Fasteners in the Aerospace Industry:

Aerospace Fastener Applications,
Part 1
Lecture Notes
Overview:

Fasteners account for a significant amount of parts in aircraft and directly affect strength characteristics and weight of structural assemblies. According to the Boeing Company The Boeing 747 includes over six million parts, half of which are fasteners. As the Industry evolves to incorporate newer, more exotic materials, fasteners continue to figure prominently in the manufacturing and assembly processes. Fasteners play a critical role in defining the longevity, structural integrity, and design philosophy of most metallic aircraft structures. Improvements in technology have provided increased opportunity to automate production processes including; drilling, installation and verification. These new processes continue to drive Engineering and Manufacturing information into upstream disciplines requiring more practical understanding of manufacturing practices. One of the primary goals of this module is to create an awareness of fastener methodology and application to serve as a foundation for further study.
Learning Objectives: 

At the conclusion students will be able to 

· Demonstrate an understanding of the aerospace fasteners & their specifications

· Demonstrate an understanding of aerospace bolt terminology such as bolt head types and aerospace bolt head markings 

· Demonstrate an understanding of bolt standardization
· Demonstrate an understanding of bolt sizing and installation
· Demonstrate an understanding of aerospace nut types and their usages
· Explain the differences between different nut types

· Demonstrate an understanding of basics of aircraft nut installation
· Demonstrate an understanding of aerospace rivet types: solid and blind 
· Explain the aerospace fastener material selection and factors defining it
· Demonstrate an understanding of aerospace fastener standardization
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Fasteners in Aviation 

· Aerospace Fasteners & their Specifications 

· Types of Fasteners in Aerospace Industry and their Distinguishing Features

· Aerospace Bolts

· Aerospace Rivets

· Aerospace Screws & Studs

· Quality Assurance of Aerospace Fasteners

· Material Selection & Testing

· Screening Inspections and Test

· Visual Inspection

· Tensile Testing

· Hardness Testing

· National Aerospace Standards (NAS) on Fasteners

· Numerical  Listing for Aerospace bolts, nuts, and washers
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Aerospace Fasteners
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Aerospace Fasteners & their Specifications

· On average, for example, 2.4 million (2,400,000) fasteners are used to for assemble a Boeing 787 aircraft

· 22% are structural bolts (mostly titanium) and the rest is rivets

· Types of Fasteners in Aerospace Industry and their Distinguishing Features:

· Aerospace Bolts

· Aerospace Nuts & Washers

· Aerospace Rivets

(Slide 5)

Aerospace Bolts

· Bolts are used in aircraft construction in areas where high strength is needed. 

· Where this strength is not necessary, screws are substituted. 

· Aircraft quality bolts are made from: alloy steel, stainless or corrosion resistant steel, aluminum alloys and titanium. 
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Aerospace Bolt Head Types

· There are many head types available, such as hex, slotted, 12-point, spline, socket, Torx, and Phillips. 

· Since I can't cover them all, I'll give one important caveat: Most specifications, including MIL and NAS, DO NOT give a maximum socket head depth. Only the minimum depth is given. If the socket depth goes below the underside of the head, the head may pop off during installation or during normal operation. Therefore, one should specify a maximum socket depth on your fastener purchase order. 

· The points listed below should then be considered before making a fastener type and material choice:

· Try to pick a fastener that is already defined by a consensus specification. 

· If the fastener must be coated, the temperature limitation will usually be determined by the coating (e.g., cadmium can sometimes cause hydrogen embrittlement as it burns off.) 

· J-threads with class 3 fits are the norm for the aerospace world. 

· It is not desirable to use fasteners with less than 10% elongation. 

· Although rivets are still being made from 5056 aluminum, it is a stress corrosion sensitive material. I personally do not recommend it. 

· Titanium fasteners are very good, particularly in a marine atmosphere. 

· Super alloy CRES fasteners are excellent, if you can afford the weight penalty of steel and the cost. 
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Bolt Markings

· Aircraft bolts will always have a marking on their head. 

· Do not use bolts without marking on their head because it is probably a commercial grade bolt. 

· The markings on bolts vary according to the manufacturer. 
(Slide 8 Hidden)

(Slide 9)

Aerospace Bolt Head Markings 

[image: image2.emf]
· Mostly, they will have an "X" or an asterisk along with a name. Corrosion resistant (stainless steel) bolts will have one raised dash on its head. Likewise, aluminum bolt will have two raised dashes on its head.  Aluminum bolts have limited use. They should not be used in tension applications or where they will be continuously removed for maintenance or inspection. NAS bolts have a higher tensile strength (usually about 160,000 psi) and can be identified by a cupped out head. Close tolerance bolts are machined more accurately than general purpose bolts and they are used in applications requiring a very tight fit. Close tolerance bolts can be either AN or NAS and typically have a head marking consisting of a raised or recessed triangle.
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Aerospace Bolt Head Markings

· AN Standard steel bolt on a Lycoming IO-320 engine

· Image on the right is a zoom-in of left image

· Note the “S”, “N”, and “M” on the bolt head
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Aerospace Bolt Head Markings

· AN Standard steel bolt 

· Because of the bolt head marking: “S”, “N”, and “M” on the bolt head
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Bolt Standardization

· The standard bolts used in aircraft construction are AN3 through AN20. 

