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Abstract 

Mechanical equipment sorted by fruit weight plays an important role in the rural 
agricultural economic development market. According to the weight characteristics of 
the fruit, the key components of the automatic fruit weight sorting machine is designed, 
including the feeding module, the discharging module, the weighing module and the 
gripping mechanism module. The fruit is transported forward through the feed conveyor 
module to the weigh module for weighing. The weighing module converts the weight 
information of the fruit into an electrical signal and sends it to the control system to 
analyze and process the electrical signal information. Finally, the control system drives 
the gripping mechanism module to complete the fruit sorting by weight. 
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1. INTRODUCTION 

China is the world's largest producer of fruit and fruit production in the world, accounting 
for about a quarter of the world[1].In recent years, with the development of agricultural science 
and technology and the improvement of people's living and consumption levels, more and more 
varieties of fruits are sold in the market. People have higher requirements for the quality of 
fruits [2].In order to improve the processing quality and grade of fruit, it is necessary to strictly 
sort the fruits according to their weight. 

At present, there are very few enterprises in China's advanced fruit sorting equipment. 
Enterprises with large production lines only classify the quality and size, and the equipment is 
relatively backward [3].Therefore, most of the fruits sold on the market rely on mechanical and 
manual methods to achieve classification. The main disadvantages of manual grading are high 
labor intensity, low production efficiency and unstable sorting accuracy. Fruit classification is 
difficult to achieve fast, accurate and non-destructive [4-5].So far, many scholars and 
researchers at home and abroad have made significant progress in this field. For example, based 
on the computer vision apple sorting system, the system can detect the size, shape and color of 
the apple by collecting data, so that the team apple can carry out high-speed accurate 
classification and improve the speed of sorting[6].Zhejiang University has developed a set of 
fruit quality intelligent real-time detection and grading production line. It is based on the 
machine vision system, sorting and grading according to the external characteristic information 
required by the national grading standards of different fruits, and achieving diversification of 
detection indicators, including fruit size, shape, color, fruit surface defects and the like. All tests 
are done once [7].However, the cost of these equipment is expensive, maintenance and repair 
are difficult, and it is difficult to promote. Foreign researchers use advanced technologies such 
as thermal infrared, nuclear magnetic resonance, and X-ray to detect fruit maturity and damage. 
Engineers can identify whether the core of the fruit has deteriorated and also calculate the 
degree of damage to the fruit by using X-rays[8].Japanese researchers use visible light and near-
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infrared to determine pear and apple maturity[9].Spain's Aleixos uses a multispectral camera 
to detect citrus. The image is run in parallel in two blocks, and the parameters detected by the 
vision system are size, color, and defect, which the detection speed is greater than 5/sec. The 
correct color recognition rate of citrus is 94%, and the correct rate of defect recognition for 
lemon and citrus is 93% and 94%, respectively [10]. 

Most of the existing fruit sorters are more complex in structure and mainly dominated by 
large production lines. Higher manufacturing costs and lower sorting efficiency make it difficult 
to promote. Fruit grading is still basically done manually, with large labor, low productivity, 
inconsistent grading standards, and unstable classification accuracy in China. Therefore, it is 
time to research and development of an efficient fruit automatic real-time grading system, 
which is easy to operate, suitable for small and medium enterprises and fruit producers to use 
the fruit weight sorter. This has important economic value and broad application prospects for 
china's fruit market. 

2. WORKING PRINCIPLE OF AUTOMATIC FRUIT WEIGHT SORTING 
MACHINE 

The fruit weight automatic sorting machine is composed of four parts: a feeding module, a 
discharging module, a weighing module and a grabbing mechanism module. The working 
principle is as follows: first, the fruit is placed on the belt conveyor in the feeding module and 
sent to the electronic scale in the weighing module. The electronic scale maintains 
uninterrupted communication with the control system to accurately record the weight of each 
fruit. The fruit in the grabbing mechanism module then places the fruit in the designated 
position of the discharge module according to the data recorded by the electronic scale, and 
finally classifies the weight of the fruit. The robot in the gripping mechanism module can realize 
the movement in the X, Y and Z directions, and the linear motion in the X and Y directions is 
realized by the ball screw sliding table module. The servo motor mounted on the guide rail is 
positioned by pulse, that is, each time a pulse is received, the motor rotates by a certain angle 
to achieve accurate positioning. 

3. KEY COMPONENT DESIGN 

According to the working principle of the automatic fruit weight sorting machine, the design 
of the lathe needs to meet the following application requirements: (1) It has the functions of 
automatic feeding and discharging of fruits that need to be classified; (2) It has an automatic 
fruit grabbing function; (3) It has a fruit weight measuring device. In order to meet the above 
functional requirements, key components such as feeding and discharging modules, weighing 
modules, and grabbing modules are designed. The schematic diagram of the designed automatic 
fruit weight sorting machine is as follows: 

