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Chapter 1: Morphological manufacturing process.
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Morphological manufacturing process ??

» The term process in general can be defined as a change in the
properties of an object, including geometry, hardness, state,
information content. According to Alting morphological process model
[1.1]

=
i
(@)
N . N
Moerl i)~ Process B 5
Infor?nyatioﬁ Change in properties Inforg'lyation P
(input) - and or geometry (Output)

N
o)
N
=
1

]
°

o
>

Fig. 1.1 Simplify morphological structure of manufacturing
process [1.1].
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Morphological manufacturing process ??

» The term process in general can be defined as a change in the
properties of an object, including geometry, hardness, state,
information content. According to Alting morphological process model

[1.1].

» Any change in product properties requires three essential changes in
material, energy, and information.

Material Flow .

Material (M;)
‘\
Shape or .
Shape Flow
Information(S;,

Energy (E;)

——— -
- =~

Material
Process

4

-
_________
_____ o - '\

~—— _— Control lines

Energy (E,)

Energy Flow

>
Material (M)

Shape or

Information (S,,

Fig. 1.1 Morphological structure of manufacturing process [1.1].
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Morphological manufacturing process

| I | ‘ Energy Flow ‘
| Material Flow | Information Flow | * |
- ‘ Energy supply in tool/die ‘ ‘ Energy characteristics in | I
| /-N | -/-\ | systems equipgent I
- > - - - /\-\\
I State Basic Type of I Surface Pattern of movement | Transfer Energy Energy Type of |
|| of material| | Process process ||| creation Material ‘ tool/die || media supply characteristic energy
| | | through |
. . — === e
” Solid ‘ ‘Mechanlcal‘ Mass- ||| Total none none || Rigd ™ Active Hl Work | |[Mechanical I
| conserving| ||_forming | | | movements H restricted | | | <
|
|| Granular ‘ Thermal ‘ L I { { _ ¥ _ | { _ | ] :I } ! # I =
| Vi | 1-D Translation| |Translation | Elastic | | Pressure |iI[ Motion | I Electical |l =
ass- forming | | differences : l restricted I | >
| Chemical | Lreducina || ! ! ! | | ! ! ! | |
- - - | ! Vo~
I o I 2-D Rotation Rotation | Prastc I ‘ Mass forces ‘ H Pressure || Thefmal | o 0
| Gaseous oining || forming | * L———;i————”L resfricted || | 3 w
——— ——— o
| | | i — pypuniinty Siniv o
| | i' # . % ——| | Cranular [ Heal II Closed || | 23
Fre_e Combination| Combination l conduction || | |system(oven) : Chemical || 25
| Il forming of both of both || * | * | : * | | E >
1 1 | | |
1 | o
Liquid I Heat I I Open I I )
: radiation : ilsystem(torch) : s
| -
E1: energy supply tothe material from the tool/die. * | # I ‘————¢————] —
E2: energy supply from the equipment tothe tool/die. I g ——— === . E
E3: energy source utilized in the equipment. Gaseous | Heat_ || Flow system || +=
11: Information flowfimpression from tool/die to material. || convection ||| : %
12: kinematics movements from equipment to tool/die. | I: I <
Material * I I| I =
flow _ . None I Combination H Bath systems| |
Fig.1.2 The morphological j| ofthese | :
structure of manufacturing ey syl H IR 1
processes. [ Y S 1 1.  Mechanical basic processes
Unspecified | |Flow,chemical I 2. Thermal basic processes.
I | 3. Chemical basic processes.
| —|
| |F|DW&l§91LQQh§!DLQQJ|I




1.1 Morphological manufacturing process
1.2 Material flow system
Types of material flow ??

1- Mass conserving process (dm=0);

Metal forming processes (IE252)

2- Mass reducing process (dm<0);
Metal cutting processes (IE352)

3- Assembly or joining processes (dm>0);
Welding process (IE252)

Material (M;)

Material (M;)

Material (M;;)
Material (M;;)
Material (M;3)

Manufacturing

————— — Material (M,)
Mi= Mo

[ Material (M)

—— — Material (My;,)
————— Material (My3)

——
Process
dm=0
——~ Manufacturing
Process
dm< 0
—— > .
———~| Manufacturing
— Process
dm> 0

————— — Material (M,)

M; = My1+Mgo+Mgs3

M, = M;;+Mj>+Mj;

(c)

