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1.M4¥ 7} 3 (5% N T fabrication)| S &
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1.1. ™CH7HZ (30K i T) (shearing)
SEMEO 7150 22| AFE=ICH oF Aol MEHH0| M2 SSAoZM M2E HEtst= AS EE ™
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1.1.1. ™ CH(shearing)

ol2lst F7Hel €2 AME XM ks Sz HESH=2Y.F2 | (shearing machine) =
Ao YRS MEsHE EHBID O|F 0| A scrap0| Ho| QA ROl B2 MEtsHs 2HES
71 I (cut off)2+H 0|2} SHC}.

CUTOFF VS PARTING
CUTOFF PARTING

/—PART(4) /—PART(3)

)]

\\\’ITI--I EACH SEQUENTIAL \Z\-\-’I‘I‘H EACH SEQUENTIAL
STEP CUTTING OCCURS STEP CUTTING OCCURS
ON ONE PATH SIMULTANEOUSLY
ON TWO PATHS

STRAIGHT CUTOFF WITH
AN INCLINED BLADE

won]

WORK—\ /WORK
OP

SIDE il
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1.1.2. EdZ(blanking)

2M2RE ol oS 2HAHUWO AAE ME

PRESSURE
IMPINGEMENT RING HIGH
I STINGER P E

BLANKING PUNCH

OS2 Ar85ts A Y

Blanking Die

L

upper shoe
stippes bolt |
1

punch retainer

——shank

punch back-up plate

— shripper spring
punch
stripper plate —

die button

lower shoe —

PRESSURE

piercing punch

Blanking force

requried piece
L work
piece

—blanking
\ punch

desigrtools page 1

i Fine Blanking '

i Conventional Blanking J

Important !

In fine Blanking there is an initial material flow and then shear of the material

BLANKING

PIERCING
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1.1.3. I 0 A (piercing)-E & (punching)

Y= 0= H Y, 0 S HE(punching)0|

MESZ AEOLAA ot 2MZRH 1EHS =

il iu Y

PRESSURE

IMPINGEMENT RING
/ STINGER

BLANKING PUNCH GUIDE PLATE

SHEET METAL

CUSHION/
EJECTOR

A
COUNTER
PRESSURE

piercing punch

requried piece

work
piece

blanking

punch
deszigntools page

WORKPIECE

SCRAP

BLANKING PIERCING
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1.1.4. E2|Y(Trimming)

deE ME2 =t 7HEAE 21§ Etols HY

=~

TRIMMING

rr

Copyright @ 2009 CustomParthet
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1.1.5. .= #(Notching)

2ol 7HEAE| 2R E Aots dds BHots A2z MY 240| H54S O|RX| &

Notching

* Notching involves cutting out a portion of a metal
from the side of sheet or strip.

* Semi notching removes a portion of a metal from the
interior of the sheet.

Notching Cutoff line

|

Seminotching Compieted
biank

220



1.1.6. =2 El(Slotting)

TXel SYF0AM 7= 72l 55 BHSE MY 2 o1 fAke

Slots End Staggered Slots Side Staggered Slots Straight Lines Slots Square End

A

M

MDA

221



1.1.7. 22| (Slitting)

TAo] YR e HYUMES B MY EE He BHE YW UHo FL BY EE
=1

CUTTING OF METAL STRIP
FROM METAL SHEET

SLITTING
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1.1.8. M| 2] 0] & (Separating)
HeEl MES 27 o|Aoz BE| 8= &Y

223




1.1.9. i{ 3| 0| E! (Perforating)
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1.1.10.3| M H Tt ( rotary shearing )
Al 22| HHE Z2|A 3[TAI7|HAM XAt2= HTHRO|CEH EO|LE BHEH)S| HA2{0|Lf 2 Q¥

o BEE dot= o 2R3t
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1.1.11. progressive dies process
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1.1.12. Sk=Al T}t ZHEE ( tailor-welded blanks )

FHR 2= A 0| M2 OHE dEHE HESH A7|2t ooz | 2o0[XME2 8, Jdt=

dEfe MEZ22 7t5tt A. X0 TWB ME2 HEA|IZ|H Xt& S| 10%7tEE S0 37| W

=0 GHIRZZ 22 50 4o AN S =L = AULCE O/ H XN B2t HEHES

=% £ A0 TWB M= AN ZHEZQ, I, B S0 HEEl= Xt&%t 24X 720 1270
SH A

Baseline LWB Door Ring solution

Usibor®1500P Usibor®1500P y

1.2mm ﬁ 1.2mm

o Usibor®1500P
14 - 1.7 mm
i L-* Usibor®1500P
i 1.8mm
el E: L -
Us; { g
15 mm ""?:: e ———
" DP7gq Yaso [} cubw@mu P
1.5mm 1.5mm DP11gg
Baseline: Door Ring Solution:
15.8* kg 12.7* kg (-20%)
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1.1.13. =g|A Eg|o|3 =Y ( press brake operations )
oE EZE8Weeyrii ) 7|4 ZaAaol LB, Zo|7t 71 wzol g A Mol YA =y A.
B3 2 0l9lo] FR(TN) T2 A 48, 2 £7] AUACHK) BE SHE ABEC

t

Manufacturing Technology

L
L0

Formed bead

Beading

(a) {b)

Fil--j] i = ]o v o}

........

(a) Bead forming with a single die. (b} Bead forming with two dies, in a press brake.
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1.2. ¢ 7}13( bending )

He 20z

2= g9 7

=
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EfOlA ZIAX S &S 7ot A =0
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- Ol2 2 H{X|S}O| E2{ AfO|E
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2tEE 714 =
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(Lineal Heating)

EH
=

dg7tE

o

ot At LEOoICt

Ho

| AlO[A~E

1 se

N
(=]

2Bl FHH A, ME 7L

1

I

G o]8& A
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S

Punch

Sheet metal

Pressure pad
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1.2.1. ZZ(curling)
mo|Lt 7|2 &
ILE 712] 7FSAte| R0 | CHHO| HIF2|E g il
! 3 ZOHH otote AFEE2 ZE0
=

s=20 ¢ez ot

O RIPARARE 0 REGISTRARE
 DURANTE 1L MOTO

TEAR DROP HEM CURL
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1.2.2. A|Y(seaming)
27| EHA 9

o
= A

o

CHREE S0lHAM AN =2M Bdte 7182=

OHL

-

SEAMING OF SHEET METAL

/ SHEET
SHEET / EDGE
EDGE

Thickness

+
Countersink
; +
Cwverlap

+
. Cover Hook

i

Caver

&

15
b e vl |
g G
Lock

Elbow Seam

Standing Seam
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1.2.3. HIZl(bending)
Aol =Xl ZH/VH UY LE = AIYEE of7|0f =&t

Central line

——————

clamp die bend die

clamp dwe

Compression bending

counter
counter-rollers roliers

Ram bending 3 roll bending
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1.2.4. HH& (burring)
Mz ol 0/2] 0 52 #+HE 7| fi8h +8 7IEXE & #e ZY2 2 & HA|=
m]

- o .
Hols XS ettt

I

B " B:Crol®el & mol
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1.2.5. Ezi & (flanging)

HMZ2 25 24317 fI6td, £= JH(P) 1 ANME FHLo 2 Taded)ol 7HY
X2 E ZSAM SUX|E DtEE XA 72| 7ICEAEY O|E Z 3 F(Straight flanging), AE 2| X|
|(Stretch flanging), 7+ &3 EzH & (Shringk flanging), == & & & (joggled flanging), 2| A

o —
H(reverse flanging)s 55 &7t QUALCH

J__l.
En_H
E
En_H A

Manutacturing Technology
= Flanging
4 Flanging is a process of bending the edges of sheet metals to 90°
» Shrink flanging - subjected to compressive hoop stress.
= Stretch flanging -subjected to tensile stresses

S

Straight flange ’
’ Joggled flange

Stretch flange '
‘ Reverse flange

Shrink flange

-
-
-
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L 3zol s SEHE H2 MEE U S 20| LR[SHAHL = 250°C =K 7t
ot X[ O|Y S-S 7 E A0l QlofX| 1 BHYX R &= AS ©OCH

SPRINGBACK

L ~SPRINGBACK

BENDING FORCE APPLIED BENDING FORCE REMOVED

Springback

FIGURE 7.18 Terminclogy for springback
in bending. Mote that the bend angle has
become smaller. There are situations
whereby the angle becomes larger. called
negative springback (see Fig. 720).

Mo aprenghack

Springback factor:

Incresasing springhack e Lt {ERJI.HF] + 1
"o (2RI
FIGLIRE 7.19 Springback factor, K,, for

varicus materials (a) 2024-0 and 70750

aluminum; (b} austenitic stainless steels; Springback estimation:
(c) 2024-T aluminumy (d)  [f4-hard

austenitic stainless steels; and (2) 1I-

-]
05 =t hard to fulkhard sustenitc sminless R RN RY
i 5 10 20 S A = [ e (R +1
BT steels. A factor of K, =| indicates that R Ei Er
there ig no springback. Source: After G. f
Sachs.
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EtA 3] & (3 [5]18, spingback,elastic recovery)

Negative Springback

Punch

Wire specimen
Die

(a)

(b) (c) (d)

FIGLIRE 7.20 Schematic illustration of the stages in bending round wire in a¥-
die. This twpe of bending can lead to negative springback, which does not
oCour in air bending (shown in Fig. 7.24a). Source: Afer U5 Turke and 5

Kalpakjian.

Bending Mechanics

FIGURE 7.16 The effect of length of bend
and edge condition on the rato of bend
radius o thickness for 7075 T aluminum
sheet Source: After G. Sachs and G. Espey.

dfrircens |

FIGURE 7.17 (a) and (b} The effect of elongated inclusions (smingers) on
cracking in sheets as a function of the direction of bending with respect to
the crignal rolling direction. This example thows the importance of
orienting parts cut from sheet to maximize bendability, (¢} Cracks on the
outer radius of an aluminum strip bent to an angle of 907 compare this
part with that shown in {a).
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EtA 3] & (3 [5]18, spingback,elastic recovery)

\LELT]
Sl

J',',‘J

)Spﬁngback

1. Hydroforming before and after springback

Original die Tube before springback

{—

Tube after springback

2. Compensation of hydroforming tools 3. Springback with compensated tools

Compensated die Compensabed die

Compensated tube |
after springback
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3. &£ 712 (BEHE N T, forming by compression)
20 dot F=HE 71510 A HAS L7 M 3 RS ddU= HEO| ddEEF ot

Ok
0

[
(]
-

. QFOI(BRE,coining)
7S "el StLt AXf HHO| 2ot ZY0|L FL[7F U=
Q80| 7| st= AOo|Ct 2tH 2of HE - AF - LIO|IZ - =
Ol O|8EICL MEE E& REE 2S5 7I55H7| 7| RLt CHE =2t EE(0ET)
= ALt ASTE & =27 20 AX|el SEO| FHELERE IS0 ER5}
MmO oot FloM = otE5 =O0tTICt 7FSYHEE =5 0 | <{5H
i - "ol dA S0l M4l HigdE otch TS E2 |
HOM S43| St HY ™ U AEZJ(17f%)7F LEHE S
EMes Z oYX|7t e gieL HEN a¥E 5
tCt Of20 Z-3lr:)0] =2 ESZY AT 7HE MYSHA| Bt
2 =3 A7t AUCL AFUHAE)| HE[ HatdS 2oz &
7t52 StA ot

COINING PROCESS
2.
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FORCE
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1.3.2. Ot (marking)
2o YEZ0TH O3 E= ZAE 20 £ 40lI8t= 7t50|H T FZ &= dot peen, laser,

Mirror 1

Shutter Polarizer Assembly (optional)

. Coolant

Beam Tube

Mirror 2

Nd:YAG Rod

(which can be discharged
by applying dc voltage)

Harmonic
Generator (optional)
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1.3.3. ¥ M| &l (upsetting)

GRS EE 0 YRS ZM40| 20|S Y20 YHRS SHGIEE ohs T HYS ST
(i) s @ME XI0|2t SICE Of WO oot EHRI0| BjP 2 HES YHORA IS
& QUCH &, HIIY A% YU2LE 2 TR HEES BE 47} Y00, BE BEH o)A
Ch 22 2E SHSOIX HB HishA Ba20| HAO M2 H2 B 4 UCk

HOT METAL BILLET IN CONTACT RESTRICTION OF LATERAL FLOW DIE CAVITY FINALLY FILLED
WITH MOVING DIE CAUSING CAVITY TO FILL
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1.3.4. ]| (heading)
W7 M=ol dFE otz &x610 2E, g|8lsdt 20| 2E2| M
7tE0|Lt Aol GMEZISE F2 8| Eol2t Fotrt
HEADING OPERATION FOR
THE PRODUCTION OF A BOLT,
IMPRESSION IN THE DIE

e[y

i
rir
ne
R
10
18]
>
om

FORCE 7

Heading
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3.5. AQ
£l10]% (swaging)

1

mu.u

K
m__m

i
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ion)

fabricat

QIS (BRI,

14.

