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ABSTRACT 

To address the challenges of high moisture content and the difficulty of peeling corn cobs in certain regions 

during harvest, a novel peeling device was developed. The device uses directional friction to peel the cob after 

introducing scratches on the bracts. Mechanical and kinematic analyses were conducted to study the peeling 

process, along with the design of the scratching mechanism. High-speed camera technology was employed 

to observe the peeling process, confirming that the peeling rollers effectively gripped the bracts at the scratched 

points. A three-factor, three-level response surface optimization experiment was carried out, using peeling 

roller speed, pressing wheel speed, and the distance between the pressing wheel and the peeling roller as 

independent variables, with bract peeling rate and grain shedding rate as the response indicators. The results 

showed that at a peeling roller speed of 353.2 r·min-1, a pressing wheel speed of 81.42 r·min-1, and a distance 

of 37.16 mm between the pressing wheel and the peeling roller, the bract peeling rate reached 95.67% with a 

grain shedding rate of 1.45%. Validation tests under these conditions yielded a bract peeling rate of 93.33% 

and a grain shedding rate of 1.56%, meeting the operational requirements for efficient corn peeling. 

 

摘要 

针对部分地区大田玉米在收获时其含水率高剥皮困难等问题，设计了一款在果穗苞叶上划痕后定向摩擦去皮的剥皮

装置。对果穗剥皮过程进行力学与运动学分析，并对划痕装置进行设计。采用高速摄像技术对果穗剥皮过程进行研

究并验证了剥皮辊在苞叶划痕处能有效的抓取到苞叶。以剥皮辊转速、压送器转速和压送器距剥皮辊间距作为试验

因素，以苞叶剥净率和籽粒损失率作为试验指标，进行三因素三水平响应曲面优化试验。结果表明: 当剥皮辊转速为

353.2 r·min-1、压送器转速为 81.42 r·min-1、压送器距剥皮辊间距为 37.16mm 时，此时苞叶剥净率为 95.67%，籽粒损

失率为 1.45%。在该条件下开展验证试验，得到苞叶剥净率、籽粒损失率分别为 93.33%、1.56%，满足玉米剥皮要求。 

 

INTRODUCTION 

In some regions, the high moisture content of corn cobs at maturity, generally ranging from 30% to 40%, 

is primarily due to the local climate and environmental conditions (Chen et al., 2014; Li et al., 2024). As a result, 

directly harvesting kernels often leads to a higher kernel breakage rate. Consequently, the standard method 

involves harvesting the entire cob, followed by drying, peeling, and threshing (Chen et al., 2023). Given the 

high moisture content at harvest, if the cobs are not dried and peeled promptly, they are prone to deterioration 

and germination, which significantly affects their value (Zhao et al., 2024; Barnwal et al., 2012). Therefore, the 

development of an efficient method for peeling corn cobs with high moisture content is of paramount 

importance. 

In recent years, numerous scholars have focused on improving the material properties of corn cobs and 

optimizing the structure of key components involved in the peeling process, to enhance the operational 

efficiency of peeling devices (Xie et al., 2018; Liu et al., 2020). Plett et al. (1994) conducted a study on various 

corn cob varieties to assess kernel crushing and found that the lowest kernel crushing rate occurred when the 

moisture content was between 16.7% and 22.1%.  

 

 
Bang Ji, Lect. Ph.D.; Long Pan, M.S. Stud.;Yusong Xie, M.S. Stud.; Hao Zhou, M.S. Stud.; Yongkang Li, M.S. Stud; Pu Li, Lect. M.S.  



Vol. 75, No. 1 / 2025  INMATEH - Agricultural Engineering 

 

 
974 

Li Zhenye et al. (2021) investigated the physical and tensile properties of corn cob bracts throughout 

the harvest period, developing a mathematical model that correlates bract tensile properties with moisture 

content and thickness.  

