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Abstract: 0.88Pb(Zrqs,Tig45)O03 — 0.12Pb(Mny/3Sh,3)O3 — 0,02 at%E piezoelectric ceramics, with E = Pré* were synthesized by
using a conventional method, namely a solid state reaction technique. X-ray diffraction (XRD) and Scanning Electron Microscopy
(SEM) were employed for the structural and microstructural investigations. Piezoelectric methods were used for the dielectric and
piezoelectric properties determination. The results of XRD show a perovskite structure and XRD patterns, indexing on a tetragonal
cell structure, was carried out for the most common phases. The SEM micrographs of the sintered compositions reveal a homogenous
structure with a sharp or rounded grain boundary. The modified PZT ceramic presents still superior piezoelectric properties. Based
on the results obtained, one can conclude that the analysed piezoelectric ceramics are useful for device applications.
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1. INTRODUCTION

Piezoelectric ceramic represents an intelligent functional
material. In such materials one can talk about electrical
energy as a results of mechanical energy. Piezoelectric
ceramics have been extensively employed in various
significant industrial applications because of their higher
characteristics.

Because of their excellent properties the lead zirconate
titanate (PZT) piezoelectric ceramics with different
dopants are potential materials for electromechanical
device applications like sensors, actuators and
transducers [1, 2]. Largely used lead based materials
where perovskite structure is predominant are the most
widely used [3-5]. Lead zirconate titanate [Pb(Zr.
«T1)03, PZT] solid solution is the typical arrangement of
the lead involved piezoelectrics with a composition near
to the morphotropic phase boundary (MPB), where the
higher dielectric/piezoelectric characteristics have been
reported in [6-8].

Pb(Zr,Ti; )O3 (PZT) based perovskite-form materials
has broadly explored and effectively can be considered
as a functional pioneering material [9-11].

Pb(ZrTi;4)O; is rarely used in it’s pure form.
Commercially used PZT ceramics have been produced
through doping to acquire all the requests necessary for
the employment [12,13]. Usually when PZT is doped

with acceptor ions are obtained “hard” PZTs and when
PZT is doped with donor ions are obtained “soft” PZTs.

The behaviour of such PZT systems associate
simultaneously an extraordinary mechanical quality
factor (Qm) with a high electromechanical coupling
factor (k,) and reduced dielectric loss (tan 6).

Pb(Mn,;3Sb,3)03-PZT (PMS-PZT) arrangement possess
excessive electromechanical coupling factor (k,) and
high mechanical quality factor (Qm) [14,15]. The
aforementioned higher properties suggest that for the
PMS—-PZT structure can be considered as a perfect
element for applications such as piezoelectric
transformers [16—18].

The goal of the present study is related to the
investigation of the effect of Pr'" addition on the
structural and microstructural behavior in conditions
when a variation of the temperature occurs. The
dielectric constant and dielectric losses of the PMS-PZT-
Pr ceramic has been investigated in relation with the
temperature. The electrical properties have been
considered too.

2. EXPERIMENTAL PROCEDURE

0.88Pb(ZI‘0A52Ti0A4g)O3 - 0. lZPb(Mn1/3Sb2/3)O3 —0.02 at%
Pr’" abbreviated PZT-Pr was obtained by the high
temperature solid-state reaction technique. High purity
reagent powders of PbO (Fluka), ZrO, (Merck), TiO,
(Aldrich), MnCO; (Carlo Erba), Sb,O; (Merck) and
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PrsO;; (Aldrich) were balanced and mixed in distilled
water for 6h. The combination has been further
calcinated at 840°C for 4 hours. The obtained powder
has been re-milled in distilled water for 10h. The
resulting suspension, has been dried at 80°C in the
furnace followed by mixing with 5% aqueous solution of
polyvinyl alcohol (PVA), as a binder, and then has been
compacted uniaxially (70 MPa) obtaining a discs (12
mm diameter and 1.5 mm height). The samples prepared
in this way have been sintered in a range of 1100°C -
1200°C with a holding time of 2 h. Sintering procedure
has been carried out at high temperature using a
Carbolite type furnace, with a heating/cooling rate
approx. 50°C. The sintered samples have been polished
to 0.8 mm depth and metalized with Ag glue on both
edges and then heated to 650°C with a holding time of
30 min. The as prepared samples were finally polarized
under a dc electric field at 3 kV / mm in Si oil at 120°C
for 30 min. in order to determine the piezoelectric
properties.

Archimedes method anddistilled water as medium has
been used for the measurement of the sintered samples
densities. X-rays diffraction (XRD, BRUKER AXS D8
Advance) with CuKa radiation and Ni filter has been
employed for the determination of the crystallite
structure in the sintered materials. The evolution of the
microstructure and the development of the various
phases have been identified by field emission scanning
electron microscope (FESEM-FIB Workstation Auriga,
Carl Zeiss, Germany). LCR meter (HAMEG type), at
1kHz serves for the dielectric properties (dielectric
constant and loss) measurements. The piezoelectric
properties have been studied using a resonance-
antiresonance approach with an impedance analyzer
4294A  (Agilent  type). Calculation of the
electromechanical coupling factor (k,) has been
performed starting from the resonance and anti-
resonance frequencies.

3. RESULTS AND DISCUSSION

The optical micrographs realized on thee welded joints
which are carried out by single and double joining pass
and the results are illustrated in Figures 1 and 2.

The XRD results of the PZT-Pr sintered discs are shown
in Figure 1.
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Figure 1. XRD pattern of the sample PZT-Pr thermally
treated for 2 hours at 1100°C, 1150°C and 1200°C

XRD measurements indicate mostly perovskite phase
with a tetragonality c/a=1.0143 for PZT-Pr sintered at
1200°C.The tetragonality as calculated from XRD data
and given in Tablel and reveals a slight deviation when
the sintering temperature increases.

Tablel. The tetragonality (c/a ratio) and the crystallite size
(D) for PZT-Pr versus sintering temperature

Samples Tsintering c/a D
C) (nm)

1100 1.0102  |100.0
PZT-Pr 1150 1.0065 118.2
1200 1.0143 105.0

Density and porosity measurements have been reported
in Table 2 with a real indication of the material’s
densification which is performed during sintering. The
outcomes obtained are in a good agrement with the
morphological analysis, where for all sintered samples a
dense microstructure has been obtained.

Table2. The physical properties for PZT-Pr versus
sintering temperature

Tsimering POI'O Slty
(°C) (%)

1100 0,89 7,53

Sample Density

(g/em?)

PZT-Pr | 1150 0,51 7,62

1200 0,47 7,72

The micrographs (Figure 2) shows a compact behaviour
wherebthe distribution of the different grains has been
conditioned by the sintering temperature; the dimension
of the grains increases as the temperature increases and
clear presence of the secondary phase has been revealed
in the structure. In all the sintered PZT-Pr the formation
of larger plates has been observed too.

For the sintered samples the semi-quantitative chemical
composition was verified by EDS analysis. The SEM
micrographs correlated with the chemical composition
are presented in Figure 3. It is observed that the samples
do not contain other impurities, fact confirmed by XRD
analysis too.

Table 3 reports the result achieved for the dielectric and
the piezoelectric constants. The values of the realtive
dielectric const. (g = ¢ 33T/eo) as well as the loss angle
tangent (tand) are directly associated to the sintering
temperature and show a real dependance with respect to
this parameter. Calculation of the electromechanical
coupling factor (k,) has been carried out using the
resonance frequency and antiresonance frequency .
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P-E loops for poled PZT-Pr ceramics are presented in
Figure 4. The conection of the hysteresis loops and the
sintering temperature is reported in Figure 4. A large
strain is obtained for the poled samples. The values of
the remaining polarization (Pr) and the maximum
polarization (Pmax) for the poled PZT-Pr composition in
relation with the temperature used for the sintering has
been shown in Table 4.
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Figure 3. SEM microscopes and chemical composition for
MP-Pr sintered for 2 hours at (a) 1100°C, (b) 1150°C and
(c) 1200°C

Table3. The dielectric and piezoelectric properties for PZT-
Pr versus sintering temperature

Sample | Tsintering & tgd k,
(°C)
PZT-Pr | 1200 | 1180 | 6,68*107 | 0,24
1150 | 1233 | 10,2*10° | 0,29
1100 - - -
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Figure 2. SEM images of samples PZT-Pr thermally treated
for 2 hours at (a) 1100°C, (b) 1150°C and (c) 1200°C

Figure 4. Hysteresis loops obtained for poled PZT-Pr
samples sintered at 1100°C, 1150°C and 1200°C after poling
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Table 4. The values of the remaining polarization (Pr) and
the maximum polarization (Pmax) for the poled PZT-Pr
composition versus sintering temperature

Type of Sintering Up Pr Pmax
material | Temperature | [V] | [nC/em’] ,
(°C) [nC/em?]
1100 2500 7.07 9.11
PZT-Pr
1150 2600 14.23 15.43
1200 2900 7.63 10.33

4. CONCLUSIONS

In the present paper some consideration related to the
configuration and to the electrical characteristics of 0.02
at% PI'3Jr dopmg the 0.88Pb(ZI’0.52Ti0.48)O3 —
0.12Pb(Mn;3Sb,/3)O; ceramics were reported. Solid-
state reaction technique was employed for the samples
preparation at high temperature. The major phase
obtained is the tetragonal perovskite phase. The density
and porosity are influenced by the sintering temperature.
The values of the electromechanical coupling factor (k)
and of the relative permittivity (€;) as well as the value
obtained for the remaining polarization gives a good set
of wvalues for the electrical properties. These
characteristics are useful for the proposed device
applications.
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Abstrat: The paper shows data related to coexistence of various binding systems, which could be present during the hardening of
special concretes. It is taken into account the Ultra Low Aluminous Cement Concretes additivated with different materials
(phosphates and mineral ultra dispersed powders - Condensed Silica Fume, Hydrated Alumina etc). In correlation to the pH-value,
these substances can favour the forming of new binding systems besides the hydraulic binder (which is not important in this case).
The new system is the coagulation binding form. The coagulation binding system has a very important role in the advanced
compactness and in the increasing mechanical strengths of concrete structures.

Keywords: Special concretes, Coagulation binding, pH-value, Refractory properties

1. INTRODUCTION

The concrete is a composite material consisting in a
binding matrix which is a continuous phase, and an
aggregate representing the non-continuous phase. The
concrete mechanical-structural properties are directly
correlated to the quality of the binding matrix; the higher
the properties of this matrix are — an uniform
distribution, a reduced porosity, a high density and a
good cohesion — the better the concretes. In view to
obtain a good concrete matrix, different substances [1-
12] are used with or without cement. These substances
favour the development of a complex hardening system
by the simultaneous existence of several binding types;
the hardened concretes obtained as described above have
high mechanical-structural characteristics. Thus, the new
generations of concrete, with low and ultra low cement,
have been so obtained [3, 12-15].

The coagulation-condensation binding system is
developed both in the presence or absence of hydraulic
binding. The developing of the coagulation binding
system take place only for a certain pH value.

The used binding substances, which provide an optimal
pH-value of the as hardening solution from the
monolithic system and which, thus, can develop a new
binding-type (i.e. coagulation) based on adhesion forces,
are, mainly, organic by nature, as: dextrine,
carboxymethocel, polyvinyl alcohol, vinyl polymers,
phenol resins etc.

Also, another category of materials anorganic by nature
is known, which is able to generate adhesion binding
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forces between the particles of the as-hardening
monolithic system (i. e. aluminium phosphates and
natrium silicates).

Several theories regarding process ensuring the adhesive
forces evolution between the particles of the hardened
monolith, all of them representing the premise for the
binding process by coagulation, the most plausible ones
being as follows [3, 4, 7, 10]:

- the theory of adsorption due to the forces between
molecules, which are Van der Waals forces;

- the theory of diffusion; the binder molecules
and those of the components of monolithic material
diffuse between them at the high temperature, thus,
generating a diffusion layer concomitantly realizing a
very strong binding structures;

- electrostatic theory. According to to this theory,
between the electrolyte and the particles of the concrete,
a double electrostatic layer is obtained. The attractive
force of this double electrostatic layer is the reason of the
genesis and development of the new binding system.

Besides the three above emphasized theories concerning
the coagulation binding system, both chemical binding
and mechanical binding theories could be mentioned.

The utilisation of electrolytes — depending on the
medium with an optimal pH-value in order to establish
the conditions of formation and development of the
coagulation binding, stipulates the presence within the
system of fine clay-powders, of ultra fine refractory
oxides powders (i. e. SiO,, Al,03, TiO,, Cr,0;, etc.) and
silica, alumina soils or aluminosilicate soils.
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The coagulation binding is the result of a close contact
between the fine particles (in colloidal state), which is
realised by Van der Waals forces for a certain optimal
pH-value.

When the colloidal particles of the system are very
strong approaching one to another consequence of the
Van der Waals forces, a rejection force between them
appears due to the interposition of the electrostatic
double layer.

The coagulation system formation of ultra fine colloidal
particles and the stability of this system depend on the
ratio between attractive and rejection forces, which
appear between these particles [3]. The combined curve
of the potential energy for both types of forces is shown
in Fig. 1.
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Figure 1. The relationship between the potential
energy and the distance of particles

When the colloidal particles are approaching one to
another at a distance sufficient to surpass the potential
barrier -V. max, these ones will coagulate due to the fact
that the attractive forces are stronger than the rejection
forces.

The coagulation process takes place only by overcoming
the rejection forces resulting from the -electrostatic
double layer interposition. In order to diminish the
intensity of rejection forces, an electrolyte has to be
supplementary added to the colloidal solution. By this
way, a lot of ions which are specific to the electrolyte
penetrate the electrostatic double layer, a phenomenon
which subsequently impedes the ionic equilibrium and
determines the tapering of the electrostatic double layer.
By the depreciation of the electrostatic double layer, the
rejection forces intensity between the colloidal micro
particles within the system is lowered, too. If the
intensity of the attractive forces is higher than the
intensity of the rejection forces, the potential barrier
shall be broken-down (surpassed) and the potential
energy becomes null i.e. the so-called “isoelectric point”.
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Certain pH-values correspond to the isoelectric point,
depending on the charge density on the dispersed
particles surfaces and of their chemical composition. The
disperse system of the mentioned oxides, including the
mixt oxide system show corresponding values ranging
between approximately 2,7-for SiO,, 4,6-for TiO,, 6,9-
for Cr,0; (see [3, 7]) and approximately 9-for Al,O;,
values which are inferior to those of aluminous cement
suspensions, with pH 12 - fig. 2. The coagulation can be
controlled by adding some electrolites.

