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Studies on the Mechanical Properties of Potatoes

L

On the Force-Deformation of Potatoes

Michiaki Ito

(Department of Agricultural Machinery, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)

1. #&

SAud Y g HNESSTHBCES ¥ ToMic, B
FRTBNTTIE 2O LENERFE LR S, KEL
ST TERTHE BN ECH Y, N X 50
HERRA, IOCWMBFESTRIEBNFETH Y,
BE I R E R O ZE TR B RO LT E T
BB, BB LPCCRFlc#E LD 0T, &2 Ttk
B OWTEREBFET - b D ERET 5,

BHEMREEONER X R ERE OB L, N
RIS, —EWE GEWE) 0boL, A
WL, PR THBCEL I > BB LEDE, 22T
ZRTEY (1) MOTE GEWNE), BEd (2) EHNTE
EL, LO2ODOHEDORLREY LT, S v
DEHE LB D THEBELTURE 21T - 72,

—EEROBIMEY (L1 v s B F 2
A, —EOBEHECIEES TR L & L EHEI I
mTs, Wwhen s ) - FEERET S, WROEME
KREEWL, TOBEHOBMELERHL A5,
DUHMAELL—E LD (7 ) —FFHL) LV
BE & B, ERFHORMEB BT, Ava v aHMET
R T0~80 T D27 Y — P ECET S, L L
ChE RHOKEINGE CE 5 & o OFMRRAE D i P
LTWBDOTIReS T, i & /- Tv%, B A
DA — X THELISE, K10 A& THbLEHMIRE
PRBLRDL, FREEE L RO EfERET AT
HAERI ST I o WEOELE &b 50D, Hi

=

242

O ERHOEM To 7 Y —- THE LR R Rt
L, COWMEFEXTFTTHRILE DD, KRTOE
BT, FIR LgEss B O, BEEEE LRI
DT E T OAEBEB LR <5  Leh b h, #HRA
VA 2 OBETHEED S v ¥ B TE BRIV TS
fosdi, B —EERHE 150g8) 0111 v 2%
BORL, ZOCBEEEOEHZELH T & B L2
LichDhkkE & R LI, FOTHMRBROBE
T, WO SR OBEHETIc OV CERE LR
BB DT, T T—oDFRER L LT THET
BT EELi,

II. £ 8B 7 &

EHPHEmENLA D 3 RE
[EREE T 2 BT, SR, JOREE, IR
HMEOK XS, MBSEHEOBERT L » THEShEE
ERTFHIhD, AFRBRTIE, X035 bOHREconT
D3 GE VRO RS o, WIU2 2 AREERL
T DI OVTHIE Lz, R v v aldhz v g
KRDER I SERRIB D 3 R LIRS (Fvv v 7)) DY
DTH5,

REHC— A = SEHFEOMEL LA v a oK
- TEAL, E Lol T A ME—ARHRH L,
FIERZER20mm e Tho, thE LodbDrEE40
mm T LR L 7,

EREET, THOEEwANRRBEALEALLLD
TFig 1eRT Loy v— MEfE L, MERE

1.



T :

SAvAa Y a DRFERCET SR

243

DESPLACEMENT
RING TYPE TRANSDUCER

LOAD CELL

=

-«

+—

STRAIN
GAGE

Fig. 1.

X-Y RECORDER TEST PIECE \MOTOR

Experimental apparatus for compression
test.

(7 v — FEE) 1% 6 mm/min C, FFFEHOMBEA + v
—vF—CEER LA —E v 7Y v rRERL,
REH LD ER X-Y va— S B fir—fEm i &
LCREIRI,

2. BHTFwEIEFEOE

1) HHBRBEOEEEOAE

WEEXDOE IR, EMEYF 2 IFOEHED % IE
L, Fig 2 BIELBMEB LR LA, L -i-
L OFEDTHE (0kg TfT» 7o) #PH CTE B, v A
v a DR DR X » T ETOEBROMRE L %4
Bicdic, THREY + »FICI DAY TEL LS50 L
tro BHBILFA Y A7 — S BOERE (3fis DT-20
D) b oMhERETICE IR, vl v a DES
Jirnt. B % BEITEbLTRbE By
THRGEDNIVEDTHD, WHLB I E25HE
L7,

