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Introduction 

1 This chapter describes briefly the processes used in aircraft riveting. 
Reference should be made to Chapter 2. of this publication for information on 
the identification and coding of aircraft rivets. In addition to the riveting 
processes, this chapter gives suggestions on the choise of use of tools, 
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and includes an outline of the methods which may be employed to minimise and 
ap distribute creep in sheet riveting. 

2 This chapter refers in general'to the use of rivets, materials and tools 
manufactured to imperial measurements. To enable the general information to 
be applied to items manufactured to metric measurements, the following con- 

version tables are included at the: end of this chapter:- 

Table 13 - Standard wire sani to inches “and millimetres 

Table 14 - Twist drill sizes 

Table 15 - Fractions of an inch to decimals of an inch and millimetres 

General 

3 In the construction of metal airframe structure, “the majority of pérmanent 
joints are made with either rivets or bolts. .To securely attach faying 
surfaces together, rivets are cheaper to use, are lighter and more rapidly 
fastened than nuts and bolts but,i as in the case of power-operated machine 
riveting, more extensive equipment is usually feqiine to effect the perm- 

af anent joints. 

4 The trend of using bolts instead of rivets to secure permanent joints is, 
while being used as an alternative to rivets in repair work when necessary, 
mainly employed in bolting together skin plating and other highly stressed 
structures such as main plane spar root ends and attachment points, under- 
carriage main retraction sections and built-up sections in engine bays. . 

5 The extensive use of rivets has enabled the manufacturers to standardize 
rivet design to ensure that, for’a given type of metal airframe structure, 
the required type and size of rivet:is readily available for assembly work. 
Rivets are always supplied to the operator with one head already formed and 
the shank bare to permit insertion into'the rivet hole, the opposite end 
being formed into a head by manual or mechanical tools. 

6 The types of rivets to be used in repair work will vary with the nature 
of the repair, but they will always be specified in the appropriate repair 
scheme, either in this publication or in the relevant aircraft Vol. 6. 

le RIVET MATERIALS 

7 Rivets are made in a variety of materials, the most common of which are 
the aluminium alloys, but steel, tungum, monel, nickel alloy, and copper are 
also used. S28 Hap ly oF 

8 Duralumin to BS.L37 is extensively used for solid rivets because of its 
strength when it becomes age hardened, but such rivets cannot be used until 

they have been solution treated; the rivet heads are liable to fracture if the 4« 
rivets are used in the untreated condition. The heat treatment procedure 
for rivets in BS.L37 material is to heat them uniformly in a salt bath or 
muffle furnace to a temperature of 495 + 5 deg.C; then quench in water at a 

>» temperature not exceeding 40 deg.C. Once the rivets have been solution treated,<« 
they must be used within two hours at most, but preferably within one hour; 
the earlier the rivets are used, the more easily are they placed. The ageing 
of normalized rivets can be suppressed by refrigeration as shown in Table l, 
but the procedure to ensure that they have not age hardened needs careful 
control. Failures have occurred in service because rivets have been used 

ip accidentally in the annealed condition in which they are delivered. 

Chap. 1 
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TABLE 1 REFRIGERATION OF NORMALIZED RIVETS 

Temperature Maximum storage 
(deg.C) (hr) 

0 to =5 45 

=15 to —20 150 

9 Aluminium allov rivets to BS.L58 (formerly DTD.303) do not require heat 
treatment, but they are not as strong as duralumin rivets and are subject to 
electrolytic corrosion under certain conditions, especially on external sur- 
faces which are left unpainted, or if used in material other than magnesium 
alloy. 

P10 Rivets made of aluminium alloy to BS.L86 are almost as strong as duralumin 
rivets and do not require heat treatment. BS.L86 is the metal most commonly 
used for rivets in aluminium alloy structures, but it is not Suitable for use 
with magnesium alloy as, even when barium chromate jointing compound is used, 
there is a danger of inter-metallic corrosion; for magnesium alloy components, 
the risk of corrosion is considerably decreased if rivets made of aluminium 
alloy to BS.L58 are used, (see para. 12 CAUTION). 

Aluminium and aluminium alloy 

1l A list of the aluminium and aluminium alloy solid rivets classified under 
their materials is given in Table 2. 

Interchangeability 

12 In instances where aluminium alloy rivets BS.L58 are not available, 
paluminium alloy rivets to BS.L86 or duralumin rivets to BS.L37 may be used 

in lieu; but if rivets to BS.L37 are used, even as substitutes for rivets of 
a lower quality, they must be heat treated. 

CALTION . 

> Aluminium alloy rivets to BS.L86 or duralumin rivets to BS.L37 must not 
be used for the riveting of magnesium-rich materials, as there is a 
danger of inter-metallic corrosion. 

Mild steel and miscellaneous 

13. A list of the mild steel and miscellaneous solid rivets classified under 
their materials is given in Table 3. 

RELATIVE STRENGTH OF VARIOUS RIVETS 

14 Solid rivets have the greatest strength and are therefore preferable, but 
they can only be used for repair work where there is access to both sides of 
the structure undergoing repair. Where only one side of the structure is 
accessible, hollow rivets, which are of an approved type but are of less 
strength than solid rivets, should be fitted if authorized in the relevant 
aircraft Vol. 6. If hollow rivets are not authorized, a suitable access 

Chap. 1 
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DETAILS OF ALUMINIUM AND ALUMINIUM ALLOY SOLID RIVETS 

Material 

of rivet 
Material 

spec. 

Minimum 

tensile 
strength 

Ident mark- 

ing on hd or 
tail of 

Ident 

colour 

ton £/in® h bar rivet 

AS 

drg 

No. 

Heat 

treatment 
required 

Aluminium BS.L36 11 Black Dimple or 
letter 
tat 

155-snap 
head 

160-90° 
esk.hd. 

160-120° 
csk.hd. 

None 

Aluminium 

alloy 

(MG.5) 

BS.L58 
(DTD 
303) 

16 Letter 
> 

25 Green 157-snap 
head 

159- 

mushroom 

head 

162-90° 
esk.hd. 

165-120° 
csk.hd. 

None 

Aluminium 
alloy 

BS.L 86 17 26 Violet Letter 
wg" 

2227-snap 

head 

2228- 

mushroom 

head 

2229-90° 
csk.hd. 

2230-120° 
csk.hd. 

None 

Duralumin BS .L37 25 39 None Letter 
'pt 

156-snap 
head 

158- 

mushroom 

head 

161-90° 
csk.hd. 

164-120° 
csk.hd. 

AP1464B 

Vol.2 

Lft.3W 

Dec 85 (Amdt 11 ) 
Chap.1 
Page 5 



AP 101A-1401-1 

hole must be made in the structure to enable the required type of rivet to 
be fitted. The hole must be positioned so that access is available for its 
repair after the completion of the riveting operations. 

TABLE 3 DETAILS OF MILD STEEL AND MISCELLANEOUS SOLID RIVETS 

Minimum 
Material Material tensile Finish AS No. Heat 
of rivet spec. strength treatment 

ton f /in? h bar 

Mild BS.1109 20 31 Cadmium 455-snap head None 
steel plated 460-90° csk.hd. 

463-120° csk.hd. 

Monel DTD 204A 35 54 Cadmium 457-snap head None 

plated 462-909 csk.hd. 
465-120° csk.hd. 

Tungum DTD 367 28 43 None 458-snap head None 

466-90° csk.hd. 
468-120° csk.hd. 

Copper _ 14 22 None 459-snap head None 

467-90° csk.hd. 
469-flat head 

15 In the repair of secondary and tertiary structures, alternative rivets to 
those called for in the repair schemes given in the relevant aircraft Vol.6, 
may be used at the discretion of the Senior Engineering Officer. They must 
never be used however, in the repair of primary structure, unless authorized 
in the Vol. 6 or by the manufacturer's stress department. 

16 The strengths of the rivets vary according to their size, type of head 
and the material from which they are made. Given equality in size and 
material, snap-head rivets are the strongest. The next strongest are those 
with a mushroom head; they have good holding down properties and are generally 
used on external skinning where a flush surface is not essential. Counter- 
sunk-head rivets, although weaker than the snap and mushroom-head rivets, 
are used extensively to achieve the required flush external jointing and 
finish vitally important to aerodynamic cleanliness and aircraft performance. 

17 Normally, 100 or 120 deg. countersunk-head rivets are used in production 
and repair work in light-gauge skinning. The 90 deg. type of head is used 
for improved flush finish in heavier gauge materials. Rivets with a 60 deg. 
countersunk-head are occasionally used in very heavy gauge material where a 
dead-smooth surface is necessary. 

18 The relative strength of the various types of rivet head is very difficult 
to assess, because so much depends on the thickness of the sheet being riveted. 
If the sheet thickness is less than a quarter of the nominal diameter of the 

Chap.1 
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rivet, for example, an } in diameter rivet in 22 s.w.g. sheet, then a good 
rivet head is important; if, however, the sheet is thicker than !D (where 
D is the nominal diameter of the rivet), the size and shape of the rivet 

head are relatively unimportant. 

19 When the sheet thickness is less than {D a snap-head rivet is about 6 
per cent stronger in shear and tension than a mushroom-head rivet, while a 

standard countersunk-head rivet is about 15 to 20 per cent weaker than a 
mushroom-head, though this is partly due to the sheet being cut away to form 

the countersink. 

RIVET SIZES FOR SHEET GAUGES 

20 The diameter of rivets used in aircraft construction and repair are 
determined by the constructor's design staff from the relative strengths of 
the rivets and the metal to be joined, the required length of the rivets 
being governed by the thickness of the structure to be riveted. The approx- 
imate relationships between rivet size and sheet gauge are as shown in 
Table 4. Although it is sometimes necessary to fit rivets of 3 in diameter, 
the range of rivet sizes reference in AP 1086 does not usually exceed } in 
diameter. Where special large-diameter rivets are required for replacing 
similar rivets in repair work, they will be referenced in the relevant air- 
craft Vol. 6 together with information on the tools required for fitting 
them, according to the type of repair in hand. 

TABLE 4 RIVET SIZE FOR VARIOUS SHEET GAUGE THICKNESS 

SWG Minimum size 

rivet dia (in) 

22 3/32 
20 1/8 

18 5/32 
16 3/16 

14 7/32 
12 1/4 
10 5/16 

Rivet lengths 

21 The length of any rivet required for repair work is governed not only by 
its diameter and the gauge of the metal surfaces to be joined, but also by 
the amount of shank required to form the second head. The last factor is 
called the allowance and is the length of shank, protruding through the 
metal surface, which is to be formed into the head and is always calculated 
as so many times D, where D equals the diameter of the rivet. If a rivet 

is too long, it must be cut off and filed square to leave the correct allow- 

ance as shown in Table 5. 

Note ... 

Before selecting the type and length of rivet required for repair work, 
the thickness of the metal surfaces to be joined, plus the allowance on 
the rivet shank, should always be accurately calculated to obviate the 

Chap. 1 
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necessity for shortening the length of rivet. When the calculation 6 
indicates that the length of a rivet is within the range given in AP 1086, 
Sect. 28Q, it may be fitted in the rivet holes and closed without filing 
or cutting the shank to the correct length. 

TABLE 5 RIVET ALLOWANCES ON SHANK LENGTH 

Type of 

h t F 5; 
eae. tet Rivet material Al Lowance Remarks 
be (in inches) 

formed 

Snap Low tensile steel 1.6D — 

Snap Light alloy 1.7D Larger allowance due to 
greater clearance 

Flat. Light alloy Refer to para. 26 et seq. ‘S 
reaction 

Counter- All materials 0.6 to - 
sunk 0.75 D 

Tubular All materials 0.5D 0.75 D if the head is to 
be "spun' 

RIVETING PROCESSES 

Generali 

22 The following paragraphs outline the various methods of riveting used on 
aircraft. Broadly speaking, riveting processes fall into two classes of 
work; first, where the components are accessible to the operators from both 
sides, and second, where the components are accessible from one side only. 
Such methods as the ordinary snap and dolly riveting, reaction riveting, @ 
and squeeze riveting fall into the first class, while the various blind 
riveting processes and plug riveting come under the second class. 

Marking out 

23 Except for outlines, which may be marked with scribers, all marking out 
on all alloys used for the repair of airframes is done with a graphite 
pencil. However, since graphite can cause galvanic corrosion, all traces 
of pencil line are to be removed when the repair is completed. 

24 If it is mecessary to delineate a defect such as a crack, where the 
marking has to remain for more than a few hours, a grease pencil of any 
colour except black (as this might contain carbon) is to be used. 

Drilling 

Method 

25 When drilling through an assembly, the operator is liable to pitch 

Chap.1 
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forward when the drill breaks through; this can be prevented if the drill is 

enclosed within a spring-loaded shield (fig. 1) which leaves only a short 

length of drill projecting and absorbs the shock. The shield saves drills 

and drilling time as the operator can push harder with safety; further time 

is saved when a drill template is used, as the holes in the template are 

countersunk and the end of the shield can be tapered to fit, so that drill 

insertion is simplified. 

CYLINDER ATTACHED 
TO BODY OF DRILLING 

TOOL 
S
S
 

Wh
, 

; 
CUSHIONING SPRING 

SHIELD 

(mie TEMPLATE 

WORK u a ra 
SANA AAAS 

= 
ANNANARAAARAARANARARANAN IS 

STRINGER 

Fig. 1 Rapid drilling attachment 

Drill sizes 

26 If a drill template is not used, the positions of the holes are to be 

marked with a centre punch. The punch mark must be large enough to prevent 
drill slip yet not so deep that the surrounding sheet is distorted. All burrs 
must be removed and all swarf brushed from the sheet after the drilling oper- 
ation is completed. In cases where it is not possible to remove burrs due 

to dismantling difficulties, it is important to ensure good clamp-up during 
the drilling operation. This may be achieved by using service bolts, gripping 
pins or clamps as close to the side of the hole as possible. Any gap between 
plates will result in burrs. 

27 Generally, rivet holes are drilled 0.08 to 0.13 mm (0.003 to 0.005 in) 
oversize. Reference is to be made to Table 6 for the average recommended 
drill sizes which can be used with all types of rivets, but there are many 
variations; for example, in pressure sealing, the sizes must be very much 
more carefully controlled, and on thin sheet which is drilled prior to 
dimpling, the holes are drilled undersize, that is, a 5/64 in drill is used 
for a 5/32 in rivet, a 3.00 mm drill for an 1/8 in rivet, and a 3.90 mm 
drill for a 5/32 in rivet. — 

Notes ..- 

(1) Table 6 gives only the average recommended drill sizes, and does not 
provide a definite ruling. For example, while Chobert rivets can be 
fitted satisfactorily in holes drilled in accordance with this table, 
they are more frequently fitted in holes made by a dead size drill, for 
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example, an § in drill is used for an } in dia rivet. 

(2) If the correct size of drill as given in the table is not available, 
the next smaller size should be used. 

28 If pilot holes are to be drilled, the recommended drill sizes to be used 
are given in Table 6. 

TABLE 6 RECOMMENDED DRILL SIZES FOR RIVET HOLES AND PILOT HOLES 

Drill size 
Rivet diameter 

(in) Pilot hole Rivet hole 

1/16 1.40 mm 1.70 mm 
3/32 1.80 mm 2.50 mm 
7/64 (pop rivet), - 2.85 mm 
1/8 2.50 mm 3.30 mm 
5/32 2.50 mm 4.00 mm 
3/16 3.30 mm 4.90 mm 
0.2 (pop rivet) _ 5.20 mm 
1/4 3.30 mm 6.50 mm 
5/16 3.30 mm 8.00 mm 
3/8 3.30 mm 9.80 mm 

Note ... 

When close-tolerance rivets are to be used in repair schemes, very care- 
ful drilling and reaming is necessary to ensure that the rivet holes do 
not exceed the tolerance specified in the relevant aircraft Vol. 6. 

Reaming requirements 

29 Reaming is required when installing some types of fastener, for example, 
close tolerance and over-size rivets, Hi-shear pins, Jo-bolts, etc., and 
also when specified in the aircraft Vol. 6. These reamers are usually 
special-to-type and are not available as standard equipment. 

Countersinking 

30 Holes for countersunk-head rivets must be either cut-countersunk or 
dimpled to receive the rivet head, according to the thickness of the metal 
sheet and the diameter of the rivet. The method which is generally used in 
each case is indicated in Table 7, although where the method given in a 
relevant aircraft Vol. 6 repair scheme is at variance with that shown in the 
Table, the method specified in the repair scheme must be effected. 

Cut 

31 Cut-countersinking is the process whereby a cone is machined in the 
sheet metal to fit the countersink on the rivet head; it is used on the 
leading edges of mainplane and wherever else a perfect flush finish is 
required. The process must not be employed on sheet of 22 s.w.g. or less, 
and may only be used on sheet of 20 and 18 s.w.g. where there is no 
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oft possibility of stress concentration or vibration; in these instances, the 

sheet should be dimpled or mushroom-head rivets should be used. 

TABLE 7 APPLICATION OF CUT-COUNTERSINKING OR DIMPLING METHODS 

Rivet diameter (in inches) 

Sheet metal gauge 3/32 1/8 5/32 3/16 1/4 

24 s.w.g. and thinner D D D D = 

22 s.w.g. D D D D D 

20. s.w.g. D D D D D 

18 s.w.g. Cc Cc D D D 

16 s.w.g. and thicker Cc Cc C C C 

le Note ... 

C = Cut-countersunk D = Dimple 

32 Cut-countersinking does not distort the sheet and gives a smooth finish 
provided that the rivet heads are uniform and that the countersinking is 
correct. A stop should be used on the drill to ensure that the countersink 
is of the correct depth; the stop should not be large enough to conceal the 
point of the drill from the operator when it has been so inserted into the 
pilot hole, and should be prevented from rotating on the sheet. The drill 
should be fixed in the chuck of the machine to provide a countersink that 
fits the head of a rivet taken from the batch to be used; the heads of 

rivets vary more from batch to batch than within any one batch. 

SLOT FOR SWARF 

CLEARANCE 

STOP FOR CUT - 
COUNTERSINKING 

Fig. 2 Countersinking tool 

fi 
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33. A simple type of stop for cut-countersinking is shown in fig. 2; it 
consists of a short length of tube with a welded handle to prevent it from 
rotating. Fig. 3 shows a combined drill and countersink with a stop which 
does not conceal the point of the drill. 
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ATTACHED TO BODY 
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<
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r
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 a 

Fig. 3 Combined drill and countersinking tool 

34 Cut-countersinking can be accurately carried out using the approved 

cut-countersinking tool sets. The Ref. No. 1C/6456 set contains an adjust- 
able holder and eight cutters; four for 90 deg. countersinks and four 120 
deg. countersinks. The Ref. No. 1C/7436 set contains an adjustable holder 
and four cutters for 100 deg. countersinks. The Ref. No. 1C/7575 set con- 

tains an adjustable holder and four cutters for 60 deg. countersinks. Each 
set covers hole sizes 3/32, 1/8, 5/32 and 5/16 in diameters. Twist drills 
ground to the correct angle may be used in non-critical areas, if the tool 

sets are not available. In all cases it is essential to ensure that the 
correct depth of countersink is achieved. Knife edges due to counter- 
sinking too deeply on thin skins, must be avoided. 

Dimple 

35 Sheet metal of less than 18 s.w.g. is usually dimpled to form the 
countersinks. A common method is to squeeze the rivet head into the sheet, 
the underside of which is supported by a cupped die which has a diameter 
slightly greater than that of the rivet head and is centred on the rivet 
shank. After a burst from a pneumatic hammer, the die is replaced by a 
flat reaction bleck (para. 48) and the rivet is set. 

36 On 22 s.w.g. sheet metal it is possible to obtain a flush finish without 
the use of a die, if hammering is started just before the reaction block is 
applied. Neither of these dimpling methods, however, produces as flat a 

finish as countersinking. 

37 A better finish than that produced by the above methods can be obtained 
if an accurately formed punch is used in the riveting dolly. The punch 
should have a deeper taper than the rivet head (for example, about 115 deg. 
for a 120 deg. countersunk head) to compensate for the resilience of the 
sheet. The die should be relatively heavy and should have a cup formed in 
it of the same taper as that of the punch. 
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38 If the part to which the sheet is to be riveted is comparatively thick, 
it may be countersunk and the sheet dimpled into it. Where the necessary 
equipment is available, the sheet may be removed after the drilling operation 

and a press used for dimpling. 

39 Dimpling of sheet metal may be effected by hand tools referenced as:- 
Tools, dimpling,male Ref. No. 1C/7027 and female 1C/7028 and 7029. These 
tools will form dimples for 120 deg. countersunk 3/32 in dia. rivets, but 
are not suitable for all materials or locations. Hot dimpling, spin dimpling 
and squeeze dimpling tools are provisioned for special applications. These 
machines, designed for light or heavy duties, are pneumatically operated and 

are supplied under the appropriate aircraft Section 26 reference number, 

together with the referenced list of components comprising the machines and 
accessories. Where applicable, all reference numbers and full operating 
instructions are given in the relevant aircraft Vol. 6. 

Note ... 

No provision is made in the R.A.F. AP 1086 for the spin dimpling machines 
or squeeze dimpling tools to be obtained as a general issue. 

40 Hot dimpling is now considered to be the most efficient process and is 
superseding other forms of machine dimpling. This process employs two 
heated dies under pressure. 90, 100 and 120 deg. dimples can be formed in 

a wide range of materials without risk of cracks. 

Rivet sets 

41 Fig. 4 shows a rivet set for a countersunk-head rivet. It should be 
noted that the hammer dolly has a slightly crowned face, while the surface 
of the reaction block is flat. 

HAMMER DOLLY 
CROWNED FACE 

_/ (EXAGGERATED) 

Fig. 4 Rivet set for countersunk-head rivets 

42 The snap for a mushroom-head or a snap-head rivet should have a slightly 
larger radius than the head, and the rim should be clear of the sheet 
(fig. 5). 

43 It is recommended that snaps should not be used for the driven heads, even 

in squeeze riveting, unless they are necessary to centre the tool, and if 

they are so used, they must be shallow. The surfaces of all tools must be 
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kept clean and smooth. 

RIGHT WRONG 

x, 

a a > 

CLEARANCE a 

SLIGHTLY EXAGGERATED 

TO SHOW OPENING 

Fig. 5 Rivet set for snap-head rivets 

Riveting technique for solid rivets 

44 Solid rivets may be fitted either manually with suitable snaps and 
dollies, or mechanically with approved riveting tools which may be hand or 
power operated (AP 1464B, Vol. 1, Sect. 2 and Sect. 4). 

45 When manual riveting is employed in repair work, a simple process may be 
used for structure that can be riveted on the bench, wherein the rivet is 
inserted with the pre-formed head on the undersurface of the metal to be 
joined (fig. 6) and the tail protruding through the top surface; the pre- 
formed head is then supported by a suitable dolly or block and the tail 
shaped to the required form by a hammer and snap, or by the hammer only, as 
appropriate. 
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Fig. 5 Snap-head rivet 
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46 Fig. 4, illustrates a rivet set for a countersunk-head rivet. It should 
be noted that the hammer dolly has a slightly crowned face, whereas the 

surface of the reaction block is flat. The snap for a mushroom-head or a 
snap-head rivet must have a slightly larger radius than the rivet head and 
the rim must be clear of the sheet (fig. 5). 

47 It is recommended that snaps should not be used for the driven heads, 
even in squeeze riveting, unless they are necessary to centre the tool and 

if they are so used, they must be shallow. The surfaces of all tools must 

be kept clean and smooth. 

Reaction riveting 

48 Reaction riveting is widely used for the setting of solid rivets and for 
skinning, that is, for the attachment of sheet metal to frames. Two 

operators are required, one equipped with a drilling tool and one with a 
reaction block or dolly. A vibrating pneumatic hammer, which may give any- 
thing from 15 to 65 blows per second, is the driving tool most widely used, 
especially for skin riveting. The block is of flat surfaced metal, and 
should be as light as possible in order to minimise fatigue; a block 
weighing 136g (0.3 1b) is usually sufficient for an { in rivet. The surface 
of the block should be kept clean and smooth. 

49 Each rivet is inserted from the outside, and the hammer is applied to 
the pre-formed head, a crowned or cupped dolly being used as required, and 
the block is held by the second operator against the rivet tail. The impact 
of the hammer drives the preformed head of the rivet against the skin, 
which, being springy, is driven against the parts nearer the rivet tail, while 
the rivet shank is swelled from the tail backwards by the reaction of the 
block. 

50 The closing caused by reaction riveting eliminates the need for the 
drawing-up operation commonly used with hand riveting. 

51 The surface of the block must be flat, so that the driven head may swell 

without restraint and form a squash or cheese head. The advantages of 
this type of head are, firstly, that the length of the rivet is not critical 
secondly, that there is no danger of the dolly pressing against and deform- 
ing the skin, and thirdly, that, for the same diameter, a squash head is 
stronger than a snap head. Examples of reaction blocks, shaped to reach into 
most types of structure are shown in fig. 7. 

52 Fig. 8 shows a rivet in a cut-countersunk hole. Detail A shows the 
squash head insufficiently formed; the head diameter is only fractionally 
greater than the original shank diameter, but the sheets have been drawn 
together and the hole fairly well filled. Detail B shows a similar rivet 
swelled approximately 36 per cent; a diameter of 1.1/3D is the lower limit 
considered acceptable for the driven head, while 14D is the normal require- 
ment (where D is the nominal diameter of the shank). Ideally, the thickness 
of the driven head should be 3D (Detail C) although there is no loss of 
strength until the thickness is less than 2/5D. The protruding length of 
shank required to form a driven head 1}D in diameter and $D thick is about 
1.1/10D, plus a little more to allow for the swelling of the rivet shank 
in the hole. A more precise indication of the rivet length necessary to 
form a head of the correct dimensions is given in the graphs of fiz. 9, 
which gives examples of the effect of hole ¢ize and plate tnickiess on the 
formed head dimensions. Reference shvuld also be made to fig. 10, detail A. 
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TYPE 1: 31b TYPE 2:11/2 1b TYPE 3:612Ib TYPE 4:141b 
(IC /8812) (1C (8813) (1C/ 8814) (1C/8815) 

TYPE 5: 1V41b TYPE 6: 21/4ib TYPE 7:121b TYPE 8: 21b 

(IC /8816) (10/8817) (1C/8818) (1C/8819) 

TYPE 9: 3lb TYPE 10: 1V4 Ib TYPE 11: 21b TYPE 12: 3/4 1b 

(1¢/8820) (1¢/8821) (1¢/8822) (1C/8823) 

TYPE 13: 31b TYPE 14: 3141 TYPE 15: 1172 1b 
(1C 8824) (1C/8825) (1C/8826) 4 

Fig. 7 Examples of reaction riveting blocks 

A UTD B 
\ 

C D o ; 
- Da 

SX \ AN KXAN 

Reaction rivet insufficiently 
hammered. Driven head is swelled 
by about 20 per cent. 

Driven head is swelled by about 
50 per cent, i.e. the thickness 
of the driven head is about haif 

the shank diameter. These are the 
dimensions usually called for. 

{ \ 

Reaction rivet just sufficiently 
hammered. Driven head is swelled 
about 36 per cent. 

Reaction rivet in hole that has 
crept and been redrilled oversize 
The hole is filled but the head 
does not bed well. 

Fig. 8 Reaction rivets 
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7] ———— (1-390) 
Rivet Dia : (in) 3/32 1/8 | 5/32 | 3/16 | 7/32 1/4 to a 

MINIMUM j FOR 1/8 in. DIAMETER RIVETS 

THI Width min |0-125 |0-167 |0-208 | 0-25 | 0-29 | 0-33 oe v~ 
to to to to to to - (1-50) 

Wimax |O-'14 (0187 |0-234/ 0-28 | 0-33 | 0-38 

Thickness 

h 0-046 | 0 062 |0-078 | 0-94 | 0:109/ 0-125 

- — {1-330) 

we Pn, f S/S 
MINIMUM | FOR 5/32 in. DIAMETER RIVETS 

T THICKNESS PS A ( i ) P 0:50 4 £ ij i Joy - - (1-50) 
(__) 

Ww | 

Note - Minimum width W corresponds to | 33 0 —~ —- (1.330) 
A width W corresp to 15D 

Thickness corresponds to O 5D VS 

16 ii IAMETER RIVET Formed reaction head dimensions MINIMUM ' = OR Silom © ENE VETS 
THICKNESS i a. 

so ITEM | ° a (1-50) 

-—$—.-—_$—___— = 

— Reduction in formed Drill 
Dia | head thickness (h) size 
(in) | for one 16SWG plate | (mm) Saeeeetoee) 

j t——— ) 
| ie | O 006 in | 330 } | 5/32 | 0 005 in | 410 | moo , 

3/16 © 002 in 490 | r eat ) 

aN, 
= 1m 

Pion \ i 

\ }) | ) } | Gauges for checking reaction 
} all if 9 i } formed rivet heads 

Reduction in formed head due to rivet expansion in hole 

ITEM 2 

DETAIL A DETAIL B 

Fig. 10 Reaction rivet head dimensions 

53 Allowance has been made on the graphs for shank expansion due to hole 
clearance using the drill sizes quoted in Table 6. To assist in obtaining 
the correct diameter of formed head, a GO/NO GO gauge may be manufactured 
to the dimensions given in fig. 10, detail B. 

54 Overpanning of the formed or driven head can be detrimental to the 
surrounding metal. Excessive hammering and swelling of the rivet shank can 
initiate cracks around the hole. This is particularly serious in the case 
of aluminium/zinc alloys such as DTD 683 and 687. It is therefore prefer- 
able that the lower limit of 1.33D width across the formed head is not 
exceeded on these materials, as cracks can rapidly spread and lead to failure 
of the joint. 

55 Properly controlled reaction riveting stretches the riveted parts only 
very slightly, because, as the hammering continues, the head swells, presents 
a larger area, and diminishes the pressure which might tend to swell the 
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shank excessively. If, however, stretching does not occur, there is always 
the danger of creep when thin sheets are riveted to frames and stringers, 

because the thin sheets are slightly wavy and are straightened when riveted 
to stiff straight parts, so that the holes in the sheets tend to creep past 

those in the stiffer parts. 

Procedure 

56 The sequence of operations for manually fitting solid rivets is as 

follows:- 

56.1 Mark out the positions of the rivets on the metal to be joined, 
ensuring that the correct landing, pitch and distance between rows are 
used (para. 58 and 59), centre punch and drill the rivet holes with the 
correct sized drill to ensure the required clearance. The holes should 
be reamed if the relevant Vol. 6 calls for this operation. 

56.2 Dismantle the drilled metal surfaces and remove all burrs and 

swarf around the holes. 

56.3 Assemble the job again and secure with suitable service bolts or 
clamps in every fourth hole. 

56.4 If countersunk rivets are to be fitted, dimple or cut-countersink 
the metal surface as required. The holes should be reamed and again de- 

burred if this operation is called for in the relevant Vol. 6. 

56.5 Insert rivets of the correct length (para. 21). 

56.6 Close the rivet by the reaction process described in para. 47 et 
seq. 

Note ... 

The judicious use of masking tape over thé manufactured head will often 
prevent marking of the skin surface or ringing in the case of protruding 
head rivets. 

56.7 Using the correct snap, form the head of each rivet to the required 

shape. 

Riveting faults 

57 Before commencing any type of riveting job, the operator should, whenever 
possible, make a dummy run by fitting rivets in holes drilled in some spare 
pieces of metal and forming the appropriate heads on them to check his 
ability to produce well-set, satisfactory rivets or correct any fault 
riveting. The main causes of faulty riveting are as follows:- 

57.1 Excessive or insufficient shank allowance. 

57.2 Rivet holes not drilled straight or drilled to the wrong size. 

57.3 Rivet holes out of line on separate surfaces. 

57.4 Surfaces of metal not drawn-up close together, possibly due to burrs 

around drill holes. 

57.5 Wrong size of dolly or snap used, thus damaging the metal surface 

or forming a bad rivet head. 

57.6 Rivets not filling rivet holes correctly. 

57.7 Rivet head not central with the shank. 
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57.8 Formed reaction head overdriven. 

Riveted joints 

58 When riveting together two or more sheets of metal during any repair 
work, the correct rivet spacing and pattern must always be observed. The 
rivets must not be too close to each other, otherwise the excessive number 
of rivet holes will weaken the metal sheet; they must not be too far apart 
or there will not be sufficient of them to take the loads imposed upon the 
structure which they are securing and, also, the joint will not be effective- 
ly sealed against the weather or the ingress of liquid. Rivets must never 
be fitted too close to the edge of the metal sheeting as this would allow 
them to tear through the metal under load. 

59 These factors must be taken into consideration when planning any rivet 
spacing and pattern for repair work involving single, double or treble rows 
of chain or staggered riveting. For practical purposes, the minimum dis- 
tances necessary to cover the considerations given in para. 58 are as 
follows (where the symbol D denotes the diameter of the rivets):- 

59.1 The basic minimum permissible distance between any two rivet 
centres is 4D. Therefore:- 

59.2 The minimum pitch is 4D. 

59.3 The minimum distance between rows of chain rivets is 4D. 

59.4 The minimum distance between staggered rows of rivets is governed 
by the basic minimum of 4D between any rivets, allied to the actual 
pitch used. 

Note ... 

When the pitch in the individual rows of rivets is itself at the 
minimum of 4D, the minimum distance between rows of staggered rivets 
is 3.5D. As the pitch increases, so the minimum distance between the 
rows decreases, therefore the expression:- 

[1604 _ Patch ) 2 

should be used to calculate the required distance between rows. 

59.5 The minimum distance between rivet centres and the edge of the 
metal sheet (the landing) is 2D for 18 gauge and thicker material and 
23D for all material thinner than 18 gauge. 

Riveting hammers 

60 The high-speed riveting hammers run at about 3600 blows per minute, and 
are lighter and less fatiguing to the operator than the slow and harder 
hitting hammers. In addition, there is less danger that they will stretch 
the sheet. 

61 Singie-shot pneumatic hammers close a rivet with one or two heavy blows 
instead of a burst of light blows, but they are heavier than the fast-running 
hammers and require a heavier block. Single-shot hammers are more suitable 
for driving long rivets in heavy parts than for skin riveting, because they 
will compress a longer rivet throughout its length. 
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Distribution of creep 

62 Creep is bound to occur when thin sheets are riveted to large assemblies, 
and, as it is quicker to re-drill a complete run of holes than to re-drill 
as required, all holes should be pilot drilled and then opened out; the 
sheet must be pressed hard against its mating component during this operation 
to exclude swarf. If sheet grippers are required, gripping pins should be 
used. The following pins are available for their corresponding hole dia- 
meters:- 

Gripping pin Hole diameter 

Ref. No. 1B/1208008 3/32 in 

Ref. No. 1B/1208010 1/8 in 

Ref. No. 1B/1208011 5/32 in 

63 Much of the skill required for the satisfactory riveting of sheet metal 
to framework, lies in minimising creep and in distributing it evenly. Local 
slackness may be obviated if the sheet is pre-stretched slightly before it 
is assembled. 

64 The procedure used in the application and riveting of the sheet varies 
greatly, according to the type and size of the structure; a typical method 
of riveting the sheet to the fuselage is described in the following paragraph. 
It is assumed that the frames, but not the stringers, have the holes for 

fixing already drilled, that the frames are set up in a jig, and that the 
stringers and other framemembers are already riveted in position. 

65 The sheet is then applied as follows:- 

65.1 The skin sheets are fixed to the frame by gripping pins fitted 
through holes especially drilled, the sheets being trimmed to the exact 
size required. 

65.2 The sheets are drilled through the pre-drilled holes in the frames; 
the sheets must be held back against the frames to prevent swarf from 
collecting between them. 

65.3 Drill templates are fitted, and the sheets and the stringers are 
drilled with a drill of the nominal size of the rivets. 

65.4 With the skin sheets lying flat on the stringers, occasional holes 
about a foot apart are re-drilled with a drill about 0.003-0.005 in 
larger than the nominal rivet diameter; rivets are then inserted and 
formed in these occasional holes. 

65.5 The holes between the occasional rivets are re-drilled with the 
_ oversize drill and the rivets are inserted and formed. It is usual to 
“rivet one sheet at a time, and not to open out the holes in the next 
sheet until immediately before riveting. 

66 Creep must be scrupulously limited after the re-drilling operation. If 
necessary, the short lengths between the occasional rivets may be further 

sub-divided by occasional rivets. The amount of creep that occurs is not 
usually more than about 0.009 in but holes as much as 0.015 in oversize (due 
to re-drilling after creep) may be necessary. 

67 Inspection for oversize holes is difficult, and is usually based on the 
fact that the larger the hole the more rivet metal is required to fill it 
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and the less metal is left to form the head. If the rivet heads are 
relatively small at the end of a row, it may be necessary to have them 
removed and replaced by oversize rivets. 

Note ... 

Where countersunk-head rivets are used on a stressed component,the only 
way of ensuring that a rivet is fitted tightly is for the countersunk 
head to be 0.001-0.0015 in proud of the surrounding surface after the 
rivet has been fitted; the rivet head must not be below the surface of 
the skin. 

9 
68 Another method of disturbing ‘creep uniformly is to insert all the rivets 
in a row before the riveting operation is commenced; a strip of paper should 
be pasted over the rivet heads to keep them in place, but jointing compound 
may be used to serve the same purpose. The occasional rivet method is 
preferable, but this alternative is useful for long runs. 

69 The quilted appearance usual on a metal-skinned structure is due partly 
to the fact that thin sheets are fixed locally before they are straightened 
by being close-riveted to the stiff frame members; if a complete sheet is 
tensioned it lies more smoothly. One method of tensioning a sheet is to 
apply a pull to each corner until it is riveted, but no attempt should be 
made to tension a sheet that is not flat or nearly flat; tension should not 
be applied to a curved sheet because it tends to draw the skin straight 

from stringer to stringer between frames. Tensioning the sheets will not 
eliminate local buckles, which are usually due to uneven joints between 
frame members, or to an accumulation of creep in one locality. 

Fitting and removing rivets 

Solid rivets - removing 

70 When the removal of existing rivets is necessary, great care must be 
taken to avoid damage to the surrounding material, particularly if this is 
thin metal sheeting. If there is insufficient support for the rivets during 
the removal operations, or if a pre-formed head has to be chipped off with 
a cold chisel and the hammer blows are too heavy, the metal structure may 

be distorted, the rivet holes elongated or incipient cracks caused. Such 
cracks, although at first imperceptible, may spread under load and vibration 
thus weakening the structure. 

71 The removal of solid rivets should be effected in the following sequence 
of operations:- 

71.1 On snap, dome or mushroom-head rivets, file a flat on the pre- 

formed heads. 

Note 

It is preferable to work on a pre-formed head as this is more 
symmetrical about the rivet shank than a formed head. 

71.2 Mark the centre of the heads with a centre-punch. 

71.3 Using a drill of the same nominal diameter as the rivet shanks 
(fig. 11), carefully drill out the heads to a depth slightly more than the 
thickness of the centre-punched heads. 
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QQ REN BG 

Fig. 11 Drilling out head of rivet 

71.4 If the rivet heads are not removed by the drilling operation, have 

the opposite end of the rivets supported with a suitable dolly and cut 
off the drilled heads with a small, sharp cold chisel, the cut being made 

in the direction of the line of rivets (not across it). Care is to be 

taken to avoid damage to surrounding material. 

71.5 Support the structure locally to prevent buckling of the sheets or 
fittings and eject the rivets with a parallel pin punch slightly smaller 
than the diameter of the rivet shank. 

Plug rivets - fitting (fig. 12) 

72 The procedure for fitting plug rivets, which necessitates the use of a 
power hammer, is as follows:- 

72.1 Drill suitable-sized holes to the required depth in the solid member. 

72.2 With the appropriate taps, tap the holes to leave a coarse thread 
similar to that of an Acme thread. 

72.3 If countersunk rivets are to be fitted, countersink the holes in the 
solid member to the same angle as that of the rivet heads and either 
dimple or cut-countersink the metal sheet according to its thickness (see 
Table 7). 

72.4 Cut the rivets to the required lengths, which must include the 
allowance for the shank expansion. 

72.5 Drive the rivets into the threaded rivet holes with a pneumatic 
hammer so that each rivet tail strikes the bottom of its hole and the 

shank swells until the threads are filled and the rivet is secured. 

Plug rivets - removing 

73. To remove a plug rivet, a chiselled slot should be made in the rivet 
head and the rivet screwed out with a suitable screwdriver. As an alter- 
native to this method, a small hole may be drilled in the centre o* the 
rivet head, the tang of a file or a square punch inserted and the rivet 
screwed out. 

Chap.1 
June 78 (Arndt 2) Page 23



AP 101A4-1401-1 

HOLE TAPPED RIVET INSERTED 

RIVET CLOSED ALTERNATIVE 

COUNTERSUNK RIVET 

Fig. 12 Plug riveting 

Hollow rivets - removing 

74 Hollow rivets should be drilled out in the same way as solid rivets 
(para. 70); it is recommended, however, that a hand drill should be used 

with the minimum of pressure, as the high speed of a power-driven drill used 
with considerable pressure is liable to spin the rivet in the work. 

Hi-shear pins - fitting 

75 The complete closing sequence is illustrated in fig. 13. Normally the 
collars are driven with standard riveting guns or squeezers fitted with a 
Hi-shear set, but pins up to 3/16 in diameter can be set with a hand tool, 
hammer and re-action block. The set is unusual in having a hollow centre 
with a discharge port through which severed portions of the trimmed collar 
are ejected. As the collar is swaged into the pin groove, the pin trimming 
edge severs that portion of collar which remains above the trimming edge and 
there is no upsetting of the pin itself as in normal riveting. 

76 Hi-shear pins are produced to close tolerances and should be fitted to 

drill-reamered and de-burred holes in accordance with current procedure or as 
directed in the relevant airframe Vol. 6. When a pin is inserted it should 
be checked for correct length before driving. After ensuring that the mating 
faces of the materials to be pinned are in close contact with each other, 
check the pin length in the hole for 'maximum grip' (fig. 14); the pin groove 
edge should be just clear of the face of the work. Next, check for 'minimum 
grip', apply the collar over the end of the pin and ensure that the pin 
trimming edge does not show above the collar; if it does, a shorter pin must 
be used. If a shorter pin is not obtainable, then a washer, reamed to the 

correct hole size, may be employed to adjust the thickness of material being 
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pinned but this method should not be used as a normal practice. 

