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MODELING OF THE PROCESS OF CUTTING WITH DRUM CUTTING UNIT
Summary

The mathematical model of the process of cutting tdyer of plant material with the use of the drentting unit is
presented in the study. The drawn up model, foligvis positive experimental verification, may ksed at the stage of
designing new constructions of cutting drums usedeif-propelled or stationary chaff cutters. Thrmvmodel makes it
possible to calculate the cutting operations magenilividual drum’s knives at the time of cuttinfgtioe material’s layer

and to determine its starting torque.
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1. Introduction

The drum cutting unit constitutes the basic waogkimit
in self-propelled or stationary chaff cutters [1-8he task
of the drum cutting unit is to shred plant mateitiab chaff.
The cutting drum consists most often of a shaftvtoch
shields with openings are fixed. Between the shigiere
are assembled cutter holders in the form of flapeas with
bracket for attachment. Cutting knives are attacteethe
holders. These knives, depending on a drum’s coctsin,
may be straight or bended along the screw line.eldeer,
there are distinguished uniform or sectional knivés
cutting drum is borne in side plates of a chaftentthanks
to what it may make a rotary motion. The rotary igmf
the drum results in dislocation of mounted kniviénives
dislocation vs. immovable shear plate (ledger plegsults
in cutting of the layer of the plant material. Slyppf
material between the blade and shear plate talee® ph
the space of rotating pulling in- crushing rollshexe the
plant material is subject to preliminary forming dan
pressing. The essence of construction of the drutting
unit is presented in fig. 1.
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direction of .
material layer

The analysis of the up to now studies on the drum
cutting units show, that they were conducted within
limited scope and consisted mostly in checking, tiwaiea
given construction meet the functionality requiremnelt
results from the fact, that looking for new solugoand
improvement of the existing constructions have gded
learning on mechanical phenomenon occurring in the
process of cutting of material’s layer, and duethat —
drawing up of theoretical bases of their designing.

Due to the above, the purpose of the study is itiggup
of the mathematical model of plant material's agti
process with a drum cutting unit in the aspect waiticg
operation by individual drum’s knives.

2. Mathematical modeling

Based on observations of cutting of a plant makeri
pressed layer with the use of a drum cutting uait,
mathematical model of that process was suggesthd. T
system of forces on the knife while cutting theelayf
material is presented in fig. 2.

- o

Fig. 1. Drum cutting unit: 1 — material’s layer,-2 upper pulling in-crashing roller, 3 — pressureafd, 4 — cutting knife,
5 — cutting drum, 6 — shear plate(ledger plate): Tower pulling in-crashing roller, h— height of the material's layer
before compacting, h — height of the material’slafpllowing compacting
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Al
P=P.cosC-¢)= IO°—cos(r -9). (4)
cosgp

Following transformations of the equation (4) and
considering thattg7 = 1/, whereu
is the coefficient of knife’s friction against tloeit layer of

plant material, we shall get the circumferentiatctds
formulaP:

P= p°—‘"cosrC03¢ﬂ+ mgr) = p.Alcosr(1+ 4497 ).
cosg
()

Analyzing cutting of the rectangular layer of pglan
material, division of his process into 3 phaseshviite
following assumptions, was done:

a) each time, the layer of the material is cut dnjyone
knife;

b) the height of the layer of the cut material gai@ to the
distance passed by a given knife’s point, gettimgpugh
that layer.

Fig. 2. System of forces occurring while cutting thyer of
stalks by the cutting drum’s knife: 1 — cutting mira knife,
2 — layer of stalks

I PHASE: Knife's penetration in the layer (active length of

The task of the circumferential for& presented in fig. the knifeAl increases)

2, is to overcome the resultant cutting resistahoequal to

th_e .value of reactioR comppsed Of: normal forcll and Pursuant to fig. 3a the difference between thgtlenf
friction force T, that came into being as a result of the

| 's affecting the knif arch drawn by any knife’s point from the upperte tower
ayers aflecting the knite. edge of the cut layer is approximately equal totthight of
the layerh, what results from the fact, that for small angles

,asSin =@

The value of the normal fordd depends on the unit
cutting resistancp. and active length of the knifd: we assumdh = h

N = p.Al. €N} siny/

, . . . X _
Friction forceT depends on the friction angieand is Making use of trigonometrical reIauonshE =sinz,

expressed by equation:

we get:
T = Ntgg = p Altgg . )
So, the resultant cutting frictid®, coming from normal _ X
force and friction force shall be expressed by &qoa 4= sinr (6)
P, = pcAI ) ©) For X =h the formula (6) looks in the following:
cosp h
A = —_ .
The circumferential forcP is the vertical component of sinz
cutting frictionP, and is expressed by equation:
1
a) b)
T 2

Fig. 3. Drilling of a knife into the layer (I phase) cross-section through the layer, b) companmisd the length of an arch
x marked by a knife and the height of the laydr 4 knife of a cutting drum, 2 — layer of stalks
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So, the cutting operatidy, in the | phase of knife’s
motion may be presented with dependence:

1h
I-nl :?.([Mc(x)dx’ (7)

where -

M(x) — cutting moment depending on knife’s location.

Taking into consideration that:
X
M. =C——. @)
SNt
The cutting work within the rang® < X< h may be
described with dependency:

L

9)

== [——dx=—| == —,
r<sinr r| 2sint r 2sinr

nl

h
Ct x C{ X2 } _C h?
0 0
where:
C = p_rcosr(l+ 4g7) - the constant also occurring in
the remaining dependencies.

