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Vocabulary 1
1.General Tools

o
Hammer Screw driver
Pliers Plier
Nose pliers Adjustable wrench
o
O
Lock grip pliers Pipe wrench
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Open-end wrench (double head) Open-end wrench (single head)

1

D §

i} (
Box wrench (Double-head) Allen wrench
Reversible ratchet
Sockets
Socket sets
Hook spanner Pin-face wrench
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2.Stock

Bar
Slab
Angleiron Channd
E Z
|-beam girder Tee beam
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3.Metrology
Outside Calipers Inside Calipers Vernier Calipers

Vernier Height Gauge Outside Micrometer Inside Micrometer

Depth Micrometer Engineer’s Protractor Vernier Protractor

Combination Set Dial Indicator

A omilo 0g 5 T ) S (8 00l 3 g0 T
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Spring Dividers Engineering Square

Surface Plate Angle Plate

Vee Block

@002 A
[Z]0.08]A]

LSS,

Angularity tolerance Coaxiality tolerance Cylindricity
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1110.02]A]
*

Parallelism tolerance Radial run out tolerance Radial run out

Basetangent length  Chordal thicknessof teeth Micrometer for span measurement

N\ o)

§ i

Basic-holesystem  Basic-shaft system 1SO system of limits and tolerances

'000000000000000000D
00000000000000000 0
& [
00 o

[eses s es]

Flatness tolerance Feeler gauge Gauge block
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Roughness comparison specimen Roundness

precision

L

precision square Vernier gear-tooth caliper

Thread plug gauge Surface roughness symbol Surfaceirregularities

Ring gauge Measuring tape Screw pitch gauge

A omilo 0g 5 TS () S (58 0l 3 90T
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4.Bench working & other tools

Bench vice

SquareFile

Three SquareFile

12° GOLDFLE psed
' iE]) s?mmm swen)t(.u [

i b e

Hack saw Hacksaw Blade
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CounterboreDrill Countersink Drill

o

__—

Tap Wrench

Threading Die Reamering

Scraping Punching Shear
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/--..___‘\‘- A

, e A AL
Taper tap Plug tap Bottoming tap
Needlefile Counterboring Countersinking

L aying out Hand tap
Chuck key Oil can Steel wirebrush

A omilo 0g 5 TS () S (58 0l 3 90T
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5.Turning
Rough Left Rough Right Round Nose
Hand Tool Hand Tool Finishing Tool
Form Tool Thread Cutting Tool Boring Tool

A Aa

Center drill Adapter deeve Baclz rake (in cutting tool)

Jzﬁ%

Thread cutting

Three-jaw chuck Four-jaw chuck Face plate
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Acmethread Pipe thread

Positiverake Negativerake Cylindrical worm
- - - _‘

1 |

Hexagonal head screw Right-hand thread L obing

Eccentric shaft Sliding guide way

Sliding guideway
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6.Milling

Machined Round Bar
Fix Jaw

Movable Jaw

Holding Method by Using a Machine vice End Surface Milling

End Milling

Parallel Bar

L Dial

Indicator

Hide Face
Hammer

Machinevice Machine vice Set-up
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Helical gearing Herringbone gear

Crown wheel

......

Bevel gear

Involute end mill Involute slide milling cutter I nvolute tooth system

A omilo 0g 5 T ) S (8 00l 3 g0 T



Gear hob

Gear hob End mill Face milling cutter

Dovetail guide way

Saddle key Woodr uff key Splinejoint
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Straight tooth  Helical milkight duty — Helical mil-heavy duty

—77/ 77

Helical milshank type

Plain Milling Cutters

Indaxable ingert

Integral-tocth

Herringbone type
Staggered-tooth side mills

S

Special shell end mil

=

Profile type form cutter

Inserted-blade sngle-ongle cutter

Shaped Profile Cutters for Special Jobs

&

Convex cutter

Involuted gear cutter Gear "ooth cutier

gang fype

Cornerrounding
cutter

Inserted blade Indexable insert

Face Milling Cutters

Inserted blade

Indexable insert slotter
Side Milling Cutters

Integraktoath

oD
‘N,

Single-angle

Double-ongle Thread cutier

Standard Shaped Profile Cutters

AN'A
I

)

Common Types of Formed Cutters

Double-end end mil adopter

T, e a——
0 l‘-—__-—

Toper-ute diesirkng cutter

C = 0

Diamond-point engraving cutter

Square

Standard diesinking cutters

Diesinking and Engraving Cutters

Roller chain Aroortype
sprocket cutter  multiple thread milling cutter Gear hob
Tworlip mil Shel type on adopter Hehcal end mil

End Mills with Integral Teeth

Plain sliftings sow

=

Woodruff keyseat cutter

Formed tooth

N3 milo 09 %
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7.And ...

Segmental grinding wheel

Segmental grinding wheel

Piercing

150°
&%
. %
57, +3.
130"
1100
(3. 56)
& X
900) o523.57+ 361 3.59+3.61
N )
9, 0 I\
i 723°
700
ot o
- S 8
P m 1111 @
s00Re + +443.57+3.50+3.61 K3 3.56+3.61
=0 o N
B 2
® o
300)
210
0,02 08 3.617 43 6,67
1 2 3 4 5 6 %C

Retainingring Iron-carbon diagram

V2

Ball bearing Slotting Helmet
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Homewor k —Vocabulary 1

Shahid Beheshti high training center

[First & last name:

Match the figureswith their names.

welding-sawing-tapping-drawing-hobbing-

milling-turning

Filing-grinding

lapping

-broaching-boring-planing-reaming-

drilling-shaping

honning-measuring

-Diethreading
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Date:

’ TOOL
TABLE AND
o NS
TRAVEL
//’i// o,
/f;// S

WORKPIECE REVOLVING

TOOL TRAVEL
OR FEED

TOOL
TRAVEL

wm
FEED

DIRECTION OF CUTTER
ROTATION
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WORKPIECE REVOLVING
N

N

1 ToOL FEED
-
]

-
“ TOOL TRAVEL

-

WORK IS

Workpiece
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Vocabulary 2
Machinetools

II' Hinge or scissor-type horizontal hacksawing machine with
arc-shaped, push-stroke cutting. (Kasro- Racine, Inc.)

-

|
b

d

3 I Fixed-table, contour-type bandsawing machine which
usually has a table that can be tilted above and below horizontal.
(DoALL Co.)

2 Box structure or cylindrical column construction used for

‘some larger horizontal bandsawing machines. (DoALIL Co.)

]

4
"Mfz. Co.)

Hinged or scissor-type construction, often used for smaller cutoff versions of horizontal bandsawing machines. (Armstrong- Blum

A omilo 0g 5 TS () S (58 0l 3 90T
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S I Vertical pivot-arm circular sawing machine used exten- v
sively for cutting structural shapes. (Kaltenbach, Inc.)

r“qu:?
Y

| 6 I Vertical-column circular sawing machine on which the
rotating blade moves down in a straight line.

! Horizontal-travel circular sawing machine on which the

rotating blade is pushed into the work from the side. (Wagner/
Klingehofer Corp.)

,5’:3_‘ } Extreme height of
f----%  crossroil heads

)

Crossrail

Al

Sidehend “ l
4 Reciprocating
m(e ] \ fable
I ¥

Typical horizontal crank-operated push-cut shaper.

e
Bed
O
0

° Double-housing planer having two heads on the crossrail

and one sidehead on each housing.

A omilo 0g 5 TS () S (58 0l 3 90T
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| 10 IRight-angle Iathe.

i

L Vertical slotting machine equipped with a compound
pivoting ram. (Cooper Engineering Lid.)

| 12 I Typical hand-fed bench lathe.

A omilo 0g 5 TS () S (58 0l 3 90T
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Lever tor
threading

Speed selecior evers
Cross slide ropid
Pushbuttons fraverse kever

Theeod chasing dial

Toistock
| hondwhesl

[~ Carringe
o] hancwheel

Carriage rapid
fraverse lever

leodscrawe

Carriage I
revarse lever

tead lever

| 13 I Center-type engine lathe.

N7
Sl ifRln
==

| 14 ILurge-capncily, hollow-spindle lathe. (Le Blond Makino Machine Tool Co.)

ke

— N LA Squore Hexagon
_I,.‘I l ‘ turret turret
L) Turret
(v v Ram stops
—

23|\ 2 R\ =—
/'(m . :Jé_ \_'%;;—_-—'——, _

roverdend. (Nl ". & S ©)/8
.ﬁg?’ (RS 9‘1‘\!, .;-E- ﬂ
Stop rod l’ L0 o | ANVEE——
) R N 7

4 1
| — o s |

}c/ VA . | -

Feeo 7 l P\r —

A | T
Lengitudingl ( ’ Crossfeed :'—__/‘
fever L Turnstle

teed lever Carrioge Cross-side
hondwhesl handuwhesl

| 15 I Power-fed ram-type turret lathe?

N3 milo 09 %
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Feed lever

Motor

La—Column

| 16 Il.lght-duty, sensitive-type drilling machine with hand feed.

| & |Upri;ht (vertical) drilling and tapping machine with power
eed and power traverse, (Chas. G. Allen Co.)

| & ! Gang-ty|
power- g:

o

Spindle

Turret

Feed
hardle

Mator

y 8ix-spindle drilling machine with both hand and J _
top columns equipped with power elevating table, (Chas. G, Base
Allen Co.) = J/
il
L Manually fed, bench-type turret drilling machine of tubular
column construction. (Burgmaster Div., Houdaille Indusiries)
M elo0g

TS () S 3 Ol 3 90T
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Arm

Column—— elevating neg:igﬂ?ves
Drive motor screw
Arm
moves
up or
down
Arm swings
Spindl obout column
feeds
down
drill rotate
Column
clamps
P Work clamps
to base;

" g

| 20 IRadiaI drilling machine. Arm which carries adjustable-position drillhead can be raised, lowered, and pivoted around column.