Gz Vi, =| i_K& 
} ( ? 

COLLAR SLIPPED HI-SHEAR SET ANC CLOSING STARTS 

OVER PIN END BIJCKING 3A COLLAR BEGINS 

APPL.ED TO FORM 

G , 

Yili 
WG 

Za. =—— oe <K << 
MW _W AWE AW 7

\
 

EXCESS COLLAR GROOVE IN PIN FILLED. COLLAR FORMING 

MATERIAL STARTS COLLAR TRIM CUT OFF COMPLETED. 

TO TRIM. GROOVE BY PIN TRIMMING EDGE TRiM LODGED IN SET 

STARTS TO FILL BEFORE BEING EJECTED 

Fig. 13. Hi-shear collar forming sequence 

77 When a gun is used to set Hi-shear pins it should be sufficiently power- 
ful to drive the collars rapidly. Long,weak bursts on the gun tend to work- 
harden a collar and make it more difficult to drive. An air pressure of 

at least 6.12 bar (90 lbf/in2) is required to ensure rapid driving. The pin 
head should always be backed by a heavy reaction block so that the full force 
of the gun is applied to the collar and is not dissipated in vibrating the 
structure. For reaction setting a straight trimming set is inserted in a 
reaction block which is then applied to the collar and a flush set in the gun 
is held up to the head of the Hi-shear pin. It is possible to close the 
collars of pins up to 3/16 in diameter by using a hand set, but above this 
size of pin a power tool must be used to do the work effectively. Faults 
and methods of correction; when setting Hi-shear pins, are illustrated in 
fig. 15. When approved for Service use details of Hi-shear tools will be 
found in the relevant aircraft Vol. 6. 

Hi-shear pins - removing 

78 There are four methods suitable for the removal of Hi-shear pins and 
these are illustrated in fig. 16. Whichever removal method is adopted the 
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aim should be to retain the original hole size without damaging the structure. 
If the pin can also be removed without damage and shows no signs of stress 
it may be used again with a new collar; in this respect it is similar to a 
bolt but does not suffer elongation due to overtightening. 

~— PIN GROOVE EDGE — 

|, == 2 
se 

RIGHT WRONG 
MAXIMUM GRIP CHECK 

oe 

( PIN TOO sHORT ) 

-PIN TRIMMING EDGE 

2 a... 
RIGHT WRONG 

MINIMUM GRIP CHECK 

1 
( P1N TOO LONG) 

Fig. 14  Hi-shear grip checks 

Tucker pop rivets - fitting 

CAUTION ... 

(1) When using break-head pop rivets care must be taken to drive out the 
rivet mandrel heads and remove them from the structure after completion 
of the riveting operation. 

(2) Where there is any possibility of loose mandrel heads entering parts of 
the structure where there are moving parts, electrical installations, 
or where they may be drawn by suction effect into turbine engine 
compressors, either directly or through clearance holes, the break-stem 

type of rivet should preferably be used. 

(3) When using break-stem type rivets precautions must be taken to ensure 

that the captive portion of the mandrel does not become loose due to 
vibration. An acceptable method of ensuring this is to dip the rivet 
in a cold-setting adhesive before insertion. 

79 Drill sizes are listed in Table 8. The angle of countersink for standard 
pop rivets is 120 deg. but certain sizes of monel rivet have a 100 deg. 
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NOT TRIMMED 

E. SURPLUS COLLAR MATERIAL WHICH HAS 
NOT BEEN TRIMMED; FURTHER DRIVING 
SHOULD REMOVE EXCESS. 

OVER - DRIVEN 

\ \\ 
\ \\ SN
) 

NW
 

FAN OvER- DRIVEN COLLAR WHICH EXCEEDS 
THE !/32 IN. ALLOWANCE MENTIONED AT C 
REMOVE COLLAR AND RESET WITH NEW 
COLLAR. 

— GAP 

G. GAP BETWEEN COLLAR AND PIN SHEARING 
EDGE, CAUSED BY USING TOO LONG A PIN. 
USE CORRECT LENGTH OF PIN OR PACK 
WITH WASHER. 

SURPLUS COLLAR MATERIAL 

H. SURPLUS COLLAR ay a CAUSED BY 
USING TOO SHORT A REMOVE AND 
INSERT A LARGER PINy AND CHECK FOR 
GRIP LENGTH BEFORE DRIVING. 

Fig. 15 Hi-shear pin setting faults 
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Fig. 16 Hi-shear pin removal 
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countersunk head. De-burring of rivet holes should conform to the radii 
indication in fig. 21, Chap. 2. 

TABLE 8 DRILL SIZE FOR POP RIVETS 

Rivet . Drill 

diameter Drill diameter 
° reference ; 

(in) (in) 

3/32 41 0.096 

7/64 33 0.113 

1/8 30 0.128 

5/32 20 0.161 

3/16 11 0.191 

7/32 2 0.221 

1/4 F 0.257 
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Fig.17 Tucker pop rivet development 

80 The stages of pop riveting are illustrated in fig.17. As the mandrel 
tail is withdrawn by the riveting tool, the material being joined is drawn 
tightly together and, at a pre-determined tension, the mandrel fractures. 
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RIVET AND MANDREL OFFERED UP 

TOGETHER. 

SHEET METAL IN CLOSE CONTACT. 

MANDREL WITHDRAWN 

TUBULAR RIVET COMPLETED; 

HEAD FORMED AND SHANK EXPANDED. 

SEALING PIN DRIVEN FLUSH WITH PRE- 

FORMED HEAD IF SOLID RIVET REQUIRED. 

Le) 

Fig.18 Setting Chobert rivets 

With break-head mandrels the head is normally ejected; with break-stem 
mandrels the correct retention of the mandrel head by the rivet is dependent 
upon sufficient projection of the rivet through the assembled material; for 
this reason it is essential to select the correct length of rivet for the job 
in hand. 

Tucker pop rivets - removing 

81 Removal of Tucker pop rivets is simplified by the drill-centring action of 
tubular rivets. It is necessary to remove all rivet stubs and swarf before 
closing off an area on re-assembly, this is particularly important as the 
mandrel heads and the rivets are of dissimilar metals. 

Chobert rivets - fitting 

82 As a Chobert rivet is set with a steel mandrel attached to the riveting 
tool it is possible to thread a number of rivets on the mandrel to permit a 
continuous feed. The action of the riveting gun automatically moves the 
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rivets forward to the mandrel head ready for placing, this permits a very 
high rate of work as compared with other processes where the rivets have 
individual mandrels. Repetition riveting tools which are pneumatically or 
hydro-pneumatically operated are described in AP 1464B Vol.1l, Pt.2, Sect.2, 
Chap.7. Automatic hand-operated riveting tools which are provisioned for 
setting rivets up to 3/16 in dia., are described in Sect.2, Chap.2 of the 

same publication. ° 

83 The action of a riveting mandrel is shown in fig.18. When the rivet and 
mandrel are inserted into the rivet hole and held firmly in position, the 
tool is operated to retract the mandrel, which transforms the tapered bore of 
the rivet to a uniform bore; by this action the rivet tail is expanded to 
form a head and the rivet shank is expanded to fill the rivet hole. As the 
contraction of the rivet length is very slight it is essential to pull the 
metal sheets into close contact with sheet grippers or service bolts before 
riveting starts, failure to do so may result in local distortion of the skin. 

84 Sealing pins are manufactured to an interference fit and, when required, 
are tapped in to produce a flush finish with the rivet heads. 

Note ... 

Steel sealing pins must not be used with aluminium alloy rivets and vice 
versa. 

85 By reference to Table 9 the appropriate rivet length for the thickness to 
The correct hole size for the rivet diameter 

is given in Table 10. As Chobert rivets are manufactured to close tolerances 
it is important that the correct drill is used. The expansion allowance for 
a steel rivet is less than that allowed for an aluminium alloy rivet. If a 
rivet hole is drilled oversize the rivet expansion will be insufficient to 
fill the rivet hole and increased shear loads will be carried by adjacent 
rivets. If a rivet hole is drilled undersize, the mandrel head may fracture 
owing to the increased tension which is necessary to broach out the rivet. 
Alternatively, when riveting thin gauges of sheet metal there will be a 
tendency to distort the skin. After drilling, the holes should be deburred 
as standard practice but reference should be made to the relevant aircraft 
TOPIC-6 to ensure that the correct deburring technique is used. Present-day 
practice on pressurized aircraft indicates a trend towards radius deburring, 
which reduces local stress at the rivet neck, as opposed to chamfer deburring. 

TABLE 9 RIVET LENGTH IN RELATION TO MATERIAL THICKNESS FOR CHOBERT RIVETS 

Joint thickness Rivet length* 

(in) (in) 

Up to 0.062 1/8 or 5/32 

0.062 - 0.125 3/16 or 7/32 

0.125 = 0.187 1/4 or 9/32 

0.187 - 0.250 5/16 or 11/32 

0.250 - 0.312 3/8 or 13/32 

0.312 = 0.375 7/16 or 15/32 

0.375 - 0.437 1/2 or 17/32 4 
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TABLE 9 RIVET LENGTH IN RELATION TO MATERIAL THICKNESS FOR CHOBERT RIVETS 
(continued) 

Joint thickness Rivet length* 

(in) (in) 

0.437 - 0.500 19/32 

0.500 - 0.562 21/32 

0.562 - 0.625 23/32 

0.625 - 0.687 25/32 

Note ... 

*The rivet length is measured overall for countersunk-head rivets 
and measured from under the head for snap-head rivets. 

Chobert rivets - removing 

86 The self-centring action of tubular rivets when drilling rivet heads 
makes the operation relatively simple. If sealing pins have been used they 
may be punched part-way through to permit centralized drilling. Whenever 
possible the remote face of the work should be supported before rivet pins or 
rivet shanks are punched through. All rivet fragments and sealing pins must 
be removed from the structure before the area is sealed off by completion of 
the repair. 

Avdel rivets - fitting (fig. 19) 

87 Avdel riveters are described in AP 1464B, Vol.1, Part 2, Sect.2, Chap.8. 
When a rivet is to be placed, the riveter is loaded and applied to the work, 

Band pulls the stem into the rivet: this tulips the rivet tail and expands 
the shank, thus filling the hole in the work and gripping the stem: the stem <q 
fractures at a predetermined load leaving its head and part of its stem in 
the rivet. 

P88 The projecting end of the stem in the rivet should be nipped off close tod 
the rivet head and, if a very clean surface finish is required, milled flush 

Pwith the rivet head or the sheeting, as applicable. Avdel rivets are cold 
headed or machined from bar to accurate limits corresponding to those < 
required for close tolerance solid rivets, thus the work preparation and the 
riveting operations must be done with the same care and accuracy as for 
Chobert riveting (para. 82). 

P89 Aluminium alloy Avdel rivets are supplied in grip lengths to suit sheet 
thicknesses up to 0.516 in. Stainless steel Avdel rivets suit sheet 
thicknesses up to 0.250 in. Any given rivet can be used with sheet material < 
of a certain range of thickness, and this range is referred to as the grip 
range; the sheet thickness measurement of a dimpled hole must include the 
depth of the dimple (C in fig.20). When the space behind the sheets is 
limited, the amount of mandrel protrusion (A and B in fig.20) must be 
considered; the mandrel protrusion for each diameter of rivet is given in 
Table ll. 
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TABLE 10 DRILL AND MANDREL SIZE IN RELATION TO RIVET DIAMETER FOR CHOBERT 
7} RIVETS 

Rivet dia. (in) ee Recommended Mandrel 
Nomi yP hole size head dia. ominal Actual (ix) 

Pi 3/32 0.0955-0.0935 All steel 
0.096 -0.094 All Al. alloy  9°098 ~0-1005 mene 

1/8 0.127 -0.125 All types 0.1285-0.1315 0.088 

5/32 0.158 -0.156 All types 0.161 -0.164 0.107 

3/16 0.190 -0.188 All steel 
0.188 -0.186 All Al. Alloy 9" 2935-0. 1965 ase 

1/4 0.249 -0.247 All steel 
0.247 -0.245 All Al. Alloy 9°290 -0-253 Ones 

STEM SHANK NIPPED OFF 
AND MILLED FLUSH WITH 
SHEET 

4, ne: 

Ph, 

Fig.19 Avdel riveting 

ie Chap.1 

Nov. 79 (Amdt 6) Page 33



AP 101A-1401-1 

CUT 
SNAP HEAD COUNTERSUNK 

DIMPLE is 
COUNTE a). 

MAX MAX 
|__ PROTRUSION 
i 

1 

PROTRUSION 

Pt a P2 SB BF 

A 21 cur se B sell —— c GRIP [/*— 
' , ! ! ' I 

Fig.20 Avdel (Al. alloy) rivet grip and stem protrusion _ 

TABLE 11 GRIP RANGES, DIAMETER AND LENGTH CODING OF RIVETS, AND STEM 
PROTRUSION FOR SNAP-HEAD (P1) AND COUNTERSUNK-HEAD (P2) AVDEL RIVETS; 

ALUMINIUM ALLOY 

1/8 in dia rivets 5/32 in dia rivets 3/16 in dia rivets 

Grip range Pl(in) P2(in) Pl(in) P2(in) Pl(in) P2(in) 
(in) Code AGS AGS Code AGS AGS Code AGS AGS 

2065/ 2066/ 2065/ 2066/ 2065/ 2066/ 

*O.020-0.078) ; 1-0 .044-0.078) 405 0.37 0.35 506 0.41 0.39 607 0.44 0.42 

0.047-0.141 407 0.46 0.40 508 0.50 0.44 609 0.54 0.48 

0.109-0.203 409 0.52 0.46 510 0.63 0.50 611 0.66 0.53 

0.172-0.266 411 0.65 0.52 512 0.63 0.63 613 0.66 0.66 

0.234-0.328 413 0.65 0.65 514 0.75 0.62 615 0.78 0.65 & 

0.297-0.391 415 0.76 0.64 516 0.75 0.74 617. 0.78 0.77 

0.359-0.453 518 0.86 0.73 619 0.90 0.77 

0.422-0.516 520 0.87 0.87 621 0.90 0.90 

* Snap-head + Countersunk-head < 

Imex blind rivets - fitting (fig.21) 

90 The setting of Imex rivets can be performed using standard pop riveting 
tools with the addition of a special nose piece and, in certain instances, 

Pspecial jaws. Further information on the availability of these items will be 
issued later. The recommended riveting thicknesses are shown in Table 12. < 
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GRIP RANGES, DIAMETER AND LENGTH CODING OF RIVETS, AND STEM 
PROTRUSION FOR SNAP-HEAD (P1) AND COUNTERSUNK-HEAD (P2) AVDEL RIVETS: 

STAINLESS STEEL 

1/8 in dia rivets 5/32 in dia rivets 3/16 in dia rivets 

Grip range Pl(in) P2(in) Pl(in) P2(in) Pk(in) P2(in) 

(in) Bode AGS AGS Code AGS AGS Code AGS AGS 

3920 3921 3920 3921 3920 3921 

3922 3923 3922 3923 3922 3923 

*0.031-0.062 405 0.53 - 

0.062-0.125 407 0.60 0.56 508 0.62 OVD 609 0.67 0.57 

0.125-0.187 409 0.66 0.60 510 0.68 0.62 611 0.73 0.67 

0.187-0.250 411 0.73: 0.67 512 0.74 0.68 613 0.80 0.73 

* Snap-head only 

CONTINUED ON PAGE 35 
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special jaws. Further information on the availability of these items will be 
issued later. The recommended riveting thicknesses are shown in Table 12. 
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Fig. 21 Setting Imex rivets 

91 The recommended drill sizes for 1/8, 5/32 and 3/16 in dia. rivets are 
0.128, 0.161 and 0.191 in respectively. 

Cherrylock rivets - fitting 

92 The installation of the cherrylock and bulbed cherrylock rivet is similar 
to conventional riveting using an appropriate pulling head. 

93 A pictorial representation of the riveting procedure is given in fig. 22 
for both the cherrylock and bulbed cherrylock rivets. 

Rivet removal tools 

Drill guide 

94 To prevent drill wander when removing rivet heads, the drill guide shown in 
fig. 23 has been designed as a simple tool which can be manufactured locally. 
The belled end should be concentric with the main bore and to achieve this the 
guide should be spun in a lathe to the correct form. The bellings should also 
permit the tool to fit snugly around the rivet head, otherwise the purpose of 
the tool is lost and it would be less effective than centre-punching before 
drilling. The material used will depend upon the anticipated life of the tool, 
light-alloy tube is adequate for the removal of a few rivet heads but case- 
hardened steel tubing is preferable for extended use. On application it is 
essential to hold the drill at right-angles to the face of the work to avoid 
canting the drill centring tube. 
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Fig. 22 Cherrylock riveting procedure 
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TABLE 12 RECOMMENDED RIVETING THICKNESS FOR IMEX RIVETS 

Thickness of Rivet diameter 
material (in) 1/8 in 5/32 in 3/16in 

0.375 

0.343 612 

0,312 612 

0.281 410 510 

0.250 410 510 

0.218 68 

0.187 68 

0.156 46 56 

0.125 46 56 

0.093 44 54 64 

0.062 44 54 64 

0.031 . 42 

Rivet code numbers 

DEPTH STOP 

he 
DRILL 

met NL, CC ENTERING 
YY RQ TUBE 

VS LIS SS 

Recocmuesall 

Fig. 23 Rivet removal 

Chap | 

Mar 85 (Amdt 10) Page 37



AP 101A-1401-1 

Drill depth stop 

95 A drill depth stop is desirable whenever a drill centring tube is used; it & 
should be set in such a manner that after drilling the head, the rivet can be 

removed with a light chisel blow on the side of the rivet head, followed by 
removing the shank with a parallel pin punch. 

96 It may appear to be much quicker to centre-pop rivet heads and drill toa 
depth estimated by the experience of the operator; this method gives no accurate 
control of the depth drilled and can easily result in damage to the sheet metal. 
Using a depth stop and drill centring tube ensures that the sheet metal cannot 
be penetrated as the face of the sheet is used as a datum when setting the drill 
stop. 

Rivet collector box 

97 To avoid the danger of loose rivet shanks remaining in the structure after 
repair work has been completed, a collector box is recommended; this can take 
the form of a reaction block bored to permit the passage of a rivet head as it 
is punched out and counter-bored from the back to hold thirty or forty such 

rivets. The back of the block can be capped with a lid or a swing plate. & 

Accessibility will determine whether or not the entry passage of the block 
should be concentric with the block or offset. The face of the block should be 
relieved to avoid interference with local rivet heads. Under no circumstances 
should loose rivets or swarf be allowed to remain within sealed compartments; 
apart from the danger of physical obstruction (e.g. blockage of drainage 
holes, interference with moving parts), corrosion due to electrolytic action is 
liable to occur and in the latter instance, swarf, which is metal in the raw 

state, can be more harmful than a loose rivet which has had a protective 
treatment applied. 

Rivet hole location jig 

98 The location of existing rivet holes may need to be transferred to a new 
repair skin which overlaps the existing holes. If it is not possible to drill 
through from the holes which already exist, then a location jig must be 
improvised; such a jig is illustrated in fig. 24. Although the dimensions will 
be decided by the particular application, 16 s.w.g. mild steel strip, case- 
hardened locally at the pilot hole will normally provide a satisfactory drill 
guide. The locating pin should be tapered and radiused to permit easy location * 

and it must be smoothly finished at both ends to avoid scratching any 
protective treatment. The packing piece should be equal to the maximum gauge 
of material on which the tool may be used. 

3; IN DIA PILOT HOLE 

& IN GAP 

/ 

LOCATING PIN PACKING BLOCK 

Fig. 24 Location jig 
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Oversize rivet holes 

99 If any rivet hole is found to be enlarged, as indicated by a loose rivet, 
or shows signs of cracks around the edges, or a hole is enlarged during the 
drilling-out operations on any rivets for repair purposes, the repair inform- 
ation given in the relevant aircraft Vol. 6 usually contains approved author- 

ization for the hole to be enlarged up to 1/32 in more than its original 
diameter and also for a correspondingly larger rivet to be fitted as a 
replacement. When enlarging existing rivet holes, they must be carefully 

reamed to the required size, which must ensure that all cracks are entirely 

removed from the edges of the holes. Usually rivet holes can be enlarged 
once only, but if there is sufficient landing and thickness of material 

for the larger rivet, however, a second enlargement is possible. 

Squeeze riveting 

100 Squeeze riveting is a method of setting solid rivets which is used 
chiefly in aircraft construction for such operations as the riveting of spar 

web plates to spar booms, stiffeners to webs, or at other locations where 
the work lends itself to complete jigging. The process applies a steady 
pressure to the rivet and will swell even the longest rivets throughout 
their length; the parts must be clamped together before full pressure is 
developed, because if any gap exists between the parts, the rivet shank may 
be extruded into it and prevent the parts from being drawn together. 

101 The drive head of the rivet is usually contained in a snap or cup, but 
this allows a very high compressive stress to be developed in the shank and 
causes the metal round the hole to be stretched excessively unless the load 
is limited. A flat head instead of a snap is recommended for the driven 
head unless the snap is required to centre the head on the rivet, but in 
such instances, the snap should not contact the part being riveted. 

102 On thin sheets of low tensile, it is not unusual for squeeze rivets to 
stretch the hole by as much as 20 per cent; there is no advantage in so much 
expansion of the rivet shank and it would cause distortion in many assemblies. 
In small parts, the rivet shank may be permitted to swell the hole by about 

10-15 per cent of the shank diameter, but in parts which have rows of 
rivets, the percentage must be much less, as the cumulative stretching 
effect causes serious distortion. It is important that very long rivets 
should be close fits in their holes, as otherwise, when driven, they will 

bend instead of compressing uniformly. 

103 Most squeeze riveting machines are operated by compressed air, either 
directly or through the medium of a hydraulic intensifier. Various types 
of machine are used, ranging from hand tools such as the scissors and yoke 
type, to pedestal-mounted machines such as the BIF and FMA squeeze riveting 
machines used by aircraft constructors. 

104 Another type of squeeze riveting machine is the De Bergue. De Bergue 
riveting was originally adopted for the manufacture of the structural 
components of all-metal air-frames, but it is now used chiefly for the 

construction of aircraft fuel and oil tanks where thin sheets have to be 
jointed together to form the shell and baffles. 

105 The riveting process is similar for all these machines. The holes for 
the rivets are pre-drilled, except for the fully-automatic FMA machine, 

which drills the hole immediately before inserting the rivet. A rivet is 
inserted into the hole and placed between the punch and anvil on the riveting 
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machine. The anvil is usually cup-shaped to centre the rivet tail, and has & 
a rim which meets the under surface of the work; the work is supported by 
this rim while the punch forces the rivet head into the work and dimples it 
and, simultaneously, the anvil forms the driven head on the rivet tail. 

Inspection of riveting 

106 Some typical riveting faults are illustrated in fig. 25. Slackness of 
a rivet is indicated by the cracking of the paintwork over it amd, if oil 
is present, by oil stains on the paintwork; the cracked paint and the oil 
stain combine to make the defect appear more serious than it really is. 
Proof-loading tests should be made on the mandrels of placed Avdel rivets 
with an Avdel pin tester. 

TABLE 13 CONVERSION TABLE - s.w.g. TO INCHES AND MILLIMETERS 

Gauge Inches mm Gauge Inches mm * 

7/0 0.5000 12.700 23 0.0240 0.610 
6/0 0.4640 11.786 24 0.0220 0.559 
5/0 0.4320 10.972 25 0.0200 0.508 
4/0 0.4000 10.160 26 0.0180 0.457 
3/0 0.3720 9.449 27 0.0164 0.417 

2/0 0.3480 8.839 28 0.0148 0.376 
0 0.3240 9.230 29 0.0136 0.345 
1 0. 3000 7.620 30 0.0124 0.315 
2 0.2760 7.010 31 0.0116 0.295 
3 0.2520 6.401 32 0.0180 0.274 

4 0.2320 5.893 33 0.0100 0.254 
5 0.2120 5.385 34 0.0092 0.234 
6 0.1920 4.877 35 0.0084 0.213 
; 0.1760 4.470 36 0.0076 0.193 
8 0.1600 4.064 37 0.0068 0.173 @ 

9 0.1440 3.658 38 0.0060 0.152 
10 0.1280 3.251 39 0.0052 0.132 
11 0.1160 2.946 40 0.0048 0.122 
12 0.1040 2.642 41 0.0044 0.112 
13 0.0920 2.337 42 0.0040 0.102 

14 0.0800 2.032 43 0.0036 0.091 
15 0.0720 1.829 44 0.0032 0.081 
16 0.0640 1.626 45 0.0028 0.071 
17 0.0560 1.422 46 0.0024 0.061 
18 0.0480 1.219 47 0.0020 0.051 

19 0.0400 1.016 48 0.0016 0.041 
20 0.0360 0.914 49 0.0012 0.030 
21 0.0320 0.813 50 0.0010 0.025 
22 0.0280 0.711 
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TABLE 14 TWIST DRILL SIZES @ 

Old drill gauge British Standard 
and letter size (international) series 

OLD Decimal NEW Decimal 

SIZE equivalent SIZE equivalent 

in mm in in 
80 0.0135 0.35 0.0138 

79 0.0145 0.38 0.0150 

78 0.0160 0.40 0.0157 

Vd 0.0180 0.45 0.0177 

76 0.0200 0.50 0.0197 

75 0.0210 0:52 0.0205 & 

74 0.0225 0.58 0.0228 

73 0.0240 0.60 0.0236 

72 0.0250 0.65 0.0256 

71 0.0260 0.65 0.0256 

70 0.0280 0.70 0.0276 

69 0.0292 0.25 0.0295 

68 0.0310 1/32 0.0312 

67 0.0320 0.82 0.0323 

66 0.0330 0.85 0.0334 

65 0.0350 0.90 0.0354 

64 0.0360 0.92 0.0362 

63 0.0370 0.95 0.0374 

62 0.0380 0.98 0.0386 

61 0.0390 1.00 0.0394 

60 0.0400 1.00 0.0394 

59 0.0410 105 0.0413 ? 

58 0.0420 105 0.0413 

57 0.0430 1.10 0.0433 

56 0.0465 3/64 0.0469 

55 0.0520 1.30 0.0512 

54 0.0550 1.40 0.0551 

53 0.0595 1.50 0.0591 

52 0.0635 1.60 0.0630 
51 0.0670 LedO 0.0669 

50 0.0700 180 0.0709 

49 0.0730 1285 0.0728 

48 0.0760 1.95 0.0768 

47 0.0785 2.00 0.0787 

46 0.0810 2605 0.0807 
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Old drill gauge British Standard 
and letter size (international) series 

OLD Decimal NEW Decimal 
SIZE equivalent SIZE equivalent 

in ™mm in in 
45 0.0820 2.10 0.0827 

44 0.0860 2.20 0.0866 
43 0.0890 2525 0.0886 
42 0.0935 3/32 0.0938 
41 0.0960 2.45 0.0965 

40 0.0980 2.50 0.0984 

39 0.0995 2.55 0.1004 
38 0.1015 2.60 0.1024 

37 0.1040 2.65 0.1043 
36 0.1065 2.70 0.1063 

35 0.1100 2.80 0.1102 

34 0.1110 2.80 0.1102 

33 0.1130 2.85 0.1122 

32 0.1160 2095 0.1161 

31 0.1200 3.00 0.1181 

30 0.1285 3.30 0.1299 

29 0.1360 3.50 0.1378 

28 0.1405 9/64 0.1406 
27 0.1440 34:10 0.1457 

26 0.1470 3.70 0.1457 

25 0.1495 3.80 0.1496 

24 0.1520 3.90 0.1535 
23 0.1540 3.90 0.1535 

22 0.1570 4.00 0.1575 

21 0.1590 4.00 O<1575 

20 0.1610 4.10 0.1614 

19 0.1660 4.20 0.1654 
18 0.1695 4.30 0.1693 
17 0.1730 4.40 05.1732 

16 0.1770 4.50 0.1772 

15 0.1800 4.60 0.1811 
14 0.1820 4.60 0.1811 
13 0.1850 4.70 0.1850 
12 0.1890 4.80 0.1890 
ll 0.1910 4.90 0.1929 

10 0.1935 4.90 0.1929 
9 0.1960 5.00 0.1968 
8 0.1990 5.10 0.2008 

7 0.2010 5.10 0.2008 
6 0.2040 5320 0.2047 
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TABLE 14 TWIST DRILL SIZES (continued) & 

Old drill gauge British Standard 

and letter size (international) series 

OLD Decimal OLD Decimal 

SIZE equivalent SIZE equivalent 

in mm in in 

: 0.2055 5.20 0.2047 

4 0.2090 5.« 30 0.2087 

3 0.2130 5.40 0.2126 

2 0.2210 5.60 0.2205 

at 0.2280 5.80 0.2283 

A 0.2340 15/64 0.2344 

B 0.2380 6.00 0.2362 é 

C 0.2420 6.10 0.2402 

D 0.2460 6.20 0.2441 

E 0.2500 1/4 0.2500 

F 0.2570 6.50 0.2559 

G 0.2610 6.60 0.2598 

H 0.2660 17/64 0.2656 

af 0.2720 6.90 0.2717 

J 0.2770 7.00 0.2756 

K 0.2810 9/32 0.2812 

L 0.2900 7.40 0.2913 

M 0.2950 750 0.2953 

N 0. 3020 7.70 0.3031 

8) 0.3160 8.00 0.3150 

P 0.3230 8.20 0.3228 

Q 0.3320 8.40 0.3307 

R 0.3390 8.60 0. 3386 é 

S 0. 3480 8.80 0.3465 

NY 0.3580 9.10 0.3583 

U 0.3680 9.30 0.3661 

V 0.3770 3/8 0.3750 
W 0.3860 9.80 0.3858 

xX 0.3970 10.10 0.3976 

Y 0.4040 10.30 0.4055 

Z 0.4130 10.50 0.4134 
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TABLE 15 FRACTIONS OF AN INCH TO DECIMALS OF AN INCH AND 
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TO MILLIMETRES 

Millimetre Inch Millimetre 

1/64 0.015 625 0.396 875 17/32 0.531 250 13.493 750 

1/32 0.031 250 0.793 750 35/64 0.546 875 13.890 625 

3/64 0.046 875 1.190 625 9/16 0.562 500 14.287 500 
1/16 0.062 500 1.587 500 37/64 0.578 125 14.684 375 

5/64 0.078 125 1.984 375 19/32 0.593 750 15.081 250 

3/32 0.093 750 2.381 250 39/64 0.609 375 15.478 125 

7/64 0.109 375 2.778 125 5/8 0.625 000 15.875 000 

1/8 0.125 000 3.175 000 41/64 0.640 625 16.271 875 

9/64 0.140 625 33571 875 21/32 0.646 250 16.668 750 
5/32 0.156 250 3.968 750 43/64 0.671 875 17.065 625 

11/64 0.171 875 4.365 625 11/16 0.687 500 17.462 500 
3/16 0.186 500 4.762 500 45/64 0.703 125 17.859 375 
13/64 0.203 125 5.159 375 23/32 0.718 750 18.256 250 
7/32 0.218 750 5.556 250 47/64 0.734 375 18.653 125 
15/64 0.234 375 5.953 125 3/4 0.750 000 19.050 000 

1/4 0.250 000 6.350 000 49/64 0.765 625 19.446 875 
17/64 0.265 625 6.746 875 25/32 0.781 250 19.843 750 
9/32 0.281 250 7.143 750 51/64 0.796 875 20.240 625 
19/64 0.296 875 7.540 625 13/16 0.812 500 20.637 500 
5/16 0.312 500 7.937 500 53/64 0.828 125 21.034 375 

21/64 0.328 125 8.334 375 27/32 0.843 750 21.431 250 

11/32 0.343 750 8.731 250 55/64 0.859: 375 21.828 125 
23/64 0.359 375 9.128 125 7/8 0.875 000 22.225 000 
3/8 0.375 000 9.525 000 57/64 0.890 625 22.621 875 
25/64 0.390 625 9.921 875 29/32 0.906 250 23.018 750 

13/32 0.406.250 10.318 750 59/64 0.921 875 23.415 625 
27/64 0.421 875 10.715 625 15/16 0.937 500 23.812 500 
7/16 0.437 500 11.112 500 61/64 0.953 125 24.209 375 
29/64 0.453 125 11.509 375 31/32 0.968 750 24.606 250 
15/32 0.468 750 11.906 250 63/64 0.984 375 25.003 125 

31/64 0.484 375 12.303 125 1 1.000 000 25.400 000 

1/2 0.500 000 12.700 000 
33/64 0.515 625 13.096 875 

Note ... All values in this table are exact. 
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Introduction 

1 This chapter describes the methods of visual identification and the code 
systems employed for rivets used on aircraft; information concerning the 
riveting processes involved is given in Chapter 1. Some types of rivet are used 
only by the aircraft constructors and are not provided for the repair of 
aircraft by Service personnel; an example of this is the LAR semi-tubular rivet, 
a brief description of which is included in this chapter for identification 
purposes. 

TYPES OF RIVETS 

2 Rivets are supplied in various types, sizes and materials, to suit different 
requirements. Those used in the construction and repair of metal aircraft 
structures may be divided into three classes as follows:- 

2.1 Solid rivets. 

2.2 Blind rivets. 

2.3 Tubular rivets. 

3 Solid rivets are manufactured to drawings issued by the SBAC (Society of 
British Aerospace Companies), but are likely to be superseded by drawings 
issued by the BSI (British Standards Institution). Light alloy rivets are dyed 
to conform with a pre-determined colour scheme laid down for certain materials 
and/or are marked with letters or symbols on either their heads or tails; 
rivets made from other materials are either cadmium plated or self-colour, but 
bear no standard markings. 

4 Blind rivets are manufactured to AGS (Aircraft General Standards) drawings 
and include the Tucker and Chobert types, which are widely used due to the ease 
and speed with which they can be placed. Both types utilize the colour 
identification only and both types are hollow, but Chobert rivets may be 
plugged, after fitment, to ensure water-tightness and/or to increase their 
strength. A restriction on the use of Tucker rivets is given in para. 33. 
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The proprietary Avdel self-sealing rivet is also used for blind riveting. 

5 Tubular rivets, which are also made to AGS drawings, are used chiefly on 

hollow or tubular members where the use of solid rivets is impracticable, or 
where there is more likelihood of the sheet metal tearing than of the rivet 
breaking under stress. Distance pieces should be fitted between the inner 
surfaces of the metal sheets, in line with the rivet holes, to prevent the 
structure being crushed or distorted when closing the rivets. The colour code 
used is the same as for solid rivets. In addition to the conventional tubular 
rivets, there are split-tubular rivets which are made from sheet material to 
AGS drawings, and semi-tubular (LAR or TST) rivets which are of proprietary 
manufacture; the identification colours for split-tubular rivets, and for semi- 

tubular rivets in aluminium alloy, are the same as for the conventional type, 
but any semi-tubular rivets in aluminium alloy to BS.L36 are natural or self- 
colour. 

IDENTIFICATION OF RIVETS 

6 The identification of various types of rivets used in the construction and 
repair of aircraft structures is achieved by observing the clues existing on 
the rivets themselves, which will show the shank diameter, rivet length, type 
of head, material from which the rivets are made, the types of rivets being 

inspected, e.g. solid, tubular or hollow pop type, and the colour stain on the 
rivets. 

7 The information obtained from the visual check of the rivets should then be 
applied to the code systems employed for aircraft rivets under the AS (Aircraft 
Standards), BS (British Standards) and AGS (Aircraft General Standards) 
specifications and drawings, which will enable the required rivets to be 
demanded by the correct Sect. 28Q reference number AP 1086. Examples of the 
application of identification code systems are given in para. 15 et seq. 

ANGLES OF COUNTERSUNK-HEAD RIVETS 

90 and 120 deg heads 

8 90 and 120 deg countersunk-head rivets are referenced in AP 1086, Sect. 28Q 
to meet the repair requirements of existing aircraft which have these rivets 
fitted by the manufacturer. They are made to approved AS and AGS specification 
drawings which are revised periodically, thus allowing AS drawings to be 
superseded by, or adsorbed into, the BS range, if appropriate. When this 
occurs, the alteration to the drawing number is recorded and the publication 
amended accordingly. 

100 deg head 

9 A range of 100 deg precision-head countersunk rivets has been designed with 
manufacturing tolerances, on head and shank dimensions, which are more accurate 

than those of the normal rivet (e.g. AS 162) but less accurate than those of 
the existing close-tolerance rivets in the AS series. These are now 
referenced in AP 1086, Sect. 28Q. Rivets to the new design, issued to BS and 

SBAC specifications, conform with a tripartite agreement between the Air Forces 
of America, Britain and Canada for future use in aircraft. Within the terms of 

this agreement, provision is also made for a 60 deg. rivet to be used, if 
required, for special applications. The existing stocks of 90 and 120 deg 
countersunk rivets will be maintained to meet the construction and repair 
requirements of existing types of Service aircraft. 
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SOLID RIVETS 

GENERAL 

10 Solid rivets used for the construction and repair of metal aircraft 
structures are manufactured from a number of specified metals and are 
provided in several different types of head formation as shown in fig. 1. 
The rivets are made to BS (British Standards) and SBAC (Society of British 

Aerospace Companies) specification drawings, the SBAC drawings forming part 
of the AS (Air Standards) series, and the BS drawings part of the SP 
(Standard Parts) series. 

SNAP HEAD MUSHROOM HEAD 90 DEG. COUNTERSUNK 
HEAD 

120 DEG. COUNTERSUNK FLAT HEAD 
HEAD 

Fig. 1 Solid rivets : examples of head formation 

1l The Tables contained in this Chapter indicate the type, material, 
diameter and length of the rivets usually required for repair work. The 
Majority of the rivets are referenced in AP 1086, Sect. 28Q, but some of 
those listed in the revised range of rivets introduced by SDM(A) I.S.192 
to meet future aircraft requirements, may not yet be referenced. If any 
of these rivets are required for specific repairs before the vocabulary 
has been amended, demands should be submitted as Section 28Q/NIV, quoting 
the appropriate BS or SBAC code numbers to identify them. 

IDENTIFICATION OF SOLID RIVETS 

12 The identification code for any solid rivet consists of the AS drawing 
number (SBAC Series) or the SP drawing number (BS Series) which denotes 
the type of rivet and the material from which it is made, followed by a part 
number; the first figure (or, for rivets greater than 9/32 in diameter, the 
first two figures) of the part number will indicate the diameter of the 
rivet expressed in thirty-seconds of an inch and the last two figures will 
denote the length of the rivet in sixteenths of an inch. Thus in the AS 
range, 'AS 155/824' is a snap-head rivet made of aluminium to BS. L36, with 
anodized finish, { in diameter and 1} in long; 'AS 2229/-1010' is a 90 deg. 
countersunk-head rivet made of aluminium alloy to BS.L86, 5/16 in diameter , 
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and 3 in long; ‘AS 465/404' is a 120 deg. countersunk-head rivet made of 
monel metal to DTD 204, 4 in diameter and } in long: 'AS 158/815" is a 
mushroom-head rivet made of aluminium alloy to BS.L37, } in diameter and 
15/16 in long and 'AS 455/1248' is a snap-head rivet made of mild steel to 
BS. 1109, 3 in diameter and 3 in long. 

13 In the SP range the code number 'SP. 69/410' will identify the rivet as 
a 100 deg. countersunk precision-head rivet made of aluminium alloy to BSA 
L37, § in diameter and 3 in long, while 'SP. 76/1214' is a snap-head rivet 
made of mild steel to BS.1109, 3 in diameter and j in long. 

14 The identification code system used for all close tolerance rivets is 
similar to that used to identify normal solid rivets in the AS series, but 
introduces additional, intermediate lengths (see para. 17). 

Note ... 

The length of 4 snap, mushroom or flat-head rivet is measured from the 
tail of the shank to below the head, but the length of a countersunk-head 

rivet is measured from the tail of the shank to the upper face of the 
head. 

Identification colours and marks 

15 The materials from which light-alloy, solid rivets are made is identified 
by the colour in which the rivets have been dyed and also by the marks made 
on their heads or tails. Only three colours are used, namely, black to 
identify rivets of all range sizes made from BS. L36, green for L58 and 
violet for 186. Material to BS.4L37 is not coloured but left plain. 

16 Mild steel rivets to BS.1109 are cadmium-plated and those of the high 
chromium-copper alloys to DTD 204 or 10 (monel metal) are plain, unplated 
or cadmium-coated, the coating giving the rivets a greyish appearance. 

17 The number or letter marks on the heads or tails of rivets are an added 
means of identity; the complete range of both AS and SP rivet markings are 
given in Tables 1 and 2. Identification data relating to the various types 
of solid rivets are shown in fig. 2 to 14; their associated part ident- 
ification numbers are given in Tables 3 to 14. 

18 Apart from the AS numbers, the identification code system used for solid 
rivets made of mild steel, monel, tungum and copper, is the same as that 
for solid rivets made of aluminium and aluminium alloy materials, but the 
rivets themselves bear no identification colouring or identification marking. 
Tungum and copper solid rivets bear no protective finish but can be 
identified by their natural colours; mild steel and monel solid rivets are 
cadmium coated, but the mild steel rivets are strongly magnetic and so can 
be readily distinguished from the monel ones which are only slightly 
Magnetic. Every care should,however, be taken to keep the rivets in their 
packets or to provide some other means of identification once they have been 
removed from their packets; a small tray or box, clearly labelled, might be 

useful in this respect. 

Close tolerance rivets 

19 Close tolerance rivets are made of duralumin to BS.L37 and aluminium 
alloy to BS.L86; the duralumin rivets are self colour and the aluminium alloy 
rivets are anodized and dyed violet, but neither bears any other identification 

Chap.2 
Page 6 Dec 85 (Amdt 11.) 