4l (embossing)
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1.4.2. H| 2 (Beading)
A L OE7ER 2 M E2 24
=7|(%Ek; bead)E E&

JddE a0 &
BT 9F Hjgg d4xoR Yoo my Ho| st
R’/ - - :

2o

o
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A4.3. oAz (expanding)
CER(BGE) O 20| M E T EfA S JHStEAM X HAEE Hole 2 Y.

Raised Expanded Metal

e
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1.4.4. 23 (#5%E ,tube expanding)

2SO BHE 1FS BNl 7B

Short Rall Flare Roll

Cage Long Rall Mandrel
Erams Bz ril e _:-_".:_;I AR

Bt

S —=r———=mn
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1.4.5. £ HEHZ (tube bulging)
Hed —‘?‘—% | L{20 182 = FME 0|8510] B2 WA= 715

TUBE BULGING

FEA Expertiment
Wrinkle
Omset

Wrinkle
Growth

Formed
Part

Bulging of 55304 Tube with 71% Expansion Rate
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146. FE4

~~

tube necking)

NP2 BAATIE 7+

reducing expanding slzing fanging
doming beading notching / slotting

flaring

T

neck / groove / reduce
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1.4.7.22| E'd(Flattening,leveling)

ANO EHE WHSHA St Yo Z A ER| 0| E H(Straightening) ,roller levelingO| 211

Upper set of
leveling rollers

Basic construction (moveable)

Setting

Leveling rollers

. *\
Leveling
direction

Support rollers

Side view Lower set of leveling rollers (fixed)
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1.4.8. Ex Y (roll forming)
AH = HIX|E o2{42e| E AfO|l=

rE

NS

ofm

El

2|
¢t HEE 7t 2 252 M=
=l

c2H

A7 k= YR
AN "X £330
Ol MEECLU=E & 8
U=E= FoE7] o2 g2 d

Az 22| AFE L0 AtE B S”O07| =

“Flower diagram”

L&

|
T

]

2
1

forming stands

Roll forming mill

wa

L o~ l5

\ o 7
mw g
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1.4.9. 2+&(#,extrusion)
CiO|£0| T2 E €10 HXZE 2 E LHSIH CHo|o] ALY (WY =) HX|Q CHolo] EM(Z

4 YSE WB7t 78010 Hote o Te 7S

CHAMBER

FORCE

e

CHAMBER

INDIRECT EXTRUSION

HYDROSTATIC EXTRUSION

SEALED CHAMBER:

Feedstock:
Powder,
Granules,
Chips

Stationary Shoe with
Tooling Equipment

HIGH PRESSURE FLUID

Groove

Product

Abutment
Rotary

Extrusion
Wheel
© Neue Materialien Flrth GmbH
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o o
— —_ o
10 EX7L ALK02 SHFotE MzEs O SH22 A &

FORWARD IMPACT
EXTRUSION

o -
S
E:
[~
o
L
A
i
[inf
I
5
i
H
5|
|

PUNCH APPROACHES PART IS FORMED
WORK AT A BY THE IMPACT
HIGH VELOCITY WITH WORK
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1.4.11. S (MBI, hydroforming)
ChOjof 02 Op(l)at H(HHS)S 0| 8ot Wt Ea 7822, E2Y 7t52| EBO|ILLERE
=M HX|H 2 H(hydrostatic bulge forming ,SAAB®), 50| =2 &, 0+&F (marforming), & & ZZ A

A ( form all process), 2= &l (bag molding), 1§ M & (rubber forming)& 0| ULt

{a) Vacuum bag
Fump -!l—I:g‘\ K ‘* b} = Fump
Faibile L Resin
Heater ——as @ D20 — 5] +(lass
Mold ——s R e Rekase
Chamber coat
pressure
(b} Pressure bag
By im; =
— — U; K N
Positioning the blank Clamping the blank Fiasclbila = Fesi
5 +glass
Heatar ——ae _I;_g!_____;. :
Mald e #| — Rekase
coat

RUBBER FORMING

Intermediate stage of the

End of the forming phase
HDD process
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1.4.12. QXIS (5|5R B, stretch formmg)

1A B 7tE9| E4St Ao 2 M TS HMWGRE)S [MatA 1A S T8l Myste giEe &
ottt SRE= ﬂ&ﬂ@é%ﬂ%i%‘ Y 2T o T US| ULt
Gripping jaws
/ HRgS /Sheet metal
Carrlage

—

f ,‘.rl'p.r"
ok f‘u:a
‘&)
sy 17 {

Il
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1.4.13. XA MEE (BN BUE, superplasticity forming)
G2 FENES A29 Y0 €2 = Qi YHE 7t Metst= WAL D200 0j2 =&
S 2 HAANZI 2 ZEC2 JI5ts dHWH2 0|8t dHBOZAM W dHHO| L E
Ele o= 2205 29| 750 HE2ECLEEtsRa2 42 7€ 900, 220/ &
29| 42 400-500 +=FO|CLE 7|2 X2 dE3RXFEEANSAEESH HI32ELD 2
H EXc 40| 40| 7tsstE2 B Eo| 8 F0|1 LN SHAA HE3tE 0| ULCETL
SEE7L 0| 2|0 HX|E APALESH| ECh= 120| 7tAYO R HIHE MA S| FHEHS
2 UXA[A 7+ESH=A0| [2|stEt
Pressure

Upper platen
Introducing
S S, = T~ \
USRS TIINN IS A a2

[ ey | P |
~EAIDSdl

Superplastic material

==Before forming
= ATTer fTorming
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1.4.14. Z24dY (1% 587, explosion forming)
ZE VIS Ee otz 2 oHX|E O|83iM 555 ddote EH. EIE, &H Q22T 52 7150 &
ool 25 Mzl d¥o= 0|8 &= UAO0M 1950 FRH 53] LEHE[O RACL HIo L5 F
HAAZ|H 55 W E A7) CHEHS] AR S LIEHL, & g & A= S o8¢t Ao|Ct a gt
22 AREY &0 d5tixt 5l a5EHE B0, 282 420 = EEM 25 =0t A [0 &
°fS ZYAIZ|H ZY O|HX|= BE& HEoz XS] 20, ST ddol 0|2tz ot 7ts
StCt= HO| HHO|H, &£ 2 Tof& dH|E 2R 2 oA R4, HELO| oHF CIo|ATe 2 : MET=
0| ™ 0| QULC}.(electro hydraulic and magnetic-pulse forming,superplastic forming,honeycomb structures)
CONTAINER: PLUME FROM
ESCAPING
GROUND GASES
EXPLOSION

LARGE
FORMED
PART

REMNANT OF SHOCK WAVE
PLATE TRAVELING OUTWARD
FROM EXPLOSION

v (R} e

Coil  Discharge  Induced  Magneticfield  Resulting Resulting
cument  eddycumrent  (pressure) new shape perforation

Workpiece

Die

(i) {ii)

_____ watersurage _ _ __ __ SRR L ey

Explosive J/—Pmssure pulse
charge \;g‘_______‘_
I’ Gas bubble
Werkpices - starling to form

(iii) ------:z% ‘; sz (iv)
\ F’Iume :aus&d hy
Gas bubbl Dome caused by venting of bubbles
expanding and pressure pulse
oonllaclmg a5
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1.4.15. E 2 (drawing)
HEHAMNE HX|7F CHo|£22 FY AIZ|HAM HX|ZYS| 87| dYdt
m Es| 2=20|2t g

! Drawing foroe ! |

rir
o

tELR ZHO|7t A

e
< o

Drawing foree

Haolding force

Die
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1.4.16. I E 2 A (redrawing)
I E2Y E 87|19 2EE 4a AZ7|BHA CHA| ot E2ASIHM K E Z40|E S7HA7|= 7t

REDRAWING OF SHEET METAL

PRESSURE: 3. PRESSURE
PAD PAD

PRESSURE
PAD
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1.4.17. Y ERU(deep drawing)
0|S0j7t e HT A 1% BY EE

Ee S 2YYMEFS EH - aHHOM CHolet HX|Z Yo}
= 7SS HH - AL BX| - 2AE S0 7HF 7|FE fIASHY, Y| 8 S 2" S8F
= ALS A AHM|LE & 7]2 2H S

the f=F0l o|=27|7tX| 22| o[ 8&[11 ULt

DEEP DRAWING OF SHEET METAL

T P '-"'l'-".!'u. P e et e
ey <

Vi~ e Ry T .
%‘ﬂg} 45/ e f:.". P e S
.J' - "T"-‘ -
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1.4.18. 0}0|0f (ironing)
HEZ2| &8 FHE

WORK

e ————

First o blonk 5.5" in diomeler

is cut from o thin sheet of mesdl
This ks e drown up on the sides
o make the deameler 357

Sl otHM ME2l =018 =

IRONING

.
=2t

mjo

A ste 271 7t

WORK

— I:'.Jl ||:|'\.

s

Aluminum

blark

i@ cup o |.|I|.IL|.'

A sleews halds
o theea ir aning rings sirphch cond

The small cup is Fronhermed e o
punch machina, and e cup i
drarsn ngain fo o diometer of 2.4°

=an H‘ll:l -'| 3 WO ”'l,l oup i [ le
oot 5" '1 -._ﬂ Anctar punch
presses ogainsgt tha hase of the

cuip crealing an ITIW-T.._'.'i b'.ll:ql'!
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1.4.19. AEIE (stamping)
SE(MO| 7S E St ot Atolof S €1 34X &=HE 7toto £Ha EHO

QMo ¥u2 Hojls 7H3Y.

