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This guide provides training in nateriala an
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Introduction -

Materials and Ei’abrica.t.jlon Methods I is designed to acqudint students with
paterials and fabrication methods ,and skills which may be needed in a

_ technical laboratory ‘environment. Realizing many labs have limited

types of equipment available or limitations on what work the technician
can do, the course is'expected to stress ,the use of hand tools, cr port-
able power tools. Safety and alternate methods of doing fabrication are
to be continually stressed. ‘ ) ’

Lathe, drill press and milling machine operations should be included
where the industry needs being filled require knowledge or repair of ac-
curately machined parts.

This manual should be used to supplément a clear, easy-to-read manu- \
facturing processes text with sections on’ materials properties, heat
treatment and plastics.




E 2.56 metess = 256, = 2560

I. MEASUREMENTS ' |
Comwn messwremmits for 1ab work are made for length, miss /
ogies, and ¥ime, The two commn umits of msesure are
Iervationsl Systes (SI) a metric system, and English,

I.1 LENGTH - .

S.I. UNITS
1 METER (w) = 39,37 (in.)
l(cm)= 1 (m)= ,01 METERS (m) = ,3937 (in.)
100 ‘ .
10mi= 1= 001 = .03937 (in.)
Powe )
ENGLISH Symbol | of 10
1 (f£) = 12 (in.) = .3048 (m) pf 107,° .
T ‘ : n 1,0;
1 (in.) = 1 (ft) = ,02540 (m - 1 10_5
12 = 2,540 (cm) - 10_,
. c 10
.001 (in.) = .00254 (cm) 4 10,
= ,0254 (mm) a 0,
h 1o§ . )
1 YARD = 3 (ft.)= ,9144 (m) X 10
M 10°
LABORATORY
“The student should know hav to oanvert units from English to
metric and back to Rnglish. The prefixes indicating powers of
10 should be Inom, :
" T.'1 STUDENT PROBLEMS . T
Convert each of the units using Table #1 of the Appendix.

A 10 in. = l - A oM = 3 cn

B., 603 Ch = T in. ;‘-_- fto = n

C 25.56 mma = in, =  Cm =

0 2,625 in.'= cm = " = -

Specify each of the units, ' /

F 5,943,000. = 5.943 = 5943, /
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1.2 LENGTH MEASURING INSTRUMENTS
Linear measurements are made with:
SCALES - for larger measursments

DIAL INDICATORS
Micrometers for presision measurement,
4 - 7 o

.

. READING 5.78 m
Mctric micrometer reading of 5.78 mm

Vernier caliper for precise large measurements.

o




0.125 4 0.015 = 0.140 TOTAL INCHES

Vernier Reading ’ ‘

b,

The large #1 b

_on the bar S = 1,000
The small #4 past -

the #1 v 4 x ,100
- (One line is visible

past the #4 1 x 025
. The 1lth line on

the vernier scale
coincides with a

line on the bar 11 x .001 = 011

./W
~

’ J : .
456109 | L -
mm muulmhn wl

|uu|| T
0 15 20 25 /

e 1000""6

gl

.025

Total reading _ = 1,436 in.

rial indicators and height gauges -
are used for precise vertical measurement,

ADJUSTING mtt ic Vernier Caliper Rﬂﬁding'
/ NUT ‘47,75 = e

SVERNIER SLIDE

Steel Tapes
SCRIBER for long lengths




? 1.3 - Kass
l} .
"’h measwred by muﬂtalq\mma. -
,, Vo
- \\\"\\
METRIC UNITS - .

MASS 18 TN KILOGRAMS (KEs)

‘1 kg = 1000 grams —-

ENGLISH ENGINESRING
__:/WASS Is T POUNDS (1b)

e

1 kg = 2,20462 1bs

1.4 ANGLES

An angle is the measure of the
difference in direction of one
- line or surface relative to
- another that interpects it.

Angles are measured in degrees,

radians or revolutions.

1

~1 radian = 57.3 degrees

1 radian =1 revolutions
2ﬂ

1 angle degree = 60 minutes of angle |

1 minute of angle =-60 Beconds of angle”

1s a property of a swbstance, The mass of an cbject v

PIVOT
? E
BEAM -

\ : ) i

xnougr OBJECT

“MASS : ., .TOBE
- WEIGHED
i

\_L
L j

COUNTER CLOCKWISE
ROTATION

1 REVOLUTION

= 27 RADIANS

RADIAN - rad

The radian-is the plane angle formed
by two radii cutting an arc equal in
length td the radius.

\
1o

]
. . . . - ————————

/l/ .
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l Angles can be measured directly with a protractor or indirectly . )
=~ ' _ by making length measur ts using a sine bar. _ .

PRECISION
GROUND
ROLLERS

1

d=a
SIN6= a
VRSN

@ = arc sin da

-1

i Wm”'

asuring an acute angle

i
i

) Ve’“n‘;ier Protractor gcale

/ "!hﬁﬁef of whdle deg-ees is

indicated by degrees between
the zero on the dial and the
zerp on the vernier plate.
Number of minutes is ‘indicated
by the line on the vernier :
plate which matches a line on |

- the dial Total reading 57“ 10"

SPEEDS AND FEED RATE

\\

Speed is a distance moved in a given time inteAval. Speed is also called a
feed rate.

-

kg mm xe s m - m—— et

angle moved . " 100 revolu )
--3—-—-——. Ints g :!'or exa.mlo | T ainct = 100 RPM S
1+ -




LABORATORY S | _

v N, - s,
The student should know and' be tapable of makihg length measurements and
angle measurements using metric and English; mjicrometers, vernier calipers
and height gaxlxges, scales, . protractors, and vernier protractors.”

P

R ) . L R . 4 ‘..
N B : / -
STUDENT PROBLEMS o . : ‘ - :
Read the micrometer, vernier and protractor scales
shown, 2 L
A . ' \
A ' ) . T - _
b b ® ‘
L
). el
L .
4 A
i — ‘
. -
. \—\F’ _
b e | o1 ,1 .
me i " - ..
nu!n I!u&] .
[M] Ve
¢ Ho
TN
%'*{E
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1.5 ravoer ‘ oo .
Layout is marking cuts and hole locations or bends before ;
) making or fabricating parts. , SCRIBER
Followinj are examples of equipment used for
layout work. - 7 = - A ‘ o
3 . / / P
. / ; /
> '.
- J ‘PARALLEL
- LINES
lr“ :j
/ - _,;i__
. . Uses of a Zombination Square % .
- . A mEIGHT — _ A E ' :
, 4 cavez : . PERPENDICULAR 3 .
: J PoR S ‘ ) 3
z I PreCISION BALL ‘ 3 /
4 LAYOUT q ~ /
4 scaemr o J /
|  /WOFK PIECE Bl T | 3 scitser
ANGLE PLATE 3/ 5
. - N
v o e
- s B e
- STRAIGHT EDGE - :
= aF WORK
/
. >
: K
Al
3 T COMBINATION ‘
f Laying out p&rallel and C e

perpendicular lines vith
- a rombination square .aen
the work has only one
straight edge -

CONCAVE RECESSED CONVEX
) CORNER

V-

Q -~ T L7 = .
EMC:” of V=Blocks in lLayout Work Circles are drawn on metal with DIVIDERS.

. — | R —— —
=t s e o § ga— "ﬁ . - ‘;S\.\%
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LABORATORY omfvzs AND SKILLS

!holuad-m:dkuhibcabhatock»a]nv hlﬂmg

of parellel and

innmmm PROBLEMS
I

- Ind:.cate the 1ayout eqnipment necessary to pr

follming- 2

: A.Circle bf 2,0 inch diameter.

B, Two parallel lines parallel to the base of a

block.

C.A straight line at an angle of

a metal sheet. ,
o

ptnnnﬁhnﬂarlunllrnnua
anurlndtm:hﬂlanw»aumﬂnl1:xthe]Amaw

oduce each of the

34952' to the edge of

D.Scribe ‘a rounded corner with a 1/4 inch diameter radius

tangent to two perpendicular sides.

‘E.Produce an accurate punch mark at the intersection Tl = li

.. gof two_ scribed lines.

1.6 END OF CHAPTER - ’IEW PROBLEMS

1. A drawing give¢ ensions in mu.

Convert the length tol inches.

1 mm = .03937 in.

51 mm = 51 mm x .03937 in/mm = 2.0079 in.

o .
_// r—-‘——'

~

°o 289 in.
REN)I??G

s}

3

F:.g Prob. 1

2

i -
¥

51

. 2. Determine the micrometer réading shown.

~

»

ey

+ 1
3

M g

ALL DIMENSIONS
IN mm

MARK THE
REBADINGS.
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o = ; !A r—g 4 N ENUNE A n - y e g ~ 0 e
H . v . . . . . =
4 -

== :

. : i X i + . _ . . a . s, z
. S -—A—JT— ———— 4 e -t - . ;

, - - -, 9 . s -

ﬁﬁ:;:ding is oeqoud ofs - :Iﬂ o
f graduations or 2 'x 0.100in. = 0.300 in. . . P
g -

i

3 ssall graduations or Ji“x 0.025in. = 0,075 in.
and 14 graduations on B

thimble or 14 x 0°0011id. = 0. 014 in.

rotal. rndthq -= 0,289 in.

~ ' T - .i
]

STUDENT EXERCISES ;

‘Convert the dimensions from the figure ot problem 1 above
to !ngu.lh units.

18 nm = in. - 8 m = o in.. '

21 nm = - in. Trm= in. . ,

3l ma = in. .. L. T
A A—— an [ 4

r—— TS T T b kT - - - - . s ¥ - [

Section 1.4 Troblems _ . : T \ .
A (.284) B, (.441) C.(.408) D.(14.45) E. (4.80) C

-

_F.(8.00) G.(7.028) H.(.8005) I. (. 195) J. (53.68)

K. (55° 15') L. (120 18" --- 7
Section 1.5 Problems '
A, dividers scale A
‘B.' surface plate height gauge angle plate scriber
C. vernier protractor scriber
D.1/4° radfus gauge scriber
END OF cwm ANSWERS
«7087 1in. «3150 in.
¢ 08268 in 02756 ino - . ) =
' 1.2205 in. :
A ANSWERS (.254) _(254.) (25.4)
B. ANSWERS (2.480 ) ~ (.2067) (.0630) -

C'”W““;’” (.066675)
D ANSWERS ~ (1.0063)  (2.556)  (.02556)

_E msms (cm) ' (mm)
() (km) , il

ih
i



¥

> - S 10-

“

£ a -
. e

4 I1. ELECYRICAL PABRICATION
\t‘ ‘ - ‘; ’ . 7\ ‘

" 11°1 Introduction - . - .
' . i'ro assemble, fqbtigfat&/gnd/ot better understand electrieal or electronic equip~
-~ menty (haxdware); a“schedatic'drawing is pecessary. Sometimes referred to as

S ) |
7, an slsmen circuit drawing, the schematic diagram is a condensation of an p
. - electrical jcircuit. Components are represented by generally accepted symbols i
: arranged in an oxderly manhner with the shortest possible routes used to inter- .
s connect these symbold. : ) ' .
.'- /_>. N t. - - /1
- '//’ B ° M -
| T , . SPST
] . i Switch - . _ .
i 40 ohm, 5 watt
. Resistor
Meter -
- 200, 5 W& P
o @ 0-100 ma . » _
6V amem Py
o\ J
\\./,
3V Lamp . = : ) DS1
- o (Lam)
IV
Wiring Diagram Schen‘i'atic Diagram
\ /
A wirin am differs from a schematic diagram in that it ghows -to~ '
icforal out-

point interconnections between components shown pictorally or as
lines in their actual locations. ‘ )

™~
/

i

To understand eithi‘the gchepatic diagram or wiring diagram it s important
to recognize and un rstand the components involved.
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II.2 COMPOMENT IDENTIFPICATION & SCHEMATIC SYMBOLS

A. Mesistors

] The resistor symbol is perhaps the Fixed N\ AN ,—m— \ .

most frequently encountered, passive, ' N
3 ’ electronic component. . -
Variable .
~—  7The resistance is measured in ohms —J%/__('ﬁh-gogtag)
D - and Serves to impede current flow
(the movement -of electroms). Tapped \
= - /
: The resistor is rated in watts (power) ) |
. , which is a way of determining how much  Variable \ (Potentiometer)
| current it can handle without buming
3 or shorting out. ° )
\\ . ~ Resistor Symbols & Types
] \\\ - )

- ) ] ¢ e

100 watt

.
.
.

. - [y
H 20 watt The resistors shown ifi the

adjacent figure may all have the .-

_H_ 10 watt ‘ same value of resistance (mea- o

sured in ohmg) but :differ in

5 watt T )
- - 2 _ °  their current handling capacity

: el watt . )

‘ PR 1 watt E * L
3 ‘ 1/2 watt Resistors control current flow 7

in electrical circuits.

3
s . -

o

;
¥ . s
¢ . !
i . . .
-) ¢
- . R -
A N . ]
. /
£ 3 . - N
. /
= i
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‘Resistors whose r ratings are below

power @i
S watts are usually identified by color —

bands pmhumﬂ-on‘uusznsisupr. Above

* 5 watts, the value of a’ resistor is ‘ 1 watt
N ,usually printed in nusbers and letters. o

1710 Watt

N Color-Coded Resigtoré
o ‘ - OTHER RESISTOR CODES FOUND
- 7\ - : . ~

— Y . - £

- 1st Digit | 2nd Digit|Multiplier rolerance | Failure Rate®.
Color 3 B C . D : E
’ Black 0 .0 1 - -,’//
Brown 1l 1 . 10 £ 1% 1.0
Red 2 2 1001 £ 2% 0.1
Orange Y3 3 1,000 % 3" 0.01
Yellow 4 4 10,000 + 4% s 0.001
Green * .5 5 100,000 - . T -
.Blue 6 6 1,000,000 - -
violet ° ) 7 10,000,000 ¥ * = -
. Gray 8 g” |100,000,000 - - '
& ¥Nhite 9 9 - - | solderable*
- Gold - - , 0.1] % 5% - ‘
Silver - - 0.01 $10% -
No celor | - - ) - £20% : -

spand E, when used on conpézxtibn resistors, indicates percent'fiiluze

per 1,000 hours. On film resistors, a white band E indicates enldu(inq
terminal. - v . o s
-3 ‘1)8. - . ) : “ ()‘.\;

o N 4=




. N =]3=
wale of how to use colrr code.

¢ : ' o .
. gca
4 Green - 100,000 28z
XQm
Gold - 158 -2
Q -9
M ™M -

*

Power Resistors

Power resistors,shown ¢n the right, are so
called because they are designed to dissi-

pate a large amount of power in the form of - ' )
heat. Over a period of time their markings \%\ o
may burn off. ‘ * . e,

50 W

y
Power Resistors

Vel

M

\fari&blé l-iltora

~ | oo
Variable resistors make it #ossible
to vary the turrent or voltag‘ in
a circuit by varying the resistance.

The volume control on your ‘stgreo . .
is an example of a variable re- .
sistor. N

-~ - Variable Ril.i;i:orl‘

1y N




b
'A

_— 1l

y .
r - s ,

Precision Resistors

Many electronic eircuits require very
precise and exact resistance. Thase
resistors may take on odd shapes and
ges to meet-the tolerances and
specifications, required.

I8

“B. CONDUCTORS

conductors interconnect ‘electronic

components to form a path for current

to flow. Conductors may be wires or
.narrow "ribbons" of metal, usually
" copper. On schematic diagrame- they

are shown as simple lines. Connections

are dotted intersections.
\ \‘

A

K

Printed Circuit .

‘ Precision Resistors

e

]

Conductors Connected I

Conductors Connected

Conductor Schematic Symbols

Conductors Crossover

(not connected)

[

(Dot System)

ssed with a

i o

%, . .
"~ 7" conductors on printed ci-.l/chi_t boards
'may be
.l "paint". or etched from a complately
“J *cc:vdred,' c{:pper-clad board.

tallic

¢ -

—~




Consideration must be given to the current carrying capacity of various sizes

of wires that may be used to interconn
“ data on the curreat handling capacity/

TABLE 1
.Current Carr;:if; Capacity of Conductors

t electronic equipment.
f wiring of various sizes.

Cable Size AWG

7

/ Conttinuous Duty Current -
) Single Wire . Amperes- Rating of Wires in a
Aluminum /" Copper In/Free Air Single Conduit or Bundle
22 - 5
20 /1 7.5
18 /16 10
16 ' 22 13
14 32 17
' - 12 / 41 23
= -
* 10 / 55 33
8 73 46
6 101 60
4 / 135 80
2 / 181 100
1 211 125
..—-245 150
. 283 175
/ 000 , 328 ¢ 200
/ 0000 380 F 225
-8 / 60 *
6 / © 83 * 50
4 108 o 66
\ 2 . 152. 3 %0
) 1 174 . 105
0 , . 202 ‘ L. 123
00 / 235 145
000 266 9 162
0000 303 ' 190

wuu in Bundles: Table\Il cufmt ratings for wires in bmdlas are based upon -

5 or more vires carrying fo. “than 20 percent of the total current carryifg

wleityotﬁnbmdh

." For 20 ANG wire, example:

., of bundle.

15 wires x 11

-In smaller bundles, the allowabls percentage of total
current may be increased as the bundle approathes the single~cable condition,
amps/wire x .20 = 33 ws capacity

Various coYored wires may bo used to serve different functions.

Below 0000 the AWG
»

4

TabBle I offers

chle 11 is
- a listing of the Military Standard (122) of colors for chassis wiring.

" AWG (Amscican Wire Gauge) specified in circulux mics on sizes above 0000
E Eamszsomci:whrﬁuofmsuctimaun.
KCM is just a opociﬁc -un,



" cglor code for chassis wiring

=z

i Table II

: . numerical
S E—Tolor abbrev. code . circuit
" Black BK 0 Grounds, grﬁ;ndcd elements and returns
B:év; BR L Heaters of fila-ontﬁ off ground 7
Red R 2 Povog;@uggl; B-plus s
oEIEQZfT 0 3 Screen grids
" Yellow Y " 4 cathodes, emitters
| ggpcﬁ . GN -5 COn;ro;_ggids; base
Biue B}\ 6 Plates (anodes), collectors if
violet v 7 power Qupply, minus , o |
{or Purple) PR - . ‘ - /
Gray GY 8 AC power {;nes N j
White ; "9 Miscellaneous, reip:ns above orhhelotz i
;- _ground, AVC, etc, P ,

=

s -~ - e
Source:® }11 std 122. < / ;7 *
_ ) . = ”":. -

.