AP 101A-1401-1 

(
1
e
3
9
W
 

[sIUOW) 

~ 
TeanjzeN 

*y89 
°3aP 

OZI 
A
o
T
{
e
°
n
g
*
I
N
 

YBTH 
70% 

*GLd 
694 

But 
jeo0o 

- 
mun TUped 

"489 
°3aP 

OZI 
19938 

PLIW 
6011 

Sa 
€9% 

(18390 
[aU0W) 

- 
1Te1njeN 

“yso 
°32ap 

06 
AOTT® 

°ND°IN 
48TH 

707 
‘ad 

Z94 

s
u
t
j
e
r
d
 

- 
wn 

tTupe) 
*yso 

*3ep 
06 

19938 
PIIW 

6011’ 
Sa 

094 

- 
y
e
a
n
q
e
n
 

deus 
a
a
d
d
o
g
 

6S4 

- 
T
e
i
n
z
e
n
N
 

d
e
u
s
 

w
n
8
u
n
y
 

8
S
 

(
{
e
3
9
W
 

T
s
U
O
P
)
 

~ 
TeanjzeN 

deus 
AoOTT® 

°NO° 
IN 

YBTH 
707 

‘G1d 
LS¥ 

s
u
t
j
e
t
d
 

- 
untTwped 

deus 
19938 

PLIW 
6011° 

Sa 
SSY 

x 
usve19 

*yso 
°3ap 

OZI 
(¢°8ey) 

AoT[e 
wntuzuntTy 

8S1°Sd 
Sol 

a 
TeanjzeN 

“ys. 
°3aP 

OZI 
Aoj{® 

w
n
y
u
y
u
n
t
y
 

LET°Sa 
791 

Vv 
y
o
u
d
 

*y8o 
*8ep 

OZI 
untTuTUn 

Ty 
9C1°Sa 

£91 

X 
usveiy 

“489 
“Bap 

06 
(¢°8eyQ) 

AOTTe 
w
n
y
u
r
u
n
t
y
 

8S1°Sd 
z91 

a 
TeanjeN 

*ys2 
°3ep 

06 
Ao{{® 

w
n
t
u
r
u
n
t
y
 

LET°Sa 
19T 

Vv 
A
C
T
A
 

“480 
*8ep 

06 
wuntuTunTy 

9E1°SH 
o9l 

x 
use19 

woo1ysny 
(g°8ey) 

AoT[e 
w
n
t
u
z
u
n
t
y
 

8S1°Sd 
6ST 

a 
TeinzeN 

woo1ysny 
Aoj{e® 

wnqzuyunty 
LET°Sa 

8st 

xX 
usea5 

deus 
(c‘3ey) 

AoT 
Te 

w
n
t
u
t
u
n
t
y
 

gS1°Sa 
LSI 

a 
1T#1njeN 

deus 
Ao{{® 

w
n
t
u
y
u
n
t
y
 

LE1°Sa 
9SI 

Vv 
y
o
e
g
 

deus 
, 

u
n
t
u
T
u
n
t
y
 

9€1°SH 
SSI 

{
t
e
 

10 
peay 

y
s
t
u
y
y
 

uot 
{
e
d
T
z
T
I
e
d
s
 

. 
J
O
A
T
A
 

UO 
AIBW_ 

ao 
a
n
h
o
j
o
9
 

v
o
z
 

IeMI10; 
P
e
H
 

T
e
y
2
9
9
 
eH 

[etrs19z7 
eR 

ON 
SV 

S
N
O
I
L
V
I
I
A
I
N
A
d
S
 

DVAS 
OL 

SLAAIUW 
GIIOS 

40 
N
O
I
L
V
I
I
A
I
L
N
A
G
I
 

1 
WIAVL 

Chap. 2 
Page 7 June 78 (Amdt 2) 



AP 101A-1401-1 

dutjzertd 
(
[
e
}
e
u
 

TeUuOW) 

- 
wnTUped 

"yso 
*39P 

OZI 
AojTe"nd 

‘IN 
43TH 

707 
‘d1d 

9694 
s
u
t
q
j
e
t
d
 

(1B 
eu 

T
e
U
O
W
)
 

— 
w
n
T
u
p
e
)
 

"yso 
‘Sap 

06 
AojTite‘ng 

“IN 
4
3
T
H
 

7
0
¢
C
°
d
1
d
 

S
6
9
9
 

S
u
r
i
e
q
d
 

(
{
e
J
e
u
 

ToOUO_) 
! 

= 
w
n
T
u
p
e
)
 

d
e
u
s
 

Aoy 
T
e
n
d
 

*IN 
Y
8
T
H
 

7072 
‘“dLd 

7
6
9
%
 

(
a
0
U
R
T
a
T
O
J
 

BSO 
TI) 

S 
J
O
T
O
T
A
 

*yso 
‘Sap 

OZ1 
Ao[Te® 

w
n
t
u
t
u
n
t
y
 

9
8
T
’
S
d
 

C
9
E
E
 

(
9
0
U
R
P
I
Z
T
O
}
 

|
B
S
O
T
D
)
 

S 
J
O
T
O
T
A
 

"yso 
"Sap 

06 
A
o
T
[
e
 

w
n
t
u
t
u
n
t
y
 

981'Ssa 
| 

c9EE 
(
a
0
u
R
1
a
T
O
J
 

B
S
O
T
D
)
 

a 
TeanjzeNn 

*ys9 
"Sap 

OZI 
Ao, 

[e 
w
n
t
u
t
u
n
t
y
 

L
E
T
'
S
d
 

6
1
6
2
 

(
a
0
U
R
1
e
T
O
J
 

BsSOTD) 

ad 
T
e
A
n
j
e
N
n
 

"yS9 
*39P 

06 
A
o
T
T
e
 

w
n
t
u
t
u
n
t
y
 

L
E
T
’
S
d
 

8
1
6
2
 

) 
J
O
T
O
T
A
 

*ys9 
*39P 

OZI 
A
o
T
[
e
 

w
n
t
u
t
u
n
t
y
 

9
8
T
'
S
E
 

O
€
C
C
 

Ss 
J
O
T
O
T
A
 

"yso 
*39p 

06 
AoT|[e 

w
n
t
u
t
u
n
t
y
 

9
8
T
'
S
d
 

6072 
S 

J
O
T
O
T
A
 

w
o
o
1
y
s
n
y
 

A
o
y
T
 [Te 

w
n
t
u
t
w
n
t
y
 

9
8
T
'
S
E
 

8
?
 

Ss 
F
E
T
O
T
A
 

d
e
u
s
 

A
o
y
[
e
 

w
n
t
u
t
u
n
y
t
y
 

98T' 
SE 

A
E
 

- 
y
e
a
n
j
e
n
 

L
A
 

a
o
d
d
o
y
 

694 
- 

T
e
a
n
j
e
N
 

*yso 
*3aP 

OZT 
w
n
3
u
n
y
,
 

894 

- 
yTeanjzeNn 

ys. 
*3ap 

O6 
a
a
d
d
o
g
 

L194 
= 

y
e
a
n
j
e
N
n
 

*yso 
‘Sap 

O6 
wn3guny, 

994 

{
t
e
}
 

10 
p
e
a
y
 

y
s
t
u
t
y
 

u
o
t
j
e
o
T
z
t
o
e
d
s
 

. 
J
e
A
T
I
 

uo 
y
r
e
W
 

4o 
A
n
o
j
t
o
9
 

HopaeMsroys 
P
e
n
 

T
e
p
e
s
 
en 

T
e
t
s
a
j
i
e
y
 

ON 
SV 

(
P
e
n
u
T
,
Z
U
O
D
)
 

S
N
O
I
L
V
O
I
A
I
N
A
d
S
 

O
V
A
S
 

OL 
S
L
F
A
I
Y
 

G
I
I
O
S
 

JO 
N
O
I
L
V
O
I
A
I
I
N
A
G
I
 

1 
a T

a
V
L
 

Dec 85 (Amdt 11 ) 

Chap.2 

Page 8



AP 101A4-1401-1 

VATSNTIUT 
¥T 

OF 
g 

“STZ 
UT 

PaUTeQUOD 
soT[qe], 

94} 
UT 

UaATS 
SpiepueysS 

JaATA 
vsayy 

Aq 
peatnbsa 

A[[edTJTOeEdS 
ST 

[
e
T
1
9
q
e
U
 

/ETy 
JO 

asn 
ay. 

‘Sadueyo 
yey. 

Jo 
a
s
n
e
o
a
g
 

*
u
o
t
z
t
s
o
d
w
o
s
 

jo 
adkq 

4
9
7
,
 

247 
OF 

,11, 
249 

WoIrz 
a
s
u
e
y
d
 

072 
(ETE 

p
a
c
p
u
r
d
s
 

ystilagq 
JO 

U
O
T
S
T
A
G
I
 

BYR 
JO 

MATA 
UT 

[
e
T
A
a
}
e
W
 

/EJT 
WOIJ 

a
p
e
 

S
J
B
A
T
A
 

03 
U
O
T
I
E
T
A
I
 

UT 
a
o
u
e
j
s
o
d
u
t
 

aetnotqzaed 
jo 

st 
styy, 

“(1 
21981) 

s
8
u
t
m
e
a
p
 

sy 
Y
I
M
 

dsdUepAODDe 
UT 

p
a
i
n
j
o
e
y
n
u
e
W
 

sqzaATA 
07 

patt{dde 
esoyy 

WoOAZ 
B
U
T
A
I
F
J
I
P
 

*Z 
FL 

Qe] 
UT 

UPATS 
‘
s
B
u
T
y
I
e
W
 

U
O
T
J
e
O
T
J
T
J
U
A
p
P
T
 

|yy 
Aq 

p
a
u
o
T
s
e
d
0
 

ST 
STY] 

‘swazI 
paizieqs 

ey} 
ut 

A
l
e
s
s
a
o
9
u
 

ST 
p
a
e
p
u
e
j
s
 

e 
jo 

x
t
y
a
a
d
 

ansst 
ay} 

B
u
t
j
o
n
b
 

Jou 
Jo 

u
o
t
J
U
a
A
U
O
D
 

p
a
q
d
a
s
z
e
 

ay} 
WoAZ 

d
a
n
j
a
e
d
e
p
 

y 

++ 
aI0Ny 

s
u
t
j
e
r
d
 

W 
untupe9 

4s2°3aP 
COT 

A
O
T
L
e
*
N
D
*
 IN 

YSTH 
707 

*aLd 
88 

W 
Teanjzen 

*
y
s
o
°
3
e
p
 

OOT 
A
O
T
T
E
'
N
D
*
 IN 

43TH 
707° 

GLa 
£8 

s
u
t
q
j
e
r
d
 

~ 
untwped 

*yso°3ep 
OOT 

T993s 
PLIIW 

6011 
°Sa 

98 

(0) 
JATOTA 

wooi1ysny 
Ao[yTe 

wntutunty 
981°Sd 

cg 
g 

usveI15 
w
o
o
i
1
y
s
n
y
 

(
¢
°
3
e
q
)
 

A
O
T
T
e
 

w
n
t
u
t
u
n
t
y
 

8
S
1
°
S
d
 

0g 

i 
T
e
a
n
q
j
e
n
 

w
o
o
1
z
y
s
n
y
 

A
o
{
[
e
 

w
n
t
u
t
w
n
p
y
 

L
E
I
"
 
°Sa 

€8 
¥ 

s
u
t
j
e
l
d
 

(
1
e
}
e
W
 

T
e
u
o
_
)
 

W 
untulped 

deus 
AOTT® 

“NO 
IN 

Y3tH 
707 

°d1Ld 
z8 

(
T
e
 

e
u
 

T
a
u
o
W
)
 

W 
TeanzeN 

deus 
AoOTTe 

"NO 
IN 

YsTH 
707 

‘Ld 
18 

) 
J
T
O
T
A
 

deus 
AoTyTe 

wnturuny,y 
981°Sa 

08 
i 

usveI9 
deus 

(¢°3ey) 
AOTTE 

w
n
t
u
t
u
n
t
y
 

8
S
1
°
S
a
 

61 
l 

TeanjeN 
deus 

Aoj{e 
wnturwunty 

LE€1y 
"Sa 

BL 
I 

W
o
e
 

deus 
unTuTUNTYy 

9€1°S4 
LL 

s
u
r
q
e
[
d
 

- 
untuped 

deus 
1999S 

PLIW 
6011 

°Sa 
9L 

9) 
JOTOTA 

*yso°32P 
OOT 

Aoj{e 
wnturwunty 

981°Sd 
TZ 

8 
usve19 

*
y
s
o
°
3
a
p
 

OOT 
(¢°3eq) 

AOTTe 
w
n
t
u
t
u
n
t
y
 

8
S
1
°
S
d
 

OL 
L 

TeanjzeNn 
*
y
s
o
°
3
e
p
 

OOT 
Aoj{{e 

w
n
t
u
t
w
n
t
y
 

¥l€ 
17°Sa 

69 
- 

y
r
 

lg 
*yso°3ep 

OOT 
untuTunTy 

9E1°SE 
89 

[
t
e
 

4to 
p
e
s
y
 

ystutjs 
u
o
T
j
e
o
T
z
J
 
T
e
d
s
 

. 

J
O
A
T
A
 

u
o
 

y
s
r
A
e
y
 

410 
A
n
o
T
o
O
D
 

S
O
 
P
e
 
e
e
s
 

P
e
o
H
 

i
 

a
a
 

| 
T
e
t
T
z
9
z
e
W
 

O
N
 

d
S
 

S
N
O
I
L
V
O
I
A
I
O
A
d
S
 

SH 
OL 

SLAAIW 
GIIOS 

AO 
N
O
I
L
V
O
I
A
L
I
N
A
G
I
 

Z 
WIAVL 

Chap.2 
Page 9 Dec 85 (Amit. 11) 



AP 101A-1401-1 

(
S
®
T
1
9
S
 

Sy) 
S
J
2
A
T
I
 

p
e
a
y
-
y
u
N
s
i
s
j
u
n
0
D
 

“Bap 
O06 

Z 
“BTA 

SL€°O 
9ST°O 

999°0 
8/E 

q
+
 

ZIE°O 
8z1°0 

Sss°*o 
91/S 

0sz°o 
€01'0O 

"74°O 
9/1 

61z°0O 
160°0 

L8€°O 
ZE/L 

L81°o 
LL0°0 

YEE 
°O 

9T/E 
9ST°O 

S90°0 
6LZ°0 

z€/S 
‘DI 

_ 
_ 

_ 
¥ 

‘DId 
|006 

SZ1°O 
£50°0 

SZZ°O 
8/1 

g
P
l
d
 

IG 
}e0 

760°0O 
170°0 

OLT°O 
Ze/E 

Z90°0O 
6z0°0 

SIt‘O 
91/1 

u
t
 

a 
. 

(mt) 
a 

(ut) 
« 

(uy) 
V 

hed 
y
3
6
u
2
4
 

h
i
 

a
s
a
p
 

PrP 
jo 

o
z
s
 

yueys 
peoH 

pray 
[euTWON 

s
u
o
t
s
u
s
u
l
t
g
 

(Te 
eu 

T
e
U
O
W
)
 

s 
- 

"Id 
‘peg 

AOTTE 
NQ-IN 

YBTH 
907 

ala 
S69% 

S 
Ss 

F2TOTA 
Aoj{e 

untupzunty 
981° 

SH 
6722 

9 
~ 

T
e
a
n
j
e
N
 

a
a
d
d
o
g
 

- 
L194 

(Te 
eu 

TaUOW) 
S 

- 
TeanjeNn 

AOTI® 
ND-IN 

43TH 
707 

‘ald 
794 

% 
- 

"td 
‘peg 

19938 
PLIW 

6011 
°S# 

094 
S 

x 
uveI9 

(c*8eQ) 
AoT{e 

wntuzuntTy 
gS1°Sd 

Z91 
S 

a 
TeanzeN 

Ao, 
[e 

wntuzwnty 
LE1y 

‘Sd 
191 

9 
v 

woe 
rad 

wn 
tuzuN 

Ty 
9E1°SH 

O91 

. 
J
B
A
T
A
 

JO 
peay 

u
o
t
J
e
o
t
z
t
o
e
d
s
 

. 
JOU 

PTIL 
15 

1787 
Uo 

yaey 
Anojog 

Te 
t193 

By 
1ep423eH 

ON 
SV 

eJyep 
vot 

w
o
t
r
y
s
t
u
s
p
y
 

Chap.2 

Dec 85 (Amdt 11) 
Page 10



7 
aha 

8 
(
S
a
T
1
9
s
 

SY) 
S
J
A
A
T
I
 

p
e
a
y
-
y
Y
u
N
s
i
a
q
u
n
o
d
 

“Bop 
O71 

€ 
“*3T4 

S
o
 

= 
& 

3 
<a 

Au 

a
 

= 
rata) 

O£1°0 
094°0 

8/€ 
ay 

ga] 
ke 

18Z°0 
LOT"O 

€£9°O 
91/6 

0Sz°0 
880°0 

90S 
°0 

9/1 
61Z°O 

810°0 
€%7°O 

ze/L 
L81°0 

790°0O 
18€°O 

91/€ 
9S1°O 

9S0°0 
81£°O 

ze/S 
. 

: 
Sz1°o 

S70°O 
9SZ°O 

8/1 
et 

Je) 
- 

= 
- 

v'DIG 
| 002! 

760°0 
9£0°0 

€61°0 
z6,'€ 

z90°0 
L20°0O 

I€1°o 
91/1 

u
l
 

(ut) 
a 

(ut) 
q 

(ut) 
¥ 

sas 
“erp 

yajdap 
‘
e
p
 

: 
y36u24 

: 
jo 

azts 
yueys 

peoy 
Peon 

jeuTuoN 

s
u
o
t
s
u
o
u
l
t
g
 

(TeJeW 
TaUOW) 

5 
auUON 

"td 
“peo 

AO[T® 
NO-IN 

Y3IH 
707 

ald 
9694 

vd 
3 

S 
VPTOTA 

Ao,{e 
w
n
t
u
n
y
y
 

98'1°S4 
O€7Z 

< 
(Te 

eu 
[TeUORW) 

S 
- 

ule 
ld 

AOTT® 
NQ-IN 

43TH 
707° 

aLa 
C94 

c 
- 

“td 
“peg 

1993s 
PLIW 

6011'S 
£94 

c 
¥ 

uve19 
(¢°3ew) 

AoT{[e 
wntutunyy 

8S1°sa 
col 

3 
a 

uTeld 
AoT[e 

wnturwnty 
L€1° 

Sd 
"91 

of 
9 

Vv 
yor 

id 
wntuTUNTy 

9€1°S4 
£91 

7 vg 

*yJoy 
o1gGe 

a
e
 

a2 
P
e
e
s
 

i
n
o
,
o
 

Te 
t
1
9
7
e
W
 

e
e
s
 

“ON 
SV 

4 
Se 

i 
Jo 

[183] 
uo 

y
1
e
W
 

1
9
9
 

: 
Te 

t
1
9
I
e
W
 

00 

e
q
e
p
 

u
o
T
t
q
e
v
i
I
j
J
 
T
s
p
]
 

3
 



+
 ! 

ce 

(eo) 
wt 
ce | 
< et 

oO 
et 

(
S
e
T
1
9
s
 

SY) 
SJ2eATI 

p
e
a
y
-
w
o
o
r
y
s
n
W
 

4» 
*3Iq 

0
9
9
°
0
 

G
L
E
°
O
 

078 
°O 

OST°O 
B/E 

‘pp 
oss°o 

Z1€°O 
00L°O 

GZ1°0 
91/S 

‘ 
7
 
U
P
P
H
 

| 
ony-o 

0Sz°0 
09°0 

001°0 
o/T 

<— 
O6E£ 

‘0 
61Z°0O 

067°O 
880°0 

ZEe/L 
- 

O£€"O 
LS1t*0 

077°O 
¢L0°0 

9T/E 
a
e
 

OLZ°0O 
9S1°O 

Ose’oO 
€90°0 

Ze/S 
gq 

‘dig 
- 

- 
- 

9 
'DIg 

07Z°0 
SZ1°O 

08z°0 
0S0°0 

8/T 
O
L
T
°
O
 

760°0O 
(o) 

Aaa) 
8£0°0O 

ze/€ 
OI1T’O 

790°O 
Ov1°O 

¢z0*O 
9T/T 

(ut) 
< 

(UT) 
¥ 

(ut) 
a 

(ut) 
9 

(ut) 
@ 

a
o
t
 

y
3
6
u
2
7
4
 

g 
“
p
e
a
 

‘
e
r
p
 

‘
e
r
p
 

y
a
j
d
a
p
 

jo 
a
a
n
 

pe 
ay 

yue 
ys 

peep 
peoy 

TeuTwoy 

s
u
o
t
s
u
a
u
t
d
 

S 
S 

JOTOTA 
AoyT[e® 

w
n
t
u
r
w
n
y
y
 

991°S4 
87722 

cS 
X 

uve19 
(¢°3eW) 

A
O
T
 Te 

wntutwunty 
8S1°Sd 

6SI 
¢ 

a 
uIe 

Td 
AoT]e 

w
n
t
u
t
u
w
n
 Ty 

LE1¥°Sd 
8ST 

"Joy 
o
T
q
e
l
 

J
O
A
T
A
 

FO 
p
e
o
y
 

a
n
o
j
t
o
9
 

[
e
t
a
e
a
q
e
y
 

u
o
l
q
e
o
T
Z
 

tveds 
e
e
 

10 
[1e} 

uo 
y
e
W
 

T
e
t
s
9
q
e
W
 

e
q
y
e
p
 

u
o
T
I
P
O
T
I
T
I
U
S
I
p
P
T
 

Dec 85 (Amdt 11) 
Chap.2 

Page 12



AP 101A-1401-1 

(S89TAIS 
SY) 

S}22eATA 
p
e
a
y
-
d
e
u
g
 

¢ 
‘3I1yq 

Chap.2 
Page 13 

ose 
’o 

sle€°o 
099°0 

0€7°0O 
B/E 

OZE°O 
"7£°O 

009°O 
O1Z°O 

ze/Tt 
062 

°O 
ZIE*O 

O
S
S
°
O
 

O
6
1
°
O
 

91/S 
09Z°O 

18z°O 
06%7°0 

OLT‘°O 
Z€/6 

y 
0
v
z
°
O
 

0
S
z
°
O
 

077 
°O 

O
S
T
°
O
 

4/1 
O1z‘O 

81z°O 
O8E 

°O 
O£1T°O 

Ze/L 
O8st’o 

981°O 
O€€°O 

O1T‘’O 
9I/€ 

a‘bla 
. 

- 
4 

5 
OST‘O 

9ST°O 
0LZ°0O 

060°0 
ze/S 

oz1°O 
cz1°0 

07Z°0O 
080°0 

8/T 
060°0O 

760°O 
O9T*O 

090°0 
ze/€ 

i
 

090°O 
Z90°O 

OIl'O 
0470°0O 

91/1 
y
y
6
u
a
4
 

rs] 

(Ut) 
4 

(ut) 
a 

(ut) 
g 

(ay) 
Vv 

a
 

‘pea 
"eT 

“eT 
ada 

: 
peoH 

sucus 
a
s
 

i
 

a0 
a
r
e
 

T
e
u
T
W
O
N
 

s
u
o
t
s
u
s
u
t
g
 

v7] 
Ss 

W
T
O
T
A
 

Aoj[e 
w
n
t
u
t
u
n
t
y
 

981°Sa 
L@2Z 

9 
- 

T
e
a
n
j
z
e
n
 

a
a
d
d
o
g
 

= 
6
S
 

(
1
2
3
9
 

T
e
u
o
p
)
 

7] 
- 

uteld 
AOTT® 

NQ-IN 
43TH 

707 
°aLd 

Ls¥ 
v7] 

- 
*[d° 

peg 
19938 

PLIW 
6011 

Sd 
SSY 

v7] 
z 

useIp 
(¢°3eq) 

AoT[e 
w
n
t
u
t
u
n
t
y
 

8s1°sa 
LST 

v7] 
a 

uteld 
Aoj{e 

w
n
t
u
t
u
n
t
y
 

LEI 
Sd 

9cI 
€ 

v 
yoetd 

untuTuntTy 
9f1°S4 

GcI 

"
J
o
"
 

J
O
A
T
A
 

j
o
 

p
e
o
y
 

u
o
T
z
e
d
T
J
T
O
e
d
s
S
 

‘ 

eTqey] 
ao 

[
t
e
 

uo 
y
A
e
W
 

™
M
O
T
O
D
 

T
E
E
S
I
E
R
 

T
e
t
z
9
7
 

eW 
ON 

SV 

eyep 
uot 

e
O
T
F
T
I
U
a
p
]
 

Dec 85 (Amdt 11 )



AP 101A-1401-1 

(
S
9
T
1
9
8
 

Sy) 
S
J
2
A
T
I
 

B
O
U
e
I
a
T
O
J
 

|BSO[D 
‘
p
e
a
y
-
y
U
N
S
1
|
a
q
U
N
0
D
 

“Zap 
C6 

9 
*3Tg 

cle 
*o 

900°O 
8I1°o 

Z7S°O 
91/S 

1
8
z
°
O
 

s00°O 
901°O 

L87°O 
7€/6 

0
S
Z
°
O
 

s00°0O 
760°0 

z£7°O 
4/1 

6
1
Z
°
O
 

700°0O 
z80°0 

LLE°O 
ce/L 

L£81°oO 
700°0O 

0
L
0
°
0
 

cce 
“oO 

9T/E 
9
S
T
°
O
 

£
0
0
°
O
 

8S0°0 
L£92°0O 

ce/S 
Sz1t°oO 

£
0
0
°
O
 

970°0 
712 

°O 
8/1 

760°0O 
£00°0O 

S€0°O 
L£S1°O 

ce/e 

(ut) 
a 

(ut) 
9 

(ut) 
4 

(ur) 
Vv 

(UT) 
3eaTI 

J
a
j
o
u
e
t
p
 

yueys 
yjdeg 

yjdaq 
i
a
j
o
w
e
t
p
 

pesay 
jO 

azIs 
[
e
u
T
W
O
N
 

s
u
o
T
S
U
S
U
T
G
 

UlSIOO-FB-— 
b- 

u1i0o0-7F 
| 

c
e
s
 

ois 
a‘Dig 

a
a
a
 

7 
| 
v
e
e
 

006 

woos 
I
L
S
 

Pp 
yabu24 

“O00-- 
5 

ul 
€00-+ 

L 
0 

196 
JOTOTA 

Aoj{e 
wntutunypy 

991°Sa 
Z9CE 

l 
l 

uTe 
ld 

Ao, 
[e 

wntutunty 
LE1°sa 

8162 

"yoy 
JAATI 

JO 
peay 

. 
uotTjyeoITJTIads 

. 
a1qe] 

JO 
[
T
v
]
 

UOC 
yIeW 

a
n
o
t
o
g
 

i 
a
d
 

1
e
T
s
a
7
e
N
 

On 
BY 

e
q
y
e
p
 

u
o
t
 

y
e
o
t
j
s
 
T
s
p
]
 

Chap.2 

Dee 85 (Amdt 11) 
Page 14



AP 101A-1401-1 

(
S
e
T
4
9
s
 

Sy) 
SI2ATAI 

9
O
U
R
I
B
T
O
 

|BsO[D 
‘
p
e
a
y
-
y
U
N
S
A
a
q
z
U
N
O
D
 

* Zap 
OZ@I 

“£ 
*3tg 

rats) 
900°0 

060°0 
"19°O 

91/S 
18Z°O 

¢00°0O 
180°0 

2S¢°o 
Z£/6 

0Sz‘O 
¢00°O 

ZL0°0O 
68% 

°O 
b/T 

61z‘°O 
4700°0O 

£90°O 
« 

974 
°O 

CEsL 
L81°O 

700°0O 
7S0°O 

, 
"9C°O 

9T/E 
9ST‘O 

€00°0O 
c70°O 

ZOE 
*O 

ZE/S 
GZ1‘°O 

€00°0 
9£0°0O 

6€72°0 
8/1 

460°0 
€00°0 

L£Z0°O 
LL1°O 

ZE/E 

(ut) 
@ 

(ut) 
9 

(UL) 
@ 

(ut) 
v 

(UT) 
JeaTIA 

A
J
o
j
J
o
w
e
r
p
 

y
u
e
y
s
 

y
j
d
a
q
g
 

y
j
d
a
q
g
 

A
9
v
}
z
o
w
e
T
p
 

P
e
O
H
 

j
o
 

e
8
Z
T
s
 

[ 
e
u
T
w
o
n
 

s
u
O
T
S
U
O
U
 TG 

ul 
$
1
0
0
-
7
8
 + 

e
a
]
 

o
o
 

a 
Dig 

W
O
O
F
 

7 
_
S
 

Pr 
yabua9 

u!O00-- 
ul 

€COO-+ 

l 
O 

10 
6 

V
T
O
T
A
 

Ao{[e 
wntutuny,y 

981°Sd 
€9EE 

l 
l 

uleld 
AOTTe 

wntutuny,y 
LE1°Sa 

6162 

* joy 
J
O
A
T
A
 

JO 
p
e
s
y
 

uot 
j
e
o
t
T
y
t
o
e
d
s
 

. 
eTqdeL 

Jo 
[1e} 

uo 
y
A
P
H
 

atid 
i
 

a
 

TetTz19qeW 
ON 

SV 

eJep 
U
O
T
I
e
I
T
F
T
J
U
S
p
y
 

Chap. 2 
Page 15 

Dec 85 (Amdt 11) 



AP 101A-1401-1 

‘paionb 
aap 

sanjpa 
jonjov 

w
n
u
n
u
i
w
 

ayy 
Ajuo 

ing 
‘uolpaifioads 

ayi 
ul 

pajjosjuod 
aav 

S4aJOUUDIp 
poay 

w
n
u
l
u
l
u
 
puv 

u
n
u
a
x
v
u
 

ay, 
(¢) 

‘ABUDL 
89 

PUY 
1 O
'
S
 
ay 

ul 
Z/0'0 

puv 
asuns 

TZ 
OF 

89'dS 
24) 

Ul 
UI 

£Q0'0 
SI 

lads 
ul, 

D fo 
4
a
j
a
w
m
p
 
poay 

ay) 
UO 

aduvsajo] 
[Jv4ado 

ayt 
‘ajduxa 

U
S
Y
 

"88 
Puv 

1
9
d
 

4q 
p
a
s
a
a
o
d
 

asoyl 
sv 

YONS 
Staal 

pbay 
uotsi2aad-uou 

fo 
asoyt 

UDYI 
498O]9 

]]D 
a4D 

Yidap 
pun 

s
a
j
a
w
u
i
p
 

‘ajsuv 
p
v
a
y
 
UOls!Jadd 

BY] 
UO 

SaduDAajOI 
aYT, 

—(Z) 
‘UY 

4a}1aq 
D 
sutansua 

Aq 
Ssauysnyf 

p
a
d
o
s
d
u
a
 
pup 

yi8uasjs 
p
a
p
p
o
 
Suipiaoad 

JO 
1py1 

Bulag 
poay 

uorsida4d 
ayl 

fo 
uoloun{ 

ay} 
‘Sjadis 

aJuD4aJ0]-asoJ9 
Sy 

puv 
jouUOU 

dS 
Pun 

Sy 
01 

afqvaijddo 
asoys 

uaamiag 
aly 

yr1ym 
SaruDsajo} 

YUDYS 
O1 

UOLIPPD 
Ul 

Spoay 
uoIsiJa4d 

aaDy 
Stadia 

asayy 
(|) 

I
O
N
 

(
S
a
T
t
a
s
.
 

g
s
)
 

s
q
a
a
t
a
 

A
o
T
T
e
 

u
n
t
u
r
t
u
n
~
e
 

pue 
w
n
t
u
t
u
n
t
e
 

*
p
e
a
y
-
u
o
t
s
t
s
e
a
d
 

y
u
n
s
i
a
j
u
n
o
s
 

*
3
9
P
 

OOL 
g 

‘*3Iq 

0
2
0
°
O
 

V
E
T
°
O
 

0S9°0O 
VLE 

°O 
8
L
E
°
O
 

(
S
L
E
°
O
)
 

8/E 
810°0O 

9
0
1
°
O
 

9
c
S
°
O
 

ITE 
“O 

STE 
°O 

(
Z
I
E
°
O
)
 

9
1
/
5
 

S
T
0
°
O
 

S60°0O 
S
”
7
°
O
 

672 
°O 

€
S
2
°
O
 

(
O
S
Z
°
0
)
 

4/1 
c
1
0
°
O
 

0
L
0
°
O
 

6
c
E
°
O
 

9
8
1
°
O
 

O61 
°O 

(
Z
8
1
°
O
)
 

9T/€ 
O
1
O
°
O
 

$
S
O
°
O
 

L
9
7
°
O
 

S
S
T
°
O
 

6S1*°O 
(
9
S
T
°
O
)
 

Z
E
/
S
 

600°0O 
Z70°O 

802 
°O 

9¥Z1°0O 
8Z1°O 

(St1°O) 
8/T 

8
0
0
°
0
 

9£0°0O 
7
9
T
°
O
 

£€60°0O 
£
6
0
°
O
 

(
7
6
0
°
O
)
 

ZE€/E€ 
900°0 

ZZ0°0 
vie) 

a) 
190°0 

¢90°0 
(290°O) 

9I/T 

*
u
l
W
 

a
3
n
,
T
o
s
q
y
 

-
u
T
W
 

*xeul 
(UT) 

J
a
a
T
a
 

(ut) 
(ut) 

9 
jo 

e
z
t
s
 

[
e
u
T
W
O
N
 

pue,T 
jo 

yjdaqg 
p
e
s
y
 

Jo 
yjydaqg 

(UT) 
gq 

J
a
j
o
w
e
I
p
 

p
e
a
y
 

(UT) 
y 

i
a
j
e
w
e
T
p
 

yUuRYs 
7 

s
u
O
o
T
S
U
S
d
U
T
G
 

9 

A 
— 

> 
8 

6 
V
P
T
O
T
A
 

A
o
,
 [e 

w
n
t
u
t
w
n
p
t
y
 

9
8
T
I
S
d
 

TZ 

(s 
*SeW) 

f 
8 

8 
usaI9 

Ao, 
[e 

wntutunyty 
eS1‘sd 

OL 
v
o
-
 

- 
- 

- 
8 

o
e
l
f
o
O
A
l
 

g 
L 

u
l
e
l
d
 

A
o
T
[
e
 

w
n
t
u
t
w
n
p
y
 

L
E
1
v
°
S
d
 

69 
4 

8 
2 

wreig 
wntuTUNTy 

9E1'Sd 
= 

89 

J
B
A
T
A
 

“yoy 
jo 

p
e
o
y
 

‘
d
a
d
s
 

“ON 
w
s
 aad 

a
r
a
E
r
 

zo 
[1eq 

A
n
o
[
o
9
 

Tels1saIeW 
p
e
r
s
9
1
e
H
 

as 
7 

uo 
y
A
e
W
 

e
y
e
p
 

u
o
t
 
J
e
o
T
s
J
T
W
U
S
p
y
T
 

Chap. 2 

Dee 85 (Amdt 11) Page 16



(
s
e
t
i
e
>
 

aS) 
5
3
0
A
T
I
 

A
O
T
T
e
 

A
a
d
d
o
d
-
j
o
y
o
t
u
 

YBtYyY 
‘
p
e
s
y
—
y
U
N
s
a
a
q
u
N
O
D
 

*8ap 
OOT 

6 
‘31g 

“‘Uaals 
aaD 

Sanja 
JONIID 

W
N
U
U
I
 

aYi 
AJUO 

Ing 
UOLIDIIfIIJAds 

aYI 
UI 

Pa]JO4IUOD 
adv 

S4aJUUDIP 
poAY 

Jadla 
W
N
U
A
U
I
 

puD 
WNUIxDUL 

a
y
 

™
 

7 
“
O
N
 

A
 

5 
v1 

0 
1£9°0 

[9€°0 
6/E°0 

(SZE°0) 
8/€ 

§ 
% 

7 
SIT‘O 

SIS‘O 
90£ 

°O 
91£°O 

(Z1€*0) 
9T/S 

a
 

< 
€OL‘*O 

6
£
7
°
O
 

9
9
7
°
O
 

7
G
Z
°
O
 

(
0
S
Z
*
O
)
 

= 
4/T 

2S 
1
6
0
°
O
 

T
8
€
°
O
 

S
1
Z
°
O
 

t
c
.
 

0 
(
6
1
Z
°
O
)
 

ZE/Z 
820°0O 

€
c
E
°
O
 

S8lt°O 
T61L°O 

(
L
8
T
°
O
)
 

9
I
/
€
 

< 
1
9
0
°
O
 

297 
°O 

¥
S
T
°
O
 

O
9
T
*
O
 

(
9
S
T
°
O
)
 

z7€/S 
8
7
0
°
O
 

707 
°O 

ccl*oO 
8
c
1
°
O
 

(
S
c
l
°
O
)
 

8/T 
T
7
0
°
O
 

c9t*oO 
1
6
0
°
O
 

£
6
0
°
O
 

(
7
6
0
°
O
)
 

Z
E
/
E
 

c
£
0
°
O
 

IIt‘oO 
6
S
0
°
O
 

S
9
0
°
0
 

(
€
9
0
°
O
)
 

9T/T 

(ult) 
a 

‘ulw 
aqn,Tosqy 

i 
ta 

cine 
(ut) 

V
A
T
A
 

pesy 
jo 

yjdag 
(UI) 

gq 
JajeWeTp 

pray 
(Ul) 

y 
19Je0WeTp 

yUeYS 
jo| 

9zIs 
[euTWON 

suoTSUSUITG 

d
e
 

| 

: 
| 

_ 
_ 

oS-86 
H 

~ 
oS'lOl 

= 
7 

ey 

6 
W 

*1d* 
peg 

AOlT® 
NQ-IN 

43TH 
70z 

“La 
88 

a 
6 

W 
uTeld 

AoT1® 
NQ-IN 

43TH 
707 

“ald 
L8 

i 

* yoy 
JOATI 

JO 
pesay 

uot} 
POT 

TIeds 
; 

ial 
PTqeL 

10 
[
t
e
 

uo 
y2zeW 

A
N
e
T
O
D
 

T
e
p
t
o
a
e
w
 

y
e
t
a
s
q
e
W
 

ON 
dS 

oo Vv 

eJep 
UOTIeOTJTIWUApy 

s 



AP 101A-1401-1 

(
S
e
T
t
e
a
s
 

gS) 
S
J
P
A
T
A
 

[
3
9
9
7
S
 

P
T
W
 

p
e
a
y
—
y
U
N
s
a
z
a
q
u
N
o
D
 

“
Z
a
p
 

O
O
T
 

Ol 
*3Ig 

‘Uadld 
add 

SANDA 
JONIID 

u
n
i
t
 

ay 
ApUO 

ING 
‘UOLIDIIf1Iads 

aY] 
UI 

Pa]jO4IUOI 
24D 

S4alaUDIP 
PdaY 

U
N
U
I
U
I
U
 

PUD 
W
N
U
X
D
U
L
 

ay] 
+
 

SON 

€71L°O 
L€9°O 

L9€°O 
6LE°O 

(cZ€°O) 
B/E 

CIl°O 
SIS‘O 

90€°O 
91E°O 

(ZTE*O) 
9T/S 

€O1L°O 
6£7°O 

977°O 
"S7°O 

(OSZ°0O) 
4/T 

160°0O 
I8€°O 

G1z°O 
€7Z°0 

(61Z°O) 
ZE/Z 

840°0O 
€
Z
£
°
O
 

G8T°O 
161°O 

(Z81°O) 
9IL/€ 

190°0O 
79Z°O 

"
S
L
O
 

O9L"O 
(9ST°O) 

Z€/S 
870°0O 

707°O 
ZZ1°O 

8z1°O 
(SZ1°O) 

8/T 
170°O 

Z9L°O 
160°0O 

160°0 
(760°O) 

ZE/E 
Z£0°O 

IIT‘°O 
6S0°0 

¢90°0 
(790°O) 

91/T 

"
“
u
t
u
w
 

*xXxPeul 
(ut) 

a 
‘uTW 

a
y
n
T
o
s
q
y
 

. 
(UT) 

JeATIA 
p
e
e
y
 

jo 
y
j
d
a
q
g
 

(
U
T
)
 

g 
J
e
J
O
W
e
I
p
 

peoyY 
ul 

(VY) 
J
a
q
}
o
w
W
e
T
p
 

y
u
e
Y
S
 

jo 
9
2
1
s
 

[
e
U
T
W
O
N
 

s
u
o
t
s
u
o
u
t
g
 

—
 

a
 
W
A
 

w
D
 

es 
e
s
 

go 
e
e
 

o
S
:
8
6
 

| 
| 

oS-101 

a
,
 

N
h
 

Ol 
= 

*[d° 
peg 

1909S 
PTIW 

6011 
Sa 

98 

“
J
o
y
 

J
O
A
T
A
 

JO 
p
e
s
y
 

u
o
t
q
z
e
o
t
s
t
o
e
d
s
 

. 
e
T
G
e
L
 

ito 
[1te} 

uo 
y
l
e
W
 

e
e
 

[
e
r
r
o
r
 

en 
Le 

Ts19gqeW 
ON 

dS 

e
J
e
p
 

u
o
T
J
e
O
T
F
T
I
U
a
p
y
 

Chap.2° 

78 (Amdt 2) yune 
Y Page 18



(setTaas 
gs) 

sqaata 
AOT[e 

w
N
T
U
T
U
N
[
e
 

p
e
a
y
-
w
o
o
a
y
s
n
y
 

[, 
*3TY 

— 
roa) 

I 
N
e
 

o
O
 

. 

