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ABOUT MATERIAL WELDING BY TUBULAR AND DENSE ELECTRODE
WIRES

A. Monov?, 1. Zumbilev?

! Todor Kableshkov University of Transport — Sofia
2TU-Sofia, Plovdiv Branch, izumbilev@mail.bg

Abstract. The aim of the present paper is to make analysis of the geometric parameters of seams, welded by two
types of electrode wires — dense and tubular, used in electric arc welding in a gas mixture medium. Mathematical
models concerning the geometric parameters have been derived and dependences have been built, reflecting the
influence of the technological parameters on the controlled variables.

Key words: welding, tubular wires, gas mixture, modeling, quality of welded surfaces

I. Introduction.

Electric arc welding in a shielding gas medium is
one of the most widely used methods for
rehabilitation of worn details. Its advantages are high
productivity, technological simplicity, equipment
accessibility and possibilities for automation [1, 3,
4].

During the process of their exploitation details in
the machines and facilities change the dimensions of
their working surfaces due to wear. The
rehabilitation of the worn details by welding is a
prospective trend in the economy of spare parts, raw
materials, and energy. Therefore the rehabilitation of
details is widely applied in the developed industrial
countries with considerable economic and ecological
efficiency [2]. By means of welding the dimensions
of the details can be restored, the wear can be
reduced, and the deposition of a surface layer with
specific properties is also possible. Rehabilitative
welding has a high economic efficiency. Complex
and expensive detail are thus rehabilitated [6].

One of the prospective methods with wide area of
application, combining high productivity with
economic efficiency, is welding by means of a
tubular wire in a medium of shielding gas mixtures.
The process of welding in shielding gas mixtures
differs from the other types of welding in that the
electric arc burns in a shielding gas jet, and both the
weld pool and the drops of electrode metal are
protected by the oxygen and the nitrogen in the air
and in the gas medium, formed by this jet. One of the
main advantages of the method is, that with the help
of alloying elements, welded metal with precisely
defined properties can be deposited in the cores of
the bodies, which is difficult to achieve by welding
with a dense wire. Except for alloying elements, gas-
forming and slag-forming components are also
introduced in the composition of the tubular wire,

what ensures protection for the arc and proper
performance of the physical and metallurgical
processes in the area of welding.

The main parameters, influencing geometry and
structure of a weld seam are the current, the voltage
and the speed of welding. The quality of the welded
layer in case of a wide-layer welding greatly depends
on the parameters of the single seams, of which it is
composed [1].

The aim of this study is to make a comparative
analysis of the geometric parameters and the quality
of the welded seams, obtained in flat electric arc
welding in a shielding gas medium with use of both a
tubular electrode wire Fluxofil 56 and a dense
electrode wire LNM 420FM.

I1. Methodology of study.

The geometric parameters of the welded layer
directly depend on the mode of welding, determined
by the current strength |, the voltage U and the speed
of welding Vweo. The various combinations
between them form a multiplicity of technological
modes, leading to a different geometry of the weld
seam. Both the shape and the dimensions of the seam
are directly related to the productivity in
rehabilitating the worn surface and the quality of the
welded layer.

A complete factorial experiment of 2* - type was
conducted for achieving the goal. Flat samples from
steel 20 were welded by two types of electrode wires
- Fluxofil 56 and LNM 420FM. The shielding gas
mixture was gas corgon, comprising 82% argon and
18% CO,. Current X3, voltage X», welding speed Xs
and electrode outlet X4 were used as input factors,
and the width B of the welded layer, the height H and
the quality K of the welded layer were taken as a
target parameter. The range of variation of the
controlling factors is given in Table 1.
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Table 1. Interval of variation and factors

Main factors
X1 X2 Xa
Levels X3
Current | Voltage Welding speed Electrode outlet
[A] [V] [m/min] [mm]
Basic level (0) 200 22 0,82 13
Range of varying 50 4 0,54 3
Lower level (-1) 150 18 0,28 10
Upper level (+1) 250 26 1,36 16

Each of the geometric parameters of the weld
seam (strengthening and width), as well as the
quality in welding is described by a law of
functioning in compliance, by which the particular
parameter reacts to the action of the factors, given in
Table 1.

The following equipment was wused for
conducting the experiments: source of current IZA —
G 315; device for feeding the bodies UT-5; automat
(tractor) for welding Kometa 2; gas burner RM 36M
RZ2 - Imax- 360A (CO2); 320A (Ar+COy). The
welding was realized with flat test samples, made of
steel 20 with dimensions: width 250 mm, length 500
mm, and thickness 20 mm.

In order to achieve higher surface hardness of the
welded layer at a minimum area of thermal
influence, the following components were chosen:
tubular wire Fluxofil 56 — 1,4mm (produced by
OERLIKON) DIN 8555, having the following

For the tubular electrode wire FLUXOFIL 56:

B = 6,405+ X1 + 1,196X>—-1,757X35 -0,076 X4 + 0,197X;

0,0588 X3 — 0,268X,X3 .

H = 1,643+ 0,242X: - 0,212X; — 0,69X3 —0,003X, - 0,017 X;

X2 — 0,252X2Xs + 0,232 XZ — 0,053XsX4 - 0,078 X2

K =2,536 +0,148X1 + 0,3X; - 0,648X3+ 0,086X4 - 0,876 X

chemical composition in weight percentage - C-0,35
, Mn-1,5, Si-0,53 , S-0,007 , P-0,012 , Cr-5,2 , Mo-
0,64; dense wire LNM 420FM (produced by
LINKOLN), with the following chemical
composition in weight percentage - C-0,45, Mn-0,4 ,
Si-3, Cr-9,5.

Each of the parameters of quality is controllable
by measurement, by assessing it quantitatively in its
own limited range of change. The adequacy of the
models is defined by the coefficient of multiple
correlation and confirmed by the calculated value of
the F-criterion of Fisher, which needs to be higher
than the tabular value.

I11. Results and discussion

A standard methodology was used [5], and for the
studied parameters of quality these non-linear
dependences were obtained:

2 4 0.24X:X5 — 0,493X: X3 + +0,0416X:Xs +
....... (1)

2 4 0,24X:X2 -0,096 X1 X3 + 0,034X:Xs + 0,232
(2)

2 1 0.255X1Xs + 0.215X1Xs +0,091X1X, +

0,249%2 — 0,006X2Xs + 0,073X,Xs - 0,257X2 — 0,097XsX4 - 0,362X2 ©)

For tubular electrode wire LNM 420 FM:

B = 5,648+ 0,762X1 + 1,297 X>—-1,416X3 - 0,106 X4 + 0,054 X

+0,084X3 — 0,36X,X3 +0,95 X3- 0,383 X3

2, 0,052X1X>2 - 0,31X1X3+ 0,094X3X4

(4)

H =2,389 + 0,784X; - 0,247X, — 0,908X3—0,243X4s + 0,061X1X>- 0,192 X1X3+ 0,228X:1 X4+

+0,250 X3 — 0,020X2X3 + 0,489 X3 — 0,103X2X4

K =3,080-0,41X; + 0,379X; - 0,713X3+ 0,101X4 - 0,378 X

2 4 0,168X:1X5 + 0,192X: X5 -

- 0,133X1X4- 0,039 X3 — 0,141X,X5 + 0,119X,X4 - 0,115X3X4 — 0,362 X3 ... (6)
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Based on this study an optimal technological
mode was defined with respect to productivity and
quality, described by the parameters: current strength
250 A, arc voltage 21V, and welding speed up to
0,28 m/min.

Fig. 1 shows the graphic representation of the
derived models. From them, except for the

qualitative influence of the parameters, known from
practice, the precise value of the studied parameter
of quality can be defined for the corresponding
electrode wire.

LNM 420FM - U=22[V1; L=13Imm] Fluxaofil 56 - V=0.82[m/min]; L=13[mm]
1-3& V [m/min] % UM
H[mm] 1208 Hmm] 24
0.82 03,649 22 |p2,83.7
02,336 02,1-2,9
1,023 01,3-2,1
0,55 20
0 18
150 250 150 175 200 225 250
11A] 11A]
Fluxofil 56 - U=22[V]; L=13[mm] LNM 420FM, V=0.82[m/minl; L=13[mm]
1,36 V [m/min] % UM
B[mm] 18 K 24
0,82 (Og,1-10, 22 02,8-3,5
06,281 02,129
/ m4,36,2 m1,4:2 4
0,55, | 20
0. 18
150 175 200 225 250 150 175 200 225 250
11A] 1A]
LNM 420FM, V=0.82[m/min]; L=13[mm] LNM 420FM - U=22[V1; L=13Imm]
t T®E UM 1,36\ [m/min]
Hmm1 | K .
’ r22 [D2837 / 0,82 02,6:3.4
02,1-2,9 01,8:2,6
r 20 m1,3:2,1 0 01,0-1,8
18 /
150 175 200 225 250 150 175 200 225 251;J 2
1[A] 1[A]

Figure 1. Graphic images

Welding seams about 9mm wide are produced
with the help of the electrode wire FLUXOVIL 56 at
voltage values higher than 33 V, values of the
welding current exceeding 200A and velocities up to
0,55 m/min. Under these modes, however, the height
of the seam for this type of electrode wire is no more
than 2,5 mm.

Covering layers with bigger thickness up to 4 mm
at the range mentioned above can be realized by
means of LNM 420 FM.

Essential differences between the studied
electrode wires were established during the analysis
of the visual assessment of the seam quality at the
various technological parameters. After conducting
the experiment, expert assessment of the seam
appearance was made by the three-level scale and
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based on it the regression dependences 3 and 6 were
derived. By means of the electrode wire LNM 420
FM considerably better quality of the welded seams
is achieved at the used range of technological modes.
A particular recommended mode can be specified
for the specific electrode wire from the realized
graphic study depending on the user’s requirements.

1. Conclusions

Three regression equations have been derived for
each of the two studied electrode materials, defining
the influence of the technological factors (current,
voltage, welding speed, electrode outlet) on the
geometric and functional parameters of welded
layers.

An optimal technological mode has been
identified for deposition of layers with respect to
their geometric and qualitative parameters.
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INVESTIGATION OF STATIC CHARACTERISTICS OF DIGITALLY-
CONTROLLED ELECTROHYDRAULIC STEERING SYSTEM

Alexander Mitov?, Jordan Kralev?, licho Angelov?

! TU-Sofia, Faculty of Power Engineering and Power Machines, dept.. ,, Hydroaerodynamics and
Hydraulic Machines ”, e-mail:alexander_mitov@mail.bg
2 TU-Sofia, Faculty of Automatics, dept.: ,, System and Control 7, e-mail:jkralev@yahoo.com
3 TU-Sofia, Faculty of Power Engineering and Power Machines, dept.. ,, Hydroaerodynamics and
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Abstract: The paper presents theoretical and experimental results for static characteristics of steering
electrohydraulic system with digital control. Theoretical investigation is based on analytical mathematical models.
Experimental results characterize static behavior of the system. They are executed on specially designed test rig for
evaluation of electrohydraulic steering unit (EHSU). The purpose of experiments is to prove predictions of theoretical

models.

Keywords: Static Characteristics, Electrohydraulic Steering System, Digital Control;

Introduction

The main advantage of hydraulic drive system is
their high density of power transmission with respect
to their small dimensions. It is the main reason for
their application in the field of industrial and mobile
machines. Moreover, the ability for accurate position
control allows their application in steering control of
movement direction in various vehicles.

Increase in demand of such mobile machines
with automatic control of working motions as well as
trajectory direction is important factor for evolution
of incorporated electrohydraulic steering systems.
The key element in this system is electrohydraulic
steering unit (EHSU).

