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Abstract: 

Additive manufacturing Three-dimensional printing or Additive manufacturing is a novel production methodology for producing 

patient-specific models, medical aids, tools, and implants. However, the major mechanical implementation of this technology is 

infinite. In this study, we are focused on the precision of moving component of the machine mainly the heaviest moving part i.e. the 

printing bed or print surface to determine the optimal acceleration and deceleration and deviation of the bed surface with respect to a 

fixed nozzle at different speeds. Materials and Methods: Instead of using different seismic sensors, we have used a precision dial 

gauge at the place of the extruder nozzle which shows the deviation of the bed caused by acceleration and deceleration at different 

point of the bed surface. This experiment tests the repeatability of the machine and accuracy at different acceleration values. 

Results: 

 

I. INTRODUCTION 

 

Additive manufacturing (AM) or three-dimensional printing 

(3DP) is a production methodology where, instead of    

subtractive manufacturing like milling or drilling, or formative 

manufacturing like forging or bending, 3D products are built by 

the addition of material, usually in successive layers. While 

specific AM technology names may differ between producers of 

3D printers, the recent International Organization for 

Standardization (ISO)/ ASTM International standard indicates 

seven groups of technologies: vat photo polymerization, material 

jetting, binder jetting, material extrusion, powder bed fusion, 

sheet lamination, and direct energy deposition. While every new 

technology faces multiple challenges during market penetration, 

some technologies could be viewed by the adopters very 

differently than most others. The 3D Printing also called as 

Additive Manufacturing (AM), has been in the market for over a 

decade now, and is touted to be the next revolution in the 

industry. Technology has found wide applications in various 

industries, such as consumer electronics, automotive, medical 

devices, manufacturing and among many others. However, less 

is known with regards to the adoption and diffusion of 3D 

Printing technology, especially from the emerging economies. 

Using an Experimental method, this study aims to examine the 

precision of an FDM 3d printer having a moving bed of size 

400mm*400mm. the bed is supported at all the four corners by 

springs under tension with the help of m4 bolts and also fixed 

support at the center of the bed to provide an extra support and 

bears the weight of the steel plate mounted as bed surface. A 

smooth glass surface of 2mm thickness is placed over the bed for 

the sack of friction less sliding of the measuring gauge. The 

nozzle of the printer in replace with a dial gauge with the 

appropriate mountings.  For finding the required deviations we 

have to first set the measuring nominal dial gauge reading from 

which the fluctuations is recorded, also some constrains should 

be taken to set a range of speed for the measurement. The 

optimal speed is considered only if when the deviation is said to 

be in the range of layer height to reduce fusing of support 

material into the printing object. 

II.  BREAF IDEA ABOUT ADDITIVE MANUFRACTURING 

 

Additive manufacturing among the variety of advanced 

manufacturing technologies that are currently emerging, additive 

manufacturing stands out as one with enormous potential for 

changing the distribution of manufacturing and society as a 

whole. 

 

2.1. Review of additive manufacturing technology 

The term ‘additive manufacturing’ covers a broad range of 

production technologies that fabricate products layer-by-layer, 

enabling three-dimensional objects to be ‘printed’ on demand. 

The ASTM F42 Technical Committee that is responsible for 

overseeing the development of AM standards defines the 

technology as “a process of joining materials to make objects 

from 3D model data, usually layer upon layer, as opposed to 

subtractive manufacturing methodologies”. Some of the most 

widely adopted AM technologies are fused deposition modelling 

(FDM), stereo lithography(SLA), selective laser melting (SLM), 

selective laser sintering (SLS) and digital light processing (DLP), 

but there are a variety of other AM processes too, including 

polyjet, electron beam melting (EBM) and laminated object 

manufacture (LOM). In terms materials, a variety of polymers, 

metals, ceramics and composites can be used for AM. The use of 

these materials is dependent on the type of AM process used. 