A
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,Hize Types - .o

. S
Conductors are of two basic types: -ingle-strand (s ),
and , Most wire used in electronics made of

copper covered with some form of -insulating material to prevent
electrical connoetions with other wire and metal parts it may
touch,

Multistrand wira is more flexible than solid wire, .and for
this renuog;ig is preferred for most wiring. Because of its -
flexibility, multistrand wire is also less subject to fatigue
failure produced by vibration. Both solid and multiple stranded

‘wires are often pratinned for ease 1n soldering.

P —
< COLOR CODING STRIPES

SOLID TINNED
COPPER

"STRANDS INDIVIDUALLY INSULATISN T -
TINRED .COPPER WIRE SOLID OR STRANDED CONDUCTOR
(c) _ (d)

Some typec of wire used in electronics. (a) Solid, hookup”

wire. (b). Magnet wire. (c) Stranded hookup wire.
(d) shielded wire.




w7 v _
F 2 >

{4-_\ i -
K -16-
- —talpratory SKiIf ZT6'Lse the VOM ' /

/ . // L ‘ ! N . o A

I

The volt-ohm-meter shown at the right is
a valuabl& tool for measuring continuity -
(does the circuit have a complete path for
current to flow?), resistance, voltage,
and current.

A voltohmmeter (VOM). -
or multimeter )

)

‘ C 1. It is expected that the student be able to use the VOM (voltohmmeter) or
multimeter. ‘In'particular, he/she should be able to describe the function
of the range-selector switch, and the use,of the zero adjust knob.

- 2. The student should know where the range-selector switch should be set when
the meter is not 'in use and be able t explain why the meter pointer deflected..
to infinity and then to zero on the meter scale when the test leads were
alternately opened (separated) and shorted together.




C. CAPACITOKS | =19 .
‘* . .
A capacitor is a device for storing electric
. charge. In its simplest form it is a pair of |
conducting surfaces separated by a dielectric %— or F—i - ‘
(insulating) material. :
! .

The capacitor symbols at the right reflect ; . ;
the fact that they are constructed of two Basic Capacitor -
metal platn (usually of a metal foil)
separated by|a small space. .. o+ +|
The capacitance id measured th frac- —l
tions of farads, microfarads or pico- - L
farads.* Additionally, capacitors 4
are rated according to the voltage .
that can be placed across their "plates” Electrolytic Capacitors
before breaking down or "arcing". \
General purpose capacitors represent the T

' majority of capacitors found in electronics. Z‘_ or . ed—

‘ None are over 1.1/2 inches (4 cm) long. 7—— LoF /*\
Identifying marks are not as standardized -
as the color code on resistors. -

[ N
! ‘ Variable Capacitors N\
- M Capacitor SCfxemtic Symbols .
() (b) J - () \
An assortment of general-purpose ;\\
capacitord. (a) Ceramic disk .
. ( capacitor. (b) Ceramic plate"
(@) e) =8 . capacitor. (c) Microminiature
N Y < ceramic capacitor. (d) Molded
\ tusular capacitor. (e) Molded’
. | y tubular capacitor. (f) Tubular |
. ceramic capacitor. (g) ngh-volggge_;_
| . ceramic capatitor. (h) Molded mica
\ L ‘ capacitor.
\'_‘> ’ -
(9) Cn .
\ - ? @’ \ N

*1 farad = 1 ceulomt of charge 1 volt potential difference between the plates.

1ur =106 F; 1pFr= 10712 p, also 1 wyP.




" Tuning shaft

~20=- - ; :

Capacitors have the ability to maintain (store)”an electric charge (for a limited
time). They serve also to block a DC current flow since there is no cof\ductor <
" between the plates. Alternating current may flow back and forth between capacitors.

Elect;#lﬁic capacitors use a chemical: ',_ - M .
diglectric in"the space betveen the platgs. S () ‘ M) * "
""5;‘ l N ; E . ;s - -

b N N 1S

I0N: Electric curreat must £low., only
in oneé direction. When installing electro-
lytic capacitors be sure to consider the B

. "polarity”. Failure to do so may destroy
' ~gyrrounding equipment.

*

S ¢

Variable b
capacitor 2

Rotor plates - Electrolytig capacitors. (a) Twist- '
prong-can .electrolytic .capacitor. ’
(b) Insulated-can dual electrolytic
capacitor. (c) Foil-type tantalum
.Stator plates electrolytic capacitor. (d) Slug-
type tantalum electrolytic capacitor.
(e) Wax-filled cardboard electrolytic
capacitor. (f) Insulated metal tubular
Trimmers electrolytic capacitor.

'Variable
capacitor 1
Metal frame

’

Mounting holes
(a) - , . .

| A4 - !
s : - F
= 4
_

. “‘ Variable capacito’ré are used ip- .. i°
:’qiz‘cuits which require the adjust-
‘ment of capacitance. The two-gang

- porcelain frame Mica insulator varisble capacitors 1 and 2 are
\ Terminal for mechanically "1inked"” thrqugh the
. plate 1 shaft. Such a eapacitor is found
. ] 1] N
e Terninal for z‘: z:g:;“ and used to "tune" in
Y plat‘ 2 a Se .
(b) \ ,
Variable capacitors. (a) Two-gang var- S \
iable fapacitor. (b) Trimmer or padder ) .
capacitor. * -




‘w2l : : . i

Hermetically sealed capacitors S
shown at the left use an oil or

chemical elactrolyte. They are

alpro sealed to keep out moisture..

They are used in high voltage power

supply circuits.

(a)

Hexmetically sealed oil or paper capacitors.

(a) Hermetically sealed high~voltage rectan-
= gular capacitor.. (b) Hermetically °sealed
2 bathtub capacitor.

Many different types of capacitors are used in
electronic ‘circuits. Several of these capacitors v
are s own below. ’

s DISC : *MYLAR AND MICA 7
T 4 ] ’ .
T H , ‘ ™ ’
- ’ , '

*Mylar is a plastic dielectric material.




D. INDUCTORS

i . A

There is a wide variety of

identified or classed according to the

circuits ifferent ways. .
L 4 .

-

used in electronic equipmen®. They uy‘bc
ir use. They are used in both AC and DC

orxr

T T NN

(a) (b) (c) (4) . BN

" Inductor schematic symbols. (a) General symbols.
(b) With fixed and variable taps. (c) with magnetic

core. (d) With ceramic-type cote. .

-

The shematic symbols (c) and (d) (with lines above the coil symbol) indicate the
type of core in the inductor. At low frequencies, magnetic cores are used to ‘
increase the induced field. Ceramic cores are composed of magnetic materials \

called ferrites.

2

Inductance is measured in units ca;!ned henrys (H)*. When speci fying an inductor,

a current rating is usually necessary along with the value oi& inductance. The

impedance and/or resistance of an inductor may also be a required specification.
A — .

#] henry (H) = 1 volt-second/ampere (1 Y—;-&) and depends on the dimensions
and material of the conductor (usually a coil).

N
CH

- - 21 { )
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Samples of Inductors

(a) ) - :

i —ln
" () S VI

An assortment of shokes. (a) Low-
frequency choke. (b) Pi-wound r-f

choke. (c) Toroidal choke. (d) Tubu-
- lar insulated chokes.
Ins:lated cts Spring metal
spring Conta .
buffer . /'rem aals
o Insulated
armature
buffer

Armature arm

Mounting bracket

I
Coil ron core
| r————‘z
——3
“symbol for
above relay

A ﬁo'mlef:e relay with the corresponding
schematic symbol. ’

Identificati ,a label

! é Z! Powdered

(b) iron core

(a) /

Transformer
“inside of can

&=

« (e) (d)

Technically
a transformer

High-frequency inductors. (a) Loop
antenna. 4b) Rod.antenna. (c) In-’
termediate:frequency transformer. \
(d) Oscillator coil. '

Electricai leads

Motor housing_

(b)

Electric motors. (a) The leads receive
an electrical input, while the drive
shaft delivers a mechanical output. .
(L) Miniature type.

DC Inductors in general are designed to produce mechanical motion and thus convert

electrical energy into mechanical energy.

Acf Inductors are qehenlly designed to modify or change characteristics cf

current arnd voltage in a circuit.
their operatinc frequency.
i

CAUTION:

AC inductors are also classified according to .

Never operate a high frequency inductor at a lower frequency.
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E. TRANSPORMERS -1 5

A transformer is a pair of coils woun together such that when current changes
through one (the primary) the changing) field produces a current in the other
(the secondary). The ratio of the n r of windings in the coils indicates
whether the transformer is a "step-up” transformer (output voltage greater
than input voltage) or a "step- * transformer (output voltage less than in-

. put voltage). . —
L PRE . T T ' -
_m_ : - SEC #1
SEC PRI SeC PRI SEC . ¢
- . o R 4
(a) (b) ) (c) PRI %
" ' E SEC #2\ :
T T - T — /
PRI SEC - & s
g i . v \':_— (_,,’ 7
VS (e) (£) (@)

pransformer schematic symbols. (a) Iron core-two separate wind/ings. (b) Tapped
autotransformer. (c) Variable autotransformer. (d) Air core two separate
windings. (e) Air core-one adjustable winding. (f) ,Alr core variable coupling

inbetween windings. (g) Multiple winding power transformer (iron core).
- -
\

N
AN

\
Metallic containers are frequently
used for transformers to both keep
the magnetic field confined and pre-
™, vent a disruption by an outside
magnetic field.

(a) : )
(c) E (d) l.i & @ . :
. (a) (b) '

T

——

|

(¢)
Relay cases, bermeticuly\) sealed. /

Low-frequency transformers. :
(a) Miniature. (b) Larger voltag

(a) Power Transformer. (D)

Encapsulated. (¢) Hermetically and current capacity with hook °
sealed. (d) High-voltage terminals. .\(c) Heavy-duty pover
transformer. relay.

»

A ' /
¢ /
- N ;
,
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LABORATORY EXERCISE - INVESTIGATING TRANSFORMERS AND INDUCTORS

The student should be familiar with

inductors and transformers. In particular

_ the student should know the difference between a transformer and a choke, in what
aspects the coll ¢f a relay is similar to the coil of a choke, and what parts of
an inductor are not included in their schematic symbols. The student should ba .
able to describe what continuity tests could be sade on inductors and transformers.

r. m:m MI(KS

J

Cften electro-mechanical systems are
enocountsred where it is desirahle to

show both slectrical and mschanical
connections. On chematic drawings

mechanical connections, enclosures, and

shielded components are lhown by broken I '
lines. _ 312467 @ =
- . . : RELAY

L-—-—-a-.’

Ganged Capacitors

]
}T ? :‘jf:'“’ 3,

SPROCK, F

REMOTE
CONTROL

Autopositioner

M
v

S

Relay Circuit

s e T
D o -
>
i
4— -

Multiconductor

Enclosed Transformer
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G. SEMICONDUCTOR DEVICES:

There are thres broad classes of semiconductor devices which are referred to

3 - frequantly as solid-stata dsvices. These are the diode, transistor, and
o M&M (IC) devices. Solid-state refers to the fact that these

S

“active”® devices
semiconducting metarials such as silicon vor germanium.
slectrodes such as are found in-"vacuum tubes®. ’

tain contacts or junctions which axé "fused® tode

ther with

Thexe is no "gap” betwéen

[
AN

ctor devices have now replaced .‘if'b'ut—-a, few "specialized® vacuum tubes.

' onese solid-state devices are sometimes called nactive® devices because they —

are used to control current flow in some prescribed manner.

. o ca— .
s .
— R -
; .
M N
-

1. Diodes: o - i
i Cne of the simpleér semiconductor devices ig the diode. There are a variety of -

these devices for controlling the direction of current flow, called rectifiers. o

D .‘@_
' .Basic piode or

Photodiode
Rectifier :

5

& ©

vafactor

Tunnel Tewperature\ Sensitive

b

Dioée Scheuiic Symbols

e e rap————n — * e

32

Zener

silicon
Controlled
Rectifier




Power
rectifier

Microwave Diode

A few of the variety of sizes and shapes of diodes are show. above. Specifications ‘
for diodes usually call for a voltage (often a pnk inverss voltage PIV) and a . -
current raung ' |

LABORATORY " ?
.

. The student should have cnouqh familiarity with semi-conducting diodes to be able
to measure their resistance to determine if they are good or bad, to 1dent1fy the
anods and cathode, and to determine the allowed diuctiong_t current flow. _

.

2s ; Transistors:

A transistor is a cosbination of seaveral semi-conductor crystils bonded together.
‘It _serves as an electronic device for amplification and/or control. Transistors

. comw in a iety of shapes and sizes. Except for very specialized devices for -
handling and high frequencies, "transistorized® circuits are being packaged

~ in micro-miniature devices called in ted circuits. Power transistors which .
mmmllugecurronunbthﬁwithhentummmdmmewayfrul :
the solid-state junctions of dissimilar semicdonducters and metallic contacts. -

4

" Collector

@ ~g= @ -4

P-Type PET
Field !ttoct Transistors

Basic Transistors

Transistor Schematic Sysbols

- é 24 33 - * N




o 3
~ = [ .

N
G :

e

Small Signal
Transistors

P r Transistors
' with Heat Sinks

, . transistor

— i
t

" When l_i:ecifying transistors, several paraméterq must be considered. Some of these -
are.short-circuit current transfer ratio, cut-off frequency, input and output
impedances, voltage, and temperature, o ’ o

B

. / o
The student should have soms familiarity with transistor leads and configurations.
Specifically, the student should be able to make an outline drawing of the base S
of two different types of transistor packages identifying the emitter, base and .
collector leads for each. He/she should be able to explain the “key" found on |
most TO-5 transistor packages, to-name threeé materials used in the construction
of trancistors and to know the advantages and disadvantages.of using sockets

_ with transistors.

s

4

= §
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3. ' Integrited Circuits

IC's sFe 801id state devices since there is no gap between materials and electrodes
_ gt contacts. They are the fastast growing circuit devices being developed today.

. - They are not sisple, "4i * components 1like.the ones presented thus far. Symbols

wvary widely, but mnuz-;n simple cutlines or blocks with the device number and
letters presented as datermined by the manufatturer. o o v

5

1 i D .

m&qutcd Circuit Schematic Diagrams

r

-4 w ¢

.As, the| technology of IC's continues, it becomes less important to bhow the detailed
circuits within. It is within reason now tb purchase an LSI (Laxge Scale Inte-

grated circuit) which can pefform almost any desired circuit function. Discrete
cosponents such as transistors, capacitors, resistors and diodes are losing groun

to the "microminiaturd® solid-state devices. . - E—
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'COAXIAL

o e
Schematic Sywbols :

3‘* RELAYS

symctrical
phq:to‘conductive

ztrmducet ‘

photovoltaic
transducer

Sest,

selector lwitcl'y

vaa
'Y 44 '
SLIDE SWITCH

CIRCUIT BREARKER

—OnO~ = FUSE

an

'\\;‘;— L] lnv! seen thus far only a few varieties .of perhaps a hundred or so schematic
.nyﬂ:oh. Shown below are a few more of the more frequently used sywbols.

. LAMP

e

ballast tube

- i

fluorescent lamp,
two-terminal

fluorescent lamp,

:) gene t,al

MULTI-CELI. OR

wdffr v BATTERY ' o

- 't four texrminsl
- SHIELDED ~ : . 7
* PAIR v ) - E
SHIELD cold-cathode glow
: - L lallg, a=Cc Em E
SHIELDED :
Y wire ' | . :
SHIBLD wafer (exanpl/e shown: cold-cathode glow
| 3-pole. 3 cifcuit with|lamp, a-c type
' 2 nonshorting and 1 = =
COMMON shorting moving contacts) incandescent
o ~GROUND | ~ T FS _ lasp
1 -—@/— POWER SWITCH L
_WIRES SHIELDED 3 — s.P.S.T... - :
'BETWEEN TWO POINTS 2 SWITCH - ®
- > PILOT LAMP
s "/f_’. S.P.D.T. -
ﬂ—- SWITCH @ @
: P.S.T.
MACHINE ROTATING: > D.P NEON LAMPS
Oqenerator JIB _ ) ‘
" St , ) - -
. push button, circuit —@’
Onuotér closing (make) * METER
- push button, circuit ;
POWDERED-IRON |' opening (break) J
CORE INDUCTOR METER

ANTENNA (AERIAL)

GROUND

© ONE CELL OR D
—4F— ~A" BaTTERY

. GCENERAL
MICROPHONE

PIEZOELECTRIC
CRYSTAL
——rr




. SQUIB sultiplier phototube .
nxplosive .9. i '
. ' * - Es
i : 4 :
gni,th Eii x-ray tube with
: / ) _ ‘control grid
sensing link o~d 7 &
’ x-ray tube with grounded .
with inugr.l mmlaud - . shield
‘heater . THERTSTOR .
' general —@— ‘
= a.’ - r — - ¢
. double-focus x-ray tube
mu. t-qnuture with inteqral heater - with rotating ,no‘é,

5 -

th-mle. current
mkasuring VACUUM TUBES cathode-ray tube,
: electrostatic deflection

1 3-Element
Vacuum tube .
N |(ttl'.OdS)

Loudspeaker . y
. ‘ cathode~ray tube, magnetic
.1 pentode deflection
THERMOSTAT - ' twin triode equipotential ' .
) cathode ‘.- CAPACITORS

" :
- {
thermostat with make , % split -tator_' IQ

act |
mt - )‘ N -41‘— . {
i .. ORY ¢ . , s -
v ‘! cold-cathode voltage , :
. ' Julator dual electrolytic
thermostat with irg:egral
- heater and truufgr ' . IA ?— I
' ™~
contacts vacuur phototube . .
» ot o N . - X ) ‘ 7 '
L 5 |
. - 37 . A i
- I "l ra




. The student should be able to 1dcn§:ity electronic hardware. For examplg, he/sl.»
should »¢ able to draw the schematic symbol for the follow\{.ng components: 3

 CAPACTTOR r .
B LAMP BULB, NEON

2 &

, CAPACITOR, f LAMP BULB,
, ‘ ELECTROLYTIC ILLUMINATING :
; \, :

. CAPACITOR, METER
g VARIABLE . ////
\ - o |

-
CRYSTAL, RESISTOR :

PIEZOELECTRIC L ﬂ/ _—

DIODE

SWITCH, SPST I

‘ OR DPDT

. INDUCTOR

"JACK, PHONO

4

! TRANSISTOR
. <
g RS
’ TRANSFORMER, ADJ.
POWDERED IRON .CORE

o




J. Raferencs beuggationl R

'!'orhalp recognize schematic symbols and to be able to"z’hst ;:ouponents on a

; 7 parts list, oqsonents are usually assigned a letter and number. The follom.ng
1ist gives some of the more commonly used letters used to desxgnate components.