Draw Die Trim Die Flange Die

It 3

Bolster

Parts Flow

—
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1.4.20. A 0] (spinning)

A0d dEte| 2| =0 JES FAOI0 FYe &M E £542 ES0| 2L 2[HAIZ|BA O
ol X & & E= E2E 200 HOEY2E2M JdYots 2o/ 7tE 8ol o 7HX|0|Ct An|d
o
27

g
e = AL, Y77t LBEE YA Its
| & Z7HS0 HIBHAM A4t S=7F Se[B2 WAk 5
7t M2 I AFESHE 27t BECE (searing spinning,tube spinning,incremental sheet-metal
forming,flow forming)

7tS0|2t e ofCh &2 dH|Z 2 K ZFS

g4 g =+ th= 2 oj"E #1 AR

Blank Blank
: \ Spinning stage
Spinning stage
Spun part \

f7
Rolier toal

Conventional Spinning

Spinning Machine
Roller Arm

Rim Mold

TUBE SPINNING

TOOL'S TOOL'S
MOVEMENTL

ROTATION “TUBE
INTERNAL EXTERNAL

ROTATION “TUBE
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1.4.21. ™M =x (#35,form rolling)

MECHO|2 AO|0] 2TI(AHE 719 2AHE(BHEIAIA Uole RYoR JEL J1BYoR

A2(H )0 A St LEAILE 7|10{ & BtE &= O 0|8 &1 QUCH MELCIO|AE S Z () H O &

LSS TE 28 UEOX|H, LIAF £ 7|09 RYL 2 K|0] QUCE A-2(H )0 A St LEA

L 7101 SIS0 O|8ElD Utk LhARSl RS B (IINS.Z BHE BT Co|As 149]
A

0| AOIO] ATHE 7|ST Q22 JHSLBIN CHO|AS YB2E A7 LEAHALS BHECHLEARS] 9
0] S2HOZ BHSO{F U Cho|AL 2740 Y o] A BIFAIA 1 Ato|of] ATHS 7123 Lt
B CHO|AS 24| 2 CH0|AS 2HA0|2LD SICh Y2AS A% LIALS ThA MO AHE

o

- O -

A, 2| HA 2 2 LIALE e O O|8ICh =428 4 25 EA7IES0| ofeh LA} X%
H|oH 2 =k FH0| Aol MELIAZE ZALIARL SR 27 S M2

N
OH
>
[~
o
=E

= LIAtE CHE 2 X2 NEE D, LIAPEEES MER7|E BO| MEED
Ct. £ 7|10{9| MEO|&= 2 A (rack)d o} m|L| A (pinion)A 0| ULt

Cylindricol meshod of $hreod forming
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1.5. EL713 (% 2k T, special machining)
1.5.1. B (j# %, Electric Discharge Machining-EDM)

S 52 2AUY0| A= 7I5Y So|M, 7tS W=t SEEke Ao THEHET)2 =
UHAA, 7tS TS0 22 HH ddS SAS0 TAL 7tSots &S sHEZME
UH) 20|01 )

EDM Complete System View

Ram Head | Boies
Electrode ‘ Supply
Workpiece\ |

Dielectric T — Dielectric

P
Work Tank | - ané‘rlgi ter

SPARK GAP WIRE
~. -~ DIAMETER

DE-IOMISED
WATER

SLOT (KERF)
FILTER WORKPIECE
¢ .
PUMP
\
MACHINE BED

 — WIRE
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1.5.2. 8|0]|X 7} &( laser beam machining)

of|O| M2t 22|0X|= St 8 71T HX|E EoHX| 2 Het A SX=S 37HC=E
7tEStY DjMo 7t52 HWotes A AT HC 2R L2 U2 2f0|H M=o AL 2|0]X
ME7t 52719 92 St HHALZO)| Qs E3o| &7 YHF0| &S0t S0 SLHE|
Of gl0|X 2 ECt O] O|ME HEH=O o8 ot 22 20t ZA=0| H|ECt 2|0[X 752
20| X0 2shM SEES T RHCE 7MHHM EFAI7| AL DEA|7|= AO| 7tSSICLSEE
Of E&SHA| Qi= 7t50[7| WZ 0| AlA S| HoE +H Sut 242 FEe 745 0|Lt CHO[Ot2 E -
Mzt & §2| Hla4 Mzl FEoh - 7L BT S0 0[&E Ch.(cutting,marking,welding)

oF o

Laser beam

{ = Direction of machining

Layer of molten metal

Smoke

Shelding gas

Powdet
/N:zzler

HAZ Unchanged structure
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1.5.3. £Z1}7}&( ultrasonics machining )

379 BEE AfO[Of, 2EYD B EE VIS0 ERUS Y0 70| £3T} WSS Fof 3L
of FYEY|, AL, HEHLET 52 Wt 73
OBJECT BEING CLEANED =
fo}
NO CLEANING o
o) ACTION HERE — —POCKET fo]
o AIR BUBBLE .
c’ooc:c! Op0 00 000000::' 00000000 :
: OOO Q HD Qo doooqp.gg_o%o
TANK BOTTON oo e 8o S e
; AVITATION
TRANSDUGER Liquip SUBBLES
ULTRASONIC POCKETING S_ BERLINER, lII 04 Mar 2010
Power
Supply

Transducer Stack

_ (piezoelectric)
Clamping
Nodal
Flange
Horn
) Slurry
Ultrasonic Nozzle
Tool

Workpiece
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4. 2| E{Xl(water jet cutting)

%% 51%(3000 40007|@Ho 2 7t83t0] O £ ()7t 2= o XS 0|83l Hct
7tSS ohe YWY (O N E #) 1t 2= 153000~ 40007|°+ oz 719t 20
7t5tf 272l o4 X|QF K| ARt HAME S

1N AOY(FANE H
0[-85t0f o= L -0 EAE HER)O| RUCt

=102
MRt GIEo| X2, A= 717<le

S5 U2 230/, FRP, FRMS S8 X20| FEro| HEst
ch O] Z1BHe ROl O|2FE 42 A8 HOICt O ZHBHO|E 0|t BRI wAo| gim
cloiEo Nl HEHE 4 9, 718 el i

UL

0] gl 59| £o|

Water Inlet

Jewel

Abrasive

Mixing line

Shielding

Woder Jet
With Abrasives
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S&F71 ALt
dstE Ol= Of28 A O[X|2t= A2 AFESHY 1o 220 22
= =0|(arc height)Of 2JsjA ZFICE ok HEHO| HA HHES FCH} 2= T2 ot WHE
AEY A IO (stresspeening)0| 2t dtH, I|d &0t7F = HZ

CEL AMESHH, & S2|d0[2tn ©

Impact at high spead
hi creates o dimple

wiraiched surloce
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1.5.6. E2t=0}(plasma machining)

HAH(E )R 0| 20| 22 +2 oY SESHD A= SEE Zat=0Hplasma)zt St=0, 7| 2
el =3 120l Fct=0tE 0|8t 7I5 /. Sct=0t M E P-S- P S2t=0t ot3 7+50| ULt &
S /tAE TR OIEZE0 2 E= %‘%% 2 A2z WHI1 =5 LfEDO| ALO[of O3 &
YHAF HS7tAE A2 Set=0rst oM Set=0F M EZM % =0 PAlettt Bl25 =0
= HEE[D STHEENOILE SAHEAN0 Ol ELh.as MR M) S&=E2S S22 5t

==t AtO[0f of3 YHA|IFA HS 7t

$o 8% - 8Lt - 8of S0 0|8ECH

Plasma Electrode

Plasma ﬁp\\‘

Shield Cup._h_*

Work Piece

s

= Ao
2T

nl

4_____,_....Nitrngen Plasma Gas

Plasma Gas

Clean, Weld-Ready /’;B

Cut Surface

S2A Sch=0F Ol 3= A

Secondary Water Mist

o == o
g3t 0f
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1.5.7. H{L| A (burnishing)

ZTRHRE =LOKR) S22 FSTHO| YUEA)SHO FH| #HE CI&Hst= WHa 2
EHHAUCZ HLY EZXE ABAM 7IR T ESH= WHOo| A=0, =XA7F 5E0| ECt. 0
YHe YS H2 T EL BEK }38 $o| (FEUHOR AL LT, S5 RS 20| 0]
oot ALY 7Y, 710{2] 7| Y 3)e| L2 ROt
HLIY HEXE A5TYY FL0s FHYT} 2L BYS ota Yo, HREME 54372
D45 AR S0 AGET Ut
Mormal Force .
Rotational
. . i Motion
sSupporting
Fluid — 2}
Lateral
p Wotion
BUFE:ETDE -.,.i-,'f" Asperities
Workpiece

Valleys 7

Burnishing
Force Force
Hard
Hard Speed roller
ball e
Ball burnishing Roller burnishing
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2B (EARIT)
21 7| A M
2.1.1. Z| 2| ™ fastened joints)

FREME R 2E, LA S BE z[Y2l(fastenenf 25t 7|AH oz ALAI7|= EE
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2.1.2. T HM$H( pin joints)

IAREL BEL JUXE LS| 23 O & FES 2SSt 7S SHA 1= By
JNARELZNM el ZFRE L3t 20 © HIO|T E:50= | 1of Hiolm RN 7r &2l A= E.

T gor £FS 1YAI7I= O AHEEH, 31 2 o2 FF7 ULk @

- AA

B HHOIHI &
M=

of AX| =2 E. wE Fof7t gl 2o AEECE X Z0] 1 mmel 22 ZAMFEH 50 mm7tA| %
Ch. ® Z=QIE T27) £#FS HZ2Y [ AE&l= T. o] E FZ0M 2[HeC @ —E—% x| = A
o

= SRIot7] Aol 270 = A 4 A BE H. FHO| =0t £
EZPH WHLIRX] @A ote & I 23] ALETttt.
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N
[

.3. 2|8l0] Z(rivet joint)

ZM0 2 Ae FHO| 7tEt 2|82 2o €1, HE|REE 2 = 7|4 dH s2=

YAIZAM KM ZTtCt M 2 A2 (e 2 BEX|EL E+820= 238 423 0

SHc M2l =20 el s2mHe| 281 -FHA|IHE|
2| 2|8 -gF2 H&me| 2|8l S0| ULt Zol= MAg
AL 2 o4, 2[8IF Y2 2[BIX| S L Imm FE IA otk 52 2|8lE 8BS = 7+

X0 220 AM BiCt 2[BIS ARSI Zetot 222 2|80 5
7

N
In met
re

ruln—lrlo
o 20
I
I

rOJE
e
lor
4n
=
=2
o
A
T ool
10
=
w
13
|_l
(e))
=

St g
inl

Rl
5O

T =

0|8, BdY 2ol XA 2|Hols, HE

ar = L=

o o
oo 2
m
n -
o H
o ot
o =2
"o
m
YE 2
oo rr
N
>t
N
o

A

R R
il nn

0
7| 2o, WY YEE YoM, UHS B A T2 Mt AT HED S0
it 2|40/ 82 ¥ Of, 7| WS BRE B P20 2Y(caulking) 5, 7Y

L=
“—o=

A Bt7] #lof 2 (fullering) ot= 2= ULt 2Lt Z[Z0= 8870 LEE e, 2

[ |

Ol Ot mlo

—=1 -BLIND SIDE
L AEAR T CLEARANCE

4

— SECONDARY HEAD

}
EDGE CLEARANCE

RIVET
DIAMETER

PRIMARY HEAD STYLE

PRIMARY MATERIAL

Blind rivet

Vi dd s
NNNNNRN

(a)
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2.1.4. A|U(seaming)

HES TRLL M2 SE Fedtts Y.

Proefile Measuring Point

2.1.5. O} El(eyelet)
TYo|zt £o2 FLHOR
ot AH710f €0l a2 & B2 54 2/0|5t7| = otrt.
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2.1.6. & (EEA, press fitting)

[u]
-

o
02 |0 OF [H 4R

o i @ M njo

Ml

AL Moz AstE SH.EFHIHE)E 0|8 AO| B
(o]

o SRBALA (HIIFR)0|2t 510 T FF
2D BYBE SO EALE M, BE02
C

n

12

—
==

DLETE-ID

-

%
&

+. - Power/Formation
—S===—————ueufiiid to Surface

’ Formation Flui )
Velocity P ———

Waler pision

[
1111 111

Oif piston X_{

Test vesse!

