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Figl. Pressure test of silkworm cocoons samples
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(M) S b 53 IS8 i D s (N) Sl 650 —F () s 6551 -Eq 01 55 oS
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Tablel. Variance analysis (ANOVA) of different mechanical properties of silkworm cocoons

Sla e S0k
Mean square
S.0.vV df Rupture force (N) Deformation at rupture Rupture energy  Toughness (J/mm°)
Sk whe o3l a3 Nl (55,0 point (mm) Q)
MM b 53 K5 s (Dess 53,50 AImm®) e s
Hybrid types (H) 2 12.45 16.20° 17.25 15.27"
(H) & n g5
Loading direction(D) 1 13.18" 13.15" 11.35 12.13"
(D)d)‘ﬁ)\e e
Loading speed (S) 1 10.58" 11.67" 10.44" 10.14"
(S) 138,k e
HxD 2 9.78° 12.35° 10.11° 13.51°
HxS 2 8.41 N 9.27 . 8.18* 10.331
DxS 1 10.2q 11.16* 9.10* 8.18 .
HxDxS 2 8.79 10.52 9.15 10.01
Error 24 - - - -
Ut

s gme Bl 3 s pde ™ A3 5 Jlel a3 Sl xe ot *
*Significant difference at a = 5% probability level; ™ No significant
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Table2. Mean comparison of interaction between (hybrid types x loading speedx loading direction) on different mechanical
properties of silkworm cocoons

Mean comparison

el anglie
Hybrid Loading Loading speed mm/min  Rupture force Deformation at Rupture Toughness
types direction  mm/min) 1S L s (N) rupture point (mm) energy (J) x10™*(J/mm?)
O SRS S i s IS i Dewss 350 MMy Koo
N mm)ce.ss
Horizontal 10 10.05+0.3 460+30° 2.28+0.04° 3.5+0.2°
uﬁi
H1 Horizontal 20 9.80+0.3 370+25¢ 1.71+0.02° 2.60.2°
Js_él
Vertical 10 6.67+0.4° 18020 0.58+0.03" 0.90+0.3
S350
Vertical 20 5.06+0.3° 160+20" 0.38+0.03¢ 0.59+0.3°
S350
Horizontal 10 9.75+0.3% 610+30° 2.78+0.04% 3.6+0.2°
!
H2 Horizontal 20 9.70+0.3% 600+25° 2.71+0.03 3.5+0.2°
e
Vertical 10 5.96+0.2° 425+20™ 1.24+0.04¢ 1.6+0.2°
S350
Vertical 20 5.58+0.2% 410+25% 1.11+0.04° 1.4+0.2°
S350
Horizontal 10 9.07+0.4° 390+20% 1.72+0.03° 2.2+0.3°
sl
H3 Horizontal 20 7.3740.4° 280+25° 1.03+0.04° 1.3+0.2°
!
Vertical 10 5.00+0.3" 180+20" 0.40+0.03° 0.50+0.3°
S350
Vertical 20 3.83+0.5° 160+20" 0.27+0.03" 0.34+0.3°
S350

Lo 5 Jlazl o 53 S rie G SO Bl (511 glapnSln i 3510kl Sl 2SS s 80l Laosls 51 s
AJJ)UJ )bg;'.u |
Values are means of three replicates + SD; Means with same letter are not significant different (P>0.05)

eSS (S 98
2ol s 6,50 5 Laof iz 5 150 s (ISl g s &5 d dsar warst
53 (J0/0SN) s (65,00 ldis o i @ b (P0.05) Lap Jly 55 o adsed ConSls (555 sl
5> B/83N) ol Jldie op 2eS 5 aids 5 e Jos 10 Co e 3 5 a8l (IS L Il s HL (glad se
elad 52 Qs Gllae s S edalin s e Joe 20 s s 53 5 (53508 ($HISL Sl 2 HB glad s
L S gl 84 (P0.05) il 2als ls jre jsba canSls (95,8 Jlie (OIS,L S e (Rl L Loy s
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534S e LB w058l sl el ws 346 543 A0 o ceSK S0l gt e (65500
S S e 3 53 (S g g 125 338 e slml by 53 e 5l (535me
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) Sl s 2 S oSl a5 LG (@l 2007; Zhao et al., 2016; Yang et al., 2016; Guan et al., 2017
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Fig2. Experimental curves of force-displacement (Y-axis: Displacement (mm) and X-axis: Force (N))
a-H1, Horizontal, 10 mm/min; b-H1, Horizontal, 20mm/min; c-H1, Vertical, 10mm/min; d-H1, Vertical, 20mm/min; e-H3,
Horizontal, 10mm/min; f-H3, Horizontal, 20mm/min; g-H3, Vertical, 10mm/min; h-H3, Vertical, 20mm/min;i-H2,
Horizontal, 10mm/min; j-H2, Horizontal, 20mm/min; k-H2, Vertical, 10mm/min; I-H2, Vertical, 20mm/min

