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Fasteners

« Use to join two or more components

« Two major categories:
* Non-permanent fastening methods
 Permanent fastening methods

A Boeing 747 has 2.5 million fasteners!




Aerospace
Fasteners&Tools

Right Angle Air Drills Drill Housing & Bushings

We offer a large range of Right Angle Drills with an impres- Hand held guide to keep drills and taps 90°
sive number of speeds to match your drilling applications. to work surface - order one housing and
They are available in a wide range of configurations:- 45°, interchange the different size bushings of

mini 90°, 360°, compact or heavy duty your choice.
90°, We have featured 3 models:-
Code Description Drill
AP783 Housing N/A
AP783A Bushing #40
AP7838 Bushing Y
AP15LF282-XX AP783C Bushing #30
AP783D Bushing Vs
AP783E Bushing #21
AP783F Bushing u
AP783G Bushing #10
AP783H Bushing Y
AP7831 Bushing U
AP783) Bushing Va
APISLN282-XX
=
Nut Plate Drill Jigs
AP15LF283-XX Nut Plate Drill Jigs are available in one lug, two lug, corner and

mini anchor nut types in a variety of sizes - we have shown the

Micro Stop Countersinks most common size, please call for our complete list of types and
sizes. AP518J (#10)

These high speed steel, three flute, piloted countersinks are
available in a variety of sizes - we have shown a kit which
contains four cutters, the AP62-40, 9

AP62-30, AP62-21 and the i S
AP62-3/16.

Drill Stops

m Designed to provide a sure stop to regulate

For flush riveting, rivet shaving and collar removal, these Micro hole depth, and to prevent chucks from damag-
Stops have a hardened bushing supporting the spindle and are ing panels, these drill stops feature a unique
rated to 3000 rpm. Ball bearing type micro stops also available. rounded face. They are colour-coded by size for

We offer a number of different Micro Stops for easy identification.

varying applications - please call

our sales team for more information, % Code Colour Drill
AP145D5-50 Black #50

QD @

Pork Chop Drill Attachment AP145DS-40  Zinc #40
AP145DS-30 Copper #30
Fits any 1/4" drill chuck, air or AP145DS-28 Zinc #28
electric. Heavy duty design. AP145DS-21 Black #21
Use with threaded bits to drill in AP145D5-20 Zinc #20
difficult to access areas. Note: AP14505-12 Brass #12
threaded drill bits also available. AP145D5-10 Brass #10
Please have diameter and length AP145DS-/+ Copper a
information available at time AP145DS-"/w  Black e

of request. AP362



Non-Permanent Fasteners

« Bolts and nuts, machine screws, studs, pins, rings, keys,
etc.

* An assembly could be disassembled without destroying
the fastener of a part of the assembly

DOOR >. Center Pin

HINGE :
P~ ¥
‘ ",
ﬁ
' ~

——




Bolts, Nuts and Machine Screws

« Used to assembly machine parts through the
friction obtained in a helical groove made on two

conjugated parts

* The threads are cut or rolled in a blank of
material (metal) while the conjugate part moves
axially on the thread when turned

« Bolts and nuts must have the same geometric
features in order to be matted.
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Screw and Thread Terminology

Screw Thread: A ridge
of uniform section in the
form of a helix on the
external or internal
surface of a cylinder.

Major Diameter: The
largest diameter of a
screw thread.

Minor Diameter: The
smallest diameter of a
screw thread.
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Screw and Thread Terminology

Axis: the longitudinal center line of the original work (blank) or hole.

Chamfer: the angular relief at the beginning or end of the thread to
allow easier engagement with the mating part.

CREST
ROOT

Crest: the peak
of the top of a DEPTH-D\
thread.

Depth: the
distance between

SIDE

_AXIS

root.

- MINOR DIA—K-’
~—PITCH|DIA-E

~—MAJOR| DIA -D —

the crest and the @

THREAD 7 I
ANGLE PITCH-P //
/

(0) EXTERNAL (b) INTERNAL
THREAD THREAD




Screw and Thread Terminology

Die: the tool used to
perform external
threads.

External thread: the
screw thread on the
outside of a
cylindrical surface.

Internal thread: the

screw thread on the

Inside of a cylindrical
surface.

Lead: the distance
that a screw will travel
along the axis when
turned by 360°,
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Screw and Thread Terminology

Pitch: the distance

between corresponding
points on adjacent DEPTH-D
thread forms, measured

CREST

SIDE

parallel to the axis — —K}—u‘ l
expressed in 1 divided e !
by the number of pitch -AXS T
in one inch. 2 O 2
DY
Pitch diameter: the AL/ T
diameter of an M W
. . . THREAD
iImaginary cylinder that ANGLE PITCH-P /
IS located equidistant e
. () EXTERNAL (b) INTERNAL
between the major and THREAD THREAD

the minor diameter.



Screw and Thread Terminology

Root: the bottom of
the screw thread cut
in a cylinder. DEPTH-D\

Tap: the tool used to
thread holes.

l

&\
E

angle between the
surfaces of two
adjacent threads.

W
Thread series: the T:NRGE&D ZPITCH-P /
number of threads /

. . (0) EXTERNAL (Ib) INTERNAL
per inch for a given THREAD THREAD

diameter.

