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Abstract- Z-printed moulds for metal casting and FDM modelling  are categorically defined as rapid casting and prototyping 
additive manufacturing systems respectively. Both the 3D Z-Printer and FDM are usually considered for pattern 
manufacturing for mould making and general model demonstrations during product designing phase. But the quality of 
finished parts made from both technologies may varied as they possess various ranges of surface finish, mechanical strength, 
dimensional precision and therefore having different manufacturing cost due to type of machine design and processing. In 
this study in-depth analysis of the process capabilities of both additive manufacturing systems and comparison in terms of 
dimensional accuracy and surface finish have been carried out using FDM TITAN and Z-310 Z-printed mould cast part. 
Laser Scanner and Surface Roughness Techniques have been utilized for computing the dimensional accuracy and surface 
finish. The results suggested that for better rapid prototyping for polymeric materials FDM system will be selected to meet 
the rapid prototyping quality needs on the bases of dimensional accuracy and surface finish for the application of silicon 
rubber  moulding  due to its temperature limitations. While for rapidly cast the metallic prototypes or functional parts for 
extra strength Z-Printer Technology is more feasible. 
 
 
I. INTRODUCTION 
 
Day to Day changes in customer demands necessitate 
variations in the product designs which are essential 
to sustain in the competitive market. For this, 
manufacturing firms must be competent enough to 
consummate prompt design modifications with 
necessary alterations in the process and equipment to 
reduce overall time and cost. The products acceptance 
factors for the market are time, flexibility quality and 
cost [1].  Advanced Rapid Manufacturing techniques 
in conjunction with rapid Prototyping technology is 
proven for enabling the rapid design and product 
modifications with marginal reduction in the re-
engineering, designing and production time and cost 
by providing functional and demonstrational 
prototypes  in shorter time  [2].  Currently, Rapid 
Prototyping (RP), Rapid Manufacturing (RM) in 
conjunction with the Rapid Tooling (RT) have now 
become necessary steps in the early product 
development phase [3] with about 30-50% reduction 
in development time and cost [4]. Rapid prototyping 
technology is based on two modes of manufacturing 
including Additive and Subtractive.  Selective Laser 
Sintering (SLS), Fused Deposition Modelling (FDM), 
Laminated Object Manufacturing (LOM), 3D 
Printing (3DP), Ink Jet Printing (IJP) and Stereo 
Lithography (SLA) are the most commonly applied 
Rapid Prototyping Technologies [1] by the 
manufacturers and researchers.  
 The FDM Titan is commonly used by the developers 
for generating patterns and prototypes [5] and it is 
reported to have an accuracy of upto ± 0.127 mm up 
to 5’in part size and upto ±0.0015mm per mm for 
parts bigger than 5’in [6].  It has been proved that 
maximum dimensional variation offered by FDM 
Titan is 3.2 mm with standard deviation of 0.47mm  