+ 
€
7
S
°
0
 

c
v
 

O 
8
S
T
°
O
 

£
e
L
°
O
 

E
4
L
"
0
 

7
L
E
°
O
 

6
l
£
°
O
 

(
S
Z
E
°
O
)
 

8/€ 
@ 

oD 

1 
zSv"0 

8110 
ZEL‘O 

€£09°0 
S¥9°0 

Ile 
"0 

91€°0 
(Z1E"0) 

91/S 
5 

a 
= 

E
9
E
*
0
 

7
6
0
°
O
 

9
0
T
"
O
 

€
8
7
°
O
 

Z£1S°O 
6
7
2
°
O
 

7
G
C
°
O
 

(
0
S
Z
°
0
)
 

/
T
 

= 
ZT 

°O 
£80°0O 

£
6
0
°
O
 

€
c
7
°
O
 

S
7
0
 

8
1
c
°
O
 

£
c
c
°
O
 

(
6
1
Z
°
O
)
 

cEe/Z 

A 
L
L
e
"
0
 

O
L
0
°
O
 

080°0O 
6
S
E
°
O
 

6
8
f
°
O
 

9
8
1
°
O
 

T61L°O 
(
Z
8
1
°
O
)
 

9T/E 

9¢c'°O 
8
S
0
°
O
 

9
9
0
°
O
 

6
6
2
°
O
 

Sct 
°O 

S
S
T
°
O
 

O
9
T
*
O
 

(
9
S
T
°
O
)
 

Z
€
/
S
 

18l°oO 
9
7
0
°
O
 

7
S
0
°
O
 

L
E
c
°
O
 

£
9
¢
°
O
 

"7C1°O 
8
c
L
°
O
 

(Szcl°0) 
8/T 

9€T°O 
S€0°O 

170°0O 
8Z1°O 

L6L°O 
£60°0O 

£60°O 
(760°O) 

ZE/E 
0
6
0
°
O
 

€
c
0
°
O
 

£
c
0
°
O
 

Z
1
L
*
O
 

O
£
L
*
O
 

1
9
0
°
O
 

$
9
0
°
O
 

(
7
9
0
°
0
)
 

9T/T 

-
u
T
W
 

*xeu 
*
u
T
W
 

*xew 
*“uTu 

*
x
v
w
 

(ut) 
A 

(Ur) 
Janta 

s
n
t
p
e
l
 

p
e
o
 

(ut) 
q 

y
a
d
o
p
 

p
e
a
y
 

(UT) 
gq 

A
a
z
o
W
e
T
p
 

pReoy 
(UT) 

y 
aAszowWeTp 

y
U
R
Y
S
 

jO 
9zts 

[
e
U
T
W
O
N
 

S
U
u
O
T
S
U
O
U
T
G
 

40) 
“posn 

[ 
y
o
 

- 
= 

a { 

e
n
s
s
t
 

4soqzeT 
x 

~ 

> 
Il 

O 
J
O
T
O
T
A
 

A
o
T
T
e
 

w
n
t
u
r
u
n
y
y
 

9g 
I¥ 

°Sd 
c8 

<
0
 

Il 
8 

useI19 
(c°*3eW) 

Ao[Te 
wnturwnty 

8S'I¥ 
Sd 

"8 
a 

Il 
L 

u
T
e
l
d
 

AoyT{e® 
w
n
t
u
r
u
n
y
y
 

L
E
T
 

°SE 
€8 

& 

“
j
o
y
 

JVAATA 
JO 

p
e
s
y
 

uot} 
e
T
 
JtIoeds 

; 
wn 

e
1
q
e
]
 

AO 
[
t
e
 

uo 
A
1
e
W
 

e
n
e
 

T
e
r
a
o
 

en 
Tetras 

en 
ON 

dS 
. 

e
J
e
p
 

U
O
T
I
e
O
T
I
T
Q
U
S
p
P
T
 

a 



AP 101A-1401-1 

(SeTias 
gS) 

S}aATA 
[9993S 

P[Iw 
peay-deug 

7Z{ 
°*3T¥ 

ZSE°O 
-141Z7°O 

€£Z°O 
8£9°0O 

€19°O 
L9€°O 

6L€°O 
(SLE°O) 

§=8/E 
76Z°0O 

O8l°oO 
761°O 

1€S°0O 
z9S°0 

90£°O 
91£°O 

(ZIE°O) 
91/¢ 

V€Z°O 
"
7
1
°
O
 

9
S
T
°
O
 

SZ"°O 
oleae) 

94Z°O 
7SZ°O 

(0SZ°0) 
7/1 

90Z°0 
9Z1°O 

9ET°O 
IZ€°O 

76£°O 
¢1z°0 

€7z2°O 
(61Z°0) 

Z€/L 
SL1°O 

LOT*O 
LIlt‘O 

L1€°oO 
8EE‘O 

S81°0O 
161°0O 

(Z81°O) 
9I/€ 

941°O 
060°0 

860°0 
€9Z°0 

78z2°0 
7S1°O 

o9T°O 
(9S1T°O) 

7ZE€/S 
LI1*O 

1L0°O 
6L0°O 

O1Z°O 
L2Z"0 

Zz1°0 
8zI°oO 

(SZ1°O) 
= 

8/T 
880°0 

€S0°0 
6S0°0 

LS1T°O 
OLT‘O 

160°0 
L£60°0O 

(760°0) 
ZE€/E 

8s0°0 
c£0°O 

6£0°O 
€01°0O 

YI1°O 
6S0°0 

¢90°0 
(Z90°O) 

91/T 

(
u
t
)
 

a 
“
u
T
W
 

*
x
e
u
l
 

“
u
T
W
 

*
x
e
u
l
 

*
u
T
w
 

*
x
e
u
 

(
u
t
)
 

q
a
n
t
a
s
 

sntpeit 
p
e
o
y
 

(UT) 
qd 

y
a
d
e
p
 

p
e
a
y
 

(UT) 
g 

1TejJeWeTpP 
p
e
a
y
 

(UT) 
Y 

A
e
J
o
O
W
e
T
p
 

YyUReYS 
jO 

9
z
I
s
 

[
e
u
T
U
O
N
 

s
u
O
o
T
S
U
S
U
T
G
 it 

pe 
“pos 

n 

; 
~ 

J 
H
 

Ie c
i
d
e
n
t
 

= 
W
w
 

a
 

ral 
- 

*[d°peg 
1999S 

PIIW 
6011 

Sa 
9L 

“
J
o
y
 

J
O
A
T
A
 

j
o
 

p
e
o
y
 

u
o
T
j
e
I
T
J
I
V
e
d
s
 

. 
e
T
g
e
L
 

ito 
[
t
e
]
 

uo 
y
1
e
R
 

a
e
 

EeO 
n
a
e
 

T
e
t
s
s
q
e
W
 

ON 
dS 

eJep 
uot 

e
I
T
F
T
Q
U
O
p
]
 

Chap.2 

~
 

N wv 

E VL ioe] 
~ oY 
i=] 
te 
" Page 20



AP 101A-1401-1 

(
s
e
t
i
a
s
 

gS) 
s
j
a
A
T
1
 

A
O
T
[
e
 

W
N
t
T
U
T
U
N
,
e
 

pue 
w
W
N
T
U
T
U
N
,
e
 

p
e
s
y
-
d
e
u
g
 

¢] 
‘“3Ty 

cSE*O 
L1¢°O 

££72°O 
8
£
9
°
O
 

€19°O 
7
L
E
°
O
 

6L£°O 
(SZE°O) 

8/€ 
c62°O 

O8t°*oO 
761°O 

T€s°O 
c9S°O 

ITE 
*O 

9TE“O 
(Z1€"0) 

91/S 

7€7°O 
771°O 

9ST°O 
Scv7"O 

0S? 
*O 

677 
°O 

7SC°O 
(0SZ'0) 

y/T 
9
0
¢
°
0
 

9
Z
1
°
O
 

9
E
T
*
O
 

IZE€°O 
7
6
£
°
O
 

81z2°O 
£27 

°O 
(61Z2°0) 

7ze/Z 

SLT°O 
LOT*O 

ZIt°O 
L1€°O 

8Ee°O 
9
8
T
°
O
 

161°O 
(Z81°0) 

9I/€ 

971°O 
060°0O 

860°0O 
€
9
c
°
O
 

c8c°O 
SST°O 

O9L*O 
(9ST°O) 

2€/S 
LIT’°O 

T
L
0
°
O
 

6
£
0
°
O
 

O
1
c
*
O
 

L£é2°O 
771L°O 

8
c
 

°O 
(
S
Z
1
°
0
)
 

8/1 

880°0O 
€
S
0
°
O
 

6S0°0O 
L£ST°O 

OLT°O 
£60°O 

£60°O 
(760°0) 

7é/E€ 
8S0°0O 

Se€0°O 
6
£
0
°
O
 

€
O
L
°
o
 

Y
I
L
°
O
 

1
9
0
°
O
 

$90°0O 
(
7
9
0
°
0
)
 

9T/T 

‘uTul 
*xeul 

“
u
T
W
 

*xeu 
*
u
T
W
 

*xeul 

(ut) 
A 

(ur) 
JoatTs 

s
n
i
p
e
r
 

p
e
o
y
 

(
u
t
)
 

q 
y
a
d
e
p
 

p
e
o
y
 

(
U
T
)
 

g 
A
Z
s
J
o
W
e
T
p
 

pesyH 
(
U
T
)
 

y 
J
e
j
o
w
e
t
T
p
 

yueReYs 
JO 

o
z
T
S
 

[
e
U
T
W
O
N
 

s
u
o
T
s
u
o
u
l
t
g
 a> 

d
w
 

“‘poin 

SP 
| 

Vv 
= 

aaa 
a
l
 

g 

| 
YL 

P
m
t
 

a
N
s
S
t
 

4SsaIeT 
x 

€1 
6 

VOTOTA 
Aoj{e 

wntutunyy 
8S'lx 

"Sd 
08 

€l 
8 

usaI9 
(¢°3eq) 

AoT[e 
w
n
t
u
t
u
n
t
y
 

8S'Ix 
Sd 

6L 

€1 
é 

u
t
e
t
d
 

A
o
j
{
e
 

w
u
n
t
u
T
w
n
t
y
 

L
E
T
?
 

Sd 
BL 

et 
I 

yore la 
wn 

TUT 
TY 

Of 
lx 

SE 
LL 

° 
ds 

Joy 
J
O
A
T
I
 

FO 
p
e
o
y
 

—
 

u
o
T
I
B
I
T
F
I
V
e
 

_
 

e
t
q
e
,
 

Ao 
{te} 

uo 
Y
L
e
W
 

i
t
i
l
 

T
S
 

}e3en 
TetTs1szeW 

N 
dS 

B
q
e
p
 

U
O
T
I
e
O
T
F
T
I
U
S
p
T
 

Chap.2 

Page 21 June 78 (Amdt 2) 



AP 101A-1401-1 

(
s
a
t
i
a
s
 

qS) 
s
q
a
A
t
a
 

A
o
T
T
e
 

a
z
a
d
d
o
o
-
j
T
a
y
o
t
u
 

YyYsty 
p
r
a
y
—
-
d
e
u
g
 

4] 
*314q 

c
S
€
“
O
 

Z
1
c
°
O
 

t
E
7
"
0
 

8
£
9
°
O
 

£29.°0 
L
9
€
*
O
 

6
Z
t
°
O
 

(
S
Z
E
°
O
)
 

8/€ 
c
6
2
°
O
 

O
8
T
*
O
 

7
6
L
°
O
 

T
€
s
*
o
 

c
9
S
°
O
 

90£ 
°O 

9
I
E
°
O
 

(
Z
T
E
°
O
)
 

91/S 
7
€
7
°
O
 

"
7
1
°
O
 

9
S
T
°
O
 

Gc 
"O 

0
S
?
°
O
 

9
7
7
°
O
 

7
S
c
°
O
 

(
0
S
Z
°
O
)
 

4/T 
9
0
7
°
O
 

9
c
L
°
O
 

9
€
T
°
O
 

I
Z
€
°
O
 

7
6
€
°
O
 

S
1
¢
°
O
 

€
c
c
°
O
 

(
6
1
Z
°
O
)
 

ZE€/Z 
S
Z
1
°
O
 

ZO1T*O 
L£Lt"0 

L
I
€
"
O
 

8
£
e
°
O
 

S
8
I
°
O
 

1
6
1
°
O
 

(
Z
8
L
°
O
)
 

9I/€ 
9
7
1
°
O
 

0
6
0
°
O
 

860°0O 
€£92°O 

c
8
c
°
O
 

7
S
L
°
O
 

O
9
T
*
O
 

(
9
S
T
°
O
)
 

zEe/¢ 
E
L
L
*
O
 

1Z0°0O 
6L0°0O 

O
1
Z
*
O
 

£
é
c
°
O
 

c
c
l
*
O
 

8
c
1
°
O
 

(
S
c
l
‘
O
)
 

§8/T 
8
8
0
°
0
 

€S0°0O 
6S0°0O 

Z
S
T
°
O
 

O
L
L
*
O
 

1
6
0
°
O
 

£
6
0
°
O
 

(
7
6
0
°
O
)
 

ZE/E 
8S0°0O 

seo°o 
6£€0°0 

C
O
L
O
 

“11°O 
6S0°0 

$90°O 
(Z90°O) 

9T/I 
“
u
T
W
 

*
X
P
U
 

“
u
T
w
W
 

*
x
e
P
w
 

“
u
T
W
 

*
x
X
e
u
w
 

(ut) 
a 

sntpel 
peay 

(UT) 
qd 

yadap 
peasy 

(
U
T
)
 

g 
AaqJowWeITp 

peosy 
(Ul) 

y 
t
o
q
o
O
W
e
T
p
 

y
U
R
Y
S
 

(UT) 
JaaTIA 

JO 
o
z
s
 

[eUTUION 

s
u
o
T
s
u
a
U
t
(
 

| 

| K 
val 

W 
*[d° 

peg 
AOT[E 

NO-IN 
48TH 

407 
“GLa 

78 
val 

W 
uteld 

A
o
T
 Te 

NO-IN 
Y3ty 

607 
ALG 

18 

“Joy 
J
O
A
T
A
 

JO 
p
e
a
y
 

, 
, 

uoT} 
BOT 

J
T
V
e
d
S
 

. 
a
T
q
e
 

40 
{
t
e
}
 

uo 
y
I
r
e
W
 

4
I
n
o
T
o
9
 

Te 
t197 

ey 
ON 

dS 
[
e
T
s
9
q
 EW 

P
J
e
p
 

U
O
T
I
R
O
T
F
T
I
U
a
p
y
]
 

Chap.2 

June 73 (Amdt 2) Page 22



Chap.2 
Page 23 

‘CETI/SSL 
SV 

$1 
8U0] 

Ul 
Z 

PUD 
sa1aWDIp 

UL 
Jadls 

A
D
J
 

D puv 
ZI 

¢/SST'S¥ 
81 

3U0] 
Ul 

/~e 
PUD 

AaJauUDIp 
U1, 

[D1daIDUL 
O
F
 

T 
SG 

Ul 
Jaald 

poay 
dmus 

y 
“SA 

T
d
W
h
X
A
 

ul 
**, 

Ul 
daJaUDIp 

ay) 
ajouap 

SaAnBlf 
40 

aanBif 
SUIMIDIUAd 

AY] 
PUD 

UL 
4, 

UL 
YIBUa] 

Jadld 
aY) 

alOUAP 
S4aqUNU 

APO? 
A
Y
I
 JO 

SaANBU{ 
OMI 

ISD] 
AYT 

AP 101A-1401-1 

*
*
 

3
1
0
N
 

C
E
C
T
 

cell 
c
e
O
l
 

cE6 
ces 

c 
8
C
C
L
 

8cll 
8
c
o
l
 

8726 
878 

8cLl 
8C7 

b/E°T 
"
E
C
L
 

"CLL 
"
C
O
L
 

776 
778 

%GL 
729 

9CS 
"Cv 

7CE 
é
/
T
°
1
 

C
O
S
I
 

écll 
ccol 

776 
c78 

CCL 
cc9 

AAS 
aA] 

CCE 
B
/
E
 

O
z
c
l
 

O
c
t
t
 

o
c
o
l
 

076 
0¢8 

O¢L 
0¢9 

02S 
O¢YV 

OZE 
9
/
T
°
T
 

8
I
c
l
 

8Iil 
8
T
o
l
 

816 
818 

8IiZ 
819 

81S 
81V 

BIE 
8
/
1
°
T
 

9
T
é
l
 

9TIl 
9
T
O
L
 

916 
918 

OIL 
919 

91S 
917 

OTE 
9172 

T 
G
E
T
 

S
T
I
 

S
T
O
L
 

S16 
ST8 

STL 
ST9 

SIS 
S
I
 

STE 
STZ 

9
1
/
S
T
 

V
I
Z
L
 

yaaa 
V
T
O
L
 

716 
718 

va 
d 

719 
71S 

W1Y 
VLE 

712 
8/L 

€
1
z
l
 

€1itl 
£
T
O
L
 

£16 
£18 

€tZ 
€19 

€1s 
€LV 

ele 
ETS 

9
1
/
E
1
 

G
L
E
L
 

c
r
t
 

ctol 
c16 

c18 
cil 

c19 
cls 

elt 
cle 

cle 
v/E 

L
i
c
.
 

IItl 
TTtol 

116 
118 

ITZ 
119 

Tis 
I
l
 

TTEe 
ELE 

9
T
/
I
l
 

O
c
!
 

O
L
T
T
 

O
T
O
T
 

O16 
O18 

OTL 
O19 

O1S 
O
V
 

OTE 
OT? 

8/S 
6
0
¢
T
 

60IT 
6
0
0
T
 

606 
608 

602 
609 

60S 
607 

60€ 
6072 

91/6 
8
0
c
T
 

sOlTt 
s
o
o
t
 

806 
808 

802 
809 

80S 
807 

80€ 
807 

Z/1 

LO0cl 
ZOUT 

L
O
O
T
 

L06 
£08 

LOL 
£09 

LOS 
LO¥ 

LOE 
LOZ 

9I/L 
9001 

906 
908 

90L 
909 

90S 
904 

90€ 
907 

8/E 
S08 

SOL 
SO9 

SOS 
SOY 

SOE 
S07 

91/S 

709 
70S 

707 
70E 

702 
4/1 

=
 

£04 
€O€ 

€07¢ 
9I/E€ 

io 

c0C 
8/T 

E 

S
Y
H
H
W
N
N
 

N
O
I
L
V
O
I
A
L
I
N
A
G
I
 

L
u
v
d
 

(UL) 
‘JT 

yzZuUeT 
J
o
a
T
Y
 

7” 
~
 

B/E 
c
e
/
1
L
 

9
1
/
S
 

7
£
/
6
 

7/1 
ce/L 

9L/E€ 
cE/S 

8/T 
Z
E
/
E
 

9T/T 
(UT) 

@ 
A
a
}
O
W
e
T
P
 

J
O
A
T
Y
 

2 = | 
G
°
O
I
d
 

NI 
G
a
I
d
I
O
d
d
S
 

SV 
S
L
U
A
I
Y
 

YOA 
A
O
N
V
A
 

A
Z
I
S
 

E€ 
A
T
A
V
I
 

2 



et | m jo) 
st 
ar ! <x 
ce 

fo} 
or 

‘OZOT/LST'SV 
8} 

Sug] 
ul 

"4 
pun 

dajawomip 
ut 

°/, 
Jadld 

aDjiuas 
D 
pud 

OIP/LST'SV 
8} 

3u0] 
Ul 

%e 
puv 

dajawonip 
ul, 

[oldaIDU 
BCT 

Sg 
ul 

Jadu 
poay 

dous 
¥ 

= 
—? 

$I 
Td 

WV XA 
ul 

*", 
Ul 

dajaudIp 
a
y
 
a
j
o
u
a
p
 
Saansif 

40 
aandif 

Suluiviuas 
ay] 

puv 
ul 

°", 
Ul 

Jadls 
ay) 

JO 
YIBua] 

AY] 
ajvIIpUul 

Sdaquinu 
apod 

ay] 
fo 

Saan3if 
OM] 

ISU] 
a
y
 

+> 
3
0
K
 

ZETL 
ZEOL 

ZE8 
Z£9 

Z 
8ZZ1 

8ZOl 
878 

87L 
879 

874 
8ZE 

y/E°T 
"771 

7ZO1 
”78 

ZL 
"79 

CYAS 
Yay 

ZE 
H/T°T 

7771 
ZZO1 

7728 
7ZZ 

729 
AS 

724 
ZZE 

g/E°T 
OZZI 

OZOT 
0z8 

OzZ 
029 

YAS 
O%4 

OZE 
7/T°T 

8Iz1 
S
I
O
 

818 
SIZ 

819 
81S 

81h 
SIE 

8/1°T 

91Z1 
9IOL 

918 
9IZ 

919 
91S 

914 
OIE 

91Z 
I 

cIz1 
SIOl 

G18 
GIZ 

S19 
Sig 

GIY 
cIE 

C1z 
91/ST 

vIZI 
L
O
L
 

718 
I
L
 

419 
91S 

1
h
 

HIE 
1
2
 

8/L 

€1Z1 
€1O1 

€18 
€1Z 

€19 
€1sS 

ely 
Ele 

€12Z 
9T/ET 

a
a
 

| 
ZIOL 

z18 
ZIZ 

Z19 
Z1S 

ZY 
Z1€ 

Z1z 
b/E€ 

TiZt 
1101 

118 
I1Z 

119 
ILS 

I1¥ 
IT€ 

11z 
9I/TI 

OIZI 
OLOT 

O
g
 

OIL 
O19 

O1S 
O
Y
 

OIE 
O1Z 

8/S 
60721 

6001 
608 

602 
609 

60S 
604 

60€ 
602 

91/6 
8001 

808 
80L 

809 
80S 

804 
80€ 

80Z 
z/T 

408 
LOL 

409 
LOS 

LOY 
LOE 

L0Z 
9I/L 

908 
904 

909 
90S 

904 
90€ 

902 
B/E 

A[UO 
SJ9ATI 

/7ZZ 
pue 

(CGT 
Sy 

104 
SOL 

¢09 
GOS 

GOv 
GOE 

COZ 
91/S 

ATUO 
S}29ATA 

OCT 
SY 

409 
70S 

704 
bOE 

0
7
 

4/1 
1
0
f
j
 

o
9
1
e
 

S
o
u
T
T
 

A
a
e
o
y
 

o
p
t
s
 

z
n
o
 

s
i
o
q
u
i
n
n
 

€
0
S
 

€
O
v
 

€
£
O
€
 

€
0
Z
 

O
T
/
E
 

Z0Z 
8/T 

SUAAWNN 
N
O
I
L
V
O
I
A
I
L
N
A
G
I
 

Luvd 
(UT) 

JT 
yIBUeT 

JaATY 

8/E€ 
91/S 

7/1 
c
s
t
 

9T/E 
Ze/S 

8/1 
ZE/E 

9I/1 
(UT) 

q 
JaqJoWeTp 

JoATY 

¢ 
GNV 

Z 
‘91d 

NI 
GaIAIOadS 

SV 
SLAUAIY 

YOA 
AONVU 

AZIS 
4 

ATAVL 

Chap.2 

June 78 (Amdt 2) Page 24



AP 101A4-1401-1 

pup 
s
a
j
a
w
i
p
 

ul 
*%, 

[D1aIDU 
69°Sg 

Ul 
Jadl4s 

ADjIUs 
DY pun 

p[ 
p/Z9] 

S
V
 

S1 
8uo] 

ul), 
PUD 

dajaUUDIp 
Ul 

% 
[VLAAIDU 

8ST 
Sg 

Ul 
ladld 

poay 
yunssajUunod 

Sap 
06 

¥ 
‘S7L/6777'SV 

81 BuO] 
ut 

“e] 
~ 

SH 
T
d
W
V
X
F
 

ul 
*% 

Ul 
dajauUDIp 

ays 
a
j
o
u
a
p
 
Sadnslf 

40 
aanaif 

suluIDUAad 
BY] 

PUD 
Ul 

°, 
Ul 

YISUa] 
Jadld 

ays 
a1vaIpul 

Sdaquinu 
apod 

a
y
 
fo 

saan3if 
OMI 

ISO] 
ay, 

+ 
MON 

A
y
u
o
 

S
J
O
A
T
I
 

ZETZT 
ZEOL 

ZEB 
G69% 

® 
O€7Z 

‘6777 
‘B8ZZzZ 

‘79H 
SLSH 

4 
8771 

8ZOl 
878 

87Z 
“col 

‘79L 
*Z9L 

‘I9T 
‘6ST 

‘8ST 
SV 

104 
b/E°T 

9771 
%ZO1 

778 
Z
L
 

029 
97S 

yay 
ZE 

Z/T"t 

ZZz1 
ZZO1 

Z78 
ZZZ 

729 
WAS 

aA) 
7ZE 

8/E°T 
OzZI 

OZOL 
0z8 

OZL 
0z9 

OZS 
O74 

OZE 
b/T°T 

SIzI 
S
I
O
 

818 
BIZ 

819 
81S 

8It 
STE 

s
/
t
"
 

91Z1 
9101 

918 
9TL 

919 
91S 

914 
OTE 

912 
I 

SIz1 
SIOl 

S18 
SIZ 

S19 
GIS 

CIv 
cTEe 

SIZ 
91/ST 

vIZ1 
“IOL 

418 
I
L
 

719 
"IS 

v1Y 
HIE 

71Z 
8/L 

€1ZI 
€1lol 

€18 
€1Z 

€19 
€1S 

€1y 
Ele 

€1Z 
9T/ET 

ZizI 
ZIOL 

z18 
ZIZ 

z19 
Z1S 

Z1¥ 
Z1€ 

Z
Z
 

4/€ 
1101 

118 
Itz 

119 
IIS 

Ilv 
IT€ 

11z 
91/11 

O1Ol 
O18 

OIL 
O19 

O1S 
O1Y 

OIE 
O1z 

8/S 
608 

602 
609 

60S 
607 

60€ 
60Z 

91/6 
808 

80L 
809 

80S 
807 

80€ 
80Z 

tft 

LOL 
L409 

LOS 
LOY 

LOE 
L0Z 

9T/L 
909 

90S 
904 

90€ 
902 

8/€ 
¢09 

GOS 
Cov 

SOE 
¢O0z 

91/S 

*
A
[
U
O
 

S
}
P
A
T
I
 

[OT 
SW 

AOJZ 
I
e
 

FO9 
7OV 

7OE 
707 

7/1 
seut,T 

Aaeay 
ey} 

VpPTszno 
sirequny 

€04 
€0€ 

€0Z 
91/E 

Z0Z 
8/T 

SYAGWON 
NOILLVOIALINAGI 

Luvd 
(UT) 

T 
yqWueT 

JoaTy 

8/€ 
9T/S 

%/T 
ZE/L 

OT/E 
ze/S 

8/T 
ZE/€ 

9T/T 
(UT) 

q@ 
JaqjeweTp 

JoaTy 

y 
G
N
V
 

€ 
‘Z 

‘Old 
NI 

G
a
I
A
I
O
a
d
S
 

SV 
S
L
A
A
I
M
 

Y
O
d
 

F
O
N
V
Y
 

A
Z
I
S
 

CG 
A
T
A
V
L
 

Chap.2 
Page 25 June 78 (Amdt 2) 



AP 101A-1401-1 

PIS/E9T' 
S
V
 

8} 
Su] 

U
l
,
 

Pup 
sajaupIp 

Ut 
*%/g 

[DldaIDU 
Y
E
T
 
SY 

Ul 
laal4 

poay 
yuNsaaiunod 

Sap 
Y
Z
 

VW 
—
:
I
'
T
A
W
V
X
Y
 

ul 
**% 

Ul 
dajawupIp 

ayl 
ajouap 

Saanalf 
40 

aandif 
Sululmuad 

ay] 
pun 

ut 
°', 

Ul 
jadi 

ay 
fo 

yISUa] 
ays 

alvrIpUl 
Sdaquunu 

apo 
ays 

[O 
SaanS1f 

OMI 
ISD] 

a
y
 

“++ 
O
N
 

ZEe8 
Zz 

878 
87Z 

b/E°1 
"c8 

"ol 
709 

TAS 
"74 

"ZE 
Z/1°1 

c¢28 
ccl 

cc9 
WAS 

aay] 
WAS 

8
/
1
 

0z8 
OzL 

0z9 
YAS 

O
Z
 

OZE 
| 

V/T°l 
818 

BIZ 
819 

81S 
Biv 

SIE 
| 

8/T'l 

918 
91L 

919 
91S 

91Y 
OLE 

912 
| 

i 
c18 

ond 
S19 

SIS 
Sty 

STE 
SIZ 

\91/ST 
718 

VTL 
WAS 

HIS 
v1Y 

VIE 
417 

| 
8/L 

£18 
€1Z 

€19 
€1S 

€1¥ 
Ele 

€1Z 
9
T
/
€
l
 

z18 
cId 

Z19 
Z1S 

ZIV 
ras 

Z1Z 
| 

w/e 
T18 

TiZ 
119 

IIS 
I
l
 

ILE 
11Z 

9
1
/
1
1
 

O
g
 

OIL 
O19 

OIS 
OLY 

OLE 
O
Z
 

8/S 
608 

602 
609 

60S 
604 

60€ 
602 

91/6 
808 

802 
809 

80S 
804 

BOE 
80Z 

c/1 

408 
LO¥ 

LOE 
L0Z 

91/L 
908 

904% 
90€ 

902 
B/E 

GOY 
GOE 

COZ 
91/S 

A
[
U
O
 

S
}
9
A
T
A
 

6
G
H
 

SY 
I
O
}
 

V
i
e
 

a
 

70€ 
a
n
e
 

n
e
 

s
o
u
t
 

A
a
e
o
 

9
u
q
 

2
8
s
A
O
o
g
e
 

S
i
l
o
 
q
u
i
n
n
 

O
v
 

.O 
FT 

4
9
4
 

q 
Z0Z 

8/1 

S
U
M
H
W
N
N
 

N
O
L
L
V
O
I
A
I
L
N
A
G
I
 

LYVd 
(UT) 

‘J 
yq8uaT 

JoaTy 

B/E 
91/S 

FT 
cE/L 

9I/E 
Z£/S 

8/1 
ZL/€ 

9
/
1
 

(Ut) 
q 

JaqoWRTpP 
JoATY 

G 
pue 

¢€ 
*Z 

‘Old 
NI 

G
A
I
M
I
O
d
d
S
 

SV 
S
L
A
A
I
N
 

YOd 
A
O
N
V
A
 

A
Z
I
S
 

9 
A
I
A
V
I
 

Chap.2 

June 78 (Amdt 2) Page 26



‘STIOL/E9EE’ SV 
81 3U0] 

Ul 
* a2 

Pun dajawip 
ut 

° Ys [UaIDU 
69 

SE 
a 

Ul 
Jadls 

poay 
yUNssaIUNOD 

Sap 
YZ] 

Y 
Pun 

OI b/RI6T 
S
V
 

St 
BuO] 

Ul 
Ve 

PUD 
AajauDIP 

UL, 
[DIdaIDU 

LF Tp'Sg 
Ul 

Jadi4 
poay 

yuNssaqUNoD 
Sap 

(6 
‘
S
T
T
d
W
V
X
F
 

ss 
ul 

*% 
Ul 

4a1aUDIp 
ays 

alouap 
Sasnsif 

40 
aansif 

Suluinwas 
ays 

puv 
ul 

*', 
Ul 

YISUa] 
1a414 

Yi 
a/DIIPUL 

SAaquinuU 
a
p
o
 
pappuDys 

ays 
{O 

Sean3if 
OMI 

ISD] 
a
U
 

(2) 
i
t
a
 

So} 
‘SsmOpOof 

11 
4
a
q
u
i
n
u
 
a
p
o
d
 

ay] 
Aq 

p
a
j
o
u
a
p
 

IDYy) 
UuDYI 

d
a
j
v
a
d
s
 

Ul 
*%, 

fO 
YI8ua] 

S
a
j
v
r
i
p
u
l
 
S
4
9
Q
U
I
N
U
 
A
P
O
 
P
A
D
P
U
D
I
S
 

AY] 
Aal{p 

anjpa 
¢ 

J
D
U
A
I
a
p
 

ayy, 
(J) 

a. 
» 

A 
“"" 

I
O
N
 

dt 
OD 

< 
8LOL 

816 
818 

BIZ 
819 

BIS 
817 

BIE 
8
/
T
°
T
 

S
a
 

= 
S
°
Z
T
O
L
 

G
*
L
T
6
 

S°*LT18 
S
°
L
T
L
 

S
°
L
1
9
 

S
°
L
I
S
 

S
°
L
T
Y
 

G
°
L
T
E
 

c
e
/
e
*
l
 

L101 
L16 

L18 
LIL 

L19 
LIS 

LTV? 
LIE 

9
T
/
1
'
T
 

< 
S
*
9
T
O
L
 

S
°
9
1
6
 

S
°
9
T
8
 

S
°
9
T
Z
 

S°*919 
S
°
9
I
S
 

S°9OLY 
S°*9TE 

A 
|
 

OTOL 
916 

918 
9TL 

919 
91S 

917 
OTE 

T 

S
*
S
T
O
l
 

S
*
S
1
6
 

S
°
S
T
8
 

S
°
S
t
Z
 

S°SsT9 
G°STIS 

S
°
S
T
Y
 

G*ScTe 
c
e
/
T
e
 

STOL 
S16 

S18 
STZ 

S19 
SIS 

SIV 
STE 

9
1
/
S
T
 

S°*7TOl 
S
°
7
T
6
 

S
°
7
1
8
 

S
°
V
T
l
 

c°*7T9 
S
°
V
T
s
 

S°v71y 
S°V7Te 

Z
€
/
6
Z
 

VIOL 
716 

718 
WAL 

vL9 
71S 

"19 
vans 

B/L 

S*e€ 
Ol 

S
*
€
1
6
 

S
°
€
1
8
 

S°E€TZ 
S
°
€
1
9
 

S
°
€
1
s
 

S
e
 

LY 
G
°
E
T
E
 

CEs 
Le 

€
o
r
 

€16 
£18 

CLE 
€19 

€1s 
Ely 

ele 
9
T
/
E
T
 

G
*
c
l
o
l
 

S
°
c
l
6
 

S
°
c
l
8
 

S
°
?
I
l
 

S
*
c
l
9
 

S°7éIs 
S
°
?
L
y
 

S
°
?
l
e
 

Z
E
/
S
7
 

ZLOL 
c16 

c18 
Che 

cl9 
cts 

ely 
cle 

W/E 

S
*
T
I
O
T
 

S* 
116 

S
*
1
1
8
 

S
°
T
T
L
 

S
°
T
1
9
 

S
°
T
t
s
 

S
°
T
l
y
 

S
°
T
T
E
 

C
£
/
E
T
 

TLOt 
116 

118 
L
e
 

IT9 
ITS 

L
y
 

IT€ 
9
1
/
1
1
 

S
*
O
T
O
T
 

S
*
O
T
6
 

S
°
O
I
s
 

S
*
O
t
l
 

S
°
O
1
9
 

GS*OIS 
S
°
O
T
?
 

GS°OTE 
Z
£
/
1
2
 

O
t
o
l
 

O16 
O18 

OTL 
O19 

OTS 
OLY 

OTE 
8/S 

S
*
6
0
0
T
 

S* 
606 

S° 
608 

S* 
602 

S
*
6
0
9
 

S
°
6
0
S
 

S
*
6
0
%
 

S
°
6
0
€
 

c
€
/
6
1
 

6001 
606 

608 
602 

609 
60S 

6047 
60€ 

91/6 

S
*
8
0
0
T
 

S
*
8
0
6
 

¢
°
8
0
8
 

S°80ZL 
S°*809 

¢
°
8
0
S
 

S
*
8
0
9
 

S
*
8
0
€
 

Z
E
/
L
T
 

soot 
806 

808 
802 

809 
80s 

807 
80E 

Z/1 

S* 
LOOT 

S
*
L
0
6
 

S
°
L
0
8
 

S°*LOL 
¢
*
L
0
9
 

¢
°
L
O
S
 

S° 
LOY 

G* 
LOE 

Z
E
/
S
T
 

Loot 
£06 

£08 
LOL 

L09 
LOS 

LO¥ 
LOE 

9T/L 

S
*
9
0
0
T
 

S
°
9
0
6
 

S°*908 
S
°
9
0
L
 

S
*
9
0
9
 

S
°
9
0
S
 

S
°
9
0
4
 

S
*
9
0
€
 

c
t
/
€
t
 

900T 
906 

908 
90L 

909 
90S 

904 
90£ 

B/E 

S
*
S
O
O
T
 

G
*
S
0
6
 

¢
*
S
O
8
 

G
*
S
O
L
 

$°*SO9 
¢* 

SOS 
S
*
S
O
v
 

G
*
S
O
E
 

c
e
/
T
1
 

SOOT 
S06 

S08 
SOL 

S09 
SOS 

SOV 
SOE 

91/S 
~ 

S*¥O00T 
S* 

706 
S* 

408 
S
*
7
0
L
 

$* 
709 

¢° 
70S 

S
°
7
0
4
 

S
*
7
0
€
 

7€/6 
oN 

7001 
706 

708 
VOL 

709 
70S 

701 
70E 

9/T 
no 

€0E 
g1/E 

E 
S
Y
F
H
W
N
N
 

N
O
I
L
V
O
I
A
L
I
L
N
A
G
I
 

Lavd 
(UT) 

'[ 
Y
u
e
,
 

JaaTY 
- ™
 

9
1
/
S
 

Z
£
/
6
 

9/1 
ZE/L 

O
T
/
E
 

Z
E
/
S
 

8/T 
7e/E 

(UT) 
@ 

A
P
I
O
W
R
T
I
P
 

J
o
a
T
Y
 

5 3 
5 

ZL 
O
N
V
 

9 
°91d 

NI 
G
A
I
A
I
O
N
d
S
 

SV 
SLHAITM 

Y
O
d
 

A
O
N
V
A
 

A
Z
I
S
 

ZL 
A
T
A
V
I
 



AP 101A-1401-1 

JO 
[D14ajDU 

LE 
Tp 

ul 
jadia 

D“S-a 
ul 

*% 
Ul 

4
a
J
a
u
d
i
p
 

ay} 
B
u
l
j
o
u
a
p
 
Saan3if 

40 
aansif 

Suiuimwuads 
ayj 

ul 
°, 

‘
0
1
/
6
9
 dS 

8! uo] 
ut. 

pun 
satavuvip 

ul", 
Ul 

Yy18ua] 
ay) 

alouap 
Sdaquinu 

apoo 
ays 

fo 
saansif 

om) 
ISD] 

aut 
(Zz) 

(ZI 
4
9
0
4
)
 
O
8
2
 

1225 
‘
O
8
0
I
d
¥
 

ul 
palsy 

aq 
10U 

A
D
U
 

puD 
,SazIS 

padsafasd-UON, 
a1D21pUul 

sysuuaisp 
(7) 

- 
30N 

8771 
8701 

878 
879 

: 
€ 

OvZ1 
OvOL 

04”8 
0
9
 

Z/1°7 

ZETZI 
ZEOT 

ZEB 
Ze£9 

ZES 
Z 

8771 
8ZOL 

878 
879 

87S 
824 

b/E°T 
9771 

7ZO1 
"78 

"79 
VAS 

"74 
"7E% 

Z/T'1 

Z
C
I
 

ZZOL 
Z28 

729 
e7s 

2
4
 

A
S
 

8/E°T 
O7Z1 

OZOL 
0z8 

029 
OZS 

O74 
OZ@Ex 

0/T*T 
8IZ1 

SIOl 
818 

819 
81s 

814 
BIEx 

8/1'T 

9171 
9101 

918 
919 

91S 
914 

OTE 
OI7x 

I 
GIZ1¥ 

SIOTx 
G18* 

G19x 
GISx 

SItx 
ClEx 

CIZ% 
91/STx 

V
I
Z
 

“LOL 
718 

"19 
71S 

"LY 
T
E
 

VAeas 
8/L 

C171 
x 

€1OLx 
€18x 

€19% 
€1Sx 

ELV 
x 

€1Ex 
€17x 

9L/ELx 
Z1ZT 

Z1O1 
z18 

Z19 
ZIS 

Z1Y 
Z1E 

Z17x 
/
€
 

TIZ1Ix 
TLOTx 

T18% 
T19% 

T1S% 
LIvx 

11€x 
117% 

91/11x 

OIZT 
OLOl 

omg 
O19 

OIS 
Olv 

OLE 
O1Z 

8/S 
60ZT 

6001 
608 

609 
60S 

60% 
60£ 

602 
91/6 

80ZT 
800T 

808 
809 

80S 
804 

80E 
80z 

Z/1 

LOOT 
208 

L409 
LOS 

LOv 
LOE 

L0Z 
9T/L 

908 
909 

90S 
90% 

90€ 
902 

8/E 
co9 

SoS 
SOY 

SOE 
G0z 

91/S 

70S 
700 

O
E
 

702 
7/1 

€0% 
€0E€ 

€0Z 
9T/E 

ZOE 
Z0Z 

8/T 

S
U
S
G
W
N
N
 

N
O
I
L
V
O
I
A
I
I
N
A
G
I
 

Luvd 
0
1
0
°
0
-
 

(UT) 
‘| 

YRB8UeT 
JoaTY 

B/E 
91/S 

9/T 
9T/E 

cE/S 
8/1 

ZE/E 
9T/T 

(UT) 
y 

AeJoOWeTpP 
JoATY 

8
°
O
I
d
 

NI 
G
a
I
d
A
I
O
d
d
S
 

SV 
S
L
A
A
I
Y
 

YOA 
A
O
N
V
A
 

AZIS 
8 

A
T
a
V
L
 

Chap.2 

=~ 
N
 vw 

E
 
a
 

foe) 
~
 vu 
Gc 
bo) 

Lar | 

Page 28



‘CI b/88'dS 
81 

8U0] 
Ul 

“Ve 
puv 

sajawoip 
ui% 

fo 
painjd 

w
n
n
u
p
D
d
 

‘Jouaivu 
P
O
T
 
G
L
 

Ul 
jadia 

PY 
—: A

T
d
W
V
X
A
 

7 
Ul 

*% 
Ul 

4aJaWDIP 
Jadld 

a4} 
ajouap 

Saansif 
40 

aansif 
Suruipiuiad 

ay] 
Puv 

ul 
°", 

Ul 
YISUa] 

Jaatd 
ay] 

alouap 
sdaquinu 

apoo 
ayl 

fo 
saanSyf 

omi 
Isv] 

ayy 
( g) 

o 
(ZI 

4
0
0
g
)
 
O
8
7
 

1929S 
‘98OI 

d
V
 

“I 
paisi] 

aq 
jou 

A
p
u
 

pun 
Sazis 

padsafadd-UON, 
a1DIIpUul 

¥
S
L
4
a
1
S
 ¥ 

(Z) 
BA 

Ul 
$10 

OF 
S} 

4a840] 
puv 

s
a
j
a
u
i
p
 

ul 
*
,
 

JO 
SJadid 

AOf 
JDY] 

