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CHAPTER 1
INTRODUCTION
- T'ype of construction
1. The Kitty Hawk Aeroplane 1s of all metal construction,

consisting of a seml-monocoque fuselage and full cantilever wing
and empennage. The maln structure 1s a networiz of bulkheads, spars,
and stringers, which are covered with a thin stressed Aluminum
Alloy skin, The ailerons, rudder, and elevators are of metal struc-
ture which 1s fabric covered. The engine mount ls a welded and
bolted tubular structure of X-413%0 steel and is detachable from

the fuselage. See Flg. 1 for major disassembly.

Al

-Types of repalr -

.2, Damages have been dilvided Into four groups to-Tacllitate
the classlficatlon of repalir methods. The clagsificatien and gen-

‘eral description of the various damages 1s as follows!

A

(1) Negiigible damage - Smwall dents, holes or cracks
in the sheet materlial requirlng no addition of material or reinforce-
ment. The dents must be bumped out, cracks stopped by a 1/8" hole

t at each end, and small holes rounded out to a 1/4" radius to prevent

- formation of cracks.

(11) . Damage repalrable by patching - Holes and cracks

. which impalr the (strength of the structure but which may be repaired

by the use of sheet relnforcements attached by a specified number
and arrangement of rivets or bolts. Patches must be shaped and
arranged in such a manner as to permlt the required rivet or bolt

" pattern to extend completely around the damage or to the edges of

the original stock, Where fittings or other structure 1s near the
damaged aréa, the patches may have to be extended beyond these 1n
order to obtain the required attachment. In many cases the damaged
material must be replaced to glve support to the patch and to other
parts of the structure, or to obtain continuity, as in repalr of the
fuselage skin, this added materlal ls deslgnated as & filler or in-

- gert, _ .

{111) Damage repairable by insertion - Extensive damage
requiring large inserts which may be attached by means of splices.
When the damage 1s extenslve or the presence of fittings and other
structures make i1t difficult to use patches, the damaged material

" must be removed and replaced by formed inserts of the same or equiva-

lent material, gage, and shape. Where practical, the inserts should
be made to extend to the edges of the original sheet and should be

attached by using the original rivet or bolt pattern., In cases where

”jcpmpletq replacements are impractical, splices may be effected by
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using patches. Patches used in splicing must be continuous along
the length of the splice and of sufficlent width to take the rivet
or bolt pattern specified for patehing on each side of the cut, :
Continuous patches for splices that are not stralght, that 1s, for
angles, rectangles or clrcles, are deslgnated as frames. Frames
are frequently used in repairing small sections of damaged fuselage
skin, Where continuity 1s not esgentlal, splices may be effectegd
by overlapping the insert and undamaged material., The attachment
for an overlap should be, the same in pattern as that used on one

slde of a patch splice. j

(iv) - Damage necessitating replacement - Damage to fitw
tings, highly stressed material, and small pleces such as clips and
gussets which may be easily replaced. Fittings which are cracked,
sprung or nlcked must be replaced. Certaln portions of the sheet
structure are highly stressed and cannot be successfully repaired.
These must be replaced. Small sheet fittings, gussets, clipg,
brackets, etc. are easily duplicated and should be replaced if dam~
aged or stretched out of shape, -t

3. “"Where & specific repair is not given 1t is generally
permlssible to assume that either the member in question or its
attachment has been designed to a zero margin. Due consideration
must, however, be given to the probable types of loading to which
. the member is to be subjected and to the eccentriclties of the

applied loads. Repailrs for the most part consist of replacing the
' damaged materlal with material of equal strength and section pro-
perties and of attaching this material with the same type of attach-
" ment as used for the damaged plece or with sufflcient attachment to
Jpermlt the new plece to take its full allowable load. ' Care must be
. taken in attaching repailr pieces to arrange the attachment so as

not to reduce the structural efflclency of the member to which the

repalr plece is attached.

- 4, Due to the cunstruction of the aeroplane, 1t 1s important
. that any repair to the skin, stringers, and bulkheads be glven care-
" ful consideration, Simple operations, such as repairs to dents,
emall skin holes, and exterior injurles may be accompllshed readlily
~and easily, however, internal structures must be repalred by means

of patches, inserts, or by splicing to reinforce the damaged sec-
tions or areas before the outer skin is attached. Caution must be
exerclsed to malintain the original contour ami to eliminate excesslive

“increases in welight.

5e A simple procedure to follow for all repairs isg: Analyze
the extent of the damage to the part before proceeding to repalr it, -
devise several methods for its repalr by referring to the repair: E
 schemes in the back of the text, and with the aid of the illustrations
and the book, proceed to use the most convenlent and easiest method .

e , N b ,}_- [
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Extent of damsge

G. The extent of damage must be carefully ascertained.
Determine the path taken by every missle which enters the wings,
fuselage, or control surfaces and examine the attachment of every
ltem which has been struck. Look for damaze caused by the travel
of shock loads along large members, If necessary form semi-struc-
tural doors 1in the skin, see parasraph 7, Chapter 6, to facilitate
inspection. Check partlcularly for the following: Dents and cracks
in extruslons and fitivings; elongated rivet and bolt holes, cracks

. and sharp cornered dents or wrinkles, and corrosion in sheet materi-

als; and rivets which are stretched or sheared leaving their heads

- intact.

Support of structure during repair

7. When repalr operations are being performed which necegsi-
tate the removal of structural material, care must be taken, not to

. overload other: parts of ‘the structure. A fixture of some type must

f be used to brace or hold that portion of the structure being worked
" upon. It is essential that the damaged structure be sultably and -

firmly supported against distortion. , .

Heat treatment

8. The materlal used in the construction of the aeroplane
1s almost entirely aluminum alloy. High strength rolled sheet 1is
used for the stressed skin, and formed sheet 1s used for the spars,

" . webs, bulkheads and ribs, and extrusions for the stringers and cap-

strips. All replacement or reinforcement material used must have
the same structural characteristice as the damaged part for which

i’it is used. Repalr stock for the asgembly covered in each chapter,
18 listed 1in a table at the end of the respective chapter. A list

" of the commonly used heat treat sgpecifications, along with a brief

. description of each is given at the end of this Chapter.

The heat-treated and cold worked alloys, 17SRT and

-245RT, can stand very little bending without cracking. The strong
- alloys of 178 and 248 can be formed in theilr annealed temper and

- heat treated to develop the required strength before assembly. ‘In
/7 cases, where the annealed metal 1s not avallable, it is possible to

heat the metal and quench 1t according to regular heat-treating

.practice anc then form 1t before the age hardening sets in. Thae

forming must be completed in one hour on "178" and twenty minutes
on "2U8" after quenching or the material will become too hard to
work., Heat treating the strong alloys of 1785 and 2U4S consists of

... heating to a temperature ranging from 940° + 10°F, for "175" matveri-
.. al; and 920° + 10°F, for "2US", Hold at the required temparature
~until the plece is uniformly heated throughout and quench it lmmedi-

ately in cold water or oll. Thus, all strong aluminum alloy bar,
sheet and tube used for the aeroplane parts must be in the fully
heat treated condition upon final fabrication. It 1s only in this
condition that the materlal develops 1ts maximum physical proverties
and resistance to corrosion. Aluminum forgings, castings, and

1
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'fittingé must be replaced, as reheat~treat weakens the tensile

gtrength of the part.

All structural steel fitiings are also heat treasted.
'These fittlngs muet be replaced because of their respective struc-

S tural and tenglle strength value.

“Welding

9. Repalr welded aluminum tanke and petrol baz chells ac-

" cording to regular weldin.: procedure, There are several ways and

means of accomplishing good lasting welds if the followlnz vrecau-
tions are adhered to, However, when effecting repalrs, care must

" he taken to eliminate the combinatlon of slav and gas as they pro-
' duce defects that have a very definlte bearln on the strength and
S ductility of the weld and depending on their size and location can
‘seriously endanger any welded Joint. The elimination of slap and

gas 1in the weld metal 1s depended largely upon proper welding pro-
.cedure and a good welding operator. Nevertheless, some slay’ w111

be formed and thls must be removed with emery papecr,

10. When performinz welds on the fuel tanks and petrol bag

+“ shelle, the tip size and gas pressure for oxy-hydrogen weldinw
. should be according to the thickness of the metal. For metal 0.050"-

0.06L4", the diameter of the orifice should be 0.065", The oxygen
pressure should be 2 and the hydrogen pressure should be 1 1b./sq. -
,in. For metal 1/8"-3/16", the dlameter of the orifice should te

. 0.095", the' oxygen pressure 3 and the hydrogen pressure 2 ibs./sq.

11. Only parts which were welded during manufacture may be

f repaired or replaced by welding.  VWhen effecting repalrs to the en-
. gine mount, reference should be made to the Caution note contained

In paragraph 2, Chapter 2. ' All welded repairs must be simllar to
those made on the original part; tack welding for instance must be

. replaced by tack weldlng.

‘Bowed tubes’

12, Engine mount tubes bowed in excess of 1/600 of their

L

" Bolid rivets ‘

13. Removal of formed rivets - When removing old rivets the

. following precautions should be observed. Use No. 30 (.128 in.

drill for 1/8 rivets, 5/32 inch drill for a 5/32 rivet and 3/16 inch
drill for a 3/16 rivet. On round head rivets, a flat should be filed

" on the head before driliing. Drill to a depth equal to the depth of

' the rivet head or slightly beyond the head and drive the rivet out

kS

L,
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" 'with a punch. If the rivet will not come out and the drill hole is
centered in the rivet, the drill may be run partly into the snank.
Care should be exerclsed not to elongate the rivet hole. See p&ara-
graph 29 for 1nformation concerning enlarged rivet holes. After the

- removal of the rivet, inspect the hole %o see %that varticles of metal .
are not lodged between the sheets holding them apart.

Removal of countersunk-head rivets

14, The same procedure as followed in paragrapi 13 is a -

#ood method, except that a center marik should be made on The centep
-~ of the rivet head before proceeding to drill, Use a drill of the
‘same size or slightly smaller than the rivet shank. Drill into
the head of the rivet to half the thickness of the nearest late or
sheet. The head should come away on the drill in the fora of a
washer., If this does not happen the remainder of the rives may be
. punched out with a flat-ended pin punch small enough to pass tarough
the hole, .

."'

Fitting solid rivets | .

15, S0lid rivets may be replaced by several methods. Press
countersunk 78° rivets are used extensively on skin gage ,051" and
under. For skin over .05l" drill countersunk 78° rivets are used.
Drill countersunk rivets should never be used on thin sheets. All

- rivets should be a good fit in thelr holes. Vhen press counter-

sinking the sheet for a 5/32" rivet first drill with an 1/&" drill
+and then form with a male and female steel die. The hole is then

- redrilled using a No. 22 (,157") drill and the rivet is inserted and
driven by hand with a moderate welght hammer, .

, 16. Drill countersinking of the sheet offers less support

. agalnst shearing of the rivet than does the press countersunk sheet.
In the fabrication of drill countersunk rivets, care must be taken

"to be sure that the head of the rivet is flush with the surface, If

the drill countersink 1s allowed to go too deep, the joint is

weakened, . ' 7

- 17. For rivet operations, insert tie rivet from the outside,

. - place the heading tool on the rivet head and drive the rivet. The

" blow should be shocked on the inside by a {olly whose dlstance from

the member will become less as the body of the rivet becomes shorter.

-, The counterblock of the dolly should be adjusted during -clinching
-and head forming. Uniform and straight driving of the rivet and its

" ‘body will be difficult unless the dolly is in the exact center of

- the rivet. Caution should be taken that the rivet does not fit oo
tightly as 1% will cause the plates to bulge and, when the rivet is
'not pulled tight, clinches wlll be formed between the plates., Also

- - avold closing the head too flat., Avoid material bucklings of the
-gkin due to an apparent “bulge" between the press countersinks. See
Fig, 108 for flush riveting tools.
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°, 18, When effecting repairs on the wing skin, flush type
‘doors are recommended, because of structural value and also for
access ln locating any fubture damage that may occur in or around
the vlcinlty. See paragraph 7 of Chapter 6.

: Bivet allowance - Modif.ed brazier heat rivet (671-D)

19. For 1/8" dlameter rivet: The formed head thickness
should be .OU7"; the diameter of the formed head should be ,156";
- the extruded length of the rivet, after insertion, should be 5/32%,

: For 5/32"% dlameter rivet: The formed head thickness
- should be ,063"; the dlameter of the formed head should be L203%,
'+ the extruded length of the rivet, after insertion, should be 5/32",

. For 3/16" dlameter rivet: The formed head thickness
should be .078"; the diameter of the formed head should be JRIUN, -
the extruded length of the rivet, after insertion, should be-3/16", .
See Fig. 109, | L

Countersunk 73° rivet (673%-D)

‘L 20, For 1/4" diameter rivet: The formed head thickness
should be ,063"; the diameter of the formed head should be .1&&Y:
the extruded length of the rivet, after insertion, should be 3/16";
the protruslion due to the press-countersinking of the metal sheets

~ éhould be 1/32".

For 5/32" ‘diameter rivet: The formed head thickness
should be .063%"; the diameter of the formed head should be 23uN
. the extruded length of the rivet, after insertion, should be 3/16%;
. the protrusion due to the press—-countersinking of the metal sheets
; should be 3/64",

. » For 3/1o" dlameter rivet: ‘%Fhe formed head thickness
should be .078"; the diameter of the formed head should be L2811
the extruded length of the rive$, after insertion, should be 3/1le®;

~the protrusion due to the press-countersinking of the metal sheets’

.. should be 1/%6". See Fig. 109,

‘;Round head rivet {(AN430)

» 21.  For 1/8" dlameter rivet: The fd}med‘head thickness
., should be .063"; the diameter of the formed head should be .188";
"' the extruded length of the rivet, after.insertion, should be 3/1b",

' For 5/32" dlameter rivet: ‘The formed head thickness
- should be ,078"; the dlameter of the formed head should be L2348
. the extruded length of the rivet, after insertion, should be 3/16".

v o . [
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For 3/16" dlameter rivet: The formed head thickness
ghould be ,093"; the dlameter of the formed head should be .281";
the extruded length of the rivet, after insertion, should be 7/3%2",
See Fig. 109. : )

Flat head rivet (ANUL2)

22. Same allowance as used for round head rivet (AN430),
.. Bee paragraph 21. See Flg. 109, '

Rivet clearance

23. For minlmum clearances for rivet holes use the proper

‘ © .drill size., For example, on a 1/16" rivet size use a No. 52 (.0635);

7/32" rivet use No. 41 (.096); 1/8" rivet size use No. 30 {.1285);
5/&2" rivet use No, 22 (.157); 3/16" rivet size use No. 12 (.149);
v 1/8" rivet silze use ‘1/4 size drill, etc. When aligning holes of

. dlfferent parts, 1t is essential that they be dimenslioned.by the

- pame method and from a corresponding datum point.

g 24, The method of operating the Chobert riveter 1s glven
" in A,P, 1464/D,76. Read note given in Chapter b, paragraph 7.

Do ealculate the required number of rivets

25. The strength of parts Jolned together 1is determined by
-~ the number and type of rivets used. To find the required number

of rivets for a repalr, determine the ultimate strength of the part
{. being repalired by multivlying the cross sectlonal area by the ulti-
~' mate tensile strength of the materlial. Thls value times the sum of
. - one plus the margin of safety will give the minimum rivet strength
~ rprequired. This required rivet strength divided by the allowable

fﬁ - unlt shearing stress of the rivet material will give the total rivet

cross section required. Dividing this by the area of the rivet to

" pe used will glve the number of rivets required for shear strength.

