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Abstract 
The directional sorting of prawns has always been one of the difficulties in realizing the 
automatic shelling of prawns by mechanical equipment. To solve this problem, a new 
type of directional sorting device for prawns is designed in this paper. The directional 
sorting device is composed of the feeding port, the directional roller shaft group, the 
auxiliary directional device and the spray system. The design of the key components of 
the orientation device is studied according to the body shape characteristics of the 
prawn and the change of the position of the center of gravity of the prawn in different 
postures. The shrimp directional sorting device has a simple structure and convenient 
operation, and can use the body shape characteristics of the prawns to orient the prawns, 
effectively solving the problems of difficult directional sorting of the prawns and low 
efficiency of manual sorting. The research results can provide a technical basis for the 
product development of directional equipment in the continuous processing of shrimp. 
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1. Introduction 

At present, the processing method of shrimp in my country is still in the initial stage. The processing 
of shrimp is mainly manual processing or semi-automatic processing. Most of the shrimp products 
are primary processing and very little finishing. The labor intensity of workers is high, the processing 
efficiency is low, the processing quality is difficult to guarantee, and it is easy to cause sanitary 
pollution during the processing. Based on the above problems, my country's shrimp processing 
industry urgently needs advanced shrimp processing equipment to replace manual labor, and the 
realization of mechanical automatic directional sorting of shrimp has such important practical 
significance for the development of highly automated and multi-functional processing equipment[1]. 

2. Orientation Sorting Device 

The directional sorting of prawns is to lay the foundation for the subsequent steps of prawn back 
opening, prawn removal and shelling. The main work of this link is the head and tail orientation and 
ventral dorsal orientation of the shrimp. The directional sorting step is after the grading step. The 
shrimps that require directional sorting are of the same species and level, and the thickness and length 
of the shrimp bodies are almost the same. The size of the shrimps designed in this paper is 13~15CM. 
By measuring the friction factors at different positions of the shrimp body with nylon material, it can 
be known that the friction factors of the side and abdomen of the shrimp are quite different. Based on 
the body shape and friction characteristics of the shrimp, an orientation mechanism is designed to 
complete the shrimp. Orientation sorting Work[2]. 
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2.1 Structural Design of Directional Sorting Device 

The directional sorting device is mainly composed of a feeding hopper, a directional sorting roller 
shaft group, a gear transmission system, a water spray system, a surrounding baffle, an auxiliary 
directional system, and a frame. The directional sorting roller shaft group is composed of two different 
roller shafts. The directional sorting mechanism can determine how many sets of roller groups are 
installed in total according to the processing scene. In order to better orient the prawns, the directional 
sorting roller group is placed obliquely on the frame, and several rows of water spraying devices are 
installed above the roller group, and a jet auxiliary orienting device is installed below[3]. 

 

 
1. Feeding port; 2. Transmission gear; 3. Orientation auxiliary device; 4. Bottom plate; 

5. Orientation roller I; 6. Orientation roller II; 7. Spray device; 

Figure 1. Orientation Sorting Device 

2.1.1 Design of Orientation Sorting Roller Group 

The most important thing in the directional sorting mechanism is the design of the directional sorting 
roller set. The working principle of the roller set is based on the different friction factors between the 
side and abdomen of the shrimp body and the nylon material, plus the analysis of the physical and 
mechanical properties of the shrimp. By changing the adjacent gap between the two rollers in the 
roller group and designing the ridges and grooves on the rollers to complete the directional sorting of 
the prawns, the material of the rollers is nylon[4]. 

The directional sorting roller set is composed of a pair of nylon rollers, which are obliquely placed 
on the frame. The directional sorting roller group is divided into 3 sections in the axial direction. The 
diameters of the 3-stage roll shafts are different. They are designed to be 100, 90, and 100 (101) mm 
according to the size of the processed shrimp. The diameter of the two corresponding cross-sections 
in the other roller groups is the same except that the diameter of the section is 1mm larger than that 
of the left orienting roller shaft. In order to make the prawns slide smoothly on the roller shaft, 
transition slopes are provided at the intersection of each shaft section, and a wedge-shaped gap is 
formed between the two roller shafts. The two directional rollers in the directional sorting roller set 
are placed in parallel with the gap in the middle to form a similar "V"-shaped groove. The gap between 
the two rollers can be adjusted according to the size of the prawn. The maximum between the two 
rollers The gap, that is, the gap between the second sections cannot be greater than the thickness of 
the first body section of the processed shrimp. When the shrimp is in the second section, the shrimp 
head is above the two axes, and the shrimp tail is suspended in the gap between the two axes, 
completing the head of the shrimp. Tail orientation, the device of this design is suitable for prawns 
with a thickness of 11~12mm. The first and second sections of the roller shaft are smooth surfaces, 
the third section of the left roller shaft and the third (b) section of the right roller shaft are provided 
with grooves with a depth of 1mm, and there is a section in the third (a) section of the right orienting 
roller shaft. The ridges are 1mm in height, and the ridges are arrayed in a 330° range on the surface 
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of the roller shaft in a circular array, and the remaining 30° is a smooth surface. The function of the 
rib is to flip the prawn and adjust the force direction of the prawn so that it can achieve the expected 
posture output of the belly and dorsum up and the back down, and complete the belly and dorsal 
orientation. The directional sorting roller group first completes the orientation of the head and tail of 
the prawns, and then the orientation of the ventral dorsum, so that the prawns are output in an orderly 
manner with the head in front and the abdomen facing up. 

