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Abstract

In the industrial revolution 4.0, with the rapid development of modern science and technology,

technology has promoted and supported creativity in design. Building the model of the part to be reproduced

has many different methods, on the purpose of simplifying the research method and application, this paper

proposes a method that allows building a 3D model of the object. Details need to be reproduced quickly,

meeting practical requirements. At the same time, assisting in the teaching of teachers in improving the

modeling capacity of students.
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1. Introduction:

The Detail Modeling technique reproduces the object to satisfy the requirement to supply spare parts

for damaged or worn parts for which no technical data is available. This can happen if the spare part has no

drawings or the drawings are misplaced or lost. Refactoring parts using Regenerative Modeling techniques

can be a less expensive alternative to re-import, not only for immediate replacement but also for generating

more parts andmaintaining the product over time. long time. Surfacemodeling data is indispensable in many

fields of science and engineering. The design and manufacture of parts would not be possible without CAD

tools and product-specific predictive simulations. Reconstruction of point cloud data is usually performed by

scanning devices such as laser scanners. After scanning the sampled points are combined into a point cloud.

From there, the surface point data to be built is obtained (Pal et al., 2005).

Reconstructive modeling is the process of building a CAD geometric model from measurement data

performed by contact or non-contact scanning on an existing physical model.

2. Detailed Modeling

2.1. Detailed digitization

The first is to choose the scanning strategy, choose the correct scanning technique, prepare the scan

section, and perform the actual scan to capture information describing all the geometrical properties of the

scanned object such as steps, slots, pockets and hole. A three-dimensional scanner is used to scan the part

geometry, creating clouds of points that define the surface geometry. These scanning devices are available

as dedicated tools or as add-ons to existing computer numerical control (CNC) machine tools. There are two

different types of scanners, contact and non-contact.

Those digitizers are laser scanners and white or blue light scanners. The 3D scanner can measure

objects from near to far up to 35m for Lazer scanner thanks to the robotic arm.

2.2. Processing of digitized data of details

The data digitization process is carried out according to the following steps:

Step 1: Enter the scan data into the processing software
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Step 2: Partition and align scan data

Step 3: Edit the point cloud data

Step 4: Create the part's 3D CAD object

Step 5: Check the modeling results

2.3. Applying rapid prototyping technology to 3D printing for details

- Choosing the right printing technology and printing materials

- Adjust the desired size need to calculate the shrinkage of the material used in printing

- The model after printing is checked and evaluated for accuracy.

2.4. For example:

Building a 3D CAD model of a screw rotor pair in an air compressor replaces the model created by

complex mathematical equations. The 3D model of the screw rotor pair is checked and evaluated with point

cloud data from the scanner to meet the manufacturing error requirement of the rotor pair. In addition, the

3D CAD model of the screw rotor pair is printed on a three-axis 3D printer and the error is evaluated after

printing. [10]

Several research methods have been presented to improve the profile shaping of rotors. In particular,

Zaytsev and Infante Ferreira [6] proposed a method for shaping the rotor profile from a matching line

consisting of a straight line and an arc. Wu and Fong [7] built a mathematical model of the rotor profile based

on a cubic-splineworking path driven by the displacement of segments using a quadratic equation to improve

the compressor efficiency. . Previously, Chen [3] invented a screw compressor with a rotor with a profile that

increases the efficiency of the compressor and reduces the loss during the working and matching of the

rotors. Stosic et al. [8] present a design for a high efficiency air compressor with a new rotor profile. Recently,

Wu et al. [9] presented a 3D finite element method that allows to calculate the compressor load by

integrating the force and torque at each node in the rotor elements.

Oil-injected screw compressors are typically used for air compression or refrigeration and are oil-

lubricated. The screw rotor pair in an air compressor is the most important detail that determines the

efficiency of the machine. Building a 3D CAD model of a screw rotor pair from a mathematical equation is

often difficult and time consuming. Therefore, this paper proposes a method that allows building a 3D CAD

model of the screw rotor based on detailed modeling. The error of the 3D model of the construction screw

rotor is checked and evaluated with the scan point data. The 3D model of the screw rotor is printed out on

the printer to prove the construction screw rotor model is correct.

2.4.1. Rotor pair digitization

To digitize the rotor pair is to choose the scanning strategy, choose the correct scanning technique,

prepare the scan part, and perform the actual scan to capture the information describing all the geometrical

properties of the scanned object such as steps, slots, pocket and hole. A three-dimensional scanner is used

to scan the part geometry, creating clouds of points that define the surface geometry. These scanning devices

are available as dedicated tools or as add-ons to existing computer numerical control (CNC) machine tools.