Material Flow

State Basic Type-of
of material || Process brocess
\ Solid HMechanical\ Mass-

conserving

| Thennal‘ #
Mass-
Chemical reducing
Joining

quipment

—— —— — — — — — — — — N —— — — —

E3
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1.1 Morphological manufacturing process

1.2 Material flow system I

| Material Flow

State of material ?? e
J State | Basic Type of
. of material | |, Process process
State of processed material can be : | = — =7
” Solid \ |Mechanical\ Mass-
. conservin
»Solid, el # ° <
. erma
» Fluid, v X
ass- :
» Gaseous or Chemical | Lreducing >

» Granular ‘homogeneous e.g. pure metal and

. . Joining
heterogeneous e.g. mechanical mixture’
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1.1 Morphological manufacturing process

1.2 Material flow system |

Material Flow

I I
. I I
Basic process ?? | . |
: State Basic || Type of :
> Basic process is the process that creates changes in | of materialf L Process | orocess |
geometry and/or properties of material. || Solid |[Mechanical [ Mass- ||
| conserving | -
. : : . I Thermal I =
» Manufacturing processes consist of a series of basic | [ Thermal | Miss_ | ]
processes, which in general can be divided into three I Chemical | Lreducing || S
phases; pre-processing, processing, then post : Toing : 9 o
processing). | | g 5
I I S5
23
8§
o
_ Phase 1 Phase 2 Phase 3 _ g
Material Input Basic Process Basic Process Basic Process Material Output S
1 = (Pre-processing) —) (Processing) — (Post-processing) = 2
=
Preparation Shaping Finishing
(Secondary basic Basic process (Secondary basic
process) process) 3




1.1 Morphological manufacturing process

1.2 Material flow system |

Material Flow

*Flow/mixing process.
2. Thermal type, which covers:

*Heating. uipment

*Cooling. - £

-Melting. Y % S
&

| |
[ ] I I
Basic process ?? | . |
I sete Basic || Type of I
: of materiall | Process process :
> Categories of basic process: | Solid _|[Mechanical [ Mass- ||
l consernving l <
) ] | | Thermal ‘ # | =
1. Mechanical type, which covers: I Mass- || S
. . . f d i ~~
«Plastic/elastic deformation. : Chemical | LTEEERS : g
*Fracture (brittle or ductile type). : Joining :
| |
| |
1 1
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«Solidification.
*Evaporation.

3. Chemical, which covers;
«Solution/dissolution.
Combustion.

*Hardening.
*Phase transformation, diffusion.
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Material Flow

1.1 Morphological manufacturing process

| |
| |
| |
I state Basic || Type« I
o ype of
1.2 Materlal ﬂOW SyStem : of materiall | Process process :
Basic process ?? |[_Solia_| [Mechanical [ Mass- ||
| conserving |
| Thermal ‘ # I
I Mass- ||
» |llustrated examples: : Chemical | LIES/ENG :
\[Gaseous Iy -
. Ll i
S~
1. Morphological model for hot forging processes ( for example hot rolling process): o
9
The basic processes involved are; Heating and Mechanical basic processes and g <
shown 1n the following block diagram: %ﬂ 9
gs
S
S
>
—i
Material Phase 1 Phase 2 Phase 3 Material 3
Input(M;) Thermal basic Mechanical basic Thermal basic Output(M,) rsou'
——— Process process Process > ©
(Heating process) (Plastic (Heating process)
deformation) Mass conserving
. process
Preparation . Heat treatment ( 10 J
(Change in Sl.lapmg (Change in Mi = Mo
properties) Basic process properties)




Material Flow

1.1 Morphological manufacturing process

1.2 Material flow system ot mteriall | Prass || simmooy
conserving

| Thermal ‘ &

Mass-
Chemical reducing

» |llustrated examples:

Joinin
Gaseous g

I
I
|
I
|
Basic process ?? :\ Solid | [Mechanicall [ Wiass-
I
I
|
I
I
|
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2. Morphological model for sand casing process:
The basic processes involved are:
e Heating (thermal basic process); which covers melting the metal,
e Shaping or metal flow (mechanical basic process): covers pouring molten metal
i mold cavity.
e C(leaning (mechanical basic process); cleaning and checking final dimensions.