26. However, the bearing of the rivet on the sheet 1s often

" -more critical than the shear strength of the rivet. Thus, the

‘“ultimate strength of the part tlmes the sum of one plus the required

“; bearing margin wlll give the required bearing strength. This di-

vided by the allowable unit bearing strength of the sheet material
glves the required bearing area. This area divided by the thickness
of the sheet and the diameter of the rivet selected finally giyves
the number of rivets required for bearing strength. The greater
number of rivets must be used. The bearing strength of the rivet

‘s materlal 1s not considered, as tests have shown that the rivet it-
.. self does not fall in bearing.

) 27. The following ie an example of the above procedure: If
a bulb angle stringer has a cross sectlonal area of .053 sq. in. and
the material is 24ST, 1ts ultimate .strength is .053 x 62,000 = 3285.

C o
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62,000 P,S.I. 1s the ultimate tensile strength of 2UST material. The
required shear strength, if ©71-D rivets are used, is 1.15 x 3285 =
3780 (1 + .15 is considered the margln of safety in this case). The
total rivet area for A17ST rivet material 1ls 3780 divided by 25,000 =
.1512 square inch, 25,000 P.8.I. is the ultimate stress of the rivet -
in shear, see "ANC-5, Strength of Aircraft Elemente." The area of a
3/16" rivet is .027b sq. in. and the number required in shear would
'be .1512 divided by .0276 or b rivets. .

The required bearing strength is 3285 X 1.28 = 4200 (1 +
.2% 1g the margin of safety 1in this case). The allowable bearing
strength of 24ST materlal is 90,000 1bs/sq. in. and so the bearing
_area needed 1s 4200 aivided by 90,000 or .O467 sg. in. See "ANC-R
Strength of Alircraft Elements." If the metal is .OUO" thick, .OleT
. divided by .O40 x 3/1lb = 7 rivets. Therefore, seven 3/16 in. o71-D
"A17ST rivets are needed on each slde of the splice or 14 rivets In

all. ' ‘ ~
NOTE: Margin of Safety " Shear Bearing
673-D - +35 bb- .92
671-D - L 15 - .28

. Fitting bolts

, 28. No steel bolts smaller than 3/16" shall be used. No
. .commercial machine screws or bolte shall be substituted for alrcrafl’
. bolts. ''he condltion, to be obtained with standard bolts employing
washers under the nuts where necessary, is that the threaded portion
“of a bolt must not be used to take a shear load. VWhen replacing a -
“bolt, the plaln portlon of the shank of the new bolt must be identl-
vcal in length wlth that of thé old bolt. All bolts must Dbe sultably
locked. Wherever lock wire 1s used, the wire must fit the hole.
" .Care must be taken to ensure that the nuts are locked in the same

. manner as the original.

Enlarged holes

. 29. Enlarged or elongated rivet holes should be drilled for

' the next larger dlameter rivet. Slightly elongated holes can in some
cases be filled by using a longer rivet of the original dlametver.
kElongated holes in filttirzs or extrusions mugt not be redrilled be-

. cause of the limited nge distances provided in manufacture.

; Detecting the presence of cracks

30. When effecting repalrs, great care must be exercised at
all times to ensure that no cracks in tne immediate structure remain
undetected. Fine halrslze cracks in fractured sheets 1f undetected
wlill open and spread under vibration. Minute cracks caused by bullet

. - impacts should be cut away when cleaning up fractured areas for repalr.

H
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" However, if any doubt exlsts as to the presence of a crack, the
~ part or_area should be soaked in paraffin and thoroughly dried.
The applleatlon of a whiting-water or whiting-methylated spirit
paste to the surface will on drying disclose the presence of a
crack by a discolored mark,

Marklng-off

31. When making up new part replacements of important mem-
bers or flttings, care must be taken that the correct dimensions
given on the drawing be marked off with crayon or soft marking pen-
cil on the surface plate, Prevent heavy marking of the material,
as deep markings or scratches may seriously weaken the material and
" may develop into fine hair like cracks.

. Preventlon of corrosion

-y

32. . All damaged surfaces should be immediately coated to
prevent corrosion., Examine the metal under cracked or blistered
palnt. Use particular care in repairing internal structure which
cannot be perlodically inspected for corrosion.

33. - With the exception of Alelad aluminum, aluminum covered
sheets, all aluminum alloy parts are anodically treated. Steel

“"parts, other than those made of non-corrodible sheet or stainless

steel are cadmlum plated. However, in addition %o these primary
protectlve treatments, one coat of zinc chromate primer and one
coat of aluminized zinc chromate primer before assembly are applied
to everything except the condult system. The elevators, ailerons

. and rudder are coated with dope registing paint and all parts which

are liable to come in contact with acid are given two coats of acid-

reslsting paint. Open ended tubular and hollow parts are given a

- coat of primer elther by filling or dipping. Closed or sealed metal
tubular and hollow parts are coated with raw linseed oil forced into

the parts by pressure. :

- Bh, All cuts, flles or badly scratched surfaces can be

" treated with a zine chromate paste Type II., Also when insulating
diseimilar metals, irsulate parts with a thin layer approximately
1/32" thick of zinc chromate paste Type II. Excess should be
squeezed out before riveting, or on tightening the assembled parts.
, Form a small fillet at the edges of the joint unless this fillet
"18 exposged to the alr stream.

: 35, For tail surfaces, a quick drying, clear cellulose
nltrate dope may be used for emergency patches on fabric-covered
alrfolls. This dope 1s applied in the same manner as seml-plpg-
mented dope, but 1ln drylng lmparts more tenslon to the fabric and
. thus requires a lesser number of coats. Cover with a seml-plgmented -
dope as soon as practicable to match surrounding finish. However,
patches applied with this materlal are to be used in emergency only,
Semi-pigmented dope should be used when initial.time saving 1s not

. .essential, ¥
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- Reused steel parts

36. - .Steel parts which are removed and are to be reused
. should be treated as follows:

(1) Remove all paint, grease and oil by lumersing in
20% sodium hydroxide (NaOH) &0% water solutlon. This may be per-
formed at room temperature, or in a warm solution (faster), and in
general should not require much more than 10 to 15 minutes.

(11) Remove cadmlium, rust and corrosion with a 60%
hydrochloric acid (Muriatic) 40% water solution. This must be
watched to prevent over pickling. In many cases a single momentary
dip will sufflce.

(111) Replate with ,0005" min. thickness, u. standard
~cadmium plating practice. : Lo

: (1v) Cadmium plated parts (and also unplated parts),

vhich require painting shall be chromic acid dipped for two to five
minutes in & water solution at room temperature, containing 3 to 5%
chromlic acid, rinsed and dried. ~

(V)_ Paint.

.. New steel parts - i -,

" 37, New steel parts should be treated as follows:

(1) . Clean with any approved alkall c¢leaner elther in
hot or cold solution and rinse in water, .

» (11) Pickling to prepare for plating may proceed in a
25% hydrochloric (Muriatic) acid bath for 5 to 10 minutes. Steel
"springs shall never receive more than a momentary dip.

‘ (111)  Plate with .005" min. thickness, using standard
.o cadmium plating practices,

g (iv)- Cadmium plated parts {and also unplated parts)
which require painting, shall be chromic acld dipped for two to five

- minutes in a water solution, at room temperature. contalning 3 to

. 5% chromic acid, rinsed and dried.

(v) Paint.

" Aluminum alloy parts

38, Aluminum alloy parts should be treated as follows:

. (1) Remove paint, grease and oll by immersion in a
suitable approved inhiblted mild alkall cleaner, and rinse in fresh
water. Cleaning may be alded by hand scrubbing. Parts excessively .
olly or greasy may be glven a standard degrease before thls alkall
cleaning,
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(11) Dip for two to five minutes in a water solutlion,
. at room temperature, Sontalning 3 to 5% chromic acld, rinse and dry.
" After thls treatment, and before painting, parts snould be handled
ag little as possible. '

(111) Paint,

Magnesium alloy parts

39. Mapgnesium alloy parts should be treated as follows:
‘ (1) Rough sand castings or other parts which are ex-
* . gesesively dirty or which contain imbedded bold sand etc., may be
cleaned by inmmersing for five minutes 1in a 15% to 20% hydrofiuoric
acid (HF) &0% water solution. A eatlsfactory bath can be prepared:
by diluting one volume of technical grade 43 to 2% (HF) with two

volumes of water. Wash thoroughly in cold water, -

e (11) Boll caeting for 45 minutes in a water éolution

. " contalnlng 10% by welght of sodlum dichromate (NaBCr 0.). This
solution can be readily prepared by dlssolving techn%o 1 sodlum 41~
chromate in water in the ratio of 3/4 1bs. per gallon.

C (111) Depletion of the 10% sodium dichromate solution -
"' will be indlcated by nonuniformity of coating. It can be crudely

© - revivified by adding 1.3% or less of chromic aclid. More poslitive

_ ‘control can be accomplished by adding sufficlent chromlc acld to

. - bring the pH value of the bath %o h.2. |

" (1v). Dry in an oven and palnt immediately.

5
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Air Publication 20144
Volume IT, Part\}

CHAPTER 2
ENGINE MQUNT

» General

1. The primary structure of the engine mount is constructed
of X-4130 chrome molybdenum steel tubes which have been heat treated
to a high tensile strength, The upper tube assembllies and the hori-
zontal bearer tubes are heat treated to 150,000 p.s.i. tensile
.strength., The upper tube assemblies have steel fittings welded af
the ende to form the Joints., The horizontal bearer tubes have
bolted fittings which facilitate their replacement, The lower di-

. agonal tubes are X-4130 steel tubes heat treated to 95,000 p.s.i.

tenslle strength with flttings bolted to the tubes to permit quick
dlsassembly. The enﬁine mount truss and sway brace link agsemblies
are aluminum alloy 14ST forgings which are heat treated to 65,000
p.s.1, tensile strength, ,

2. The engine mount was originally designed for extremely
accurate Jlgging and close hole tolerances in order to eliminaste
vibration. - The design of the engine mount is of such a nature that
1t may be easily dlsassembled into small units and sub-assemblies
for quick replacements. Figure 2 shows the complete dlsassembly of
“the englne mount and calls out the sub-assemblies in order to assist
in quick identification of parts. '

y

CAUTION: Do not under any circumstances apply torch heat
-= to the engine mount tubes as the heat impairs
the tenslle strength of the material., When heat
1s requlred for a replacement, the assembly must
be reheat-treated to the original tensile strength
specified for the member (see para. 1)

3. Any damage to the engine mount, however slight, necessi-
tates replacement of the damaged member. All center line of holes
must be within 1/32" of the center line of the forgings and tubular

.members., BSee the Engine Mount Chart and Figure 2 for replacement

of parts.

L

Vibration absorbers

b, For replacing the engine vibration absorbing bushings,
refer to the Service and Malntenance Handbook, Air Pubiication 20144,
Voil., I,

Englne mount bushilngs

. Bushed holes of the engine mount make 1t possible to
maintaln the desired tolerance and close fits. However, when re-
placing a sub-asgembly of the englne mount, replace bushings, only

1
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then abeolutely necessary. Because of the close hole tolsrances,
.t 1s improbable that any appreclable wear will develop in the
wushings.

longated holes

b, If any bushed hole 1s slightly elongated or damaged
'eplace the buahing and bolt according to the Engine Mount Material
'hart *
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Alr Publication 2014A
. Volume II, Part 3.

CHAPTER 3%
FUEL OIL, HYDRAULIC AND COOLING SYSTEMS
Tanks '
‘,_General
1, The fuel tanks consisting of a fuselage tank and two

~wing tanks are petrol-tight, self-sealing bags which are snuggly
fitted into pressed aluminum contaliners, see Fig. 110. Also see
Fig. 111 for wing tank installation tools. The petrol bags are
fabriceted by employing several layers of material which consist
of an inner lining of Neoprene balloon fabric, a second layer of
split steerhide, third layer of uncured Latex sheet, fourth layer
of sponge rubber, fifth layer of uncured Latex sheet and an outer
covering of chrome-tanned steer-hilde. The inner lining of Neoprene
balloon fabric conslsts of balloon cloth impregnated with Thiokol
and cemented together with Neoprene cement to form a two ply sheet
017" thick. The self-seallng element conslsts of two .01H" cheets .
of Latex gum on elther side of a .250" sponge rubber sheet, The
Latex sheets are protected on the outslde by a .078" sheet of
' grained steerhide leather and on the inside by a .060" sheet of
- eplit steerhide. Bostick M-40 cement 1s used to attach the split
steerhide to the layer, while Neoprene cement ls used to attach
the successive layers of the Latex gum, sponge rubber and leather,
The Neoprene cement 1s appllied to both surfaces and allowed %o
.dry for twenty to thirty minutes. The pipe fittlngs, flller neck,
gage fittings and inspection hole flttings are all made of molded
Neoprene and have flanges which are cemented to the inside of the
self-realing bag and covered with a patch of balloon cloth. The
baffles are of rubberized webbing with Neoprene flanges molded on
and consist of five layers, two of duck and three of Neoprene,
center and outsldes, ‘Each-self~sealing bag l1s provided with in-
. spectlon holes so as to facllitate repalr, The fuselage bag has
one inspection hole, whereas the front wing bag ls equipped with
" ‘three inspection holes and the rear wing bag has four inspection
holes. The capacity of the fuel tanks 1s 122.87% Imperial gallons.
~The individual capaclties are as follows: the fuselage self-seal-
. Ang bag, 51.% Imperlal Gallons;  the fron$ wing self-sealing bag,
. 29.23 Imperial Gallons and the rear wing self-sealing bag 42,1 -
- Imperial Gallons. All fuel bags have a 3% expansion space and are
vented to the atmosphere,

- ~The oill and coolant expanslion tank are welded aluminum alloy
. {38) structure. The externally Linatex covered oll tank has an ex-
* . panslon space of 1.2 Imperial Gallons and a normal tank capacity of
» éO.S} Imperial Gallons and an overload capacity of 13.33 Imperial
- Gallons. . o :
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The reserve hydraulic tank, located forward of the fuselage
accees door, is a magnesium alloy casting (Alcoa AM-260T6). The
auxlliary hydraulic tank located on the forward side of the fire-
wall is an aluminum alloy {3S) welded structure. The ends are
‘castings (Alcoa No. 43,) -

" Qlassification of damage

2. When determining the type of damage to any of the tanks,

“‘the repalr must be classifled as one of the followlng:

(1) Negligible damage
(11)  Repalrable damage
(111) Damage necessitating replacement

Negliglble damage

-y

3. When effecting slight repairs to a fuel tank, 1% is not
necessary that the tank be steamed and washed before the repalr ls
made, however 1t must be kept away from heat or fire. It is neces-
sary that the surfaces of the self-sealing bags and aluminum shells

- be free from grease, oll or Tuel. All surface scratches, small cuts -
- 'or rilps on the self-sealing bags can be repalred readlly by roughing
" up the outslde steerhide and patehing with strips of leather using -
' two coats of M-40 Bostick cement and rolling down smoothly with a

roller, The bag shells must be free from cracks, abrasions and
sharp corners, and all small dents must be restored to shape, taking
care not to stretch or crack the shell., File all sharp corners
smooth,

Repalrable damage

I, Self-sealing bags and shells that are damaged and neces-
sltate repalrs should be replaced and the damaged bag and shell sent:
. to a repalr depot where repairs should be effected by the following
method. : .

'iRemoval of a self-gealing petrol bag

. Remove the petrol bag from the aluminum shell container.
The containers or shells of the fuselage and wing tanks are (251/2H)
alumlnum and can be repalred by welding. The wing tank shells are
pressed sectlons consisting of an upper and lower assembly which are

" . held together to form the complete shell by means of straps. The

fuselage contalner or shell conslsts of pressed sections with a
-bolted forward end and a riveted aft end. The shell sectlons are
‘bolted together with the leather covering of the petrol bag fastened
between 1lts flanges, see Flg., 110, The fuselage contaliner or shell
is reinforced by means of atraps. o ,

i
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" Repalr of petrol bag on the side which the bullet enters

b. A small clean hole, which would usually result from a
bullet entering a tank, may be repalred as follows:

(1)  Clean the Neoprene balloon cloth lining around

- the bullet hole with ethyl acetate solution to remove the zinc
chromate slushing compound. Allow to dry and buff lightly where
the patch will fit. Use two coats of Bostick M-40 cement on both
the Neoprene fabric patch and the liner of the bag. The patch
should extend at least one inch beyond the damaged area in all di-

rectlons. :

(11)  Brush on TL-28l4 zinc chromite slushing compound
so that the repalred area is completely covered.