 

 
1. Paragraph 1; 2. Paragraph 2; 3. Paragraph 3(a); 4. Paragraph 3; 5. Paragraph 3(b) 

Figure 2. Orientation roller structure 

2.1.2 Analysis and Design of Auxiliary Orientation Device 

The auxiliary orientation device mainly acts on the transition link from the head and tail orientation 
of the prawns to the ventral dorsal orientation. When the prawns are in the second stage of the 
directional sorting roller shaft group, the posture is in a vertical state under the action of gravity, and 
the head is on the top and the tail is on the bottom. , but still needs to be transferred to the next stage 
to complete the ventral dorsal orientation. The roller shaft is provided with a transition slope from the 
second to the third stage, and the directional roller group forms a wedge-shaped transition gap. It has 
been rotating in the opposite direction, and the prawns have a slightly curled abdomen due to their 
physiological characteristics, and the rollers will clamp and drive the tail of the prawns upward, 
resulting in the wrong orientation of the prawns in the third stage, with the head at the back and the 
tail at the front. attitude, so add an auxiliary device to assist the roller to complete the head-to-tail 
orientation[5]. 

 

 
1. Guide baffle; 2. Roller; 3. Air jet pipe 

Figure 3. Three-dimensional view of the orientation assist device 

 

The purpose of the device is to avoid the upward movement of the tail of the prawn clamped by the 
roller shaft, so the jet type is used to assist the orientation, which is mainly composed of an air pump, 
an air pipe, a fixed pipe, and a guide baffle. The fixed tube faces the transition wedge-shaped surface 
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from the second to the third section of the roller shaft in an inclined posture, and the trachea is 
embedded inside, and the trachea jet air acts on the connecting part of the shrimp head and the body, 
so that the shrimp posture changes from a vertical posture to a shrimp head. The posture inclined 
downward, and then cooperate with the guide baffle to smoothly slide into the third stage with the 
head first. 

3. Analysis of the Principle of Shrimp or Ientation 

3.1 Analysis of the Mechanism of Head-to-tail Orientation 

The orientation of the head and tail of the prawn is completed in the second section of the directional 
sorting roller set. The gap between the second section of the roll set is smaller than the thickness of 
the first section of the head and abdomen of the prawn, and is thicker than the thickness of other 
bodies, so the prawn is head up. But the ventral dorsal is not oriented. In the second section of the 
directional roller set, the shaft diameter is the same and symmetrical and parallel, and the support 
force of the directional roller shaft on both sides of the shrimp is the same. Figure 4 shows the force 
analysis diagram of the prawn on the roller set. It can be seen from the figure that the prawn is 
subjected to gravity (G ), the support force of the guide baffle ( N ), the force of the trachea prawn 

(F ), the upward force on the prawn during the reversal process of the roller ( NF ), and the upward 

force of the prawn in the direction Frictional resistance ( f ) on the surface of the roller during down 
sliding . In the force analysis diagram, the center of gravity of the shrimp is O, and points A, B, and 
C are the action points of the guide baffle on the shrimp when the shrimp are in two groups of 
postures[6]. 

 

 

1. Counter roller; 2. Air jet pipe; 3. Guide baffle 

Figure 4. Schematic diagram of auxiliary orientation device 

 

As shown in Figure 5, when the shrimp slides to the third stage in the second stage of the roller group 
with the shrimp head up and the belly facing forward, the shrimp tail will first contact the guide baffle, 
at this time position I, the guide baffle The action point of the prawn is A, and the resultant moment 

of other forces at point A is: 
NA f F G FM M M M M    . In order to smoothly tilt the shrimp head 

forward to avoid orientation failure, the auxiliary device is required to assist the orientation of the air 

jet, and it is necessary to meet: 
NF f G FM M M M ＞ , and to control the maximum air flow of 

the air jet to prevent the shrimp from rushing out of the directional roller set due to excessive force . 
Among all the forces , only the force on the trachea F can be adjusted. By adjusting the force, the 

shrimp AM rotates clockwise around point A under the action of the resultant moment and slides 

down along the roller shaft in the posture of position II. When the prawn posture is in position II, the 
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head and chest of the prawn are already in the transition wedge-shaped gap between the shaft section 
of the directional roller and the roller shaft, and are in contact. At this time, the trachea is still the 
force generated by the uninterrupted air jet F and the vertical upward support generated by the 

transition wedge surface. Force the prawns to smoothly enter 1F the third section of the directional 

roller set with the head facing forward and backward. 

