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Chapter | — The genesis of the theme and the objectives of the
thesis

1.1. The genesis of the theme

The present doctoral thesis has as its theme - Innovative studies and research on the kinematics of
cylindrical surface generation - one of those proposed by the scientific supervisor, consistent with the
developments and discoveries in the field of processing technologies with a rapid rise in recent
decades.

1.2. The objectives of the thesis

In accordance with ... the very title of the work, the main scientific objective of this doctoral thesis is
the detailed analysis and expansion of the possibilities for processing external cylindrical

surfaces, through innovation-invention.

Two directions of action are estimated for which success was foreseen even from the preliminary
analysis phase of the thesis:

1) - revealing (by at least one example) the multitude of possibilities for machining external

cylindrical surfaces characterized by straight directrix and circle generatrix, and

2) - detailed study of the machining of (external) cylindrical surfaces by turning with a lathe

tool with an inclined tangential cutting edge.

The thesis will include an introductory chapter, a table of contents, a bibliography and, possibly, a
number of annexes.
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Chapter Il — Brief history of the evolution of manufacturing
processes

People began to make pieces by carving, that is, by removing material.

A second way of making pieces that has emerged and developed over time is through the redistribution
of a material.

The third method, used since ancient human history, is by adding material. Adding material can be
combined with redistributing material; ....

“The concept of machine tool directly refers to and is based on two ... essential concepts, which refer
to goods without which the modern world cannot be imagined: machine and tool". A machine tool
generates surfaces by machining a semi-finished product with the help of a tool, thus obtaining a part.
Surface generation involves relative desmodromic movements between the part and the tool, at least
one of which is moving. The part is characterized by a certain geometry, therefore by one or more
surfaces that define it, by the precision and quality of these surfaces and by the material used.

Machine tools can perform machining by cutting, plastic deformation or using "unconventional”
processes.

The definitions of the concept of machine tool given over time reflect the historical moment and the
development of knowledge in the field. ... the pertinent definitions highlight, explicitly or implicitly, that
amachine tool uses appropriate tools to modify, during a machining process, the shape and dimensions
of bodies (solid, metallic or non-metallic).

Whatever the definition (and regardless of it), it is obvious that the role of a machine tool is to achieve
one or more new surfaces on the desired piece (as a result of changing the shape and dimensions of a
semi-finished product), through a machining process and using appropriate tools.
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Chapter Il - About generating surfaces on machine tools

3.1. The concept of surface

The notion of surface is of great importance in relation to the shape of a part. Most often a part is
characterized by several surfaces, two by two immediately adjacent and in continuity. In many technical
bodies, an edge is often identified at the boundary between such two adjacent surfaces.

3.2. On the theoretical generation of surfaces

Using machine tools, real surfaces are generated, but designing or choosing a machine tool capable of
generating the desired surface involves developing a virtual image of the respective process, therefore
a theoretical generation of the respective surface. As a result, the study of the theoretical generation
of surfaces precedes and is reflected in their practical generation.

For the present thesis, the priority is the theoretical generation of surfaces, this being the basis for the
innovative study of the kinematics of machine tools capable of generating cylindrical surfaces.

Within the theory, the notions of directrix (curve) and generatrix (curve) are of particular importance.

3.3. Directrix and generatrix: forms and classifications
A "unitary surface" of a body can be called a surface characterized by a single generatrix & directrix pair.

Using the criterion of the mode of generation, a contemporary point of view proposes the

consideration of six types of generatrix and directrix curves, .... In this sense, both the directrix (D) and
the generatrix (G) can be: (M; m) materialized; (Co; co) generated by copying; (Citp; citp) generated
kinematically as a trajectory of a point; (Cifc; cifc) generated kinematically as an envelope of a family of
curves; (R; r) generated (kinematically) by rolling; (P; p) programmed.

Table 3.1. Possible combinations of surface generation,
depending on the generation modes of the directrix and generatrix curves

Directrix

M Co Ciep Citc R P

m M&m Co&m Cip&m Cise&m R&m P&m

x co M&co Co&co Cip&co Cir&co R&co P&co
*@ Citp M&Cip Co&cip | Cip&Cip | Cire&Cirp R&citp P&citp
% Citc M&cit Co&citc Cip&cire | Circ&Cie R&cif P&cir
Oy M&r Co&r Cip& | Cir&r R&r P&r
p M&p Co&p Cip&p Cir&p R&p P&p

The meanings in the previous table are sufficiently explicit: for example, by Cip&m we will understand
D(Ciy)&G(m), that is, a way of generating a surface in which the directrix D is obtained kinematically as
the trajectory of a point (Ci), and the generatrix G is materialized (m) on the tool, usually as the profile
of the cutting edge of its active part.



Innovative studies and research regarding the kinematics of generating cylindrical surfaces
Doctoral thesis - Abstract, Transilvania University of Brasov

Chapter IV — Analysis of machining processes and machine tools
intended for generating cylindrical surfaces

In this doctoral thesis, "Studies and innovative research on the kinematics of generating cylindrical
surfaces", the analysis of machining processes and associated machine tools addresses exclusively
those intended for the processing of cylindrical surfaces, characterized by straight directrix and circle
generatrix.

4.2. Machining processes and machine tools that generate (also) cylindrical
surfaces (with straight directrix and circle generatrix)

It is necessary to explore the various known processes for generating cylindrical surfaces, regardless
of whether these processes are conventional or unconventional and regardless of whether they
operate by removing material, adding material, or redistributing material.

4.2.1. Drilling and drilling machine tools
Table 4.1. Common ways to obtain directrix (D) when drilling
M Co Citp Citc R P

, circle; cylindrical propeller X x x x x

Table 4.2. Common ways to obtain generatrix (G) when drilling

m co Citp Cifc r

A circle; cylindrical propeller X straight x x X

5

In conclusion, since drilling cannot obtain straight lines and implicitly cannot generate a cylindrical
surface characterized simultaneously by straight directrix and circle generatrix, the drilling processing
process on drilling machines is not of interest for this doctoral thesis.

4.2.2. Turning and turning machine tools

Turning is one of the most widespread machining processes, with approximately 30% of all machining
operations being performed by turning.

Table 4.3. Common ways to obtain directrix (D) when turning

Curve shape M Co Ciyp Cig R P
Straight x , x X x ,
Circle A . . x x .
Another curve X s s X X ,

Note. The symbols used have the following meanings: x not possible; , typical case; E possible case, not very
productive, not recommended; A specific case of another process; x approximate curve



Innovative studies and research regarding the kinematics of generating cylindrical surfaces
Doctoral thesis - Abstract, Transilvania University of Brasov

Table 4.4. Common ways to obtain generatrix (G) when turning

Curve shape m co Citp Cifc r p
Straight . , , E . .
Circle , R s E , ,
Another curve , s x E s

Table 4.5. Common combinations for generating a surface on machine tools for turning,
having directrix straight and generatrix circle

Directrix straight

M Co Citp Citc R P

m X N X X X s

x co X s X x x R

5w Citp . , x . . ,

2 % ci x E X X X E
] fc

o r x R x x x ,

p x R x x x .

4.2.3. Milling and milling machine tools

Through milling, very diverse surfaces can be obtained, characterized by directrix curves of various
shapes and methods of obtaining.

Table 4.6. Common ways to obtain directrix (D) when milling

Curve shape M Co Ciyp Cigc R P
Straight x A x . A ’
Circle A A x . A .
Another curve x A x . A .

Table 4.7. Common ways to obtain generatrix (G) when milling

Curve shape m co Citp Cifc r p
Straight . A x . A .
Circle . A x . A .
Another curve . A x . A .

Table 4.8. Common combinations for generating a surface on machine tools for milling,
having directrix straight and generatrix circle

Directrix straight

M Co Cigp Circ R P

m x A x . A .

x co x A x . A ,
E % Cigp x >A< x x i( x
ST Cifc X A X s A s
o r X A X . A s
p x A x . A .
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Through milling, neither the directrix nor the generatrix can be obtained kinematically as the trajectory
of a point.