Liu Lei et al. (2022) established a discrete element method (DEM)-based simulation model to analyze 

the corn peeling process, focusing on kernel crushing and shedding. Their study provided insights into the cob 

peeling process and highlighted the extent of kernel damage to light cobs during interaction with the peeling 

roller. The Kubota PRO1408Y-4 self-propelled corn cob harvester, produced by Kubota Agricultural Machinery 

Co., Ltd. in Japan, features an extended peeling roller (1.1 m in length), which ensures a high peeling rate 

even at elevated speeds. Additionally, the spacing between the pressing wheel and the peeling roller can be 

adjusted via a handle, allowing the device to accommodate different corn cob sizes (Shirly., 2015). Although 

these studies demonstrate effective peeling performance at low moisture content, they are less suited for high-

moisture corn cobs. When corn cobs have high moisture content, the bracts and kernels bond more tightly, 

which prevents the peeling rollers from effectively gripping the bracts and performing an efficient peeling 

operation. 

To address these challenges, the present study designs a peeling device specifically for the directional 

friction peeling of corn cob bracts after initial scratching. This design is based on an analysis of the physical 

properties and peeling requirements of the bracts from high-moisture corn cobs. Through theoretical analysis 

of the peeling process and the design of key components, the study also employs high-speed camera 

technology to verify that the peeling rollers can effectively grip and peel the bracts. Finally, through bench 

testing, relevant parameters are optimized to facilitate the efficient peeling of high-moisture corn cobs. 

 

MATERIALS AND METHODS 

Machine structure and working principle 

The high-moisture-content corn cob peeling device consists of two main components: the scratching 

device and the peeling device, as illustrated in Fig. 1. During operation, the cob initially passes through the 

scratching device, where it is guided along a semi-circular rail. The rail is situated below the blade. As the cob 

progresses along the guide rail, it passes beneath the blade, which creates scratches on the bracts. Following 

this, the cob enters the peeling device. The rollers continuously grasp the bracts at the locations of the 

scratches (Zhao et al., 2012).  

 

Fig. 1 – Three-dimensional structure of corn cob peeling device 

1 - Peeling device; 2 - Pressing wheel; 3 - Peeling roller; 4 - Frames; 5 - Pressing wheels; 6 - Scratching devices;  

7 - Height-adjustable bearing seats; 8 - Semi-circular guide rail; 9 - Knife holders. 

 

Modeling of corn cob-mechanics 

Cob bracts scratch force analysis 

In the semicircular guide scratching process, the force conditions are illustrated in Fig. 2. 

  
Fig. 2 – Force analysis diagram for cob bracts scratching process 
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When the cob is fed into the scratching device, it moves downward along the guide rail with a specified 

acceleration 𝛼, and the blade scratches the cob bracts under the action of the pressing force F. The force 

equation of the scratching process is given in Eq. (1) and (2). 

 mg sinα+f-F=ma            (1) 

 {
N=mg cosα

f=μ1 N  F             (2) 

From Equations 1 and 2, will result: 

 a=g(sinα+μ1cosα) - 
2F

m
 (3) 

where: 

m is the unpeeled cob mass, [kg]; g is the acceleration due to gravity, [m·s-2]; f  is the frictional resistance 

of the guide rail acting on the cob, [N]; N is the support force of the guide rail on the cob, [N]; 𝜇1 is the friction 

factor between the guide rail and the cob; 𝛼 is the guide rail inclination angle, [°]. 

When the Corn cob moves within the guide rail at a uniform linear velocity, then: 

 S=v0t+
1

2
at2 (4) 

where: 

S is the length of the guide rail, [m]; 𝑉0 is the initial feeding speed of the corn cob [m·s-1]; t is the cob 

peeling time, [s]. 

 

Substituting Eq. (3) into Eq. (4), the required force F for cob scratching is obtained, as shown in Eq. (5). 

 F=
m[gt2(sinα+μ1cosα)-2(S-v0t)]

2t2  (5) 

Equation (5) shows that the scratching process is influenced by the inclination angle of the guide rail, α. 

Based on the peeling device’s inclination angle, the value of α can range from 10° to 20°. 

