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Rockwell, Brinell, and Vickers hardness values

Rockwell hardness number Vickers Brinell
hardness hardness
" A scale B scale C scale D scale number, number, Approx.
80-kg load, 100-kg load, 150-kg load, 100-kg load, diamond- 3000-kg load, tensile
brale Yis-in. brale brale pyramid 10-mm strength,
penefrator diam. ball penetrator penetrator penetrator standard ball 1000 psi
78.5 - 55 66.9 595 287
_....78.0 54 66.1 577 278
77.4 53 65.4 580 2649
. 768 o7 64.6 544 500 262
. 763 51 .63.8 ° 528 487 253
75.9 50 63.1 513 475 245
752 49 62.1 498 464 239
747 48 61.4 484 Agl 232
74.1 47 60.8 471 442 225
7346 46 600 ° 458 432 219
73.1 45 . 59.2 446 421 212
72.5 44 58.5 434 ; 409 206 .
72.0 43 577 423 400 201
71.5 42 56.9 412 390 196
70.9 41 56.2 402 381 191
70.4 40 55.4 ] an 186
69.9 39 544 - 382 362 181
- 69.4 38 53.8 . 372 353 176
68.9 i 5 3 37 53.1 363 344 172
68.4 (109.0)* 36 §2.3 e L7 S 336 168
67.9 (108.5) 35 51.5 S 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) 32 492 318 301 150
65.8 (106.0) 31 48.4 310 294 146
65.3 (105.5) 30 47.7 302 286 142
64.7 (104.5) 29 470 294 279 138
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 _ 243 118
61.5 99.0 22 41.6 248 237 115
61.0 98.5 21 40.9 243 231 113
*Values in parentheses are beyond normal range and are given for information only.
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Steel alloys
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MATERIALS

FERROUS METALS

Ferrous 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. 1

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 7.1 SAE IDENTIFICATION FOR WROUGHT STEELS

Carbori steels )
10xx Nonsulfurized carbon steel (plain carbon)
l1xx  ‘Resulfurized carbon steel (free mathining)

12xx Resulfurized and rephosphorized carbon steel
Alloy syeels

13xx Manganese 1.75% (1.60-1.90%)

23xx Nickel 3.507%

25xx Nickel 5.007% =

I xx Nickel-chromium (Ni 1.25%, Cr 0.65%)

32xx Nickel-chromium (Ni 1.75%, Cr 1.007%)

33xx Nickel-chromium (Ni 3.50%, Cr 1.507%)

40xx Molybdenum 0.257%

41xx Chromium-molybdenum (Cr 0.50 or 0.957%, Mo 0.12
or 0.20%) :

43xx Nickel-chromium-molybdenum (Ni 1.80%, Cr 0.50 or
0.80%, Mo 0.25%) ]

46xx Nickel-molybdenum (Ni 1.75%, Mo 0.257%)

47xx Nickel-chromium-molybdenum (Ni 1.05%, Cr 0.457%,
Mo 0.20%)

18xx Nickel-molybdenum (Ni 3.50%, Mo 0.25%)

50xx ., Chromium 0.28 or 0.407%

Slxx Chromium 0.80, 0.90, 0.95, 1.00, or 1.05%

Sxxxx  Chromium 0.50, 1.00, or 1.45%, Carbon 1.007%

61xx Chromium-vanadium (Cr 0.80 or 0.95%, V 0.10 or
0.15%) .

B6xx Nickel-chromium-molybdenum (Ni 0.55 or 0.05 or
0.65%, Mo 0.207)

87xx Nickel-chromium-molybdenum (Ni 0.55%, Cr 0.50%,
Mo 0.25%) ]

92xx Manganese-silicon (Mn 0.85%, Si 2.007

93xx Nickel-chromium-molybdenum (Ni 3.25%, Cr 1.20%,
Mo 0.12%)

98xx Nickel-chromium-molybdenum (Ni 1.00%, Cr 0.807%,
Mo 0.257%)

group of wrought-carbon and alloy steels, a substan-
tiai number of heat- and corrosion-resistant steels are
used in aircraft and missiles. The principal designa-
ions for these steels are given in Table 7.2.