4.2.4. Grinding and grinding machine tools

Essentially, the machining schemes corresponding to grinding machines are similar to those
corresponding to milling machines.

4.2.5. Planing / slotting and planing / slotting machine tools

Through planing / slotting, a materialized directrix cannot be obtained, and the generatrix cannot be
obtained kinematically as the trajectory of a point.

Table 4.9. Common ways to obtain directrix (D) when planing / slotting

Curve shape M Co Ciyp Cigc R P
Straight x A s x x A
Circle x A A A X A
Another curve x A x x x A
Table 4.10. Common ways to obtain generatrix (G) when planing / slotting
Curve shape m co Citp Cifc r p
Straight . A x . A .
Circle . A x . A .
Another curve . A x . A .

Table 4.11. Common combinations for generating a surface on planing / slotting machine tools,
having directrix straight and generatrix circle

Directrix straight
M Co Citp Cigc R P

m x A s X X R
x co X A s X X s
g3 :
w < Citp X X X X x x
o o
g = B =
5 G CIfC X A 5 X X 5
= r x A s X X s

p x A s X X R

4.2.6. Broaching and broaching machine tools
In broaching, the tools used are broaches, some very specific, with exclusively materialized generatrix.

Table 4.12. Common ways to obtain directrix (D) when broaching

Curve shape M Co Cip Cigc R P
Straight x x . A x x
Circle x x x A x x
Another curve x x x x A x

10
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Table 4.13. Common ways to obtain generatrix (G) when broaching

Curve shape m co Clip Cigc r

Straight . x x x A x
Circle , x x x A x
Another curve . x x x A x

Table 4.14. Common combinations for generating a surface on broaching machine tools,
having directrix straight and generatrix circle

Directrix straight

M Co Ciyp Cigc R P

m X X . A X X

X co X X X X X X
S ;

O S Clip X X X X X X
v = .

5 o Clfc X X X X X X

o r X X A A X X

p X X X x x x

4.2.7. Sawing and sawing machines

When cutting with a saw, the directrix is a straight line obtained kinematically as the trajectory of a point, or
a materialized circle. The generatrix is a straight line, obtained kinematically as the trajectory of a point.

Table 4.15. Common ways to obtain directrix (D) when cutting with a saw

Curve shape M Co Ciyp Cigc R P
Straight X x s x x x
Circle A x X X x x
Another curve x x X X x x

Table 4.16. Common ways to obtain generatrix (G) when cutting with a saw

Curve shape m co Ciyp Cifc r p
Straight X x x x x
Circle x X X A x A
Another curve x X x X x x
Table 4.17. Common combinations for generating a surface on using saws,
having directrix straight and generatrix circle
Directrix straight
M Co Citp Cisc R P
m X X X X X X
x co X X X X X X
= :
T 2 Citp x x X x x x
o o
a = B ~
S ] Cifc x X A x x x
2 r X X X X X X
p X X A X X X

11
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4.2.8. Generation by chipping of the straight directrix and the circle

generatrix

Considering the above, the sets Mo-arw, Mb-arico) Mo-ar(citp) Mp-aricifo, Mp-ariry @nd Mp_arp) AN be expressed

(where, for example, Mo.4rw is understood as the set of processing processes (by chipping, in this case)

that allow obtaining surfaces with directrix (D) straight (dr) materialized (M), Mo-aco) is understood as

the set of processing processes that allow obtaining surfaces with directrix (D) straight (dr) resulting

from copying (Co), and so on):

O

O

H

n
[ 01 6 8HMMARD Q0 "QRCroxd 1 &EEii D Qa di Q
[ 01 0 & '@ edcEil ‘D QR v DRE'QQ o 600D | ad
Q1 QAN Qo "QIRFOEEXD 100
Q1 QAN OO QGBI Q
i 01 0 HMM AN QO Qi BREiT'®D Qd di Q

(4.1)
(4.2)
(4.3)
(4.4)
(4.5)

(4.6)

The sets Mg.cercim), Mo-cercicol Ma-cerc(citp) Mao-cercicite), Ma-cercr) @Nd Mecercip) reflecting machining processes that

allow obtaining surfaces with generatrix circle by any of the six modes considered (m, co, citp, cifc, r

and p) are:

o

0

H

H

H

i 01 6 HMMARID QO QN Toows | Bsii ‘D QRN 'Q
[ 01 6 &MMAAD QO QM Tooxs i HHEI D Qa di 'Q
i 01 0 NXTX BN QM i Ad

01 6 HMMARHN QO "QRYCoxE i ifEs il @ 'QREAEIQ 6 GO | thd

[ 01 0 8HMMRN OO QT &t D QftbdHdTD Q

[ 01 6 HMMAROD QO QRTINS ffEEil @ QBARIQ BHOR QA | thd

(4.7)
(4.8)

(4.9)

(4.10)

(4.11)

(4.12)

The 36 cases of possible combinations are explained by sets that are obtained as the intersection of two

sets of procedures that allow obtaining the directrix curve, on the one hand, and the generatrix curve, on

the other. The sets in question are:

o

O

H

H

Q

5 S m N
o " 0" n
5 " o M N
5 H o N
5 H o M N
o " ,i‘)H n

(4.13)
(4.14)
(4.15)
(4.16)
(4.17)

(4.18)
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(4.19)

(4.20)
(4.21)

(4.22)

(4.23)

(4.24)

(4.25)

(4.26)

(4.27)

(4.28)

(4.29)

(4.30)

(4.31)
(4.32)
(4.33)
(4.34)
(4.35)
(4.36)
(4.37)
(4.38)
(4.39)
(4.40)
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(4.42)

(4.43)
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(4.414)

(4.45)

(4.46)

(4.47)

(4.48)

Obviously, the sets described by the relations (4.13) ... (4.48) remain open to new analyses and

additions.
Table 4.18. Common combinations for generating a surface on chipping,
having directrix straight and generatrix circle
Directrix straight
M Co Cip Citc P
m x 5 5 5 5
_E co X 5 5 5 5
=T . %
E U cltp X 5 X 5
a = X
5 (=) c'fc X 5 5 5 >
u r x 5 5 5 5
p x 5 5 5 5

4.2.9. Plastic deformation and machine tools for plastic deformation

Plastic deformation machining represents a large and very diverse group of operations, in which

surface generation is achieved either by material removal or by material redistribution.
In various plastic deformation processing operations, the directrix can be:

- materialized — in operations such as die-cutting, stamping, embossing;
- obtained by copying — for example in pin or multipoint stamping;

- obtained kinematically as a trajectory of a point (straight — typical case in cutting / punching

operations);

- obtained kinematically as a envelope of a family of curves — for example in the Grob process of

machining grooves and cylindrical teeth with straight teeth;

- obtained kinematically by rolling — when rolling the teeth of cylindrical wheels with straight teeth;

- programmed (any plane curve) — for example, when deforming with pins, on CNC machines.