21 Automatic self-feeding drill unit. (Dumore Corp.)

| 2 I Multispindle drilling machine of the open-side type with way
design. (Zagar, Inc.)

A omilo 0g 5 TS () S (58 0l 3 90T
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23

Aherrate
placement of 2 ) )
cuting fluid ronster cj;::g;‘w d {(;;md";igeﬂwd
to teed through spindle rorsler ghond
] Drill bushing
Lt
- k- P - k
o s > \A\\\\\§ Wor
1 - indhke —————y
beooud — 7
Dril ¢: Feed carioge
Bose
(@)
Chip box  Drl
Work bushing
Chuck support Cutting
{ratating) fud
) Guide bushing feed line
il
Spindle =3 holder

t—FeeG
carrioge

Mfz. Corp.)

1
Two methods of gundrilling: (a) tool rotating and workpiece stationary; and (b) workpiece rotating, tool nonrotating. (Eldorado Tool &

- —
25

Tm-uoy/

compound

(o}

Pull of belt holds
drill mandre!
firmly
against
vees for
comtinuous
contoct wE=

Ciamond
vee

Mandrel
ong drill,

~Stereoscopic 3;?;:2; "
mICroscope concentric

ib)

mounting shown in view at right.

Ultrasensitive drilling machine for producing small holes can be used with digital readout and microscope. Tool breakage is minimized by

N3 milo 09 %
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% On ram-type or ram-head milling machines, the ram is
movable by hand or power in a direction parallel to the saddle
movement,

Varioble
speed head
Y Quill (Z-oxis)
‘O downfeed lever
- Opticnal
shaper head

Adjustable Opticral

depth stop digial readout unit

Angulor head positioning;
45° front and back, and

Y-cixis 9P left ond right
feed
horidie
X-oxis teed handle
Knee Optional X-cis
elevating power feed
craink
2 Turret-ram milling machine has a movable ram mounted on

a swivel base atop the column.(Bridgepor: Machines Div. Textron Inc.)

a

hnE

i

/u

| & Il)nl'rersal milling machine has horizontal and vertical
spindles, and a tilt table. (Maho Machine Tool Corp.)

Verfical Column
sadde /_BT7
Spindle \"‘
carriar
Angle \
phate g
z
-
A
-
X
Saddle
Work Bed
base
e |
® Traveling-column milling machine with X axis under
column,

N3 milo 09 %
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End suport

bearing for

bDring bar

/j Head colimn provides |
1 vertical miing feeds Bering
drilirg, and

Spindle rravel | miling head
gves access o | |
infernal pocks

[ [ )

Moving toble

]
osa
.M°“°¢luu
o

0
o)
0
3
n
b
»
"

End support

provides Saddle moves on: bedwoys Zlod_dle Supports
o ) ! iminate table
—_— horizontal normal to okl movernern| deflection
[l and verfical i
posiioning
for bearing
2 O a e Table-type horizontal boring, drilling, and milling machine
= (] with end support for line boring operations.

| 31 I Vertical boring machine. (Bullard Co.)

T
ol 0T

| 32 I Vertical fixed-bed milling machine has a ram or spindle carrier mounted on a rear base.

A omilo 0g 5 TS () S (58 0l 3 90T
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33 | Vertical, universal grinder for large workpieces.
(Cone-Bianchard)

. I Light-duty, horizontal-spindle surface grinder for
the shop and tool room. (Bridgeport/ Harig)

| 35 I Heavy-duty, horizontal-spindle surface grinder— openside type. (Hill Acme Co.)

A omilo 0g 5 TS () S (58 0l 3 90T
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Lesson 1
Operator's manuals
1-Turning machine -Nardini M S350, M $410

Lifting : To raisethe lathe, displace the transversal carriage and the tailstock as
far astheright extremity of the feed and
fix them, avoiding that they could dide,
causing any damagein other partsof the
lathe. Put two steel bars of 30 mm
diameter into the holes of the bed.
Protect with wood blocks the parts
where the cables will exert great effort.

Avoid any effort of the cables over the

rods, spindle and the transversal
carriage. When the lifting is beginning and the cables are tight, look if the wood
blocks and the balance are correct.

Cleanliness : The lathe went out of the factory protected with grease and

preservatives which have to take off, for what we can use a soft cloth moistens
with benzine. Don’t use thinner, gasoline or other kind of remover. Give especial
attention to the cleanliness of the carriages and lubricate them.

Table: Thisassemblageiscomposed by aturret (1) alongitudinal carriage (2), a
rotating base (3) and a transversal carriage (4). It was projected to offer an easy
handle, being soft and precisein its #

motion. To great precison of

reading on the transversal carriage (3
dial, the spindle screw has a system
which eliminates the looseness.
Always when turning the tapers, ‘ .
put the table on correct position, adjusting the screw (5).Give special attention to

thelubrication which ismanually.

A omilo 0g 5 TS () S (58 0l 3 90T
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2-Drilling Machine
Radial drilling machine BR50

[llustration of machine : 1.Base 2.Coolant device 3.Double-shell column

4.Radial arm drive with power supply (covered) 5.Column clamping
attachment 6.Clamp drive  7.Support column (accesory) 8.Radial arm
9.Drill head 10.Drill spindle drive 11.Drill spindle adjusting head
12.Control panel

m

é [l

-+

_+|_
i

1/1

Description_of machine : The base provided with 3 T-dots is designed for

holding the work or fixtures. On to the base the internal column is screwed
which carriesthe outer shell on two bearingsrotating free from backlash. Outer
shell and drill head are both clamped by one €electric clamp drive which is
mounted on the radial arm drive and is operated by the centralized control
panel.

NP owilo 09 5 TS gt g (5 00l g0l
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Specifications
Working range 50 Hz 60 Hsz
Drilling capacity
Yax. drilling motor output kW 4 4.8
Max. drilling diameter in St 60-2 mm 50
Max, drilling diameter in GGL=-20 mm 63
Tapping
metrical thread in St 60-2 mm M52x1.5
metrical thread in GGL-20 mm M65x1. 5
Sweep of drilling spindle mm 320 ... 1600
Distance of drill spindle to base plate mm 460 ... 1400
Swivel radius of drill spindle mm 490 ... 1770
Swivel renge of radisl arm degrees 360
Clamping ares of base

length mm 1835

width mm 1000
T-slots TGL 3045 (ISO 299-1971)

number <

width mm 22 HT

distance mm 250
Drill spindle
Tool taper A TGL 0-228 Yerda X5

(IS0 296-1974)
Max. stroke mm 360
Max., torque Nm « 1000
Max. feed force ~ 14000
Speeds
Speed range rpm 1400 1700
Feeds
Feed range mm/reve  0.04 .00 1.6
Drive motor
Total output (connected loed) kW 5 6
Drill motor power kW 4 4.8
Drill motor speed rpm 1430 1720
Space required for machine

length mm 2500

width mm 1000

height mm 3080
Net weight with electrical equipment kg &4000

N3 milo 09 %
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3-Milling machine
Univer sal milling machine FUS-22

Utilization of the vertical cutter (Plate X1) : The vertical milling cutter is fitted

to the counterarm of the horizontal slide. To have the main vertical shaft
connected to the main linkage of the machine, it is necessary to bring the
counterarm in working position, that is opposite the middle indicator (J,) (Plate
X1-1). In case operations with the horizontal shaft are performed, the vertical
milling head is to rotated clockwise to 907 and the counterarm retired in the
rear position (J; on plate XI-2). It is possible to rotate the head after the four

nuts areturned back by means of a 10 mm hexagon spanner.

LPlate XI ,
2
/

@ *,_' o 7

T o
|
q

& ="

’E} [/ /:”
[ [ /]
]
o A2t /

I=

[ — ===

L
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4-Grinding machine
Univer sal cutting and tool grinding machine SWU250I

Operating I nstructions

Principle Instructions for Tool Grinding : In metal-cutting oper ations

not too many cuts should be

taken so that the cutterswill not

be softened. Any contact

pressure should be avoided. If

the tool shows any tooth G%{—

breakage or truncated teeth the

latter have then to be often é

machined by through-feed t

grinding. All teeth have to be — N

ground uniformly so that the tool will retain its round shape and the
individual teeth should neither project nor back off.
Instructions for Grinding Carbide-tipped Tools : Generally only

carbide metal is ground by means of silicon carbide plates. For grinding
purposes of shank material corundum wheels are applied. The clearance
angle on the shank is ground for about 2° to 4° more than on the cutting
edge. For pre-grinding purposes of the plates grinding wheels having a mean
abrasive grit size should be used. Rough grinding on fine wheels requires too
much time. For the purpose of finish grinding either a silicon carbide wheel

having finest abrasive grit size or a diamond wheel should be applied.