Il PHASE: Cutting of the layer (active length of the knife
Al remains constant)
Pursuant to fig. 4, cutting in the second phakega

place within the rangdn < x < btgr .
Within the rangeh < X < btgr , the valuel is

. : h
constant and is described by dependedte —— .
sint

initial position of knife

final position of knife

s ' >

I \
\ \/

T M

Fig. 4. Cutting of the layer (phase Il): 1 — layef stalks,
2 — knife of the cutting drum,

So, the operation of cutting in phase Il is désemliby
dependence:

btgr
L :E de:gi(btgr_h)

alll - - (10)
r s sint r sint

11 PHASE: getting of the knife out of the layer (active
knife’'s lengthAl decreases).

Pursuant to the fig. 5, cutting in phase Il tagtzce
within the rangebtg7 < x < h+btgr, that is along the
same length as in phase |I.
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Within the range btgr < x< h+btgr, the value
X—Dbt
A :_—gr_
SNt

S T R 7 /

T T T =
S T T S S

h +btgr
X

extreme position of the cutting edge

Fig. 5. Getting of the knife out of the layer (phadl):
1 — layer of stalks, 2 — knife of the cutting drum

So, due to that, the cutting operation in phalss Il
described by dependence:

. -C "R (x - btgr)

alll] .
[ g SINT

_c N

dx=L —.
r 2sinr

(11)

nl

So, the total operation performer by the knifeiniyione
passage through the layer of the cut material leall
expressed by the formula:

L =L.,+L, +L —E(hiz.Fw_hiz.Fhiz)—gﬁ
nooT Tt Ty Y 26ing sing o sint 2sinT 1 cosT
(12)

Substituting for the formula (12) the expression
C = p.rcosr(1l+ g7 )we receive the expression for

the whole cutting operatidr,, performer by the knife at the
time of getting through the layer of the material:

L, =hbp.(Z+ t497). (13)

It results from the formula (13), that operation
performer by the knife during one passage throhgHhayer
of the plant material depends on the area of tgerls
section expressed by the produdb, the unit cutting
resistancep,, angle of sliding cutr and knife’s friction
coefficient against the layer.

It results from the above considerations also,t tha
operationL,, does not depend on how many knives are
operating simultaneously in the layer. In ordedéermine
whether in a given layer there shall operate onenore
knives, one may use the following formula:

277

s=h+btgr ——. (14)
Z

For S<0 the layer of material is cut by only one

knife, for S>0 the layer is simultaneously cut by more
knives.

Assuming, that the number of drum’s knives amotmts
z, where each time the layer is cut by only one &nifie
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shall get the formula for the mean moméwit),, operating
on the cutting drum’s shaft:

(Mc )s'r

where -

L— operation made by the chaff cutter’s knife durame
passage through the layer of plant material

z— number of cutting drum’s knives.

z (15)
21T’

Substituting for the dependence (13) the formdla) (
we get the formula for the mean cutting moméit),,,
operating on the cutting drum’s shaft:

_ zhbp (L+ p(tgr7)
2 '

(M c )s'r (16)

According to the formula (16) the mean momentte t

cutting drum’s shaftM,);; depends on the number of knives

z, area of the surface of the layer’'s sectibncoefficient of
knife’s friction against the plant material, the unit cutting
resistance, and the angle of the sliding cat In order to

assure the uniform conveyance of power from the ggow

transmission system to the drum cutting unit an@woid
excessive fluctuations of the drum shaft's angspeed,
the starting torque of the drumMg has to be big enough to
give the cutting drum the necessary angular acaiber

dw
& =——, which is one f the constructional parameters o

dt
the cutting unit.
Knowing the value of the moment of inertig of the
applied construction of the cutting drum and th&ueeaof

da
the angular accelerationd—t it shall be possible to

determine the starting torqudr of the cutting drum —
necessary to overcome the inertial forces.

The starting torquévizr shall then be expressed with the

formula:

Mg = (M) = Jo 5 (17)

Determination of the value of the angular acceiena

da
—— for a given construction of the cutting unit, regsi

dt
the knowledge of the predicted
cutting.
From the comparison of the formulas (15) and {tL7)
results that:

loadings during irthe

zﬂ"(M c }:'r

L,.
Z

(18)
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. d .
Assuming (I'-']E}ﬂ,:]hd—:l, after transformation we

shall get:
dw z
ac = gy (19)

Due to that it may be found, that there occurslithear

da
dependency betweena and L, The remaining

z

expression, i.eﬁ shall have the constant val@ for
b

the given construction of the cutting unit.

da
Considering that angular acceleratieaat—, for a given

construction of the cutting drum is the function thie
cutting operation L,, calculated for quasi-statistical
conditions.

3. Conclusion

Making an attempt to represent the process okstal
cutting with the use of the drum cutting unit, awno
mathematical mode was drawn up. The novelty of the
drawn up process results of the fact that it carsicll the
phases of the process of plant material layer'singut—
stalks, and makes it possible to determine theingutt
operation during these phases and to establisistérgng

¥0rque of the cutting drum.

The drawn up mathematical model may be called an

adequate one in case of positive experimental igatidn.

An adequate mathematical model is important foedjp®y

up of the process of designing new constructionsutting
drums. It is very important due to seasonal charaof
works in farming what results in the fact, thatsjite of in
many cases many years experimental studies, thie dfan
information sufficient for quick designing of thtgpe of
working units cannot be established.
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