(111)  Rough up the steerhide leather on the ousside of
- the bag with card cloth around the damaged area. Cement the. leather
- spurface wlth two coats of M-UO cement and allow to dry fifteen

minutes. '

- (iv)  Prepare a patch by cementing the flesh side of
the steerhlde leather with two coats of M-40 cement. Allow to dry,

and. apply the leather patch to the prepared area and hand roll

" thoroughly, see Fig. 112.

":'Repair of petrol bag on the side from which the bullet/emerges

7. Any extens.ve damage or large tear in the bag hay be
repalred as follows: : .

(1) Repair the inner Neoprene lining in the same
~manner as detalled above,

(11) On the outside leather surface draw a circle around J
the damaged area so that no part of the cirecle will fall closer than
two inches to amny part of the damaged area. Remove thls section of

" the steerhide leather using benzol and a knife.

(111) Remove the outer layer of Latex and sponge from a

. concentric circle having a one-half inch émaller radius than the

previously removed steerhide.

NOTE: The Latex and sponge are removed simultaneous-
ly over an equal area, see Fig. 112,

(1v) Remove the inner layer of Latex from a concentric
circle having a one inch smaller radius than the previously removed
steerhlde or a 1/2" smaller radius than the previously removed

" Latex and sponge. -

i
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(v) Remove any loose particles of the split steerhlde.

(vi) Cut patches of steerhide, Latex sheet, sponge and
split steerhide., These patches ghould be large enough to make a

lap Joint on each step of this repalr except in the case of the

aponge patch where a butt joint should be used instead of a lap
Joint., Eagh lap is one-half inch except the outer layer of steer-
hide which should lap one inch., ©See Figure 112. Use two coata of

. Boetick M-U40 cement on each surface.

{(vii) .The bag layers should be repalired as soon as possi-
ble after damage, because the Latex gum swells at the rate of 2000%
in 48 hours when saturated with 100 octane fuel. The area affected
will spread rapldly and unless repaired lmmedlately, the petrol bag
may have to be scrapped.

(viii) Emergency temporary repairs made by merely Patch-
ing the inside of the inner lining would prove effective where’ the
tear does not exceed four inches, provided the aluminum shell 1is
hammered back into shape to support the self-sealing element where -

1t is damaged.

(1x) Bostick M-40 cement should be used to repalr self-
sealing petrol bags. This is a self-vulcanizing cement and tends 1o

deteriorate if stored for long periods. It i1s, therefore, advisable

to order supplies in small quantitles as 1t 1s necessary to mix the
cement with a curing fluld before use and once mixed, 1t starts to
vulcanize rapidly. Therefore, mix only sufflclent cement to do the
Job on hand. Never use previously mlxed M-40 Bostick cement., Benzol
or Toluol may be used as a cement thinner. Toluol is used in the

. M~40 Bostick cement.

NOTE: Both Benzol and Toluol have severe toxlic effects
and consequently must be used only in a location
that will afford ample ventilation to protect
the repalr personnel from any 1ll effects.

. Rgpair around fittings

8. Leaking or damaged plpe fittings may be easlly repalred.

" 'Loosen the defective fitting by pouring Benzol or Toluol down the

outeide of the plpe so that 1t seeps between the flange of the fit-
ting end the balloon cloth. The fitting when loosened, may be pushed

“into the bag and removed through the inspection hole. The Jjointing

surfaces must be cleared of the zinc chromite slushing compound be-
fore applying the Bostick M-LO cement. A balloon patch should be ce~
mented to the flange befure the fitting 1s cemented inslde the bag.
Care should be exercised to work from the center out when attaching

‘the fittings or patches so-that no air will be trapped between the

surfaces.

4
T
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9. Materials

: (1)  Neoprene synthetic rubber fabric liner, Spec.
16112-4A, : ’

(11)  Benzol ér Toluol cement thinner,
{111) Uncured Latex sheet gum, Spec., 26568,
(1¥) Cellular sponge, Spec. 26556.
(v) '\Chrome tanned steerhidg,'Type 1 and 2, Spec. 12028.
(vi)  M-40 Neoprene cement with liquld accelerator.
(vii)  TL-284% Fuller's slushing compound, -

.

10, ' ' Tools for repair kit

(1)  One set of No. 50 emery paper.
g (11) One bevel stitcher, 2" x 2-1/2" x 1/4".
(111)  One hand roller, 2",
(1v) ' One round handled turn-over knife.
(v)  One steel knife for cutting rubber, Type 1" x LV,
(vi) Several 1" brushes for cement and slushing compound.

Repalr of petrol bag shells

11. Failures in the fuel tank shells can usually be repalred
. by welding provided. a smooth interior surface 1s obtained that will
not injure the fuel bag. Remove the palnt coatings from arcund the
demaged area wlth paint remover and thoroughly wash off the surface

"~ with hot water before proceeding to repalr the shell, See paragraphs
9 and 10, Chapter 1 and paragraph 16, this Chapter. Shells must be .
-free from dirt, oll, grease, etc., before proceeding with welding-
operation. : .

Applicatlon of Linatex covering to the oil tank

: 12. . Remove the Linatex covering of the aluminum oil tank
when effecting repairs by welding. Replace the Linatex covering of
the oll tank according to the following procedure,

‘ (1) . Tanks shall have one coat of primer before cover-
-ing with Linatex. o . :

s
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r

(11) Clean tank with solvent (naptha, benzol, etc.)
to remove oll, grease and dirt,

e (111)  Apply one coat of primer G-10. Allow to dry 1/2
“hour (min.).

. {iv) Apply one coat of cement L-110. Allow to dry
10-15 min. Tanks may stand for 1-2 days after cementing 1f necessary.’

- (v) Clean Linatex coat (1 side) with solvent to remove
» dirt, oll and grease. ‘

. - {vi) Brush in well one coat Solufix No. 1. Only mix
gsufficient Solufix No. 1 for one day's use, as it Jells rapldly on
exposure to the air. Solufix No. 1 is 50% No. 1A and 50% Solufix

No. 1B. Allow to dry 1C-15% minutes. ‘ ,

AT

(vil) Apply one coat Solufix No. 1 to tank and allow to
dry 10-15 minutes. '

, (vill) Cement on Linatex covering working from center of
sheet outward. No air should be trapped under the coatlng.

{1x) At joints lap 1" minimum, and clean with solvent.
Brush both surfaces with Solufix No., 1, allow to dry 10-15 minutes,
then roll down, beginning at the edge of the lap, using the thin
roller along the lapped edge flrst.

" IMPORTANT: Each layer must be hand rolled lumedlately
) after applying to the tank. Care should be
taken to work from the center outward and no
alr shall be trapped between the layers.

(x) Clean the first coat of Linatex with solvent.
" Brush in one coat of Solufix No. 1 and allow to dry 15 minutes.

(x1) Clean thexlayers of Linatex for the second cover-
ing with solvent. Brush in one coat of Solufix 1, and allow 1% 1o
dry for 15 mlnutes.

(xii) Apply the second coat of Linatek over the first,
and work 1t down as before. No alr shall be trapped between layers.
Roll down the surface after-applicatlion of the second coat.

{x111) Clean the Linatex covering and the (16-3/4 oz.)
duck on 1ts proofed slde. Apply to each, one coat of Solufix 1 and
allow to dry 10-15 mlnutes. ‘ ‘ _

{xiv)  Apply the duck covering over the Linatex layers,
pulling down hard, Work should be from the center outward.
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(xv) Aoply one coat of cement L-110 to the Joints of
duck and allow to dry 15-20 minutes; then one coat Solufix 1 and |
allow to dry 15 minutes. -All lap joints must then be rolled down,
working from the edge of the under layer out. ‘

K (xvi)ll The edges of all lapped jolnts and edges of open- .
" .ings for c¢lips and fittings must be coated with cement L-110.

13. Method

» (1) As the second coat of Linatex is applied, care
. should be taken in lapping the applied pleces so that the laps made
in the first and second coverings are staggered, Thle glves a maxi-
mum thickness of three layers of Llinatex in any one spot, and keeps
irregularities in the contour at a minimum,

: (11) In applying the cements and primer, spraying may
be used for applying primer C-10. The coat of cement L-110 may be
applied by a dipplng operation. Solufix 1 is best handled by brush-
ing and gives the desired thin, smooth coats. Spraying of Solufix 1
is not recommended as the cement must penetrate the surface of the

~ Linatex in order to form good Jjoints.

. (111)  Butt joints formed by cementing the clean edges

of sheets with Solufix 1 .have nearly the full strength of the materi-
al. It is suggested, in order to conserve materlal, that large scrap -
pleces of the Linatex be butt Jointed together to procure large
sheets for use as covering. These butt joints may be formed by coat-
“ing each clean edge with Solufix 1, allowing to dry 10-15 minutes,
then placing the edges approximately 1/32" apart on a flat surface,
‘and hammering the joint starting from one end and working toward the
other. The Linatex expands slidewlse upon impact and cements, pull-
ing the joint together, The edges must be trimmed true to match be-

~ fore cementing.

; (1v)} The duck used for the finishing coat over the Lina-
tex 18 (16-3/4 oz.} cotton duck proofed on one side only wlth mastlc-

ated or uncured rubber in order to allow cementing over Linatex with

Solufix 1 cement. When doping this duck, light coats should be ap-

plied to avoid excessive straln on the fabric and the cemented

. Joints. The tanks should stand two days after covering before dop-
‘ing to allow the cements to dry and cure properly.

Tools and materials required

14, Linatex is used in conjunction with speclal cements de-
veloped for use with thls product. Two tools are used in rolling
down the layers after applying to the oil tank. The first, a
stitcher is used in rolling down the edges of lapped Jolnts to form
a secure jolnt without trapped alr bubbles. The second l1ls a small
roller used on the entire surface to roll down the Linatex driving
out the trapped air and insuring good contact between the cemented

layers. g
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Repair of Aluminum Tanks and Shells ' .

15. The coolant expanslon tank, oll tank and the auxiliary
hydraulic tank are of aluminum alloy (38) construction and can be
repalired by welding. Before proceeding with welding operations,
the tank must be free from dirt, oil,paint, etc. and all fittings
must be removed. Run a constant stream of boiling hot water enter-
ing at the bottom of the tank and letting it overflow at the top
for at least one hour. Blow compressed air into the tank until all
odors have been expelled. N

Welding Procedure .

16, When welding aluminum tanks or shells, use oxy-hydrogen
Tlame according to instructions given in paragraph 10, Chapter I.
. A 5% sllicon rod, or equivalent, should be used with Flux No. 22,
manufactured by the United States Aluminum Company. The Flux,is
mixed with water to a thin paste condition and is applied on the
area to be welded and also for dipping the rod. Cut all fractures
round or elliptical and when these openings are closed, the tank
edges should be bumped up dbout 1/8" and the patch to be inserted
should also have up~turned edges to fit snuggly into the tank open-
ing. The patch can then be tacked and welded in place as shown in
the following sketch. : o

, : - BEFORE :
: ' { WELDING AFTER WELDING
SHELL! | | Leatoy Zggmw |

"If the tank thickness of the metal is’.OBQ“ or over, a lap weld
patch as shown, may be used provided there is room for the repalr.

b . ’ PATCH WELD
s £ YELD

‘ |

am

““,,S_SE—LL—/I-IA-I‘MJMM | o fewe

gt Y
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Pressure test for tanks

17. Repalred tanks must pass the followlng internal pressur
tests before being returned to service. ,

Wing (reserve) fuel bag 1 1b./sq.in. - unrestrained

Wing (main) fuel bag 1 1b./sq.in. - unrestrained -

Fueelage fuel bag 1 1b./sq.in, - unrestrained

011 tank 5 1lbs./sq.in.

Coolant expanslon tank 20 1lbs./sq.in.

Reserve hydraullc tank 5 lbs./sq.in., - pressure test
(Magneslum alloy casting) without valve

Damage necessltating replacement

18. Cracking or perforation of the bag shell or tank due
to corrosion, or damage which by its extent or location renders
the success of the repalr uncertaln, necessitates replacement of

. the tank or shell. Damage beyond repalr of the self-seallng bags
.due to fuel saturation should also be replaced. .

"Coolant radiators - oll cooler

19. ° The coolant radiators are constructed with a core frontal

. - area of 1,11 square feet, a cooling surface area of 147 sgq. f£t. and
‘a free air area in the core of ,715 sq. ft., having a minilmum flow

of 100 British Imperial Gallons per minute with 7 1/2 1vs./sq.1in.
inlet pressure and zero 1bs./sa.ln. outlet pressure.

20, The o0ll cooler, United Alrcraft Product U-3385-D83 Type
911" 1g constructed with a frontal area of 95 sq.in. and a cooling .-

" gurface of 86 sq. ft. and weighs 44.5 1bs.

Construction - coolant radiators - oll cooler

21. The coolant radlator consists of copper tubes (.006 x
.230 0.D, x 12), The brass header bulkhead flanges are turned for
atbachment to the shell and riveted. All rivet heads or external
surfaces are sealed with silver solder which 1s a lead base con-
taining from 5% to 6% silver, developing a high shearing strength

" and having a melting point of 304° to 370¢C. (581° to 698°F.)

22, The inner and outer brass shells and the valve flange

'caeting of the oll cooler are assembled by silver soldering. The

core tubes are held together, one tube to all its adjacent tubes,
and the core assembly ocomplete to the shell, by means of & lead tin
golder. Tubes used are .210 dlia. X .250 hex.

/

’
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Cleaning before repalr

23, 011 Cooler

‘ In all cases where any type of repalr work ls to be
done the cooler must first be drained of oil and then thoroughly
eleaned., Carbon tetrachloride or trichlorethylene are the best
golvents for cleaning oll coolers and should be used at elevated
temperatures, approximately at the bolling points of the liquilds.
However, in the absence of any heating means, these solvents at
room temperature will perform a satlsfactory cleaning Job. A 50-50
 mixture of carbon tetrachloride and naptha or a mixture of carbon-
tetrachloride and Sunoco Spirite may be used if desired. The sol-

. vent should be mixed as required ln quantities sufflclent to meet

dally requirementes., It is recommended that the liquld be puuped

~ through the cooler, A hand fuel pump, transfer pump or a power
driven pump may be used. The ligquid should be stralned ae 14 leaves

the cooler to cateh any particles of hard carbon, metal, etc, . If

bearing metal particles are found, the cooler should be scrapped.

The interior of the cooler, after cleaning should be flushed with

hot running water and steamed for not less than one-half (1/2)

hour. The steam should pass downward into the internal passages

- with the regulator so placed that the condensate wlll drain freely

- from the bottom. '
o, Coolant Radiators

, - A solution conslisting of one to two pounds of concen-
trated soap to forty gallons of water makes a satisfactory cleaning
gsolvent. After thoroughly washing the radiator, remove the socap
» solution and flush the exterior and interlor wilth clean hot running
water. After rinsing, eteam the interlor of the radiator for not
less than one-half (1/2) hour, The steam should pass downward into
the internal passages with the radlator so placed that the conden-
"gates will draln freely from the bottom. .