Reference Values on the Peripheral Speed of Grinding Wheels

Material of the tool Wheel of Peripheral speed m/s
steel special fused alumina | 20 to 25 (max. 30)
Carbid tal silicon carbide 6 to 15

=EASR diamond 18 to 22

A omilo 0g 5 TS () S (58 0l 3 90T
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(MS-350, MSA10 50,6 b5 crmile slocdly olis) S (w30 31 iy do> 33
Lifting 055 Wl
To raise the lathe, displace the transversal carriage and the tailstock as far as

the right extremity of the feed and fix them, avoiding that they could dlide,

causing any damage in other partsof thelathe.
- (asfar as)gus - & po oliws- 9= (@ gm) Alos- abliiom 40 35 Lrsl- ol yi- 040 45 il
- g (9,5 s rilgi- LT 45— (5 S ala- T 09,5 pSnen 5 (5 pliy- Lt o
OBl Sl jSa0m & & s
D95 3y (sl (1 Gl K90 419 00,5 (6 S ek LT oy 3 51U S oSxe
Put two stedl bars of 30mm diameter into the holes of the bed.
oBCwd aslym LS ygmm (59507 B (g0 (o Yo o alrom (oY 98- 9o- (g3l 1,
a3 518 olStws aly Sl ygw (1930 1 ye e Yo b 4y (55Y 93 alse 93
Protect with wood blocksthe parts where the cables will exert great effort.
G- 3l 5 (59,5 Jlos! - Leils- as- Clabid- S gl g2 b 93,5 clidlone
S cblis Wslo (3L 5 b3 Wil ey Lplib &5 (Jlakad 5l (92 LS sl SaS 4

Avoid any effort of the cables over the rods, spindle and the transversal

carriage.
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When thelifting is beginning and the cables are tight, look if the wood blocks
and the balance are correct.
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Cleanliness el
The lathe went out of the factory protected with grease and preservatives which

haveto take off, for what we can use a soft cloth moistenswith benzine.
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Don’t usethinner, gasoline or other kind of remover.
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Give especial attention to the cleanliness of the carriages and lubricate them.
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Shahid Beheshti high training center
Homework 1 -1

First & last name: Date:

Trangdatethistext step by step.

Description of machine

The base provided with 3 T-dots is designed for holding the work or fixtures.
On to the base the internal column is screwed which carries the outer shell on
two bearings rotating free from backlash. Outer shell and drill head are both

clamped by one electric clamp drive which is mounted on the radial arm drive
and is operated by the centralized control pand.




Shahid Beheshti high training center
Homework 1 -2

First & last name: Date:

Trandate the name of each unit.

1- Handle to change speeds

2- Lever for inversion of the longitudinal movement of the table
3- Handle to change speeds

4- Handle of thetransversal carriage

5- Turret fixation lever

6- Handle of thetransversal carriage

7- Lever for thetailstock quill fixation

8- Lever for thetailstock fixation

9- Handle of thetailstock

10- Handle of the apron

11- Lever to the half-nut screw and the transversal and longitudinal advances
12- Key (to 380/440 V)

13- Leversof threads and feeds selection

14- Key for refrigeration

15- Key for high and low rotation

Optional (special electrical installation)
16- Emer gence button

17- Low and high rotation button

18- Cooling system button

19- Hydraulic copying (optional) button

Uul”"”ﬂ"“'“””' TR
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L esson 2

Metal Cutting Processesl - Drilling

Introduction
Drilling is the process of cutting holes in metals by using a drilling machine as
shown in figure 1.Drills are the tools used to cut away fine shavings of material

asthedrill advancesin arotational motion through the material.

Twist Drill

The twist drill (figure 2) is made from High Speed Steel, tempered to give
maximum hardness throughout the parallel cutting portion. Flutes are
incor porated to carry away the chips of metal and the outside surfaceisrelieved

to produce a cutting edge along the leading side of each flute.

Figure 1. Drilling Machine

B~ eSS

Figure 2. Twist Drills
Drill Features
The point of the drill is ground to an angle of 59?to the centre line to give two

equal cutting edges, and each side is ground back to give "relief" of about 127 to
each cutting edge.
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Drilling is the process of cutting holes in metals by using a drilling machine as

shown in figure 1.
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Drills are the tools used to cut away fine shavings of material as the drill

advancesin a rotational motion through the material.
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The twist drill (figure 2) is made from High Speed Stedl, tempered to give

maximum har dness throughout the cutting portion.
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Flutes are incorporated to carry away the chips of metal and the outside surface

Isrelieved to produce a cutting edge along the leading side of each flute.
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Drill Features o U539

The point of the drill is ground to an angle of 59?to the centre line to give two
equal cutting edges, and each sideis ground back to give " relief " of about 12?

to each cutting edge as shown in figure 29.
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Shahid Beheshti high training center
Homework 2

First & last name: Date:

Trandatethistext step by step.

1. Taps are used to cut the internal screw threads. Taps are made of hardened
High Carbon Steel or High Speed Steel. The ends of the shank are squareto fit a
wrench. Usually tapsare provided in set of three: taper, second and plug tap.

1. Taper Tap: The tap is tapered off for a length of 8 to 10 threads and is the
first tap to beused in aholeto start thethread form.

2. Second Tap: The tap istapered off for a length of 4 to 5 threads to facilitate
picking up the threads cut by the taper tap.

3. Plug Tap: This is fully threaded throughout its length and is called a
bottoming tap. This tap used to cut the bottom of a blind hole.

2. Dienuts

Die nuts (figure 2) are not capable of any adjustment. They are not usually
employed for cutting threads from the bar, but for rectifying damage to existing

threads. They are externally formed to hexagonal shape for use with a spanner.

1. Taps 2.Die Nut (threading die)
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L esson 3
Metal Cutting Processes2 — Turning

- PR Cross Slide
Compound Slide
3 Jaw Chuck Feed Shaft Saddle
Headstock Tool Post Forward | Reverse
Feed Gear Box Lever
: Tailstock
“l,

\ W, - !

\\' LB N ] ]

Figure 1.Example of a Typical Center Lathe

CentrelLathe

The term Centre Lathe is derived from the fact that in its operation the lathe
holds a piece of material between two rigid supports called centers, or by some
other device such as a chuck or faceplate which revolves about the centre line of
the lathe.

The lathe shown above is a typical example. This machine is usually used in a
jobbing (one off) situation or for small batch work.

The lathe is a machine used to cut metal. The spindle carrying the work is
rotated whilst a cutting tool, which is supported in a tool post, is made to travel

in a certain direction depending on the form of surface required. If the tool
A3 omilo 09 ¥ TS (o) S o 0l 3 90T
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moves parallel to the axis of the rotation of the work a cylindrical surface is
produced asin Fig 2 (a), whilst if it moves at right anglesto thisaxisit produces

aflat surfaceasin Fig 2 (b).

Figure 2a. Producing a

o Figure 2b. Producing a Flat Surface
Cylindrical Surface

The lathe can also be used for the purposes shown in Fig 2c, 2d, 2e and 2f.

Figure 2e. Radius Turning Attachment Figure 2f. Drilling on a Lathe

Cutting Tools
Thetool used in alatheis known as a single point cutting tool. It has one cutting
edge or point whereas a drill has two cutting edges and a file has numerous

pointsor teeth.
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The term Centre Lathe is derived from the fact that in its operation the lathe
holds a piece of material between two rigid supports called centers, or by some
other device such as a chuck or faceplate which revolves about the centre line of
thelathe.
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The lathe shown aboveisatypical example.
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This machine is usually used in a jobbing (one off) situation or for small batch
work.
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Thelatheisa machine used to cut metal.
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The spindle carrying the work is rotated whilst a cutting tool, which is
supported in atool post, ismadeto travel in acertain direction depending on the
form of surfacerequired.
—ouly Ao oSG Cawhas— ;| b 0l - SH—aSlIls jo—00 5 (4 90— Cawh,5— Jolo— Lol jexo
" 31 S 4y s S e S )0 005 S8 52 - (3092 Hgeie Sl A goseon Ik SO- 50
ouls &Blg 3L 3 590 ~gelam
Wyl SO jo A Wl Ipl g oS o o980 Cawl Ao oS 1) I axkd aSLIL> jo Lol jexe
Do o0 0018 CS g ko gumnn 3O jLi O yg0 grbaan S 4y A 9,18 41,8 (tOOI post)

If the tool moves parallé to the axis of the rotation of the work a cylindrical
surfaceisproduced asin Fig 2 (a), whilst if it moves at right anglesto thisaxisit

producesaflat surfaceasin Fig 2 (b).
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Shahid Beheshti high training center
Homework 3 -1

First & last name: Date:

Trangdatethistext step by step.

Cutting Tools

Thetool used in alatheis known as a single point cutting tool. It has one cutting
edge or point whereas a drill has two cutting edges and a file has numerous
points or teeth. The lathe tool shears the metal rather than cuts as will be seen
later and it can only do so if there is relative motion between the tool and the
work piece. For example, thework isrotating and the tool is moved into its path
such that it forms an obstruction and shearing takes place. Of course the
amount of movement is of paramount importance too much at once could for

instance result in breakage of the tool.




Shahid Beheshti high training center
Homework 3 -2

First & last name: Date:

1. Find and underline the synonym of given wordsin the text.

03y = (Sl 8 (5955 H5 axkad — jl b b ad - olo (bl i egS gly — S (5l 65
The usual conception of cutting suggests clearing the substance apart with a thin
knife or wedge. When metal is cut the action israther different and although the
tool will always be wedge shaped in the cutting area and the cutting edge should
always be sharp the wedge angle will be far too great for it to be considered

knife shaped. Consequently a shearing action takes place when the work moves
against thetool.