EHSU with digital control are relatively new and
not sufficiently researched technical solutions. Their
functional behavior is strongly dependent on
mechanical and electrohydraulic units as well as
control system and embedded digital regulators.
Therefore it is reasonable to investigate static and
dynamic behavior of whole system composed of
executive servo-cylinder, EHSU and digital control
system [7].

The paper presents theoretical and experimental
results for static characteristics of steering
electrohydraulic  system with digital control.
Theoretical investigation is based on analytical
mathematical models.

The main purpose is to experimentally prove and
analyze the resultant from mathematical models
static characteristics.

Experimental
system

lay-out of investigated

In department of “Hydroaerodynamics and
Hydraulic Machines” of Technical University of
Sofia is designed and implemented a test bench for
EHSU type OSPE200 with displacement volume 200
cm®. Implemented test rig for the present research is
utilized for functional evaluation of EHSU. The test
rig allows evaluation of EHSU in two modes:

- Mechanical — input control signal is generated
from the steering wheel;

- Digital — input control signal is generated from
electronic joystick.

Figure 1 shows a hydraulic diagram of test
bench. Detailed description of its schematics and
contruction can found in [6,7].



| |
Fig.1. Hydraulic diagram of test bench

Figure 2 shows the structure schematics of closed
loop system for control of EHSU test bench. The
system is composed of two loops — internal and
external. Internal loop consists of local feedback
(spool movement), PVE-block for digital control of
EHSU and controlled internal spool/sleeve valve.
External loop encloses reference signal (generated
from joystick), programmable microcontroller,
EHSU and

The outer loop covering global feedback consists
of Reference (formed by joystick), a programmable
controller EHKU and executive servo-cylinder. The
output signal of the system is the position of the
cylinder.

Mathematical modeling of internal loop

It is composed mathematical model of static
characteristic, according to indications in Figure 2,
internal loop of the closed system [7].

Mathematic modeling of static
characteristics
Paosition of Spool Moauuusa Ha
i /_ _\ UHAMHADPA
Ref /e e i
N e.n.ance ! + \I—b Controller |—»!/+ > PVE ,| Main Spool » Cylinder >
(position) \_-_/ \_-_/ valve

Internal loop

External loop

Fig.2. Structural diagram of the closed loop control system

Figure 3 shows a hydraulic diagram of electro
proportional part of EHSU consisting of a four two-
way, two position (2/2) valve connected in parallel
and control hydraulic spool valve determining the
direction of the executive servo-cylinder in digital
mode [2].

12 Bar from Pilot
duction valve

Ll

Fig.3. Hydraulic diagram of spool valve controlled by
four solenoid valve
e Continuity equation for the two-way (NO-NC)

valves.

Gnonc = WS, E(ﬁ —Da). m? /s, (1)

where:
Gwo.ne — flow rate thought 2/2 valves;

1 — coefficient of flow rate;
p — density of working fluid, kg /m?;
D1, P> —pressure in p.1 and p.2, Pa.

o Flow rate caused by the compressibility of the

working fluid.
dpv , av _ _ 3
dt K + de - qa’n QOut’ m fS (2)
d_'PE_i_V: Qin — Qouts mgl/’Si (3)

dt K



where:

V — initial volume, m?;

K — bulk modulus, Pa

V—flow caused
compressibility,m? /s;

Qins 9ous — Tlow Of input and output of each of

the 2/2 valves.

rate the

by

e Pressure drop in two-way two-position
valves (NO-NC) valves.

'ﬁp: gf(t?iﬂ_qgut_v)df_'_pi! Pa 1(4)

where:
p; — is the initial value of pressure, Pa.

e  Equation of force balance of the Main Spool.

i Fi=mg,. %, N 5)
F‘J'J‘I’. - FS‘,[JT. - Ff[ i Ff‘l’ = ml, N (6)
F;JT:pa'AA_pB'Aﬁ'iFfr! N, (7)

where:
Mg, — mass of the spool, kg:

¥ — acceleration of the spool, m /s?;

E,. — pressure force on both sides of the
spool, N;

F.,. — force of the spring, N;

F¢, —friction force, N,

Fy;, — steady state flow force, N;

P.. Dz — pressure in area A and B, Pa;

A, = Az = A —area on both sides of the spool,

m2.

Fr = (pa —Ds)-A N (8)

e The force induced by the spring acting on the
spool.

(9)

where:
¢ — constant of the spring, N/m ;

10

Fof.— force  from preliminary  spring
deflection, N /m.
e Steady state flow force
Frp = 2LK..5.Ap.cos®, N (10)

e Equation of motion of the main spool valve.

Eres (t) = Mgy X [:t)r N (11)

#(0) = [F=9 4 2 (0)dt (12)
Msp

- FJ"E‘S(t] n -

x(t) = [J ==+ 2(0)dt + x(0)dt, (13)
Msp

where:

E. .. —resultant force, V;

TEes

Mathematical modeling of the external loop of
the closed system
Figure 4 shows a hydraulic circuit with the main
indications of the parameters required for modeling
the system with priority valve [2].
e Equation of force balance for a priority
valve.

pCF'A‘pTiOT. = pLS"'q‘prio‘r. + kspr.'vsp Wdispl. (14)

_ PrsVsp.displ

Per — Pis = = const

, (15)

Aprior.

where:
Per — inlet pressure of EHSU, Pa;

Prs — pressure in LS-line, Pa;

Aprior.- area of the spool of the priority valve,

m?;

Vep.aispr.- Volume in the priority valve , m?.
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Fig.4. Hydraulic diagram of the system with priority
valve and variables

e Continuity equation for throttling sections of the
spool in the proportional valve to the left area of
the executive servo-cylinder.

qr = HSex f%(lﬂ‘c.ﬂ —p).m?/s (16)

L= S(xj' Iir‘:o'ra.'j".r m?® /S ' (17)
where

2
kO‘]’if. =Hu f;(pCF - p!oad) (18)

Figure 5 shows the profile of the throttling
sections in the proportional spool valve, the
embodiment of which is described in detail [7].

range0 < x = 0,3.1073, m

$,(x) =1,83.n.VR.xz, (19)

atx = 0,3.1072, follows S, (x) = ,043.10712 m?

-

2,6 =005

R 04 o
Fig.5. Throttle sections in the spool of proportional
valve

range 0,3.107% < x = 3,5.107 %, m

S(x)=5,(x)+0,73.1073(x—0,3.107%),  (20)

Based on experimental data obtained and
developed program [1] were obtained approximating
analytical dependencies enabling change the
coefficient of flow as a function of Reynolds

number, p=p (Re).
In throttle section type "equilateral triangle":

- if 0 < Re = 100, To0:

i, =5938.10"% + 8,586.107%.Re —
3,291.107>.Re?
(21)

- if 100 < Re = 2200, To:

i, = 0,592 + 1,492.10"%.Re — 3,732. 10"%.Re? (22)

In throttle section type "circular cut-out":
- if 0 < Re = 250, 10:

W, =3,741.107% +3,282.107%.Re —
4,761.107%.Re?

(23)
- if 250 < Re = 6000, To0:
Ry =
0,50029 + 9,7903.1073.Re — 0,8725.107%. Re?
(24)

e Equation flow supplied to the right chamber of

the cylinder.

Gr = WS(y f%(PR —pr), m*/s (25)
Gy =V Ay, =2 L (26)
2 (y"qcyi.}@dt (27)
V-Aey, — Gr = 2.2, (28)

where Vy = Ay G + y)

pr = (7. 4c0) — %ﬁdr (29)

"
A



Presented dependencies mathematical model for
internal and external loop (according to structural
diagram in Figure 2) are adapted for different
operating points of established regime. Based on

T T T T T
150 —

100

Static Characteristic

those developed M-script file to calculate the static
characteristic of the investigated system. Graphics
depicting the result obtained theoretically static
characteristic is shown in Fig.6.

Theory
E 50,
;
100 —
A50 1 | | | |
0 0.1 0.2 0.3 04 stoering mggl (rad) 0.6 0.7 0.8 0.9 1
Fig.6. Theoretical static characteristic of the system
Experimental study of static them (EH Subsystem) is obtained by counting the
characteristics frequency of rotation of the steering wheel [6],

On Figure 7 shows two experimentally derived
static characteristics of the investigated steering
electrohydraulic drive system. One of them (OSP
Subsystem) is obtained in hydro-mechanical control
through spool/sleeve device in EHSU. The second of

respectively shaft by SASA sensor (pos.7, Fig.1)[8].
The measured signal is sent to the controller that
generates a control signal to PVE-module for digital
control.

Static Characteristics

T T T T T T T T T T T

150 — : —

HystEH=031%
B 104 e . T
100l 102 g : — EH Subsystem | |
. ‘ OSP Subsystem
B PR | Hyst0OSP=08 %8| - I 1
: : HystEH=0.18 % ‘ 1185 117 11.75 (0 11.85

= 50 : H H : |
£
E
z : : HystEH=0.18 %
£ [ B 1
x [T AS SN S
5 | |
o : ]
kS 0 5 : e e —
H] 45%
3 : -
4 [ Hyst OSP = 0012 45} ... foovovviioiiv o 7
g % 55 555 56 585 QD)

50| S ST -

HystEH=029 %
00— G . bl I -
3 -mz/
: D 17 KT
150 1 ‘ 1 ‘ 1 1 | 1 1 1 1 ‘ 1 1 ‘ 1 ‘ 1 1 ‘ 1 1
-20 15 -10 -5 0

20

Steering Wheel SASA (rad)

Fig.7. Experimental static characteristics of the system

The static characteristic presents the amendment
of the position detected by feedback sensor of the

12

cylinders as a function of angular rotation of the

steering wheel in steady state [4,5].



An assessment and analysis of the quality of the
static characteristics in terms of hysteresis. It is
calculated by the formula (30), and the resulting
values are shown on Fig.7.

H =22l 100,94 (30)
YoM
where:
Vv, - position of cylinder when steering to the
right, mm;

V2~ position of cylinder when steering to the left,
mm;
Vwon - NOMinal stroke of cylinder, mm.

Experimental studies were carried out at
relatively low speeds (1 tr/min) [3], determined by
the human operator to ensure the establishment of
transitional processes. However, there are some
overshoot in the dynamics that occur as local
breakpoints in the static characterization (EH
Subsystem).

Conclusion

Based on the results of theoretical and
experimental studies of static characteristics there
can be made the following important conclusions:

1. The estimated hysteresis in four symmetrical
points compared to the average position of the
cylinder proves the proximity of the two
characteristics. There is an obvious correlation
between theoretical and experimental result
(Figure 6 and Figure 7).

2. In the case of control through the controller, the
results depend on embedded software algorithm.
The results for this case can be improved for
example with application of more accurate
model of the plant.

3. Due to the large number of units of the system
and the complexity of the processes in it most
appropriate approach for obtaining models is by
means and methods of identification.
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4. The linear nature of the static characteristic is
the only prerequisite to argue that the system is
linear dynamics. This is a reason to perform a
research on both linear and nonlinear models
with identification and control of the steering
system.

Reference

[1] Angelov, Il. Investigate of pilot operated two
way flow control valve from hydraulic drive system
for lifting devices of forklifts, Dissertation, Technical
University of Sofia, 1991.

[2] Bertelsen, D., C. Jeppesen, et. al., Modelling
and control of OSPE valve, Aalborg University,
Autumn, 2010

[3] Danfoss Inc.: CAN in PLUS+1 Guide,
Fundamentals of PLUS+1 Guide Electronics,
Training course, Almhult, Sweden, 2015.

[4] Fischer, E., A.Sitte, J.Weber,E.Bergmann,
E.Motte. Performance of an electro-hydraulic active
steering system, 10th International Fluid Power
Conference (10thIFK 2016), Dresden, 2016.

[5] Harrer, M., P. Pfeffer. Steering Handbook,
ISBN: 978-3-319-05449-0, Springer International
Publishing, 2015.