' Testing for leaks

25, 0il Cooler

‘ After cleaning as described abowe, locate leaks by sub-
merging the cooler in clean warm water with all openings closed

and an alr pressure of not more than 75 lbs./sq.in. applied. The .
pressure is to be applied and released slowly to prevent any strain
or shock, Then mark each point where bubbles appear wlth a wire
c¢lip. If there is a leak in the tube, remove 1% as described 1in
paragraph 28 and lnsert a new one by soldering 1t 1n place as de-
seribed in paragraph 29. If the leak appears around the Jacket, or -
the core face, the leak can usually be soldered without dlsturbing
.any of the assembled parts.

The same test should be made after any repalre are com-

- pleted.
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26. Coolant Radiators : -
"The leak test for the coolant radlators should be con-~
ducted in the same manner as for the oll cooler except that an air
pressure of not more than 10 1lbs./sq.ln. 1s to be applied.

Repalr equlpment required

27. The following equlpment is requlired for the complete
repalr work of oll coolers and coclant radlators in accordance with

this prospectus:

(1)2 Oxy-acetylene torch, oxygen acetylene tanks, and
pressure regulator wlth several sizes of torch tips.

. (11) Small gas-fired furnace Tor neating copper solder-
ing irons. & -

(111) At least two large gas-heated soldering-4irons.

(1v) At least four special tube pulling irons (see
Figure below). : -

(v) Silver solder wire approximately 1/16 inch.in dia-

.~ meter; soft tin lead solder wire approximately 1/8 inch in diameter. -

(vi) Zinc chloride flux for the soft solder and also
flux for the silver solder. : , S

GOPPER_STOGK T

{ Y

5/32 DIA.

: | J I
55 o 3 o4 ~

b

SQUARE OFF END OF PLAIN SOLDERING IRON (AT LEAST
A 3 LB. IRON). DRILL 3/8 INCH HOLE IN SQUARED
END 1-1/4 INCH DEEP, INSERT COPPER POINT AND
SILVER SOLDER TO IRON. BE SURE TO SWEAT SOLDER
FULL LENGTH OF. HOLE, S
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Repalrs
28. Removing single tubes

Collapsed tubes usually will not leak but should be
removed because of thelr effect on the heat dissipatlion. Instruc-
tion for repalr and replacement of collapsed tubes also applies to
" the repair and replacement of a leaking tube. The ‘procedure is as
follows: Heat the special tube pulling irons in the gas furnace.
While the lrons are heating, clean the orlginal soldered ends of
the tubes to be pulled, with concentrated hydrochlorliec acid and swab
with zinc chloride flux. The cleaning and fluxing should be done
with a small hair brush or swab. With the irons hot, insert the tip
of one iron into one end of the tube and the tip of the other lron
into the opposite end of the tube, making sure they are in the same
tube. Corresponding tube ends can be ldentified easlly by pushing
a wire through the tube and as the wire is wlthdrawn from the-.tube,
insert one iron in the end from which the wire has been wlthdrgwn

" and then as the wire is withdrawn from the other end, insert the

other iron in that end. Then applylng a pushing pressure directed
towsrd the core face with one lron, hold the other iron against the
tube with Just enough pressure to keep 1t in place and apply a

. s8light oscillating motion of ten or fifteen degrees to both irons.
- If the irons are hot enough the solder bond between the tube to be
removed and the adjacent tubes will loosen almost lmmedlately and
the hex tube ends will assume a round shape and wlll break loose
from their posltion in the core. Then the irons may be removed
from both ends of the tube. Using a pair of pliers, pull the pro-
truding end of the tube out through the core.

29, Replacing new tubes

To replace the new tube, first flux each end of the new
tube and tin it wlth a lead tin solder on the hex ends only. Then
- take the speclal tube pu’ling iron and round up the opening in the
core where the old tube was removed so that the new tube may be
- easlly inserted in case there are any lumps of solder adhering to
the opening. Next flux the openings in the core where the old tube
has been removed and insert the new tube. Use a palr of sharp-nosea
pliers and re~form the hexagons of the tubes adjacent to the new
tubes. After re-fluxing use the standard soldering iron and solder
over the face of the core wlth a backwandwforth motion of the iron.

30. Removing large sections of core

The above procedure applies to removing one tube or
_geveral tubes. However, 1f a large sectlion of the core must be re-
moved, 1t 1s safe to use an oxy-acetylene flame .on both ends of the
“core to melt out 1arge sectlons at .one time,
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1. Repalr of core surface leaks

Core surface leaks may be repalred by fluxing the sur-
face of the core at the poilnt of leakapge wlth a zinc chloride flux,
and then using a hot iron apply a back-and-forth motion, and solder

over the point of leak.

32, Repair of surface leaks between the core and shell assembly

Flux at the point of leak with zinc chlorlde flux and L.
elther apply an iron directly to the solder bond, and resolder at
the point of leak, or use a flame on the outside surface of the
shell to apply heat to the brass and using the solder wlre feed the
solder between the periphery of the core and the inside of the

shell. \ L
33, ‘Leaks through silver solder bond of the shell awsembly

These leaks may be repairéd,by the application'gf soft
solder, using either a flame or an iron after first fluXing the
point of leak. -

34,  Dents in shell

- Large dents in the shell may be corrected by applying
an ailr pressure of 30 to 40 lbs. to the inslde of the cooler and

" uslng oxy-acetylene flame, apply heat carefully to the dent, allow-

ing the heating of the metal with its consequent decrease In hard-

. ness to form out to the proper radius under the actlion of alr pres-

. gure on the inside. Sharp dents can sometimes be pulled out by

soldering the end of the silver solder wire to the point of the

. dent and pulling the shell into positlion. '

35. Bullet holes in shell

Small holes, that is, anything corresponding to 1/4 inch
in dlameter or under may be patched using a plece of .0U0 inch or
.050 inch thick brass and soft soldering over the hole. Large holes
in the shell may be repalred by silver soldering provided the core
is properly protected from excessive heating by the use of wet
cloths. Holes in the inside shell are exstremely difflicult to re-
palr and it is doubtful i1f the cooler can be salvaged 1n such cases.
~ Theee remarks in regard to the holes in the cooler and ‘the repair

thereof apply only to the holes in the outside shell. However, in
the hands of a sklllful workman it 1s quite posslble that bullet
holes in the ingside shell can be repaired. This will require con-
giderable famlliarity with cooler construction and repalir work and is

not recommended. - -

s

36, Bullet holes in core

It a large portion of the core has been damaged, that
damaged section may be removed by using an oxy-acetylene torch as
previously described under "Collapsed Tubes" and "Tube Leaks'.

'
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Cleaning after repair

L 3

37 Ol1l1 cooler

After repalring and testing, any cooler should be
thoroughly flushed inside and out with hot water and steamed as
specified 1n paragraph 23. However, any steaming overation may be
omitted in case the cooler 1s to be installed for immediate use, but
In case the cooler ls to be installed for immediate use, but in this
case 1t wlll be filrst thoroughly dried elther by immersing in hot
" oll as outlined below or by baking 1t in an oven at a temperature
from 121° to 135°C. (250% to 275°F.) for approximately one hour, or
until all evldence of moisture has been removed. If the regulator
le to be placed In stock apply the hot oil treatment to remove the
molsture and cover the internal surfaces with a protective coating.
This 1s accomplished by completely immersing the cooler in a tank
of clean, light engine oil, approximately SAE 20, maintained ab a
temperature of 121°C (250°F) plus or minus 10°. The cooler should
be agitated thoroughly until all bubbling ceases, which will ‘in-
~dlcate that the water 1g evaporated and the interior of the- cooler
18 completely coated., It should then be drained and the openings

‘closed for storage.
38. Coolant radiator

After repairing and testing, any radiator sghould be
thoroughly flushed inslde and out with hot running water and steamed
as specified in paragraph 24. However, any steaming operatlon may

be omitted in case the radlator is to be installed for immediate use.’

Fuel, oll and hydraulic tubes

39. The copper and aluminum tubes of the fuel, oll, and hy-
draullec systems must be replaced 1f damaged in any way with the same
. type tubes as originally used.

Fuel system - self-sealing lines (tubes)

.. 40, On the H&7A-3 aeroplane, AK-721 and subsequent all fuel
lines are gun fire protected, self-sealing tubes. These lines are
made up of a seamless compounded inner tube, layers of self-sealing

materlal, plles of relnforcement and a compound cover. The hose
will seal completely within four minutes after damage at a -temper-
-ature of minus 20°F, (-29°C.). These lines must be replaced if dam-

., aged in any way with the same type tubes as orlginally used. Care

must be exerclsed when tightening clamps that they are not too tight,
.because the outer compound cover may be pierced aqdkthus damage the

. tube,
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Alr Publication 2014A
Volume II, Part 3

CHAPTER 4
FUSELAGE
General
1. The fuselage is a semi-monocoque structure consisting

of 24ST Aluminum Alloy stressed skin reinforced longitudinally by
bulb angle stringers and laterally Dby traverse bulkhead rings.

The skin and all bulkheads are spliced at the horizontal center

line. The forward portion of the fuselage which forms the pilot's
cockpit is reinforced wlth heavy upper and lower longerons. See
Figure 3., Bulkhead No. 5 1mmedlately aft of the pllot 1s so de-
signed that with the armor plate installed 1t will support the fuse- -
lage in the event of a turnover. The bulkheads aft of Station 12
are reinforced sufficlently to enable them to take concentrated

tall wheel and empennage loads.

2. Fillets are provided at the intersections of the wing
and empennage with the fuselage. The wing-fuselage flllet 1ls con-
structed of Aluminum Alloy sheets (2LST) which are spot-welded to-
gether and attached by means of screws. The tall fillets are com-
posed of four sectlions of Alclad 248T and are also attached by means

of screws., When effecting repairs to the wing-fuselage fillet, it
' "1g important to maintain the original contour. Flush patches must
be used to prevent formatlon of eddies in the alrflow.

- Classification of damage

. When effecting any repairs on the fuselage structure,
carefully examine the extent of the damage and determine a method
of repalr by classifylng 1t as one of the followlng:

(1) Negliglble damag :
(11) - Damage repairable by patchlng
(111) -Damage repairable by linsertlon
(1v) Damage necessitating replacement

SKIN ,
" General
I, Aluminum alloy stressed skin is used to cover the fuse-

" lage. Since the skin gages at the various stations have been care-
fully selected to give the required strength with a minimum of
material, it 1s neces-ary, when effecting repalrs to make all patches,
inserts, and spllce plates of the same gage stock as the sheet be-
ing repaired, Fig, 4. The rivets and rivet patterns to be used for
each attachment or around a damaged area should be the same as 1in

“the nearest parallel skin splice or gkin overlap.

.
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Negligible damage

- 5. Small dents free from cracks, abrasions and sharp cor-
ners may be neglected provided the adlacent structural members are
not damaged and the rivets are undlsturbed. Care must be exercised .
when bumping out dents that the skln 1s not gtretched or buckled
otherwise 1t will have to be reinforced with a patch of the same
gage skin or removed and repaired by an insert.

‘Damage repalrable by patching

. b, large dents, cracks, holes, and skin abraslons are re-
pailrable by patching or splicing as illustrated in Figures 30, 31,
%2, 3k, 76 and 40, VWhen effecting skin repairs, note the gage of
the skin used in the damaged area by referring to Figure L, . Flgures
5 and 6 1llustrate methods of repalring damages to the free areas of
‘the skin between stringers and bulkheads. The damaged skin.area
gshould be cut away to leave a square or rectangular hole with 1/2"

‘radii in the corners and a flush insert should be fitted in” the hole

and secured by an internal frame as shown in Figure 6 or by a patch
'as in Figure 5.

1. Skin patch repair over stringers should be repalred by
the method shown in Figures 7, 30, 32, 3% and 36. The repair 1s
similar to that described in paragraph 6 except that the repair to ti

‘stringer is effected by spliclng, see paragraph 11 and 12 of this
"Chapter, and the internal frame must be inserted about the stringer
having a 1/32" clearance at the stringer. The insert is neatly fit-
ted in the hole and flush riveted by countersunk rivetis.

8. Skin patch repair over a bulkhead is illustrated in
Figures 8, 30 and 31. Remove the skin to enable the damaged area
of the bulkhead to be cut away and splice in the new section of the
bulkhead. Place the reinforcing frame about the bulkhead as de-
pcribed in paragraph 7 and fit 1t so-that 1t will clear the edge of
the bulkhead approximately 1/32 in. The exlstling countersunk holes
in the bulkhead should be used as a pattern when attaching the flush
patch which must be counterpunched. Avold damaglng the bulkhead
when effecting repalrs of thls type. .

Damage repalrable by insertion “

L . When effecting an extenslve repalr to the skin neces-
sltating the insertion of all or a large part of the skin, the
damaged portlon of the fuselage should be supported so that the
removal of the skin wlll not place a straln on the adjacent struc-
ture. Remove the necessary rivets taking care not to elongate or
damage the rivet holes, see paragraphs 14 and 15, Chapter 1. Repair
any damage to the internal structure and add splice plates where
the skin sheet has been cut., Splice plates should be of the same
gage and materlal as the damaged sheet and twice the wldth of the
lap at the nearest parallel edge of thils sheet. Form the insert
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and drill the rivet holes to match the origlinal holes 1in the fuse- -
lage and fittings. Remove all burrs caused by drilling and rivet .
the insert in place. Attach each spllice plate wlth the same rlvet
pattern and rivets on each slde of the cut as originally used in
attaching the nearest parallel edge of the sheet. When linserting

a complete skin section remove the dameged section and attach the
new ingsert using the original rivet pattern,

STRINGERS

Negligible damage

10. Smooth iscolated dents, free from cracks, abrasions and
sharp corners which can be removed without excessive hammering,
may be considered negligible damage. Small cracks running longi-
tudinally and not exceeding 1" should be stopped by drilling 1/8"
diameter holes at thelr ends to prevent spreading. File all nicks
in the stringer until smooth. Nicks on the legs of the stringer
should not exceed 1/L4" in depth after clean up. -

Damage repalrable by patchling

11. Use the methods shown 1n Flgure 9 provided the cross-
sectlon of the damaged area does not exceed one half of the total
eross-section of the stringer. Repair damage to the leg attaching

. the stringer to the skin, as shown in the upper sectlon of Figure 9.
" Use a filler of .068" to pick up the skin rivets in the damaged

area and a formed channel of .QHO" 2UST of ample length to take
four 1/8" rivets at one half inch spacing in the free leg of the
stringer on each slde of the damaged portlon in additlon to the
corresponding rivets in the skin. For damage to the free leg of
the angle use .0%1" plate as shown in the lower section of Figure

9 with four 1/8"¥rivets on each side of the damage. A filler plate
18 unnecessary ufless damage after cleaning up exceeds one and one
half inches in length, if so it should be formed from .064" sheet

and attached with 1/8" rivets at one half inch spacing. o

" Damage repairable by insertion

1le. If the damage occurs at a bulkhead or destroys more
than one half of the stringer cross section, . remove the rivets
which attach the damaged sectlon of the stringer to the skin. Re-~
move the damaged portion of the stringer by cutting 1t off at each
end at a point midway between two of the existing rivet holes and
proceed to splice the new sectlon as shown in Figure 10, The 1n-
sert material should be cut from stock of the same cross sectional
area as the original stringer. The length should be suffliclent to
leave s maximum clearance at each end of the insert of 1/32 of an
inch. Use the same stock and cut two splice pleces of ample length
to take the necessary number of rivets. Attach the splice pleces
to the original member and the insert with an equal length on each
slde of the cut and with a clearance of 1/32 of an inch between the

-
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splice plece and the skin. Rivet the splice piece in place with 5
5/32" or 8 1/8" rivets spaced at 1/2 of an inch on each side of the
- lnsertion joint as 1llustrated in Figure 10. Use the existing skin
- rivet holes as a pattern to drill the holes in the inserted stock.
Attach the skin to the inserted stock using the existing skin rivet
-holes. '

- LONGERONS
General
13, The fuselage 1s reinforced between the firewall and

bulkhead No. & wlth upper and lower longerons, see Figures 3 and 4,
The upper longeron is a formed channel with fianged legs which is
reilnforced wlth an added channel between the firewall and bulkhead
No. 3 and added angles which extend from bulkhead No, 3 to bulkhead
No, 6. The cabin track running from bulkhead No. 3 to bulkhead

No, & is attached to the back of the upper longeron. The lower
longeron consists of an extruded angle and an extruded "T" séction
(See Figure 107) whilch form the wing-fuselage attachment plus the
heavy gusset straps which extend from the firewall completely a-
‘round the edge of the lower fuselage opening. The skin on each
slde of the fuselage acts as a diagonal tension web between the

- Jongerona, and the bulkheads in this region act as stiffeners to
keep the longerons apart. The longerons are subjlected to heavy
.axlal and bending loads and should in general be replaced Af dam-

aged;

Repalr of upper longeron

14, The upper longeron may be spliced between Stations 2
and 3, 4 and 5, or 6 and 7, see Figures 3, 32, and 33, by the
methods shown in Figures 11, 12, and 13. Minor damages to the

- legs or flanges of this longeron may be reinforced by attaching
.102 gage 24ST Al. Alloy patches with 3/16" dlameter rivets pro-
viding there 1s room to use the required number of rivets. The
number of rivets to be used at each end of the damage, between the
firewall and bulkhead No.,5, 1s one for each 1/8 inch of the length
of the damage as seen ln a vertlcal cross sectlon of the longerons.,
For sections aft of bulkhead No., 5 use one for each 5/16 inch of

- damage. The wldth of the patch should be at least 25% greater than

- the cross-sectlonal length of the damage and should be formed with
a flange if a corner or bent part of the longeron 1s damaged, ‘
Rivet the flange of the pateh to the longeron.

