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ABSTRACT: The work aims to take Jufeng grape as the test object to study the effects on the physiological quality
caused by drop impact, mechanical damage and vibration fatigue accumulation during storage and transportation. Grapes
were tested when dropped from different heights under the existing packaging conditions to obtain the effects of dropping
height on grape mechanical properties. At the same height, the tests were performed again with the new damping package
to obtain effects of new cushioning packages on grape mechanical properties. Afterwards the simulated transport vibration
test bench and the six-degree space vibration test bench were used to simulate the effects of different packages on grape
physiological quality under actual transportation conditions. From the study, the weight loss rate of the new vibra-
tion-damping package under two vibration and fatigue accumulation tests was reduced by 27.07% and 21.42% compared
to the ordinary packaging, and the surface damage coefficient decreased by 20.11% and 17.61%. The studies can provide a
theoretical basis for designing reasonable packaging and transportation methods.
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ISTA ASTM 2 2 25%~50% 3
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Tab.1 Test method (I STA/ASTM Standard)
P /(r-min™) XFREAA/Hz I [ /min ‘ 60% 1.5
150 2.5 8 mm/min 3
3 [16]
180 3.0 7
210 35 6
240 4.0 5
270 45 45 S
4 [17]
300 5.0 4
1 /\\M‘ﬁé—‘ = ‘ﬁE
5 B G % — I E’Jffi ﬁﬁ%fﬁ’ﬂii <100%
RIEHT I &
2
5 2.1
5 500
133 600 700 800 900 mm (18] 5
GB 4857.23—2012
3
V5 1/5 h 3
2
<10 cm 1~200
Hz 2h 1.16
10 h
0.52013
Excel
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Tab.2 Power spectral density 4 S
I R D10 B
PR Mz (g*Hz" (g*Hz dr Ms
0.000 05 0.000 25 4 Fu 005 F
4 0.01 0.022 36
16 0.01 0.022 36 F>Fo
40 0.001 0.002 236
80 0.001 0.002 236 Potue
200 0.000 01 0.000 022 36 P,.1c<0.01

