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SUBSTANTIATION OF CAPACITY OF SCREW CONVEYER
OF HAULM-CUTTING MODULE

Anna Tson*, Tymofii Rybak®, Mykola Stashkiv*, Taras Shchur?
Ternopil Ivan Pul'uj National Technical University
Str. Rus ’ka, 56, Ternopil, Ukraine. E-mail: tson_oleg_@ukr.net
“Lviv National Agrarian University
St. Vladimir the Great 1, Dubliany, Ukraine. E-mail: shchurtg@gmail.com

Summary. The haulm-cutting module parameters
based on the analysis of technological process of dis-
placement of the plant components cut by a spiral con-
veyer have been substantiated in the article. Technolog-
ical interrelation between structural-kinematic parame-
ters of screw conveyer and per-second feed of plant
components has been found dealing with the required
capacity. To provide the best running of screw conveyer
of haulm-cutting module the rational parameters of its
process operation have been set.

Key words: haulm-cutting module, screw (spiral)
conveyer, auger, per-second feed, haulm.

INTRODUCTION

Sustainable development of agricultural-industrial
complex of Ukraine and world is impossible without
development and introduction absolutely new and pro-
gressive methods which allow to create efficient tech-
nical facilities for agricultural crops seeding, cultivating
and harvesting [1, 2]. Haulm removing of sugar beet
crowns is one of the most work- and power-consuming
processes at their harvesting. As Ukraine is one of the
leading beet growing countries in the world, it’s neces-
sary to produce beet harvesters by national machine
building industry according to the highest world stand-
ards [3-6].

ANALYSIS OF RESEARCHES AND
PUBLICATIONS

Analytical- applied model of supply of the plant
components of beet crowns cut by a haulm-cutting
module of a spiral conveyer has been developed and
per-second feed change limits of plant components have
been found on the analytical level which are used to cal-
culate the screw conveyer capacity [7, 8].

OBJECTIVES OF RESEARCH

To formalize the process of displacement of the
cut by haulm-cutters beet haulm and pests bulk and for
further substantiation of the harvesting module we are
going to study the calculation schema of screw conveyer
5 capacity (fig.1) combining functional scheme of the
operation process and structural scheme of the tools
providing the process [9, 10].

THE RESULTS OF RESEARCH

We are making the substantiation of the haulm-
cutting module based on the analysis of technological
process of displacement of the plant components cut by

a screw conveyer 5 (fig.1) or the plant components dis-
placement by spiral turns 11 of the auger 9 in trough 8
made by guiding jacket 4.

Fig. 1. Calculation schema of the auger capacity: 1 —
frame; 2 — supporting wheel; 3 — rotor haulm cutter; 4 —
guiding jacket; 5 — screw conveyer; 6, 10 — drum; 7 —
knife; 8 — trough; 9 — auger; 11 — turn; 12 — output sec-
tion; 13 — beet root

We assume that at the time t of the haulm-cutting
module displacement along the beet roots rows 13
(fig.1) at forward motion velocity v haulm cutters 7 are
cutting the haulm and pests bulk or plant components in

amounts of 77 (t) which are displacing on the directed

motion path towards the trough 8, auger 11 of the screw
conveyer 5.

Spiral turns 11 are carrying the plant components
along the auger rotational axis towards its output section
12 where the plant components after leaving the last spi-
ral turn are either put into the swath or thrown on the
harvested field.

We’ll find the technological interrelation between
structural-kinematic parameters of screw conveyer and

per-second feed of the plant components I7; on the ba-

sis of its required capacity analysis, where the screw
conveyer capacity is regulated or completely depends
on the auger 11 capacity (fig.1).

Screw conveyer or auger capacity Q, is found by

the known formula according to [11-14]:
Q =0,25(D¢ ~dn) s, (1)
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where: Q, — screw conveyer capacity, kg/s; D, —auger
diameter, m; g, — average theoretical velocity of the cut
haulm displacement along the auger rotational axis, m/s;
vy — coefficient taking into account deviation (de-
crease) of average motion velocity of the cut haulm bulk
regarding to average theoretical velocity of the cut
haulm displacement along the auger rotational axis; p,
— haulm bulk weight, kg/m3; ¢, — coefficient of work-

ing space of screw conveyer filling with the cut haulm.
Here, according to [11, 15-17] components (1) are
found by the formula:
— average theoretical velocity 3, of the cut haulm

displacement along the screw conveyer rotational axis:
9 :(51+A5i)‘wk _ (S, +4S;) doy @)
¢ 2 2 dt '
where: S, — steps if the first spiral turn, m; AS; — step-
ping increment i, m; @, — auger angular velocity, rad/s;
@, — turning angle of the auger, rad.; - coefficient w4
taking into account deviation (decrease) of average mo-
tion velocity of the cut haulm bulk regarding to average
theoretical velocity of the cut haulm displacement along
the auger rotational axis:

