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Analysis of cutting mechanism of the roll type Nori harvester

Sadami YADA", Jia Kang CHEN* and Masayoshi Topa*

Abstract : Theoretical analysis was carried out on cutting mechanism of the roll type Nori har-
vester in reference to revolution locus, cutting resistance force and velocity vector of V type
knife. 1) Working boat was more easily controlled when force of the frame for picking up Nori
net was stronger and when resistance force acting on the frame was smaller, enabling the effi-
ciency of picking up Nori net and the cutting accuracy better. 2) When revolution direction of
the roll type harvester and advance direction of the boat were the same, V type knife cut and
pushed Porphyra thalli to advance direction. Largeness and direction of cutting resistance force
changed as momental cutting quantity and number of operating knife changed when cutting
thalli. 3) Practical cutting resistance force was reduced when the point angle of V type knife
was small. 4) In the present case, a harvester equipped with triple V type knives was found to
work more efficiently than that with a single knife, remaining the variation of stubble length
smaller. 5) Pulling cut was appoximately 70% and shearing cut appoximately 309%.
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Fig. 1. Outline of boat for harvesting Nori. 1:frame for transporting Nori net, 2: guide for pre-
vention of Nori net slipping sideways, 3: operation room, 4: hydraulic pressure control
valve, 5:drive apparatus for sliding of diving frame, 6 : Nori harvester, 7:diving frame for
hauling net (at rest), 8:diving frame for hauling net(at work), 9:boat body, 10: hydrau-
lic motor, 11:tube, 12: hydraulic unit, 13: outboad motor.
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Fig.2. Arrangement of Nori net (a) and nets per
Nori farmer (b).
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Fig.3. Resistance force when net is picked up.
@ : force when frame picks up net, 7T': tensile
force of spread net, P: resistance when net
acts on diving frame, &: diving angle of
frame for picking up net, ¢:angle between
tensile direction and horizontal direction, S:
length of net, f: maximum deflection of net,
S, : distance from bow to water surface, S.:
diving depth of frame top, A and B:both
ends of net.
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Fig.4. Nori harvester of roll type. 1: rail, 2:
belt, 3:cover, 4:V type knife, 5: roll
with V type knife, 6: pulley, 7: fence to
protect net, 8:roller.
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Fig. 5. Resistance force when Porphyra thalli act
on V type knife. ¢: point angle of V type
knife, @, : resistance forceto revolve direc-
tion of V type knife, @, : friction loss when
Porphyra thalli slide on knife face,  :angle
velocity of roll, L :length of V type knife,
6: available cut angle, O: origin of coordi-
nates.
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(b) front picture of helix knife

(a) section picture of
V type knife

Fig.6. Shape and various angles of V type knife
(a) and helix knife (b). a: rake face, b: rand,
c:back face, a: rake angle, B: end relief
angle, 7.:angle of first clearance, 7,:angle
of secound clearance, 4: helix angle.
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Nori net

. Porphyra thalli after harvesting
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Fig. 7. Resistance force (a) and velocity vector
(b) when V type knife cuts Porphyra thalli.
A:roll center, O: origin of coordinates, 6:cut
angle of revolution, w: angle velocity, G:
weight of Porphyra thalli, T: resistance when
V type knife acts on Porphyra thalli, N: cut-
ting force of V type knife, Nx: horizontal
component force of N, N,: vertical compo-
nent force of N. v: peripheral velocity of V
type knife edge, u: advance velocity of V
type knife, @:optional position of rotating
V type knife, X: advance direction of V type
knife. Y: dangling direction of Porphyra
thalli, &,:scattering angle of Porphyra thalli,
Tr: elasticity resistance force of Porphyra
thalli.
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Fig.8. Revolution loci of V type knife edge (sin-
gle knife). O: origin of coordinates, Z: roller
center, M,—Z,: longest length of stubble.
Single knife: X=17860 +125 sinf8, Y=125
(1-cos 6 ). Double knives: X=17.88 +125
sin( @ +27/3), Y=125[1-cos( 6 +27x/3)].
Triple knives: X=1780 +125sin(8 +47/3),
Y=125(1-cos( @ +4 7 /3)].
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Fig.9. Comparision of revolution loci on single
V type knife edge. O—M: cutting pitch, O-
M, : fair cut area per revolution, O-M,: head
cut area per revolution. Thick solid line:
cutting area, thick dotted line: no cutting
area, thin solid line: cutting area, thin dot-
ted line: no cutting area, thick line: revolu-
tion to right, thin line: revolution to left.
Thick line: X=1780 +125sin 6, Y=125
(1-cos 8). Thin line: X=1.786-125sin 4,
Y=125(1-cos 0).
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