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Abstract: In the present paper it has been studied a
horizontal mixer with a revolutionary kneading arm which
is not treated in its domain. The purpose of this paper is to
determine a mathematical model for the energetic kneading
process of the studied mixer and the specific medium
kneading resistance Km, for multiple types of flour mixed
with different quantities of water.
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INTRODUCTION

In bread making industry, kneading is one of the key steps
that determine the mechanical properties of dough, which have
a direct consequence on the quality of the end product. The
rheological properties of wheat flour doughs are largely
governed by the contribution of starch, proteins and water.

Therefore, there isn’t an established measuring unit for
consistency, but every device used for this purpose adopts
conventional measuring units.

A definition for dough consistency sounds like this:
consistency is a complex rheological propriety, obtained by
combining viscosity, plasticity and elasticity and which varies
with humidity, temperature and time, with the proportions
between dough phases (solid, liquid, gas), with flour’s
biochemical composition, with added materials (Mx — auxiliary
materials) and the quantity of energy used for kneading, [1,2].

A part of the results obtained in this project, are completely
new to this area because in the analysis of the kneading arm, it
was used a mathematical method of deducing the charge
surface of the kneading arm, an approach which has not been
tried until now.

MATERIAL AND METHOD

For a better and explicit designing of some components, a
part of the calculations were adapted after those already
demonstrated in specialty books and others were obtained by
measuring and analyzing experimental data extracted during
functioning, straight from the working machine. The kneading
arm is presented in figure 1.

Due to rotary motion of the kneading arm, the material is
trained in an intermittent rotary movement and one of constant
run true along the vat. The rotary movement is intermittent
because, after the rotation of the material with an angle ¥
(angle at which the product falls) versus a vertical plane, it
starts sliding down on the helicoidally helix under the action of
its own weight and the rotary motion stops [3,4].

In the first stage of the paper it is calculated the attack
surface of the kneading arm.

The formula which makes it possible to establish the
opposing torque at the kneading arm, is:

Rezumat: Tn prezenta lucrare s-a studiat un mixer orizontal cu
un bray de framdntare revolutionar care nu se regdseste in
literatura acestui domeniu. Scopul lucrarii este acela de a
determina un model matematic pentru procesul energetic de
Sframdntare al acestuia §i rezistenfa specifica medie la
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INTRODUCERE

in industria de panificatie, frimantarea este unul dintre
punctele cheie care determind proprietitile mecanice ale
aluatului, si care are consecinte directe asupra calitatii
produsului finit. Proprietatile reologice ale aluaturilor din faina
de grdu sunt determinate de contributia amidonului, a
proteinelor si a apei.

Din aceste considerente, nu existi o unitate de masurd
unicd pentru consistentd, ci fiecare aparat care masoara
consistenta foloseste unitati de masura conventionale. O
definitie pentru consistenta aluatului sund in felul urmadtor:
consistenta este o proprietate de naturd reologicd, complexa,
rezultatd prin combinarea vascozitdtii, plasticitatii, elasticitatii,
care variazd cu umiditatea, temperatura si timpul, cu proportia
dintre fazele aluatului (solid, lichid, gaz), cu compozitia
biochimica a fainii, cu materialele adaugate (Mx — materiale
auxiliare) si cu cantitatea de energie utilizata la frimantare,
[1,2].

O parte din rezultatele obtinute in acest proiect sunt o
noutate in domeniu, deoarece in analiza bratului de framantare,
a fost folositd o metoda matematica de deducere a suprafetei de
atac a acestuia, abordare care nu a mai fost intalnita pand acum.

MATERIAL SI METODA

Pentru o mai bund si explicitd proiectare a unor parti
componente, o parte din calcule au fost adaptate dupa calcule
existente in carti de specialitate si o alta parte, au fost obtinute
prin masurarea si analizarea datelor experimentale obtinute in
timpul functiondrii, direct de la utilaje. Bratul malaxor este
prezentat in figura 1.

Datoritd miscarii de rotatie a bratului de framantare,
materialul este antrenat Intr-o migcare de rotatie intermitenta si
o miscare de inaintare uniforma in lungul cuvei. Miscarea de
rotatie este intermitentd pentru ca, dupa ce materialul s-a rotit
cu unghiul ¥ (unghiul la care are loc surparea produsului) fata
de planul vertical, alunecd pe spira elicoidala in jos sub
actiunea propriei greutati si migcarea de rotatie inceteaza, [3,4].

