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carr and they were attached to the side of the table frame through two L angle bars (item 12) 

on each side. One of the pulleys is connected to a step motor (item 11) which controls the travel 

distance of the wiper blade. During assembly, the parts should be assembled from bottom to 

top, the level and distance between the rails and T-slotted bars need to be checked to make sure 

proper movement of wiper and step motors.   

 

 

Figure 2.2. The exploded view of the powder-handling unit with an actual picture 

 
Table 2.1. The bill of material for the powder-handling unit  

Item No. Name Description Commons 

1 Table frame 

assembly  

T-slotted bars, L shape 

connectors 

The bars were cut to length 

at LSU machine shop 

2 First level plate 1/4” thick aluminum 

plate 

Cut to shape at LSU 

machine shop 

Table cont’d 
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Item No. Name Description Commons 

3 Dose powder 

platform 

1/2” thick aluminum 

block 

Felt need to be attached 

around the block 

4 Powder chamber 8”x4”x2” aluminum 

block 

Machined at LSU machine 

shop using CNC mill 

5 Second level 

platform 

1/4” thick aluminum 

plate 

Cut to shape at LSU 

machine shop 

6 Rail holder T-slotted bars Cut to length at LSU 

machine shop 

7 Rail slider  Purchased from McMaster-

carr 

8 Wiper blade holder 1/4” thick aluminum 

plate 

Holds the rubber blade (not 

shown) 

9 Wiper blade 

adaptor 

2”x2” aluminum L angle 

bar 

Machined at LSU machine 

shop 

10 Timing belt 

assembly 

Pulleys are included Purchased from McMaster-

carr 

11 Step motor Haydonkerk step motors Controls the wiper travel 

distance 

12 Pulley adaptor 4”x4” aluminum L angle 

bar 

Attach to the side of the 

table frame (item 1) 

13 Rail  Purchased from McMaster-

carr 

14 Build platform 1/2” thick aluminum 

block 

Felt need to be attached 

around the block 

15 Waste powder 

holder 

Aluminum square tube Welded at LSU machine 

shop 

16 Step motor with 

screws 

Haydonkerk step motors Controls the travel distance 

of dose and build platforms 

2.2.3 The design of processing chamber 

Table 2.2. The bill of material for the processing chamber assembly 

Item No. Name Description Commons 

1 powder-handling 

unit 

Self-designed with 

multiple components  

See section 2.2.2 

2 Frame of 

processing chamber 

16”x16”x20” The bottom is blocked by a 

14” diameter flange (not 

shown) 

3 Door of processing 

chamber 

16”x16”x0.5” The doors are sealed by 

rubber oring around the 

frame.  

4 Center ring Mates with ISO LF 

Large-Flange 

Purchased from MDC 

vacuum solutions 

5 Scan head ProSeries II Scan Head Purchased from General 

Scanning Solutions 

6 Collimator Diameter of 25 mm  Comes with IPG laser 

Table cont’d 
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Item No. Name Description Commons 

7 F-theta lens Focal length 347 mm Purchased from JENar 

8 Scan head adaptor 1/4” thick aluminum 

plate 

Attach the scan head and 

bottom flange 

9 Flange Custom welded Machined at LSU machine 

shop 

10 View Port Zero profile viewport Purchased from MDC 

vacuum solutions 

 
 

 

Figure 2.3. The exploded view of processing chamber assembly 

 
  The design of the processing chamber is based on the availability of an existing 

chamber donated to the team by LSU Chemistry Department. This chamber consists of five 

doors and a blocking flange at the bottom. All blocking flanges and view ports on the chamber 

doors are not shown in Figure 2.3. The ISO-KF standard for clamp connections (DIN 28404, 

ISO 1609) is the standard connection for vacuum pipes starting from the normal diameter 
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DN63. This ISO-KF standard clamp connections have been used for sealing the top of the 

vacuum chamber. Figure 2.3 shows the configuration of the sealing, which consists of a center 

ring (item 4), a view port (item 10) and a flange (item 9). Several bolts (not shown) are used to 

connect the above components to the top chamber wall and form a proper seal. The scan head 

assembly, which includes a collimator, a scan head and a F-theta lens, is mounted on top of the 

flange through an adaptor piece (item 8). For complicity, some other components are added to 

the processing chamber side walls, for instance, pressure gauges, gas inlet valves, vacuum 

valve etc. Some of these components are shown in Figure 2.4.  