Considering the above, the sets Mo-grm), Mo-drico), Mo-ar(citpl Mo-dricite, Mo-arr) @nd Mp-arp) N be expressed:

b
o

o

1 'Q'Q0 Fiod N i@ QB Q0hI Q

DA OO O @i o O 6 & OO

Q'QGO6 FHIQD Q¢ d &b cTE) £180Q1 Q

(4.49)
(4.50)
(4.51)
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0 ONE QIBOKO 6 f i QUM ETLE "QQMA | @E | QD @EQC  (4.52)
0 QOE 66RO G @E OO IOIRE GAAL: QWAIEH RE "QQA  (4.53)
0 Q'QQE T @@ W) G FQESD 6 (4.54)
Table 4.19. Common ways to obtain directrix (D) when plastic deformation

Curve shape M Co Cip Cigc R P
Straight

Circle s s s ? s s
Another curve , R ? ? ? ,

Nota. The notation "?" represents an unknown method, reserve for innovation-invention

In turn, in plastic deformation processing, the generatrix can be:
- materialized (any plane curve) — in operations such as drilling / cutting, stamping, extrusion, die-
cutting, stamping, embossing, edging, rolling;
- obtained by copying. An example is rotary stamping;
- obtained kinematically as a trajectory of a point (any plane curve);
- obtained as a envelope of a family of curves (any plane curve) — for example when perforating /
cutting on nibbling machines with manual control of the semi-finished product;
- obtained kinematically by rolling (any plane curve obtained as unfolded, including a circle);
- programmed (any plane curve) — for example when punching / cutting on CNC machining centers.
The sets Ma-cercim), Ma-cercico) M-cercicitpr M-cercicifcry Me-cercr) @Nd Mg-cercp) are:

QGO T IQOL R 6 Qo B X | BAQ 0 106 BRiD @ B |

U | Q& QERRET abR 6 b TR0 B Q (4.55)
0 Wa o 0 RIEDI EAMQO | 61Q&00 EIPIBIAQI Q (4.56)
0 QuodbdiQe 0 @d QU (4.57)
0 QDO PHIQD "Qé i) '@ IFOETD £18Q0 (4.58)
0 QOE O 0H RO A GEDH O IOIRE MG QWAIERH NE QQA  (4.59)
0 QMO MEAT L i) DIQO IR Qa6 i EEEE Q (4.60)

Table 4.20. Common ways to obtain generatrix (G) when plastic deformation
Curve shape m co Citp Cifc r )
Straight . , R 5 . ,
Circle , , R . 5 ,
Another curve . 5 R s , 5

... deformation processing is often very specific and as a result not every combination of the ways of
obtaining the directrix and generatrix is feasible. The 36 cases of possible combinations are explained
by sets that are obtained as the intersection of two sets of procedures that allow obtaining the directtix
curve, on the one hand, and the generatrix curve, on the other hand:

0 .0 i 'Q7Q0 Hivd N I iQA QB QMhI Q (4.61)

v 0
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T o o QoE 000 BB GEWDHo ORE & (4.89)
T o i p (4.90)
0 0 0 n (4.91)
0 0 0 n (4.92)
TR i (6.93)
0 o 0 (4.94)
TR i i p (4.95)
TR i o p (4.96)

Given the large number of plastic deformation processing processes, the sets described by relations
(4.61) ... (4.96) remain open for further analysis and development. A synthetic representation of the
sets described by relations (4.61) ... (4.96) is given in Table 4.21.

Table 4.21. Common combinations for generating a surface on plastic deformation,
having directrix straight and generatrix circle

Directrix straight
M Co Citp Cisc P

m £ x £ > x
X co X X X X X
= -
w < Citp X x X x x
o o
g = .
c 'O Clfc X X s X X
m pa
o r X x X E R x

p x X s X X X

4.2.10. Unconventional machining processes and machine tools for

unconventional processes
It is worth mentioning ... that machines in the class under consideration generate parts using various
processes, by removing material (e.g. electrical or electrochemical erosion), by cutting (e.g. plasma,
laser or abrasive jet cutting), by redistributing material (e.g. plastic deformation by explosion or in an
electromagnetic field) or by adding material (by plastic injection or by rapid prototyping using 3D
printers).

Also by adding material, parts produced by plastic injection molding are obtained.

4.2.9.8. Diversity of directrices and generatrices curves in unconventional processing

In various machining operations using unconventional processes, the guide can be:
- materialized (any plane curve) — in operations such as erosion with a solid electrode, plastic
injection, or explosive or field stamping;
- obtained by copying (any plane curve);
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- obtained kinematically as a trajectory of a point (straight) — typical case in cutting operations (cutting
/ drilling) with laser, plasma or abrasive jet;

- obtained kinematically as a envelope of a family of curves (straight);

- obtained kinematically by rolling (any plane curve);

- programmed — for example, when obtaining bodies by 3D printing.
... the sets Mo.arm), Mo-arico) Mo-ar(citp)y Mo-arcitg, Mp-ariry @nd Mo-arp) Which specify the unconventional
processing procedures that allow obtaining a surface with straight directrix ... resulting from the six
obtaining modes considered (M, Co, Cit, Cix, R and P) are:

QAQOO T ¢ 'Aidd oMo ik MBNOORQOO I AdAQEMT QU
0 Q¢ MIPI (10 wLFm i’ﬂ&)@c‘):ﬁiﬁi QLM akt a@ QQ . (4.97)
DAGWOo o PainRa Qwoi € @ ®QE Q0 Qw

0 QAQOO I ¢ DA NOEIE QU (4.98)
; HOOHE 6 RADDGN & CRADDDOMBDAGE] T |, o
QO Qwoi ¢ A OMoEE QU
0 QA QOO 1 ¢ 'QiddEp@NOE @ QU (4.100)
0 QAQOO 1 £ DdOHEE QO (4.101)

VAR QEDBR DGO | ¢ @idd oo CHE KEE MU

U HOQ B EOBD 86 B 6 & QU (4102
Table 4.22. Common ways to obtain directrix (D) when unconventional processes

Curve shape M Co Ciip Citc R P

Straight . A . x A .

Circle . A x x A .

Another curve . A x x A .

In turn, the generatrix can be:

- materialized (any plane curve, including a circle);

- obtained by copying (any plane curve, including a circle) the profile of a stencil;

- obtained kinematically as a trajectory of a point (any plane curve) — such as in cutting with a laser,
plasma or abrasive water jet;

- obtained as an envelope of a family of curves (any plane curve);

- obtained kinematically by rolling (any plane curve obtained as unfolded, including a circle);

- programmed (any plane curve) — for example in wire, laser, plasma or abrasive water jet cutting, or
bodies obtained by 3D printing.

The sets Me-cercim), Me-cercicor Ma-cercicitph M-cercicifcs Ma-cerct @nd Me-cerpy Which specify the processing
procedures that allow obtaining a surface with generatrix circle resulting from the six obtaining modes
considered (m, co, Cit, Cit, r and p) are:

Qa Qwoi ¢ (dxcféoammc;uﬁ r@@NTmﬁxbi N GiMp QoQ
Wa W6 0 Bl CRTED £ PRDO O "FABINQA QOO T € & OQE
0 QAQOO T £ GO EE QU (4.104)

0 (4.103)
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AQQD @ G IERQL A a CAPAQQL IIDDAG OI W QU

0 EQORRQHO | AMAQQH QU (4.105)
0 QA'QMO 1 £ '@idd oo E T (4.106)
0 QAIQOO 1 £ DdOOEE QU (4.107)
5
AR O QWO I AMAIQMFETNL @ ©IMEQQWEA® o odNa (4.108)
BQQLENMID ARG Wi AEH | QEBNNQWO | £ @ids c'UHE EE QI
Table 4.23. Common ways to obtain generatrix (G) when unconventional processes
Curve shape m co Citp Cifc r p
Straight A x x
Circle . A . x x .
Another curve . A . x x .
0 o 0 .0
V¢ TR (D Oi MOAQQO T ¢ Didd o iEE ML (4.109)
OA WO O il AL AFOGRQA O PN Quoi &€
0 0 0 0 QAQuoi ¢ DR GCWOEE QO (4.110)
0 0 0 0 BQONRQMO 1 AMAQNH QU (4.111)
0 o 0 0 QAQOO 1 £ 'DdOUOEE QU (4.112)
0 0 0 0 QAa'QRol & Didk O EE QU (4.113)
b0 e (6116)
QA QWO i ¢ WARBOMOENE ME Qwoi ¢ ERQIN0 &
0 o 0 0 QAQRoi ¢ DR GCOEE QO (4.115)
0 o 0 0 QA'QOO T £ Did o COEE QL (4.116)
)] 0 0 0 n (4.117)
0 o 0 0 QAQOO I ¢ DAEGOEE Qi (4.118)
0 o 0 0 QAQOO1 ¢ D@OOEE QO (4.119)
0 o 0 0 QAQDOO T £ 'Qidh QQGE E QU (4.120)
0 o 0 0 QA'QOO T ¢ DidRCOEE QU (4.121)
0 o 0 0 QAa'QOO T £ 'DidR o COE E Qi (4.122)
v 0 o O (6123)
BOQWE OINMANQHE® & GAPAQQ L AADDADO DI GG QU
0 0 0
Q . e . 4,124
QA QwWoi &€ DdwfDOEES QU ( )
0 o 0 0 QaQOo I ¢ DR COEWE QU (4.125)
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0 0 o ) ) )
EQQw@ QW@ oiéI’MQQtﬁ)&)QbQ) RO®I @Y QU (4.126)
QaQwoi £ AR OEEE QO