N

hyolraulic purmp
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2.1.7. 7|(key)

dutdo = "MEEZEZ 7|0 HEY 4 AAES0 7[0|= 2t oA 2|H0|NHS YX[5H7| ¢
S AHEEl= 7| A2

7120 7|¥M ALESICE FE ZZ (SR THEN, MO R 7|9 2IHOo| 1/100 Lol 7|2
718 70 #7|et &2 &S StA ot 7|2l ZR0= 2 €2 AS0| UL

@ QHEt7|(saddle key):=0l= 7tSSHA| E o BY0| G0 7|2| OfSiTHS ZIOtM Mg Et=
7|0|Ct =0 7|0 52 DFAIZ I AAEEH, E 28 MESte Zole AFBEIX| Y=L

@ EZ7|(flat key):=2| AHS HESHA 740, 11 MO [jz{ 2= 7|0|Ct QY 7| EC 2 &2 ME
g = AL

=27|(sunk key)HEZ2| 52 EAFO DLHAIZ|7] ?ls F2A = E2)°F 50 25 =22
OtA [f2q Bf= 7[0|CL 7tE LBM O 2 AR Ao 2, HEs| 2 aS MEd = ot
@ T M7|(tangent key):7| 2 7|7t HILHOI 7| & 27} Z=¢tet AO|CL & &2 MEE &+ ULt
® L|EH7|(feather key)HEZ2| 52 Z1t &/ 2|TAI7|HA SA|0| ZLACZE 0|5 = U
E St 7|0|Ct. WEtA 7|0 7| 27| Bt=X| YLt
® Bt 7|(woodruff key): Bt EQFO| 7|. =0 E|O|H7} QO = AFEY = o2 HE|SICt Z0f
2& 70| mtof st 2 0| ofsfX|= Z™O0| UL} -

909
(a) Hollow saddle key, (b) flat saddle key, (c) round key WEDGE SHAPED TANGENT KEY RECTANGUALR TANGENT KEY

(a) (b)

c FEATHER KEY

FEATHER KE

DOUBLE GIB HEAD FEATHER KEY FEATHER KEY SCREWED TO SHAFT
PEG

e SUNK KEYS

| The rectangular sunk key with head at one end
| is known as GIB HEAD KEY. The head is provided to
facilitate the removal of key.

Width w = d/4

Thickness at large end ¢ = 2w/3 = d/6

) S { )
fEF] A
NS r—

FEATHER KEY SCREWED TO HUB PEG FEATHER KEY
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=]

2.1.8. &H4l-3Z(shrinkage fitting )

8730 AF0|0Y, 88 S 19 §§I 0| SR 22 LX) Y 8| M ) Y

A7l 2T 9|2 0SAI7|BAM, 2241 50| 20[01§ HLHO2 S35t 231 48 B2
59 S22 8871 4% SHYO|CL o YYo= oo

T8 B0 ME|RE SHO| Jh55tD, 2 MEE

of Xgtotn, 0f2 5E0| L.

High Frequency, Low Frequency, Low Frequency,
Shallow Case Depth Deep Case Depth Through Hardened
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H3EEE Atojo] £ M2
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—

7| A

—

Jhel DX|HO| HAK It &

(=]

2.2. ™%t (#2745 ,adhesive bonding)

=

-
o
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2.3. o
2.3.1. At (soldering)
287 0[400°C 0|52l A (soft solder:H, FMota, & HH &)0| =0, YHXCZE EXE HIE

T W ChS HEE Bk

i

Flux Dip Pin-transfer

I

+-%%

Cleaning Reflow

279



2.3.2. 4 (brazing)
Bg0|¥0|etn e otCt. 88 F0| of 450°C 0| 0|H{(hard soldergsd, 2, =&, S, Y7t

=
L=g UZIEEE S)EUH2Z XS HED t s BES otk 7|4 25 WES, 17
B HAE 88 2 55 AE{old M E U8ttt g™l 7ty 2 882 olF ME2 &
20l 7hsotite Aur YA +40] 8iths AO|Ch ot ZEEe 1 R st 20
Xt =] [
o
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2.4. &M (BR#2,pressure welding )

Hetstaxt st= HE MRO| 510f DY E YXE HHAIFHM HO|A =L0] A7 A 5Hof TgA|
7= 2. tteot A8 It e 2 St= HHat E ALO|0]| 7| 2= HE Dt 2 TAIF|HN 715t

Y S0| UCE M=ol ZSFO| A glol & = U= AO| HHO|CL

2.4.1. Z2QMH (1B 5B #, explosive welding)

ool Ze Of|{X|E 0| 8310] 52 TEAIZ|= HWRIOICL F24o ZY AHOE Jh5E AT
et He 0502 4o Y0 42 SEA|7|H 2 O HYE[of MehElICh ol &
2 2Eol= oHXE A M=o TESH= AE ot 0 Ax 70| 22 XHAIZ7|= HEE Ol

UCLzOfo| Z& of 4 X|0f 2|t ZHLE 0|8t 1N YE-O|2t ot, &2 20| d0[Lt FeHE
Tt(cladding sheet ; £ M0 0| & &1 RACH O S| HH2

(1) 2 AlZtel ¥Eol7] 0] Cf7| oM &d =52 0| 7Hs3irt

(2) @ SR WI|X| ez SX2[IH0| & etsto).

3) 77t CHE 259 0| 7hs5tot

(4) Ztgo| 7HEHSt D AKX ol

s 2. Grind Mnlin;\"“\
1. Plain Material Surfaces
Inspection

3. Assembly:
Backer, Cladder, Explosive

Detonation Frond

4. Explosion

6. Testing and Inspection
resotd Cxamreton
o L & Band Mochincd Toets,
‘(/ Pryikiedl Mosturonesl Coriflcoliona
\ M, )

-

"~ 5. Flattening
and Cutting

Detonation front — .
Explosive layer

Direction of
motion of
flyer Flyer plate
B::-nd Lower Surface
Jet  Pressure layers
area

Parent plate

& L]
Peak pressure |sobars of
at collision front pressure

281



2.4.2. 7t M (& fHBEEE, hot Pressure welding)

Uohn Y2S Jtotol UASHE 8. 340 WZH L& 0|40l BAN &

~ 7
=]
EoAM M2 By S 7oty 8X-ots YRS ettt

rlo

( o1} oS Ubper miembrane

Hot wedge

N =  Lower membrane

- Springstrip

L

Baumn direction

Fig 4 Welding schematic diagram

2.4.3. H7HQFH (4 BEEE, cold Pressure welding)
QIRZEH FOo|Lt MFE 716K $n Ad M=o HAHEE 420 ZotA L=5H0
TEHOZ A HAAFANM YTt HHE.

%
r
njo
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o o] B4+ 0|85t MAK(H
1) MEN2 MBtohe Y. MY T $2o|L ¥yo| B, Wyo| Moo, £ #ato| ojg
2o et Mrhs SO SHO| YLk ME CHE F57I2IL 35T Mty 2ol MitE Jhsdl
Che 5 88 #9IE WOt

2>

Diffusion Bonding (DFW)

-ofT

(=) {e) SIDP

Final structure

Diffusion Bonding

Pressure

PR

Metal fail
Fibers
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2.6. X2 H (Ehuda#z resistance welding)
Hetdts ZXe EERE SoiM STSH0 Hdlsts M2 0| 8aiA 78S Cha Y2 7t
M 8T5t= W 8HEX0 2TFE S8{A, YR HEXMIO| oot Ao o5 81 =
£ 71g5l0 884EE BhED J|AHE YHEE 7t 85t Lyo|Ch YR et Iy
2™ .M 9x . Al 2
o Hd O od O od

o
N
-

Eol

o A .

(RO7| 8] 85 & - & 52 X0 8 420 ME&th 28 Hn PRE 228 F
SE7 EEA HEECE O] IO LS TholA HEretot.

[(H 8%) 8% EME 4N =1, O|AZS 7| Ol FElge22 o] = SEY 322
o, &S 7totEHAM 2 RS SO Stof =1 84 2Hete] ERTL 7HEE0 2571 =
chZtEM, B S S 7t d Z¥22 Yot TAL - AkS AL S2| HiL|of| AFE XD QAT

[ 8F) 8BEME N =11, 0|AS Felal 28 Rz & 522 1 YHS 715
HA =2 =21, YR E O|SotHA 8T SHLE

2.6.1. A5t2F( spot welding )
F Yo SHTE T AO[O|M ZrYSHA IR E Sl ThA|ZE Lo 8 -St= WS ottt

Bidle 28a 2o Mo 87| )0 £5ta =2 =+ E= 2l Zas MESHH &
A 7t Elo RleBz 88 20|= H2(hugget : BS= 22| X=)0] 4
7 |X| B=Ch 8™ =d2| of o= or2f #et Z
ST A M=o g S22, 0| A2 TALE 0
=0t €205 Lda0Me MEEe| Hits 1efo
Y€ A ESICE HE™ S HH2 U7 SN
ALt
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26.2. T2 MM F( projection welding )
=25 BEAEH) el MEEY ST S7|2@EEME EAIA YEHE 7ttt 7|0 MREE &
S5to] Mg ge| &S HuA &2 £ 220 oPIAA Tegsts 232 M 8- Yot

WELDING PRESSURE WATER COOLED
COPPER ALLOY

UPPER ELECTRODE

PIECES TO BE
WELDED

PROJECTIONS

WATER COOLED

COPPER ALLOY
WELDING PRESSURE LOWER ELECTRODE

RESISTANCE PROJECTION WELDING
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2.6.3. 4X|7] & H(lap seam welding )

AT Dol T Ao|of 2042 BIHE AXID, HI0| YHS Thet HEHR HIS SHAIT|BA
LXo 2 Wot= o EFOICEL o 8F S0|M 7[2FQl 0|20|H, 0|22 &= EXfECHE Cha
Act detdo =z, AEl Eo| T4 7t onm HE=HA| &8 0| 7S SHCt

RESISTANCE LAP SEAM WELDING
|

i CIRCULAR CTROD
= ELE E

WORK PIECE

| L CIRCULAR ELECTRODE
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2.6.4. LAl St 7| % ( upset butt welding )
o7 R0 Q5tA, Hetste 2719 &(F)2 &
H 220|M 7tYsty 8&A17|= 8ol

T
2
ng
2t
>
Ny
n
oo
r>|
an
i
ofm
Of
2
r
o
4
N
o

Upset Weld Flash Weld
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2.6.5. E2 A| 2 H (flash(butt) welding)

HE UBECZ IS,
H=EH0| g &850 20| £|0, =0 BAHX|H £ CHAl DI EFME FLAAM A H5H0] T
Z0t 2% Fle AS W=otHA, 84 BHe o €otA 7tEotd, Mot 27t =|H Zot HE 7t
SiAl e oths YH-OICE 2% EXO|2tLE Stof.

