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Our daily life involves many kinds of
manufactured products.

For example, airplanes and cars are large
manufactured products; while cellular phones
and bikes are small ones.

Airplanes are made of many components, such
as a body, propellers and engines, and cars
consist of many components, such as a body,
engine, and tires.

These components are made of many smaller
parts.

The Tokai area is famous for car manufacturers.
Also there are a lot of companies that produce
specific car parts.

In order to make these products, various
techniques are required.

On today’s lecture, we will focus on the

methods of processing metal.
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First of all, I will explain the processing
methods.

The processing methods are categorized
into three groups. These figures show
the examples.

The removal process is the process in
which the work piece is shaped as
desired by removing some parts of the
material.

In this case, the mass of the work piece
decreases due to the removal of chips.
Therefore, the removal process is a
wasteful method.

The deformation process is the process in
which the work piece is made into the
desired shape by using strong external
forces. Therefore, the mass does not
change in this case.

However, since it is difficult to make parts
with high precision, so for example this
method is used to produce the body of a

car.
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The adhesion process is the method in
which  multiple work pieces are
connected. Therefore, the mass increases.
The cutting process and the grinding
process are categorized into the group of
the removal process, and cutting
processes includes turning, milling and
boring.

Rolling, stamping, forging and casting
processes are categorized into the group
of the deformation process.

Weld, adhesion and press fit processes are
categorized into the group of the adhesion
process.

Today, I will explain the manufacturing

methods that are shown in red letters.
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Work pieces are made into the desired

shape by using machines.

The equipments for cutting are called
machine tools.

I will introduce a couple of machine tools.

This machine tool is called a “lathe”.

The work piece is set into a spindle, and the tool
is set into a table called a turret.

The work piece is rotated and processed by
feeding it into the tool.

In this case, it is possible to make the work
piece into a cylindrical shape.

For example, the axle and wheal of a train are
produced by using this method.

This machine tool is called a “machining
center”.

The machining center

integrates rotating
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BAKLEbOTT. lathes.

11. %?@ j:ﬁj\g Lﬁ&@ffj _@jﬁﬁ;éﬁé ATC & in 11. The machining center has a device called ATC
A ;g)ﬁ %;3& L/ TWET. which changes the various tools automatically.

12. X -7, %Lj/(*c O) jj[]j: %j{j} 5 Z LT 12. Therefore, the machining center can make a
TET series of processes without an operator.

13. F—7)z ﬁ;fn‘;{??") Vo W%EE Iz ﬁ[ té ] 5/ﬁ 75»%}[% 13.  The rotating tool is set into the spindle, and the
LET. work piece is set into the table.

14. i:iﬂi %fﬁ]ﬁ X, %;fn;{@; 7‘5% AL “(jﬂj[]gjvj % 14. Work pieces are processed by feeding them into
?:?&1/ VET, the rotating tool.
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machining center.
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First, I will explain the turning process by
a lathe in detail.

As you can see in the figure, turning is the
cutting method by which the work piece is
cut by the cutting tool called the byte.

In order to produce various kinds of
products, the type of byte and the feeding

direction are changed.
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For example, the lateral side of the work
piece is cut by feeding in an axial
direction.

And the facing part of the work piece is
cut by feeding in a radial direction.
Plunge cutting can be conducted by
feeding a cut-off tool in the radial
direction.

These are pictures of the bytes for the
turning process.

These bytes with removable tips are

called clamp bytes.

This is a real clamp byte.

A tip is fixed by a screw, and we can
remove it like this.

Eventually, the tips of the tool will be
worn out. They must be grinded
periodically.

However the cost for re-grinding is more
than that for a new tip.

We can proceed to the next process only

by changing to a new tip on a clamp byte.

These tips are called throw-away tips.

Now, I will show a practical work. The

work piece is processed like this, making

chips.
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same as in Japanese.

The cutting method by rotating the tool is
called the milling process.

This tool is called an end-mill, and it can
make grooves or pockets.

This is a practical end-mill.

In order to produce the surface for a
plane, miller tool is used.

Three dimensional complicated molds can
be produced by using the ball end-mill,
which has a ball-shaped tip.

This is the practical ball end mill.

Like these, each tool has multiple
flutters.

Generally, a ball screw and a liner guide
are used to feed the structure.

The ball screw changes rotational motion
into linear motion.

Since balls roll between the screw shaft

and the nut, a smooth motion is possible.

A linear guide is used to move a table
straight.

Although they can be positioned much
more precisely compared to ball screw,
they are expensive.

Now, I will show a practical work. Some
kind of the machining center can incline

1ts table like this.
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Next, I will explain about the boring

process.

In the boring process, the work piece is

processed by using tools such as a drill.

The shape of the drill is similar to the

end-maill.

The difference is that the drill uses its

bottom and the end-mill uses its side for
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cutting.
The hole is made by rotating the tool and
feeding it in an axial direction.

drills

different diameter are used to make holes

As shown in the figure, with
of different diameter.

