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CHAPTER 01

11 BES U2 3SHoleolLt VS 1N RES o #o| IYoR MMM 4+ Aol WE
|

JHI2t 27tE HlES 2HY = A7 Mot
1.2 (1) 7148 2= %**EI M2t (2) 7IS(Porosity) 2d, 3) 25 &89 ®2 X+ Y2k H
EH 7ﬁ*'7| 4) 22 =25 =0 TE AL 22, 5) &8 =H|

—
w
o
m
r|o

=5)0] S1E I 7tA7F ZEAL, AMOM DMz B O 2dsh=

1.4 7 FHE2 YOl 7|0 ==& &7] HEHO|H HTO| BES|OF St HMY FH2
S(Cavity)0| 23] M0l A2l RN S22 AZEE SZR(ETA, Gating

-—

e
o
—

system)E S 882 F

e

Ct.

1.5 g7 (Pouring cup), 2Z&(Sprue), 2L (Runner), 0| E(Gate).

1.6 (1) 224 F&(Expendable molds), (2) @7 F™(Permanent molds).

1.7 At FZE(Sand casting).

1.8 =& M= HE0| MESt, Aol 2= 551 27|0| HE 7hs5t7| W2

1.9 250| HZE|HA HMSH="+==(Shrinkage)2 E&3t7| 2g

1.10 (1) 88MNX| 28 22+ -
F 2K 228 § 22|=

b

rot

OHOfM Mz HE= O 22t SE, 3)

e
o o

rot
e ne

1]
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o F8Q =Axv)0| &
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K| E ol A
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l(Mold erosion)2 S235t7| WZO|C}

16 35S DHHE0A A4H|

1.14 A Lf 2

1.12 (1)
FIPN

1.

4 (Liquidus) il Af

A
(il

<H
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ol AEfe)

HK|7} Aof

K2

M LtEfLt=

A=

ol

Atolo

—

M (Solidus)fIM ElLt= 2= Bl LHOIA

|.

A
o

st o
1.18 Z=X|& T Z(Dendritic structure)

1.19 2%t

@ oio|ct,



1.21 FE2|== HE|(Chvorinov's rule)2 2, & 31 A7t
HEL(C, = T & EHH

- X8 di7
MV = FE 2O, A =

1.22 83 A|Zho] H|Z5tof 20 FICt.

1.23 (1)
HEHOIAM

U 3 N HeolMel +3, d
o g%,

@) AHOM Mz B Mo] 1 =, (3) A

1.24 2}0|X(Riser)

1.25 (1) 224 Fd ZY(Expendable mold processes), (2) ¢ FH
processes)

™(Permanent mold

1.26 I{HE2 MM BEEL S

2ot 379l ZE=2,
HHMECH IA HMEE AOIL.

1.27 22 HE2 F 712 ez fgE mIEOoIH, fX|IZY0E m{E2
ES S O0|E(EhH2 T TS HEHOICE

of & 7ol =%

1.28 OiX|E0|E TE =Y £=7t w210 7|A3t7t &0
1.29 MEE2 At

X|X|Eqolct MEH 2

0k



& (Hot tearing).
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1.33 €& =X|(Thermosetting resin)
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1.35 EAE 2A 7 (Lost-wax process)
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1.38 7t 7IA7F o w2Ct
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. (2) FEX(Cold shut):

AL ®AH), ) 2 HA, 3) BH MH, @) BAL (5) 2, (6)

It

I8 =240 HEo 2222 30 §lo] FHO
=

Ot

°

o =
o o

1.42 (1) E2|Y (&, BIO|X,
Mz, (7) 21A 7t

(e:]
=

1.43 (1) O|=EF™Misrun): 352 CF x|

5t(8.33 min)

Qls
25

Sy BE £

o

1.46 (a) 482.4 rev/min, (b) FXl, (c) &Rl FXIt 7+&5ICt.

