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A. Single pulse drilling
B. Trepanning
C. percussion

https://www.dideo.ir/v/yt/lyiuUUZxp7bLQ/how-it-works%3A-direct-metal-laser-sintering-
%28dmls%29

https://www.dideo.ir/v/yt/zk2XP3cgl-Q/12%2C000-holes-per-second-with-1-
%C2%B5m-diameter
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Cu % 0.2
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Low C steel 0.45 0.6
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Engine block for the Ford Mustang Shelby GT500 car produced by Honsel in its
patented low-pressure sand casting and a new, innovative cylinder bore coating
process
Source: Honsel
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Centrifugal Casting
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Table J.1 Casting methods for aluminum alloys

= '
]
é b &‘ High-pressure die casting

Sand casting  Gravity die Low-pressufe Conven- Vacuum die Squeeze Semi-solid
casting die castin tional high- casting die casting metal die
(permanent pressure under the casting
mold diecastin cavity press-
casting) ure of b kPa

Pressure (MPa) ' Grawty) Grawty 100 100

Dimensional accuracy Medlum i i High

Mini thick 3 3 2 2 4 3
inimum thickness (mm) ) —_— - —

Quality
Primary Si size in case of 30-100 30-50 30-50 5-20 5-20 10-50 10-50
hyper-eutectic Al-Si (pm)
Gas content (cm?/100 g) 0.2-0.6 0.2-0.6 0.2-0.6 10-40 1-3 0.2-0.6 0.2-0.6
Blow holes Medium Few Few A lot Few Few Few
Shrinkage defects Less than Less than Less than A lot at A lot Few Few
a few a few a few thick portion
Possible Possible Possible ossible Possible Possible Paossible
Possible Possible Paossible Impogsi Paossible Paossible Passible
Low Good Good Good after resin  Good Excellent Excellent
impregnation

Productivity* 100 50 40 100 100 50 100

Life time of the mold* Mold pattern 150 100 100 70 100
has long life

Cost* 150 150 100 110 130-170 110

*The ratio where conventional high-pressure die casting is 100.
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Thixo-casting, Squeeze die
Rheo-casting casting

Gravity & low-pressure
die casting

Vacuum die casting

Conventional high-
pressure die casting
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TABLE 14.3
Metal or alloy Approximate range of hot
forging temperature (°C)
Aluminum alloys 400-550
Magnesium alloys 250-350
Copper alloys 600-900
1-7 Carbon and low—alloy steels 850-1150
vMartensitic stainless steels 1100-1250
L’]_Austenitic stainless steels 1100-1250
Titanium alloys 700-950
[ron-base superalloys 10501180
Cobalt-base superalloys 1180-1250
Tantalum alloys 10501350
Molybdenum alloys 1150-1350
Nickel-base superalloys 1050-1200
Tungsten alloys 12001300
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{1} Material

{3) Friction weld i4) Bar grinding

i5) Electric heating
followed by upseting

i
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.

(8) Heat treatment {9) Correcting bend

[]

(10} Stem end first grinding

{11} Stem first grinding

T

(12} Crown outer

diameter lathing (13} Face slope grinding

{14) Cotter groove grinding

¥

{15} Stem finish grinding

(16) Face finish grinding

(17} Salt bath nitriding (18} Stem end quenching {19} Stem end plane

finish arindina
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Fluroescent penetration
inspection (all)

{20} Packing/shipping
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doperating temperature of the material for longer use is 110°C
(Joperating temperature of the material for a short use is 180°C
dmelting temperature of the material is 254°C

Valve Cover EFD engine
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Rear Pressure Bulkhead
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Steel 5%
10%

[l carbon laminate Titanium

[l Carbon sandwich 15%

B Fiberglass

B Aluminum Aluminum

[] Aluminum/steel/titanium pylons 20
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FIGURE 16.5 Several
atomization methods for
producing metallic
powders: (a) and (b} two gas
atomization methods; (c)
water atomization; and {d)
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centrifugal atomization by § .%
the rotating disk method. E%&
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Combination / Molding Sintering

Post pmcosslh Heat processing/surface
; processing

Machining, barrel finishing, 1o precsl
resin impregnation, copper infiltration, shot blastmg Steam processing, quenching,
o impregnation, etc. Anti-corrosion oil coating, plating, etc.

—

Anti-corrosion oil ASSY
(assembly, press fiting, staking, 21c)

Inspection / shipping oil
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SIzing

Sizing Effect on Tolerances

Finished part: Material:

i_ﬁ Powder: 5% Ni

3 %C u
0,7%Zn St.
Balance iron

o3 Density: 6.9-7.2 [g/cm?]
Tensile Strength:>600 [N/mm?]

As-pressed: m Density:
6.75-6.85 [g/cm?]