+

Surface potential
(=]

K

Si0, Tio; Cr:0s AlLO;

—= pH

Figure 2. The relationship between the isoelectric
point and the pH-value

For a certain pH-value of the as-hardening existent
solution in the studied medium, a value which is
determined function of the compounds nature, the
coagulation process - more or less rapid - of some soils
(suspensions), as those resulting from very fine clay-
powders (aluminosilicate systems) or oxide-powders (as
silicon dioxide-SiO,, titanium dioxide TiO,, alumina —
AlL)O3, chromium oxide — Cr,0; etc.).

2. RAW MATERIALS AND WORKING METHODS

An aluminuous cement, containing 72.6% ALO; and
23.89% CaO was used as an agent of hydraulic binding.
The proportion of aluminous cement is ranging between
1 and max. 5%, corresponding to the Ultra Low Cement
Concretes. The fine powders of condensed silica fume
(CSF) and special hydrated alumina (HA) represent the
carriers of the coagulation binding system. This mineral
powders were used at the value of ratio HA/CSF = 1.88.
The electrolyte (powder phosphate which is soluble in
water), acts as a pH regulator of the aqueous systems,
during hardening process, and at the same time, possible,
as an admixture for the chemical binding. As aggregate
it was used the Clay D79 (STAS 4915/1976). Table 1
shows the main chemical properties of the raw materials.

The experimental concrete samples were realised by
casting — vibration. In order to estimate the mechanical
resistance, the porosity and volume mass of the
monolithic, the samples with the dimensions 40 x 40 x
160 mm were shaped. After two days of free hardening,
the samples, which were shaped as mentioned above,
were dried at 110°C until constant weight is obtained
and, thereafter, were heated at different temperatures.



The Scientific Bulletin of VALAHIA University - MATERIALS and MECHANICS -Vol. 17, No. 17

Table 1. The chemical composition of raw materials

Chemical analyse, %
Raw material Al O5 SiO, Fe,04 Alkali CaO Loss of
ignition
Special Hydrated 64.6 0.03 0.025 0.35 - 34.8
Alumina (AH)
Condensed Silica 0.46 87.5 1.73 1.20 1.1 -
Fume (CSF)
Clay D79 55.2 36.6 1.78 0.2 1.3 -
Aluminous Cement 72.60 0.54 0.42 1.69 - -
Aluminium P,O5 = Mininum 55.7%
Phosphate

3. RESULTS AND DISCUSSIONS

Further is presented the influence of the electrolyte on
the obtaining of optimal pH conditions in order to
develop the coagulation binding system. The working
procedure consists in preparing a binding matrix mass
which emphasizes an increasing aluminium phosphate
ratio [see 16, 17, 18].

In table 2 are shown the mechanical and structural
properties of the matrix prepared with following ratios:
Hydrated Alumina / Cement = 1.7 and Condensed Silica
Fume / Cement = 1.0. The data from table 2 show that
although the cement can be found in the system, this
process will not occur for the all investigated masses.
The coagulation hardening doesn’t take place (mass I) or
takes place at unsignificant level (masses 2-5) due to

improper pH conditions (ph = 5.5 — 7.5) specific to the
investigated binder. On the other hand, when the
medium of the hardening system reaches the value pH =
4 (masses 6-8) the coagulation binding is initiated at a
significant level (Compression Strength - Rc = 250-340
daN/cm®, Porosity — P = 18 — 23%), the binding process
being developed at an important scale (masses 9 — 11)
for pH = 3.5 (Rc = 429 -532 daN/cm®) and completed
(masses 12-14) for pH =3 (Rc = 586 — 615 daN/cm?, P =
14 — 15%). For pH = 3, when the coagulation binding
process is completed, the resulting structures have
performant mechanical and structural properties being
less usual ones in the case of the current hardening
systems. In such conditions the resulting structures are
highly compact (P = 14%) and the developed mechanical
resistance amounts to 615 daN/cm®.

Table 2. The developing of the coagulation system for optimal values in the
case of the matrix with AH/Cement = 1.7 and CSF/Cement = 1.0,
at 110°C after 2 days under normal hardening conditions

Crt No P,0s, Water pH Compression Strength, Porosity, %
% Necessary, % daN/cm?
1 0 30 7,5 - -
2 0,32 25 6,0 - -
3 0,45 23 6,0 18 -
4 0,64 20 5,5 36 -
5 0,80 15 5,5 58 32
6 0,96 12,7 4,0 250 23
7 1,12 11,26 4,0 277 21
8 1,25 10,35 4,0 340 18
9 1,44 9,72 3,5 429 19
10 1,61 8,86 3,5 486 17
11 1,77 8,17 3,5 532 16
12 1,93 7,5 3 615 14
13 2,09 7,0 3 586 15
14 2,25 6,35 3 500 16

By rigurous trials, repetead several times, one could find
out that the coagulation binding process performed at
optimal pH values, when are used the Condensed Silica
Fume (CSF) and the Hydrated Alumina (HA) - as
mineral powders and the Calcium Aluminate Cement,
take place also by using the Clay D79 as aggregate. So,
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one should observe the pH values of the wet medium
within the system which enables the new binding system
to induce positive influences on the mechanical and
structural properties when using the Clay D79 as
refractory aggregate. Therefore, binding masses were
prepared, 91% consisting of the Clay D79, the rest being
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represented by Hydrated Alumina, Condensed Silica
Fume, Calcium Aluminate Cement. After a good mixing
of the investigated mass, to this one will be added
different ratios of electrolyte (Soluble Aluminium
Phosphate) in order to obtain optimal pH conditions, for
which the binding system is characterized by high
mechanical properties, during the normal hardening
process and the heat treatment, table 3.

The coagulation binding system proves to be formed also
by using Clay D79 as refractory aggregate, table 3. In
table 3 are presented the results of some investigations
made on concretes with Clay D79, under various pH
values in drying and heat treatment conditions after two
days of free hardening.

Table 3. Concretes bound by coagulation with the Clay D79 for HA/ Cement = 1.7
and CSF/ Cement = 1.0 dried and heat treated after two days of free hardening

Crt | P,0Os, Water pH Heating Compression Porosi- Bulk
No % Necessary, Tempera- Strength, ty, Density,
% tures, daN/cm® g/em’
°C %
110 70 - -
1 1,7 5,8 4,5 800 167 24 2,02
1500 400 17 2.03
2 2,25 5,0 4,0 110 220 23 2,04
800 250 23 2,03
1500 738 18 2,03
3 2,73 3,5 3,5 110 286 23 2,04
800 316 23 2,03
1500 909 17 2,03
4 3,0 2,7 3,5 110 350 23 2,06
800 400 23 2,05
1500 936 16 2,05
5 3,38 2,2 3,0 110 425 20 2,07
800 560 20 2,06
1500 1100 15 2,06
6 3,54 2 3,0 110 400 21 2,06
800 526 21 2,05
1500 1000 15 2,05
7 3,7 2 3,0 110 360 23 2,05
800 450 23 2,04
1500 920 16 2,05

The coagulation binding is intensified as the pH values
range from 4.5 to 3. as well as in case of the tests
performed on the binding matrix (without aggregate - see
table 2), the coagulation hardening process reaches its
maximum intensity for pH = 3 (mass 5), when the
developed mechanical strength is 425 daN/cm® on the
dry sample at 110°C. The same sample shows Rc 560
daN/cm® after 800°C heating and, respectively, 1100
daN/cm?® after 1500°C heating. This mass emphasizes,
under the mentioned treatment conditions, compact
structures (Porosity = 15-20%). At the same time it is
interesting and also important to show that the
mechanical strength at 800°C (the value belonging to the
critical range of temperatures for refractories with a
hydraulic binding system or chemically bound masses) is
clearly superior to the strengths of the respective mass,
emphasized at normal hardening and then dried at 110°C.

Also, there is no evidence of a porosity increase for
samples after they were heated at 800°C as compared
with the value emphasized by drying. This reality
sustains the conclusions that monolithics bound by
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coagulation are not negatively influenced by the rising of
temperature up to the critical point. Thus, one can assert
that monolithics bound by coagulation do not show
inferior mechanical and structural properties within the
range of temperatures between 400°C and 900°C, as
well as it is happening very intensively in the case of
refractory concrete with the usual cement dosage (20%).
The devaluation of the mechanical strengths and
structural properties, which occurs, generally, within the
critical range of temperatures, appears also at modern
generation concrete types (concrete with low cement
dosage), but the phenomenon of devaluation is
decreasing by diminishing the cement content of
concrete. This work does not contain any approach of the
strength devaluation phenomenon.

Thus, a beneficial behaviour can be explained by the fact
that under heat treatment conditions, the texture and
structure of new refractory monolithics bound by
coagulation, are not deeply altered. When the
temperature increases, the structure of these monolithics
is sufficiently stable, but it still suffers a compacting
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process, fig. 3, confirmed by the determinations of

distributive porosity, fig. 4.

Figure 3. The microstructure of the new type concrete after two days of free
Hardening (x 1000): a. Concrete 110°C dried; b. Concrete heat treated at 800°C

Although the distributive porosity graphs of the 800°C
and 1500°C treated samples - fig. 3, are similar to that
corresponding to the same hardened sample under
normal conditions and 110°C dried, the share of pores

V, cmZ

0.070
0,060;
0,050+
0,0 40+

0,0301

having the radius less than 1 p decreases all the more as
the treatment temperatere is higher. The consequence of
the compaction process is the increase of the mecanical
strengths.

Figure 4. Distributive porosity of concretes after two days of free hardening:
1. Sample 110°C dried; 2. Sample 800°C heat treated;
3. Sample 1500°C heat treated

4. CONCLUSIONS

The coagulation binding (next to hydraulic binding) is
developing for certain pH values, specific to the concrete
composition during the hardening process of different
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concretes. The optimal pH value for the hardening
medium is reached by using an specific electrolyte. For
the Ultra Low Aluminous Cement Content and Clay D79
used as aggregate, the optimal pH value is ranging
between 3 and 4.
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Abstract: In this work, Zn-Ni alloys have been deposited on steel from sulfate bath, by electrodeposition method. The effect of Zn
content on deposits properties was studied by cyclic voltammetry (CV), chronoaperometry (CA), linear stripping voltammetry (ALSV)
and diffraction (XRD) and scanning electronic microscopy (SEM). The corrosion behavior in 3.5 wt. NaCl solution was examined using
anodic polarization test and electrochemical impedance spectroscopy. X-ray diffraction of show that Zn-Ni alloys structure is composed
of & phase and y phase, which increase with the decrease of Zn content in deposits. Results show that deposits obtained from bath less

Zn%* concentration exhibited better corrosion resistance.
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1. INTRODUCTION

Electrodeposition of Zn metal alloys with iron group
metals, Fe, Ni and Co, has been widely studied owing to
their better corrosion performance than pure Zn[1-
4].Among these alloys, Zn-Ni alloy has attracted
increasing attention in recent years. Interest in the
formation of Zn —Ni alloy coatings by electrochemical
methods has been strong for many years due to their high
corrosion resistance and excellent mechanical properties
compared with pure Zn deposits [4—7].Electroplated zinc
coatings are considered as one of the main methods used
for the corrosion protection of steel. Electrochemical
deposition is an attractive method for the elaboration of
alloys coatings and nanostructures compared with
physical methods. The electrodeposition of Zn—Ni alloy
from aqueous solutions is classified as an anomalous
codeposition, in which the less noble metal zinc
deposited preferentially under plating conditions. This
anomalous codeposition can be explained by considering
zinc hydroxide suppression mechanism; it is generally
accepted to be related to the hydrogen evolution at the
cathode causing the formation of zinc hydroxide
precipitation, which inhibits the deposition of nickel [8].
Zn-Ni alloys were plated from acid and alkaline bath, in
various sulfate baths based chloride or baths based on
both chloride and sulfate [9-11]. Many reports are
available on the influence of deferent parameters
deposition on surface properties, phase structure,

corrosion  resistance properties of Zn-Ni alloys
[12-18].Since the composition pH of plating bath are
crucial parameters, affecting the structure and

morphology of the coatings, it plays an important role on
its corrosion resistance properties as well. In this study,
Zn-Ni alloys were deposited from sulphate bath with
different content of Zn?*. The electrochemical, surface
properties and corrosion resistance of deposits were
investigated.

2. EXPERIMENTAL

The Zn—Ni alloys are deposited potentiostatically, from a
deposition solution containing Na>SO4 (1M), HsBOs (0.4
M), NiSO4.6H,0 (0.2 M) ZnS0..7H,O with different
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amounts (0.2 M, 0.02 M and 0.005 M).The pH value
of the bath was nearly 4.The composition of the baths
and electrodeposition conditions are summarized in
Table 1.

Table 1: Solution composition for electrodeposition of

Zn-Ni degosits

pOSitiOﬂ Na,SO;s HsBO3z ZnSO; NiSO4
Bath (M) (M) (M) (M)
1 ) 0.4 0.2 0.2
2 1 0.4 0.02 0.2
1 0.4 0.005 0.2

Electrochemical experiments are carried out in a
conventional three-electrode cell using a VoltaLab 40
potentiostat/galvanostat controlled by a PC. A standard
three electrodes system consisting of reference electrode
which is Saturated Calomel Electrode (SCE) and counter
electrode was a Platinum plaque electrode, working
electrode was steel. Before the deposition, the substrates
are cleaned in nitric acid and then rinsed with distilled
water. All the experiments are performed in unstirred
solutions. The baths are aerated with nitrogen. Cyclic
voltammetry potentiostatic and anodic linear voltammetry
techniques are used to study the electrochemical behavior
of deposits. The phase structure of deposits was
determined by X-ray diffraction (XRD) analysis with
Aka(Cu) incident  radiation (1.54 A) using
diffractometer« X’PERT PRO MPD » of Philips.For
corrosion behavior, the Zn-Ni plated samples were used
as working electrode and a solution of 3.5% wt. NaCl was
used as the test solution. The samples were immersed in
test solution for 1h. The potentiodynamic polarization was
carried out at scan rate of 2 mV.s, with a scanning rang
from -0,25V to + 0,25V of open circuit potential. The
electrochemical impedance spectroscopy (EIS) was
carried in the frequency range of 60 kHz to 10 mHz using
perturbing voltage of 10mV.