PUD 
UL 

QI 
O
O
F
 

SL 
UL 

°“e 
Surpnjoul 

puv 
oj 

dn 
saajaumip 

fo 
slaau 

40f 
yilsua] 

ul 
aduvagjoj 

ayy, 
= 
(T) 

i 
“
H
O
N
 

S) - 
B
7
C
L
 

8
7
0
1
 

878 
B72 

879 
€ 

| 
o
v
e
l
 

O
v
O
l
 

078 
Ovl 

079 
E
f
t
"
?
 

c
e
e
 

ceOl 
cE8 

cel 
c£9 

ces 
c 

8
c
c
I
 

8
c
O
L
 

878 
BCL 

879 
82S 

8
c
 

v
/
E
°
T
 

9771 
7
Z
O
L
 

778 
"CL 

"79 
77S 

¥CY 
"
T
E
x
 

7
/
1
1
 

cCCL 
é
c
o
l
 

cc8 
ccL 

cc9 
ccS 

CCY 
C
C
E
X
 

B
/
E
°
T
 

O
7
7
T
 

O
c
o
l
 

028 
O
L
 

029 
O@S 

OZ? 
O
C
E
*
 

7
/
T
°
T
 

8
I
Z
l
 

8
T
o
t
 

818 
8IZ 

819 
81S 

B17 
B
I
E
x
 

8
/
1
°
T
 

9
T
2
T
 

9
T
O
T
 

918 
OTL 

919 
9TS 

914 
OTE 

9
1
x
 

T 
S
I
C
L
¥
 

STOL*¥ 
S
T
8
%
 

S
I
L
 

ST9%* 
G
T
S
 

S
T
V
¥
 

S
T
E
x
 

S
I
Z
 

9
T
/
S
T
x
 

vara 
| 

Y1LOL 
718 

VIL 
YL9 

YTS 
719 

VTE 
7
1
x
 

B/L 

C
1
c
l
¥
 

C
L
O
L
¥
 

€
1
8
*
 

€
t
L
¥
 

€19%¥ 
€
T
S
%
 

C
l
v
*
 

€
T
e
*
 

C
1
T
¥
 

9
L
/
E
L
x
 

a
r
a
 

c
l
o
t
 

c18 
(avs 

ct9 
cIs 

eLY 
cle 

C
1
e
¥
 

v/E 
TIZITx 

T
T
O
L
x
 

T
1
8
%
 

T
I
L
 

T
1
9
x
 

T
I
S
 

TTV7x 
T
T
€
x
 

T
1
2
%
 

9
T
/
T
1
x
 

OTclI 
O
T
O
L
 

O18 
OTL 

O19 
OTS 

O
T
 

OTE 
O1Z 

8/S 
6
0
2
1
 

6
0
0
T
 

608 
602 

609 
60S 

604 
60€ 

607 
9
1
/
6
 

B
0
Z
T
 

g
o
o
t
 

808 
80Z 

809 
80S 

807 
80€ 

802 
Z/T 

L
O
O
T
 

£08 
LOL 

£09 
LOS 

LO¥ 
LOE 

L0Z 
9T/L 

908 
904 

909 
90S 

90” 
90E 

907 
8/E 

S09 
SOS 

SOY 
GOE 

G0¢ 
9
1
/
S
 

70S 
704 

70€ 
7072 

¥/T 
£07 

£0€ 
£02 

9T/E 

cOZ 
8/T 

S
Y
H
d
W
N
N
 

N
O
T
L
V
O
I
A
L
I
N
A
G
I
 

L
a
v
d
 

(UT) 
J 

y
W
s
u
e
T
 

JoaaTy 

8/E 
91/S 

9/T 
ce/L 

9T/E 
Z€/S 

8/T 
Z£/€ 

9T/T 
(UT) 

VW 
aa}0OWeLp 

JeATy 

6 
‘OIA 

NI 
G
a
I
A
L
O
a
d
S
 

SV 
S
L
Y
A
I
M
 

YOA 
A
O
N
V
A
 

A
Z
I
S
 

6 
A
T
A
V
L
 

Chap.2 

Page 29 June 78 (Amdt 2) 



AP 101A-1401-1 

‘
O
1
+
/
9
8
 

dS 
$1 

Yt8ua] 
UT". 

pun 
sazawolp 

ul", 
[Luajvu 

GOI 
[
S
q
 

Ul 
laa 

Y 
—
-
Y
T
d
W
N
V
X
9
 

ul 
*%, 

Ul 
4aJaUdIp 

ay) 
ajouap 

Saan3if 
40 

aan3if 
Suluinwas 

ay) 
pup 

ul 
™, 

ul 
jadi 

fo 
yi3uUa] 

ay] 
ajouap 

S4aquinu 
apood 

ayj 
fo 

saansif 
om] 

isp] 
ay, 

= 
(¢) 

(ZI 
4908) 

O82 
1928 

‘980I'd¥ 
UI 

palsy 
aq 

jou 
Anu 

pun 
,sazis 

passafaid-uoN, 
aivoipui 

ysuaisp 
Zz) 

‘Ul 
S10 

OF 
SI 

42840] 
puv 

d
a
j
a
w
i
p
 

‘ul 
**, 

fo 
sjaat 

4of 
10Y] 

puv 
Ul 

Q
[
Q
'
O
F
 

SI 
Ul 

°%e 
Suipnjout 

pup 
o} 

dn 
ssajawoip 

fo 
stadia 

4of 
yi8uaj 

ui 
adupdajo} 

a
y
 

= 
(T) 

-* 
a0N 

8Y77T 
870I 

878 
8Y/ 

899 
3 

Ove! 
OvOL 

078 
OvZ 

079 
c/1°2 

cecl 
ceol 

ces 
cEL 

ceo 
ces 

c 
8é721 

8zOL 
828 

8cL 
829 

8
S
 

8c" 
¥/E°T 

7eCl 
7COL 

978 
VEL 

709 
9CS 

"74 
7CEx 

Z/T°T 

éccl 
ccol 

cc8 
cel 

cc9 
ccs 

(Ai) 
CCTE* 

8/E°T 
Ozel 

OzOol 
028 

OcL 
0¢9 

O¢S 
O¢Y 

OCE* 
9/T°T 

8Icl 
8TOL 

818 
8IZ 

819 
8Is 

817 
SIe* 

8/1°T 

9TCL 
9TOL 

918 
9TZ 

919 
91S 

914 
OTE 

917¥ 
T 

STZ1T* 
STOT* 

ST8¥ 
SIL* 

S19% 
GIS* 

STV 
¥ 

GTe* 
GI7* 

9
1
/
S
T
¥
 

varal 
VIOL 

718 
VIL 

719 
71S 

V1Y 
VIE 

7
1
x
 

8/L 

E12 
¥ 

ETOL* 
E18% 

E
T
L
 

€19% 
€tS¥ 

€lv¥ 
€1lex 

€1c¥ 
9
T
/
E
L
¥
 

aral 
clot 

cls 
ctl 

cl9 
els 

ely 
cle 

C1C¥ 
v/E 

T
I
T
 

LLOT* 
T18% 

TIL* 
T19% 

TIS¥ 
T17¥ 

TI€x 
T1é¥ 

9
T
/
1
1
*
 

OIcl 
OTOL 

o
g
 

OTL 
O19 

OTS 
OT’ 

OTE 
OTd 

8/S 
6071 

600T 
608 

602 
609 

60S 
6047 

60€ 
602 

91/6 
80cT 

800T 
808 

804 
809 

80S 
807 

80E 
807 

c/T 

£08 
LoL 

£09 
LOS 

LOv 
LOE 

L0¢ 
9T/L 

908 
904 

909 
90S 

904 
90€ 

902 
B/E 

S09 
SOS 

SOY 
SOE 

SOz 
91/S 

70S 
709 

70€ 
70¢ 

4/1 
€0% 

£0€ 
£02 

9T/E 
cOE 

cOZ? 
8/1 

S
Y
d
H
W
O
N
 

N
O
L
L
V
O
I
A
L
I
N
A
G
I
 

Luvd 
(UT) 

JT 
yadueT 

JeATY 

8/€ 
9T/S 

7/1 
ce/L 

9T/E 
cE/S 

8/T 
ce/e 

9T/T 
(UT) 

y 
t
9
J
0
W
e
T
p
 

JaATY 

O
L
°
S
I
d
 

NI 
G
a
I
A
I
O
’
d
S
 

SV 
S
L
A
A
I
Y
 

YOA 
A
O
N
V
A
 

A
Z
I
S
 

OT 
A
T
A
V
L
 

Chap.2 

June 78 (Amdt 2) Page 30



AP 101A-1401-1 
‘
O
L
P
/
E
R
 

dS 
81 

8U0] 
UL 

5 
PUD 

daTAUDIP 
UL, 

J
O
M
A
I
D
U
 
OC] 

UI 
o
d
d
 

“ATdWV 
X
A
 

ul 
®% 

Ul 
dalaluvdIp 

ays 
alouap 

Saanalf 
do 

aanBif 
SulUIDiuad 

BY] 
PUD 

UT 
4, 

UT 
Y
I
U
]
 

Jaald 
ay] 

alouap 
SAaquiNU 

a
p
o
 

ays 
fo 

Saanal{ 
OMI 

ISP] 
A
Y
 

(¢) 
(C1 

4
0
0
9
)
 
O
S
T
 
1
2
S
 
9
8
O
T
 
d
F
 

UI 
palsi] 

ag 
1ou 

A
D
U
 

pUud 
SazIS 

paddafodd-UON, 
aIDIPUL 

Y
S
M
a
I
S
p
 

(7) 

Ul 
C10 

U+ 
SI 

4a8dD] 
pud 

dAajawupip 
ul 

**, 
JO 

S]adld 
AOf 

IDYI 
PUD 

U
T
P
 

O4 
S
E
U
 

Pe 
BuIpnpoul 

pud 
oO] 

dN 
S
a
a
i
a
i
u
p
I
p
 

fO 
S1adl 

dof 
YIBUAT 

UI 
aUPAIJOI 

YUL 
(1) 

S
I
O
N
 

8771 
870I 

848 
B
L
 

879 
€ 

OvZI 
Ovol 

0
8
 

Ord 
0
9
 

7/1°2 

ZETI 
ZEOI 

ZE8 
ZEL 

Z£9 
ARS 

Z 
877zl 

8Z0l 
878 

8zL 
879 

SAS 
8cr 

4/€° 
“771 

+ZO1 
"78 

971 
"79 

C YAS 
979 

"TE¥ 
a71° 

7271 
ZzOl 

278 
ZZL 

AS) 
CES 

aha) 
ZCL¥ 

8/£° 
O7zl 

oOzol 
O72 

OZZ 
0z9 

OYAS 
Ot? 

O7cE* 
4/1" 

8IzI 
8IOl 

818 
BIZ 

819 
81S 

814 
BIEx 

8/1" 

9171 
9101 

918 
OIL 

919 
91S 

91% 
91€ 

917% 
I 

GIZ1x 
GIOLx 

C1I8x 
GILx 

C19x 
GISx 

GIv% 
GIEx 

G1zx 
9T/S 

1x 
V1IZ1 

yLOT 
"18 

vawA 
719 

HIG 
b1Y 

HIE 
"17x 

g/L 

C17 
* 

€1O1x 
€18x 

€1Lx 
€19x 

€1S% 
€lvx 

€1€x 
€17x 

91/€1x* 
Z1z1 

ZIOL 
Z18 

ZIL 
z19 

Z1S 
71% 

Z1E 
717% 

o/€ 
IIZ1x 

LLOLx 
L18x 

I
I
L
 

119x 
T1Sx 

IL7% 
II€x 

1
7
x
 

91/T1x 

OLZT 
OLOL 

o
g
 

OIL 
o19 

OIS 
Olt 

OLE 
O1Z 

8/S 
6071 

6001 
608 

604 
609 

60S 
607 

60€ 
602 

91/6 
80ZT 

8001 
808 

80L 
809 

80S 
80” 

80€ 
802 

z/1 

LOOT 
£08 

LOL 
209 

LOS 
LOv 

LOE 
L0Z 

91/L 
908 

90L 
909 

90S 
904 

90€ 
902 

B/E 
C09 

SOS 
GO” 

SOE 
COZ 

91/S 

70S 
"0" 

7OE 
707 

4/1 
€0¥ 

€0€ 
€0Z 

91/€ 
ZOE 

Z0Z 
8/1 

S
U
A
S
W
N
N
 

N
O
I
L
V
O
I
A
I
L
N
A
G
I
 

Luvd 
(UT) 

J 
Y
u
e
]
,
 

JoeaTY 

8/E 
9L/S 

/
T
 

ZE/L 
9L/E€ 

ce/S 
8/1 

cE/E 
9T/T 

(UT) 
y 

AajeuleTp 
JoATY 

TT°OLId 
NI 

G
a
L
A
L
O
d
d
S
 

SV 
S
L
Y
A
T
Y
 

WOd 
A
O
N
V
A
 

AHZIS 
ITI 

A
I
A
V
L
 

Chap.2 

Page 31 June 78 (Amdt 2) 



AP 101A-1401-1 

ul 
*%, 

Ul 
dajauvip 

ay] 
ajouap 

saansif 
40 

aan3if 
Suruip 

‘Ob/9L 
‘dS 

8} 
U0] 

U
I
s
 

Pud 
sajawoip 

ul, 
DldaIDUL 

GO] 
[SA 

Ul 
a
a
 

~*TTdWV 
X
d
 

Wiad 
94) 

PUD 
UI 

*, 
Ul 

Y
I
U
]
 

Jadld 
ay] 

alouap 
S4aquinu 

apood 
ay] 

Jo 
saansif 

om] 
Iso] 

ayy 
( ¢) 

(ZT 
4
0
0
4
)
 
O
8
7
 

1928 
‘9801 

d
V
 

UI 
pais] 

aq 
jou 

A
p
u
 
p
u
p
 

, sazis 
paddafaid-UON,alvIipul 

y
s
u
a
i
s
p
 

— 
(Z) 

Ul 
C
1
0
'
O
F
 

S1 
4a84p] 

pun 
s
a
j
a
w
o
i
p
 

ul 
**/, 

{0 
Stadia 

4of 
104] 

pup 
ul 

O10 
0+ 

S1 
Ul 

Pe 
Surpnjoul 

puv 
o} 

dn 
saajawumip 

fo 
stadia 

aof 
yj8ua] 

ul 
aouosajol 

ayL 
(IT) 

“+ 
HON 

87ct 
8701 

878 
872 

879 
t 

Ove! 
OvOL 

078 
Ovl 

079 
e/T*é 

cecl 
ceOl 

ces 
cel 

ce9 
ces 

é 
8ccl 

8col 
828 

8cL 
8729 

8cS 
8¢7 

9/E°T 
7eC1 

7ZOL 
"78 

"CL 
9C9 

"CS 
"C7 

"Cex 
c/T*t 

c
c
c
 

ccol 
cc8 

CCL 
cc9 

ccS 
CCH 

CCE 
* 

8/E°T 
O¢cl 

Ocolt 
0728 

O¢L 
0c9 

O¢S 
O¢% 

OCE* 
Y/T°T 

8Icl 
8tol 

818 
8IZ 

819 
81S 

817 
BItx 

8/1°T 

9Icl 
9TOL 

918 
9TL 

919 
91S 

9
1
 

OTE 
9
1
%
 

T 
STC1x 

STOL* 
ST8¥ 

STL¥ 
G19% 

G1IS% 
S17 

* 
ST€x 

GIcx 
9
1
/
S
T
x
 

varal 
VLOL 

718 
VIL 

719 
VIS 

717 
VLE 

7
1
x
 

8/2 

€1LZT¥ 
€TOT¥ 

€18* 
€tL* 

€19% 
€1S¥ 

€17% 
elex 

€17x 
9
T
/
E
1
¥
 

clcl 
clol 

c18 
cil 

clo 
CUS 

c
y
 

cle 
c1Cx 

v/E 
TICLx 

TTOTx 
TI8% 

T
T
L
 

T19% 
TIS» 

I
T
?
 

Tl€x 
TIé%* 

9
1
/
1
1
 

Otel 
Otol 

O
g
 

OTL 
O19 

OTS 
Oly 

O
E
 

O
c
 

8/S 
6021 

600T 
608 

602 
609 

60S 
6047 

60€ 
6072 

91/6 
80cl 

soot 
808 

802 
809 

80S 
80% 

80E 
802 

e/T 

LOOT 
£08 

LOZ 
£09 

ZOS 
LOY 

LOE 
L0c 

9T/L 
908 

904 
909 

90S 
904% 

90E 
90¢ 

B/E 
SOo9 

SOS 
SO” 

SOE 
SOc 

9T/S 

70S 
709 

70€ 
70¢ 

9/1 
€0% 

€0€ 
£02 

9T/E 
cOE 

cOC 
8/T 

S
Y
H
H
W
N
N
 

N
O
I
T
L
V
O
I
A
I
L
N
A
G
I
 

Luvd 
(UT) 

J 
YyRB8UeT 

JeATY 

8/€ 
91/S 

9/1 
ce/L 

9T/E 
ce/S 

8/1 
ce/e 

91/1 
(UT) 

y 
t
a
j
0
W
e
T
p
 

JOATY 

é
l
°
O
I
d
 

NI 
G
A
I
A
I
O
d
d
S
 

SV 
S
L
A
A
I
Y
 

YOd 
A
O
N
V
A
 

AZIS 
ZI 

A
I
A
V
L
 

Chap.2 

June 78 (Amdt 2) Page 32



O1t/08'dS 
81 8U0] 

UI, 
PUD dajawUDIp UI, 

[DLUaIDUA 69°] 
UI 1aald 

Y 
~:A 

Td WV XA 
7 

ul 
®% 

ul 
4ajauDIp 

ayy 
ajouap 

Saansif 
40 

aanBif 
Suluiwuiad 

ay] 
pud 

u
l
,
 

Ul 
YIBUa] 

Jadla 
ays 

ajouap 
Ssaquinu 

apod 
ays 

fo 
Saansif 

OMI 
ISP] 

24] 
(gs) 

oN 
a 

So 
(ZI 

4
0
0
9
)
 
O
Z
 
a
S
 

‘
O
S
O
T
'
d
V
 

UI 
pais] 

aq 
10U 

A
D
U
 

pun 
,sazIS 

padtafadd-UON, 
a1DIIPUL 

AS14AaISY 
(Z) 

a
o
 

= 
Ul 

C[0' 
OF 

Si 
4a8in] 

puv 
s
a
j
a
w
v
i
p
 

ul 
*%, 

JO 
Sadia 

40f 
I
Y
)
 
PUD 

Ul 
[
0
0
+
 

SI 
Ul 

/. 
Suipnjoul 

puv 
oj} 

dn 
saajawoip 

fo 
sjaau 

sof 
yisua] 

Ul 
adubdajoj 

ay, 
—([) 

a 
m4 

1 
“
"
3
0
N
 

O
M
 

S) - 
8771 

8701 
878 

BTL 
879 

€ 

= 
Ovcl 

OvOT 
078 

O72 
079 

Z/1°% 

cECL 
ceOl 

ce8 
CEL 

c£9 
ceS 

c 

8ccl 
8cOl 

8¢8 
8cL 

8c9 
8¢S 

8cr 
b/E°T 

7
7
1
 

7
Z
O
L
 

778 
7CoL 

969 
77S 

i 
a 

"
C
E
x
 

Z
/
1
°
T
 

eCCL 
ezol 

C
8
 

ccL 
C
9
 

c
S
 

CCV 
CCL 

¥ 
8/e'1 

OzzlI 
o
c
o
l
 

028 
O7L 

029 
O¢S 

O
C
 

O
C
E
*
 

7
/
1
°
1
 

8Icl 
stot 

818 
BIZ 

819 
81S 

817 
BTEx 

8/1*T 

9Tcl 
9TOL 

918 
9IL 

919 
9IS 

9
1
 

OTE 
9
1
x
 

I 

STcL¥ 
STOL¥ 

ST8¥ 
SIL¥ 

S
1
9
 

S1S* 
S1¥% 

GI€* 
G1cx 

91/STx 

71ZI 
71TOL 

718 
VIL 

719 
71S 

"TY 
VTE 

717% 
8/L 

Elcl¥ 
€lOle 

€18% 
€ll* 

£
1
9
 

€1S¥ 
€1v% 

€l€x 
€1C¥ 

91/E1x 

cUcl 
ctor 

c18 
(awa 

elo 
rans 

a
e
 

cle 
(ane: 

7/E 

erat: 
TTOL¥ 

T18¥ 
L
I
L
 

T19% 
TIS% 

I
L
?
 

T1L€x 
T1é% 

91/Tlx 

OTcl 
Otol 

ols 
OTL 

o
g
 

OTS 
O
v
 

OLE 
O
c
 

8/S 

6
0
7
1
 

6
0
0
T
 

608 
602 

609 
60S 

6047 
60€ 

60¢ 
9
1
/
6
 

80cl 
soot 

808 
80Z 

809 
80S 

807 
B0E 

80C 
c/T 

LOOT 
£08 

LOL 
L09 

LOS 
LOY 

LOE 
L0Z 

9T/L 

908 
90L 

909 
90S 

904 
90E 

902 
B/E 

SO9 
SOS 

SOY 
SOE 

SOc 
91/S 

70S 
70% 

70€ 
7072 

7/1 
€04 

€0€ 
€0Z 

9I/€ 
7 

ZOE 
Z0Z 

8/T 
7 uv 

S
Y
H
E
W
N
N
 

N
O
T
L
V
O
I
A
I
L
N
A
G
I
 

L
a
v
d
 

(UT) 
J 

yYVdUaT 
JoOATY 

a co 

8/€ 
91/S 

%/T 
ze/L 

9T/€ 
Ze/S 

8/T 
ZE/E 

91/T 
(Ur) 

y 
JaqJOWeTP 

IAATY 
~ w ro 

€
1
°
O
1
d
 

NI 
G
a
I
A
L
D
a
d
S
 

SV 
S
L
Y
A
T
Y
 

YOA 
A
O
N
V
A
 

A
Z
I
S
 

€1l 
W
I
d
V
L
 

Rd 



AP 101A-1401-1 

‘OL 
b
/
Z
8
 

dS 
81 

8u0] 
ul 

%, 
pun 

d
a
j
a
u
i
p
 

ui 
%, 

ul*", 
Ul 

dajauDip 
ay] 

a
j
o
u
a
p
 
Saanslf 

40 
aansif 

Suruiviuad 
ay) 

pun 
ui 

°", 

(ZI 
4008) 

O 
Ul 

C1 
0
0
+
 

S81 
4adan] 

pun 
aajawoip 

ur**, 
fo 

sjadld 
AOf 

1DY] 
pud 

Ul 
QT 

( 

[
P
a
l
 

FOZ 
CL 

Ut laa 
parnjd 

wnnupod 
Y 

~ 27 TAWVXA 
1 

Ul 
YIZUA] 

Jadld 
ay] 

alOUuap 
Sdaquinu 

apo? 
ayl 

fo 
Saansif 

om] 
ISD] 

ay, 
= 

(¢) 
SC 

9
S
 

‘9801 
d
V
 

UI 
palsl] 

aq 
10u 

A
p
u
 
pun 

sazis 
paddafasd-uou 

a]vIIpul 
ysiuaisp— 

(Z) 
VO#¢ 

St 
U
l
.
 

BUulpnjour 
pun 

oj 
dn 

saajauvip 
JO 

Stadt 
A
O
 
YI8ua] 

Ul 
aduvaajol 

ayy 
(T) 

“
I
O
N
 

84771 
8v7OL 

878 
87L 

879 
£ 

Oral 
OvOL 

Ov”8 
OvZ 

0479 
7/1°Z2 

cETZI 
cEOL 

ce8 
cEL 

7£9 
ZES 

ré 
8771 

8ZOl 
828 

872 
829 

87S 
8
4
 

H
/
E
T
 

"771 
%ZO1 

778 
"TL 

"79 
97S 

Kal) 
"7E 

x 
zc/1°T 

7771 
cZOL 

778 
Z
L
 

729 
AAS 

hl) 
A
S
 

8/E°1 
O7ZI 

OZOl 
028 

OZL 
079 

CYAS 
O74 

O7@E 
x 

7/1°T 
8IZI 

STol 
818 

BIZ 
819 

81S 
81Y 

BILx 
8/1°1 

91ZT 
9TOL 

918 
OIL 

919 
91S 

917 
OLE 

917% 
if 

GIZ1* 
SIOL* 

S18 
* 

SIL* 
S19x 

G1S% 
G1v% 

GIEx 
C1Z% 

9T/ST» 
vIZ1 

YLOL 
418 

YIL 
719 

11S 
"
1
 

TLE 
“17x 

B/L 
€lZ1¥ 

CLOT 
% 

€18x 
€1L* 

€19% 
€1S%* 

€1l7x 
€lex 

€1Z* 
OT/EL% 

C
L
E
 

Z1O1 
718 

ZTL 
719 

71S 
cLy 

ras 
7
1
%
 

7/€ 
T1Z1¥ 

ILOT* 
T18* 

TIL*¥ 
119% 

T1S% 
L17%x 

I1€x 
11Zx 

OT/T1x 
O1ZI 

OLOl 
O18 

OTL 
O19 

OLS 
OLY 

OLE 
O1Z 

8/S 
6071 

6001 
608 

604 
609 

60S 
60% 

60€ 
602 

91/6 
80ZI 

800T 
808 

80L 
809 

80S 
804 

80E 
807 

Z/1 
LOOT 

L408 
LOL 

£09 
LOS 

LO¥ 
LOE 

L0Z 
91/L 

908 
90L 

909 
90¢ 

904% 
90€ 

9072 
B/E 

SOo9 
SOS 

SOY 
COE 

G0z 
9T/S 

O
G
 

"OV 
FOE 

702 
9/1 

€Ov 
€0€ 

€0Z 
9L/E 

ZOE 
707 

8/1 

S
Y
A
G
W
N
N
 

N
O
I
L
V
O
I
A
I
L
N
S
A
G
I
 

Luvd 
(UT) 

‘J 
Y
u
e
,
 

JaaTy 

B/E 
91/S 

7/1 
Ze/L 

9I/E 
cL/S 

8/1 
ce/t 

9I/1 
(U1) 

y 
JaqaweIp 

JaaTy 

V
L
°
O
1
d
 

NI 
G
a
I
A
I
O
d
d
S
 

SV 
S
L
A
A
E
Y
 

YOA 
A
O
N
V
A
 

AZIS 
YI 

A
I
A
V
L
 

Chap.2 

June 78 (Amdt 2) 
Page 34



AP 101A-1401-1 

marking. The diameter of the heads and shanks of the rivets are controlled 
within + 0.001 in, while their lengths are controlled to within — 0.01 in. 
The rivets are included in the AS series, and are made with two types of 
countersunk-head, thus:- 

"AS.2918' - 90 deg. csk. head rivet in BS.L37 

"AS.2919' - 120 deg. csk. head rivet in BS.L37 

"AS.3362' - 90 deg. csk. head rivet in BS.L 86 

"AS.3363' - 120 deg. csk. head rivet in BS.L86 

20 The code system utilized for close tolerance rivets is the same as that 
for solid rivets in the AS series as described in para. 12, but the lengths 
of close tolerance rivets increase by increments of 1/32 in, the intermediate 
lengths being indicated by the addition of the decimal figure '.5' to the 
end of the part number; thus, '306' is a rivet 3/32 in dia. and j in long 
while '306.5' is a rivet of the same diameter but 13/32 in long. Examples 
of the code system are as follows:- 

"AS.2918/313' is a duralumin, close tolerance rivet, 
with a 90 deg. csk. head, 3/32 in dia. and 13/16 in long 

"AS.2919/815.5' is a duralumin, close tolerance rivet, 
with a 120 deg. csk. head, } in dia., and 31/32 in long 

HI-SHEAR RIVETS (fig. 15) 

Introduction 

21 Hi-shear pins are used to effect a saving in weight while retaining the 
full shear strength of an equivalent size bolt. When setting Hi-shear pins 
there is also a considerable reduction in time as opposed to fitting split- 
pinned bolts. Access is required for both sides of the structure. 

22 For repair purposes it is often considered expedient to replace Hi-shear 
pins with conventional bolts; reference must be made to the relevant aircraft 
Vol.6 for information on this subject. If bolts are to be used in place of 
pins, it is important that the plain shank of the bolt is sufficient to 
pass through the complete assembly, leaving the threads clear of the hole. 

PIN 

COLLAR 

Fig. 15 Hi-shear rivet 
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Description @ 

23 The Hi-shear assembly consists of two components; a pin with a close- 
tolerance shank, necked at the tail end, and a straight collar. The pin may 

be made of alloy steel, stainless steel, aluminium alloy, monel or litanium 
alloy. The collar is usually of anodised aluminium alloy (to BS.L86) but < 
mild steel and annealed monel metal are also employed. In production, the 

collars are impregnated with a special lubricant to ensure satisfactory 

closing; chromate paint should not be used during installation as it 
interferes with the forming operation. 

24 The use of a steel pin ensures a greater shear strength (across the pin 
axis) and tensile strength (along the pin axis) than with the soft material 

rivets and can be used in place of nuts and bolts for some applications. 

25 The Hi-shear rivet can be used to join structures of any thickness but 
with thin structures the criterion of failure will be the strength of the 
structure in contact with the Hi-shear pin. If a thin structure is over- 
loaded around the area of the rivet, the hole with either tear or elongate. 

Pins 

26 A range of Hi-shear pins are available with flat and countersunk-heads 
and in various diameters and lengths to suit a wide range of materials to be 
riveted. Pin lengths (fig. 16) for rivets of 3/16 in diameter and above 
are supplied in 1/16 in increments and for diameters below 3/16 in in 1/32 in 
increments. 

| 
t 

11" MM, 
he 

i tL J lL 

Fig. 16 Pin lengths (Hi-shear) ¢ 

27 As the pin lengths are graduated in 1/16 in or 1/32 in increments, 
depending on diameter, the material thickness can vary 1/16 in or 1/32 in 
respectively without changing pin lengths. Adjustment for variations of 
material thickness in between the pin lengths is made automatically by 
trimming the collar to the required length while the rivet is driven as 
shown in fig. 17. 

Collars 

28 Collars are available in only one length for each diameter of pin, any 
excess length being trimmed automatically during riveting (fig. 17). 

Dowel pins 

29 In addition to flat or countersunk-headed pins, Hi-shear dowel pins are 
manufactured (Table 21); these have a particular application to sloping e 
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surfaces (fig. 18), where the face of the metal on both sides of the joint is 

not normal to the centre-line of the pin; the collars adapt themselves to 
the surfaces as the pins are set. Where only one surface is not at right 

angles to the pin, an ordinary, headed pin is used with the collar applied 

to the sloping face of the work. 

IN THIS MINIMUM GRIP IN THIS MAXIMUM GRIP 

EXAMPLE, THE COLLAR EXAMPLE, THE COLLAR 

EDGE EXTENDS SLIGHTLY EDGE 1S WELL BEYOND 

BEYOND THE TRIMMING THE TRIMMING EDGE 

EDGE OF THE PIN OF THE PIN 

Ya a 
_ 2 

Fig. 17 Variations in material thickness 

Coding 

30 A typical pin code reference is BBH.101 FN/08/10, this represents the 
following:- 

BBH Brown Bros Hi-shear 

101FN Flat head, 55/65 ton steel, cadmium plated (established by 
reference to Table 15) 

/08 Pin diameter in 1/32 in increments = 1/4 in pin dia. 

/10 Thickness of joint to be gripped in 1/16 in increments = 
5/8 in. A No. 10 pin would be required at its maximum grip. If 
the thickness of the materials is 9/16 in, then a No. 10 pin at 
minimum grip could be used. Alternatively a 9/16 in thickness 
could be secured by aNo.9 pin at its maximum grip. 

HI-SHEAR DOWEL PiN 

{> 

ot BRE 
\ 

7
 _ ae ACE ib 
NORMAL HI-SHEAR PIN 

Fig. 18 Hi-shear collars on sloping surfaces 
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Increases in pin length of 1/32 in are denoted by an additional half, 
e.g. /10$ = 10/16 + 1/32 = 21/32 in. 

31 Collar references are similar to pin references but the stroke number 
indicates the internal diameter of the collar in 1/32 in increments, thus 
BBH.104/08 indicates:- 

BBH 

104 

/08 

Brown Bros. 

Collar, aluminium alloy L#9. 

Hi-shear 

(established by reference to Table 15). 
Anodised dyed violet and lubricated 

8/32 inor1/4in internal diameter, for use with a 1/4 in dia. pin. 

TABLE 15 PART NUMBERS FOR CLOSE TOLERANCE HI-SHEAR PINS AND COLLARS 

(Tolerance: Nominal - 0.001 in) 

Part No. Head Material Finish 

PINS for use with aluminium alloy collars BBH 104 

101/CN/ 100 deg. csk. 55/65 ton steel Cadmium plated 
101/CH/ 100 deg. csk. 75/85 ton steel Cadmium plated 
101/CS/ 100 deg. csk. 55/65 ton stainless Natural 

steel 

101/¢G/ 100 deg. csk. "K' monel, grade C As issued 
101/CC/ 100 deg. csk. "K' monel, grade F As issued 

Csk. 

S1/CN/ 1/64 in oversize 55/65 ton steel Cadmium plated 
$1/CH/ 1/64 in oversize 75/85 ton steel Cadmium plated 
$1/CS/ 1/64 in oversize 55/65 ton stainless Natural 

steel 

$1/CC/ 1/64 in oversize "K' monel, grade C As issued 
$1/CK/ 1/64 in oversize "K' monel, grade F As issued 

Csk. 

$2/CN/ 1/32 in oversize 55/65 ton steel Cadmium plated 
S2/CH/ 1/32 in oversize 75/85 ton steel Cadmium plated 

$2/CS/ 1/32 in oversize 55/65 ton stainless Natural 
steel 

$2/CC/ 1/32 in oversize "K' monel, grade C As issued 
S2/CK/ 1/32 in oversize 'K' monel, grade F As issued 

101/FN/ Flat 55/65 ton steel Cadmium plated 
101/FH/ Flat 75/85 ton steel Cadmium plated 
101/FS/ Flat 55/65 ton stainless Natural 

steel 

101/FC/ Flat "K' monel, grade C As issued 
101/FK/ Flat "K' monel, grade F As issued 
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TABLE 15 PART NUMBERS FORCLOSE TOLERANCE HI-SHEAR PINS AND COLLARS (continued) 

June 78 (Amdt 2) 

Part No. Head Material Finish 

Flat 
S1/FN/ 1/64 in oversize 55/65 ton steel Cadmium plated 
S1/FH/ 1/64 in oversize 75/85 ton steel Cadmium plated 
S1/FS/ 1/64 in oversize 55/65 ton stainless steel Natural 
S1/FC/ 1/64 in oversize "K' monel, grade C As issued 
S1/FK/ 1/64 in oversize "K' monel, grade F As issued 

Flat 
S2/FN/ 1/32 in oversize 55/65 ton steel Cadmium coated 
S2/FH/ 1/32 in oversize 75/85 ton steel Cadmium coated 
$2/FS/ 1/32 in oversize 55/65 ton stainless steel Natural 
$2/FC/ 1/32 in oversize "K' monel, grade C As issued 
S2/FK/ 1/32 in oversize "K' monel, grade F As issued 

101/DN/ Dowel pin 55/65 ton steel Cadmium plated 
101/DH/ Dowel pin 75/85 ton steel Cadmium plated 
101/DS/ Dowel pin 55/65 ton stainless steel Natural 
101/DC/ Dowel pin "K' monel,grade C As issued 
101/DK/ Dowel pin "K' monel,grade F As issued 

121/CN/ 120 deg. csk. 55/65 ton steel Cadmium plated 
121/CH/ 120 deg. csk. 75/85 ton steel Cadmium plated 
121/CS/ 120 deg. csk. 55/65 ton stainless steel Natural 
121/CC/ 120 deg. csk. "K' monel, grade C As issued 
121/CK/ 120 deg. csk. "K' monel, grade F As issued 

201/CA/ 100 deg. csk. Aluminium alloy L65 Anodized,dyed blue 
201/DA/. Flat head Aluminium alloy L65 Anodized,dyed blue 
201/DA/_ Dowel pin Aluminium alloy L65 Anodized,dyed blue 

PINS for use with MS, Sl and monel collars BBH206 and 207 
200/CN/ 100 deg. csk. 55/65 ton steel Cadmium plated 
200/CH/ 100 deg. csk. 75/85 ton steel Cadmium plated 
200/CS/ 100 deg. csk. 55/65 ton stainless steel Natural 
200/CC/ 100 deg. csk. '"K' monel, grade C As issued 
200/CK/ 100 deg. csk. 'K' monel, grade F As issued 

Csk. 
2S1/CN/ 1/64 in oversize 55/65 ton steel Cadmium plated 
2S1/CH/ 1/64 in oversize 75/85 ton steel Cadmium plated 
251/CS/ 1/64 in oversize 55/65 ton stainless steel Natural 
2S1/CC/ 1/64 in oversize "K' monel, grade C As issued 
2S1/CK/ 1/64 in oversize "K' monel, grade F As issued 

Csk. 
_ 

2S2/CN/ 1/32 in oversize 55/65 ton steel ‘Cadmium plated 
282/CH/ 1/32 in oversize 75/85 ton steel Cadmium plated 
282/CS/ 1/32 in oversize 55/65 ton stainless steel Natural 
282/CC/ 1/32 in oversize "K' monel, grade C As issued 
282/CK/ 1/32 in oversize 'K' inonel, grade F As issued 
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TABLE 15 PART NUMBERS FOR CLOSE TOLERANCE HI-SHEAR PINS AND COLLARS (continued) 

Part No. Head Material Finish 

200/FN/_ Flat 55/65 ton steel Cadmium plated 
200/FH/ Flat 75/85 ton steel Cadmium plated 
200/FS/ Flat 55/65 ton stainless steel Natural 
200/FC/ Flat "K' monel, grade C As issued 
200/FK/ Flat "K' monel, grade F As issued 

Flat 

2S1/FN/ 1/64 in oversize 55/65 ton steel Cadmium plated 
2S1/FH/ 1/64 in oversize 75/85 ton steel Cadmium plated 
2S1/FS/ 1/64 in oversize 55/65 ton stainless steel Natural 
2S1/FC/ 1/64 in oversize "K' monel, grade C As issued 
2S1/FK/ 1/64 in oversize "K' monel, grade F As issued 

Flat 

2S2/FN/ 1/32 in oversize 55/65 ton steel Cadmium plated @ 
282/FH/ 1/32 in oversize 75/85 ton steel Cadmium plated 
282/FS/ 1/32 in oversize 55/65 ton stainless steel Natural 
2S2/FC/ 1/32 in oversize "K' monel, grade C As issued 
2S82/FK/ 1/32 in oversize "K' monel, grade F As issued 

200/DN/ Dowel pin 55/65 ton steel Cadmium plated 
200/DH/ Dowel pin 75/85 ton steel Cadmium plated 
200/DS/ Dowel pin 55/65 ton stainless steel Natural 
200/DC/ Dowel pin "K' monel, grade C As issued 
200/DK/ Dowel pin "K' monel, grade F As issued 

221/CN/ 120 deg. csk. 55/65 ton steel Cadmium plated 
221/CH/ 120 deg. csk. 75/85 ton steel Cadmium plated 
221/CS/ 120 deg. csk. 55/65 ton stainless steel Natural 
221/CC/ 120 deg. csk. "K' monel, grade C As issued 
221/CK/ 120 deg. csk. "K' monel, grade F As issued 

COLLARS 

BBH.104/ Aluminium alloy - Anodized, dyed & 
L69 violet and 

lubricated 

This collar is for use with Hi-shear pins BBH 101,S1,S2 and 201 series 

*BBH.206 Mild steel 6S1 - Cadmium plated 
and lubricated 

*BBH.207 Annealed monel 7 Self or cadmium 
plated, as issued, 

and lubricated 

*These collars are for use with Hi-shear pins BBH 200, 2S1, 2S2 and 221 
series 
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Identification 

32 The identification markings of Hi-shear pins and collars are given in 
Tables 16 and 17 respectively. Part numbers quoted in these tables are 
explained ingreater detail in Table 15. The general dimensions of pins and 
dowels are given in Tables 18 to 21. 

TABLE 16 IDENTIFICATION OF HI-SHEAR PINS 

Part No. Material Identification marking 

101/CN/ 

B+ 
101/FN/ 55/65 ton steel 

101/DN/ Domed 

ends { ~) 

101/CH/ 

101/FH/ 75/85 ton steel 

101/DH/ Flat 

ends Td) 

101/Cs/ 

55/65 ton corrosion ° ° 
101/FS/ resisting steel 

101/DS/ vA 

101/CK/ 

101/FK/ "K'-monel grade F BM 

101/DK/ M 

101/¢c/ 

J 

101/FC/ "K'-monel grade C BC 

101/DC/ C 

201/CA/ 

201/FA/ Aluminium alloy L.65 Dyed 
blue 

201/DA/ 
a 
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TABLE 16 IDENTIFICATION OF HI-SHEAR PINS (continued) 

Page 42 

Part No. Material Identification marking 

121/CN/ 55/65 ton steel B+. 

121/CH/ 75/85 ton steel 

121/Ccs/ 55/65 ton stainless steel 6 B ° 

121/CK/ "K'-monel, grade F M 

121/CC/ "K'=monel, grade C C 

S1/CN 

55/65 ton steel B+ 
S1/FN 64 

S1/CH 

75/85 ton steel BO 64 
S1/FH 

SLics 55/65 ton stainless steel Spe ee 

S1/FS 64 

S1/CK 

"K'-monel, grade F BM 64 
S1/FK 

$1/CC "K'-monel, grade C BC 64 

S1/FC 

S2/CN 55/65 ton steel a4 

S2/FN 32 

$2/CH 

75/85 ton steel BO 32 
$2/FH 

$2/CS 3 

55/65 ton stainless steel O =m © 
S2/FS 32 
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TABLE 16 IDENTIFICATION OF HI-SHEAR PINS (continued) 

Part No. Material Identification marking 

$2/CK "K'-monel, grade F PM 32 

S2/FK 

$2/CC 

"K'=-monel, grade C PC 32 
$2/FC 

TABLE 17 IDENTIFICATION OF HI-SHEAR COLLARS 

Part No. Material Identification marking 

104/ Aluminium alloy L86 Dyed mauve 

TABLE 18 HI-SHEAR PIN LENGTHS AND PROTRUSIONS 

Notes ... 

(1) All dimensions in inches 

(2) On csk. headed pin, dimensions 
are measured from the top face 
of the head 

MAX GRIP ~e———_» 

MIN. GRIP gs 

ee PROTRUSION 
1 R rao | 

Nom. dia. of pin Length L Protrusion 

1/8 Nom. max. grip +0.103 *2 0.093 - 0.135 AD? 265.610 

5/32 N ip +0.134 70 0.124 - 0.166 om. max. grip +0. -0.010 . . 