Chip Flow
Depth of Cut T Direction of Cut
T ——
| %
A
Tool
o= %ﬁi Clsanc
B T 4 Angle
[ /

Figure 3.Basic Metal Cutting Theory

Figure 3 shows a tool being moved against a fixed work piece. When the cut isin
progress the chip presses heavily on the top face of the tool and continuous
shearing takes place across the shear plane AB. Although the Figure shows a
tool working in the horizontal plane with the work piece stationary, the same

action takes place with the work piece revolving and the tool stationary.
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L esson 4
Metal Cutting Processes3 — Milling

Types of Milling Machine : Most of the milling machineis constructed of column

and knee structure and they are classified into two main types namely
Horizontal Milling Machine and Vertical Milling Machine. The name
Horizontal or Vertical is given to the machine by virtue of its spindle axis.
Horizontal machines can be further classified into Plain Horizontal and
Universal Milling Machine. The main difference between the two is that the
table of a Universal Milling Machine can be set at an angle for helical milling
whilethetable of a Plain Horizontal Milling Machineisnot.

2.1. Horizontal Milling Machine : Figure 1 shows the main features of a Plain

Horizontal Milling Machine. Their functionsare:

a. Column : The column houses the spindle, the bearings, the gear box, the
clutches, the shafts, the pumps, and the shifting mechanisms for transmitting
power from the electric motor to the spindle at a selected speed.

b. Knee : the knee mounted in front of the column is for supporting the table
and to provide an up or down motion along the Z axis.

c. Saddle : The saddle consists of two slide ways, one on the top and one at the
bottom located at 90?to each other, for providing motionsin the X or Y axes by
means of lead screws.

d. Table: Thetableis mounted on top of the saddle and can be moved along the
X axis. On top of the table are some T-dotsfor the mounting of work piece.

e. Arbor : Thearbor isan extension of the spindle for mounting cutters. Usually,
thethread end of an arbor isof left hand helix.

2.2. Vertical Milling Machine : Figure 2 shows a vertical milling machine which

Isof similar construction to a horizontal milling machine except that the spindle
iIsmounted in the vertical position. Itsadditional featuresare:

a. Milling head : the milling head consisting the spindle, the motor, and the feed

control unit is mounted on a swivel base such that it can be set at any angle to
thetable.
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b. Ram :the ram on which the milling head is attached can be positioned

forward and backward along the slide way on the top of the column.

Figure 1.Horizontal Milling Machine Figure 2. Vertical Milling Machine

3. Cutting Tools

3.1. Cutting Tools for Horizontal Milling

a. Slab Mills: For heavy cutting of large and flat surfaces.

b. Side and Face Cutters: Thistype of cutters has cutting edges on the periphery

and sides of theteeth for cutting shouldersand dots.

c. Sitting Saws: For cutting deep slots or for parting off.

Note:

Horizontal milling cutters are specified by the name, the material, the width, the
diameter, and the hub size of the cutter (Example: Side and face cutter, High
Speed Steel, Cutter size: 10 X ? 100, Hub size: ? 25).
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Figure 3.Slab Mill Figure 4.Side and Face Cutter Figure5.9litting Saw

3.2. Cutting toolsfor Vertical Milling
a. End Mills: Commonly used for facing, slotting and profile milling.

b. Rough Cut End Mills: For rapid metal removal.
c. Slot Drills: For producing pockets without drilling a hole befor ehand.

d. Face Milling Cutters: For heavy cutting.
Note:

Most vertical milling cutters are of end mill types and are specified by the

material, the diameter, the length, the helical angle, the types of shank and the
shank diameter. For face milling cutter, only the diameter of the cutter and the

typesof carbideinsertsarerequired.

Figure 6.End Mill Figure 7.Rough Cut End Mill Figure 8.Slot Drill

Figure 9.Face Milling Cutter
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Types of Milling Machine
Most of the milling machine is constructed of column and knee structure and
they are classified into two main types namely Horizontal Milling Machine and

Vertical Milling Machine.
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The name Horizontal or Vertical is given to the machine by virtue of its spindle

axis.
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Horizontal machines can be further classified into Plain Horizontal and

Universal Milling Machine.
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The main difference between the two is that the table of a Universal Milling

Machine can be set at an angle for helical milling while the table of a Plain

Horizontal Milling Machineisnaot.
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Figure 1 showsthe main features of a Plain Horizontal Milling Machine.
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Vertical Milling Machine
Figure 2 shows a vertical milling machine which is of similar construction to a
horizontal milling machine except that the spindle is mounted in the vertical

position.
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Shahid Beheshti high training center
Homework 4 -1

First & last name: Date:

Fill in the blanks.

Milling machine type: -----------




Shahid Beheshti high training center
Homework 4 -2

First & last name: Date:

Writethe name of each milling cuter.
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Lesson 5
Engineering Drawings

| ntroduction

The engineering drawing is one of the most important communication tools that
a company can possess. Engineering drawings require extensive thought and
time to produce. Many companies are using three-dimensional (3-D) computer
aided design databases to produce parts and are bypassing the traditional two-
dimensional (2-D) drawings. In many ways, creating an engineering drawing is
the same as a part production activity. The main difference between drawing
production and part production is that the drawing serves many different
functions in a company. Pricing uses it to calculate product costs. Purchasing
uses it to order raw materials. Routing uses it to determine the sequence of
machine tools used to produce the part. Tooling uses it to make production,
ingpection, and assembly fixtures. Production uses the drawing information to
make the parts. | nspection usesit to verify the parts have met the specifications.
Assembly usesit to make surethe partsfit as specified.

Drawing Types

Of the many different types of drawings a manufacturing company might
require, thethree most common are note, detail, and assembly.

1) Note : Commonly used parts such as washers, nuts and bolts, fittings,
bearings, tubing, and many others, may be identified on a note drawing. As the
name implies, note drawings do not contain graphics. They are usually small
drawings (A3 or A4 size) That contains a written description of the part. See
Fig.l.

2) Detail : The detail drawing should show all the specifications for one unique
part. Examples of different types of detail drawingsfollow.

3) Assembly: Assembly drawings are categorized as subassembly or final
assembly. Both show the relative positions of parts. They differ only in where
they fit in the assembly sequence. Assembly drawings are usually drawn in one

of two forms: exploded pictorial view (see Fig.2) or 2-D sectioned view
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Two common elements of assembly drawings are identification balloons and
parts lists. The item numbers in the balloons (circles with leaders pointing to

individual parts) relateto the numbersin the partslist.

PARTE LIST
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B840 M™H &MHEHC
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2-BERE HUB 'WHEEL
Ax=AEAA WFF

""N"'"‘“NE

1|~ || i+ || ra|—=

HATWE Td PERSHH RECENTE THEE BOMILEHT.
OCATRE MLUT 0O OLAWS T8 MHCTAR
FRHTS [H_THE FFOAMTAH OSCLOSED
HEREFL THE CCLUEWN B HEBLED H
CANOET AHD § NOT TO OF FEPRCOLCTT
DA UBE T WAMMFACTURE WTHES IHTH
MEFTUN MNP IE MENIEd PR

EEMER FALLE OERGML
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ha

FRAH W) |y £oE WE 7 g ap
SECIED 3np wiln CAE 7_7_4m

I
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‘\\ E
7
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i
Jiis
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™ ASM WHEEL
BEAV-R FALLS DESIGN

ATHERS. GHD
al O D[R [TF [~
] 2048698

Fig.3
Parts of drawing
Border : The border is drawn around the perimeter of the drawing. It is a
thick linewith zone identification marks and centering marks. See Fig.4.
Title blocks : The part of a drawing that has the highest concentration of

information is usually thetitle block (see Fig.4). It is the door to understanding

the drawing and the company. Although there are many different arrangements

possible, a good title block hasthefollowing characteristics:

Revision blocks :It is common for drawings to be revised several times for
parts that are used for many years. During the life of a product, it may be
revised to improve performance or reduce cost. After a drawing change request
Is made and accepted, the drawing is modified. Engineering change notices

(ECN) are created to document the actual changes. The revision letter,
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description, date, drafter and identification approver, and ECN number are
recorded in therevision block. See Fig.4.

Parts lists : A parts list names all the parts in an assembly. It lists the item
number, description, part number, and quantity for each part in the assembly.
Theitem Number is placed in a circle (balloon) close to the part in the assembly

view. A leader isdrawn from the balloon pointing to the part. See Figs.2 and 3.
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I ntroduction doddo

The engineering drawing is one of the most important communication tools that

acompany can possess.

T (e - S - S - a5 - byl il - bLS 1 - ke - o2 e - 5l (59 - Sl - Al - (pwadie
oo hls
bl AR Wiy (g0 S s Sy 45 S5l (5131 (ot phoden 1 (K ol (gmintivo Al
ol &8 3 SO (bl gyl 2l (2 yioten 3 (pwdigeo Al

Engineering drawingsrequire extensive thought and timeto produce.
ddgi — gl — oloj - g- S8 -0l 5 - (plls jld - b aldli - pwaigeo
el (53U 5 (yloj 9 ;5 wo il (cwiieo (gl Al agd

Many companies are using three-dimensional (3-D) computer aided design
databases to produce parts and are bypassing the traditional two-dimensional

(2-D) drawings.
"SLLLL - (25 - oud SS  gupolS- (Gum - dw - (18,5550 - i LS 1 - (5 )l
W diis - gomy 99 = o = (13T LS~ aidind - g -lakad - il - SleSll
Glabd co bl gl Fledbl ol ygaols SwS a1 (2lhb gom dw sy (20 )10 LS 30 (5 ke
(s (5ex 99 (b Al Wi IAS (o0 )US g
pr ©lalad Gl (gl g WS 0d eoliiwl (sosad guary 93 by Al I 1505 LS o 51 (5 ke

iy o0 ) 1y gary 4w CAD (sl 581

In many ways, creating an engineering drawing isthe same asa part production
activity.

