ~ ..H1;;1c;}malleability, ductility,

)~ c,)-!~. c:.,1j o~ ~ vW:J, .)'/~ »),..y 'IF ~p c)!1j -Normalizing- b

.)'/,...;.: :~p, c..:S 1.,J:>u~' ~ ~~, ~ ~ ~ )'i~ J) )~~ ~~ 45)~ U'"~0.>li:.J

~ ~j1«.SI, y.:) j ~, o)~ ,).5 critical temp j ~ I) >'!",; ~ ~1 «.Sly.,~~~I~I

01j' ~ ';I('~\~J o.)~r; ANNEALINGj\ ~ (,$.1?-J-' IJ .)~~~tf-\J.:.:S" If

. ~~~\JcP--\~(,$~~ )O:>~

critical temp,) ~ ~ ~JJ> 4y ~ I)jlJ1I~1 j..&.0!1«.S1.1.- Hardening - C

01) Y rt5 ~,r~ ~I. >~~ \i ,,;5 If'~ brine ~J.,). ~1J" 1;1 ~~.c.r-;-' ,~.1iL)

~ ~ ~w. ~ >~ ~.:..:X...~ )'/~ ~1 ~cl.> ~Iy J,~ ~ )~ .«.Sw'!~ ~

.x:5 ~ i}J 1;1 YW' tempering ';,y. 45 "-!~cs- ~I.;;t c:J brittleness

J.a ~hardening ~1~ j ~ x..,! If j:i drawing,j~ 4$j:.&.~I- Tempe.nng - d

j ;:-5 ~)r ~j3l;I) ~ ~ c,)-!I)).)~ ~ u}~,j1 j J-t> «.St.~ (relief)~

j3 ~) ~ 1;1t.r:-' , ~.:.b~.~J1J> ~» 0!1y ~ ;j~jv.1.ev1y., 0.)"';I'} critical temp.
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. Quenchingmateria' in vertical position. H t treofi L.
ea . ng rurnace.. -

4..t~ cooling medium y8..:;1 .5 .: J ~j; ~ f';'J ~I ») .~W IS"...5..:.>I,.a.~,1 ,:j:.'J ly1

Ifb)lbl ~T~ ..:: b~ ~I.-.~ ~ ~ ~I~ ~I. ))) oJ.ijL ~1.»5 .F )J'" e,s!L:SIv~~

.~4~ REHEAT
--

, u/ r; i:; ; I)foS)'l~~ ~ jU.: J~ u-Db.)),..)) - Case hardening- e
), ~ ""-" ~ ~I. ~-L.; ~ )~ IS" o)b ~ ~~115 ~'J ~ ) ~ ~ 1;1 (case)~~

} J..!;b ~~ ,( ~ ,w~ J:..) ~b foS)~;U"W-~) lSl 4ab; ~ .5 )x~ IS" V),.-:>u'1.l:J

. )~ IS" y~ ~~ ~ ~1...,

j,)L.,J}:-i,)'J~ u::>r- ~ ~ t.Y-~ J..DJ)~~ pl.)~ o..IAt.:...)'J~ ),..» ~ ~ ~

~I ~ ,,)~ c.r- O)1..i::...J~ase hardening lSly..~) ~I,> 115~;b ~ 0; ~ jl , )~ ..IAI,>

ui~ lSU.)i,.. ~ J->b ~ ) ~ , Rollers,gearsJ.:it..u'1sb;lS,)y.J-.-:~

: jl J;;)~ o,)U;J ,»,.. ";'J ~ , ,)~ IS"JWI

~ 1,ri1)'J~ jLJ1c))~ rr! ;1~ ~'J ~I J;- ~arburizing =Carbonizing- \

U ~ ~ ~ ),.1> vJ.e ~1.s J.i) IS"~ f'j'J c)t..;vJ..elSly. 0),) J.:it..~; (,y.~~ v )'~

.~W ~IJ.F ),.. ~, y~ I)f'j'l (,y.~)li ~

4~)~ foS~~~foS)"~~e))~ r/ jI~..;,)~I~-Nitriding-T

}..JJ-; ~ v) y~ ~ J)' ~ IS"}~ (NB40H) r~,..l c.1)~ V),~») I) ui1yor.!vh>

;-! J ~,..A;J--os-u-I, O)~ carburizing ;I ~. .w ~1 ~,li.. . J.iU~ If I) ;y1 ~ ~1 c.1~

. ~I,.. ui~ foSl.),;,..J~ >'.> ~~ lSjL ~») ";'J ~I oJ..&.o.>\.a:.J), : J

low carbon steel foSu.;yl~~ lSjL ~ lSly.l!:'-JM'..;,) ~ ~I- Cyaniding-T'

),;~ ),)H ~, o~ )I~ ),;~ s: ; ;1yl.i. J,I:- J;.b ~ I)0.1..:.r~ foS)'l~4ab; ..;,)~:).>..: J

. J J-J))~ u ~ ~ 870 c \; 700 ~ ~1;! 0!1~ jl:; ,»,..v}J> ~»). ~ If' J lS,) Y.

. )}.>),;~ »)~c,; ~~ ,o~ ~ ~~ ~. .)'/~ c,; ~ ~
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Aluminium alloys
uy~ ~ jl, C IIr,Lk corrosion ~l.io);j, ~ (,:,1uj,. OJH JI.H oj.Lj r,.:.:'_~yT

~I.u. ~L;> , oJH(Nonmagnetic), (malleable)},.>J.-5.:::(ductile)oJ.j~ J~ ~)J

~cJ, J":' if oJlA:..,1r~)i j~rjl )~f"" &=>L..lSly.~~ lSu,,)yy>);j*-.o.: J ~ (,Ju}y

jl ~ ou,jlJf ~ ~,..: I~lS' rK-x:...I.1.9t;(pureAI.)~ r~yi u~ 0!1rW

~ , ~ corrosion ..1lio);jc..o,lior~ '-\il~ ~ 45 J.jlo;j);TJ~'y' 0'; )~ pLS:x:...1~ uT

. ci} .u.1,>}} ~ ;j)}Ao~r J,.cl);j 45 J.j)}.:Jclb... uT~~ ~ ~;k.~ ~~;'l>

jlU)4&-uT, C IIAlclad J)b ~ljA)J o;j~j o;jlA:I))~ 45 r~,JT j~r u'1~)1 ~
r~,Jl ~y. ~ corrosion ~Lio )J ~G.:..o ),Ja;...~ ~T lS,) y. <15~I r~,Jr jlJ10~)'

~y. . J..:J..~u-" alclad u1~ u ~ ;'l> ~ ~ ,J.jlo)b cladding ~ts:: ~ ~;, ~ ~

o,)y. ~j5 rJj ~ j~ ~~.x jol>~ ~, c..JAlclad'J~.v-,-!,J~.1:iL.~I,.o. ~)l>

~ jI , o)~ Scratch I).l:...y'...;.;5~ u )~I xi:-)) IX)~ d'~ ~ U'-'-!~I,.o. <\,j.l~

. ))} j~i J.jl~ corrosion blZ

Aluminium alloy designation f*j!T ~~j~T t$j1JS,.U

~ .GIo..u.l)~.y. u~ ~ )J u,~ u~~ ~ r~,JT ~ 0IA.;~1 <15~~,ji jl

h y u-!))~ ~ ~ ~ 1954 JL jl ,OJ'y' oJlA:..J JJy> ~T ~L...L:...:., ~}j5 rt; oly. c.r'L':"

: ~ ~ ~;lJT.;!;~~ J,I ~) xj J,~ ~ <15 .: I O~)} ~, Alcoa

1 ... Aluminium 99 % minimum 1100- 2S ~.u J5

2024,21172 _. Copper

3 _. Manganese

6 ... Manganese & Silicon

3003

4041

5052

6061

7075

4 ... Silicon

5 ._ Magnesium

7 _. Zinc

8 ._ Other elements

Alcoa =Aluminium company of America

~ .:-.J main alloying element ~~ ,-.;) 0J,1 ~ ~I )) ~ o)L:J~ i> .s~)~l..A

~ 2024)c. W u- jL..jlJT~ jli ~ 2 u' J,I45 ~J)~.15 4 r~,Jl llJ' ~ Jb ul~

..:-.I c.s'''t.>~ ~~ r,J J.u. . .: J U"~I,.. ~ )) oJlA: I .))}-" r~,Ji ou. lyl.:x.>=i,jA-" )

rA- u r'~ ~~ 2024 ;lJf y ~ ~ cixi: u)~ ..:-.J~ 4..),1;l:JTc..>'J.~ (modificatjoD5)
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~. ~ c.s--o~, ~t...;lJ1~~ ~1.H.>->1,J),:>, ~ original0t.. jlJ145 J4) u-e0t..:.;~

. ~:>, ~ ~lJbjlJ1e,}L.k.:.1.S1y.'-\iljl01~ d$ :>J);)~, vD~ J,I~ ~j,n:.. ~~l:S

2 1 17

coppc:r =:J L- 17lh alloy dc:velupedlst modification

. .