Small damages to the back of the. longeron may be neglected
; if after cutting away the damaged material the adjacent corners
~or legs are undamaged. Replace any damaged reinforcements, fittings,
and gussets and use the rlvet patterns given in Figure 14 to attach
new sections of the cabln track.
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Repalr of lower longeron

15. The extruded angle which 1s attached to the lower edge
of the fuselage may be splliced between Stations 3 and % as shown
- in Figures 15 and %2, Minor damages to this member may be patched .
or reinforced with 3/16 inch 24ST sheet stock attached by one
3/16" AL7ST rivet at each end of the damage for each 1/& inch
length of damage &as seen 1n a vertlcal cross sectlon. The cross .
section of each patch should be at least 25% greater than the maxi-
mum eross section of the damage, ;

The extruded "T" sectlon which is attached to the upper sur-
face of the wing cannot be repalred. Any damage which exceeds
that caused by the bolt and rivet holes in adl)acent cross sections
. wlll necessltate complete replacement of this extrusion.

Any damage to the gusset straps which reinforce the lower
edges of the akin above the wing should be repaired by patching
with 2UST sheet of the same age as the damaged gusset usifig one

51 inch of damage measured slong the
cross sectlon of the gusset or 3 rows of 3/15“ rivets at, 1" spacing

around the damage . 0

BULKHEADS

General

16. All bulkheads are designated by numbers counting aft
from the firewall, see Figure 3., Each bulkhead 1s spliced on the
horizontal reference line. The outer flange face of the bulkheads
1ls cut out so as to clear the stringers. Due to the variation of
design, the bulkheads or formed channels are individually para-

" graphed. When effecting a repalr to the bulkheads, follow the pro-
~cedure outlined for each specific case. In general the bulkheads
are accessible. However, in some cases, the location of the dam-
age may necesgsltate the dismantling of surrounding fittlings and

the stripping of the structure. All damaged flttings, clips, gussets,
etc. ghould be replaced. Bulkhead patchee and splice plates should
be formed from sheet stock of the .same gage and materlal as the
damaged bulkhead, ©Splice plates should be formed with flanges as
channels and inserted into the bulkhead. Rivet or bolt patterns

are given for each bulkhead in the paragraphs which follow, A
dlstinction 1s malntalned between attachment to webes and attachment '
to flanges.

. Negligible damage

17. Small smooth lsolated dents may be neglected provided
the dents are free from c¢racks, abrasions and sharp corners, and the
adjacent rivets and bolts are not disturbed. Small holes in webs
-which after clean up do not exceed an inch in dlameter and are at
least a half inch from the nearest hole, edge of sheet, or inside
flange may be neglected except in bulkhead sections which are re-
inforoeed. '
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- Cracks .

18, A1l eracks located 1n any part of the bulkhead structure
must be drilled at the ends to prevent them from spreading. Use a
1/8" drill, whether the crack lg considered negligible or otherwise.
Cracks up to one inch in length and half an inch from the inslde
. flange or nearest rivet hole may be neglected, '

Bulkhead No. 1

" Bulkhead frame

19, The channel sections which form the frame around this
 bulkhead, Figure 16, should in general be replaced 1f damaged be-
cause of the low design margins and the difflculty of attaching re-
palr material. See Flgure 31,

Il N

Vertical channels

n’ '

20, Minor repairs to the vertical channels may be effected

- in some cases by adding 248T patches of the same gage as the damaged
~materlal. The design stresses in the flanges and in the bent materi-
al at the corners between the flanges and the back of the channels

1s such that the patch material must be attached with at least one
3/16" A17ST rivet above and below the damage for each 1/8" of damage

" ‘measured horizontally after the damaged materlial has been cleaned -

saway. For damage to the back of a channel use one 3/16" rivet above
and below for each 3/16 inch of damage, The patching material should

' have at least 25% mone cross sectional area than the horizontal cross

- section of the damaged material and should be formed with a flange
if the corner of the channel 1s damaged. Use the original rivet

- spacing and where possible the original rivet holes In attaching all

reinforcing material, .- ,

Lower cross-member

21. - Minor repalrs to either leg or to the back of the lower
cross channel may be made using the data given in Figure 18. For.
more extensive damage or damage requiring the use of more than two
such patches the channel should be replaced as in Flgure 31.

L

Upper cross-member

22. The hat section formlng the upper cross-member may be
spliced as shown in Flgure 17 to facllitate the insertion of a new
section, Minor damage to a leg or flange may be patched with a
.081 2487 angle attached with sixteen 3/16" A17ST rivets or four
in each leg at each end of the damage plus those which are necessary
in the damaged area. Use the exlsting rivet spaclng.
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~

Firewall stiffeners

23, Figure 19 shows a typical repair which may be used for
demage to the bulb angle stlffeners in the center of the bulkhead.

Firewall

ok, The stalnless steel firewall sheet should be patched

wlth .015" gage etock of the same material using two rows of 671-D-
§AD rivets at one inch spacing completely around the damage for
areas within the bulkhead frame and one Trow at 3/4 inch spacing for

~ the area above. the upper cross-member. 1f the required rivet pattern
cannot be obtained extend the patch to the edge of the orlginal sheet
or use inserts wlth conveniently located splices or frames of the
same material. ‘

Fittings 5

25. All fittings and gussets on the firewall and also the
engine mount and.coolant tank supports must be replaced if elther
‘they or their attachmente are damaged.

if Bulkheads Nos. 1A, 2, 3, and U

- 26. The ge bulkheads carry heavy axial loads caused by the
dlagonal tension in the skin petween the upper and lower longerons
and the distribution of the loads from the wing to the fuselage.
These bulkheads are heavily relnforced and consequently cannot be
readlly repalred, see Figure 32, Due to their lnherently low mar-.
ging of safety, damage to these bulkheads or to thelr attachments
cannot be neglected. In those cases where it appears feasible to )
repair minor damages instead of replacing the damaged parts the table
which follows may be used to determine the number of 3/16% AL7ST
rivets or 3/16 steel bolts to be used above and below the damaged
area. In this table data 1s glven separately for the back and for
the inside flange of each upper channel, each lower channel and

. each flanged reinforcement, The data for the backs of the channels
applies also to the flange which 1s next to the skin and the data
for the flanges applles to the corner or bent material at the junc-
tion of the inner flange and the back Repalr each damage with 248T
gheet of the same gage as the original. Divide the width of the .
damage, measured horizontally after clean~up by the correct fraction
of an inch as given in the table to determine the number of rivets ’
or bolts to be used above and below the damage in attaching the re-

' pair material. Rlivets should be used in preference to bolts where
the number required is not excesslve. If both.the lower channel and
reinforcement are damaged each rivet or bolt may be used to attach
the patches for both by placing the patches on opposite sldes so as
‘to load the rivets or bolts in double shear. .
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BULKHEAD F/STN ) 73 7
3/16 Rivets or Bolts R¥[ B* R B R B R B

Lower back | 3716 | 3/8 | 11/32{ 5/8 | 7/32 | 13/32] 7/32|7/16
Channel flange | /16 /8 1 1/8 | 7/32) 1/32 | 1/16]) 3/3213/16
Flanged vack | 5/321 3/8 | 5/16| 5/8 7432 13/32 .
|Reinforcem flangel 116|178 | 3/8 1 /4 | 1/32] 1/16
TﬁﬁﬁﬁgLJ” ook | 5716 | 172 [15/32| a/4 | 5/16 |15/32] 9/32|9716|
Channel flange| 5/32| 1/4 | 7/32{11/32] 5/32 | 7/32] 1/8 [7/32

¥ R = Rivet Dataj B = Bolt Dsta

Use exlsting holes or a minimum spacing of 3/4 of an inch for the

_ above attachments., The stringer cut outs are reinforced by the
stringer clips which are designed to reinforce the bulkheads at the

cut outs. These fittings and theilr attachments as well as the fit-

tings at the upper and lower ends of the bulkheads must be replaced

if damaged. - -

l", '

Bulkhead No, 5

General

27. This bulkhead is designed to support the fuselage in the
event of & "Turn Over"., The fitting at the top of the bulkhead :
transmits the load to the skin and stringers at the top of the fuse-
lage aft of the bulkhead and to the armor plate whlch lsg attached
to this bulkhead, The armor plate through 1ts attachment at each
slde and along the boftom transmits the loads intec the bulkhead
~ which in turn transmits the loads to the fuselage skin and longerons.

!

. Upper sectlion

28. Damage to the upper part of the bulkhead should be
patched or reinforced with ,064%gage 248T Al. Alloy stock attached
with 1/8 inch A17ST rivets as shown in Figures 21 and 33, Form a
flange on the patch if an inslide bulkhead flange 1s damaged. For
extensive damage insert a new sectlon or splice in new material as
shown in the drawing. Damages which do not injure the flanges or
the armor plate attachments may be neglected.

Lower section

29. Damage to any of the lower sectlons of the bulkhead will
in general necessltate replacing the damaged parts, see Filgure 33.
Splices which may be used at the bottom of the bulkhead are shown 1n
Figure 20. Any damage which injures a bulkhead flange, splice, armor
plate attachment or any fitting to the bulkhead must be repaired
using equivalent materlal and method of attachment. Minor dents in
the armor plate may be neglected. Do not, however, neglect large




A P, 2014A, Vol.II, Pt,3, Chap, 4

horizontal buckles as these wlll cause the bulkhead to collapse

should the aeroplane turn over. The bolts attaching the armor

© plate to the bulkhead have a low margln of safety, consequently,
-any damaged bolts should be replaced or new bolts should be added -
on each side of each damaged bolt. .

Turn over fitting

30, The attachment of the large fltting at the top of the
bulkhead to the fuselage has a low margin of safety. If the fuse-
lage skin is damaged directly aft of this fitting add a ,040" gage
' 2457 pateh large enough to take % rows of 3/16" ALl7ST rivets at 1
lnch spacing around the damage plus all of the rivets and bolts in
the fitting which are directly forward of the damage. Arrange the
rivet pattern so as to use the original holes, Do not drlll any
addlitional holes in the fuselage skin immediately aft of this fit-
ting. The stringer at the top of the fuselage which attaches to
the bulkhead fitting should be spliced if damaged with a similar
stringer section and at least slx 3/16" Al78T rivets on eadh side
of the splice cut. .

" Bulkhead No., 6 to 12

31, In general any portion of these bulkheads which is not
over 2 1/2" wide between flanges may be patched or spliced by adding
a flanged plate as shown in Figures 22 and 36. The plate should be
of the same gage and material as the damaged portion of the bulkhead
and should be shaped to fit the outer edge of the bulkhead. The
flange on the lnner edge should be the same as the inner flange on
the bulkhead but may be formed straight. To attach the patch or
splice use slx 5£?2“ Al78T rivets for a .O4O" bulkhead or six 3/16"
rivets for a .0bY" bulkhead spaced at one inch minimum in the channel
" web on each side of the damage or cut,

32. Minor damage to the wider portions of these bulkheads may
in general be repalred by patching with a sheet of the same gage and
material and two rows of 5/32" A178T rivets completely around the
damage as in Figure 23. Extensive damage may be repalred by the use
of inserts; use 2 rows of 5/32" rivets along each side of the line
of cut as 1llustrated in Figure 24, For .040" bulkheads use a maxi-
mum spacing of 1" for the rivets and on the ,064" bulkheads use a
maximum spacing of 3/4%, .

33, No. 6 and 7 have reinforcing angles at the bottom, see
Figure 34, These angles may be spliced or patched by nestling a
- slmilar angle into the damaged angle and attaching with 671-D-5AD
rivetes in both flanges. The required number of rivets per flange
‘on each slde of the damage ls five minus one fifth the number of
rivets in one flange of the angle between the damage and the verti-
cal center line of the bulkhead. '
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3, Exceptions to the precedlng general rules are as follows:

Bulkhead No. &: Any splice below stringer 10 requires
a minimum of elght 3/16" rivets a 3/4" spacing on each side of a
splice cut, . :

‘ Bulkhead No. 9: Use two rows of 5/32" rivets at 3/L"
. spacing around any damage below stringer 1l.

Bulkhead No. 10: Use three rows of 1/8" rivets at 1"
spacing around any damage below stringer 11.

35. Stringer 10 is attached to bulkheads No., 7 and & by
structural clips. Any damage to-.the attachment of these clips will
requlire reinforcement or replacement of the damaged portion of the

bulkhead.

All damaged gussets, clips, spllices, etc. must be re-
placed. : ‘ : -

Bulkhead No, 13

. 36, Minor damage to the upper half of this bulkhead may be
repaired with 064", 24ST sheet attached by two rowa of 1/& inch
rivets at 5/8" spacing completely around the damage. If the damage

1g near an inslde flange add an equal flange to the patch plate,

as shown in Figures 25, 35 and 36. A damaged inslde flange may be

" peinforced by attaching an angle of ,0b4*, 2UST sheet to the web of
the bulkhead by two rows of 1/8" rivets at 5/8 inch spacing around

- the damage. ]

. 37. Due to the number of fittings and reinforcements attached

to the lower half of this bulkhead, any damage will in general re-
quire complete replacement of thls sectlon of the bulkhead. Filgures
37 and 3¢ illustrate this type of repair. Any damaged channels, cllps,
reinforcements, or fittings must be replaced. :

Horizontal bulkhead

: 38, The horizontal bulkhead aft of bulkhead No. 13, see

. Figure 35, should be patched,if damaged, with .03%2", 24sT AL, Alloy
cheet attached with two rows of 671-D-4AD rivets at 1" spacing
around the damage. Add a flange to the patch material if a lighten-
ing hole flange is damaged. Replace the bulb angle stiffeners and
the fitting reilnforcements 1if elther they or thelr attachmentis are

damaged. g
Bulkhead No. 1k

39. Thie bulkhead is heavily loaded and will in general re-
qulre replacement if damaged, Figures 26 and 27 glve data for a
splice which may be used below the upper stringer cut-out, Patches
of .OLOY, 24ST Al, Alloy sheet may be used if there 1s room to attach
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the repair stock with two rows of 5/32% rivets at 1" spacing at
each end of the damage as shown in Fig. 27.