* <

service a”re cap:.ta.l letters.

i _,Mff“ﬂ-'-ﬂ A COUNTER, ELECTRICAL "
L~ ADAPTER, COMMECTOUR cp COUNTERPOISE, ANTDZIA x
s alare N os . COUPLER, DIRECTIOMA.. . bC
= ! aspiifier (except r-tating) AR ; coupling (aperture, loop, or
1 APLIFIER, MAGNETIC (except . . probe) . cr
3 1]
3 rotating) AR . crystal detector (SEMICOMDUCTOR
amplifisr, rotating DEVICE, DICDE) cR
‘trequlating generator) G crystal diode (SENICOMDUCTOR
“ ANTENG € DEVICE, DI1ODE cr
3 ARPESTER, LIGHTNING E crystal diode, breskdown R
assembly A crystal unit {(SEMICONDUCTOR
3 x (PLxED OR DEVICE, D1ODE) @
; : VARIABLE) AT . crystal unit, pieroelectric
* audsble signalling device [+ (CRYSTAL UMIT, QUARTZ) Y ”»
BUZZER: RINGER: TELEPHOME cutout, fuse (FUSE CUTOUT) F
SIAEN; SOUMDER, TELEGRAPH cubout, thermal s
3 autozdranstomser T DELAY LINE oL
ul(::s':o‘:! g;l::_ detector, crystal (SEMI-
m“é) T COMDUCTOR DEVICE, DIODE) cr
device, indicating (INDIGATOR)
= barrier photodell v ) except meter of thermometer DS .
3 b“f"" BT dipols antenna (ANTENNA) €
bimstallic strip E as ecting device
block, comnectaing {TERMINAL - {connector, receptacile) J
a3 N ©) TH disconpecting device
blocking layer cell v - {connector, plug) P
vlower (FAN, CENTRIFUGAL) B disconnecting device (switch} S
BRUsH. ELECTRICAL CONTACT E discontinuitys {usually co-
’ ¢ axial or wave-guide
s " transmission) z
cable; cable assembly DYNAMOTOR w
coenectors) ¥
LECTAON TURE v
) capacitance bushing L e
= . . equalizer (NETWORK, ,
- CAPACITOR ¢ EQUALTZER) . E
2 CAVITY. TUNED z FACSINILE SET A
ceil, nartery BT fan A
cell, light-sensitive, photo- . B
emissive (PHOTOELECTRIC CELL) ¥ filear L ,
hoke so1l flasher (circuit interrupter) DS
-
- CHORVEN, ELECTWONIC G frate 0\
3 J— B frequency changer (rotating) G I
. corl, hybrid HY ruse ¢ _F .
FUSENOLDE! X
N1L, RADIO FREQUENCY L R
ZGIL {all othets not chnmed .ttzt;:;.fh. cers X
a8 transformers) L f
E N A gap (horn, protective, or sphere} E
“ONECTOR, PLUG, ELECTRICAL 3 ,  GENEMATOR ¢
. ~ COMNECTOR, RZCEPTACLE, BLECTRICAL J GYROSCOPE w
COMNTACT, ELECTRICAL M Hall affect device £
. N contactor (manually, méchanical- HANDSET s
1y, or thermally oper'iud) s hardware (common fasteners, etc.) H
- y contactor {RELAY, ANWMTYRE: nead (ERASER, vaéth; HEAD,
- L w RELAY, SOLEWDID) i\ K . SOUND; with various modifiers) PU
! converter (rotating machipe) nG ! HEADSET, ELECTRICAL He
fl\ CORE, ADJUSTABLE TUMING: CORE, b HEATER HR
- ELPCTROMAGMET ) cove, inductor;
\ core, memOry: core, transe HORN Ls
T hydraulic part HP

INDICATOR (excopt meter or
thermometer)

snductor

instrument

INSULATOR

interlock, nechanh:ul

interlock, uftty. electrical
inverter (MOTOR-GENERATOR)

inverter, static (DC'to ‘AC)
1solator
ja“ck '

" junttion (coaxial or wave-guide)

v

i
jungtaion, hybt;fld \‘
KEY, TELEGRAPH
LA}, FLUORESCENT
LAMH, GLOM
LANP, INCANDESCENT A

lamp, pilot (LAMP, INCANDESCENT;
+ GLOW)

lamp resistance
lamp, signal . (LAMP, INCANDESCENT;
LAMP, GLOW)
LAMPHOLOER
line, artificial
line, delay (DELAY LINE)
Lpop antenna (ANTENNA)
LOUDSPEAKER
mcu!.‘r PERMANENT
mechanical part
mcter )
M ICRDPHONE
mode suppressor
mode transducer
modulator
MOTOR
MOTOR=-GENERATOR ' T
mounting (not electrical
circuit, not a socket) L
neon lamp (LAMP, GIOW) ps
NETWORK , HYBRX&C!RGJ!T 23 4

network, general (where
specific class letters

do not fit) z
oscillator (exclud.ng elec-

tron tube) < Y
oscillator, magnetostriction Y
OSCILLOGRAPH L]
NSCILLOSCOPE ]
pad (ATTEWUATOR, FIXED) AT

part, miscellaneous electri-
cal” T
part, miscellaneous mechani-~
cal (bearing, coupling,
gear, shaft, etc.) -~

part, structural -

Em,aNﬁ]%f’!Emng

Commonly accepted names are lower case; names that are standard items in Federal

v

‘ﬂ:l‘g

gRRE"3I3“x1F"°




'

plug, alectricel .
PLUG, ELECTRICAL)F

r

.

peET, SImDING . '

prtent cometer (RESISTOR,
IARTABLE) -

FORE UPFLY .
REACTOR {iron core) \
SOCEIVER, BABIC

° recelwar, talaphome headset

» BMECTRICAL}
rq;aclo {coamector, statiom-
ary -porrion)
rwcorder, slapied time
EECOREras, Sotmd
recording wait

rectified (SMMICOMDUCTOR DEVICE.'

proDe)
- zectitier (complets power
supply wmit)
yead, vibrating
NGGLATOR, VOLTACE {excludas
tube regulators)

‘relay (BELAY, ABNRTUSE; RELAY,
S0LENOID; velay, reed:; relsy.
solid-state)

TEPEATIR, TELEPRONE

EPROCER,

resistive tion
MESISTOR e

ms1STOR, SEGULATING

MESISTOR, mm\-nﬂmr)
RSISTOR,

MESISTOR, VOLTAGE Sﬂst‘l‘lwi
!

t.t_olv!t (SYNCHRO, RESOLVER}
resofiator 1q‘nvrn TUNED)
MNEGSTAT f

rotary joi {microwave}
SATURABLE -
selenium dell (rectifier)

sensor {transducer to electric
posi T}
shield, slectrical

iftera phase (XETWORK,
| PRASE-CHANG: WG

Ikt‘t"{w-ngl “transsission)

SIRNIT, IRSTRMENT

sliip ring (RING, ELECTRICAL
CONTACT)

- )
T .

solehoid (SOLENOID, num‘-
CAL) -

speaker (LOUOBPEAKER)
SQULS, ELECTRIC
squib. enplosive

strip, terminal (TENMINAL
WOAND}

structural part
subassesbly

sER° -

EEE

» » B W

s 83 3

!";I";N

.
3

—

TRMIMAL (individual)
TERMDIAL SOAND

tast block

teraisacion, nn“htmm_

test point (mot actually & rve-

fetunce designation)
tharaistor
“ITHETNOCOUrLE [
3 therso generator
timer, slectric
u-;ldmr
- transducer, mode
TRARETORMNER
TRANSETOR
transaigsion path
TAANMITIER, RADIO
tumed circuit

. veristor, syssetrical {(RESISTOR,

VOLTAGE SEMSITIVE)

varistor, m—uu:l (SEMI-

COMOUCTOR DEVICE , DIODE}
rectifier, matalliq)

VIBRATOR, INTERMPTER
viswal Fignalling device

- voltage regulator (REGULATOR,

“VOLTGE)
wnvE GUIDE
WAVE-GUIDE FLANGE {plain)
MAVE-GUIDE PLANGE {choke)
WINDING
WIRE OR CARLE

==l”-l

t

wgcse 2 xyr3233 3

2
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The .tvdnnt should be able to identify nch-latic sysbols. For example, giver the
;euot Supply ncho-ntic bclau he/she should idontity each component.

L 8

)
i’: o ‘ 4

Pl

rl CR2 - c2

5 CR3 c3

DSl CR4 Rl

51 CRS R2 =

Jl CR6 R3 ;

‘12 .
~he student should also be able to identify electronic hardware by performing the
fo_lowing: -

K 1. Usirg the catalog_ggggzdeé7’§ibe the physiual dimensions for a 1 watt <
carhon resistor.
2. Using the catalog provided, find the cost (per each) for a DP3T slide
switch if you purchase in quantities of 200 switches.
Coa. Llst two manufacturers for each of the following components.

i

F K‘[ 5.

Transistors

Resistors !

Capacitors _

\

Connectors

Transformers ‘ :

~"{ist ali the information found on the smallest (subminiature) rf inductor

with a 0.75 micro-henry value. ) .

Prom the catalogue provided, list some of the uses of potting materials.

Ry A ,
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. K. Terminals and Cmnectioni

. e —————————— P ———————

;:;—‘ There are many terlinals and types of connections used to assemble electronic
- components.
) 1. Solder terminals ’

FLAT HOOK

BIFURCATED

Terminal styles for component boards.

\\

¢ | F an _ QQ' SPACER

(a) msrj.mnon
~ " (d) ‘
. \ Types of teyminal boards and
@ ZCHASSIS . terminal strips. (a) Solder-
N ‘ ) type terminal strip. (b)
Board mounting methods. Terminal‘ board.
(a) Plain bracket. (b) Special bracket. . .
{c) Spacer. (d) Insulation plate. . '
\ ' ”»

" All of the above terminals hold electronic coﬂlponeﬂtﬂ in 91“‘3 by soldering ~—~—

their leada in place.
e . ) h ) ' ‘.

\\\ ' 42' —,‘ . [ \

T 7\ o - e - - - e . N ,,,:_:'\;i—;;,




2. Soldexrless Terminals

As the name imliesk solderless terminals do not reqm.re soldering.
of solderless terminals are shown below.

Screw 'rérninals

Step Step Step
1

' —~ Soldserless
a Terminal
4 Lug
: Flexible

'i!'e"'_"

. The use of a crimping tool.

Examples

«

Rarely are wires simply connecte;i to
screw type terminals. They usually are
crimped to a terminal lug.

Hole for wire

H_ple for screw

Hole for wire

Hole for screw

ssetw Goos TN ses s Asudm Sesse W88

..:uu:num
‘

$$ 3 LrY ey

For rap:l.d uuwly and bxead-boardinq.
plug~in boards a,te very valuable time
savers. -

Solder or Crimp
Test wire lead

< -7 .
I’ -
-

P
. \Test clips




ltim-ml-ap is now a fairly widely 'ixse;ld
method for making several permanent lcon~-

nections in a very compact space. Shown
at the ‘rigiht is an assembly that
maximum use of solderless connecti

|
{
\1{-38-
|
}
{

er

ons.

<
@

Wire-wrap tool shuwing hov end of tool is inserted over the squaa.{ shaped ter-

minal.

"bite" into t'e wire for a good connection.

We can expect to see more new tools on

the market every year for sreeding up the
- process of making connections. On the

right is a new tool callea a "Wiring

Pencil" for making fast connections on a
_ breadboard.

At least two corners of the square terminal shaft must ber sharp to

-

.
" e




LABORATORY
’ The student should know how to make a solderless connettion using a crimping tool.

He/she should know advantages and disadvantages of using solderless teminal
lugs, 4 types of solder nq!:erials, and what is wire wranppmg.

3. s.liggr_-;gent Connections - Cable Connectors ' _

_Mhen semipermanent connections are desired between majdy units of electronic
equipment, connectors of the types to follow are of greit value. The variety
— often seems endless like all other components of electronic hardware. S

u

t E _ Printed Circuit Cand Connector .
Q . " .

: EKC ' Plugs & Jacks )




/ .
’ Miniature Connector ,
Coaxial -Connectors ) -
A
¥
3333111 e
. ghgk and Panel Miniature ponpectors

.. .. The characteristic of "push-pull" coupling to facilitate making and breaking
make the use of these type of connectors very convenient.

- . B
1 -




© Identifying the pins in miniatire conncctors :;qnirol a word of expl&nation. .
Mote the diagrams below.

Line: Indicates
hat a letter is
Missing

Broken Circle:
Transition —_—
Between Capitals,
Lower Case and

Double Latters

“The ‘Bver-Bxpanding Orbital Sequential Typical Diagram of Alphabet Identifjcation

- Wmbering System
s

1

Connector failures of .the‘ minature connectors are relatively infrequent, but
wvhen they do occur it is usually because the contacts are not properly seated
(locked) into place. : L

o
.

' 4 . .

The assembly of connectors with individual pins and mating contacts is aradually /
‘giving way to the flat cable and compatible connectors with permanent contacts
that are mated (connected) to the flat cable wiring by means of a special tool.
The tool forces away the wire insulation and makes contact with the wire inside
the connector. Unfortunately, any change in wiring must be made on the opposite .
side of the flat cable connectoy - within the unit being connected. '

gl 7 ,




A B .
. @ Crimping Sleeve
+ Seal )
Retainer Nu )
D cr

c imp
O p Protection Sleeve

Teflon Sleeve

Place the crimpihg sleeve
"g" and the seal retainer

nut "A" over the coaxial
cable. |

e Inner Conductor
Inner insulation
Outer Conductor

Outer Jagket

2
prepare the coaxial cable
in the manner illustrated,
according co the indicated

dimensions.
Crimping Sleeve .

Seal
Retainer Nut

Note: Use of hot wire
stripper is recommended.

on all cables up to
.110 overall dia.

11/16 on all cables larger than

9/16

| push the Te

3.

Place the center contact in the crimping
tool. Insert the center conductor of

the csble in the contact crimp barrel so
that the insulation touches the back of g
the contact and compress the crimping mech=
anism, completing the crimp cy€le.

crimp tool is designed so £hat the zzyﬁéct
will not be released until a complate’,and

'pe;fect crimp has been made.

4. _ :
Two series of 4 indents secure the center .
contact -te—the inner conductor of the co- E
axial cable with a strength exceeding

that of the cable itself. )

C
te

Push the crimp protection sleeve "C"
over the crimped center contact and under
the exposed portion of the« outer conduc-
tor of the cable.

6. - .
flon sleeve "D" over the crimp
contact and past the contact ridge.

To accomplish this, hold the contact
front and push the sleeve slowly into

its position.

7. ) T ]
Insert the entire assembly through the -
back of the connector shell and tighten
the seal retainer nut "A". This wyil porx
mit automatic alignment of the inner con-
ductor. . o i

.}15 overall dia. -




The eraser is valuable in cleaning contacts on printed circuits and other "exposed”

- contacts ox terminals. \' The knife is useful in cutting or scraping materials

- whers the dlagonal cutter does not seem to fit the job. A pair of toe-nail.clip-

" pers are found in the tool box of experienced electronic technicians. They are ,
uséd to clip small'wires - especially the excessive lead lengths on component wires
- vhen mounting on printed circuit boards, .

The soldering aid is used to hold a wire or component lead in place while soldering
or in removing a soldered connection. They may be purchased commercially; however,
the best solder aids come from discarded dental tools. .

\ -

e N _ .

DENTAL, TOOL

' Dcnm tool soldering aid. The thin curved ends are ideal for holding some-
in plu;g while soldering or prying up leads when unsoldering

valuable specialized tools a‘;needed for specific jobs. The heat guni
shown is used for attaching heat sMfinkable plastic tubing to exposed con-

nections. Special heat shrinkable connections are now available for use where
crimping'was formerly used. The special holding fixture nr vise shown will

hold a printed circuit card in almost any position to make it easier to repair
~ or modify a circuit. .

*Holding Vise % Variable Heat : Heat Gun
Soldering Iron

b

The variable heat soldering iron is useful when a variety of soldering require-
.ments are encountered. The required heat is dialed and in a short time soldering
, can begin on either miniature or large termirials and connections.

Q ] B . |
ERIC S |
n.uurmvvmﬁ . N . . ) . 49 * o " ‘ 4 e

z
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Soldering Irons

A large selection of soldering irons is availabla. The correct type of soldering
iron depends upon the soldering tagk. Soldering irons are primarily rated ac-
cording to wattage or the amount of heat they produce.  Por convenience they - :
are produced in "pencil®,"pistol grip® (gun),or ah  "wand" with fairly large -
handle. The pencil. and qun type soldecrsing irons are preferred -and perhaps io&'\e -
- copvenient for small electronic equipment. -l N
. / . c S - . \‘ -
The wattage rating is of primary isportance because jus the right amount of heat -
for the soldering test is very important. Too much heat may damage components-
being soldered. Too 1ittle heat may take too long to mell the solder and again :
dasage the component being soldered because of time which ‘may become gufficiently :
long as to conduct too much heat into the electronic component. ' 5

+ L

As a general rule, the wattage rating for soldering a number 20 AWG wire to the = -
variety of solder,terminals shown eariier should not be higher than 50 watts. g
Smaller termindls and smaller diameter wires will require less heat. Printed
circuit boards containing discrete components such as transistors, capacitors,
resistors, diodes, etc.., should never be exposed to heat in excess of 25 watts
~ for than about 5 sgconds. The smaller connections for integrated circuits
" '(IC) may require ouly a‘l0 of 15 watt soldering iron. At these lower wattage
- ratings the pencil type iron is preferred because of the close proximity to
+adjacent connections and control of the iron itself which is much easier.

’

§
o

Heating Element Handle with protection from heat.

The Soldering "Pencil" Iron ‘showing replaceable parts.

A

§

.SET SCREWS REPLACEABLE TIP
CLAMP COND'JCTORS ,

.OF_TIP ASSEMBLY

TIP-HEAT GENERATED HERE

HEXAGONAL THREADED
FITTINGS SECURE, TIP

HEAVY CONDUCTORS
PERMANENT PART
OF GUN

(—i; The Soldering Gun showing
replaceable tips. )

.




f‘ - -m.-r
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The \ﬁe of the soldering gun should be limited to temporary repairs‘gf«
larger components and connections.

The shape of the tip of a soldering iron is determined by the 't':ype or shape

of comnection being soldered. As a rule the shape of the tip should be one?

" that provides the greatast surface area of contact with the connection to

be soldered. At the same time the tip should not he so large as to damage )

° -adjacent components or connections. A variety of tip shapes are presented
below. .

— 0 .
-
’ « ! ’ E > .
‘ , (b) o 7
. p : ‘ (D -
T (c) ‘
“ —1I < &
< (a)
\ r’ E | L&"? @
’ ' (e)

’ (£) ' .

- - . Fig. 14-3 Common spldering tip shapes.