Cadled — ud g — anlad — S — aplileo —Cowl — Al — (wiiger SO Gl —leal ) - Gl =50
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The main difference between drawing production and part production is that

the drawing serves many different functionsin a company.

410 (gouxie g cilito Cislbg S w40 dials A Sl (] Axdad W gl g A gy (ol glis

Pricing usesit to calculate product costs.

S o0 oolaw! Jaazmo gl dy 3 dcwle S Al (6,105 Cuoud g

Purchasing usesit to order raw materials.

WS o0 oolaiwl pls dlgo (o ylhus Cpa Al (1 ag 5wy

Routing uses it to deter mine the sequence of machine tools used to produce the
part.
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Shahid Beheshti high training center
Homework 5 -1

First & last name: Date:

Trandatethistext step by step.

Assembly drawings

Assembly drawings ar e categorized as subassembly or final assembly. Both show
therelative positions of parts.

They differ only in where they fit in the assembly sequence. Assembly drawings
are usually drawn in one of two forms. exploded pictorial view or 2-D sectioned
view. Two common elements of assembly drawings are identification balloons
and parts lists. The item numbers in the balloons (circles with leaders pointing

to individual parts) relate to the numbersin the partslist.




Shahid Beheshti high training center
Homework 5 -2

First & last name: Date:

Read thistext and answer the questions.

From about 1750, when Gaspard Monge developed descriptive geometry
practices, to about 1900, most drawings were created using first-angle
projection. Starting in the late nineteenth century, most companiesin the United
States switched to third-angle projection. Third-angle projection is considered a
mor e logical or natural positioning of views.

While it is common practice for many companies to create parts using a 3-D
definition of the part, 2-D drawings are <till the most widely used
communication tool for part production. The main reason for this is, if a
product breaks down in aremote location, a replacement part could be made on
location from a 2-D drawing. The same probably would not be true from a 3-D

computer definition.

1. What type of projection has been used from about 1750 to about 19007

2. Who has developed descriptive geometry practices?

3. Which country switched to third-angle projection?

4. What isthe advantage of using third-angle projection?

5. Which type of drawings is still the most widely used communication tool for

part production? Why? Please explain.




Shahid Beheshti high training center
Homework 5-3

First & last name: Date:

Match the wordswith the pictures.

Drafting—proj ection-Orthographic projection-First angle projection-Third angle
projection-Dimensioning- View- Isometric projection- Sectional view- Broken
out sectional view

.....

‘Wiﬁ%&%
it |
AT 1
[T Behind
Front | Bl
Top =1-)

First angle projection

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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L esson 6

Die Design

Shank

Gage and
stripper

= [)ie block

Guide
pin

s

Figurel.The main features of a Cutting die

Lower die set

1. Introduction

Die design is a specialized profession that combines the elements of craft, art,
and science. The objective is to prepare drawings that can be trandated into
stamping dies by skilled craftsmen known as die makers. The stamping dies, are
mounted in presses in which they blank, bend, form, draw, extrude trim and
pierce, into components which may be assembled with other parts (which may
or may not be stampings) to form finished products.

2. Cutting dies

Die cutting is the application of shear forcesto coil or sheet material with a tool
consisting of a mating punch and die mounted in a press. The stock is stressed

between the cutting edges of the punch and the die; and as the punch penetrates
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the material, compressive and tensile stresses build up and fracture occursalong
the lines of stress (sees Fig2). Separation of the die-cut stock generally occurs
with mild steel when approximately one third of the thickness of the stock has
been penetrated. However, when harder materials are die cut, penetration by
the punch maybe somewhat less than one-third the material thickness, and

softer materials may require almost full penetration.

Punch Amount of
deformation =1
%A//A v

L1

Die

{a) Impact

Depth of
penetration —

f { in thickness

e r—

(b) Penetration

Siart of Complation
fracture ol fracture

7

(c) Fracture

Figure2. Die cutting

3. Blanking and punching

Blanking and punching is the basic die cutting operations. Blanking is the
cutting of stock around the complete perimeter of a shape to form a work piece
blank. Punching is the cutting of a slug from stock to produce a hole. The major
factors in successful blanking and punching can generally be applied to the

other die cutting operations. These factor s ar e clearance and punching for ce.
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I ntroduction
Die design is a specialized profession that combines the elements of craft, art,

and science.
doddo
e g7 b ~Catuo 31 - Jguol wiSws LS - 45 4d o ol samass- Sy ~Cawh >l LB

Sywol oo w23 1y ke § pb o Jguol 45 ol panad (gl 48 y> ol >y

The objective is to prepare drawings that can be translated into stamping dies

by skilled craftsmen known asdie makers.
" bwgi= Ll (65w 53 - (gguumm ol i (4992~ (milgi= 45 b Al - (40,5 dangd -Gl -du
Ol o - g y2o - ySitmiom asly M40
Jesd ot GG 2 SLadl 4 Bypme Lo l)F G by o Conl il Al g S
A0 S
The stamping dies, are mounted in presses in which they blank, bend, form,

draw, extrude, trim and pierce, into components which may be assembled with

other parts (which may or may not be stampings) to form finished products.
- 9318 IS (3355 o5 o i LT 45 -0 g 1 (51957 o i it Ll (65500
T30 bmonds flge oy L a5- Olabad- gguw (19,5 Elygur (10,5 CB1d 57 (19,5 s aem (Ul
Y guazeo 0dl (o Ledm S - s (L )L y3- (30 99 - (xS0 -U= sl [y SKoom 4F) - ilalad
O (S (3318 S (3355 v o Slilos g Wigd (o0 eai bewy G9x o n SAIE
‘S)f..{é Olakad b Sl US‘M as MLN = |).?| @la.hs S92 |) ‘S)lS.‘Sbg.w 9 ‘S)lS ﬁa.‘;‘é)g: ‘C,o;
5555 jlige 2l Jyarmo Sy JSb 4 (o g b (oo )

Cutting dies
Die cutting is the application of shear forcesto coil or sheet material with a tool

consisting of a mating punch and die mounted in a press.
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The stock is stressed between the cutting edges of the punch and the die; and as
the punch penetrates the material, compressive and tensile stresses build up and

fracture occursalong the lines of stress (sees Fig2).
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Shahid Beheshti high training center
Homework 6

First & last name: Date:

Trangdatethistext step by step.

Separation of the die-cut stock generally occurs with mild steel when
approximately one third of the thickness of the stock has been penetrated.
However, when harder materials are die cut, penetration by the punch maybe
somewhat less than one-third the material thickness, and softer materials may

require almost full penetration.
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Quality Controal

(Geometric Dimensioning and Tolerancing)

Geometric dimensioning and tolerancing can be described in its simplest terms
as a means of specifying the geometry or shape of a piece of hardware on an
engineering drawing. It provides the designer with a clear way of expressing
design intent and part requirements, which in turn enables the manufacturer to
choose the proper method to produce the part. Geometric dimensioning and
tolerancing also indicates how the part should be inspected and gauged, thus
protecting the design intent. Geometric dimensioning and tolerancing is rapidly
becoming a universal engineering drawing language and technique that
manufacturing industries and gover nment agencies ar e finding essential to their
operational well-being. Over the past 35 years, this subject has matured to
become an indispensable tool; it assists productivity, quality, and economics in
building and marketing products.

This text has been designed to explain certain concepts and rules of geometric
dimensioning and tolerancing that must be understood by all personnel before

they can successfully interpret engineering drawings and validate parts.

TYPE OF TYPE OF
FEATURE | TOLERANCE CHARACTERISTIC SYMBOL
Flatness Fur 4
Individual ; —
(no datum | Form Straightness
reference) Circularity (roundness) O
Cylindricity J o4
|ndivid:,<ﬂ Profile Proftle of a line M
or relate Profile of o surface [
Perpendicularity 1
Crientation |  Angularity P
:z:lmed Parallelism /7
atum "
reference | Location Position )4
required) Concentricity (@]
Runout Circular runout A
Total runout V. o
Fig.1
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Form control tolerances : The four form control symbols: flatness, surface
straightness, circularity, and Cylindricity are applied to control the shape of the
finished item. These symbols tell the inspector the amount a feature can vary

from the perfect shape specified on the drawing.

Flatness : Flatness isthe condition of a surface having all elementsin one plane.
A flatness tolerance specifies a tolerance zone defined by two parallel planes
within which the entire surface must lie. When a flatness tolerance is specified,
the feature control frameis attached to a leader directed to the surface or to an

extension line of the surface (see Fig. 2).

The drawing
[ [
£7/.005 L
500 + .005
The feature control frame

Within a .005 wide tolerance zone
over the entire surface

This surface can deviate from
a perfect, flot surface

.005 wide tolerance zone
over entire surface

The tolerance zone

Every element of the surface
shall be within the .005
wide tolerance zone

Fig. 2

Orientation tolerances : Perpendicularity, angularity, and parallelism controls

are referred to as orientation tolerances. These tolerance specifications control
the orientation or attitude of a featureto a datum feature or features.

Perpendicularity Tolerance : Perpendicularity is the condition of a surface,

median plane, or axisat aright angle to a datum plane or axis. Perpendicularity

specifications can be applied to a surface or to afeature of size.
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Geometric dimensioning and tolerancing can be described in its smplest terms
as a means of specifying the geometry or shape of a piece of hardware on an
engineering drawing.