In prima etapa a lucrarii este calculati suprafata de atac a



bratului de framantare.
Formula de calcul care face posibila stabilirea momentului
de torsiune care se opune la bratul de framéntare este:

M, = Ky, - (S; - cosa - cosf + As;) 1)
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It is taken into consi
arm is inclined with ¢ )
B angle in vertical plane. In this situation, the attack surface
will be:

ta bratului de
_ . nul orizontal —
radial si cu unghiul p in planul vertical. in aceasta situatie,
suprafata de atac va fi:

S4=S5; - cosai - cosfi + As; @

where:

- Sa is the attack surface of the kneading arm;

- S; is the surface of one stripe, expressed in cm?;

- a is angle made by every stripe in horizontal plane, expressed
in degrees;

- B is angle in vertical plane expressed in degrees;

- A, is the surface for the portion between the base of the
contact surface and its end, expressed in cm2.

For a more accurate calculation, the surface of the arm has
been divided between stripes 60 mm thick and variable height,
based on the form of the kneading arm.

In order to calculate the sum of radiuses starting at the
center of the surfaces determined at the rotation axis (rmi), it
was drawn a scheme for calculus (figure 2) which ultimately
helps to determine the resistant moment for a kneader with
horizontal spindle.

unde:

- Sa este suprafata de atac a bratului de framantare;

- S este suprafata unei fasii din brat, exprimata in cm?;

- o este unghi format de fiecare fasie in plan orizontal,
exprimat In grade;

- B este unghi n plan vertical exprimat in grade;

- Aj este suprafata portiunii dintre baza suprafetei de contact si
terminatia acesteia, exprimata in cm?.

Pentru un calcul mai exact, suprafata bratului a fost
impartita in fasii cu grosimea de 60 mm si indltime variabila
functie de forma bratului de framantare.

Pentru a calcula suma razelor de la centrul suprafetelor
determinate la axa de rotatie (rmi), a fost desenatd o schema de
calcul (figura 2), ce foloseste ulterior pentru determinarea
momentului rezistent Tn malaxorul cu ax orizontal.
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Fig. 2 - Calculus scheme for determining the attack surface for a kneader with horizontal kneading arm [11]



The surface of an arm portion it is calculated with the formula, Suprafata unei portiuni din brat se calculeaza cu formula,

[11]: [11]:
S1=h1-L1 )
where: unde:
- hlisthe height of a palette; - hl este inaltimea unei palete;
- L1isthe length of a palette. - L1 este lungimea unei palete.
The distance from the center of the contact surface (d) to the Distanta de la centrul suprafetei de contact (d) la axa de
rotation axis, can be expressed with the following formula: rotatie se poate exprima cu urmitoarea formula:
rml = —(re;ri) 4
where: unde:
- reis the distance between the rotation axis and the end - re este distanta de la axa de rotatie la capatul paletei;
of a palette; - ri este distanta de la axa de rotatie la inceputul paletei.
- i is the distance between the rotation axis and the Lungimea suprafetei de contact este:

beginning of the palette.
The length of the contact surface is:

Ll=re—ri (5)

The contact surface is supported by another surface, which Suprafata portiunii suportului suprafetei de contact, care
fills into the material and is calculated with the formula: patrunde in material se calculeaza astfel:

Asi=b - (re —r1i) (6)

where: unde:

- bisthe width of a palette. - b este latimea unei palete.

The spindle was divided in 14 surfaces, the equivalent for Arborele a fost impirtit in 14 suprafete, echivalent cu 28 de
28 blades, as shown in the figures 3, a and b, [6]. palete, dupa cum este prezentat in figura 3, a si b, [6].

1L

a) b)
Fig. 3 - The spindle, divided into 28 blades: a) 2D drawing; b) 3D drawing

For calculating the total sum of rays at the center of the Pentru calcularea sumei totale a razelor de la centrul
surfaces determined at the rotation axis (), Ri), table 1 is suprafetelor determinate la axa de rotatie (), Ri), se alcatuieste
constituted. tabelul 1.