There are two different types of scanners, contact and non-contact. In this paper the non-contact

measurement method is used. It is a method of using laser or other optical rays to measure or take pictures

of the surface of the object to be measured (scanned) then the data is processed and completed by

professional image processing software. Those digitizers are laser scanners and white or blue light scanners.

The 3D scanner can measure objects from near to far up to 35m for Lazer scanner thanks to the robotic arm.

2.4.2. Processing of rotor pair digitization data

Step 1: Enter the scan data into the processing software

In this study, the Geomagic Design X software selected for analysis is redesigning the sample, the given
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physical model through digitizing the sample surface by 3D Scan equipment, and building a 3D digitized data

model. The software also allows to quickly and accurately design designs with high geometric complexity, or

free-form surface patterns (no shaping rules are determined). Import a scannedmesh as a target datamodel

into the application software.

Step 2: Partition and align scan data

This step performs segmentation of the feature regions of the scan data and easily arranges the scan

data into a design coordinate system using information about the object's scan data properties.

(a) Active shaft (b) Passive shaft

Figure 1 – Align scan data

Step 3: Edit the point cloud data:

During the scanning process, scanning errors due to equipment and interference will occur. Therefore,

before building the point cloud datamodel, it is necessary to adjust and correct the mesh to filter and remove

the noise points and create free surfaces.

(a) Active shaft (b) Passive shaft

Figure 2 – Align grid data.

Step 4: Create a 3D CAD object of the rotor pair:

From the corrected point cloud data after scanning, the 3D CADmodel of the rotor pair was built using

tools on Geomagic Design X software.

(a) Active shaft (b) Passive shaft

Figure 3 – 3D CAD model of screw rotor pa

Step 5: Check the modeling results

The 3D CADmodel is compared with the point cloud data. The resulting error between the twomodels

is within the allowable limit of the rotor shaft design requirements.
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(a) Active shaft
(b) Passive shaft

Figure 4 – Test results evaluation

Figure 5 – Design drawings

2.4.3. Application of rapid prototyping technology for 3D printing of rotor pairs

In this example PLA (Polylactic Acid) filament is selected to print the rotor pair. This plastic is used a lot

in 3D printers because it is low cost, easy to buy in the market and can be used for many different purposes.

PLA plasticmelts at a temperature range of 180°C to 220°C. Because of the relatively large product size (active 

rotor diameter 90mm, passive rotor 70mm), in order to savematerials, the product is scaled 1:5 (active rotor

diameter printed 18mm, rotor damaged). printmotion 14mm). Because the product will shrink after printing,

to achieve the desired size, it is necessary to base on the shrinkage of PLA to determine the printed rotor size

according to the formula: ( ). 1in sp rD D s= +

Where, Din is the detailed size before printing, Dsp is detail size after print shrinkage, sr is the shrinkage

coefficient (%), with PLA we have the shrinkage coefficient:

sr = 0.3% - 0.7%. Choose shrinkage coefficient sr = 0.5%. We have detailed pre-printed dimensions of

the active rotor

1

2

18.(1 0,05) 18,09

14.(1 0,05) 14,07

in

in

D mm

D mm

= + =

= + =

Figure 6 – Setting printing parameters Figure 7 – Generating G-Code for 3D printers
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Print products on a three-axis printer

Since the start of the torsion rotor shaft has no fulcrum, a supporting material is required to print. The

contact area of the axis with the printing table is small, so when printing, it is easy to be thrown off the

printing table, so a support material is required.

The model after printing was checked with a caliper measuring the active rotor diameter

Ddo1 = 18.02mm, the passive rotor measured

Ddo2 = 14.01mm.

So the size of the rotor pair after printing is approximately the original required size.

The research, design and manufacture of screw pairs in air compressors requires meticulous and

precise research to meet the accuracy of machining and the working performance of the air compressor.

With traditional calculation methods, it is very difficult and often impossible to do. Applying object modeling

in design is an effective technical solution to help designers and manufacturers quickly create high-precision

designs, which is a suitable choice for developing countries. development is slow, science and technology are

still limited and weak. Therefore, it is necessary to study the application of modeling in design because of its

great effectiveness.

Conclude

The article presents a simple and effective method for detailed reproduction of objects, thereby

showing that the application of object reconstruction modeling in design is an effective technical solution to

help For designers, production can quickly create high-precision designs, which is a suitable choice for

countries with limited scientific and technical background. Moreover, object reconstruction modeling will

support very effectively in training students of technical schools to develop spatial thinking, creative thinking,

ability to approach reality quickly, meet meet job requirements in the 4.0 era.
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