1.44 °F 1,337 rev/min

1.45 54.83
1.47 M|
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2.17 M3 R 2l(Laminated glass)

-

~O

ol
Hu

o

A

2.18 |2l dfe 7t40| XEs
T T —

9 Hj

= 7HX0 2¥E A7t 0 RCt

44

Of Lt

(=13
=1

7= =07 9

M 75k

718

Abole|

| =
[S)

=
HE =

2.19

Ot &3t =ap7h AL

ojn

B

S7¢ 7|1 (Matrix) 2

221 M2 dZO| CHE g/ =X Aoje] &

L (Tear Strength)E &7|NMo=2 T&A|7|7| Ij-E0|Ct

g

o| &
il



ZEY O AFEEICEH

rot7| floiAfolLt. Ol

e

b S5

|
o)

oj2f & A

718

At 2]

o =
[S)

b

4=

=
o

2.26 %

H| 80| X

B oy |
oo

H| 2}

pS|
=
2|5t

2.27



A
o

d

o[tt. Ol=

HFA
o=

1o &&=

o
F

t21

.

(5) 7t&= 7tE0| 2asitt= FHOlL.
o)

M A

=

oy
=
=

12| K(BEA)2 n(7tE38
of 7t

a 2= Tl

o
02| g2 2K O|F0{FIct

HFX A
<]

Ken= ‘Yol

=

=

=

7t 4

CHAPTER 03
32 27 4508 85 TN

=
S
x|
S

iy ] [
o0 o2
ol . [I—
._._m.o ol e} ._.ﬁ.w
RO o 0
5l ELl Bl M.__I
it} o o p
o " Thu |.__m
. [ _— N
) o3 o
= ol N
o< . <k " ol
Q [=] oll oL
100 ol Ml _ 0
RO n oF K &r
0 K =
e " o T 2
o ~ 0 o
L & To H .
Ko R v = 5
_ =l n 1
o o i F
100 W_“_ 0o o
K od ok Lml Bl =
B L = ™ H i
T 4r <
= < o
— i ST o O
Wo 0 1 Klo o
10 7l 1o © ar
A - 0 _E_ &l o
gl U = on =™ & Lo
= & 1o _
o = <lo o = ol ok
_M_/o U <0 1ol - pﬁ -
Uk = M_. Mo =
~N o= LH 0 s _
H =X ol Ko o ¢
S — bl A._ﬂ
qr 31 ST J X fo
U BT _mur___ B O
o K o< o O
B 7o N < Ko M oo
n © ~ ©
m N ™ o o o Kl



HHE 9l

ol
—

T

X

SOtM, 7t

ujn

t7| {2 OlLCt.

&0
Ho
10
il

=l
4

s
8o

oo
o==

CtO[(Die) AfOIOIA =S 7H5t0] 7t

=
—

P

-
&5

il ch

|
e

3.11

4

ol
=
10!

4§

0l
o0
ol
&r

oj

Ho
0
0

a4

3.12 259 Xy

zaiLte

=
0=

3.13 CtO| AtolQ

!
ojnu
Toll
ar

dl4

=%0| C}Ho| &&(Cavity) LK
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3.17 "MEE =240 2T £F0| =W SHZO0[, MEE ZZ0| A 7|[(23 )7t F2 g2
Mot £50| =H #HFPo|ot
3.18 7 7t&= AfO|Q] OrED OIEE F0|1, € ZUS AXSHH, 7IS=22 B FES &

SAIZ17] (eIt

3.19 252.27 MPa, 201.82MPa

3.20 423.5Mpa, 347.1MPa

3.21 & 0333

3.22 135 MPa

3.23 n2 < 02510|0, ZEAH+ K= 2 453.1 MPa

3.24

(a) 159.58MPa
(b) 318.58MPa
(c) 450.00MPa



3.25
(@) m = 0.1549, C ~ 107.78 MPa - s

(b)
- dEAs ¢ da
- UTEXF=m B

3.26 M= £=40] Ho| gl =Y (Net shape) E= A =YY
=

7tsdtol Mz Oo|8&0| %

| W= OICt

3.27 Y=(Extrusion)

3.28 & 7ol E0f| 25| TIslX|= YHF S (Compressive stress)

3.29 I-"(l-beams), B = 2L (Rails)

3.30 E2|=E (Draft)

3.31 2E|Z(Sticking)

3.32 Xg0| 3=

I

(Smaller diameter rolls)& AL},

3.33 2 & 27| (Two-high rolling mill)

(Near net shape) 7t&3&

X0

o



3.34 7t 2 AH(Reversing rolling)