J,j> ~I ;1~ ;)JJ:., temper t~~~ 4S'J;;)}}~~ ~ 'y--~'j»~i.,J))~ ;1~

. ~ y..jJ,.l:!-~ 01Jw.I 0,=>U,temper0!101~ ~~

.~ (soft) annealed ~ ~ ;),.:.~\i; 0 J j> ~) )~ ;1~ .p!- \

.~ solution beat -treatment ~ ~ ;),.:.~\l; T J j> ~) )~ j ~ 'p!-r

. c...J As fabricated ~.~ :>,.:.~\l; F J j>,J))~ ;1~ }I-r

c.-J coldworking~,strain bardening ~ ~ ;),.:.~U; H J j> ,J) )~ ;1 ~ }I-f

j'~ u ~ 0-!1J J-J:>, o~ ..~I coldcJb ):>;tJ10!1~') y. o~ Jl.d treatment~

. J..:: ot Non -beat -treatable..~,Jl ~t..;lJ1

. Aluminum-alloy numbering system

Former numbering Present numbering

2S
3S

14S
17S

A17S
24S
52S
S6S
615
75S

1100
3003
2014
2017
2117
2024
5052
5056
6061
7075

Heat -Treatment of Aluminium alloys
~I;;t ~ heating <Ll>~ "" rj1:-o ;)'/,! 0~ }.! r*,J1I.SLt.;\.J1 heat - treatment

v.l-81.S1y.~;lj> ~):> 0!1~ ;); ~:> ~ ~ bolding 4. soaking . ~ ~);) \; jlJl v}j> ~):>

Quenchingr,.- , :>.)}~,..1) ,.j'/ v'/~ , 0;)~ ~,;;;1.J1Jlo.d~ v;lj> 451.S),b~ ~ 0L.j

~ cJb.~ j\.J1):>:>~,.. vi;);. 0:>~ r} ~~);). ;»!~ u-eV)~ ~~~,... 450;)~...5..:.>~

~~ -J.>I~ ~I..W ).), J..j.)}u-e~ ;lJ1..t..;).)0~),b ~ '0.1..01);)(solidsolution)~1.i..

heat- ~ ~ ),.b ~ . ~ J Jit1Y;Ut.:-5 0~ ~l:.i V))'4' 0!1y.;. );), ;»!~ ~ U)~ ..j'/ .;:..;.)

,jLJl c,...;~ ~ 0L..j, J..:.J..,!c.s--solution beat - treatment r~,J1 \.SlJb;\.J1treatment

~;) Ui 0L..j ~ jl ~L5 0jloUl~ , ~I~ u} j> ~);) ~ ci~ ~~ ul.b; , ;)}.) ~ ~

. J.i.)}Quench~>""~ , .li~
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. jW1.: ,ta...~1i ~4);"..\> jI jLJ1..:.;1» ~);) Quenching jI ~ ~ ;1 );) ;SI : Hint

~ J>b jI~ ~ .uk; U J..J.)~1,> i~ , ;))p .uJ,> 4 hI ~ corrosion ~li.. ~

. J.:.J..9I.S'"intergrannular corrosion 01~ ~ ;)~ corrosion

U ),b;L..., ~ heat - treat ~\j 5052,3003 j 1100~ r~,J1 e,Su.jLJ1j1~

.~ cold working ~, strainhardeningo~ ~l:! ~ ;),.:,~ ~~ H ~» ~I J~~ ~

,) (.$4~ ;t Jb ~ 01uo'!> ~~ 99% ~ ~ ~ ..*,11 ~l:! 11003.1&-:Hint

r~,n ~~) 0.50% 99% y. o,~ ~~1 ~~ ,)~ ;AI],;50 ~ J.:.il..l.Sh)3.1&-,P-1~

. ~ 99.5% uo'!> ~)3 JS )3 ~ ~

. J.J)b1)800 F \;750 ~ ~}» ~ j3 ~ jl..:;r~,Jll.Su. jlJT)~ ~1 e,S1)!- Annealing

..:.)~ ~h , ~1 ~ ~~ coolingjJ. 3'/'; jLJ10~ , o,)~~ ~ j;1J.> soaking 01...j

Uses of aluminium alloys

r~ e,S1;13~ non - tre3table U 5052 j 3003{.$ujl,J1, 1100 ~ r~,n

.r--bi..:.L..b;~ ~ 41 } 'J ~'} \'. J;...~ welding, workingrbi j ~, o3~ ~I~

. .)~ I.S'"o,)\.i:..J~ ,oiltanks, fairing , engine cowling

7075, 2024 tl~1 strucural parts l.S1,H~1~)3 O.)U:..,I3),.-r*,n e,Su.jlJ1cY-i ~1)

jlJ1 ~I e,SH~ ~ ,)LJ ~ .c..J r~,J1 jlJl ~; ~ 7075 ~ ~ ~3 ~\j ,x:-.

. ,)x~V)~ heat treatment j JJ ~~ Jl.d ~ bi ~, 0,)"';~ 1)(forming)

7075,2024,2117 (.$ujtJt j. 3~ I.S'"O.)\.i:..Jforging ~') ~..:.~ ~ e,S1y.2014 jlJ1;1

l.S)1S£Y.o~ j JJ 7075, 2024 e,S~.x ~ ~ 1"3 ~ij,,)~ ~ O.)\.A:.JuiL.:>L., l.S~.x e,S1)!

. Ji . heat treat - l.,... ~ .

o.)\.A: J )}J1J",f5 ~~, )~~. i::..K~ ~L..., e,Si,H(cast) e,Sr! ~) 1'"~,Jl jlJl jI

. ')3} If'
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Aluminum-alloy soaking times

Soaking time, (min) Aluminum-alJoy heat-treoting data

les.s than 0.032- O.J25- More than
0.032 in. O. J25 in. 0.250 in. 0.250 in. Temperature, Aging Time of

Alloy thick thick .thick thidc Alloy of Quench Temperatur.. aging

20UT 20 20 30 60 20 UT 930-950 Hot water 335-345"F 10 hr
2017T 20 30 30 60 2017T 930-950 Cold water Room .4 days
2117T 20 20 30 60 2117T 930-950 Cold water Room .4 doys.'