The first applications of AM were in the area of rapid 

prototyping and then tooling. These application areas continue to 

be exploited to the present day but performance improvements to 

AM technologies mean that they are increasingly being used for 

direct manufacturing. Certain industries such as aerospace, 

where theneed to produce a small number of highly complex 

aircraft components makes the application of AM technologies 

ideal, arealready fully aware of their potential and are investing 

in research to improve their reliability and applicability (Guo and 

Leu, 2013;Lyons, 2012). In the medical sector highly, 

personalised one-off products are needed. The capabilities of 

AM make it the ideal technique to address this need.  This is 

exemplified by the manufacturing process for in-ear hearing aids 

which has almost entirely shifted to AM, while other applications 
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in orthodontics, prosthetics, orthotics, implants and replacement 

organs are at various stages of maturity and adoption. The 

pattern of industrial emergence, technology adoption and 

diffusion can be seen to follow the niche development and 

speciation that has been observed in previous emerging 

industries. In addition to these technical and commercial 

developments there have been a range of other advances made in 

cold spray-based AM processes that have not been used as 

prototyping methods. Although these have not traditionally been 

considered as AM, they are being promoted as such and fit 

within the ASTM definitions of AM. Alongside the advances 

that have been made in AM in the industrial market, a variety of 

consumer grade ‘3D printers’ have proliferated on the market. 

The majority of these home 3D printers(e.g. RepRap, Makerbot, 

Ultimaker) are based on the fused deposition modelling (FDM) 

technology originally developed by the USfirm Stratus’s. Their 

commercialisation was made possible following the expiry of the 

first patents protecting this technology, an open source 

movement that saw hobbyist activity around the technology, and 

crowd funding through platforms such as Kickstarter and 

Indiegogo. These machines offer the promise that individual 

consumers will be able to design and produce personalised 

products at their convenience. 

 

2.2. Additive manufacturing and sustainability 

Manufacturing is about converting material input into goods and 

services. The efficiency of this conversion process is a key 

determinant of the environmental impact associated with 

manufacturing. Additive manufacturing has been identified as 

having the potential to provide a number of sustainability 

advantages. These advantages include the generation of less 

waste during manufacturing due to it being an additive process; 

the capability to optimise geometries and create lightweight 

components that reduce material consumption in manufacturing 

and energy consumption in use; the subsequent reduction in 

transportation in the supply chain; and inventory waste reduction 

due to the ability to create spare parts on-demand. Overall “AM 

is expected to become a key manufacturing technology in the 

sustainable society of the future”. There are currently few studies 

investigating and analysing the degree to which these potential 

advantages are being realised. The majority of academic studies 

have focused on the energy consumption of AM, with research 

assessing either the relative energy performance of different 

types of AM or comparing AM with other manufacturing 

techniques such as injection moulding. The overall results from 

these studies vary widely and remain inclusive. From these 

studies it is difficult to generalise whether AM has a lower 

environmental impact than other manufacturing techniques 

because the life cycle impact of parts made with AM is highly 

dependent on machine utilisation, the specification of each piece 

of AM equipment, and how the material input is processed. Calls 

for further studies into this area have been made. It is clear 

however that increasingly machine utilisation through machine 

and tool sharing is key to reducing the environmental impact of 

AM. 

 

III. EXPERIMENT METHOD 

 

This study is an experimental analysis to determine an optimal 

print speed for a large sized and heavy moving bed of a 3d 

printer the experimental setup consist of setting different printing 

acceleration values in the printer firmware and moving the bed 

by commanding the controller with different G-Codes having 

different federate. 

 

Steps involve in the setup of the experiment: 

• Set the origin at the centre of the bed by moving the bed 

and nozzle at the centre of each axis i.e. x-axis and y-axis. 

• Mount the dial gauge in place of nozzle ensuring the 

perfect centre. 

• Set the height of the dial gauge as the needle touches 

the bed and dial gauge shows 2mm of deviation. 

• Send the G-Codes to the printer controller by the printer 

hosting program. 

• Note the readings at different points. 

• Run the G-Code at different federate. 

• Calculate average deviation at different speeds and find 

optimal speed. 

• Draw acceleration curve. 