3.35 & I|0{4(Roll piercing) =& MEZ A

3.36

(a) 0.1095

(b) 56.02 m/min
(c) -0.4056

3.37
(@ 72|
(b) 4.286 mm

3.38

(a) 2,431,200N
(b) 48,624N-m
(c) 121.6kW

3.39 %71;_”- §I| X~ o

3.40 At EHZ(Open die forging)

3.41 Al B E=(Flash land) == E(Gutter)



3.42 E2|Y(Trimming)

w
D
N
N
OH
o
10
il

N
Ot

=

N
mjo
0
Ral
Ot
e
0x
09k
0x
mjo

3.45
(@) 17.28mm
(b) 45,217N(E+£= 45.2kN)

3.46
(@) 39.28mm
(b) 168,242N

3.47 7,320,000N

3.48 &= C}O|(Extrusion die)

3.49 XE 2ZE(Direct extrusion) == MEF =

3.50 2= (Extrusion)



3.51 EA ot HEO[H HE Atole] OiX el ojnFopahol 7| o[t

3.52 M OtH(Centerburst) 2= MEE F(Chevron cracking)

3.53

(a) 4.0.

(b) 2.64

(c) 2f 687.46 MPa

3.54
(a) 2.64
(b) 1,660 MPa

3.55 2f 1.0150|C}.

3.56
(@) & 1.144
(b) 2 2,198.4 MPa

n

3.57 CtEF 212H(Continuous drawing)

r

3.58 ZtH 2= S™H(Indirect compressive stress)



3.59 7+380| CHOIS SIS0 el 44, Cto] 57 ZoIM 8 $%(Necking)0| ZAs}7Lt
gt

3.60
(@) & 247.8 MPa
(b) 3,114.8N

3.61
(@) 0.19

(b) ©F 51.79 MPa
(c) & 2,7428 W



CHAPTER 04

4.1 HEHCutting)

4.2

H X|(Punch)

43 X HHe

4.5
(@) 0.18mm
(b) & 737.1kN

4.6

(a)

Doyt = Dg = 30.0mm

D, = 29.52mm

(b)

Dy, = 15.0mm, D, = 15mm
Dy = 15.48mm

4.7 AX| =2 (Edge bending)

HX|ECH 2x c2HE 3A

=SAHel 282



4.8 &&= (Neutral axis)

49 B¥ S|8AE 8 WO BX FHOl BB FH2 O LWsHs B 50| H(Stretching)
=36t7| 93t Holct

4.10 2HH E(Overbending)

4.1
(a) 136.26mm (b) 10.17kN

4.12 €Y3 ZG(Blank holder)

4.13 2 20 (0| 34 E2YH|, LDRO|Et h

is

4.14 '0[0{&. H= 2| O|-d(Anisotropy)di 2|3l Z-ABHLt.

4.15 (1) FE(Wrinkling), (2) = 0{Z&(Tearing), (3) 010 &(Earing), (4) M T (Surface scratches)



4.17

(@) 2.0 (b) 0.5 (c) 514593N (d) 238300N

4.18 (1) ¥ =2 (Gap frame)t (2) A& = (Straight-sided frame)

4.19

4.20

4.22

4.23

4.24

4.25

4.26

2 = ZA(Gap frame press) E& C-Z3|Q T
YA = A(Hydraulic press)

JIAA Z s MO
s

£E7b O WO 994 ZYAL B WH(Stroke) ZOI7F
Y A 2N 2US S vt

A & A (Embossing)

12 (Rubber) = EHSEeHH(Elastomer)
2 EYX| G (Stretch forming)

£ d¥(Roll forming)

i E 2l(Mandrel)



CHAPTER 05

51 3382 v, = Ke"2 FOlECh

52 BMLGE. 7 BUME4E e &7 3ol Mool 3RO FEE "oy

molct,

5.3 S1&d E(Continuous chip)
54

(@) 19.6

(b) 3.16

5.5 &3 (Principal force EE= Cutting force)

5.6 -4 Q1M (Built-up edge, BUE)

o
S
1

57 HE FF0Mel ~d HHE, St H AO[e] OFEE, 72 7tEH Ato|o] OHE

n

5.8 & Al Moz Qg X g "ol FH 7ts © EAA0|OIEE & FH)ECL
g FAU71 WEoIct



5.9

(@) 23.3
(b) 2.468
() 1200mm3/s

5.10

(@) 922.6 N
(b) 646.1 N

5.1

(a) 1,600mm?3/s
(b) 4.14kW

5.12

(@) 4.2(10%) mm3/s, 2,940 W
(b) 6.0(103) mm3/s, 3,503 W

5.13

5.14

5.15

5.16

32|08 DR2(BALEH OFZ)

vT"=C

Z243 OtZ(Flank wear)