- (a) Pyramidal. (b) \Beveled. (c) Chisel. )
‘(d) Tapered chisel. |(e) Conical. (f) Pointed
chisel: -

-

Tips of éoldering irons are copper alloys gné.—fraquently plated with gold,
iron or nickel to prevent oxidation of the copper. These tips should never
be filed or sanded. , .

i

[




LABORATORY

he student should be familiar with the
_particular should
should know the relationship between
job. N

L

M. Tinning

¢ jnning is defined as the spreading
over A ! ogigace that

)

The tip of the goldering iron

of a

*

Flux used in tinning is a plasticized res

———————oxides from the surface of metals.

E .

1

use of typical soldering irons,
know the safety precautions associated with their use.
power rating and heat necesgary for 2 specific

‘ must be tinned to permit the
heat from the tip to the joint or connection to be goldered.

and in
He/she

h £

thin layer of molten solder alloy /

has ;previously been cleaned and prgheated.

maximum ttapsfet of

in or weak acid used to ‘remove metgl‘

Tinning the Soldering Iron Tip. -

1.

" 2.

‘Uu of a moist -ponqe to wipe
the tip of a soldering iron.

-
™

Y

"\

»

Lightly dampen a sponge. Ny

Plug in the soldering iron and allow . -
it to get hot. . :

Wipe the tip on the sponge.

Apply solder with a flux core to

the tip.

Wipe the excess gsolder off on the
sponge. ]

Inspect the tip. This Hrocess may
have to be repeated geveral t!

to remove all the oxides from the
.gsoldering iron £ip.

The coldering iron tip will be ’
}::I.nned‘ when a smooth shiny £ilm
can be seen to cover the tip.




LABORATORY -

The student should be able to tin a soldering iron. He/she should know why res}n
is used during tinning. ) -

O. Soldering

Soldering is the process of uniting two clean metal surfaces with a thin layer
of a third metal alloy. In this process the correct amount of heat, the appli-
cation of a flux, and the type of solder must be considered.-

For electronic equipment, the flux is a plasticized resin. The flux is necessary
to remove metal oxides from the surfaces of the metals to be soldered. MNever use
an acid as a flux as it will eventually dissolve the copper conductor.

Solder is an alloy of tip and lead. For electronics, an alloy of 60% tin

and 408 lead is normally ‘used. For convenience, wire solder used today has an
inner core of the resin flux. As the wire solder melts on the heated metal
surfaces, the flux runs out ahead of the solder cleaning the surfaces so that
the solder will penetrate the metal and form a good "join,:" ‘or connection.

R 1 \ N - -

The amount of solder used on a joint is as important as the fitting together of
the two metals to be united. The diagrams illustrate the correct methods of
soldering wires to terminals and to printed circuit solder connections.

s Iqoi:tant aspecté of soldering include having adequate work-space, good lig'ﬁfing
and a well-ventilated room. : .

N\
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1, Soldqfihg Defects:

'COLD SOLDER: The connection appears dull, chalky,

EXCESS SOLDER:

INSUFFICIENT SOLDER: This p

RESIN CONNECTION: The metal pa

¥

or crystalliéed as

the result of insufficient heat or movement of the joint as it

cools.

The thickness of solder on the wire attached to the terminal
should be no more than one~third the thickness of the wire.
As a rule, the outline of the wire and terminal should be
visible. . .

roduces an uncertain union or connection of the
metal parts and may not hold up under vibration.

rts may be joined only by the thin coat of flux -
even though vufficient solder has been applied, and thus :
will separate easily. .. T

: /

\

2. Wire Connections: ; _ )

. om
In removing the insulation from wires to be conne
- the wire without damaging it. e .

-~

.

Examples of mechanical wire strippers.

Em—— i T p s

There are ess

. Mechanical -

cted,it -is important to "strip®

’

entiaily three major methods for stripping wires of their insulai:iqn‘: '

)

cutting the insulation and pulling it off the wire.

- heating and melting the plastic insulation to remove it from

- the wire.

- dissolving the insulation in a chemical solvent. ) '

N

$- .
3 g «
¥ 'F;‘%;‘.‘ , Fo
- P 't'.‘-" , .ok Vad
. DT Sl SR
3 - T
g s . Gﬁ!@"'h. ’

Thermal wire 1b;ipp¢rs‘. T

5;_ These will not nick the conductors

o= e —

et r—— - -
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* " Insulition : \
Color coding stripes

-

Exposed wire

" strands

_Correctly Qt ed wire
\ Insulation
.. 'torn off
Broken wire

strands

Micked wire strands

] spread out

Incprrocgiy stripped wire

Wire strandsP

Remvip:; enamel insulation.

, Ink eraser

Cleaning component ‘tinned leads.

Preparing Shiel@ed Wires for Soldering

A

Braid strands

Braided shield —

~ Awl

{a)

Ground Lead

N

X

Inner conductor

' Insulator

(b)

(a) caﬁing the braid strinds.
(b) Use of the braid strands for
the ground lead. :

Cover and support
with sleeving

| wi
or electrical tape Ground wire

y

Ce

1

Ir#.ex conductor

Solder

>

Braided shield

Insulator

(a)

Ground wire

*Two-piece,
compression type,
crimped. connector

Cover and.support
witl sleeving
(b)h\
A*taching the.qground wire. (a) Solder-
.} g the ground wire. (b) Crimping
cne ground wire.

~

[ ad

J

> o
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is completely withdrawn.

Stripping a shielded conductor by
pulling out the center conductor through
the shield:. (a) Bunch the shield near
the jacket. (b) Carefully open a hole
where the shield has been gathered.

(c) Bend the wire as shown. (d) Work
the center conductor through the hole.
(e) Breakout complete; center conductor

EY

3. Mounting and Soldering Componente

' For good mechanical support all wires

should wrap around terminals. The
standard practice is to wrap a lead .
~around a terminal at least three-fourths
_of a turn, but not in excess of one
complete turn. -

Terminal board

Smooth bends

I

_Component leads
use the upper
section

wrap shall be:
3/4 turn minimum
1 turn maximum

1/32" Minimum

'Requirements for mounting tubular
components on terminal boards

m e —— ————— =

1/8" Maximum

Interconnecting wires
use the lower section

Specifications for wrapping wire
around turret terminals.

55{: o R

@ X

.-

Y
o I =



Tight wrap

1/32"

Mini
1/8" Maximum

overllap

Wrapping a wire around
a hook terminal

L— 1/16 .
R = 2 x LEAD DIA. &\gﬂ_

X = 1/16 + 1/16 + 2(R) + D +
COMPONENT BODY

~
:E
o
E ' " ~
[. . Wrapping a wire or a flat =
te 1 when approached .
| from a side. .
E
L :
Er 'r'_ 1/16
» : ER D)
E <
' ~— 1/32" Minimum
1/8"_&1:1“

All strands- —
inside of pot

: Mounting a stranded wire
. in solder pot type terminal.

LENGTH

BEAD

Bending and Mounting Components
on a Printed Circuit Board.

N

\

semiconductor diode

plated
through hole

TN

Bent lead

1/2" Maximum

—



3. What will happen .to the electr1c current 1f.a strand of a wire in a conductor -

=52- ’
LABORATORY , .

- . P

The student should have enouqh practice with soldering techniques to answer the
following:

1. Wwhat will happen if a coarse sandpaper is used when removing enamel insul-
‘.ation?

2. What happens to the current when the diameter of a wire conductor is reduced?

N

is broken? - e
4. why is torn insulation objectionable? ) ,

5. Why is it imnortant to know how to remove solder from a 501dered joint?

N

6. State the advantages of using resin-core s>lder for solderlng.

7. why must the tip of the soldering iron be placed under the soldered joint
"when remOV1ng solder?

:
1

8. Wwhy must the soldering iron tip be in a tinned condition when«unsoldering
a. joint? ,

v

9. List the advantages and disadvantages of a soldering aid.

10.' Explain the procedure lnvolved in removiny solder with a copper braid.

/
11. why is it acceptable to’ cut a resistor in half when replaclng it?

12. Describe a printed-circuit board. ’
B ‘v

13. List the specifications to be observed when mounting a resistor on a printed-
circuit board. -

14. List the advantages and disadvantages of a printedjcircuit board.

N, '
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Assembly Techniques

The use of integrated circuits (IC's) and digital circuits is
rapidly changing the techniques for assemblying electronic
equipment. The maze of wiring and panels of circuits shown

in the figure below are going +tr give away to a maze of wiring
and the small integrated circuit packages all neatly arranged

on a small plug-in circuit board.

g




R. Tools

Ad

i
while there exists a large variety of specialized tools an electronic technician
needs, the following basic hand tools will be most useful in building or re-
pairing electronic equipment. With the exception of the soldering aid, most of.
_these tools should be quite familiar. -

*

i

WIRE STRIPPERS

———

e @ &F A e -
o e LA b At b v
RULER

The value and use of most of these tools will become obvious even for the beginne;
when attempting to work on electronic equipment. Omitted from the basic tools
shown is a phillips or cross-point screwdriver.

@b 60




Heat cannot
be transferred

ﬁb;lth;q Components on Printed
Circuit Boards. Note shape of

T Solder

,Bdge of insulaﬁion
spould not be burned

Solder should not be used
to fill gaps.

End of solder
—— flow
Clean solid
wire lead

E P

‘}‘ finish
|

f
gstranded wire

1

Insulation ‘ . i off

% e aman &,

Proper Contour sold'ering.

Coarse appearance
not acceptable

Runover not
acceptable

Iq_):ro;:er solderir;g results.
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. ) : : The large, involved circuits of the recent past are being replaced
: bytmalueuﬂwnnlnmlpmmmuxiaxICcﬂrmdx.bunﬂssmnmmbehmn‘,

S A breadboard is a plastic sheet of insulation with copper conductors and
ts mounted through holes in the board. The plastic is reinforced

o with glass fibers or cloth.
- ',i"

‘.

[

" plug-in IC Breadboard production IC Circuit Boards

P N

1. Integrated Circuit Assemblies:

The great rediction in space resulting from
the use of IC's makes the interconnection problem

more complex because of the numerous, closely
spaced connection leads that must mate with the

"flat packs" or "pIP" IC packages.

Interconnection or wiring drawings and
schematics take new form - generally with .
less information as to .the complex circuit’ - .

that may be inside the IC.

.- . . .
.




-

A-D

Printed circuit boards are usually production assemblies,
however, the simplicity with which they can be made make

_ their use valuable even for-prototype work. A printed ’

*  gircuit bogrd (PCB) is a plastic laminated board of glass-
epoxy, bakelite, or phenolic resin upon which ribbons of
copper foil have been etclied or conductive paint printed
to form conductors interconnecting various electronic
components. To etch a copper clad PCB, the following
steps mnataken. o/

a. Clean the Copper Clad Board with Ammonia
Persulfate 209 and air dry.

i Apply Kodak KPR4 Photo-Resist in
subdued or yellow light.

SERIAL QAU CONVERTER . \(
_ The diagram shown TRANSMITTER \ THERMOCOUPLE
at the right is a remotely
monitored and controlled .
heating process with. ety RS - ,
! four IC's (to the right ' . ‘ AHPLIFIER
. of the Digital Terminal). ' DIGITAL ;
The only discrete c¢ircuit : )
elements. are the heater, TERMINAL HEATER
relay and thermocouple., " e T
OFF REL y ,
60 Hz
h)
. ’ ©  Circuit diagram for an
: ‘autonqtic/manual heater
control. A
2. Printed Circuit Assemblies. o




j.

-56-

Bake the Photo-Resist Dry in an oven for. -\ 3
approximately 150 seconds at a temperature - .o
not to exceed 260°C. ‘ ' ' .

Expose the prepared board‘in,a phota-printet . Vo
(ultraviolet sourdéﬂ through a photo negative ’ -
mask of the desired circuit. ' \\ . \

&
Develop the photo-resist in Tri-Chloro-
Ethylene (trade name Triad).

7

Rinse off the unpolymerized residue with
running water. .

Dry gently with foroced air. ) ) z

Etch the unwanted copper by immersing in a
solution of ferric chloride.. A Pyrex

dish may be used. The solution should be )
heated and the tray agitated gently. !

Cut or trim the board to gsize, drill - . . .
holes for mounting the components, tien strip
the polymerized Photo-Resist from the copper ’
-gurface of the remaining conductors.

R -4
Finally, mount the components and solder to
the PCB connectors. . ‘ _

+ . T
.

Preparing the photo-negative has been simplified "

through the vsz of adhesive aids. As shown in the

figure below, one simply lays out the desired circuit.

making space only for the size of the compgnents. This .
master art work then should be photographed to obtain .

the photo-negative mask.

R

«

Ma oo
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BLACK NO SMEAR N
PRESSURE SENSITIVE TAPE” ypjversal”

I IR L
i

|

;E;jl
- ’ , corners,
? Laying out master art'work with precut adhesive . :

- ¢rafting aids. Lo »

-

N
1 v

v

’

7

. £

- ]
1

A A LA

» 3. PCB Component Mounting & Soldering , o

-
-

. ‘ Generally, components are flush mounted
.. to ‘the PCB. Component leads are bent and
) formed as outlined earlier under Mounting and v
- Soldering Components. The following figures will
. ' also help 'in’ asse#blying components onc?CB's.

(Y
=
3
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STRAIGHT THROUGH - leads xuuiih:buqh board

T T B = - S N S i

. without bending or crimping and are
cut to length. A fixture aof some
kind is usually necessary to hold
component in place during soldering.

SPACER - the same as "Straight Through," except

e that a standoff or spacer is used to
] keep the component parallel to the
¥ board and to provide insulation.

-

_ OFFSET - used when the spacing of the leads on a

component is too close to accommodate

the degired terminal area, or to

allow adequate room for conductors - *
to pass betwean terminal areas. Leads

must be formed to fit.

&

=

SPREADER = accomplishes the sané purpose as the
"offset” configuration, while pro-
viding support and insulation.-

o

INVERTED - component is- fastened to the board,

“ eliminating the need for a holding fix-
ture during soldering. This method
provides support for the component
and reduces strain on the leads.

2|
;

CLIP OR HEAT SINK - combines the advantages of
component support with heat dissi-
pation. Terminal ‘area locations arc
restricted only by lead length and

I

o ) ’ spacing requirements. |

‘l!'\ °

C)n_ u




sﬁnrhci - leads are formed and _  STRGGERED - leads are formea in a
trimmed tosize. A holding fixture staggered pattern and inserted in
is usually necessarywhile leads are the board. ' This method provides

‘soldered. clearance between terminal areas:
to allow for conductor paths.

" .DUAL IN-LINE -PACKAGES

&
STANDARD - leads are usually flat, "PLUG-IN" - receptacle is mounted on
but ferminal areas are selected by printedcircuit board and soldered.
calculating the, lezd as if it were The component is then plugged into

a (.508mm) diameter wire. -he receptacle. Useful where IC's
" say be interchanged or replaced
often.

CLINCHED '
,E% (E> Component leads may be bent over
or "clinched" or simply placed
) ‘straight into the drilled hole in

the PCB. Note outline of
contour solder connectiouns.
gnuacﬂr .
macoan ()




1. 'Place the tip of the solder-
ing iron firmly against the cir-
cuit board foil and the wire or
-lug to be soldered.

"2, Touch the solder to the iron, the
foil, mnd the wire at the point where.
they meet..
as it begins to melt and flow;: then
remove the iron quickly.

£

Remove the solder ag soon f

the’ connection;
.joint should look smooth and bright,
and the solder should adhere evenly
to both the wire and the circuit

board foil.

3. Check

a good solder

Al

"

4. Aﬁter the solder has hardened,
off the wire close to thé circuit boarad
foil.

7

1f solder is accidentally bridged
becween two foils, it can ke clea
off by heating the connection car
fully, and quickly wiping or brus
ing away the excess solder with a
soft cloth or brush.

Plugged holes may be cleared by
heating the solder over the hole

other side;
fore the solder rehardens.

while gently pushing the lead of a
resistor through the. hole from the:
withdraw the leaé be-

ned '
e-
h..

-

clip‘



4. Component Layout and Assembly <o

~ Experience has proven that an orderly
layout of components pays in circuit performan=e.
I1f components are hap-ha.ard in arrangement,.
shorts may develop or unwanted “"feedback"
of signals may occur. The figures below show
component layouts. .

CORRECT -

i
|
c ¢ . . . . . - - . v -
- Perf-Board Breadboard
3

INCORRECT

~
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Hifstiitstetei

i CIRCUIT PATTERN ) . COMPONENT LA*OUT'

Printed Circuit Board with component
layout on one side and circuit pattern on
reverse side.

5. Cable and Connector Assembly

While flat conductor cables will not

/

/
!

/
/
/

eet

every connection requirement, the convenience and

wide use makes them worth considering her¢.
/
-~ ; /

/

L Wil
g >, . N N
: ble-Wiri Diagr
. Flat . Ca % ng agram
Conductor % A
Cable = 3

| '
! A
i i
Rigiad ‘ ,
connector

Nylon

connector

Flat Conductor B| B
Cable Connectors AR
P2 J2

L]

Ay,
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Connector Assembly Tool

Heat Shrinkable

Connector Tubing

Fluxed
Solder Ring

Sealing
Insert

, : - . Solder Sleeve Repair Connector
Flat Conductor Cables and ILiccessories \

. Types of Connectors

A

s
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TB 2 /
— TB 14/4-B2 —t0 1 — .
- '13149/1-34 —t0 2 4—
— ~ ABl4/3-B5  — o3 ot—
WIRING _ 7
4 /
* R1l4
- HARNESS S TB 12/2-B4
! /
. 1
— TB' 14/2-B6 /— 6 20
—  R145/3-B7 / —X®©5 3o .
~ R101/2-B9" / /
S / ~— /“'/‘ ’
‘ ( ( ( L'_/(‘/K\»v.,., o
COLOR CODE T—
1 N o v v ~ K . . .
m oA @ 0 'BLACK
LA om N 1 BROWN
~ N N J 2 RED
9 2. N o~ 3 ORANGE
X A m ; 4 YELLOW
o & B 5 GREEN
U T U ‘ 6 BLUE
T™Bl T3 & & & 7 VIOLET .
*- 9 WHITE
L : )
/ Wiring Harness "Highway Diag am" : *
, ,using American National Identification .
! system. : . .
) Screw Type — ‘ \
terminal terminal board
. lugs
Twice
‘ cable
diameter .
Min.

Cable ties

Nylon Cable ties keep wiring
_harness prderly

1




6. Insulating Aids: é @
— . Often it is necessary to - -

mount components without allow- Hole
ing the part to make electrical '
contact with the chassis. To
do this, insulators of different
types are available. Four such
aids are shown at the right.