o o B Q0G0 ¢ @ideaCHbE IE O (5.127)
o o B Q& QdHo 1 ¢ @il uCHbEIE Q (4.128)
° 0 D n (4.129)
¢ Qa0bol ¢ c:xcféoummm, QU (4.130)
o o B Qa QMo ¢ @il CHbEE QO (5131)
o o B Qa0Ho 1 ¢ iR aCHbEIE QO (5.132)
o o B Qa QMo ¢ Wil GENEER Q0 (4.133)
o o B Qa QGO ¢ WidROCHHEIE QO (4.134)
o o B p (6.135)
o o B Qa QMo ¢ Wil aCIbEE QO (4.136)
o o B QaQHo 1 ¢ E@AHEEE QO (4.137)
o o B Qa QMo ¢ DEAHENE QO (4.138)
o o o QaQHo 1 ¢ didaCIbEEE QO (4.139)
o 0 ) QAQDOOT £ DAROWEE QU (4.140)
0 0 ) n (4.141)
o o B Qa0dHo 1 ¢ @i uCbE IE QO (4142)
o o B Qa0HO1 ¢ DEBADEEE QO (4.143)
Q 0 r 0 . - -
Qa1 QETR 0O H & o EERIH Q6 a B E MU (6.164)
HQQ B EOBD &

Table 4.24. Common combinations for generating a surface on unconventional processes,
having directrix straight and generatrix circle

Directrix straight

M Co Citp Circ R P

m . E . E E E

x co E E E E E E
'§ % ci-tp x X . x X x
S o Circ E E E E E E
2 r E E E E E E
P , E , E E ,
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4.3. Conclusions

For any situation, the generation of a surface involves relative movements between the workpiece and
the tool used, movements that occur during the actual machining process and involve direct contact
between the tool and the workpiece, as well as some auxiliary movements, which are usually
performed outside the machining process and without direct contact between the tool and the
workpiece.

... any movement of a machine tool must be precisely defined in nature and characteristics and be the
result of a final executing element. The theory of typical kinematic chains is a modern development,
oriented towards the kinematic synthesis of machine tools, and favors an explicit and logical
connection between the theory of surface generation on machine tools and the kinematics of machine
tools as a whole.

The study conducted on the current state of knowledge of machine tools focuses on the analysis of
machine tools intended for the generation of cylindrical surfaces with straight directrix guides and circle
generatrix, taking into account the various known and currently used machining processes in practice.
The machining processes by cutting, various plastic deformation machining processes and various
unconventional machining processes are analyzed. For each process, the multitude of possibilities for
achieving the straight directrix and the circle generatrix are revealed.

... the sets of processes that allow the simultaneous obtaining of the straight directrix and the circle
generatrix are explained, taking into account the known ways of generating the two mentioned curves.
It is found that for each group of processing processes there are cases that do not allow the creation
of a cylindrical surface where the directrix is straight and the generatrix is a circle, because either only
the directrix, or only the generatrix, or both simultaneously cannot be obtained in the considered way.

At the overall level, without differentiation by processing groups, three empty sets are identified:
0 0 , 0 0 and 0 0 . Coincidentally, all of them have in common
the set of procedures for kinematic obtaining of the circle generatrix as a trajectory of a point.
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Chapter V - Innovative theoretical contributions regarding the
kinematics of machine tools intended for the processing of
cylindrical surfaces. Kinematic synthesis of machine tools

Kinematic synthesis is a decisive stage in the process of designing a new machine tool. The design
theme imposes the nature of the surface or surfaces that can be generated by the new machine, as
well as various specific technical and economic conditions. The nature of the surface required to be
created is equivalent to a certain combination between the directrix curve and the generatrix curve that
describe the respective surface. The analysis of known processing procedures provides relevant
information about the possibilities of generating the directrix and generatrix curves and implicitly
indicates which processing procedures can be adopted to satisfy the project theme. At the limit, the
analysis may indicate as possible, based on the current state of knowledge, a single processing
procedure or even not indicate any possibility of solving the imposed theme. In such cases, but not
only, an explicit innovation-invention effort is necessary.

The kinematic synthesis process starts with the design of machining schemes in accordance with the
various possible machining processes and the adoption of the most efficient one. It continues with the
logical design of the kinematic scheme using the theory of type kinematic chains, a theory that explicitly
links the theory of surface generation and the general theory of kinematic chains. The initial kinematic
scheme, without links between the kinematic chains, is developed successively until the detailed
kinematic scheme is obtained, indicating the necessary or useful links between the kinematic chains
and clearly indicating the component mechanisms in each kinematic chain, including their sequence.

5.1. Kinematic synthesis of machine tools intended for processing cylindrical
surfaces with straight directrix and circle generatrix

Specializing the general case... table 5.1 is obtained.

Table 5.1. Possible combinations for generating a cylindrical surface,
depending on the generation modes of the straight directrix and circle generatrix curves

Directrix straight
M Co Cigp Ciigc R P
m M&m Co&m Cigp&m Cige&m R&m P&m
x co M&co Co&co Cip&co Cis&co R&co P&co
‘r:a' L | dip M&Cigp Co&cCitp Cip&Citp | Cire&Cip R&citp P&cip
% S | i M&citc Co&citc Clip&Cifc Cir&Circ R&circ P&citc
2 r M&r Co&r Cip&r Cir&r R&r P&r
p M&p Co&p Cip&p Cir&p R&p P&p

5.1.1. Cases with materialized straight directrix

Regardless of the method of obtaining the directrix curve, at least one movement, the main one, is
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required to translate it onto the surface of the machined part. Often, one or more additional
movements, the generation feed, are also required. The main movement, as well as the generating
feed movements (if any) that participate in the description of the directrix curve, also express the need
for a relative movement between the tool used and the workpiece. One or more auxiliary movements
are also necessary for relative positioning between the tool and the workpiece.

A1. Generation with straight directrix and circle generatrix, both materialized (M&m case)

For the considered case, the set of possible processing procedures resulting from the synthesis of
known cases is highlighted by the union of the sets given by relations (4.13), (4.61) and (4.109), that is

v Q
o H o o
v 0 U 0 l.j 0 ) ) i
i Q00 D @ B0 OB T TEEL | jx Gi o eee BT
Qa QOO ¢ @i HCahE ik G &0 o Al Gose aft ¢ C
G a6 o 'S Gl O & Q& BIGE Q06 QG

Figure 5.1 shows a machining scheme suitable for the M&m case, which can be achieved both by plastic

deformation and by solid electrode electric discharge machining.
I

Fig. 5.1. Processing scheme corresponding to the M&m case

A2. Generation with materialized straight directrix and circle generatrix obtained by copying

(M&co case)

The set of possible machining processes resulting from the synthesis of known cases is reduced to

one, solid electrode electroerosion, the union of the sets described by relations (4.14), (4.62) and (4.110)
expressed by relation (5.2) explicitly reflecting this fact:
0 o
« H o o
0 o ~U o 0 0 (5.2)
QAaQwoi €A 00 HE QU

A3. Generation with materialized straight directrix and circle generatrix obtained kinematically as a

trajectory of a point (M&ciy, case)

According to the current state of the art, the set of possible processing procedures for this case is given
by the union of the sets expressed by relations (4.15), (4.63) and (4.111), i.e.
0 o
« o ©
0 0 ) 0 0 0 o (5.3)
QRO QWo I amiQn QU
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5.1.2. Cases with a straight directrix obtained by copying

In all cases where the directrix is obtained by copying, the presence of a template that materializes this
curve is necessary and, obviously, a kinematic copying chain that allows its transposition onto the piece
being processed.