Flash Welding

; CLAMPING
Movable Stationary

DIE
clamp clamp E W

FROM WELDING TRANSFORMER

- E
ATm " | -

MoVABLE PART

STATIONERY PART

AC Power
Supply
O e

N

L 1Y |

: (\ ({ rj(_—
} 7 ) i
p—— s SR /.7 77 NN / \
APPLY FLASH CURRENT & START
RESISTANCE FLASH WELDING

Welded parts
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2.6.6. 57| A 73 ( butt seam welding )

2% 2AGLIN B BE WTD, 1 W Hel AL BRE SIeH0 JEH SA 1 TS 7}
Ystol 0|2 M2t ALHOE HEse AT MY SHOR, 015 HE 4 SHO|nE i}

Conventional resistance seam welding _ Roll spot welding

Continuons resistance seam

Spot Welding P Projection Welding

*%-ﬂ 44

MI Seam Welding F/ B Flash Butt / Butt Welding

4

g -
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2.7. 013 8% (arc welding)

FETRE HYSHE YHS HhEHA 71T FEUD OFB(H4)H BYWHO| Yo, YuyoR
wots ST OFFH HEWHS LICH OLIYYS FUOER 012S ALt 8T H(fusion
welding)0l0f X 7t 22| 0|8 YUt HE JEELTRN

Hseam)HRHO|Ct MO Z AR E|E=
2= I8t ZCt ol 8- X el +4 NES
2HE S JdEHEOJULL o7& 7|0 AR W77 Ao, dXf= wFOIAEH™ 7|7} B0
AFEE[D QCHOIAERI|E MY M= 2K 22 MU0 E LA 7K £SO
F 251 AY0|2f SHEEO| =2 HEfS| ZC(holder), 8- S0 EEE[0f A 2ot S W
flof 728 TRO| 2 A2 AHESHOF BtC}. 400A 8 0[5H2| A0|M= 2Kt 2512 85V 0|5t
500A 2F 0|3}9| Z{0||A{= 95V 0|8}, A& X 7|= 80V 0|82 T QL
2.7.1. E2t=0} of3 27 ( Plasma Arc Welding )
Zct=0f of3 EF(PAW)2 7tA HAH o3 EF™(GTAW) I At of3 & 57d0|CH M7| of=2
= M3 &= AO|Of| A A =ICt Of3 E2t=0t 7tAL| YAl &EHO|CE 7tA= OHE S8l MF
7t Satot=0f O| 23tk OA2 7| MEXNZH =T O3t MEj&= ®ALe| B2 =7t ApAle| Y=
Ol 722 =Lt

—

High- -
Flasma gdas — e frequency

:"_?r."" = _,;} -
Shielding gas ;}/%. : ,g{r’

e ® }{:"r \—, Power source

7 : :

[ )
V,’{/L1 ]

Y7
Hol-wire [:?;= = ’_i;;? Resistance
£

[.:IUI.I;ET source N % 1 " 3
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2.7.2. E|O8%H ( TIG welding )

Ol22 s dE 52 24 7|H £0|M A M1 ZIHO| ALO|Of] OFFE HMAIA, EXHE
S5 28 &4 250 dtmt 28802 JE|UX T 7|H d&2o| 0| M1, HHst 1E
Ho| EYR7I OX|EE, M 28 41t Eeta 52 FH2 el 8F0k O|&ECE =2 24,
=2 2o 8 AS0| =20| ECLFH t7F 6mm O| &t [ Hgtsirt

[ 4

Caplant Systam Gas nozzle
Power Cord
Filler rod

Gas shielding

Weld pool

Parent metal JWe]d bead

Coctnm Systam
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2.7.3. 0|28 F(Metal Inert Gas welding)

TIGEX™ 1} ZH2 O|HE7IA of3 8% 9| ¢ 7IX|O|Cl. 22t 7IA 2203 2™0|2t e SiCt O|&

7t gle, XE 1.0~2.4mme| LA M(BROLH) (R )l MIt0|0 & L-st £ 2 EX|0| 35t

Of 20|02t 22X ALO[Of OFRE ZHA[F LIS Amg 0| HEfZ &850 8FHE St= LHO
Ch 842 Liadol 855t HE =40 AFBECH MF =2t 37| 20 TIGEFECt O
SEXNO|Y, B0t FH2 o EFO0| 7IsdtL) Eo MAY 217t gleE = m=50t 3 H0

His ZHF7|7t HIECEMIGETE 2 X7|0l= F2 FHS g o LS 8-S E"*OE

HLERJAX S 2= Y205, T2, 0fadls, LA g3 ElEts, 2Ega & o8 200 8

Dl ot YF0|E &2 8F0 AHEE0 dd(Ets 1F)2E HSIH 22|d XE0 °IOP01

YR FHO| HAE|0 OtECHR HEHS LIEILA ECh

Solid wire
electrode

Silaldling: ges Insulated neck Torch body  Armoured torch

\ # cable

Current conductor

Travel
- Wire guide and
~ contact tube

g
Nozzle d — Solidified

weld metal

shielding gas ——— ==

// Torch liner guiding
Arc

Trigger filler wire
Cohtact tip

within nozzle qb’piﬂﬁl MIG torch

Molten weld
metal
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2.7.3.1. 0|3 A58 % ( MIG spot welding )

0|2 BiXts 88 ZX|0 EfO|HE F25H0, 8HF0 EX|Z 1A Yot E FAHAM
A5 LdAFHAN ot @ 8T Y. T2 AR XY EH2= & A0 AFEL[O, ¥
HIMZ| T 20 28 YF0|s & 21aXiel ot3Fd &8 ol &Lt
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2.7.3.2. 2A 038 (pulsed arc welding )
=M JIA ol g™ddtAlo| o HAOo|H, e 8™ M=o H

A MBS FHOO SH(HINS
BA MEO| 7|0 22 242 880 20i2E TG MIG 8 0= ZO|Lt HELH B
MELE 0120 oY F2 ofm, BA MR 8OOl QTS BCh BA 0439 34k o=
SOLYX| 100315 UHE 02 ALSPICE BA 0f3 SHO| HHL BAMRS HZNFE HHExe
2 2YY 4+ Y002 Y Yo THO| Bolotn, S| e To| WO MFBICh &, AT
S2 RO 8HO| Th5ot, SEE 2ol B 2 013 8 Aol 2oLt 59 g B

ol 880 &=Lt

Lower Higher TUNGSTEN ELECTRODE HOLDER
Arc Arc ELECTRODE W
Voltage Voltage R l
-
GAS |
ELECTRICAL
- PASSAGES conpucTor| WRLHNG |
_ Are NSULATING | MACHINE
Arc Cone $ Length Arc Cone SLEATH
P —— SHIELDING GAS E"'H’“i
. WORKPIECE GRS
N - SUPPLY
Cone Width Cone Width
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2.7.3.3. 2E{E&H( stud welding )

2Ot 58 22 US BE 0| THo| A& W, ok 8Fo| YBOICh AHEE B
MEA £, MRS SoP 3 CFS AECSE DRI 42 HD 0L S LU, YUH =
S Wo| AEES SEX|0 E2A SAAIZIC

ADUSTABLE LEG

WELD CHUCK,

SECTION THRU
FQOTFIECE JIG LOCATING BUSH
l 4 = : TEMFLATE
T | ) WO RKPIECE
W15" SPACER N Tig DIA.’
THRU'HOLE

Gun is properely Trigger is pressed and the After arcing is complete, Gun iz withdravm

positioned and main stud fifts off the work. An the main spring plunges from the welded stud.

gun zpring ie partially  arc is created and melts the  the stud into the molten The ferruls iz broken

compresaed. stud and parent material. poal of metal away and discarded.
Step 1 Step 2 Step 3 Step 4
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2.7.4. D|Eol3 &F( flare groove weld , $7E-85% )
o =5 E ot 8F&1 I8 =1t2| Ao[of & st of32| 2 0|8 EXSt= &Eo|H, +

H
4= HIRo 7o RE a5z Yo A&t o Y2 28 M 20| 2H0 =& I=

x=82 2 =
3 D EY=(2A)atel Atofof| 7 = AFo M-S 7Hotd 1 Ao|of o3& A
Ct. of32] Zot E(2= f 6,000°0)0f 23iM EFS0| =0t 5557| &= &% (globules)O| £[Of
M &8 Z(molten pool)of E2f(deposit) =T, J2{A 2Ajo| LEt FEA EFEES TELL2
el #ME 8EY We HEeh 01M)E TE0 F1, AXS X g5 (weld meta)2 2 Of /A
s 2l 88E2 a5 0 772 7712 £ LA 2=z UE ot FH2
O =HE 2Ale Aol Tl=X= of3 G0 23ik|0f Of3E dstA wAIZat SA0 B 7t~
L= =210 i 88 552 A7IZFEH 2250 tel, Hep(=1)7t EX| 5= o[Lo ¥
o sfetEt3of QldiM E8 552 YR E gadal YUtk Jtsoltt ez MoK
SXMF = 50~400A HR0|H &, 2F DE HAZEHTZ 200A, 300A, 400A, 500A°| 45372
8717t #ARE[Of Aol UFEY7|M BHLKXE ?Iol 24 77 HYO| 2 AHsTHALA
SXE AHEOIEF 2 F2tk|0f /ULt 07| M F2l8foF & A2 AHEdh= YT RO LE3t= A
gk H=o| HotE S MEiSt= A0| SR2SILf

(1/8 7O 1/4
3/32 TO 1/8 THICK)

SINGLE-V

Figure 6-27. Types of groove welds,
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2.8 Ot 87X (EE#EE: friction welding)
OpEHQ T (e F2) Ol 2t e SICE S5 (&2 US7|% €2 AR 145 3
FChEbol MY El F450 2-AIFA 2712l 40| &St £

MY 2Rt RS I oS HFED 270e 558 =2
=

ot A
>
N
k-l

2
ro
|.|'|
N N oo
- [
ot

Ral

Ot

rir

0
o
iRl
>
N
i
me
z U
a
or
=
N\l

rlo ox

N IE
|0
Hu
> M
-

%
ro mjo mo m
OF

N

L

rx
ot

N >
$0
o
Q
oy
&
B>
\E/!
=]
Q
N
[0
=
2t
o
)

Pt
g
ro
0
0-|-
E‘I\
g_‘u
=
e
&
_}l_
rHo
=
10
e o
0
=
N
N
s

o= 8P 5oz Lx]
SR e MR HIIME S
sh=0| 20| ofL| o

—_

: NON-ROTATING
Down Force i
ROTATING { f j' PRESSURE

o dr
By

O
e
fo
d
zQ
2
ofn
JE
o

bl
)
mn
=
iy

"
H

Rotational Speed
FSW Tool

NON-ROTATING

[Top Sheet

PRESSURE

Stir Zone

NON-ROTATING PRESSURE
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2.9. IF O™ (& A A high frequency welding)
450kHz HEO| £2 FO40 MRS 8% (420 Sa=L O] I LMot A= 8HE o=
MEol SIYA| Tt DFLN ST DFLRCEN0| YO0 ofL{X| 20| Fop 2 HEE

T 8Y 4+ UCOR, MY AR HD 8F SEJHWE0 TRH A2 SHR| MLt HYO)
—
—

ol gl ZEER) Mool gitt= A0l FOILH MRl SEHA0 wat & 7HX| 2 Ly

O, 88 tid=0 28 HFE 2L EXES 2= 1IN ETL =0 AT TRE EUAI &
D DL QB RI(ENO RE HRO €5 0|8%ts AFLRrE=8HO0| UCL VR 55 &
M2 CEL & 8/ 25 030 RN 25t MLE2 8FS ot oM 7|=&el= 2tk 2
FTLONLEH 2 2712 = AHcontacts)E Sot0] PFE EUL O I 2YSt= MAE=E XS 7tE
ot E2i(rollenz AASH0] EHots YRR, Y0 £ ¢ LO|ZL FEE OfL 2t O HY2l &
HE2 88 =+ UCL o[ HIY MR EE8H2 REIAYL0 2 reE MR MLE2 ZXHE 7t
got 7l EYZ 7t -ols YHLR, F2 FELL LHO[Z X &0 AQICHAR 8F [0 AL
= XMFotel 27 882 ?loiMe w2 TR 2RO, 13MEH2 HHX| 280 Fo0t X2 T
FR- 88 + etz HY 27 {0 81 S7t 20 850 71E2 8FY RO MafLt
o /el gol gl ()2l Mool @it 240l ¥HO|Ch BHHo| nFatE A5tz X 3
@Rt et ke|off Z 85| =2ofoHOF ohet.