Table 7.2 AlSI IDENTIFICATION FOR HEAT- AND CORROSION-
RESISTANT STEELS

Zxx  Chromium-nickel-manganese (nonhardenable, austenitic,
nonmagnetic) :
«  Chromium-nickel (nonhardenable, austenitic, nonmagnetic)
+  Chromium (hardenable, martensitic, magnetic)
Chromium (hardenable, ferritic, magnetic)
Sxx Chromium (low chromium, heat-resisting)

In Table 7.1, the first digit of each number indicates
the general classification of the steel, that is, carbon,
nickel, etc. The number 1 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
1 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 structures 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 strongas 1025 mild-carbon steel. SAE 4130 chrome-
molybdenum steel is 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 it'is 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.

CORROSION-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
charactenstics of 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. i

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 form
a structure called austenite. A controlled period of
partial cooling is allowed followed by a rapid quench
Jjust 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 301, 302,
321, and 347.

Although stainless steels have many advantages,
there are certain disadvantages that must be faced by
the fabricator and designer: (1) Stainless 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.

2-10




Heat - Treatment

P IS L5 cooling y heating b abaly 0 Jlosd iy < paee 33l 0 5t
s cooling g heating of5e y Jlaj g cod 515590 y Oyl Sladele (oS Sa b 1> <
. . Cod S5 3)4s o3l crystalline structure o2l s le sy

oy a2p J P48 et gy e oy 429 o JlL 35 pn - Heating -
critical (e Sy> 3Bl J5 3500 556 U gy 5 J. 25 (a J3o5 44 29,3 58 30 5L
P e Sl G 5 J 350 ol & (Simr Jlaod £5 oA S5 IS sl . 2305 e Stemp
33 eile b6 3540

s il A Sy 422 p 8 55 455 ofly o k- Soaking = Holding -v
Sz ol BB 3L 9 p3Y Vs g 015 gL LS 1 ol liead plod 45 )9k 4 od (e L
. ' Sy

3 lyn Spplone p s 15 53,8 S5 09ed ojly o Jf yskze - Quenching = Cooling -v
a_!a{i,coolin.g 0355 y 1 - (brine) S AL L ()'53:.0?.“" &l P Py se e
3305 paalys o L Wl 4 Gilisen (laSy) 393 45 48 30 51 5y5e olsd STl (ot

: 1 a5)Le al ol (1), heat-treatment glyl o5 =,

3)3» » 4.5 case hardening - tempering - hardening - normalizing - annealing -
233,50 L) 25 S0

ol 420 G G Uy i 0y9e a3 lanl gy o » —( 33,5 ) Annealing -2
43S 13 36 Jus o x5 (slow coOling) pilss (o S35 LT (K2l 4y g 3 03,8 5
2 1 o o 25 2y O le 4y 1b e 2 ol malleability y ductility

y3taze 5ot of Jes L Slbis § 3Yy a,,.,a%*r;, &b ol j -Normalizing - b
3 gy y 1238 by a1y 315 g s 35 4 3Y38 53 09240 00 48 295 (r 03z
S0l lya p ol F s y 3,8 p S eritical temp F ol 3Y53 Jas ol sl 5 2k G2
OV 51 22 15T p1ma) Sy 03 5aip 5 ANNEALIﬂé 3V S a4 1, DY Jas ol S
RECTRIN (T S PRTO SRS

critical tempy yiu o Sy 4oy 40l L L) Jae ol ) - Hardening - €
9 P8 ol s o 253 S5 B 05 o g3 brime L iy eid 3 LT AL sy 3L
5o Sl Ghan 43395 0 S5 iy SV LHIL B> ol p Jy S oS o Y
a8 2 88 Ll Oy tempering 2y Ry b u.. ooyl ol brittieness

Gan L hardening 1213 § o 1355 o 35 drawing oL oS Jae o) - Tempering - d
S S p Ul ks Jae 5l 33,8 o ppe o Sl sla 25 (relie) o5
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- Quenching material in vertical pOfiﬁon. Heat-treating furnace.
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Aluminium alloys
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ool ST 5 Sk Joh o3 525 Jpi b &8 Coud 02235 39 Alcoa