202.4T 30 30 .40 60 102.4T 910-930 Cold water Room .4 days
. 2024T (dad) 20 30 .40 60 5053T 960-980 Water 312-32S"F 18 hr
SOS3T 20 30 40 60 6061T 960-980 Water 315-32S"F 18 hr
6061T 20 30 40 60 707ST 860-930 Cold water 34S-35S"F 6-10 hr
7075T 25 30 40 .60
707ST (dad) 20 30 40 60



--

Magnesium Alloys
~ J ;1\/r.~ o,)~ r~,J1 jI.F(;)J d'~ 0;' , o,)~dJb::iuI)l90-'-~ ~~

~ ~x-:-o. ,»!J ~ ~hzo-l! ~ 01y <.sO ~I uI~ 0-'-~ jI,),>r~,Ji ~I ~ ~y 4 , ~I

<.Su.;lJi. -41,)~~ 0i r,lk <.Sw.;lJi~ ,),);! <.sOb~ <.SjJ- A-f~,Ji 0~ dI)l9 ~';~

~,)b ~I,> ~ i.1A!.45c.SJ,b~}>I.>~ ~,~I..).j corrosion ~li.oJ,)u-il~ ~,lio ~,.~

vGbS ~IH~'~ J,)~~ <.Sw.;lJ1;1. J...j,);!~~ ~lx.o chromate treatment d'J

,)J'" ),);!~ ~ij 0; . ,)~ <.sO0,)~1 brackets, ..;5 , 4d~ 61k9 0~ seeondary u-iLo.:>L,

~, o,)~ ,)~; v};-> u~ d.5j,j~ J.ii ~I ~ J <.SL..0,)1)!45 ~ 0-'-1~~ jl:J~ ~)15o~

wheel) ~ <L...I15'J";'" u~ ~L., <.SI)!cast ~~ jlJi ;1. ~ js:.:..oJ~ J 0,);! d,..1.>

v,lli 0-'-14 o,)~ r~,Ji <.SUa.jlJ1 ~ ~~ <.SL..jlJ1 heat treatment . ,)~ <.sO0,)~1 0# ,(hub

.~I;~ <.S~ u}» u~J,) ~ d$

corrosion ~l.io J,) JLc:. ~,li.o 4ductile. ~ · ~ )l9 r~~ - Titanium alloys

56% ~ .: 1,)'/~ ~ ;1 ~ ~ J d'~ 0;' ~ J,),)Jb ,)'/,9 J,)l o<.sO~1 , o,)}!.

v;l;-> ~l.io),»)l9 0-'-" ~I 0-'-~-.~.;:J 0;' ~,.~ ~ ~ uI)l9~),) 0-'-1)!~.: J ~'/,;

cold <.SWt.~ ),) J j1,~, ;' ~W<.sO ~ 800F;' ~ ~ IJ~,li.o 0-'-', ~b IS'> ~jli.o ~

J,)~,~ u-i,)Z-!~~ j:.i , ),.;,.. baffling, cowlingbl.yl~ , compressor0~ ~ JY'"

'/~ ~u tlA 4 0...:;~y.~ <.S~I~ ~ 4 0~ c...J ,)~;~ u)l» ~J,) ,)~10K..1 d$ <.S,)},..

. ,)y? <.sO}} 0,)~1 ,»,..

~; IOOOF ;1 J u)l» ~J,).PI, ~ 0,)~1,»,.. j\.J1v)~ ~,~ VJ~ ~ r~~

~ ;L5;1<.SI~~ <.S,)}'-~),),) 0!1;1ci~ I~ 0j,H '0~ 4 ~; ~ <.S~~ ~w ,)'J

J <.SL..0,)1)!grinding~,.. d$ ~ 0-'-1r~~ ,»,.. J,) ;!~ ~ij 0; . ,),);! <.sO~tx.. (inert gas)

. ~W <.sO~}» y')~ ~-1,)~1 d$,)~ J.i1 c...J ~

;1 ~, ,),)~ ~ y~ ~ )l90~1 ~ ~ 64 dl ~ 0;' u- - copperalloys

~ o,)tA::-,IJ)! <.SUb~ &=>L,),)J ;1,~I;I ~I~?JI (conductor) <.S,)L..0!~ ~)bj; ;hi

0;') ~ 0~ J, ~ 0;AiJ)! <.S,)L..0-'-:A!4 .~w~I;I~ ~,li.o 0~~ )~ ~lio ),) ~ ,)~

. . ,)}j,jdJbj; o,)lA:..,I,»,..~101;! ,(108 01~,
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, o,)y.15,), u-o;lJT~ ~ t15.1i~ cs"~~ (Bronze) ji~ , (Brass) ~ ~ U)~ u-o tSLa;lJT

bolts & nuts, turnbuckle ~L..., tSl)-!uTjIcorrosion~~ ),)c...o,lio, <.$)'$~~ c.k. ~

. ,)~ cs" o,)U:..,1 ~ , fittings,studs,

, gears, bearings , bushing ~L..., <.$1)-!uTjl ~~ , ~~ U'-". (Tin) ~ , u-o jlJl )i ~

. ,)~cs" o,)u:"'lelectric cdntacts
I

High temperature alloys (Super alloys)
<.$1)b~ ,),..,>),) ~ , r"';~}A . cJl$ · r~ · ~ jl tS,)~j ~ ),)<.$1;1,)t15 ~La jlJT

jl ~) ,)4j u;1» ~),) ~1~ ),) corrosion , oxidation~lio),)y,> c...o,lio~ol)'O-'b'14 r~
.

~ ~ )~}A tb <.$La~),) ~ ~ ~,.1i)b c.S;~ ,)'/,; <.$LajlJT~;bi 0-!.1jl, o,)y.(2000F

,y:..J.:.; y,~ u)l» ~),) t15~ <.$),b~ ~ rj'/ .,),.:, cs" o,)li:..J~l jlcombustion chamber u~

~ ~cobalt base ,~ 80%,),J.> ~nickel base o,p ,,) ~ LajlJl t'; 0-!.1.~ 5600F ,),J.>

. .1i":'cs" ~~,s' ~),) 60 \; 40 jl
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ALUMINUM AND ITS ALLOYS

Since the days of the ustick and wire" airplanes,
aluminum has been the principal structural metal for
aircraft. Pure aluminum was much too soft for struc-

tural use, and so alloys were developed to provide
for the strength and stiffness required. The most
widely used alloy was originally designated 24ST and
is now 2024-T3 and 2024-T4. The T3 and T4 are
temper designations, which will be more fully ex-
plained later. When structural aluminum alloys first
came into use, they were called duraluminum, or dural.
These were bare alloys and were subject to consider-
able corrosion unless specially treated. Eventually the
corrosion problem was largely solved by the process
of ucladding." This consisted of rolling a thin layer
of pure aJuminum on the outer surface of both sides

of the alloy sheet. Since pure aluminum is highly
resistant to corrosion because of a very thin layer of
oxide which forms on the surface immediately upon
exposure to the air, the surface of the clad material
is effectively protected. The trade name for aluminum
alloy sheet prepared in this manner by the Aluminum
Company of America is Alclad.

Wrought aluminum and aluminum alloys are desig-
nated by a four-digit system, with the first digit of the
number indicating the principal alloying element.
Standard aluminum alloys are given in Table 7.3.
The list in Table 7.3 does not include all the aluminum
alloys, but those most commonly used are Ii~ted.The
alloys shown have a wide variety of characteristics;
hence each one has particular applications.

Table73

Number Alloy type

iWO
2014
2017
2020
2024
2117
2219
2618
3003
4043
5052
6061
7075
7079

Pure aluminum

Copper, silicon, manganese, magnesium
Copper
Copper and lithium

Copper plus manganese and magnesium
Copper (modified)

Copper plus manganese, vanadium, and zirconium
Copper, iron, magnesium, titanium

Manganese
Silicon

Magnesium

Magnesium and silicon

Zinc, magnesium, copper, chromium
Zinc, magnesium, copper, iron, silicon

Another factor important for aluminum alloys is
the temper or hardness value. Heat-treatable alloys
are followed by the leW:rT and a number to indicate
the type and degree of heat treatment. Non-heat~
treatable alloys are followed by the letter 0 to in-
dicate soft or annealed condition or H and a number
to indicate the degree of work-hardening. For exam-
ple, 1I00-H12 indicates one-fourth hardened while
llOO-HI8 indicates that the aluminum is fully hard-
ened. With the 5052 alloy, H38 is the fully hardened
condition.

The most commonly used aluminum alloys for air-
craft structures are 2024-T3 and -T4 and 7075-T6.
Where elevated temperatures are encountered, olher
aluminum alloys or other types of metal may be used.
Pure aluminum (1100) and the softer alloys (3003and
5052) are generillly used for tubing, junction boxes,
nonstressed panels, deep-drawn parts, or other parts
that require considerable forming but are not sub-
jected to high loads. These materials are easily worked
and readily.weldable. The alloy 2014 is particularly
well adapted to the manufacture of forged parts re-
quiring hign strength. The alloys 2117, 2024, and
7075 are all used for structural rivets. The 2024 and
7075 rivets require heat treatment before driving.