2) BHBMNHNETOEREOIE

KEEFA OF TR R S hic by d ORBSEEE
&, WE—EMERD IEMEE LR ~5 odic, <
OMDEET THRECELMOENESY &1 (EER
OB 570, EREME LT, W8 RIE E
fElR ok, WHAEEBEE RE BE) &4%1E

UFohb, chbDEEHFOWT, H{ORERED
Z &, B BREO AR, REOKENHIKE
IO M B E T 5 /e L CRES RIS, D
W% % 4% Table 1 7R L 7, No. 1, 2 D3EkT 5°C,
9B% DWELEDOT T, 3 BTN L CEREH YT -
f2h D THB, No. 3 NRIIEHRICHRLFOHRE S
BwTfTote, 05 %, No.d LIL, v v 2
EOEGEREL 150 g HD b O THIEE B © #R1H 5%RF
DEGETEHEOBFUL b O EB L THERALT
Wh,

FAA 55 SEINBE L7z b ot LC Fig. 3 0 Xk 5 ik B
YHRCTTHEREIT ook, 564211 A 26 Hicsg 1 @]

B S

Pig. 2. Loading apparatus for creep test in
short time,

Table 1. Testing term and conditions of creep test
temperature, |

;\?CS: term of test (days) l-f:lralfgfy . load kg psrzeslg-iﬂ(;ie . variety™*

1 | Nov. 25, 1981-Jan. 7, 1982 (43) | 5°C, 95% 20, 26, 29 flat D, T, N

2 Jan. 13, 1982-May 13, 1982 (199) | », » 20, 23, 26, 29 » w, o,
3-1 ' Nov. 25, 1981-Jan. 12, 1982 (48) | =», » ! 10, 20 sphericity D
3-2 ' Jan. 13, 1982-Mar. 4, 1982 (50)  », » ! 15 » D, T
3-3  Mar. 4, 1982-May 12, 1982 (69) ", » 10, 20 » T

4 Oct. 20, 1982-Apr. 25, 1983 (189) », 95, 75% | 20, 25, 30 ” D (150 g class)

5 Oct. 20, 1982-Jan. 19, 1983 (91) EIE n, o m, » » | 2

6 Jan. 31, 1983-Apr. 25, 1983 (85) EIE EIETI » ! »

: Danshakuimo, T : Toyoshiro, N: Norin No. 1
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Fig. 3. Experimental apparatus in the first

creep test.
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Fig. 4. Experimental apparatus for creep test.
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Fig. 5. Force-deformation curve.
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Table 2. Destructive strength and energy for three varieties and various harvesting
dates of potatoes

test piece destruction R
date and field | date of opor | Luber required energy
of harvesting testing variety weignt weight | density |deformation| strength | strain stress ofe for destruction
(g) (g) (g/cm?) {mm) (kg) (e %) (o kg/cm?) (kg+cm/cm?)
Sep. 2, 1982 9, 14 D 11.82 3392 29.55 7.60 0.257 1.51
(Omagari)
Y 12.80 35.58 32,00 7.70 0.241 1.65
T 12.32 34.83 30.79 7.67 0.249 157
Sep. 16, 1982 9, 30 D 219.2 13.13 1.045 11.85 35.43 29.63 7.93 0.268 177
(Omagari)
Y 209.0 12.83 1.021 11.75 35.65 29.38 8.00 0.272 1.62
T 2209 13.11 1.043 12.09 36.50 30.21 8.10 0.268 172
Sep. 29, 1982 10, 15 D 166.0 13.14 1.046 13.37 4250 33.42 8.96 0.268 218
(Omagari)
Y 160.8 13.10 1.042 12.00 35.47 30.00 7.87 0.262 1.66
T 146.3 13.14 1.046 11.42 31.25 28,54 7.08 0.248 1.43
Sep. 6, 1982
ttokudai) 9, 27 D 11.85 34.58 20.63 771 0.260 1.64
Sep. %6’ 19827 9,30 ” 12.11 33.74 30.29 7.47 0.247 1.63
Sep. 79, 1982 10, 14 " 1790 | 1337 | 1064 12.80 3445 | 3200 | 744 0.233 167
Qct. 13, 1382 11, 4 . 2057 | 1323 | 1053 12.42 3437 | 3104 | 754 0.243 164

Notes * D: Danshakuimo, Y : Yukiziro, T: Toyoshiro.