Thread angle: the <@ -AAlS

LMINOR| DIA-
~—PITCH|DIA
~—MAJOR| DIA -D—




Screw and Thread Terminology

dril
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e Thread form
* Thread series

 Class of fit

Thread Specifications
Imperial System

* ANSI Y14.6 - 1998 \

* Major diameter

* Threads per inch
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Motion and Measurement Screws

Control and positioning applications

servomotor

coupling

lead screw

ot



Measuring Thread Pitch

The Pitch is the distance parallel to axis between corresponding points
In adjacent thread.

The Pitch is measured in millimeters for metric thread and indicated
along with the major diameter (eg. M10 X 1.5).

Inch threads are defined as threads per inch (TPI).

Thread Pitch is measured with scale or a thread pitch gage.

THREAD PITCH GAGE~
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Thread Series

The Series depends on the pitch and the major diameter of
the thread.

Coarse series threads are used for quick assembly and
disassembly of cast iron, soft metals and plastics (UNC)

Fine series threads are used when a great deal of force is
necessary for assembly (UNF)

Extra fine series threads are used when the length of
engagement is short and the application calls for high
degrees of stress (UNEF)




Thread Series

 If not stated in the drawing, threads are always assumed to be

right-hand threads.

« A bolt that is threaded into a tapered hole should be turned

clockwise.

« Some special cases (where the torque may loosen the

fastener) may require left-hand threads.

« |If left-hand threads are necessary they will be indicated in

the drawing by letters LH after the thread designation.

O B0

(a) (b)



Class 1

Class 2

Class 3

Class of Fit

a loose fit where quick assembly is
required and play between parts is
acceptable

a high quality general purpose
commercial class of fit for bolts, nuts
and screws used in mass production

a very high quality threaded fasteners
with a close fit used for precision
assembly subjected to vibratio



Single and Multiple Thread Forms

« Single threads have a single ridge in the form of helix and lead =
pitch.

« Multiple threads have 2 or more ridges running side by side.

« The slope line is the hypotenuse of the right triangle whose short
side = .5P for single threads and p for double and 1.5 P for triple
threads.

« Multiple threads are required when small rotation must gives faster
movement at low required power (E.g. Toothpaste caps).

—

Number of

starts in a —
thread \‘\

5P -‘ - —~Slope lin
\




Single and Multiple Thread Forms
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Measuring the Thread Pitch

8 Threads per inch

.
16

0 1
||||||| |

Thread pitch
gage



Thread Notes

Major diameter
Threads per inch
Form
! Seties 250-20UNC-2A-LH
/7/ Class of fit
/ Internal

External
Left hand

5-13UNC-3B

LIMEC
LUMF
LUMEF
LM
LI
M
MF
LIMA

Means Unified Mational Coarse
Means Unified Mational Fine
Means Unified Extra Fine Series
Means Uniform Pitch Series
Weans Lnified Miniature Series
Means Mational Coarse Series
Means Mational Fine Series
Means Unified Mational Bound




Thread Symbols

Can use, simple, schematic or detailed as needed. Simplified is common

Detailed is more pleasing, so for major dias >1" detailed is preferred

Solid circle I screw

is chamfered

ELEVATION

last line is a crest line

A

Root and crest lines

may be omitted —

Solid circle it opening
is chamfered —;

(Q) EXTERNAL DETAILED THREADS

(b) INTERNAL DETAILED THREADS
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Thread Symbols

/——M20x2.5 / , /
7z \’\/ f {'//7/4 :':_"_q__}\ 7/‘//7v// // =! /M o =)
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7 77 7
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SIMPLIFIED SYMBOLS
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How to Represent a Thread

Thread depth
(tolast perfedt thread)

Tap drill

-

s

depth \

- 100 ———— =

[\

Tap drill size

Crill depth

47 Dla X 100 DEEF
A80-24UNG-2B X 75 DEEF

Thread depth —/



ISO Representation of Threads

Thread form M
symbol

Nominal size mm
Pitch size mm

General purpose tolerance class that includes a

tolerance tolerance position and a tolerance
grade for both pitch diameter and
minor diameter




Basic Metric Thread Note

Metric
Diameter (mm)

Pitch (mm)
/_

M24 X 2
M24 X 2

Internal External



Complete threading - metric system

Tolarance specified

Thread formi symibof INTERMAL THREAD, RIGHT HAND

Maimingf size frommiillimeterns)

Fitak {(in millimeiers)

Tolarance dass

M &6 x1 - 4 H
Li Toleirancs position
T oferancepgr‘a e I’ Minar Bin. Tad, svinkiod

Telerance position ’* Fitclr Dia. Tal spambof
Taistahces grads

EXTERNAL THREAD, RIGHT HAND

’_I:‘ Talerance class

M6 x1 -4 h
LlJ—"'F,.J”, SO
roreranGe posan I— Wfinar Mha. Tod. sumbai

Tolerance grads

Tolerance position
Pitch Dia. Tal. symbol
Tolerance arede :l_ 4

Thread form symba!
Naomimai size (i milfrefers)
Prich (i milfimeterns;

The number of the tolerance grades
reflects the size of the tolerance

For example, grade 4 < grade 6 <
grade 8 tolerances.