· Each bolt typically has a hexagon shaped head and a shank that fits into the hole. 

· The shank is threaded on the end 

· the unthreaded portion of the bolt is termed the grip. 
· The diameter of a bolt is the width of the grip. 

· The shank of a bolt will be either drilled to accept a cotter pin or undrilled. Another option is to purchase a bolt that has the head drilled for the purpose of accepting safety wire. Clevis bolts are manufactured with a slotted head and are used for control cable applications. 
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AN Number Breakdown

· The size, material, etc. of a bolt is identified by an AN number. A breakdown of a typical bolt AN number follows:

AN4-8A
· AN means the bolt is manufactured according to Air Force-Navy specs. 

· 4 identifies the diameter of the bolt shank in 1/16" increments 

· 8 identifies the length of the shank in 1/8" increments 

· A means the shank of the bolt is undrilled (no letter here means a drilled shank) 

· So, this particular bolt is a 1/4 inch diameter AN bolt that is 1/2 inch long measured from just under the head to the tip of the shank. The bolt also has an undrilled shank which means it cannot accept a cotter pin. Also, bolt length may vary by +1/32" to -1/64". If the letter "C" follows the AN designation (ANC) that identifies a stainless steel bolt. The letter "H" after AN (ANH) identifies a drilled head bolt.
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AN Number Example

· Image is of two bins of similar aircraft bolts, with slightly different part numbers

· What do the part numbers tell us about these bolts? 
· What is the difference between these bolts? 
· Which would you select if you need a 1.5 inch bolt? Answer: AN4-12A
· AN = manufactured to Air Force – Navy specs

· 4 = diameter of the bolt shank in 1/16" increments, so 4/16 = ¼ inch diameter

· - 12 = the length of the shank in 1/8" increments, so 12/8 = 1.5 inch length

· A means the shank of the bolt is undrilled (no letter here means a drilled shank) 
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Bolt Sizing

· [image: image4.emf]This is the grip length of the bolt and it is measured from the underneath portion of the head to the beginning of the threads (see Figure 3 below). 
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Bolt Sizing

· The grip length should be equal to the material thickness that is being held by the bolt or slightly longer. 

· A washer may be used if the bolt is slightly longer. 

· A piece of welding rod or safety wire can be used to measure the length of the hole
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Torque – Bolt Installation

· It is important to not "over tighten" or "under tighten" a bolt or the nut attached to a bolt. “Under torque” or “under tightening” results in excessive wear of the hardware as well as the parts being held. 

· Over tightening may cause too much stress on the bolt or nut. 
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Torque – Bolt Installation

· The best way to avoid this is to use a torque wrench (Image of torque wrench)
· AC43-13 presents a table of torque values for nuts and bolts. It shows fine thread and coarse thread series with a minimum and maximum torque limit in inch pounds. 

· Image is of a torque wrench
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Bolt Installation Summary

· Certain accepted practices prevail concerning the installation of hardware. A few of these regarding bolt installations follow:

1. In determining proper bolt length - no more than one thread should be hidden inside the bolt hole. 

2. Whenever possible, bolts should be installed pointing aft and to the center of an airplane. 

3. Use a torque wrench whenever possible and determine torque values based on the size of bolt. 

4. Be sure bolt and nut threads are clean and dry. 

5. Use smooth, even pulls when tightening. 

6. Tighten the nut first - whenever possible. 

7. A typical installation includes a bolt, one washer and a nut. 

8. If the bolt is too long, a maximum of three washers may be used. 
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Bolt Installation Summary

9. If more than three threads are protruding from the nut, the bolt may be too long and could be bottoming out on the shank. 

10. Use undrilled bolts with fiber lock nuts. If you use a drilled bolt and fiber nut combination, be sure no burrs exist on the drilled hole that will cut the fiber. 

11. If the bolt does not fit snugly consider the use of a close tolerance bolt. 

12. Don't make a practice of cutting off a bolt that is too long to fit a hole. That can often weaken the bolt and allow corrosion in the area that is cut.
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Aircraft Nuts & Washers
· Aircraft nuts usually have no identification on them but they are made from the same material as bolts. 

· Due to the vibration of aircraft, nuts must have some form of a locking device to keep them in place. 

· The most common ways of locking are cotter pins used in castle nuts, fiber inserts, lock washers, and safety wire. Most aircraft nuts are castle nuts, self-locking nuts, and plain nuts. Sometime, wing nuts and anchor nuts are also used.
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Aerospace Nuts

Castle Nuts

· AN310 and AN320 castle nuts are the most commonly used (see Figure below). 

· Castle nuts are fabricated from steel and are cadmium plated. Corrosion resistant castle nuts are also manufactured (AN310C and AC320C - remember, when you encounter a "C" it will designate stainless). 

