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Validation of Metal Additive Manufacturing Parts 

 

Abstract There is the need in industry to produce increasingly complex parts with lower costs. For that 

reason, additive manufacturing methods have been receiving increasing attention and investment. Even 

if these processes have developed significantly since its origin, there are still limitations that hamper its 

fully adoption. In processes such as Laser Powder Bed Fusion, obtaining parts with characteristics 

comparable to its counterparts produced by traditional methods is still a challenge, especially when 

using reactive alloys and for industries with tight tolerances and requirements. To overcome this matter, 

it is necessary to have in-depth knowledge of how the process parameters relate with each other and 

with the properties obtained in the final part. This work sought to understand how process parameters 

as the laser power and speed, hatch distance or build plate position effect on the final part properties. 

A fixation plate for the biomedical industry was produced with Ti6Al4V and its mechanical properties, 

surface finish and dimensional accuracy were investigated. To predict which parameters had most 

influence in each property a statistical software (Minitab) was utilized to create Design of Experiments, 

analyse the results and obtain optimized parameter sets for each property. An optimized parameter set 

was defined for the fixation plate geometry.  

Key-words: titanium alloys, titanium, additive manufacturing, L-PBF, process parameters. 

 

1. Introduction 

Additive Manufacturing (AM) allows the 

creation of parts, layer-by-layer, from a CAD 

model. This model is sliced in thin layers with 

the use of a software and the part is then built 

by melting, sintering or depositing the feedstock 

material, one layer at the time, according to the 

information for each layer.[1] Industries such as 

the biomedical or aerospace seek for more 

cost-effective strategies to manufacture more 

complex parts without the need to assemble 

and have been major driving forces in AM 

technologies development. The ultimate goal of 

AM is producing parts with comparable or even 

superior mechanical properties in the as-built 

state as the ones produced by conventional 

manufacturing methods. [2] However, the 

overall quality of the products produced by AM 

is still an obstacle when compared to their 

counterparts produced by the other methods 

and as such there is the necessity to fully 

understand how to improve the characteristics 

and properties of the parts produced with AM 

technologies by optimizing the process 

parameters. 

Metal AM allows the production of parts from 

pure metals and alloys by melting and 

solidification. It includes several processes that 

fall into two classifications: Powder Bed Fusion 

or Direct Energy Deposition, according to its 

feedstock deposition strategy. Among these 

processes, one of the most used is the Laser 

Powder Bed Fusion (L-PBF) in which the 

powder feedstock is spread across a build plate 

for each layer and melted with a high-power 

laser (Figure 1). The deposited layers can go 

from 20 to 100 µm and are spread with the aid 

of a recoater blade or a levelling system. [2] The 

process takes place in a controlled atmosphere 

chamber with dimensions that can reach up to 

800×400×500mm3. 

 
Figure 1 - Schematics of L-PBF system. [4] 

The laser is directed with a galvanometer and 

scans the powder with speeds that can reach 

the 15 m/s. [3] The energy provided by the laser 

melts the powder and the melt pool is formed, a 

complex system susceptible to instabilities. The 

latter can generate by-products that have a 

direct influence on the process performance, as 

the welding plume, metal vapour, spatter or 

ejected powder. [4][5] 

The numerous process parameters utilized 

define the characteristics of the parts produced 

– some authors define more than 100 

parameters for the PBF methods. [2] Some of 

the most relevant for the mechanical properties, 

surface finish and dimensional accuracy on the 

L-PBF process are presented next. 

Laser type Different types of lasers can be 

used for metals in powder bed fusion processes 
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such as CO2 lasers, Nd:YAG lasers and Yb-

fibre lasers. [6] The most used lasers in L- PBF 

are the single mode fibre lasers in continuous 

wave mode that emit radiation with a 

wavelength of 1060 nm-1080 nm in the near 

infrared (NIR).[3] Although pulsed wave lasers 

are used and allow to obtain better dimensional 

accuracy - the use of a pulsed laser was shown 

to reduce the size of the heat affected zone – 

an increase in the induced residual stress was 

observed in the final parts when compared with 

continuous laser. [7] The typical spot sizes for 

additive manufacturing are between 50 and 180 

µm. 