[6] Mitov, Al., J. Kralev, Il. Angelov. Digital
Control Of Electro-Hydraulic Steering Test Bench,
MHK ,Pa3Butne Ha Haykara, TEXHOJOTUUTE U
TEXHHUKATa 3a MMpou3BOACTBO, OITaKOBAHC,
CTUKCTUPAHE, CBHXpPAHCHUC U I[I/ICTpI/I6yLII/I$I Ha
xpanu“, Journal of Food Packaging Science,
Technique and Technologies, ISSN 1314-7773,
Volume 7, Year 4, p.68+73, [lammopogo, 2015.

[7] Mitov, Al, Research Of Steering
Electrohydraulic Drive System With Digital Control,
Dissertation, Technical University of Sofia, 2016.

[8] Sauer-Danfoss Inc.: OSPE Steering Valve
SASA Sensor, Technical Information, 11068682, Rev
CD, Sep 2012.



Journal of Food and Packaging Science, Technique and Technologies, Nell, 2016
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Abstract: This paper studies the influence of the electric arc welding in a shielding gas medium on the geometric
parameters of rotationally welded seams by means of tubular and dense electrode wires. Regression models of the
geometric parameters have been derived, and dependences have been built, reflecting the influence of the technological

parameters on the controlled variables.
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l. Introduction.

Rehabilitation of worn parts by welding is a
promising trend in the economy of spare parts, raw
materials and energy. Therefore rehabilitation of worn
parts is widely implemented in the developed
industrial countries and has a significant economic
and ecological effect [2]. By means of welding the
dimensions of the details can be restored, wear can be
reduced, and surface layers with special properties
can be deposited. Rehabilitative welding is with high
economic efficiency. Complex and expensive details
are is thus rehabilitated [5].

The electric arc welding in a shielding gas medium
is one of the most widely used methods of
rehabilitating worn details. Its advantages are high
productivity, technological simplicity, equipment
accessibility, and possibility for automation [4].

One of the prospective methods with wide area of
application, combining high productivity with
economic efficiency, is welding by means of tubular
wires in a medium of shielding gas mixtures. The
process of welding in shielding gas mixtures differs
from the other types of welding in that the electric arc
burns in a shielding gas jet, and the weld pool and the
drops of the electrode metal are protected by the
oxygen and the nitrogen in the air and in the gas
medium, formed by this jet. One of the main
advantages of the method is that with the help of
alloying elements, welded metal with precisely
defined properties can be deposited in the cores of
bodies, which is difficult to achieve in the process of
welding by dense wires. Except for alloying elements,
gas-forming and slag-forming components are also
introduced in the composition of the tubular wire,
what ensures protection for the arc and proper
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performance of the physical
processes in the area of welding.

The main parameters, influencing geometry and
structure of the weld seam are the current, the voltage
and the speed of welding. The quality of the welded
layer in case of wide-layer welding greatly depends
on the parameters of the single seams, of which it is
composed [1].

The aim of this study is to derive regression
dependences of the geometric parameters of
rotationally welded seams, obtained by means of
electric arc welding in a shielding medium composed
of a gas mixture.

and metallurgical

I1. Materials and methods

The geometric parameters of the welded layer
directly depend on the mode of welding, determined
by the current strength 1, the voltage U and the speed
of welding Vweis. The various combinations between
them form the multiplicity of technological modes,
leading to different geometry of the weld seam. Both
the shape and the dimensions of the seam are directly
related to the productivity in rehabilitating the worn
surface and the quality of the welded layer.

A complete factorial experiment of 23 -type was
conducted for achieving the goal. Samples from steel
40X were welded with the help of two types of
electrode wires - Fluxofil 56 and LNM 420FM. The
shielding gas mixture is gas corgon, comprising 82%
argon and 18% CO,.

Current X1, voltage X», welding speed Xz were
used input factors, and the width B, the height H and
the depth & of the welded layer were taken as a target
parameter. The range of variation of the control
factors is given in Table 1.
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Table 1. Levels of variation and factors

Control factors
X1 X> X3
Levels Current | Voltage | Welding
speed
[A] [V] [m/min]
Lower limit (-1) 150 19 0,59
Basic level (0) 200 215 1,19
Upper limit (+1) 250 24 1,79
Range of varying 50 2,5 0,60
Each of the parameters of quality is controllable
by measurement, in which it is quantitatively 1000V
assessed in its own limited range of change. n= D where

The following equipment was used for
conducting the experiments: source of current 1IZA —
G 315; device for feeding the bodies UT-5; automat
(tractor) for welding Kometa 2; gas burner RM 36M
RZ2 - Imax- 360A (CO2); 320A (Ar+COy).

In order to achieve higher surface hardness of the
welded layer at minimum area of thermal influence,
the following components were chosen: tubular wire
Fluxofil 56 — 1,4mm (produced by OERLIKON)
DIN 8555, having the following chemical
composition in weight percentage - C-0,35, Mn-1,5,
Si-0,53, S-0,007 , P-0,012, Cr-5,2 , Mo-0,64; dense
wire LNM 420FM (produced by LINKOLN), with
the following chemical composition in weight
percentage - C-0,45, Mn-0,4 , Si-3, Cr-9,5.

The adequacy of the models is defined by the
coefficient of multiple correlation and confirmed by
the calculated value of the F-criterion of Fisher,
which needs to be higher than the tabular value.

The experiments were conducted with rotational
test samples with diameter & 38 mm and in
accordance with the technologically possible speed,
the change of the revolutions related to the speed of
welding was defined after the formula

n — rotational speed (rev/min);

D — diameter of the sample (mm);

V — speed of welding (m/min)

The experiment was conducted with constant
welding speed VV=0,59 m/min. The single seams can
be used to forecast achieving thicknesses at various
velocities.

Each of the geometric parameters of the seam is
described by a law of functioning in compliance, by
which this parameter reacts to the action of the
controlling factors.

The main task of every multi-factorial study
reduces to studying the described problem by means
of identification and mathematical description. From
the initial information the studied parameters of
guality have an explicit non-linear character with
respect to the studied factors.

The adequacy of the models is defined by the
coefficient of multiple correlation and confirmed by
the calculated value of the F-criterion of Fisher,
which is needed to be higher than the tabular value.

Table 2. Levels of variation and factors

Control parameters

X1 X2 X3

Levels Current | Voltage Step

[Al V] [mm]
Lower limit (-1) 150 19 2
Basic level (0) 180 21 3
Upper limit (+1) 210 23 4
Range of varying 30 2 1

I11. Results and discussion

After applying a standardized methodology [3],
regression models of the geometry of the welded
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single layer were derived. From the preliminary
experiment with changing the factors in accordance
with Table 1, where B and H are measured in mm
and represent respectively the width and the height
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of the welded single layer for both types of electrode wires, the following dependences were obtained:

For the electrode wire FLUXOFIL 58:

B (V, I, U) = 5514 -0,111.X; +0,35.X; +0,8.X3 +0,541.X12 -0,36.X1.X2 -0,1.X1.X3 -0,017.X2.X3 -
0,099.X3%:

H (V, 1, U) = 1,426 -0,012.X; +0,268.X2-0,119.X5-0,032.X,2-0,252.X1.X2 -0,331.X1.X3 +0,289.X,?
-0,189.X5.X3-0,016.X3?%;

For the electrode wire LNM 420 FM:

B (V, I, U) =5,418 -0,098.X; +1,198.X, +0,38.X3-0,052.X,2-0,107.X1.X2 +0,151.X;.X3-0,325.X? -
0,146.X2.X3-0,219.X5?-0,617.X1%-0,654.X,% +0,232.X5°%:

H (V, I, U) = 2,112 -0,029.X; +0,348.X, +0,051.X3 -0,024.X:? -0,136.X1.X> +0,184.X:. X3 -
0,134.X2°-0,142.X2.X3+0,174.X3?-0,426.X1-0,085.X,° +0,179.X5°.

Regression dependences were also derived for the defined. All derived dependences are adequate to a
main  experiment, whose parameters change coefficient of multiple correlation close to 1 and the
according to Table 2. Based on them, the relationship calculated criterion of Fisher, which is bigger than
between the thickness of the welded layer 6 and the the tabular value.
current value, the voltage, and the step can be

For the electrode wire FLUXOFIL 58;
& (LLUs) = 1,485 +0,0574.X; +0,0015.X; -0,44.X3 +0,113.X1.X2 +0,1.X1.X5 -0,072.X2. X3 +
+0,314.X4% ;

For the electrode wire LNM 420 FM:
& (1,U,s) = 2,953 +0,714.X; +0,046.X2 -0,9.X3 +0,021.X,% -0,123.X1.X; -0,116.X1.X3 +0,043.X2? -
0,040X,.X3 +O,07.X32

Fig. 1 shows a graphic interpretation of the the process of welding with the help of both types of
change of the thickness of the welded layer & electrode wires (the tubular FLUXOFIL 58 and the
depending on the various technological parameters in dense LNM 420 FM).

[Ne6ennHa Ha HaBapeHus cnow 3a LNM 420 FM [e6ennHa Ha HaBapeHus cnow 3a FLUXOFIL 58
npuU=21V npuU=21V

il 4

4

m2-25

3S [mm] 0152
0115

/
e - | e

150 165 180 195 210 150 165 180 195 210
1[A] 1 [A]

3S [mm]

a b
Figure 1. Change of the thickness of the welded layer depending on the parameters of welding: a — for the
electrode wire LNM 420 FM, and b — for the electrode wire FLUXOFIL 58

As it can be seen from the graphs, considerably IVV. Conclusions
bigger welded layer can be achieved by using the Mathematical models for rotationally welded
dense electrode wire. The thickness of the welded  geamg have been derived that reflect the dependence
layer can be forecasted based on the graphs,  pepyeen the technological factors (current strength,
depending on t_he technological parameters of the voltage, welding speed) and the target parameter —
process of welding. width, height, and thickness of the welded layer.
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Abstract: In this study was done a research of the content of the labels of 101 soft drinks and it concerns the
colouring agents used in their production. The aim is analyzing the role of labeling for the ordinary consumers to achieve
an informed choice of soft drinks in its striving for healthy and balanced died.
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I. Introduction

Recently because of various reasons there is a
decrease in the production of milk and dairy products
in our country. The consumption of soft drinks,
coffee, etc. is increasing especially among the
younger generation. Soft drinks like “coca cola”
without belittling their invigorating effect contain in
an unit volume more calories than skimmed milk [1].

Can soft drinks be a part of healthy died of
Bulgarians and be a factor in the balanced lifestyle?
Do the packagings of soft drinks in Bulgaria give the
necessary information about used raw materials and
their functionality and if the information is
understandable and acceptable? How can consumers
be informed about the content or the absence of
calories, to calculate the tentative daily take of sugar
or to get acquainted with the health and nutritional
benefits of consuming the product as well as for any
damages? Can it be tracked which of the companies
producing soft drinks on Bulgarian market have
realized their responsibility to consumers and
comply with regulatory requirements, implementing
the best practices and systems for food safety?

The systems for quality management of food
safety generally contain three components: Quality
management system (QMS); Hazard analysis and
critical control point system (HACCP); Preliminary
programs and best practices [3].

Recently the range of drinks on the market is
expanding based based on new tastes and flavors,
there is a variety of energy drinks, drinks with
vitamins, mineral supplements for sportsmen and
others [2].

In this work it was done a study of the
information from the labels of 102 soft drinks
selected at random from the market. Based on the
data from collected and processed labels we have
analyzed the extent to which the consumers can
make an informed choice of drinks.
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1. Materials and methods

To conduct the study was used an electronic
application developed with the program MS Excel
Figure 1. It keeps the database of information of the
collected labels of soft drinks. In the electronic data
processing was used the rich functional and
computing apparatus of the program MS Excel. As a
basis for the study was used the information about
contained additives in the drinks that can affect on a
state of health: colouring agents, preservatives,
antioxidants, thickeners, stabilizers, emulsifiers,
sweeteners, etc.