 

Figure 2.4. The front and right-side views of the real 3D printer established by the author  

 
Before printing, the entire chamber needs to be cleaned thoroughly, especially when 

different powders are used from the previous printing. The wiper rails need to be lubricated 

using WD40 to ensure the wiper can operate smoothly during printing. The build platform 

needs to be adjusted to the same height as the powder chamber and the scan pattern needs to 

be adjusted on the desired position on the build platform using red guide laser. After that, the 

front door can be closed and tight sealed using bolts. The chamber will pull vacuum to under 

150 Pascal and protective gas, such as Ar and N2, will be filled back to the chamber through 

the gas inlet valve. During printing, the chamber should keep a little positive pressure to ensure 
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no air will enter the chamber. The printing condition can be viewed through the view port on 

the front door.  

2.3. Electrical connections 

 Figure 2.5 shows the electrical diagram of the customized 3D printer. Two interlock 

switches are set up to make sure the chamber door is closed and the laser safety glasses are 

worn before starting the laser. Remote switch key and remote start button are used to turn the 

laser to standby mode remotely. The laser power is controlled by a DC power supply with 

analog input 1-10 VDC which corresponding to 10-100% of the laser power with maximum 

200 W. On SMC board, the laser gate signal pin 8 of J18 connector can only provide 5V which 

is not enough to trigger the laser emission signal. Therefore, Pin 63 on auxiliary connector J13 

and a transducer are used to provide a higher voltage (12 V). The scan head is connected with 

SMC board through a DB-25 cable in order to receive the scan pattern signals. SMC board 

communicates with a personal laptop through an Ethernet cable. A USB cable is used to 

connect the computer and the Arduino board and the three step motors inside the processing 

chamber are controlled by 12-gauge wires through a chamber feed through connector. A 24 

VDC power unit provides power to scan head, SMC board and Arduino board. 
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Figure 2.5. The electrical diagrams of the customized 3D printer 



16 

 

2.4. Software applications and codes 

2.4.1 The software for step motor control and G-code 

 The step motors are controlled by an open source software called Universal Gcode 

Sender (version 1.0.9) which is downloaded from https://github.com/winder/Universal-G-

Code-Sender/releases. Its corresponding firmware called “GRBL” need to be installed to the 

Arduino Step Motor Controller board in order to let the software work properly. G-code is 

widely used in the computer-aided manufacturing field, such as CNC lathes and CNC mills. It 

can control varies motions using code which starts with G and followed by different numbers. 

However, for our application, only linear motion at constant speed is needed. As a result, our 

step motor codes are start with G61 and G01 which corresponding to Constant speed mode and 

linear motion. The feeding rate is specified by a code like F50 which means move 50 mm per 

minute. Then the moving distance for build platform and dose powder platform should be set 

respectively. “+” means go up and “–” means go down. Z is set up for wiper blade and “+” 

means go forward and “–” means back ward. The code is grouped into two function keys “C2” 

and “C3” in the software, the function key “C2” is to let the build platform go down 0.05 mm 

and raise the dose powder platform 0.15 mm, “C3” is to let the wiper blade go forward and 

back one time in order to lay down a new layer of powders. Figure 2.6 is a screen shot of the 

software which shows the G-code for achieve the functions mentioned above. In the Machine 

Control mode, we can manually control each axis to adjust the positions and it is very useful 

for setting up the machine before each printing. In the machine status field, the position of each 

axis can be tracked. A standard USB cable is used to send the commands from the computer to 

the step motor control board. 

https://github.com/winder/Universal-G-Code-Sender/releases
https://github.com/winder/Universal-G-Code-Sender/releases
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Figure 2.6. The Universal G-code Sender software interface 

 
2.4.2 The software application of ScanMaster Designer and Automation 

 ScanMaster Designer is the software that comes with the ScanMaster control board, 

which can draw the desired scan patterns with different scan parameters. Figure 2.7 is the 

interface of this software and it shows an example 2D drawing which includes 16 small square 

blocks that corresponding to 16 different scan speeds and this pattern can print out 16 small 

blocks for material characterization. By doing so, multiple parameters can be tested with one 

print. Not only the 2D drawings, this software can also handle more complicated 3D drawings. 