This shape of drill is utilized for counter
boring.

In order to produce a screw hole, a tap is
utilized.

In order to produce the center hole of a
lathe, the center drill 1s utilized.
Generally, the drill is long and thin like in
this figure and has a low stiffness.
Moreover, the material difficult to twist
and bend is required for the drill for the
boring process which cuts all cross-section
of the hole.

Therefore, a material like high speed
steel which is tough and difficult to chip is
utilized.

The boring process can also be done by
the machining center.

Such a process which makes the desired

diameter of a hole is called boring.

These movies are examples.

The conditions are different between
these two processes.

The condition of this work is that the
rotational speed of the shaft is 4450rpm
and depth in the radial direction is
0.4mm.

The condition of this work is that the
rotational speed of the shaft is 4800rpm
and depth in the radial direction is

0.1lmm.



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

oI EADAES

19. ko7, ZbH® 7,;13: @%ﬁ:@jﬁﬂﬁ:ﬁﬁ}%ﬁ: 19. Therefore, the cut cross section of the left

;]L\‘ XL E9. case is smaller than that of the right case.

20. T3, %ﬂ%ﬂ@@] %ﬁé‘g Liﬁ‘ 20. Now, I will show a movie.

2. Zokolz, ZbbH 7 % 7,< ﬁ: < iﬁﬁz focjﬁj[]:jaj 21. In this case, it is processed steadily.
zﬁ?bnfmif

22. ZHH60 7f< 1'43 T ?&@j % H: -7 % 70 22. In this condition, it is processed with
T ﬁ bﬂ’(b\i“&” vibrations.

23. = @ﬁé%ﬁ IOy %};g@j L in X E 9. 23. This vibration 1s called the chatter

vibration.

24. Zokrolz, TH 60);:155 @j%]%f [fj:)%y)/ﬁ; 24. Although the cut cross section is small,
7 ;]L\‘ YA F;'Q DT ORUY j%/ % 7 %%2% L the chatter vibrations occur in this case.
TWET.

25. MH“ T jfjuyjf % iﬁ/ 5 7= 2 x ;é%ﬁ VAN jfjuyjf 25. In order to process in stable condition, it
;171&: 0) FEA E ET_ =1 = ZFT. is important to select a proper processing

condition.

F—J—F

< FELS Y R B H—

H AR

B IR .
S hole T3, Bllc b iF7= & 5 728 & ot g = L " E 0T
Wl RabiFn. ABbH . REWD. RESHIC, ARSING

X3fﬁﬁj
%@@mﬁt%%

PR

I’)

oo LT,

X4F%%ﬂ
rﬁjm STHIC AR B BOD o b, L %TTO;OTyK&é%®®EOMF%JTTO

SR ES Ml D h V)

Bl W el mRle . mmeiE, mre kT |
(%) IADZETER, TRE] L5 L X, Bl LTHha o0z kT,

X4F¥EJ
M) 1. D c e N D 2 b T, BACATNERD &1 Th7) 1o/ £,

209



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

nwn b \<c: %:HﬂU/V LD W OO A '5%’:-’;%@@@
Bl FhasEIE T i AL L CnE T, s E oo el i T R e
Ly
X4 T~[ZxtL]
EL\ Eln i:L/\/Ji")t)wib 7%’%:/16 ’fib‘lmtﬁ i AN
F~Kﬁbjﬁf~_ﬁbfj®@%$ D TT, ~ZXFRIZ, ~IZHT T, &moﬁ%fﬁ
Db)»<ﬂ'b L;m<%/ 9
{ﬁJ BZA _xﬂ,f ?éﬁi# ,%éhéo
ﬂf L E [ :‘
= ru%%a \—1Q4LOEI$
X6 [~[2&-oT]
~C k5Tl i T~k B - AT end 2T, T~ic k-7 ihic, HH. FE. Bes

mExR LET,
il - % 2 5 :,U\

@r%%_&joaxé

%6 TEH3)
(B2 BbDbDILH, fhoboory 5] Lndzeod, Bz & &> LT
WETAS, TREZ 2] 05 ERIES Y EH A,
Bl A SADEZIIB SADKL L RiroTOET,
A S QDR FESTHET, (ELL ALY

X 10 ‘ﬂﬁéw

W< TRV LoF, Bz, 5 EAENTT,

% 10 TEIFEATE L

MAIE) 25 o, BT R L 7092 HIlce LT, ZEa/h s & auving s, Ml i M2

k<f“¥J&w5%&@ﬁrﬁ%ﬁﬁwjem\%MH&iﬁ@i@wewo_eﬁﬁo
Il T ‘

W) oEEE T T, TRORAT (B0)) T, AORERTE> SV LYBZETT, 22
#%\io%@k%@é\:kbé\ﬁk®§%#@%ibto