Feed movement

Pneumatic cylinder \

Piston with = Holder and
piston rod = guide for
! | feed unit
. . S |w////,§
Resetting spring —— | b ?
nig Carriage Setting for basic
_,—o—'—'_'_'_'_'_'_'_'_'_'_ . H
Attenuator with clamp distance between
facility / sonotrode and
Force transducer anvil
Converter
Booster

Sonotrode displacement

scanner

YWorkpieces

Anvil

Generator
control
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210. YHE=Z Sl 7 (electro slag welding)
.l

8o AZ0|0, 88 2219 88340 SHRUN 22| LIoX| %A X Tam o 44
AlZl PE|TS 912 OSAIZ|BA, 2811 & £0| 240[0|S A& O £Tet0l g1 42 B2
L HMEo| XHBE 910|0j9t TAYQ| WTh B2 BFAITIE M BHHOICE O YHOR B
HUCE Rsts 2R B9 130 WX YO0, ¥ Bo| MR 80| Jt5stn, 2 MRE
SHS o 4+ YSDE TAHL W, AFTo| SHO| Hetn, 0L SE0| &t

Electrode conduit

Welding wire
Welding gun

Gas box
Welding wire Supplementary

shielding gas
Fixed shoe Moveable shoe
Primary shielding gas

Direction of travel
Flux Flux
hopper hopper

Base metal
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7t 2 ot

&S 0[80t0 HetAl7|= gRiolct. dZnt €2

Pneumatic cylinder \

Pistonwith__ [
piston rod =
_ _ b ?—ff
Resetting spring ——— | L
= Carriage
Attenuator f——_—_—_——_:@ with clamp
/ M facility
Force transducer | B

Converter
Booster

Sonotrode
Workpieces

Anvil

r
=2
4n
=
1o

o
g}
om
>
o
=2
F
ol
r
=
i

=
Ig1r
M
u
|>
am
on
|0

Feed movement

\

Feed

displacement
scanner

Baseplate

Column
with flat
guideway

Generator
control
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Holder and
guice for
feed unit

Setting for basic
distance between
sonotrode and
anvil



2.12. MXH-8 7 (electron beam welding )
7
.l

NS KoM 7tEE HAHE TET 200 S=AA, Of Iof| &7|= 342 ES 0|&ot= EXOIC
LA E(F A0 SHHM STAE SASI0 O F LY OHi':01I SiA 750y, &=

9l
of 2lsf 8H= ol FEHERRAIFA 2EHXIL 2= 25 AHX7L Oill—ﬂXIE ol 84
7t 7tE88EI0A EHO| 2Lt 8YF7L 7|2 LE S X ol 0| €1, Y= X7

o= ¢ —l—: =2oo= T

Hom, HFO| A LojLt= A &2 O|FO| ULt TEF 7I32=M 84 20 84, & M3
=%t S0j 0|EIC}

o 1 o

I 2= - Oy

J co Fro!
voltage 5
cathode |1+
n =
high voltage

power
supply

60 kv

pumping

electron gun

centring .

focusing

deflection

working
chamber
pumping @\V

=1
positioning
mechanisme

CONVENTIONAL WELD ELECTRON BEAM WELD

301



2.13. 2|0| XM -H( laser welding )

laser= Light Amplification by stimulated Emission of Radiation®| 2F0{O|C}. 2{|0| X &MO| =H S
2%t 8™O|CE 0| M=z0l= 1K, 7|H|, AH SO| ALt 2= LEISH| &1, 530 2

K=1
S

~
=

oo mE mN ofm

>
— ==

oN

o
O] 7tsotH, 81 YEO| thErs| M, & e Hel7t F20, 20| 8ol Yoz YIRS

Ol

Transparent to

infra-red laser ! gl Clamping Pressure

}'/
Infra-red absorber y
Weld zong Clamping Pressure

Transparent or opaque to infra-red lager
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SiA O =271 SOAML 8FO| 7tsottts A SOICH S| JEl2= 28Y 22 HAEF1}

= 42 N2 8- &1 1, BMVIA Y 0|X 50| 2 EF 2= 0|0] A[HE FF5
1 UL Ol ZLl7|0= CO2 20X et YAG 20| M7t o, HAt= HEY, As HEH
Zoil AL EICEEAL ”at 20| &2 |HX] 2=7F FOXH, T 20| 85t7| M0 L 8F
o & HYO|Lt M=z 542 Eopvt Hih+8 £F2 7I0F, MALl 2 £F, 2r(Q =t 8
ol 88 sl H8=ICh




2.14. 7287 ( gas welding )
hATh a0 L 52 E2 0|ZHA 350 LRE S0 SFSHE WHOR O L US4
Z2HQI-MEF JtATL O| B[O, O| AE LA JhAQL SoHFBISHM ALESIChER2 27 &2 A0|
HIE X522 B8 7IAE7F0[2tr ofH At OtNE B EHE ot E27t =

OlME0| 50 Z4EZ Th= SH|(Bomb)o| 22 &3l OLME S ALESIALE B E3 X EA
7AM BtE = ST E ALETICE A s SSE0 ZESH|0f 2

FIREPROOF
BLUE-COLLAR

FLASHEACK
ARRESTOR
AFETY DEVICES

— WELDING APRON

Acetylene gas in

Welding torch

Frimary combustion
Oxygengasin
Gas Shielding
Filler rod

Metal droplet
_ Direction of welding

-

Base metal
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3. - A 7LE (W8I0 T, cutting working)

H(chip)o] ' YStHM W2 E 7tE5t= LYo 2 BMS T EAYR} 7822 Lzl
3.1. EAIHE 7| = (WA TEAfT)

311 7|A7IE 22X

7| A7t&(Machining)2 7| A& O| 8%t 733 HoZM IMEHQ Zales E28 MAHSIH @+
ol WMES Y SHOZEAN F2 ™AL (Cutting), M7 (removal)37d0|2t0 BECH 7| M= HA
7tE2 ottt EAIS 2 ST A7 M50 25ty 20l HAXS S FESH |

25 oRHC =z MEA|7|22 O[FO{TICH O At BAR2 22 XL, 2ot #H A2[2 5%
ot Ao MES dASt=0H =2 O|EICh HBAIVIS2 4 SUYH, Hx 22 FR Z2 14
730 Qi SO T XM =l E| B2 2K 7H5S57FO ¢ o[ 80% O &= &

M=ol =7 o 247tE5S AHEIChas2| 02 & MelotH, SE7[As 2

OfZICt 2| H 230 25t0] EAEES ddA7|= At HU2S0 2ot EAES A7l A
Of 2ZA0|Ct = SF A= M KTy, 240 d SYE T Ot 20| Lwel AFEHS 71551
A5t &M S Lw / f2HF 2| TA|FOF otot. FHof EE A 2|7 nwO|H 1Y oF I A (pass)Of
225 A2 t=1Lw/fow. SSHEEHS| FE 7I&0ts 9E 2 (boring)0|2t FEL}. Of
T 2 HY=2 dR0= H0 tisto =22z oMt 2 HET| 90 Sz MYt 4
0|82 otLtel 2= 71 S+71 He=E BHE HUHCR g5 250t SFO|C BEet #EHS
UEE 7HE 2oty ol @Sl otLivt 28 S780|1, 2EAHEHE o /e €& 7t S+0IC}

YR052 2L4MEL CHE HIEMRO| BotK E480] H{WH 2 5t0{ M CHE 7+ & oj| B|SH
Ol 22X0|HM 2ot & FE0ILE MZF M=o HE0| A% o= At BAIIS 2 24
Meol 37|, a7 =8 &, 7t&aHe JH, 2ANe 97 S 1284510 1 0 otLt £ F 7t
XS Yool I=, =82 70 2R 0|s a2 28 ELEMEL g8 M=z Hlotd 4t
of 2%t o H4X[7} ML} SHEF0| @0t0 EHAI0 Bdst= S| M7 E0[5t0 n&EF 4,
H2 AMNAO|, Y EAYO| 7hSotth 22 7t8 =42l B9 SO[Lt EEM =0 H|5H0] of 2/3~
1722 BANSO| ML 20|52 S=ot GGz 78 20 2dsts €2 24=E MEX
M EANZ SF HALO HUY R2 2E0AM S77F =5 ECh et S7+32 &S0
Lt Zoil B|SHY ZA[ZHO] EICf. 20119 B2 A= As e FOM 2~1022 sF+ES
MM D8, DSE, TAIZ R BAVIS0| 7HSStor AL LYo Al-Si 251t 22 8
FE =8 O[Lf LIO|OtZ2 =2 M AEoH0]OF SHCRA|ZOf et Al He| F2|LE HE0= oiX
S| giottt. 2& nZE YR0|E(2000, 4000, 7000)AH &2 FEoto| ZE0| A= MIEHE e =+
ULt ok o Ay FRIE YA DHFE O] Jhsottt. 2011, 2017, 5056 52| B2 & M
Ol ZNEKEME T2 AMSBHE P25 ALK oHE HEF MM = AL T £50] =[O Aby
JO| LikX| 7| = otCh O Mo =M S7HES IOt B/ Anstn g2otHA d4s
E=HE "'|. 7 x 22

STo| ©°

=
S s2 827t HOFA HIO[EQl H
0|%2tx 5~10& 37 %
X

WNeS 2 452 M=, 7|4 250 Bt 2SHA] E0tA HEoH d2F A g2 E A& 0F o
Ch. 2=7| 2 4O|LE AbS = A QIO W2l S0 dZS 2ASH | = ottt B7FS AL M= 24
of RS2 20| HEtN HYO| e = ACE 0|2 32 AU, d4=2= 52 EXE
£ Y22 URSHS X2z ot0fOF BHCE 50567 SEMAME HEetME2=E 0 ATt
S0 2let HFSHS oot ot 577+ ARttt
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AP MAZRO WEZO GAL FHEM Y= X ST It AS0| MY Y OlHct
MAEO| HAL XFILStL HARTUN B2 LIk WAOR 50 RS AUOA S HAEHE

=
7} 59 QA0CE MES HAXZAOALE T SEHE HAto2 MHECH HE 2284 O|Lf flake
DYO|H HIO|E HHO| =ALI VAL M w32 S5t HAEQ| mta|7f HEH A S 20|
£7150] QOtA CFE AXf of HISH0 HAZO| WEA ZAEICt BHH H|S0| 20tM 5%
ce|Ch §35] 7+ 7ISA0l= HES HNAHE {I5to CHEe] BARFE ALE o7k otCh EE,
EI-| o)
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o

2. STEA
.2.1. A (Lathe Turning)
H

w w

e 52| A 7[Aof B4 SFE ARSI HES 2
—— 71‘;-";,#_;:,
CNC lathe
m |
Machine Unit NC controller

* Computer controlled

= Wide variety of process
capability

* multiple axis

* Indexing and contouring

BN

head

*  On-line and off- line
programming available

= Computer Numerical
Controls (CNC)

= Equipped with one or
more turrets

*  Each turret is equipped
with a variety of tools

= Performs several
operations on different
surfaces of the work piece

Contour turning

Cross sl
Lead screw

Ch

hand wheel
Carriage hand wheel

Spindle
Workpiece holder

Workpiece

Tool post
Cutting tool
Compound
Cross slide Tailstock
assembly

ide

Copyright © 2008 CustomPartNet

amfering

R

Facing

Taper turning

Threading Boring

Form turning

Drilling

Turning
tool

Porting
tool

Left
hand
turning

Right hand
turning tool

Threading
tool

Radius
tool

Fig. Lathe operation
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3.2.2. WAH(Planing )

HA7|0f oot HAMY, dAS 2 = Qle 7S EHOl H1 71 HH, 5 H4
Machine Setup
Cutterblock

Pressure Bar & Scraper Plate

Outfeed Roller

Pressure Bar & Chip Breaker

Serrated Infeed Roller
Anti-kickback finger
—-._____________.-——'-"_-h—.