· Castle nuts are used with drilled shank bolts, clevis bolts and eye bolts. The slots in the nut accommodate a cotter pin for safe tying purposes. 

· The thinner AN320 castellated shear nut has half the tensile strength of the AN310 and is used with clevis bolts which are subject to shear stress only. The dash number following the AN310 or AN320 indicates the size bolt that the nut fits. In other words, an AN310-4 would fit a 1/4 inch bolt.
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Aerospace Nuts

· Image on right is a zoom-in of image on left side

· Castle nut secures the right main wheel to this Cessna 152
· Note the cotter pin  installed to prevent the nut from loosening 
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Aerospace Nuts

Self-Locking Nuts
· Self-locking nuts, as the name implies, do not need a locking device. 

· The most common method of locking is derived from a fiber insert. This insert has a smaller diameter than the nut itself so that when a bolt enters the nut it taps into the fiber insert producing a locking action. 

· This fiber insert is temperature limited to 250-deg. F. The designation of these nuts is AN365 and AN364. This brings us to an example of a cross-reference MS number. An AN365 is also termed MS20365 with the AN364 being MS20364. Both of these nuts are available in stainless. The AN364 is a shear nut not to be used in tension.

· An all metal locking nut is used forward of the firewall and in other high temperature areas. In place of a fiber insert, the threads of a metal locking nut narrow slightly at one end to provide more friction. An AN363 is an example of this type of nut. It is capable of withstanding temperatures to 550-deg. F.

· The dash number following self-locking nut defines the thread size. Self-locking nuts are very popular and easy to use. They should be used on undrilled bolts. One disadvantage, self-locking nuts should not be used on a bolt that is connecting a moving part. An example might be a clevis bolt used in a control cable application.
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Aerospace Nuts

Plain Aircraft Nuts

· Plain nuts require a locking device such as a check nut or lock washer. 

· They are not widely used in most aircraft. 

· AN315 is the designation used for a plain hex nut. 

· These nuts are also manufactured with a right hand thread and a left hand thread. 

· The check nut used to hold a plain nut in place is an AN316. 

· If a lock washer is used a plain washer must be under the lock washer to prevent damage to the surface.

· Image shows a variety of lock washers.
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Aerospace Nuts

Other Aircraft Nuts
· There are a number of other aircraft nuts available. 
· Wing nuts (AN350) are commonly used on battery connections or hose clamps where proper tightness can be obtained by hand. 
· Anchor nuts are widely used in areas where it is difficult to access a nut. 
· Tinnerman nuts, instrument mounting nuts, pal nuts, cap nuts, etc. are all examples of other types that are used.
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Aerospace Nuts

· Image is a zoom in of a cowling latch on a Piper Tomahawk

· Typical application of a wing-nut on the engine cowling of a Piper Tomahawk

·  Wing-nuts allow for quick, tool-free removal and installation
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Basics of Aircraft Nut Installation
1. When using a castle nut, the cotter pin hole may not line up with the slots on the nut. The Mechanics General Handbook states "except in cases of highly stressed engine parts, the nut may be over tightened to permit lining up the next slot with the cotter pin hole." Common sense should prevail. Do not over tighten to an extreme, instead, remove the nut and use a different washer and then try to line the holes again. 

2. A fiber nut may be reused if you are unable to tighten by hand. 

3. At least one thread should be projecting past the fiber on a fiber nut installation. 

4. No self-locking nuts on moving part installations. 
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Basics of Aircraft Nut Installation

5. Do not use AN364 or AN365 fiber nuts in areas of high temperature - above 250' F. 

6. Shear nuts are to be used only in shear loads (not tension). 

7. Plain nuts require a locking device such as a lock washer or a check nut. 

8. When using a lock washer, place a plain washer between the surface of the airplane part and the lock washer. 
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Basics of Aircraft Nut Installation

9. Shear nuts and standard nuts have different torque values. 

10. Use wing nuts only where hand tightness is adequate. 
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Aerospace Nuts
· Image is of a castle nut with cotter pin on the nose landing gear of a Piper Tomahawk
· Zoom-in increases from left to right
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Aerospace Washers
· Finally, a hardware item that is simple. People are most likely to encounter only a couple of different types of washers AN960 and AN970. 

· The main purposes of a washer in aircraft installation are to provide a shim when needed, act as a smooth load bearing surface, and to adjust the position of castle nuts in relation to the drilled hole in a bolt. 

· Also, remember that plain washers are used under a lock washer to prevent damage to a surface.

· AN960 washers are the most common. 

· They are manufactured in a regular thickness and a thinner thickness (one half the thickness of regular). The dash number following the AN960 indicates the size bolt for which they are used. The system is different from others we have encountered. As an example, an AN960-616 is used with a 3/8" bolt. If you see "L" after the dash number that means it is a thin or "light" washer. An AN960C would be - yes, a stainless washer. 

· There are other types of washers. They are often split ring; they are sometimes internal tooth and even external tooth (Figure below).

·  One will also find nylon washers and finishing washers that usually have a countersunk head. In the end, washers are not quite as confusing as other hardware.
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