Y k/ A E Ho7zl

TR k%9 - 1= T % 2 Ao o e,

X 11 T Chodif)

T T 20 T AT, TR BREEC, TR T
e, DAt L. S o Stz on. znendoln R
IS BT,

|

Ath

X1 Tz 5h %) B | |
MMt 2 %) 1550 I ICAFT. - Th VT 52 LT, itz bns ) IXTERT. itz s

210



ZLEMTEDLEWVWHZ ETT,
£53FHS
X 11 rERans)
VB LD L LT KDDL T,
il B W ol e R U,

% 12 TR

RIFTHR 2otz RELEDT 5 LT,

X 12 T3y
TBR 1T <% 78R 1348 steel DZETT,

X 14 THSH L)
(BBM LB I, [ET B, HiboT,

Ew Lo

Wl K& NN L2 TRLT, JECHEH LM LD EE DD

EWVWH LT,

B b, SRR S A b T, H B

T Yo wco 0 L ME B o7,
E S5 h
3 15 TEfH |

B E S

gdoo0oo0ooooouooooo
00000 Nagoya University 2010

LS50

WO 2 L

I I~ Ens ) o,

EFA. ToA—a LA POBL EEO D LT, Wi b Ol L & U E

3% Lo M%E%?ék“O;ETT

DICHERZ LR LD LT,
%Tgé@ 1 Ko 1~ 3okk ek # T,

x 21 1854
(58] 1L, —EO R A>T, ﬁbwﬁm#ﬁw Lo, C IR T T~
%1 O IcEEE LCHENETR. D oNFTE (% ﬁﬁj@;om\ﬁ%%aguf%@wiﬁo

211



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

thie Wwo Lk v
~a o) 13 I~ EoRT, ~E ALY . S
EOIN L - iF EH7

Bl - A% 5 B R ARN T X 7,

X 24 T2t hivb 5 F)
CHDID BT [ I~THBOI) L5 BT, MOHSIRT 5N 5 L Il ET
b EELCORIZ bbb, R E TLEST,

= ru%?k \—1XJ./) H‘%gu
TEHED
32 25 TyEY) )

MEE) 1. br o P E<AoTnD D LT
W« VS B 1l B e B B e

212



FASEMN™N IS

gdoo0oo0ooooouooooo
00000 Nagoya University 2010

7. BrEIMI (1)

SRAIMNTOERXE

&I T O

ABH TIPS/ IAK B H B E 7l e

B VEHEHOR 5 LT O T AT B

BRHITE R DS

i, W E L £

FRSIANT. 2%, BUz=3 & 5 il s g
[Els S 4, BEHIBC A LIRS 2 0 e
TR, SR BRR A R A M T BT 3,
0 £
k151 5% BET DL 29 AN 4
%fk%@fm?xfﬁ.

L, 1670 OmkRBET 2B 5.
DEFEHRD TN E < 0 £
ZORwEn TR S REIAL & 2 RET 6.
x, Bt LI m A ERT 5 L mTE
ES P

=61, ﬁé%ﬁﬁdiﬂzﬁ Sy AKX AL YEY 1.
Ro> & 5 7ekiiad CREC B RL A H) L &

#< - o< S D5
TEIC L %000l T KRS 8.
AU ) . — - b5
TR, HI7ADL S ICH

N 2

!

iz, BB ORSEIC SV TREL L 9
£

213

Next, I will explain the grinding process.
A part of the work piece is removed by
pushing the rotating grinder.

Generally, the grinder is made of the small
bonded abrasives.

Grinding is the same process as cutting in
the point that each abrasive removes the
part of the work piece.

However the volume of the material
removed by one abrasive is quite small.
Therefore, it is possible to set quite a
small depth of cut, and a high quality of
finished surface can be obtained.
Moreover, the abrasives are made of quite
hard materials like ceramics and
diamond.

In the grinding process, it is possible to
process brittle material such as glass
which is difficult to cut by using general
metal tools.

Next, I will explain about the structure of

the grinder in detail.
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This table summarized the grinding
process.

Moreover, the kind of grain, the grain size,
the bonding material, the grade and the
structure affect the capability of the
grinder.

These elements are called the five factors
of the grinder.

Moreover, the hardness to bite the work
piece, the stiffness, the proper friability
and the abrasion resistance are required
for the abrasives.

Various kinds of abrasives which fulfill

these characteristics are utilized.
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Finally, I will explain about the rolling
and the stamping process.

This is the figure of the rolling process.
Rolling is the process in which board or
bar type materials are inserted between
the rotating tools in order to change the
shape.

For example, the body of the car and the
washing machine are produced using the
rolling process.

The rolling reduction ratio is defined as
the ratio of the decrement of thickness
and the original thickness before rolling.
The rolling process with the work piece
heated is called the hot-roll, and the
rolling process at room temperature is
called the cold-roll.

Next, I will explain about the stamping

process.
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