3.1. Delivery and Discharge Module Design 

This design uses the belt drive as the transmission scheme of the transmission and discharge 
module transmission system. A belt drive is a mechanical transmission that uses a tensioned 
flexible strap to move or power on a pulley. It has the advantages of simple structure, stable 
transmission, buffering vibration absorption, power transmission at a small shaft spacing and 
multi-axis spacing, low cost, no lubrication, easy maintenance, etc. Therefore, it can be used to 
convey materials, finishing parts, etc., which meets the field working conditions of fruit 
classification dust and noise, the functional requirements of long-distance transmission of fruit 
production lines and the working environment requirements. Figure 2 is a schematic diagram 
of the belt drive system. 
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1-Feeding rack, 2-Robotic seat, 3-Geared motor, 4-Drive roller, 5-bracket, 6-conveyor, 7-Guide 
shaft bearing, 8, 13-Discharge conveyor, 9-Roller holder, 10-Three degree of freedom 

manipulator, 11-Electronic scale, 12-Feed conveyor, 14-Timing belt, 15-Pulley 

Fig 1. Schematic diagram of automatic fruit weight classification machine 

 

1-Geared motor, 2-Power output pulley, 3-Driven pulley, 4, 6-Drive roller, 5-conveyor 

Fig 2. Schematic diagram of the belt drive system 

3.2. Weighing Module Design 

The electronic scale used in the weighing module of this design is different from the ordinary 
electronic scale, which has the characteristics of high measuring precision, fast response of the 
weight sensor, good stability and convenient weighing. Fruit weighing results are directly 
digitally displayed, which not only facilitates long-distance transmission of signals, but also 
facilitates automatic production control. The electronic scale has its own signal processor, and 
the parallel processing of the sensor signal enables the universal electronic scale to 
communicate with the microcomputer in parallel, so that the microcomputer can detect the 
electronic scale transmission signal through the I/O port in real time, and obtain the quality 
information of the delivered fruit. According to the weight information, the grasping mechanism 
is controlled to transport the fruit to different discharge ports to achieve accurate classification 
of the weight of the fruit. 

3.3. Grab Module Design 

The grabbing mechanism is mainly composed of three parts: the executing agency, the driving 
mechanism and the control system. 

(1) Actuator: consists of the arm portion, the wrist, the cushioning, the positioning, and the 
running mechanism. 

(2) Drive mechanism: The air pressure is mixed with the motor-driven mechanism. Among 
them, the gripping mechanism is driven by air pressure in the Z-axis direction, and the X and Y-
axis directions are electrically driven. 
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(3) Control system: The DSP control system controls the motor and air pressure device of 
each degree of freedom of the robot to complete the specific action, and at the same time obtain 
the feedback information of the sensor to form a stable closed-loop control. 

 

16-Guide shaft bearing, 17-Y-axis linear guide support plate, 18-Linear Guides, 19, 25-Slider  
20-Fixed plate, 21-protection cap, 22-29-Origin sensor, 23, 24, 26, 28-Limit switch, 27, 30-

servo motor 

Fig 3. Schematic diagram of the grab module 

 

2.3.1 X, Y axis motion module design 

The XY two motion axes are driven by a servo motor to drive the screw pair. The screw 
rotation drives the slider to move, and the guiding mechanism acts as an auxiliary guide to 
complete the function of the XY axis motion module. The XY axis motion module requires high 
positioning and movement accuracy. Since the rolling screw and the rolling guide have the 
characteristics of small frictional resistance and high transmission efficiency, after pre-
tightening, high positioning accuracy and repeated positioning accuracy can be obtained, so the 
ball screw and the rolling guide are selected for the design. The XY axis motion module is mainly 
composed of two parts: a ball screw slide module and a servo motor. The following is the XY 
axis motion module design process. 

X-axis design process: 

Ball screw slide mold selection: 

The model selected for this design is the silver module KK6005C-500-S1. The schematic 
diagram of the mechanism is shown in the figure below. 

 

1-Oil nozzle, 2-Slider, 3-Oil scraper, 4-Ball screw, 5-Motor base, 6-track, 7-Stoppers, 8-Anti-
pressure film, 9-Tailstock 

Fig 4. Ball screw slide module structure diagram 
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Table 1. Module basic parameters 

Track 
length(mm) 

Module 
length(mm) 

Maximum 
stroke(mm) 

Maximum 
speed(mm/s) 

weight(kg) 

500 570 435 390 3.7 

 

Servo motor selection: 

The basic parameters required for the motor are as follows: load mass M=4kg; ball screw 
pitch P=5mm; ball screw diameter D=12mm; ball screw mass MB=1KG; ball screw friction 
coefficient μ=0.1;Since there is no reducer, G=1;Mechanical efficiency η=0.9; maximum 

translational speed of screw rod V=300mm/s; stroke L=435mm; travel time tS=1.4s; acceleration and 

deceleration time tA=0.2s. 

Ball screw inertia BJ : 
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Calculated by (1), 25 mg108.1   kJB . 

Load inertia WJ : 
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Calculated by (2), 25-1005.2 mkgJW  . 

Motor shaft load inertia LJ : 

LJ
25-1005.2 mkgJW  . 

Friction torque wT : 
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p

mgT                               (3) 

 

Calculated by (3), mNTw  31012.3 . 

Motor shaft load torque LT : 

 

wT
G

TL


                                  (4) 

 

Calculated by (4), mNTL  31047.3 . 