N
o)
~N
=
1
]
°
o
>

%]
(%]
]
O
o
—
[a 18
=
oo
L=
o
G
o
—
o
=
i
—_
(]
+—
Q
©
S
O

Material Input Material Output
(M) Phase 1 Phase 2 Phase 3 (M,)
Thermal basic Mechanical basic Thermal basic
——— = Process —) process m— Process >
(Heating process) (flow) (Solidification)
(Liquid state) (Liquid state) (Solid state) Mass conserving
Preparation _ Solidification, process ( 11 J
(Melting metal) Shaping Cleaning, check -
Basic process dimensions,..etc Mi=Mo
(Post-processing)




1.1 Morphological manufacturing process

| ‘ Energy Flow |
1.3 Energy flow system | " - |
Energy supply in tool/die Energy characteristics in I
| ‘ systems | equipgent | I
| Transfer Energy Energy Type of |
| media supply characteristic energy |
| L thouch J =T
E1: energy supply tothe matenal from the tool/die. |[ Rigd | ¥ Acive | Work ||[Mechanical |l
. . I .
E2: energy supply from the equipment to the tool/die. | [ movements || restncted ]| |
- . . |
E3: energy source utilized in the equipment. I | { i f | P
. - : - - Elastic | | ["pressure |/ Motion | Ejectricar 1 <
I1: Information flow/impression from tool/die to material. | || differences [1l| resticted |! I =
|2 kinematics movements from equipment to tool/die. l | i | ! | O J
Plastic | [Mass forces | || [ Pressure || Sl
| (l ; I Thermal ||
& ! ___;i____JI restricted | | |
L= ———1 n ~
_______ iy il 9
I Granuiar | | HReat I Clot_ed | | o
' duction |} | ' - o=
| | con | system(oven) || Chemical |
S S T, | | =R
Liquid | |[ Heat II Optn ! | ign S
: radiation : llsystem(torch) : <
# | } | !_ ______ —1 -
| I . o
Gaseous I Heat HS Flow irstem 1 E
|| convection || : —
T f | g
| | - II I o
None I Cor?ltal!.natlon Il Bath systems l o
|| ofthese || O
]
_ I:;____J'1 _______ 1. Mechanical basic proce
Unspecified [~ |Flow,chemical | 2. Thermal basic processes _
I | 3. Chemical basic processes




1.1 Morphological manufacturing process

| Energy Flow

1.3 Energy flow system | ESvNE \

|
| Energy SsuypsFtJIF i; tool/die : : Energye-:;hj;ract:nristics in I I
. . ‘h———,—ﬂé"h——- \———,-‘I_“l——__’ I
>To carry out the basic process required, | TanZer Energy Energy Typeor ||
. . | media supply characteristic energy
the provided energy must be transmitted | C_ﬂ[ﬂ_ugh__ﬁ _________ :
. . . . Rigid 1y i (] | i
to the work material via different media. : i  hetwe ﬁ;) ok | Mechanical )
. |
» This covers two sub-systems: energy P e T T | .
. . | Elastic | [ Pressure || I[ Motion |1 Electrical | Q
supply in tool/die systems and energy | | differinces il restrlcted i |
° ° ° | I | (e)]
equipment characteristics | Prastc | [Mass forces i: Pressure | | o : g o
I 1L li| restricted || o v
| e I il - | R
|| Granular | Heat 1@ Closed || |
| ; | ‘I’“drc“““ :i systemioven)] |~ Chemical || 'go'g
| | | ! | B
lquid | |[ Heat || i Optn | ' 5
: radiation : :@E&@ulﬂﬂfﬂh) : S
I [ —— p—— —| o9
P i
Gaseous i Heat |<EF|DW j}.{stem _‘ EJ,
|| convection H : o
. I — €
None : Combination H Bath systems I
i| ofthese |: :
sl S
flla'____"f_ _______ Mechanical basic process
UnspecifiEd‘l Flow.chemical I Thermal basic processes _
| | Chemical basic processes
|
|




1.1 Morphological manufacturing process

| Energy Flow

1.3 Energy flow system | ESvNE \

Energy supply in toolidie | | I Energy charactenistics in

systems [ | equipment I
‘h---"én;-—:-‘ \---_7}-\——--’