In addition to the tolerance grade, a
positional tolerance is required.

For external threads:

« Tolerance position e (large
allowance)

« Tolerance position g (small
allowance)

« Tolerance position h (no
allowance)

For internal threads:

« Tolerance position G (small
allowance)

« Tolerance position H (no
allowance)



Complete Threading Metric
System

Tolerance specified

— fhrsad famm symibof INTERNAL THREAD, RIGHT HAND
— Moo siZe (i milimsiens)

— Fifch {1 miimeiers)

| Tolarance class

— Toterancs positfon —
Folerance grade ——

— Tolerance position . |
. P f* Fitahy Dra Tal spambaf
Foigrancs grods

— Minor Lin. Tal svimbod




Complete Threading Metric
System

— Thrsad form symbel EXTERNAL THREAD. RIGHT HAND
—— Non o siZze iy miifimefers,
— Frich (i milfretens)

| T aferattce ol ss

(—

— Joferarnce postion —

— Wimar tha Tai symbal
folerance grads ——

foferarics posfion

_ , — Fitch D¥a, Tol symmba!
i olerance areae
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Materials for
Fasteners

Material Surface Useful design | Ultimale lensile Comments
treatment temperature | strength at room
limnit, temperatiire,
°F ksi

Carbon steel Zinc plate —65 to 250 55 and up --

Alloy steels Cadmium plate, =635 1o Up to 300 Some can be
nickel plate, limiting used at 200 °F
zinc plate, of tlemperature
chromium plate of plating

A=286 stainless | Passivated per —423 o 1200 Up to 220
MIL-5-5002

17-4PH None —300 to 600 Up 1o 220 -

stainless

17-7PH Passivated =200 to 600 Up to 220 —————— -

stainless

300 series Furnace oxidized | —423 to 800 70 to 140 Oxidation reduces

stainless galling

410, 416, and Passivated =250 to 1200 Up to 180 47 ksi at 1200 °F;

430 stainless will corrode
slightly

U-212 stainless | Cleaned and 1200 185 140 ksi at 1200 °F
passivated per
MIL-5-5002

Inconel 718 Passivated per —423 1o 900 Upto 220 | ===———————eae- -

stainless Q)-P-35 or or cadmiiim
cadmiom plated plate limit

Inconel X=750 | Nonc —320 to 1200 Up to 180 136 ksi at 1200 °F

stainless

Waspalloy None =423 10 1600 s | ———a

stainless

Titanium None =350 to 500 Up to 160 —————————————e




Bolts, Nuts, Screws

‘%
N=
s

Set Screw



Bolts, Nuts, Screws

_arge variety of
nolts (dimensional,
nead shape, etc.)

Material, quality

Finishing
Grade

c‘/f\))
NS

GRADE 2

{

—
)

N Nt

GHADE 5

)

Semifinished
and finished

= \3;;
e

GRAQE 8 Unfinished

Washer
face



Bolts, nuts and screws

Unfinished bolts

: —T» ﬁ\ A{)BODY DIA
are not machined . Noa
/| /*
anyWhere except TANGENT TANGENT

for the thread NG NV e g& Wﬁggﬂ ) I

. f]cjr\ é B ,QI:“ é J, g
portlon. l ;/[ U i Y = l__ e 7[_1/ 'o\';/ S { ' ( ~L
Finished bolts T ey ¥ s 5

- 5 Ameee S (] . 3| s
have a machined AN I
z —— 2 | | 8 2 =
face to hold a D l ST
washer at a flush I § I GBSO, f :;_L_g
. DEPTH OF 1} DEPTH OF I%EPRTE}-L 8F
location on parts. / R R AR 35\-/-!

FIN
NFINISHED HEX HEAD BOLT _[(CAP SCREW) SOUARE H%AD
HEX HEAD BOLT AND NU BOLT AND NUT

AND NUT
(a> (b) {c)



Fastener locking

(f)

3 A

REGULAR UNFINISHED REGULAR SEMI-FINISHED
JAM NUT (AMER STE)  JAM NUT (AM A )

()

FINISHED SLOTTED FINISHED CASTLE ESNA
NUT (AMER STD)  NUT (AMER STD) STOP NUT



Fastener Locking

Castellated nut

—~ Cotter
/ pin

\

(a) (b)

(a) Slots.

(b) Cotter pin locking.



Fastening Locking

Jam nut Durlock nut




Standard Cap Screws

« 5 different cap screws shown. Socket head can have different
shapes of head and sockets.

« Sued in machines to pass through clearance hole to screw into
another and improve appearance.

 Socket screws are used while in crowded condition.

D=BODY DIA | | :
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\0) HEXAGON HEAD (b)FLAT HEAD (c) ROUND HEAD (d)FILLISTER HEAD (e)HEX SOCKET



Standard Cap Screws

« Similar to cap screws but smaller in size.

« General diameters between .06 to .75 inches.

 Hex head (not shown here) may be slotted if desired.

« Other heads are available as either slotted or recessed.

» Generally used for screwing into thin materials.