Gl aba o K3 i
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eSS 55 5]

b3 e 5506 5 0T iz 3 5 (I 5L e e (ISl g s et g5 d dsdr v ar s
oA SEe op i A o OLES 5 45 6 S 0les (PO.05) Lsp Jla) 55 5 bt ged CnSld (655 sl
OF Jldis o 1S 5 aids e Juo 10 o e 53 5 81 IS0 Sl 3 H2 gladsas 3 (2/78)) s
Blas s 8 s aids e Lo 20 Co s 5 oses ISLL G s HB ek ses s (0270)
(P0.05) sl ialS s me 5 sbiy CoSE (83,50 SMin 5800 e I3 L ey s e s 250
2 ML s S (g5 s i3y e Joe 20 4 10 51 (IS0 s (RIHIL S sl Se
10/50 52/51 55 H2 ladisel 53 5 403334 525 55 0 HL ok sas 53 (o508 5 3l slacg>
ol S gl o3 (9550 Bl SialS as s 32/50 540 55 4 H3 (law g 53 iomen 5 Loy
5 S o 3 b o e OF Dk 1 el (S e U JSE i — g0 e ) e
Sl (610850 S 5 e sel yuizean (Kilickan and Guner, 2008) 55 dal > Gl abads 55 bl
e b lly e 53 .(PO.05) sy 1oy 55 5 (s 508 UMELL Il (g 0 S (55 e
s H3 5 H2 HL (glas sai conSll (6531 ltin 350 I 4 a8l Sl 51 e gad (6,8 13 Cand s
LBl alS 4,576 557 75
S

Al 53 5l 50 DI (S Sos Sole w s e LIS 1) e ALy 3 5l ge 030 ks (S i
5> G/6amm®) (Ko i Sllie cp xiy baly (pes 5> (Mohsenin, 1986) Ll e slye oo 55 (slp o
55 (0/34Imm®) T Jlads o S 5 aids » e des 10 Co e 53 5 Bl (108 L Sl 3 H2 (glads ol
St Seplar g BB S el ah3s ek 20 s e 53 5 (53508 OISL Il s HB (sl 5
S s g S0 bl s Jsar Gl il e KUK alie LB eSS 5551 5 (Ko ax
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Abstract

Most agricultural products are viscoelastic, showing a complex behavior during
transport, grading, and separation. Thus, it seems necessary to determine the mechanical
properties of these materials to analyze their behavior and minimize losses.
Accordingly, this study investigated the effect of hybrid type (154x153, 31x32, and
154x151), loading rate (10 and 20 mm/min), and loading direction (horizontal and
vertical) on the mechanical properties of silkworm cocoons. A factorial experiment was
used in a completely randomized design to analyze the data, and the means were
compared by the multiple range Duncan test at a probability level (a) of 5%. The results
showed the significant impact of the hybrid type, loading direction and speed, and their
interaction on all mechanical properties of specimens. All mechanical properties of
hybrids decreased as the loading speed increased from 10 to 20 mm/min. On the other
hand, the rupture force, rupture energy, toughness, and deformation at rupture point
were higher in horizontal loading than in vertical loading. According to the results, the
highest rupture force (10.05 N) was measured for the hybrid 154x153. However, the
highest rupture energy (2.78 J), deformation at rupture point (610 mm), and toughness
(3.6x10™* J/mm®) were measured for the hybrid 31x32 under horizontal loading at a
loading speed of 10 mm/min. The lowest rupture force (3.83 N), rupture energy (0.27 J),
deformation at rupture point (160 mm), and toughness (0.34x10™* J/mm?®) were obtained
for the hybrid 154x151 under vertical loading at a loading speed of 20 mm/min.
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