Energy density The energy density represents 

the energy applied to the powder bed and is 

often used to compare parts when varying 

process parameters such as power, scan 

speed, hatch distance or layer thickness. There 

are several ways to define this parameter and it 

is found on literature in form of linear, surface 

or volumetric energy density. The most 

common form is energy per unit volume of 

powder [8][9]: 

 
Where P is the laser power, v is the scan speed, 

h is the hatch distance and t is the layer 

thickness. Energy density has been extensively 

studied as a parameter in studies related with 

the level of porosity obtained in AM parts. 

Obtaining full density in the final part can be 

considered one of the main objectives in AM 

and the energy density input to the powder 

affects the resulting density. [10] 

Laser power Laser power is one of the 

parameters involved in the energy density 

input. By increasing laser power it is possible to 

achieve higher heat penetration depths. The 

effect of laser power combined with the scan 

speed has been the focus in several studies to 

obtain operating windows for the porosity of 

produced parts. These process windows define 

zones of power/scan speed to achieve certain 

results in porosity. [8] In addition, laser power 

was proven to have significant effects on 

properties such as surface roughness – for 

increasing laser power, less balling effect was 

observed. It was reported that the increasing 

laser power can have beneficial effects in the 

microstructural homogeneity. [11] 

Scan speed Scan speed is the velocity at which 

the laser beam scans the metal powders and 

has an effect on the melting and solidification of 

the layers. Low scanning speed increases the 

interaction time between the laser and the 

powder. This is advantageous when an 

appropriate laser power since it allows the 

complete melting and avoids defect formation. 

However, for high laser powers vaporization 

can be observed creating defects. It was 

reported that scan speed is the dominant 

influence on porosity when combined with a 

high laser power. [11] 

Exposure time and Point distance When 

referring to a pulsed laser, the scan path is 

controlled by attributing an exposure time and a 

point distance. The exposure time corresponds 

to the time of the laser pulse in each point, while 

the point distance is the space between 

consecutive points. To compare with 

continuous laser, an approximation can be 

made by dividing the point distance by the 

exposure time – however, it is a rough 

approximation since it does not account for 

scanner jump and laser delays. [12] 

Hatch distance Defined as the distance 

between the centre lines of two successive 

laser scans, has an effect on the heat input to 

the powder layer. [2] Decreasing hatch distance 

increases the overlapping of the melt 

lines leading to porosity increase in the final 

part due to the inability of the gases to escape 

from the melt pool. [11] Although, hatch 

distances that result in an excessively small 

percentage of overlap are not recommended 

since can result in unmelted particles. 

Process chamber atmosphere The process is 

carried out inside a chamber with controlled 

atmosphere. The oxygen content is maintained 

below 0,1% by feeding nitrogen or argon to the 

chamber depending on the material being used. 

By providing a controlled atmosphere, the 

interactions between the metal powder and the 

surrounding gas are minimized, and the melt is 

protected from oxidation. The inert gas flow 

also helps in the removal of secondary products 

from the melt such as spatter or fumes. [3] The 

presence of an inert gas flow inside the built 

chamber can influence the parts according to 

their relative location to the source of gas. It was 

shown that the gas flow can affect the part 

porosity due to the re-deposition of impurities 
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generated by the process. Regarding the 

porosity, the flow rate and the flow pathway 

were shown to influence the properties of 

Ti6Al4V parts. [13] 

Build orientation It is defined as the angle 

between the longitudinal axis of a part and the 

vertical axis of the build. [14] When selecting 

the build orientation for a determined part, 

several factors should be considered. The 

dimensional accuracy and surface finishing can 

be influenced by the angle at which the part is 

printed. The direction of the recoater movement 

should also be taken into account since the 

possible deformations originated during the 

printing process due to residual stress may 

cause the recoater to contact with the part, 

possibly damaging the recoater and invalidating 

the build. 