Motor speed n : 

 

p

60
n                                    (5) 

 

Calculated by (5), min/3600n r . 

Motor rotor inertia MJ : 
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30

L
M

J
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Calculated by (6), 27108.6 mkgJM   . 

Motor rated torque MT : 

 
LM TT  8.0                                 (7) 

 

Calculated by (7), mNTM  3103.4 . 

Through the above calculation, the X-axis motion module motor selection model is HF-KP13B, 
and its basic parameters are as follows: 

 

Table 2. Basic parameters of motor HF-KP13B 

Rated 
output(W) 

Rated 
torque(N.m) 

Rated 
speed(r/min) 

Maximum 
speed(r/min) 

Rated 
current(A) 

Inertia(kg.m2) weight(kg) 

100 0.32 3000 6000 0.8 0.088×10-4 0.56 

 

Y- axis motion module design process: 

Ball screw slide mold selection: 

The model selected in this design is the silver module KK8610C-640-A1. The schematic 
diagram of the mechanism is shown in Figure 4 above. The basic parameters are shown in Table 
3. 

Table 3. Module basic parameters 

Track 
length(mm) 

Module 
length(mm) 

Maximum 
stroke(mm) 

Maximum 
speed(mm/s) 

weight(kg) 

640 740 510 520 9.2 
 

Servo motor selection: 

The basic parameters required for the motor are as follows: load mass M=7kg; ball screw 
pitch P=10mm; ball screw diameter D=15mm; ball screw mass MB=1.5KG; ball screw friction 
coefficient μ=0.1;Since there is no reducer, G=1;Mechanical efficiency η=0.9; maximum 

translational speed of screw rod V=400mm/s; stroke L=510mm; travel time tS=1.4s; acceleration and 

deceleration time tA=0.2s. 

Calculated by (1),ball screw inertia 25 mg102.4   kJB ;Calculated by (2),load inertia
25-1097.5 mkgJW  ;Motor shaft load torque LJ 25-1097.5 mkgJW  ;Calculated by (3),friction 

torque mNTw  21009.1 ;Calculated by (4),motor shaft load torque mNTL  21021.1 Calculated by 

(5),motor speed min/4800n r ;Calculated by (6),motor rotor inertia 261099.1 mkgJM   ;Calculated 

by (7),motor rated torque mNTM  21051.1 . 

Through the above calculation, the Y-axis motion module motor also selects the model 
number HF-KP13B, and its basic parameters are as shown in table 2 above. 

2.3.2 Z-axis motion module design 

The Z-axis motion module is an important arm for the weight-harvesting machine of the fruit 
weight sorting machine, which enables precise picking and discharging of fruits. The working 
principle is as follows: the double-acting cylinder and the slider are connected to the fixed seat 
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assembly through the floating joint cylinder connecting member; the pneumatic finger cylinder 
and the slider are connected by a fixed seat. When the cylinder piston rod moves, the slider 
slides along the guide rail in the Z-axis direction, so that the pneumatic finger realizes the take-
up and discharge action. Figure 5 below is a schematic diagram of the Z-axis motion module. 

 

1-Pen cylinder, 2-guide, 3-Floating joint, 4-Fixed seat, 5-Pneumatic finger cylinder, 6-Jaws, 7-
Mounting plate, 8-Slider 

Fig 5. Schematic diagram of the Z-axis motion module 

4. CONCLUSION 

The designed automatic fruit weight sorting machine consists of a feeding conveyor, a 
discharge conveyor, an electronic scale and a three-degree-of-freedom manipulator. The feeding 
conveyor and the discharging conveyor are mainly composed of a conveyor frame, a conveyor 
belt, a geared motor, a timing belt, a synchronous belt pulley, a transmission roller, a drum fixing 
frame and the like. The feeding conveyor is mainly responsible for conveying the fruit smoothly 
to the electronic scale, and the discharging conveyor is mainly responsible for conveying the 
sorted fruit to each discharging port. The three-degree-of-freedom manipulator consists of 
three parts: the X, Y, and Z axis motion modules. The Z-axis motion module (grabbing arm) is 
mainly composed of a slider, a pen-type cylinder, a linear guide, a pneumatic finger cylinder, a 
clamping jaw, etc., and realizes a linear motion of the manipulator in the vertical direction. The 
robotic arm consisting of pneumatic fingers and jaws can perform the take-up and discharge 
operations. The X-axis motion module is mainly composed of a servo motor, a slider, a guide rail, 
a ball screw, etc., and realizes a reciprocating linear motion of the manipulator in the X-axis 
direction. The Y-axis motion module is mainly composed of a servo motor, a slider, a guide rail, 
a ball screw, etc., and realizes a reciprocating linear motion of the manipulator in the Y-axis 
direction. The three-degree-of-freedom robot is responsible for transporting the weighed fruit 
to the corresponding level of the discharge conveyor. The function of the electronic scale is to 
weigh the fruit conveyed by the feeding conveyor, convert the weight information of the fruit 
into electric signal and feed it back to the control system, and then further process the 
information through the control system, and control the manipulator to transfer the fruit clip to 
the discharge conveyor. 
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