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Table 6—i§. Conditions of potatoes
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harvesting Plant Plant Tuber Yield Starch Hardness
{ spacing length weight value
! date cm cm g kg/l()a % kg
1975  July 10 25.0 54.6 78.1 2182 12.5 4.47
July 25 23.9 60.5 120.6 2975 13.3 4.56
August 6 23.8 58.5 124.6 3191 et 4,60
1976 July 13 30.3 61.9 61.7 2249 — —
July 20 31.3 67.7 76.0 2587 - 4.55
August 3 30.3 65.0 91.0 3201 — 4.60
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Fig 6—1. Potato harrester having a drum type
of soil separation
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Table §—2. Damage of potatoes caused by harvester at different harvesting periods

Date Travel Drum Feed Damage % Scuffing %
of speed speed rate
harvesting m/s rpm kg/min Severe Slight Severe Slight
July 10 0.4 21.0 38.7 62.4 19.5 62.3. 34.6
July 25 0.39 28.7 67.0 38.9 27.2 8.7 43.9
August 6 0.24 23.7 32.0 4.2 25.3 10.6 56.6
August 12 0.19 15.6 25.7 23.0 13.3 — —

Fig 6—3. Damage caused by colliding with
drum wires
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Table 6—3. Occurrence of damage in stational experiment on the harvester

Number of Number of Number of Percentage  Number
tubers on tubers on tubers on of of
selecting partition drum wires damage rotation
conveyer plates % of drum
Whole Damage Whole Damage Whole Damage
number number number
11 0 — — 4 3 20.0 1
10 0 3 2 2 1 20.0 1
13 3 — — 2 2 33.3 2172
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Table §6—4. Occurrence of damage when covered with vinyl of 1.5 mm thickness

Travel Drum Feed Damage %
speed speed rate
m/s rpm kg/min Severe Slight Total
1 st gear 0.25 17 24.5 19.9 12.6 2.5
0.24 24 23.5 10.6 9.9 20.5
0.25 30 24.5 — - H.1
2nd gear 0.27 17 26.4 10.3 15.9 26.2
0.35 24 34.2 27.8 12.1 39.9
0.28 30 27.4 13.3 16.2 29.5
3rd gear  0.66 17 64.5 0 ﬁ;fr 3.9 3.9
s
0.66 24 64.5 separation 10.1 10.1
0.60 30 58.7 16.8 9.9 26.7
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Table §6—8, Efficacy of covering drum wires with rubber of 3 mm thickness

Travel Feed Drum No Severe Slight
speed rate speed damage damage damage
m/s kg/min rpm % % %
I { 0.27 29.2 17 82.0 9.8 8.2
0.28 30.2 24 95.5 3.7 0.8
I 0.42 45.4 24 9.1 4.7 4.2
93.8 14 4.8

Il 0.68 73.4 24
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Table 6—6. Change of hardness and peeling of tubers after removing haulms

Date of harvesting

Measuring With or
items without July 20 July 24 August 3 August 17
haulms 4 days 14 days 28 days
after after after
removing removing removing
Hardness Without 4.55 4.49 4.59
kg With 4.60
Peeling Without 2.89 3.88
kg With 3.13 over 5
Haulms were removed at July 20
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Table 6—7. Condition of damage originating when harvested by harvester after removing haulms

Date With Travel Drum Feed Damage % Scuffing %
of or speed speed rate
harvesting without . .
haulms rpm rpm kg/min Severe Slight Severe Slight
Without 0.32 22 4 .6 4.9 4.5 — -
July 24
With 0.45 23 48.6 4.8 4.9 - -
Without 0.33 24 45.7 13.5 4.8 10.1 5.7
July 29 '
With 0.28 17 38.8 1.1 2.8 0.8 52.3
Haulms were removed at July 20
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RESEARCH ON DAMAGE OF POTATOES AND ONIONS