‘Bulkhead No. 15

ho. This bulkhead may be patched or spliced at any point
with a flanged plate of .032", 248T Al. Alloy sheet and two rows:
of 1/8" rivets at 1 inch Spacing at each end of the damage. See
Fig, 28. Use a minimum of sgix 671-D~4AD rivets on each side of

the cut 1n splicing this bulkhead.

Bulkhead No., 16

.4, Thls bulkhead must be spliced or vatched with ,06LH
channels of 24ST Al. Alloy sheet formed to fit in the bulkhead
channel, Figures 39 and 40, Attach the repair stock with eight
5/32" rivets on each slde of the damage if it 1s in the upper ring
of the bulkhead or use eight 3/16" rivets at three-quarter inch

- spaclng 1f the damage 1s on the lower ring, The lower ring should

be replaced if damaged ‘extensively. See Figure 29, . .
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CHAPTER
LANDING GEAR

Genersal

1. No repairs are permitted to any part of the landing
gear or tall wheel units, consequently all damaged parts must be
replaced by standard spares. The replacement of parts may be
faecllltated by the use of the disassembly drawings of the Landing
' Cesr snd Tall Wheel. These drawings, Fig. 41 and 42 contain call-
outs of sll sub-assemblles. :

Bushing

2. With regerd to bushed holes in the landlng gear and the
tall wheel units, wear should occur only inside of the bushing and
consequently only the bushing wlll have to be replaced. Mogt bush~
ings are replaceable with standard parts and do not require re-ream-
ing after installation. If the bushing is used with a shaft where a
speclal tolerance between the shaft and the bushing must be held, 1t
will be necessary to control the shaft diameter to sult the design
requlrements. ‘

- 3. O0illte bushings cannot be reamed after installatlion;
‘however, the hole may be burnished for close control of I.D. when
the conditlon warrants. )

L, In hand reaming, for diameters up to 1 inch, 2 tolerance
of 0.001 inch should be maintalned; for diameters above 1 inch, the
tolerance should be 0.002 inch. :

For machine reaming, the tolerance of diameters up to
"1/2 inch should be * 0.0005 inch; for diameters of 1/2 to 1 inech
5 0.001 inch, and for diameters above 1 inch, # 0.001% inch.

g A rule to use for circular fits, such as shafts in
bearings, or bushings in fittings 1is as follows: Compare the maxi-

mum dimension of the hole with the minimum dimension of the shaft

' .and the minimum dimension of the hole with the maximum dimension

of the shaft. ‘

4

For example:

Hole ‘ Shaft

T 75 * L0015 873 *.000
- .001 C - .002
8765 ~ J&71 : L0055 clearance,'maximum

CL8TH - 873 .CO01l  clearance, minimum
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CHAPTER 6
MAIN PLANES

General

1.  The wing is of all metal constructlon consisting of a
network of spars, ribs and stringers which are covered with a thin
highly stressed Aluminum Alloy skin. See Figs.43, Ul and 45

Three types of rivetlng are used ir the fabricatlon of
the wing. These are! )

‘ (1) . Machine countersunk type where the upper sheet 1is
‘machine countersunk. ’

(11) Press machine countersunk type which conglgts of
machine countersinking the lower sheet or stringer and dimpling the
upper sheet by squeezing or vibratlng separately.

(111)  Press countersinking where both the upper and
lower sheets or ‘the stringer are dimpled separately.

(1v) In all cases, the parts are together when drilled
for the rivets, and all rivets are driven by vibratlon.

: 2. All rivets exposed to the alr-stream are of the 7&° A

countersunk, AL78T type (Curtiss Standard 673-D-AD). Internal rivets- .

ar? of the modified brazier head A17ST type (Curtiss Standard 671-D- ’
AD).

. The main plane has & multi-spar arrangement and conslsts

- of two sectlons which are Jointed at the center line of the aero- :
plane. The wing tips are detachable. The skin gages vary from .020" .
to .06L4", as shown on Figs. U4 and U45. The split trailing edge type
flaps are of all metal construction, whereas the allerons have a

metal frame which 1ls fabric covered. )

.

Clagsification of damage

. When classifying any damage o the wing, carefﬁlly ex-—
amine the extent and nature of the damage before placling 1%t in one
of the following:

4

-~ (1) Negligible damage
(11) Damage repairable by patching
(111) Damage repairable by 1ingertion
{1v) Damage necessltating replacement
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MAIN PLANE SKIN

Genersal

5. The main plane sgkin is supported by five spars, rlbs be-
tween the spars, and closely spaced stringers which lle between the
spars and are attsched to the rions. All areas of the skin are de-
gsigned to take heavy tension and compresslon loads. It 1s essential,
therefore, to adequately reinforce any area of the skin which be=
comes damaged. - '

AL Teble I; Fig. U6, specifies the reguired numbers of
rivets or bolts to be used at the. inboard and outboard edges of any
pateh or splice plate used to reinforce a damaged area. Columns 1,

2, and 3 specify the areas to which the data applies. Statlons are
measured in inches outboard from the center line of the aeroplane

as shown by the enclrcled numbers on Figures Ul and 45. Column !
gives the rivet diameter, number of rows and the sgpacing between the
rivets to be used at esch end of a glven patch; along the edgés which:
‘are parallel to the ribs. The same data applies to the attachment on
each glde of a chordwise splice. The attachment for the edges of a
patch which are parallel to the spars and for gpanwlse spllices should
be the same &s in the nearest attachment of the damaged skin to a
spar capstrip. When, as 1lllustrated in Fig. 47, splices are made with
frames which are discontinuous at the stringers or svpars, the re-
quired number of rivets inboard and outboard of the chordwlse cuts
should be determined from Column 5 of Table 1 on the basis of the
overall chordwlse length of the skin cut. Arrange the rivets at the
spacing given in Column 4 adding an extra row on each .side of the

cut to take the extra rivets. Count only those rlvets which attach
the freme wlthin the chordwise length of the cut.

7. Filush type structural or semi-structural doors may be
formed in the skin to facllltate skin repalir* and permit future in-
spection of 1lnternal repalrs. A structural door may be formed by
substituting bolts for the rivets used in attachlng a skin lnsert to
a frame or aplice plztes, Fig. 47. Flush steel bolts No. 1101-D
which fit countersunk holes are used. These screw into self-locking
nut plates No. 659-D each of which 1s riveted to the underside of
the frame with two No. 673-D-LAD flush type rivets. The bolt patterns
to be used for the chordwise attachments are.glven in Columns 6 and 7
of Table I, Fig. L6, while the patterns for the spanwise attachments
congist of one bolt for every two .rivets in the nearest attachment
of the skin to a spar capstrip. Openings which do not extend beyond

* Data avallable at the time of this writing does not sub-
stantiate the use of blind rivets in highly stressed por-

) tions of the seroplane. The deflection of blind rivets,
even when used in the ratic of two for one standard rivet
and even when pinned or formed wlth a solld shank, is con=-
siderably in excess of that for the standard machine formed
or vibrated solid rivets. Their use produces dangerous
stress concentrations due to the redistribution of loads.

~
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two adjacent stringers may be closed with seml-struactural doors re-
oulring approximately one half the number of bolts feor thelr attach-
ment. The frame for a gemi-structural door should be made from stock
one gage heavier than the sheet being repsired and should be cut to
the shape illustrated in Fig. s, The width of the frame on esch slde
of the opening should egual one half the width of the .opening, and the
length should be such as to take the required number of rivels glven
in Column % of Table 1, Fig. 16, at the spacing given in Column i,

all of these required end rivets to be placed in the two stringers and
.in the skin between these stringers. The wesher hesd type of boit

No. 52h~10 which 1s not countersunk may be used on semi-structural
doorg except 1n areas near the leading edge where thelr dresg would

be detrimental. The nut plates No. 659-D contaln a flore washer
whieh zutomatically locks the screws into place. Attachment of the
nut plates to stock of gage .040" or lighter, where the material

must be dimpled or press countersunk to obtain flush rivet heads on
the outer surface reguires the use of & countersunk shim plete No.
1056-D~1 or a .064" gage strep lald along the llne of bolt 'holes
between the nut plates and the frame. This shim strap is.drilled and
machine countersunk for each rivet and bolt, the frame ls drllled

and dimpled to match, and the door ls countersunk for the bolts.

Negligible damage

&. axin dents, free from cracks, abraslons and sharp cor-
ners may be neplected. These dents should be restorsd to shape
wherever possible to prevent their developing into cracks, using
care, however, not to stretch or crack the skin 1inm the process.
Inspect all rivets near the damage to see that they have not been
loosened or sheared.

’ 9. Holes and cracks which can be cleaned up to & one inch
oirole are considered negligible if in .040" or lighter skin and

1¥ the edge of the cleaned up nole is at least one inch from the

nearest rivet or cut-out and at lesst two inches measured along the
span to the nearest skin gplice rivets. Two such holes within ten

ineches of each other measured chordwlse and five inches measured
spanwlse, however, may not be neglected. Negllgible holes must be
cleaned up to prevent the spread of cracks and should be plugged

as in Fig. U7. ‘

Demage repalrable by patching

10. Minor damage not consldered ne ligible may in general.
be cleaned up znd patched by attaching a 2UST sheet of the same
gage under the skin using the required number of rivets and rivet
spacing as given in Flg. 6. It is preferable to place patches
under the skin so that the damaged area may be inspected for the
- formation of cracks. For aerodynamic .reasons the damaged material
which is cleaned away should be replaced with a filler sheet. The
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original contour may be maintained by making patches discontinuous

- at stringers and bulkheads, care must be taken to use the total re-
quired number of rivets per inch of chordwlse damage. On the other
hand, continuous patches which bass over and are attached to the
stringers requlre less rivets and .are structurally superior. Exigt-

new requlred rivet pattern.

Damage near reinforced sections of the skin, particular~
ly in the area between Stations 27 and 65 of the lower surface, may
be patched only when sufficient attachment can be obtained by using
the original rivet or bolt holes. Do not drill additional holes in
any reilnforced area because these areas have only the minimum re-
quired margins of safety. '

Damage to the skin of the gasjtank doors may be patched
by using a sheet of the same gage 2USBT stock which is large enough
to take four rows of 3/16" rivets at 3/4" spacing along the Thboard
and outboard ends of the damaged area plus one row of 5/3%2! pivetg
at 1 inch spacing on the other two sldes. Clean up the damaged area
glving all corners a minimum radius of half an inch to prevent the
formatlion of cracks and remove enough rivets to permit ‘placing the
patch between the skin and the stiffeners. Patches or splice plates’
must be made continuous across the stringers and should take 3/16"
rivets in both legs of each stlffener. A filler sheet shoulg be
added to preserve the contour if the damage is located in an unfaired
sectlon of the door. The filler should be attached to the pateh with

a slngle row of 1/8" rivets at 1 1/4" spacing.

Damage repalrable by insertion

11, Damage to areas which cannot be effectively patched due
elther to their location or to their extent may be repalred by the
use of inserts. The required lnsert should be cut from 24ST stock
of the same gage as the damaged skin, The insert should be suffi-
clently large to extend to the edges of the damaged sheet or to areas
in which the necessary splice plates or frames may be used, see Filg-
ures U7 and 48, and its corners should be rounded off to a half inch
or larger radius. Use the insert as a template in cutting away the
damaged material. Make up the necessary splice plates or frames and
rivet these to the skin using the data. in Fighl Ub,

. Pamage necessitating replacement

Co12. Damaged reinforcement plates and extensively damaged

sheets of skin should be replaced with equal gage 2UST stock cut

- and drilled to match the-damaged part. Use care in drllling -out
the existing rivets, see Paragraph 14, Chapter 1, :

s
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RIBS

Neglipible damage

1%, Cracke or holes whicn after clean-up nave not reduced
the length of the material along every cross-sectlon of the rib by
more than ten percent and wnich are not within half an inch of any
web hole flange, structural bead, or fltting attachment may in gen-
eral be consldered negligible. ©Small, isolated dents which aré at
least half an inch from tne nearest web hole flange or structural
bead may be neglected. Sharp cornered holees should be rounded out
and all dente should be bumped out and examined for cracks. All

cracks should be stopped by drilling 1/8" noles at their ends.

14, Do not neglect any cracks, nicks, or holes in the land-
ing gear attachment ribs or in the leading and tralling edge por~
~ tlons of the center 1line rib.

-y

I

Damagre repairable_pxnpatchiﬁg -

15. Minor damage not considered negligible may in general
‘be cleaned up and patched with 243T stock of the same gage. Refer
to Figures 77 to 81, In all areas except those dlrectly above or
below a lightening hole, use the same rivets or bolts and the same
gpacing as in the nearest attachment of the rib to the spar web and
run this pattern either completely around the damage or to the edges
of the undamaged portion of the rib. - In patching damaged areas
above or below a lightening hole use the same gage patch with twice
ag many rows of the same rivets or bolts and the same spaclng as in
. the nearest web attachment, '

16. If the demage after clean-up 1s in the flange of a light-
" enlng hole or withln half an 1nch of this flange, form a flange on
the patch equal to the lightening hole flange and add an additlonal
rivet at each end of the patch flange near the undamaged rlb hole
flange. ©See Fig. 49,

17. If the damage 1s wlthin half an inch of a structural
bead or extends across the bead, form an equal bead in the pateh and
add two addltlonal rivets each side of the damage, one each side of.
the bead. - b *

18, The landing gear ribs should not be patched .unless the
rivets or bolts used for the patch, see nearest attachment of rib
to spar web, can be placed around the damage without thelr being
closer than 1 inch to the nearest fitting attachments. If a land-
ing gear rib or any of 1ts flttlngs are in any way damaged, lnspect
the whole landing gear attachment structure for damage to the attach-
ments, cracks in the fittings, -and misalignment of parts,
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Damage repalrable by Iinsertion

19, Damage to areas supporting fittings, to areas around
which sufficient attachment cannot be obtained for patches, and
to areas extensively damaged should be repalred by the use of in-
serts of the same gage 24ST stock. The design requirements for
gaplice plates and thelr attachments or for overlap splices are the
same as for patch plates, as given in paragraphs 15 to 1& of this
chapter. Equal legged angles of the same gage 24ST stock 5/8" x
5/8" may be attached to an insert along the line of an original bead
in lieu of forminz a bead. The same angle should be used as a vertl-
cal stiffener across a space where 1t is undesirable to reform a
flanged lightening hole, Figures 50 and 79. Attach the angle with-
the same rivets and pattern used for the splices.

i

Damage necessltating replacement

20. Damaged rib reinforcements and fittings and exiénslvely
damaged rib sections should be replaced, Uge care in driliing out
the exieting rivets, see paragraph 13, Chapter 1.