- oskw- yo-(can be described)yog b Sl -(g,)105 il - 9= (5,105 ojlaik cwoaia
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It provides the designer with a clear way of expressing design intent and part
requirements, which in turn enables the manufacturer to choose the proper

Method to producethe part.
e 45 Lyl axlad- g uad- 7 ybm bl (b g pem Som b 2l wBd g 158 LSt yom ]
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Geometric dimensioning and tolerancing also indicates how the part should be

inspected and gauged, thus protecting the design intent.
=3l ddlm Wl dalad- digRa- wbd (oo (L ciareds (5,185 (il g7 (55135 ojluik (wass
Sud- 7 b cdadlxo (ol wlom oud (g 58 ojlail g ool
03Il g (il b digRe dxhad a5 wbd (o0 (LIS (qwaid (5105 (il i g (5,105 61l Cuizrod
Wilos Bgimo oolb Bud G ogd 5 5
Geometric dimensioning and tolerancing is rapidly becoming a universal

engineering drawing language and technique that manufacturing industries and

gover nment agencies are finding essential to their operational well-being.
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Over the past 35 years, this subject has matured to become an indispensable
tool; it assists productivity, quality, and economics in building and marketing
products.
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Shahid Beheshti high training center
Homework 7

First & last name: Date:

Trandatethistext step by step.

Orientation tolerances

Perpendicularity, angularity, and parallelisn controls are referred to as
orientation tolerances. These tolerance specifications control the orientation or
attitude of a feature to a datum feature or features.

Perpendicularity Tolerance

Perpendicularity is the condition of a surface, median plane, or axis at a right
angle to a datum plane or axis. Perpendicularity specifications can be applied to

asurfaceor to afeature of size.
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Computer and industry

CAD : Computer aided design

CAM : Computer aided manufacturing R % 3

CEA : Computer engineering analyse @ = =

CAPP : Computer aided process planning G \ —

CAQC : Computer aided quality control TR Storags

handli

CAT : Computer aided testing robot © = 10

CNC : Computer numerical control @ 3:@:—“ ol I

DNC : Direct numerical control [

Stereolithography : 3 dimensional printing PR
. . 1 —machine

CIM : Computer integrated manufacturing @

FMS: Flexible manufacturing system

CMM : Coordinate measuring machine

PC : personal computer
PLC : Programmablelogic control
3 dimensional model
CAD interface

Wire frame model
Surface modeling
Solid modeling
Modeling Software
Hardware

Memory

Data base

Contour

Adaptive control
Automated inspection
Feed back

Micropr ocessor
Group technology
Workstation

Reverse engineering
Oprating system
Back up

FMS for
Gear pump manufacturing

Surface
modeling

ELEVATOR z@
X-Y MOVABLE
oy s = I
Y
\
\

e PROCESS
CHAMBER

R ] /./',
v

i
\ /' UV CURABLE
\/ " uquip

==
CONTROLLER

Stereolithography

Machine tool
Program Control unit t_*g—l
g OO s
TR,
(b) ]