 

Conditions required for cob bracts peeling 

As shown in Fig. 3, consider the peeling process of the bracts from point A to point B. The length of 

the bract from point A to point B is denoted as C. Treating the bract as an elastomer, a mechanical model for 

bract peeling is established to study the peeling process. During the bract peeling process, the action of the 

peeling force F on the bracts can be divided into three distinct components (Rivlin et al., 1997; Kendall et al., 

1975). 

 

Fig. 3 – Schematic diagram of bracts peeling 

 

Surface energy Ws refers to the energy generated when the peeling force F peels the upper bracts from 

the lower bracts as seen in Eq. (6): 

 Ws=-b c R   (6) 

Potential energy Wp denotes the energy generated by the movement of the peeling force F from point 

A to point B as seen in Eq. (7): 
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 Wp=c(1-cosθ)F  (7) 

Elastic potential energy: We refer to the energy produced by the peeling force F as it stretches the bracts. 

This energy comprises two components: 

The first component is the work We1 done by the constant force F in the stretching region: 

 We=F △c   (8) 

It is known that 𝐸 =
𝐹
𝑏ℎ⁄

△𝑐
𝑐⁄
，△ c =

𝐹𝑐

𝐸 𝑏 ℎ
, thus: 

 We1=
F2c

E b h
     (9) 

The second component is the elastic strain energy We2: 

 We2=-
1

2
F△c (10) 

 We2=-
F2c

2 E b h
 (11) 

where: 

F is the peeling force of peeling bracts, [N]; E is the modulus of elasticity, [MPa]; 𝜃 is the peeling angle, 

[o]; b is the bract peeling width, [mm]; h is the bracts thickness, [mm]; R is the unit peeling energy, bract peeling 

energy consumption per unit area of bract peeling, [J]. 

 

According to the law of conservation of energy, the following equation is established: 

 -bcR+c(1-cosθ)F+
F2c

2Ebh
=0   (12) 

By solving this equation, the formula for the bract peeling force F is obtained as shown in Eq. 13: 

 F=Ehb  [√(1-cosθ)2+
2R

Eh
+cosθ-1] (13) 

From Eq. (13), it is clear that the peeling force F during bract peeling depends on several factors such 

as the peeling angle θ, the bract peeling width b, the bract thickness h, the bract elastic modulus E, and the 

energy consumption R required for peeling each unit area. 

 

Design of the key components 

Scratching device 

When the moisture content of corn cobs is high, the pores of the bracts become saturated with water 

(Mandang et al., 2018), causing the bract layers to stack tightly and wrap around the bare cob. As a result, the 

peeling rollers cannot effectively grip the bracts, leading to difficulties in the peeling process. Scratching the 

surface of the bracts can cause them to split at the point of contact, as shown in Fig.4d, allowing the peeling 

roller to better grip the bracts at the scratched location.  

The scratching device as illustrated in Fig.7. The blade is welded to the bottom of the guide rail through 

the knife frame. The blade extends approximately 2 mm into the notch, ensuring it scratches a sufficient depth 

into the bracts without damaging the seeds. The operation principle is as follows: the cob passes through the 

semi-circular guide rail, which is set at a certain angle, and slides down the guide rail due to its gravity and the 

force from the pressing wheel (Fig.7a).  

When the cob reaches the tip of the blade, the pressing wheel exerts both downward and forward forces 

on the cob, causing the cob to move over the blade (Fig.7b).  

This action effectively scratches the bracts (Fig.7c). Furthermore, the semi-circular guide causes the 

corn cob to enter the peeling device in a vertical orientation, reducing the likelihood of clogging within the 

peeling device. This improvement enhances both the peeling efficiency and overall working performance.  
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Fig. 4 – Schematic diagram of corn cob scratching and effect of bracts after scratching 

1 - Pressing wheel; 2 - Semi-circular guide rail; 3 - Corn cob; 4 Blade. 