The equivalent circuit simulation program (ZView) was
used for data analysis, synthesis of the equivalent circuit
and fitting of the experimental data.
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3. RESULTS AND DISCUSSION

The cyclic voltammograms recorded in the different Zn?*,
Ni?* and (Zn®** and Ni?*) solutions, respectively, at a
scan rate of 20 mV / s are shown in figure 1.
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Figure 1. Voltammetric curves for steel substrate in: a)
0.2M ZnS04.7H20+ 1M Na2 SO4 + 0.4M H3 BO3;
b) 0.2M NiSO4.6H20 +1M Na2S04 +0.4M H3BO3; c)
0.2M ZnS04.7H20 0.2M NiS04.6H20 +1M Na2S04 +

0.4M H3BO3 ,v=20 mV 5!

In the presence of the Zn?* cations (fig.1.a), the reduction
begins at potential of -1.2 V. On the return, the anodic
peak located at -0.77 V corresponded to the dissolution of
deposited Zn. In the presence of Ni?* cations (fig.1.b), the
reduction begins at a potential of -0.91 V and an anodic
peak at -0.2 V attributed to the dissolution of Ni deposited.
In the presence ofZn?* and Ni?* (fig.1.c), the reduction
begins at-1.17 V.A cathodicpeak due to the deposition of
Zn-Ni alloy was observed at - 1.23V. In the reverse scan,
from the same figure, two anodic peaks appeared, the first
dissolution anodic peak (at —0.97 V) corresponds to the
dissolution of Zn from the alloy, which shifts to more
negative value comparing with that for bath containing
only zinc. The second peak has appeared at about —0.64 V
and is related to the dissolution of deposited previously.
The first anodicpeak (in —0.97 V/SHE) is associated with
zinc deposition of the phase §-(NisZny2). The second
peakappearsat —0.67 V/SHE and is related to zinc
dissolution in the phase y-(NisZnz1) [19]. The anodic
scanning reveals anodic peak at -0.35 V is due to the
dissolution of nickel, while the peaks at more negative
potentials correspond to the dissolution of the zinc present
in different phases of the zinc-nickel alloy [20].

It is important to note that the height of the anodic peak
of the deposited Zn dissolution was higher than
that observed in the case of dissolution of the Zn-Ni alloy.
This indicates that the amount of zinc in the alloy is less
than that of a pure metal. The curve appears between
those of Zn and Ni; from where the potential deposition
is closer to that of Zn than of Ni. This result indicates the
formation of Zn-Ni alloy.

The dissolution curves of Zn-Ni deposits (Fig.3.b) have
two anodic peaks at -0.94 and -0.3 V, respectively. The
curve obtained for (bath 1), shows three anodic peaks, a
peak Al located at -0.91 V, in the region of dissolution
of pure zinc (fig.3.a) with a lower intensity than that of
zinc and a displacement towards less negative potentials.
This peak Al was attributed to the dissolution of zinc
from its phases, and the peak C is attributed to the
dissolution of nickel from its phases [10].
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Figure 2. Potentiodynamic stripping response (v =5

mVs'l) of Zn-Ni alloys deposited in sulfate bath at -1.25
V a)Zn,Ni b) with various [Zn]/[Ni]ratio.

By decreasing the zinc concentration to 0.02
mol.I"* (bath 2), the peak A1 appears as a double peak
(peak A and peak B), which can be explained by the
presence of a new phase. The third anode peak (C)
corresponds to the anodic dissolution characterizing the
dissolution of nickel from its phases. In the presence
0f0.005 mol.I* Zn?* (bath 3), only two peaks are present,
peak A disappears while peaks B and C appear in the
region of dissolution of Ni (fig.2.a) with a decrease in
height. This indicates an increase in the Ni content in the
deposit.

The results of the AFM analysis (Fig.3), show that the
surface of the deposit obtained from the bath 3 is more
compact, with minimal roughness (RMS =70.671 nm)
surface roughness, decreases with decrease of Zn?*
content in the bath. So that of the sample obtained from
bath 1 was much higher than those of the other samples,
showing arithmetic average roughness(Ra) and root-
mean-square roughness (Rms) of 112,7 nm and 86,46 nm,
respectively. Consequently, the Zn—Ni obtained from
bath has the low roughness, so a less surface area in
contact with a corrosive environment.
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Figure 3. AFM Analysis of Zn—Ni deposits obtained Y bath 1
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XRD analysis for Zn-Ni obtained from deffirent bath Y Y
(Fig.4), indicate the presence of two phases
corresponding to the y (NisZnz1) and & (NisZny2) phases. N

The height of each peak considered an indication of the 4 5 l

phase content in the deposit. The decrease in the zinc Y 5
concentration leads to an increase in the y phase and a
decrease in the & phase. A similar study has shown that
the y-single-phase centered cubic structure can be
obtained with a Ni content in these layers and in the
range of 13.23% to 19.11% by weight, increasing the Y
ratio [Ni**] / ([Zn**] + [Ni?*]) and the current density

[21]. 30 35 a0 a5 (o]

Figure 4. XRD patterns of Zn-Ni deposits with
various [Zn]/[Ni] ratio

19



The Scientific Bulletin of VALAHIA University-MATERIALS and MECHANICS —Vol. 17, No. 17

The surface morphology of coatings after immersion and
EDS spectra identifying the corrosion products are
presented in Fig.5. Corrosion product formed hexagonal
crystals in the surface. The EDS spectra obtained on
corrosion product suggested the presence of zinc, oxygen
with chlorine, the formation of zinc rich corrosion
products in sodium chloride. The dominant corrosion
products on zinc under sodium chloride influence are
simonkolleite zinc hydroxy chloride Zns(OH)sCl>(ZHC)
[22, 23] forms as corrosion product as clearly evident
from EDS spectra with Cl peak.Zns(OH)gClzis more
compact than other forms of Zn corrosion products.
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—@— bath 2

— @ bath 3
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Figure 6. Polarization curves of Zn-Ni deposits obtained
from: a) bath 1, b) bath2, ¢) bath 3.

The potentiodynamic polarization tests were carried out
on Zn-Ni deposits obtained from the three baths with
different Zn?* concentration (0.2 M, 0.02 M and 0.005 M).
The polarization curves were recorded with a scanning
speed of 2 mV.s. The Tafel curves obtained from the
potentiodynamic polarization tests for the Zn-Ni deposits
are shown in the Figure 6.
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Figure.5 (a,b). SEM micrographs and EIS spectra
obtained for Zn-Ni deposits after immersion in 3.5
wt.%NaCl solution.
Electrochemical parameter values; the corrosion potential
Ecor, the corrosion current density lcor, the polarization
resistance obtained by the extrapolation method of
Tafel lines are summarized in Table 2.
Table 2: The electrochemical parameters Ecorr, icorr, Rpof
Zn-Ni deposits in 3.5 wt.% NaCl solution

Deposits Ecorr icorr Rp
(mV) (mA.cm?)  (ohm.cm?)
1 -1182.8 0.294.4 73.67
2 -666 .7 0.046 296.0
3 -469.0 0.039 759.1
Results show that corrosion rate decreases and

polarization resistance increases with the decrease of zinc
concentration. The corrosion mechanism in NaCl
medium can be interpreted on the basis that the corrosion
of Zn-Ni alloys consists of a preferential dissolution of
Zn and the surface becomes rich in Ni [7].
Electrochemical impedance spectroscopy measurements
were performed for deposits prepared from baths (1, 2
and 3), to evaluate corrosion resistance of Zn-Ni deposits
in 3.5 wt-% NaCl solution. Figure 7 illustrates Nyquist
(Figure 7(a)) and Bode diagrams (Figure 7(b)) of
deposits after immersion for 1 h in NaCl solution.
The curves show a single semicircle, the diameter of this
one corresponds to a charge-transfer resistance (Rct).
The charge transfer resistance and the double
layer capacitance values were extracted from Nyquist
plots and presented in table 2. The results indicate that
the deposits obtained from bath with less Zn?* content
have the highest corrosion resistance. Furthermore,
these results are consistent with results of polarization
studies (Fig.6). The Bode diagrams (Fig.7.b) show a
single maximum of the phase angle for the three
deposits, which indicates a onetime constant, so one
capacitive loop assigned to the charge transfer process.
The phase angle for the deposit 1 lies in the medium
frequency domain (~ f = 10 - f = 100), for deposit 2 in
the medium frequency domain (~ f = 102 - f = 100) and
for deposit 3, the phase angle is wide limited
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by the mean frequencies and the low frequencies (~ f =
102 - f = 10%). The largest module value in the low
frequency domain indicating, t he enhanced corrosion
resistance (Fig.7.c). In addition, the maximum value of
the phase angle for deposit 3 is greater than that of the
other deposits, which means a high corrosion resistance.
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Figure 7. Impedance diagrams obtained for Zn-Ni
deposits in 3.5 wt.% NaCl solution. a) Nyquist plots,
b,c) Bode plots, d) Fit result
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The equivalent electrical circuit (CEE) proposed to
characterize the metal / electrolyte interface and allowing
the modeling of the impedance spectra is shown in
Table .The circuit is composed of Rs is the resistance of
the electrolyte, Rtc charge transfer resistance and CPE
constant phase element. The equivalent electrical circuit,
calculated elements determined for the EIS data by
Zview software and the all fit results are shown in Table
3.

Table 3: Electrical equivalent circuit and calculated circuit

element values using Zview software for EIS spectra

Deposit 1 2 3
;1 CPE1
RI:t
Rs (Qcm?) 34 0.51 0.34
CPE-T 3.1x10°  3.8x10°% 3.21x10°
CPE-P 0.74 0.78 0.82
Ret (Qcm?) 340 397 1518

4. CONCLUSION

The electrodeposition of Zn-Ni alloy from sulphate bath
with deferent Zn?* concentration was studied. The
stripping voltammetry, XRD and EDX analysis indicated
that phase composition and structure of the Zn-Ni alloys
are significantly dependent on the bath composition.
Moreover, polarization test and electrochemical
impedance spectroscopy measurements reveal that Zn-Ni
alloy films electrodeposited from bath with less Zn?*
content (0.005M) exhibit enhanced corrosion resistance in
3.5 wt% NaCl aqueous solutions.
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Abstract: This paper presents the most used processes for the synthesis of hydroxyapatite from aqueous solutions: chemical
precipitation, the hydrothermal process and the sol-gel method. The experimental part includes the synthesis of hydroxyapatite by
chemical precipitation. The obtained results confirm the obtaining of a ceramic with a high purity and a high degree of

crystallization.
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1. INTRODUCTION

Hydroxyapatite is one of the most studied ceramic
materials with medical applications in the field of
reconstruction and regeneration of bone structures, for
which the researchers have shown a special interest since
the 1970s. The variety of technological routes through
which this material can be synthesized, such as:
processing of hard tissues from mammal or coral
structure and laboratory synthesis (chemical co-
precipitation methods, solid state synthesis reactions,
hydrothermal methods, sol-gel processes, microwave
synthesis etc) [1-4]. This material can be used in various
forms as a sintered powder, in a compact or porous
shape, for coating applications, as a bioactive material on
bioinert support, as a filler for bone grafts, or as a
composite e.g. hydroxyapatite — polyethylene etc. Thus,
this bioceramic is a material with a wide range of
applicability in the field of medicine [5].

Wet synthesis methods involve the use of aqueous
solutions. These methods lead to the production of
hydroxyapatites characterized by a large specific surface
area and small particle size. In most cases deviations
from stoichiometry occur and, at the same time,
amorphous structures are obtained. All this depends on a
number of factors, such as: chemical reagents,
concentration and initial pH of the solutions used in the
synthesis process, synthesis temperature, stirring speed
etc [6].

Chemical precipitation presents certain advantage by
comparison with the other hydroxyapatite synthesis
technology: the use of aqueous solutions; the probability
of their contamination during the synthesis process is
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very low; the method imposes a relatively low cost of
production [6-7].

The synthesis of hydroxyapatite by hydrothermal
methods confers the advantage to obtain products where
crystallites size that can exceed 600 nm, under the
conditions of synthesis and heat treatment temperatures
between 200 and 950°C and pressures from 100 to 200
MPa [8, 9].

The sol-gel method allows the use of very small
colloidal particles (on the order of nanometers or even
smaller) as precursors for hydroxyapatite synthesis, thus
ensuring a high degree of homogeneity and purity of the
final product. Basically, the process involves the
synthesis in aqueous solutions of ceramic particles by
mixing some metal alkoxide precursors, followed by
hydrolysis, gelation, aging of the gel and heat treatment,
in order to obtain crystalline hydroxyapatite [10].

1.2 Methods for the synthesis of hydroxyapatite
1.2.1 Chemical precipitation

Many methods for hydroxyapatite synthesis by chemical
precipitation are presented in the literature. The most
popular methods use calcium hydroxide, calcium nitrate
and, respectively, phosphoric acid, diammonium
hydrogen phosphate as starting reagents.

Thus, Abidi and Murtaza [11] synthesize hydroxyapatite
in which the calcium ions come from the calcium
hydroxide obtained from the reaction between calcium
oxide and water, in the following conditions:
temperature: 20°C, stirring: 1000 rpm, time: one day.
The corresponding amounts of Ca(OH), and H;PO,4 were
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added to obtain the compound based on calcium and
phosphorus. The acid was added to the alkaline solution
at a rate of 1.5 ml / min. The precipitate was aged by
stirring of the bath, for 24 hours at 20°C. Also, pH was
corrected with amonia water NH,OH. The obtained
material was dried at 100°C and heat treated at different
temperatures  between 100 and  800°C.  The
hydroxyapatite crystallinity  crystallite size was
dependent by theramal treatment temperature.