 

Observation Constraints: - 

For this study we have made some basic constants according to 

the hardware of the devices that we have used to perform the 

experiment. Also, there should be essential ranges are set before 

the actual testing to establish a meaningful constrain limit to the 

observations. This step is very important to determine the 

optimal speed. 

 

The hardware which we have used for this specific study has 

the following specifications: - 
• Nozzle diameter – 0.4mm 

• Four observation set points are placed at 50mm, 

150mm, 270mm and lastly at 350mm from the starting setpoint 

on the moving bed. 

• For measuring lower and higher deflections the dial 

gauge is primed at the offset of 2.00mm. 

• X-axis and Z-axis are the no motion axis i.e. moving 

bed is mounted on the y axis therefore only bed is shifted at 

different measuring points. 

• The motion is provided by the axis driving stepper 

motor with the means of timing belts and pullies arrangement. 

• No vibration dampeners are used. 

• Build plate is glass which provides a smooth surface 

finish. 
 

Assumptions: - 

• All the motion of the axis is done by the programmed 

G-codes. 

• X-axis is moved 220 mm from the origin to the initial 

setpoint. 

• The 2mm offset of the dial gauge is set one time at the 

origin of the machine. 

• Optimal speed: the optimal speed is for this specific 3D 

printer is said to be speed which gives minimum deflection at 

maximum speed and the deflection should be close to the nozzle 

diameter. Deflection above 20% of the of the nozzle diameter is 

not feasible for 3D printing of a dimensionally accurate parts. 

• The speed range should not exceed the structural limits 

of the machine. Range should be between 50mm/seconds to 

200mm/sec. 3D printing at home gives us the ability to 

manufacture bespoke objects for very little cost. But the time it 

takes for a digital 3D model to be processed into a physical 

object is not as quick as you might think. The size and print 
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quality of the object will have a dramatic impact on the printing 

speed, and can take many hours to produce a finished result. In 

fact, All3DP’s tests show that the printer’s speed has much less 

impact on the duration of the printing process than the size and 

the quality settings. 
 

Desktop printers: 3D printing speed settings Currently, there 

are generally three sets of printing speed that 3D printers can 

support. The first set is has been grouped at around 40 to 

50mm/s, while the second set prints at about 80-100mm/s. 

Meanwhile, the fastest set prints at around 150mm/s. Some 

printers may even print at a speed faster than 150 mm/s. 

Typically, faster 3D printing speed means lower quality, though. 

Above 150mm/s, the quality drops noticeably, and you may 

experience problems as the filament tends to slip at these speeds. 
 

High Speed Sintering promises the fastest 3D printing speed? 
On the industrial scale, there are even more exciting 

developments on the horizon. The University of Sheffield has 

announced that they are building a 3D printer (funded to the tune 

of £1,000,000 pounds) that could produce plastic parts as fast as 

more traditional high-volume manufacturing methods like 

injection moulding. The process is called high-speed sintering 

(HSS), and selectively fuses polymer powder layer by layer, 

similar to other additive manufacturing processes. But instead of 

using lasers, HSS will print infra-red-absorbing ink onto a 

powder bed. After a layer has been printed it’s exposed to infra-

red light, which heats the powder covered by the ink and causes 

it to fuse, while the rest of the powder remains cool. The team, 

led by Professor Neil Hopkinson, say the new machine will be 

able to make parts up to 1m3 – the size of a washing machine – 

which is three times more capable than existing machines. The 

printing speed will depend on the size of the product, but 

Hopkinson estimates that small components will be built at a rate 

of less than one second per part. But how will this benefit you? 

The good news is that the technology for HSS is being licensed 

to industrial 3D printer manufacturers on a non-exclusive basis, 

with new machines being expected on the market from 2017 

onwards. That means we can expect a trickle-down benefit to 

prosumer-grade 3D printersin the not-too-distant future. 3D 

Printer Print Speed Calculation: How to find the optimal speed 

for reliable and constant print quality Choosing the right speed 

for your print can be quite a challenge, especially if you are new 

to 3D printing. After a bit of trial and error, you’ll be able to 

guess a setting that will generally work. Still, you’ll have a lot of 

variation with your results. Finally, you might not be using your 

hardware at its full potential by randomly choosing values. The 

print speed calculator has been developed to help you choose the 

right setting based on our experimental values. This blog will 

teach you the basics for understanding 3D printer extrusion, how 

we developed the calculator and why it can be very useful for 

you. 
 