3/16 N ip +0.135 *° 0.115 - 0.199 om. max. grip +0. =0.020 ‘ . 

7/32 Nom. max. grip +0.151 = 0.131 - 0.215 -t91 4020 : : 

1/4 Nom. max. grip +0.175 *° 0.155 - 0.239 . max. 73 eon 
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TABLE 18 - HI-SHEAR PIN LENGTHS AND PROTRUSIONS (continued) 

Nom. dia. of pin Length L Protrusion 

. +0 
9/32 Nom. max. grip + 0.193 0.020 0.173 - 0.257 

> +0 L. 
5/16 Nom. max. grip + 0.217 = 008 0.197 - 0.281 

3/8 Nom. ma ip +0.258 7 0.238 - 0.322 om. max. grip . -~0.020 ; , 

7/16 N ip +0.299 *° 0.279 - 0.363 om. max. grip . -0.020 . . 

1/2 Non, max. grip +0.340 0 0.320 - 0.404 » maxX -0.020 

9/16 Nom. max. grip +0.381 *° 0.361 - 0.445 & 
-0.020 

3/8 Nom. max. grip +0.423 ie 0.403 - 0.487 
. ° . -0.020 . . 

TABLE 19 DIMENSIONS OF COUNTERSUNK-HEAD HI-SHEAR PINS, TYPE 'C' 

Notes ... < G el Ps.) 

(1) All dimensions in inches [ Z 
= R Rao 

(2) G = Maximum grip length pons 

(Table 18) ort? A _p_|— 

¥ 

Poet \ 

D dia A dia. H Z R: ¥ad: P 

Maximum 

+0 ‘ , ‘ protrusion 
-0.001 (min) (min) (max) (max) (min) (max) oF pin 

through joint 

1/8 0.1980 0.0320 0.0350 0.0042 0.010 0.020 0.18 

5/32 0.2440 0.0390 0.0420 0.0045 0.010 0.020. #£40.22 

3/16 0.2900 0.450 0.0480 0.0047 0.010 0.020 0,25 

7/32 0.3360 0.0510 0.0560 0.0050 0.015 0.030 0.28 

1/4 0.3820 0.0570 0.0620 0.0052 0.015 0.030 0.31 

9/32 0.4210 0.0610 0.0660 0.0055 0.015 0.030 0.34 ®@ 
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TABLE 19 DIMENSIONS OF COUNTERSUNK-HEAD HI-SHEAR PINS, TYPE 'C' (continued) 

D dia A dia H Z R rad. P 
Maximum 

+0 protrusion 

-9.001 (min) (min) (max) (max) (min) (max) of pin 
. through joint 

5/16 0.4600 0.0640 0.0690 0.0057 0.015 0.030 0.37 

3/8 0.5460 0.0740 0.0790 0.0061 0.015 0.030 0.42 

7/16 0.6520 0.0920 0.0980 0.0068 0.015 0.030 0.48 

1/2 0.7370 0.1020 0.1080 # 0.0072 0.015 0.030 0.33 

9/16 0.8190 0.1100 0.1170 0.0078 #£40.015 0.030 0.58 

5/8 0.9050 0.1200 0.1280 0.0082 0.015 0.030 0.64 

TABLE 20 DIMENSIONS OF FLAT HEAD HI-SHEAR PINS, TYPE 'F' 

Not aie _ j octes ad dd be G—+l-p 

(1) All dimensions in inches. 

(2)  G = Maximum grip length - R Rao. 
(Table 18) 

— A - i) = 

t 
-_1 Law 

D dia A dia H R rad. P 
Maximum 

w protrusion 

-0.001 (min) (max) (min) (max) (min) (max) of pin 
. through joint 

1/8 0.188 0.208 0.029 0.039 0.010 0.020 0.18 

5/32 0.242 0.262 0.037 0.047 0.010 0.020 O'sZ22 

3/16 0.295 0.315 0.045 0.055 0.010 0.020 0.25 

7/32 0.344 0.364 0.051 0.061 0.015 0.030 0.28 

1/4 0.387 0.412 0.059 0.069 0.015 0.030 0.31 

9/32 0.435 0.455 0.063 0.073 0.015 0.030 0.34 

5/16 0.475 0.505 0.068 0.078 0.015 0.030 0.37 

3/8 0.565 0.600 0.078 0.088 0.015 0.030 0.42 

7/16 0.641 0.676 0.093 0.105 0.015 0.030 0.48 

1/2 Oi. 135 0.770 0.103 0.115 0.015 0.030 0.53 

9/16 0.829 0.864 0.112 0.127 0.015 0.030 0.58 

5/8 0.918 0.953 0.122 0..137 0.015 0.030 0.64 
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TABLE 21 HI-SHEAR DOWEL PINS, TYPE 'D' 

Notes ... 

(1) All dimensions in inches. 

(2) G = Maximum grip length | 
(Table 18). . | 

aoe! ee, a 

i 

Dia dia. P 
+0 Maximum protrusion 
-0.001 of pin through joint 

1/8 0.18 

3/16 0.25 

1/4 . 0. 31 

5/16 0.37 

3/8 0.42 

7/16 0.48 

1/2 0.53 

9/16 0.58 

5/8 0.64 

SOLID PLUG RIVETS 

33 Plug riveting shown in fig. 19, is a form of blind riveting and may be 
used where metal sheets have to be secured to heavy extruded members which 
are too thick to be drilled right through in the usual manner. The rivets 
used for plug riveting are made of aluminium alloy to BS.L37 or L69. 
Aluminium alloy rivets to BS.L58 must not be used for this purpose. 

RIVETS USED FOR BLIND RIVETING 

TUCKER HOLLOW RIVETS 

34 Tucker rivets are made in two forms, pop rivets, which have partially 
closed tails, and cup rivets, which have closed tails and are placed with a 
dolly and punch as for solid rivets; both forms of rivet are provided with 
either dome heads or 120 deg. countersunk heads. 

Pop rivets 

35 Pop rivets are tubular rivets with individual mandrels which permit 
rivet setting from one side of the work only, using hand or power operated 
tools. Pop rivets which are manufactured from aluminium alloy are dyed 
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green, but those made from monel are cadmium plated as their major use is 
with light alloy plating; as a result of a recent modification, pop rivets 
are now being made with the alternative tail formation illustrated in fig.20. 

ae, 
— —E 

> 

Gg 5 

HOLE TAPPED RIVET INSERTED 

RIVET CLOSED ALTERNATIVE 
COUNTERSUNK RIVET 

Fig. 19 Plug riveting 

36 The mandrels are made in various lengths and diameters, and have different 
breaking loads, to agree with the sizes and materials of the rivets for which 
they are intended; mandrels are in two forms, break-head mandrels, which have 

their shanks undercut directly below the heads, and break-stem mandrels, which 
have their shanks waisted adjacent to the heads. The break-head type allows 

the mandrel head to be ejected automatically in one direction as the mandrel 
shank is withdrawn in the opposite direction; with the break-stem type of 
mandrel, the head and a small portion of the mandrel shank will remain within 
the tail of the rivet as the mandrel fractures. The preformed head of a 
rivet may be either domed or countersunk but all subsequent formed tail ends 
are tulip headed. Break-stem mandrels have also recently been modified and 
are now being made with oval heads to improve their retention by the rivets, 
and these mandrels, unlike the break-head variety, are either cadmium plated, 

or zinc plated and passivated, as an anti-corrosion measure. 

120 DEG COUNTERSUNK 
| HEAD RIVET ON A 

: y BRE AK-STEM MANOREL 

Fi os) 
a 

( \ 

— 

ALTERNATIVE TAIL FORMATION DOME -HEAD RIVET ON 
A BREAK-HEAD MANOREL FOR A POP RIVET 

Fig. 20 Tucker pop rivets 
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37 Although pop rivets were originally intended for blind riveting, they 
are now used extensively for general riveting in place of solid rivets, 
however, it must not be assumed that pop rivets may replace solid rivets 
unless specific instructions in the relevant airframe Vol. 6 indicate that 
the use of pop rivets is fully approved. 

38 Tucker pop rivets must be used as directed in AP 970 leaflet 405/2. 

CAUTION ... 

When using pop rivets care must be taken either to drive out the rivet 
heads and remove them from the structure after completion of the riveting 
operation, or to ensure that there is no possibility of loose heads 
entering parts of the structure where there are moving parts or electrical 
installations. 

Material 

39 The mandrels on which pop rivets are assembled are of high tensile steel. 
The actual rivets are manufactured from aluminium alloy or monel metal. The 
material specifications are protective treatments are listed in Table 22. 

Rivet sizes 

40 Pop rivets with either domes or countersunk heads are supplied in lengths 
suitable for riveting material up to 0.64 in in thickness. Rivet diameters 
range from 3/32 in to 3/16 in as listed in Table 23. Correct rivet lengths 
for various thicknesses of material are listed in Tables 24 and 25, and 
detailed dimensions are given in Tables 26 and 27, in conjunction with 
fig. 21. 

TABLE 22 TUCKER POP AND CUP RIVETS : MATERIAL SPECIFICATIONS 

Item Material Type of AGS No. 
head 

1 Aluminium alloy Domed 2048 
(Pop) (Mg. 5%) L58 2074 

2 Monel DTD.10 Domed 2050 

(Pop) (unplated) 

2059 
(cadmium 
plated) 

3 Monel DTD.10 Csk 2070 

(Pop) 100 deg. (cadmium 

plated) 
2071 

(unplated) 

4 Aluminium Domed 2053 

(Cup) alloy (Mg. 52) 
L58 

5 Monel Domed 2055 

(Cup) DTD.10 

Chap.2 

Page 48 June 78 (Amdt 2) 



TABLE 22 TUCKER POP AND CUP RIVETS : 

AP 101A-1401-1 

MATERIAL SPECIFICATIONS (continued) 

Type of 
Item Material AGS No. 

head 

6 Aluminium alloy Csk. 2049 
(Pop) 120 deg. 

7 Monel Csk. 2051 

(Pop) DTD.10 120 deg. 

8 Aluminium alloy Csk. 2054 

(Cup) 

9 Monel Csk. 2056 

(Cup) 

TABLE 23 POP RIVET TYPES AVAILABLE 

Diameter avail- : 
Mandrel Head AGS No. . Material 

able (in) 

BH Csk.120 2049 1/8,5/32,0.2 ) 
BH Csk.120 2073 3/16 ) 
BH Domed 2048 1/8,5/32,0.2 ) 
BH Domed 2074 3/16 ) 

) All alloy L58 
BS Csk.120 2049 3/32,1/8,5/32,0.2 ) 
BS Csk.120 2073 3/16 ) 

BS Domed 2048 3/3251/8,5/32,0:2 ) 
BS Domed 2074 3/16 ) 

BH Csk.120 2051 7/64,1/8,5/32,3/16 ) 

BH Domed 2050 7/64,1/8,5/32,3/16 ) Wise]. SSEAT 

) DTD.10 BS Csk.120 2051 7/64,1/8,5/32,3/16  ) 
BS Domed 2050 7/64,1/8,5/32,3/16 ) 

D | 

NUT | S T 

\ | X | 
LENGTH 
+0-015 LENGTH 

~ 0-005 R 0-020 oP aes 
+ 0-010 

i 2 _ t 
Pp 4 SV e . SX 

=o La , 3 ALTERNATIVE 

| = | a= i wava ereue or iver 
DOMED HEAD RIVET COUNTERSUNK HEAD RIVET 

All dimensions in inches 

Fig. 21 Pop rivet dimensions 
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TABLE 24 GRIP RANGE FOR ALUMINIUM ALLOY POP RIVETS Fad 

Break-head mandrels Break-stem mandrels 

Rivet Rivet Domed Csk. Domed Csk. 
dia Code head rivets head rivets head rivets head rivets 
(in) No. Grip (in) Grip (in) Grip (in) Grip (in) 

3/32 320 - - - 0.03 - 0.10 

414 0.01 - 0.05 0.01 - 0.08 0.01 - 0.03 0.01 - 0.06 

1/8 420 0.051 - 0.09 0.081 - 0.12 0.031 - 0.07 0.061 - 0.10 

423 0.091 - 0.12 0.121 - 0.15 0.071 - 0.10 0.101 - 0.13 

429 0.121 - 0.19 0.151 - 0.21 0.101 - 0.17 0.131 - 0.19 

518 0.01 - 0.08 0.01, = 0.11 0.01 - 0.06 0.01 - 0.09 

5/32 523 0.081 - 0.13 0.111 - 0.16 0.061 - 0.11 0.091 - 0.14 @ 

529 0.131 - 0.19 0.161 - 0.22 0.111 - 0.17 0.141 - 0.20 

537 0.191 - 0.25 0.221 - 0.28 0.171 - 0.23 0.201 - 0.26 

625 0.01 - 0.12 0.01 - 0.15 0.01 - 0.10 0.01 - 0.13 

3/16 629 0.121 - 0.16 - 0.101 - 0.14 - 

436 635 0.161 - 0.22 - 0.141 - 0.20 0.171 - 0.23 

640 0,221 = 05.23 0.251 - 0.28 0.201 - 0.23 0.231 - 0.26 

649 0.251 - 0.35 - 0.231 - 0.33 0.251 - 0.33 

TABLE 25 GRIP RANGE FOR MONEL METAL POP RIVETS 

Break-head mandrels Break-stem mandrels < 

Rivet Rivet Domed Csk. Domed Csk. 

dia Code head rivets head rivets head rivets head rivets 

(in) No. Grip (in) Grip (in) Grip (in) Grip (in) 

7/64 319 0.01 - 0.09 0.01 - 0.11 0.02 - 0.07 0.02 - 0.09 

321 - 0.111 = 0.13 0.071 - 0.09 = 

413 0.01 - 0.05 0.01 - 0.08 0.01 - 0.03 0.01 - 0.06 

419 0.051 - 0.09 0.081 - 0.12 0.03 - 0.07 0.061 - 0.10 

1/8 424 0.091 - 0.14 0.121 - 0.17 0.071 - 0.12 0.101. = 0.25 

429 0.141 - 0.19 0.171, = (0.21 0.121 - 0.17 0.151 - 0.20 

435 0.191 - 0.25 0.221 - 0.28 0.171 - 0.23 0.201 - 0.26 

440 0.251 - 0.30 0.281 - 0.33 0.231 - 0.28 0.261 - 0.31 
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7 TABLE 25 GRIP RANGE FOR MONEL METAL POP RIVETS (continued) 

Break~head mandrels Break-stem mandrels 

Rivet Rivet Domed Csk. Domed Csk. 

dia Code head rivets head rivets head rivets head rivets 

(in) No. Grip (in) Grip (in) Grip (in) Grip (in) 

519 0.01 - 0.08 0.01 - 0.11 0.02 - 0.05 0.04 - 0.08 

524 0.081 - 0.14 O.11t = 0517 0.051 - 0.10 0.081 - 0.13 

530 0.141 - 0.20 0.171 - 0.23 0.101 - 0.16 0.131 - 0.19 

5/32 537 0.201 - 0.25 0.231 - 0.28 0.161 - 0.23 0.191 - 0.26 

540 0.251 - 0.29 0.281 - 0.32 0.231 - 0.26 0.261 - 0.29 

545 0.291 - 0.34 0.321 — 0.37 0.261 - 0.31 0.291 - 0.34 

ie 624 0.01 = 0.12 0.01 = 0.15 0.02 - 0.09 0.05 - 0.12 

630 0.121 - 0.17 0.151 - 0.20 0.091 - 0.15 0.121. = 10.18 

3/16 636 0.171 - 0.23 0.201 - 0.26 0.151 - 0.20 0.181 - 0.23 

—" 639 0.231 - 0.25 0.261 - 0.28 0.201 - 0.23 0.231 - 0.26 

650 0.251 - 0.36 0.281 - 0.39 0.231 - 0.34 0.261. = 0.37 

665 0.361 - 0.51 0.391 - 0.54 0.341 - 0.49 0.371 - 0.52 

675 0.511 - 0.61 0.541 - 0.64 0.491 - 0.59 0.521 - 0.62 

TABLE 26 DIMENSIONS OF ALUMINIUM ALLOY POP RIVETS 

D +0.003 H P E 

ib -0.001 

Nominal Domed Csk. Domed Csk. 

diameter head head head head 

3/32 0.093 0.185 0.027 0.033 0.010 0.008 

+0.007 +0.003 +0.003 +0.005 +0.005 

1/8 0.125 0.236 0.028 0.036 0.010 0.008 
+0.007 +0.003 +0.003 +0.005 +0.005 

5/32 0.156 0.263 0.028 0.039 0.015 0.008 
+0.007 +0.003 +0.003 +0.005 +0.005 

3/16 0.187 0.375 0.057 0.064 0.010 0.009 

+0.010 +0.004 +0.004 +0.005 +0.006 

7/32 0.218 0.324 0.032 0.039 0.015 0.009 

+0.010 +0.004 +0.004 +0.005 +0.006 
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Notes . 

(1) Table to be read in conjunction with figs. 21s 

(2) All dimensions in inches. 

(3) Rivet lengths are measured from under the head; both domed and counter- 
sunk. 

TABLE 27 DIMENSIONS OF MONEL POP RIVETS 

D +0.003 
-0.001 H P E 

Nominal Domed Csk. Domed Csk. 
diameter head head head head 

7/64 0.109 0.192 0.020 0.028 0.008 0.006 
+0.007 +0.003 +0.003 +0.003 +0.003 

1/8 0.125 0.236 0.025 0.036 0.010 0.008 
+0.007 +0.003 +0.003 +0.005 +0 .005 

5/32 0.156 0.263 0.028 0.039 0.010 0.003 
+0.007 +0.003 +0.003 +0.005 +0.005 

3/16 0.187 0.320 0.040 0.045 0.015 0.010 
+0.010 +0.010 +0.006 +0.010 +0.008 

1/4 0.250 0.427 ~ 0.053 0.059 0.020 0.014 
+0.010, +0.010 +0.010 +0.010 +0.008 

Notes ... 

(1) Table to be read in conjunction with fig. 21 

(2) All dimensions in inches. 

(3) Rivet lengths are measured from under the head; both domed and counter- 
sunk. 

Coding 

41 The code reference for a Tucker pop rivet can be divided into three 
parts, this applies when using the manufacturer's special Part number or the 
AGS number. Code letters are as follows:- 

indicates Tucker 

indicates MoneL 

indicates Alum. alloy 

indicates Pop rivet 

indicates Domed-head 

A 
9O
 

UV
 

PP
 
F
A
 

indicates C/sunK-head 

BH indicates Break-Head 

BS indicates Break-Stem 
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42 A typical manufacturer's reference is as follows:- 

ie TAP /D/BS420 

this indicates a Tucker aluminium alloy pop rivet with a domed head and 
break-stem mandrel. The figures indicate rivet diameter in 1/32 in and 
length in multiples of 0.010 in; in this instance the rivet is 1/8 in dia 
and 0.20 in long. 

43 The AGS reference is made up of the AGS drawing number (listed in Table 
23), followed by a three-figured reference for the diameter and length, 

and finally the code letters for the type of mandrel. A typical reference 
is as follows:- 

AGS 2048/537 BH 

this indicates (by reference to break-head mandrels in Table 23) an aluminium 
alloy domed-head rivet, 5/32 in dia., 0.37 in long with a break-head mandrel. 
It must be noted that AGS figure references which commence with the figure 
6 may indicate a rivet of 3/16 in dia. or a rivet of 0.2 in dia. These 
rivets are virtually the same diameter, as all sizes are nominal, but by 

ie reference to AP 1086 it may appear as an inconsistency in the figure code 
which otherwise holds good for the manufacturer's and the AGS reference 
system. Rivets of 0.2 in dia. are now obsolescent. 

Note ... 

(1) Rivet lengths are measured from under the head, both domed and counter~- 
sunk. 

(2) The grip lengths shown in Tables 24 and 25 for countersunk-head rivets 

are those where the plates have been countersunk by machining and not 
dimpling. The thickness of plates which can be used with countersunk- 
head rivets where dimpling is employed is equal to that of the domed- 
head rivet. 

Cup rivets 

44 Tucker cup rivets (fig. 22) are manufactured to AGS drawings, and the 
drawing numbers are used in the identification code to denote the head 
formations of the rivets and the materials of which they are made (Table 22). 

® Particulars of the drawing numbers are as follows:- 

AGS.2053 - Dome-head cup rivets in aluminium alloy 

AGS.2054 - 120 deg. csk. head cup rivets in aluminium alloy 

AGS.2055 - Dome-head cup rivets in monel 

AGS.2056 - 120 deg. csk. head cup rivets in monel 

45 Cup rivets are readily distinguishable from pop rivets by the formation 
of their tails and the absence of mandrels, although the other character- 
istics of both forms of rivet are the same. The identification code for a 
cup rivet apart from the AGS number, is the same as that for a pop rivet 

without the appended letters, for example:- 

AGS.2054/641 is a Tucker cup rivet with a 120 deg. 
esk. head, 0.2 in dia. and 0.41 in long. 

AGS.2055/631 is a Tucker cup rivet with a dome head, 
my 0.3 in dia., and 0.31 in long. 
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DOME HEAD 120 DEG. COUNTERSUNK 
HEAD 

Fig. 22 Tucker cup rivets 

AM RIVETS 

46 The AM rivets although made by a different manufacturer, are an 
extension of the Tucker range of monel pop rivets; the AM rivets are of 
proprietary manufacture and are not made to AGS or SBAC drawings. The rivets 
are manufactured from monel to DTD.204A and are cadmium plated; the major 
difference between the AM and the Tucker pop rivets is that AM rivets are 
turned whereas Tucker pop rivets are pressed. AM rivets are provided in 
1/8 in, 5/32 in, and 3/16 in dia, each of which is obtainable in five 
lengths; as the maximum lengths of the Tucker range of monel pop rivets for 
these diameters are 0.40 in, 0.45 in, and 0.75 in, respectively, any similar 
rivet longer than these belongs to the AM range. 

47 The code for the identification of an AM rivet consists of a series of 
letters followed by a part number and further letters; the final letters 
denote the type of mandrel as for the Tucker range of pop rivets. The code 
letters are as follows:- 

A - Aircraft Materials Ltd. 

N - Nickel alloy (monel) 

P - Pin type 

D - Dome-head 

K - 120 deg. countersunk-head 

48 The dimensions of an AM rivet are given by the part number, the first 
digit of which indicates the diameter of the rivet (para. 46) expressed in 
increments of 1/32 in, whilst the remaining figures denote the length, 
which is measured from the tail of the rivet to below the head, expressed in 
hundredths of an inch. Examples of the identification code are as follows:- 

ANP/K/550/BH is an AM, nickel alloy, pin type rivet, with a 
120 deg. csk. head, 5/32 in dia., and 0.50 in long, mounted 
on a break-head mandrel. 

ANP/D/450/BH is an AM, nickel alloy, pin type rivet, with a 
dome head, 1/8 in dia., and 0.50 in long, mounted on a 
break-head mandrel. 

CHOBERT RIVETS 

49 Chobert rivets (fig. 23) are hollow with partially tapered tails, and are 
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made to AGS drawings, with either snap heads, 100 or 120 deg. countersunk 

(e heads. Where additional strength, or water tightness, is required, the 

rivets, when they have been placed, are plugged by sealing pins. The rivets 

p are manufactured of aluminium alloy to BS.L86 and steel to DID.720; the 

sealing pins used with the aluminium alloy rivets are of aluminium alloy to 

BS.L102, while steel pins to BS.S1 are used with the steel rivets. < 

Note ... 

Steel sealing pins must not be used with aluminium alloy rivets and vice 

versa. 

RIVET 
SNAP-HEAD PLACED & = 

ie RIVET PINNED 

120 DEGREE 

COUNTERSUNK 

HEAD RIVET 

Fig.23 Chobert rivets 

50 Rivets manufactured from aluminium alloy are dyed violet, aluminium 
alloy sealing pins are natural or self-colour, and steel rivets and sealing 
pins are cadmium plated; aluminium alloy sealing pins can be distinguished 
from their steel counterparts by their appearance and by the difference in 

i the weight. The various rivets and sealing pins do not bear any direct 
identification letters, figures, or other markings, the AGS identification 
code for the rivets and sealing pins is described in Table 28. 

P51 Chobert rivets are supplied in diameters from 3/32 in to 1/4 in and * 
these diameters are provided in various lengths and in both the materials 
quoted in para. 49; sealing pins are available for rivets of all diameters 
and lengths. It should be noted that the length of a Chobert snap-head 

rivet is measured from the tail of the shank to below the head and that of 
a countersunk-head rivet from the tail of the shank to the face of the head. 

52 Chobert rivets are manufactured to AGS drawings, and the drawing numbers 

are utilized in the identification coding to indicate the head formations of 
the rivets and the materials from which they are made. Details of the 
drawing numbers are given in Table 28. 
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53 The identification coding for a Chobert rivet consists of the AGS & 
drawing number followed by a part number; the last two figures of the part 
number represent the length of the rivet expressed in increments of 1/32 in, 
and the remaining figure or figures indicate the diameter of the shank of the 
rivet also expressed in increments of 1/32 in. Examples of the identification 
coding are as follows:- 

AGS 2040/410 is a Chobert rivet with a snap-head, made of steel, 
1/8 in dia., and 5/16 in long. 

AGS 2044/619 is a Chobert rivet with a 120 deg csk. head, made of 
duralumin, 3/16 in dia., and 19/32 in long. 

TABLE 28 AGS CHOBERT RIVET CODE 

AGS No. Head form Material 

Rivets 

2040 Snap Steel DTD.720 & 

2041 120 deg csk. Steel DTD.720 

2045 Snap Alum. alloy L86 

2046 120 deg csk. Alum. alloy L86 

2067 100 deg csk. Steel DTD.720 

2068 100 deg csk. Alum. alloy L86 

Sealing pins 

2042 = Mild steel S1l 

2047 - Alum. alloy L102 < 

Sealing pins 

54 Sealing pins are provided to suit Chobert rivets of all sizes, but steel 
pins must be used only with steel rivets. The AGS identification code for 
a sealing pin consists of the AGS drawing number, which denotes the material J 
from which it is made (Table 28), followed by a part number, which is the 
Same as that of the rivet for which the pin is intended; it should be noted 
that if the rivet which is to be plugged has a countersunk head, a sealing 
pin of the same length as that of the rivet will project when the rivet has 
been placed and the pin inserted, and it is recommended, therefore, that the 
next shorter length of pin should be used. Examples of the code for sealing 
pins are as follows:- 

AGS 2042/410 is a steel sealing pin, for a Chobert rivet with a 
snap-head, made of steel, 1/8 in dia., and 5/16 in long. 

AGS 2047/613 is an aluminium alloy sealing pin, for a Chobert 
rivet with a snap-head, made of aluminium alloy, 3/16 in dia, and 
13/32 in long. 

Alternative replacements 

55 The manufacturers of the proprietary Chobert rivets have recently advised 
that certain lengths within their ranges are not now being stocked and will, @ 
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in future, only be manufactured in quantities which it will be completely 
7 uneconomical to purchase. Furthermore, it is likely that this non-availability 

will become progressively worse over the years. 

56 This type of fastener is used on many aircraft and in numerous specific 
locations. In consequence, it is not possible to obtain ‘across-the-board’ 
clearance from design authorities to substitute other types of fastener. 
However, it is understood that in general, substitutes are available provided 
that the specific application can be assessed by the appropriate designers. 

57 In some locations it may not be acceptable to mix rivet types within a 
repair. In order to minimise the problems of non-availability of Chobert 
rivets, with immediate effect all units are to be advised: 

57.1 Not to commence repairs involving Chobert rivets until it has been 
ascertained that all rivets required and their appropriate sealing pins 

are available. 

57.2 When it is found that a particular rivet is not available, to take 
action i.a.w. AP(N) 140 article 0105 and 0106, for the Royal Navy. 

ip AVDEL RIVETS 

58 Avdel rivets (fig.24) which are of proprietary manufacture, are hollow 
Pwith counterbored tails and either snap,100 deg, or 120 deg countersunk heads, 

and are supplied mounted on stems of the break-stem type. The rivets are fully 
self-seaiing and manufactured in both aluminium alloy to BS.L86 and stainless 
steel DTD.189. The stems are also of aluminium alloy and stainless steel 
respectively but of a different specification; neither the rivets nor their 
stems bear any direct identification marking other than the following:- 

Al. alloy snap-head - head anodised, stem anodised 

Al. alloy 100 deg csk - head anodised, stem anodised, dyed red 

The stems on 5/32 in and 3/16 in diameter only, stainless steel rivets have 
pull grooves to assist placing. < 
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Fig.24 Avdel rivets 

59 Avdel rivets are supplied in diameters of 1/8 in, 5/32 in, and 3/16 in 
and are available in various lengths to suit the material grip range; 
particulars of the grip range and also of the stem protrusions of the various 

rivets are given in Chapter 1 of this publication. It should be noted that 
the length of a snap-head rivet is measured from the tail of its shank to 
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P below the head, and that of a 100 deg countersunk-head rivet from the tail < * 
of its shank to the face of the head. 

P60 The code for the identification of an Avdel self-sealing rivet consists of 
the AGS drawing number followed by a part number. The AGS drawing number 
indicates the class of rivet, the head formation and the material 
specification; thus:- 

2065 Self-sealing rivet, snap-head, aluminium alloy to BS.L86. 

3922 Self-sealing rivet, snap-head, stainless steel to DTD.189, cadmium 
plated to DTD.904. 

2066 Self-sealing rivet, 100 deg countersunk-head, aluminium alloy to 
BS.L86. 

61 The dimensions of an Avdel rivet are denoted by the part number which 
follows the AGS drawing number. The first digit denotes the rivet diameter, 
expressed in increments of 1/32 in, and the remaining digits indicate the 
length, also expressed in increments of 1/32 in. Examples of the 
identification code are as follows:- _ 

AGS 2065/405 is a snap-head rivet made of aluminium alloy, 1/8 in dia., 
and 5/32 in long. 

AGS 2066/510 is a 100 deg countersunk-head rivet made of aluminium 
alloy, 5/32 in dia., and 5/16 in long. 

TABLE 29 AVDEL SELF-SEALING RIVETS 

AGS No. Avdel No. Head form Material 

2065 4002 Snap Aluminium alloy BS.L86. 

2066 4032 100 deg csk. Aluminium alloy BS.L86- 

3920 4051 Snap Stainless steel DTD.189. 

3921 4057 100 deg csk. Stainless steel DTD.189. 

3922 4061 Snap Stainless steel DTD.189, & 
cadmium plated DTD.904. 

3923 4067 100 deg csk. Stainless steel DTD.189, 
cadmium plated DTD.904. 

4716 4022 120 deg csk. Aluminium alloy BS.L86. 4 

IMEX BLIND RIVETS 

Description 

62 The Imex blind rivet (fig. 25) is similar to the conventional pop rivet 
but with the important difference that the rivet itself has a permanently 
sealed end which completely encloses the mandrel head. When the rivet is 
set, the rapid radial expansion of the formed head ensures a joint which is 
pressure tight up to 34 bar (500 lbf/in2). 
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Fig.25 Imex rivets 
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63 Mandrels are supplied as short-break or long-break types, similar to the 
normal pop rivets, but the Imex form of rivet ensures that mandrel heads 
remain permanently captured. When the long-break mandrel fractures, it does 

so outside the rivet and the protruding portion must be nipped off and sanded 
to achieve a flush finish. Imex rivets are supplied with domed or counter- 
sunk-heads. The countersunk-heads are normally 120 deg. but 100 deg. heads 
are manufactured for a limited range of rivet sizes. 

64 Not all materials are suitable for use with Imex rivets as the rapid 
expansion of the formed head is unsatisfactory in very soft or very brittle 
materials. For this reason the rivets should not be employed on repair work 
unless the appropriate aircraft Vol. 6 indicates that such rivets may be 
used in the particular area and in the material(s) under consideration. 

Material 

65 Imex rivets are manufactured from 5 per cent magnesium aluminium alloy 
to BS.L58. 

Coding 

66 The code sequence used for Imex rivets is as follows:- 

Material (A for aluminium alloy). 

Type of head (D for domed-head, K for countersunk-head). 

Rivet diameter (in 1/32 in increments). 

Rivet grip length (in 1/32 in increments). 

Type of mandrel (no additional code for short-break, letter 

R added for reinforced long-break mandrel). 

67 A typical code reference is 'Imex rivet AD46R',which indicates an 
aluminium alloy rivet with adomed head, 1/8 in in diameter capable of riveting 
up to 3/16 in thickness on a iong-break mandrel. Rivet dimensions are shown 
in Table 30. 

Notes ... 

(1) In the case of countersunk rivets, the second digit of the code number 
indicates the maximum thickness of material to be gripped when dimpling 
is employed. When machined countersinking is used, the maximum 
thickness is increased by an amount equal to the depth of the head. 

(2) Where identification of rivets is involved, the length under the head 
of an unformed rivet is equal to the maximum thickness capable of 
being riveted plus approximately 3/16 in. For example, the length 
under the head of rivet AD56 is (6 x 1/32) + 3/16 = 3/8 in. 

DE BERGUE RIVETS 

Applicability 

68 This type of rivet is used mainly for the construction of rigid fuel and 
cil tanks where thin metal sheets are joined together to form the tank shell 
and internal baffles. 

69 The rivets are fitted in one operation, the tail of each being formed on 
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the inner face of the sheeting by a pneumatic squeeze riveting machine which 
also dimples the material as shown in fig. 26; the dimpling and rivet forming 
in one operation assists in resisting shear stresses to which a tank may be 
subjected. 

TABLE 30 RIVET DIMENSIONS 

Nominal Shank Head Head Mandrel Angle of csk. 
size dia. dia. thickness dia. head 
(in) (in) (in) (in) (in) (in) 

+0.003 *0.007 49.003 +0.001 
-0.001 

1/8 0.125 0.236 0.035 0.064 120 

5/32 0.156 0.312 0.050 0.086 120 

3/16 0.187 0.375 0.060 0.104 120 

TANK SHELL REPAIR BOLT PROOFED FABRIC 

JOINTING WASHER 

JOINTING 
MATERIAL <—="__METAL WASHER 

RIVET IN POSITION METAL SHEETS CD 
BEFORE BEING DIMPLED AND 

FORMED RIVET FORMED 

Fig. 26 De Bergue rivet and repair bolt 

70 To ensure that rivet seam joints are fuel or oil tight, fluid-resisting 
jointing material is fitted between the metal sheets prior to the riveting 
operation. 

Repairs to De Bergue riveted tanks 

71 Repairs to damaged tanks are confined to removing the affected rivets and 
fitting special repair bolts (fig. 26). The repair bolts, listed in AP 1086. 
Section 28D, are manufactured to SBAC Spec. AGS.159 and are available in 
two types as shown in Table 31. 

72 Bolts designed for used in repairing single rivets which have become 
loose or are causing a tank to leak around the rivet hole, have a slotted 
countersunk-head which will fit snugly in the dimpled upper surface of the 
metal sheet, after the rivet has been drilled out of the existing hole. 

73 Where a number of closely-grouped rivets are defective, repair bolts are 
available which have slotted mushroom-heads and are inserted through the 
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existing rivet holes from the inside of the tank, to fit flush with the 
inner surface. 

TABLE 31 DE BERGUE REPAIR BOLT DATA 

High tensile steel bolts 

Sectson ep Thread Shank 
° size length Type of head 

(in) 

6392 6BA 0.415 Countersunk 

6394 4BA 0.570 Countersunk 

6396 2BA 0.730 Countersunk 

6393 6BA 0.515 Mushroom 

6395 4BA 0.670 Mushroom 

6397 2BA 0.830 Mushroom 

CHERRYLOCK RIVETS 

74 Cherrylock rivets are locked-spindle and flush-fracturing structural 
blind rivets. Two types of rivets are available; a Cherrylock and bulbed 
Cherrylock as shown in fig. 27. 

Ct em 

CHERRYLOCK 

MINIMUM GRIP 

BULBEO CHERRYLOCK 

Fig. 27 Cherrylock and bulbed Cherrylock rivets 
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75 The bulbed Cherrylock rivet is used where a high strength fastener is 
required and is particularly suitable for high vibration areas, double- 
dimple applications and for use with thin sheets. 

76 The large blind head of the bulbed Cherrylock is of particular use with 
thin blind sheets where sheet bearing failure under load is a problem, 
especially in applications where a blind sheet is equal to or less than the 

thickness shown in Table 32. 

TABLE 32 THIN BLIND SHEET APPLICATION - CHERRYLOCK RIVET 

River dic Aluminium blind Titanium blind 

. sheet thickness sheet thickness 

1/8 in 0.040 in 0.020 in 

5/32 in 0.040 in 0.032 in 

3/16 in 0.050 in 0.032 in 

Rivet heads and sizes 

77 Rivets are available with a variety of protruding and countersunk-heads 
(fig. 28) each having special applications as follows:- 

77.1 Univeral - For protruding head application in Cherrylock 
(MS 20470) and bulbed Cherrylock rivets 

77.2 100° = Two types of countersunk rivets are used:- 

Countersunk 

77.2.1 MS 20426 For normal sheet thickness in Cherrylock and bulbed 

Cherrylock 

77.2.2 NAS 1097 For thin top sheet machine countersunk application 
in Cherrylock only. 

77.3 Unisink - A combination countersunk and protruding head for 
use in very thin top sheets. Strength equal to 
double-dimpling. Bulbed Cherrylock only. 

77.4 156° = A large diameter, shallow countersunk-head 

Countersunk providing a wide bearing area for honeycomb 
application. 

78 Cherrylock and bulbed Cherrylock rivets are available for diameters up 
to 1/4 in and 3/16 in respectively in increments of 1/32 in and in lengths 
suitable for material thicknesses up to 1 in in increments of 1/16 in. 

Grip length (fig. 29) 

79 The grip length of the rivet refers to the maximum total sheet thickness 
to be riveted and is measured in increments of 1/16 in. All rivets have 
their grip length (maximum grip), marked on the rivet head and have a total 
grip range of 1/16 in. Table 33 details the grip number of the rivet to be 

used for ranges in material thicknesses. 
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ie Fig. 28 Cherrylock rivet heads 

TABLE 33 RIVET GRIP NUMBER FOR MATERIAL THICKNESS 

Material thickness 

Rivet Minimum Maximum 
Grip No. mm in mm in 

1 ~ - 1.6 1/16 

2 = - 3.2 1/8 

3 Sa2 1/8 4.7 3/16 

4 4.7 3/16 6.4 1/4 

5 6.4 1/4 1x9 5/16 

6 7.9 5/16 9.5 3/8 

i} 7 9.5 3/8 ts eel 7/16 

8 11.1 7/16 1237 1/2 

9 12.7 1/2 14.3 9/16 
10 14.3 9/16 1539 5/8 

11 15.9 5/8 Lisd 11/16 

12 17.5 11/16 19.1 3/4 

13 19.1 3/4 20.6 13/16 

14 20.6 13/16 22,2 7/8 

15 22.2 7/8 23.9 15/16 

16 238 15/16 254 1 
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4 : 
Fig. 29 Grip length of rivet (Cherrylock) 

Rivet identification 

80 The part number of the rivet identifies the type of rivet, maximum grip 
length and the nominal shank diameter as shown in the following example:- 

CR 2163-5 -4 

| | ) 
RIVET TYPE SHANK DIAMETER (NOMINAL) GRIP LENGTH (MAXIMUM) 

Cherrylock or bulbed In increments of 1/32 in In increments of 1/16 in 
Cherrylock, head e.g. -5 = 5/32 in e.g. -4 = 4/16 in 
style and material 

TUBULAR AND SPLIT-TUBULAR RIVETS 

TUBULAR RIVETS 

81 Tubular rivets (fig. 30) are made of aluminium (AGS 501-A), duralumin 
(AGS 501-D), mild steel (AGS 501-H), nickel alloy or monel (AGS 501-J) ,and 

monel (AGS 501-K). further information on these rivets is given in Table 34. 

TL SS EE EM he FLL MP SF 2 V2 

fl 

é FLY AE AA SSI DF TAF OP 8 Fi D2 

GPa fs ss SLE SD BG 2 re ve 

4 

Fig. 30 Tubular rivets 

82 A tubular rivet to AGS 501 is identified by a special code which consists 
of the AGS drawing number, the letter which denotes the material (that is, 

A, D, H, J or K), and a number which indicates the outside diameter, length 

and gauge of the rivet; for example, AGS 501/H/49 is a tubular rivet made of 
mild steel, 1/8 in dia, 1 in long and 26 s.w.g. The part number, unlike those 
mentioned in previous paragraphs, is arbitrarily chosen, and bears no relation 
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to the dimensions of the rivet concerned; for this reason, a full list of the 

. rivets available is given in Table 35 and 36. 

TABLE 34 DETAILS OF TUBULAR RIVETS 

Minimum tensile . 

AGS Material strength Protective = taentification 
501 7) treatment 

hbar -_ tonf/in 

& Aluminium 11 7 Anodic Black film 
BS.L54 

D Duralumin 39 Za None Natural 
BS.L37 

H Mild steel 31 20 Cadmium Magnetic 
BS.T26 

ie J Nickel alloy 54 35 Cadmium Non-magnetic 
DTD. 268 plated 
or 
Monel 
DTD.204A 

K Mone 1 54 35 None Non-magnetic 
DTD. 204A 

Note ... 

Nickel alloy and monel are slightly magnetic, but the pull exerted upon 
it is very much less than upon steel. 