Sinter: 1280°C

after sizing: i 8-'. TOE'GSSH}(:
4-5% reduction U 0-7.2 [g/lem?]

https://www.dideo.ir/v/iyt/7TwO6uUUPCLcM/sizing-in-powder-metallurgy-production-processes
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(a)
Upper punch

Powder

R

Feed
Shoe

Die

Lower punch
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Ejector

/M spur gear
(green)
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Compaction pressure
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TABLE 172

3™ oa).&é &l colaiwl 8,90 Jgomo g oW

Metal

Pressure
(MPa)

Aluminum
Brass
Bronze
Iron
Tantalum
Tungsten

70-275

400-700
200-275
350-800

70-140
70-140

Other materials

Aluminum oxide
Carbon

Cemented carbides
Ferrites

110-140
140-165
140—-400
110-165
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Part temperature
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Preheat Sinter

Continuous belt for
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Neck formation
by liquid  phase
material transport
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Spark Plasma Sintering (SPS)
mechanism
Plasma heating Joule heating
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discharge current
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TABLE 11.4

Temperature
Material (¢ C)

Time
(Min)

Copper, brass, and bronze 760-900
Iron and iron-graphite 1000—-1150
Nickel 1000-1150
Stainless steels 1100-1290
Alnico alloys 1200-1300
(for permanent magnets)

Ferrites 1200-1500
Tungsten carbide 1430-1500
Molybdenum 2050
Tungsten 2350
Tantalum 2400

1045
8—45
3045
30-60
120-150

10-600
20-30
120
480
480
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Heating coils

(a) (b) (c)
0 Pressure
Temperature
Time
(d)
@ -

Fill Vacuum Hot isostatic Remove
can bakeout press can
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Gas Inlet  Top Closure
L] ]
[
J‘:, ” EJ‘ Cylindrical
—— Pressure
Vessel

Heat
Insulator

Material

Heater

Support

= Bottom
—F— Closure
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1 ENGINE PARTS il Pump Sproket, Water Pump Pully, Impeller etc.
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| TRANSMISSION PARTS  Synchronize Ring, Hub Clutch, Key etc.

P

&E8. N




SHOCK ABSORBER PARTS  Piston, Rod Guide, Piston Nut, Valve Stopper, Collar Rod, Bearing, BV.C etc.
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| OTHER AUTO PART Spline hub, Plate, Sprocket, Gear etc.
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Axial feed

i Fressure
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Pressurized water Steel tube
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ain-bearing powder metal caps for-3-8 and
3.1 liter General Motors automotive engines
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Metal Formed products can be found everywhere.

There are many different forming proc
to make different shapes.
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W e b o3Ikl 4 S5 sla 3,
(Blanking) &, eb?'r.‘{ Jds 5 U

¢ D
9 <
I:/ - Strip (scrap) — = ELD) s,

. :.SD

P
’ —= ") 7
Blank (part) );U

Slug (scrap)
(b)(a) Blanking and (b) punching
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Fracture
surface
Penetration

V

Penetration depth

t’_di?r:’er?mghon_ﬂ

U

e

Burr height l Breakqut »

dimension
(b)

Flattened portion
under the punch

Dishing C

Burr height

Rough surface

Smooth surface

===1D (burnished)

BT
Ideal slug S
(c)
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Plastic Penetration
deformation
Fracture

o
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Shearing punch

(b)

Punch
Blank Die

Shear angle —e * thickness

Die

Bevel shear Double-bevel shear Convex shear

(a) (b) () (d)
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TABLE 20,1 Clearance allowance value for three sheet-metal groups.

7 2
Metal Group A HAJ
LI00S and 525 aluminum alloys, all empers 0,044 '_j Q
20EA5T s GOSIST aluminom alloys; brass, 21l cempers; 1A =) J —_—
saft cold-rolled steel, soft stalnless steel,
Cold-ralksd stzel, hall hand; stainbess steel, hall-hard and full-hord. 7S
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Blanked piece
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Straight portion (for resharpening)

v

<«—(Angular clearance
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Blanking punch

Upper pressure pad
Stinger (impingement ring)

Sheet metal —

Blanking die
Lower pressure cushion

Support

(Fine Blanking) a8s

Upper
pressure
pad

Fracture
surface

Lower
pressure
cushion
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Before

Punch (hole)

Die (blank)

Strip Stripper

Pressure pad Die (hole) and
punch (blank)
Blanking Piercing

punch punch
Pilot St"ppef

Scrap Strip i“f,» X -

sﬂzﬁm CoupocIoUL ' (Progressive die) ¢l d> 0 _JG
Part

@ IO

(Compound die) .S 5 JJG

Finished Scrap First
washer operation
(c) (d)
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TABLE 16.2 }

Characteristics of Metals Important in Ming bperatlons T

Characteristic / Importance e il 3
z [

ifies the capability of the sheet metal to stretch without necking and failure; high

rain-hardening exponent (  n) and strain-rate sensitivity exponent (  m) are desirable

Typically observed with mild-steel sheets (also called L tider’s bands or stretcher strains),
flamelike depressions on the sheet surface, can be eliminated by temper rolling but sheet
must be formed within a certain time after rolling

Exhibits different behavior in different planar directions, present in cold-rolled sheets because
of preferred orientation or mechanical fibering, causes earing in deep drawing, can be reduced
or eliminated by annealing but at lowered strength

Determines thinning behavior of sheet metals during stretching, important in deep drawing
Determines surface roughness on stretched sheet metal, the coarser the grain—the rougher
the appearance (orange peel), also affects material strength.