Using the right line width 

Line width is a critical parameter for a successful print. Most 

software will generally calculate it automatically, but you’ll soon 

realize it’s much better to configure it by yourself. The slicer’s 

automatic calculation consider the nozzle size and increase it by 

20%. A general rule of thumb accepted by 3D printer users 

suggest a line width up to 50% bigger than the nozzle. Although 

this generally works fine in most cases, you’ll see a big drop in 

print quality and consistency with bigger nozzles and layer 

height. 

Understanding the extruded profile 
The molten plastic is pushed in something like an oblong shape. 

For simplifications, we’ll consider a perfect oblong shape. This 

flattening ensures a good bond between the layer underneath or 

the bed. Extruding a perfect circle would make very weak since 

each layer would barely be touching each other. 

 

Too small line width 

This oblong radius is equal to half the line height. The radius is 

changing with the layer height. The higher the layer height, the 

larger is the radius. At some point, the traditional 20% increase 

in line width can’t cut it and will under-extrude. Under extrusion 

happens when there is little to no line flat from the extruded 

oblong. The figure below shows an example where the extrusion 

has no flats. In this configuration, the layer height is equal to the 

line width. The line flat is equal to zero. 

 

Minimum line width 
The minimum line width can be considered when the flat width 

is equal to the nozzle size. This ensures that the oblong shape is 

properly formed and uniform. 

Minium line width = Layer height + nozzle size 

For example, a 0.40mm nozzle with a 0.20mm should have a line 

width of at least 0.60mm. 

The figure below shows a minimal configuration for line width. 

Please note that the line width could actually be a little smaller 

than this suggested formula. The shape will slightly differ from 

the perfect oblong shape depending on the polymer flow. In most 

cases, a smaller line width is totally fine. 

 

Maximum line width 

The maximum line width will depend on your nozzle flat width. 

Manufacturers should specify this dimension to configure your 

slicer accordingly. The maximum line flat should be equal to the 

nozzle flat. Note that any overflow will have an impact on top 

infill quality, as it will tend to rise around the nozzle. 

Maximum line width = Layer height + Nozzle flat size 

Considering a 0.40mm nozzle having a 0.80mm flat with a 

0.20mm layer thickness have a maximum line width of 1.00mm. 

 

The myths about layer height 
It’s common to see that 50% of your nozzle size is the sweet spot 

for printing. This works totally fine in most printing situations. 

It’s also very frequent to hear that it’s not good or possible to go 

higher in layer height than the nozzle diameter. 

 

Going bigger! 
However, nothing is stopping you from going a lot higher or 

lower. For example, the two images below are the same exact G-

code, one ran with a 1.00mm nozzle, the other with a 0.40mm 

nozzle. The line height is 0.50mm and line width is 1.50mm.  As 

long as the 0.40mm nozzle flat is within the margin, the result is 

pretty good. In this case, the layer height was 125% the nozzle 

diameter. Smaller nozzle can still extrude large lines, but have 

more flow restrictions compared to larger nozzles. The speed 

must be decreased to get the same results. 
 

Choosing the right flow 

Choosing the right flow will save you a lot of trial and error 

before getting consistent results. Polymer flow variation can be 

understood in the following way: 
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• Increasing the line width, height or speed will increase 

flow 

• More flow means that the polymer is less time in the 

melting zone, thus extruding slightly colder 

• Combining the lower temperature and the higher shear 

stress generates a higher pressure 

• A higher pressure puts more stress in the filament and 

extruder 

• At some point, either the motor will start missing steps 

or the filament will grind, and the extrusion is not controlled 

anymore. 

