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A study on cutting mechanism of the suction type Nori harvester”

Sadami YADA "™, Jiakang CHEN"

*

and Masayoshi Topa ™~

Abstract: Theoretical analyses were carried out of cutting mechanism, locus of rotary knife
edge, efficiency of pump for harvesting, and cutting torque of Porphyra thallus with the rotary
cutter attached to the suction type Nori harvester. 1) The cutting force by concave or convex
knife was small, but layered Porphyra thalli between both cutting knives slide. When the grasp
angle was small, it was possible to prevent sliding of Prophyra thalli. 2) When the forward veloc-
ity of the rotary cutter was large, no cutting area became wide. However, when the velocity de-
creased, cutting area increased twice to thrice. 3) The cutting efficiency of a harvester with
plural knives was higher than that with a single knife. 4) The cutting torque was 0.5 kgf+cm per
ten sheets of Prophyra thalli. 5) The revolution velocity of the rotary cutter increased with the
flow quantity of pump in the range up to approximately 3,500 rpm.
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Fig. 1. Construction of the suction type Nori har-
vester (a) and measuring method of pump effi-
ciency (b). 1:frame, 2 : engine, 3 : V belt, 4 :
suction pump, 5 : drain port, 6 : suction hose, 7 :
suction pipe, 8 : revolution indicator, 9 : rotary
cutter, 10 : torque transfer, 11 : vacuum guage, 12
: adjusting valve of flow quantity, 13 : trilateral
sluice, 14 : pressure guage.
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Fig. 2. Construction of the rotary cutter. 1 : drain
port, 2 : upper cover, 3 : sealing ring, 4 : lower
cover, 5 : fixed knife, 6 : rotary knife, 7 : disk
board, 8 : impeller, 9 : rotary shaft, 10 : revolution
indicator, 11 : inlet port into impeller.
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Table 1. Thickness (mm) of fresh porphyra thalli.

No. of layered thalli 10 20 30 40 50

Thickness of
layered thalli

050 1.04 155 195 246

0.050 0.052 0.052 0.049 0.049

Average thickness
of a thallus
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Fig. 3. Measuring method of Porphyra thalli shearing
torque. 1:forcep, 2 :layered Porphyra thalli, 3 : rotary
knife a fixed knife, 4 : impeller, 5 : torque transfer,
7 : strain meter, 8 : recorder, 9 : motor, 10 : inverter.
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Fig. 4. Acting force balance in cutting (in the case of
forward speed 0). N, : acting force on thallus rep-
resented by concave knife, N.: reaction force rep-
resented by fixed knife, F, : friction force of
rotary knife, F, : friction force of fixed knife, w :
angular velocity of rotary knife, a: angle be-
tween rotary knife and fixed knife, 1 : Porphyra
thallus, 2 : fixed knife, 3 : rotary knife, 4 : locus of
rotary knife edge M.
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Fig. 5. Comparison of acting force by curve knife and
straight knife. N, acting force on Porphyra
thallus represented by concave knife, N/’ : acting
force on Porphyra thallus represented by straight
knife, N,” : acting force on Porphyra thallus repre-
sented by convex knife, IV, : reaction force repre-
sented by fixed knife, w : angular velocity of
rotary knife, 1 : Porphyra thallus, 2 : fixed knife,
3 : concave knife, 3’ : straight knife, 3” : convex
knife, 4 : locus of rotary knife edge M.
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Fig. 6. Velocity vector of rotary knife edge M. O ini-
tial position of the first rotary knife edge M, O’ :
position of rotary center in the case, M : position
of the first rotary center in the case of rotary
angle 8, N : position of the second rotary knife
edge at phase difference of 180°, 6 :rotary angle,
u : forward speed of rotary cutter, v : peripheral
velocity of the first rotary knife edge, v.: horizon-
tal component of peripheral velocity of the first
rotary knife edge M, v : vertical component of
peripheral edge M, v, : vertical component of pe-
ripheral velocity of the first rotary knife edge M.
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Fig. 7. Locus of rotary knife edge M (1 knife).
I : area of cutting Porphyra thallus once,
11 : area of cutting Porphyra thallus twice,
11 : area of cutting Porphyra thallus thrice,
IV : area of no cutting.
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Fig. 8. Loci of rotary knife edge M and N (2 knives).
u=08rw/ 7. Thick line: knife edge M, thin line
: knife edge N.
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Fig. 10. Relation between the revolution of rotary
knife and the shearing torque.
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