1 ees Aluminium 99 % minimum 1100 —2S a3 05
2 «ss Copper ' 2024,2117

3 «+s Manganese 3003

4 e Silicon _ 4041

S ess Magnesium : 5052

6 «se Manganese & Silicon 6061

7 o2 Zinc 7075

8 «ss Other elements

Alcoa = Aluminium company of America

4y e main alloying element iU, o5, oyl piees opl 3 230 LUV Sy skailon
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Former numbering Present numbering
25 1100
35 : . 3003
145 2014
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Al7S < 2017
245 2024
525 5052
568 5056
615 6061
g 758 7075

Heat - Treatment of Aluminium alloys
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FRRYEINE JOIN A SUPWS PR SUT I e g 25 .ul,:'..«_,.lalk?:.corrosion Jlis

. 15,5 . intergrannular corrosion gli, 45 4.5 corrosion

4S5 jphilon y :2us heat - treat J,5 5052 53003 51100 145 pyctoogll clajUll 51 e

. <. cold working U 4 strain hardening oy Xl 45 345 0 b H G o> Ll JLis, o8
Pl 4 S b e S esls 43 99% &5 cudd Jalls pytiegll ;i1 1100 sac: Hint

pyseagl 525 7503 0.50% 99% 5, gMe 4 ol Sl 393 ;alls 50 Mas a3le (5,503 222 31 yio
cCud 99.5% Logls a3 JS 0 ow cud
L 51,800 FE750 oo (G 42 4 jls pasteagll sl joliza ol (<l - Annealing

O g0 U 9 Sl 4 2wl cooling Jae 3Y43 3[;7 Oyxed 3 039 Cel S JBlas soaking ole;

.))J_:b

-

Aluminum-alloy soaking times

Socking time, {min)

Aluminum-alloy heat-treating data

less than  0.032-  0.125—  More than
0.032in. 0.125in. 0.250in 0.250 in. Temperature, Aging Time of
Allay thick thick thick thick Alloy * 1 Quench Temperature  aging
20147 20 20 30 60 2014T  930-950  Hotwater  335-345°F 10 hr
20177 20 30 30 40 20177 930-950 Cold water Room 4 days
21177 20 20 30 60 2117% 930-950 Cold water Room 4 days
20247 30 30 40 40 20247 - 910-930  Cold water Room 4 days
- 2024T (dad) 20 30 40 &0 50531 960-980 Water 312-325°F 18 hr
50531 20 30 40 60 60617 960-980 Water 315-325°F 18 hr
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y (v R 25 30 40 - 60
70757 (dad) . 20 30 40 60
Uses of aluminium alloys
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7075 5 2024 42117 lajl F. 543 0 odlizd forging by, & Olabad c3lo (122014 5U01 51
S 7 odlind ) 137075 2024 d%xﬁuﬁ&ﬁ,syﬁwnmgmd%xd‘x
. 55 heat treat 2.l
o3l )il )gr LS 45§ jal sy ¢ Fyy 4lS L s (cast) s -8 &30 pasisagl 5L
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| Magnesium Alloys
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ALUMINUM AND ITS ALLOYS

Since the days of the “stick 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 “cladding.” This consisted of rolling a thin layer
of pure aluminum 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 ailoys 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 listed. The
alloys shown have a wide variety of characteristics;
hence each one has particular applications.

Table 7.3

Number Alloy type
i1co Pure aluminum :
2014 Copper, silicon, manganese, magnesium
2017 Copper
2020 Copper and lithium
2024 Copper plus manganese and magnesium
2117 Copper (modified)
2219 Copper plus manganese, vanadium, and zirconium
2618 Copper, iron, magnesium, titanium
3003 Manganese
4043 Silicon
5052 Magnesium
6061 Magnesium and silicon
7075 Zinc, magnesium, copper, chromium
7079 Zinc, magnesium, copper, iron, silicon