I
| |
) . . : - I
>In tool/die systems it describes how | anter | [ treroy Eneray Tpeor |
. . . | media supply characteristic energy
energy is supplied to material and to the | C_t_hgo_ugh__ﬂ _________ :
. . . Rigid 1y ; I(1 | ;
transfer media used in manufacturing : P M movements IO:D restotes i vechameal |
! I i ! | <
process. . ; : Elastic i F’resture Ii Mot*ion : Erleciical |l §
»The equipment system describes the | || differences ||} restricted || i S
e L. . 1 I =
characteristics of the energy supplied Tt _t i1 | .
) | : i Pressure || Thermal || 2 o
from the equipment and type of energy et | IR
I St | =
. : Granular Heat || Closed || | ai=
used in manufacturing processes. : i cona il Dven}i el 2
Y | | K { | B 2=
Liquid | Heat | : Open | I g—
: radiation : :mj@m{torch) : S
| [ —— p—— — | ..
P —
Gaseous i Heat |(EF|DW j}.{stem _‘ EJ,
|| convection H : =
| I <
S R T -
None I|{Combination || Bath systems| |
Il ofthese :: |
Ry np—— ] S— ——]
———————— - echanical basic process
l,lnsmer:iﬁed(i37 Flow chemical] | e Er;e%_m tl,z's?;proﬁ sssss . [ 14 J
| gmical DasIC processe:

|
| [Flow glecirochemical
| |




1.1 Morphological manufacturing process

Energy Flow

1.3 Energy flow system
Energy flow for mechanical basic

4 ENN EEN EEN BN I .- --------\

Energy supply in tool/die | I I Energy charactenistics in I

systems 1 | equipment
'h---"é“;-—{-- \---_7}—\——--’

|
| |
. n |
| Transfer Energy Energy Typeof ||
prOCESS | media supply characteristic energy
Primary basic process are: plastic and/or ! o |
Y P Y | Rigid (1:1\/ Active :@) Work : Mechanical ||
. . . . | ;
elastic deformations, brittle or ductile | [ movements [1}] resticted ]| |
f d fl | o { | { | | -
Fa CtU re, an ow | Elastic I Pressure I: Moation ' Electrical | Q
Methods of energy supply, see Fig. 1.5: | | | differences I || restricted I I =
| | | S~
| o
Relative motions between a transfer medium and the work material. | ™ Piastic : * I I * : I
* Pressure differences across the work material. | : Mass forces | I Prets_sc'i"g I Thermal || 8 N
¢ Mass forces generated in the work material. | R ——1 Lresteted || | § o
p——1 T ————f—— = =
|| Granular T Heat | @ Closed i | e
| i | =
| | conduction |1 }jsystem(oven) I["Chemical || N
|1' | { I | B °=
Louid | [~ Heat |1 Open || W o
iati | o
m : radiation I :@E&@ulﬂﬂfﬂh) : S
| ap—R—— a0
' lf___i___j .
Gaseous : Heat \F[Flow system || 9
i| convection || : =
I |: I 6
ik None : Combination H Bath systems| |
i| ofthese | l
L ]
_ ls_____"f_ ______ = 1. Mechanical basic process
; L Unspecified [~ |Flow,chemical I 2. Thermal basic processes. 15
L_ e T I | 3. Chemical basic processes
Fillina Magnatic fieid Inertia farces - : |F|ow @ngm;ngmm| :
| I




1.1 Morphological manufacturing process

Energy Flow

e N B N N N ] 3 K 8 K B 0 § |

1.3 Energy flow system
Energy flow for mechanical basic

Energy supply in toolidie | | I Energy charactenistics in

y |

systems [ | equipment I I
‘h---"én;-—:-‘ AT L -£~$
|

/

y :i I

Elecftrical energy sources:

Transfer Energy Energy |f| Type of
prOCESS media supply characteristic : energy 1
through
_______ - ____1
. Rigid @ Active '@) Work  |j/[ Mechanical I
. |
Mechanical enerqy sources.: || movements I: restricied 1
| n
| I 1
these). et { :I I 1 | ?";
-Potential energy (Gravity — Elastic). i dﬁ;:f;#ézs }| re"’;ﬁ‘iggd ‘:I Electrical |: &
. . . . . | I I —
*Pressure in a medium (Kinetic energy in molecules).Vacuum. | l " >
I |
| I|
| [l
| 1l

I
I
|
I
|
|
I
*Mechanical energy (Translation — Rotation — Combinations of : 7
I
I
I
I
|
I
I
!