5.20 A 02 (Diffusion wear)

518 372 & &0 E0=0 S&=2 X E0| HX= § K=+ YE=7F BO{TL.

mn

5.19 & 0.201A 0.3 AtO[|O|CE(HSSE= <& 0.1~0.15)
520 27t ZOIX|H S ME7t AZE|0f LOtRZ0| SA3| LAt

—

5.21 4 & t& H(Four-jaw independent chuck), H[ R &8 SEHZ0| AtEEl= HEH(face plate for

non-cylindrical workparts)

5.22 7+-2HE 3 (Counterboring)

5.23

2
[m
ng

(End mill)

5.24 2|4 OfO|2 2 0|E(Outside micrometer)

5.25 22te 2 (Climb milling)0|2} olH, YEtHoz et IED BH HEY|7L O S

5.26 THH FAk(



5.28
(@ & 79.17X
(b) 2,000 mm3/s

5.29 7+-2 H 4 Z(Countersinking)

5.30 At ST 2 X|(ATC, Automatic Tool Changer)

5.31 22 & (Broaching)

5.32 flE{2|A A4 (Centerless grinding)

5.33 2&H(Dividing head =+ Indexing head)

5.34 2|E A3 F(Lead screw)

5.35 E& X|(Drill jig) =& £(Bushing)

5364 HiE 82 A4 EM4F S5 82 9



5.37 e 3229

oF!
rg
N
Ok
=2
>
ofo
tn
o

5387 %

5.39 AR (Cutting fluid)

5.40 HHE Z(Mandrel)

5.41 Ht I|C{(Bar feeder)

5.42
(a) 8.33 min

(b) AIE} Al HALZE: OF 1131 m/min, 38 Al BASE:

5.43 0.504min

5.44 2.40min

5.45 27.49s

5.46 EttEAHWC) YXH=

o
My
L
Ot
rr
Y
L
=
®
>

o
2

2F 56.5 m/min



547 @22 ZHEHOIL WE g5 § W S5chBete) B4 =25 7150 ALt
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o
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1
o
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H
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N
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o
A

tObK mEIO| Of ojma{zic

549 A& HE WA B0 YAl s =Rotn H MAE HEsHA ot7| flgolct

550 22| @t 42 451t 7|82 2 d5= SAH 7| fIsHAo|Ct

[y

551 27} &OX|H

(o]
1

M=7F Aebe|o] WotR-S0| 543 sttt

5.52 Zt AEE(TIN, ALO0, S)° Mz CH2
/s A{o|Ct,

am
0x

5.53 X| & (Chipping)

5.54 A{Bl(Cermet)

5.55 MQL(Minimum Quantity Lubrication, X|&2 ®%&) E£ Qt7HAl(Mist)

5.56 SH(FAMAY)0| CY(@B0 = DHERE)EL Q20| A Z=7F  Zsitt



dq

34

I.

o
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L B

A X (Hot hardness)

T-& LA (Tool-chip thermocouple)

Ho



CHAPTER 06

MzE

BE7t

& XHGrit) 2|

AMEE[E=

2UHoz Zotd = 7| M2,

Ho

ujo

6.2 ZF C

(b) 2,400 mm3/min

6.3 (a) 2.83mm,

(b) 75,000chips/s

6.4 (a) 0.25grits/mm?,

(b) 251,327chips/min

6.5 (a) 160mm3/min,

M, (4) (A

St
=1

6.6 (1) YR} XE, 2) Y= (YRt 7)), 3) 2

o|ojgt.