Vasquez et al.[12] present a method for hydroxyapatite
synthesis in which Ca(NOs)," 4H,0 and (NH4),HPO, it
uses as a source of calcium and phosphorus. The authors
use two solutions based on Ca®’" and PO,” ions in
concentrations of 1M and, respectively, 0.6 M. The
reaction takes place at 95°C, the addition speed of
(NH4),HPO, solution was 22mL / min. The precipitate
was aged for 2 weeks at room temperature. The dry
precipitate was heat treated at 850°C.

The XRD analysis highlights a well crystallized
hydroxyapatite, after heat treatment, in which the
presence of B-tricalcium phosphate (Caz(POy),) is found.
The Ca / P molar ratio was less than 1.67. The
morphological analysis shows particles with similar
morphology, the particle size was 500 nm.

1.2.2 Hydrothermal method

In order to obtain a stoichiometric hydroxyapatite, Earl
et al. [13] prepares two solutions based on
Ca(NO3),4H,0 and (NH,4),HPO,. The authors obtain a
mixture with a pH of 5.1 which is transferred to a
container in which the hydrothermal reaction takes place
(200°C for a period between 24 and 72 hours). The
precipitates were washed with distilled water, and in
some cases with etalnol to prevent particle
agglomeration. In the end, pH of precipitates was equal
to O7 The samples were dried in the oven for 4 hours at
50°C.

X-ray diffraction analysis shows the formation of
hydroxyapatite in all the samples obtained. In the cases
where the reaction lasted 48 and 72 hours, the formation
of secondary pahse monetite CaHPO,4 was found.

The morphological analysis shows the formation of rod-
like particles with the diameter between 10 and 60nm
and the length between 100 and 600nm, suitable to be
used for alleviation of hypersensitivity by infiltration
into the dentinal tubules.

In another work [2] hydroxyapatite is synthesized by the
hydrothermal process by using Ca(NOs), and disodium
hydrogen phosphate (Na,HPO,) in the presence of
ammonia water NH,OH.

In order to change the morphology of the particles, in the
bath, sodium tripolyphosphate (NasP;0,¢) was added. In
the first stage of the synthesis process the bath was set at
temperatures in the range of 40-60°C with the pH
between 8 and 10. The precipitate obtained was
transferred to a container in which the conditions were:
temperature: 160°C, pressure: 2MPa, time: 4-12 hours.
The precipitate was finally washed with distilled water
and ethanol and dried for 24 hours at 50°C.
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In all cases, the formation of hydroxyapatite was
confirmed by X-ray diffraction analysis and FTIR
analysis. The addition of NasP;O0;y led to the
modification of the hydroxyapatite crystallite size. Their
diameter increases with the addition of sodium
tripolyphosphate.

1.2.3 Sol-gel synthesis

Beganskiené et al. [14] obtain hydroxyapatite by the sol-
gel method by using as calcium and phosphorous
precursors calcium nitrate tetrahydrate, trimethyl
phosphate  ((CH,0);PO) and diethyl phosphite
((C,H,0),POH). One of the two phosphorus-based

reagents is added to the alkaline calcium ion solution.
After gel formation, it was matured for different periods
of time (2 to 72 hours) at room temperature. The
products were heated to 60°C for 24 hours, after which
the dried gels were heat treated in two steps. First stage 6
hours at 250°C, and the second, 3 hours at temperatures
between 400 and 1000°C.

The obtaining of hydroxyapatite was confirmed by X-ray
diffraction. Calcium hydroxide Ca(OH), and calcium
oxide CaO were highlighted as secondary phases, in case
of samples aged at different periods of time and heat
treated at 1000°C. The results were also confirmed by
FTIR chemical analysis. The use of dimethyl phosphite
was performed in order to improve the sol gel process by
eliminating the aging period.

In the paper mentioned above, Vasquez et al. [12]
synthesizes a hydroxyapatite with a high degree of purity
and by the sol-gel process. The chemical reagents used
were calcium nitrate tetrahydrate Ca(NO;),4H,0,
triethyl phosphate (C,HsO);P(O), and as a solvent 2-
methoxyethanol ether CH30(CH,),OH. In order to
obtain a sol, the three reagents are added to an
Erlenmayer flask, under stirring. The aging process was
carried out at 80°C for 4 days with stirring. The gelation
process was performed at temperatures of 90-100°C. The

obtained product was heat treated at different
temperatures.
The XRD analysis shows the formation of

hydroxyapatite in all cases. After heat treatment of
samples at 200, 600 and 800°C, the appearance of
secondary phases (tricalcium phosphate, calcium oxide
and calcite) have been observed.

From the scanning electron microscopy analysis,
hydroxyapatite formations can be observed, with a
uniform  morphology and  significantly  smaller
dimensions (300 nm) by comparison with the other
synthesis processes.

2. EXPERIMENTAL PROCEDURE

In this paper hydroxyapatite has been synthesized by the
chemical precipitation method [5-7]. The chemical
reagents used were calcium hydroxide and phosphoric
acid. In order to obtain a hydroxyapatite characterized by
a high degree of purity, with good crystallinity and
degree of crystallization, high-purity chemical reagents
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have been used. Initially, a suspension of 2M Ca(OH),
(Acros Organics) and a solution 1.2 M H;PO, (Fisher
Scientific) in deionized water were prepared. For pH
correction NH,OH was used. The acid solution was
added drop wise (Iml / min) over the alkaline bath,
under conditions of intense stirring (1000 rpm). In order
to avoid the formation of secondary phases such as
tricalcium phosphate and calcium oxide, the pH of the
bath was measured at values greater than 10. The
precipitate was aging for 48 hours at room temperature.
The precipitate obtained was washed with deionized
water several times, after which it was dried in an oven
at 100°C for 24 hours. Finally, the material obtained was
ground and heat treated 1200°C, in order to obtain a
hydroxyapatite with the desired characteristics.

3. CHARACTERIZATION

The samples obtained were analyzed in terms of
structurre and morphology by X-ray diffraction (Rigaku
SmartLab) and scanning electron microscopy (FE-SEM -
Carl Zeiss). In the case of XRD analysis, the
characteristics of the equipment were: U =200 mA, V =
45 kV, Cu-Ka = 1.541874 A. The characteristics of the

Intensity [a.u.]

SEM equipment: resolution: 1 nm at 15 kV; 1.9 nm at 1
kV; magnification: 12x ... 1.000.000x;

4. RESULTS AND DISCUSSION

4.1 XRD analysis

X-ray diffraction analysis revealed the formation of
hydroxyapatite in the structure of the obtained material.
Other secondary crystalline phases have not been
identified. The most important hydroxyapatite specific
peaks were: 25.78 20, 28.08 20, 28.88 206, 31.75 26,
32.12 20, 32.88 20, 34.01 26, 39.72 26, 46.67 26, 48.05
20, 49.51 20, 50.53 20, 51.33 20, 52.09 20, 53.18 20. An
analysis was made regarding the degree of crystallization
and the crystallite size, in the case of heat treated
hydroxyapatite powder. The degree of crystallization
was estimated at 96% and the average crystallite size at
40 nm. The estimations were made according to the
methods described in other works [15, 16] and the
ICCD-PDF 2 database, file: 00-009-0432.
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Figure 1. XRD analysis for heat treated ceramic powder

4.2 SEM analysis

As expected, the morphological analysis reveals a
typical surface for a structure with a high degree of
crystallinity. It can be seen from the SEM micrograph,
presented in figure 1, hydroxyapatite formations with
average size of 1 um. Also, one can observe the high
degree of packing of the particles, associated in a
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Figure 2. SEM analysis for heat treated ceramic
powder
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cluster, effect of the applied heat treatment. All these
have been confirmed by X-ray diffraction analysis. The
stability of the hydroxyapatite implants depends very
much on the high crystallinity of this material,
practically a heat treatment carried out at a high
temperature (1200°C) prevents the appearance of the
degradation phenomenon upon contact with the body
fluids.

At the same time, the stability of this compound based
on calcium and phosphorus also depends on its purity.
With the heat treatment at high temperature, crystalline
formations such as calcium oxide, tricalcium phosphate
- B may appear in the structure of the material.

All this related to the synthesis process (setting of
inadequate process parameters) and / or the heat
treatment performed in the absence of a protective
atmosphere.
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5. CONCLUSIONS

In this paper the synthesis of a bioceramic compound
based on calcium and phosphorus has been presented.

Synthesis of hydroxyapatite used as a substitute in
bone structures depends on the optimal selection of
process parameters In this sense, the paper is based on
a series of previous studies written by the authors but
also from the literature, regarding the most applied
methods for hydroxyapatite synthesis in aqueous
solutions.

The experimental procedure confirms the synthesis of
hydroxyapatite. X-ray diffraction analysis reveals a
product with a high crystallinity, under the conditions
of heat treatment at high temperature (1200°C).

Also, no other crystalline formations were identified,
which would affect the stability of hydroxyapatite
when used as an implant material.
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Abstract: In this work, nickel oxide was fabricated on glass substrate at 450 °C by spray pyrolysis technique. The NiO layers were
obtained with 0.05M molarity, which were deposited by various deposition rates 20, 40, 60 and 80 ml. The effects of deposition rate
on the structural, electrical and optical properties were examined. All fabricated NiO thin films were observed a nanocrystalline a
cubic structure with a strong (111) preferred orientation, it is only phase was observed in all deposited NiO. The film elaborated
with 60 ml have a minimum value of crystallite size was 15.8 nm. All NiO thin films have an average transmittance is about 70 % in
the visible region. The NiO thin films have a verity in the band gap energy from 3.34 to 3.51 eV because the effect of deposition, the
minimum value was found at 80 ml, this condition have a lowest Urbach energy. The NiO thin films have an electrical resistivity was
decreased from 0.625 to 0.152 (Q.cm) with increasing the deposition rate from 20 to 80ml. The best results of NiO thin films are
obtained in the deposition NiO films by 40 and 80 ml.

Key words: Nickel oxide; Thin films, Transparency; Spray pyrolysis method.

1. INTRODUCTION
However, the NiO as the thin films were used in various

Nickel oxide (NiO) is one of the p-type semiconducting applications due to the simplicity of synthesis can be
material with optical band gap was varied between 3.6 to investigated in solar cells [7], chemical sensors [8§],

4 eV [1]. In the latest research, the NiO is forming of

nickel metal and oxygen element, it was found in the photodetedors [9], electro chromic minors [10], organic
cubic structure with lattice parameter (a= 0.4816 nm) light emitting diodes [11] , UV detectors [12], vans
[2]. NiO is one of the most important semiconductor parent diodes [13] , and defrosting windows [14]. NiO
materials in the latest research; this observation was thin films can be prepared by various methods likely
based on the durability and excellent chemical stability molecular beam epitaxy techniques (MBE) [15],
in any solvent, low toxicity in water, large span optical electrochemical techniques [16], chemical vapor
density, low cost and good thermal stability [3]. NiO was techniques [17], sol-gel process [18], reactive
developed as thin films to be used as a gas sensing evaporation [19], pulsed laser deposition techniques

application due to their good optical transparent in (PLD) [20], magnetron sputtering technique [21] and
visible and good electrical conductivity [4.5]. The use of spray pyrolysis techniques [22]. The spray method was

NiO thin films in the detection of toxic gases has a role used for technological applications because it is one of
in improving the physico-chemical properties, by the most important techniques to deposition a large-scale
researching how to prepare and any possible method. production. The prepared the thin films by this method
Gavale et al. [6] studied the physical properties of have a good adhesion mechanical, and good electrical
nanocrystalline NiO thin films fabricated by spray conductivity; also it has a high optical transparency and
pyrolysis deposition, where investigated the influence of magnetic properties of nanostructures NiO.

film thickness on the structural, morphological and In the present research work, the nanocrystaline NiO thin
optical characterizations of nanocrystalline NiO films, films were fabricated to find a good high crystalline
they found that the crystallinity and the morphological structure, good optical and electrical characterizations
properties were increased with increasing the film for further applications in gas sensing. In the present
thickness, also obtained a good transmission in the work, nanostructure NiO thin films were investigated,
region of visible is found to be 80% with optical band which are elaborated by spray pyrolysis method, the NiO
gap energy found to in the range of 3.48 eV to 3.53 eV. was heated on the glass substrates at a deposition

temperature of 450 °C with various deposition rates of
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20, 40, 60 and 80 ml. the effect of deposition rate on
structural, optical and electrical properties were
investigated in the section of results and discussion.

2. EXPERIMENTAL

NiO solution was prepared by dissolving 0.05M of the
(Ni(CH3COO),, 4H,0) in the solvent of the absolute
ethanol solution (99.995%) purity, the stabilization was
carried with stirring the NiO solution for 60 min without
heating and addition of drops of HCl solution to find a 4
PH. The final solution of NiO was stirred and heated at
50 °C for 60 min to good transparent solution. The
preparation was performed on the glass substrates by
spray pyrolysis technique with heating at 450 °C. The
NiO thin films were elaborated at 450 °C in air with
various deposition rates of 20, 40, 60 and 80 ml.

The crystalline structure of fabricated final films was
carried by X-ray diffraction of the model (XRD, Bruker
AXS-8D) with (Acykq = 0.15406 nm) by varying the
scanning range of (26) from 20° and 70°. The
transmittance and absorbance of the spayed NiO films
was investigated in the wavelength range of 300-900 nm
by spectrophotometer (SHUMATZU 1800). Finally, the

electrical resistivity was calculated by the four point’s
techniques. All characterizations were measured at room
temperature RT.

3. RESULTS AND DISCUSSION

The X-ray diffraction spectra’s (XRD) of the fabricated
NiO thin films by spray pyrolysis is presented in Figure
1. The fabricated NiO thin films were obtained at various
deposition rates are 20, 40, 60 and 80 ml. The XRD
spectrum of the sprayed NiO thin films was matched the
structure of thin films of fabricated NiO is cubic
structure with JCPDS (No. 73- 1519) [20]. From this
data can observed an only diffraction peak at 260 =
37.4°, which is related to the plan of (111). All the
spectra’s of fabricated NiO thin films having one peak
with higher in the sharper indicating that the obtain NiO
thin film has a nanocrystalline structure. The good
results were found for the film prepared with 60 and 80
ml due to the increase in the FWHM of the peaks.
However, the preferred orientation is perpendicular with
(104) plane. The crystallite size value of all deposited
thin films of NiO was calculated by the Debye-Scherrer
formula [23]:
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Figure 1. X-ray diffraction spectra of fabricated NiO thin films at different deposition rates
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Figure 2. The variation of crystallite size and diffraction angle as a function of deposition rate of fabricated NiO thin films
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= 1)
pcosd
where Gis the crystallite size measured of (111)

diffraction peak, A is the longer of wavelength of X-ray
(A =1.5406 A°®), B is the FWHM and @ is the angle of

(111) diffraction peak.