The choice of soft drinks‘ labels was approached
by accident together with a variety of range of soft
drinks. It was given a slight priority of the drinks
preferred by young people as well as those intended
for children and elderly people.

The data processing was used the code set of
values which greatly facilitates the use of buid- in
functions in the program MS Excel. The wide variety
of graphics of MS Excel provides an opportunity to
demonstrate the various results of the study.

I11. Results and discussion

The information about the origin of the tested soft
drinks is given in Table 1 and shows the the soft
drinks are mainly from Bulgaria (86%) and 8 more
countries.

u o ‘MW

Fiagure 1
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Table 1
Number of
drinks

88

Origin

Bulgaria
Poland
Serbia

Romania

Turkey

Germany

Hungary

Romania

[ I I ORI U B T I

Korea

Additives can be used in foods for different
purposes.

The classification of Codex Alimentarius divides
additives into several groups: colouring agents (E100
— E199), preservatives (E200 — E299), antioxidants
and acidity regulators (E300 — E399), stabilizers,
emulsifiers, mineral salt (E400 — E599), additives

enhancing the flavor (E600 — E699), antifoaming,
glazing, flour improvers, sweeteners (E900 — E967)
and ferments preparations (E1100 — E1105).

Among the regulated main groups with a
technology function, a subject of this study are the
colouring agents. They enhance or restore the colour
of products. Colouring agents are natural
constituents of products that can be extracted from
them or can be prepared synthetically [5].

In toxicological terms synthetic colouring agents
are not harmless to people or therefore Joint Expert
Committee on Food Additives FAO and WHO
monitors their application. The additives should be
used primarily for restoring or enhancing the natural
colour and to expand the opportunities to create a
natural colour tone.

On Figure 2 can be seen the number of the
colouring agents used in the tested soft drinks
according the information on the labels. The
processed data in percentages indicate that no
artificial colouring agents are 40 % , 37 % of the
soft drinks have a coloring agent, in combination
with 2 to 5 artificial colouring agents are 22 %. 1%
of the tested drinks there is no presence of used
colouring agents.

Presence of colouring agents in drinks (from E100 to E199)

3221

» No artificial colouring agents

2 colouring agents
4 colouring agents
No data

1 colouring agent
3 colouring agents

5 colouring agents

Figure 2

Figure 3 shows the information about the type
and a number of the colouring agents in the tested
soft drinks. The data in Table 2 represent the E-
numbers of each colouring agent, its name and
origin. It was given an assessment of their influence
on the basis of literature data. For the purpose of
achieving greater clarity in the table are used colour
schemes resembling “traffic lights”. Obviously more
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artificial colouring agents can cause allergies,
hyperactivity, indigestions, tumors [7].

Mixing of various synthetic colouring agents
allows to achieve a colouring which can not be
obtained with one colouring agent. The correct
dosage of synthetic colouring agents depends on the
colour, desired intensity of the colouring, the
physicochemical properties of the coloured products
and the specifics of the technological process.
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Presence of colouring agents in drinks

E163 [ )3
£ 160 NN
150 W1
£ 151 Y - |
E142 W91
E141 W1
2 E 133 A
5
F_%EE 120 W1
g E124 W1
S E122 J11
E120 W1
E10 - 4
E104 © )3
E 102 T 10
E101 W1
E100 - J4
0 5 10 15 20 25
Number of drinks
Figure 3
Table 2
ENe Name Origin Assessment
E 100 Curcumin, Turmeric Natural pigr?[i?:‘:‘gﬂ?) yellow root Harmless
E 101 Ribofllavin- Lactoflavin Vitamin B2, occurs naturally in a Harmless

lot of foods

20




Journal of Food and Packaging Science, Technique and Technologies, Nel1, 2016

E 102" Tartrazine Artificial colouring agent

E 104 Quinoline yellow Artificial colouring agent

E 110 Orange- Yellow S- Sunset Artificial colouring agent

yellow

E 120 Kohenil Natural colouring agent

E 122 Carmoisine, Azorubine Artificial colouring agent

E 124 Cochineal red Artificial colouring agent
It was found its connection
with tumors in mice.

E 129 Allura red Artificial colouring agent Banqed in DTS
Belgium, France, Germa-ny,
Switzerland, Sweden, Austria
and Norway

E 133 Brilliant blue Artificial colouring agent

Combination of cooper and Natural colouring agent of No evidence of adverse
E 141
chlorophyll chlorophyll effects

harmless

E 142 Green S Artificial colouring agent Banned in Sweden, USA and
Norway.

E 150 Caramel ordinary Produced by heating sugar harmless
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E 150d Caramel Artificial colouring agent Harm_le_ss o Tl
quantities
May cause allergies
Banned in Denmark,
E 151 Brilliant red Artificial colouring agent USRI Belglum,_ A
Germany, Switzerland,
Sweden,  Austria, USA,
Norway.
E 160 Carotene, derivated from The_most often of plantg, Harmless
carotene (E160a) sometimes naturally identical
The most common of oranges,
E 160e Beta-apo-8-carotenal intestines, liver, sometimes Harmless
artificial
Natural colouring agents of
E 163 Anthocyanins grapes, elderberries, red cabbage | Harmless
and granberries

If we do a classification of soft drinks according
their production technology we can group them into
two main groups: carbonated and non- carbonated
soft drinks. In the different types of soft drinks the
content of sugar and dry matter is between 6,3% and
12,8%. The carbon dioxide content is more than
0,35% and the term of duration is from 6 days to one
year [6]. Energy drinks called refreshing drinks
represent liquids that give the body a quick supply of
energy. But very many people are aware of the
composition and effect of these drinks on the body
and it is good to regarded as a particular kind. A
number of studies show that the proportion of the
students who consumer energy drinks is higher that
the statistics for the country [2].

In Figure 4 it can be seen the number of studied
labels depending on the type of a drink.

Type and number of soft drinks

non-
carbonated.
drinks;’5

carbonated
drinks; 46

Figure 4

Figure 5 presents data about the drinks with no
colouring agents in their composition. 50 % of non-
carbonated drinks and 26 % of carbonated ones do
not contain this type of an additive.

In the food industry synthetic colouring agents
are used individually or in combination with other.
The type of drinks with one colouring agent and their
number is shown in Figure 6. It can be seen that one
colouring agent was used in 25 % of non- carbonated
drinks and in 48 % of carbonated ones.

Type of drinks without colouring agents

HOH-
carbonated
drindcs; 28

I;II [ | carbonated
20 ‘ drinks; 12

=

Numher af drinks without
cofouring ag

Figure 5
Type of drinks with one colouring
agent

non carbonated
drinks; 14

V,WZ& carbonated
/ drinks; 22

[/ 10 20 30
Number of drinks with one colouring
agent

Figure 6
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Type of drinks with two colouring

agents
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Figure 7

The type of the drinks with two colouring agents
and their number is shown in Figure 7. Two
colouring agents were used in 14 % of non-
carbonated drinks and in 20 % of carbonated ones.

In Figure 8 it can be seen that the combination of
three colouring agents was used in 7 % of carbonated
drinks and in 2 % of non- carbonated ones.

Type of drinks with three colouring

agents

S carbonated
% non-carbonated
k< i 3 drinks: 1 i
8 7 )
82 2 X
53 s = )
58 0
=
5
Z

Figure 8

In 4 % of non- carbonated drinks were used more
than 3 colouring agents.
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IVV. Conclusions

The conducted study about the input colouring
agents in soft drinks shows that they are used
individually as well as in combination to achieve the
required intensity of colouring. The data point that
the artificial colouring agents are not harmless and it
is necessary to make a careful choice of soft drinks
in our daily lives. Better consumer information will
improve the culture of shopping and lifestyle. For
this purpose we recommend the used additives to be
noted on labels including colouring agents with the
colours of a “traffic light” according to the degree of
their effect on the health.

It is also recommended to carry out activities
aimed at building a family and social environment
for a healthy lifestyle including an informed choice
of food and drinks.
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Abstract: The aim of the present paper is to study the possibility to use acoustic emission for studying the processes

of crack formation in nitrided materials.

The obtained results show that the acoustic emission can be used as an indicator of pre-fracture processes in nitrided
details. It has also been established that two types of acoustic-emission activity are observed during the process of fracture

in nitrided materials.
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I. INTRODUCTION
lon nitriding is widely wused in modern
mechanical  engineering for improving the

exploitation properties of tools and details. Nitrided
details can be conveniently regarded as multilayer
materials, composed of a matrix, a diffusion zone
and a thin nitride (white) layer on the surface, which
differ in chemical composition, parameters of their
crystal  lettuce, physical and  mechanical
properties[1,3]. These differences lead to origination
of an additionally stressed state at the border matrix -
diffusion zone — combined (nitride) zone. If, during
exploitation, the overall stresses in an arbitrary cross-
section exceed the values of the critical stresses of
de-cohesion for a given multilayer system, then
brittle fracture will start in exactly in these boundary
sections or zones [1,3,5].

Since the nitride layers are characterized by a
high elasticity modulus, the stresses, occurring in
them at certain deformation, are considerable, and
the availability of defects in their structure, are
factors, favoring the origination of microcracks.

Papers [13,14,15,16] describe a number of
methods for studying the processes of origination
and propagation of cracks in multilayer systems. A
common flaw of these methods is the fact that they
are applied after completion of the process of
fracture.

One of the most modern methods for studying the
processes of microcracking and fructure in the
matrix and its thin layers is the acoustic emission
[2,4,13,14,15,16]. Acoustic emission of impulse type
is observed in materials, when mechanical energy of
elastic deformation is released at the moment of
microcracking or crack propagation. Energy is
released in the deformed material discreetly, as a
series of individual acts, registered as AE-impulses
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and AE-events in a minor volume of the material.
They are then propagated in the form of waves of
elastic deformation (stress waves, AE-waves)
throughout the volume. Registration of the spectrum
and the parameters of AE, radiated by a material,
subjected to deformation, gives important
information about the mechanisms of the process of
microcracking and fracture of nitride materials.

The aim of the present paper is to study the
possibility to use acoustic emission for studying the
processes of microcracking and fracture in nitrided
materials.

1. METHODOLOGY OF STUDY

Experimental studies were conducted with steel
BHI1 BS4659 (4X5M®C - T'OCT), from which
standard test samples were made [9,10] with a notch
for three-point bending — Fig. 1. The top of the notch
was made by a thread electro-erosive machine with a
radius of curvature of 0,09 mm and a length of 5
mm. It was proved by metallographic analysis that
after subjecting to the process of nutriding, the top of
the notch was not nitrided.

The spherical waves, radiated by the source, were
transformed into surface AE — waves (stress waves),
and registered by the sensor (2), attached to the
sample (1). The mechanical energy of the acoustic-
emission impulse was converted into an equivalent
electrical signal. After filtration, it was fed into the
pre-amplifier and then to the analogue part for
additional amplification and processing by the
computer block of the AE-equipment PAC
3000/3104” (3). The characteristics of an AE-signal
(duration, time of increase, impulses, amplitude,
energy etc.) were processed by the microcomputer of
the AE system and could be printed on a printer (4).
The experiments were conducted at room
temperature.
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Figure 1. a —test sample, b — block-scheme of the experiment
1-sample, 2-sensors, 3- AE system - PAC 3000/3104, 4-printer

The samples were thermally treated in a vacuum
furnace VKUQ - Degussa, and then part of them
were subjected to ion nitriding in the installation
ION-20. After the thermal treatment the samples

were grinded at R = 0,32 pum. The modes of
thermal treatment and ion nitriding are given in
Table 1.