Aluminum alloy sheet as it comes from the man-
ufacturer is usually marked with letters and numbers
in rows about 5 in. apart. These identification symbols
may include a federal specification number, the alloy
number with temper designation, and the thickness
of the material in thousandths of an inch.

MAGNESIUM

Magnesium 'alloys are used frequently in aircraft and
missile structures in cast, forged, and sheet form.
The greatest advantage of magnesium is that it is
one of the lightest metals for its strength. The dis-
advantages in the use of magnesium sheet are that it
is more subject to corrosion than many metals, it ~not
easilyworked at room temperatures, and ifit becomes
ignited, it is extremely difficult to extinguish.

When magnesium is used in an airplane structure,
it can often be recognized by the fact that it has a
yellowish surface due to the chromate treatment used
to prevent corrosion and furnish a suitable paint base.
When the technician encounters magnesium in an
aircraft, he must know that it cannot be cut easily
but is likely to tear, it cannot be bent or otherwise
worked under normal temperatures, it is subject to
corrosion and therefore should be treated with the
proper coating, and it presents a certain degree of
fire hazard.

When standard parts are made of magnesium, this
fact will usually be stated in the manufacturer's over-
haul and service manuals. Also in the manuals wiII

be the directions for the proper treatment of such
parts.

When magnesium structures are found to be cor-
roded, the condition should be corrected immediately
in order to prevent severe dam~ge. The corroded area
can be brushed with a stiff fiber brush and water to
remove corrosion products. The area should then be
treated with a IQ percent chromic acid solution to
which has been added approximately twenty drops
of battery electrolyte per gal. The electrolyte is com-
posed of water and sulfuric acid in a mixture having
a specificgravity of 1.300. The chromic acid solution
should be allowed to remain on the surface for at
least 5 min, after which the area is washed with clean
water and dried. Primer and paint (enamel or lac-
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REPAIRS

Recommendations for the type of repair to make

and the methods or' procedures to use vary among
the different aircraft manufacturers. Tools, materi-

als, equipment, and typical repairs that might be
made on metal bonded honeycomb structures will be

discussed in the following paragraphs.

Tools and Equipment

Effective repairs to bonded honeycomb assemblies
depend largely on the knowledge and skill of the
airirame mechanic in the proper use and mainte-
nance of the tools and equipment used in making
bonded honeycomb repairs. The design and high

quality of workmanship built into these too4s and
equipment make them unique in the repair' of
bonded honeycomb assemblies. Therefore, it is es.
sential that the techniques and procedures estab.
lished for each tool or piece of equipment be known
and practiced_ Both personal injury and additional
damage to the area being repaired can then be
avoided.

Router

The primary tool used to prepare a damaged "

honeycomb area for repair is a pneumatically pow-

FICURE5-77. Router, support assembly, and template.

2-:2] .-

ered, hand.operated router wi~h speeds ranging
from 10,000 to 20,000 r.p.m. The router is used in
conjunction with the support assembly, bit, and
template as shown in 6gure 5-77.

The router support assembly threads onto the
router body. It has provisions to adjust the desired
depth of the cut with a locking (clamping nut)
mechanism which secures the depth adjustment in

place. One complete turn of the support adjustment
changes the depth of cut approximately 0.083 in.

Metal-cutting, 1,4.in. mill bits ate used with the
~.J!'.~'

router for removing theaamaged areas. The router
bits should be kept sharp, clean, and protected
against nicks, breakouts, or other damages.

Router templates are' used as guides when remov-
ing damaged honeycomb areas with a router. They
can be designed and manUfactured to the desired
sizes, shapes, or ~ntours of the repair. As an exam-
ple, the multi.template (6gure 5-78) can be used a~
a guide when cutting holes from % in. to 6 in. in
diameter. For larger holes, a template can be manu-
factured locally from aluminum' alloy 0.125.in_
thick., whereas smaller holes can be cleaned out

without the use of a template. The multi.templates.
should be kept clean and lightly oiled to prevent
rusting and to' maintain smooth operation during
their use.

A routing template may be applied to a fiat sur-
face using the following 'procedures:

FICURE 5-88. Multi.template.

(1) Apply double.baclced tape to the edge or
rim of the routing template.

(2)Pla:ce the template, centering the desired
cutout guide hole directly over the dam.
aged area.

(3) Press the template 6rmly down over the
double.baclcedtape, making sure that it is
secured in place; this will aYOid any
creeping or misalignment of the template
during the routing operation.



A routing template may be applied to a tapered
.urface by Uling.the follwoing procedures:

(1) Manufacture a bridge consisting of two
wooden wedge blocks at least 6 in. long
and with approximately the same degree
of angle as that of the panel. (See figure
5-89. )

(2) Apply a strip of double.backed tape to one
side of each wedge block.

(3) Place a wedge block on each side of the
damaged area in a position that will
bridge and support the template properly
during the routing operation.

(4) Ple¥ the wedge blocks firmly in place.
(5) Place 8J!other strip of double.backed tape

on the top aide of each wooden wedge
block.

(6) Place and align the template over the
wedge blocks, thUl avoiding any creeping
or misalignment of the template during
operation.

Routing template

Bridge

Lower
facing

FICUR£5-89. Wedge blocks and application.

Routing of parnaged Areas
When the extent of damage and type of repair

have been determined, the proper size hole of the
router template must be located around the dam.
aged area in such a way that it will ensure that all
the damage will be removed. The double.backed
tape is used to secure the template to the surfaces
around the damaged area, thUl preventing creeping
or misalignment of the template.

The. router bit should be adjusted and set for the
approximate depth required to remove the damaged
area. During the routing operations, the router
should be firmly gripped with both hands to prevent
it from jumping or creeping. When the router is not
in use, it should be disconnected from the air hose
and stored properly until it is to be used again.

The -following procedures for the removal of dam.

aged bond~ honeycomb -areas are typical of those
used by the various airframe manufacturers. Always
follow the repair techniques specified by the appli.
cable aircraft manufacturer.

( 1) Determine the extent of the damage.

(2) Set up and adjust the router, router sup-
port assembly, and end-cutting mill bit for
the removal of the damaged area.

(3) Select a routing template and position the
template over the repair area according to
prOcedures outlined in the discussion OD
templates.

(4) Attach the router'. air intake plug in the
aocbt of the air supply.

(5) Accomplish the routing operation.
(a) Use face shield or goggles for eye .pro.

tection against flying materials re-
moved. -.

(b) Place the air hose over the shoulder.
(c) Holdingthe router firmlyand at a 450

angle to the surface, place one edge of
the router support assembly against the
edge of the routing template.

(d) Start the router by depressing the
control lever.

(e) Carefully, but firmly, lower the end-cut-
ting mill bit into the material as close as
possible to the center of the damaged
area to be removed.

(f) Straighten the router to be perpendicu-
lar to the surface.

(g) Holding the router firmly,. spiral it
clockwise to the outer limits of the tem.
plate's guide hole, removing all the
damaged material.

(h) Release the control lever, allow the rou-
ter to stop, and removeit from the hole.

(i) Disconnect the router from the air sup-
ply.

(j) C1eck the damaged area removed. If
additional removal is required, adjust
the router's cutting depth and repeat
routing operation.

(6 ) Upon completion of the routing operation,
disconnect and clean the routing equip-
menL

During the routing operations, the aluminum
core cells of a damaged honeycomb area tend to
bend or close up. Therefore, they .must be opened
with tweezers and a pen knife before any further
attempts to repair are made. At times, the core cells
must be trimmed with a pen knife to the shape of
the repair hole.

PrelSure Jigs .

Pressure jigs are used to apply pressure to re.
pairs on the under surfaces of honeycomb panels or

.assemblies to hold the repair materials and resins in
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place. The pressure is maintained on the repair area
until the repair material is cured.

C-c:lampe,locally manufactured jigs, or vacuum
fixtures may be u.ed to apply the neceuary prea-
sure to bonded honeycombrepairs.