B1. Generation with straight directrix obtained by copying and materialized circle generatrix (Co&m

CEISE)

The set of possible processing procedures for this case is given by the union of the sets expressed by
relations (4.19), (4.67) and (4.115), i.e.

0 o
o H o o
L R N SN (5.7)
[ 01 0 8IMMARONQ0 QP Qoxod Hoa 120 QI i Q
QAQwoi &€ @ MOEE QU
The case addressed is exemplified in figure 5.13 by a solid electrode electroerosion machining scheme.
A milling machining scheme (with a spherical milling tool), figure 5.15, or one by planing with a profiled

tool would be very similar.

Fig. 5.15. Milling processing scheme, corresponding to the Co&m case

B2. Generation with straight directrix and circle generatrix, both obtained by copying (Co&co case)

The set of possible processing procedures for this case is given by the union of the sets expressed by

"Puriciuc M.V.: Kinematic Structures for Surface Processing with Straight-Line Directrix and Circle Generatrix. RECENTeISSN
2065-4529, Vol. 23, is. 1(66), pp. 4-12, Brasov, 2022, https://doi.org/10.31926/RECENT.2022.66.004
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relations (4.20), (4.68) and (4.116), i.e.

0 o
« H “ “
0 4] 0

o O o (5.8)

i 01 0 dMMAIYNV QO QMR Qoo Hawd Q0 QI wi Q

QaQwoi ¢ @DdROEEE QU

The Co&co case is a classic one represented by the milling of complex spatial surfaces where both the
directrix and the generatrix are arbitrary kinematically obtained (i.e. without materialized directrix and

generatrix).

B3. Generation with straight directrix obtained by copying and circle generatrix obtained kinematically

as a trajectory of a point (Co&ciy, case)

The set of possible processing procedures for this case is given by the union of the sets expressed by

relations (4.21), (4.69) and (4.117), i.e.
0 o

« H o

0 o 0
i 01 60& QQI Q

0 0 0 (5.9)

The analysis of the current state of knowledge and practice in the field indicates a single machining
process compatible with the Co&ci,, case, turning. The case is suggestively represented by the
machining scheme in figure 5.23.

A principle kinematic diagram according to the processing diagram in figure 5.23 is presented in figure
5.24,

Fig. 5.23. Turning processing scheme appropriate to the Co&cis, case’

"Puriciuc M.V.: Kinematic Structures for Surface Processing with Straight-Line Directrix and Circle Generatrix. RECENTeISSN
2065-4529, Vol. 23, is. 1(66), pp. 4-12, Brasov, 2022, https://doi.org/10.31926/RECENT.2022.66.004
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Fig. 5.24. Principle kinematic diagram with connections corresponding to the Co&ciy, case

B4. Generation with straight directrix obtained by copying and circle generatrix obtained kinematically
as a envelope of a family of curves (Co&cit case)

The set of processing procedures identified at the current stage as possible for this case is given by the
union of the sets expressed by relations (4.22), (4.70) and (4.118), i.e.
0 o
« H o o
0 0 0
T . AU (5.10)
i 01 0 &IMMARON Q0 "QIPQoxcd God 100 QI i Q
Qo Qwoi ¢ @b oot QU

B5. Generation with straight directrix obtained by copying and circle generatrix obtained by rolling
(Co&r case)

The set of processing procedures identified at the current stage as possible for this case is given by the
union of the sets expressed by relations (4.23), (4.71) and (4.119), i.e.

O 0
« H o o
L TN ST S (5.11)
(01 0 8FIMMARONQ0 QPUBD IR 1T 0 QY i Q
QaQwoi ¢ AdocE et QU

B6. Generation with straight directrix obtained by copving and programmed circle generatrix (Co&p
case)

The set of processing procedures identified at the current stage as possible for this case is given by the
union of the sets expressed by relations (4.24), (4.72) and (4.120), i.e.
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Any machining pattern with circle generatrix obtained kinematically can be transformed into a

(5.12)

programmed machining pattern with circle generatrix.

5.1.3. Cases with a straight directrix obtained kinematically as a trajectory of a point

In all cases when the directrix is straight, obtained kinematically as the trajectory of a point, the main
movement must be of continuous translation at least for that part of the trajectory that corresponds
to the transposition of the directrix Dp onto the part.

C1. Generation with straight directrix obtained kinematically as a trajectory of a point and

materialized circle generatrix (Ci,,&m case)

The set of processing procedures identified at the current stage as possible for this case is given by the
union of the sets expressed by relations (4.25), (4.73) and (4.121), i.e.
0 0

o H o o

0 3] 4]

e e O L (5.3)

[ 01 0 &) '@k ehdnd I QAPoRODNQ W6 M@IAR Qe 1 a

O&Fd AdNQa Qo i ¢ ‘@Qid Mo KE QU

The broaching and punching processes can be considered representative for the Cip&m case.

C2. Generation with straight directrix obtained kinematically as a trajectory of a point and circle

generatrix obtained by copying (Ci,&co case)

The set of processing procedures identified at the current stage as possible for this case is given by the
union of the sets expressed by relations (4.26), (4.74) and (4.122),i.e.]
0 0
o o ©
O D O O O (5.14)
[ 01 0 & Qi cM)and I QiU e1aQI Q
Qo Qwoi ¢ DA oE et QU

This case can be exemplified by ... a process of processing a sheet by gnawing.

(3. Generation with straight directrix and circle generatrix, both obtained kinematically as trajectories

of a point (Ci,,&ci, case)

The set of processing procedures identified at the current stage as possible for this case is given by the
union of the sets expressed by relations (4.27), (4.75) and (4.123), i.e.
0 0
o« © o
0 0 ) 0 0 ) 0 0
i 01 0 §)0KID MAQM iBONEQQ W& GiNQi
BQQWEAE & GAPAQQ L MDD ADG i O & QU

(5.15)

" Puriciuc M.V. (2025): Kinematic Requirements for Machining Cylindrical Surfaces Characterized by Straight Directrix and Circle Generatrix.
RECENTeISSN 2065-4529, Vol. 26, is. 1(75), pp. 37-46, https://doi.org/10.31926/RECENT.2025.75.037
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The case addressed is exemplified by a chainsaw processing scheme, figure 5.35, original, unidentified
in the current state of knowledge and practice of surface generation’.

\LIII

Fig. 5.35. Chainsaw cutting processing scheme, corresponding to the Ci&ciy, case

The main movement | is of guided translation of the chain teeth, obtained by transforming the
rotational movement of the drive wheel of the wheel-chain mechanism. In this way, the straight
directrix curve Dp is obtained in a kinematic way as a trajectory of a point. The movement Il is of
continuous circular advance and determines the obtaining of the generatrix Gp also kinematically as a
trajectory of a point. Movements Ill, IV and V are auxiliary for relative positioning of the tool - workpiece,
including for adjusting the size of the radius of the generatrix Gp and the position of the axis of rotation
of movement Il relative to the workpiece. Movement Il also has the role of a penetration feed
movement, necessary for removing a new layer of material.

A principle kinematic diagram without links suitable for the described Cip&ciy, processing case is
presented in figure 5.36.