by

Miyuki SHIMADA

1. THE ACTUAL CONDITION OF DAMAGE ORIGINATING FROM THE
HARVESTERS

The actual condition of damage concerning onion and potato harvesters was examined. Two
kinds of typical, popular onion harvesters now on the market were taken up. One of them is the
combine type of harvester that directly harvests, and the other type is the picker type that does
field curing as a preliminary. As the revolution speed of the topping roll of the combine type of
harvester is comparatively low, 187 rpm, the damage caused was small, that is, bruising was from
0.4 to 1.8 %, severe damage was from 1.5 to 2.2 %, and scuffing was from 0.6 to 3.5%. When
onions were thrown into the container, damage was caused by the impact of dropping. When the
container was vacant, 1.8 % of bruising was caused. In the case of catching onions with a canvas,
impact was avoided and bruising was small, 0.4 %. In the case of the picker type since the revo-
lution speed of the picking rollis high, much bruising was caused, but severe damage was kept at the
same level as the combine type of harvester. Also in the case of the picker type, when onions
were thrown into the vacant container, 3.3 % of much bruising was caused. The higher the rota-
tion speed of the topping roll was, the greater was the damage. When the topping roll speed was
200 rpm, bruising and severe damage were 1.1 % and 0.7 % respectively. But when the rotation
speed was raised to 310 rpm, both bruising and severe damage incresed to 3.3 % and 2.9 %respe-
ctively.

The actual condition of damage caused by the domestic produced potato harvesters and the
imported potato harvesters was examined. In the case of each harvester, the mean value of se-
vere and slight damage was respectively within the range of 0.5% 10 3.4 % and 0.3 % to 13.3%.
Much scuffing occurred according to l‘he type of harvester, and severe scuffing was from0.2% to
20.7 % and slight scuffing was from2.3% 10 32.0%. Moreover, when looking at the maximum value
of the rate of damage in each type of potato harvester, severe damage was from1.0% t0 5.2 %,
slight damage was from 0.6 % to 13.9%, and a great difference appeared between the kinds of
potato harvester., However, as a matter of fact, it is not necessary to divide damage into cate-
gories of severe and slight damage, and when severe and slight damage were summed up, there was
one harvester with a rate of over 10 %, five harvesters with a rate of from 7% to 10 %, seven

harvesters with a rate of from 5% 1o 7%, and the ratio of potato harvesters with damage of over
5% occupied 62% in ail.
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2. THE MECHANISM OF THE GENERATING OF DAMAGE CAUSED BY THE
IMPACT OF DROPPING OF ONIONS

1) Maximum acceleration and impact force absorption at time of impact

When onions and wooden balls drop and collide with the steel plate, the maximum accelera-
tion at time of impact is decreased because deformation of the onion is caused. On the other
hand, when the dropping of wooden balls occurs from a height of less than 20cm, since the woo-
den ball can be considered as an elastic body, the deformation of the wooden ball can be ignored
when compared with the deformation of the onion. Accordingly the impact force absorption of
the onion can be given by the onion and the wooden ball's respective maximum acceleration ratio
C, when impacting with the steel plate. The value of this ratio C, is respectively 0.417 for LL
size, 0.458 for L size, and 0.488 for M size when the height of dropping is 20cm, that is, the larger
the size of the onion is, the larger is the impact force absorption. Furthermore, the impact fo-
rce absorption caused by the rubber covering on a rubber covered steel plate can be given by the
maximum acceleration ratio C; respectively at the time of the wooden ball’s impacting on the ru-
bber-covered steel plate and on a steel plate without a rubber-covering.

In the case of wooden balls of the same size, the higher the dropping height is, the greater
is the amount of absorption that is decreased. Furthermore, absorption is based on difference
in size, and when the height of dropping is low, LL size ball's absorption is large. But when the
height of dropping gets higher, the scope of elasticity of rubber is exceeded, and since the steel
plate’s influence is received, the smaller the wooden ball is, the greater is the amount of absorption
of impact force.

2) Relationship between maximum deformation and damage at time of impact

Onions are deformed when they receive impact, but the depth of damage caused and the ma-
ximum deformation are not always the same. However, as damage is caused by increase of de-
formation, damage can be estimated from the maximum deformation. When the height of dropping
exceeds 20cm in the case of onion, Herz's theory of impact is not applicable because the damage
is conspicuous. A deformation of the extent of 2 mm expresses the limit of onion damage genera-
tion, and deformation less than 2mm does not result in the causing of damage. When impact is
the result of the mutual impacting of onions, if the height of dropping is less than 20c¢m, no damage
results regardless of size, but when the height of dropping reaches 40 cm, damage results, and when
the height of dropping is 60 cm, the depth of damage is 8mm. However, damage caused by the
mutual impact of onions is conspicuously small when compared with the impact of a wood plate or
a steel plate. In regard to the impact of onions and round steel bars, Herz’s theory is applicable
by the following equation, the round steel bar can be revised to the sphere’s radius R;

R;= —vRR, R, Radius of curvature of onion

1

R, Radius of round bar

When the round bar is the object of the impact, the bigger the onion is, the greater is its ma-

ximum deformation. The maximumdeformation that indicates the limit of safety where onions do
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not develop damage is from 1.55mm to 1.95mm, and the deformation under 2mm indicates that the
limit value with wood plates and onions applied to round steel bars. Furthermore, when the dur-
ation of impact is long, the occurrence of damage becomes great, but the height of dropping is less
than 20 cm, it became clear that the Herz's theory was applicable.  According to differences in
size of onions, the extent of the increase of the duration of impact is indicated by the ratio
t, of the respective duration impact of the collision of onions and wooden balls with a steel
plate.  The tp value of LL size onion is from 2.062 to 2.830, for L size it is 2.354 to 2482,
and since onions of LL size get a large value, a high danger of the occurrence of damage is indi-
cated.