 

 

(a) Back in front and abdomen in back position (b) Abdomen in front and back in back position 

Figure 5. Analysis of the change in the orientation and attitude of the head and tail of the shrimp 

3.2 Analysis of the Mechanism of Ventral Dorsal Orientation 

After completing the head and tail orientation link of the prawns in the second stage, the prawns 
smoothly enter the third stage of the directional roller group, and the prawns have two postures with 
different ventral and dorsal orientations, and the prawn body and the roller axis are parallel. As shown 
in the figure, when the prawn is facing down on its belly or its back, it interacts with the convex rib 
of the right orienting roller at the third stage of the orienting roller group, which will cause a change 
in attitude. The change in attitude and its corresponding force analysis are simplified diagrams. . In 
the figure, the cross section of the prawn is simplified to an ellipse, the abdomen of the prawn is a 
narrow section, O is the center of gravity of the prawn is located on the central axis of the prawn close 
to the back of the prawn, and the groove of the left directional roller only increases the friction force 
and can be ignored , There are 1mm high ridges within 330° of the circumference of the right 
orientation roller. The posture of the prawns is continuously adjusted on the orienting roller, A, B, C, 
D, E, and F are the action points of the prawn and the orienting roller at different positions. The 
prawns are subjected to the friction force of the product on the surface of the oriented rollers f , the 
symmetrical support reaction force generated by the two rollers to the prawns N , the vertical force 
of the prawns perpendicular to the rollers G , and the acting force of the ridges . F Adjust the 
posture of the prawn so that it is finally output with its head forward and its back facing down[7]. 

As shown in Figure 6, when the prawns are facing down in the orientation roller group, it is the 
position I, and the resultant moment of each acting force to the center of gravity O is: 

O f F G NM M M M M    . Since the directional rollers are placed in parallel, the support reaction 

force N and frictional force on both sides of the shrimp body by the two rollers are f symmetrical 
in the plane of the center of gravity of the shrimp, and the component force G of gravity exceeds the 
center of gravity, so the resultant moment of these three forces to the center of gravity is 0, so it is 
ignored. In addition, there is only the force of the convex edge on the shrimp body. The resultant F
moment of the entire center of gravity is actually the force F . Under the action of this force, it 
rotates counterclockwise around the center of gravity O. F During the rotation of the roller shaft, it 
will drive the entire shrimp body to move to the upper left, and the highest position of the movement 
is position II. At this time, the resultant moment at the action point C when the shrimp contacts the 

left directional shaft is: C f G NM M M M   . The friction force f and support reaction force of 

the N left directional axis on the shrimp pass through the action point C, so the resultant moment is 
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0, so the resultant moment at point C at position II is actually equal to the moment of the gravitational 
component force G on point C. Under the action of the resultant moment, the shrimp Rotate it 
counterclockwise around point C, and finally slide it into the gap between the orientation rollers. At 
this time, the prawn is in a back-down posture and remains unchanged. 

As shown in the figure, when the prawns are facing upwards on the directional roller group, it is the 
position I. At this time, the force of the prawns is the same as when the prawns are facing downwards. 
Similarly, it can be analyzed that the prawns are from position I to position II. However, due to the 
different orientation of the back of the prawn, the center of gravity is different in the position point. 
When the prawn moves up to the position II, the focus is on the higher place, so the prawn will turn 
over, and the posture after turning is shown in the figure. shown in position III. Although the postures 
of the prawns at positions Ⅰ, Ⅱ and Ⅲ are different, their force components are the same. 

 

 

(a) Back down, belly up pose (b) Belly down, back up pose 

Figure 6. The orientation change and force analysis of the ventral and dorsal prawns 

4. Conclusion 

The entire body of the prawn is long and cylindrical, with flat sides on both sides of the body, and its 
body size decreases from the head to the tail of the shrimp. Based on the body shape characteristics 
of prawns and the different positions of the center of gravity of prawns in different postures, a 
directional sorting device for prawns was designed. It is beneficial to the characteristics of the large 
head and small tail of the prawns to achieve the orientation of the head and the tail, and it is beneficial 
to the dorsal-ventral orientation caused by the natural bending of the prawns by shifting the center of 
gravity to the back. An orienting aid was designed to improve the success rate of directional sorting 
of shrimp. By analyzing the force of the prawns on the directional roller, the principles of the prawn 
head and tail orientation and the ventral dorsal orientation were deeply analyzed, and it was verified 
that the directional roller can realize the directional sorting of the prawns at the theoretical level. 
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