Wo=WaVy, @)
where: y, — coefficient showing the impact degree of
lead angle a of screw line on the mid-radius of the last
spiral turn of the auger; y, - compression ratio of

chopping plants by spiral turns of screw conveyer:

— space filling factor ¢, of screw conveyer filling
with the cut haulm taking into account sectional filling
of the volume of trough throat

o, =V, IV, V, =V, -V, Vi =V,+V,, @)
or
Voe Ve 4 V. YtV
(/)Z_V—_l_\/__l_v—’ ®)

AHC HC HC

where: V, — volume of the trough throat filled with cut
haulm; V. — trough throat volume, m® V, — auger
volume, m* V, — auger turns volume, m%; V,, — auger
drum volume, m>.

According to [18-20] ratio V—kstands for k, tak-
V..

HC
ing into account volume of that part of auger working
members (spiral turns and auger tube) which they occu-

. .V, +V
py in the trough throat volume, i.e. Yoo _ K, -

AHC
Then according to the dependence (5):
9, =1-k, . (6)
Here, according to [11-13] and fig. 1 components
(5) are found by the formula:
— trough throat volume:
Vz = Ov5Vzl +V22 )
where: V,; — cylinder volume, whose base diameter is
D,., and height —L,; V,, — parallelepiped volume,

whose base length and width are, respectively, D, and
0,5D,,., and height — L, .
V,, =01252D2 L, +05D, D,L, =
=0,5D,,.L,(0,257D,, + Dy)
where: D,. — trough inner diameter, m; L, — effective

auger length, m;
— volumeV,, , occupied by auger turns and auger

(M

drum volume V, :

Vv =Vlvzk; Vlv =Fvlv; Fv =5vhv;
., (D, +d 2 AS 8
|Z:—k( k™t m)cosarctg—sﬁ- > ®)
2S; +AS D, +d,

where: V;,, — is volume occupied by the turns of one en-
try of auger (m®); z, —number of auger entries, times;
F, — cross-section area of auger turn blade, m? |
length of screw line on the auger mid-diameter, m, h, —
height of auger turn blade, h, =0,5(D, —d,,), m; d,, —
drum diameter, m.

D, —d,) 2S, +A
V, = A, (D —dy | cos| arctg 25,+485 Z;

4S, +AS D, +d 9)
V, = 0,257zdn21 L,.

After volumes values substitution from (7) and (9)
in formula (6) we obtain the dependence to find coeffi-
cient K, :

2
M 25, z, +d§1
S;+AS  Hdo
k, =7
2D,.(0,257D,, + Dy )

According to (10) and under initial conditions
d,=01m, z, =1, AS=0,05m the diagram of coeffi-
cient k, changes is shown on fig. 2.

14

m

cos[arctg 5
(10)

(.35

k- = 1
‘0.2 S, =0.1-m

k1D 56
k2Dip.3s

E3(D)0.33

:
2 B 5, S0

0.3
0.2 022 025 0.27 0.3
Auger-diameter-D, . -m"

a)
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Fig. 2. Dependence of coefficient k, change: a —
k, = (D), bk, =f(Dy)

Coefficient k, varies from 0,3 to 0,39 depending
on the auger diameter range 0,2< D, <0,3m. Here step
S, of the auger first spiral turn and stepping increment
AS make the greatest impact on the coefficient k,
change —when S, increases from 0,1 to 0,2 m the coef-
ficient k, is 1,3 times smaller (fig. 2.a), and when AS

increases from 0,03 to 0,07 m coefficient k, is 1,2

times smaller (fig. 2.b).
According to (1)-(3), (6) and (10) the screw con-
veyer capacity is found by the formula

S, +AS
Q ( dz)ls—l//al//ypv
2
(O —dy )" cos| arctg——L— |z, +d? , (11)
Dy +d, dey

S, +AS doy
2D,,(0,257D,, + Dy) dt

or

S| +AS; do
Q« :(Dk dz)%l//a'//ypv(l k ) dt . (12)

Also the screw conveyers capacity can be found
by well-known formula [11,12 ] which functionally to a
greater extent depends on the process parameters char-
acterizing the material supply to the working bodies of
screw transport mechanisms:

Q =W kv 90,0, (13)
where: W, — material specific volume per auger length
unit, m¥/m.