(d)
. Insulating Aids: (a) Porcelain
K standoff mounting support (b)
S Rubber grommet (c) Fiber
- shoulder washer (d) Plastic
. N sleeving.

7. Chassis ’ .

Generally it is desirable to mount electronic
fomponents in a protective box or "ghassis" to ¢
keep out dust, oil, moisture and avoid shock
due to exposed connections. Today it is not
necessary tb form such a contai:pr from sheet
metal because several ma‘afactu,ers make ‘
chassis in many sizes and shapes.

.w...wm.‘w,.._m__.—mvw—.._—.-..m_w,w......-_,_-memﬁﬁvw‘wwﬁV,w””




From large cabinets and special assembly
techniques to miniature boxes one can now

simply sele%t a suitable chassis for packaging \
electronic Wprdware.

Laying out components in a chas

]
sis is generally not restricted to a particular

shape, size or terminal locatio

n except as required by the application. The
figuree below are examples of two chassis 1

ay-outs. One has a bettex organiza-
tion of components than the other - both are probably good for the application
of ‘the equipment.

TPI TP2 ' : : ¥
=
| Sh——
Ly |
A \

@l TI O

Vi v2

@ ;

o{RI}o{Ll}o
Cc2
o{R7}©
L .
Cc3
o-{R8}o-R10}0
R3
oiL3}o

!
/
cl—
o{R6}o{R4le

©
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The chassis Layout above (an exploded view)
was made from the Power Supply Schematic
below.

To make a cémplete electronic assembly some
or all of the following drawings may be required.

~

a.) Schematic diagram
o ’ * //
b.)\ Component cutline drawing (size & shape

cf compornents.).

c.) PCB layout and connector pattern.




i . =70~ /L—\ \
d.) Assembly dfawings of PCB and chassi

s -

e.) Layout drawings of chassis, panel etc.

f.) MWiring diagram, cable diagram,: Y}ring harness, {
etc. :

g.}" Installation drawing ' F\\ ' . :

9. Potting Cénpounds‘ and encapsulating: (g

The potting and encapsulating of components
and electronic assemblies provides protection
from moisture, dust and displacement during

.

shock and vibration. o o

The difference between potting and encapsulating
is the method of application. 1In potting, the component AN
or assembly is--completely encased. The potting \X '
material in liquid form is then poured.xnto the . ;
encased hardware where it soon hardens or cures. N
In encapsulating, the component or assembly is- N SN
simply coated in a viscous liquid that also hardens. ' N
* \
Before encapsulating or potting,moisture is removed from components'
or assemblies by heating or baking in a vacuum.

. .

Examples of various materials used for potting and/or encapsulating

electronic hardware include: . ’
. y
a. Epoxy resins . \
. \ L]
b. Pogzurethane resins ) »
Ce. s;ltcones (sllicone rubbers) \\\

Occasionally these potting and encapsulating materials
will have “"fillers" added to them to decrease the
amount of material /;quired or to improve the thermal
conductivity of the compounds.’

Electronic components and assemblies are not
easily repairable once potted or encapsulated.

Lower density compounds called "foams" can be
used to reduce the weight associated with gotting
components ana assemblies while still providing
mechanical support and electrical benefits. . These foams
are made of the same materials mentioned earlier but with
an agent that generates a gas in the compounds
wiile curing.

N o ‘ { ::. - '7[! ' e
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LY.  HAND TOOLS -

/ -

Hand Logls are small tools, which are hand held and Operafed.

ITI-1 HAND TOOL SAFETY REQUIRES PROCEDURES AND EQUIPMENT WHICH MINIMIZE
THE CHANCE OF ACCIDENT

Proper procedures and equipment include:

1. Proper tool use.
- A ’ -

2. Proper tool adjustment.
3. Proper holding of work.

4. Protect sharp edges. - -

5. Proper wearer protection.

6. Properly maintained clean and organized work area.

. 7. Proper safety glasses worn. . -

ﬁB. Proper state of mind, being relaxed and not hurried.

9. PRroper cutting tools sharpness.
™~

Proper equipment and uses are described on the following pages.

I11.2 LABORATORY

The student should know proper maintenance, application of hand tools,
and operator practice to promote cafety when using hand tools.

.




Swivel Vise

Do.
1. Use soft brass or copper caps to =
protect part held. Vise Size ///41

2. Clamp work tight.

3. Tighten swivel. ) i

4. Bolt down solidly. | Javs — . ]
]

’ ’ . ‘ ‘\ )

Do Not. t ’

1. Turn handle with pipé extension. B

7. Pound handle with hammer. 3

3. Heat work between vise jaws. L. -

4. Pound on hardened jaws with hammer punch or chisel.

. -

Woodworking Vises

1. Mount vise to sturdy support. ]

" 2. Wood faces mount on jaws.

[
3. Do not over tighten by pounding on handle.

E 3




LABORATORY ) A .

LY
»

The: student should know proper vise us: and correct manner to hold work.

1

III-3 FILES -
. A file is a steel tool with a rough, ridged surface forl smoothing,
grinding or cutting. -

1. Hold file level during stroke.

: 2. Clamp work securely.

3. Keep file teeth clean with file card.

v 4. Use handle on tang.
5. Keep cutting teeth free of oil..\\\\
* ) s & z
. 6. Keep files separated to prevent dulling of cutting gdges.

- - - ‘ h
7. File with long slow strokes. Do not force file. ]

8. Apply pressure con forward stroke and remove on return stroke.

* [

_ FILE CARD
. EANDLE

For smooth finish a’nd

For finer finish for
hard materials A

soft materials

For rough finish and
't -materials

For finer finish for For finest finish

harder materials

LABORATORY

The student should file plastic, wood, and metal parts using
a variety of file types. The student should know file nom-
enclature and use. . .o
/ ' - . \

70




III-4 HAMMERS

=Tl

A hammer is a tool for pounding, usually with a metal head and a

. wooden handle.

CLAW HAMMER

\ Handle smooth and
-~ - not cracked )
and rounded edges

Hard Face should be smooth .
and flat. ‘
BALL PEEN HAMMER

Peen should be smooth
to prevent marring of metal.

Face should be smooth and
flat.

SLEDGE HAMMER Rounded Edge

not cracked

“ Smooth Flat Face
Head Tight

SOFT FACED HAMMER
Head Tight
~

Smooth Handle

Soft Caps Secure
LABORATORY

For wood work.

For striking soft
steel or iron nails.

"For striking punches or
setting rivets. (face)

For forming metal. (peen)

-

NOTE: Hardened head should

not strike hardened
material. -

For driving steel wedges.

For driving wood or steel

Hammers should be held at
the far end of handle, and
one hand at head which moves

to rear to finalize stroke.

Safety glasses should be worn.

Soft face for
striking hard
objects without
marring.

Lnspect all hammers for loose
heads and broken handles.

The student should know types and proper use of hammers.

Ve d

nosts.

T




, \ |
a <t o |
\gII.ﬁ Punche:, Chisels and Tmpact Tools |

\
A}

\
v

\ For Metal or Plastic

"PRICK PUNCH

. For marking centers.

~

CENTER PUNCII

For making large
center punch mark.

For driving out pias”

FLAT CHISEL

For cutting soft netal
rivets or sheet retal.

ROUND HOSE CHISEL -,
For cutting grooves or
keywvays. .

Z DIAMOND POINT
— CHISEL

For cutting square corners.

\CAPE CHISEL
For cutting grooves or keyways.

For Wwood

WOOD CEISEL

r _  For cutting rectdangular recesses
in wood for hinges, locks, or
“"  openirigs. :

-

I {

WEDGE

For splitting boards or
separating heavy wood picces.

O




]

e

ﬂRbtation
on impact

Baﬁdle________

Driven Stud_1
For cutting new

gaskets from rubber,
plastics or composite

materials.

LABORATéRY~;~>

The student should know uscs of
tools in fabrication technjygues.

-~ .

~'Gésket Cutters

T

Striking face képt smooth
and free of cracks.‘

.
P

Driving Tools

Hand impact driver for removing c oded

or tight epoxy bonded, thread
bolts. -

screws and

>

—e— Striking pin face

~<—Hand guard ring

For driving studs in
met3l, plastic, masonary
or wood.

_Striking face

~ 3

!

g‘\“‘ﬂandle

punches, chisels, and impact
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DRILLS Y

-

e

- N

Drills are used t» produce or enlarge holes in or through material.

The drills may be hand or electric powered,

are usually posted 1n the lab.)

\

i
A érunll size is checked for size using a drill gauge.
* A I ———

Drill sizes are expressed bv
the fcllowinua scries.

METRIC - 3pm (0.1181-in, diameter)

Yo16mm (2.9921-in. diameter)

l/64-in.to
diameters.

INCEES AND FRACTIONS
3-1/2-in.

CUMBoRS- #80 to #1 (0.0135-in. to.

0.2280-1in. diameters).

LETTZIRS - A to Z {0.234-in. to
.413-1in, diameters).

Sunank types are:

I

. l
Strafght for Hand dqills
\:?nd small drill presses.

Taper for large drilis.
¥

_ Square tang for wood.

o

¢

(Tables of drill sizes

Drill Index |

Cutting

Edge —a—-\ R —

P / L 1
L @

Straight
‘Shanc

&
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-

Special drills or bits for metal, plastic, wood, and masonry include:

\

Hole saw with pilot drill " (\ /\ FAH

1" to 6" size. Y

hal
b ’ Power drill ]J }J

Wood b:its . .
. . For 1" to 15 iuncnes in diameter.
 «—--——Counter o ink ; . 4 A
| ¢ -- Body o
lood Dits for Pand Brace Standard

3 -«€-Pilot drili
Sctew pilot * _l_" up 1",
drill for . 7 = - 4 .

flat head /
wood screws ’
- V e _ﬂ@ E>pamion type
. Counter sink 8’0
| L/ Power masonry __ ’
| — , \ . Drill Bit, Carbide %
. 1 Z( Tipped for Brick and e;mnsmungigu
! < Cuncrete. W
§

) o
angles of 600 and 99
are aiso mado,

7

Spot de? apd counter bore

‘S\hank ’. Pilot
- S .
Hand Masonry
Cutting E@&' Star Drill
A
LA.BORAT6RY
Point of the Star Drill
The student should be able to identify and use drills fbr metal, masonry,

plastlc, and wocd. He/she should know the safe use of drills in doing \

TootmA e e .- - - - - - A e e

fabrication of parts. = ° 3 ;

SECTION ITEMS

i

1. A D size letter drill has a diameter of 1nches.

{.24€)
2. A D size letter drf&l has a diameter of __;mm.
(6.243) 1
3. A metric drill of 14 mm will drill a hole with a diameter of ;___
inches. (0.5512 inches) i '
\
4. What rumber drill size is closest to but spaller than 0.1480 rnches? ‘

(26)

) A drill size chart should e s-andard equipment 1n all shops.

- &4 \ : ,,




_ IX1.7 REAMER =T '
Reamv-ro are precinion ground o itter:s that remove up to 1/32
: of ap 1nzh of matecial from the diameter of a hole to produce
\ 2 round, straight, smooth hole of specific sizeé. Hand reamers
' havee a square end. A reamer 15 fed through a hole 1/64" to
1/32" undersize: Turn reamer slowly using cutting oil. After
full cut 1s made withdraw reamer from hole without rotation.
Rotation on removal will cut a spiral groove.

Hand Reamers have
a square’end. 6 ! !EE ; Hand Reamer ) \

Power Reamer™ « ~—— ————— \
\ (_q; — Chuckiny, Reamer

LS

Nuts Move Blades .T:—_E Adjustable Reamer
3 .

Screw Expands Reamer Body CE) Expansion Reamer

N : ‘
! Special Reamers are % Roughing Taper Reamer
’ madé\ to. .

- Qut tapered holes fo. .

. —_— helding taper shani ' ) s |
R ‘drills and pins. ~ R —)) \ ‘3
) -Enlarge holes 1in sheet - \

metal. '
- Remove burrs from hole ;

. edges. 3u
-Produce precision holes Taper Pipe Reamer 7 to foot,

in metal and plastics.

-Match? holes in two piedes - /
by peaming on assembly. ) '
: Flute Taper shank
| Length BOdY'f**‘F' ap i‘ \ ’
2 § f‘ T)
. E:‘ _“__"_:___ ﬁpq .
' : L\ Blade “1,.and or Margin
- T >\7 "Esdv Cleararce _"A‘:_:_:B,_}aé‘G““’~ o “Land width— -~~~ —
Angle Gkhﬁ = -
of chamfer a\s //Marqin
= ’ Rake Angle

Reamer Part
S Fake Angle and

Pight I'and Rotation Shown

LABORATORY. — < <

The tudent srouid be able to identify and use reamers in lab prdjects by
. drii_ing and reaming holes in metal and plastic. The student should be able

.0 distinguish hard and powe:r reamers. The student should mat¢ch reamung for

dowel pins on assembly of critical paits. ’

AN S




.. Tee Wrench )
Y ' - Cf—"———tJ'\F——-——fZD .

ITI.8 THREAD CUTTING

Thréad cutting is the
process of forming internal . Hand Tap Wrench
threads {tapping) or external L

- _sthreads (using a die). ‘ . c—_—;@_—;—'z

Hand tapping s done with one ) m
\ of three tap shapes depending Bottoning Plug  Taper

ofi the depth of hole and
depth of tliread in the hole.
011 is used to lubricate the
tap and remove chips. The ) v
hole size to be drilled called
"Tap Drill Size" and the standard
thread specifications are available
in nand books.  Tdps are turned with ‘

a-tee wrench or hand tap wrench. Care
must Qe used to start taps straight
in the tap drill size hole. A
bottoming tap cuts full threads to the
bottom of the holé which is first tapped
with a standard tap.

f X

2 ~ , -
' . Jeepest Standard Starting

External threads are cutqusing a die Thread | /

and die stock. Standard 2hread spoci- /
~ fications and rod outside diameters )
are specified on published thread Jf.

tables. ’ ' //// o | 56——
. , N .

N\

//
Cutting _ |
0il

-—

=N

Kod to bc threaded

:

— —

.lland Die Stock . . |
Adjustable Die ) . , - ////
. o T o

- 12 ;2 -




-81~ Cutting 0i1

Thread
Cutting
Pipe threading 1A Die
\
Pipe threading
requireg a tapered’ Pipe
thread to obtain Alignment
a seal. e standard ® Sleeve to
pipe taper 1s 3/4" per start die
foot and the sizes are straight
shown in Table A with %
the outdide diameter (0.D. ) Turn tap with
d the tap drill size. K hand held tap Pipe to be

threaded held

" Pipe Vise tvist handle to yrench. in Pipe Vise

cut deeper

N " Tutn ClcckwtseF*L————-~ ot
¥
6 Schedule 40 A
Rotate to cuf . ’ Pipe,Dinen$ions :
Standard Table * -
_Always lubricate thread -Dimensions in inches. Thre d\s Tap .
cutting taps aad dies. ’ Nominal Actual Actual P2 “Drill
, . size | size Outside . Inch size -
Do not fdérce - clean . 1/8 .270 .450; 27 11/32
out chips often 1/4 1 .364 .540 " 18 7/16
’ 3/8 .494 .675 18 19/32
w172} .33 | 840} 14 23/32
Pipe 15 specified b T 1 3/4 | L824 | 1.050 14 . 15/16
1pe is specifie Y
schedule which specxfles a 1. 1.048 1.315 11 1/2 1 5/32
stdndard wire tnicknest 11/4 1.3820 1.660 11 172141 1/2
and dimensions. 11/2 1.610 1.900 11 1/2'}1 23/32
g 2 2.067 2.37¢ 11 1/24§2 3/16
2 1/2 2.468 2.875 8 2 5/8

LABORATORY e

" The studei t should understand threading and tapping procedures and should

gain familiarity with standard hole and thread sizes using standard threading
charts.

SECTION ITEM
72
1. A 1/2 1nch by 13 threads per inch tap rerfuires what' tap dllll sxze?

“

. 33

(0.450) e e ¢ e rrmetes o rrnng
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‘ IIT-9 FASTENERS |

Tv - or more parts may be held together with mechanical fasteners,
such as bolts, screws, rivets, retaining rings, dowel pins, keys,

; and adhesives. Selection is based cn application, ease of
assembly and cost. )

Bolt length equals thickness of Bolts are used to fasten parts
’ material to be fastened plus 1 1/2 together which may later be taken
thickness of nut. apart. Use machinery handbook to
-~ select head shape, diameter, lgngth
- LENGTH--% t’*LENGTH—-!—l s*7  and material. P P e
. DIAMETER Tap Bolts

'

, BODY ; BUDY L
"/ Round Head Flat Head
' Stov ' -
SCREVS e Bolts, )
—_— Machlne screwsé&’
Set Screvs  pBolt Heads -
] . m Round gplaﬁ '
. Points T .
‘ mC“P Round  Thumb '
' qcrews
GFlat \
Fillister ,‘ _Macnine
Dolt
>mﬂanger - .
, N
weat UL Dy FXooow  frxewe

/Flat Head Round Head @val llead

el
8 .
= _Hexagon Hexagon
v . Head fiead
N e
3 Carriaqge
& . Bolt
vasher
Oval Nut Lag Screw

Headless

WASHERS Bolt Wood Screws

Washers are used as a bearing surface for bolts, screws, and nuts. They

distribute the load over a greater area and prevent deformation. -
- Bolt g

T

""'"-—— Lock Washer

rlat ~:" Ty
Washer — =

--------

Flat
Washer

—Heltcal
Spring Tvpe Use of Lock Washer
NUTS used to-scrz:w on bolts and studs. The size is determined by the diameter
of the bolt or stud on whlch it screws. Its shape will match the belt with

—-——which-it is used. Cotter Pin

Double ‘iut and Flac Washer

Wings—

Cotter Pin .@. :
A Wing Hut . Castle Nut
Gguare I'exaaon

I
ntprna 1 TVpn

Exteraal

L Cap or

Acorn Nut #achine Screw Huts Tam Hut
1
Cotter _pins are used tn ‘lock castle nut and slotted uats in pldce. :}
Jam nuts are thinner than standard nuts and are used to lock -
meresnrens na standard.aut in place. Cap nuts are for appearance, ) External-Internal

) ‘

FRIC ~ 35 o 5

2

s e ]




III1.9

SCREWS : :
Self tapping and thread forming screws form mating threads by squeezing or

displacing material as they twist and cut into holes. They are\§vailab1e

in various lengths, head styles,‘*body diameters (according to screw gauge

numbers), and are manufactured from many metals. Self tapping screws may be .
hand or power driven. They are hard, and their use eliminates the need for

tapping holes. ’ .

e ——,

' .
-3 %
2 3 . 3 5 gy § g
< 2 o
T ] ™ ] X m o m
EF ZREE B g - S ® g- £E7 S
= 3. B2 1 93 w EREZ 5 5§ g5 |
= = E =) = s 3 = iy r
L x e = F
4 5= 4 ) g LR = m e S 2
{ A ‘“bm - > B o s
- - "5 o « g ® » 3
DRIVECSCREWS&" 3 Drive screws are made of hardened steel with multiple 1=
g
bt
o

. threads and a pilot nose. This thread forming screw,

- when driven into a pilot hole slightly larger than |
its pilot end, forms chip free threads by displacing |
material within the hole aMd makes a permanent fasten- |
ing in metal, plastic, plaster, and other materials.

b 7] g
,  TYPE U DRIVE TYPE 21 DRIVE Q |
. o m o o3 m ,
SCREW SCREW Gz m. 0 ,
48 2 o 2 5
3 o f; COUNTERSUNK Z 7 <1
Z % - 7 e

are used to make perman2nt assemblies. They are available in various sizes :
and head shapes, are set by hand or machine while cold or hot. Pop rivets, ' i
drive pin rivets and explosive type rivets are examples of special rivets for '

RIVETS are soft metal fastening pins which may be hollow, solid, oaLsplit and

unique holding conditions. ..
59 > A O s R N\
3
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1 POP RIVET v
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SETTING TOOL — 3 RIVET SET
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RETAINING RINGS . 8 . .
T :

Retaining rings are fastening devices for external and intermdl
applications. Most retaining rings are seated in grooves, while
self-locking type rings do not require a recess. Special

pliers are used to install and remove the rings.