SPARS

Negligible damage

21, Small holes in the spar webe which can be circumscribed
by a 3/4" diameter circle need not be patched provided the perifery
of the eircle ie not less than 1" from the nearest lightening hoile
or capstrip. The hole should be drilled or reamed to make the edges

smooth.,

Damaze revalrable by patching

-

22, Minor damage not consldered negligidble should be cleaned
up and patched provided there 1s sufficlent room to use the required
rivet pattern as given in Tables A and D of Fig. 51 around the dam- .
age. Patches should be made from the same gage 248T stock as the
damaged spar web., The spar web gages are as follows: ’

Spar No. 1 . .OEl“ from Sta, £ to Sta. &9 o
040" from Sta. &9 to Sta. 205
Spar No. 2 040" from Sta., € “to Sta. 133

.032" from Sta. 13%% to Sta. 205

Spar No. ﬁ .051" from Sta. to Sta. 205
Spar No. .OLo" from Sta. ¢ to Sta. 57
Spar No, 5 040" from Sta. § to Sta. 205
23. Vhen dasmage 1s near a web lightening hole, as In Figureé

77 and 74, extend the patch beyond the edge of the hole, run the re-
quired rivet pattern around the damage up the edge of the hole, and
add an extra rivet at each end of the pattern near the edge of the
hole. If the web hole is. flanged, add an equal flange to the patch
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and add two extra rivets at the ends of the rivet pattern near

the flanges. The flange on the patcn may be formed straight and
shonld be opposlite to the web hole flange. Damaged lightening
hole reinforcement rings must be replaced. Large reinforcenment
plates may be patched with 24ST stock of the same Jage as the ,
original member using the same method as employed for web revalr,
Where both web and reinforcement are damaged, place the required
patches on opposite sides and rlvet through the four sheets with
the required rilvets and pattern. Use a filller between the patches
and replace all rivets which were originally in the damaged area,
see Fipures 77 and 79. A single patch equal in gage to the web
plus its reinforcement as in Fig. 52 may be used, providing the
next larger slze of rivets ls used and the spaclng is reduced to

. the minimum in Table D of Flg. 51. When damage occurs near a web
flange or capstrip and prevente running the required rivet pattern
around the damage, extend the patch to the edge of the web and use
the required number of rivets as glven in Table B of Fig, 51 for
the attachment to ‘the capstrip, at each end of the damage.™ Run

. the required rivet pattern, Table A, around the damage and-up to
“the capstrip or flange. See Fig. 52 and 53.

“Damage repalrable by insertion

2k, Extensive damage should be repaired by splicing in new

sectlons of the same gage 2LST stock. Splice plates for attaching
the inserts to the undamaged parts of the web should also be of
the same gage 2UST stock. The rivet pattern requirements are in
general the same as for patches., Table C, Fig., 51 glves the mini-
mum number of rivets to be used on eacn side of the cut between the
capstrips, Flgures 7% to 76 give capstrip and web flange repairs
which are equal in strength to capstrip material including the wed
material in the capstrip region. When these repairs are made at a
cut in the web, the web sgplice plate does not need to be attached
to the capstrip. If, however, the capstrip or web flange is not
repaired according to Figures 73 to 76, the eplice plate should
- overlap the capstrip and should be attached with the number of

rivets specified in Table B on each side of the cut, Fig. 51 Table
D gives the minimum allowable spacing for rivets and should be con-
sidered in arranging all rivet patterns. . Various examples of re-
palrs to spar webs are given in Figures 51 to 61.

L3

Damage requiring replacementr

25. Damaged fittlngs, small gussets, and reinforcements

must be replaced. Also all rivets or bolts removed in making re-
palrs must be replaced. -

STRINGERS
General

26. Several t&pes of stringers are used in reinforcing the
‘wing skin, Cross-sectional views are shown 1n Figures 62 anda 63,
Figure 62 shows extruded stringers with their Alcoa die numbers.
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Fipure 63 shows formed "Z' stringers and an extruded "Z" stringer
with i4s alcoa die number. For reference purﬁoses each stringer
1s given a number as shown in ¥Flgures LY and 45,

Negligible damage

. 27 Small isolated dents, free from cracks, abrasions, and
sharp corners may be neglected provided no two adjacent stringers
are damaged and the skin to which the stringers are attached 1s not
affected. All stringers should be kept as gtraight as possible in
order to withstand compression loads.

Damage repalrable by patching

28. Do not neglect any nicks or cracks in the stringers.
Damage which after clean-up affects lese than one half of the cross-—
sectional area may be reinforced by using the required patch plates
and rivets as gilven in Flgures ok, 65, 62 and 67. Damage alfecting
more than one half of the cross-sectlon should be repaired atéord- .
ing to Figures 68, 69, 70 and 7l. As shown in these flgures an
angle may be attached to the skin next to a stringer to reinforce
any damaged area located near the outboard end of the stringer.
Filler pieces should be added wherever needed for the attachment
of the skin or fittings.

Damage repairzble by insertion

. 29, Extensive damage should be repalred by cuttlng away the
damaged portion of the stringer and replacing thise with an insert
of the same section and material. Detalls for the splices_to be
used in attaching the lnsert are glven in Figures 68, 69, 70 and 71
for the various sections. -

Damage necessitating replacement

30. Damaged  stringer reinforcements and spllce plates should
be replaced. '

| 31, The short stringers supporting the lower surface of the
-ammunition compartment should be replaced 1f damaged or may be rein-
forced by attaching a section of similar siringers to the skin next
to the damaged portion using 671-D-UAD rivets at 1" spacing and at
leagt four rivets at each end of the damage. . :

Gas tank door stringers

32. = Any dama%ed gas tank door stringers snould be replaced :
or patched with ,051" gage 2UST sheet formed to fit over the damaged .
stringer and long enough to take at least four 3/16" rivets at each -
end thru each flange or a total of eight 3/16" rivets at each end
plus the original 1/8" rivets along the length .of the damage.
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SPAR CAPSTRIPS
General

Several types of capstrips are used. -Cross-sectional
views with Alcoa die numbers for each are shown in Fig. 72,

Negligible damage

3, Small lsolated dents, free from cracks, abrasions and
‘sharp corners may be neglected. '

" Damage repairable by vatching

35, Do not neglect any nicks or cracks in the capsurips.
Clean-up the damaged area, by rounding out the sharp corners and
stopping cracks wlth an 1/8“ drllled hole and then reinforce«or
patch the capstrip according to the data gilven in Figures 73 to

To.

36, There are four types of capstrips: an extruded ang
an extruded "J' section, an extruded bulb angle, and a formed Wy
sectlon., Bach type requlres a speclal arrangement of patch material
and i1s covered separately in one of the above flgures. The number
of bolts or rivets for each repalr ls given on the flgures accord-
ing to.spar number and spanwlee location, .

37. Care must be exercised to use the correct drill sizes

- when enlarging rivet holes to take the required bolts. Any loose-

ness of the bolts wlll throw excessive loads on the nearby rivets,.
. thus loosening the rivets and making them ineffective. All bolt
and rivet patterns should be arranged to make use of the original
holes. Do not drill additional holes or change the pattern unless
the change le Justified by a simllar change inboard of the section
in question. - .

38. Due to the fact that reinforcements bolted to a cap-
strip cannot be made as efficient as the original continuous materi-
©al any partlally damaged section will take 1ts ultimate allowable
load before the reinforcements or patches are loaded up. This ac-
tion will inevitably cause complete fallure.of the capstrip at the
damaged section during service. To avold a fallure of this nature,
~all capstrip patches and thelr attachments at each end of the dam-
age, must, therefore, be made equal in strength to the strength of
~the original undamaged section. The repalrs glven in Figures 73

to 76 are desligned to include the strength of the web material that
acte with the capstrips.. ]
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Damage repalrable by lnsertion

39. Extensive damage or damage which due to 1ts location
cannot be repaired by patching should be repaired by the use of an
" insert. Details for the splicing in of capstrip lnserts are given
in Figures 7% to 76. : ‘ ‘

Damage requiring replacement

ho, . All damaged capstrip reinforcements should be replaced.
| v FLAP |
General

hi, The skeleton aluminum alloy frame work of the split
tralling edge flaps ls covered with .025" Aluminum Alloy 2437 sheet,

See Fig, 82.

P
.-

Skin

o, Any damage to the skin should be repalred with a flush
insert of ,025 gage 2UST stock attached by a pateh or frame of
,032 gage 24sT stock, Use a single row of 673-D-UAD press.counter-
sunk rivets at one inch spacing for the attachment,  Patches and
frames may be dlscontinuous at the ribs or beam,

Rib

L3, Random holes in the web of any rib whicn when cleaned
up can be circumscribed by a circle of dlameter less than one half
of tne depth of the rib at the damaged sectlon may be consldered
negligible provliding:

(1) The center of the hole is not above the center
Of the rib Ti\rebo '

~ {(11) The lower edge of the hole does run into the
" lower bend radlus.

(111) The edge of the hole le mot closer than one inch
' in a chordwlse dlrectlon, to the nearest structural hole,

L4, . For damage, in excess of the above, see Fig, 83,

-7 Stringer

45, Any damaﬁe to the stringers should be reinforced by
adding a .040 gage 2HST "Z" section as shown in Fig, g, This

same reinforcement may be used as a splice when replaclng sectlons
of a damaged stringer, ) . ‘
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Channel beam

Le, The channel forming the maln beam of the flap is heavily
leaded and hae low marglns at the sectionsg where the operating links
are attached as well as at the ribs. All repalirs are to be made

vith 051 gage 2UST stock fitted to the channel as shown in Fig, &5 -

and the specifled arrangement of 671-D-UAD rivets. For minor dam-
ages to the beam use portions of the reinforcement lllustrated In
Fig. 85 as follows! -

(1) Damage to the flange only - attach an angle with
three rivets in the flange and three in the leg of the channel at
each end of the damage. .

(11) Damage to the leg only - attach a "Z" section with

three rivets in the flange of the channel, six rivets in the leg, -
and three rivets in the back of the channel at each end of the dam-
age. ‘ ‘

(111) Damage -to the back of the channel only - attach a
channel with seven rivets through the back and three through each
of the legs of the channel at each end of  the damage.

For extensive damage or damage occurring in the sectlong which
cover bearing blocks for the operative linke insert new sectlons of
channel making the splices, see Fig. &5, between ribs in the sec-
tions where there are no bearing blocks.  Replace all damaged it~
tings, etc. ' '

Hinge

. W7, Minor local damage %o the flap hinge between the ribs
may be cleaned up and neglected. Damage within two lnches of any
rib should be repaired by cutting away the damaged portion of the
hinge and replacing 1t with a new sectlion of standard hinge.
Arrange the new insert so that its ends are at least two lnches
from the nearest flap rib. ) '

ATLERONS

General

L)

L. The allerons are light alloy, fabric-covered structures ~f‘

as shown in Fig. 86. To prevent thelr flutter at high speeds the
static balance of each azbout 1ts hinge axls 1s adjusted 1n manu-
facture by attaching a lead filled tube within the leading edge near
the outboard end. Any repair which decreases the static balance;
that 1s, makes the traliling edge fall, by more than 0.3 lnch-pounds
measured ‘at the hinge axls should be compensated for by adding lead
sheet to the leading edge'directly in front of the repalr. Use 1/8
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inch or thinner lead sheet extending to within one inch ol the
upper and lover row of rivets in the nose beam flanges and attach
with 1/8 inch countersunk blind rivets at one lnch sspacing and
one half inch edge distance along the top and bottom edges, see
Fig, 101. Cover the lead with well qoped fabric extending at least
two inches beyond 1ts edges.

Mass balancing

49, The procedure for checking static balance should con-

glst of vrebalancing the alleron on 1ts end bearings in an inverted -

norizontal position by attaching a small welght, in a manner gimi~
lar to that employed for the elevator, as illustrated in Fig, 101.
After completing the repalrs replace the balancing welght at the
same point, in the same manner, as the original attachment and add
sufficlent lead sheet to the leading edge to bring the tralling
edpe up to 1ts original prebalance position, .

- B o
e

Negligible damape

0. Smooth dents, free from cracks, abraslon, and sharp cor-
ners may be neglected provided the adjacent rivets and internal
structure are intact., Do not neglect dents in the nose skin which
tend to buckle when the alleron 1s twisted or warped by hand. Where
accessible, negligible dents should be restored to shape taking care
to avoid the formation of cracks.

Repalrable damage

hl. The nose skln may be repaired or reinforced by using
. external patches which extend to the upper and lower edges of the
noge ekin as shown in Fig. &7. The patch must cover the damage
and extend to the neareest ribs. Use .025" 2U3T stock for the pateh
and attach 1% with 1/8 inch s=olid rivets in the beam flanges and
1/4 inch blind rivets in the rib flanges, Use rivet spacing as
11lustrated in Fig. &7. Damage to the skin aft of the beam web
. should be reinforced with ,025" 24ST sheet of sufficlent slze to
take one row of 1/8% blind rivets at 1/2 inch spacing around the
damage forward of the beam plus at least three of the original
671-D-4AD rivets in the beam flange at each end of the damage. Use
a .025"shim between the reinforcement and beam flange where the
~gkin is cut away and replace all original rivets. The edges of

the skin patches should be well rounded to prevent their cutting
through the fabric,

he. Damaged nose ribs should be replaced using the same
size rivets and pattern where accessible. If blind rlvets nust
be used, use two of the same dlameter for each original solid
rivet, ‘
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53. The nose beam web may be patched with .032 gage 2UST
stock attached by two rows of 1/8" blind rivets arranged eround the
damage at one inch spacing between rivets and 3/4 of an inch between
rows. See Fig, 88, If the damage 1s too near a flange %o obtaln
the required rivet pattern form a 3/4" flange on the patch which is
long enough to take the existing 1/8" rivets in the flange, next to
the damage, plus two additional rivets at each enda of the damage,

If only the flange 1s damaged reinforce it with a .0%2 gage 3/ N

by 3/4" 2UST angle long enough to take four of the oriﬁinal 1/8% rive

ets in the beam flange at each end ol the damage plus 1/8"% biind

rivets in the back of the channel, To splice the beam use a nestled

channel of .032"2UST stock with 3/4 ineh flanges approximately 5

inches long and attach this spllce channel wlth 4 671-D-HAD rivets

~in each flange on each silde of the cut plus 3 1/8" blind rivets on
each side of the cut in the web of the beam and 3 1/8" rivets at

each end of the splice in the web of the channel. Sce Fig. 48,

5L, Damage to the web of any rib aft of the main bewm should
. be patched with .025"gage 2UST sheet using one row of 671-D-4AD
rivets at 3/4 inch spacing around the damapge. If the damage extends
into the radius of eilther flange add a flange to the patcnh and use
at least 2 671-D-LAD rivets in the rib capstrip at each end of the
damage., Damage to the rib flange alone should be reinforced with

a .025 gage 24ST angle formed to fit into the flange of the rlb and
plck up the capstrip rivets as shown in Fig. 89. Use at least two
671-D-KAD rivets through the capstrip approxlmately 1/2 inch apart
at each end of the damage plus any existing intermedlate rivets.

To splice the rib use a nestled channel as shown in Fig. 89 of .025
gage 248T aluminum alloy attached with eight 671-D-5AD rivets, four
in each capstrip, two on each side of the cut. If the capsirip 1s
damaged replace or insert a new sectlon and splice wlith a strip of
.032 gage 2UST using two 671-D-5AD rivets. on each side of the cut

at 1/2 inch minimum spacing. - . . -

55, The tab mechanism must De rigidly supported. Any dam-
aged parts should be replaced, and any damaged supporilng siructure
must be carefully reinforced to prevent flutter of the alleron in
flight.

56.  For general repalr of the tralllng edge refer to Fig. 90.
WING TIP ~ | |
General
57 Each wing tip.is attached by screws and can be easlly

removed. See Fig. 43 and &1, Wing tips should generally be re-
placed if damaged. Minor repalrs may be effected using blind ril-
vets and following the procedures outlined for repalr of the fin
and stabilizer. for aerodynamic reasons patches forward of Spar
No. 3 should be made flush with the skin. For a general repailr to
. the wing tip Joint refer to Fig. 9l.
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Alr Publication 2014A

Volume II, Part 3

CHAPTER 7
TAIL, PLANE AND FIN
General
1. The tail plane and fin are of aluminum alloy construc-

tion consisting of spars, stringers and inter-costal ribs which are
covered with an aluminmm alloy highly stressed skin. BSee Fig. 92
and 93, \ N

TAIL PLANE

Negligible damage

2. Smooth dents, free from cracks, abrasions, and -sharp
corners may be neglected provided the adjacent rivets are intact,
and there i1s good reason for assuming that the damage has not
affected the internal structure. Wherever possible these dents
gshould be restored to shape taking care to avold cracks.

Damage repalirable by patching.