Reported in the Figure 2 the variation of the crystallite
size and the diffraction angle of (111) crystal diffraction
peak as a function of deposition rate. The crystallite sizes
were stabilized at 20 ml and 40 ml of are taking two
values 23.6 and 24.3 nm, respectively. Then decreased to
minimum value was found at 60 ml of deposition rate it
is 15.8 nm. The decrease in the crystallite size with the
increase of deposition rate of fabricated NiO thin films
was indicated to improve of crystalline structure.
However, the decrease of diffraction angle with
decreasing crystallite size caused by the existence of
sufficiently thicker films in less strained state (or more
relaxed state).

The Optical characterizations of fabricated NiO thin
films fabricated at wvarious deposition rates were
performed by measuring the transmittance and
absorbance in the wavelength region 300 to 900 nm, it
are shown in Figure 3. Can see that the height
transparency of the NiO thin films in the region of
visible with an average transmission is about 70 %, so
that the films exhibit high transparency by comparing
with original nature, it is found by various literatures in
the range 40 to 60% [24,25]. The fabricated NiO thin
films have an absorption edge region (320-370 nm) was
observed when the transmission was decreased, which is
related the transition between the conduction band and
valence the band. The inset of Figure 3 was present the
variation of absorbance data of thin films of NiO, the
absorption edge shifts was observed clearly at
wavelength shorter than 400 nm. The absorption edge
shifts of NiO thin films were decreased with increasing
the deposition rate. As can be note, the optical property
of thin films of NiO is affected by deposition rate.

80
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Figure 3. Transmission spectra of fabricated ZnO thin films as a function of deposition rate, the inset present the absorbance
of the thin films

The role of deposition rate on the transmission of thin
films of NiO was clearly observed on the thin films
quality due to the higher transparency. But the
absorption edge region of fabricated NiO film was
observed to red shift can be explained by the changes in
the optical bandgap energy. So that absorbance and the
optical bandgap energy E, of fabricated NiO thin films

were determined by the following relations [3,26]:

A=ad=-InT )
(4hv)* = C(hv-E,) (3)

where A is the absorbance of fabricated NiO thin films,
a is the absorption coefficient, d is the film thickness,
T is the transmission of fabricated NiO thin films; C is a
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constant, hv is the energy of photon
(hv = 1240 (eV)) and E, the bandgap energy of the
A(nm)

semiconductor. However, the disorder or Urbach energy
(E,) also was determined by the expression follow

[27,28]:
hv
A= AO eXp(E—uj

where A, is a constant 4v is the energy of photon and
E, is the Urbach energy, the tail width of the Urbach

energy was used for characterize the order of the defects.
The variation of optical bandgap energy and Urbach
energy of fabricated NiO thin films as a function of

“)
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deposition rate are presented in the Figure 4. The band
gap energy was observed a smaller than 3.5 eV, it is
change and decreased with the increase in the deposition
rate from 3.51 to 3.34 eV of 20 to 80 ml, respectively.
The diminution in the optical bandgap energy value of
NiO thin films can be explain by the effect of quantum
confinement due to the diminution in the crystallite size

of fabricated NiO thin films (see Figure 2). As can be
seen in Figure 4 that the value of the Urbach energy was
increases from 20 to 60 ml, and decrease to minimum
value was found at 80 ml is 0.286 eV. This is can be
related by the diminution of the crystallite size value (see
Figure 2).
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Figure 4. The variation of optical band gap F < and Urbach energy F . of fabricated NiO thin films with deposition rate

Figure 5 shows the variation with deposition rate of the
electrical resistivity of fabricated NiO thin films. The
deposited with various rates can be playing an important
parameter in the fabricated NiO thin films. The variation
of electrical resistivity of fabricated NiO thin films was
measured at several deposition rates (increase in the film

thickness). These variations are rapid decreases to
minimum value at 80 ml is 0.152 Q.cm. The diminution
in the electrical resistivity of fabricated NiO thin films
can be explained by the diminution of defects, which
was related by the decreasing in the Urbach energy (see
Figure 4).
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Figure 5. Electrical resistivity of fabricated NiO thin films at different deposition rate
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4. CONCLUSIONS

In summary, the NiO thin films were fabricated by spray
pyrolysis technique on the glass substrates at 450 °C
with various deposition rates (film thickness). The
crystalline  structure, optical and electrical
characterizations of nanostructures NiO thin films were
investigated at several deposition rates. The fabricated
NiO thin films were observed a nanocrystalline a cubic
structure with a strong (111) preferred orientation, it is
only phase was observed in all deposited films. The
minimum value of crystallite size (15.8 nm) was
measured of deposited film with 60 ml. The average
transmittance is about 70 % was observed in all NiO thin
films. The NiO thin films have a verity in the band gap
energy from 3.34 to 3.51 eV because the effect of
deposition, the minimum value was found at 80 ml, this
condition have a lowest Urbach energy. The NiO thin
film elaborated with 80 ml has a minimum electrical
resistivity was 0.152 (Q.cm). The NiO thin films sprayed
with 60 and 80 ml have good structural, optical and
electrical properties.
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Abstract: Refractory concretes with the usual cement content (about 20%) present, besides their well-known advantages, several
important disadvantages which make such concretes unfit for certain applications. The relatively high CaO content in concretes, the
presence of even small amounts of SiO; and Fe,O; in cement reduce in the first place the concretes refractoriness; if their relatively
high porosity is also taken into account, the concretes behavior is further damaged in regard to the structural and thermal-chemical
stability. especially at their high operating temperatures. This work is an attempt to correct the shortcomings shown by reducing the
cement dosage and using appropriate admixtures in the technological process of concrete making.
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1. INTRODUCTION additives improve the paste texture of the concrete and
influence its physical-mechanical characteristics (certain
additives of this kind can also act as hardening agents of
the oxide-acid type as in the case of the Cr'® substances
[6 - 14].

A possible way to avoid the disadvantages encountered
in refractory concrete with normal cement dosage (20%)
is to decrease the cement content, using at the same time
such admixtures whose effects would make up for the
decrease of the cement ratio; this requirement would be
accompanied, at the same time, by an improvement of
the mechanical properties of the high cement concrete.
The desirable effects of the mentioned additives could be
essentially achieved by:

2. EXPERIMENTAL CONDITIONS

A CA2 type (Rp=20%) cement and three aggregate
types: tabular alumina (99.5% Al,O;), fire-clay (49,37%
ALO; and 47,6% SiO,) and sintered magnesite have

- their dispersing action, with an increase of the specific been used in order to obtain the concrete mixture under
volume of the products of hydration, having positive investigation. From a granulometric point of view the
consequences on the gel/space ratio and on the paste- mixture have been calculated taking as a model the
aggregate adherence [1-8]; Boloney  granulometric  curve.  The  Calcium

Lignosulphonate (LSC) and a phosphatic compound
- their action on the hardening process in relation with (TFS) have been used as additives. Table 1 shows the
their dispersing influence; by modifying the chemical- composition of the concretes under investigation.

morphological nature of the hardening products, such

Table 1. Composition of conceres

Agregate Aditives Water
Concrete Cement Maximum Gravimetric Ratio Refractoriness
Index Contents Nature Grain Size LSC TFS in the Concrete [OC]
[mm] [%]
1 20 Tabular alumina 3 - - 10.8 1820
2 15 Idem 3 - - 9.8 1840
3 12.5 Idem 3 - - 9.4 1850
4 10 Idem 3 - - 9.2 1850
5 7.5 Idem 3 - - 8.9 1850
6 5 Idem 3 - - 8.7 1850
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7 10 Idem 6 - - 7.3 1850
8 10 Fire-Clay 6 - - 9.3 1700
9 10 Sintered magnesite 6 - - 7.3 unsfecified
10 12.5 Tubular alumina 3 0.0125 - 9.0 1850
11 12.5 Idem 3 0.05 - 9.0 1850
12 12.5 Idem 3 0.1 - 9.0 1850
13 12.5 Idem 3 0.5 - 9.0 1850
14 12.5 Idem 3 - 0.05 8.8 1850
15 12.5 Idem 3 - 0.125 8.8 1850
16 12.5 Idem 3 - 0.5 8.8 1850
17 12.5 Idem 3 - 1 8.8 1850
18 12.5 Idem 3 - 2 8.8 1850
19 12.5 Idem 3 - 3 8.8 1850
20 12.5 Idem 3 - 5 8.8 1850

Porosity and strength determinations have been carried
out on free-hardened concrete samples for different
periods (1, 3, 7 and 28 days); after drying at 110°C;
these heating characteristics have bean studied up to
1700-1800°C by trials on free hardened samples for 3
days.

3. RESULTS AND INTERPRETATIONS

The results obtained have been graphically processed
and are presented in Fig.1-5 (the curves in the figures
have numbers which correspond to the concretes index,
according to Table 1).

A close examination of the cement contents influence on
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the concrete strength shows a sharp decrease of the latter
when cement content is lower than 10-15% - including
heat treatment; the same applies to porosity (Fig. 1).
Strength decrease under circumstances of reduced poro-
sity can be explained by the paste high porosity and by
the inadequate paste-aggregate adherence in low cement
concretes without hardening agents or dispersing
additives. These additives remove the difficulties
(Fig.2 and Fig.3), maintaining the advantage of a higher
refractoriness in low cement concretes; thus, when using
an optimal content of additives, it is possible to obtain
strength of 130 and 300% for 12.5% cement refractory

concretes as so compared with the corresponding
concretes with 20% aluminous cement and without
additives.
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Figure 1. Concrete strength and porosity variation as function of the cement contents (concretes 1-6):

compression strength 3 days after hardening; —+ — compression strength for concretes heated at 1200°C;

—— porosity, 3 days after hardening; - - - porosity, for concretes heated at 1200°C

The TFS phosphates additive makes for a significant
increase of the concrete strength even for short periods
of hardening; in the case of optimal additive ratios its
effect is the trebling of the strength as compared to the
corresponding concrete without additives (Fig.3 a), the
explanation lying in,the sharp porosity decrease as a
result of its high dispersating action. = There is an
obvious parallelism between the porosity variation and
the strength variation (Fig.3 a and Fig.3 b). It is worth
noticing  that higher phosphates additive ratios
determining a stronger dispersing effect on the new
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hydration products  without delaying the cement
hydration lead to a significant reduction of the concrete
porosity during the 1-3 [7] days of hardening; for
longer hardening intervals not only that the concrete
porosity is not reduced but, on the contrary, it
increases, this fact being shown by the strength
reduction; the causes of this behavior must be subject to
further examination. Small TFS ratios lead to a
continuous porosity decrease and therefore to a
continuous increase in time of the concrete strength; this
effect is a maximum at on optimal addition ratio.
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Figure 2. Concrete strength and porosity evolution in time, as function of the LSC ratio:
compression strength; — — — porosity

The LSC additive is a delay factor of the cement
hydration, so that, although it has, as a dispersing agent,
a positive influence on the hardened concrete texture, for
short periods of hardening, a lower strength than in the

case of the standard concrete (Fig.2) could be obtained,
even in the case of optimum LSC ratios; it should
also be noticed that the higher the ratio, the more intense
the LSC delaying action.
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Figure 3. Concrete strength (a) and porosity (b) evolution in time, as function of TFS ratio

Taking into account the influence of the compositions

w7

under examination, based on tabular alumina have the %58 E,

best of the aggregate nature for any it appears that the %ﬁ

concretes behavior (Table 1 and Fig. 4); in the case of — 5-3

the same aggregate, the increase of its maximum grain- § %m

ize leads to the concrete strength improvement.

size leads to the concrete streng proveme E‘Zﬂ%_’m ——
We must point out here that, although the concretes with g 2 "--'"Q 13
sintered magnesite have the lowest porosities, they also 3 aﬁﬂ

have the lowest strengths; this behavior is accounted for a § S———— §

by the regular form and the less coarse surface, also by °mo TTT T T

the nonaluminous nature of the calcined magnesite . 6 {3 J7 23
grains, which lead to a less void fraction and a weaker
paste-aggregate adherence than when using tabular

alumina or fire-clay.

Time [days]
Figure 4. The time variation of the strength and porosity of
the 10% aluminous cement concretes as function of the
aggregate nature and size: compression strength; — —
— porosity
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Under conditions of heat treatment a strength drop is
found to occur while there are sharp porosity increases at
temperatures ranging from 800-1200°C,after which,
following the ceramic hardening, both a densification
and a strength increase take place up to temperatures
depending on the concrete refractoriness.

The compositions having as additive dispersing agents in
optimal ratios obviously have higher strengths then the
standard, also at higher temperatures (Fig.5).
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Figure 5. The compression strength variation and the
porosity variation of the concretes with or without
dispersing additives, as function of the temperature:
compression strength; — — — porosity

Among the studied concretes, the 3% TFS composition
has the best behavior; at the same time it displays the
severest strength drop, while at temperatures around
1500-1600 °C it has strengths equivalent to those of the
0,125% LSC as TFS concretes, but notably higher than
those of the standard concrete.

A peculiarity of this composition is the maximal strength
noticed at about 800°C, which could be explained by the
polycondensation of the phosphates additive for such an
addition ratio and at the above-mentioned temperature
this fact could could have a very important effect on the
concrete mechanical characteristics.

4. CONCLUSIONS

By interpreting the results obtained we may draw several
important conclusions:

- the cement content decrease in refractory concretes
leads to a sharp porosity decrease and to a significant
refractoriness increase;

- the cement content decrease in refractory concretes
under 10-15% also determines a sudden reduction of the
concrete strength, as a consequence of the paste high
porosity and of the inadequate paste-aggregate
adherence;

- the above-mentioned drawbacks of the low cement
contents are removed by using dispersing additives;
there is an optimal ratio of the dispersing additives
related to the modifications they are determining in the
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cement hydration kinetics and in the concrete paste
texture;

- the dispersing additives influence is also obvious in the
concrete behavior at high temperatures; their mechanical
characteristics are superior to those of the standard
concrete, also at high temperatures.
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Abstract: The paper deals with the complete kinematical analysis of the mechanism that enters the machine tool structure designed
to generate, in particular, plane surfaces. A machine tool of this kind is called shaping machine. For this purpose, Euler’s relations
concerning the velocities distribution, written in projections on the fix reference system axes will be used. Starting from these
relations we will get to a system of the first order linear differential equations whose unknowns are the kinematical parameters of the
mechanism elements. The variation in time of these parameters will be obtained by solving the differential equations system the
differential equations system using numerical integration methods.