 

Peeling device 

The peeling device is illustrated in Fig.5. During the corn cob peeling process, the peeling roller 

maintains continuous frictional contact with the bracts, which is a critical mechanism underlying the device’s 

operation (Fu et al., 2020; Gorad et al., 2019). The device's configuration incorporates both high and low rollers, 

making it particularly well-suited for cobs with tightly wrapped bracts. The surface of the peeling roller is 

designed with both fish scale rollers and double spiral rollers. The fish scale rollers, positioned as the high 

rollers, exert friction on the bracts, effectively gripping them. The low rollers are equipped with double spiral 

rollers, whose helical pattern promotes the cob's continuous forward movement. Furthermore, the height 

difference between the high and low rollers creates varying friction torques on the cob. This torque disparity 

not only aids in correcting the cob's position but also induces rotational motion around its axis, thus increasing 

the number of contact points between the bracts and the peeling roller (Yang et al., 2021).  

 
Fig. 5 – Peeling device 

1 - Fixed plate; 2 - Pressing wheel; 3 - Fish scale roller; 4 - Spiral roller; 5 - Height-adjustable bearing seat; 6 - Frame. 

 

High-speed camera experiment design 

To verify the ability of the peeling roller to effectively grasp and remove bracts during the peeling of corn 

cobs with high moisture content, a high-speed camera peeling test platform was constructed, consisting of a 

high-speed camera and the peeling device (Fig.6). Before the test, the shooting frame rate set to 3000 frames/s 

and resolution set at 1920×1080. (Zhu et al., 2015). 

 

Fig. 6 – Test device 

1 - Peeling device; 2 - Fill light; 3 - Computer; 4 - High-speed camera. 
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Peeling performance test design 

The test samples used in this study were the Denghai 605 corn variety and were harvested in Liuyang 

City, Hunan Province, Chain. Samples exhibiting optimal cob length and undamaged bracts were selected, 

with moisture content maintained at approximately 35%. The test materials and device are illustrated in Fig. 7. 

      

Fig. 7 – Test materials and device 

 

Based on a theoretical mechanical analysis of the corn peeling process and preliminary pre-tests, three 

primary factors—peeling roller speed, pressing wheel speed, and the distance between the pressing wheel 

and peeling roller—were chosen for response surface test. Following JB/T11907-2014 standards, two 

evaluation metrics were selected: the bract peeling rate (Y₁) and the grain shedding rate (Y₂). The respective 

calculation formulas are given below: 

 Y1= (1-
nb

n
) ×100%    (14) 

   Y2=
Gs

G+Gs
×100%         (15) 

where:  

n is the total number of corn cobs of the measurement sample, [one]; 𝑛𝑏 is the number of corn cobs 

without peeling bracts, [one]; G is the total mass of sample grains, [g]; 𝐺𝑠 is the total mass of lost grains, [g]. 

 

Design of the one-way test  

Based on both preliminary pre-tests and relevant research conducted by scholars domestically and 

internationally, the peeling roller speed was set within the range of 300~500 r·min-1, the pressing wheel speed 

was set within the range of 40~120 r·min-1, and the distance between the pressing wheel and peeling roller 

was set between 30 and 50 mm (Li, 2023). As detailed in Table 1. 

Table 1 

Single-factor test levels 

Level 

Factor 

The peeling 

roller speed 

[r·min-1] 

The pressing 

wheel speed 

[r·min-1] 

The distance between the 

pressing wheel and the 

peeling roller 

[mm] 

1 300 40 30 

2 350 60 35 

3 400 80 40 

4 450 100 45 

5 500 120 50 

 

 

Response surface test  

Based on the results of the one-way test, the following parameter ranges were selected: peeling roller 

speed of 300~400 r·min-1, pressing wheel speed of 60~100 r·min-1, and the distance between the pressing 

wheel and peeling roller set at 35~45 mm. The factor levels are presented in Table 2. 
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Table 2 

Factor coding of peeling test 

Encodings 

Factor 

Peeling roller 

speed  

[r·min-1] 

Pressing wheel 

speed 

[r·min-1] 

Distance between the 

pressing wheel and the 

peeling roller  [mm] 

-1 -1 -1 -1 

0 0 0 0 

1 1 1 1 

 

 

RESULTS AND DISCUSSION 

Results and analysis of the high-speed camera 

Figure 8 presents the high-speed camera's capture of the cob bracts removal process post-scratching. 