Drown 90%5 Lot— Draown 90% X ,g,ul._ D = BODY DIA
l PaNir Wa
—.E - " / \S PZl) |/ —d e E o
Va e N N\ N N U AN N N NG NAEN 3 OO\ N NN X
() L AN \ NN v SN AN \ \ () (/ NONARANG
gl A T \ S m ' =l | TN TV \
G g Lo e e w1111 =ttt
o we UL : = | T 1 sl Al )
: . (o] 7 AL i
D— 5o / SN LA Vo) B A NENG N NI £ — Rt gy SN N N NN
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Bolt Grade Markings and Strength Chart

Mechanical Properties

Nominal
Head Marking ELEC e Size Range | Proof |  Min. Yield | Min. Tensile
Material (inches) Load Strength Strength
(psi) {psi} {psi}
1/4 thru 3/4 55,000 57,000 74,000
Grade 2
Low or medium carbon | Over 3/4 thru
steel 1-1/2 33,000 36,000 60,000
No Markings
1/4 thru 1 85,000 92,000 120,000
Grade 5
Medium Carbon Steel,
Quenched and Over :ftzh"‘ -1 74,000 81,000 105,000
= Tempered
3 Radial Lines
Grade 8
Medium Carbon Alloy | 1/4 thru 1-1/2 | 120,000 130,000 150,000
. Steel, Quenched and
—d Tempered
6 Radial Lines
40,000 Min. 100,000 —
1/4 thru 5/8 80,000 — 90,000 125,000
Stain y 18-8 Stainless Typical Typical
ainless markings vary. )
Most stainless is non- Steel alloy with 17-19% 3/4 thru 1 1.|.00’.00?
magnetic Chromium and 8-13% 40,000 Min. ypica
Nickel 45,000 - 70,000 80,000 _
Above 1 Typical 90,000
Typical
Glacs and Nominal Mechanical Properties
Head Marking . Size Range | Proot Min. Yield Min. Tensile
Material (mm) Load Strength Strength
[IMPaj) (MPa) (MPa)
All Sizes
Class 8.8 below 16mm 580 640 800
Medium Carbon Steel,
Quenched and
Tempoered 16mm - 72mm 600 660 830
Class 10.9
Alloy Steel, Quenched | 5mm -100mm | 830 940 1040

10.9

and Tempered



Part Representation
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Part Representation
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Assembly Representation




Assembly Representation




Assembly Representation




Assembly Representation
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Assembly Representation

|
|
|

/

|

R

!

1

R




Assembly Representation
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Other Non-Permanent Fasteners

Clips, rings, pins, etc.

(_\:-_/_(\__‘__\/_ (P-u_\& %‘. Qe
P-75 p.75 P-70 P-69

P-93

R 1000 SERIES - EXTERNAL (Radial Assembly)
Gl cls@:e(:

Cue C21C25

R 1200 SERIES - EXTERNAL

(Radial Assembly) R 4000 SERIES - INTERNAL
(Axial Assembly)

5l ¥

R 2000 SERIES - EXTERNAL -100

(Radial Assembly) C

R 4100 SERIES - EXTERNAL
(Axial Assembly)

|R 3000 SERIES - INTERNAL
(Axlal Assemb
‘-x43 ‘-XSO
xzs 3 ‘ O
@ "

-125 ~137

-150




COTTER PINS
STANDARD EXENDED PRONG STYLE

WITH SQUARE CUT ENDS ) ‘___,,-r-‘"
G

STANDARDS: FROM 1732 X L4 -- TO -- 3/4 X 6 MANY SIZES IN STOCK
MATERIALS: STEEL-BRASS-STAINLESS-PLATED STEEL-MONELROTHERS
OTHER ITEMS: PRICEADELIVERY OMN REQUEST..CALL US FOR SPECIALS

Hermrmerock
)

Chizet Paint

l. = &)

CLINCH PINS

NOT ALL STYLES ARE AVAILABLE IN ALL MATERIALS

Self-Locking
“ Teper Paint
=== Ce—re,
HUMPED

@;ﬁl‘:—Eﬂ. p;% % f}

HITCH PIM (Hair Pin) CLIPS

DOWEL PINS H:::!] =

PRECISION GROUMND
WE CAN QUOTE ON SPECIALS, TO YOUR SPECS. CALL US!

BALLOY STEEL & STAINLESS STEEL
LFIG X 1/4to 1 x & IN ALLODY
PULL DOWELS B OTHER MATERIALS AVAILABLE

[(Manufactered to ANSI Standerd B 18.8.2 1978)

SPRING PINS
EASILY INSTALLED ECONOMICAL
SELF-LOCKING LONG WEARING

AVAILABLE IN ROLLED, SLOTTED, SPLIT & TENSION

1716 to 1/2 DIAMETER AND METRIC SI1ZES
CARBOM STEEL PLAIN AND PLATED
TYPE 302 & 420 STAINLESS STEEL

GROOVED PINS*
Positive holding action with six 3"
standard solid pin types and
many specials.

Sizes: 1/16" through 1/2" diameter
1/4" through 4 1/2" long.

Materials: Cold drawn low carbon
steel is standard. Other materials
available,

24", Finishes: Zinc electraplating is

standard. Other finishes available.

High alloy, heat treated pins for extra shear, shock and fatigue resistance.

COMMERCIAL
[STANDARD) TYPE

= — — }
SIZE BJO to 14

TAPER PINS*

TAPER IS 1/4" PER FOOT

. .
. -
.