Another factor important for aluminum alloys is
the temper or hardness value. Heat-treatable alloys
are followed by the letter T and a number to indicate
the type and degree of heat treatment. Non-heat-
treatable alloys are followed by the letter O to in-
dicate soft or annealed condition or H and a number
to indicate the degree of work-hardening. For exam-
ple, 1100-H12 indicates one-fourth hardened while
1100-H18 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, other
aluminum alloys or other types of metal may be used.
Pure aluminum (1100) and the softer alloys (3003 and
5052) are generally 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 high 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 is not
easily worked at room temperatures, and if it 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 will
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 damage. 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 10 percent chromic acid solution to
which has been added approximately twenty drops

~ of battery electrolyte per gal. The électrolyte is com-

posed of water and sulfuric acid in a2 mixture having
a specific gravity 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 meke
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
airframe 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 tools 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-

i (T

ered, hand-operated router with 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 figure 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 are used with the
router for removing the damaged 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 contours of the repair. As an exam- .
ple, the multi-template (figure 5-78) can be used as
a guide when cutting holes from 14 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 flat sur-
face using the following procedures:

Ficvre 5-88. Multi-template.

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

(2) Place the template, centering the desired
cutout guide hole directly over the dam-
aged area.

(3) Press the template firmly down over the
double-backed tape, making sure that it is
secured in place; this will avoid any
creeping or misalignment of the template
during the routing operation.

sl



A routing template may be applied to a tapered
surface by using 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) Pregs the wedge blocks firmly in place.

(S) Place another strip of double-backed tape
on the top side of each wooden wedge
block.

(6) Place and align the template over the
" wedge blocks, thus avoiding any creeping

or misalignment of the template during
operation.

Lower
facing

Ficure 5-89. Wedge blocks and application.

Routing of Damaged 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, thus 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 bonded 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 on
templates.

(4) Antach the router’s air intake plug in the
socket of the air supply.

(5) Accomplish the routing operation.

(a) Use face shield or goggles for eye pro-
tection against flying materials re-
moved. E

(b) Place the air hose over the shoulder.

(¢) Holding the router firmly and at a 45°
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 remove it from the hole.

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

(j) Check 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-
ment.

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.

Pressure 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.

Cclamps, locally manufactured jigs, or vacuum
fixtures may be used to apply the necessary pres-
sure to bonded honeycomb repairs.

The surfaces around the repair area must be ab-
solutely clean and free of any foreign materials 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 time 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 large repair may require a battery of lamps to
ensure uniform curing of the repair area.

The lamps should be centered directly over the
repair at a distance of about 30 in. The setup is
ideal to attain the recommended 130° F. curing
temperature, provided the surrounding areas are at
room temperature (70° 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 150° 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 maintained properly.

Fire Precautions

The potential of a fire hazard generally exists in
the area of bonded 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 observed
closely. Certain fire safety prevention equipment,

- such as utility cans, flammable-waste cans, and

vapor- and explosion-proof lights, should be used.

With the potentiai 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 use, if necessary. Th* extin-
guishing agents for all the materials used in bonded
honeycomb repairs are dry chemicals or carbon
dioxide; thus, the standard CO, fire extinguishers
should be on hand for use in areas where bonded
honeycomb structures will be repaired.

Handtools and Equipment
In addition to the tools and equipment described

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,
power shear, drill press, horizontal and vertical belt
sanders, contour metal-cutting saw, and pneumatic
hand drills. The general uses and maintenance of
these standard tools and equipment should be famil-
iar to any airframe mechanic.
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Circular magpetization of crankshaft.
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PLASTICS

In the manufacture and repair of aircraft, many
plastic materials are used because they can be
manufactured to provide strength, light weight,
freedom from corrosion, good insulating properties,
and other desirable features. Furthermore, the man-
ufacture of plastic parts is often less expensive than
the manufacture of 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: thermoplastic and thermo-
setting plastics. The thermoplastic material becomes
softened by the application of heat, and the thermo-
setting material is hardened by heat. This means, of
course, that a thermosetting material cannot be
reshaped after 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 materia|
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 many-
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

__This material is 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 sag
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

unfler 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 and 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 one 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 plastic 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 allow 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, allowance
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 with 4-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.
If, 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
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