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Figure 2.1 Subtractive manufacturing, where one builds a part by removing material from a block, versus additive 
manufacturing, where one builds the part layer upon layer with losses being comparable.
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Figure 2.2 Examples of early AM parts by Householder, Kodama, Herbertand Manriquez Frayreand Bourell. Courtesy of Ismail 
Fidan, Dave Bourell, and IS&T: The Society for Imaging Science and Technology
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 Figure 2.3 Example of SLM part, it can't be manufactured with other process due to its complex geometry.
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Figure 2.4 From left to right, the same part with less number of triangles, so, less resolution
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Figure 2.6 Laser focus on parts construction points according to sorting in dedicated programs

Figure 2.5 Slice of a part where it can be seen the scanning strategy. In the increased picture laser's tracks can be seen
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Figure 2.7 Transferring a small amount from the storage room via the mobile scanner to the printing room, showing the cohesion of the 
metal particles after the laser passes through each layer.
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Figure 2.8 process parameters that can be programmed and unalterable parameters



17 

 

Figure 2.9 Left part has a higher layer height and will be faster to print as there are less layers to produce, but the resolution of the 
right one will be better.
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Figure 2.10 SLS process flow chart with laser lines drawn side by side to form the layer.

Figure 2.11 Hatching distance has an important impact in the part's quality as in the build rate
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Figure 2.12 Diagram of SLS process, where it can be seen how the laser is melting the powder bed
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Figure 2.13 Illustration of the heat distribution from the laser to the targeted area nearby
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Figure 2.14  Different temperatures found in the same SLS printer for metal printing
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Figure 2.15 A device measuring the temperature of an SLS 3D metal printer to indicate the concentration of excess temperature 
in the print.
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Figure 2.16 Heating lamps are placed vertically directly above the print bed as a position to bring the metal to a temperature 
before melting.
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Figure 2.17 Measurement of the laser beam focus. It can be seen that the center of the beam is almost red, is where 
most intensity is applied. 

Figure 2.18 Characterization of the propagation of a Gaussian laser beam
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Figure 3.1 The shuttle, when printed horizontally, produces a large overhang that results in many supports being added to the 
part , When printed upright, the shuttle requires far fewer supports, but the layers of material may be more noticeable in the 
final 3D-pr
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Figure 3.2 Showing variation in sloping angles of an angle and the supports that can result in 
Meshmixer. When an overhang slopes at a greater angle from the base, supports will be minimal 
and even completely unnecessary
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Figure 3.3 Shows the results of adding supports to a part with gaps between the 
protrusions. These supports will be difficult to remove
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Figure 3.4 Part B is stronger than part A since the layers run across the longest length of part B
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Figure 3.5 Examples of objects with deep recesses
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Figure 3.6 Short bridges are possible without additional supports. With longer bridges, filament 
will droop across the span of the bridge
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Figure 3.7 Hollow parts can reduce material use
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Figure 3.8 The eight stages of the AM process
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Figure 3.9 Step by step block diagram with order for SLS 3D printer technology for metals
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Figure 3.10 Selective laser sintering (SLS) is an additive manufacturing
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Figure 3.11 The relationship between the printing and storage rooms is an inverse relationship
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Figure 3.12 linear precise movement of the laser scanner head
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Figure 3.13 Cleaning of finished printed parts buried in powder metal
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Figure 3.14 Example of what the part looks like before and after the final processing stage before use.

Figure 3.15 Example of several SLS printed metal parts ready for use.
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Figure 4.1 The so-called private sector that was used instead of aluminum sheets and it forms the interior and exterior parts and this is one of the pieces 
that were used in the interior part
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Figure 4.2 This wall forms the inner layer and forms the outer layer, and the middle is filled with heat-resistant wool . 
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Figure 4.3 An insulating wall isolates the thermal file, the printing bed and the storage so that heat is not transferred directly to the powder.
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Figure 4.4Angle to fix the wall, the first in a vertical position and the second in a horizontal position

Figure 4.5 90 degree angle shape used instead of extruded aluminum columns
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Figure 4.7 Wall shape with inner space filled with heat-resistant insulating wool
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Figure 4.8 Fixing two walls with a base made of aluminum, private sector, and a 90-degree angle

Figure 4.9 From another angle, the shape of the two walls and the base attached to each other to form the printer. 
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Figure 4.11 One of the corners of the ceiling with two outlets for installing fans of the cooling system for the electronic sector

Figure 4.12 The middle area in the ceiling above the electronic sector room with fan outlets for the electronic sector cooling 
system.
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Figure 4.13 General illustration of the printer assembled together. What is mentioned in the table explaining the number of sectors used inside and 
outside the printer
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Figure 4.14 Private sector aluminum used in the project instead of aluminum sheets with an 
explanation of the vacuum gauge and aluminum thickness
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Figure 4.15 Use of special aluminum cutouts in the construction of the printing room and the warehouse

Figure 4.16 Use of private sector aluminum to build an insulating wall between the hot file and the printing 
chambers and the store to avoid direct heat reaching the printing bed.
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Figure 4.17 Illustration of the 90 degree angle aluminum used instead of extruded aluminum columns, 
with an explanation of the size of this aluminum
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Figure 4.18 example of using aluminum at a 90 degree angle in a place to raise the printing rooms 
and the warehouse, after it was cut with a saw and its edges were smoothed 

Figure 4.19 Example of using aluminum at a 90 degree angle at the laser descent area from the 
upper electronics chamber to the heated printing chamber .
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Figure 4.20 example of ball screw explaining its shape and the mechanism by which it 
works
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Figure 4.22 Ball screw columns used for transferring the printing room and warehouse, 50cm long and 8mm diameter, responsible for vertical 
movement up and down . 