At the time of the mutual collision of onions, the maximum contact stress gets greater, the
smaller the onions are, and it is difficult for damage to occur.  The limits of the occurrence of
damage indicated by the maximum contact stress are respectively 17.59kg/cm? 17.72kg /em? 17.75
kg/cm®in the LL, L, and M size and the smaller the onions are, the higher is the maximum contact

stress.

3. THE MECHANISM OF DAMAGE BY THE IMPACT OF DROPPING
OF POTATOES

The maximum deformation indicating the limit of safety toward damage in the case of the im-
pact of the steel plate and potato tubers is 2.19mm, 2.23 mm and 2.26 mm for L, M and S tubers
respectively;at the time, the height of dropping was 30 ¢m, 50 cm and 70 ém respectively, and it was
indicated that the smaller the potato tubers were, the more difficult was it for damage to occur.
In regard to the mutual impact of potato tubers, in the case of same size, when the height of dr
opping was 100 cm, damage occurred in L size tubers, but there was no damage to the other tu-
bers. At the time, the maximum deformation was 2.68 mm, 2.23mm and 1.97 mm for L,Mand S
size respectively, and L size tubers only exceeded the damage causing limit of 2.19mm to 2.26mm.
In regard to the impact of potato tubers of different sizes, when potato tubers that were dropped
were L size, and the tubers that received impact were S size, S size tubers had conspicuous da-
mage. When L size tubers collided with S size tubers, since the area of contact became small,
the maximum contact stress was the largest value, and the maximum deformationof S size increased,
therefore the limit of permissible deformation was exceeded.

In regard to the impact of potato tubers with a round steel bar, the maximum deformation of
the limit of damage causing was from 1.79mm to 1.92mm with diameter of 7 mm, and damage oc-
curred with small deformation. With a round bar of 10 mm diameter, it was from 1.87 mm to 2.01
mm, and had a value similar to the 7mm diameter. But the maximum deformation of a round st-
eel bar with a diameter of 15mm indicated from 2.05 mm to 2.40 mm, when the diameter gets larger,
the damage is alleviated. Furthermore, in the case of the damage including a crack, the height
for causing crushing for M and S size tubers in impacting with a steel bar of 7mm diameter was
25cm, and it was 20cm for L size tubers, thus decreasing. But when the diameter of a round steel
bar was more than 25 mm, differences based on the size of tubers became small. Bruising has
the same tendency as in the case of crushing damage, but the dropping height where the da-
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mage occurs becomes yet lower, and measures for the prevention of damage create more
difficulty.

4. POTATO DAMAGE ACCORDING TO DIFFERENT HARVEST PERIODS

Tubers harvested at the early period of July 20 were easily prone to damage when compared
with later periods. If the dropping position got higher, when there was either softening of the pe-
riderm or change of color, or cracking occurs. There were many times when there is change of
color in the periderm in the early period tubers, on the other hand, there was much cracking of
potato tubers in later periods.

In impact with round steel bars, in the early period at July 20, crushing and cracking occur
from low dropping position. When this was compared with the periods after July 27, damage easily
occurred. The limit of safety deformation was 2.11 mm, 2.39 mm and 2.56mm at July 20, July 27
and August 3 respectively, that was, the earlier the period was, the less was the deformation at
which damage occurred. Furthermore, when there was impact with round steel bar having a dia-
meter of 7 mm, the limit of safety maximum deformation was less than 1.8 mm.

When there was impact with 2 round steel bar of 10 mm in diameter, it was from 2.0 mm to
2.4 mm, and in impact with a round steel bar having a diameter of 7 mm, damage easily occurred.
In impact with a steel plate, the saflety limit of maximum contact stress at July 20, July 27and Au-
gust 3 were respectively 21.50 kg/cm? 30.01 kg/cm? 32.23kg/cm?, and as time passed, stress in-

creases, and the occurrence of damage became less.

