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Presented, are the results of analysis relating to geome-
try of circular cutter and its influence on specific cutting
force. Based on these analysis, are practical conclusions
drawn for selection of circular cutters to be applied in
mechanical cutting of fish.

INTRODUCTION

The performed studies permitted to ascertainthat specific cutting force of
fish raw material depends on kinematic parameters of process (K a wk a,
1972). It may be assumed that, speed of tool and speed of material feeding
are not the only factors influencing such force. Previous experiments sup-
port the hypothesis that, specific cutting force and the quality of cutting, '
depend on geometry of cutting tool bladeX/,

On problem of organic materials cuttinghadworked Stroppel (1953),
Zilin (1963) and others. In spite of different investigation method, the
obtained results for selected group of materials may be considered as concu-
rrent and allow for relative conclusions. No complexinvestigations had been
performed for all raw materials., Particularlylittle works exist on cutting of
fish raw material.

From point of view of cutting mechanics, the fish raw material is very
specific: Many particular characteristics, such as chemical, biological and
physical, which change in time and depend on species and size of fish, make
difficult any uniform determination. Difficultiesin quantitative determination
of some basic characteristics point to shortage of theoretical analysis in in-
vestigations performed. Adamkiewicz and Hempel (1967),
having analysed the mechanical properties of fish meat, specified that: "The
only way to determine the actual resistancein cuttingis toexperiment". Such
assertion proves justified for the present stage of knowledge on physical
processes, which are taking place during mechanical division of fish body.

Method applied for presented investigations had been developed on works
of Gurevic (1966) who attempted tounify the definitions relatingto fish

X)Geometry of circular cutter blade - teol contour of angles.
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cutting processes and worked-out the basis of mechanics for performance of
circular cutters. A common method applied in studies and uniformity of de-
finitions, is very essential for comparisons. The assumptions and basic de-
finitions of cutting process, must be precisely defined. .

In operation of circular cutters, definition of cutting process means me-
chanical division of body by a tool of wedge-shaped blade which acts on ma-
terial through cutting microelements situatedat its periphery. Such micro-
elements are of feather-edge shape and originate during the tool sharpening
on abrasive material. Cutting properties of blade depend, thus, om type of
microelements resultant from sharpening method, geometry of blade, grade
of steel and its technological processingandfrom grade of abrasive material.

Cutting process is taking place due to cuttingforce whichacts in relation:
blade - material and results in division of cell.

Cutting force is not reflecting the resistance offered by material. Active
in material division are, also, bothside surfaces of blade, which may ac-
celerate or slow down the process of cutting according to properties of ma-
terial. For plastico-adhesive materials the actionof cutting is slowed-down
and may considerably increase the value of cuttingresistance. Beyond cutting
force, value of such resistance isinfluenced by friction and adhesion forces
which occure between the material and both active sides of tool, and by de-
formation of material.

Concluding from the above, smallest angle of blade should be used to avoid
excessive plastic deformation of cut material. Consideringdurability of blade,
the angle can not be minimized below certain limits mainly determined by the
properties of material in cutting and by material of tool. -

Fig.1l. Apparent change of blade angle value of circular cutter
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When cutting with circular cutter peripherial speed of cutter - vy varies
distinctly to speed of material feed - Vp » andthe blade works with apparently
decreased angle - & (Gurevic, 1966). Such decrease results fromin-
clination of blade wedge plane at cutting moment in relation to change of os-
cillation in direction of cutting speed - v from direction of peripherial speed
- vy (Fit.1).

Increasing ratio of peripherial speed to speed of material feeding decreases
the surface of blade microelements contacting with cut material and results
in decrease of cutting force. The relationship of friction and deformation of
material at cutting wedge surface will also change and consequently lead to
decrease of cutting resistance.

METHOD

The test were carried-out on specially-built stand. Detailed description
of this stand and of recording and measuring instruments was presented in
work of Kawka (1972). Used, were medium size fishes of the following
species: cod - Gadus morrhua L., hake - Merluccius merluccius (L.),
Norway haddock - Sebastes marinus (L.) and mackerel - Scomber scom-
brus (L.).

Kinematic parameters of cutting processes were not varying and were
maintened within the limits of highest parameters worked-out in previous in-
vestigations (K a w ka, 1972). Peripherial speed of cutting edge amounted
to 20 m/s and the speed of fish feeding against cutter - 0.7 m/s.

The cutting was performed with cutters of plainand sector-profiled blade.
The profiled blade was of sector-shape with not very deep incuts evenly
spaced on circumference (Fig.2). The includedanglesamountedto8, 10, 15,
20, 25 and 30°., The cutters were sharpened by one side grinding. For com-
parison, applied also the cutters grinded on both sides. All cutters were of
uniform thickness and of inclination angle 6°.