The surfaces around the repair area moat be ab-
solutely clean and free of any foreign material. to
ensure a good vacuum when vacuum fixtures or
suction types of equipment are used. An application
of water or glycerin to the surface areas will aid in
obtaining a good vacuum. Normal cleaning, care,
and corrosion prevention will maintain the above
equipment in good working condition.

Infrdred Heat Lamps
Infrared heat lamps are used to shorten the

curing ti~e of bonded honeycomb repairs from ap-
proximately 12 hrs. to 1 hr. A single-bulb lamp will
adequately cure a repair up to 6 in. in diameter,

. but a largerepair may requirea batteryof lamps to
ensure uniform curing of the repair area.

The lamps should be centered directJy over the
repair at a distance of about 30 in. The aetup is
ideal to attain the recommended 1300 F. curing
temperature, provided the surrounding areas are at
room temperature (700 F.). Warmer or colder sur-
rounding areas will require that the heat lamps be
adjusted to the prevailing condition. Caution must
be used when working under extremely cold condi-
tions, since a temperature differential of ISO0 or
more will cause buckling of the surrounding skin
surfaces because of thermal expansion.

As with any ordinary light bulbs, the infrared
bulbs require little or no maintenance; however, the
support stands. wiring, and switches should be han-
dled carefully and ~aintained properly.
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FI,. Precautions

The potential of a fire hazard generally exists in
the area of ~nded honeycomb repairs because of
the low flash point of the repair materials. such as
cleaning solvents, primers, and resins. Therefore, it
is necessary that all fire precautions be obaerved
closely. Certain fire safety prevention equipment.

. SUCDas utility cans, ftammable-waste cans. and
vapor. and explosion-proof lights, should be 1Ued.

With the potential of fire hazards in a honey-
comb repair area. it is necessary to make sure that
a suitable fire extinguisher is on hand or is located
nearby and ready for uee. if necessary. Th~ extin-
guishing agents for all the materials used in bonded
honeycomb repairs are dry chemicals or carbon
dioDde; thus, the standard CO, fire extinguiabers
should be on hand for use in areas where bonded
honeycombstructures will be repaired.

Handtools and Equipment
In addition to the too" and eqUipmentdescribed

in the preceding paragraphs, standard handtools
and shop equipment are utilized in the repair of
bonded honeycomb structures. Standard handtools
and shop equipment used in the shop include an
airframe mechanic's tool kit, face shields, scissors,
powershear, drill press, horizontal and vertical belt
sanders, contour metal-cutting saw, and pneumatic
hand drills. The general uses and maintenance of
thesestandard tools and equipment should be famil-
i~ to any airframe mechanic_

---



-- -

Welding
r~,.. ~1.l:.!1J!.,k ~ ):>.~~ if u h> ;1 0:>lG:...1 ~~~ ~ u\..k; ~b Jla,i lS)\! ~f':

;1~, o..Lo1):>o~ l; ; cJL> ~ \j JJ,.:. u-or~ 0.1> ~}V :»}A~,:> forge welding ~

0-!1):>U ~ (>}-'}A fusion welding ~ ~I) t.?,) l.), JJ,.:.u-oj.D, ~~ ~ o)\! ~ J!.,k

~ ~;I ~I.:.f..o.o0~ 0!1):>,JJy:,if J..a=.o~~ ~, ~ y,~}:ii :»,..0W:J ~ J!~
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;)~ o:>lG:...I~ .')~I t.S1y.0~' (C2H2)~I jl5 ;I~.,k 0!1).')-Gas welding

~, "-! , o~ (torch) t.S)I5:,~. ~ ;)h 0~ )~ ~I ,0~ jl5 jl o\jlS1~ ~,;) jl ~

, ~ fusion t.S1)-!~l:..o, ~b u;l;> 6300F :>,.1>j5Y'):>01~ ~. JJ~ if o;)jc.P1 01

~jS1- 01.>J\i \j :>:>}if :>,J.:x.o~9 ~)!.u..:" 0;1;> ~ o~ <\:$.lw0),Jo t.?1 o\jj,) , ~

neutral t.S1 .u :. ~ "-! , .L.i:>}~ 0~ )~ 0~ ,~ 05 c ,\ 01 ~ 0!.A!

"-! ~4 c.J~ jl ) : ~ Jt.::..:.1b,J:X.o););t ,~I jl c ,\)y';),).L}I>~~I c.J~' x ,! if

~1 0W:J0)15:,~ r~ ~ ~ c I~, . .xw..,!u-oreducing flame~carburizing flame~

"-! c 1~ , 0:>"";HardenI)4i1 , o~ ~ ; lS)\5:,~ .;..;x;u\..k;~~t..o1,y.~ 0!1;!lS;lJ.i.o

c.J~ ~ r~ ~ }'I ~)'! . .'):>}~~ y~1 t.S1.u..:,~ ;1,~I ;1;),}I .al,> brittleness

"-!,HI ;1~ ..w.1,>0~1~ ~ , 0.')"";cUo.:>O)~~.;..;x; uI~ ~ ~L;I 0~ ~l.:!)- ~~:.
. :>,)}y~1 ~~ ;.J J jl ~ ~,! is" oxidzing flame 151~ ~

ACETYLENE
PRESSURE
REGULATOR

\,

OXYGENPRESSURE
REGULATOR

L

TORCH

NEUTRAL FLAME

ACETYLENE
CYLINDER ~___~ IIITEA...rOIAT[___ . -.~N(

OUTER COII~ ~ =
OR ENVELOPE. rLAME - -- --:;:::::""\ -'-

'''HEA
CONE

REDUCINGFLAME

A portable welding outfit. Neutral, reducing, and oxidizing flames.
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" An ore-welding circuit.
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NDI = Non -Destructive Inspection
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<l..!~; ~ <..i..Jo..5~ .)~, ..:.)~ y , o~ .)Ai 0:>\y. ~ (.$,) ) jl ~ J ~ uA 4fAl ~~

.,)jL.~)~1;1_~~~

detect ~li ~ ~ .sI'; b,6- vi},...~ ..5; }\ 4.S::I 0!I .: J ;5":>~t; ~I ):>4S.sI 0;

~,k J-!~ ~ ~ circular magnetisation~ r- ..:.)~ ~ ~ ~4 1)~ ,f!1 }.>y..>..o>~~

o,)~ Demagnetize 1)~ ~4 y!~ ..5; ~ ) ~ . .>~4)0A1longitudinaJmagnetisation

..>1.>C.)~-)5 ~ ~ .>~, rJ.s-..:.)~ ).>o~y.} ,j.>;5~ jI~ J

).) ~ <l..!~'>)i ~, ,j-!)!.jj:-i, ~ ;.>:>~"'ulA ..5; ~ ut. "';J)4- Hint

~ dJ) ~ <LAb;~),) yl>b uu..s; 4S ..;)~).> J.: J.:...J u..:5 ~li ~i ulk;

Loo{itudinaJ mlpttWtioo 0( ~U1ktbaJt
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CircuJar mapetiution of cranLhart. Circular lDagnetiutioo of putoo pin-

cJ'>~ u~L. 4 I)~ I~I .1t~~ ~') 0!1 ;J - Fluorscent inspection method

~~ lSl~~15 0L.j~L. ~, O»'!,) (penetrant) jj\; J~ ~;J 1;1c.rr' 0)"'; ~ (cleaner)

, o.aw.. (ultra violet) ~ _1)jL.),;xj ~}j JlY ~;J I)~ c.rr' ~~ (flaw)..5;;J

. ~ ~') 'y'li c.s'~j ...5.;)4 w1;J jjlj ~L. )~, c.k ~ ~ d.> ,)~, ~ ; ~4 ~1..; U-- 0)t12i

b~ l; ~1 i ~ , ~ )us' I) .ubi 1~1.1t~~ J.:.e0!1),)- Dye penetrant method

~ ,.~ u-05 ~; I) .ubi 0);! ..5:.> , 0~ ~ ) ~ , ,),)J b1i u,L.:1i ~ ~)l> .:.lJCS')~,

c.P) o)lo) I)~ ~, o~ wllS,) spray ~,; h...,; ~) o~ ~ ( 130 Fti 70,),.1.»x.:! ~

..s :.> jl ~ ~ ~l-; ),..A;,)R' U)~ ;J ..5; y (penetrant) jjlj ~) o.>t..0!1l;~)'! ~ ,)