 

2. Experimental 

2.1. Overview 

The experimental work aimed the optimization 

of the process parameters to the production of 

a specific part – a fixation plate – and is 

schematized on Figure 2. The main factors to 

consider were surface finish and dimensional 

accuracy, which had not been satisfactory in 

previously produced parts. The latter were 

initially measured to analyse the critical 

features. The relevant parameters in terms of 

surface finish, dimensional accuracy and 

mechanical properties were identified from the 

literature and used as starting point for each 

Design of Experiments (DOE). All the other 

parameters were kept constant (Table 1). 

 

2.2.  Materials 

Ti6Al4V powder produced by plasma 

atomization (AP&C), with a particle size 

distribution between 15 and 45 µm, was used 

to produce the parts in this work in the RenAM 

500PM system (Renishaw). The machine used 

has an associated software for build 

preparation, QuantAM. This software gives 

freedom to the user not only to create 

personalized support structures and define part 

orientation but also to attribute tailored machine 

settings for the material and geometry being 

printed. 

 

 
Figure 2 - Overview of the Experimental work. 

Table 1 - Constant process parameters used. 

 
 

2.3. DOEs and Printed Parts 

The DOEs created indicated the number of 

parts to print, which did not occupy all the build 

plate. As such, and for cost optimization, other 

parts were printed in the same build plate and 

are identified in the images with the blue shape. 

 

Mechanical properties study Screening DOE 

1 was created with the values identified on 

Table 2 and 39 tensile test bars were printed in 

the positions shown on Figure 3 and Figure 4. 

 

Table 2 – Parameters limit values for DOE 1. 
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Figure 3 - Build plate for Print 1. 

 
Figure 4 - Build plate for Print 2. 

Surface finish study The second DOE was 

created to study the effect of process 

parameters on the surface characteristics with 

the values on Table 3. The location of the 

medical devices printed are identified in Figure 

3 with the light grey square. 

Table 3 - Parameters limit values for DOE 2. 

 
 

Dimensional accuracy study DOE 3 was 

created to determine the impact of process 

parameters on the dimensional accuracy with 

the parameters on Table 4. The fixation plates 

location is indicated on Figure 5 by the light grey 

square. 

Table 4 - Parameters limit values for DOE 3. 

  
 

DOE 4 - Validation print A set of 14 fixation 

plates according to the parameters on Table 5 

was printed and its location is identified in 

Figure 6 by the grey square. 

 

 

 
Figure 5 - Build plate for Print 3. 

 

Table 5 - Parameters limit values for DOE 4. 

 

 
Figure 6 - Build plate for Print 4. 

3. Results and Discussion 

The dimensional analysis of the features of the 

fixation plates was the starting point of the 

experimental work and aimed to compare the 

dimensions of the samples printed before the 

beginning of this study with the dimensions 

specified by drawing. Figure 7 shows an 

example of a fixation plate, similar to the 

product studied. The dimensions measured 

correspond to the holes and its features in the 

flat area, from 1 to 5, and are shown in Figure 

8, along with the drawing specification as 

target. 

 
Figure 7 - Example of a fixation plate with the 

feature’s identification. 

From the analysis of the measurements taken 

it can be observed that there is some variation 

between the measured values and the values 

indicated by drawing. 
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Figure 8 - Measurements and target value specified 
by drawing for each feature. 