SIZE O ko 14 {%,
CHECK WITH US FOR PRICES B AVAILABLE

TAPERED THREADED

Where disessembley of parts is expected, the
taper pin, which can be essily driven out of its
sized hale, is 8 useful fastening element. The
cylindrical pin i mede with & taper of 174" per
foot rmessured on the diameter and with rounded
or beveled ends ba facilitate driving in reamed
holes.

ESCUTCHEON PINS*
(DRIVE PINS)

ALL SIZES, BRASS & STEEL
MINIMUM ORDER QUANTITIES REQUIRED, CHECK WITH US.

rm—

Commanly used for ettaching nameplates and
other light-duty fastening jobs, this pin has &
semispherecal hesd at one end and a lang cone
oF pinch point at the ather, It is usually hammersd
inte place by hand,

CLEVIS PINS* Adjustable )
ALL TYPES & ALL MATERIALS | S| S
COMMERCIAL & AIRCRAFT Tirin

STANDARD & SPECIAL Catter pin holes sre drilled in all pin;.

This headed, unthreaded pin is inserted into &
prepared hole and locked in place with a cotter
pin at the charmfered shank end. Disassembly
is possible, Used extensively in both the aircraft

L/ and autemaotive industries.

CLEVIS PINS ARE AVATLABLE FROM THE SHALLEST 1/8" DIAMETER TO A5 LARGE AS HOT FORGINGS WILL PERHIT, CARBON STEEL 15 STANDARD LP TO 17,

*These items Bre supp

SPECIAL PINS*

LA EET

QUOTED TO YOUR
SPECIFICATIONS
& PRINTS,

lied fram aur source Factorias, They will probably

require more leed time than the items supplied fram our sback. We will
elweys inform you whet the delivery time is, befare you place your order,

e -2
i e



Permanent Fasteners

* Once assembled,
the parts of the
assembly
(including the
fastener) would be
destroyed to
disassemble the
assembly.

ROLLER ASSEMBLY

R1

* Rivets, soldering,
brazing, welding.




Rivets

Used to permanently fasten mechanical
components

< 3-2 3-4 414-24-34-44-54-64-8 5-2 5-3 5-4 5-6 5-8  6-2 6-4 6-6 6-8 6-10 6-12 6-16

<
|
. | A
L
CI 1
\_\,,)\ YJEY s\

3/32" DIA 2.4mm 1/8"dla 3.2mm 5/22" dia 4.0mm 3.16" dla 4.8mm

q 8-4 8-6 8-8 8-12 C4-2 C4-2 C4-4 L4-2 14-3 L4-4 L6-4 L6-6 L6-8 L6-10 L6-12

. countersuhk ts for E
job= which require a !
3 flush surface d:120 \

ACTUAL SIZE RIVET CHART

drill makes hole a d
oom";:fgﬁg:m e tlange rivets for fasening soft o le top

v > y; w %:d_'e_rymmlo:dbcwq ri:cl needed)

1/4" dia 6.4mm 1.8"dia3.2mm 1/8" dia 3.2mm 3/16" dia 8.8mm




Riveting Process

Befare Bucking

urteorbes! el

rwet nun

plate #1

plate 72
banking bar

After Bucking 3=00 Wiew of a
Bucked Rivet

mashing hoad

zhop head




Fastening with Rivets

The headless end of the rivet is plastically
deformed such that it joins together two
components permanently.




Fastening with Rivets




Fastening with Rivets




Fastening with Rivets




Fastening with Rivets




Fastening with Rivets




Fastening with Rivets




Common Riveted Joints
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(b)
SINGLE RIVETED DOUBLE RIVETED SINGLE F\’I\/ETED )
LARP JOINT LAP JOINT BUTT JOINT DOUBLE RIVETED BUTT JOINT

)
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Self Piercing Riveting

blankholder




Ll




Soldering, Brazing, Welding

 Joining of two part using a third
component — filler that joins the parts
when In liquid state.

» Soldering and brazing — low temperature
binding materials — Sn-Pb, Cu-Ag alloys.

* Limited capabillity to face thermo-
mechanical loading.




Welding

* Very well regulated activity.
* Requires license to practice.
* Welders bear significant responsibility.

* The activity Is based on rigorous rules and
regulations.

« Designer prescribe welding based on mechanics
of materials calculations.

Symbols indicate the type of welding.







Basic Welding Symbols

Finish symbol
_\\ — Grocve andgls; included andgle of
Contaur symbo — I". / countersink for plug welds
!
Roat opcning: dopth of filling —,
tor plug and slat welds \ Lengih of weld

Ay / /
Ettective throzt y \ / Pitch {center-to-center
'. ; ! .
spacing) of welds
Depth of ':-'|._Jdldl.i'q_||, szgor — \ I‘ pacing)

strength i -. Id ‘ |
sirength for cerlain welds \ \‘ J f,_HeIdweldsrmb:ul

) Both R Oth
(E) ,llsic?:asn stidgrl L-P

Qp@r‘:ifinr—u’riﬁﬂl process, of

cther referenoe T ->

Arrcin connecting referance
neto arrow side member

/ l Both Ar_rcrwl of joint
Tall {Tail omitted when —f"';"'r 4 sidles side
reference is not used) / \ \'\
/ (N) \\\‘ \— Weld-all-around symiol
f Mumber of spot or ‘“ Reference line

Basicwshd E‘;meDI )
detall reterence

projeation welds

Elements 1in thig alea 1emaln as
L shownwhsntail and arrow are — jges
reversed




Basic Welding Symbols

Throat Dimension with Eftective Throat Dimension with
“Nommal” Penetration “Significant™ Penetration

T
x 'y m(leg) \ A [ ]

oy !heoreucal
@ { (throat) fe \throat

f} effective
«f throat

SYMBOL MEANING

i
/

-

Bevel Angle Groove Angle
/ .