Applied during the experiments were the beheading cuttings in plane de-
termined by technological requirements. The cuttingwas started from dorsal
side of fish which was laying in feeding holder perpendicularly to circle of
cutter.

A waterspray on cutter and fish was applied during the cutting. Construction
of fish holder prevented any jamming of fish on cutter. Such condition hadto
be ensured to permit the use of definition of cutting force; an error entered
into the results may be considered as negligeable.

The results obtained had to be calculated into the searched qualities (see
mathematical formulas in work of K a w ka, 1972). Calculated absolute
values relating to particular measurements were brought to mean values for
each serie of measurements. Specific values were estimated with confidence
interval of 0.90.
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Fig.2. Patterns of circular cutter blades used during investigations:
a. - plain blade, b - sector-profiled blade with oval cut-outs, c - pro-
filed blade - teeth shaped

RESULTS

The results obtained permitted to study theinvestigated relationships. This
is presented graphically in rectangular arrangement of coordinates, with
angle of blade « assumed as variable independent.

Fig.3 presents the relationship of cutting force to blade angle elaborated
for beheading of fresh and frozen fish in application of plain and sector-
profiled blades. Experimental data plotted on diagram and obtained the ar-
rangement of points near to straight line. It means that the relation may be
described as linear function. For determination of coefficients applied the
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Fig.3. Regression lines presenting the relationship of cutting force
to blade angle, made for cods of medium sizes: lines 1 and 3 relate
to fresh fish,lines 2 and 4 relate to defrozen fish

least squares method; nominated direct equations are as follows:
- for cutters of plain blade, P = 0.19 « + 19.18 for fresh fish cutting and

P =0.020 + 7.31 for cutting of frozen fish;

- for cutters of sector-profiled blade, P = 0.21« + 19.17 for fresh fish
cutting and P = 0.12 x+ 7.62 for frozen fish cutting.

All regression lines indicate positive correlation, what means that, an in-
crease of blade angle & corresponds to increase of cutting force P. Di-
rectional coefficient of straights varies for each nominated equation. Its
value is higher for cutters -of plain blade than for cutters of sector-profiled
blade. It may also be ascertained that either for fresh or defrozen fish,
cutting force of plain-blade cutter is higherthan cuttingforce of sector-pro-
filed cutters.

Additional tests were performed for sector-profiled cutters of various
shape {Fig.2). In all tests, the obtained results of cutting force were lower
than for cutters of plain blade. Similiar results were also obtained for cut'-
ters of teeth-shaped blade. The quality of cutting was distinctly decreased.
An attempt to increase the cutting speed gave no positive results
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The hypothesis may be concluded that cutting blades shaped as

cutting.

Comparative tests were performed for cutters ground on one side and on
both sides. The values of cutting force obtained for cutters ground on both
sides were by 10% lower. This should be explained by different grade of cut-

ting microelements produced during blade grinding.

Distribution of cutting force along cuttingline is presented on Fig.4. Dia-
gram was prepared for beheading of defrozenhake with sector-profiled blade
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Fig.4. Distribution of cutting force along cutting line
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Fig.5. Relationship of specific cutting force to blade angle

regular
incuts permit to obtain smaller value of cutting force than the cutters with
plain blade. The shape, quantity and depth of incuts influence the quality of
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Fig.5 presents the relationship of specific cutting force from cutting angle
of sector-profiled and plain blade cutters. The relationships are rectilinear
and an estimation had to be elaborated. The mean deviation of regression
was determined and the interval confidence for straights was drawn.
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Fig.5. Histogram of specific cutting force for various species of fish

On histogram (Fig.6), are compared the specific cutting forces in relation
to various species of fish. Distinctly higher values p obtained for Norway
haddock should be explained by higher cutting resistance which presented the
skin covered with ctenoidal scale. The cod species and mackerels are
covered with cycloidal, thin and delicate scale. Depends on species on fish,
the variations in specific cutting force may be large. Basing on biological
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Fig.7. Relationship of specific cutting force to fish sizes.
Diagram made for fresh cod
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characteristics, the specific cutting force for mackerel and Norway haddock
may be assumed as limit values for fish species which are important in
fishery.

Presented on Fig.7 are the interrelations of specific cutting force to size
of fish, Diagram relates to beheading performed with cutter of sector-profiled
blade. Basing on the obtained correlative curve, it may be assumed that
specific value of cutting force depends on size of fish (beyond previously de-
termined relationships of species and quality). Suchascertion conditions the
comparison of results expressed as "p" qualities,

CONCLUSIONS

The value of blade angle has an influence on the specific cutting force.
This relationship is of linear nature. The lowest values of specific cutting
force were obtained at the lowest values of angle. No influence of varying in
blade angle values was noted on quality of cutting.