i T AR 0.52 1.16
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Tab.3 Mechanical parameters of grape under different falling heights
B 25 1 fmm Fm e B % F T AL E /m) ARG I /N JE AR ER %
SEUZH SR24H R34l SEIZH SE2ZH AB34l SRl 24l B3 R4l fE2dl ARl
500 19.24 15.74 20.67 38.75 37.45 36.96 4.55 5.25 4.85 14.56 13.64 19.63
600 20.46 19.78 24.75 33.67 3242 30.86 4.15 3.95 3.65 22.53 20.53 19.86
700 26.75 27.44 28.79 29.74 28.85 27.33 3.25 3.15 2.5 30.86 35.64 32.85
800 30.75 31.65 3433 21.75 2084 19.64  3.45 3.05 2.75 3575 36.97  38.64
900 36.73 40.65 39.64 18.67 19.64 9.75 2.15 1.75 1.95 40.64 47.85 42.69
4
Tab.4 Variance analysis of the drop height vs. grape collision parameters
%5 S dr Mg F Puae( X 107) Ferit
2 (7] 805.711 4 201.4277 44,998 11 23.2 3.478 05
EIEEVE=§¢ HN 44.7636 10 4.476 36
BT 850.4746 14
2 1] 916.6275 4 229.1569 32.585 16 104 3.478 05
% T B HN 70.325 53 10 7.032 553
jc8an 986.953 14
2 1] 14.549 33 4 3.637 333 35.256 87 72.1 3.478 05
AR ) HN 1.031 667 10 0.103 167
JeSan 15.581 14
2 1] 1583.235 4 395.8088 58.1948 6.87 3.478 05
JoT e 4 2k % HN 68.014 47 10 6.801 447
Bt 1651.25 14
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Tab.5 Mechanical parameters of grapes under different packaging
R TR 5% FRIAAE FE /m] AR5 71/N TR %
S B2 B34l I 24l HE3M EIdl SE2M HE3dl SRl 2 AB3d
1 2473 25.64 26.23 34.63  33.69 30.79 4.25 5.3 465 39.87 2389  25.69
2 34.48  33.45 36.27 25.75  24.92 23.46 34 2.95 2.65 52.12 50.24 46.79
3 46.94  45.33 40.86  20.54 17.89 16.91 0.65 1.15 14 6021 5355  56.66
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Tab.6 Variance analysis of the grape impact parametersvs. package conditions
25t IR S dy Ms F Puatue( X 107%) Ferit
417 532.7051 2 266.3525 63.769 01 9.07 5.143 253
M 6 £ HN 25.061 6 4.176 833
Bt 557.7661 8
417 321.4308 2 160.7154 54.312 46 143 5.143 253
2 I HN 17.754 53 6 2.959 089
Bt 339.1854 8
417 20.186 67 2 10.093 33 53.200 59 15.2 5.143 253
AR ) HN 1.138 333 6 0.189 722
Bt 21.325 8
417 1174.738 2 587.3691 18.543 66 270 5.143 253
i i e 3 HN 190.0496 6 31.674 93
Bt 1364.788 8
7
Tab.7 Gape quality analysis under different packaging combinations
(EE-IE-V Jo i R R % 2 He R /m] LM R BU% RMRL TN
Ty P i 54.73 20.67 47.96 2.05
Gilabian ! 35.37 28.54 34.29 4.25
EES 46.74 24.71 40.34 3.65
4L 70.53 16.27 60.75 1.05
FH P TR B DT B 15.29 40.89 18.53 6.25
B A AR 31.36 34.76 30.86 4.65
o 25 J+ AR AR 42.36 30.85 38.64 4.15
Do 45 i+ B i 35.75 33.86 21.78 5.25
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6 Fig.5 Grain loss after vibration
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Tab.8 Analysisresults of grape quality under different packaging combinations
115 777 J i 15 25 R /% 2% B A BE /m) R BAGRE% ARG SN
J7 HL AR 53.86 21.85 43.75 2.15
7R A 31.65 26.86 33.75 4.55
S 36.68 22.96 39.74 4.05
i 68.47 15.86 63.96 0.95
WA TR SNy Pt i 18.33 43.75 18.64 6.35
B IR AR R 30.85 31.86 31.13 5.05
P JlE -4 4 39.75 28.77 36.25 4.15
) 2 i+ g B g 28.75 34.85 22.17 5.65
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Fig.14 Grape quality changes in different periods after vibration
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Fig.15 Grape quality changes of control group in different periods

14—15

S 30k

(1]

(2]

(3]

FAGR, BARM, F/ME. a5 REEAE)]. 2%
T2, 2004, 35(1): 42—43.

CAI You-xing, ZHAO Dong-bai, ZHOU Xiao-yuan.
Grap and It's Fresh-keeping Packaging[J]. Packaging
Engineering, 2004, 35(1): 42—A43.

FINOHT, BOAEK, AR RE RIS SR AT AR S
BARAR BRI E[I]. Ak T2, 2009, 25(6):
110—114.

LU Li-xin, HUANG Xiang-fei, HUA Yan. Effect of
Packaging Methods on Vibration Bruising of Pear
Fruits by Simulated Transport Tests[J]. Transactions of
the Chinese Society of Agricultural Engineering, 2009,
25(6): 110—114.

g, LR S HURRAR O SO B P ML AT SE (D). TR
By TLRIRS, 2011



18- fu % TR 2019 4F 3 H
PAN Liao. Research on Mechanical Bruising and Pro- of the ASAE, 1987, 30(4): 1193—1197.
tection Mechanism of Typical Fruits[D]. Wuxi: Jiang- [12] 29N, k72, EER. —M3EET L ag K R
nan University, 2011. PEEPEM I . 201410738646.X[P]. 2015.

[4]  HB ZFE, X WA R EE R E I kit LAN Hai-peng, ZHANG Hong, TANG Yu-rong. An
[J]. ZEMTRE, 2012, 28(4): 93—96. Evaluation Method of Fruit Maturity Based on Matur-
WENG Zhen, LI Chen, LIU Ying. Optimal Design of ity Law: China. 201410738646.X[P]. 2015.

Grape Storage and Transportation Packaging Struc- [13] BT, ACRIIRE % B Wi SO A RS Rk A
ture[J]. Forest Engineering, 2012, 28(4): 93—96. s h R D], M BRI KA, 2016.