DOWEL PINS | . (= 4]
! !

Dowel pins are used ‘to hold two mating parts
(g.ars .on shafts) and support a major part
of the load placed pon the composite unit.
Most pins are tapered and fit into tapered
reamed holes of 1/4 inch per foot.

Pratt and Whitney Key

Gib Key
///WOODRUFF KEY

KEYS . - Square Key
Keys are made in several

shapes and used to prevent .

a pulley or gear from rotating

on a shaft. One-half of the key — .
fits into a keyway in the shaft while

the ocher- half fits into the pulley or gear.

¢

KEYWAY
KEYSEAT

- ' GIB HEAD KEY

- —

ADHESIVES .

One fastening technique utilizes a

load bearing bond which contributes

to the strenygth of the structure:.

This mechanical bonding sometimes

yields a point stronger than the
matgrials being joined. Adhesives
require a clean surface that mate, -
and “thus, machining, drilling, etc.,
are‘:giqé?ated. The surface must be
clean and fit properly before applying
the adhesive, The adhesive may be yoodruf f Key

sprayed,.dipped, brushed or rolled 455;
on the mating surfaces before assembly.

“Some applications require pressure for s o
curing, others cure by evaporation. x

- \




;. s

I1II11.10 GRIPPING AND CUTTING ?OOLQ

8

Pliers dare to be used for gripping, twisting,

or cutting. Pliers are designed for many ) I‘ k" liers
special applications, but should be used on -ocking plier
qon-machined surfaces since they may mar the
surface. )

~ Hand gripping tools and their uses include:

Clamping parts cr turning tight studs. Combination or slip

joint pliers

Holding parts to be soldered. :

Turning fasteners.,

Bending or cutting wire.

Wire cutting, bending and
insulation stripping. Linemans pliers

Turning wire connectors.

Holding small parts, cutting an

bending fine wire. ’ Straight needle-nosed pliers

Diagonal pliers

Beriding solid wire without nicking
surface for electrical eonnections.

Round-ncse pliers-

Gripping large diameter tubing, nuts, '

R pipe fittings, or parts. (Normally . ‘.
" used for plumbing.)

Cutting nails, wive, and small bolts.

° .
H « i; End cutting nippers
x Expanding small retainer rings. .«(. 9 mpp ;
Snap ring pliers
Strippinag 1nsulation from solid or o - .
standard electrical *7ires of . . //
aluminum or copper. //
| Wire stripper
| .
Cutting steel bolts and wire as large
—~T " " ~°  ~I© " as 1/4" to 3/8". °
. Wire and bolt cutter .
Q <
ERIC 9.

P v i

Cutting wire close to a surface. T



- Ir.11 SCREW DRIVERS Do.

Use screwdriver

/ size that just fits
screw head. ’
Keep screw driver
properly ground.

A screw driver is a Handle
chisel shaped tool R
; with a blunt end to
© fit into the slot in
: the head of a screw.

Screw drivers are designed Hollow Ground

to install and remove Sscrew
fasteners. Sctew drivers may have
spring clips, magnetic blade

or split blade to hold screws for
positioning in hard-to-reach places.
Split blade may be damaged by too

much torgue. ‘

Square for turnipg
with a wrench.

Improper Proceduréi
. 4

Twisting Prying Hammering

wrench . Stand
Blade

standard screw
blade types .

9

Offse't:e Screw driver
scraw drivers - for socket
for tight places set

Autom>tin
. return
screw driver
—~— for fast
installation or
removal of
’ screws

Jewelers screw
, drivers for
small screws
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.12 SAWS ¢
Hand saws are designed to cut
metals, plastics, and wood.
Hand saw cutting blades are
designed to cut with a steady
light pressure on the work
piece. Maximum cutting speed
should be 60 strokes per
minute. PBaster sgeeds dull the

Handle
/-Adjustable Frame

cutting edges and cause rougher JIY S

surfacgs J ! J Blade— pjgnhtoning Screw
) and Nut

Downward pressure is applied HAND H_ACKSAW-,

on forward stroke only. For cutting metals

-
Cutting edges should have fine

enough teeth to prevent hodking
on the material being cut.

i
Correct method »f holding
hacksaw

Coning Saw
Bad Good

Blade

“reeth Per inch +Metal Thickness

18 up ‘o ¥a”

14 o "t

10 V2t to 27 I .

8 Bzmtmgm'! Jewelers Saw

Blade -

For fine cuts in metals

,— Blade

A special blade made from -
tungsten carbide 1s used Cross Cut Saw

for very hard materials. . for cutting lumber to length

' ' Blade > —Fﬁ'Cﬁ
g e Key Hole Saw ) p
.‘ﬁr///f?;’ . © ' - for small ppenings in

large piédces
Tungsten carbide i -

1
fastened to small wire . !.ade ——=

V4

L3 / .
' Hacksaw/ for holes
~ in large metal or
9Lﬂ plastiq sheets.
/

18
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- Adjustable Wrench

<::Z;=————~——"“"‘)‘

Combination Wrench End

x —
Wrenches are used for turning . Open @ .

- fasteners or parts by pulling ?nd
toward the body. Wrenches are in ’

metric sizes (mm), fractional . -
sizes (inches) and whitworth .

ITr.13 WRENCHES

A wrench is a tool used for
— -urning nuts, bolts, pipes, etc.

{(English). Box
- End Allen ~
Wrenches should always be kept Wrench
. . Wrench -
clean and fully engaged with
thg item to be turned. Partial -
engagement causes damage to the .

wrench and the work piece.

Special wrenches include:

-Adjustable wrenches for turning nuts,
bolts, tubing couplings of various
gizes. Always pull against soclid jaw.

Box and open end wrenches of fixed size
to turn square or hex head fasteners
with great force. -

Allen wrenches to turn cap scrgws or

. Allen head screws.

Pipe wrenches to tighten pipe-or pipe

/ couplings in asse »ly<~

Torque wrenches to measure torque
applied to rotate a fastener.

Strap wrenches to hold or turn round
or irrégular shaped objects.

Spanner wrenches to turn large diameter
or hollow parts and fasteners. ¢
Socket wrenches to get in hard to reach
areas and speed installation or removal
of fasteners such as bolts. . .

~ Socket Wrench Set

o

Torque = Force x Distance

£

Ratchet
Extension

Breaker Bar

Universal
0 Dpeep Socket d Coupling
srnnbﬁb( N . -
- ERIC A -
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LABORATORY .

The student should . be able to choose and identify fasteners and
use them in assembly. He/she shou1§ be capable of identifying,
selecting, and using a number of gripping and cutting tools.

The student should develop knowledge of identification, selection
and use of screw drivers. He/she should develop knowledge of
identification of types of saws and the application of various
saws to fabrication work through projects with wood/ plas’tic, and
metal. The student should learn the \proper use of wrenches while
fabr1cat1ng or serv1c1ng an assembly‘X

\,
i
\

et
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1IX.14 END OF CHAPTER PROBLEMS

WORKED EXAMPLES B

1.

A 5/16 -18 thread is to be tapped in a hole. What tap drill
size is required? .
Use thread table and find the thread spec1f1ed. ‘

Read to the right and find the tap drill size of “F

A letter drill of size _F_ would be used.

.
&

A 1/8 inch plpe is to be threaded into a brass connector. What

tap drill size is required?

Look at table A of Section II.8 "Standard Pipe Dimensions”

Find nominal pipe size of 1/8 inch. Read to right to tap dr111 N

size column. Tap drill is 11/32 inch.
#

 STUDENT PROBLEMS //“

1.

o o

3.

An adjustable wrench ( Ydoes, ( ) does not, mar the head of
a bolt wh1ch is belng turned.

o

A tool box for a lab technician who does assembly, wiring, and
piping ‘work might have which of the basic hand tools pre-

[sented in the chapter. /

{(Name 14-15 items)

v

i
(Linemans ' pllers or long nose pliers, vise gripping pliers, Phillips screw
driver set, standard screw driver set, adjustable wrench or open end wrench,
hammer and pin punch, Allen wrench set, file, drill set, pop rivet set,
jewelers screw driver set, hacksaw, assortment of fasteners, wire stripper.)

Hand tool safety requires: -
% (PROPER TOOLS)

° (TURN OFF POWER TO EQUIPMENT BEING,SERVIC@Q)
N (PROTECT SHARP EDGES) -

a (CLAMP WORK AND HOLD TOOL WITH TWO HANDS)

A drill of 17/64 will drill a mm diameter
hole. (6.747 mm)" -~ .

a*
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Iv- .l. POWER HAND TOOLS ' 91

Power hand tcols are small hand-held tools, operated using mechanical or

.

electrical power.

-

1. Safety

Power hand tool safety requires procedures and equipment which
minimize the chance of accident. Best safety practice is to use
procedyres and equipment which require a minimum of two faults to
cause hjury. . Before use, look for danger points and possible
“cases 'where safe guards may not be functioning. Power hand tools
' may be electrically, hydraulically or pneumatically ltair) powered.
Electric cords or lines tc the tool must be kept clear of moving

. parts of the power tool.

s SAFETY PRACTICES \
Good tools When you feel productive
Good mood and rested >

Clean work area

Plenty of light
Know éequipment

Dry ground or area
When not hurried

EQUIPMENT SAFETY OPERATOR SAFETY

Wear ear plugs for
pneumatic tools.
x \\\ Wear safety glasses.

Automatic Shut Off

Two Handles

Reinforted ‘
Wire *

Hold power
tool with

two hands
when possible.

Roll up
shirt sleeyes.

b

Keep power
cord clear.

, , .
\ Support work
and clamp down
when possible.

— Guard

Slip clutch -
to minimize kick \
back..

Stand in steady
| position with
feet apart to
brace against
Wear rubber soled ' "kjck back.

-+ Grounded safety shoes.

Plug

(// Z/ doubly-1nsulated electrical
system to prevent elegtro-

Electric cord or scuff
cution of operator from a

resistant air line.
ground fault.

Tools must be strong and }igid
o 1ough to prevent breaking or binding.

ERIC 9
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Iv.2 Hand Drills Q2.

Jacobs
Chuck

Electric

3

IV.3 SABER SAWS

Saber saws are used to cut steel,
plastic, rubber and wood,producing
intricate curved gpenijngs or holes
using a reciprocating/blade. Metal
and thin work is cut using a fine*
tooth blade with 32 teeth/inch.
Wood' and metal 1/8" or greater
14 teeth/inch.

IV.4 STAPLERS : . ““\\“‘\')

Staplers are used to fasten together wood, paper or fiber with
wire staples or nails. A spring driven hammer drives

the staple into the material. . ~ .
: Stapler

IV.S5 POWER RIVETING
Power riveting uses electric, hydraulic: or pneumatic power to cri

a rivet. Pull 1
: Z:::::x Push q
'[‘—4;_]
Powrns T =

Powered - )
A N Hydraulic
/ Pop

For crimping Pop Riveter
Rivets Rivet 4

IV.6 NIBBLER oo
A nibbler is a shear that makes small .cuts in metal by punching out a,
small piece of metal. ) - o
Nibblers are used to cut
- sheec¢ metal up to 1/16 inch
‘thick.
Nibblers can cut intricate
shaped holes in large sheets
¢ starting from a drilled hole. . .
< 5}{
d-

Air In

cutter punches through "thin S
sheet metal to produce cut.




Operations done
with an electric drill.

Masonry

pPolish
IV.1-6 ABORATORY - - . -

The student should learn safe operating procedures and proper

care of power hand tools to minimize the chance of injury. The
student wi1ll use power hand tools for making parts and develop-
ing safety haktits. The student should gain knowledge of the type
and uses of hand power drilis by drilling wood, metal, plastic

and masonryf He/she 'should gain knowledge of types and experience
in the proper use of a saber saw. The student should know loading
and proper use of power stapler. He/she should know identifica-
tion and process of setting and crimping solid, tubular and pop
rivets. The student should be able to identify gnds use a nibbler
to out shic metal sheot )

IV .7 POWER SAWS

For cutting wood, plywood, . ]
plastic, and metal with proper cutting blades.

e

Rips padces Miters

:
. £

ERIC— '
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V. 2 ROUTERS '

A router is a high speed motor turning
a cutter to cut different shapes.

Molding ‘& Shaping Cuts
IV .9 SANDERS

sanders use a moving abrasive surface made up of
ceramic particles bonded to a ' backing sheet

to remove material from a surface.

Rough & finish sanding of large
flat surfaces ‘

/
IV.10 HAND GRINDERS

IV .11 IMPACT WRENCHES

Socket

(98

Electric

.Iv.12 IMPACT HAMMER

Dust (ollector

Orbital
Sander

\

\

:

Groving & Trimming
Cuts

Line
Finish sanding
of uneven
surfaces

Y DI A

Hand grinders are used- to deburr,
grind, saw, and polish component
parts of an asse ‘y. Grinders
turn fror 12,000 o> 25,000 RPM.
Small grinding, cutting, and
polishing wheels are mounted on

% or % inch diameter shafts.

'

Disk Sander

Impact wrenches are used to

loosen or tighten nuts or bolted

fasteners. A hammer action during

rotation produces high turning

torques with little torque on the

operator. "

Pneumatic Air

Impact hammers rotate a drill or star drill and cause a pounding action

towards the piece beiny; drilled.

for anchors is. the main

Drilling holes in masonry and concrete
application.

1o
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DEMO-HAMMER

LABORATOQRY

The student should be able to use hand power saws to cut wood, metal, and
plastics. He/she should develop familiarity with components and operation
of a router. He/she should be able to shape, trim or groove wood and
plastics. The student should have knowledge of types and proper uses of
sanders. The student should learn application of hand grinders to remove
burrs and grind compdhent parts of an assembly.
ledge of types of and uses for impact wreaches in fabrication.
must be knowledgable of the uses of impac¥ hammers in drilling hard concrete

or masonry.

Worked Items

1.

2. Thicker pieces to be sawed can be cut with courser blades

A minimal power hand tool selectigg,for a science lab might
include which t»nols? .

1

CHAPTER ITEMS

having fewer

Student Items

1. List six basic safety practices when using power hand tools.

2.

(wear safety'qlasses, have good lighting, clamp work, hold tool with both

e

For Heavy Duty Demolition

Chiseling, etc,

He/she should have know-
The student

(electric or pneumatic hand drill)

(saber saw)

-~

(teeth per inch)

haqu, keep cords clear of work, be'fresh and alert.)

List four basic safety practices in the design of power hand

tools.

(rigld, durable power cord, guards on cutting edges, safety switch.)

10;



Vv POWER BENCH TOOLS ;
V1. SAFETY

Safe operation of power equiphen? must be a conceptual part of the
workers attitude. A basic understanding of safe operating procedures
will enable the worker to work safely without memoriZing all of the
many safety rules for each piece of equipment. The following concepts
MUST be an integral part of the operator's safe work attitude. .

SHORT HAIR OR WEAR A SMALL CAP
. "~ SAFETY GLASSES WITH SIDE SHIELDS
REMOVE OR EMPTY POCKETS

CLEAN APRON THAT FITS
CIOSELY AROUND THE BODY

NO WRIST WATCH, RING
OR GLOVES T

APRON HANGS DOWN TO THE
KNEES, SECURE WITH KNEE TIES

NO SWEATER

NECKTIE TUCKED INTO SHIRT
BETWEEN THE 1ST AND 2ND BUTTONS

SLEEVES ROLLED UP OR CUT ——i
OFF ABOVE THE ELBOWS

STEEL TOED SAFETY SHOES .

’ i RUSBER INSULATED SOLES
STRONG APRON STRINGS

TIED AT THE BACK 2 DRESSED SAFELY FOR WORK

r

......

*+ Use the minimum amount of exposed blade or cutter heeded tc-- - -----..
dn the job

* Machines and equipment have physical limitations, which if
exceeded will not only overload the machine, but also pose
a threat to the operator

* Tf it is not safe, don't do it

For one's own protection it is necessary to wear & use the

appropriate safety apparel

One operator per machine

Make machine adjustments when the equipment is not operating

Machines should be rigidly mounted

Follow safety procedures & rules for the machine or equipment

being operated

Keep areas around machines free of debris

* Select proper cutting tool, speed, feed and set up to do the

»

» % % »

-~

»

jéb safely “ .
* Keep hands, loose garments, tools, etc., away from moving parts -
Be sure to cut only the correct material .
* Work safely for your fellow worker. Your fellow workaers safety T y
ig your responsibility =
i . 7
N : . . 1o . ) .t
S 2 r . .
- o
444;u___+_44__;__4gﬂ2______________mi;___l______;;;___J
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~ ) SPEED ADJUSTING -
MECHANISM

V.2 DRILL PRESS

.

The ir:ll oress 1s used to d4rill, bore, and tap (

holes i materials wath accurate positioning of -
Ehe sutting tools. ) SWITCH
Small drill presses hold only a straight shank
4rill :n a Jacobs Chuck. Larger drill presses
hold the drill with a self-=locking taper shapk.

The 4ri1ll is removed with a drift. L.
... .» " 'DEPTH GAUGE

All-work should be SPINDLE
Slamped tc the . . LOCK CLAMP
worktable.

See published table to
determine drilling speeds
and feeds.

.