Table 1. Modes and results from the ion nitriding of steel BH11

No t hard ttemp. HRC thitr. Pnhs T HVo.1 Stot. Ocz.
Of the °C °C °C Pa h pm pm
sample
215 1040 | 600 51 530 300 7 1168 240 6
249 1040 | 650 46 530 300 10 | 1100 270 8
It was proved by metallographic and constant threshold of 1V, a registered signal of 98 dB

fractographic analysis that the tip of the notch was
not nitrided after nitriding.

The resistance against crack propagation was
defined for three-point bending of the samples by
means of a universal testing machine INSTRON
1343 at speed of loading 0,5mm/min. The
displacement of the crack banks (V) was registered
at room temperature by a console tenso-resistive
perceiver with sensitivity 2,5 uV/mm, base 10 mm
and step 2 mm, and the diagram force- banks motion
was recorded at the same time.

For studying the AE-activity in case of three-
point bending and fracture of the samples, a four-
channel AE system PAC 3000/3104 with wide-band
sensors Wd was used - Fig. 2. The sensors were
placed on a sample, locally doped with silicon paste,
and fastened with special springs, providing constant
pressure. The sensitivity of the sensors was
controlled by the imitator of Xcy. At total
amplification of 80 dB (40 dB pre-amplification) and

25

from the imitator was taken as good sensitivity.

For clearing out and correct interpretation of the
results from the acoustic-emission (AE) tests,
calibration curves were obtained based on
metallographic ~ and  fractographic  analyses,
concerning the different structural states.

The obtained graphical and tabular AE-
information was cleared at the maximum from the
influence of noises by appropriate conduction of the
experiments and consequent data analysis.

I11. EXPERIMENTAL RESULTS AND
ANALYSIS

The acoustic-emission parameters: AE-impulses
(C), rise time (RT) and pressure (P) are shown in
dependence on the displacement of the crack banks
(Vo) — Fig.2.

The experimental results from the acoustic-
emission activity of the ion nitride samples (215,
249) speak of brittle fracture with clearly expressed
character and are presented in Fig. 2 and Fig. 3.
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Figure 2. Change of the AE-parameters and the load with respect to the displacement of the crack banks for
the ion-nitrided samples 215 and 249

The fracture of the ion-nitrided samples is in the
linear elastic zone of the curve P-Vq

The AE-activity of the samples is with
considerably lowered AE-parameters at low loads.

Fig. 1, number O denotes this zone of low AE

activity, in which the rise time of the registered AE
phenomena is below 60us, and the AE-impulses are
with low intensity. The AE-phenomena, registered in

zone (D are due to premature microcracking of the

layer, when the deformation at small loads is
sufficient to achieve the critical destructive stresses
for the imperfect (defective) micro-sections of the
layer [1,3]. This confirms the assumption that these
stresses do not necessarily lead to microcracks in the
matrix. The assumed micro-cracking in the defective
sections of the layer is also supported by the fact that
the layer has a significantly higher modulus of
elasticity and it will crack before the tensile strength
of the matrix is reached.

In the three-point bending processes of reduction
of the residual compressive stresses occur. This is
also accompanied by plastic deformation of the
layer. The formation of a zone of plastic deformation
in front of the crack tip and in the layer is the reason

for the observed AE-activity in zone @ Fig.2. It is
with comparatively high values of rise time. In the
third zone (3, characterizing mainly the processes of

brittle fracture of the matrix, linear rise of the total
number of AE-impulses is observed. This type of
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distribution of the AE-impulses is characteristic of
the processes of fracture, evenly distributed in time
or with respect to the load and containing elements
of ductile fracture. It is possible to isolate a fourth

zone @ in the studied samples, where the AE-

activity is with lowered parameters again. It
corresponds to the final brittle micro-cracking of the
layer and the fracture of the whole sample.

For the cumulative distribution of the AE-energy
four zones can also be distinguished, what confirms
the assumed behavior at fracture, causing the
corresponding AE-activity — Fig. 3.

It can be noted in conclusion that two types of
AE-activity are observed in the studied samples.
They are characterized by four zones of AE-activity:
zone of premature microcracking of the layer; zone
of plastic deformation in front of the notch tip; zone
of brittle fracture of the matrix and zone of final
microcracking and fracture of the sample.

The AE-activity can be used as an indicator of
pre-fracture processes in nitride details and tools.

Based on the carried acoustic-emission and
fractographic analysis, the following probable
mechanism of fracture of a nitrided body, subjected
to static loads, is suggested.

At low initial pressure (P) of the ion-nitrided
sample - up to 6 KN - in front of the notch tip at both
its ends, where a nitride layer is present, processes of
reduction of the residual compressive stresses occur,
on the one hand, and, on the other hand, premature
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deformation of the layer and its microcracking
occurs due to its high modulus of elasticity — Fig. 2,

zone (. Microcracks are formed first in the

combined (white) zone and then in the diffusion zone
(Fig.4a).
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Figure 3. Total energy change with respect to the load for the nitridd samples
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Figure 4. Fracto-graphs of the ion-nitrided samples

This is due to the higher brittleness of the
combined zone. For these loads the micro-
deformations in the diffusion zone are sufficient for
achieving the critical destructive stresses in the
imperfect (defective) sections of the layer,
primarily the areas with high density of dislocations
around the nitride (carbonitride) depositions [1,12].

At these initial loads micro-cracks are not
formed in the non-nitrided matrix, what is due to
the lower modulus of elasticity and the arising
(because of that) lower stresses in it at the same
levels of deformation. On the other hand, the
matrix is much more plastic than the nitrided layer.
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Only at heavier loads plastic deformation occurs

in front of the notch in the matrix — Fig. 2, @. This

causes microcracking of the biggest carbide
particles, having the highest density, which are
located in the plastic zone or in closest proximity to
it, which leads to appearance of microcracks in the
matrix as well [6,7,11,12]. The closest to the layer
newly formed microcracks do not propagate in it,
since the diffusion zone prevents from plastic
deformation occurrence at these stresses. The
propagation of the micro-cracks in the layer is also
impeded by the residual compressive stresses and
the higher hardness of the layer.
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After certain level of loading, conditions arise
for propagation of the formed micro-cracks both in
the layer (combined zone and diffusion zone) and
in the matrix. Some microcracks in the matrix and
the layer move and merge to form a larger
(magistral) crack, which propagates along the
boundary between the diffusion zone and the
matrix — Fig. 4c,d — most probably where the
compressive stresses are very low or change their
sign. The crack develops unsteadily after reaching
the critical micro-stresses for initiating brittle

fracture (Fig.2), zone ®. This magistral crack,

located at the boundary between the layer and the
matrix obviously has the greatest contribution to
the process of splitting off the layer and fracture of
the nitrided body. Naturally, the other cracks in the
layer and the matrix also have their influence on
this process. The nitrided layer breaks last - (Fig.2),

zone .

IV. CONCLUSIONS

The acoustic emission can be used as an
indicator of pre-fracture processes in nitrided
details.

A probable mechanism of fracture of nitrided
materials is proposed.
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RESEARCH OF DRYING OF BREWER PELLETS AIMED AT
INCREASING OF ITS EFFICIENCY AND LOWERING OF POWER
CONSUMPTION
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Abstract: This paper presents the results of research of the drying process in the brewer pellets in
aerovibrofluidized bed. The kinetics of drying of pellets in the suspension bed has been experimentally studied. We have
received the generalized drying curve of brewer pellets at different process conditions. The generalized drying curve
received as a collocation of the drying curves of brewer pellets at different process conditions is an indication of constant
value of speed multiplied by time of drying, which simplifies the calculations of changes in moisture content during certain
periods of the heat treatment of the product. We offered the relative ratio of energy consumption; proportionality factor of
performance and bed depth; qualified expenditure power consumption indicator, which allow to reasonably choose
conditions of brewer pellets drying and significantly improve the value of energy saving performance indicators of the
drying process. There have also been introduced the parameters of qualified expenditure power consumption and the non-

dimentional coefficient of power consumption.

Keywords: drying, aerovibrofluidized bed, brewer pellets, energy efficiency

Introduce

One of the most energy-intensive processes in the
food production process is the drying of raw
materials and food products.

Breweries produce large quantities of various
kinds of waste, the majority of which comprises
osier pellets. This «byproduct» in its raw state is
widely used by stock-breeders as a high-energy
protein supplement for animal feeding stuff. In
winter the problem of selling raw brewer pellets is
virtually absent, but in summer farmers prefer to use
green fodder. Meanwhile in the breweries
accumulates a large amount of waste, the term of
storage of which is limited to several tens of hours
due to the rapid fermentation and mold formation.

Brewing waste is now often considered as a
source of raw material with high nutritional value
and biological activity used for feeding livestock and
poultry. A medium power brewery annually
produces 35,000 tons of brewer pellets which go to
waste, and effective methods of preservation of the
product (except for drying) do not exist. Drying of
pellets is not used due to lack of energy-saving
equipment [1, 2]. Such issues as large-tonnage waste
recycling of brewer pellets should also be tackled
because many factories pour them down the drain,
causing the worsening of environmental situation in
Ukraine.

Dry brewer pellets are widely used in meat,
bread-baking and other food industries. Drying of
brewery pellets to a final moisture content of 10%
results in a long term of storage, which makes
production and transportation over long distances
cost-effective. The solid residue can be used for a
whole range of valuable products, since it contains
about 8% of lipids, 26 % of proteins, 58 % of
carbohydrates, as well as minerals, vitamins and
other biologically active substances [3, 4].

Unfortunately, the existing drying processes of
brewer pellets are extremely energy-consuming.
Having modern technologies of thermal processing
of high-materials (pellets contain more than 80 % of
moisture) and at the same time imperfect technical
equipment, it is necessary to develop advanced high-
tech and low-power processes of brewer pellets and
create equipment on the basis of new developments
in the field of drying.

The most intensive process is the convective heat
and mass transfer between the continuous gas
medium and solid particles dispersed in a
vibrofluidized pseudoliquified bed.

Vibrofluidized bed is formed either under the
influence of vibrations only, or as a result of
combined effect of vibrations and air movement.
During the drying in the vibrofluidized bed
particulate material may be brought into
pseudoliquified condition due to the influence of
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vibrations on it. Vibratory oscillations of the
working surface (grid) with a frequency of 40...60
Hz and an amplitude of 2...10 mm are generated by
mechanical, hydraulic, electromagnetic vibrators.
Shaking drier is successfully used for dewatering
particulates prone to adhesion, which reduces energy
costs compared to the cost of the material in the
recycling or loading of wet material on a layer of a
dry one. In this case, the speed of air is lower, the
losses due to moisture pickup also decrease [5, 6].

The analysis of existing information on the
subject suggests that the degree of influence of heat
on heat labile components is primarily a function of
temperature and duration of the thermal interference,
as well as pH, amount of enzymes and other factors.
Thus, the criterion for the heat resistance of products
may be the maximum allowable temperature of
heating in the drying process [7, 8].

Food drying in  the pseudoliquified
(aerovibrofluidized) bed is a common process, but it
is understudied and has not been used for preserving
brewer pellets [9].

The aim of the paper is research and
development of the process of brewer pellets drying
in a vibrofluidized bed, characterized by high energy
efficiency.

Methodology of research and materials

The drying of pellets in the experimental
assembly was carried out at the following values of
parameters: temperature of the drying agent (air) —
50...70°C; lattice vibrations: frequency F = 2...50
Hz, the amplitude A = 2...10 mm; air velocity —
0,5...3,0 m/s.

Such an upper limit of the drying temperature
was chosen because at higher temperatures the
proteins turn into unpalatable form, the pellets
darken due to caramelization and formation of
melanoids, part of the vitamins gets destroyed. At a
temperature of less than 50°C, the drying process
slows down, energy consumption increases.