» ~ ~ ~ lSl)-! I)developer ~ ox.:! ~U; o,)L._~~ ;.>,~ U-- ~ I) .ub; 0Jj

U)~ 1)..5 ~ J-:-, 0)'-; ;1..5; J>b..ijl; ~t..y. ox.:! ~U; ox.. ~ d) ,)~, ~; 45 t.J)~

. .1tl..iuA).Ul ~') y.} b>

~ ~ JWJ'y'li (surface tracks) ~ 1oSt5; 1oS1y.b.Ai;!.iIJ'; d')') - Hint

. ~ (Non porous) ~ ~ ~ 45JDy:.~ ~~'y'li ulj!i 4! »),..;J,

4.5 ~ ~ ~X),.J ~ X~ lSPlf ~ ..;,) ~ - Radiographic inspection

~ LA01p:.J f>(flaws) &ftY'lSt 5; 0~ (lilt~ cJ>!.>u~ ~ ~x b...,; ~ 4aI\bo~

~ ,magnetic 4 uGb;~,) Y)-:F- ~ uI)-! ~;J d') ~) )~ I.s-'"o»-!

~~ 0~ u=--')l..,lSl)-!x ~ uI~ ~ ~ ~') 0!1;J~r . ,)~ U--o.>li:...lDonmagnetic

4..5u'"Lb; ~ ,~I,..u'~ u\k; »),.. ;J ~ u=--J01} ..;,) 0~ ~ )~ J..15 u~ ~~)

~I ~ ~ ~.,)~ uA0.>\.i:.J~, ~ WY' ,ft)'; ut. ~ J..:.it...1iIcl} }} ~j stress.:..;,U

~ u=>I~;bi jl ~1~,) ~ ~, 0,)"'; .:r))t r.; I) (casting) lS}~) ~lki 01,; U--..;,)

01~l5 ) rS1, ~~ U--)L:.:ilu~ ~ f>c.r.-,..U)~ ~ u~ - Ultrasonic method

~ ,) L:.:ik.JG..uL 4 I-AIu "I.!.i ~ Jb .: J I.li "W b... - J..:.L . 0) ~ .>) ) _.~Y' ~~ rY' ~I,)': U ,. -~, .)
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jl ~ Ly..1)),~~U"" u~ j5~..:.Jt> Ly..1-,-!~J.!1)91 u-i\5' ~~ ~, d;$ ),J.x4~)~) 0~

~~ , 4:..:S.J.Ji ~I,.J ~ ~,~ o~) ~ ~~ .u ~; Ly..~c...J0.L.:,0)tA:...!cl; ~

)) <L.tb; J->b )) defect c"'; y" rS1 JL> )~ U"" d: ~ .ub; J>b ~ d'~ ~ )) probe ~

,...s~ )R, ,s:...,4.J ~ un' o~ o~) ~ ~I,..tc.$j~ ~ ~ ~b ;)~, J'; ~I,..t ~

)~ faults, Le....s~ ~'i U""J.,) Ly..1~ . ),..:.U""o)b ~L;j.~ .: :5)! , ~) ~loj ~ ~~

~l5 ~ .u .: I Ly..1)) ~ ~I ~ , ;)~ ...i.:5~ ) ...i.:5~ ))L;~ x W J.,) Q I) j!)

. ~ cJ'f-') )) l.S"")j~~ ~ J.,b ~.:..;.;.,I

~I,...<.S)},... )) Eddy Current C,; jl J)! ~L..~ ~~ - Eddy Current -Inspection
. .

~Ip jl O)ti:..l~ magnetic RPM indicator .)\5'j.,b ~ ...~ ~) u}l1 cJ')) )) )c.. ~I 0.L.:,

~ )) .w U ,),..:.U""d ~)! ~ Eddy Current ~ )~ . .~,)~ ~ Ij ),;,... ),,) ~L..~ Ly..1

,»), ~),) ~I~ ~ c...J ~ character ul}) ~~.u,),..:. ,)~I u~ ut.bi, U~)J ~

~ ;)), .ubi J>.b)J .jL..~ ~I .:...5» )\jl ~ ~u-;-' ,o;)~ liJ1 ~~ ~ Eddy Current )2i

, ~lS..o d'lp ),).u I)u;)IHI, ~ C,;y""...J,...J~ ;)~ I~ 1;1~b ut. ...s; .jl~ U""~ .lj

.) i.:5 ~ d,) J .uh; I~b"\...o :. ..n-_, . ~, c..r- I..S'- - , U}'J'~

~ ~ I)...~,Ji jlJi J), Q ~~J ~ J~)J - Crack detection by anodizing

)J ~ f'~,Ji ~~ ~I Jp-, ..:...k.~ Q J..:..otU"" Alclad I;i ,OJb ~~ uaJl:>r~,Ji ~}I

jLJi J), ~ U)~ ~ , JL..o uG..i.., ul)-! b i; cladding c..?,). J.:::GI...,~ corrosion~~

ul)-! .Li},)u--=>I~.~ ~ Q if~,Ji jlJi ut-b; <.SI)!~I)!~ c...JI~ ~t; (sheets)...~,n

~I )J.ub; 0~ Q :1.:..:S'U""~bu ~~ ~~ J.,) ~ ~I)~1corrosion~tA..),)~b..o

jl ~'/ ~ c..?,)~I),) x...y of anodizing J.,) ~1 ~,),..:. U""0,)13)1) (anode) ~ ~)J J.,)

"l...:jJ1;1~~ ~I u=>I)i~ rJ$.~...s; ul},) ~}1 Jb,)~ I} I)~ u') r,.:_a,Jl~

.,),.; ~I,>
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CORROSION PROTECTION

()-!I);, ~ u1 J y,IblJ oU.1.o~, corrosion ojl, 41o4.Ib- ~)j ~j JJs.j 4lo

. J...:,4I$"0.1.01;,~, "-!Jk , ~lo 4.A! ~~1 ...9JJao~

~~.w,;, c..rA1.5,)(hot section) ~ OU),.;y tb CsW:J);,as dry oxidation jl ~ "-!

):3(moisture) ~,b) Cs)}-'4!~ , ~t- Cs)~ "-!~ yl 4jl9 as JJao:3I$" b ~I~ ):3corrosion

~ as c: ib Electrochemical JW;I ,J..9 01,.; I$" I) c.l;, j J:; j ~:3 cl&. J )! o,~ . ~ U"'W

~~ ~9 ~ ~ )l.9 ,:3~ 0-!1 ):3~11$" ~ ~~ 4 U"'w Cs)~ ):3rW xi- jl9 ,:3

.)RY t:>lJ}J.i.A ~)Ib, c..J~):3 .)~Y ~,k) l;~ ~ 0!1(J,bu) ~,~ as x.A.')I$"~

~ 0!ltSlA.yb9 jJ9,;,,;,~ JJaolp; ~J...:,~;'j J:;j, o;,~)-.~:.:~,;=sJI ~1.>Jb- ~ ~ 1~):3

.J 5 0;'1;,1 ~ J.:J I < '~..: I -. I.u <1L .i <- I -as .r .1.. x.A.;' I < .~ I- , ) .. ~ ~ T" u~. . u ~ Y <.Y-:" '-")""' , I$" ~ )

~~ O;,),...=;u.:..-,;, ~~ ,o;,b I) ~ ~ ~ ~ ;:-5 J ~ ; ~ as 0 jJ9, J...:,.!Jblp

, lA.J&yi j,j51, ;,;5~ )~ ~ I~ ):3;)~Y .)~ tSlA.c.l;,,J1~ , ~,k) , yi )~ ' 01)4..1.i1oif