. Plastic -
-Discharge between two electrodes. Mass forces E’;ﬁgg I Thermal It 2 o
*Electromagnetic fields. i ———l': H o
*Magnetostrictive effects. (Change in dimensions of metals due Granular | | Heat | E Il =
e | i | Lo
to magnetic field). _ . | | conduction | | ébtilﬁmim‘e“):l Chemical ||; IS
*Piezoelectric effects. (Discharge generation of some crystals I, I I | \ 4 o=
under compression or tension load). Liquid ! Heat } ™ Open I ) ‘é
Chemical enerqy sources: | radiation :}mm,m) | §
Here chemical energy is used and converted to mechanical | IL___ —— | o
. . | [ I <
energy by different ways, like Gaseous | | Heal II- Flow sysiem ¥ g
*Combustion. i| convection |: : =
«Combustion and pressure increased which result in motion * | 1 | S
(e.g. internal combustion engine). I L I |
. . . . MNone I|{Combination || Bath systems| |
*Explosive. (Explosive forming process, welding, and | ofthese | |i |
compaction). —__ | !
Thermal enerqy sources: I[_____"_ ______ _‘ 1.  Mechanical basic process { 16 J
; Unspecified Flow i 2. Thermal basic processes.
Here the tI_\_e-r.maI energy used to geperate mechgnlcal energy | «chemical | 5. Chemical basic procasses
through utilizing the thermal expansion of material to provide ,|F|Dw - ||
gleciiochemical |
I

relative motions or pressure in working media. }




1.1 Morphological manufacturing process

Energy Flow

1.3 Energy flow system

4S5 EIN EIN BN SN B . - --------‘

| I
° - : Energy supply in toolidie | | I Energy characteristics in I I
Energy flow in thermal basic Lt s )
| Transfer Energy Energy Type of |
processes | media taupply.lfjl characteristic energy |
. . . . | Lroudh |
»Heating energy is used as primary basic |[ Rigd il Acive |l Work | |[Mechanical |
thermal process. Melting or evaporation is | * | f"“"e;“e“‘s :l 'ES“J’C‘Ed | :
I S i | s
used to generate heat energy. [ st | [ Praseue i —wotor - Eaar | IE
| || differences | | || restricted || | >
. . . | ~
» The electric, mechanical, or chemical energy [ | ] Ii ] i | o
. . astc |
used is converted into heat energy to be | [ MassTorces [ 1| Pressure |1l Themal || R
. . . T T T WeY/e—— g o N
utilized in the selected manufacturing process. | T iatenis ity IR - | g
| Granular Heat |7 Closed || | a -
| i conduction :}ml@mioven)i Chemical || [T
1 {' | # B | | >
Doud | [ Fear |1 Optn | ¥ S
: radiation :lw@tgu:utorch) : §
| ..
| it et N
Gaseous | | Heat B Flow system || Q
i| convection | I ' =
| I : <
t (I .
None I |Combination |: Bath Systems I
| |
i| ofthese | :
" 1
I3 —— = 1. Mechanical basic process
Unspecified [~ |Flow,chemical I 2. Thermal basic processes. 17
I | 3 Chemical basic processes
:|Flow@mmmemm1|i




1.1 Morphological manufacturing process

Energy Flow

e N B N N N ] 3 K 8 K B 0 § |

1.3 Energy flow system

I
I . ——— ! c=——==y |
° . | Energy supply in toolidie | | Energy characteristics in I I
Energy flow in thermal basic e eV
Transfer Energy Energy Type of |
processes | media supply characteristic energy
| through |
— T T —|
. | Rigid I Active T Work || Mechanical
Heat tra_nSfer' o ) | 'l movements II restricted || |
Conduction, radiation, convection and mass transfer carry 7 : |: ! |
out heat transfer in these processes. | Elashic : 5 + :I ¥ r | | ?";
; . ressure | oton | i
Heatll?g sources. . | : dittorne || l oaon I Electrical | S
*Heating source based on electric enerqy: | | }| | >
1.Electrical conduction (resistance). | ™ Pasic | v t H 5 f ! |
. | dss 10rces ressure
2 Induction. | 0 0 T resnctea |i Tremer || NS
3.Dielectric loss. | e e N s
4.Arcing (discharge between electrodes). || Granular |' Heat WD Closed |1 |
5.Sparking. | || conduction =!| system(oven) I Chemical || '§n§
6.Electronic beams. , | } | ii! | B <3
1 1 | <
7 Lasers. Liguid |pi[ Heat  |MI Open : y o
Heat source based on chemical enerqy I radiation :: systemtorch)| | §
1.Combust|9ns. . _ _ :: | == ____..J 5
2.Exothermic chemical reactions (e.g. Fe;O, reaction Gaseous J|![ Heat |Ilr; Flow system Y g
with AL plus helium or argon gas to generate arc- ‘|} convection [hi | o
plasma torches). * 1! :H | 5
*Heat source based on mechanical enerqy I L B * |
1 Heat " by fricti Frict Idi None [l I{Combination II' Bath systems] |
.Hea ;;enera ion by friction (e.g. friction welding 1!| ofthese i |
process). e e 2 | I ]
2.Heat generation by internal hysteresis losses (e.g. {3—————"‘— —————— T 1. Mechanical basic process ( 18 J
- i i i ; Unspecified Flow 2. Thermal basic processes.
ultra-sonic welding process of plastic materials). | «chemical 3 Chemical basic procssses