For further analysis we’ll express the material
specific volume W _ per auger length unit as per-second

feed of plant components 77y, per auger length unit L, :

m . *
w, = —¢ It (14)
P2 R
where: m,, —mass of plant components supplied to the
screw conveyer (kg) per time t=1s.

We substitute the values of per-second feed of

plant components 77; from [7,8] into formula (14) and
obtain the dependence to find the specific per-second
feed of plant components to the screw conveyer or spe-
cific per-second feed of plant components per auger ef-
fective length unit L, , or:
Skat[o,sz-10*39bkrk_c(u2_‘. +AU,)+ O,9M6_c] . (15)
Ly

Then the capacity Q, of screw conveyer is found
by the formula
o - S Nt0:82-10°° b, I (U, £AU, )+ 09M,, |

W, =

Ly (16)
d
X‘gcl//é]pv(l_kv)%
We equate the right parts of the formula (12) and
formula (16) between themselves.
Then we obtain the equality:
2\S; + AS; do,
(b2 -d2) o Vayp Lok )2 el
B N082-102 9, 7 (U, + AU, )+o,9M6,C]X(17)
Ly

Xlgcl//Spv (1 k )ddt
or according to (1), (3) and (6):

(Dk2 -d2

_ It g 1-k )92
™ Py L=k, ) =
We’ll demonstrate the record (of the equality) le-
gitimacy by means of mathematical modeling of numer-
ical calculations of screw conveyer capacity found by
formulae (2.23) and (2.27) and their comparison with
one another.
The diagrams of the auger capacity (fig.3) change
are made on the basis of numerical calculations of screw
conveyer capacity found by formulae (12) and (16).

WalyPy (1 k ) =
(18)

=
=]
|

Eg 14

Z; 12

= 10

2 8 1

51 d

5 . zai(n)

5 _

z 2 ] mQ2(D)
1]
H

PospaxyHKosi Touk ni, | N2, | n3, | na, | ns, | ne, | N7,

(A1) [(A2) | (A3)| (A4) | (B5) | (As6) | (A7)
mayn)| 59 [74 [ 89 [104]119]133 148
ma2p)| 6 [7.2 |86 10 [116[132] 15

Fig. 3. Diagram of auger capacity change in com-
putational points

Analysis of numerical calculations of the auger ca-
pacity (fig. 3) proves that capacity indices Q1 of the
auger found by the formula (16) and capacity indices
Q2 of the auger found by formula (12) in computation-
al points P1-P7 are practically the same — mean error of
values varies from 1,5 to 1,6 %.

Then by formula (18) we find the auger diameter
Dy , where:
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2 42 .
(ot —ai) , _rmt, (19)

4 L,

Dy = /4Hkt +d2 . (20)
Lkpv

For theoretical substantiation of screw conveyer
auger diameter according to formula (20) we have built
a nomogram to find D, depending on per-second feed

change 77; of plant components by knives of rotor
haulm-cutter to screw conveyer and auger length L, as

a functional dependence D, = f (I1;;L,) shown on fig.
4.

AT T |
Perseeond feed: I kgl

_ & ()~

b' 15 25 30 35 40

Fig. 4. Dependence of auger diameter D, change:
a —as function D, = f(I1;; L) ; b — nomogram to find
auger diameter D,

On the basis of fig.4 analysis we have found that to
provide per-second feed of plant components within

limits 77; =15...40 kg/s, found according to [7] the au-
ger diameter D, must be limited from 0,25 to 0,4 m
depending on its effective length L, . Here the auger ef-

fective length is found structurally and depending on the
haulm-cutting module rows number (or root-harvesting
machine rows number) and root crops planting width.
Thus, at root crops planting width b, =0,45 m and

number of rows which are picked simultaneously
N =3, auger effective length L, =1,35 m, respectively

at N=6-L, =27 m.

