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Introduction

Walnut (Juglans regia L.) is a highly valued horticultural product, and significant efforts are underway to
enhance its production in Iran. Despite the development of various tools aimed at increasing productivity and
improving harvesting efficiency, over 90% of walnuts in Iran are still harvested manually, often with the aid of
specialized tools or by striking the trees with sticks. Although numerous mechanical devices have been introduced,
the considerable height of walnut trees and the asynchronous ripening of the nuts continue to make traditional
harvesting methods predominant. In this research, a novel walnut peeling system incorporating a horizontally
rotating cutting plate was developed and evaluated. The cutting plate, designed with specific grooves and
curvature, aims to enhance the mechanical efficiency of the peeling process. This analysis investigates the
influence of rotational speed and groove depth on system performance. In addition, the life cycle assessment is
conducted to evaluate the environmental and operational impacts of the proposed system, with comparative
analysis against conventional peeling methods.

Materials and Methods

The designed and constructed system consists of three main parts: the container, the rotating disk, and the
power system, which includes the electric motor. The rotating disk, as the heart of the system, is made from a 1.5
mm thick steel sheet with a diameter of 640 mm. It has been laser-cut with sufficient precision to cut and transfer
walnuts. The third part of the system is the power unit, which includes a 3-hp, 1400 rpm electric motor. Power
transmission is carried out using a V-shaped belt. In this system, the product is first collected from the designated
garden and stored in equally weighted bags. The rotating plate is the most important component of the walnut
peeler, essentially the heart of the system. On this plate, there are 12 oval grooves, each 5 mm in diameter and 150
mm in length. One side of each groove is raised, with a depth that can be varied. Increasing the groove depth
increases the amount of peel removed and exposes a larger surface of the walnut. The plate is connected to the
driven pulley and then to the electric motor via a shaft. In this research, a life cycle assessment was also used to
evaluate the impact of various parameters of the walnut peeling system on the environment and its pollution level.

Results and Discussion

The findings from the variance analysis regarding the impact of groove depth and rotation speed on peeling
percentage indicate that variations in plate groove depth and electric motor rotation speed during walnut peeling
are significant at the 1% level. Furthermore, the impact of changes in the groove depth of the cutting plate on
machine performance and the reduction of walnut losses is substantial, showing significance at the 1% probability
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level. The effect of this factor on the amount of damage to walnuts is significant at the 5% level. By increasing the
groove depth from 1.5 to 3 mm and from 3 to 5 mm, changes of 6.99% and 5.12% in walnut skin removal were
observed. By reducing the elevation of the groove, the amount of cutting removed from the walnut surface is also
reduced, and the peeling process becomes more abrasive. In this case, for proper peeling, the cycle duration and
retention time in the machine should be increased. By increasing the rotational speed from 218 to 275 rpm, the
momentum and linear velocity increase, resulting in more green shell removal. Conversely, reducing the rotational
speed decreases the impact, leaving more green skin on the product. The interaction between rotational speed and
groove depth is also significant in the amount of peeled product at the 1% level. The results of the life cycle
assessment showed that the human health index has the highest value due to the use of electric power, iron profile
(in the system chassis and container), and copper wire in the electric motor armature. Optimizing the system and
using clean energy can help improve system efficiency and reduce environmental impact.

Conclusion

Utilizing a walnut peeling machine achieves an impressive 94% efficiency in walnut peeling while ensuring
less than 5% damage. The results of the life cycle assessment showed that the use of a walnut peeling machine has
less environmental damage than the traditional method and is highly cost-effective.
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Fig. 2. The main components of the walnut peeling system designed and built for research include: 1- Machine chassis,
2- Product container, 3- Electro-motor, 4- Driving pulley, 5- Moving pulley, 6- Product outlet valve, 7- Wheels for
moving the system, 8- Rotary cutting disk, 9- Pressure paddle, 10- Transferring handle, 11- Walnut peels outlet, 12-

Lower paddle (for peels), 13- Disk curvature, 14- Disk grooves, and 15- Bag hookers
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Fig. 3. Research steps for peeling of walnut at various rotational speeds and groove depths
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Fig. 4. Walnut with a healthy nut and with a damaged nut due to the penetration of walnut shell juice to the inside
section (both were peeled with a machine)
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Table 2- The coded levels of the test variables, considering the actual values
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Variable
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Rotational speed (rpm)
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Table 3- The results of analysis of variance of the effect of cutting depth and rotational speed of the plate on the
percentage of walnut peeling

o] S5 Cowgr Ol
Damage (%) Peeling amount (%)
s ol &350 as o ©la e (nbe ©lapo (ko
Vari e Degree of F (ms) F (mS)
ariation sources
Freedom Mean squares Mean squares
a LN . *
A 2 17.14%* 69.72 154,;16 295.32
Cutting depth (mm)
‘] -
(09 ey 2 5.21% 29.04 49.26** 105.11
Rotational speed (rpm)
e el 4 128.29** 4.01 11.26** 1.87
Depth *Speed
s
18 - 0.029 - 0.179
Error

20y O e )3 Hb xe * g do)d S a3y gixe
**Significant at the level of 1%, and *Significant at the level of 5%
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Table 4- The average percentage of the peeled walnut product related to the measured variables (groove depth of the
cutting plate and rotational speed)
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Source Groove depth (mm) Rotational speed (rpm)
15 3 5 218 275 322
aMaA;Sc.,u% Jyam Joyd
Percentage of peeled 85.422 91.18"®  95.31° 86.542 89.85*  92.69°
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Table 5- Comparison of the average percentage of peeled product with the interaction between the depth of the plate
groove and the rotational speed
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& Mean percentage of peeled walnuts (%)

Source

o Hlyed s g

Rotational speed (rpm)

07 40 el o 218 275 322
Groove depth (mm)
15 81.43" 83.95¢ 85.05f
3 92.06¢ 88.16¢ 92.06°
5 90.15° 93.24° 95.712
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Table 6- The average damage of product related to the measured variables (groove depth and rotational speed)
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s ’r Groove depth (mm) Rotational speed (rpm)
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Table 7- Comparison of the average walnut peeling damage due to the mutual effect of groove depth and rotational
speed of the cutting blade
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& Mean percentage of damaged peeled walnuts (%)
Source aduo (Il 593 Cus gt
Rotational speed (rpm)
P 4k ol e 218 275 322
Groove depth (mm)
1.5 1.922 2.042 3.05°
3 4.07¢ 4.15°¢ 4,624
5 5.64¢ 6.17f 6.83f
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Table 8- Limitations and ranges for optimization

(8 3ointe by JEXp 239:5%
Optimization condition Parameter Data range
- S Ges 5 15
Cutting depth (mm)
- e e 322 218
Rotational speed (rpm)
- o L2 95 80
Maximize Peeling percentage (%)
e ool plosl e 72 40
Minimize Experiment duration (s)
aieS sl deaml Joaxo 50 1
Minimize Amount of the damaged product (%)
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Table 9- Comparison of the present device with three walnut peelers

) )9"3"’"’ M olKiwd M, olwd ).’Zl} R
P (Zhong etal., ls,5  (Karimiet  (Hussain et
Present
Parameter 2018) al., 2008) _al., 2016) system
Centrifugal Net peeler Cage peeler Finger peeler
5 900 800 750 1200
Capacity (kg h'%)
S 25 90 85 86 935
Peeling efficiency (%)
w]
P e 5 10 8 18
Damage (%)
S5 Spae
Energy consumption 32 35 4.0 2.5

(kw)
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