*Heat source based on thermal enerqy

"




1.1 Morphological manufacturing process

diffusion is important process in )

None

|
|
il * Il
Combination } Bath systems| I
of these |
|

which heat treatment of metals are
Used In IndUStrIeS- ____i:::_:-___'\ 1.--M-echanicalbasicprocess
Unspecifiedl Flow chemical I5 Thermal basic processes.

1.3 Energy flow system JR— i LU R |
. . | Energy supply in toolidie | | I Energy characteristics in ‘l I
Energy flow for chemical basic oo o Cmme )
| Transfer Energy Energy Type of |
prOCESSES I media taupply.lfjl characteristic energy |
rouq
. . . | Rigid Il___A_ct_iv;___ill___U_VD_rE___l Mechanical I
This  covers chemical basic | movements | restices | |
. . . . | |
processes like solution/dissolution, | E,atﬁc i I | N
e . . | || Pressure | Motion | 1™ Electrical | 8
deposition, diffusion, phase | | d'ffE'T“CES I 'ES"Fed | |
. | | | @
tranSformat|On- : Plastic i Mass forces ii Pressure l Thermal : 9~
Lom—gq==—=l restricted || g &
. . . . | Granular P__;;a_t__—l I__ETD'itE_d___i | £ f
»Chemical _solutlon (dlssoll_Jtlo_n), : | conducion | siemiove e | IR
eg. etching and polishing 1 I I | N
en o
processes of metals. | radiaton | systemoren)| | g
| I“T_-:-:i-:-:;—J <
»Phase transformation and Gaseous | e on IFrFow system " g
| i 5
|
|
|
|

[10])

Chemical basic processes




1.1 Morphological manufacturing process

1.4 Information flow system

Information Flow

/\

The creation of the desired geometry takes

|
|
|
place for a given basic process by the : Surface |[[ Pattem of movement J
interaction between the medium of transfer |27\ Material | toolidie
together with the contour of the desired || Total none none
. | forming
geometry G and the pattern of motions for A —7 i ! s
the medium of transfer (G, ..., G) and the || 1D | Translation) |Transiation g
work material (A). = 7 i &
| 2-D Rotation Rotation 2 o
1 Requirements to the medium | formlng 8 m
I {::zx:;osz;xp‘ﬂ of transfer from: | - 69_ _|
f:E:%E:E?EE:%n and | Free Combination || Combination '§n§
e e, [ || forming of both of both S =
utilization) ;::i::“:‘::k::":;::i“:; ' =
lqul.rcmnlnr.s tIa the . EEEEZ‘E%giE:E]EEEE;i:QM §
edium of transfer bl 4
g
Q.
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1.1 Morphological manufacturing process

1.4 Information flow system

Surface creation carried out by the four
methods, is given as follows:

*Free forming: Here the medium of transfer does
not contain the desired geometry (i.e. the
surface/geometry is generated by stress fields, like
torsion process).

*Two-dimension forming: Here the medium of
transfer contains a point or a surface element of the
desired geometry (two relative motions are required
to generate the surface, e.g. turning process).
*One-dimension forming: Here the medium of
transfer contains a producer or equipment (a line or
surface area along the line) required to create the
product or required surface. This requires one
relative motion to generate the required surface
(strip rolling process is one dimension forming
which is mainly forming along the rolling direction).
Total forming: Here the medium of transfer
contains the whole surface of the desired geometry.
No relative motion is required in this case, like
forging process.

Information Flow

/\

Surface Pattern of movement
creation Material | tooldie
|| Total none none
| forming
1 & +
| 1-D Translation| |Translation
| forming
fl! + )
2-D Rotation Rotation
| forming
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| Free Combination||Combination
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End Of Chapter 1:
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