LoVl G MT
. . I EI
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O [ [ 71O
nM3 C3 ﬁ)ﬁ 1\/lTlll E]]]
°— Iy Ics |[> >
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e
o Iy
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vV E
Rmi“ﬁ/t% f("54l>—bv

Fig. 5.36. Principle kinematic diagram without connections corresponding to the Cip&ciy, case

C4. Generation with straight directrix obtained kinematically as a trajectory of a point and circle

generatrix obtained kinematically as a envelope of a family of curves (Ci,&cis case)

" Puriciuc M. (2025): Kinematic Requirements for Machining Cylindrical Surfaces Characterized by Straight Directrix and Circle Generatrix.
RECENTeISSN 2065-4529, Vol. 26, is. 1(75), pp. 37-46, https://doi.org/10.31926/RECENT.2025.75.037
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The set of processing procedures identified at the current stage as possible for this case is given by the
union of the sets expressed by relations (4.28), (4.76) and (4.124), i.e.
v Q
o, 0 0 0 o
i 01 0 NITOH QBEE 100 QG HIR FEQQ th 600D 1 ko N (5.16)
QQwo MRIQD Qe 1 '@ iFREAW £18UP
QaQwoi ¢ @idR0EEE QU

The present case is exemplified by a slotting processing scheme, figure 5.37, sometimes encountered
in industrial practice’.

I
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Fig. 5.37. Slotting processing scheme corresponding to the Cip&cir case

Obviously, the tool generatrix does not necessarily have to be an arc, as shown in figure 5.37. From a
cost perspective, the tool generatrix Gs is preferable to be straight, which determines the generation
of the part profile Gp by tangents. In general, Gs can be any convex curve.

C5. Generation with straight directrix obtained kinematically as a trajectory of a point and circle

generatrix obtained by rolling (Ci.,&r case)

The set of processing procedures identified at the current stage as possible for this case is given by the
union of the sets expressed by relations (4.29), (4.77) and (4.125), i.e.

v Q
« H o o
0 0 0

e e s © (5.17)
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The Cip&r case is well-known and relatively common in industrial practice, a relevant example being
the machining of straight cylindrical teeth with arc generatrix or chain wheels with a slotting tool-
wheel. A schematic representation of the machining process and an image of the tool-part assembly

are presented in figure 5.407%

The diagram has all the characteristics corresponding to a slotting machine with a cylindrical toothed
tool-wheel, such as the MD 250 machine. It does not represent a "technological" movement, of
discrete translation and small amplitude, of approach-removal between the tool and the part in order
to avoid friction between the tool and the part during the tool idle time.

" Puriciuc M. (2025): Kinematic Requirements for Machining Cylindrical Surfaces Characterized by Straight Directrix and Circle Generatrix.
RECENTeISSN 2065-4529, Vol. 26, is. 1(75), pp. 37-46, https://doi.org/10.31926/RECENT.2025.75.037
2idem
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Fig. 5.40. Processing scheme corresponding to the Ci,&r case and practical example

(6. Generation with straight directrix obtained kinematically as a trajectory of a point and

programmed circle generatrix (Ci,,&p case)

The set of processing procedures identified at the current stage as possible for this case is given by the
union of the sets expressed by relations (4.30), (4.78) and (4.126), i.e.”
0 0
« H o «
0 o 0 0 ) 0 o
[ 01 014 ‘AKX ED)AE Q0 'QI’(]{bdbﬁﬁ)‘Ql’ﬁﬁ"Q'Q;d) 004D ickdN (5.18)
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5.1.4. Cases with a straight directrix obtained kinematically as a envelope of a family of
curves
It is specified that most often the kinematically obtained guide curve as a winding corresponds to

milling processing, rarely otherwise, review relations (4.4), (4.52) and (4.100).

D1. Generation with straight directrix obtained kinematically as a envelope of a family of curves and

materialized circle generatrix (Cir.&m case)

The set of processing procedures identified at the current stage as possible for this case is given by the
union of the sets expressed by relations (4.31), (4.79) and (4.127), i.e.
0 0
o7, 0 ° 0 o
Q1 QAR &R I M1 € Q@A CPEE ¢ O Fpo (5.19)
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The Ci&m case is exemplified by the processing scheme ... of milling a rectilinear channel (oriented in
the longitudinal direction) with a profile (generatrix) in a circular arc.

D2. Generation with straight directrix obtained kinematically as a envelope of a family of curves and

circle generatrix obtained by copying (Cis.&co case)

" Puriciuc M. (2025): Kinematic Requirements for Machining Cylindrical Surfaces Characterized by Straight Directrix and Circle Generatrix.
RECENTeISSN 2065-4529, Vol. 26, is. 1(75), pp. 37-46, https://doi.org/10.31926/RECENT.2025.75.037
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The set of processing procedures identified at the current stage as possible for this case results as a
union of the sets expressed by relations (4.32), (4.80) and (4.128), i.e.
0 0
« H o o
0 o 0 o 0 0 (5.20)
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D3. Generation with straight directrix obtained kinematically as a envelope of a family of curves and

circle generatrix obtained kinematically as a trajectory of a point (Ciz&ci, case)

Relations (4.33), (4.81) and (4.129) indicate that none of the processing procedures known and applied
at the current stage corresponds to the Cis&cit, case, i.e.
0 0
5 H o o (5.21)
0 0 0 0 0 0 n

This result ... urges the researcher to seek and/or design new processing schemes or even, why not,
new processing procedures. It is in fact an invitation to innovation and invention.

D4. Generation with straight directrix and circle generatrix, both obtained kinematically as envelopes

of families of curves (Cis&ci¢ case)

The set of processing procedures identified at the current stage as possible for this case results as a
union of the sets expressed by relations (4.34), (4.82) and (4.130), i.e.
0 0
o o ©
L 0 L 0 L 0 (522)
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An example of a processing scheme that corresponds to the analyzed case is presented in figure 5.48.

Fig. 5.48. Processing scheme corresponding to the Cix&cir case

Tool S is a cylindrical milling cutter with straight materialized generatrix Gs. The tool is placed
tangentially to the workpiece surface and executes the main rotational movement I. To obtain the
directrix Dp, movement I, the vertical generating feed, is also needed, executed either by tool S or by
workpiece P. The directrix Dp results as the envelope of a family of orthocycloid arcs. Obviously, at each
extremity of movement Il, the piece P performs a discrete rotation movement Ill, of small amplitude,
necessary in the present case to obtain the generatrix curve Gp. This is obtained as the envelope of a
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family of curves, as the envelope of a family of tangents (generatrix Gs successively repositioned with
respect to the piece P) to the circle Gp.

Movements IV and V are auxiliary, for relative positioning between the part and the tool. Movement Il
also performs the same function when needed, but exclusively outside the machining process.

D5. Generation with straight directrix obtained kinematically as a envelope of a family of curves and

circle generatrix obtained by rolling (Ci¢.&r case)

The set of processing procedures identified at the current stage as possible for this case results as a

union of the sets expressed by relations (4.35), (4.83) and (4.131), i.e.
0 0
o Ial o o
0 0 ) 0 0 0 0 ) )
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A good example of a machining scheme for the analyzed case is the one that corresponds to the

(5.23)

processing by worm milling of straight Novikov teeth.

D6. Generation with straight directrix obtained kinematically as a envelope of a family of curves and

programmed circle generatrix (Cir.&p case)

The set of processing procedures identified at the current stage as possible for this case results as a

union of the sets expressed by relations (4.36), (4.84) and (4.132), i.e.
0 0
o H o o
0 o 0 o 0 0 (5.24)
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All machining schemes with a straight directrix obtained kinematically as a envelope of a family of
curves and kinematically realized circle generatrix can be converted into machining schemes with a

programmed circle generatrix.

5.1.5. Cases with straight directrix obtained by rolling

E1. Generation with straight directrix obtained by rolling and materialized circle generatrix (R&m case)

The set of processing procedures identified at the current stage as possible to obtain surfaces
characterized by straight directrix obtained by rolling and materialized circle generatrix results as a
union of the sets expressed by relations (4.37), (4.85) and (4.133), that is
v Q

o« © ©
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The case addressed is exemplified in figure 5.54 by a special machining scheme, original concept, of

(5.25)

electroerosion with massive electrode. The tool S simultaneously executes the main movements |, of
rotation, and II, of translation in the longitudinal direction and in the horizontal plane. Between the two
movements there is imperatively a rigid kinematic connection specific to rolling kinematic chains. As a
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result of movements | and II, the tool's Ds directrix describes the part's Dp directrix as an unfolding of
the Ds directrix. For the Dp directrix to be inclined to the direction of movement I, the Ds directrix must
be an Archimedean spiral.