To achieve the objectives we have developed the
design of the experimental setup for drying of
brewer pellets (Fig. 1 — the general view of the stand
and Fig. 2 — the diagram of an experimental
assembly), which is equipped with thermal,
mechanical, control, measurement devices and
registering apparatus [10, 11].

To investigate the brewer pellets drying
parameters we have configured the measuring
system (Fig. 3), which works in conjunction with a
computer. A multi-channel system is intended for
solving the tasks connected with the collection,
processing, storage, visual display of information

gathered both in real time and after summing up the
measurements.

The measuring system consists of normalizers,
commutators, analog-to-digital, digital-to-analog
converters and software. There were used chromel-
copel thermocouple sensors with point and

differential measurements of process parameters.

=

Fig. 1. General view of the stand for experimental
research of brewer pellets drier

1 —cyclone; 2 — exhaust fan; 3 — drying chamber; 4 —
vibrator; 5 — sensors of drying parameters; 6 —
regulators of power supply; 7 — the pressure fan; 8 —
electric heater; 9 — sensor signal converter; 10 —
measuring unit.

Used air

Wetfn:llet

L‘C Dry pellet 4 s/ ef 7/ ﬁ/

Fig. 2. The diagram of experimental drier of brewer
pellets
1 — centrifugal collector; 2 — exhaust fan; 3 —drying
chamber; 4 — vibrator; 5 — rotary plate; 6 — perforated
screen; 7 — heater; 8 — the pressure fan; 9 — spring
suspension; 10 — feeder unit.
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Fig. 3. Measuring diagram of the experimental dryer
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tamn — ambient temperature; th: — hot air temperature;
taryp — the temperature of the dry product; ta —
ambient temperature above the product; t, — the
temperature in the layer of the product; Whm —
humidity of the raw pellets; Wary — moisture of dry
pellets; p — pressure of hot air; v — velocity of hot air.

The moisture of the pellets was determined in
accordance with the instructions of technical-
chemical control of the brewing industry in the
«Sarmat» laboratory of the brewery. A portion of
8...10 g of raw pellet was placed in a weighing
bottle and dried for 2 hours at a temperature of 60°C
and for 3 hours at a temperature of 105°C.
Calculation of moisture was carried out with the help
of the formula

W = [(a—b)/(a - ¢)]-100, (1)
where, a — is weight of the weighing bottle with the
sample before drying, g; b — weight of weighing
bottle with the sample after drying, g; ¢ — weight of
the empty weighing bottle, g.

Ambient measured with a
hygrometer.

The temperature was measured with chromel-
copel thermocouples located: tan — in the
environment; t, — over the brewer pellets in the
hopper and in the workroom; t, — in the layer of the
product; t not — under the layer of the product; taryp —
in a dry product with an output to analog recorder.

Measurement of the air flow rate and volumetric
flow rate was done using hot-wire anemometer Testo
415, which allows to simultaneously measure air
velocity and the temperature of it, which enabled us
to confirm the readings of thermocouples.
Measurements were made under the grid at the inlet
to the operating chamber and at the outlet from the
operating chamber. The magnitude of the hot air
pressure was measured by changing the voltage
supplied to the pressure fan.

The frequency of vibration was adjusted with a
mechanical tachometer Testo 470. The density of the
brewed pellets at various stages of the drying process
was determined by weighing 0,001 m*® of the
substance. Regulation of the amplitude in the range
of 1 to 10 mm was performed by moving the
connecting rod pin in the direction from the center of
rotation of the motor shaft. Supply air temperature
control was carried out by changing the voltage
supplied to the heater.

Before the start of the experiment the moisture of
pellets was measured, and then the pellets had to
undergo further drying. The tilt angle of the drying
chamber  which determines the speed of
transportation of the drying product equals 8...10°.

humidity was

Brewer pellets, previously pressed resulting in a
moisture content of 70...80%, were loaded into the
receiving hopper of the experimental assembly. Due
to the fact that the length of the experimental
assembly (1000 mm) is not sufficient to completely
dry the product, the batch of brewer pellets after each
cycle was loaded again into the working chamber
and the cycle repeated. Every 4 minutes samples
were taken to determine the moisture content. The
total drying time was about 1600 s.

I11. Results and discussion

3.1. Investigation of the
pseudoliquifying of the pellets.

Analysis of priori information on the application
of complex effect on the dried product of coolant and
vibration allowed to focus on the defining of such
values as the flow rate of the coolant, the frequency
and amplitude of the vibrations of the supporting
sieve, the initial height of the filling layer, the
influence of which on the hydrodynamics of the
brewer pellets drying process is understudied.

Since the horizontal transfer of particles is
predetermined by passing through layer of gas
bubbles, the model of horizontal mixing should be
presented as the diffusion of solid particles in a
turbulent flow in a three-dimensional random
velocity field and described as a random Markov
process [12].

It has been found that the rate of upward flow of
air should be sufficient to overcome the gravitational
forces of filling of material particles, therefore, the
most significant characteristic of the
pseudoliquifying process is the value of air velocity.

Graphic relationship between hydraulic resistance
Ap (pressure drop) of the product layer and the speed
of the fluidizing air v; in an unfilled section of the
drying chamber was drawn according to
experimental data. To receive these data, we used
two U-shaped manometers, indicating pressure
«under» and «abovey the layer of brewer pellets. The
rate corresponding to the inflection on the curves
(Fig. 4) equal 2,0 m/s we shall call the velocity in
beginning of pseudofluidization vin or the first
critical pseudofluidization velocity. Starting with the
velocity v the value of Ap with increasing vs almost
does not rise. Upon reaching the second critical
velocity of air vi, begins the carry-over of a layer of
the product even if it is underdried. Figure 4 shows a
decrease in the value of Ap at vi > vp, due to
diminution of the material in the layer due to the
carry-over of the individual particles.

process  of
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Fig. 4. Curves of pseudofluidization of brewer
pellets at different heights of filling

1 — filling height is 20 mm; 2 — filling height is 30
mm; 3 — filling height is 40 mm

Analysis of the curves shows that the value of v
is independent of the height of fluidizing layer of the
product. The height of the layer determines only a
resistance value Ap of the air flow passing through
this layer. The calculated rate appeared to be a bit
underestimated compared to experimental one due to
averaging in calculating the load factor Ap.

In industrial dryer operation pseudofluidization
velocity of the brewer pellets vqp, including scaling is
3...10 times greater than the starting velocity of
fluidization vin. Therefore, in practical calculations,
one can use the equation [6], which determines the
ratio of the velocity of pseudofluidization

Ky = Vop V1. (2

For experimental brewer pellets dryer the range
of numbers of pseudofluidization Ky, in which there
may be included a fluidized bed, the velocity is
determined by the ratio of carry-over v, and the start
of pseudofluidization va, i. e., K= v/ vin = 3/2 = 1,5.
Liquefaction stage in Figure 4 are marked with the
fields: |1 — the beginning of the disintegration of the
layer; Il — channel incrush of air; Il — the destruction
of channels and boiling, IV — active swirling boiling,
V — carry-over. With an increase of fluidization
occurs intensification of movement of the particles in
the layer resulting in increase of its porosity, defined
by the formula

&= Vair/( Vair + Vpel), (3)
where Vair — volume of air between the particles of
the pellets; Vpe - the volume occupied by the pellets'
particles.

The average value of porosity of unliquefied
pellets is 0,6...0,7. During liquefaction — ¢ =
0,8...0,9, and under carry-over conditions ¢ equals
one, since in this case the volume of air between the

particles of pellet is much larger than volume
occupied by the particles themselves.

The height of the pellets layer (filling) has been
calculated experimentally, according to the well-
known statement on the lower energy consumption
at the lower layers, taking up more space than in the
case of high layers on smaller areas. The loaded on
the sieve layers of pellets from 10 mm to 60 mm
were examined, and we found the following:

— at a height of layer of 10 mm drying rate is
relatively high, but there is a danger of carry-over of
underdried particles; at a layer height of 50...60 mm
there is no constant drying rate and the process is
significantly delayed in time; best results are
obtained when loading the layer of 30 mm, when
there were two periods of drying - the periods of
constant and decreasing velocities.

3.2. Investigation of the Kkinetics of pellets
drying in a suspension bed.

The main characteristics of the drying process of
brewer pellets are kinetic functional connections
between the product moisture changes and the
duration of the process, the rate of change of
humidity, pattern of temperature change of the
material during the drying process under certain
environmental conditions.

On the basis of the available information on the
collocation and linearization of curves of drying [6],
in order to reduce the number of experiments we
conducted fractional factorial experiment that
implements part (fractional replica) of the full
factorial experiment of the 24! type. The plan is
assigned by generating relation xs=xiX2xs. Defining
contrast is the relation 1 = x1x2x3x4. Concurrently, the
regression equation is of the form

y = bo + bixi +...+ bpXp. 4)
where y — the outputs vector — moisture of the brewer
pellets; X1, X2, X3, X4 — vectors of the input parameters:
X1 — the temperature of the drying medium (air); Xz —
the sieve load (bed height of the product); xs - the
speed of the drying agent; x4 - parameters of the
sieve vibration (frequency and amplitude).

The plan was executed by stepwise defining of
the output value. At the same time were taken levels
of varying input parameters, the reason for choosing
which was mentioned above (Table 1).

Table 1

Parameters of the investigated process

Parameter | Symbol and | The lower | The upper
unit level level
X1 t,°C 50 70
X2 ho, mm 20 40
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X3 v, m/s 2,5 3,5

X4 F/A, Hz/mm 10/10 17/4

Step 1: yW =1(7) at x; = 50°C; 60°C;
70°C; X2, X3,X4 = CONSt.

Step 2: y@ =1(7) at x; =20; 30; 40
mm; X1, X3, X4 = const.

Step 3: y® =1(7) at xs =2,5; 3,0; 3,5
m/s; X1, X2, X4 = const.

Step 4: y@ =1(7) at x4 =10/10; 13,5/7,
17/4 Hz/mm;  Xi, X2, X3 = const.

On the basis of experimental pellet drying in
order to receive constant weight under conditions of
triplicate experiments and overlapping of their
results within the measurement accuracy we plotted
charts of drying and drying rate at the varying
temperature of the drying agent, the sieve loads (of
the initial bed height), speed of drying agent and the
vibration parameters, the values of which are given
in Table 1.

Stage 1. Experimental drying was carried out at
three different temperature values of a drying agent
(air) t: 50, 60 and 70°C. In each of three experiments
bed height ho = 30 mm, the speed of the drying agent
v = 2,5 m/s, the parameters of the sieve vibration
(frequency F = 13,5 Hz and the vibration amplitude
A =7 mm) remained constant. As the drying agent
we used air with temperature of 50, 60, 70°C and
relative humidity of 30%. Initial moisture W™ of the
raw pellets was 400%, the final equilibrium water
con;gptn— 9...10%.
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Fig. 5. Curves of changes in moisture content and
temperature during the drying of brewer pellets at
varying temperature of the drying agent

1 — at the temperature of the drying agent t = 50°C; 2
—att=60°C; 3—att=70°C.
The initial layer height of the product h = 30 mm;
speed of the drying agent v = 3,0 m/s; vibration
parameters: F = 13,5 Hz, A=7 mm.

Figure 5 shows graphical relations of the kinetics
of humidity changes during the drying of brewer
pellets W = f(z), obtained after processing the
results of measurements of moisture loss given in the
table.