Keywords: kinematical analysis, kinematical parameters, numerical integration methods

NOMENCLATURE

T (Oxyz) -fix reference system
S,3-the relative displacement parameter
V53 -the relative velocity

a,3 -the relative acceleration

@ -unit vector that specifies the direction of the

030, vector

U,3 -column matrix associated to the u?; unit vector

I; -length of the “1” element

I, -length of the “2” element

I4 -length of the “4” element

X0, Yo, -coordinates of the O; point relative to the fixed
reference system

Vo x-Vo,y -projections of the speed of the O; point on the

axes of the fixed reference system axes

ap x» a0,y -projections of the acceleration of the O; point

on the axes of the fixed reference system axes

Xo, » Yo, -coordinates of the O, point relative to the fixed

reference system
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Vo,x-Vo,y -projections of the speed of the O, point on

the axes of the fixed reference system axes
of of

the O, point on the axes of the fixed reference system

ap,x» 80,y -projections the  acceleration

axes

X0, » Yo, -coordinates of the O point relative to the fixed
reference system

Vo,x»Vo,y -projections of the speed of the O point on the
axes of the fixed reference system axes

ao,x- a0,y -projections of the acceleration of the O3 point
on the axes of the fixed reference system axes

Xo, Yo, -coordinates of the O4 point relative to the fixed
reference system

Vo,x-Vo,y -projections of the speed of the O4 point on

the axes of the fixed reference system axes
of of

the O4 point on the axes of the fixed reference system

ap,x» 80,y -projections the  acceleration

axes

Xo, » Yo, -coordinates of the Os point relative to the fixed

reference system

Vo,x»Vo,y -projections of the speed of the Os point on the

axes of the fixed reference system axes
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ap,x» a0,y -projections of the acceleration of the Os point

on the axes of the fixed reference system axes

9 -zero matrix with “m” lines and “n” columns
mxn

T -exponent that indicates the transposition matrix
operation

1. INTRODUCTION

The mechanism presented in the figure below will be
considered [2] (Fig.1).The “1” element of the
mechanism is linked to the “2” element by a joint. The
“2” element is linked to the “3” element by a slide.

Figure 1.Shaping mechanism

The “3”, “4” and “5” elements are linked each other by
joints. The “5” element is linked to the fixed element by
a joint. All mechanism elements describe motions
in XOy plane. We aim ourselves to perform the complete

kinematical analysis of this mechanism.

2. ESTABLISHING LINK RELATIONS
BETWEEN THE FIRST ORDER
KINEMATICAL PARAMETERS OF THE
MECHANISM ELEMENTS

Between the speed of theO; point and the velocity of
the O, point we may write Euler’s relation concerning

the distribution of velocities because they belong to the
same rigid solid body. In vector form in projections on
the fix reference systemT (Oxyz), it may be written as

follows:

38

—_ s — -

Vol + XO]OZ —Vo2 =0

()

The above relationship may be written in an equivalent
form as follows:

_—

Vo1 + 0 ><(r02 —f’ol)—Vo2 =0

2

In the relationship (2)ro andrg, represent the position

vectors of the O; and O, points respectively relative to the
fix reference systemT (Oxyz) .The relationship (2) may
also be written in matrix form as follows:

~ T
Vo, @ (rg, 10 )-vo, = 0 =[010]" (3
2x1
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In the relationship (3) the terms that occur may be
written as follows:

vo, =l vy " @)
R ®
ro, =[x, 1 Yo" (6)
ro, =[¥o, | Yo, )
vo, =lox 1voy T (8)

The following two scalar relationships can be deduced
from the matrix relationship (3):

Vox 1z '(YO2 —Yo,)—Vo,x =0 9
Vo,y + ®17 *(Xo, =Xo,) —Vo,y =0 (10)

The scalar relationships (9) and (10) may be written
together in matrix form as follows:

App-vi+Ap-vy=0 =[o 0] (11
2x1

In the relationship (11) the terms that occur have the
following expressions:

110 - -
Ay = 1101-(o, ~¥o,) (12)
1T, o)
-110,0,0
Ay =|-p---21- 13
12 {0 i_—l_iOTO (13)
Vi = [VO,x ! Vo,y ! 00lz]T (14)

T
V2= [VOzx I Vo,y 1 @27 | st] (15)

Between the speed of theO,point and the speed of
the O3 point, taking into account the relative movement

between the “2” and “3” elements, the following matrix
relationship in projections on the fix reference frame
system axe may be written:

VO3 +(T)3 '(l'o2 —l'o3)+

+g23 '(1/'3)'(1’04 —l'o})—Vo2 = 9 :[O : O]T (16)
IO 2x1
23

In the relationship (16) the terms that occur may be
written in the following form:

vo, = o 1o,y ] (17)
ol 19
ro, =%, | Yo, |" (19)
o, = [xo, | ¥o,]" (20)
o, =[¥o, 1 vo,]" 1)
vo, = o, | Vo,y)" (22)

The matrix relationship (16) is equivalent to two scalar
relationships:

—Vo,x +Vo,x —(Yo, = Yo,) - ®3; +

(23)
+(1/13)- (X0, =Xo,) V23 =0

—Vozy +Vo3y -|-(XO2 — Xol)'0)3z +

(24)
+(1/13)- (Yo, —Yo,)-V23 =0
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In the relationships (23) and (24) vp3represents the

relative velocity of the slide “2” relative to the solid rigid
“3”. It is calculated using the following relationship:

Va3 =Sp3 =dsys /dt (25)

The rigid solids “2” and “3” are linked together by a
slide so their angular velocities are equal to each other:

(26)

07 = 037

The relationships (23), (24) and (26) may be written
together in matrix form as follows:

Ay -vy+Ay-vy=0=[0l0l0]" (@7
3x1
—11 0101 (/l3)-(xo, =Xo,)
Az =| 0 1-1101(/L)-(Yo, =¥o,) | (28)
010! 0
_[ | | | ] 29
Vo =Vo,x 1Vo,y 1 ®27 1V23 (29)
1101-00, ~¥o,)
Axn=0,1, (X0, 7%o,)_ (30)
010! -1
.
V3 =Vou | Vo | 03] 31)

Between the speeds of O3 and O4 points the following
matrix relation ship may be written:

~ T
Vo, +®3-(rg, —10,)—vo, = 0 =[0}0]" (32)
2x1

In the relationship (32) the terms that occur may be
written as follows:

ro, =[x, 1 ¥o,]" (33)

40

)
vo, = Vo | Vo.y] (34)

The matrix relation (32) is equivalent to two scalar
relationships as follows:

Vo,x —®3z - (Yo, —Yo,) —Vo,x =0 (35)

(36)

Vo,y +®3z - (Xo, —Xo,)—Vo,y =0

The relationships (35) and (36) may be written together
in matrix form as follows:

Asz-vi+Ayvye=0=010]" (37
2x1
1101 -(Yo, —Yo,)
Asqq = =t 2 3 38
3 [0 1 (o, —%0) (%)
V3 =Vou | Vo, | 03] (39)
Ay | 010 (40)
¥l o i-110

Between the velocities of theO4andOspoints the

following matrix relationship given by Euler’s relation
concerning the speeds distribution in projections on the
fix reference system axesT(Oxyz) may be written as

follows:

Vo, +®4-(tg, —10,)=Vo, = 0 =[0 ] 0]" 42)

(43)

(44)
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.
Vo, = [Vosx : VOSy] (45)

The matrix relationship (42) is equivalent to two scalar
relationships as follows:

Vo,x ~®4z - (Yo, —=Yo,) —Vo,x =0 (46)

(47)

Vo,y +®4; ‘(XO5 - XO4)_V05y =0

The scalar relationships (46) and (47) may be written
together in matrix form as follows:

A44'V4+A45'V5: g :[O:O]T (48)
2x1
1101-(Yo, - Yo,)
Ay =TT (49)
“ {0 111 (X0, =Xo,)
T
V4= [VO4X ! Vo,y ! 0342] (50)
N EIEL: o
Bl o i-110
vs =ou 1 Vo, | s, )T (52)

Taking into account that the “5” element of the
mechanism is connected to the fix element by a slide, its
angular velocity ®s, and the projection along Oy axis are
equal to zero because its movement is a translational
movement along OX axis:

Vo,y =0 (53)

®sz =0 (54)

The scalar relationships (53) and (54) may be written
together in matrix form as follows:

4

Assvs=0 =[010]" (55)
2x1
_[ | I ]T 56
Vs =|ox 1 Vo,y | @5z (56)
A 0:1:0 (57)
=|-——=t--
7101001

The elements”1” and “3” are linked to the fix element
inO; and Oj points. Therefore their velocities are equal

to zero. In mathematical form, the condition for the
points O; and O3 to be at rest will be written in matrix

form as follows:

vo, =lox iVoly]T =0 =[i0o]" (58
2x1
vo, =Nox iVo_;y]T =0 =[lo]" (59

2x1

The matrix relationships (58) and (59) are equivalent to
the following scalar relationships:

Vox = %o, =Uxg, /dt=0 (60)
Vo,y = Yo, =dyo, /dt=0 (61)
Vo,x = %o, =UXp, /dt =0 (62)
Vo,x = Yo, =dyo, /dt=0 (63)

The relationships (58) and (59) may be written in an
equivalent form as follows:

Agr-vi=0 =[010] (64)
2x1
Ag-vi=0 =[010]" (65)

2x1
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The expressions of the matrices A ¢; and A 43 are the

follows:

Ag = A =| 14210 66
61 = 63—011':'0 (66)

The relationships (11), (27), (37), (48), (55), (64) and
(65) may be written together in matrix form as follows:

Av=0 =[0 - 0]" (67)

In the relationship (67) the quantities that occur have the
following expressions:

| | | |
AngAny 90400 0
C_ L _12x3_12x3_12x3
0 1AniApni 0 10
3x3_L____L____13x3_1 33
0 1 0 (A3 1A31 0
23 24 1 123
A=l 010 H 0 TALTAs | (6y)
23 2x4_y 3 L}
293 i 294 i 293 i 293 i [\55
X X X X
Ag 10 T0 T0 0
_izaloalioaloa
019 1Asy 01 0
2x3 1 2x4 | I 2x3 1 2x3 |
.
TN @

In the relationship (68) the mathematical expressions of
the matricesAq;,Ap,...,Agare given by the

relationships (12), (13), (28), (30), (38), (40), (49), (51),
(57) and (66) respectively. The following scalar
relationship will be added to the matrix relationship (67):

®q; =®; =const. (70)

The scalar relationship (70) may also be written in
matrix form as follows:

B-v=0wm; =const. (71)

In the relationship (71) the matrix B has the following
expression:

B =[010/110}
1x16

10101010}0!0](72)

The matrix relationships (67) and (72) may be written
together in one single relationship as follows:

C-v=D-o (73)

In the matrix relationship (73) the terms have the
following expressions:

c=]a7 {87 (74)

D =[0i0i0i0i0010}01010!1]" (75)
16x1 1x16

Starting from the relationship (73) in the next chapter we
will establish the differential equations that characterize
the movement of the mechanism from a cinematic point
of view.

3. SETTING THE DIFFERENTIAL EQUATIONS
WHICH CHARACTERIZE THE MOVEMENT
OF THE SHAPING MECHANISM

In order to determine the differential equations the
shaping mechanism from kinematical point of view, we
will derive matrix relation (73) twice in relation to time
and we will obtain:

C-v+C-v= 0 (76)
1x16
C-v+2:C-v+C-v= 0 (77)

1x16

In the differential equations system written in matrix
form (77) the terms that occur have the following
expressions:
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l——1
010

_)
010

AL {0 101 (30, —ao4y)}

Ao i o] 040101y
= =|—-—l1-—%—- | =

45 55 _O :O :O_ ,T

Ao AL o[00010]
= =|-=—-—4--|=

61 63 _0 :0 :0_ 2

T
alz[aolx a0,y 8lz]

T
a2:[<”1ozx 8o,y €2 323]

a3 = Va3
= I
a3 =[o,x 4o,y &3z
2‘4:[ao4x ao,y 842]
a5:[3-05x ao,y 852]
T
% S R S
V=[V1 1 V2 1 V3 | V4 I"s} =a

97)

(98)

99)

(100)

(101)

(102)

(103)

(104)

(105)

(106)

(107)

(108)

(109)

(110)

44

)
;
a:[a{ Al Lal Lal ;as} (111
R . . T
a = [ale 4o,y Slz] (112)
. _[. . . . ]T 13
a, =|do,x 8o,y €27 @3 (113)
. . . T
iy =ldox 4oyt (114)
. . . T
iy = doy bar) (115)
. _[. . . ]T 6
a5 =|do,x do,y &5z (116)

The system of the second order differential equations
(77) will be transformed into a system of differential
equations of the first order. For this, the following
notation will be introduced:

(117)

By replacing the relation (117) the relation (77) into the
matrix relation (77) we will obtain:

C-a+2-C-a+C-v= 0
Ix16

(118)

The matrix relations (117) and (118) form together a
system of thirty two differential equations of the first
order. In order to perform a complete kinematical study
namely to determine the variation of the positional
kinematical parameters in relation to time, the following
matrix relation will be added to the relationships (117)
and (118):

(119)

In the relationship (119) the column matrix X will be
written as follows:

LT T
X} ;xs} (120)
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%= [¥o, ! Yo, | 1" (121)
x3 =0 [meters] (132)
1
. O b ¥
X) =[on 1Yo, 1 ¢2z7 1 523] (122)
yg =4[meters] (133)
1
. . . . T
%3 =[%o, | Yo, | 3] (123)
¢! =0 [radians] (134)
%4 =[io, | Vo, | dac]” (124)
xg =1[meters] (135)
2
%5 =[Xo, | Vo, | s2)" (125)
yg =4 [meters] (136)
2
The matrix relationships (117), (118) and (119) form
together a system with forty eight differential equations
with forty eight unknowns. (P(z) —1.32582 [radians] (137)
4. INTEGRATION OF THE DIFFERENTIAL 0
EQUATIONS SYSTEM AND THE RESULTS Sy3 = 4.123 [meters] (138)
DETERMINATION
0 _
The differential equations system expressed by the Xo3 = 0 [meters] (139)

matrix relationships (117), (118) and (119) will be
integrated using numerical integration methods. In order
to do this, using MATLAB software, a computational 0

program that integrates the system of differential y03 = 0[meters] (140)
equations mentioned above was designed. The following
input data are required in order to run the program.
¢} =1.32582[radians] (141)
I, =1[meters] (126)
ng =15 -cos @] =1.455[meters] (142)
I3 = 6[meters] (127)
0 0
=15 -sin@3 =5.821[meters 143
I, =1.5[meters] (128) Yo, = sIm®s [ 1)
I} = 3[meters] (129) ¢4 =2.2371[radians] (144)
Iy = 4[meters] (130) ng =15 -cos<pg +1y - cos (pg =0.528 [meters] (145)
; =10[radians / sec.] = const. (131)

yg =ls-sin@) +1y-singf =7 [meters] (146)

The following initial conditions are also required:

45



The Scientific Bulletin of VALAHIA University-MATERIALS and MECHANICS -Vol. 17, No. 17

<p2 = 0 [radians]

0

VOl X

=0 [meters/sec.]