To find D, a nomogram shown on fig.4b is used.
For example, at per-second feed of plant components to
the screw conveyer 77y =35 kg/s at simultaneous
haulm cutting of rows N =6 (auger effective length
L, =2,7 m) the required diameter of auger providing
the material displacement equals to D, =0,34 m. Thus,

at I1g =22,5 kg/s and N =4 (auger effective length
L, =18 m)- D, =0,32m.
A step of auger spiral turns is chosen structur-
ally under condition [3], when S, =(0,5..0,6)D,, i.e.
$,=012..0,2 m.
The auger angular velocity @, is found under

condition characterizing the screw conveyer operation
without plant components “unloading” during their car-
rying by the auger turns. The condition is satisfied when
screw conveyer capacity Q, is larger or equal to per-

second feed 77y i.e. Q > I1y

Then according to (12) and taking into account
(13) we can write:

S, + AS; .
(le_drfl) l;_ﬂ_ Il//vpv(l_kv)a)kznk' (21)

From dependence (21) we find the auger angular

velocity:
8l

D7 ~d2 IS, + A5, W2, 0K,)

With found values of the auger structural parame-
ters and according to (22) and under initial conditions
S, =015 m, AS=0,005m, k, =035 w4=0,7 [3]a
dependence of auger angular velocity change as a func-
tion @, = f,(Dy; I1;), shown on fig. 5.

e = ( (22)

a)
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Fig. 5. Dependence of auger angular velocity
change as a function w, = f,(Dy; I1y)

o
o, rad/s
[14(1’1)33-4

n:'(I'I_r:?-T

(]Iﬁ(n]::'l
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a

~
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a)

-
L=
Fos
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L

w3(DN6.4

T T T

5

-'&.:5 0.3 0.35 04
Auger diameter D, m

b)
Fig. 6. Dependence of auger velocity change @,
a — on per-second feed of plant impurities 77y ; 1, 2, 3, 4
— respectively, D, =0,25;0,3;0,35 and 0,4 m; b — on
auger diameter D, 1, 2, 3 — respectively

Functional change of auger angular velocity de-
pending on the change of per-second feed of plant im-

purities 77; to screw conveyer and auger diameter D,
(fig. 5) is of dual character: is in direct proportion to
per-second feed I7; increase —when I7; increases the

auger angular velocity @, increases; is reciprocal to the
auger diameter D, increase — when diameter D, in-
creases the auger angular velocity o, decreases.

We have found that basic values of auger angular
velocity e, are within limits o, =5...39 rad/s (6), and
@, change is mostly caused by both per-feed of plant

components [7; to the screw conveyer and by auger di-

ameter D, as well — under condition of 77; change
from 15 to 40 kg/s and D, from 0,25 to 0,4 m the value
of auger angular velocity «, is approximately increas-
ing into 2...2,5 times.
Figures 7 and 8 present the diagrams of screw conveyer
capacity change Q, depending on the auger parameters
which are built according to formula (18) as a functional
dependence; Qy = fo(Dy; ax), fig. 7; Q= fo(ay),
fig. 8a; Q = fo(Dy) , fig. 8b.

Under conditions when S;=015m,
AS =0,006m, k, =035 z=1 and change of auger
parameters the screw conveyer capacity Q, is changing

at rather great range — from 12 to 57 kg/s and is increas-
ing due to both auger rotational frequency o, increase

and auger diameter D, increase as well.

According to condition (21), to provide the most
effective operation of screw conveyer or plant compo-
nents carrying by auger without their “loading” the
screw conveyer capacity Q, must be not less the range

of per-second feed change:

— of plant components 16...39 kg/s. Then on the
basis of diagrams analysis presented by figures 7 and 8
we can prove that the condition is satisfied at the fol-
lowing parameters of auger:

I=@; =05
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Fig. 7. Dependence of screw conveyer capacity
change as function q, = f,(D,; o)

456
Q. xr/c @ =0T
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Fig. 8. Dependence of screw conveyer capacity
change Q, : a — on the auger angular velocity change
wy; Q1, 2, 3, 4 — respectively, D, =0,25;0,3; 0,35
and 0,4 m; b — on the auger diameter D, ; 1, 2, 3 — re-
spectively, o, =15; 35; 50 rad/s

— the low limit of per-second feed of plant compo-
nents is achieved or the condition when Q, > I7; >16
kg/s is satisfied when the auger diameter D, >0,35 m
and auger rotational frequency o, =15 rad/s;

— the upper limit of per-second feed of plant com-

ponents is achieved or the condition when
Qc =1Ig =39 kg/s is satisfied when the auger
D, 20,4 m and auger rotational frequency a, =40

rad/s.
Thus S; =015 m, AS=0,005 m, w, =0,7.

CONCLUSIONS

On the basis of analytical research we have found
that to provide the most efficient operation of screw
conveyer of haulm-cutting module the auger diameter
must have limits from 0,25m to 0,4m, and its effective
length is 1,8m. Diagrams of dependence of screw con-
veyer capacity change on the structural-kinematic pa-
rameters of the auger, namely dependence of auger an-
gular velocity change on per-second feed of plant impu-
rities and on its diameter have been built.
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