SPLIT TUBULAR RIVETS 

83 A shortage of rivet tubing led to the development of split tubular rivets 
(fig. 31), which are manufactured from sheet or strip material bent to form 

ie a split hollow cylinder. The rivets are manufactured from duralumin to 
DTD.603 or 610, and in mild steel to BS.S3, and with either flat heads or 

cone heads. Duralumin rivets have no protective treatment, but steel rivets 
are cadmium plated; the rivets are made to AGS drawings, as follows:- 

"AGS 513' - Flat-head rivets in duralumin 

"AGS 514' - Flat-head rivets in mild steel 

"AGS 515' - Cone-head rivets in duralumin 

"AGS 516' - Cone-head rivets in mild steel 

84 The identification code for a split-tubular rivet consists of the AGS 
drawing number followed by a part number, the last two figures of the part 
number indicate the length of the rivet expressed in increments of 1/16 in 
while the remaining figure or figures denote the diameter expressed in 
increments of 1/32 in; the part number is followed by another figure which 
represents the gauge thickness of the rivet wall. Some examples of the code 
are as follows:- 
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TABLE 35 DETAILS OF TUBULAR RIVETS : AGS 501 UP TO 5/16 IN DIAMETER ) 

Outside Lengths (in) 
diamete ss reeked Ww. 0.25 0.3 0.375° 0.5 0.75 0.875 1 1.25 
of rivet 

(in) Part numbers 

3/32 26 | 3 5 7 9 
22 22 25 27 29 

1/8 26 Ay 43 45 47 49 
22 65 67 69 70 

5/32 22 105 107 108 109 110 

22 123 125. 127 128 129 130 
3/16 20 145.147 149 150 

17 165 167 169 170 & 

22 183 185 187 189 190 
ae 20 205 =. 207 209 210 

? 225 227 229 230 

20 247 249 250 _) 2 2 3 
116 17 267 269 270 

20 287 289 290 
3/8 17 307 309 ~—«- 3110 

1m 7 330 
- 14 49 350 

- 17 370 
a 14 390 

3/32 ~- » 

26 
1/8 22 71 73 74 

5/32 22 111 113 

22 131 133 134 
3/16 20 151 153 154 155 

17 171 173 174 «175 

22 191: 193 
1% a 211 213 214 215 

17 231 233 234 © 235 

T 20 251 253 254 255 256 
oa oe 17 271 273 274 9275 276 

See Chap. 1 Tables 13 to 15 for metric conversion 
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"AGS 513/404/24' is a split-tubular rivet with a flat-head, made of 

duralumin, 1/8 in dia., 1/4 in long, and 24 s.w.g. 

"AGS 516/1032/20' is a split-tubular rivet with a cone-head, made of mild 

steel, 5/16 in dia., 2 in long, and 20 s.w.g. 

TABLE 36 DETAILS OF TUBULAR RIVETS : AGS 501, OVER 5/16 IN DIAMETER 

Outside Lengths (in) 

diameter S.WeZ- 1.5 2 2.5 3 365 4 4.5 5 5.3 

of rivet 

(in) Part Numbers 

3/8 20 291 293 294 295 296 297 

17 i 19 Bs 313 314 315 316 317 

1/2 17 331 333 334 335 336 337 338 339 

14 351 353 354 355 356 357 358 359 

5/8 17 371 373 374 375 376 377 378 379 380 

14 391 393 394 395 396 397 398 399 400 

See Chap | Tables 13 to 15 for metric conversion. 

FLAT-HEAD RIVETS 

CONE-HEAD RIVETS 

Fig. 31 Split-tubular rivets 

MISCELLANEOUS RIVETS 

LAR RIVETS 

85 LAR rivets, which are also known as TST rivets and are of proprietary 

manufacture, are used by aircraft constructors for the flush riveting of thin 
metal sheets. The rivets are made from aluminium alloy to BS.L69 and are 
anodized and dyed violet. The heads of the rivets most commonly used are oval 
and countersunk (fig. 32); the tails of the rivet shanks are drilled to form the 
semi-tubular portion, and it is this portion which is expanded to form the 
driven rivet (fig. 32). LAR rivets are normally set by machines, but, in 
emergency, can be set by hand; ordinary solid rivets, of suitable size and 
material, can 

Chap 2 
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be used to replace 
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damaged LAR rivets. 

LI
AN
 

S 
(A) OVAL 120 DEG (B) RIVET PLACED 

COUNTERSUNK 
HEAD RIVET 

Fig. 32 LAR rivet 
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| Ble 

a 7 

= 
SS 

[7828282 NeNA04 

| D 
LMAADANANLY 

Fig. 34 90 deg. countersunk-head rivnut 

TABLE 37 IDENTIFICATION AND DIMENSIONAL DATA FOR 
90 DEG. COUNTERSUNK-HEAD RIVNUTS 

Oct. 78 (Amdt 4) 

Pavt Crip Head Head Shank Rivet Tdént 
Size No range (in) dia. depth dia. length mark 

: 8 A (in) B (in) D (in) L (in) 

4-106 0.065-0.106 0.295 0.062 3/16 0.1875 0.437 Blank 
4-136 0.107-0.136 0.295 0.062 3/16 0.1875 0.437 1 

4 4-161 0.137-0.161 0.295 0.062 3/16 0.1875 0.437 2 
B.A. 4-181 0.162-0.181 0.295 0.062 3/16 0.1875 0.500 3 

4-201 0.182-0.201 0.295 0.062 3/16 0.1875 0.500 4 
4-221 0.202-0.221 0.295 0.062 3/16 0.1875 0.500 5 

9 2-136 0.065-0.136 0.355 0.062 t 0.250 0.500 d. 
B.A 2-181 0.137-0.181 0.355 0.062 t 0.250 0.562 3 
o 2-221 0.182-0.221 0.355 0.062 ! 0.250 0.562 5 

1 4-161 0.065-0.161 0.445 0.062 11/32 0.3437 0.625 2 
B p F 4-221 0.162-0.221 0.445 0.062 11/32 0.3437 0.687 5 
a 4-281 0.222-0.281 0.445 0.062 11/32 0.3437. 0.750 8 

3/16 3/16-161 0.065-0.161 0.505 0.062 13/32 0.4062 0.687 2 
B.S.F 3/16-221 0.162-0.221 0.505 0.062 13/32 0.4062 0.750 5 
“"'"* 3/16-281 0.222-0.281 05505 0.062 13/32 0.4062 0.812 8 

3/8 2-161 0.065-0.161 0.570 0.062 15/32 0.4687 0.687 2 
B.S.F 3-221 0.162-0.221 0.570 0.062 15/32 0.4687 0.750 5 
oe 2-281 0.222-0.281 0.570 0.062 15/32 0.4687 0.812 8 

Chap.2 
Page 69 



AP 101A-1401-1 

TABLE 38 IDENTIFICATION AND DIMENSIONAL DATA 

FOR FLAT-HEAD RIVETS 

. Head Head Shank Rivet 

Size — easee. is dia. depth dia. length st 
i 9 ge (in) A (in) B (in) D (in) L (in) 
i 
| 

4-045  0.010-0.045 0.315 0.035 3/16 0.1875 0.375 Blank 
4-075 0.046-0.075 0.315 0.035 3/16 0.1875 0.375 1 
4-100 0.076-0.100 0.315 0.035 3/16 0.1875 0.375 2 
4-120 0.101-0.120 0.315 0.035 3/16 0.1875 0.437 3 
4-140 0.121-0.140 0.315 0.035 3/16 0.1875 0.437 4 

4 B.A. 4-160 0.141-0.160 0.315 0.035 3/16 0.1875 0.437 5 
4-180  0.161-0.180 0.315 0.035 3/16 0.1875 0.500 6 
4-200 0.181-0.200 0.315 0.035 3/16 0.1875 0.500 7 
4-220 0.201-2.220 0.315 0.035 3/16 0.1875 0.500 8 

2-075 0.010-0.075 0.377 0.035 1 9,250 0.438 1 
2-120 0.076-0.120 0.377 0.035 1 0.250 0.500 3 

2 B.A. 2-160 0.121-0.160 0.377 0.035 1 0.250 0.500 5 
2-200 0.161-0.200 0.377 0.035 1 0.250 0.562 7 
2-240  0.201-0.240 0.377 0.035 1 0.250 0.625 9 

1-100 0.010-0.100 0.515 0.062 11/32 0.3437 0.562 2 
1B.S.F. 4-160 0.101-0.160 0.515 0.062 11/32 0.3437 0.625 5 

1-220 0.161-0.220 0.515 0.062 11/32 0.3437 0.687 8 

15/16 5/16-100 0.010-0.100 0.610 0.062 13/32 0.4062 0.625 2 

3.s.¢, 3/16-160 0,101-0.160 0.610 0.062 13/32 0.4062 0.687 5 
; oe 5/16-220 0.161-0.220 0.610 0.062 13/32 0.4062 0.750 8 

3/8 3-100 0.010-0.100 0.687 0.062 15/32 0.4687 0.625 2 
B.S.F. 3-160 0.101-0.160 0.687 0.062 15/32 0.4687 0.687 5 

2-220 0.161-0.220 0.687 0.062 15/32 0.4687 0.750 .8 ‘ 

Chap.2 
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Chapter _ 3-0 
(Completely revised) 

RIVETING SYSTEMS (HUCK TYPE) 

CONTENTS 

Para. 
] Introduction 
3 Description 
7 Identification of rivets 
8 Countersink head type 
9 Protruding head type 

10 Ordering code 

Tables Page 

1 Dimensions of OSMLS100 series blind rivets... oC es avers sae: 3 

2 OSMLS100 series - grip range ... see eee wnat ase wate oe 4 

3 Dimensions of OSMLSP series blind rivet axe © e070 wes eee cece 6 

4 OSMLSP series - grip range sie.a sale ws ways TT ores ave 7 

5 Materials and finishes ... re aieke rr Susie ass aieie soa 8 

Fig. Page 
1 OSMLS100 series rivet axe wise ware TT sexe Ses ee see 2 

2 OSMLSP series rivet wile ses was eT wow sas sere see 3 

Introduction 

1 Huck OSMLS type blind rivets are the standard oversize rivet for use in 
areas of aircraft structure where access to both sides of the structure is 
either severely limited or not possible. 

2 Rivet setting is accomplished using an air operated puller tool. Which 
both sets the rivet and inserts the spindle locking collar. 

DESCRIPTION 

3 The huck oversize blind rivet comprises three separate items, a sleeve 
having a pre-formed head, a mechanical lock collar, and a spindle on which 

the sleeve and lock collar are mounted. 

4 The sleeves are normally supplied in either 100 deg countersunk or 
protruding (snap) head types, and are 1/64 in oversize on standard rivet 
diameters. 

5 Annular grooves on the spindle shank provide a secure grip for the puller 
tool during setting. 

6 As the rivet is set, the spindle is drawn into the sleeve thereby forming 
the blind head of the rivet. During the final stages of setting, the 
mechanical lock collar is pressed into the lock groove in the spindle, ; 
thereby securing the spindle in position. Continued tension on the spindle 
causes it to fracture flush with the rivet head. 

Chap 3-0 
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IDENTIFICATION OF RIVETS 

7 Huck oversize blind rivets are manufactured in both countersink and 
protruding head types. The following information provides a breakdown of the 
identification code. 

Countersink head type 

8 Tables | and 2 supported by fig. 1 provide details of the rivet 
identification code and relevant dimensions for 100 deg. countersink head 
rivets. 

7 G __F 
MANUFACTURER'S IDENTIFICATION r LENGTH 

LOCK COLLAR MAY BE IN THIS AREA. 

SPINDLE a <i 
“ i 

( — i 

| GRIP erage See ARGS COMPOSITION “B" “poe a= 
INSTALLED RIVET CODEC — FOR A-286 002: SLEEVE 

CODEM — FORMONEL COMPOSITION “C” &“M” .015 

HEAD MARKING 

Fig. 1 OSMLSIOO series rivet 
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Protruding head type 

oll 9 Figure 2, supported by tables 3 and 4 provides the identification 

information relevant to protruding head rivets. 

\ G F 
MANUFACTURER'S IDENTIFICATION ia e LENGTH 

LOCK COLLAR MAY BE IN THIS AREA 

7 \ SPINDLE 5 ™N r 

en | a ! : i] 

Ye
. 

| o
m
 

Y Sw A 
NS “0” FOR OVERSIZE GRIP NUMBER 

lp —{ GRIP) SLEEVE CODE: SLEEVE 
INSTALLED RIVET BLANK — FOR 5056 

CODEC -— FOR A-286 
CODEM — FOR MONEL 

HEAD MARKING 

Fig. 2 OSMLSP series rivet 
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TABLE 5 MATERIALS AND FINISHES 

AP 101A-1401-1 

Rivet Composition B Composition C Composition M 
Components 

MATERIALS 

Sleeve 5056 Aluminium A-286 Cres per chemical Monel per QQ-N-281 
per QQ-A-430 RQMT of AMS5737 

Spindle 3. 2024 Aluminium 3. A-286 Cres per 3. A-286 Cres per 

per QQ-A-430 chemical RQMT of chemical RQMT of 
AMS5737 AMS5737 

Lock 5056 Aluminium A-286 Cres per chemical A-286 Cres per 
ring per QQ-A-430 RQMT of AMS5737 chemical RQMT of 

AMS5737 or Monel per 
QQ-N-28 1 

FINISHES 

Sleeve None Passivate per QQ-P-35 or None or cadmium 

cadmium plate per plate per QQ-P-4 16 
QQ-P-416 Type 11 Class 3 Type 11 class 3 or 
or Aluminium coating per Aluminium coating 
NAS4006 per NAS4006 

Spindle Anodize per MIL-A- Passivate per QQ-P-35 Passivate per - 
8625 or chemically QQ-P=35 
surface treat per 

MIL-C-554 1 

Lock none Passivate per QQ-P-35 Passivate per QQ-P- 
ring 35 for A-286 cres 

only 

Page 8 Feb 86 (Amdt 12) 
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Ordering code 

10 The rivet part number provides a full coded identification of each rivet 

type, composition and size. It is therefore, essential that the code be 

fully understood as follows: 

OSMLS (P or 100) (B or EU or M) -05-04 (A or AC or C or P) 

Protruding head dry film 
lubrication 

cadmium plated 
sleeve 

100 deg CSK head aluminium coating 

Composition B-Aluminium chemical film, ref 

rivet MIL-C-5541 

maximum grip in 0.0625 inch 

Composition C — A-286 increments 
Cres rivet 

diameter in 0.0312 inch 

Composition M - Monel rivet increments. 

Example: 

OSMLS 100M0504AC - Monel rivet, 0.173 in diameter, 0.188 - 
0.250 in grip range, aluminium coated 
sleeve. 

Chap. 3-0 
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Chapter 3-1 

JO-BOLTS 
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14 General data 

Table Page 

1 General dimensions hexagon-head Jo-bolts oe “ee overs wee 4 

2 Grip ranges hexagon-head Jo-bolts (2101 series) ... a 5 
3 Grip ranges hexagon-head Jo-bolts (2111 series) 5 < 
4 General dimensions countersunk-head Jo-bolts biaia 55m 6 
5 Grip ranges countersunk-head Jo-bolts (2103 series) 2 we 7 
6 Grip ranges countersunk-head Jo-bolts (2113 series) 7 <4 
7 Driving tools and components are ar Tr sais 23% 9 
8 Drill sizes... seks PTT: lbs ond & Soe 9 
9 Jo-bolt removal tools and removal drills oe L2 

10 General data... ayers or oi auara 12 

Fig. Page 
1 Jo-bolts, countersunk and hexagon heads ze 
2 Jo-bolt driving sequence ... * oe were ses 3 
3  Hexagon-headed Jo-bolt, general dimensions ... oem ve ‘ieee 4 

4 Countersunk-headed Jo-bolt, general dimensions 6 
5 Jo-bolt driving tool ae 35 eee ae = 8 
6 Jo-bolt removal tools — “us arene eee eneige ees oer 11 

Introduction (fig. 1) 

1 The Jo-bolt is a high tensile steel, blind fastener which can be placed 
and set with a simple ratchet hand tool, although for production work the 
Jo-bolt is normally set by a power operated tool. The bolt has the 
characteristic clenching qualities of a conventional nut and bolt with the 
additional advantages of being self-locking at a pre-determined torque. As 
a blind fastener it does not suffer the weight penalty of captive nuts. 
After a Jo-bolt has been set it can only be removed by drilling and the < 
removal procedure can be carried out accurately, and without damage, to the 
original hole. The bolts are available in 3/16, 1/4 and 5/16 in diameters, 
and 0.164, 6.200 and 0.260 in diameters, with a grip range from 1/10 in @ 
upwards. 

2 Each Jo-bolt consists of a nut of countersunk or hexagon head form with a 
reduced diameter shank extension, tapered at the tail end, a stainless steel 
sleeve, and a bolt with flats along the tail end of the thread, the flats 
terminating at a waisted portion. The head of the bolt is undercut slightly 
to receive the sleeve when the Jo-bolt is set. The shank extension of the 

Chap. 3-1 
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nut, the sleeve and the bolt head are of approximately equal diameter. As 
the Jo-bolt is set by rotating the tail end and not the head of the bolt, the & 
thread is left-handed, which allows a right-handed tightening action. When a 
Jo-bolt is placed (fig.2), the head of the nut is held stationary by the hand 
ratchet tool nose piece, the tail of the bolt is rotated, and the head of the 
bolt grips the sleeve against the tapered tail of the nut. The sleeve then 
expands over the taper to clench the sheet metal and so form a head on the 
blind side of the work. The sleeve also compresses the tail of the nut to 
effect a frictional lock on the thread of the bolt. At a pre-determined 
torque, the bolt fractures at the waisted portion to produce a flush finish 
with the nut on the face side of the work. As the ratchet is removed, the 
fractured tail is ejected by a spring-loaded plunger within the ratchet. 

SLEEVE... 

BOLT WAISTED BREAKER GROOVE & 

HEXAGON-HEADED 
NUT 

COUNTERSUNK- HEADED NUT 

Fig.l Jo-bolts, countersunk and hexagon heads 

3 All Jo-bolts are manufactured in steel, cadmium plated to DID.904. The 
P bolts and nuts are alloy steel to BS.S148 and the sleeves, stainless steel 

annealed to DTD.5036. < 

Bolt sizes 

m4 Six diameters of Jo-bolt and two head forms are available. The complete < 
range of grip sizes are listed in Tables 2, 3, 5 and 6 and the general 
dimensions of the Jo-bolts are given in Tables 1 and 4. The 'dash' numbers 
which are quoted in the Tables indicate nominal grip lengths in sixteenths of 
an inch. The nominal Jo-bolt diameters of 3/16 in, 1/4 in, and 5/16 in are 

more precisely referred to as 190, 249 and 312 respectively; these figures 
represent the maximum nut shank diameters in decimals of an inch. 

Chap. 3-1 @ 
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Y; Y 

JO-BOLT PLACED. WORK CLENCHED, HEAD FORMED 

TAIL-END ABOUT TO 

BE ROTATED 

S= aly 

TAIL-END FRACTURED, 
DRIVING TOOL WITHDRAWN, 
TAIL- ENO EJECTED 

Fig.2 Jo-bolt driving sequence 

Coding 

5 The coding system for calling up Jo-bolts is as follows:- 

Pm 5.1 Countersunk heads. A typical code reference is 2103-0807, this 
indicates a 100 deg. flush countersunk head in 
high-tensile steel with the maximum diameter of 
the bolt in increments of 1/32 in (1/4 in) and a> 
nominal grip length in sixteenths of an inch 
(7/16 in). 

5.2 Hexagon heads. A typical code reference is 2101-0806. This 
indicates a protruding hexagon head in high- 
tensile steel with the maximum diameter of the 4 

bolt in decimals of an inch (0.249 in) and a 

Chap. 3-1 
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nominal grip length in sixteenths of an inch 
(3/8 in). - 

—- D M =i 

_F | 
O15 | 
-020 2 | 
RAD. > | 

| 

NK WAS | 

CEN! nT Fy aca pertain 

[ ~ —— AFTER INSTALLATION 

Fig.3 Hexagon-headed Jo-bolt, general dimensions 

TABLE 1 GENERAL DIMENSIONS HEXAGON-HEAD JO-BOLTS 

-—-- 

; Nom Part A D F N P S Recommended] * 
| dia. No. Max Max hole size 

| 3/16 2101-06 0.190 0.113 0.310 0.457 0.28 0.103 0.194 

| 0.188 0.103 0.304 0.015 0,191 
| 1/4 2101-08 0.249 0.135 0.375 0.467 0.32 0.1335 0.253 
| 0.247 0.125 0.367 0.047 0.250 
| 

5/16 2101-10 0.3115 0.160 0.437 0.523 0.39 0.136 0.3155 
l 0.3095 0.150 0.429 0.033 0.3122 & 

| 0.164 2111-05 0.1625 0.096 0.250 = 0.215 0.088 0.168 
| 0.1645 0.086 0.244 0.000 0.165 

| 0.200 2111-06 0.1970 0.113 0.312 = 0.265 0.098 0.202 
| 0.1990 0.103 0.305 0.010 0.199 

' 0.260 2111-08 0.2580 0.135 00375 - 0.292 0.135 0.263 

0.2600 0. 125 0.367 0.047 0.260 

| Note aster 

All dimensions are in inches 

< 
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TABLE 2 GRIP RANGES HEXAGON-HEAD JO-BOLTS (2101 SERIES) 

Dash Grip range L M Max 
No. Min Max Nom 2101-06 2101-08 2101-10 

*02 *0.094 *0.156 *0.156 0.524 0.587 - 

03 0.156 0.219 0.219 °0.587 0.649 0.754 

04 0.219 0.281 0.281 0.649 0.712 0.816 

05 0.281 0.344 0.344 0.712 0.774 0.879 

06 0.344 0.406 0.406 0.774 0.837 0.941 

07 0.406 0.469 0.469 0.837 0.899 1.004 

08 0.469 0.531 0.531 0.899 0.962 1.066 

09 0.531 0.594 0.594 0.962 1.024 1.129 

10 0.594 0.656 0.656 1.024 1.087 1.191 

ats 0.656 0.719 0.719 1.087 1.149 1.254 

12 0.719 0.781 0.781 1.149 1.212 1.316 

13 0.781 0.844 0.844 1,212 15274 1379 

14 0.844 0.906 0.906 1.274 1.337 1.441 

15 0.906 0.969 0.969 1.337 1.399 1.504 

16 0.969 1.031 1.031 1.399 1.462 1.566 

Note ... 

All dimensions are in inches 

*Not 2101-10 

_ 
TABLE 3 GRIP RANGES HEXAGON-HEAD JO-BOLTS (2111 SERIES) 

Dec. 79 (Amdt 7) Page 5 

Dash Grip range 2111-05 2111-06 2111-08 | 
No. Min Max L Min M Max L Min M Max L Min M Max 

02 0.094 0.156 0.146 0.49 0.156 0.55 0.156 0.60 

03 0.156 0.219 0.209 0.55 0.219 0.61 0.219 0.67 

04 0.219 0.281 0.271 0.61 0.281 0.68 0.281 0.73 

05 0.281 0.344 0.334 0.68 0.344 0.74 0.344 0.79 

06 0.344 0.406 0.396 0.74 0.406 0.80 0.406 0.85 

07 0.406 0.469 0.459 0.80 0.469 0.86 0.469 0.92 

08 0.469 0.531 0.521 0.86 0.531 0.93 0.531 0.98 

09 0.531 0.594 0.584 0.93 0.594 0.99 0.594 1.04 

10 0.594 0.656 0.646 0.99 0.656 1.05 0.656 1.10 

ll 0.656 0..:2:19 0.709 1.05 0.719 1.11 0.719 1.17 

12 0.719 0.781 O64 71 1.11 0.787 1.18 0.781 Lidia | 

Note ... 

| All dimensions are in inches 
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BEFORE INSTALLATION 

AFTER INSTALLATION 

HEAD DIMENSIONS \ L_ N Ab ZN H RAD A DIA. 
(TO B.S. AI73 & NAS5I7) y = 

Jf 

? af 

Fig.4 Countersunk-head Jo-bolt, general dimensions 

TABLE 4 GENERAL DIMENSIONS COUNTERSUNK-HEAD JO-BOLTS 

Nom Part A B C D H N P S T U 

dia No. dia Min dia Nom dia Nom Rad Max Max dia 

3/16 2103-06 0.190 0.342 0.381 0.080 0.020 0.374 0.28 +0.005 0.3147 0.0299 

0.188 0.010 -0.083 0.0259 

1/4 2103-08 0.249 0.463 0.503 0.106 0.030 0.342 0.32 +0.010 0.4245 0.0353 & 
0.247 0.015 -0.078 0.0307 

5/16 2103-10 0.3115 0.577 0.630 0.133 0.030 0.398 0.39 +0.000 0.5389 0.0409 

0.3095 0.015 -0.093 0.0357 

0.164 2113-05 0.1625 0.301 0.3285 0.069 0.020 = 0.215 +0.020 0.2671 0.0276 

0.1645 0.030 -0.068 0.0238 

0.200 2113-06 0.1970 0.352 0.381 0.077 0.020 = 0.265 +0.015 0.3147 0.0299 

0.1990 0.030 -0.079 0.0259 

0.260 2113-08 0.2580 0.470 0.503 0.102 0.020 = 0.292 +0.010 0.4245 0.0353 
0.2600 0.030 -0.078 0.0307 

Note ... 

All dimensions are in inches 
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> TABLE 5 GRIP RANGES COUNTERSUNK-HEAD JO-BOLTS (2103 SERIES) 

® Dash Grip range 1 M Max 
No. Min Max Nom . 2103-06 2103-08 2103-10 

#02 fp-004 40.156 0.156 = .0.524 0.587 - 
TO3 70.156 +0.219 TO.219 0.587 0.649 - 

04 0.219 0.281 0.281 0.649 0.712 0.816 

05 0.281 0.344 0.344 0.712 0.774 0.879 

06 0.344 0.406 0.406 0.774 0.837 0.941 

07 0.406 0.469 0.469 0.837 0.899 1.004 

08 0.469 0.531 0.531 0.899 0.962 1.066 

09 05531 0.594 0.594 0.962 1.024 1.129 

10 0.594 0.656 0.656 1.024 1.087 1.191 

Li 0.656 0.719 0.719 1.087 1.149 1.254 
@ 12 0.719 0.781 0.781 1.149 1.212 L316 

13 0.781 0.844 0.844 1.212 1.274 13379 

14 0.844 0.906 0.906 1.274 13.337 1.441 

15 0.906 0.969 0.969 1.337 1.399 1.504 

16 0.969 1.031 1.031 1.399 1.462 1.566 

Note ... 

All dimensions are in inches 

+ Not 2103-10 

* 2103-08 only 

TABLE 6 GRIP RANGES COUNTERSUNK-HEAD JO-BOLTS (2113 SERIES) 

Dash Grip range 2113-05 2113-06 2113-08 
‘ No. Min Max L Min M Max _L Min M Max L Min M Max 

| 02 ace 0.156 0.146 0.49 0.156 O35 0.156 0.60 

03 0.156 0.219 0.209 0.55 0.219 0.61 0.219 0.67 

04 0.219 0.281 0.271 0.61 0.281 0.68 0.281 O43 

05 0.281 0.344 0.334 0.68 0.344 0.74 0.344 0.79 

06 0.344 0.406 0.396 0.74 0.406 0.80 0.406 0.85 

07 0.406 0.4569 0.459 0.80 0.469 0.86 0.469 0.92 

| 08 0.469 0.531 0.521 0.86 02531 0.93 0,531 0.98 

09 0.331 0.594 0.584 0.93 0.594 0.99 0.594 1.04 

10 0.594 0.656 0.646 0.99 0.656 1s05 0.656 1.10 

ie Chap. 3-1 
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TABLE 6 GRIP RANGES COUNTERSUNK-HEAD JO-BOLTS (2113 SERIES) (continued) 

Dash Grip range 2113-05 2113-06 2113-08 
No. Min Max L Min M Max  L Min M Max LL Min M Max 

11 0.656 0.719 0.709 L-«O5 0.719 1.11 0.719 Lel7 

12 0.719 0.781 0.771 1.11 0.781 1.18 0.781 1.23 

Note ... 

All dimensions are in inches 
* 2113-06 onl 

a 4 

Driving tool 

6 Hand ratchet tools are supplied for bolt driving, one for the 3/16 and 
1/4 in bolts and one for the 5/16 in bolts. Fig.5 illustrates the general 
form of the tool, together with the wrench adapter and nose piece required 
for individual bolt heads. Table 7 lists the complete range of components 
together with their particular application. 

7290(CSK) 
TYPE 7 391( HEX) 
TOOL HANDLE 

7180(CSK) 
TYPE F181 (HEX) 
RATCHET TOOL 

_- COLLAR 
NOSE PIECE 

— 

SON 

WRENCH ADAPTER \ 

ALLEN SCREW 

< 

Fig.5 Jo-bolt driving tool 

Chap.3-1 
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TABLE 7 DRIVING TOOLS AND COMPONENTS 

Hand ratchet tool Bolt series Wrench adapter Nose piece 

7180-0006 -190 Csk 7180-0600 7280-3006 

7181-0006 190 Hex 7180-0600 7280-4006 

7180-0008 249 Csk 7180-0800 7280-3008 

7181-0008 249 Hex 7180-0800 7280-4008 

7290-0010 312 Csk 7290-0201 7280-3010 

7291-0010 312 Hex 7290-0201 7280-4010 

Removal of existing nose piece and adapter 

7 To remove an existing nose piece and adapter, unscrew the nose piece from 
the handle assembly and remove the Allen screw from the head of the ratchet; 
this will release the wrench adapter. The wrench adapter contains a return 

spring and plunger, both form an integral part of the adapter. 

Assembling nose piece and adapter 

8 To re-assemble the ratchet, insert the required wrench adapter through the 
handle assembly and secure the adapter with the Allen screw in the head of 
the ratchet. Complete the assembly by screwing the nose piece on to the 
handle assembly. 

Drilling data 

9 For maximum joint strength, close tolerance fitting is necessary and drill 
reaming must be employed to provide bolt acceptance. However, in aircraft 

repair work it is not necessary to achieve close tolerance fitting unless it 
is clearly specified in the relevant aircraft publication. If close 
tolerance fitting is not specified in the aircraft publication the normal 
drilling technique should be followed, using drills as listed in Table 8. 

TABLE 8 DRILL SIZES 

Jo-bolt Pilot drill Final Drill Ld idumemmrae 
limits on holes 

190 No. 17 (0.173 in) No. 11 (0.191 in) 0.191-0.194 in 

249 15/64 in 1/4 in *  Q.250-0.253 in 

312 Letter L (0.290 in) 5/16 in 0.3125-0.3155 in 

Bolt driving 

10 Normal riveting practice must be employed in the preparation of parts 
which are to be united by Jo-bolts. Mating faces must be free of burrs to 
eliminate the possibility of the driving tool fracturing the bolt tail before 
the sheet metal surfaces are nipped together as intended. When the bolts 
are driven, all tail ends must be collected for removal from the structure. 
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Note ... & 

When jo-bolts are used for repair work, the aircraft publication may 
specify wet assembly, using chromate jointing compound or Araldite; in 

this event the assembled Jo-bolt must be dipped in the sealing compound 
in the condition in which the bolt is supplied by the manufacturer. If 
the sleeve is free to slide up and down the threaded bolt, too much 
jointing compound will adhere and may cause hydraulic lock, with the 
result that the tail end will shear before the work is gripped as 
intended. 

Inspection 

ll Fracture of the bolt tail end should occur at a near flush position with 
the head of the nut, where bolts are employed at the minimum grip length, 
down to a fixed maximum depth when maximum grip length is used. To ensure 
that the Jo-bolt has been correctly set, reference should be made to Table 1 
or 4, column S. 

12 After installation the Jo-bolts may be individually checked for looseness. 
The nose piece of the driving tool may be adapted to a torque wrench and the 3 
following maximum torque values used to determine looseness. (This torque 
must be applied in a counter-clockwise direction) :- 

3/16 in units 0.677 Nm ( 6 lbf.in) 
1/4 in units 1.129 Nm (10 lbf.in) 
5/16 in units 1.258 Nm (20 lbf.in) 

Bolt removal 

13. Removal tools are available for all three sizes of countersunk and 

hexagon-headed Jo-bolts (Table 9). Each tool consists of two drill guides 
that are formed to engage with the head of the Jo-bolt (fig.6). One end of 
the tool is intended for use with a pilot drill and the other end for use 
with a final drill. Recommended drill sizes are given in Table 9. The 
removal procedure is as follows:- 

13.1 Apply the appropriate tool to the nut head, using the pilot drill 
end of the tool. = 

13.2 Using the pilot drill, drill to the depth of the head. 

13.3. Reverse the tool, and with the final drill, again drill to the 
depth of the head. 

13.4 At this stage the head is practically severed and a final tap with 
a suitable punch will eject the Jo-bolt to the far side of the work. 

Note 

It 1s important that all bolt ends are removed from the aircraft 

structure and if the locality is normally inaccessible, then special 
care should be taken to remove loose ends before repair work again 

closes off the area. Physical obstruction by loose bolt ends, such 
as the blocking of drain holes, may not be the only danger in a closed 
area. Subsequent chemical action between dissimilar metals may start 
corrosion which cannot be detected at an early stage. 

Chap.3-1 
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HEXAGON HEAD 
RECESS 

FINAL DRILL 
GUIDE HOLE 

PILOT DRILL 
GUIDE HOLE 

PROTRUDING HEAD 
REMOVAL TOOL 

HEXAGON HEAD 
RECESS 

FLUSH HEAD 
REMOVAL TOOL 

APPLICATION OF REMOVAL TOOL TO 
COUNTERSUNK-HEADED JO- BOLT 

Fig.6 Jo-bolt removal tools 

General data 

14 The average torque loads required to fracture the bolt tail ends are 

given in Table 10, together with minimum strength of the Jo-bolt in shear 
and tension. 
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TABLE 9 JO-BOLT REMOVAL TOOLS AND REMOVAL DRILLS S 

Jo-bolt Tool Pt. No. Pilot drill Final drill 

190 Csk 7994-0164 3.2 mm 4.6 mm 
190 Hex 7994-0113 

249 Csk 7994-0167 3.5 mm 6.1 mm 
249 Hex 7994-0120 

312 Csk 7994-0170 4.3 mm 7.4 mm 
312 Hex 7994-0128 

TABLE 10 GENERAL DATA 

Bolt size Average torque Double shear Tension 

3/16 in dia (190 series) 24 lb in 4100 1b 1300 1b 

1/4 in dia (249 series) 57 lb in 7000 1b 2050 1b & 
5/16 in dia (312 series) 66 1b in 12,000 1b 3900 1b < 
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Chapter 3-6 

HI-LOK/HI-TIGUE FASTENING SYSTEM 

(Completely revised) 
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INTRODUCTION 

1 The Hi-Lok/Hi-Tigue fastening system is a high strength threaded fastener 
which combines the best features of a rivet and a bolt. Three primary design 
advantages include: 

1.1 A controlled pre-load or clamp-up which is consistent to within +10%. 

1.2 Minimum size and weight. 

1.3 Simple, quiet and rapid installation, carried out by one man from one 

side of the work. 

2 The pin is threaded like a bolt with a hexagonal recess in the threaded 
end. The collar is threaded and has a shear-off hexagonal nut connected to it 
by a thin wall. A hexagonal wrench engages the recess to prevent rotation of 
the pin while the collar is being secured with a ring spanner. As the collar 
is tightened, the plates are drawn together as the torque is increased. When 
the designed pre-load is attained in the fasteners, during installation, the 

hexagonal nut shears off and the fastener is secured (fig. 1). 

3 The Hi-Tigue bead protects the plating on the pin shank during installation 
by reducing the frictional forces. These forces are reduced by the burnishing 

action on the hole surfaces and by the partial relief of the elastic stresses 
in the hole which reduces the radial shank (pin) load. 

80% OF BUILT-IN TORQUE VALUE 

ik Ne
 ey 

| 

100% OF BUILT IN TORQUE VALUE 

LG
 

10
0 

LI
Q 

| (- | 

Fig. 1 Installation of fasteners 
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4 The loads required to insert the Hi-Lok/Hi-Tigue pin in the hole are as 
much as 40 % less than those needed for a straight shank installation of the 
same amount of interference. The reduction is achieved because of the reduced 
friction on the shank and the elastic recovery of the hole surface behind the 
Hi-Tigue bead. 

5 The combination of controlled interference, a cold-worked hole and the 

consistent pre-load provided by the Hi-Lok/Hi-Tigue system results in 
increased structural fatigue life. 

6 While designed for use in interference fit conditions, the Hi-Lok/Hi-Tigue 

fastener can be used as a non-interference fit fastener. 

DESCRIPTION 

Hi-Lok/Hi-Tigue pin and threaded collar (fig. 2) 

7 The Hi-Lok/Hi-Tigue type interference fit pin provides improved fatigue 
benefits to the airframe structure. The Hi-Tigue feature on the end of the 
pin shank makes it possible to use a straight shank interference fit fastener 
in a standard straight drilled hole to obtain the maximum fatigue life of the 
structure. 

8 The pin can be pressed into an interference fit hole by standard methods, 
simply requiring a straight push action to insert it in the hole. When the 
pin is pressed into the hole, its Hi-Tigue bead works on the surface of the 
hole so that the hole surface is sized, burnished and cold worked. 

9 The pin is designed in two basic head styles (see fig. 6). For shear 
applications, the pin is manufactured in the lightweight Hi-Shear countersunk 
style and in a compact protruding head style. For tension applications, the 
MS24694 (AN509) flush and protruding head styles are available. 

C SS ) THREADED COLLAR 

HI-LOK / HI-TIGUE PIN 

Fig. 2 Hi-Lok/Hi-Tigue pin and threaded collar 
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10 The self-locking, threaded Hi-Lok collar has an internal counterbore at 
the base to accommodate variations in material thickness. At the opposite end 
of the collar is a wrenching device which is torqued by the driving tool until 
it shears off during installation; this shear-off point occurs when a pre- 
determined pre-load or clamp-up is attained in the fastener during 
installation (see fig. 2). The internal recess of the collar permits a 
variation of 1/16 inch in material thickness without the use of a washer 

(fig. 3). 

11 The collars are available in a variety of configurations and materials for 
various applications. There are types for tension and shear application; 

weight saving, and low profile models. 

12 The automatic break-off of the collar's wrenching device at the pre- 
established torque level eliminates torque inspection and the need for torque 

wrenches. 

Assembly 

13. The material thickness can vary 1/16 in. without changing pin lengths. 
Adjustment for variations in material thickness in between the pin 1/16 in. 
graduations is automatically made by the counterbore in the collar (fig. 3). 

The protrusion of the pin will thus vary as the counterbore accommodates the 

pin shank that protrudes. When the collar is fully tightened, and the hex nut 

has sheared off, the protrusion of the threaded end of the pin is to be within 

the limits indicated in Table l. 

HI-LOK mun _——& — oe _MATERIAL 

7 7, 
1/2 9/16 be po 

| | 5 
Y f 

MINIMUM GRIP MAXIMUM GRIP 
NHI-LOK PIN 

ao 
i: 

Pe tL ft ee 
Lt 

MINIMUM 
THICKNESS 

MINIMUM ‘ee MAXIMUM GRIP | 
(MAXIMUM PROTRUSION) (MINIMUM PROTUSION) 

Fig. 3 Fastener assembly 
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14 In the pin part number, HL18-8-9, the last dash number, -9 is used to 

specify the maximum grip length of the pin shank. The fitting example shown 

in fig. 3 gives a 9/16 in. grip length, indicating the use of a -9 pin. 

TABLE 1 PIN PROTRUSTION LIMITS 

Standard Hi-Lok pin 

Minimum Max imum 

First dash Nominal Protrusion Protrusion 

number diameter P Pl 

5 5/32 0.302 0.384 

-6 3/16 0.315 0.397 

-8 1/4 0.385 0.467 

-10 5/16 0.490 0.572 

-12 3/8 0;535 0.617 

-14 7/16 0.625 0.707 

-16 1/2 0.675 0.757 

-18 9/16 0.760 0.842 

-20 5/8 0.815 0.897 

-24 3/4 1.040 1.122 

-28 7/8 1.200 1.282 

-32 1 1.380 1.462 

15 Checking of the protrusion limits may conveniently be carried out using 
the Hi-Lok Protrusion Gauges (Part No. 2-1522) as shown in fig. 4. Individual 
gauges accommodate Hi-Lok pin diameter sizes 5/32 in., 3/16 in., 1/4 in., 
5/16 in. and 3/8 in. The gauges are manufactured from 0.012 in. stainless 
steel and are assembled as a set on a key chain. 

16 In the exampled measurement, the 3/8 in. gauge is used to check the 
protrusion of a -12 or 3/8 in. diameter Hi-Lok pin. Left sketch shows the 
minimum grip condition with an allowable protrusion limit of 0.617 in. Right 
sketch shows how the gauge can extend over an assembled Hi-Lok; in maximum 

grip the minimum protrusion limit is 0.535 in. Any protrusion in between 

0.535 in. and 0.617 in. is satisfactory (Table 1 refers). 

Sealing collar (fig. 5) 

17. The sealing collar is used for wet rings and tank areas. The type 
illustrated contains a teflon sealing insert and is capable of use up to a 

temperature of 270 deg.C (520 deg.F). 

Materials, size and styles 

18 The Hi-Lok/Hi-Tigue pin can be produced in any of the weight saving, high 
strength and high temperature materials such as titanium alloys, alloy steels 
and stainless steels. The fasteners are designed for use in 'INTERFERENCE 
FIT' conditions and the prepared hole should be reamed out i.a.w. Table 2 
data. They are available in varying sizes from 0.156 in. to 0.375 in. 
diameter and may be installed by one man from one side of the work, although 
this is not a blind fastener. Head styles include shear or tension types of 

Chap .3-6 

Jan 87 (Amdt 14) Page 5



TI 
STANDARD HI-LOK PROTRUSION GAUGES 
SET OF FIVE GAUGES 2-1522, REF IC/8773 

a7 ayes 1/16 

| fi tT 

AP 101A-1401-1 

MINIMUM GRIP MAXIMUM GRIP 
(MAXIMUM PROTRUSION) (MINIMUM PROTRUSION) 

Fig. 4 Use of Hi-Lok protrustion gauges 

protruding or 100 degree flush head types. The pin and collar diameters are 
graduated in 1/32 in. increments and the first dash No. is used to indicate 
the nominal thread size. The second dash No. indicates the pin maximum grip, 
graduated in 1/l6th of an inch. To designate a captive washer the letter W 
(stainless steel) or T.W. (aluminium alloy) is used. The material being 
secured can vary + 0.0625 in. without changing pin lengths and this adjustment 
is catered for automatically by the counterbore in the collar. 

SEALING COLLAR 

Fig. 5 Sealing collar 

Chap. 3-6 
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Selecting the fastener assembly 

19 The basic part number indicates the assembly of the pin and the collar 
part numbers. 

Example: HL1870-8-12 

Second dash number in the maximum grip length of 
pin in 1/l6ths (12/16 in. or 3/4 in. grip length). 

First dash No. is the nominal diameter of pin in 
1/32nds (8/32 in. or 1/4 in. nominal diameter). 