(1) Shape of test piece: dia. 20 mm ¢, length 40 mm.
(2) Compressive speed: 0.1 mm/sec.
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Table 3. Destructive strength of three varieties after storage 78 days
temperature and - tuber test piece destruction required energy
ﬁ'f}fit;;es?;’rfég”y variety weight | moisture | weight | density |deformation| strength | strain stress ofe for destruction
(g) (%) (g) (g/cm3) {mm) (kg) (¢ %) (o kg/em?) {kg+cm/cm?)
5°C, 95% D 210.8 78.3 13.06 1.039 12.96 40.60 32.40 8.74 0.270 2.00
Y 196.8 789 13.00 1.035 11.88 36.50 29.70 8.17 0.275 1.68
T 204.8 76.5 13.22 1.052 | 11.42 32.78 28.55 7.46 0.261 1.40
f
5°C, 75% o D 226.0 77.9 13.00 1.035 12.80 39.88 32.00 8.63 0.270 1.88
Y 192.8 75.6 12.61 1.003 11.60 37.82 29.00 8.55 0.295 1.54
T 183.5 75.5 13.14 1.046 12.05 36.40 30.13 8.10 0.269 1.57
|
* D: Danshakuimo, Y : Yukiziro, T: Toyoshiro.
(Used potatoes were harvested in Sep. 29, 1982 and stored during Oect. 20-Dec. 16, 1982 at 5°C).
Table 4. Deformation of three varieties under static load of 20 kg with spherical plate
(): S.D.
shape of tuber (mm) radius of curvature (mm) creep*
variety . o .
loxilsglélix:mdl Ia;;tilstuddilanal thickness weight lsllllapfere lo?ffer mean A B C T a
ax . . (g) rfac surface (mm) (mm) (mm) (sec) (x10-3)
Danshakuimo 71.6 68.3 55.6 165.2 45.0 62.1 53.6 3.65 4.27 4.32 55.7 0.968
(11.4) (8.6) (7.2) (60.3) (12.2) (16.6) (12.9) (0.56) (0.66) (0.67) (66 | (0.427)
Yukiziro 87.1 64.3 49.6 164.8 49.9 71.6 60.8 3.50 4.06 4.11 56.9 0.982
(12.8) (7.6) (5.9) (71.9) (15.0) (20.5) (16.0) (0.60) (0.64) (0.65) (67) | (0.434)
Toyoshiro 81.5 66.0 47.3 154.2 548 ! 76.2 65.5 3.22 3.80 3.88 70.8 1.059
( 9.0) (6.9) (4.2) (44.5) 143) | (93 (14.7) (0.48) (0.58) (0.58) (1L5) | (0.159)
|
* A : momentary elastic deformation.
B : intersection of tangent line and Y-axis.
C : point of equilibrium.
T : time of equilibrium.
a : slope of tangent line,
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Table 5. Characteristics of deformation under static load of 20kg in case
the shape of press-plates were flat (f) and sphericity (s)
{Danshakuimo)
shape of potato (mm) creep*
tuber - weight
longi- s plate o
No. tudinal laat;'t:ddlgal thickness A B c ! a
axis dia, | @i dia. (g) (mm) | (mm) | (mm) | (sec) | (x10~9
1 70 70 50 150.6 f 3.22 3.68 3.71 70 0.429
s 6.06 7.09 7.21 80 1.500
2 71 72 51 153.5 f 2.90 3.49 3.56 77 0.909
s 6.69 7.94 8.09 80 1.875
3 70 69 53 151.5 { 3.02 3.45 3.50 68 0.735
s 6.10 7.30 7.43 72 1.806
4 76 68 53 157.6 f 3.95 4.60 4,67 66 1.061
s 6.29 7.41 757 70 2.286
5 68 68 54 150.0 f 2.77 3.30 3.39 71 1.268
" s 608 | 724 | 7.39 67 2.239
6 70 65 59 151.9 f 3.50 4,07 4,14 72 0.972
s 711 8.38 8.52 82 1.707
mean 71 69 53 152.5 f 3.23 3.77 3.83 71 0.896
s 6.39 7.56 7.70 75 1.902
s/t 1.98 2.01 2.01 1.1 212
* A : momentary elastic deformation. B : intersection of tangent line and Y-axis.
C : point of equilibrium. T : time of equilibrium. a : slope of tangent line.
Table 6. Factor of used tubers in test No. 1
shape of tuber (mm) weight of tuber (g) moisture cont
. load -
variety 122<gili-nal latitudinal thickness initial of | final of gf?:rys initial | final
(kg) | axis dia. | 2XiS dia. loading | loading unloading| (%) (%)
Toyoshiro 20 93.7 67.0 489 185.82 184.43 183.50 79.84 79.59
26 97.2 62.0 46.8 167.90 166.80 165.98
29 92.9 67.2 46.6 171.28 170.05 169.16
Danshakuimo 20 87.0 68.8 51.8 183.45 182.81 182.32 80.48 80.34
26 87.0 67.9 55.0 188.34 187.28 186.54
29 78.6 72.2 52.5 186.39 185.83 185.37
Norin No. 1 20 66.0 60.6 43.0 109.53 108.69 108.15 79.63 78.37
26 63.7 56.6 40.6 91.37 90.63 90.09
29 63.4 59.4 46.8 103.13 102.38 101.98
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Fig. 8. Comparison of deformation between the
two plates, flat plate and spherical plate.