Curves have a straight section from the beginning
of drying to the point ki. In this period, the drying
process takes place at a constant speed and is
identical to the process of evaporation of the liquid
from the free surface, thus, on the basis of the
Dalton's law it can be described by the expression:

aw Apoh, (6)

_F_A(l_%)eXp[_—opdwalooJ’

where W is moisture content, %; r — time, s; A -
coefficient characterizing the mass transfer; ¢ — the
initial relative humidity of the drying agent, %; po
and paya — the density of freely poured layer of
material and drying agent respectively, kg/m?; ho —
initial height of the freely poured (dense) layer of
material, m; v — speed of the drying agent, m/s.

The nature of the changes in moisture content
suggests that the drying of the brewer pellets
significantly depends on the temperature of the
drying agent. When the air temperature equals 50°C
(curve 1 in Fig. 5), the duration of the dewatering in
the second period (at falling speed) is 2.5 times the
duration of the dewatering in the first period
(constant speed); with an air temperature of 60°C
(curve 2 in Fig. 5) the ratio of the periods remains
constant, but the overall drying duration at this
temperature is reduced by 1.4 times; increasing the
air temperature to 70°C (curve 3 in Fig. 5) results in
a decrease in the total duration of the process in 2,3
times as compared with the first temperature control.
More than half of the moisture contained in the
product evaporates in the first period of drying,
regardless of temperature. Analyzing all written
above, it can be noted that in the first case the
process is delayed in time and does not provide
optimum performance of the process vessel and in
case of temperature increase of the drying agent to
70°C there is a risk of failing to preserve the quality
of the final product.

The analysis of temperature curves shows that the
increase in temperature of the brewer pellets at the
constant speed of drying passes rapidly. Later the
temperature continues to increase, but its rate of
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growth slows down and stabilizes at approximately
the equilibrium water content when drying process is
considered complete. At this time, the temperature
inside the product layer differs from the temperature
of the hot air by several degrees (2...3°C).

Step 2. Experimental drying was carried out at
different initial bed height of the product: hy = 20
mm; ho = 30 mm; ho = 40 mm. In each of the
experiments temperature of the drying agent t =
60°C, rate of drying agent v = 3,0 m/s, the vibration
parameters of the sieve F = 13,5 Hz and A =7 mm
remained constant. The parameters of the drying
agent, the initial and the equilibrium moisture
content of pellet are the same as in the first step.

Graphic processing of the experimental results is
displayed in Figure 6 in the form of curves which
show relation W =f(z).
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Fig. 6. Curves of changes in moisture content and
temperature during the drying of brewer pellets at
varying load (bed height)

1 — the initial bed height ho = 20 mm; 2 —at ho = 30
mm; 3 —at ho = 40 mm.

The temperature of the drying medium t = 60°C;
speed of the drying agent v = 3,0 m/s; vibration
parameters: F = 13,5 Hz; A=7 mm.

The curves in Figure 6 display an increase in the
duration of the process by increasing the thickness of
the product layer from 20 mm (curve 1) to 40 mm
(curve 3). In the observed case, the total drying time
increased by 1,5 times due to the slow evaporation of
water in the second period. At the same time a high
rate of dehydration in the first period of drying is
maintained, which corresponds and is explained with
the help of the components of the expression (4). The
heating rate of the product varies, as indicated by the

rapid rise in temperature in the first stage of drying
(up to critical moisture content) and flattening of the
curves in the second period. However, a noticeable
effect of the thickness of the product layer on the
drying time is less noticeable than the effect of the
temperature of drying agent, as shown above (Fig.
5). By the end of the drying curves get closer and
final drying is carried out in the same way at
decreasing speed.

Stage 3. Experimental research on drying of
brewer pellets was carried out at three different
values of speed of the drying agent, constant
parameters given in the picture captions (Fig. 7), the
initial moisture content W™ = 400%, the equilibrium
moisture content W™ = 9...10%. As a drying agent
we used ambient air with an initial temperature of
20 °C and relative humidity of 30%.

Comparison of curves 1 and 2 (Fig. 7) in the
moment of reaching the equilibrium moisture content
of the product shows that the increase in the speed of
the drying agent from 2,5 to 3,5 m/s shortens the
duration of the drying process by 67%. Thereby, the
duration of the first drying period, when evaporates
more than a half of the water contained in the brewer
pellets, is affected by the change of speed of the
drying agent less (20%) than by the change in
temperature of a drying agent (Fig. 5) and the change
in the height of the layer (Fig. 6). Temperature
curves in this experiment are very close to each
other, particularly in the second period, displaying
the fact that the process takes place at relatively high
and, consequently, energy-consuming, temperatures.
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Fig. 7. Curves of change in moisture content and
temperature during drying process of brewer pellets
at varying speed of the drying agent
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1 — at the speed of the drying agent v =2,5m/s; 2 —
atv=3,0m/s; 3—atv=3,5m/s.
The temperature of the drying medium t = 60°C; the
product's initial height h = 30 mm; vibration
parameters: F = 13,5 Hz, A=7 mm.

Step 4. We have investigated the batches of
brewer pellets with free filling bed height h = 30
mm, the initial moisture content of 400%, which
were blown by the hot air at t = 60°C and velocity v
= 3,0 m/s. A sieve with a product was cited in the
vertical oscillation at a frequency of 10; 13,5; 17 Hz
and an amplitude of 10, 7, 4 mm. The range and
oscillation parameters were defined in a preliminary
test of the drier with a product load and were taken
by us as the most efficient from a wide range of
parameters recommended by the authors [5, 13].

Drying curves 1, 2, 3 (Fig. 8) plotted within the
range of change of vibration parameters display a
slight (16%), reduction of the drying time in the
transition from a relatively high frequency of 17 Hz
to a lower frequency — 10 Hz. Frequencies of 10 and
13,5 Hz almost identically influence the duration of
the process (curves 1 and 2), while the oscillation
frequency equal or close to 17 Hz (curve 3) can be
considered less effective.
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Fig. 8. Curves of change in moisture content and
temperature during the drying of brewer pellets at
varying parameters of sieve vibration

1 — at the oscillation frequency of the sieve F = 10
Hz and the amplitude A =10 mm; 2 - at F = 13,5 Hz
andA=7mm;3-atF=17 Hzand A =4 mm.

The temperature of the drying medium t = 60°C; The
product's initial height h = 30 mm; the speed of the
drying agent v = 3,0 m/s.

At the same time, the determining factor of
occurrence of aerovibrofluidized bed, along with the
speed of the air, is sieve vibration and the fact that
all the previous results (steps 1, 2, 3) were obtained
using motion parameters corresponding to the
selected range. Therefore, curves 1 and 2 indicated
the correct selection of the oscillation frequency F =
13,5 Hz and the amplitude A =7 mm.

Comparing the results of the research, we made a
conclusion about a significant impact on the drying
temperature of the drying agent (Fig. 5) and the bed
height of the product (Fig. 6). Less effective factors
are the speed of the drying agent (Fig. 7) and the
parameters of sieve vibration (Fig. 8). The latter is
explained by the small range of permissible values of
the factors mentioned.

The empirical formulae describing the change in
moisture content of brewer pellets (Figure 5-8),
were obtained with the help of the software «Curve
Expert 1.3» and presented in the following form:

Y = a+ bx + cx?+ dx® — for the curves 1 and 2;

y = a-exp(—(b — x)?/2c2 — for the curve 3
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Fig. 9. Curves of drying speed of the brewer pellets
obtained by graphical differentiation
1 — at the temperature of the drying agent t = 50°C; 2
—att=60°C; 3—att=70°C.
The initial product layer height h = 30 mm; speed of
the drying agent » = 3,0 m/s; vibration parameters: F
=135Hz, A=7 mm.

In order to further analyze the kinetics of drying
grains we carried out graphical differentiation of
curves of drying and plotted the charts of drying
speed dW™/dt = f(W) (Fig. 9).

Curves 1, 2, 3 (Fig. 9) during the process of
drying the pellets in a pseudofluidized state have
horizontal sections of the fixed speed corresponding
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to intensive drying, and slanting curves which
indicate the falling speed. It is evident that higher
temperatures of the drying agent correspond to the
higher drying rate in the first period of the process.
When reaching the critical point Ky, the speed begins
to fall, and all the curves come closer and
asymptotically approach the value of the equilibrium
state. This drop can be explained by the reduction of
the moisture content on the surface and an increasing
of internal resistance of the heat transfer. Curves of
speed of pellets drying of the second stage of
research (varying of the bed height of the product)
do not differ from the process intensity of the ones
given above. A thinner layer of product dries more
quickly.

To calculate the root-mean-square error of the
measurements and  determine  whether  the
experimental distribution corresponds to the normal
distribution law we used a graphical method of
processing the results by comparing the experimental
distribution curves with a set of theoretical curves.
The root-mean-square deviation did not exceed
9,3%.

3.3. Determination of the process parameters
on the basis of experimental data.

On the basis of the experimental brewer pellet
drying to constant weight under condition of
triplicate experiments and overlapping of their
results within the measurement accuracy curves of
drying and the rate of the product drying were
obtained at varying temperatures of the drying agent
(air), the sieve load (bed height), air speed and
vibration parameters. When comparing the results of
studies we have suggested that the most significant
impact on the drying has air temperature (Fig. 5) and
the bed height of the product (Fig. 6), while the
influence of parameters reflected in the curves in
Figures 7 and 8 are less important.

Combining the curves of drying of brewer pellets
obtained in these modes, in a generalized curve (Fig.
10) by the method of V. Krasnikova [6] proves that
he product of speed and drying time Nt is constant
and simplifies calculations of changes in moisture
content both in the first and second period of heat
treatment of the product.

Analysis of the generalized curve characterizing
the kinetics of drying of pellets displays that the
experimental points lie practically on the same curve,
plotted in coordinates W™ — W™q = f(N1).

The curves received allow to determine the
drying time and the current moisture content of the
product, but not to select an efficient mode, since

there is no criterion for selection. Having included
in the search of such a mode the values of
performance and power consumption, we made a
comparison of the experimental data on drying of
pellets at different modes (Table 2).
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Fig. 10. The generalized curve of drying of the
brewer pellets at various modes of drying

Mode 1. The temperature of the drying agent t: o —
50°C; A — 60°C; o — 70°C.

The initial height of the layer of product filling hy =
30 mm; speed of the drying agent v = 3,0 m/s;
vibration parameters: F = 13,5 Hz, 4 =7 mm.

Mode 2. The initial height of the layer ho: @ — 20 mwm;
A — 30 mM; m — 40 mm.

The temperature of the drying agent t =60°C; speed
of the drying agent v = 3,0 m/s; vibration parameters:
F=13,5Hz, 4 =7 mm.
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Table 2

Comparison of experimental data on drying of brewer pellets at different modes

Mode Parameters of drying modes Speed of | Duration of the 1%
Pos. | (fig.3.11, 3.12) £ °C | ho,mm | v, mis F/A. Hz/mm drying, N period, 71, h
1 2 3 4 5 6 7 8
1 Mode 1.1 50 30 3,0 13,5/7 0,52 0,13
2 Mode 1.2 60 30 3,0 13,5/7 0,76 0,09
3 Mode 1.3 70 30 3,0 13,5/7 0,93 0,07
4 Mode 2.1 60 20 3,0 13,5/7 0,93 0,07
5 Mode 2.2 60 30 3,0 13,5/7 0,76 0,09
6 Mode 2.3 60 40 3,0 13,5/7 0,52 0,13
Continuation of the table 2
Duration of the | The total | Relation coefficient | Proportionality factor of | Qualified expenditure of
2" period, drying of energy | performance and the | electrical power (t-KenKp),
T2, h time, T, h | consumption, Ken layer height, K, , 1/h c.e.u.
9 10 11 12 13
0,33 0,46 1,00 30 13,8
0,24 0,33 1,23 30 12,2
0,13 0,20 1,50 30 9,0
0,20 0,27 1,23 20 6,6
0,24 0,33 1,23 30 12,2
0,27 0,40 1,23 40 19,7

Table 2 shows the nondimensional factor of
energy Ken, which is defined as follows: the
smallest defined capacity of electric equipment of
the test bed according to one of the modes of
drying is assigned with value equal to one. The
coefficients of other modes were calculated on the
basis of proportional relations of capacities.