NC machine tool

N3 milo 09 %

TS () S (58 0l 3 90T



AY axio < oL
Word List

Row Word Synonym Meaning Row Word Synonym Meaning
1 Abrasive ol lw osle 49 | Basic-shaft system Lo &9 i
2 Absolute Gl 50 Basic rack &l Al snis &y
3 Accessory S el wlilen 51 Basis Lo aly
4 Accuracy Comom Cdd 52 Beam g
5 Accuracy of form JKi b e 8 s 53 Bed g iy
6 Acmethread ! alijed o9, 54 Belt Ao
7 Actual size (b o3l 55 Bench SIS 5o 45 o
8 Adapter deeve SN - o 56 Bending &5 o>
9 Addendum oS Fyz o pw gyl | 57 | Bent(alenywrench | Hexwrench | (o) eowes a1
10 Adhesive - 58 Bevel gear P TP PRRELY e
11 Adjustable wrench (oaass’ Jo8) a3 LT 59 Billet ey
12 Alignment o bwly o» 60 Blanking die &) Sy JB
13 Allowable stress Sl s 61 Bolt =
14 Allowance & oiile jlxe > 62 Bond 03liw K 35 Com
15 Alloy 5T 63 Bore Elygm
16 Alloyed stedl ST oY 64 Boring 15 (J310)E g
17 Angle w9l 65 | Boring machine il g il
18 Angleiron ] 66 Boring tool 5 El g 5l
19 Angle of thread 2 0935 43l3 67 | Bottoming tap 9t 71908
20 Angular &l a3 68 | Bottome view onl gl
21 | Angularity tolerance &) wly il b 69 Bracket Solps al b conw
22 Annealing & e 70 Brass F3Y
23 Anvil Ol 71 Brittle 0USSSLim O i
24 Application S, 72 Broaching S ol
25 Applied force ous Jlose!l (59 o 73 Broken out section SO Sy
2% Apron Sy ciilo © yy g 74 Buckling ohileS
27 Arbor 38 Jo 75 Burnishing & o
28 Arc o oS 76 Burr Flash-Fin ey
29 Arcwelding S ogd ) ez | 77 Cable ol s
30 Area ol 78 Calibration &b @l
31 Assembly Ac gocxo 79 Cam Salob
32 Autocollimator HB0e3 jlw (shlge 80 Carbide-tipped drill G5 S ake
33 Automatic lathe e il miile 81 Carriage Pl ile &y guw
34 Average value oSl Hludo 82 Coordinate system Olasis powaw
35 Axial force G570 S90 83 Casting 65wy
36 Axis 970 84 Casting steel G5 aisy oY g8
37 Axis of symmetry Oyl e 85 Castiron oo
38 Back off angle oudy o137 asgl 86 Cavity G o o
39 Back rake oudy 0oy as gl 87 Center £ o
40 Back up obeciy 88 Center drill L o Ao
41 Ball bearing &l 4ozl BLL 89 Center hole S yo o Elyguw
42 Ball screw &' aozlo g 0] Centerlessrinding machine Ko 0y ) s il
43 Band saw &ilg oyl iilo 91 Center of gravity JE 35 0
44 Bar (oo y b) aluo 92 Centrifugal Sl 3,5
45 Base ol 93 Chain o)
46 Basecircle ouid 32 o Lo pld 94 Chamber JYUREES
47 Base tangent length b wilwis whod Job 95 Change gears g7 6lb onis 2
48 | Basic-hole system Lo &1 ygm pooimmmsons 96 Channel 109 pa pi
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Row Word Synonym M eaning Row Word Synonym M eaning
97 Chip o3y 145 Copper oo
98 Chip breaker OS5 63l 146 Corner abgS
99 Chord ¥ 147 Corrosion SS9
100 Chuck 0 35 -plla 148 Counterboring & Wlgil 3 asy 35
100 Circle oplo 149 | Countersinking sboyFe I 435
101 | Circular interpolation slopls b be | 150 Coupling Suh cas
102 Circularity tolerance 6055 il s 151 Cover 53,5 heuyd
103 Circular lay &lopls olgs 152 Crack Sy
104 | Circular runouttolerance | Radial runout | el S ol | 153 Crane J
105 Clamp S 154 Crank handle S A
106 Clearance ] 155 Creep 3
107 Clearancefit 5T Gldkail 156 Critical Sy
108 Climb milling Down milling | <« a2 ,55% | 157 Cropping Shearing LN WO S
109 Closed cir cuit LUV RV 158 Crossfeed -
110 CNC &l ably goue Jys | 159 Cross section (655 gadio b
111 Coarsethread Sl yd 6430 09 ) 160 Crossdide (O GFS
112 Coating (PO gy 161 Curve S (S0
113 | Coaxiality tolerance | Concentricity | (sygxe po il | 162 Cut off tool Sy oy
114 Coding SIS 30, 163 Cutting &l y 0ol
115 Coefficient b 164 Cutting data ooy 03l lasiin
116 Cail e SN g e | 165 Cutting edge Syl oy ad
117 Coaining die G5 oo id LI 166 Cutting force S0 00l (59
118 Cold work tool steel S8y 15l 0¥ g8 167 | Cutting Process &1 5 00l iyl
119 Collar adgb 168 Cutting temperature &l 0ol p slos
120 Collet SSind 169 Cutting tool &l ety 3l
121 Column Upright Cinlo oy g 170 Cycloid gear S gl 00dd E 52
122 Composite =5y ooko 171 Cylindrical grinding & il gl G S
123 Compound die S o B 172 Cylindricity tolerance 8! Al gl il pl5
124 Compound rest Tool post prigNt 173 Damper OF A4S -0 o
125 Chip breaker oS 00y 174 Data eals
126 Concavity geri) 175 Datum Lo
127 Concentrated 35 ke 176 Deformation S5 gt
128 Conduction b, 177 Density S
129 Coneangle by iy sl 178 Depth Boem (6995
130 Conical by 179 Depth of cut 0l Goc
131 Constant <yl 180 Detail drawing (adi alds
132 Construction Hsle 181 Deviation S il
133 Construction steel sloslw b aly o¥ed | 182 Diagram Sloges
134 Contact length wbed Job 183 Dial indicator S5 o3Il el
135 Container PUEEN 184 Diameter oyl yhad
136 Continuos chip Awgu 001 185 | Diamond dresser oobodl 6U5GS o
137 Contour (ST § y0 186 Die JiB
138 Control panel JFS sslb 187 Die block ol
139 Control unit Jyes aslg 188 Die cavity B o o
140 | Conventional milling Up milling S ol 5055 | 189 Die shank <JB s
141 Convexity [WRES 190 Die shoe B sy
142 Conveyer A dound 191 Differential indexing | Compound indexing S s
143 Coolant Cutting fluid BuisS S5 eole 192 Dimension o3lask oy
144 | Coordinate measuring machine Slaihe 55 o3l mile | 193 Dimensioning &,135 0 3lu5
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194 | Dimetric projection Sy sled 243 Flanged shaft 1o ad jemo
195 Direct indexing Plain indexing PNV 244 | Flatnesstolerance RYELYROE S g N
196 Dismounting Olalad 40,5 ooly 245 Flexibility Gy Slhasil
197 Dividing head Index head PO 1L INE 246 Flute ao 5l
198 Dog 5 e 8o 247 Follower rest S e 9o poS
199 Double-action press o)l 90 iy 248 Force 9y
200 | Double-head box wrench RSP PY] 249 Forging die S5l B
201 Double-start thread aly 9 g 250 Forming die B S B
202 | Dovetail guideway alxler o0 glosaly )Ll | 251 Foundry 65wy
203 Drafting Drawing (26,15) Sis aids | 252 | Four jaw chuck plss Ly
204 Drawing die S A 253 Fracture (B S
205 Drawing template POV I 254 Friction Sas!
206 Drill 4o 255 Front view 9509 slos
207 Drilling machine &b aw ibilo 256 Furnace 0395
208 Driver plate Dog plate cotlB 035 00318 K2 50 4o 257 Gap alold- SIS
209 Ductile material oy ook 258 Gas cutting SEL G
210 Dynamometer T g yud 259 Gauge blocks S5 03103l gla 4SS
211 Eccentric Sl 260 Gauging plug @t G5 oIl loyd
212 Edge finder e JyS ol ad | 261 Gear cutting Sy suis iy
213 Effect force oo 9 262 Gear hob ol 5,8 &
214 Efficiency obessly 1) 003L 263 Gear rack Rack pinion &l 6ild ouis &2
215 Elasticity S w4 (Slals 264 Gear Shaper s &7 () ol oeitle
216 Electric arc furnace S Sl gd 055 265 | Gear shaving machine s ¢y eSloy elile
217 Electrode G5 B9 e 266 Geometric oo (pwads
218 Electrode holder &I gz il 267 Go-No go gauge 95" 9y dxiw
219 Element oledl s 3o pase 268 Grain size 03l K 53 4l 0311
220 Ellipse - 269 Graph Hloges
221 Elongation Jeb sbajl 270 Gravity force ol 69
222 End mill Sl 348 i 271 Grease o
223 Engagement 0NiS F 42 93 0 )3 272 Greyiron CErS yas
224 Enginelathe oy oilo 273 Grinding machine S S opiole
225 Estimation oSS -3 591 274 | Grinding wheel 08 Lo S
226 | Expanding mandrel (icia) blawwsil LB (48 | 275 Groove Sl
227 External gear B e 276 Grounding Earthing oo & JLasl
228 Extrusion die & enus I 277 Guideway A3l misle slodly oy
229 | Facemilling cutter Dl (Sl 558 & 278 Gun drill (S d
230 Face plate plis axan 279 Hacksaw oyl oS’
231 Facing tool Sy (Sl eudy 280 Hacksaw blade o)l &
232 Factory PHE 281 Hand diestock (S 35 oy i
233 Fastening 005 pSTem 282 Handle A3l Gaile 0 s
234 Feature e S 283 Hand loading 33 mile 3o 51 axlad  Zuws ks 41,8
235 Feed box (G970 duxs> 284 Hand reamer (S (598 g
236 Feeler gauge T B L 285 Hand tap o 3198
237 File Oguw 286 Hand wheel 3l il (Sws 4SS
238 Fine pitch thread Fyosdeg), 287 Hardening &b e
239 Finishing S eSley 288 Hardness (S
240 Fit {2 289 Hatching &)l
241 Fixture W b 290 Headstock 3! Cmible o
242 Flame hardeninh alels b 6,5 conw 291 Heat treatment ol olbles
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292 Helical gear Tyl owid F 341 Lathe center S5 rible £ o
293 Helical Spring b S 342 Lathetool &I Sl ey
294 Helix angle Tl agly 343 Laying out NS - oS s
295 Helix lead ook o 344 Lead (g
296 Helmet W 5,5 e Sl | 345 Lead angle Losaly 4915
297 Herringbone gear bz onis g 346 L ead of helix b o8
208 Hexagonal bar 95 i ado 347 Lead screw Lol gy
299 Hexagonal head screw 09 e yw T 348 L eakage S5 09F e
300 High speed steel HSS S oYl 349 L eft hand milling cutter Sz A&
301 Hinge Jado- Yol 350 L eft hand thread 3,552 03
302 Hole ol (5,15 do &1y g 351 L eft hand tool Sl G o)y
303 Honing machine Thgw el opaiilo 352 Level Y
304 Hook S-S 353 Lever 2!
305 Hook spanner S0, 298 laT 354 | Limitgauge o> Az ployd
306 | Horizontal milling machine 58 ilo 355 Limitsof size 031050 Sgus
307 Hot work tool steel S 0,8 Iyl oY ed 356 Linear b
308 Housing Ay dwgy- aladxo 357 Live center Rotating center Olo S & o
309 Hypoid gear S gud oIS Ey2 358 Lobing ©ols o
310 |-beam girder ool g 359 Longitudinal feed SIob 69ty
311 Imperial system 7 i 360 L oop 1SS adil>
312 Inertia b (S 361 Loss EW- e
313 Inlet valve $9939 4250 b 362 L ow carbon stedl R ES R
314 Insert azma 363 L ower deviation ol ojluil us
315 Insulant Dielectric oLyt -l 364 Lower shoe Bl Sias
316 Intensity Sad 365 Lubricant ail G o3y 35
317 interchangable e B 366 Lubrication &5 oLy
318 Interferencefit (o y2) SB35 3ldas! 367 M achined surface o 18 il s
319 Internal grinding LBl Gy Kw 368 M achine e ements oo ¢l 321
320 | International standardization organization=1SO 3k by sler lojls 369 Machine reamer iilo (598
321 | International system of units LIS Modl s olws | 370 Machine tap milo 319308
322 Intersection bl 371 M achine tool Sl oeiile
323 I nvolute end mill 9o ST 5,8 & 372 Machining & ile
324 Involute worm welgl Jype s gz | 373 Magnetic chuck (abliso 0 S
325 Iron o2l 374 | Magnification s Sy
326 1SO accuracy degree gyl &8 axyo 375 | Major diameter bl a3
327 | solated oud Gl 376 Malleable cast iron et 5 oz
328 I sometric projection SO rog 3l g guad 377 Mandrée A
329 1SO system of limits & tolerances 9! Glmmil i g 390> oo 378 manometer Ty lid
330 Jaw ] 379 Mannual unloading 3l cmilo 1 (Swd (5510 3L
331 Jig boring machine Sy 9 S iilo 380 | Manufacturing process Sl uiyl 3
332 Key Bte 381 | Massproduction 09wl oo
333 Key seat Key way B sl 382 Master gauge &5 po A
334 K nee-column type milling machine S 28il) 5y milo 383 Material oslo
335 Knob By 4SS 384 | Mating parts PSS 4 ool Jasto wilalad
336 Knurling tool YA 385 | Maximum material condition | eslo oy yiden b pis
337 L apping machine Fabe )5 Jiwo odle | 386 Mean value eSSl jlado
338 Laser machining 3 bl ile 387 | Measurement S35 o3l
339 Lateral s 388 M echanism 35 9 3w o il
340 L athe accessory oy cpilo wlileio 389 Melting point 9l alads
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390 Metal M 439 Parting plane ol axio
391 Metric taper Sy by e 440 Path st
392 Metric thread Sy 09 441 Pattern Tk - Joem oI
393 Micrometer Ty yng Y50 442 Peak alE- =gl Sg
394 Span micrometer (Sl S8 yiog S0 443 Penetrant OULSS Fguwym 38U
395 Milling Cutter P& 444 Pentagon vy 3
396 M olten metal Oldw 38 445 Per centage KW
397 Moment vector 39l Hlo 446 Performance Glodl - (lyl5= 0 o
398 M or se taper 90 by o 447 Periodic time o9ld o)
399 Motion S S 448 | Permanent magnet o518 gL ynl
400 Mould B 449 | Perpendicular axis dwoleio b ygzxo
401 Mounting Logo (40,5 Hlguw 450 Per pendicularity tolerance=Squar eness tolerance Solei’ il J o
402 | Multiple-start thread anly iy 09)) 451 | Perpendicular lay SOges g
403 Necking die &) 2l B 452 Phenomenon odydy
404 Needlefile g oldgw 453 Piercing die &5 Elgw B
405 Negative rake i o8l gl 454 Pigiron RN
406 Nominal size ol o106 455 | Pin-facewrench Sloyls Gl T
407 Nonferrous matal T ORIt 456 Pinion g owis Ey2m aill g iz yo 0o gz
408 Nor mal Sgas~ (rab 457 Pipethread FARTSS
409 Nose radius HIpl Se slads 458 Pitch of thread 093y p&
410 Notching die &b A6 459 Pitch circle Pl opls
411 Nozzle Jib- SSLasl 460 Pivot Juadom )18 )5 ably- y9xe
412 Number of teeth PHREINE 461 Plain milling cutter ool jy8 G
413 Numerical control Goue J s 462 Plan YU sl
414 Nut 0 ybe0 463 Plane of symmerty O axbn
415 Oblate & 464 Planer &l 03lg 0 Al axbo
416 Oblique Jl- 465 Plasticity &y (Slunoge
a7 Obtuse angle (42 o) 3 9l 466 Plate & axino &9
418 Oil can RN 467 Platform (o b= cuai aly
419 | Oil leve sight gauge Wi gy sy s a5 | 468 Plug tap 95 ol 52900
420 Onedimensional Gox S 469 | Plungegrinding 190 &y Soew
421 Open circuit 35U yloe 470 Plunger 9Ll alo
422 Open loop Control 3 loe J s 471 | Pneumatic gauge 6ol dxius
423 Operator JUIPVP X WP 472 Polar b3
424 Optical gauge &9 A 473 Polishing 6B @l
425 Optimum gy, 474 Polygon PPEIIERAT
426 Orbit Syl 475 Por osity NEItY)
427 Orifice &jgy Jodwm ailbes 476 | Portablegrinder | (s Sow) Joo S8 Souw olws
428 | Orthographic projection By i 477 Positional tolerance Caxdgo il )5
429 Output =9 478 Positive rake oo 00131 gl
430 Outside diameter > shé 479 Potential ogdlly
431 Ovality &ily i 480 Powder BYTY)
432 Pair bz 481 Power @ yad- olg
433 Parallelity tolerance Gilgs il 482 Precision cds
434 Parallel lay Silge lgs 483 | Precision square 350 sLigs
435 Parallelogram EMSYI (5390 484 Precision straightedge 9o oW b
436 Par ameter Jole- cali luiie 485 | Pressureangle JLid 4l
437 Particle 03 486 Principle ool Lol
438 Parting die G o I 487 Product Tl
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488 Production process Al wlyd 537 Saddle ol ometilo iy 0usy dmine
489 Profile o 538 Scale oolediom Uy a0
490 Progressive die oNig iy I 539 Scrap Olag Lo 39590
491 Proportional nlie 540 Scraper ol
492 Protective clothing Lslxo o] 541 | Screwdriver SeS T
493 Protractor Al g 4393 542 Scriber &3 BS e
494 Pulley Aoy AL 0,3 ,8 543 Seal A i 0 O - o deuls”
495 Pump capacity (qeag)aseli cudybs | 544 | Segmented grinding wheel ! 45 ool Ko
496 Punch A 545 | Semi-automatic machinetool S 895 dous I3l cpeiilo
497 Punching die & e A 546 Shaft Jre
498 Push button )L (aes0) anls | 547 Shape [t
499 Ouality control Sl ]y 548 Sheet o o & 3 yeS Cwals b @59
500 Quenching Sl llos ;3 0¥ g8 43,5 8y 549 Shell milling cutter (N90) s gy 548 doi
501 Ouill S o oliiwd j0 S po (JBg Heme 550 Shift =l
502 Radial drilling machine sl aio pdlo 551 Shrinkage ]
503 Radial lay Sl Slgs 552 Sine bar (Gt S Lo
504 Radius oplo glads 553 | Single-head open-end wrench JURE SRCPS NPy |
505 Ram (oS- do yexo | 554 Single-point tool (15 o0y wsile )ad S5 139l
506 Ram type milling machine 2934 38 ol 555 Single-start thread anly S 093,
507 Range of speed ey 609U 556 | Sizedeviation S5 o3Il glas- o3luil 31 Sl pzsl
508 Rate Soal- &y 557 Sketch o3l s
509 Ratio S 558 Slab Billet Jlied- Juss
510 Reamer PLys) 559 Slag o3k
511 Rear view Sy glod 560 Slide S
512 Reciprocating motion S gedy s, | 561 Slope s
513 Rectangle Febswo 5595, 562 Slotting P )
514 Reduction owals’ 563 Smooth Slo
515 Reference surface Lo g 564 Snap gauge (5931 o) alols aziuw
516 Relative velocity o 565 Soft grade wheel (&1 32,) p 3 S
517 Relief angle ol3T assl; 566 Solid shaft (28) ol y920
518 Residual stress RH PRI A 567 Spanner Wrench Bey|
519 Resultant force ol g9y 568 Specimen Aigod
520 Reverse (ogSae) S pes,> | 569 Spherical surface 8955 T
521 | Revolution per minute AdBo y 40 590 570 Spindle Sl oedle Lol o
522 Right-hand milling cutter S Sl 8 & 571 Splinejoint Bl Jlail
523 Rigidity S il 50 Cangliio S 572 Spring stedl Jrepse
524 Ring gauge &l 4il>(ployd) ez | 573 Spur gear solw suid & 52
525 Rivet Ts 574 Squar e bar w95 ks abeo
526 Roller e 575 Stable equilibrium Sl Jol
527 Rolling mill S8 ,95 0w 576 | Stainlesssted OF S oY e
528 Roller bearing Sde Loy 577 Standard Sy S sy
529 Root 63S Al ym oudd & 578 Stationary oS e el
530 Rope <k 579 | Stock lay-out G B 50 oy )lg (2Ll
531 Rotary table 10,5 0 580 | Straight shank a0 ol ailgsm! allss
532 Rotational motion Sy S 581 | Straight wheel i ooloaw Souw
533 Roughing cut S e 582 Strength of material (8190) Zlao ceoglio
534 Roughness 35 583 Stress T a1y 30 gy Hludie S
535 Round bar Rod 2,5 o 584 Strip ik SIB 5 &9 5l
536 Roundness tolerance 6055 iy 585 | Structural steel (ab) Slosslu oY o8
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586 Support 0ud,ls olK- o5 4SS 634 Twist drill Tl die