Fig. 5.54. Processing scheme corresponding to the R&m case

Note. It is equally possible to consider translational movement Il as main movement |, and tool
rotational movement | as "circular feed" movement Il.

The generatrix Gp being materialized is obtained as a direct transposition onto the part of the
generatrix Gs of the tool, without the need for any specific dedicated movement.

Movements Il (vertical feed) and IV (transverse feed) are auxiliary movements. Movement II, as well as
the tool rotation movement |, have a similar role outside the machining process, and the angular
orientation of the tool relative to the workpiece at the start of the work process is not indifferent.

A very suggestive example of a practical R&m case is shown in figure 5.55: the generation of grooves
by longitudinal rolling using profiled disc rollers as tools. The straight directrix is obtained by
longitudinal rolling, and the generatrix is materialized as the generator of the tool.

Fig. 5.55. Work scheme and example of a part with grooves obtained by longitudinal rolling’

E2. Generation with straight directrix obtained by rolling and circle generatrix obtained by copying

(R&co case)

The set of processing procedures identified at the current stage as possible for this case results as a
union of the sets expressed by relations (4.38), (4.86) and (4.134), i.e.

1 Esterzon M.A,, Strunin B.l: . m o ©

ale canelurilor de rulare care se termind pe o treapta de arbore cu diametru mare). Stanki i instrument, nr. 7, pp. 6-8, 1970

,eedom et . e goy “e .  ve(t xm Y8 "o TETo ~oa  (Clrdcteristici
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o H o o
0 o 0 0 0 0 (5.26)
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E3. Generation with straight directrix obtained by rolling and circle generatrix obtained kinematically
as a trajectory of a point (R&ciy, case)

Relations (4.39), (4.87) and (4.135) indicate that none of the processing procedures known and applied

at the current stage corresponds to the Cis&citp, case, i.e.
H

O o 0" o 0 o b o r (5.27)
It is the second case of the 36 theoretically possible ways to obtain surfaces with straight directrix and
circle generatrix that does not indicate any way to solve.

E4. Generation with straight directrix obtained by rolling and circle generatrix obtained kinematically

as a envelope of a family of curves (R&cis case)

The set of processing procedures identified at the current stage as possible for this case results as a
union of the sets expressed by relations (4.40), (4.88) and (4.136), i.e.

v o

o H o «

0 o 0 0 0 0 (5.28)
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This case is exemplified by an original machining scheme by milling with a profiled cylindrical tool, with

generatrix Gs in a circular arc, figure 5.58.

Fig. 5.58. Processing scheme appropriate to the R&cix case

E5. Generation with straight directrix and circle generatrix, both obtained by rolling (R&r case)

The set of processing procedures identified at the current stage as possible for this case results as a
union of the sets expressed by relations (4.41), (4.89) and (4.137), i.e.
0 o
o« © o
0 0 ) 0 o 0 o
Qi QAN QO QMPELE i 0@ TR 0 @WiAK w 0 INIRE I§ Q
QaQwoi ¢ @d2ooEdE QU

(5.29)

E6. Generation with straight directrix obtained by rolling and programmed circle generatrix (R&p case)
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The set of processing procedures identified at the current stage as possible for the R&p case results
as a union of the sets expressed by relations (4.42), (4.90) and (4.138), i.e.
v Q
« H o o
0 o 0 o 0 0 (5.30)
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This case can result from the conversion of any of the machining schemes with straight directrix
obtained by rolling and circle generatrix obtained kinematically.

5.1.6. Cases with programmed straight directrix

Any of the machining schemes with straight directrix, whether materialized or kinematically obtained,
can be transformed into a programmed straight directrix machining scheme. The examples given below
are relevant in this regard.

F3. Generation with programmed straight directrix and circle generatrix obtained kinematically as a

trajectory of a point (P&ci,, case)

From the analysis of the current state, it results that for the P&cii, case the processing procedures
expressed as a union of the sets given by the relations (4.45), (4.93) and (4.141) are possible, i.e.
0 o
« H o o
0 o 0 0 0 0 (5.33)
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The analysis of the current state indicates that turning is the only usable machining process for the
P&cig, case. Figure 5.68 shows a scheme that satisfies the generation requirements imposed by this
case. Itisin facta conversion of the Co&ciy, case, in which copying has been removed and replaced with

numerically controlled movements to obtain the Dp directrix curve.

\\
m
Fig. 5.68. Processing scheme appropriate to the P&ci, case

The movements |, main, of rotation, and Il, of radial feed, of generation, both numerically controlled,
contribute to obtaining the directrix curve Dp. The movement IIl, of circular feed, is the movement that
ensures obtaining the generatrix curve Gp. The movement IV is an auxiliary movement, of translation
of positioning. Outside the machining process, the movement Il also fulfills the role of auxiliary
movement, with the role of positioning in the radial direction. A kinematic scheme of principle
appropriate to the case is presented in figure 5.69.
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Fig. 5.69. Principle kinematic diagram, corresponding to the P&ciy, case

F6. Generation with straight directrix and circle generatrix, both programmed (P&p case)

The P&p case is a practically general purpose one, in the sense that it is suitable for describing any type
of directrix and generatrix. Machining by end milling with a (semi)spherical head using CNC machine
tools and generating bodies by 3D printing are typical examples of the P&p case, including the
particular case of surfaces characterized by straight directrix and circle generatrix.

The set of processing procedures identified at the current stage as possible for the P&p case (with
straight directrix and circle generatrix) results as a union of the sets expressed by relations (4.48), (4.96)
and (4.144), i.e.
0 o
« H o o
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5.2. Original contributions and conclusions

This chapter has a significant original theoretical contribution, based on the current state of the
possibilities of generating surfaces where the directrix is straight line and the generatrix curve is a
circle. All three major groups of machining processes — by cutting, by plastic deformation and by
unconventional processes — have been considered and relevant examples and the sets of possible
processes to be used to machine parts whose surfaces are characterized by various possible
combinations of straight directrix and generatrix circles have been identified.

The study also highlighted ... a significant number of "straight directrix + circle generatrix" combinations
that are not approachable from the perspective of the various known and currently used processing
processes.
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Each case was exemplified with adequate processing schemes and kinematic schemes of principle, as
suggestive as possible, both identifiable in current practice and original, innovative. The priority was to
exemplify possibility, not efficiency. At least one of the processing schemes, original, is potentially
efficient (see the case of ... Ci,&ciy and figure 5.35), even if it is more applicable to the processing of
non-metallic materials. Moreover, it has ... potential to be exploited in the sense of obtaining a patent
with multiple claims.

For two of the cases studied, the number of known processing procedures that would allow the
generation of surfaces with the respective characteristics is zero. The author sees this not as a failure,
but as an invitation to creativity, to innovation-invention activity.
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Chapter VI — Roughness in oblique tangential turning

6.1. Introduction

Surface quality is an important characteristic sought when machining parts used in machine
construction. New, original machining schemes and tools are also sought that lead to the most efficient
results.

6.3. Particular schemes of turning processing

The author of this thesis is also interested in other machining schemes for turning that would favor the
obtaining of very good quality surfaces of revolution. In this regard, he identified the possibility of
turning with tools with a linear active edge arranged tangential to the (cylindrical) surface to be
machined and highly inclined in relation to the axis of rotation of the part to be machined, called
"turning with an inclined tangential (linear) edge"’ .

6.4. Theoretical roughness of surfaces obtained by oblique tangential
turning

In oblique tangential turning the instantaneous surface generated is given by the cutting edge of the
tool in effective contact with the layer of material being removed from the workpiece. The distance
from the workpiece axis to the various points of the linear edge of the tool is variable, dependent on
the angle <s of inclination of the cutting edge and the radius rp, representing a hyperbola.

z
P P |
/ [N x C;:]‘Q ¥ Z=th7\'S
— - — _ - — - ——— ——
o M = M; M’
X
Dpzzrp
Cutting edge

Fig. 6.3. Cutting edge position in oblique tangential turning?