—
CLAMPING DEVICES
—— e -
PARALLEL BARS ) _
ARE USED TO SUPPORT WORK BOLT .
/ CLAMP N

Ay /- STEP
kAl//i“_ BLOCK
7 P_ﬁ

ROUND

V-BLOCK

~LAMP FOR POSITIONING TABLE !
SQUARE OR, AT AN ANGLE
WITH THE SPINDLE

\\ FLY CUTTER

— e
] —-\\/

. e "‘*-—'—é WORK CORRECTLY CLAMPED

B




SECTION ITEMS ~98-

1. Using published tables determine the drilling speed (SFPM) for drilling
- machinery steel with a 3/8 inch drill. . SFPM (110)

2. Using problem number 1 determine what the feed rate in inches per
revolution should be. inches per revolution. (.006)

3. The approximate rotational speed of a drill is in revolutions per
minute (RPM). It is found using the following equation.

RPM = SFPM x &4
D
. SFPM = surface feet per minute
) D = drill-diameter

For a 3/8 inch drill and SFPM of 110 determine the RPM.
(1173. RPM) .

V.3 GRINDER

Grinding machines, or special purpose gzlndprs are used to sharpen tools, N
to remove mater1a1 that is too hard for machining, to pollsh surfdces to

! close tolerances and to cut hard metals. The bench grinder pOWered by an
electric motor rotates two abrasive wheels. Tools to be sharpnned are
held against the face of the wheel as, it rotates ‘and abrasxves w;tyln the
grinding wheel cut particles from the tool to remove metal. This operation -
is known as tool sharpening. When the face of the grinding wheel becomes
irregular, a wheel dresser is used to true the face of the wheel. As the
grinding wheel rotates, the wheel
dresser is pressed against the face
of the wheel and passed. across the face .
removing abrasives from the grinding  EYE SHIELD
wheel,-lcaving:thenqpeel face true. IN PLACE

SHARPENING WOOD CHISEL
BOTH HANDS ON CHISEL

OPERATOR MUST WEAR SAFETY GLASSES
, AND USE - 7 7%
| EYE SHIELD

~= GRINDING )
ToOL BIT - WATER -
) —~ L COOLING 'y
pAN - \
- 1')1. //
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DO NOT STAND IN LINE WITH WHEEL ROTATION-ALWAYS i
STAND TO SIDE WHEN MACHINE IS FIRST TURNED ON. 1/16" CLEARANCE BETWEEN TOOL
KEPP CLEAR OF FLYING PIECES IF THE WHEEL SHATTERS. REST AND WHEEL
USE DUST ATTACHMENT TO EXHAUST

PARTICALS . ° ‘
KEEP HANDS & LOOSE CLOTHING
USING GRINDER CLEAR OF THE ROTATING WHEELS
TO SHARPEN ; ~
.COLD CHISEL ____— NEVER FORCE WORK AGAINST - GRINDING

GRINDING WHEEL

\| | MAKE ADJUSTMENTS ONLY WHEN
Al | MACHINE HAS STOPPED ROTATING °
™ _
PN -

/
GRINDING \,. USING WHEEL DRESSER TO TRUE THE

FACE OF THE GRINDING WLEEL
KEEP BOTH HANDS ON TOOL WHEN

, » / WHEEL :
AN .93
TOOL TR -

: , EYE SHIELD < POk 2731

COST

, ‘ \IN PLACE L/ 1 I T GRIIDING
, / ) //’\... (.. i ..
© BOTH | / ./ \ )
HANDS | ( /" GRINDING WHEEL ,‘
g}?ISEL\\ | et '
' \59 TOOL REST ~ ~or-' ' <
N DRILL :
4 77" GRINDING DRILL BY HAND

!

Vo 4. BAND SAW - B N
The band°saw is used to cut and shape materials with minimum horsepower

and least material .waste. . (See published tables for cutting blade data -

and operating speeds.)

e

4 s n awhd

- VERTICAL BAND SAW

ES

— . UPPER PULLEY

N BUTT WELDER
SPEED INDICATOR

,CONTROL PANEL

Fer ) PosT .
THROAT AL, ™ _  AIR JET AND COOLANT
BLADE @D SAW AND FILE GUIDES
, I [ S WORK TABLE .
c "--J! )
- 1] -
o ] TABLE TILT
{7’“\§ | * i
’ Nl VARIABLE SPEED PULLEY
‘ H .
)
: ‘ LOWER P
A N ULLEY
! COOLANT TANK
] '- FLOOR SWITCH
TABLE CONTROL
0= ¢
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HORIZONTAL
BAND CUT OFF SAW

S

Position blade guides as close -
to work as possible.

v

The band saw has many
applications.

LESS HORSEPOWER REQU IRED
PRECISION - TOOTH

NARROW
T00TH (" '
KERF
- MINIMUM OF ANGULAR CUTTING
., MATERIAL
REDUCED
TO CHIPS

- BUTTRESS TOOTH ™

LEAST MATERIAL WASTE

oS ~ SLOTTING

THREE-DIMENS IONAL

CUTTING NOTCHING

1

. RADIUS CUTTING °

BLADE WIDTH RADIUS ' §
A 1/2" 212 s
3/8" 1 1/4" ‘ . a4 . - |
- ey L
5 Cae /8" ' | /[ RE};%\::ET?I JHoLE
) 1/8" 7/32" i~ -

CUT DIRECTLY  ~ k\, -
TO | ~. yd
3/32" 1/8" FINISH LINE ‘ \

\ R
‘ \ .l()d
\ .

|
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BLADZ ADJUSTMENT
HAND WHEEL

RADIAL SAW

- 3

Circular or table saws and

radial saws are used for )
crosscutting, ripping,joint cutting

and making specialty cuts. A

variety of attachments makes

these saws highly valuable\for cutting
all kinds of materials,-

: -
7 @xha&:m

!! RIPSAW !

TEETH OF BLADES
\ «

i
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JIG SAWS |, ' :

TENSION SLEEVE * Principal parts of a jigsaw
OVERARM . ’ , . .
' UPPER CHUCK. '

’

TABLE B v
OTOR_ Co ) ' -
DRIVE MECHANISM : )
GUARD :
. BASE .
FRAME - . : c

Jigsaws also known as scroll saws are generally

used to cut irregular shapes. Using gne of a

variety of possible blades almost all materials

may be sawed or filed to desired contours.. Inside

curves are easily cut by first boring a‘hole through

the inner waste section, insertiny.a Blade through {’
the hole, then securing the blade ends in the

i " lower and upper chucks. Blade selectfon is de-

by pendent upon stroke speed and material to be cut.

(Use saw cutting speed charts for best cutting speeds.)

.

RECIPROCAL MOTION

EXTERNAL CUT
INTERNAL CUT

Externdl cuts determine the outeer
shapeBf a design .

Making on inside cut on the jigsaw 7

Q
ERIC
s .

Ao,
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.
[

3 |
- . s - ——— .»—.——-v—_—a——J
- Using a straightedge to guide the cut,
Cutting pieces on the Jig saw. ;
. __BLADE
. CcuT TEETH/
L § S E
F . 1NCH HAP
.SHARP CURVES, )
VENEER, & HARD ]
& SOFT WOOD LESS | —20
‘] THAN 1/8" T+ K -
MEDIUM CURVES, *
FIBER BOAAD, ,
PRESSED WOOD, & -15
] HARD & SOFT —
WOOD LESS THA.N
5/8" THICK
LONG CURVES & oo
HARD & SOFT -10
WOOD LESS THAN
1" THICK ]

Jigsaw blades are 5" in leagth with a 5/8"
blank on each end. The teeth per inch and width
of the blade depend on the cut.

- SEFCTION ITEMS
1. A band saw blade 3/8 inch wide wi;l cut
radius of inches. (1.25)

1 2. The cutting speed for a band saw cutting
low carbon steel without coolant is
(125 SFcM) ]
An extra guide is required, since
. . . the saber blade is )held only by the
3. A band saw has a blade that wanders. lower chuck.
List the five items that might cause the problem. 7

(blade tensio&

(feed heavy)

(blade tracking)’ o —~—

(quiées far apart) ~

L9 (blade dull on one side)
RIC e

Vi -
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V. 6. ARBOR PRESS \ \
The Arbor Ptess 15 iuned to apply foroe to
.. - a,part for bending, straightening, or pu hipg. '
[N .
A ~ .
The Arbor Press should not be over loaded. PRIISS CAVACITY 1o IN T 1 POk L
. ' Lenythening the handle with a lever may Cause
farlufe of the press. The operator should
not hang on the handle but apply a steady
pu'l keeping tect on the floor. '
* THROAT
. RAM .
. APPLICATIONS COF AN ARBUR PRELS
-
) 4 ANDL
i : HANDLE TABLL
< ’ RAM thM
- FORUE .
PRESS OUT BUSHINGS l
. BUSHING THROAT
S,
TART
TABLE HYDRAULIU ARBOR Prio>
% BAAL
TABLE | | ]
BASE HAND ARBOR PRESS .
: FORCEL RAM
. OTHER USES INCLUDE '
% " Pressing out roll pins. ) N
T ',\\\ ‘ [ ) ”’/4;
Pressing in bearings or seals. - S <
C D oo
Broaching key ways in pulley or gear hubs. BL BENT
- Trescing hubs on mandrals for turning between centers. SUFPURTS
| TABLE |
' B ng heavy metal parts to shape. { 1 .
I
.
V. 7. "METAL LATHE o
| ———
Cutting Tools .
. . Angles Vary
. For Different
SITE-RARE - BACK~RAKE Materials ) SIDE CUTTING-
. ANGLE ANGLE * EDGE ANGLE .
Al
T SHANK ’
" . A |
SITE-RELIEP END-RELIEF END CUTTING-
ANGLE ANGLE EDGE ANGLE :
Q . . .
ERIC Li, |

hs
FullTxt Provided by ERIC.




LATHE (METAL)
Lathes Machine
Cylindvical Surfaces Facing

J b Jaw (‘.quk/‘(
/

CARRIAGE APRONJJ

POWER FEED LEVFPR

LEVER HALF-NUT —

<105~

Taper Turning
Between Centers

Tugning Lathe
Between Gentérs Doy, . / ‘
Face Plate ‘ &1
Center !
(enter
Reaming
) Reamer
ey, L
Drilling Chuck
3 Jaw Chuck )c Jacobs
7 Drill . Chuck
-
/ Jacobs = Threading
Chuck o
Knurling . .
3} Jaw and 4
Live Tail Stock Center
COMPOUND
SLIDE
HANDWHEEL
VARIABLL SPEED CONTROL 0\)“& _ ~—DEAD CENTER
~ A %
HEADSTOCK N {,Q"'%@} c)\;& —— TAILSTOCK
- ) - ' LOCK
BACKGEAR ~—. - / & F
CONTROL XNOB ™~ e [ & 0\,? // TAILSTOCK
BACKGEAR .l / '«;0 / /.~ TAILSTOCK LOCK
PN x::( * E: A /’\
. ; £
MOTOR CONTROL —-—— ——t— 1 | (o [ HANDWHEEL
LEVER .'4 - ‘1/:: - ,i\_‘.' i) .’ﬁ RACK
. h~ () : '—-“:_i: i K —
LEAD SCREW / o @.Q. X
DIRECTION LEVER- - || | e PN rili— " LEAD SCREW
SELECTOR KNOB—" ' !!:‘_ -~—/ —BED
CHIP P
QUICK-CHANGE d = SEREN
GEAR BOX / = [
THREAD AND FEED 5 ﬁ—f?
SELECTOR HANDLE '
-\\ -‘ "
CARRIAGE HANDWHEEL | R
- THREADING DIAL

L~ CLUTCH AND BRAKE HANDLE
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V.8. VERTICAI, MILLING MACHINE

Milling machines are machine tools used to produce plane and formed surfaces. . _
The cutting tool is a multiple tooth cutter. The workpiece is generally -
mounted on the machin= table in a DRAW BAR

vise and fed into the revolving SPINDLE SPEED INDICATOR
cutter. Cutting speeds are ad- SPINOLE SPEED SELECTOR
justed for the kind of material
peing machined. A variety of
cutters are available “or milling
many kinds of surfaces and for
peiforming many cdifferent

kinds of mill ~perations.

SPINDLE STARTING
AND REVERSING bwlilhH

SPINDLE BRAKE AND LOCK
QUILL FIN: FLED HANDWHEEL

IGH-LOW SPEED SELECTOR
QUILL POWER FEED SELECTOR
QUILL FEED HAND LEVER

See tables for cutting -
speeds, feeds, and formulas. HEAD SWIVELLING SHAFT JE=

* Woodruff key and keyseat cutter
R S o

: ' ‘ BWS. “KNEE LOCK LEVER

CROSS TABLE 'I‘RAVERSE HANDWHEEL
‘VERTICAL TRAVFRSE LEVER

[P

Machining a Flat Angular Surface with HOLE DRILLING SHOULDER MILLING .
Shell-End Mill

ol e o a

. MILLING A _ ] o -
RECESSED MILLING DOVETAIL MILLING A CHAMFIR 'I"-CLOT MILLING~
1 -~
. \‘7 .

SECTION ITEMS - .-, MILLING
T . ! £ o= A ..
1. A 2 inch diameter steel bar is to be turned. What RPM should the l L G?OOVL

lathe splndle run? (180-200) /‘
2. Luttlng tool nomenclature is shown in textbook. What angles shoula be

used in harpening a lathe bit to turn low carbon steel?

side ra}: angle (10°) end relief angle __ (10°) side relief angle N § L0
3. Calculate the RPM of a 1" diameter two flute end mill cutting low carbon

steel. {229 RPM)

" 4. Using problem 3 and data from textbool determine the proper feed rate in inches
per minute. IMP (2.29)IMP

\(o 1!

.
Aruitoxt provided by Eic: .
.
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L
LABORATORY - CHAPTER V

1. The student should develop safety procedures for operating power
bench tools, and proper attitudes for safe pract;ces.

2. The student should learn names of drill press components and of
accessories used on the machine, and should use the machine to do
drillinq operations on plastic, metal, and wood projects.
3. The student should know proper operation and different applications of the
‘ bench grinder and be able to sharpen a screw driver, a lathe bit, a chisel,
. -and a center punch.

4. The student should learn component names and procedures to safely.
run vertical and horizontal band saws and practice by cutting metal,
plastic, ‘and wood.

5. The student should learn co-panentl and operation of a tnble sav and
jig saw. .

6. The student should learn proper use of an arbor press for strnightnning.
pushing, or bending.

7. The student should learn basic lathe terminology and setups for
machining different cyslindrical surfaces and be able to machine
threads. He/she should be able to calculate approximate turning

speed using
SFPM x-4
RPM = D = Diameter of work, SFPM = Speed work
D passes cutter in
surface feet per
min,

8. The student should learn terminology ‘and anp‘licatim of the vertical
milling machine to fabricate pvarts with flat or cylindrical sgrraces

11
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END OF CHAPTER PROBLEMS
WORKED PROBLEMS
1. A drill press is used to drill a 5/8 inch hole in brass. What RPM
should be used?

From text book Drilling Brass - SFPM = 200 - 250

J 200 x 4 .
RPM = §EB%_§_i D = 5/8 inches. RPM = —7g— = (1280 RPM)

2. A .750 inch diameter rod of aluminum is to be turned in the lathe.
what RPM should the spindle turn? ‘

\Usinq text book For Aluminum - SFPM = 200 - 1500

hpw ¢ SERALX S 200 4 - (1067. REM)  UP TO 1300 X 2 - (8000 FeM)
Speed will be limited hy the heat generated and héw badly the al wminum
galled.
STUDENT PROBLEMS /
1. Find the spindle speed for turning a 2.5 inch diameter fiber drum on

the latche. (128 RPM)
2. A1l 3/8 inch hole is to be drilled in an aluminum plate. What RPM
-should it turn? _ (582 RPM)

J)’,
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VI. METAL FABRICATION -
VI.l. SAFETY ‘ /
Metal fabrlcatlod requ1res both safe dress and safe working procedures. Safe

dress includes:,
1. Safety qlasseq for protection trom springs or Joose chips #hich may

fly from oqulpment

Safety shoes for protection from dropped parts or sharp tools.
short sleeved shirt near rotating equipment. No rings or ties.
Electrical igsulation to minimize shock hazard.

Hard hat whe# working in or below part of'equipment.

Y

LV - SV A S

Safe procedures include:
1. Only one man operates a machine at one time.
2. Turn off power, disconnect or lock out power source. :

3. When using flame, always have a fire extinguisher available. ‘.

4. Gloves and apron as heat protection when welding or soldering.\\

5. Never use open flame near flawmable materials. ¢
6. Never push machine away from body to guard against sllpplng or

falling.
7. Remove burrs ind sharp edges from parts to prevent scratches and cuts.
8. Always get prompt medical aid for burns, scratches, cuts or splinters.

9. Do not stand in path of chips.

LABORATORY

The student should develop safe working habits when fabricating and
assembling parts of metal.

IV.2 SHEARING

shéaring is the process of cutting materials between two cufging edges.

CUT NOTCH

CUT UNLY 2 OR
T 16 GAGE WITH POINT

THINNER METAL ) \\ 3 OF SNIP
) ) Cut

CROSHHEAD \

BLADE y

] BED - \

- BX™® GAGE
RIGHT HAND
. SNIP

LEFT HAND SNIP

Keep feet

clear
of treadle

Squaring Shear




CUT ONLY 20 GAGE
OR THINNER METAL

Using Snips

Snips used to ¢ et me.tal.
,Clrcular pattern snips.
Straight snips,

Using Double-Cutting Shear to Cut a
Cylinder ’
CUT, ONLY 22 TO 16 , .
GAGE : Aviation Snips
X A. Cuts Left

B. Cuts Straight

-y . 1 . ;

L] C h
- VISE C uti Right
TO 4 FEET LONG— ;

\Bench Shear

LAEORATORY
The student should shear sheet metal usina a number of shearing
methods in the fabrication of oprojects.
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VI-3 PUNCHING

Tunching 1s the operation of shearing to produce a mark or hole.,

PRE -~~~ *
‘m/w
. N {
. CENTER PUNCH - :
HOLE PUNCH
SOLID PUNCH

Punching a Hole in Sheet Metal with -
a Solid Punch )

HOLLOW PUNCH Hold punch with pliers.

SHEET METAL - .
HAND PUNCH ) - . .
’ Using a hollow punch to cut holes in
) sheet metal or gaskets.
LABORATORY

The student should use a number of punching m2thods in the
fabrication of metal parts.
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«

1 4 11")1:(“ cpyrT MpTAL
Bending is the process of forming metal to a d 51red
Using block 9 P ming ¢

shape by using blocks, guides, clamps or fixtures.

Settina
J nanner

Setting down with
a setting hammer

Formina on eddae w1th hand seanecr.