A cutter ground on both sides allows to decrease the cutting force by about
10% in comparison to value of cutting force effected by oneside ground
cutter.

Considering the strength and endurability of tool, the angle of blade should
be not below 10-15°, Excessively small angle of blade causes its early blunt-
ing. However, the deciding factor.in this respect is the technological pro-
cessing of tool.

Quality of cutting blade influences the value of cutting force and is of
certain importance in relation to quality of cutting. The cutters of sector-
-profiled blade with small oval cut-outs evenly spaced on circumference,
proved lower values of cutting force (by about 15%) in comparison to cutters
of plain blade (regardless to species and condition of fish). Cutting quality
for this type of cutter is good at cutting speed ranging between 15-24 m/s in
relation to species and condition of fish (K a w ka, 1972).

The value of cutting force depends on the species, condition and size of
fish. This relates also to specific cutting force, which may be changing
distinctly in relation to species. For exemple, specific cutting force for
Norway haddock is three times higher than for mackerel. Forfresh fish, the
value of specific cutting force is higher than for defrozen fish. '

Summarizing the conclusions based on performed investigations and tests,
it may be ascertained that for mechanical processing of fish, the blade of
circular cutter should be profiled as small oval cut-outs evenly spaced on
circumference. Practically, for materials presentlyused, the value of blade
angle should be about 20° and the blade should be ground on both sides.
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WPELYW GEOMETRII OSTRZA NOZA TARCZOWEGO
NA WARTOSC JEDNOSTKOWE] SILY KROJENIA SUROWCA RYBNEGO

Streszczenie

W pracy przedstawiono wyniki badan, ktdre dotyczyly okres$lenia wplywu
geometrii ostrza noZy tarczowychna warto$é jednostkowejsity krojenia. Ba-
dania prowadzono dla operacji odgtawianianiektérych gatunkéw ryb bedacych
w stanie $wiezym lub rozmrozonym.

Stwierdzono, ze warto$é kata ostrza ma wplyw na jednostkowsq site kroje-
nia, a zalezno$¢ ta posiada charakter liniowy. Linie regresji wyznaczone dla
rdznych typdw ostrzy wykazujg korelacje dodatnig. Nizsze warto$ci jednost-
kowej sily krojenia otrzymano przy pracy nozami o profilowanym ostrzu w
pordwnaniu do nozy o gtadkiej krawedzi tngcej. Stwierdzono, ze rodzaj kra-
wedzi tngcej ma duze znaczenie dla jakosci krojenia.

Na podstawie analizy otrzymanych wynikéw wyciggnieto praktyczne wnioski
dla doboru nozy tarczowych przy mechanicznym krojeniu ryb.

BIUAHUE TEOMETPUA OCTPUA ZUCKOBOTO HOKA HA BEIVYUHY JYIEIBHO::
' CIH PE3KH PHBHOI'0 CHPBf

Pesnwue

B paGoTe npexcTaBleHh De3yAbTATH MCCHEAO0BaHLil,” KOTODHE KACAIUCH ONpe-
ZelleHus BIUAHNUA TeOMETPUM OCTPUA ZUCKOBOTO HOXa HA BEINUUHY YAEASHOH ClU-
Tb PE3KU. llccnenoBanus IPOBOZMINCE ZJs ONepanyuu 06e3TIaBIMBAHUA HEKOTO-
DHX BUZAOB. DHO, HAXOZAUMUXCA B CBOXEM UIM Da3MODOKEHHOM COCTOMHIIN,

JCTaHOBIEHO, UTO BENWUMHA yTJia OCTPUA UMeeT BIUAHNE Ha YAEeNbHYD CUIy
DPE3KHU, a 3aBUCUMOCTEH 3Ta MMEET JIuHeliHH{i XapakTep. JuHUN perpeccuu, CIpe-
JEeNEHHNEe AJA Pas3HHX THUIIOB OCTPUil, XapaKTePU3YWTCS IOJOXMTENBHOA  KOppe-
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TAuveli. MeHBUVE BeJUUUHE yAEMBHON CUAL DPE3KK OHJU ITONYUEHH IIPH NMOJH30Ba-
HUM HOKAMU C [IPOPUIVPOBAHHHM OCTpMEL IO CPaBHEHUM C HOXAMU C T K
pexyuuM KpaeM., JCTaHOBIEHO, UTO BUZ DEXYyLETO Kpay MueeT GONBUOE 3HAUSHUE
L7 KauecTBa PE3KH.

Ha ochOBe aHamu3a MOMYyUYeHHHX pPe3yJIbTaTOB CZelaHH NPaKTHYECEKNE BHBOZH
Zns nozocpa AUCKOBHX HOXEN IPU MeXauWJsCKOil pesne DHO.
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