Y. Ri =rmi- (Si-cosai-cospi+ Asi) @)

Because the attack surface remains constant, it is calculated intrucat suprafata de atac va ramane constanti, ea se

just once. The variable Km and implicitly Mt, varies with calculeaza o singura datd. Variabila Km (rezistensa specificd
increase and decrease of dough consistency. medie la malaxare) si implicit momentul de torsiune, Mt



The mathematical model proposes to demonstrate the
correlation between torque and specific resistance at kneading,
applied to the attack surface.

In the second stage of the paper, it is determined the
medium value for specific resistance at kneading, Km.

Considering that the specific resistance, Ki has a different
value from one section to another, depending on tangential
speed at the section’s surface, it is possible to introduce in
calculation, the medium value for specific resistance, Km,
which is valid for the entire kneader.

The values for medium specific resistance Km, were
experimentally determined by comparing the results obtained
with different sets of dough made with different types of flour
and different quantities of added water, as shown in table 3. In
figure 4 it can be analyzed the graph that explains the variation
of specific resistance for kneading depending on dough
humidity.

variaza cu cresterea sau descresterea consistentei aluatului.

Modelul matematic isi propune sd demonstreze corelatia
intre momentul de torsiune si rezistenta specifica la malaxare,
aplicata la suprafata de atac.

Tn a doua etapa a lucririi, se determin valoarea rezistentei
specifice medii la malaxare, Km.

Avand in vedere ca rezistenta specificd, Ki 1n acelasi
malaxor diferd de la o sectiune la alta, depinzdnd direct de
viteza tangentiald la suprafata sectiunii, se introduce in calcule
valoarea rezistentei specifice medii la malaxare Km, valabila
pentru intregul malaxor.

Valorile rezistentelor specifice medii la malaxare Km au
fost determinate experimental de cdtre autor prin compararea
rezultatelor obtinute cu diferite sarje de aluat din fainuri
diferite care au necesitat hidratari diferite, asa cum se poate
observa in tabelul 3. Tn figura 4 se poate analiza graficul care
expliciteaza variatia rezistentei specifice la malaxare functie de
umiditatea aluatului.

Table 1

Calculation for the attack surfaces of the kneading arm

fggg’e”r Si [cm?] Cosai Cospi Asi [cm?] rmi [cm] X Ri [om?]
[ 36 0,156 0072 88,2 17,7 1657
I 36 0.382 0.972 78,9 16,1 1486
I 36 0,587 0.972 62,22 133 1100
Il 36 0,76 0.972 46,5 10,7 783
Y, 36 0,891 0.972 375 9.2 632
Vi 36 0972 0.972 33,9 8,6 584
Vi 36 1 0.972 315 8,2 354
VT 36 1 0.972 315 8,2 354
X 36 0972 0.972 33,9 8,6 584
X 36 0,891 0.972 375 9,2 632
XI 36 0,76 0.972 46,5 10,7 783
X 36 0,587 0.972 62,22 133 1100
XIil 36 0.382 0.972 78,9 16,1 1486
XIV 36 0,156 0972 88,2 17,7 1657
XV 36 0,156 0972 88,2 17,7 1657
XV 36 0.382 0.972 78,9 16,1 1486
XV 36 0,587 0.972 62,22 133 1100
XV 36 0,76 0.972 46,5 10,7 783
XIX 36 0,891 0.972 375 92 632
XX 36 0972 0.972 33,9 8,6 584
XXI 36 1 0.972 315 8,2 354
XX 36 1 0.972 315 8,2 354
XXII 36 0972 0.972 33,9 8,6 584
XXIV 36 0,891 0.972 375 9,2 632
XXV 36 0,76 0.972 46,5 10,7 783
XXVI 36 0,587 0.972 62,22 133 1100
XXV 36 0.382 0.972 78,9 16,1 1486
XXVIII 36 0,156 0,972 88,2 17,7 1657
Y Ri =rmi - (Si- cosai - cosPi + Asi)=26384 cm3

The physio —chemical characteristics of the flours used for
the experiments are presented in table 2.

Caracteristicile fizico -chimice ale fainurilor utilizate in
realizarea experimentelor sunt prezentate in tabelul 2.