[5]. While surface finish found to be 475 µin on the 
uppermost plane, 425 µin on the sides and about 575 
µin on the lower plane.  3D Printing technology is a 
modified  2D Inkjet printing technology in which 
.STL CAD model is printed to a 3D prototype or 
functional mould  by depositing layers of powder by 
the rollers in the build chamber. The 3D printed part 
or mould is further processed by infiltrant z-bond for 
strengthening and dehydrated to remove moisture for 
direct metal Z-casting [7, 8]. Z-Printer Z-310 is 
utilized in  this study for 3D printed mould part. It 
can print 3D part of dimensions upto 203  x  254  x  
203 mm with layer thickness of 0.89~0102 mm [9].  
The  critical and in-depth analysis of  RP product is 
necessary to  get  a product with  good dimensional 
tolerance and surface finish  that  are considered to be 
of vital importance in parts assembly [3] especially in 
machine tool design. Several researchers have 
discussed the issues in getting good surface finish 
from RP technology in different studies. According to 
the Ahn et al. (2009), for the surface finish, the layer 
thickness is found to be the most affecting parameter 
in the layered manufacturing process. Generally, it is 
known that  thin layer gives good surface finish, but 
Ahn et al. (2009) demonstrated that layer thickness is 
not the only parameter to control but  orientation  of 
parts geometry. Also, other factors that affect surface 
finish include part surface geometry, and layer 
fineness. For demonstrational purposes the surface 
finish is more critical than strength of prototype 
which can be achieved by intelligent selection of 
process, material and operational parameters. FDM is 
considered to be a good choice for RP, and to get 
better  surface finish  with the  principle parameters to 
control: Layer thinness and  layer composition. Layer 
composition and orientation effect has been 
investigated [1] in which it has been found that the 
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parallel deposition of the metallic  fibres  resulted in 
good surface finish and lower roughness then the side 
by side deposition method. The Dimensional 
accuracy of these RP technologies is considered to be 
a hurdle to use this technology as a primary 
production process [10].  In these RP technologies, 
the dimensional error is considerable and includes the 
presence of error sources rather than axes movement 
errors (Jurrens, 1999). Primary association between 
the dimensional accuracy and the surface roughness 
in the RP part has been discussed by Magrab (1997). 
Generally, the dimensional  accuracy of the clearance 
between the two mating faces should be at least 10 
times the mean value of surface roughness to have a 
good outlook of the RP product. Dimensional 
deviation of 0.06% and 0.3mm for z-axis Grimm 
(2003) and accuracy of ±0.127 mm Nooraini (2006) 
in the FDM part geometry have been reported in the 
literature. Different models of FDM has been 
investigated and tested for their accuracy and 
dimensional precision in the study [3] FDM Prodigy 
Plus equipment is found to have a lower accuracy  for 
the spherical geometry and the deviation varies 
between 0.1–0.2 µm  radial distances and provides 
better dimensional accuracy within the range of 
≥2mm in x, y-axes and ±0.3  mm in z-axis for all 
geometrical shapes. Optimization of the internal 
raster pattern and contour width values with thinning 
of the layer deposition and tuning of surface finish 
have been suggested [3] for getting best dimensional 
precision results for delicate geometries.  
Compensation for the error in dimensional accuracy 
of the FDM process by slice file adjustment  has been 
studied in the research [11] in which an error model 
has been developed by using 18 parametric including 
squareness errors in conjunction with the straightness 
errors. Optimization of the processing parameters for 
getting better dimensional precision and enhancing 
the process capabilities of FDM method have been 
investigated previously by incorporating the Taguchi 
Approach with the Grey Relational Analysis Method 
[4] and by implementing the 2D Hollowing 
Algorithm to reduce lead time that not much affecting 
the dimensional accuracy [11]. Also in our previous 
work, we have discussed the dimensional accuracy 
and the surface finish comparison between the FDM 
Titan and the Z-printer ceramic model by using Z450 
3D printer [12]. 
In this study, in-depth assessment of dimensional 
accuracy and surface finish has been done for the two 
RP technologies FDM and 3DP. FDM part and the 
3D Printed High temperature Resistant ceramic part 
[13] have been tested by utilizing the Laser Scanner 
and Surface Roughness Techniques for computing the 
dimensional accuracy and surface finish, and their 
results have been compared. 
 
II. EXPERIMENTAL METHODS 
The experiments included the designing and 
manufacture of the 3D model using both FDM and 

3D -Printer Z-310.  The model has been selected 
(Figure 1) on the  basis of involvement of all basic 
geometric features; including cylindrical, rectangular, 
square, fillets, thins and thick sections with different 
sizes to get an accurate results for each shape. The 
testing has been carried out in several phases and the 
methodology involves firstly, designing of the CAD 
model. Secondly, the manufacturing of that model by 
FDM using ABS at 2950C with chamber temperature 
of 80-850C and layer thickness of 0.128mm and by 
3D Z310 Z-printer using Ceramic powder with layer 
thickness of 0.12mm and then cured and bonded with 
infiltrant for strength. Thirdly, the measuring the 
dimensional accuracy and the surface finish by using 
Laser Scanning and Surface Roughness Techniques 
and finally the comparative analysis of the results. 
Comparative study of dimensional precisions of the 
prepared models from FDM and 3D print mould cast 
was carried out with the standard CAD model to get 
the standard deviation. Two techniques were utilized 
for the measuring the dimension first the 2D 
measurement by Touch Probe System (TBS) utilizing 
the FARO Platinum 7-axis arm Coordinate 
Measuring Machine (CMM) technique and second 
the 3D measurement by Laser Scanning by utilizing 
MATRISE model MOLDMAKER D100 Scanner. 
 

 
Figure 1. CAD Model for experiments. 

 
For 2-Dimensional measurements, using CMM 
method the planes were measured in the XY, YZ and 
the ZX axes. For laser scanning, the dimensional data 
has been measured by using the laser strip scanning 
technique using strip width of 100 mm, scanning at 
the frame rate 80strips/sec and scanning 1000 points 
per strip. GEOMAGIC software has been used to 
compare the scanned dimensional data with the 
standard CAD model dimensions by drawing normal 
projections at each point to the standard CAD model. 
The details  of the scanned results with their standard 
deviations from the standard CAD model dimensions 
have been illustrated in Tables 1- 7 and through 
drawings in Figures 2-7. 
 