<4— Root i
Root Face J_’I | oot Opening
Thickness

35




Basic Welding Symbols

" Basic Weiding Symbols and Thelr Looation Significance |
Significance Fillet P, A Seam -":-: .

=

N\

"

N

FISIS Rl [e 3
F |4

conuaen | ot S - . o=,
mau-\" }":/ _l"_\/_TF/_w_/\ﬁ—
ovoses (N1 | T AN N [N




F— Flush or Fiat Cormex Concave
— — e
Spacet \ N N
Basic Joints
WM#WMHMMM

Amow of




Double-Filiet Weiding Symbal
. (Distance Piich (Distance
Between Conters) :
Fle W Szs — Bet —\ /_ggmmm
ma‘}a—a g '_:%\
e |/ =8 t
Flllet Weid Size
Omission of Length indicates that / N\ Wduﬂ/
Extends Batween Abrupt Changes Fillet Weld Size Length of Length of
wmuuw (Length of Lag) Segments Sagments
Piug Welding Symbol Back Welding Symbol Backing Weiding Symbol
Inchuded Angle of P /Mm
————————— m———---------------- R ———
2nd Operation £\ /\ £\ 1t Operation
18t Operation P\\\/ AN N 2nd Opevation
Spot Weiding Symbol Stud Weiding Symbol Seam Weiding Symbol
Inorement
Lm m




L | !

OR

25/6 on 10
25 /s

L S

(C) BACKING WELD WITH ROOT OPENING .06—-|

BACK

(A) BACK WELD SYMBOL

NOTE: GROOVE WELD MADE BEFORE

WELDING OTHER SIDE.

ZBACK WELD

BACKING NOTE: GROOVE WELD MADE AFTER

WELD

(B) BACKING WELD SYMBOL

BACKING
WELD

N .

25

WELDING OTHER SIDE.
e f——

\)

L NS
‘g
BACKING WELD

Ry

T

e

3/32 To 178 (1/8 TO 1/4
THICK)

SINGLE-V

Figure 6-27.

Types of groove welds.



Machine Elements




Machine Elements

* Used to transmit power or support
elements that transmit power,

« Gears, belts/pulleys, chain/sprockets,
cams/followers,

« Shafts, bearings,

* Springs, ratchets, clutches, brakes.




Gears

Gear and pinion mechanisms — power
transmission Between two close-positioned
shafts.




Gears

The profile of the tooth Is a portion of an
Involute (the curve generated by a line that
rolls without sliding on a circle).

Involuta 7\

A = 1.5 ¥ Clsarance

Kﬁaﬂial Line

Addendum Circle

'|-I Pitch Circle
Base Circle
e
_‘___‘_%-F:; R h ircle




Gears

° MEShing /. >F§Basaf3ircla
requires the -' | \
same geometry ) IV
of teeth ~—\ , Line MLH
» The rule of ' _/EL‘Z’TE”é
meshing — the "
transmission 0SS %
ratio | ] = ;
2 ﬁﬁ%




Gears

-
(3] Eﬁ-ﬁD«QDUG WEIGHT , LW &




Gears

Pressure angle is the direction of the
transmitted force versus the normal to the
center line.

1 ! 1
e i o - : __\_ ':—\.._\_\_ - F:
-z / ,-* -~ - ’;
o ! W ¥ ! W o~ i k -
2 k) ; W TN 2%

Pragsure Angle Fressure Angle Pressure Angle
1457 200 25"