0

Vv
Oy

=0[meters/sec.]

u)?z =10[radians/sec.]

0
VOZX =0[meters/sec.]
0 _

v02y =10[meters/sec.]

mgz =0.588[radians/sec.]

V33 =9.7014 [meters/sec.]

0

VO3x =0[meters/sec.]
0

vO3y =0[meters/sec.]

®J, = 0.588 [radians / sec.]

v&x =-3.424 [meters/sec.]
v2 y = 0.856 [meters/sec.]

o,

®J, =0.923 [radians/sec.]

0
vOSX =—4.513 [meters/sec.]
0 _
Vosy =0[meters/sec.]

(147)

(148)

(149)

(150)

(151)

(152)

(153)

(154)

(155)

(156)

(157)

(158)

(159)

(160)

(161)

(162)

@22 =0 [radians/sec.]

0 2
aolx =0[meters/sec”]
0 _ 2
aOly =0[meters/sec”]

8(1)2 =0 [radians/secz]

agzx =-100 [meters/secz]
0 _ 2
aoZy =0[meters/sec”]

€3, =20.761[radians / sec?]
ad; = —22.827 [meters/sec’]

a0

2
ox = 0[meters/sec”]

aO

_ 2
o,y = 0[meters/sec”]

€3, =20.761[radians /sec?]

ag « =—121.352 [meters/secz]
4
ad | =28.198 [meters/sec’]
"

€9, =29.3293[radians /sec’]

ag « =—155.145 [meters/secz]
5

_ 2
O,y =0[meters/sec”]
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(163)

(164)

(165)

(166)

(167)

(168)

(169)

(170)

(171)

(172)

(173)

(174)

(175)

(176)

(177)

(178)
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822 =0 [radians/secz]

Following integration, the results presented in the figures

obtained.

&~
ol

Yo [meters]
Pu

b, [radiané]

(179) : )
below (Fig.2-Fig.6) are
5 10
8 .........

X [meters]

0 02040608 1

time [seconds]

0 : : :
0 02040608 1

time [seconds]

® -05
-1

V.O y [misec.]

1 : : ; :
0 020406 08 1
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Figure 2.Variation of the kinematical parameters of the”1”element with respect to time
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Figure 3.Variation of the kinematical parameters of the”2”element with respect to time
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Figure 4.Variation of the kinematical parameters of the”3”element with respect to time
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Figure 5.Variation of the kinematical parameters of the”4”element with respect to time
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Figure 6.Variation of the kinematical parameters of the”5” element with respect to time

The movement was studied for a period of time of a second. It
was considered that the leading element of the mechanism
describes a uniform rotation movement all the time of the
motion.

5. CONCLUSIONS

The numerical method presented in the paper is based on
Euler’s relations concerning the distribution of velocities
written in projections on the fixed reference system axes.
Using the numerical method shown in the paper one can
determine the variation in relation to the time of
displacement, velocity and acceleration of any point
belonging to any element of the mechanism.
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UNFOLDINGS OF THE INTERSECTED SURFACES
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Abstract: The paper proposes to establish the intersection curve and the unfoldings of three cylinders. The intersection of the curves
was determined by the classical method, using the AutoCAD program, and the unfolded surfaces were realized by analytical

methods. For this the Mathematica program was used.

Keywords: unfolding, coupling, Mathematica program

1. INTRODUCTION

The design of the unfoldings comprises the
following phases:
- writing the equations of the curves resulting at the
intersections of the surfaces;
-writing the equations of the transforms by unfolding the
intersection curves.

2. CONTENTS

The Ox and Oz axes are considered, for the vertical
projection and Ox4 and Oyy as axes for the unfolding of
the cylinder. The transformation of the equation of the
vertical projection of a curve drawn on the cylinder into
the equation of the unfolded curve can be done by
expressing the x and z coordinates depending on x4 and
Xd [1-3]
—~ Xd
ab:xd:r-a—nx:T (1)

i\,

Cs

Y
y

Figure 1. Design of the cylinders
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. X .
Smag =——>X=r-smaoa

r

. X
X =r-sin—9-
r

Z:Zd

To find out the y; curve

2

€)

unfolding of the C, cylinder

we take the C; and C, cylinders, whose equations are:

C :2+y’ =R},
C,:y’+x*=R;.

4)
©)

By eliminating the y variable, we obtain the
equation of the vertical projection:

2’ —x* =R’ +R; =0.
The equation of the pl

(6)

ane curve, boundary of the

unfolding of the C, cylinder, is obtained by applying the

(3) relations to the (6) equati
In this case the equation

R;sin®x, /R, —z; + R’ =R} =0.

on:
will be:

(7

X
Then: 2, = J_r\/Rl2 — R’ cos’ R—d

where: X, € [— 7R,, 7R,

The 2 figure shows the
curve for the C, cylinder.

TN

10

@®)

2

J. 9)

unfolding of the intersection

/\

-10

I N

Figure 2. Unfolding of the

71 curve of the C, cylinder

The equation of the plane curve, v;, boundary of the

unfolding of the C; cylin

der to the C, cylinder, is

obtained by applying the relations:

X=Xq >
z=R,coszy /R,

(10)

In this case the (6) equation will be:

x2 —R?cos’z, /R —R?+R2=0

(11

Then: X, = i\/Rz2

where: 4 € [AC, BC],

A
—R/sin” =&

(12)

1

(13)

s0:2, €[~ R, arcsinR, /R,,R jarcsinR, /R, | (14)

The drawing of the

curves in the program

Mathematica takes place as in the 3 figure.

51

7

Figure 3. Unfolding of the y, curve of the C, cylinder

The equation of the plane curve, y;, boundary of
the C,; and C; cylinders, but belonging to the C, cylinder,
is obtained by replacing the concrete data in the (12) and
(14) equations. In this case we get the 4 figure.

-
|

Figure 4. Unfolding of the y; curve of the C, cylinder

The equation of the y, curve, boundary of the C;
cylinder is obtained by replacing the cylinder data in the
(8) and (9) equations. In the latter case we obtain the 5

figure. L w

10

-0 -20 -10

-10

—_—

Figure 5. Unfolding of the vy, curve of the C; cylinder

3. CONCLUSIONS

The presented method is very speedy and exactly and
following the program we can obtain the unfoldings of
cylinders for any other dimensions.
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NUMERICAL KINEMATICAL ANALYSIS OF THE ARTICULATED
QUADRILATERAL MECHANISM
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Abstract: The paper presents a numerical method of kinematical analysis of the articulated quadrilateral mechanism. Starting from
Euler’s relation concerning the distribution of speeds written in projections on the fixed reference system axes, a system of differential
equations describing the movement of the mechanism was obtained. This system of differential equations was then solved using
numerical integration methods and the variation with respect to time of the position kinematical parameters, of the velocities (the
first order kinematical parameters), and of the accelerations (the second order kinematical parameters), was obtained. Matrix
writing of the differential equations was used in order to make the differential equations set out in the paper easier to solve using the

electronic computer.

Keywords: kinematical analysis, numerical method, numerical integration methods, quadrilateral mechanism, leading element

NOMENCLATURE

T (Oxyz) -fixed reference frame

Xo, » Yo, - Oy point coordinates relative to the T (Oxyz)

Vo x » Vo,y -projections of the O, point velocities on the
axes of the fixed reference frame T (OXyz)

do x> 80,y -projections of the O, point accelerations on

the axes of the fixed reference frame T (Oxyz)

Xo, » Yo, - O, point coordinates relative to the T (Oxyz)

Vo,x »Vo,y -projections of the O, point velocities on the
axes of the fixed reference frame T (OXyz)

do,x-> 80,y -projections of the O, point accelerations on

the axes of the fixed reference frame T (Oxyz)

Xo, s Yo, - O; point coordinates relative to the T (OXyz)

Vo,x »Vo,y -Projections of the O; point velocities on the
axes of the fixed reference frame T (OXyz)

o,x -0,y -projections of the O; point accelerations on

the axes of the fixed reference frame T (Oxyz)

Xo, » Yo, - O4 point coordinates relative to the T (Oxyz)

52

Vo,x »Vo,y -projections of the O, point velocities on the

axes of the fixed reference frame T (OXxyz)

8o, x> 8,y -projections of the O, point accelerations on

the axes of the fixed reference system T (Oxyz)
l;,15, 15 -lengths of the elements 1, 2 and 3 respectively

®17,Po;,P3, -self-rotation angles of the elements 1, 2
and 3 respectively

y;,0,,,03, -angular velocities of the elements 1, 2
and 3 respectively

€17,€25,€3, -angular accelerations of the elements 1, 2
and 3 respectively

T -exponent that indicates the transposition matrix
operation

1. INTRODUCTION

The articulated quadrilateral mechanism presented in the
figure below (Fig.1) will be taken into consideration. It
consists of three mobile elements. The leading element is
denoted by “1”.The three mobile elements are connected
each other and to the fixed element by cylindrical joints.
The mechanism is presented in a configuration
corresponding to a certain moment”{”. The mechanism
in discussion may be regarded as a mechanical system
having one degree of freedom.
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0,7, &

® 0323

e

0O=0,

OZEOIZI 14

I

J e Ps, = O,

Figure 1.Articulated quadrilateral mechanism [2]

In [2], an analytical method of the positional kinematical
analysis was presented while in [8] an incremental
numerical method with the aid of which the position of
the mechanism can be determined for each moment of
the movement. Further on, we intend to perform the
complete cinematic analysis of the articulated
quadrilateral mechanism.

2. ESTABLISHING THE RELATIONSHIPS
BETWEEN THE FIRST ORDER
KINEMATICAL PARAMETERS

Taking into account Euler’s relation concerning the
velocities distribution, between the O, point velocity and
the O, point velocity, regarded as points belonging to the
same solid rigid body, the following vector relationship

in projections on the fixed reference system
axes T (Oxyz) may be written:
Vo, + @ X005 —vg, =0 (1)

The vector relationship (1) may be written in the
following equivalent form:

_—

VOl + o X(I’o2 —rol)—Vo2 =0

2

53

In matrix form the vector relationship (2) may be written
like this:

Vo, +@ - (rg, —10)~vo, = 0 =[010]"  (3)

vo, = Vo | Voy] (4)
o] ®
o, =[xo, | ¥o,]" ®)
o, =[o, | ¥o,]" ™

v, =i, Vo, ®)

The matrix relationship (3) is equivalent with the
following two scalar relationships:

©)

Vo,x —®1z - (Yo, — Yo,) —Vo,x =0
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Vo,y + @17 (X0, =Xo,) —Vo,y =0 (10)

The scalar relationships (9) and (10) may be written
together in matrix form as follows:

Ajpvi+Ap vy =0 =[010]" (11

2x1
110! ~(yo. -
Ay = __i__i:__(_y_Qz___VP_Q (12)
0711 (Xo, =Xo,)
O L (13)
S s s e
270 0-110
T
Vi :[VOIX ! Voy ! (’)lz] (14)
T
vy = [Vozx |Vo,y | Cl)2z] (15)

Between the speed of O, point and the speed of O5 point,

regarded as points belonging to the same solid rigid body
“2” the following matrix relationship may be written:

~ T
Vo, +®;-(rg, —10. )= Vo, = 0 =[010]" (16)
2x1

.