Analysis of the high-speed footage revealed that the peeling process can be divided into two distinct stages: 

Firstly, due to the height difference between the high and low rollers, the friction torque acting on the cob varies, 

causing the cob to rotate around its axis. Simultaneously, the bracts' surface becomes puckered after being 

scratched. The pressing wheel intermittently applies pressure to the cob, which increases the friction between 

the peeling rollers and the scratched bracts. When this friction exceeds the bond between the layers of the 

bracts, the peeling rollers effectively grip the bracts (Fig. 8a–c). Secondly, once the peeling rollers grasp the 

bracts, they are continuously pulled. As the area of the bracts engaged between the two peeling rollers 

increases, the bracts break along the longitudinal veins, completing the peeling process (Fig. 8 d–f ). Once the 

upper layer of bracts is peeled, the lower layers continue to be pulled by the combined forces of the peeling 

rollers and pressing wheel. Meanwhile, the cob continues to rotate around its axis, allowing each successive 

layer of bracts to be grasped and peeled until all the bracts are removed, as depicted in (Fig. 8 g–h ). Thus, in 

the corn cob peeling process, increasing the friction between the peeling rollers and appropriately adjusting 

the difference in friction torque between the high and low rollers can facilitate the cob's rotation around its axis. 

This increases the contact time between the bracts and the peeling rollers, thereby improving the efficiency of 

bract removal. 

 

Fig. 8 – High-speed camera capture of bracts peeling process 

 

Results and analysis of the one-way test 

The results of the single-factor tests are presented in Fig. 9. As illustrated in Fig. 9, an increase in 

peeling roller speed, pressing wheel speed, and the distance between the pressing wheel and the peeling 

roller initially led to an increase in the bract peeling rate, followed by a subsequent decrease. In contrast, the 

grain shedding rate initially decreased and then increased. Specifically, when the peeling roller speed ranged 

from 300 to 400 r·min-1, the maximum bract peeling rate reached 95%, and the minimum grain shedding rate 

was 1.45%. Similarly, when the pressing wheel speed varied between 60 and 100 r·min-1, the maximum bract 

peeling rate increased to 96.67%, with a minimum grain shedding rate of 1.47%. When the distance between 

the pressing wheel and the peeling roller was adjusted to 35~45 mm, the maximum bract peeling rate was 

95%, and the minimum grain shedding rate was 1.65%. Consequently, the optimal settings for the response 

surface test were determined to be a peeling roller speed of 300~400 r·min-1, a pressing wheel speed of 

60~100 r·min-1, and a distance between the pressing wheel and the peeling roller of 35~45 mm.  
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Fig. 9 – Single factor test results 

Text results 

Design-Expert 13 software was utilized for experimental design and data analysis, with the experimental 

design and results summarized in Table 3.  

Table 3 

Experiment scheme and results 

Test 

number 

Factor 
𝒀𝟏% 𝒀𝟐% 

𝑿𝟏 𝑿𝟐 𝑿𝟑 

1 0 0 0 95 1.45 

2 1 0 -1 93.33 1.71 

3 0 0 0 93.33 1.39 

4 -1 1 0 88.33 1.88 

5 0 0 0 95 1.53 

6 0 0 0 95 1.48 

7 1 0 1 91.67 1.69 

8 0 1 -1 93.33 1.65 

9 0 -1 1 90 1.83 

10 0 -1 -1 91.67 1.63 

11 -1 0 -1 91.67 1.69 

12 0 1 1 88.33 1.79 

13 1 1 0 93.33 1.99 

14 -1 0 1 86.67 2.05 

15 1 -1 0 86.67 1.71 

16 -1 -1 0 88.33 1.92 

17 0 0 0 96.67 1.49 

 

Significance analysis 

The analysis of significance for the bract peeling rate (Y1) and grain shedding rate (Y2) is shown in Table 