There is always a small slipping in the filament from the 

extruder. The faster you go, the greater is the slipping. Below is 

an example taken from the Dyz End-X with few nozzles. You 

can see that the 1.20mm nozzle can output a lot more flow than 

the other nozzles. Also, the efficiency is decreasing by an 

exponential rate based on the output flow. Taking this into 

account, it’s very important to choose the right speed and flow to 

get the same output. For example, doubling the flow from 5 

mm3/s to 10mm3/s can reduce flow by around 3%. Same case 

with a 0.60mm nozzle will reduce flow by 2%, and less than 1% 

with a 1.20mm nozzle. 

 
Figure.1. Maximum DyzEnd-X output flow based on nozzle size (reference- https://dyzedesign.com) 

 

Observation Table: - This table represents the experimental readings that had been concluded from the study as per the above 

specified method and constraints. 

 

Table1. Observation table for moving bed deviation at different print speeds 

 

S.No.       Base Speed(mm/sec)     Distance Travelled(mm)      Dial Gauge Reading(mm)   Deflection(mm)    Average Deflection(mm) 

 

1.             50 mm/sec                    i. 50mm                                 2.001mm                              0.001mm 

                                                     ii. 150mm                              2.001mm                              0.001mm               0.00175mm 

                                                     iii. 270mm                             2.003mm                              0.003mm 

                                                     iv. 350mm                             2.002mm                              0.002mm 

 

2.             80 mm/sec                    i. 50mm     1.998mm                               0.002mm 

                                                     ii. 150mm                              2.000mm                              0.000mm               0.00150mm 

                                                     iii. 270mm                             2.002mm                              0.002mm 

                                                     iv. 350mm                             2.002mm                              0.002mm 

 

3.             100 mm/sec                  i. 50mm                                2.008mm                               0.008mm 

                                                     ii. 150mm                             2.006mm                               0.006mm               0.0060mm 

                                                     iii. 270mm                            2.009mm                               0.009mm 

                                                     iv. 350mm                            2.010mm                               0.010mm 

 

4.             150 mm/sec                  i. 50mm                                1.086mm                              0.014mm 

                                                     ii. 150mm                              2.017mm                             0.017mm               0.0160mm 

                                                     iii. 270mm                            2.022mm                               0.022mm 

                                                     iv. 350mm                            1.089mm                              0.011mm 
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IV. CONCLUSION 
 

This paper aimed to figure out the maximum possible printing 

speed while keeping the layer deposition under strict tolerances. 

The machine used in this study is a Cartesian coordinate based 

FDM 3D printer which has a heavy bed and unique support 

arrangement to enhance its performance. This experiment help in 

determining optimal printing speed which could be further 

utilized to elaborate the findings of acceleration and deceleration 

by using minimum resources available. 3D Printing technology 

is touted to be the next revolution in the industry by many and is 

considered to be a disruptive technology. It can have an effect 

not only on a single firm but the entire supply chain. Most of the 

previous studies on 3D Printing have focused on the technical 

and technological aspects of it, whereby focus on the managerial 

and organisational aspects was lacking. The results of this test 

are concluded in table 1 and from that we can say that for a 0.4 

mm nozzle diameter FDM 3-D printer the theoretical deflection 

find as 2% of the nozzle diameter is  0.008mm although form our 

experiment the value close to the theoretical value is found out to 

be 0.006mm at the printing speed of 100mm/second.  

 

 

So the graph for the acceleration and deceleration is shown for 100mmps printing speed: - 

 

 
Figure.2. Acceleration and deceleration curve (Reference-https://blog.prusaprinters.org/calculator)   

 

From the graph we can say that the maximum acceleration value 

for an 100mm/sec bed travel of 400mm length can reach up to 

1100mm/sec
2
. Print speeds above 120mm/sec is not preferable 

due to un-expected deflections at these high speeds further 

amping up the speed could reach the structural limitation of the 

machine and measuring setup. Thus, this study concludes the 

optimal speed for the test arrangement of the moving bed 3-D 

printer. 
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