Vo, = [Vozx iVozy] (17)

l'o3 = [XO3 ! yo3 ]T (18)

T

Vo, =[V03x !V03y] (19)
0 |-

&, = {----:F-f”-z-z} (20)
027 0

The matrix relationship (16) is equivalent with the
following two scalar relationships:

Vo,x —®2z - (Yo, = Yo,) ~Vo,x =0 €2y
Vo,y + @2z - (Xo, =Xo,) —Vo,y =0 (22)

The scalar relationships (21) and (22) may be written
together in matrix form as follows:

Ay Vy+Axy-vy=10 =[oi0]" (23)

2

] -

Vy = [Vozx I vo,y I oazz]T (25)

Az = {‘_‘l‘i‘“*:‘q} (26)
01-110

V3 =ox 1o,y | s, 27)

Between the speed of Oz point and the speed of O, point,

regarded as points belonging to the same solid rigid body
“3” the following relationship in matrix form may be
written:

Vo, +03-(rg, —To, )~ Vo, = 0 =[o10]" (28)

2x1
vo, = o 1o,y ]" (29)
0 |-
& = [----i--f”iz} (30)
©37 0
ro, = [Xo3 : YOS]T 31
ro, = %o, 1 Yo, |" (32)
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)
vo, = o | Vo,y] (33)

The matrix relationship (28) is equivalent with the
following two scalar relationships:

Vo,x —®3z - (Yo, — Yo,) —Vo,x =0 (34)

(35)

Vo,y +®3z (X0, —Xo,)—Vo,y =0

The scalar relationships (34) and (35) may be written
together in matrix form as follows:

Ayy vy+Asg-va=0 =[010] (36)
2x1
1101 -(Yo, ~Yo,)

Agy =|=comdoooe 2B 37
3 [0;1; (Xo, ~%0.) 67
V3= [VO3X ! Vo,y ! 0’3Z]T (3%)

Ao O (39)
#7100
V4= [VO4X i VO4y]T (40)

The elements “1” and “3” are linked to fixed element
inO; and O4 points respectively. Because of this their
velocities will be equal to =zero throughout the
movement. In mathematical form that will be expressed
as follows:

vo, =[Volx ?Voly]T =0 =fpio]" @
2x1
vo, =No 1voy "= 0 =[o10]" @

2x1

The matrix relations (41) and (42) are equivalent to the
following scalar relationships:

55

Vo,x = %o, =Uxg, /dt =0 (43)
Vo,y = Yo, =dyp, /dt=0 (44)
Vo,x = %o, =Uxo, / dt=0 (45)
Vo,y = Yo, =dyo, /dt=0 (46)

The relationships (41) and (42) may be written in an
equivalent matrix form as follows:

Ay-vi=0=[010]" (47)
2x1
Asy-vy=10 =[010]" (43)
2x1
| |
A 1010 (49)
=|=-1==t=
41 : 1 : 0
A 110 (50)
=|—-——-
54710 N

The relationships (11), (23), (36) and (48) may be
written together in matrix form as follows:

Av=10 =0 o] (51)
10x1 101
(A iAR 0 1 0]
12322
0 1Ay 1Ay 0
23 ____12x2
| | |
a=| 31 9 1 Am A (52)
2x3 | 2x3
Ay 01010
1 2x3_ )1 2x3 | 2x2
01070 A
2x3 ! 2x3 ! 2x3 ! i
.
v=lvi (Vv (53)
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At the matrix relation (51) the following scalar relation : [ TleT ]T
will be added: C=|A" B (62)

W1, =00 + &g -t (54) B=[0!0l0}0o}0o}l0l0l0l0!0!0] (63)
Ix11

The scalar relationship (54) may be written in matrix
form as follows: - . -

| | |
A tAp 000
b 2x3 L 2x2
0 1Ay 1Az 0
B-v=wj9+eg-t (55) PR R
A=| 0 1 0 A3 Ay (64)
23023 0
B=[010111010101010101010] (56 At 01010
____L2x3_ | 2x3__2x2
0 [0 [0 Ay
: N , 231 231 231
The matrix relationships (51) and (55) may be written
together in matrix form as follows:
| |
Ay = 9_:_(34'___(_\/9_23_’___\10_1}’2 (65)
C'VZD'(O)IO +€0 t) (57) 0 : 0 : (VOZX _VO]X)
C—[AT:BT]T 58 . Jol0}0
S (58) Ap=|-t=1-(= 0 (66)
07070] 573

D=[0/0}/010!010/0}0!0}0/1]" (59

| I —_
Ix11 Ay = {OJ_QJ'__(_V_O_SX_XO_ZE’_)} (67)

Using the matrix relationship (57) in the next chapter we
will establish the differential equations that characterize

the movement of the mechanism from a cinematic point Ans = Q_E_Qi_o -0 (68)
of view. 2olol0l0] L1,
3. ESTABLISHING THE DIFFERENTIAL .
EQUATIONS DESCRIBING THE CINEMATIC . 9101 -(o,y—Vo,y) 69)
OF THE ARTICULATED QUADRILATERAL 3710 101 (Vox _VO3x)
MECHANISM S
In order to determine that cinematically characterize the Ay = (_)_E_Q -0 (70)
movement of the articulated quadrilateral mechanism, 70 10] 5%,
we will derive the matrix relation (57) twice in relation
to time and we will obtain:
. 0{010
. Ay =|tgtol= 0 )
C-v+C-v=D g (60) 01070] »%3
C-v+2-C-v+C-v= 0 61) . 0,0
111 Asqg=|om 1= 0 (72)
010] 5%

56
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¢=aT 1BT]" (73)

B=[0!0/0!0!0l0l010}0!0!0] (74
1x11

[ e | .. | | |
A A 01 0
L 23 L 2X2
0 1A»n Az 0
230 L 1ox2
A=l 0 1 0 (A3 Ay (75)
23 123, __
Ay 010 10
. L2x3_1 2x3_| 2x2
| | |
910 1 0 1A
2x3 1 2x3 1 2x3 | i
. O_E 04: —(aozy —aoly)
All = 6 |_6| ______ PR Y (76)
101 (ap,x —aox)
A {0 0] 0} 0 (77)
12: =t = 2
01010] ,7;
| |
Ay = 9_:_94'___(_&19_32’___?92_3’_) (78)
271010 ~a
1Y (303x Ozx)
A {0 0] 0} 0 (79)
23: -t | = v
01010] ,7;
| |
A B 0_: 01 —(ao4y —a03y) %0
B71010 (a0 ¢ —20 ¢) (80)
1Y O,x ~ 905X
A {O | O} 0 (81)
==Y
0 : 0 2x2
A {0 0] 0} 0 (82)
41= -t = Y
010,0] ,7,
A 0.0 0 (83)
=| ===
> 0 : 0 2::2

57

T S [P O
a=hl fal o] ]| (85)
2= a0, L aoy | en)" (86)
2y =[ao« | 0,y | €22)" (87)
a3 = [aO3x ! a0,y ! 832]T (88)

ay = [ao4x ; aQ‘y]T (89)

g=[fT 19T 5T 9T a (90)
a=fal tal fal fag]' 1)
i) = [0, | 0,y | é1)" (92)
a; Z[aozx | do,y | ézz]T (93)
i =[ao | 40,y | és]" (94)

iy = [0, 10, " (95)

In the relationship (91) the elements of thea column
matrix represents the second order accelerations. They
represent the variations of the accelerations during a
certain period of time. The system of the second order
differential equations (61) will be transformed into a
system of differential equations of the first order. In
order to do this, the following notation will be inserted:

v=a (96)

By replacing relationship (96) in the matrix relationship
(61) we will obtain:
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C-a+2:C-a+C-v= 0 (97)
11x1

The matrix relationships (96) and (97) form together a
system of twenty two differential equations. In order to
perform a complete kinematical study, namely to
determine the variation of the positional parameters in
relation to time, the following relationship will also be
added to the relationships (96) and (97):

x=v (98)

In the matrix relationship (98) the column matrix x will
be written as follows:

)

x:[xI EIREY ix}] (99)

. e T

X :[Xol 1Yo, | (Plz] (100)

%5 = [io, | Yo, | b2z " (101)

A T b §

%3 =X, | Vo, | é3.) (102)
%4 =[io, 10,] (103)

The matrix relationships (96), (97) and (98) form
together a system of thirty three differential equations
having thirty three unknowns.

4. INTEGRATING THE SYSTEM OF
DIFFERENTIAL EQUATIONS AND
OBTAINING THE RESULTS

The system of differential equations expressed by the
matrix relationships (96), (97) and (98) will be integrated
using numerical integration methods. To do this, using
MATLAB software a computational program that
integrates the differential equations system mentioned
above was designed. In order to run the program the
following input data are required:

Iy =1[meters] (104)

I, =3 [meters] (105)
I; = 4 [meters] (106)
I4 =5 [meters] (107)
o; =10[radians /sec.] = const. (108)

The initial conditions characterizing the configuration of
the mechanism are as follows:

xg = 0 [meters] (109)
1
yg, =0[meters] (110)
1
(p? =0 [radians] (111)
X3 =1[meters] (112)
2
yg =0 [meters] (113)
2
¢ =1.1864 [radians] (114)
xg =2.125[meters] (115)
3
yd =2.7810744 [meters] (116)
3
¢} =-0.7688 [radians] (117)
xQ =S5[meters] (118)
4
yg =0 [meters] (119)
4
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The initial conditions concerning the velocities, the first
order kinematical parameters, are the followings:

0

Volx =0[meters/sec.] (120)
vgly = 0 [meters/sec.] (121)
o), =10[radians/sec.] (122)
Vg =0[meters/sec.] (123)
2
v2 =10[meters/sec.] (124)
0,y
®), =-2.5[radians /sec.] (125)
Vg, =6.95268 [meters /sec.] (126)
3
Vg, =7.1875 [meters/sec ] (127)
3y
3, =-2.5[radians / sec.] (128)
v&x =0 [meters/sec.] (129)
ngy = 0[meters/sec.] (130)

As for accelerations, the second order kinematical
parameters, the following initial conditions are required::

0

ag,, = 0 [meters/sec’] (131)
0o _ 2
ay , = 0[meters/sec”] (132)
Y
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s?z =0 [radians/secz] (133)
ad  =-100[meters/sec’] (134)
2
al , =0[meters/sec’] (135)
LY
€3, =—32.30541 [radians / sec?] (136)
ad , =-17.1875[meters/sec’] (137)
3
a) , = 537253 [meters/sec’] (138)
3
€3, =12.6412 [radians / sec?] (139)
ad =0 [meters/sec’] (140)
4
ag =0 [meters/secz] (141)
N

Following integration, the results shown in the figures
below are obtained (Fig.2, Fig.3, Fig.4, Fig.5).At the
initial moment, the leading element of the mechanism is
considered at rest. One can see that the ¢, angular

parameter varies linearly with respect to time since it
was considered from the beginning that the leading
element “1” describes a uniform rotation motion around
the Oz axis. For this reason, the angular velocity of the

leading element has a constant value throughout the
movement. It can also be observed that the O, point

describes a circular uniform motion around the O, z axis.

The variation of the kinematical parameters of the ‘“2”
element in relation to time is shown in figure 3
(Fig.3).Figure 4 presents the variation with respect to
time of the “3” element kinematical parameters. It may
be observed that the third element of the mechanism
describes an oscillatory rotational motion around
the Oz axis. Analyzing figure 5 (Fig.5) it may be
observed that the kinematical parameters of O4 point are

constant throughout the movement since it is considered
to be fix.
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Figure 2.Variations of the kinematical parameters of the “1” element with respect to time
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Figure 3.Variation of the kinematical parameters of the “2” element with respect to time
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Figure 4.Variation of the kinematical parameters of the “3” element with respect to time
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Figure 5.Variation of the kinematical parameters of the O4 point with respect to time
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The case when the leading element of the mechanism
describes a uniform rotational motion was considered.

5. CONCLUSIONS

The numerical method presented in the paper is based on
Euler’s relations concerning the distribution of velocities
written in projections on the fixed reference system axes.
Using the numerical method presented in the paper the
variation in relation to time of the displacements, speeds
and accelerations can be determined.
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Abstract: The purpose of this paper is to establish the intersection curves between cylinders, using Mathematica program. The
equations curves which are inferred by mathematical methods are introduced in this program. This paper takes into discussion the

case of four cylinders.

Keywords: unfolding, coupling, Mathematica program

1. INTRODUCTION

The transition elements or couplings are met in all the
industrial and of pipes equipments and they are formed
from intersections of pieces with thin or thick walls. In
practice is necessary to know their unfolding, to obtain
these couplings using the welding technological process.
This paper proposes to establish the unfolded curves of
one of this coupling, using a different proceeding against
the classical method of descriptive geometry.

2. CONTENTS

The characteristics of the cylinders are presented in
the figure 1. The transition element presented in the
figure 1 is met in pneumatic equipments. This coupling
makes connection between pipes with displaced parallel
axes.

\

!

R i
\il

¢ 40

Figure 1. Coupling

For the first cylinder, presented in the figure 2, the
transformation curve equation, is obtain by applying the
relations (2), (3) to the equation (1), [1,2].

sin10 =£=AB= 167 -sin10 = 28,9992
OA

z=(xtR) tg B, x €[-R,R] (1)
x =R sina (2)
z=1z4, a0, 27] 3)

mt=x4=Ra
x = R sin (x4/R)
Z=124
We obtain:

24 = tgp (Rsin%dm),xd € [0,27R] )

A

Figure 2. Base cylinder
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For an angle § = 10° and a cylinder radius R = 20, we
have the figure 3, by introducing the equation (4) into
Mathematica program [3,4,5].

z4 = tg10° (ZOsin)2(—8+2O),xd € [0, 740]

Plot[{Tan[10Degree]*(20*Sin[xd/20]+20)},{xd,0,Pi*40
Hl

N W b~ OO O N

©» o o & 1o 0
Figure 3. The unfolding cylinder for = 10°

For an angle B = 17°, respectively 13 ° and a radius of
cylinder, R = 20, we obtain the figure 4 and 5, by
introducing the equation (4) into Mathematica program.

z4 = tg13° (ZOsin)2(—8+20),xd & [0, 740]

24 = tg17° (203in)2(—g+20),xd € [0, 740]

Plot[ {Tan[13Degree]*(20*Sin[xd/20]+20)}, {xd,0,Pi*40
i1

20 40 60 80 10 120
Figure 4. The unfolding cylinder for p = 13°

Plot[{Tan[17Degree]*(20*Sin[xd/20]+20)},{xd,0,Pi*40
11

10

20 40 60 80 10 120
Figure 5. The unfolding cylinder for f =17°

The third cylinder, for an angle = 8° and a radius of
cylinder R = 20, we obtain the figure 6, by introducing
the equation (4) into Mathematica program.

64

24 = 1g8° (20 sin)z(—g 120),x4 € [0, 740]
Plot[ {Tan[8Degree] *(20*Sin[xd/20]+20)}, {xd,0,Pi*40}]

5

4

20 40 60 80 100 120
Figure 6. The unfolding cylinder for p = 8°
The fourth cylinder, for an angle p = 4° and a radius of

cylinder R = 20, we obtain the figure 7, by introducing
the equation (4) into Mathematica program.

24 = tg4° (20 sin)2(—8+ 20),x4 € [0, 740]
Plot] { Tan[4Degree] *(20*Sin[xd/20]+20)}, {xd,0,Pi*40}]

25+
1.5y

0.5¢

20 40 60 80 100 120

Figure 7. The unfolding cylinder for p = 4°

3. CONCLUSIONS

The presented method is very speedy and exactly and
following the program we can obtain the unfoldings of
cylinders for any other dimensions.
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