587 | Surfacegrinding S () S 635 Ultimate strength ks pliwl
588 | Symmerty tolerance O il 5 636 Undercutting L 0dis &y 5o ol ddiy
589 System oliws 637 Unification g%

590 Table 0 638 Uniform Sy S,
501 Tailstock £ yo dSgoxo 639 Unilateral tolerance ad,b Sy il b
592 | Tangential force wlow (59 640 Unit alg

593 Tapered bore P9 5o Elygw 641 Universal machinetool o9k dod Il cymiilo
594 Taper tap 9y 32998 642 Unstable equilibrium Sl Joles
595 Tap wrench Ol g8 -0 LT 643 Vaccum S

596 Teebeam I8 (G) & 2] 644 Valve Az o s
597 Temperature Loo- &yl y> a0 645 Vapour pIEY

598 Template oI - oyl 646 Variable o

599 Tensile stress S S 647 V-belt (5! 45393) S (59 Ao
600 Thread cutting oy 093 648 V-block Vee-belt Sl aslad
601 Threading die ony i 649 Vernier caliper (1 ez 35 031) d oS
602 Threading tool el eg)yens, 650 Vernier gear-tooth caliper 0Mid F 32 oS
603 Thread plug gauge (o500 8132)0935 (5295 (3loyd 651 Vernier height gauge T W55 e oS
604 Thread ring gauge (7= S1y)e95y ol loyd 652 Vertical milling machine ©O90s 58 omiile
605 | Threejaw chuck ol aw 653 Vertex ol

606 Timefor machine servicing Crilo s g s (3o 654 V-guideway e slaaly b
607 Timing belt (Floj) Kopos b dond 655 Vibration b plwg Sl
608 Tip So 656 Vice 0 S

609 Title block s Jgue 657 View from above YU sl

610 Tolerance &lolgy slme gllas 658 Viscosity S9515 car il (Sadans
611 Tool changer I3l eadss’ Lay gai oiws 659 V-thread=Triangular thread Lo 6u3d 69
612 Tool holder Sl eadylo ol 15 515! 660 Waviness Silsze

613 Tool life Sl poe 661 Web ao ol

614 Tool post Ay e 662 Wedge ogS

615 Tool steel Syl oY gd 663 Weight 4397 39

616 Tool wear 33l Gl yé 664 Welder 35 Ghe>

617 Tooth tip AI3S - dilais Sgi 665 Welding torch S S e Jaieo
618 | Torquewrench (0 S ) HobeiS LT 666 White cast iron e (3
619 Toughness S5 @ OB - Ko e 667 Whitworth thread S99 09))
620 Tracer lathe (Ch2)) (25 BlF il 668 Width (%)

621 Transfer line Jusl s 669 Wire pow

622 Transition fit Eosee Ll 670 Woodr uff key (50) S 5
623 | Transversemotion V- JERCK v 671 Work holder &) S opilo yo 5,8

624 Trapezoid adijed 672 Workpiece U dslad

625 | Traverse motion Sab S > 673 Workshop ol5,ls

626 Trial & error s g g3l 674 Workshop lay out o5 515" 5o T cpiblo f yliis! duiedis
627 Trimming die S odly JB 675 Wringing gauge blocks S5 031l Lo 455 958 0 592
628 Trueing 6185 081y b odliww Soww ol 676 Work surface S dskad mbaw
629 T-slot (ko) & st | 677 Worm gear Sl onis
630 T-square & oW b 678 X-ray film R PSP
631 Turning &I Sl 679 Zeebeam (IS 03 glatio ) (oitesd 90 (50T
632 Turning tool U Gl Iyl 680 Zeroline o ks

633 Turret b w5,k S 681 Zinc 1Y)
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(413! iols) Machinetool

(oiolo gouase) M achine oper ator
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Cutting isa metal removal process.
w8 Clls 8 S ol (0
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Machinetoolsarewidely used in theindustry.

Ny (o0 ) 4 Cario )0 (rwg Hok byl ! (bl

Therearethreeimportant anglesin the construction of a cutting tool.
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It isno use grinding hardened steel by a hard grinding whesl.
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