Comparative analysis of the data in Table 2 is
not the unambiguous definition of rational mode. In
such way, if we choose energy consumption as the
criterion for selecting the drying mode, the most
economical would be considered the mode 2.1, at
which conventional energy consumption is 6,6
c.e.u. (conventional electrical unit), and the drying
rate — N = 0,93. However, the performance of the
dryer is 1,5...2 times lower than in other modes
under research. Low power consumption, high
speed of drying, and the average value of the
performance characterize the mode 1,3. Under
industrial conditions, the temperature of the drying
agent t can exceed 70°C, when irreversible micro-
processes on the surface of the product begin,
leading to a rapid qualitative change in the structure
of the product, which, in turn, prevents the intensity
of water abstraction in the first period of drying.
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Modes 2.3 and 1.1 are the most energy consuming
and prolonged in time ones, the drying process
proceeds slowly at the speed N = 0,52, and hence,
is characterized by low equipment performance.

On the basis of an examination of the modes it
should be concluded that it is appropriate to
conduct the process of drying of the pellets in the
mode 1.2 at the air temperature t = 60°C and
conventional energy consumption of 12,2 c.e.u. At
that the main criterion of the mode choosing is not
the minimum power consumption, not a minimum
drying time in general, but time, ensuring the
preservation of high quality finished product [14].

IV. Conclusion

The experimental curves of changes in moisture
content and temperature of the brewer pellets
during the drying process at varying parameters of
sieve vibration, layer height of the brewer pellets
and speed of the drying agent, as well as the plotted
generalized drying curve of the brewer pellets at
various process modes and collocation of curves
obtained at different modes in a single generalized
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curve indicated that the product of speed and
drying time is constant, which simplifies
calculations of changes in moisture content during
certain periods of the heat treatment of the product.

We have offered the relative ratio of energy
consumption; proportionality factor on
performance and the layer height; conditional
energy consumption indicator, which allow to
reasonably choose rational modes of drying of
brewer pellets.
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Experimental study on mechanical properties of NBR-based rubber mixture
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Abstract. An experimental study has been conducted to determine some mechanical properties of NBR-based vulcanized
rubber compound which is used for the production of O-shaped ring gaskets which are very common in the technological
equipments used in the food-processing industry. The effects of the ageing process of the rubber on the parameters in
question is also assessed. The parameters which are subject of the study are chosen to be such parameters which are
needed in order to use the methods of 3D modeling and computer simulations in combination with the Finite element
method and elasticity theory to perform analysis on the stress and deformational state of machine parts made of rubber.
Conducting such analysis would allow the engineers to examine the influence of various factors related to the design of the
machines on the distribution of stress within the rubber parts. This could be in favor of improving the design of the
technological equipment and increase the life-span of the rubber parts.

Key Words: NBR-based rubber compound, experimental study, mechanical properties, application in 3D

FEM-based modeling

l. Introduction

Rubber is widely used material within the
technological equipment used in the food processing
industry. One of the most common application of the
elastomers is related to the production of various
gaskets intended to ensure proper insulation of
environments filled with different fluids and/or
operating at different pressure. It is crucial to prevent
leakages and accidental mixing of fluids in the food
processing equipment as one such leakage can cause
a contamination of the food products and endanger
the health of the consumers.

Efficient and reliable insulation is achieved by
subjecting the rubber gaskets to a mechanical
compressive loadings causing it to sustain
deformation which is predominantly elastic. As the
time passes however, ageing process of the rubber
leads to irreversible change in the mechanical
properties resulting in a residual plastic deformation
and loss of functionality of the gasket which would
require its replacement. Ageing can be accelerated
either by aggressive chemical compounds are in
direct contact with the gaskets or by subjecting the
gasket to higher temperatures.

For the past two decades many elements related
to the design of the technological equipment used in
the food processing industry have been optimized
and their functional characteristics have been
improved. This optimization has been achieved by
implementing advanced tools for enginery design
such as CAD/CAM software products which by
using the Finite element method (FEM) can
determine and then visualize the distribution of the
stress and deformation within 3D geometric models
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of various elements of the machines and apparatus
used in the food processing industry.

Such advanced tools can be use to obtain
information on the stress state within the gaskets and
other rubber parts. This information can be used to
assess the influence of different factors related to the
design of the equipment and/or the rubber parts
themselves. An optimization can be done aiming to
prolong the life-span of the rubber parts and improve
their reliability and functionality.

Knowledge of certain mechanical characteristics
comes necessary in order to be able to use the means
of 3D modeling combined with FEM and elasticity
theory for obtaining of an accurate and useable
picture of the distribution of the stress and
deformation within the rubber parts inserted into the
food-treating machines. Not only are some
mechanical properties of rubber needed to be known,
but how the ageing process of rubber affects them
also comes essential.

The present article presents a study which has
been conducted to determine some mechanical
properties of NBR-based vulcanized rubber mixture
which is most commonly used as material for O-
shaped ring gaskets which are widely used in food-
processing industry. The study also assesses the
change of the determined mechanical properties due
to the process of ageing of rubber.

The mechanical properties which are a matter of
interest for the study are the modulus of elasticity E
(also known as Young’s modulus), tensile strength
Rwm and the rupture elongation A — properties needed
for a numerical determination of the stress state of
3D geometric model by using FEM combined with
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the elasticity theory. Shore A hardness is also
examined.

I1. Materials and methods

For the purpose of the study a NBR-based rubber
mixture which is widely used for the production of
O-shaped ring gaskets is chosen. The optimal
vulcanization parameters (temperature and time) are
determined by reading the wvulcanization curve
obtained by performing standard Mooney viscosity
measuring on the mixture at temperature of 170° C.

A laboratory hydraulic machine (figure 2) is then
used to form and vulcanize a rubber sheet from
which tensile specimens are cut out. The tensile
specimen and its dimensions are shown on figure 1.
The thickness of each specimen is measured just
before the test is conducted.
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Figure 1. Tensile specimen

Additionally to measure Shore A hardness, disc-
shaped specimens are formed and vulcanized — they
are 30 mm in diameter and 12 mm thick.

Figure 2. Laboratory hydraulic machine for forming
and vulcanizing of rubber specimens

All the specimens are then separated into 4
groups. The samples from the first group are tested
without being subjected to ageing while the other 3
groups are placed inside a specially designed heated
chamber and are subjected to higher temperature
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(100°C) to accelerate ageing process. One of the
group is tested after 24 h of ageing, the next group is
tested after 48 h of ageing and the last group after 72
h of ageing.

From the tensile test of the specimens the “stress-
strain” curve is obtained which is then used to
determine the tensile strength, elongation and the
modulus of elasticity. Measuring of Shore A
hardness is done by using the disc-shaped sample.

Additionally, the residual deformation test is also
conducted. The specimens used are the same disc-
shaped samples which are used to measure Shore A
hardness. They are placed between two steel circular
plates (called “external plates”) and pressure is
applied by enclosing the plates until the deformation
in the rubber disc, measured in the direction of the
thickness of the sample, becomes equal to 25%
percent. In order to ensure that the deformation will
be 25%, a small steel ring is used (called “internal
plate”) whose thickness is chosen so it can fix the
position of the external plates and the gab between
them is always equal to the height of the deformed
rubber specimen which is subjected to compressive
loading between the external plates (see figure 3).
After the external plates are “closed” with the rubber
specimen between them, they are secured by using
clamps and they are then placed into the heated
chamber for a certain period of time at 100°C
temperature so ageing process occurs. Then it is
removed from the heated chamber, the plates are
“opened” and the new thickness of the rubber disc is
measured and compared to the original value of 12
mm and the relative residual deformation is
determined in percentage. In total 3 samples are
tested — one is aged in the heated chamber for 24 h,
the second for 48 h and the third is aged in the
heated chamber for the period of 72 hours.

External plate

Rubber sample

Internal plate

External plate

Figure 3. Residual deformation test
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I11. Results and discussion

The resulting vulcanization curve obtained after
Mooney viscosity measuring is shown on figure 4.
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Figure 4. Vulcanization curve

The obtained “stress-strain” curves from the
tensile tests of the specimens from the different
groups are shown on figure 5. The curves shown on
the figure are drawn from the average results from
all specimens within each group. Tensile rate used is
500 mm/min. The air temperature during the
experiments is 20 +1 °C.
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Figure 5. “Stress-strain” curves

The chart on figure 6 shows the registered change
of the modulus of elasticity as result of the ageing.

Modulus of Elasticity, MPa

96

Ageing period, h

Figure 6. Change of the modulus of elasticity
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Figure 7 shows a chart which depicts the change
of the tensile strength as an effect from the ageing
process.
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Figure 7. Change of the tensile strength

The change of the elongation is shown on figure 8
while the effects of the ageing over the Shore A
hardness is shown on figure 9.
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Firgure 9. Change of the Shore A hardness

The results clearly indicate that the ageing
hardens the rubber — there is a rise in the modulus of
elasticity and drop in the elongation. Shore A
hardness is rising.
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The tensile strength has risen after 24 h of ageing
but it decreases if the ageing process is longer. This
is explained with the fact that even after
vulcanization takes place, there is still a potential to
form more cross-linking chains within the elastomer.
Then, further ageing process causes the cross-linking
chains to break resulting in drop of the tensile
strength of the rubber.

Since the modulus of elasticity is a matter of
greater interest, which is because this property is
crucial for conducting numerical studies by using the
3D modeling along with FEM and elasticity theory,
the results related to the change of the modulus of
elasticity shall be also represented with a
mathematical equation.

Linear regressional equation is written as follows:

E(H) = 0,0636.H+6,9115

where:

o E —modulus of elasticity,
e H-—ageing period.

The coefficient of determination R? for this
equation is determined to be 0,95. The equation
shows that by every 1 hour of exposure of the rubber
at 100°C the occurring ageing process results in
approximately 63,6 kPa rise in the modulus of
elasticity of the NBR-based wvulcanized rubber
mixture.

The ageing of rubber in natural operational
conditions shall also result in similar change of the
mechanical properties, however it will happen in
much slower rate [2], since the constant exposure at
100°C (as it is done during the experimental testings)
results in accelerated ageing.

The residual deformation tests show that after
being subjected to accelerated ageing while being
compressed between two plates (figure 3), the rubber
samples all have 7,3% residual relative deformation
(the difference is very small). The consistency of this
value, despite the different ageing periods, can be
explained with the fact that there are still possibility
left to form more cross-linking chains between the
macromolecules of the elastomer — the rubber can
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still sustain some amounts of plastic deformation.
When heated, additional cross-linking process is
initiated and few more cross-linking chains are
formed while the rubber is in a state of being
subjected under compressive loading and is being
deformed. This way, the rubber body undergoes a
secondary forming and it simply takes a new shape.

1VV. Conclusions

Experimental study has been conducted on
specimens made of NBR-based vulcanized rubber
mixture to determine some of its mechanical
characteristics which would allow numerical studies
to be made on the stress and deformational state of
3D models of rubber parts within machines and
apparatus in food processing industry.

Data have been obtained about the change of the
studied mechanical properties because of the ageing
process of the rubber. The knowledge on this change
would allow the ageing process to be taken into
consideration when performing numerical studies on
rubber parts by the means of 3D modeling in
combination with FEM and elasticity theory.

Experiments have been conducted to determine
the residual deformation of a NBR-based vulcanized
rubber mixture as a result of compressive loading
combined with the effects of ageing process of the
rubber. This data could also serve in favor of
building rather accurate and more reliable models of
rubber parts in the machines and apparatus in the
food processing industry.
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