Gear Nomenclature

V { /Fnllet radl Qo
Clearance

Dedendum cnrcle

Clearance circle



Gear Representation

A table containing cutting data must accompany
the representation

@D i O

Sactioned Front Sectionsd Side Broksn Saction

Simphfied Fronl Simplified Side

This gear Is not sectioned unless
something inside should be shown



Gear Representation




SPUR GEAR DATA
NUMBER OF TEETH 56
DIAMETRAL PITCH 8
PITCH DIAMETER (THEOR ) 7.000 —— CONCENTRIC TO A
PRESSURE ANGLE 20° WITHIN .003 FIR
ADDENDUM 125
PITCH MET
WHOLE DEPTH 294 500 CONCENTRIE o A
CHORDAL ADDENDUM 126 i"" _* WITHIN .002 FIR
FIN CHORDAL THICKNESS [.1915 / 1905
BASE CIRCLE DIAMETER 5779 +—
BACKLASH WITH MATE 012 /.010 T
PIN DIAMETER 216
7.291
DIAMETER OVER PINS 7,289
CENTER DISTANCE G.875 & X 45° CHFR
NO OF TEETH IN MATE 54
MATING GEAR PART NO 61340282 | 032x45° o P2l
RATIO 1.037:| CHFR ] @ T
METHOD HOB & SHAVE N ol w
o
@ 63 = -
NOTES § < -
MATERIAL SHALL CONFORM TO MIL-S-890 S \ ,
(SHIPS) CLASS B AS APPLICABLE TO R A
A.1.S.I. 4140 STEEL 2 2
ALL FINISHES NOT NOTED TO BE 125
HEAT TREAT TO 30-36 ROCKWELL"C" /—in,rw
AFTER CUTTING GEAR TEETH 4 U
DYNAMICALLY BALANCE FINISHED PART
TO WITHIN 0.3 INCH-OUNCES - GRIND
MATERIAL FROM LIGHTENING HOLES .032 X 45° CHFR .500
- 460 PERPENDICULAR TO A I3 DRILL, 4 HOLES

WITHIN 00! EQUALLY SPACED

ON 400 BC

FIR

FiG. 8
special notes.

rking

drawing of a spur gear. Note that complete specifications include tooth details (tabular), surface roughness, form tolerances, and




Gears

Rack representation (the cutting data is included)

(1.3625) |

ALLTOOTH ELEMENT 3PECIFICATIONS

ARE FROM THE SPECIFIED DATUM.

13.01
1200

-

@.3750 X2 \\

CUTTING DATA

NUMBER OF TEETH | 20
DIAMETRAL PITGH 5
LINEAR PITGH 6283
PRESSURE ANGLE | 14.5°
ACTUAL TQOTH 3142
THICK. AT PITCH LINE
PITCH TOL 005
INDEX TOL 1005
1.752
1.748
i N I
1.563
1.560 - T — 7
I _____

0.44 36 —1‘___

0.5175
0.5173
124727

12.4720

o J[

-

1.131
1128

- 1.252 FORM LINE




Worm and Gear

IR sy

Canier
Distance = 1 W

i

!

Cutside

x —
| 4& | | Root Pitch  Cutside
t ddendum < 0 4
| ]':__ J | l
Whole ‘I L
Uept Pitch
. Face _

Lengih




Bevel Gear Assembly

CUTTING DATA

GEAR | PINION
MO, OF TEETH a0 15
DIA. PITCH 3
TOOTH FORM 20° §TD INVOLUTE - 7250 .
ADDEMDUM 2183 4484
ROOT ANGLE 31°47 | 23°47°
WHOI FNFEPTH 7313
GHORDALADD. 2E04 45572
CHORD. THIGK. 4303 BOT3 g £.802
5.797
i t
- | 126
_ - - L + - -
‘ fy[{'mx_ | 1125
! T | }
" ;
: ~
| g
L | -
5500 :
3195 .
3 3
. 1.25
)
10195 =P

10,180







Used as restoring elements in oscillatory motion of
machine elements (followers)

=" 1
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EaFED1+ Compression Spring Software - 1E.FED - |EI|5|

File Edit Wew CAD Database Document OLE  Help

Working

Eorieg Pak F = &4 Hinim

L ]
@
]
ok
v Flm 1203737 N Tankil= 230 Hanm =
- b Flm ZZ03XTTSHN TankZ= 537 Hanm =
compression } N i-sesy Twi-sE  won
- [ N Foc-gziEsH Tanc = 1154 Hinm?
. [
L H
EIE
— 2 o varkrton ofstress Tankh= 308 Hinm?
] :.‘: Sty agales tivbo fract: 128
1

L =
Li=

Lz
Ln = 19.75
Lo<m 17.25

force diagram is
iIncluded

Mu=r.d. Sprng sncds lined Nuzr 2. Spring =ncds [ [[NE=: g Sprng &nds lned
o up ancd groun:d [ale] el g [ale] up . trge:l
and grourid
1 Mo, of 2ctive Colls n= 452 Ll FPermmizzible Dedatons
— - according to CIMZ093 acc.to
Total Mo, of Colls rt= &.12 Cualtty Clazs DM 2096
- i 2 3
2 Clrecton of Colls raght
2 & =R ] ] =
=t o 5] [u] ] ]
Flto Fni ] ] o]
3| Burring of Spring Encds o o a1 .22 =] =] ]
Inside O Wlre or depending on s=miinlzhed goods us=d
outzlde el ace.te DIM 2076 §8 acc.to DIMZOTT O
Clarmet=rad | according to DIk
4 Waorking Path § Sroke s ho= 2.5 mm il
11 | Wanufacuring Tolerancs by
5| sStress Cyole Frequency n= 10005
o
& | Panges ofvorking Temp. fom20 to (00degress
o
T wdreor drawn @
Fod Surface rollead O Is)
Hpless grinding
sping shot-blastesd wih ste=l balls O o
2| Surface Protecton:
o
a helatrial: EM 10270-2 WD 1z
SwErgiheter wantltEderdrabt (DIM IT223-2 T
Fermmizzible Sheanng Sraln tau penm= 339 Rinm® a
Calc. Basls of Shear kiodulus & = T1S56  Rinm® s
12| 2ddtional nbrmaton:

Compression Spring

ofdamages. Al dghks ane resered In ke evenlof be grani
ofapaknlor B reglsralon of a ulll i model o deslgn.

of commurlcalon of be conknks o, are fobldder s b

Copyirg of WS doamenland glirg 1o oker ad e e
ol e sz Aol . Offerders are llable o e paymenld

1 464 619 308
" | rigtuant i




Hub

Cams and Followers

Id

\

Cam
Rotation

Cam
Profile

-

\

S

In-Lima




Cams
Roller-type followers stud and bore

W sl

. = | I} |
{7 | S Vs “ o
e i o - -

], I~ °

L, | !