(Danshakuimo, Longitudinal axis dia.: 70.8 mm
(mean), Latitudinal axis dia.: 68.7 mm (mean),
Thickness: 53.3 mm (mean), Weight: 15253 g
(mean)).
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Table 7. Factor of used tubers in test No. 2
_ shape of tuber {mm) \ tuber weight (g) | moisture cont.
variety load l?;ﬁ%ili-nal lati.tudi_nal thickness initial of final of 7acfltaeyrs initial | final
(kg) | axis dia. | 218 dia. loading loading unloading| (%) (%)
Toyoshiro 20 105.2 68.4 46.3 193.96 191.30 188.42 79.69 78.36
23 87.9 64.1 46.3 150.64 147.80 145.34
26 107.9 73.0 50.4 236.83 210.47 207.46
29 104.4 68.7 45.1 197.88 195.26 192.17
Danshakuimo 20 84.6 74.8 67.7 204.07 202.75 201.12 78.37 81.22
23 87.5 74.8 61.9 214.38 212.89 211.43
26 73.3 67.2 52.2 164.35 163.23 161.56
29 744 62.2 52.3 145.68 144.39 143.24
Norin No. 1 20 83.1 63.9 56.4 208.62 205.76 202.99 79.62 7710
23 70.0 69.3 56.1 162.05 159.25 157.34
26 731 67.7 48.9 143.83 140.41 138.56
1‘ 29 68.4 63.1 50.8 136.66 134.77 132.50
—
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Fig. 11. Deformation curves of three varieties of

DAYS

Fig. 10. Deformation rate on the potatoes of
three varieties during load by plate and after
unloading. (Temperature and humidity, load-
ing: 5°C, 95%, after loading: 15°C, 75%).

the potato under static load with plate and
recovery after unloading (Test No. 2).
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Fig. 12. Deformation of three varieties with flat plate (Test No. 2).
Table 8. Used tubers in creep test with spherical plate (Test No. 3)
ight
. load r of curved shape of tuber (mm) tuber weig (g)
variety plate longitudinal | latitudinal thicknes initial of final of
(kg) (mm) axis dia. axis dia. 5 | loading loading
Danshakuimo 10 25.0 72.2 64.7 47.7 128.31 127.44
15 79.0 65.0 53.4 167.36 166.73
20 70.7 70.5 56.9 148.57 147.61
10 375 75.7 69.3 60.7 163.61 162.52
15 71.4 64.2 50.7 132.59 132.00
20 77.1 67.2 57.1 176.50 175.47
10 50.0 74.3 72.3 69.2 192.58 191.22
15 75.8 66.9 52.4 149.23 148.62
20 79.2 76.9 62.2 213.30 211.96
(mean) 75.0 68.9 56.7 163.56 162.62
Toyoshiro 10 25.0 84.7 63.8 44.9 143.93 142,67
15 85.1 65.6 49.2 153.30 152.15
20 97.4 57.9 39.2 135.74 134.23
10 375 96.0 65.9 42.1 168.32 166.11
15 87.3 68.6 51.7 174.58 173.20
20 96.3 65.9 421 169.99 168.52
10 50.0 95.7 63.3 44.6 165.92 164.29
15 85.4 779 48.0 164.04 162.61
20 95.2 63.8 43.0 159.18 157.36
(mean) 91.5 65.9 45.0 159.45 157.90
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Deformation under various static loads by spherical plate.