III. RESULTS AND DISCUSSIONS 
 
3.1 3-Dimensional Data Comparison  
 Dimensional data of 300,000 points have been 
measured for analyzing the dimensional precision and 
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deviation from the standard dimensions for parts 
manufactured by each FDM and 3DP. The set point 
for the dimensional accuracy was kept as ±0.127 mm. 
Table 1 shows the average deviation of measured data 
with set point. This can be seen clearly that FDM Part 
is showing more average standard deviation 0.372 
mm than Z-Printer Part, which is 0.25 mm. 

 
Figure 2. Scanned dimensional profile of 3D printed mould cast 

Part 
 

Table 1. Dimensional Deviation of results for FDM and 3D 
printed mould cast Part. 

 
 
Table 2 and proceeded graph below are 
demonstrating the average deviation of dimensional 
data from standard CAD model dimensions. It has 
been observed that 38.06% of the total scanned points 
of FDM Part and about 47.51% of 3D printed mould 
cast part existed between the deviation range of 
±0.127 mm, can be taken as set point to validate the 
dimensional precision. 
 

 
Figure 3. Scanned dimensional profile of FDM Part 

 
Table 2. Illustrating minimum and maximum dimensional 

deviation in percentage at certain number of points 

 

 
Table 3. Illustrating the standard deviation in percentage at 

certain number of points. 
 

 
Figure 4. 3-D Deviation “FDM Part" 

 
Table 4. 3-Dimensional Deviation for FDM Part. 

 
 

 
Figure 5. 3D Deviation "Z-Printer Part" 
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Table 5. 3-Dimensional Deviation for "Z-Printed mould cast 
Part". 

 
 
3.2 Surface Quality 

 
 
3.2.1 FDM part 

 
Figure 6. Illustrating the coordinates of surface finish data of 

FDM part. 

Table 6. Surface finish results of FDM part. 

 
 
3.2.2 Z-Printer mould cast part 

 
Figure 7. Illustrating the coordinates of surface finish data of 

3DP mould cast part 
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Table 7. Surface finish of Z-printer Part. 

 
 

CONCLUSION 
 
In the above study the comparison of the dimensional 
precision and surface quality in terms of surface 
finish between the parts manufactured by using FDM 
TITAN and Z-Printer Z-310 mould has been carried 
out. The model drawing selected for comparison 
consists of all basic geometric features with different 
sizes to get a good idea about the accuracy of the 
results. It is to be mentioned here that as the 
manufacturing materials in the techniques used are 
different in nature (ABS polymer and High 
temperature Ceramic powder), which affects the part 
dimensional accuracy, so the FDM parts found to be 
better option due  properties of ABS and  to produce  
the functional parts with compromised  stability and 
surface finish. While for parts made by 3D printing 
has found to be having strength and dimensional 
stability required for product demonstration and 
functionality. Also 3D printed mould provides quick 
solution  for rapid casting of parts. Observations from 
above study are comprehended below:   
Dimensional Accuracy: FDM Manufactured Part  
1. Average Standard deviation is 0.372 mm and 

ranges from -0.160 mm to 0.305 mm.   
2. 38% of data is within desired range of ±0.127 mm.   
3. 50% of data is lying in (+)ve side of standard value 

(0.127~-0.272)   
4.86% of scanned data of FDM part is +2std from 

mean value 
Dimensional Accuracy: Z-Printed Mould Cast Part  
1. Average Standard deviation is 0.275 mm and 
ranges from -0.189 mm to 0.185 mm.   

2.  39% of data is within (–)ve size of standard value  
-1.272 ~ -0.127  
3.  43% of data is falling in desired range of ±0.127 
mm  
4.  82% of scanned data of Z-Print mould cast part is 
±1 std from mean value  
5.  Indicating the dimensional data closer to mean 
value. 
Surface Finish: FDM Manufactured Part  
1.  Average surface finish along tool path is 3.66 µm.  
2.  Average surface finish along the vertical direction 
of tool path in X, Y-axis in XY plane is 10~13 µm.  
3.  Average surface finish in build direction (z-axis) is 
16 µm.   
 Surface Finish: Z-Printed Mould Cast Part  
1.  Average surface finish along tool path or along the 
vertical direction of tool path in X, Y axis in XY 
plane is 9.5~9.8 µm.  
2.  Average surface finish in build direction (z-axis) is 
17.3 µm. 
The deviation in the FDM part in horizontal direction 
is due to thermal expansion of ABS. Surface finish of 
the FDM part is much relied on tool path. More 
dimensional variations are observed in Z-Axis. Poor 
surface roughness observed in horizontal axis 
perpendicular to tool path.  For the Z-print part the 
overall surface quality relied on the particle size of 
ceramic printing powder. In short, the FDM part 
indicated more deviation in overall dimensional data 
in comparison with  the component manufactured by 
using Z-Printer mould cast technique. 
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