Table 2

Physio — chemical characteristics of the flours used in the experiments



. Protein Gluten - Falling
0,
Flour type Hu[g/lo(;lty, Wet[‘gJ;/IOL]Jten, ASZ’S[AJ] content, [%] deformation [ﬁgg::gs‘] number, (i;rl]tégi(n
T d.s [mm] [sec]
FA - 650(F1) 13,5 28 0,65 26,8 3,5 2 318 84
FN - 1350(F2) 13,5 324 1,35 275 4 3,4 318 88

It is possible to conclude that Km values are linear functions
dependent on flour quality and its capacity to absorb water and
also directly dependent on medium tangential speeds inside the
mixing bin, [3]. For all the tests, the tangential speed at the
section surface had the same value: 2.8 m/s.

Analyzing the information presented above, it is possible to
formulate the following observations: once with the rise of
dough humidity, the effective viscosity of dough decreases,
indifferent to the flour’s quality, fermentation time and
superficial tension, [8,9,10].

An example of resistant moment Mt, determined for a 650
flour type which had 50% added water can be verified with the
expression:

Se poate constata ca valorile Km sunt functii liniare de
continutul si calitatea fainii dar si de capacitatea acesteia de
hidratare si depind direct de vitezele tangentiale medii in
interiorul cuvei de amestecare, [3]. Toate probele au avut
aceeasi viteza tangentiala la suprafata sectiunii: 2.8 m/s.

Din analiza datelor prezentate mai sus se pot formula
urmatoarele observatii: odatd cu cresterea umiditatii aluatului,
vascozitatea efectiva a aluatului scade, indiferent de calitatea
fainii, de timpul de fermentare si de tensiunea superficiala,
[8,9,10].

Un exemplu de moment rezistent Mt, determinat pentru o
faind tip 650 la care s-a addugat apd in proportie de 50%, se
verifica cu expresia:

Mt = Km * Z rmi( Si * cosai * cosfi + Asi)

Mt = 0.088 x 26384 = 2321 [Nm] (8)
Table 3
Experimental determinations for medium specific resistance at kneading
Difference of
pressure
- Angular .- Read between
Flour type Humidity speed, ® Eff|C|er_1cy_ of | Pump flow pressures Km Torque suction and Power
[90] transmission [m2/s] [Nm] - [Kw]
[rpm] [bar] delivery of
hydraulic
pump [bar]
FA - 650(F1) 48 12,56 0,95 154 135 0,091 2400 125 30,48
FA - 650(F1) 50 12,56 0,95 154 128 0,088 2321 118 28,77
FA - 650(F1) 52 12,56 0,95 154 120 0,080 2110 110 26,82
FA - 650(F1) 54 12,56 0,95 154 116 0,078 2058 106 25,85
FN - 1350(F2) 56 12,56 0,95 154 123 0,094 2480 113 27,55
FN - 1350(F2) 58 12,56 0,95 154 120 0,086 2269 110 26,82
FN - 1350(F2) 60 12,56 0,95 154 130 0,076 2005 120 29,26
FN - 1350(F2) 64 12,56 0,95 154 120 0,07 1846 110 26,82
0,097 0,092
0,095 4
0.093 1~ 0,09 .
0,091 AN
: Y 0,088
0,089
N =—f=FA - 650(F1)
0,087 N 0,086
0085 | == FM - 1350(F2) \
' N £
£ o083 N £ 0,084
0,081
0073 N 0,082
' N,
0,077 N
e 0,08
0,075 C
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0,071 -»
0,069 0,076
56 58 &80 B4 48 50 52 54
Added Water [34] Added Water [34]



a)  Km variation for 1350 flour type

b) Km variation for 650 flour type

Fig.4 - Graph which explains the variation for Km, depending on dough humidity and type of flour

Knowing the oil pressure which is introduced into the
hydraulic engine, it was possible to calculate the resistant
moment for the spindle of the mixing arm.

The maximum resistant moment was calculated after
drawing a similar graph with the one made by a farinograph, by
monitoring the pressure from 5 to 5 seconds, for 230 seconds,
and which could be observed directly on the monitor screen.
The dough had in its composition, 650 flour type. The obtained
graph can be observed in figure 5.

The necessary power for the hydraulic engine can be
calculated by knowing the difference between aspiration
pressure and plenum pressure (pAp), the introduced flow into
the hydraulic engine (Qm) and the transmission’s efficiency,
(mtm = 0.95), [4].