,ovorl . T

3 - AN ( \);

& L7 -

Be nding ‘ (l \4_ Flat \ \
scruare 2dqe ’\'\ \ riose f
' \ pPlLier—».

|

[ B

! :'\“x‘

Bending square edge

\ N o

Using hand qfoover to set a seam

N ,_

V,/Z Z/

Making a henmed edge, (A) Adjust depth gauge to size ({B)- Make the Fold.
(C) Flatten fold 1! “

- t

q
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Using blocks of wood to make a
bend in sheet metal

-

Usina a wond block to nmake an angular bend,

Yy ,

_@@

Single Hon Double llem
~b.4§‘7 Aaﬂ"?¢ 4

' = ie
Step I Step 2 Step 3

"laking a wired Edge

Bondlnq a conical section over a ii
‘ blovhorn stake = 4¢§fc'

Step 1 Step 2
Making a Grooved Sean

L

Step 1 Step 2 Step 3
Maklng .a Double Seam

@’

Step 1 Step 2
Making a Corner Fold

Bendinq a corical section over a
Flowhorn stake.
R LABORATORY ,
The student should do bending of sheet metal and strap iron
in the fabrication of boxes, ducts, or brackets.

I'EMS AND SEAMS




. VI-5 ROLLING )
‘Rolling is the forming of material hy’

bending the material betwe
three rolls.

. ,'.,.-,-v\_qv\..
N RN

VI-5. SPOT WELDING

Spot welding is resistance welding in which metals to be welded are clamped between
two electrodes. The electric current is passed between the two electrodes and the
electrical resistance of the metal between the electrodes heats the metal at the point
of contact and fuses the pieces together.

ELECTRODE
PRESSURE
SHEET METAL FUSION WELD JOINT *
e . win“wn,
SHEET METAL - '
‘ PRESSURE )

ELECTRODE
N |

' SQUEEZE TIME WELD TIME

HOLD TIME OFF TIME
Spot welding sequence.

Metals to be welded must be clean and Hn'full

contact for good weld. Also, proper/ current

and time of application must be used.

PORTABLE SPOT WELDER

LABORATORY .
The student shoulu use a slip roll to form cylindrical components

of sheet metal and rod. The student gshould fabricate a part usfng
a spot welder. v
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VI-7 SOLDERING SHEET METAL ‘ -

“moldrring is the bonding of two or more pieces of metallic material
using a low melting point, non-ferrous alloy. ‘The bond is mechanical
and requires surfaces clean and frec of metal .oxides. Flux, a rosin
or weak acid, assists 1in removal of-oxides.

Pressure
wood Stick Wire
9
. Solder // .
Hot ) Hot
Soldering soldering
Copper Copper
. S
S
¥ '

.

Metal

Molten solder always flows

ﬁold sheet metal pieces together until
towards hot copper.

the molten solder solidifies

Molten
solder
flows
towards
hot
spot.,

Torch Soldering - parts held
together with soft: iron wire.
4 - . ‘-u‘;"

Copper '

Tubing gGas torch soldering

t
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Clean & preflux surtaces detore
heating.
c’.\.:‘.':' -
'\\_ o

Torch soldering

Applying solder \

at edge of joint,

¢
Sweat
soldering

a joint.
Apvly heat S e s

at corner, Flux
Solder will flow L 1;,

Shield reduces towards heat. - S
- heat lost. : 1

Electric soldering iron _ :
LASORATORY ' h e

The student should solder brass, steel and cooper using a soldering
copper, propane torch, electric soldering copper, Or an electric solder-
ing gun. He/she should use both solid solder and cored solder and acid
and paste flux. .

' I i

aalderlnq
(opper
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V1-8 FASTENERS Fagteners shown in Chapter IIT are usad in many assemblies.

STR. CONNECTOR
5/16-18 x 1"

1/4-20 5/8  3/16 x 3/16 x 1 3/8 LG.
SOC. SET SCRFW MOTOR KEY HEX. CAP SCREW
(Cup Pt.) (4 req'd.)
\.
5/16-18 HEX.
| FULL NUT
¥ {4 reg'd.) /”/’/ A
. - //
Q 1/4 WASHER T
& (4 req'd.) CONDUILT
“ \\]
R TANK \ ELBOW CONNECTOR
4OTOR PULLEY  050-074 . N
o Y an WASHER
107R sasp (5/8" Bore) MOTOR BASE : MOTOR BASE
SJREW MDTOR PULIEY SCREW 1/2-13 HEX
" — M
(2 rag' i, {7/8" Bore) FULL NUT
s ///
- J " CARRIAGE LOCK
BOLT
- $96-074 .
MOTOR BASE ™~
1/2-13 HEX SCREW .
FULL NUT - i .
¢ e tdL) - “ ‘{ g ) PIN ]
' . 1/2=13 HEX WASHER 2 - -]
) FULL UT (4 req'd.) | ~
RN A S U - * SPACER
-nLF TAPPING 1 ﬂ/(z req'd.)
SUREW 5/16 - 18 HEX
v~y FULL NUT . ) 9
\ JIOoRROCLIP (4 req'd.) 3(/‘?_1;[;;574 )
' =~ WIPER | oL B A
IR AR T 4. PPy (2 ray'dd) - &

& “ - , . 1 CARRIAGE
SHIM

t
(4 req'd.) SHIM

(4 req'd.)

\

TAILSTOCK BASE

F $5/16-18 x 2 1/4 698-074
50C. SET SCREW CLAMP STUD 7/16 WASHER CAFPIAGE CLAMP
{Oval Pt.)
(2 req'd.)
. HOLD powN “ |
(2 req'd.)
3/16 x 3/4" |
- ROLL PIN .
. {2 req‘d.)\\\'
? £/16-18 x 1"
$0C, CAP SCREW
| (2 req'd,)
Q 3 Xat |
1 b

ERIC

Aruitoxt provided by Eic: \ - . -
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. .7 1

KEY SHAFTS SCREWS HANDLES

CIRCLIP
HD, LESS SET SUREW J/M

WASHERS

’ ’ m PLUGH

SCREWS

PLUG

S
WASHER /@

LI -
PIPE M

ELBOW
SCREW ANCHORS

O=-RING
{SCREWS AND BOLTS)

PLUNGER ASSY

L
SCREV

1.LEVELR ASSY

TANK

FOR BLIND HOLDS MASONRY ANCHOR
IN WOOD OR PLASTIC {Hammer Drive Rivets)

A8

WALLGRIPS
SCREW ANCHCHS

LABORATORY
A student lab project should include a stuly of fasteners used

Qo 1mmm~. camercial products,
'ERIC 2.4 ,

ull Text Provided by ERIC -

‘ L
‘ -
( 048-052
, BAR RET}‘\INER 1/4-20 % /2

@— 622;;98 (2 r . ALLEN CAP SCREW
T s (Rreatdn RETAINER ' )
. 3/R-16 HEX 4 raad) - 7 2 req'd.
FULL NUT 1°d. €' SHAFT SPINDLE
{4 req'd.) C'SHAFT PULLEY KEY SCREW COVER
1/4-20 x 1/8 4 .
SOC, SET SCREW | RETAINER
STEP PULLEY RETAINER
l
' 'l\ 1/8 x 3/8
$ ROLL PIN
1/4-20 x 7/8 1/4=20 HEX

HU”

SPRING

BRACKET .
CLAMFE

SLEEVE
CONCRETE- AND MASONRY ANCHORS
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VI-9. ADHES!YVE BONDING & CEMENTING

The process of connecting two pieces by a mechanical bonding adhesive
or by meiting the pieces together with a solvent cement.

1S

|

MATERIAL l
¢ ADHESIVE ‘;
|

i

|

- MATERIAL:;

1

JORNER JOINTS

LAP JOINTS

R

TONGUE AND GROOVE JOINTS !
| |
i —

Joints Suitable for Adhesive Bonding

|
Manufacturers literature specifies

adhesive selection, information,
and specifications.

L

TENSION

ADHESIVE
&

MATERIAL

MATERIAL

SIMPLE LAP

JOGGLE LAP

‘\‘(\‘\\)U\\C\\\‘Ci\j:ﬁgg;’7:g
-

-DOUBLE SCARF LAP

TONGUE AND GROOVE

A

LANDLD SCARF TONGUE AND GROOVE

BUTT SCARF LAP JOINT

« "[]]" €

SHEAK

, PLLLING
\IFAVAGE
Forcn to Whioh Adhestive Bonds
are Subjected

125
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LABORATORY
The student should make and assemble different types of
bonded and cemented joints using a variety of adhesives
and materials.

SECTION ITEMS

1. Using techical tables deturmine the curing time for pliobond cement.

(24 hrs)
2, A fire safe contact cement is needed., Determine a possible )
supplier, (Wilhold Glugs Inc.)
3, An epoxy is needed which will set within 20 minutes.,. Determine
a supplier, (L.A. Kling Enterprises)
-
¥
. \)4 ] 1(),\
ERIC ~ ~v -
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TABIE I

The Metric System of Measurement

The mrtric system in use today is a nodarn version of the metric system estab-

lished by international agreement.
framework for all measurements in science, industry, and commerce.

appear on this chart along with their definitions.
rived from these units.

systen.

meter and the kilogram,

It provides a logical and interconnacted

Officially
abbreviated SI, the system is built upon a foundation of seven base units, which
All other SI units are de-

substance, and luminous intensity are the same in both the customary English
and metric systems. -

THE INTERNATIONAL SYSTEM OF UNITS~SI

Multiples and submultiples are expressed in a decimal
Use of metric weights and measures was legalized in the United States
in 1866, and since 1893 the yard and pound have been-defined in terms of the
The base units for time, electric current, amount of

COMMON CONVERSIONS
Accurate to Six Significant Fiqures
Symbol When you Know Multiply by To Find Symbol
in inches a25.4 billimeters mm
ft feet 0.3048 meters m
yd yards 0.9144- meters n
mi miles 1.609 34 kilometers km
yd2 square yards 0.856 127 square meters 92
acres 0.404 686 checta,res ha
yd3 cubic yards 0.764 555 cubic meters m3
qt quarts (1q) 0.946 353 liters 1l
oz ounces (avdp) 28.349'5 grams g
1b pounds (avdp}) 0.453 592 kilograms kg
F Fahrenheit a5/9 after Celsius oc
temperature subtracting tempe~ature
32)
m millimeters 0.039 370 1 inches in
m meters 3.280 84 feet ft
m meters 1.093 61 yards yd
km kilometers 0.621 371 miles mi,
m? . square meters 1.195 99 square yards yd2
ha “hectares 2.471 05 acres 3
ﬁa‘:“f cubic meters 1.307 95 cubic yards yd
1 d livers 1.056 69 " quarts (lq) qt
g - grams 0.035 274 0O ounces (avdp) oz
xg kilograms 2.204 62 pounds (avdp) 1b*
oc Celsius 49/5 (then Fahrenheit op
add 32) temperature

doxact

for example 1 in = 25.4 mm, so 3 inches would be (3 in) (25.4 '~0 76.2
Chectare 'is a common name for 10,003 square meters
d11ter is a common name for fluid volume of 0.001 cubic meter

Note: Most symbols are written with lower case letters; exceptions
are units named after persons for which the symbols are capitalized.
Periods are not used with any sympols.

* 1 LBM = pounds (avdp)
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TABLE II

Fluxes for Soft Soldering

Metal to be Chemical Name
Soldered Flux . of Flux
Brass Cut acid Zinc chloride
Copper Rosin Colophony
.1 . .
Sal ammoniac Ammonium

chloride
Zinc | Cut acid Zinc chloride
Galvanized Raw acid Hydrochloric

iron (zinc {(muriatic . acid
coated) acid) )

Iron Cut acid Zinc chloride
Steel Sal ammoniac Anmmonium

chloride
Tin Rosin Colophony
Tin plate Cut acid Zinc- chloride .
Pewter ‘Rosin Colophcny

Tallow : : .
Nickel Chloride Zinc chloride
Silver
Aluminum Special fluxes by different
| : manufacturers

1

Sal éﬁioniac - a white solid substance that looks like rock salt
‘or rock candy; it is used as a soldering flux. Sal ammoniac
changes state directly from a solid to a gas (sublimes).
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TABLE III

Sizes of Taps & Drills'

" Smaow 33 8
~(Gml,n 1 Rooy :

NF m 1 (Incam) Loy Dvaics -Piqeer: 1 Equrwazmier]
(SM‘.)4 . e 1l Do | WE M
#0850 g'ovao g'*oso? 53 s 8'0595 8'3%(5)
#1.72 gmao gﬁosso 53 .| ooses 0.0785
0860 0828 50 0.0700 0.0835
#2684 00860 | 0.0657 50 0.0700 0.0935
0.0000 | 0.0719 47 0.0785 0.1065
#3-56| 00990 | 0.0758 45 0.0820 0.1085
.. | 01120 |-0.0795 43 0.0890 0.1200
#4-48| 0.1120 | 00849 42 0.0935 0.1200
. 0.1250 | 0.0925 38 0.1015 0.1360
#5441 0.12% | 0.0955 37 0.1040 0.1360
- . 0.1380 | 0.0974 36 0.1085 01495
6-40 8.}6333 g.m;g 33 0.1130 0.1495
) .1 29 0.1360 } 0.1770
#8-36 g.}gag 0.1279 . 29 0.1360 0.1770

) 1900 | 0.1359, 25 ¢ 0.1495 0.2001
#10-32( 0.1900 | 0.14¢ 2] 0.1590 0.2031
0.2160 | 0.1619 f 16 0.1770 . 0.2187
#12.28 g.elso 0.169¢ .| 34— 0.1820 0.2187
.. .2500 | 0.1850 7 0.2010 0.2656
1,7-281 0.2500 | 0.2036 3 0.2130 0.2656
03125 | 02403 F 0.2570 0.3281
%a"-241 03125 | 0.2584 | . 1 0.2720 0.3281
0.3750 | 0.2938 8w 0.3125 0.3906
241 03750 ] 03209 () . 0.3320 0.3906
04375 | 0.3447 v . 0.3680 0.4531
200 04375 | 03735 300 L 0.3906 04531
.. 05000 | 0.4001 A ).421¢ 0.
L”.20( 0.5000 | .0.4350 =*,=.;: :):5;? 8,;}2
0.5625 | 0.4542 Ay 0.4844 0.5781
Ne"-18 82(32;3 ?.4%- ::a.;, 0.5153 0.5781
625 ).506 Tha 0.5312 0.6406
H%7-181 06250 | 0.5528 “’.:, 0.5781 0.6408
. 0.7500 | 0.6201 Ty, 1.6562 0.7656
416] 07500 | 0.6688 Ty (76875 0.7656
0.8750 | 0.7307 0, 0.7656 0.8906
77714 0.8750 | 07822 184 0.8125 0.8906
... | 10000 | 0.8376 % 0.8750 1.0156
1-14 | 1.0p00 | 09072 e 0.9375 1.0156




Adhesives; 84
Angles; £
Arbor press; _ 104
Band saw; 99-100
Beam balance; 4
Bending materials; 112-113
Bonds & cements; 119
Box and pan brake; 112
Breadboard; 56
Cable connectors; 39
Capacitors: Basic; 19-.
g Electrolytic; 19-20
Variable; 19-20
Chassis; 67-70 ’
Circuit assemblies; 1Integrated; 56-57
. e Printed; 57-58
Circéuit pattern; 64 -
Clip or heat sink; 60
Coaxial connectors; 42
Combination square; 7
Component layout; 64 :
~ Conductors; 14
Cutting tools; 85
Diagonal cutters; 54 )
Diode; 26
Dividers; 7
Powel pins; 84
Drill gauge; 77
prill press; 97
Drills; 77-78
Dual in-line packages: Standard; 61
Plug-in; 61
Clinched; €1
Elementary circuit; 10
English units; 1
Eraser; 54
Fasteners; 82, 117-118
Ferrites; 22
Files; 73
Flat packs: Suarface; 61
Staggered; 61
Grinder; 98
Hammers; 74
Hand drills; 92
Hand grinders; 94
Heat gun; 43
Height gauge; 7
Henrys; 22
- Holding vise; 43
Impact wrenches; 94
Impedance; 22
Inductors; 22
Integrated circuits; 26,29
Tﬂgﬁrted; 60

Index : -

‘

Jig saws; 102-103

Keys; 84 s
Knife; 54 .
Lathe; metal; 104-105
Mass; 4 .
Mechanical connections; 25
Meter; 69

Micrometer; 2
Mounting and soldering components; 50-51
Multimeter: 18
Nibbler; 92-93
Nut driver; 54

Nuts; 82
Offset; 60 . ‘
Ohm's; 11

PCB component mounting & soldering; 59
Pliers: 54,85 -
Long-nose; 54 .
Portahle spot welder; 114
Power riveting; 92
Power saws; 93
Power transistors; 27
Prick punch; 7
Printed circuit; 14
Punches, cliisels and impact tools; 75-76
Radian; 4
Reamers; 79
Rectifiers; 26
Reference dcsignations; 33-34
Regular range indicator; 3
Resins: Epoxy; 70
‘ Polyurethane
Resistance; 22
Resistors; 11
Power; 13
Variable; 13
Precision; 14
Retaining rings; 84
Rivets; 83
Routers; 94
Ruler; 54
Saber saws; 92
Safety: Equipment; 91
Operator; 91
Power bench tools; 96
Metal fabricat.on; 109
Sanders; 94

Saws: 87 T —_
Table; 101
Radial; 101 *

Schematic diagram; 10
Schematic symbols; 30-32/
Screwdriver; 54,86

Screws; 82-83 \
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Semiconductor devices; 26
Semipermanent connections; 39
Silicones; 70
Sine bar; 5
5.I. units; 1
Slip roll forming machine; 114
Socket wrench set; 88
: §oldering; 47
Soldering aid; 54
Soldering defects; 48
Soldering irons; 115-116 '
Solder terminals; 36
Solderless terminals; 37
Spacer; ‘60
Speeds and feedrate; 5
Spreader; 60
Squaring shear; 109
Staplers; 92
Steel tapes; 3
Straight through; 60
Tables: Metric conversion; 121
Flexes for soft soldevring; 122
Sizes of taps and drilis; 123
Threadcutting; 80-81
Tinning; 46
Tin snips; 109-110
Transformers; 24
Transistor; 26-27
Triple beam balance; 4 :
Variable heat soldering irons; 43-45
M—Blocks;: 7
Vernier Calyser; 2
Vernier Protractor; 5§
Vertical milling machine; 106
Vises; 72 )
‘Volt~Ohm-Meter; 18
Washers; 82 - '\
. Wire: Multistrand; 17 ’ i
Single-strand; 17 |
Wire connectors; 48-50 ’
Wiring diagram; 10
Wire strippers; 48,54
Wrenches; 88
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