Clutches

Reduce the high stress when power is coupled to an idle shaft




Bearings

Radial ball bearing Thrust ball bearing




Ball and Roller Bearings




Ball and Roller Bearings

;;;;;;;




Working Drawings

One working drawing is made for each non-standard
component.

All the necessary information to carry out manufacturing
must be contained within the drawing.

Recommendation: use a reference (textbook) when
drawing a working drawing.

Assembly working drawing contain the necessary
Information to perform the assembly of the system.




Working Drawings

BILL OF MATERIALS

ITEM | QUAN | DRAWING NO. OR PART NAME DESCRIFTION
L
- 1L
—
1. PIN DOWEL 1 + i .
™
] 3. BRACKET
NUMBEFR: REC: MATERIAL: FINISH:
RICHARD D [RWIN
- - UNLESS CTHERWISE
T T SPECIFIED DIMENSIONS  [WEIGHT: MAME | DaTE [TITLE
| AFE IN INCHES, :
TOLERANCES ARE: DRAWN BY: Kevin ELINGEH ASSENMBLY
FRACTIONS = =
2 SLINGER vt DEGIMALS =+ CHECKED BY: | Bran
ﬁﬁé%ﬂmm a APPROVED BY: | Carshn REFERENCE DRAWING
XA METRIC = +
% 3% METRIC = = SCALE: O] ¢ [orRawing NUMBER
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Revolving cam
opens valve

Push Rod
Valve Gear rocter

A
-~ | Rocker shaft

Lock nut for
adjusting valve
clearance
Tappet clearance | Spring ~ Camshaft ~ Camshaft
Camshaft sprocket © Sprocket
4+ Pushrod  pBycket YA ) & i/ Bucket
. | CExhaust tappet \_ Xy tappet
. Valve Valve Spring ' ' - / f val'\"e
Mechanisms | | Y T
: | - Tensioner B ; —~__ Inlet
{ valve N 3% ; = valve
: Exhaust
valve
Sprocket
Camshaft rotating
at half of engine Tappet

speed (twice as
many teeth as the =%
sprocket) ;

Tensioner

Camshaft
Cam

TVERP T © Ry e g

K L e
b

e

cams haft érankshaft sprocket



Mechanisms

FRONT SECTION OF A 4-CYLINDER INTERNAL COMBUSTION ENGINE

Carburettor

"/

High tension lead from
distnbutor to spark plug

Rocker shaft

Valve spring ———— ‘

Spark plug cover

Exhaust Inlet
Manifold / Manifold
Combustion ' /
chamber
\( Distributor
Push-rod
Dipstick
Tappets
Starter — Camshaft
motor
QOil pump
housing
Qil Filter

Oil suction filter




Fuel injector with valve controlled
by solenoid actuated from control

unit.

Inlet valve

Exhaust valve

Temperature sensor
determines through
control unit length of

time for injector spray.

Ignition distributor
with contacts to

Air flow

Auxillary idling air
valve, controlled

_thermostatically
by engine during
WWarm up.

- Air fitter

1!

D O

|

=71

-

signal control unit
for injectors to open.

Full load switch
switches control
unit to give richer

TR

(= :

Thraottle butterfly
operated by
accelerator pedal.

- Throttle linkage

mixture for full I_}

throttle running.

Electronic control unit
acts on impulses from
sensors to control

amount of fuel

injected.

P S |

Lead to battery

{11

Bosch Electronic Petrol Injection

" Petrol

fiter

Throttle possition
switch shuts off
injection on de-
celeration.

Electric fuel
| pump

1 Manifold sensor
sends signals to
control unit wwhen
manifold pressure
rises or falls.

Petrol tank

|
|
|
|

Fuel-pressure

=~ regulator




Mechanisms

Inlet valve
closed
Exhaust valve

closed
Petrolfair
mixiure burns in
combustion
chamber
Piston is

forced down

B |
by expanding ‘ m T
gases 2{5

Connecting rod



Renault Trucks (Volvo) Powertrain
Factory, Vénissieux France.




Gear — Work Gear

Fle Ed® View Anmston Jest Help
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WORM AND WORM WHEEL

Worm gears are used when large speed reductions are
required. The worm, which is attached to the driver
shaft, has one tooth and takes the form of a screw

thread.

Like bevel gears a worm and wormwheel transmits
torque and rotary motion through 90°,
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Pressure Pumps




Lifting Equipment







Hard Drive
Mechanism




Typewriter Machine
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“Cool! | just jammed the air traffic
control tower!”

www [arcus.com



Example of Mechanisms

Exhaust Duct Power Turbines

Combustor

Accessory Gearbox
Centrifugal Compressor

Axial Compressors
Compressor Turbine Air Intake