Typically caused by nonuniform deformation during forming, results in part distortion when
sectioned, can lead to stress-corrosion cracking, reduced or eliminated by stress relieving.

Yield-point elongation

e
Anisotropy (planar)

/ﬁn_gﬁg Due to elastic recovery of the plastically deformed sheet after unloading, causes distortion of

\ part and loss of dimensional accuracy, can be controlled by techniques such as overbending
and bottoming of the punch

Wrinkling Caused by compressive stresses in the plane of the sheet, can be objectionable, depending on

its extent, can be useful in imparting stiffness to parts by increasing their section modulus,
can be controlled by proper tool and die design

Quality of sheared edges Depends on process used; edges can be rough, not square, and contain cracks, residual
stresses, and a work-hardened layer, which are all detrimental to the formability of the sheet;
edge quality can be improved by fine blanking, reducing the clearance, shaving, and
improvements in tool and die design and lubrication

Surface condition of sheet Depends on sheet rolling practice; important in sheet forming as it can cause tearing and poor
surface quality
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Simple tension
(forR=1)

Pure shear

Major strain (%)

(o]
o

(2]
o

Major strain,
positive

Major strain,
After positive
stretching

Before
stretching

Minor Minor Minor
strain, strain strain,

negative

positive

(a)

Plane strain

)

1 1 L

40 60

Minor strain (%)

(b)

80

—— Low-carbon steel
— Brass

High-strength steel
Aluminum alloy

Equal (balanced)
biaxial
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Metal compressed




Bend Length of
allowance, L, bend, L

Bevel angle
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Normal anisotropy, R = Width stram _ _ &,

Thickness strain ¢,

_ Ry +2Ry5+ Ry,
4

Average anisotropy, R,

TABLE 16.4

Zinc alloys

Hot-rolled steel

Cold-rolled, rimmed steel
Cold-rolled, aluminum-killed steel
Aluminum alloys

Copper and brass

Titanium alloys (ct)

Stainless steels

High-strength, low-alloy steels




MﬂSY}‘J’“*fu&:'(C. 7‘5|ﬁ:ﬁ§€\qé‘4bfxqja¢m‘aﬁw&n$%su
Bad oo plondl Al o S5 S o




&S luod pf 51,0 (o gl 6 )lgg8

S o0 GJ.: ‘sab Lo pude— s Lo N W K 274



30 kb iz WS (0 I8 colawl B g0 g G B jo b w9 (i SH0 wp
0909 LBl 30 (6351 (o yiii 0 5 (o0 4 )8 coliwl 5590 (55l 0 S Gl b (i

Flywheel Clutch

Opposed = and Brake

Helical
Gears Edch
Side of
Press

centric Shaft ‘-/']
| o — s
r}nnecu.n I l «
= 3“40 (Ram) t

Shut Height: '
Adjustment

;
;
e

Bolster \

8 AW\

Press Bed

Goxo e 2l Lo pude— Lo oKidls 575



@19 B S s wy

s Job &5 9S50 5l )8 oolawl 0 yg0 (Guos S Glp b wy g9 i Sy s
30 9y S Iu g Cawl CB1gasy (w &Sy L W51 (Sl S (w9 A o (6555 ) 3

S o0 tsJ‘° ‘sab Lo pude— s Lo N W K 276



S92 9 pwiled jl @ilo &5 Cal Flipeni’ 4 jld (Jooi Olalad g dg (5,15 o5 (1 5

9 o Sloolastul 5 50,5 n3 PG )0 duslo jl Alg) (10,5 1 (Sl o9y .09 dgl (S50
RLIIV] B LRV D JERE ST

ol ()05 a5 dlgd U515 iy Gl ol Jyaile 3l eolaiwl K55 s,

S o0 tsJ‘° ‘5-?'-’ Lo pude— s Lo N W K 278



(a) Stretch bending (b) Draw bending (c) Compression bending

Form block (fixed) Form block (rotating) Form block (fixed) Wiper shoe
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Spinning

Most symmetric sheet metal parts can be made by spinning:

musical instruments kitchen utensils lamp accessories
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Metal Injection molding (MIM)
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AC induction motor — the workhorse of industry
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Typical disk pattern showing radial scanning method
used to read position

Figure 6: Components of Absolute Encoder