5. PREVENTION OF THE OCCURRENCE OF DAMAGE BY USE OF
CUSHIONING MATERIAL

1) Relation between maximum acceleration and damage with use of the pendulum impact appa-
ratus

At the occasion of the impact of a steel plate and potato tubers, crushing damage does not
occur, and maximum acceleration indicates the largest value because the repelling action is great.
When the height of dropping is 100 cm cracking occurs, but in this case, since the impact force
absorption is small, the maximum acceleration reaches 638 G.

In impact with round steel bars the smaller their diameters are and the higher the height of
dropping is, the more the maximum acceleration is lowered because damage to potato tubers be-
comes conspicuous. In the impact of tubers and round steel bars with diameter of 7mm and 10
mm, when the drop height exceeded 51.5 cm, the maximum acceleration indicated a decending ten-
dency because conspicuous crushing damage appeared. However, since crushing damage decreased
when round steel bars are 30 mm in diameter, the maximum acceleration descent phenomenon was
not shown, and a tendency was indicated approximating the impact with a steel plate.

2) Buffer efficacy of cushioning materials

Buffer efficacy that depends on maximum acceleration, whether either rubber or vinyl are

used as the cushioning material, is given by the maximum acceleration ratic C at time of impact
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with the use of a cushioning material and only with a round steel bar. When rubber is used as
the cushioning material, the thicker the rubber becomes, the larger the value of C becomes. That
is to say, with a rubber thickness of 1 mm, C value is 0.697, and the value of C becomes 0.340
when the rubber thickness is 3 mm; nearly two times as much impact force absorption is reco-
gnized. Also, when the value of C, in the same cushioning thickness, becomes smaller as the
height of dropping gets higher, as buffer efficacy declines, together with the h.eightening of the
dropping position, it becomes necessary to increase the thickness of the cushioning material
In regard to vinyl cushioning, the influence on buffer efficacy on differences in thickness is small;
this is due to vinyl being poor in compressibility.

. Since there is a tendency toward asymmetry with the duration of maximum compression of
the duration of impact, the deformation can be inferred according to the ratio g between the du-
ration of impact t and the duration of maximum compression t,, . The value of the ratio o s
2.1 to 4.5 when a rubber cushioning is used, but indicated from 2.0 to 2.2 when viny! is used for
cushioning; because the maximum deformation is small with vinyl, point t appears near symmetry
to point t,. On the other hand, from the cause of the maximum deformation being great,with rubber
point 1 appears late, with much restoration time being necessary, and accordingly, the buffering
efficacy becomes great.  The buffer efficacy, which is from the rebound height of the impacter
after collision with the cushioning material, is indicated by the ratio C, of the rebound height when
using cushioning material to the rebound height and when using only the round steel bar. In the
case of rubber cushioning, due to a spring action, ratio is C,, >> 1, and since vinyl is a plastic, ratio
is C,, < 1 in most case. In the case of either rubber or vinyl, when the thickness increases,
buffer efficacy becomes larger, but vinyl has small influence on buffer efficacy due to differences
in thickness.

3) Relationship between cushioning material and occurrence of damage

The efficacy toward damage when using cushioning material is given by the ratio &4 of the
occurrence of damage depth when using a cushioning material and when using only a round steel bar.
When the thickness of the rubber is 3 mm, the ratio §4is 0.08 of a smaller value than the other
cushioning materials at the height of 50cm, and the highest buffer efficacy is indicated. On the other
hand, in the case of a vinyl covering, when the thickness is 1 mm and the height is 100 cm, the &4
ratio indicates 0.91, and not much can be hoped for regarding the efficacy of vinyl. However,
the &4 ratio of 3 mm thickness of vinyl indicates 0.77 when the height is 100 cm, it is equivalent to
a rubber thickness of 2 mm. But when its height is less than 50 cm, its buffer efficacy decreases

because of its lack of compressibility.

6. APPLICATION OF CUSHIONING MATERIAL FOR POTATO HARVESTER

Some means of preventing damage were tried for the potato harvester having a drum type of
soil separation. When potato tubers collided with the drum wires (7 mm diameter), it was clear
that there was conspicuous crushing damage. As a result of a covering with vinyl of a thickness of
1.5mm, the early potato harvesting on July 13 and 14 kept damage under 20% in comparison with the
severe damage of 23 % at August 12 of last year. However, since sufficient buffer efficacy can
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not be expected with a vinyl covering, rubber of 3mm in thickness was covered, furthermore, ru-
bber plate was furnished so that potato tubers would not fall on the drum wires, and as a result,
severe damage decreased to under 5%, and its efficacy was recognized.