 

Maintaining the dimensional accuracy is a 

challenge in this process due to several 

possible sources of error. [15] The inaccuracies 

were reported to be originated by the layering 

process that can induce deformations caused 

by the recoater movement. In addition, thermal 

influences can generate defects from melt pool 

instabilities affecting the consolidation during 

material solidification and, consequently, 

dimensional accuracy. To minimize the 

deformation, the study of the specific 

parameters and orientation used to each 

geometry is addressed. In the part studied, the 

build orientation has been selected previously 

accounting the recoater movement and was 

maintained constant at approximately 35°. The 

results from the measurements show that some 

of the features are more complex to print in this 

orientation and it was considered when 

choosing the strategies followed in the DOEs. 

Mechanical properties 

To determine the effects of process parameters 

in the mechanical properties, tensile tests were 

performed in the tensile test bars produced with 

the several sets of process parameters. Density 

measurements were performed in a section of 

each of the tensile test bars produced in Print 1. 

Microhardness measurements were taken in a 

cross section of the bars in Print 1 and 

metallurgical analysis was made in the same 

cross section. 

The tensile tests were performed to obtain the 

parts mechanical properties (Table 6) with a 

constant crosshead speed of 5 mm/min and the 

strain was measured with an extensometer. 

Table 6 – Mechanical properties obtained from the 
tensile tests in the parts produced in Print 1. 

 
The results for the Young’s modulus (between 

105.889 and 119.437 GPa), UTS (between 

1151.953 and 1246.151 MPa), Yield strength 

(between 1037 and 1111 MPa) are in 

accordance to the values reported in previous 

studies. [14][16][17] The elongation values 

(between 2.215 and 4.508%) are lower than the 

expected. The values found in the literature go 

from 3.45% to 10%. The best average result for 

each property is highlighted in Table 6. All 

samples failed in the plastic domain as it is 

usually observed in similar studies. [17] The 

results for UTS and Yield strength were 

expected to be higher than the observed for 

traditionally manufactured samples. Contrarily, 

both Young’s modulus and elongation results 

are expected to be lower. [18][19] These 

expectations were verified in this study – the 

obtained microstructure resultant from the rapid 

cooling rate of the L-PBF process confers lower 

ductility but higher strength than common 

Ti6Al4V alloys. However, most elongation 

results are lower than the observed in the 

literature. Analysing the stress vs strain curves 

shows there is variability between samples 

coming from different prints, being that 

difference particularly remarkable for the 

elongation results. Several samples from Print 

1 present significant discrepancy in elongation 

results from the equivalent samples from Print 

2, which can be identified from the standard 

deviations of the measurements. The variability 
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between prints was previously reported and it is 

known to be inherent to the process. [20] 

Besides, in Print 1, other parts were present in 

the build plate. The argon flow in the build 

chamber can have failed to remove the 

byproducts resultant from the phenomena 

happening in the melt pool allowing its 

deposition in neighbour parts, originating 

defects. Porosity could be an additional source 

for this variability since it was observed the 

ductility is affected by the existence of pores or 

other defects in the parts. [21] 

A density analysis was performed to 

understand the relation between the 

mechanical properties and existent porosity in 

the samples. The results observed and 

presented in Figure 9 (between approximately 

97.6 and 98.5%) are comparable to the results 

reported in other studies – from 83% until 

99.6% [15] for the same alloy processed by L-

PBF. Figure 9 shows the evolution in elongation 

with part density. Although the range of 

elongation results is limited, it seems to 

increase with increasing density values, as 

detected in other experiments.[21] 

 

Figure 9 - Density vs elongation plot for each 

parameter set produced on Print 1. 

Parameter set 3 registered the highest density 

result of 98.489% and was produced with an 

energy density of 125 J/mm3. Several studies 

related the density of the parts produced with 

the energy density applied to the powder bed, 

defining processing windows where the 

porosity could be reduced by using the 

appropriate energy density. [2][9][15] All studies 

have in common the definition of three 

different zones for energy density, where 

distinct phenomena happen. Figure 10 shows a 

similar tendency. For energy density < 60 

J/mm3, the density observed is lower 

(97.6%). When increasing the energy density (> 

60 J/mm3) the density values increase until 

reaching 140 J/mm3, at which the density 

appears to start decreasing. It can be 

considered the interval where the higher 

density results were obtained in this study is 60 

to 140 J/mm3. Although, any of the results is 

higher than 99.9%, as previously reported. This 

can be related to the method accuracy. 