4. Both regression models for Y1 and Y2 were found to be statistically significant, with P-values less than 0.01. 

This indicates that the models effectively describe the relationship between the experimental factors and the 

response variables. Moreover, the regression equations were not found to be significantly out of fit, suggesting 

a strong quadratic relationship between the test parameters and the factors within the tested range. The 

coefficients of determination (R
2
) for Y1 and Y2 were 0.9195 and 0.9558, respectively, demonstrating high 

consistency between the predicted and actual values. Based on the results, the regression terms X3, X12, and 

X22 significantly influence Y1 (P< 0.01). The interaction terms X1, X₁X₂ and X₃² also showed a significant effect 

on Y1 (0.01 < P < 0.05). Conversely, the regression terms X₂, X₁X₃, and X₂X₃ did not significantly affect Y1 (P > 

0.05). The corresponding regression equation for the bract peeling rate is provided in Eq. (16). For the grain 

shedding rate (Y2), the regression terms X3, X12, and X₂2 were found to have a very significant effect (P < 0.01). 

The interaction terms X₁, X₁X₂, X₁X₃, and X₃² were significantly associated with Y2 (0.01 < P < 0.05). However, 

the terms X₂ and X₂X₃ had no significant impact on Y2 (P > 0.05). The regression equation for the grain shedding 

rate is presented in Eq. (17). 

 Y1=95+1.25X1-1.67X3+1.66X1X2-2.92X1
2-2.92X2

2-1.25X3
2                (16) 

 Y2=1.47-0.055X1+0.085X3+0.08X1X2-0.095X1X3+0.2335X1
2+0.1735X2

2+0.0835X3
2                    (17) 
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Table 4 

Significance test result 

 

Source of 

variation 

𝐘𝟏 𝐘𝟐 

Sum of 

Squares 

Degrees 

of 

freedom 

 
F 

 
P 

Sum of 

Squares 

Degrees 

of 

freedom 

 

F 

 
P 

Mold 143.03 9 8.89 0.0044 0.5736 9 16.82 0.0006 

𝐗𝟏 12.5 1 6.99 0.0332 0.0242 1 6.39 0.0394 

𝐗𝟐 5.53 1 3.09 0.1221 0.0060 1 1.60 0.2469 

𝐗𝟑 22.21 1 12.42 0.0097 0.0578 1 15.25 0.0059 

𝐗𝟏𝐗𝟐 11.09 1 6.2 0.0416 0.0256 1 6.75 0.0355 

𝐗𝟏𝐗𝟑 2.79 1 1.56 0.2519 0.0361 1 9.53 0.0177 

𝐗𝟐𝐗𝟑 2.77 1 1.55 0.2531 0.0009 1 0.2375 0.6409 

𝐗𝟏
𝟐 35.81 1 20.03 0.0029 0.2296 1 60.57 0.0001 

𝐗𝟐
𝟐 35.87 1 20.06 0.0029 0.1267 1 33.44 0.0007 

𝐗𝟑
𝟐 6.57 1 3.67 0.0969 0.0294 1 7.75 0.0272 

Residual 12.52 7   0.0265 7   

Lost 

Proposal 
6.94 3 1.66 0.3113 0.0157 3 1.92 0.2682 

Pure error 5.58 4   0.0109 4   

Aggregate 155.54 16   0.6002 16   

𝐑𝟐 0.9195    0.9558    

 

Response surface analysis 

Based on the regression equations and response surface analysis (see Fig. 10), an interaction was 

observed between the peeling roller speed, the pressing wheel speed, and the distance between the pressing 

wheel and the peeling roller. As the peeling roller speed increased, the bract peeling rate initially increased 

and then decreased, with the maximum rate observed in the range of 340~360 r·min-1. Similarly, the bract 

peeling rate increases and then decreases with increasing pressing wheel speed, reaching its maximum in the 

range of 70~85 r·min-1. Moreover, as the distance between the pressing wheel and the peeling roller increases, 

the bract peeling rate initially increases slowly and then decreases, with the maximum rate observed between 

37 and 41 mm. In summary, the optimal bract peeling rate for corn cobs with high moisture content occurs 

when the peeling roller speed is between 340 and 360 r·min-1, the pressing wheel speed ranges from 70 to 85 

r·min-1, and the distance between the pressing wheel and the peeling roller lies between 37 and 41 mm.  

