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Prediction of Cut Surface Angle of the Frozen Fish by Bending
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We have proposed a new cutting method (cryo-cutting method) in which a frozen fish is cut by
applying the 3-point bending force, instead of a band saw in the conventional cutting method using.
We have already reported that the cutting destruction of fish meat occurred in two typical destruction
modes of “"the destruction across the muscle fiber” and “the destruction along the muscle fiber” when
frozen fish are cut by the new method. The frequency of these two destruction modes was dependent
on muscle fiber orientation angle (6). In order to obtain the accurate cut section of frozen fish, it is
necessary that only “the destruction across the muscle fiber” would be developed. In this paper, we
tried to predict the range of muscle fiber orientation angle for yielding only "the destruction across the
muscle fiber”, based on the assumption the fish muscular tissue is the unidirectional composite
material strengthened with the muscle fiber. By modifying the fracture theory of the unidirectional
composite material strengthened in the fiber, we proposed a prediction equation for the destruction
mode in 3-point bending fracture. Using the equation and the bending fracture stress of test pieces at
6;=0" and 90° (S, and Sg), we estimated the range of muscle fiber orientation angle only for “the
destruction across the muscle fiber” in order to prove the effectiveness of the equation, three-point
bending test of frozen tuna muscle was carried out at —70, —100 and —130°C and the generation
frequency of each destruction mode was measured. The following results were obtained. (1) At all the
temperatures tested, only “the destruction across the muscle fiber” was generated muscle fiber
orientation between 8,=0° and 20°. (2) The frequency of each destruction mode measured in the
experiments agreed with the predicted at all the temperature tested, when the mean value of bending
fracture stress (S)*double of the standard deviation (), Sogmean =200 and Sep(meam + 2090, Wwere used for the

prediction calculation.
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Fig. 1 The description of the test piece
(a) Before applying 3-point bending force ;
(b) The two components of the force which
arises in the test piece ;
(c) The destruction mode of “the destruction
across the muscle fiber” ;
(d) The destruction mode of “the destruction
along the muscle fiber” '
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Fig. 2 Schematic diagram of the experimental
cutting apparatus
(1) Test piece, (2) Dummy test piece for mea-
suring the test piece temperature, (3) Thermo-
couple, (4) Jigs, (5) Liquid nitrogen, (6) Heater,
(7) Agitator, (8) Thermoregulator, (9) Load
cell, (10) recorder, (11) Ball jack, (12) Motor.



R - fth - BHIFTTE I & 3 BEERR O YT 299

(9)
F
Pressure point
w
1
; L L H
2 2 C i
Support points
L
=0.02m

Fig. 3 The jigs for cutting test by 3-point
bending
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Fig. 4 The structural replacement of the fish
muscular tissue structure to the com-
posite material model

(a) Microscopic structure of fish muscular
tissue ;

(b) Composite material model of fish muscu-
lar tissue ;

(c) Unidirectional composite material stre-
ngthened in the fiber.
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Fig. 5 Effect of muscle fiber orientation angle (6;) on the generation frequency of each destruction

mode

(a) Only “the destruction across the muscle fiber" ;

(b) The destruction in both modes ;
(c) Only “the destruction along the muscle fiber”

Fig. 6 Test piece of “the destruction across the
muscle fiber”
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Fig. 7 Test piece of “the destruction along the
muscle fiber”
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Table 1 Average bending fracture stress and
standard deviation of test pieces at 6;
=0° and 90°

Average
Test :
Test temper- ?f;?c%?% Standard Number
piece atoure stress deviation sample
9f= Oa SO(mean) Jo
— 70 9.4 1.0 5
—100 11.4 2.5 5
-130 12.0 2.3 5
9{ = 900 SSO(mean) O%
— 70 3.3 0.7 5
—100 3.7 1.1 6
—130 4.8 1.5 6

a) —70°C(Prediction by average value)
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Fig. 8 Prediction of the destruction mode at —70°C
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Table 2 Error between predicted value and
measured value

Test |0A'63| + leB'gbl
temr;oer?ture D 16,0, 1656 9

(deg) (deg) (deg.)
1 6.81 5.49 6.15
— 170 2 2.74 1.64 2.19
3 1.72 2.32 2.02
1 3.62 13.6 8.61
—100 2 2.90 6.18 4.54
3 11.30 3.00 7.15
1 5.78 11.06 8.42
—130 2 1.60 4.17 2.89
3 12.37 3.56 7.97
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