It can slice the drawing into multiple layers and each layer is scanned sequentially to form 

complicated 3D geometry. The green triangle is the “Strat” control button which will enable 

the scan head to scan the pattern and the laser will turn on at the same time. The “Trace” 

function will let the scan head to fast trace the scan pattern using the red guide laser, which can 

be used for checking the pattern position on the build platform before each printing. The laser 

scan speed and laser on/off timing parameters can be adjusted under “Laser Properties”. All 

the above functions are marked with the red boxes in Figure 2.7.  
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Figure 2.7. ScanMaster Designer software interface 

 
 The automation is achieved using an open source screen recording software called 

“tinytask145”. During printing, the ScanMaster Designer software and the step motor control 

software are placed side by side on the computer screen. After setting up the scan pattern, the 

screen recording software need to be started. Then manually press “C2” and “C3” function 

sequentially to make the build platform goes down and dose powder platform goes up, after 

that the wiper blade will lay down a new layer of powders on the build platform. The screen 

recording software will record these actions and repeat it for multiple times. The repeating time 

equals the total layer number.  

2.5. Thermal lensing and solutions 

 The first design of the processing chamber includes a gate valve (the item in the red 

box on Figure 2.8 (a)) which connects the scan head to the chamber top wall. The system was 

operating with no issues at beginning. However, after a few times of printing, the laser started 

to lose power after it turned on for a few seconds because we noticed that the metal powder 

cannot be totally melted. A laser beam checker (Figure 2.8 (d)) was purchased from Ophir-
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Spiricon Products in order to investigate this problem. The laser beam checker can split the 

laser beam into two parts: a very small portion of laser beam is directed to a Charge-coupled 

Device (CCD) camera which is to check the size of the laser spot; the rest of the laser is 

defocused and enters into a power meter in order to check the power of the beam. After running 

a few tests, an abnormal phenomenon was found as shown in Figure 2.8 (b) and Figure 2.8 (c). 

The laser spot was very small at about 60 µm when laser just started (Figure 2.8 (b)), however, 

after a few seconds, the laser spot size can go up to 600 µm (Figure 2.8 (c)) and shows a ring-

shaped geometry. After communicating with the specialist from the beam checker company, 

we find out this phenomenon is called “Thermal Lensing”.    

 

Figure 2.8. (a) Old design of outside chamber with gate valve (b) the laser spot shape when 

laser just on (c) the laser spot shape after laser is on for about 10 seconds (d) Beam checker 

from Ophir-Spiricon Products 

 
 After disassembly all the components on the laser path, finally I find out there are a lot 

of fine metal powders attached on the scan head mirrors. As a result, the reflectivity of the 

mirror decreased and some of the laser power is absorbed by the scan head mirrors which 

causes the coating on the mirror to deflect, and therefore the laser spot will have the shape in 

Figure 2.8 (c). It turned out that during printing, the metal powder dust can enter the scan head 

chamber through the fine screw which is used to attach the F-theta lens. Therefore, I replaced 

the gate valve with a view port which consist of a 2 mm thick 7056 glass and totally separated 

the scan head outside of the 3D printer processing chamber. The new design is already 
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introduced in section 2.2.3. It simplifies the operation procedure without close and open the 

gate valve during printing. However, this view port will decrease the laser power by about 10% 

due to the transmission efficiency. The beam checker test result matches the optical 

transmission curve shown in Figure 2.9 as point A which corresponding to the laser wavelength 

of 1070 nm. 

 

Figure 2.9. Typical optical transmission curve for 2 mm thick glass [27] 

 
2.6. Experiments performed using the custom designed 3D printer 

 During the process of developing this customized 3D printer, many laser processing 

related research projects have been conducted by many researchers in Louisiana which involve 

different areas. This section will briefly list some of the research projects that mainly conducted 

by other researchers to illustrate the capability of this customized 3D printer. Chapter 3 and 

Chapter 4 will mainly focus on the author’s own researches.   
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2.6.1 Laser surface engineering  

Figure 2.10 (a) shows the schematic drawing of the machine setup which was used for 

laser surface engineering studies. Continuous laser mode was used, and the scan strategy is 

shown in Figure 2.10 (b). 