-m,_"

Anti-friction Roller Anti-friction Roller

3.2.3. YAH(Shaping)
%' o= mAR el R ME|, HH = =22 2|40 2

o
iz
2

- 7
<

(a) horizontal surface  (b) vertical surface (c) inclined surfaces
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3.2.4. &2 E{(Slotter)

SEE "31*'0|E+ & ottt H= 222 FH0|= HOl= 90 =2HH0|=0] Jlen 1 9o %
== St 8 20l Xt ZHS 7 A0t 2 SO AM B4 S SCh BHELY, STEFS| 7
= % chel 7 52 40| AHg =Lt

3.2.5. H 2 & (Broaching)
2tE HZ K2 AIRS}0]

ZEE of
S| SENE adte BEO| Yt

rir

o
&
o TEETH RISE ONLY IN THIS SECTION
E FOLLOWER END!
& A - REAR PILOT
Q CHIP BREAKERS i
Q
&
SLOT
G
1/6D1 /
FROMNT FH_OT/ i
A i NOTCHED TAIL
SECTION A-A —-
SEMHFINISHING | FINISHING
ROUGHING TEETH | TEETH TEETH
SHANK LENGTH Pne+ e+ n) Ler
Le
TOTAL BROACH LENGTH

ERPAT AT Illl
Py
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.6.
O

a
o

Milling)
)02t E SHCE HEteh AR ES A
[, =7 WCh Y-AHEE BRS
elolgtol slom, 2 320 Hat LM@Y
d, M2E & 7"% Xl 2l50| 2t STt JHEF TEO| A}
H

FC

ru

B

N
[

z
o

or
OF

o

ot
4 r|r

0z ok

M0 py sy
T ogt
2

}
o0&
|o
b
bt~
I
mn
_I-J
e
o
|
=

B 4% o no of
0%
0%

‘°-|>H0FIFEJ1>+I_O

A
o2 0|1, ME 2l HolE2 M
7&'%7| HMEXK 52 3 oo =T

O =20 L .
20 H1IE°40|EH O] S0 70*3—.3_* 2as2 g
AHA

—~
&R
=R

SN—r

O ofn = H% o O pX |H
N oopmnriore 4

L

Bottom Milling l

tool rotation

width of cut <= tool diameter,
workpiece % ~0.75 tool dia. in most cases

depth of cut

&

feed — 3 > chips
(workpiece moves and
tocl is stationary.)

e

Tooi Rotation

Feed Direction
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3.2.8. H 2 (Boring)
7IA7tS0f L0iM olO] EF2 e FHE, =4 Aot #Hl= &Y

Tool Rotation

Boring Head

Feed Direction

Baring Tool

Feed direction

3.2.9. Ej & (Tapping)

LIAt 7tS S ¢let 2 Y ©S 0|83 M LIALE 7t53ts U

Tool Rotation

Feed Direction

3.2.10. %4 (Hobbing)
SHS AMESH0 22 Koz 7|0 &L E 7t&dhs AS et
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3.2.11. M|0]&(Shaping)

BOIS 7|73 ot 7 uEel Ho|D), WALS I BX20) Cfs) YL Sot 3x82
Y| 0152 FOIA BWRO| FABICE Mo|H 7|7 0| 37]& Ho| BATBY 5 WA 4 ¢
& Zojof mhat SRS MO|E FHBolE SBHA, SETAL F WA, B WA S0| Yk =
SLTKIS AR B BA, 70f HAE & 4 9Uct

—

1) FES0A MOITHZ A= =] MY Mt ASHY, F|2 S e T 24| 7] I
=0, Al Zh&2 0] /UCE O] AJZHY *’é‘% Zg02te HA 517 ff HHY M (o2 Lh I
Hr WA SHO|=F ot 7122 EO /UCh &, =232 oF7| 20 TS0 Y5t
a1, &0 °*°E ==US O 2N M2 12 SOSHXZLE HO|S0] 2 EtX|= 2
o M=o §2=E £ + SUCk 0/2] 0.1~02mmP 0| RAHE O &s = L7t ULt

(2) MO|E7[A o] EF : Aol 2sL0 MatM 7t=d Mo|met =2 Mo|H S0| Ut g
Lt CHE= 0] 7t2E MO|THOILt. &, 0| 2SUA MM EH WEE2 HO[S0A ot HFA(A
FERX) MIO|HOIX| 2, & ZOfM 0|E2 St= &M MOITHE UL Exot Aoz 72 A Mol

MO

o 1
7|74|7f ULt O| A2 HO| 2E[ I ASHE A0|22 TsS Lo7[X| (il s Ao
AAE|-'
Stroke
Down feed wheel positioning
wheel Ram block

/ A blocking handle
-ﬂ-——i— Ram

Apron clamping bolt
Clapper box ~

Driving pulley

Base

Shaping and Planing

* Similar operations

* Both use a single point cutting tool moved
linearly relative to the workpart

{8) Snaping

(a) Shaping, and (b) planing.
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3.2.12. E(saw)
2LE (hacksaw), & & (band saw), 2 & S (circular saw)

ON/OFF ARM VICE  BLADE

HANDLE/
THREAD
T
COOLANT FOOT/EMERGENCY
FEED SWITCH
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AP A

.3. [=]
.3.1. A AH(Grinding)
Ab

A =S D5TAA SH=2 BH

RWW

r

coolant
supply

3.3.2. 3 (Honing)
Hal 2|d, oA

1 Eo0 1Ll o
A, A& TS 52 2 /S

LHEHel 2 =S HS =0[7| ?Iotd, 2ol 7t= YAt

—
o £5S YAHOEZ BIXIB SH(hone)O2 CHEUSHE

= 2HHEHEZ 2 'd(honing)0|2t oHC}.
ARG 7777777 T Common type of fixtured honing tool
—" VRS ESTTSHTAE
Rainbow Baring tool marks
A Adjuster .
\ ot Drive shaft

ol

===
LR T Cone
o /Iff!fffl/fffgffjf ----- -
Waviness s, % | Holder
VR o ) 'd
_\ @ Driver Cone rod Body
[

Barrel Out of round . g ] Abrasive
Workpiece ; g

(] ’fﬂ-‘

@

o]

Misalignment Reamer chatter

Some common faults in bores Hee
that can be corrected by honing

Abrasive

Schematic of the
honing operation

|+ honing tool

Honing stone

Work piece

A AA
]
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3.3.3. f+I|L| 4 (Super Finishing)

HY SR ZN20 BHO| £0| 18 252 JHE YYo= F21, 250 WEo| XL
S FHM SEHE2 2HAA O 2HE OFF2[5t= 7I3 8 &9 BE(L)7t =2 7132 €
A olrt

T A

» Superfinishing

Pressurs

Similar to honing - uses bonded abrasive stick
pressed against surface and reciprocating

maotion

Differences with honing:

Bonded abrasive stick

;mceﬁ-;u f:mlcm * Shorter strokes
and |aw{:f'§q:|m$f‘"w/' * Higher frequencies

* Lower pressures
between tool and
surface

* Smaller grit sizes

Wark

Rotation of work (siow)

Figure 25.18 Superfinishing on
an external cvlindrical surface.

3.3.4. = O} (Buffing)
M Es HYot 22O A0t HIFE ALEA O T H= AHOMNE ZetM o= Hop 2. o
OFo| F=of wh2tA SHXA| A0}, ORF 2| ot e ADLE /ot

Buffing

buffing wheel

/ ?ufﬁng compound

\

workpart

Schematics of the buffing operation.

Forward Moton
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3.3.5. 2 & (Lapping)
cfEHE A8t &

AtEg CHEE 3

rr

%¢)

Down Force
Water J
Carrier
wC

Adhesive

Device W

3.3.6. H{E(Barrel)

HiZ(LF £ 8522 UE 20| T

BARREL TUMBLING

PARTS RATIO - 4 MEDIATO 1 PARTS BY VOLUME.
USE AS A STARTING POINT
CHANGE UF/DOWN TO ACHEIVE DESIRED RESULTS.

STATIONARY MASS
NO WORK

20 - 30° FILL VOLUME 50 - 60° FILL VOLUME
PART ON PART LONGEST SLIDE
TUMEBELE, NO SLIDE FASTEST FINISH

BURNISH
PART LOADING

OF DELICATE
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4.CNC7}3( computer numerical control )

ARE XA 7|AE
2ot 7IAE 7Y = |
SH7| A AREE Uz *6H Lo H
LIS NCSEV[A. 7tsdd - 7taxd - 7t8S% 52| HIOIHE ARHO 2l A5 221 H“'%
ot0] NCH|O|H 2 #HEHA|7| EA Most & JEfZ2 2Rt ER0| MetM SH7|AE 7tSSHCt

?0 rD
r_|:|
ii_
il
i
0|r

-l

4.1. HA| Y M E{(machining center)
FE(LM)O| 25 Y| Tat £33 MCO £BE MC, 5 $BHo| 7| S(iH 22 TL3Ct o

AGAEHS 282 MRS 2H2E F52 | O Ml 7tX|7} A2, O| & 22 XX Oof (Bt i
H:NC) MEQF NCATIFO0] 2fsl X A%E ﬂr LE7b MO EICE HAISMES 82 7|A =A<t
20~7071 2] 4—-?‘2 HAZAHO “*71| AsHe PFCH F£= A3 T u et K| (automatic tool
changerATC) & NCZX|2 E[0f R{Ct Th ot 9| ME oz CtE7t3 (2t L) ChE 8 7tE0| 7Hs 8}

I NC

BE UES 2YREE ML E Kuu)QI tEEE XS0l 7elotehEZ HAISHEH S22 %Y
=2 22| F7| I8t HX|Z PC(pallet changer, EE= pool)2t 7| A|7t59| MEEE =0|7] 2%t 7|

OF, @ 7E dA7s @ AtsASE -BE7|s( %@Eﬁ% £), ® X2 x| 0f(adaptive control:AC), @ 10
’“ 21T E7 IS S0l £t 7[A7ts 1 75882 A dS SHAIZI= ArSaH(flexible
manufacturing system:FMS)2| {14 & L.
2 axis vertical machining center :
3 axis vertical machining center
4 axis vertical machining center
5 axis vertical machining center
6 axis vertical machining center
7 axis vertical machining center
2 axis horizontal machining center
3 axis horizontal machining center
4 axis horizontal machining center
5 axis horizontal machining center

6 axis horizontal machining center

7 axis horizontal machlnlng center
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4.2. Ej W M E{(tapping center)
F2 CUY BT AZO WAL 3 BXT|0|0 HAL T Fo|L DET1BO) F2 M0|HEY
20|20 Tl ol XMetot S5 7| A o|Ct.