Collar basic part number 
Pin basic part number 

Designation for Hi-Lok fastener 

HLT1070-8-12 
a Designation for Hi-Tigue type 

Hi-Lok fastener 

Matching collar materials to pin head styles 

20 It is important that the proper Hi-Lok collar be used with the selected 
Hi-Lok pin head style (shear or tension types) to maintain a proper design 
balance between the pin and collar. Refer to fig. 13 and 14 for recommended 
pin/collar combinations. 

21 In general, the following pin/collar combinations are acceptable: 

21.1 When the Hi-Tigue version of the Hi-Lok system is used, a Hi-Tigue 
type collar should be used with a Hi-Tigue type pin. The Hi-Tigue collar 
has a deeper internal counterbore to mate with a Hi-Tigue pin which has the 
Hi-Tigue feature at the end of its cylindrical shank. 

21.2 For Hi-Lok pins HL20, typical collars are HL75, HL86 and HL87. 

21.3 For Hi-Lok pins HL64, typical collars are HL75 and HL87. 

Selecting pin grip length (fig. 6, 7 and 8) 

22 The pin grip length is determined by the use of folding or one piece grip 
scales as shown in fig. 7 and 8 to measure the hole depth and check the pin 
shank for correct length. Note that the maximum grip length of a protruding 
head pin is taken from the underside or mating face of the head, and a 
countersunk head pin from the top of the head (see fig. 6). 

MAXIMUM GRIP LENGTH MAXIMUM GRIP LENGTH 

te ed oe ae 

PROTRUDING HEAD PIN COUNTERSUNK HEAD PIN 

Fig. 6 Pin maximum grip lengths 

Chap . 3-6 
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Sem SA RRMAR SEARS SH HneawnaARE AE teassersebeeeseteenvune=s) 
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c= 

| * MEASURING A -14 HOLE 
SCALE FOR MEASURING GRIP SCALE FOR MEASURING | 4 (14/32° OR 7/16 ) 

LENGTH OF PIN. DEPTH OF HOLE (1/32"INCREMENT SCALE) 

never ew eee Rn AA MARKAMETESE ROT 

a =< ——_ 

we ee et Ted ARH TRARMRAMRESE LTR PReERRS ASR BEEBE 

t, | MEASURING A -6 HOLE 

(6/16" OR 3/8") 
(1/16" INCREMENT SCALE) 

FOLDING TYPE GRIP SCALE, MADE OF -025 STAINLESS STEEL TO MEASURE HOLE DEPTH, HOOK ON 
WITH SATIN FINISH, ETCHED RED COPY. BOTTOM OF HOLE, READ HIGHEST 

PART No. GS2 NUMBER EVEN WITH STRUCTURE 
ON OTHER END. 

Fig. 7 Use of folding type grip scale 

__! 2 MEASURING A -7 
GRIP GRIP LENGTH PRO- 

16 INCREMENT GRIP SCALE —) LENGTH TRUDING HEAD PIN 
(7/16") (1/16" 
INCREMENT SCALE) 

TO MEASURE HOLE DEPTH, HOOK ON BOTTOM OF 
HOLE. READ HIGHEST NUMBER ON SCALE EVEN 
WITH THE STRUCTURE ON THE OTHER END. — 

TITTOTIPTD Tere > 4 
~ sciatil il wevell pod GRIPE 2 MEASURING A 6 

—=— ul LENGTH } GRIP LENGTH 
| a ard da chew > COUNTERSUNK 
tutititititi ttt tl HEAD PIN 

cn (6/16" OR 3/8" 
SCALE FOR MEASURING GRIP LENGTH OF FASTENERS. SCALE FOR MEASURING DEPTH OF HOLE GRIP LENGTH) 
GRADUATED IN 1/16" INCREMENTS TO 2’. GRADUATED IN 1/16" INCREMENTS TO 2° (1/16" INCREMENT 

SCALE) 

ONE-PIECE GRIP SCALE MEASURES HOLE DEPTH TO MEASURE FASTENER GRIP LENGTH, 

AND PIN GRIP LENGTH IN 1/16" INCREMENTS PLACE FASTENER AGAINST GAUGE AS SHOWN, 
STAINLESS STEEL READ HIGHEST NUMBER OPPOSITE 
PART No. 2-612, REF 1C/8774 LAST POINT OF FULL SHANK DIAMETER 

Fig. 8 Use of one piece grip scale 
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Selecting pin diameter 

23 The pin diameters are graduated into 1/32 in. increments. In the pin part 
number HL18-8-10, the first dash number, -8, is used to specify the nominal 
diameter of the pin. In this instance an 8/32 in. or 1/4 in. diameter pin is 
required, indicating use of a -8 pin. 

24 The major diameter of the thread is reduced from the shank diameter 
(reference 'TD' dimension, fig. 15, 16 and 17) to prevent scoring of the holes 
when the pin is installed into an interference fit hole. 

Selecting the collar 

25 In the collar part number HL70-8, the dash number indicates the inside 
nominal diameter of the collar in 1/32 in. increments. In this instance an 
8/32 in. or 1/4 in. inside diameter collar is designated, indicating use of a 
-8 collar for a -8 diameter pin. 

Hole preparation 

26 Table 2 details the common Hi-Lok fasteners in use and the relevant 
details on nominal hole sizes, drills and reamers. The holes should be 
drilled and reamed in accordance with these specifications. 

27 For standard Hi-Lok pins, it is generally recommended that the maximum 
interference fit shall not exceed 0.002 in. The Hi-Tigue type Hi-Lok pin is 
normally installed in a hole at 0.002 in. to 0.004 in. diametrical 
interference. 

28 The Hi-Lok pin has a slight radius under its head. After drilling, deburr 
the edge of the hole (fig. 9). This permits the head to fully seat in the 
hole. See Tables 2 and 3 for head radius dimension. For instance, the 
3/16 in. protruding head has a 0.015/0.025 in. radius while the 3/16 in. flush 
head has a 0.025/0.030 in. radius. 

DEBURR HERE DEBURR IF COUNTERSINK 
TOOL DOES NOT HAVE 
THIS FEATURE. 

E-— 

HEAD RADIUS HEAD RADIUS: 

SST 

Fig. 9 Hole deburring detail 

Chap .3-6 
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DIMENSION ‘A’ 
DIMENSION ‘8 

I D ae 

Fig. 10 Hi-Lok reamer 

TABLE 2 PIN SIZE, DRILLS AND REAMERS 

Nominal pin size Drill size Hi-Lok reamers (Sect 1G) 

Hi-Lok Pin dia. Drill size Dim A Dim B Part No. NSN 
size 

HL20-5 5/32 3.9 mm 0.1630 0.1480 FJ1931-1 5110-99-7790832 
HL 20-6 3/16 4.5 mm 0.1880 0.1730 FJ1931-2 5110-99-7790833 
HL 20-8 1/4 6.1 mm 0.2480 0.2350 FJ1931-7 5110-99-7790838 
HL 20-10 5/16 7.5 mm 0.3110 0.2950 FJ1931-5 5110-99-7790836 
HL 20-12 3/8 9.3 mm 0.3730 0.3570 FJ1931-6 5110-99-7790837 

First oversize pins (1/64 in.) 2 

HL 64-6 13/64 4.8 mm 0.2010 0.1840 FJ1931-3 5110-99-7790834 
HL64-8 17/64 6.4 mm 0.2636 0.2470 FJ1931-4 5110-99-7790835 
HL64-10 21/64 8.0 mm 0.3260 0.3100 FJ1931-10 5110-99-7790841 

Second oversize pins (1/64 in.) 

HL220-6 7/32 5.2 mm 0.2167 0.1990 FJ1931-8 5110-99-7790839 
HL220-8 9/32 6.9 mm 0.2790 0.2620 FJ1931-9 5110-99-7790840 

Notes 

(1) HL20-, HL64- and HL220- HI-LOKS are used as examples only. The reamers 
may be used for any HI-LOK pin part number, the nominal/first/second 
oversize being the deciding factor in selection of the correct reamer 
diameter. Mole wrench, Ref. 1€/1241042. 

(2) All dimensions in inches unless otherwise stated. & 

(3) Refer to fig. 10 for DIM A and DIM B. 

Chap .3-6 
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INSTALLATION (fig. 11) 

29 To install the pin and collar, proceed as follows 

29.1 Prepare the hole in accordance with Table 2. 

29.2 Insert the pin into the prepared aperture and push firmly home. 

29.3 Using the applicable Hi-Lok protrusion gauge, check that the pin 
protrusion is between the maximum and minimum protrusion limits 
(see fig. 4). 

Note 

This operation may not be significant at this stage if the pin and 
collar are pulling two separated plates together as in fig. 1. Carry 
out protrusion check at para. 29.6. 

29.4 Manually thread the collar onto the pin, ensuring that at least two 
complete turns are taken up on the thread. 

29.5 Fit the appropriate ring spanner over the collar hex head and insert 
the appropriate key wrench into the pin hex socket. 

29.6 Retaining the key wrench in a fixed position, tighten the collar 
until the collar head shears from the collar. Recheck the protrusion limit 
with the appropriate gauge. 

Note 

When Hi-Lok pins are pressed or driven into interference fit holes, the 
fit is sufficiently tight to grip the pin to prevent it from rotating 
during assembly with the collar. This means that the key wrench tip 
engagement is not required to keep the pin from rotating. 

REMOVAL (fig. 11 and 12) 

30 In non-interference fit holes, Hi-Loks can be removed with common hand 
tools in a manner similar to removing a nut from a bolt (fig. 11). Use a key 
wrench to prevent the pin from rotating while the collar is being unscrewed 
with pliers or mole grips. If not damaged during collar removal, the Hi-Lok 
pin can be re-used. 

31 To facilitate easier removal of Hi-Lok collars from pins installed in 
interference fit holes and in limited access areas, the HLH128 series of hand 
tools are available in individual sizes or in sets as in the HLK1O Hi- 
Lok/Hi-Tigue Collar Removal Tool Kit. The Hi-Lok pin can be re-used. 

32 In interference fit holes, aluminium Hi-Lok/Hi-Tigue collars can be 
removed with an HLC1 Hi-Lok Collar Removal Tool fitted to a 3/8 in. square 

socket drive (fig. 12). The tool is pressed firmly over the Hi-Lok collar and 
rotated until the tool teeth bite into the collar sufficient to grip and 
unscrew the collar from the pin. 

Note 

Initial loosening of the -8 and larger Hi-Lok collars with the HLH128 
removal tool is recommended. 

Chap .3-6 
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(MAX. GRIP + B) .010 ————w+4 
2 

b—n— MAX. GRIP = .005 yp S CHAMFER) 

INDENTED HEAD MARKING MAXIMUM DEPTH .010” 
“hs’' indicates HI-SHEAR trademark. 

R RADIUS 

“aa { fp -t7 
100° 

DIA. 90° 

in
e 

oe
 

a 
a
m
e
 

<
 
|
 

1
-
 

Fo
 

e
s
 

So 
\ \ ¢ ! 

THREAD ROLLED PER MiL-S-8875 
(MODIFIED) MAJOR DIA. 
SHALL BE PER “TD” 

=— G DIA 

“VS“ indicates VOI-SHAN trademark. —=| h— H 
“SPS” indicotes STANDARD PRESSED STEEL trademark. HI-LOK PIN 
The number or numbers following the trademark indicate 
first dash number. Arrangement optional. 

FIRST 
DASH NOM. A 8 D To G R 
NO. DIA, DIA. REF. DIA. DIA. REF. KH RAD. 

. 322 - 1635 | .1595 . 060 025 

—5 5/32 . 306 38 . 1625 | .1570 | © ot -055 | .015 

~377 - 1895 | .1840 .074 | .025 

~% =| 346 | 357 | -325 | 1985 | 1810 [°° | 064 | .015 
440 2495 | .2440 -090 | .025 

-8 1 ts 5 
be -415 said . 2485 | .2410 mts .O77 | .015 

. 502 - 3120 | .3060 -112 | .030 

~10 | 56 | “re | -5° | “3110 | 13020 | °° | \098 | .020 
. 565 . 3745 | .3680 - 140 | .030 

~12 | 3/8 | “530 | -545 | “5735 | 360 | °° | 130 | .020 
. 627 -4370 | .4310 - 160 | .030 

—14 : i ‘ 
TAS . 592 ~~ - 4360 | .4260 O78 150 | .020 

. 752 4995 | .4930 .188 | .030 
—6 1/2 .6 . 08 

‘i tlt - .4985 | .4880 . .178 | .020 

- 877 5615 | .5550 .210 | .040 —18 9/16 “7 * 12 
. 842 7 .5605 | .5500 . .200 | .025 
-953 6240 | .6180 238 | .040 -20 . 

5/8 | ‘918 | -8% | “6230 | 6120 |= 149 | 228 | -o2s 
1.150 . 7490 | . 7430 .335 | .045 

—24 3/4 T1110 {1:95 | | 7480-] .7370 |-2°° | 1320 | -030 

GENERAL NOTES: 1. Concentricity: "A" to '"D" diameter within .010 FIR. 

2. Dimensions to be met after finish, 

3. . Non-lubed pins must be used with wet sealant or with lubed collars. 

4. Surface texture per ANSI B46. 1. 

5. Hole preparation per NAS618. 

6. Evidence of broken edge across points. 

7. Use HL&44 for oversize replacement. HOW TOO 

EXAM 

MATERIAL: Alloy steel per Spec. MIL-S-5000, MIL-S-5626 or MIL-S-6049. 

HEAT TREAT: 160,000—180,000 psi tensile per Spec. MIL-H-6875. 

FINISH: HL20-( )-( ) = Cadmium plate per Spec. QQ-P-416, Type I, Class 2, and 

wai cetyl alcohol lube per Hi-Shear Spec. 305. 

~~.@) HL20 KD -( )-( ) = Aluminum coating per Boeing BMS 10-85, Type I, Class B, 

with color code black on thread end and cetyl alcohol lube 

per Hi-Shear Spec. 305. 

HL20N-( )-( ) = Diffused nickel-cadmium plate per AMS2416 and cetyl alcohol 

lube per Hi-Shear Spec. 305. 

mM HL20PB-( )-( ) = Cadmium plate per Spec. QQ-P-416, Type II, Class 2, and 
cetyl alcohol lube per Hi-Shear Spec. 305. 

HL20PN- ) = Cadmium plate per QQ-P-416, Type IT, Class 2 (see Note 3). 

HL20RB- ) = Cadmium plate per QQ-P-416, Type II, Class 2, color violet 

to purple, and cetyl alcohol lube per Hi-Shear Spec. 305. 

SPECIFICATION: Hi-Lok Product Specification 342. 

Fig. 13 Hi-Lok 
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REMAINING PORTION OF 
~ |, . HI-LOK COLLAR AFTER ASSEMBLY 

e
l
 LT 

COLLAR WRENCHING 
ga | DEVICE AUTOMATICALLY 

SHEARS OFF 

A f
o
o
 

I _ TYPICAL COLLARS: HL75, HL86, HL87 

HI-AOK PIN AND COLLAR AFTER ASSEMBLY 

~ SOCKET SEE COLLAR STANDARDS FOR 
s DOUBLE TENSION COLLAR STRENGTHS. LOWER STRENGTH 

AMFER w T Y SHEAR POUNDS (PIN OR COLLAR) DETERMINES 
REF, THREAD HEX. | DEPTH | DIA. POUNDS | MINIMUM SYSTEM STRENGTH. 

MINIMUM 

8-32UNJC-3A | .0801 | 135 x 45° 
Modified ‘oro1 | as | (6 opie 2,180 

10-32UNJF-3A | .0806 1.135 | .119 " x 45° 
x Modified .o791 | .115 | .104 | 5*38° +400 

1/4-28UNJF-3A | .0967| .150 | .142 " x 45° 
Modified .0947 | .130 | .122 | 97300 5, 520 

5/16-24UNJF-3A] .1295 | .170 | .180 "x 45° * Modified .1270 | .150 | .160 | 14800 sca =<; 
, . aco | 3/8-24UNJF-3A | -1617| .200 | .217 
Nx 4S Modified .1582 | .180 | .197 | 22:000 | 14,000 

7/i6-20UNJF-3A] .1930 | .230 | .253 i" o 

a Modified .1895 | .210 | .233 | 28-600 | 18,900 
x 450 |1/2-20UNJF-9A | -2242| .260 | .289 |... 
— Modified .2207 | .240 | .269 | 37790 25, 608 

i 9/16-18UNJF-3A| .2555 | .290 | .326 "x 45° 

| Modified .2520 | .270 | .306 | 47200 | 32,400 
5/8-18UNJF-3A | .2555 | .330 | .326 1 4 °o 

island Modified .2520 | .305 | .306 | 58900 | 41,000 
yc ano | 3/4-16UNJF-3A | .3185 | .395 | .398 
nas Modified .3150 | .365 | .378 | 89-900 | 59,500 

First dash number indicates nominal diameter in 1/32nds. 

Second dash number indicates maximum grip in 1/16ths. 

See "Finish" note for explanation of code letters. 

Pin Part Number Only 

t_ 8/16 or 1/2 Maximum Grip Length 
8/32 or 1/4 Nominal Diameter Pin 

Type II Cadmium Finish 

Pin Part Number 

Pin and Collar Assembly Part Number Combination 

oT see and Grip Length, See Above Example 

Collar Part Number 

Pin Finish 

Pin Part Number 

HL20 data Fig. 13 
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Fig. 14 

GENERAL NOTES: 

SPECIFICATION: 

INDENTED HEAD MARKING MAXIMUM DEPTH 010” 

“hs” indicates HI-SHEAR trodemork. 
“VS" indicates VOI-SHAN trademork 

“SPS” indicates STANDARD PRESSED STEEL trodemork. 

The ber or bers fi ing the trod k indicote 

first dosh ber. A 9 pti i 

O
e
 

C
o
M
 

Mm
 

(MAX. GRIP + B)= 010 —--——e> 
32 

Le MAX. GRIP 005 ap 
$ CHAMPERS * 

Concentricity: A" to "D" diameter within .010 FIR. 

Dimensions to be met after plating. 

Non-lubed pins nfust be used with wet sealant or with lubed collars. 

Surface texture per ANSI B46. 1. 

Hole preparation per NAS618. 

6. Use HL220 for oversize replacement. 

MATERIAL: 

HEAT TREAT: 

FINISH: HL64—4.a-(.) = 

@® HL64KD4 )-( ) = 

HLGIPB-( )-( ) = 

Alloy steel per Spec. MIL-S-5000, MIL-S-5626 or MIL-S-6049. 

160,000—180, 000 psi tensile per Spec. MIL-H-6875. 

lube per Hi-Shear Spec. 305. ¢@ 

HL64PN-{ j-( ) = 

Jan 37 (Amdt 14) 

Hi-Lok Product Specification 342. 

Cadmium plate per Spec. QQ-P=416, Type. Il, Class 2 (see Note 3). 

Cadmium plate per Spec. gO-P-416, Type I, Class 2, and cetyl alcohol 

lube per Hi-Shear Spec.*305. 

HLG4A-( )-( ) = Cadmium plate per AMS2400-3 and cetyl alcohol lube per Hi-Shear Spec. 305. 
Aluminum coating per Boeing BMS10-85, Type 1, Class B, with color code 

black on thread end and cetyl alcohol lube per Hi-Shear Spec. 305. 

Cadmium plate per Spec. QQ-P-+416, Type II, Class 2, and cetyl alcohol 

R RADIUS LE onal Wo nl 
1 

Il |] 100° = 
a DIA. 90° 

Ht —! 
! 

\ -ASANS = . . 

| —— G oa DIA THREAD ROLLED PER MiL-S-887' 

(MODIFIED) MAJOR DIA 

SHALL BE PER “TO” 
meg 

HI-LOK PIN 

FIRST 
DASH NOM. A 8 ie] TD G Rg 
NO. DIA. DIA. REF. DIA. DIA. REF. 4 RAD. 

-5 3/16 NOTE: Use H! 

.377 ~2026 | . 1840 7074 | .025 
6 13/64 | “367 | +325 | “soi6 | 1810 | -°35 | 064 | .015 

440 2651 | .2440 090 | .025 = : 045 
. | 395 | 2641 | .2410 .077 | .015 

. 502 . 3276 | . 3060 -112 | .030 
—10 | 21/64 | "125 | -50 | “5966 | 3020 | 95 | 098 020 

. 565 3901 | . 3680 "140 | .030 
—12 | 25/64 | “559 | -545 | 3801 | 3640 | °° | 130 | .020 

627 74526 | .4310 -160 | .030 
-_ * 7 7 

14 | 29/64 | “oo | -835 | asic | 4260 | °° | 180 020 
. 752 x | .5151 | .4930 -188 | .030 86 : : . 085 

33/64 | a7 685 | 5141 | .4880 .178 | .020 
877 5771 | .5550 -210 | .040 

—118 : 5 : 
37/04 | as 770 | 5761 | 5500 | -'2° | .200 | .025 

953 5. | 6396 | .6180 238 | .040 
20 [414 Ton | | come 6120 | *'4° | , 22% 2025 

1. 150 7646 | . 7430 335 | .045 —24 | 49/64 |}: q . 200 * [esse 19° [eae | 7370 | 7° | 320 | 030 

HOW 

Hi-Lok pin HL64 (1
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REMAINING PORTION OF 
HI-LOK COLLAR AFTER ASSEMBLY 

ul | 
—--L4,..3 

COLLAR WRENCHING 
DEVICE AUTOMATICALLY 
SHEARS OFF 

TYPICAL COLLARS: HL75, HL87 

HI-LOK PIN AND COLLAR AFTER ASSEMBLY 

— * & 

3 SocetT DOUBLE | TENSION HAMFER w T Y Bosco POUNDS 
REF. THREAD HEX. DEPTH DIA. MINIMUM MINIMUM 

or HL420-6 

10-32UNJF-3A | .0806 | .135 | .119 2" oO 

lad Modified .o791 | .115 | .104 | &: 130 1s 
1/4-28UNJF-3A | .0967 | .150 | .142 2" x 45° 

* Modified .0947 | .130 | .122 | 29,490 his 
| 5/16-24UNJF-3A| .1295 | .170 | .180 4" x 45° 6 x" Modified -1270 | .150 | .160 | 16:00 | 9.200 

a o | 3/8-24UNJF-3A | .1617 | .200 | .217 
oe Modified .1582 | .180 | .197 | 22+700 | 14,000 

» y gs0 |7/16-20UNJF-3A| .1930 | .230 | .253 
= on Modified .1895 | .210 | .233 | 30-800 | 18,900 

Pa o |1/2-20UNJF-3A | .2242 | .260 | .289 
— Modified __| 2207 | .240 | .269 | 39-900 | 25,600 

 y 40 |9/16-18UNJF-3A| .2555 | ..290 |-.326 6" x 45 aa .2520 | .270 | .306 | 49+700 32,400 

5/8-18UNJF-3A | .2555 | .330 | .326 "x4 Oo 6 rae Modified .2520 | .305 | .306 | %1:000 | 41,000 
« »4s0 | 3/4-16UNJF-3A | .3185 | .395 | .398 sicien 
men Modified .3150 | .365 | .378 teal Mitts 

“ODE: First dash number indicates nominal diameter in 1/32nds 
which HL64 oversize pin replaces. 
Second dash number indicates maximum grip in 1/16ths. 
See the "Finish" note for explanation of code letters. 

3DER 
PLES: Pin Part Number Only 

HL64 PB-8-8 1 

T—8/16 or 1/2 Maximum Grip Length 
Replaces 8/32 or 1/4 Nominal Diameter Pin 

Type 11 Cadmium Plate 
Pin Part Number 

Pin and Collar Assembly Part Number Combination 
HL64PB87-8-8 

“Csize and Grip Length, See Above Example 
Collar Part Number 

Pin Finish 

Pin Part Number 

in. oversize) data 

SEE COLLAR STANDARDS FOR 
COLLAR STRENGTHS. LOWER STRENGTH 
(PIN OR COLLAR) DETERMINES 
SYSTEM STRENGTH. 

Fig. 14 
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NOTES: 

MATERIAL: 

HEAT TREAT: 

Fig. 15 

THREAD PER 
MIL-S-8879 

P= 

A Hf 
DIA. C 1" 

ee 1 A 
REF.) HI 

+ 

ry bree a 

R 

x el LX (REF. )—e} 

M 

(REF .) 

Li 
(REF.) 

L ————+ 

PIN Cc DASH A L NOM. THREAD B DIA. . DIA. LENGTH _ DIA. (REF.) 

365 2095 -457 +4 5/32 8-S32UNJC-3B .388 .085 + 235 47 

°365 095 457 +4 3/16 10-32UNJF-3B pon ous +255 uae 

475 +120 +552 8 1/4 1/4-28UNJF-3B aa “io +333 ass 

-620 +130 672 a - B 0417 10 5/16 | 5/16-24UNJF-3 “a by ml 

+790 145 - 745 -12 3/8 3/8-24UNJF-3B aan — 490 wese 

«895 «180 + 867 « 6-20 UNJF-3B 570 14 7/16 | 7/16-20 -885 +170 +837 
1.005 +205 +939 = 2-20UNJ F-3B 64 - ve 4 995 | .195 . -909 
1-135 | -370 1-065 -18 9/16 9/16-18UNJF-3B 106 aes - 763 sas 

FINISH: Collar — HL75- 1. Go thread gage penetration shall be 3/4 of one revolution minimum. 
2. For use on sloped surfaces up to 7° maximum on standard and 1/64 HL75N 

oversize Hi-Lok tension head pins. 
HL75K 

3. Non-lubed collars must be used with lubed pins. HL75V 
4. Dimensions apply after finish. 

HL75G 
5. Use HL375 for oversize replacement. 

For -12, -14, and -16 washers, chamfer or radius .040-. 050. HL75D 
Collar — 303 Se stainless steel per AMS5640 or ASTM A582. @ HL75G 
Washer — 17-4PH stainless steel per AMS5643, or 17-7PH per AMS5528, HL75T 

or PH15-7Mo per AMS5520. Washer — HL75 -( 
Collar — None. 

HL75 -( 
Washer — Age to H-1025 condition for 17-4PH, age to TH1050 condition for HL75 -( 

17-7PH and 15-7Mo per MIL-H-6875. HL75 -( 

HL75-( 
HL75-( 

SPECIFICATION: Hi-Lok Product S 
CODE: Dash number indi 

Code letter "A" fi 

See "Finish" note 
EXAMPLE: HL75-8AW > 

Jan 87 (Amdt 14) 

HL75K-8AKW = 

Hi-Lok col



”) 

IS AREA PROVIDED WITH A PREVAILING 

RQUE LOCKING FEATURE 

Ww 
HEX. 

Li M P a w x rae TORQUE-OFF 
EF. , EF. *| HEX. EF. 7 . -LBS. ) | (REF.) (REF.) RAD. (REF.) MIN. IN. -LBS. 

275 | .410 -380 -20 eens -107 2,300 30-40 

275 | .410 «380 +20 -107 2,750 40-50 

340 | .500 -380 -26 pn .112 5,000 115-130 

430 | .607 484 34 2440 . 122 8, 300 200-250 
425 

470 | .667 557 -38 — .122 | 12,700 360-440 

562 | .782 -840 45 . = 137 | 19,000 550-625 

610 | .832 -970 -51 an -137 | 25,500 725-825 

700 | .950 +970 71 : vad -145 | 32,400 950-1075 

)A = Cadmium plate per QQ-P-416, Type I, Class 2, 

with cetyl alcohol lube per Hi-Shear Spec. 305. 

{ )A = Cadmium plate per QQ-P-416, Type I, Class 2. ° 

{ )A = Solid film lube per "Lubeco" 905. 
4 )A_ = Solid film lube per "Lubeco" 2123. 
{4 )A_ = Silver plate per AMS2410 and cetyl alcohol lube 

per Hi-Shear Spec. 305. p 

J-( )A = Solid film lube per MIL-L-8937. 

7 
' A _ > 

n
o
w
 Silver plate per AMS2410. 

Hi-Kote 2 solid film lube per Hi-Shear Spec. 292. 

)W = Cadmium plate per QQ-P-416, Type I, Class 2. - 

)WU = Passivate per Hi-Shear Spec. 258. 

)DW = Solid film lube per MIL-L-8937. 
)KW_ = Solid film lube per "Lubeco" 905. 
)VW = Solid film lube per "Lubeco" 2123. 
)GW = Silver plate per AMS2410 and cetyl alcohol lube 

per Hi-Shear Spec. 

ecification 345. 

305. 

ates nominal thread size in 1/32nds. 
llowing dash number indicates Hi-Lok collar. 

or explanation of other code letters. 

sembly of HL75-8A collar and HL75-8W washer. 

sembly of HL75K-8A collar and HL75-8KW washer. 

ar HL75 data 

VOI-SHAN 

1 raised bead indicates 

VOI-SHAN identification. 

STANDARD PRESSED STEEL 
2 raised beads indicate STANDARD 

PRESSED STEEL identification. 

AP 101A-1401~-1 

Fig. 15 

Chap .3-6 
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THIS AREA PROVIDED WITH A PREVAILING 
TORQUE LOCKING FEATURE 

-010 WASHER 

THICKNESS (REF.) THREAD PER 

MIL-S-8879 

me 

i 
¥ edd SSS SS ss wy ~~ 

Al i 

. DIA, I F . 
(REF.) |" 

” t 

ue bens =tssl_- 

i TS) 
a ai _ 
(REF.) le 

(REF.) 

Lg 
(REF.) 

P 
(REF.) 

Fig. 16 

Jan 87 (Amdt 14) 

PIN A : 
DASH | NOM. THREAD D D 
NO IA, "| Di. (Rl 

287 | 
-5 5/32" 8-32UNJC-3B 283 

-6 3/16" | 10-32UNJF-3B | ped 

-8 1/4' 1/4-28UNJF-3B ee 

-10 | 5/6" | 5/16-24UNJF-3B pe 

-12 3/8" 3/8-24UNJF-3B ee 

. 733 
-14 7/16" 7/16-20UNJF-3B 727 

. 848 
-16 if" 1/2-20UNJF-3B 842 

.915 
-18 9/16" 9/16-18UNJF-3B 905 

- 995 
-20 5/8" 5/8-18UNJF-3B 985 1.1 

1.120 
-24 3/4" 3/4-16UNJF-3B 1.110 1. 

1.345 
-28 7/8" 7/8-14UNJF-3B 1.335 1. 

me 1.490 
-32 ) had 1-12UNJF-3B 1.480 1.! 

NOTES: 1- Go thread gage penetration s. 

2. Dimensions apply after finis} 
3. Use HL87 for oversize repla 

4. Use HL73 or HL273 for highe 

MATERIAL: Collar—303 Se stainless steel pe 
Aluminum Washer — 2024-T6 alu 

FINISH: HL86-{ ) = Collar only wit 
HL86W-( ) = Collar with ca 

Steel washer w 

HL86CNNW~- ) = Diffused nickel 

washer finish | 

HL86D-( ) = Collar only wit 

HL86DU-( ) = Collar only wit 

HL86DUW-( ) = Collar with sol 

Class 2, and n 

HL86G-( ) = Collar only wit 

HL86GGW-( ) = Collar and stee 

HL86GNW-( ) = Silver plate pe: 

HL86K-( ) = Collar only wit 

@ HL86KP-( ) = Collar only wit 

per Hi-Shear S 
@ HL86KPW-( ) = Collar with cad 

Hi-Shear Spec. 

HL86PB-( ) = Collar only witl 

HL86PBW-( ) = Collar with cad 

Steel washer wi 

HL86TB-( ) = Collar only wit 

HL86TF-( ) = Collar only wit 

HL86TW-( ) = Collar with cad: 

Aluminum wash 
SPECIFICATION: Hi-Lok Product Specification 345. 

CODE: Dash number indicates nominal thr 

See "Finish" note for explanation o 
EXAMPLE: HL86W-8 = 1/4-28 Hi-Lok colla 

HL86TW-8 = 1/4-28 Hi-Lok colla: 

Hi-Lok col



AP 1OLA-1401-1 

B . Ly Le L3 P Ww x X} — TORQUE OFF 
DIA. (REF.) | (REF.) | (REF.) | (REF.) | HEX. | (REF.) | (REF.) MIN. IN. LBS. 

173 447 -314 
" 166 "427 . 265 . 280 460 344 "302 | - 207 . 120 2, 300 30-40 

-200 -457 .314 
"192 ay 278 .290 .470 . 344 "agg | #407 . 120 2,750 40-50 

- 261 -552 - 346 
. 340 é . 5 "252 - 355 565 380 “332 | ° 22 526 5,000 115-130 

- 325 672 - 440 
314 652 - 430 - 445 . 685 - 484 425 122 . 135 8, 300 200-250 

. 388 . 744 -503 
-47 -490 3 795 . 0 376 724 b) 755 557 488 . 122 .135 12, 700 360-420 

- 463 . 862 . 753 
442 "842 . 560 .575 875 . 840 “936 | °137 . 150 19,000 525-675 

. 528 942 "878 
"$01 "922 610 . 625 955 970 “ger | «297 . 150 25,500 725-1000 

- 598 1.029 .878 
“570 1.009 . 670 .685 1.042 970 “g61 | - 245 . 158 29, 000 1000-1150 

-661 1.123 - a — - 1.003 1 
634 1.103 + 735 . - 136 1.120 986 - 145 . 158 32,000 1350-1550 

- 786 1.371 940 95 38 1. 128 
162 1.351 94 955, 1.384 | 1.240 tino | ° 156 . 169 42, 000 1900-2200 

-911 1.575 1. 380 
"gs7 | 1.545 | 2-060 | 1.075 | 1.584 | 1.520 1986 | - 169 . 182 62,000 3200-3600 

1.036 1.840 22 1.240 1.84 1.504 
1.015 +80 1,225 .24 .849 | 1.650 1.480 | -286 . 199 84, 000 4500-5000 

be 3/4 of one revolution minimum. 

ont. 

nsion application. 

TM A-582 (AMS5640). Steel Washer —300 series stainless steel. 

m alloy per QQ-A-250/4 or QQ-A-250/5. 
dmium plate per QQ-P-416, Type I, Class 2, and cetyl alcohol lube per Hi-Shear Spec. 305. 

m plate per QQ-P-416, Type I, Class 2, and cetyl alcohol lube per Hi-Shear Spec. 305. 

‘admium plate per QQ-P-416, Type I, Class 2, and no lube. 

imium plating per Spec- AMS2416, and cetyl alcohol lube per Hi-Shear Spec. 305, and steel 

ssivate. 
—-: 

dmium plate per QQ-P-416, Type II, Class 2, and solid film lubricant per MIL-L-8937. 

lid film lube per MIL-L-8937. 

lm lube per MIL-L-8937 and steel washer with cadmium plate per QQ-P-416, Type II, 

i=) 

iver plate per AMS2410 and cetyl alcohol lube per Hi-Shear Spec. 305. 
isher both with silver plate per AMS2410 and cetyl alcohol lube per Hi-Shear Spec. 305. 

2c. AMS2410 and cetyl alcohol lube per Hi-Shear Spec. 305, and steel washer finish is passivate. 

lid film lube per "Lubeco" 905 (recommended for use on HL32 and HL33 only). 

dmium plate per QQ-P-416, Type II, Class 2, color violet to purple, and cetyl alcohol lube 

305. 

m plate per QQ-P-416, Type I, Class 2, color violet to purple, and cetyl alcohol lube per 

» Steel washer with cadmium plate per QQ-P-416, Type II, Class 2, and no lube. 

dmium plate per QQ-P-416, Type II, Class 2, and cetyl alcohol lube per Hi-Shear Spec. 305. 

m plate per QQ-P-416, Type 11, Class 2, and cetyl alcohol lube per Hi-Shear Spec. 305. 

admium plate per QQ-P-416, Type II, Class 2, and no lube. _ 
-Kote 2 solid film lube per Hi-Shear Spec. 292, and cetyl alcohol lube per Hi-Shear Spec. 305. 

-Kote 2 solid film lube per Hi-Shear Spec. 292. 

m plate per QQ-P-416, Type I, Class 2, and cetyl alcohol lube per Hi-Shear Spec- 305- 

anodize per MIL-A-8625, dye color blue- 

| size in 1/32nds. 
ode letters. 

nd steel washer. 

nd aluminum washer. 

r HL86 data 

1 raised bead indicates 

VOI-SHAN identification. 

STANDARD PRESSED STEEL 
2 raised beads indicate STANDARD 

PRESSED STEEL identification. 

Fig. 16 

Chap . 3-6 
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| a fieeenafeed|.[ | 
i \ 

| =, 

mer.) = 
Lj 

THIS AREA PROVIDED WITH A PREVAILING 

TORQUE LOCKING FEATURE 

.010 WASHER THICKNESS— ,;THREAD PER 
(REF.) MIL-S-8879 

— 

yoo - > peers ease aty- 

if--- > Spe Se - 

X} 
(REF.) 

L2 
(REF.) 

L3 
(REF.) 

Fig. 17 

Jan 87 (Amdt 14) 

DASH PIN A Ay 

NO. NOM. THREAD DIA. DIA. 
_ ‘DIA. (REF. 

-5 5/32" 8-32UNJC-3B 

307 
-6 13/64" 10-32UNJF-3B "303 . 34 

412 
-8 17/64" | 1/4-28UNJF-3B 408 . 44: 

7518 
-10 21/64" | 5/16-24UNJF-3B} 545 . 55! 

628 | 
-12 25/64" | 3/8-24UNJF-3B vn . 66: 

. 733 
-14 29/64"" | 7/16-20UNJF-3B 727 77! 

1/2-20uNJF-3B | *%48 89: 
-16 33/64" "842 . 895 

915 
-18 37/64" | 9/16-18UNJF-3B 905 91 

-20 | 41/64" | 5/8-18UNJF-3B oe 1.041 

1,120 
-24 49/64" | 3/4-16UNJF-3B 11 1.14 

1,345 
. oe - ’ 36! 28 57/6f"/| 7/8-14UNJF-3B | \"44. | 1-36 

1,490 
-32 1-1/64" 1-12UNJF-3B 1. 480 1.511 

NOTES: 1. Go thread gas 
2. Dimensions a 

3. Use HL93 for 

4. Use HL273 fe 

MATERIAL: Collar — 303 Se 
Washer — 300 se! 

FINISH: HL87-( ) = 

HL87D-( ) = 

HL87DU-( ) 
HL87DUW-( ) = 

HL87G-( ) = 

HL87GGW-( ) = 

@HL87KP-() = 

@ HL87KPW-( ) 

HL87W-() = 

‘ 

‘ 

: 
( 

‘ 
( 

c 
¢ 

1 
v 

( 

c 

F 
SPECIFICATION: 

CODE: 

EXAMPLE: 

Hi-Lok collar 

Hi-Lok Product Sy 

Dash number indic 

See "Finish" note 

HL87G-8 = 1/4-2 
HL87W-8 = 1/4-2 i] 

HL87



AP LOLA-1401-1 

64 in. oversize) data 

B L Li L2 L3 P WwW xX Xj UTS TORQUE OFF 
DIA. (REF.) | (REF.) | (REF.) | (REF.) HEX. (REF .) | (REF.) LBS. IN. LBS. 

MIN. 

NOTE: For -5 diameter pin, use HL86-5. 

212 457 314 
208 437 275 290 470 344 302 -107 -120 2, 750 40-50 

272 - 552 346 
268 532 340 355 565 -380 332 2112 125 5,000 115-130 

. 336 -672 440 
330 652 - 430 445 -685 484 425 e122 -135 8, 300 200-250 

398 . 744 -503 
F 490 5 * ° = 2392 124 475 49 755 557 488 122 135 12,700 360-420 

- 463 . 862 - 753 
- 560 : -8 7 2137 wl 525-675 __.457 842 56 575 75 840 136 1 150 19,000 

- 528 942 . 878 
6 . ° : . é - __.522 (922 10 625 955 970 861 137 150 25,500 725-1000 

598 1.029 -878 4 
-670 ‘ e -970 ° . 158 -11 592 1.009 685 1.042 861 145 1 29,000 1000-1150 

-661 1.123 1.003 
: - -136 -120 F .158 im 655 1.103 735 750 1.1 1.12 986 145 1 32,000 1350-1550 

- 786 1.371 : 1.128 
940 ° 38 240 - 156 - 169 me 780 1.351 94 955 1 4 1.24 1.110 15 42,000 1900-2200 

-911 1.575 1.380 
1.060 1.075 1.584 1.520 169 - 182 2 3200-3600 905 1.545 1,356 sidan 

2-036 1.840 | 1.225 | 1.240 | 1.849 | 1.650 | 1:594] (186 | .199 | g4,000| 4500-5000 
1.030 1.810 1.480 j 

»netratior shall be 3/4 of one revolution minimum. 
after finish. 

rsize replacement. 

gher tension application. 

nless steel per ASTM A-582 (AMS5640). 

stainless steel. 

ar only with cadmium plate per QQ-P-416, Type I, Class 2, VOI-SHAN 

cetyl alcohol lube per Hi-Shear Spec. 305. 1 raised bead indicates 

ar only with cadmium plate per QQ-P-416, Type II, Class 2, VOI-SHAN identification. 
solid film lubricant per MIL-L-8937. _ 
ar only with solid film lube per MIL-L-8937. 

ir only with solid film lube per MIL-L-8937 and washer witn 
ium plate per QQ-P-416, Type II, Class 2, no lube. 

ir only with silver plate per AMS2410 and cetyl alcohol lube 

1i-Shear Spec. 305. 

ir and steel washer both with silver plate per AMS2410 and 
alcohol lube per Hi-Shear Spec. 305. 

ir only with cadmium plate per QQ-P-416, Type II, Class 2, STANDARD PRESSED STEEL 
> violet to purple, and cetyl alcohol lube per Hi-Shear Spec. 305- 2 raised beads indicate STANDARD 
ir with cadmium plate per QQ-P-416, Type II,Class 2. color violet to PRESSED STEEL identification. 
le, and cetyl alcohol lube per Hi-Shear Spec. 305. Washer 

cadmium plate per QQ-P-416, Type II, Class 2, no lube. 

ir with cadmium plate per QQ-P-416, Type II, Class 2, and 

alcohol lube per Hi-Shear Spec. 305. Washer with cadmium 

per QQ-P-416, Type !, Class 2, no lube. a J 

ication 345. 

nominal thread size in 1/32nds. 
sxplanation of code letters. 
-Lok collar with silver plate. 

-Lok collar and washer, both with cadmium plate. 

Fig. 17 
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