Pap =

The necessary torque for driving the kneading arm, after
overcoming the resistant moment if the power and angular
speed om are known, can be calculated with the following
formula, [5]:

250000

Chart Area
Type of flour 650
with 50% added water
2000,00
E 1500,00
£
=
-
E
£ 1000,00

500,00

0,00

PAp. Qm*Nem

Cunoscand presiunea de ulei introdusa in motorul hidraulic
a fost posibila calcularea momentului rezistent la arborele
bratului de mixare.

Momentul rezistent maxim a fost calculat dupd realizarea
unui grafic asemandtor cu cel trasat de un farinograf prin
monitorizarea presiunii din 5 Th 5 secunde, timp de 230 s, care
se poate citi direct de pe ecranul monitorului. Aluatul avea n
componenta faina tip 650. Graficul poate fi observat in figura
5.

Puterea necesara motorului hydraulic (Py,) se calculeaza
cunoscand diferenta de presiune intre aspiratie si refulare
(pAp), debitul introdus Tn motorul hidraulic (Qm) si
randamentul transmisiei (ntm = 0.95), [4].

9
600 ©)

Momentul invartitor necesar antrendrii bratului de
fraimantare dupa invingerea momentului rezistent dacd se
cunoaste puterea si viteza unghiulard om a bratului de
framantare se calculeaza cu formula, [5]:

5 15 25 35 45 55 65 75 85 95 105 115 125 135 145 155
Time (s)

Fig. 5 - Graph which explains the variation for the resistant moment depending on time of kneading

The maximum value registered on the diagram for the
torque, is:

M, = 2252 [Nm]

CONCLUSIONS

The correlation between the mathematical model and the
conducted experiment is quite accurately in order to determine
the resistant moment for a kneading arm, depending on dough
consistency and the type of flour used.

Intensive and fast kneading, known also as mechanical
development for dough, represents much more active dough

(10)
30,00
25,00
20,00
T
15,00 £
—— Torque [Nm] 2
—— Power [Kw] 5
10,00
5,00
0,00
Valoarea maximd inregistratd pe diagrama pentru
momentul de torsiune este:
(11)

CONCLUzII

Corelatia intre modelul matematic si experimentul efectuat
este una destul de exactd pentru a putea determina momentul
rezistent la bratul de fraimantare functie de consistenta aluatului
si tipul de faina utilizat.

Framantarea intensiva si

rapidd, cunoscutd si ca



kneading, which is achieved at higher speeds for kneading
arms and in smaller time compared to classical mixers.

The kneading process at high speeds for kneading arms
determine a more pronounced loosening of globular proteins,
along with surface exposure for a bigger number of reactive
groupings, capable of reacting with those of neighbor
molecules in order to form a bigger number of intermolecular
connections.

Besides flour quality, the optimal quantity of energy which
must be introduced in the kneading process depends also of its
humidity and temperature, the quality of raw material used in
the process, the type and speed of the kneading arm.

Beside the amount of energy introduced, it is of very high
consequence the speed with which the energy is transmitted,
respectively, the kneading time. When increasing speed at the
kneading arm, the kneading time reduces. From this point of
view, there is an optimal speed for introducing the necessary
energy into dough.

The importance of designing and analyzing the shape of the
kneading arm becomes determinant in the way of transmitting
the energy, as well as the speed with which the energy is
transferred to the dough in order to obtain a dough with
superior quality.

The understanding of the kneading process for this kind of
machine is useful in industrial bread making process because it
helps the technological engineer to find solutions for quality
problems which can appear because of defective forming of
dough in the vat or caused by flour’s physio — chemical
characteristics like weak flours which necessitate slow
kneading, flours with raised hydration capacity, at which it can
be determined the optimal quantity of added water by
controlling the value for maximum consistency, or the
optimization of the entire kneading process by adapting the
speed of the kneading arm (setting the hydraulic pressure into
the radial engine with axial pistons for four configurable
speeds) for the type of dough wished to be obtained.
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in afara de calitatea fainii, cantitatea optima de energie ce
trebuie transmisd la friméantarea aluatului mai depinde de
umiditatea si temperatura acestuia, de starea materiilor prime
folosite in proces, de felul si turatia bratului de framantare.
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