Figure 4.21 The 30cm long, 8mm diameter ball screw shaft is used horizontally to move the scanner on the X axis to transfer the powder from 
the storage room to the printing room 
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Figure 4.23 The vertical movement path in the printing room and the storage room is the Y-axis movement 
and the horizontal movement path of the scanner to transfer the powder in the X-axis.

Figure 4.24 Components of the circular ring that allows three upward and 
downward movement are connected to the conveyor shaft.
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Figure 4.25 A rotating ring used to fix columns, with two nuts fixed at the ends of the ring to secure it to the column.



83 

 Figure 4.26 example for Straight gear and how does it stuck in each other to convert move from vertical to 
horizontal or the opposite
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Figure 4.27 Converting the vertical movement on the Y axis to the horizontal movement on the Z axis in the scanner that transfers 
the powder to the printing medium.

Figure 4.28 Door lock to be able to close the door during the printing 
phase
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Figure 4.29 Upper door hinge for electronic parts room

Figure 4.30 Main door hinge of the printer to access the print bed
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Figure 4.31 Rivets were the basis for attaching aluminum .

Figure 4.32 Bolts and nuts to attach and secure the rest of the parts to the printer .
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Figure 4.33  The thermal file that heats the printer to bring the powder temperature to 150 degrees
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Figure 4.34 Thermal file installed inside the printer behind the insulation wall, one meter long, from the local market

Figure 4.35 Lamp heaters are mounted directly above the print bed to heat the metal powder to a pre-melting temperature.
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Figure 4.36 Through live experimentation, it is clear how much insulating wool can withstand temperatures, even if they are 
direct.
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Figure 4.37 Heat resistant wool between the inner and outer wall and between the printer and the electronic parts room to 
protect from the heat of the printer

Figure 4.38 Heat resistant wool or fabric with a tolerance of more than 1000 degrees Celsius and withstanding 
direct fire
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Figure 4.39 Heat-resistant Teflon material to prevent heat transfer from inside to outside through the printer's aluminum frame.



92 

 

 

Figure 4.40 Example of where to place the heat-resistant insulating material between the inner and outer 
walls of the printer.

Figure 4.41 Heat Contractor Insulation Tape with Tape Size and Thickness
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Figure 4.42 laser diode with a power of 12v and 40w and an optical power of no more than 5w
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Figure 4.43 Example of the amount of laser beam emitted from a laser diode for drawing on parts
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Figure 4.44 Plano-convex lens D30.4 F50 C6 E1.7
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Figure 4.45 The convex lens used in the project to reduce the diameter and size of the laser to the required size of 0.2 
mm .
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Figure 4.46 Explain the distance of the galvano scanner's access angle by reversing the rituals .
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Figure 4.47 Laser transmission through galvano scanner between 
the X and Y axes of the printer
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Figure 4.48 The type of motor used in the galvano scanner is the servo motor, which is capable of moving in a 
precise motion in micro units.
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Figure 4.49 The galvano and servo motor that represent the X and Y axis of the printer .
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Figure 4.50 information about three types of drivers available for galvanometer scanners
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Figure 4.51 The Differences in control system for P and IP
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  Figure 4.52 Galvanometer controller diagram for temperature exceeding 70°C
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Figure 4.53 SKR V1.4 Turbo
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Figure 4.54 writing diagram
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Figure 4.55 MEANWELL LRS-350
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Figure 4.56 Nema 17 stepper motor with some details
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Figure 4.57 S81 RTD Temperature Sensors l Components and Installation
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Figure 4.58 S81 RTD Temperature Sensors l Full size probe without attached wire



116 

Figure 4.59 zoom in on the magnetic of Reed switch
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Figure 4.60 The cooling system is located above the ceiling of the electric room in the printer.



119 

Figure 4.61 modeling using one of the CAD programs
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Figure 4.62 design by using the solid work program
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Figure 4.63 Create an STL file for the part after designing it, defining the part's features, details, and initial monitoring .
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Figure 4.64 Arrange ready-to-print shapes in the arrangement programs for SLS 3D metal Printer
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https://www.diyelectronics.co.za/store/stepper-motor-drivers/1483-tmc2100-ultraquiet-stepper-motor-driver.html
https://www.diyelectronics.co.za/store/drivers/2087-tmc2130-v11-stepper-driver.html
https://www.diyelectronics.co.za/store/stepper-motor-drivers/90-a4988-stepper-motor-driver-module.html
https://www.diyelectronics.co.za/store/stepper-motor-drivers/518-drv8825-stepper-motor-driver-module.html
https://www.diyelectronics.co.za/store/limit-switches-probes/2022-bltouch-smart-v31-auto-bed-levelling-sensor-2019-edition.html
https://www.diyelectronics.co.za/store/home/2788-mks-tft28-colour-display-control-panel.html
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