0~ ~ c.J.oI,r-I) corrosion ox.;5 ~ }I. J..:.:Jbcorrosion ox.;5 ~.s..:.; JoI,r- jl ~ Cs~l>}5

. .1.i.);51$".ub9 premature failure C&4 ,o.)~~.s..:.;~)l> ~ , ~b ~ stresses

Types of Corrosion

,~ ~ ,j-5..- as .1.i)b}} corrosion d>? ).) ~I~ ).) 0;)tA:..,1,)),..- c.1jJ9 4.Ib ~~

~4 , o.)~; ~ J ~ as .L:.4 ~b ~ ,y ~ ,~I d..,01~~ as ~ o)lbU?

o;)~1 Eddy cUrrent , mtrasonic, (Radiography) X- Ray 0~ 0).1.0olA.J.,) jl

. ;)~ ~~ ~4 I)clJ:J~ ~ Cs~1Cs)~ ).),;)~

~ J.o~ 0~ 4~ U"'w ~;);! ~~ ~ a5 ),biw. - Surface corrosion - \

).) J..: :.4 pj''' ~~ JjU ~)~).) ~~, r~,J1 t5w.j\,J1, 0A1.J..:.j1o~jJ9,..: I ~;)j ~j

. .1.i.);5~\xo,)b ~Ip ~ ~i1).) as ~;b "-!~4 0!1)!~ ~b}} ~.)j ~j ~ if?A
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)3 rl.:...Ja. ~ j1J ,3~3b ~ ~ U ),b;w..- Dissimilar metal corrosion - "

UO~ ,) ~I jl -u),1~ ~I~ I)corrosion u4,... , 0.)13I)~pJl ~ ~ ~ dW u)~

dW ~ ~~ oX}t u)~ J", o.)~ y~1 ~ ~ jl ),.1iJ1~ ~~ ()~I~ ~)3

. ~b o~ I~ ~~ jl ~k. kw; I)j19,3

1iJl:x.o~~ d$ .l!lif 3~, ~ ~tA;)3 )7.~:.:~:Jj J:;j tY 0!1- P.itting corrosion-\"

j»>U; ~ ~ )3 ~,! o~.& u)~ ~, ~~ ~) ~ jl ~u; )3Jwl ;1 )3~ ~lAiI)~ ~1

corrosion ~~ ~~ U)~ 0!1;J-):JJ, 03~~.~ 3~ ~ 1)4;101f!~3L.,~}1, o~

0!1 d>;-)3 ~ ~r~ ~~ ~3'1,9}.i,r~," o~jlJ1. .)3;!~~ ~~ ~,03~ ~ ~

. J:J)b)I} ~:Jj J:;j tY

~W.Ll.o> j1J ~b <.SUo~) ~ <L5~3j ~j- Intergrannular corrosion-f

o)~ ~ d$ ),b;l.oA , :J':'if ~ j19ul>b )l:>L.,),)u=>1~ Jili j1, 3':' ~ O.lzol.;~b.~1

corrosion ~ ~I J-k. jl~ J ~ f~1 )3 ~:J ~ ~, .., L:..oIJheat treatment ~b

. -u)b)I} ~:Jj ~j ~ d>;-)3 7075, 2024 f~," <.S~jlJ145.:...J~ ,~I

~'1,b ~J..o ol.H 0.5 ~1 ~ ~ uli..bj )3 c.J3 j ~ j tY Ly.1-Stress corrosion -~

~ ~ ~ ~ .~~ ~b ;I} tensil stress d>;- )3corrosion )2i j1Co:k..ol.;~1~ c.:x;

. ~~ o~ "lAJ1J )3 assembly ~~L., f~ ~ .uh; ),) ~I

G.5;> ~~ ~ ~ 45~,:J ~ 'J~ ~3j J:;j tY 0!1- Fretting corrosion-r

I _1- . 1iJl:x.o J0' .LD ~'1 -I .~, 4n - W ~ . 1 L.L1 .. ~ b ::1 c..5-u1 .)~ ) - )u--<s-""'d ~) -if~ ...t.S'"" <.r.""'"

~ (abrasive) o~l..w 31, 0~ H,) uI)~ Ly.1..l!W if I~ ~ jl!),;J.; X) uI)~, 03)! ~ jl

~ d> J-N' ),) I) ~ j190!1)!~ ( j19~ U)~ ) 33;! ~ 3~ t::Jt:x..~ '1 ~ ~lo ,03~

,gears)3 3~ fatigue, c..5~ ~ ~ r~lJ-""J...jl;<.r'0.5~3j ~j ~ ~. ,»)13if ~

. 3':' ~ ,)~I splines, jack screws

uli b! )3 IHj ~I Stress corrosion tY ~ ~ )3 0!1- Corrosion Fatigue -v

)I~ alternating stresses, cyclic stresses .>J\..;c :>Ucorrosive ~ ~ ),)d$ 3':' ~ .)~1

(stressed) J...:.J ~ <LAh:..o):J(shallow) ~.,,5 (pit) o~ ~ <1j):J~ ~ ~3j ~j. -u)b

. 33;! if }.i c..5; ~ p:W> ~4; ,0~3;! p.1
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CORROSION PROTECTION

,.,Ik o,)lA~ jl <.SI~"/ ~J 0jj~~ utili; ~,)j ~j jl <.S~* <.Sly.d') j!~I), tX~

: jl.x:;)~ lA ~') tXltJ:: ~IH ~4 ~ ~,)j ~j ~Ik),)

jI <.SI<l..!."/""l~ lA~') tJ!1~ - Chemical & Electrochemical treatments -,
"-! <.S,)"/'; ul..h9 ~ XJb,) ~ ~~.ub9 <.S,)f)~1.o,'p, ~'tLj ~~,) ~j.w; ,)1,...~j19~

chromating~') ~ ~~ c.SlA;lJi, anodizing~') "-!,.~,J1 c.SlA;lJl, phosphating~')

. ,),.:,~ o~b<.S~ ~ ~ y. ,)),...),)~ J.j,);S<sO~t:-

o,)}-! ,~ tb ~1 utA...;jlJ~ ),) I) <.S,)"/';.ub9 ~') tXl ),) - phosphating- a

~j,),.> d...5-41~ ,)~, ~ 01<.S')),)~) o~ ~1 ~, ~i uli..J jl <.SI~"/ dJ..ojl ~,

. ,),)f ~y~ ~ <.S~c.S~c.S~1~) <.Sly.~t.:...

. ;LJi jI 0u ~ d...5,),...:,~ Jwl ~-Lh9 ,)), ),)~~ j!1 - Anodizing - b

~~ ~I ),) . ,),-i JLo.d 41 ,))j-A),)cladding ,)~ d...5J...j}jjc.rb o c.L. , o,)~,.~,J1
, 0,)j-1r,li... corrosion ~lio ),)d...5jjU~ ~ I)~ <.S,)r~,Jl ~ jl <.S'~ "/ ~~,P:J1

04 (H.,).po)UI ~.w <.S)#~' ~i ~ ~I~ ~ <.S~<.SlA~~ <.Sly.~t.:... (~1) 4j

.1 S1 cV"/ ~ . ~..!.AI . ~~I t:Jb cV"/ I < .~ ., <',)l..,cV~l. ~b ..s - . \;.~ ,) _L.. .- - ) p - ~) ~ r..s' .. ~ ~ ),... ~ ~

~,>-! ~ (feel)c:-,,)4 U"W ~<.Sy.U;)ai j101,; ~ 1;1c.J.$ . ~ c.S~ 'J~ 1;Jt:- rP,J1

.,).p':'-; (Dye}~) l., ~p:J1

~~jll).ub9~)~),AI~~~ ~I ~j1x~J>b),)~~tX1),)

, 0,)r5 01H,1<.S,)"/"';uG.:i.o (cathode) ~ yb9),), 0;:,1 1.:,Ij~.,1~ u-o ~ jl ~ (anode)

~4 DC 0~~)~' x.;1).1S'~ I) (<.S;:'''/';ul:xA..o~ ~. ~ ,)),... ~ "-! ~) DC Jy. 0L..~

.,),.:,~ ~ ,)),...~~,Ji cUb! ~ ~,),.:, I.f'