Based on the regression equation and response surface analysis (Fig. 11), an interaction was observed 

between the peeling roller speed, the pressing wheel speed, and the distance between the pressing wheel and 

the peeling roller. As the peeling roller speed increased, grain shedding initially decreased and then increased, 

with the minimum shedding rate occurring in the range of 340~360 r·min-1. Similarly, grain shedding decreased 

and then increased with an increase in pressing wheel speed, with the minimum rate observed between 75 

and 85 r·min-1. Furthermore, as the distance between the pressing wheel and the peeling roller increased, 

grain shedding decreased and then increased, with the minimum shedding rate occurring within the interval of 

35~39 mm. In summary, the optimum peeling rate for corn cobs with high moisture content was achieved when 

the peeling roller speed was between 340 and 360 r·min-1, the pressing wheel speed was between 75 and 85 

r·min-1, and the distance between the pressing wheel and the peeling roller was between 35 and 39 mm, 

simultaneously minimizing the grain shedding rate. 

 
Fig. 10 – Effect of factor interactions on bract peeling rate 
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Fig. 11 – Effect of factor interactions on grain shedding rate 

 

Validation test 

Using the optimization module of Design-Expert 13 software, the quadratic regression models for Y1 and 

Y2 are optimized and solved, with the objective function and constraints defined as follows: 

 

{
 
 

 
 

𝑚𝑎𝑥𝑌1
𝑚𝑖𝑛𝑌2

300𝑟 · 𝑚𝑖𝑛−1 ≤ 𝑋1 ≤ 400𝑟 · 𝑚𝑖𝑛
−1

60𝑟 · 𝑚𝑖𝑛−1 ≤ 𝑋2 ≤ 80𝑟 · 𝑚𝑖𝑛
−1

35𝑚𝑚 ≤ 𝑋3 ≤ 45𝑚𝑚 }
 
 

 
 

  (18) 

 

It led to the identification of the optimal parameter combination: peeling roller speed of 353.2 r·min-1, 

pressing wheel speed of 81.42 r·min-1, and a distance of 37.16 mm between the pressing wheel and the peeling 

roller. The bract peeling rate and grain shedding rate were found to be 95.67% and 1.45%, respectively. 

The optimized test conditions were adjusted as follows: peeling roller speed of 353 r·min-1, pressing 

wheel speed of 80 r·min-1, and a distance between the pressing wheel and the peeling roller of 37 mm. To 

validate these conditions. Three repetitions were performed, resulting in an average bract peeling rate of 93.33% 

and an average grain shedding rate of 1.56%. These results, as presented in Table 5, fulfil the machine design 

specifications. 

Table 5 

Test validation results 

Test number 

Bract’s 

peeling 

rate 

Grain 

shedding 

rate 

1 95% 1.55% 

2 90% 1.59% 

3 95% 1.54% 

Average value 93.33% 1.56% 

 

 

CONCLUSIONS 

(1) A peeling device was designed to remove the skin through friction, following the initial scratching 

of the surface of the cob bracts. Additionally, the design of the scratching mechanism ensured that the surface 

of the cob bracts was scratched to a specific depth without damaging the seeds. The semi-circular guide rail 

was incorporated to position the corn cob vertically as it entered the peeling device.  

(2) A peeling test platform, comprising a high-speed camera and the peeling device, was established 

to investigate the cob peeling process and verify that the peeling rollers can effectively grip the bracts at the 

points where the surface was scratched. 

(3) Using Design-Expert 13 software to process the experimental data, the optimal parameter 

combination for the peeling device was identified as follows: peeling roller speed of 353.2 r·min-1, pressing 

wheel speed of 81.42 r·min-1, and a distance of 37.16 mm between the pressing wheel and the peeling roller. 

Under these conditions, the bract peeling rate was 95.67%, while the grain shedding rate was 1.45%. In the 

verification test, the bract peeling rate was 93.33%, the grain shedding rate was 1.56%, and the device met 

the design requirements. 
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