Every two such neighboring hyperbolas intersect at a point located relative to the surface of the
cylinder of radius r, at a distance h = R, which represents the distance between the largest peak and
the deepest hollow, figure 6.4, i.e. the theoretical total height of the surface profile.

" Cioard R., Puriciuc M.V, Titu A.M.,, Oprean C, Pisarciuc C. (2021): Procedeu de strunjire cu tdis tangential inclinat, cutit de strung si placutad
amovibild pentru acesta . Cerere de brevet de inventie RO 134952, https://worldwide.espacenet.com/patent/search/family/076070089/
publication/RO134952A07q=R0%20134952

2 Puriciuc M.V., Cioard R, Pisarciuc C.: Turning tool with tangential cutting line. Concept and constructive solution. 0P Conf. Ser.: Mater. Sci.
Eng. 1235 012066, IManEE 2021, https://iopscience.iop.org/article/10.1088/1757-899X/1235/1/012066

3 Puriciuc M.V, Cioard R, Pisarciuc C.: Roughness in External Cylindrical Tangential Oblique Turning. RECENT ISSN 1582-0246, vol. 25(2024),
nr. 1(72), pp. 64-75, Brasov, , https://doi.org/10.31926/RECENT.2024.72.064

38


https://worldwide.espacenet.com/patent/search/family/076070089/publication/RO134952A0?q=RO%20134952
https://worldwide.espacenet.com/patent/search/family/076070089/publication/RO134952A0?q=RO%20134952
https://iopscience.iop.org/article/10.1088/1757-899X/1235/1/012066
https://doi.org/10.31926/RECENT.2024.72.064

Innovative studies and research regarding the kinematics of generating cylindrical surfaces
Doctoral thesis - Abstract, Transilvania University of Brasov

N P
/ / I‘ Qm
/ : ! M M’ \ 1
<f / \ V)
o T

Fig. 6.4. Theoretical profile for oblique tangential turning
(equidistant succession of hyperbolic arcs)

... the analytical expression R of the roughness for the studied case is:
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The relationship (6.28) differs significantly from the one determined "empirically" by Zamfirache’.

6.6. Conclusions

... the author of this thesis has developed ... a rigorously demonstrated model ... (for) ... the theoretical
prediction of the quality of external cylindrical surfaces using tangentially inclined cutting edges. The
original expression obtained by the author of this thesis differs significantly from the "empirically"
determined one mentioned in the literature.

Our own exploratory research was conducted using a specially made lathe cutter, with the cutting edge
inclined to the horizontal plane at an angle of < = 70°, without the possibility of adjusting the cutting
edge inclination, with the active part made of P30 carbide. For all combinations of test parameters,
surfaces obtained by turning with a tangentially inclined cutting edge tool show lower roughness, most
often spectacularly lower, than surfaces obtained by turning with a conventional ISO 2 type tool.

' Zamfirache M.: Prelucrabilitatea prin strunjire a aliajelor de titan. Editura Universitaria Craiova, 1996, p. 148

39



Innovative studies and research regarding the kinematics of generating cylindrical surfaces
Doctoral thesis - Abstract, Transilvania University of Brasov

Chapter VIl — Research and experimental contributions on the
quality of external cylindrical surfaces generated by the
oblique tangential turning process

7.1. Introduction

The need to design a lathe cutter specifically dedicated to this research became evident, a cutter in
which the angle of inclination of the tangential cutting edge could be adjusted to different values with
respect to the horizontal plane containing the axis of the workpiece.

7.2. Design and manufacture of a tool with an inclined cutting edge

7.2.2. CAD of the turning tool with inclined tangential cutting edge
The design of the tool with an inclined tangential cutting edge was done in the ProEngineer.

Figure 7.1 shows the assembled lathe tool, in axonometric view.

Fig. 7.1. Tangential turning tool with linear tiltable cutting edge, assembled’
1 —insert; 2 — fixed tool body; 3 —insert body; 4 — clamping screw;
5 —insert support plate; 6 — insert fixing screws

The lathe cutter described above was considered to have a degree of appreciable originality such as to
justify ... requesting patent protection?.

7.2.3. Manufactured a turning tool with a tangentially inclined cutting edge

The knife body and the pill holder body, with the pill assembled, are shown in figure 7.6.

" Puriciuc M.V, Cioard R, Pisarciuc C.: Turning tool with tangential cutting line. Concept and constructive solution. I0P Conf. Ser.: Mater. Sci. Eng.
1235012066, IManEE 2021, https://iopscience.iop.org/article/10.1088/1757-899X/1235/1/012066/pdf
2 Cioard R., Puriciuc M.V, Titu A.M., Oprean C,, Pisarciuc C. (2021): Procedeu de strunjire cu tdis tangential inclinat, cutit de strung si pldcutd
amovibild pentru acesta . Cerere de brevet de inventie RO 134952, https://worldwide.espacenet.com/patent/search/family/076070089/
publication/RO134952A0?7q=R0%20134952
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Fig. 7.6. The two bodies of the tool with a tangentially inclined edge

7.3. Design and conduct of experiments

All experiments were conducted at Transilvania University of Brasov, Faculty of Technological
Engineering and Industrial Management, within the "Mechanical Processing" laboratory of the
Department of Industrial Engineering and Management. The available material base — universal lathe
SN 250, numerically controlled lathe Poly Gim PLG-42, TESA-rugosurf 10-G roughness meter, I1SO1
lathe tool for ISO SNMG 190616 insert and tangentially inclined cutting edge tool specially designed
and made by the author for the purpose of conducting the experiments — oriented the research
towards adopting those combinations of parameters compatible with the assumed objective of the
research, the study of the quality of external cylindrical surfaces obtained by turning with a tangentially
inclined cutting edge, possible under the given conditions.

For comparative results, a classic 1SO1 tool was used, equipped with an ISO SNMG 190616 insert
identical to that used in the inclined tangential cutting edge.

7.3.2. Conduct of experiments

Specifically, the experimental research took into account the following parameters:

- three values for the angle of inclination of the cutting edge of the tool: & | {45°,60°, 70°};

- three materials for the specimens: (polyamide,) duralumin 6061, rolled steel of quality OLC45, alloy
steel for heat treatment 42CrMo4QT;

- five speeds for specimens: n I {160, 250, 400, 630, 1000} rpm, which directly determines the
cutting speed;

- three values for the longitudinal feed: fi {0,12; 0,2; 0,28 } mm/rot;

- three types of turning tools: the tool with a tangential tiltable cutting edge, the normal ISO1 tool,
the rotary insert tool with a tiltable clearance plane;

- a single value for the cutting depth: a, = 0.5 mm;

- machining without cooling, for all tests.

With the experimental tool, with a tangential linear tiltable cutting edge, 30305 23 = 135 tests were
performed, i.e. a complete research plan in relation to the four variable parameters considered. The
machining with the normal ISO1 knife was provided for comparison values. 3 95 2 3 = 45 tests were
performed with this tool.

The initial geometric characteristics of the specimens are shown in figure 7.10, and an image of the
specimens in their initial form is shown in figure 7.11. Each specimen has five sectors, so that in one
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pass, machining can be done with each of the five speeds considered for the tests. A single specimen
was used from each material. Three passes were made for each material, one for each feed rate. The
successive machining of the specimens determined a gradual reduction in their diameter.

The roughness measurement was performed with a professional electronic roughness meter, TESA-
rugosurf 10-G. For each machined surface, the roughness measurement was made along three
equiangularly arranged generators (0°, 120° and 240°) and the average value was calculated.
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Fig. 7.10. Initial geometric characteristics of the specimens

Fig. 7.11. The four specimens, in their original form

7.4. Experimental results and their analysis

The TESA-rugosurf 10-G roughness meter displays both the measured values for the roughnesses R.,
R R: and Ry, as well as a graphical representation. For the presentation of the results and for the
analysis, only the values for the roughness R, were retained.
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