<.SLA;lJ1uD~ ~') ~I- Chromate treatment - Chromating - c

~~ Jb);:, Chromate J~ J>b ),)c:-,;:,U"W0'.l.!JolS'0,)1 ~ jl ~ I)cUb!, c:-,I~~

~ tb <.SI~4, ~ rf y1 4,o,)~ ~I.> 1;1 ~ ~},) ~ ~ ~ 0lAj uJ..o<.Sly., o,)!,~

~'~..::.Jl> 0 ;).rl2i jl ~4 d$ jj~~ ~ I)cUb!<.S,)ulA,'p jI ~j\; ~"/~; tX.l.!~ <sO
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jl ~ .u..,ij~ ~~ ,.HI jI , ,)),1LS",)~, ~ ~~ <SUo;ls~) LSI~~l:.o ~~ ~1 ~ .L:,~~b

. ,)~ J:j) ~l:.o I),)l.o~1;1 0.L:,...s...:..>

METALLIC COATING

1;1 jl,))t" ~, J..:jL:,~LS"c ,If',tiocorrosion ~tio),) d$ LS)l9~y.I) ut..b9d') eXl)~

, f'j;",)1S'jl~~ ElectroPlating~~ <s)~1 u)~ ~ ~ ,)'1~ ,))t"),) ~~,) alcIad ,))t"),)

. ~ If..:.J.:Jb:.o~,)j ~j jl metaIIizing ~') ~ ~, o,)~ ,)~I f"~ ~ ~

~ ~ ~~ LS" .uk9 LS,) )L:.3 ~yU... u)~ ~ 1) ~,) j ...$,jj ~I.io ),) f"1.io )l9 ~') eX1),)

. J.j~ LS".:..b.9~~1~ LS,) yl.1..o ~ r~,J1 jlLSI~'1 0~~ b.,; ~I"" LS;N~ul..h9jl

~l.io ),) cL..h9 ~ cJQ.9lx.o)~ .u ..: 1<.s'~ jId..b.)'"eX.»10,)j ~) - Painting

..L:.~LS"~~ ~~ ~'1 ~ ~ ~'LS~ ~'1 ~ J..o~ '...;~, ,),.:, If f'~1 uTLS') corrosion

jl ~ .u -41<.s-"~ LSII),);::...51),)lA:.JZin~ chromate jl primer paint 01~ ~I"" ul..h9 ),)

y jl ~, ~~,) l:3jI..I...A!primer <,)-!I.,)~ LS",)'> ~ ,))j ~ ~l.o ~~) .ub9LS,) J)'AO

. ~ LS"01LS') 0,) j ~) ~ , I),)~ILSI~1),)1.o1, ~ ...s...:..>~IS' .:.&lw
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PLASTICS

In the manufacture and repair of ~ircraft, many
plastic materials are used because they can be
manufactured to provide strength, light weight,
freedom from corrosion, good insulatingproperties,
and other desirablefeatures.Furthermore, the man-
ufacture of plastic parts is often lessexpensivethan
the manufactureof parts with other materials.

TyPES OF PLASTICS

Plastic materials may be classified in a number of
ways; however, there are two general types, based
on their reaction to heat: tbernloplastic and tbermo-
setting plastics. The thermoplastic material becomes
softened by the application of hea!, and the thermo-
setting material is hardened by heat. This means, of
course, that a thermosetting m~terial cannot be
reshaped afier it has been formed and set by heat.

Thermoplastic materials can be heated and reshaped
a number of times.

Plastics are also classified according to the material
from which they are made. For transparent sheet to
be used in aircraft windshields and windows, acrylic
and cellulose acetate plastics are used. For the manu-
facture of parts, the synthetic resins polyester, epoxy,
and phenolic are most often used. The resins are
usually reinforced with various fabrics-or glass fiber
to provide a maximum of durability and strength.

WINDSHIELDS AND WINDOWS

The most suitable clear plastic material for windows
and windshields is acrylic sheet. One of the best
known brand names for this material is Plexiglas,
manufactured by the Rohm and Haas Company.

__Th~ m~~erialis manufactured in almost any size and
thickness desired and can be used for many purposes
other than windows and windshields.

Great care should be exercised in the handling
and storing of acrylic sheet. The surface can be
easily scratched if it is allowed to rub against any
kind of a rough surface. In handling the material
it is best that soft gloves be worn and that the sheets
be stored on edge in a specially prepared rack. The
new sheet is often protected with a paper mask,
which is held to the surface by an adhesive. This
masking paper can be easily peeled off when the
material is installed. Acrylic sheet can be stored
horizontally with the sheets stacked together pro-
vided that the supporting surface is perfectly flat and
smooth and that no particles of metal, wood chips,
sand, or other foreign material are on the surface.
If the sheet is masked, there will not be so much
danger of damage as otherwise. When the material
is stacked horizontally, large sheets should be placed.
at the bottom of the stack and then smaller sheets can
be stacked in order of their size. This is to assure that
all sheets have full support so that they will not sa.&
and become deformed.

In the replacement of windows and windshields
in aircraft it is essential to make sure that the type of
material to be installed is of the same quality as that
being replaced. There are many types of transparent
plastics, and their properties vary greatly, particularly
with respect to expansion characteristics, brittleness

unJer low temperatures, strength, etc. It may be

noted here that acrylic plastics are stronger and more
durable than the cellulose acetate types. Furthermore,
the acrylics have a lower expansion coefficient.

When an acrylic plastic panel is installed, it should
never be forced into place to make it fit. If the fit is
poor, the panel should be trimmed or a new one
should be obtained. When an acrylic plastic sheet is
clamped or 'bolted in place, care must be taken that
the material is not placed under excessive stress. If
it is held in place by a nut ~d bolt or machine screw,
the nut must not be turned up tight. The correct
method is to tighten the nut to a firm fit and then
back it off Qne turn. The purpose of this procedure
is to allow for expansion and contraction of the
material and to avoid crushing the point of attach-
ment. In many cases where bolts are _used to hold
plastic sheet in place, the bolts are used with spacers
or stops, which prevent overtightening. In the re-
placement of panels, the spacers, washers, and other
parts should be installed as in the original configura-
tion. The edges of plastio sheet should be mounted
between rubber, cork, or other protective material
to reduce the effects of vibration and distribute
compressive stresses on the material.

Acrylic plastics expand and contract about three
times as much as the metal channels in which they
are installed. It is therefore necessary that adequate
provision be made to ~llow for this expansion and
contraction. Clearances of ! in. minimum should be
allowed around the edges of small panels, and larger
clearances around the edges of large panels. Where
holes are drilled in the plastic material for bolts or
screws, the holes should be oversize by ! in. diameter
and centered so that there will be no binding or
cracking at the edges of the holes. Slotted holes are
also recommended.

Panels of plastic must be mounted in the channels
to a sufficient depth to prevent. the panels from
coming out when they shrink as the result of cold
temperatures. Cellulose acetate panels are mounted
in the same manner as acrylics; however, allowan.ce
must be made for greater expansion and contraction.

Plastic panels may be repaired when cracked or
damaged, but when the damage is extensive, it is

best to replace the panel with a new one. Small
cracks can be stopped \\-;th t-in. holes drilled at the
end of the crack. Cracks and holes may be patched in
accordance with directions given by the manufacturer
of the plastic -or according to directions provided
by the FAA in Advisory Circular 43.13-1.

Clear plastic panels should be cleaned by washing
with soap and water. Solvents and chemical cleaners
should not be used because there is danger that the
cleaner will attack or soften the surface of the plastic.
{f,after dirt and grease are removed, no great amount
of scratching is visible, the plastic should be finished
with a good grade of commercial wax. The wax
should be applied in a thin, even coat and brought
to a high polish by rubbing lightly with a soft cloth.
If the surface of a plastic panel has small scratches,
it can be polished with a fine grade of polish and a
soft cloth or buffing wheel. Care must be taken that
the surface is not heated appreciably because this will

iD~~imi rnulwriilllO~OnmInOOilm~llLmil~mm!!.
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