[5] 29, FA0r, AR, &5 SREREiEsh 0 Mo E HUANG Si. Development and Application of An-
BT, B TR, 2013, 34(5): 353—357. ti-vibration Package in the Storage and Transportation
LI Ping, WANG Ruo-yi, LIN Dun, et al. Vibration of Strawberry, Kiwifruit and Grapes[D]. Hangzhou:
Damage and Anti-vibration Packaging of Fruits and Zhejiang Univercity, 2016.

Vegetables during Transportation[J]. Science and [14] FBAcAE, TR, Bhiz. 248 A 3R B AR RN R
Technology of Food Industry, 2013, 34(5): 353—357. WIR[I]. B RAO K222 4], 2001(3): 85—88.

(6] 2. B AERUSLE S 4k 3h 5| B A HLRA 45 5 il 5 ZHENG Yong-hua, SU Xin-guo, MAO Hang-yun. A
WED]. B WV R2E, 2014, Preliminary Study on the Effects of Pure Oxygen on
LI Ping. Studies on the Mechanical Damage and Qual- Strawberry Fruit Storage[J]. Journal of Nanjing Agri-
ity Deterioration of Huanghua Pears Caused by Simu- cultural University, 2001(3): 85—388.
lating Transport Vibration[D]. Hangzhou: Zhejiang [15] EHBREVY -RMER, EZROK, HE, . SRR
University, 2014. JEE R T4 A 4 D00 B R A B B AR A 1Y 52 R D],

[71  #8, T35, e, & EREiRaingS5HS FrEEA R, 2010, 47(1): 82—86.

FPEN FRAR BT IR BUR[D). KR AHLBFFE, 2015, 37(5): WUERNISHA Kader, CHE Feng-bin, ZHANG Ting, et
260—263. al. Effect of Different Temperature on Quality and
WEI Wei, WANG Fang, ZHAO Man-quan, et al. Re- Physiological Index of Postharvest Red Globe Grape
search Status of Fruit and Vegetable Transport Vibra- during Storage[J]. Xinjiang Agriculture Sciences,
tion Damage and Quality Evaluation[J]. Journal of 2010, 47(1): 82—S86.

Agricultural Mechanization Research, 2015, 37(5): [16] EHl, BIE¢, e, & BE RS RS,
260—263. A RS AR []. PRk R, 2017, 26(8):

[8] MENESA P, PAGLIA G. PH-Postharvest Technology: 1202—1211.

Development of a Drop Damage Index of Fruit Resis- WANG Kai, JU Yan-lun, WEI Xiao-feng, et al. Effects
tance to Damage[J]. Journal of Agricultural Engineer- of Rain-shelter Cultivation on Quality of 'Hutai No.8'
ing Research, 2001, 80(1): 53—64. Grape[J]. Acta Agriculturae Boreali-occidentalis Sini-

[9] BOLLEN AF, COX N R. A Technique for Predicting ca, 2017, 26(8): 1202—1211.
the Probability of Bruising for Use with an Instru- (171 PVHTAL. 52 SR S 500 L JIR XT38 48 1) S8R 52
mented Sphere[C]// American Society of Agricultural [J]. & T RHE, 2012, 33(19): 329—330.
Engineers International Winter Meeting, 1991. SUN Xin-zhi. Study on Fresh-keeping Treatment of

[10] RAGNI L, BERARDINELLI A. Apple Packing Line Grape by Chitosan[J]. Science and Technology of Food
Damage Assess-ment, Mechanical Behaviour of Ap- Industry, 2012, 33(19): 329—330.
ples, and Damage during Sorting and Packaging[J]. [18] G E4E. ASQ700 vk bl il B AL I 2 1E 5% I k% wf

Journal of Agricultural Engineering Research, 2001,
78(3): 273—279.

CHEN P, RUIZ M, LU F, et al. Study of Impact and
Compression Damage on Asian Pears[J]. Transactions

drIE AL ST [D]. 950 . ZRMIR7E, 2007,

FENG Guo-hua. Half Sine Wave Shock-exited Analy-
sis Based on ASQ700 Model[D]. Suzhou: Suzhou Un-
ivercity, 2007.