 

Figure 2.10. (a) Schematic drawing of the custom laser system used for surface laser 

processing (b) laser pattern used for scanning the surface of the samples [28] 

 
Dr. Ali Hemmasian Ettefagh performed laser surface treatment on oxide dispersion 

strengthened (ODS) ferritic alloy sample surfaces which are prepared using Spark Plasma 

Sintering (SPS). The chemical composition of the sample is Fe-14Cr-2W-0.3Ti-xY2O3 (wt.%) 

and the x values  were  chosen with the amount of 0, 0.3, 0.6 and 0.9 to study the effect of the 

amount  of oxide  particles to the  final  results [29]. The laser surface treatment was conducted 

using the custom AM machine and different laser parameters were chosen with different laser 

powers, scan speeds and hatching spaces to achieve different power densities. In order to 

understand the mechanism of the reaction, surface characterizations including X-ray 

diffraction, Raman spectroscopy, and microhardness were performed. The corrosion 

performance was measured by a CHI 604C electrochemical workstation in 3.5 wt% NaCl water 

solution[28]. After testing, it’s found that the best sample was scanned using laser power 175 

W, scan speed 200mm/s and hatching space 0.025 mm with 0.3 Y2O3 (wt.%) content [28,29]. 

The corrosion resistance of the laser treated sample was 5 times higher than the bare sample in 



22 

 

a simulated marine condition and it was due to the formation of a protective coating on the 

surface. 

Laser treatment of titanium surface studies were performed by Dr. Congyuan Zeng et 

al. In collaboration with researchers in Center for Advanced Microstructures and Devices 

(CAMD), in-situ synchrotron X-ray diffraction testing revealed the high temperature reaction 

steps between pure titanium and ambient air under transient laser processing conditions. The 

cross section of these samples revealed the oxygen and nitrogen depth which lead to the 

estimation of high-temperature diffusion coefficients into the titanium substrate [30]. Some 

single-track scan was performed using the custom AM machine. 

Besides, the laser nitriding of titanium surfaces was also studied for biomedical 

applications. The pure titanium samples were scanned with different scan speeds and under 

different N2 concentrations using the same setup as shown in Figure 2.10 (a). For example, one 

sample was processed using a laser power of 175W and a spot size of 207 μm. Three different 

laser scanning speeds, 100, 400, and 1600 mm/s, were selected under a pure N2 environment 

and the samples were denoted as Ti-N100, Ti-N400 and Ti-N1600, respectively. To investigate 

the effects of N2 concentration on the formation of titanium nitride layers (with laser power 

175 W, scanning speed 400 mm/s), five N2 concentrations were chosen as 100, 75, 50, 20 and 

0 vol%, with the balance as Ar. The samples are named as, Ti-N75%, Ti-N50%, Ti-N20% and 

Ti-N0%, respectively [31]. The bio-compatibility evaluation was conducted using MLO-Y4 

cells and corrosion test was done using simulated body fluid (SBF). The images for all the 

samples and cell test are shown in Figure 2.11. This test was performed at the same time as the 

experiment that included in Chapter 3. A conclusion is made that the dense and thick titanium 

nitride dendritic layer can improve bio-compatibility and corrosion resistance within SBF.   
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Figure 2.11. (a) Image of the as-processed titanium samples. (b) cell test performed using 6-

well plate. (c) the cell morphology of each condition observed under SEM [31] 

 
2.6.2 Printing parameter development on new metal powders  

 For some new powders that made in a lab environment, the optimum printing 

parameters are usually unknown. Due to the small quantity of powders, the customized 3D 

printer is ideal for developing the printing parameters for these kinds of alloys. Figure 2.12 

shows some of the tested samples with different laser parameters using different materials. The 

substrate needs to use similar materials as the powder material in order to achieve better 

attachment. Each little block corresponding to a different scan speed which ranges from 100 

mm/s to 1600 mm/s. The blocks will be labeled and cut off from the substrate using wire EDM 

for some material characterization using SEM to investigate their printing quality. 

 

Figure 2.12. (a) commercial Cu-10Sn alloy powder (b) experimental Inconel 939 powder 

purchased from LPW (c) aluminum alloy powder made by ball milling (Tulane University)   

a b c

a b c