ol
0

ujo

i
oF

_

Joll

=L



) A= 2ot 2) YAtel O 2 32 EAH, 3) Z& YAE BAO FASHA &
Ob&H(Rubbing)Of Lt A~ HA

2 HE#H (Plowing)2t 22Z.

10 (1
==
T

e

6.11 M EtHE (Burn), @ L (Crack), €X2|= 7ta3=29 ZE Hsh(¥zhe xefst

6.13
(@) 80J/mm3,  (b) 0.006mm?3/chip

6.14 (1) A+ mbH, 2) OHE OI2(RHE), 3) 2™ 22

6.15 A2 SHT YRS MAHGHD A YXE =BA7|E HOD, E2YS 250 AS
A4S Heo s HYY,

6.16 =B (Loading) $4&0|2t 3tMH, E2f & (Dressing)2 Sdfl o

6.17 D=L}

6.18 15.9



6.19 299.98mm

=

Xt
o

IL

6.21 32|

6.22 ='d, ¥, O

0
ol

H o5t

S4ES

.23 3&=9| 2|

6

=1

ol

6.25 2f 57.5 7li/&

6.26 2f 60.9 rpm

6.27 2F 1.95°

6.28 2 219 rpm



CHAPTER 07

OH

S™MOZ 7t88t7| o
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7.1 (1) 7|

<

L5 S&OILE DMt 7
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o
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b

X
=]

o
=

1o7] of242 Of

o
Y

72 7| BY =7t

T ORR7F AtAL 7ts

[—s |
- O

FE 2

alz|
= o

=7) 0f2 =Oot LNl HO|EL

73 0l M=

o 27ts

t7| U2 OlLCt.

10

SHA
= .

74 () 7IAXRESH 7t ML), @ T7IH, Q) €5, @) =

Jod
<r

off

KF
0

StE 2 "AX(Thermal)'

ao

o
B

o
HH

u-

%0
Ho

75 &

oL

2 "M7|X(Electrical)’ ©F0| &%

1=}

0| g3t

(b) 0.1975mm

7.7 (a) 144V,

7.8

(a) 666.4A
(b) 21.2s



7.9 SO|Lt 7|50 2&E 4 YAE 7ts R0 HEotn, MAE mtES AoUE oi7iA
S BCh
7.10 OfLICt Z|AMQl EtA &M S AESIER 7|, Mty § H=d0| gle #d Mz 7tS0

1S apso|ct,

Of Of% &OF M=z JH[7t H7| WEO|Ct

7.11 @ 240] gl M=ol HAO @

|0
Hu
e
1z

713 FE2 G2 MRO| LM (M2 THEE), MY, E= Fd M=ol O 7500 ALEEL.

2ot 22E M2 MA S=7F EabEoh

o
i
)

7.15 M= HMAHS of 90% O|&2 H7| =totd oz O|RO{AH, g2 FA Mzt m|Y

Lfof ®7| 8t80] ALKEEE S=Cth

7.16 7IS=0M =0t L2 5% 0|20 Z&E et H7|20(7| W0 FAS Fot A 17| S

g0| ER35t7| WZO|Ct.

7.17 O|EH2=2 ECMOM =2 2REX| Hebz, @™ JSEDM)Y| B3] S+ 30| 0f<

2Lt



7.18 ¥2 MFet

719 37 A7|ELH &

o O 3A 7tSEER, AT FE K
A HZsior of7| W= o|Ct

7.20

(@) 4,327.2mm3/h

(b) 2,163.6mm3/hE ZA

7.21
(@) 45.14mm/min
(b) 22.35A
7.22 934 A
723 2 WM HYN WRTO| o) AW, ALfX|7}
7.24 DY2 Ol MEHE FH xX0| HBIHLL H3lE|E
7.25 HO|MEL BN FHR S5EHS HE S22 EHE &

7.26 OfL|LCt.

2IESHA 2 AIZ{0F Bt

b7 Rl _HATE ST

EPN
=T

QHAE AL

WL (HADO HAIS olo|sict

]



7.27 O] =2 M=ol 8H0| 55 AMECH FOF Aot
7| MEO0ICt.

10
ot
1o
A
e
k>
rt
olo
ie}
o
i
el
Ral
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8.38 3.19mm

8.39
(a) 56.6W/mm?
(b) 18.86 W/mm?

8.40 2.84)/mm?
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9.17 C|H{ & (Deburring).

9.18 ¥ Of(Polishing) =& 2i&

S(Lapping).
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9.46 T& S%H(Vacuum evaporation).
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10.10 (1) A Z|EH 2) 22 7|8 (3) 88 MZ, 4) 1M AE

10.11 K| 7|8k (Liquid-based) {20 Z3tC}.
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