3. The method of repairing the nose skin is shown in Fig.
94k, Attach the ,051" gplice plates to the undamaged skin with 1/&"
solid rivets. The .051" 248T Aluminum Alloy skin insert may be
ettached with Chobert rivets after the plates are in position.

b, . Repair to the tall plane skin may be effected as shown
in Pig. 95. For attaching the strap plates to the .020" skin use -
673-D-UAD-4 rivets spaced at 3/U%. For the .025" skin use 67%-D-
JAD-U4 rivets at 1" spacing in 2 staggered rows as shown in Fig. 95.
For attaching a .020" skin patch to a strap plate use two rows of
Chobert D.T.D, 327 -~ 1/&" Dia, - countersunk rivets. For attaching
a .025" skin paten, use 2 staggered rows of Chobert D.T.D. - 327 -
5/%2" Dia. - countersunk rivets.

5. For flange and web repalr of the spar.‘see Fig. 96.
When effecting repalrs, refer to the chart on Flg. 96 for the number
and spacing of rivets. Use the existing rivet holes for the skin

; rlvet pattern.

o. For repair over a stiffenlng bead of the spar use the
same material, one gage higher than the damaged member, using 671~
D-UAD-U rivets as shown in Fig. 97.

. For repalr of a spar section where there are lightening
holes use 24ST aluminum alloy material of the next higher gage and
attach with 671-D-4AD rivets as shown in Figure 97.
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&, Damage to reinforced sections of the spars should be
repalred by spllicling in new sections or by adding two pleces of
stock on opposite sides equal in gage to the web and reinforcement.
The required number of rivets in double shear 1s the same as glven
in Fig. 96. ’

9. For damage to any flange of the rib, patch by a bent up

angle attached to the web by a minimum of three 1/8" rivets on each
side of the damaged area as specified in the chart, see Flg. 98.

10. For repalr of a "V% stringer, see [ig. 98. Drill and
punch out the necessary skin rivets according to paragraph 14,
Chapter 1., Cut away and clean the damaged area of the stringer.
Tnsert a filler plate of the same gage material (248T) and rivet
the section as shown in the figure using three rows of 1/&" rivets
on each slde of the damage. :

'Damage repairable by insertion

-t

11, For a "V" stringer insertlon spllce, refer to Fig. 98.
Drill and punch out the skin rivets, cut away and clean the damaged
area and insert a new sectlon of Alelad 24ST, leaving a 1/32" clear-
ance at each end. ©Splice the new cection- -ends, using three rows of
rivets on each slde of the cut, leaving a rivet edge distance of

2 1/2 dlameters.

Damage necesgitating replacement

12, Sectlons of the spars between the fin and fuselage
attachment fittings should generally be replaced 1f damaged. The
webs should be spliced at least three inches outboard of the fuse-
lage fittings. Replace all damaged guesets, fittlings, ete.

FIN

Spars

13, Web and flange damage should be repaired according to
aata given in Flg. 96. :

Reinforcement angles on spars #1, 3 and b should be
either replaced if damaged or repalred by attaching a .025% 2487
angle over the damaged sectlion with 1/8"% rivets. Use at least U
1/8" rivets, two in each leg of the angle, at each end of the dam-

Ribs
1k, For web damsge a minimum of two 1/4" rivets are necessary\

" on each side of the damage. The flange repalr should be the same
- as used on the ;ail plane, paragraph 5 of this chapter, see Fig. 96.

-
w“l
ropv
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Stringers

15, Patch the damage wilth four rivets on each silde of the
damage. Same as the tall plane repalr, see Filg. 98.

Skin patghes

16. Use 1/8" rivets at 3/U" spacing around the damaged area
of .020" skin; use 1/8% rivets at 1" spacing in two staggered rows
for .025" skin, (see Figures 9% and 95.) For repair of the running
light, see Fig. 99. Cut away and clean the damaged area. Redrill
exleting holes with a No., 20 drill and use D,T.D, 327 - 5/32% Dia.
countersunk rivets, Replace Al. Alloy 24ST, ,020" plate and lamp

asgembly,
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CHAPTER &
ELEVATOR AND RUDDER

Mass balancing

1. The elevator and rudder are alumlnum alloy, fabric-
covered structures. The statlic balance of each about its hinge
line 1s adjusted in manufacture by the addltlon of lead welghts
near the leading edge. The weights added 1n each case are the
minimum that will give satisfactory flutter control., It is im-
portant, therefore, in effecting repalrs alft of the hinge line to
compensate for any additlon of weight. This may be easily ac-

- complished as follows: ©Set the surface on its hinge bearings.
Attach a sufficient length of cord to the tralling edge of the
surface so that it may extend along the top part of fthe surface,
and over the leading edge. Attach welghts to the free end"of the
cord until the top surface assumes & horlzontal position... Remove
the cord and make the necessary repairs. When the repalrs are

, complete replace the cord and welght in the same position as the
original prebalanced attachment. Add sufficient lead sheet to the ~
leading edge to return the surface to its horlzontal prebalanced
posltion. Attach the lead sheet and cover with fabric as described
in paragraph 48, Chapter 6, see Fig, 101.

ELEVATOR -

© General

2. The elevator contains one counterwelight which i1s in-
stalled inside of the paddle at the outboard end, forward of the
center line of the hinge. This counterweight is a 2" 0.D., x ,058
x 5 1/8" tube filled with 3.607 pounds of lead. It is welded to
webs which are riveted to the ribs, see Fig. 100, This weight is
not accessible. . :

- Negligible damage

3. One inch holes at the center of the rib webs which are
at least one half inch from any other holes or the flanges may be
neglected 1f there are no cracks. - ‘ ,

¥ain beam

Y. Repalr flange damage, when injury does not extend more
than one inch into the web, by patching with 5/8" x 1% x ,03%2" 2487
aluminum alloy angle long enough to take.three 671-D-4AD rivets in
the beam web plus three of the skin rivets at each end of the damage
as shovn in Fig. 96, or use a repalr similar to that shown in Fig. &8
with the .032" angle long enough to take four 671-D-UAD rivets through,
the beam flange plus at least two 1/8 inch Chobert or blind rivets
through the beam web near. the flange at each end.of the damage.
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5 Damage that 1s confined t¢ the web ol the beam should
be patched with .0%2" 2U48T aluminum alloy sheet attached wlth one
row of 1/8 inch Chobert rivets at %/L inch spacirg around the
damage. If accessible use 671-D-UAD rivets at one inch spacing.

6. For complete cross-section damage, patch the member
with an equivalent sectlion as shown in Fig. 97. Use the next
heavier gage 1f llightening holes or beads are damaged. If the sec-
tlon 18 inaccesgslble for riveting the web of the beam use four
671-D-UAD rivets in each flange on eacn side of the cut plus four
1/8 inch Chobert rivets, two near each flange in the web, on each
glde of the cut similar to repair illustrated in Fig. 8.

Nose skin

7. Repailr 1s the same as for the alleron, use an external
patch extending to the nearest ribs and to the edges of the. nose
skin, see Flg. &7. - :

...f !

Tralling edge

g, Repalr as lllustrated in Fig. 90.

- Torque tube

9. Replace the entire damaged sectlion of the tube.

Ribs

10. Rib web damage may be repalred by patchingzwith 2487
stock of the same gage as the original material, Attach the stock
- with one row of 671-D-UAD rivets at %/4 inch spacing around the
damage.

11. Flange damage repalrs should be effected by replacing
the area and using three 671-D-4AD rivets in the web near the flange
at each end of the damage to attach the patch plece in place as
11lustrated in Fig. 96.

12. Any damage to the extrusion, see Fig. 106, by which the
fabric 1s attached, should be repaired by lnserting a new section
long enough to take at least two 1/8" rivets at a one inch minimum
spacing., Splice with a .032 x 1/2" 2u48T plate long enough to take
two 1/8" rivets on each side of each cut.

13, Rib flanges that attach the ribs to the beam web if
damaged should be replaced by a 5/8" x 5/&" angle of the same gage
material, The angle should be attached to the rib by the same num-
ber of rivets as used to attadh the rib to the beam web, ’
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RUDDER
General
14, The rudder contains two counter-welghts inside of the

leading edge. COne, made of steel bar 1s welded to plates which

are in turn bolted to the first and second ribs above the inter-
mediate center line of the hinge. The other, an assembly consist-
ing of lead, three nose ribs and a channel 1s located above the %top
center line of the hinge. Thils assembly is integral with, and can-
not be removed from, the rudder structure. See Filg. 1l02.

Maln beam

15. Damage confined to the web and at least 5/8" from the
flanges may be repaired according to Fig. 96, using 671~D-4AD
rivets at 3/U inch spacing around the damage. ‘ ..

: 16. Flange damage should be repaired by patching'ﬁith an
equlvalent area and the same gage material, usling three’ 671-D-44D
rivets each side of the damage. See Fig., 9b.

Ribs

17. Repalrs for the rudder ribs should be the same as used
for the elevator rib repaires,. which are discussed in paragraphs 10
thru l1l2. .

Nose skin

18. Repalr in the same manner as an alleron; use an external’
patch extending to the nearest ribs and to the edges of the nose
skin, see Fig, £7.

Brace tube

19. This tube may be repaired by insertion of a 7/16" dia.
aluminum rod attached with 1/8" rivets as in Fig. 103,

20. Refer to Fig. 104 for the Rudder Assemblj locating
fixture. . ' _ ~ N
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Alr Publicatlon 20144
Volume II, Part 3

CHAPTER 9
MISCELLANEQUS REPAIR

ENGINE COWL

General

1. The engine cowl consists of several sectlions, which are
of spot-welded and riveted aluminum alloy construction, excent for
those portions of the cowl adjacent to the exhaust stacks which are
stalnless steel. The engine cowl sections are reinforced by formers
which are supported by numerous flttings attached to the engine
mount. The forward ends of the cowling are supported by a bulkhead ,
‘which 1s attached to the bosses on the engine reduction gear housing.
That portion of the cowl which must be frequently removed for ser-
vielng ls attached with Dzus fasteners. Access doors are provided
for the coolant expansion tank and starter crank, "

Negligible damage

2. All small dents, free fron cracks, abrasions and sharp
- corners, may be neglected. Larger dents should be restored to shape
taking care to avold cracking when effecting the repair, :

Damage repairable by patehing

3. For damage in excess of that in raragraph 2 above, use
the repalr data given in Fig, 105, Cut away all damaged area leav-
ing a smooth-edged, regular-shaped hole with at least a one half
Inch radius 1n the corners., Patches must be of the same gage and
materlal as the origlnal construction.

Damage necessitating replacement . .

L, Any damaged sectlon of the cowl which, due to its extent
or locatlion makes a repair lmpracticable, should be replaced.

SURFACE CONTROLS

L

General

5. No repairs should be made to the control mechanisms

- and cables. Replace, 1if damaged in any way by standard spares., All

cables must be of the corrosion-resisting type and must be replaced
if frayed, see the Cable Chart of this Chapter for replacement. Irf
cloth 1s replaced on any of the control surfaces it should be attached
to the ribs as shown by dlagrams in Fig. 106, :
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Pulleys

b. Check all pulleys for proper alignment and slgns of
excecsive wear and replace when necessary. All control pulleys
are of the antl-frictlon bearing type and replacements must be of
the same nature, :
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RIVET PATeH YO SEIN
[ BEFORE INSERTING PLUG,

MNOTE!

RIVETS £ PATTERN SAME . AS 1N
NEAREST SKIM SPLICE.

FOR LARGE HOLES REFER TO FIG. &

\

24D 23V

WSSOI EILI IS 1/{\ (WA TL IS0 ML,

WSS Fe WLPIIIIIIIA TIIF 4]
o L N NN AN ST TRSASNNSSWINSNT T IRNSS T
L e -

. ipl, 1
PATSY To BY
T SAME GAGE AS ORIGINAL Sk |

_SECTION ALA

FIGURE 5 FUSELAGE
SKIN- SMALL PATCH
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INSERT _SAME GAGE AS SKIN

FRAME TO BE SAME GAGE

AS SEIN, CUT AS SHOWN

NOTE:
L PICK UP EXISTING : . BIVETS & RIVET PATTERN EACH S\DE
_RIVETS THRU STRINGER OF CUT TO BE SAME AS IN NEAREST

PARALLEL SKIN 3PLICE

NOTE:
d- ALLRIVETS AITST
2.- CORNER'S TO" HAVE 4 "BADIUS,
A-SPLICE 5TBINQE§£ I¥ NECBSTARY A% IN Fig. 9 OE 10

FIGURE 7 FUSELAGE-FLUSH SKIN
PATCH AT STRINGER




PICIK UP EXISTING
RIVETS THRU BULKHEAD|

l“,—-ﬁuv-q,
P .
A
\ ¢ :—o" 2
‘“ n 9 __? -
~ [/
\‘ (o 2 0

m’
o -
O

INSEEY SAME GAGE AS SKIN

PRAME To BE SAME GAGE NOTE:
‘ [AS SKiM- CUT AS SHOWN - ALL RWVETS AI7ST
_ 2- CORNERS TO HAVE 7 RAD. ARC

PICK UP EXISTING 3-SPLICE STRINGER & BULKHEAD
[F NECESSAR
[ RIVETS THRU STRINGEER IF_NECESSARY

A-RIVETS & RWET PATTERN EACH SIDE
OF CUT ToBE SAME AS IN NEAZEST
PARALLEL SKIN SPLICE

FIGURE. & FUSELAGE- FLUSH SKIN
PATCH AT BULKHEAD
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FOR REPAIR TO UPPER.

COOLANT TANK SUPPORTS
B - 5o~ 53%

CHANNEL 3EE Fig, 17 | <
- —
] ~
~ s s
* . ~ . RS
~ % UPPER MOTOR
. L J
| T N MOUNT FITTING
p w{f — oA B1-21-591
IC o
@.LL 101 SR I -3 051 STAINLESS STEEL
378 ¢y - 5%
4 i \\
i }
' i R R = e e = A_ELM);L_-_
VERTICAL h : Lo gt ~-. . \ RE INFOUCEMENT
BULKHEAD y NUT PLATES - C59-D~I / \ I ANGLES
FeaME | : /‘1”/ SEE F16.19
J25-ALAL. | ; \ - I~ (lFor RrEPATR
24 5T s PO IR R NS AN Y (N
] # [
b 'l g ‘5
I / l|
i 1
| O R R R BT ” = S T
! il
| ! : 81-1-¢ o)
! ’ il
Lo i
S % = e e i i W B i M P, BT S _ =7 g g
iR ORI la)
FOR REPAIR OF ﬁa MOTOR MOUNT FITTINGS
LOWER CHANNEL SEE FIG. 18] ) 81-21-593 :
31-21-597 .

FIGURE 16 FUSELAGE - FIPEWALL
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ATTACH WITH 4-% DIA. STEEL BOLTS
ON EACH SiDE OF DAMAGE AT 1" MIN.

o

f"‘t :l'é
1
IV

t

TN,

3@ S PACING,

-125-24 ST ALAL PLATE

DRIiLL OUT E><|$TIMG. RWETS . REDRILL

%ﬁ.——/L( 316") For 54 BOLTS .

1)

DAMAGE - BACK OF CHANNEL

250~ 24 ST ALAL.PLATE

4

Y
¥ . ATTACH PLATE WITH >3 oA T
STEEL BOLTS ON EACH SIDE -
OF DAMAGE AT |I" MIN, SPACING

%f
) Y

DAMAGE -~ UPPER LEG OF CHANNEL

J | €

g

f

ATTACH PLATE WITH 3-2 DIA,
STEEL BOLTS ON EACH SIDE OF
DAMAGE AT " MIN. SPACING

~250-L 13T ALAL.PLATE

2
/

!
[

f

i

DAMAGE -~ LOWER LEG OF CHANNEL

oi;
]

FIGURE 18 MINOR PEPAIRS- LOWER CHANNEL- FIREWALL
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FIGURE 21 BULKHEAD NO.5
UPPER - SPLICES & PATCHES
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