cnc tapping center

318



4.3. E{J M E{(turning center)
MELZ Zgtot Ao 2 FH| 7|5(G7]8), & 7|

or
@
N
or
o
P

IsM7]|s), 01F 7l F7|% ) &T
10|
H

ok
LS
2

7
715(M1s5) € 20 HO|mHEY, ASF4, LIArEAL &M S+ fIX 8 S HIXe A
2 O| x|.E7=II-|0||_|. _n___I.L L= I_|-o:|

Ct O|L ZAFEHE WESHCNC ZX|Z IR 42 HRIZ7|9] A|AA
Bd2l 7|2 BIX[gH A0] RULH.
2 axis cnc horizontal turning center

3 axis cnc horizontal turning center
4 axis cnc horizontal turning center
5 axis cnc horizontal turning center
cnc vertical turning center

cnc multi spindle turning center

¢ &

&

L//r£

poi
6" center solid hydraulic 8 todl station Hydraulic tailstock Chuck and tallsock
chuck hydraulic turret foot pedal
NSK preasion spndle ¥/Z bal screw. | W Zlirear guide way hydraulic system
bearng hydraulic station
| ! {
Electric cabinet cool and Centralized Side chip conveyar chip car
heat exchanger lubrication system
tool parts

cnc multi spindle turning center
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1_.[

CcC E1

=

i
=)

E

4.4. 2 24l (boring machine)
7| AZESO L0IAM 0|O|
=2 HIO|& E&= OrH;

14

320

cnc vertical boring machine
cnc horizontal boring machine



4.5. 3 'Jl{ 4l (honing machine)

L 7| 2te] Meln WHE E3sts AU EE BHO| HIO|E Xt50| HeBE =8 Z 752 o}
of ol Ho 2 CHEESHE 7| AHOICEAF £ 2+ 40~70m/min0 1 HEl 2'd 432 10~
30kgf/cm2, CHE & 49| &F212 4~6kgf/cm20|LCt.

cnc vertical honing machine
cnc horizontal honing machine

cnc horizontal honing machine

cnc vertical honing machine

vertical honing tool

J cnc horizontal tube honing machine
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4.6. 3 YAl (hobbing machine)

Br1of-de[Z710 710 52 7|0 A 5 As 7hg ety 7|01 48 SHIA. +H
SN MD =8 SUHAO| ATk Bt F7[0{7F HEe U= SEHOIA 7|0 oS Stoh 2TY(RH)
= HOl2 40| e A0 71222 HolE 2o U= ol 23 =[FetCt of A0 = E2ta 5t

HHE 2 HAI7|HA =2 EAICL 2 5= 2|F E&
SHof ATfete] AKX X 2TS HYS| o =MN 24

g M= A2|Z7|0E =822 740t SO{7tH °J7|013 ’S—fe‘ 7 QUCE 0| et HHE B 72
ALE oL A dre 27t g7 20 HYsE0| 2ECLL

cnc vertical hobbing machine
cnc horizontal hobbing machine

o
 E0 go= 1 Ol e =0 2ich
N 27 AT, E HAEY 0%

.|

\\\\\\\\\\\\\
‘ um\mm\'-

it
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4.7. &2 % Ml(slotting machine)

210f

0=

=2 H

Ho

cnc slotting machine

Counter weight

ona Fulley

Crank-
Tool Head

Connecting Rod-

Cutting Tool

Cutting Toal Table

émorﬂmr

Carriage.
Sadidle
Bed Ways

Hedical Gear

IntermediateGears

;:ﬁ
_u..—p
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4.8. A6| <0 Al (spinning machine)
ALY MBEO| 3| M=0| HES B%lS

HE= FHOI0 Hge M E FSA= IS0 21 2TAZ[HA Of 2[0f
2XE 8 E= EYE 20 B EP22M dHStE =2 7SI

cnc vertical spinning machine
cnc horizontal spinning machine
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4.9. tj|0| X 4l (laser machine)
0| E Lddt= Ho| iKX= X|edo| &5, 27 382 U183 Mzo| +HEY|L HEL &
H.ord &2 flst SEH|A

cnc laser cutting machine

O

cnc laser engraving machine
cnc laser welding machine
cnc laser marking machine

Working Picture
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4.10. M|o{ @ { Al (shearing machine)

326



4.11. HIEH Al (bending machine)
tube,wire,sheet bending machine,Servo-electric bending machine
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4.12. 2t Al (electric discharge machine)

328



4.13. X2 1}7{ &l {4l (ultrasonic cutting machine)

PZT RINGS | angevin
Transducer

Blade Horn
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4.14. EZct=0}7 & M Al(plasma cutting machine)




4.15. =1|J {4l (shot peening machine)

FermEi@Blﬁsftﬁ
e
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4.16. EHL|A M (roll burnishing machine)
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HHX 2| (K EHE, surface treatment)

HHMK 2| (KHEHEE , surface pretreatment)
.1 4L ES2IA E(shot blast)
IOIXHE 2R 27 Q= &O|-shot ball 22))E |
APSHO] mHE MRSHA OrF 2| 7tSste 7tS ez O YR 0|s FHLEE F2 HEE
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5.1.2. §j|0{2}2l H2{4 (Hairline brushing)
HHO M2 X= A2z 7[ALL A3 Qo #HE 54 5

of, 7 M Z 2l2tof == AZEH BH 238K 20 &4

to
N Ho
mu ot
4> >
yo I
2 H
HT
ro
oo
|0
Hu
>
o
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Ao I =g=8 MAER)SH= A




5.1.4. AN H( acid pickling )

BRIX2| O MA2IZM 0|ZET Yt HO=Z, B4 EHO| MU0 Y MBS 2 Yo|Lt =
o 52 H7H3I7| S50 Hht Z2 Yit 28 Lo BIM MR st TN 34 vigol &
HE YX5H7| /I5t0] AMA 7 HIHE

=

Deacidiﬁreﬁ
alution
treatment

From pickling
procass

Wa:'} -:_1c|d Water tank
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5.1.5. 85| M|’d( Solvent Cleaning )

BH| 7X| 52 2F 2 M= =0 H7Hst= LE2=2, A8t EMle 71 ME0| 7ts¢t H
olotd R7IEM=Z tfE=tof 2, 111-H a0 B Foim 3, =22 113 SO|t). =52 TH

2l = X7 SEE 200 CHES| &2 715501 47(7] W20 o] M E2=M o|8&ltt =
g 2o B UXE22M 2N MEE = 4% UCh X5t 29, 7] 29, X2l 3 S
o| CHMO| HRstH, P4 EM= LES HU=ER

M AHE s K=t &[0 7t MEP

337



5.1.6. F5l M4 ( Electrolytic Cleaning )

Okg=s 85 £t Omoi otof ool 2fs MEot= L= Hof MEo ArE = 82 €
2| Mg Zolt, g AREIM= AFEE & BUL HHI%% AMEdts 49= Uk 8=
M E82 T3 %%Joﬂ oI6H =5 Ue=0] ZEE O ALK, Zd7[el =20 26 Tl=5=0
T2 Fde B g1, § S0 8% 0|20 AW, WHSHY A= |l0| &7] Ert.
IS MZ2 =2 790 gl Edllas ol2e 4=2 pleL), &= iste(of §F2 atstm|gto] Y
717] W20 o M8 20 LEHOoIL Mol 20| ZR5HA =Lk &= M-¥2 ofd=ivt U,
Ego Y0 gddklE B9 ULk PR Mo EH2 MESE7t 20, S0[LE A0 E(Smut)2f

M7t 7tS St

Jumper Cables

/ Steel rods - cathode & anode\ =

Rusty ﬁrﬁ‘iact

338



5.2. 23| A0LEERFTEE, bright polishing)

5.2.1. 3tstA O} chemical polishing , 1hERHH = )

SIStAECE & HHS ESiAI7|H HFot ZASIO|AM FO{Lt2 £&F0| B0l 0 HEHSE D Of
N2 #HE ¥2 5= ULCL O|AS 0|8t HHOIFE|E tetAHOEt D SHC} 0| A2 HENOL &
Totn CHE B, o] M oi2M # Yot OFRE|E & 5= Qle 490 &1 Tl XelE
o= s LAMOIX|ITH 38 = U= AlZF Ot oA 2. g2 E ik FAL FAHRIAY
S2| 22 Mo 2 H2KXE|dt= 4% YF0s2 Qi i il Ao =otdio = 110°CoH A
Helsts 529 of|7F ALt
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5.2.2. Ml HO}( electrolytic polishing , B E )

4

ot =

Ms

P2, ol =0 A

10

ojru

Electropolishing
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5.2.3. H¥ (buffing )

HIo| YE EE ZT0| A0S HIED 34 EHS A0 XY

Buff can grab blade
and throw it back at you

Correct Incorrect
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b (BBEBLEIE , anodizing )

r

= AR} I THAI203 - xH20)0| A

00

SiH, O
Z0to]

22|

oF
=

SIC}

ife)

Fob |l XM2[7t

of == SO

87| w2

ts

e LN e

e

.

T\ 10

IR ]
A

!,-“‘,“' \

A

Rt )
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anodizing aluminum process flow chart

4}
(420

. ANODIZING
R

. CHROMATE .M .. N z=
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5.4. st X 2| (b B, chemical conversion treatment)

otetA Ma2lof Qs g% EHO| HHE a2 W47 St A oMY Iﬁl, SACGEYY) N2,

AZ00|EX2|AM S0| QUCL O|F2 829 2 M2 (b w2t
. o

N L - B

k1
rOl'
n

RAL7033 RALTO34 RAL7035

RAL1OCO RAL10DT RAL1OOZ RAL1IOD:  RAL 1004 RAL 3014

RAL10GS RAL10CE RAL1G07 RAL1ON  RAL 1012 RAL 3026 RAL7038 RALT030 RAL7040

2

g
Nl
] =

B =

2

g

RAL1013 RAL 1014 RAL1OIS RAL1O1E  RAL 1017 L&018  RAL&DID RAL 74T
RAL10ZI  RAL 1023 L8024 RALEDIS RALBIO1 RAL 807 RAL 8007

RAL 1018

RALE01D  RAL 3011
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5.6.5. 2N = &3 (powder coating process flow chart)

PRIMARY INSPECTION

RINSE

CHROMOTIZING DEOXIDIZING

INPROCESS
DRYING (DRY-OFF-OVEN) INSPECTION

DM WATER RINSE HOT SEALER COAT

POWDER SPRAING (AUTO) LOADING JIGGING

POWDER CURING UNLOADING

QuLITY TEST FINAL INSPECTION

B  VATERIALS READY TO DISPATCH

Eawdsr Fainting FECIHHI’ Dry furnace after pre=treatment

"% Dry furnace after
powder coating™y,

Automatic powder —=

coating spray booth ¢ -=£— automatic control

: console
®

>Reciprocatcrr

——

"
A

Robot

b — 2 -
Loading Unloading

353



s sefoint| 5=
stg | ZiAmHe | e =2 | o +
et Al | sl

1090 2 1 2 1 1 3
1080 2 1 2 1 1 3
1050 2 2 2 2 2 2
1100 2 3 2 2 2 2
2011 2 X 3 3 X 2
2014 2 X 2 3 X 2
2017 2 X 2 3 X 2
2024 2 X 2 3 X 3
3003 2 3 2 2 3 2
3004 2 3 2 2 3 2
4043 2 X 3 2 3 X
5005 2 3 2 2 2 2
5052 2 3 2 2 2 3
5056 2 X 2 2 2 3
5083 2 X 2 2 2 3
5NO1 2 2 2 2 2 2
6061 2 X 2 2 2 3
6063 2 X 2 2 2 3
7075 2 X 2 2 2 3
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