Fig. 13.
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Fig. 15. Recovery after unloading at 15°C and
75% relative humidity.
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Relationship between radius curvature of plate and deformation.
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Table 9. Used tubers in creep test with spherical plate (Test No. 4—6)
shape of tuber (mm) tuber weight (g) | index of
temperature, | oo deforma-
test No. lrelat}(\irfet longitudinal |latitudinal thickness initial of | final of tion*
umidity (kg) axis dia. axis dia. loading loading (mm)
4 5°C, 95% 20 72 68 55 157.36 154.75 4,06
» s 68 55 159.86 157.27 415
25 69 68 53 150.40 146.85 4,10
» 71 71 58 157.20 151.75 410
(Oct. 1%%2 30 76 68 58 153.48 149.77 4.08
» 66 66 58 152.51 145.21 414
Apr. 25,
1983)
5°,C 75% 20 74 64 54 155.56 147.67 4.10
” 72 - 68 56 151.81 142.97 4.23
25 72 68 57 157.44 148.70 410
»” 71 70 54 153.89 144.81 4,24
30 72 70 57 155.32 141.19 4,12
»” 66 70 55 155.34 140.32 419
5 5°C, 95% 20 75 69 55 157.34 154.83 3.78
(Oct. 20, 25 71 68 56 155.94 153.44 3.87
1982- 30 74 68 55 151.06 147.83 3.84
Jan. 19,
1983) 5°C, 75% 20 69 66 55 158.15 153.93 3.93-
25 72 67 56 159.44 153.53 3.84
30 69 68 57 153.10 142.42 3.85
6 5°C, 95% 20 71 70 53 151.17 149.22 3.65
(Jan. 31, 25 70 65 52 148.48 146.96 3.58
1983- 30 69 70 54 150.15 146.97 3.60
Apr. 25,
1983) 5°C, 75% 20 76 65 54 146.59 141.14 3.55
25 69 67 55 149.68 14411 3.60
30 68 65 55 148.61 142.52 3.61

* Deformation at ten seconds after loaking of 20 kg with flat plate.
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Fig. 16. Deformation of Danshakuimo under various static load for 186 days
at humidity of 75% and 95% (Test No. 4).
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Fig. 17. Deformation of Danshakuimo under various static load
at humidity of 75% and 95% (Test No. 5, 6).
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a) Upper side; 5°C, 95%.

b) 5°C, 75% 25kg

Fig. 18.
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Tubers and interior after the static load test (TestNo. 4, 188 days).
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Summary

The static load tests with potato tubers under
dead load as a clue to elucidate the relationship
between varieties or storage condition and defor-
mation which was caused by compressive load
under storage pile and the quasi-static load tests
with the test pieces for measure of destructive
stress were conducted. The results obtained are
summarized as follows :

1) According to the results of the quasi-static
tests on Danshakuimo, Toyoshiro and Yukiziro,
there was no significiant difference of the destruc-
tive stress or energy between the three varieties.

There were no effects of different harvested time
for a month and storage for two months too. It
can be considered that difference of the harvesting
time have not direct effects upon the strength of
interior of the tubers.

2) Under the static load, the mechanics of the
force-deformation relationship of the tuber was a
creep phenomenon. On the deformation at the
moment of loading, it of Danshakuimo was the
most, next was Yukiziro and third was Toyoshiro.
On the increased rate of deformation since then,
Toyoshiro was the most value, next was Yukiziro
and third was Danshakuimo.

3) Under the static load which was prodused
by a flat plate and spherical plate with radius of
curveture 25 mm for same tuber, case of the spheri-
cal plate showed a value double as much as the
flat plate on the deformation at the moment of
loading and the tangent of equilibrated creep.

4) Under air condition of 5°C and 90~95% R. H,,
when loading by the flat plate for a long period
(such as above three months), the deformation of
Danshakuimo was small value comparing with
Norin No. 1 or Toyoshiro.

Danshakuimo was smaller deformation than
Toyoshiro in case of the spherical plate, too.

5) Under the air condition 95% R.H. and 75%
R. H. (any 5°C), when loading by the spherical plate
for 90~180 days, case of 75% R. H. was more value
than 95% R.H. in all case on the rate of increase
of deformation to the day elapsed and a large
difference between the two cases was recognized.