 

Figure 10 - Density vs Energy density for each 
parameter set produced on Print 1. 

Microhardness measurements were taken in 5 

locations of a cross section of the 13 sets 

produced in Print 1 with a load of 1.961 N for 20 

seconds.  The average results obtained for 

each parameter set (from 312 to 446 HV) are in 

the same order as the values reported in the 

literature. [16] In addition, the results for most of 

the samples are higher than the values 

provided by the powder supplier as it was 

expected, since the samples produced were not 

heat treated nor HIPed. The martensitic ’ 

phase characteristic of the high cooling rates 

resultant from the L-PBF process is a harder 

phase than the + microstructure that results 

from heat treating the material. The obtention of 

’ phase in the samples is confirmed and 

discussed later. Parameter set 6 and 10 show 

the higher results in the hardness 

measurements (397.8 and 396.2 HV, 

respectively). By analysing the results on 

Minitab, it was observed the parameter that had 

the highest impact on the hardness results was 

the power used to scan the volume area of the 

samples, followed by the hatch space. The plot 

in Figure 11 shows hardness results variation 

with power and hatch space follow the same 

trend, being the higher values associated with 

a hatch space of 50 µm and a power of 300 W.  

The metallurgical analysis was performed in a 

cross section of samples produced in Print 1. 

Figure 12 shows the microstructure obtained in 

the samples produced. In L-PBF processes, the 

rapid cooling rate (103-108 Ks-1) [11] induces the 

formation of martensitic ’ phase since it is 
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higher than the 410 Ks-1 suggested as the rate 

for martensitic α’ formation. [22] The ’ 

martensitic microstructure of all the samples 

corresponds to the results observed in previous 

studies with Ti6Al6V. [23] 

 
Figure 11 - Hardness with power and hatch 

distance plot. 

 
Figure 12 - Optical microscopy image of samples 1 

(left) and 10 (right) produced on Print 1. 

Elongated grains can be observed in the 

building direction as a result of the temperature 

gradients during the deposition of subsequent 

layers. It is also possible to observe the 

constituent layers in the horizontal direction, as 

observed in other studies. [19] 

A factorial DOE was created, and the optimized 

parameter set for the mechanical properties in 

Table 7  was obtained from the optimization plot 

(maximizing all properties). 
Table 7 – Optimized parameter set for mechanical 
properties. 

 
 

Surface finish 

The roughness measurements were performed 

in 7 different areas of each of the 13 medical 

devices to obtain a representative sample of the 

surface. The average results are presented on 

Table 8. 

Table 8 – Roughness measurements of the medical 
devices produced on Print 1. 

 

The average values measured are considerably 

lower than the values usually reported in the 

literature for as-build parts. [24] However, the 

standard deviation values for some of the 

samples are not reasonable and that may be 

due to the fact that the samples were built in 

distinct orientations, as referred in other 

studies. [25] The obtained Ra values were 

introduced in Minitab and a factorial DOE was 

generated. By analysing the results, the 

previous assumption was confirmed and further 

comprehended: the roughness is highly 

influenced by the orientation and depends on 

the complexity of the measured area. As it can 

be observed in Figure 13, all areas with 

exception for areas 6 and 7, follow the same 

trend in the registered roughness. The -35° 

orientation has an adverse effect in the 

roughness obtained. This result can be related 

with the presence of unmelted powder particles 

attached to the parts, as it is regularly observed 

in the L-PBF process. [25] In addition, some of 

the strategies utilized to improve the surface 

finish, such as remelting several times the 

Upskin and Downskin layers, may have 

potentiate this effect when considering the heat 

is being applied to small (<1mm) and detailed 

areas. 

 
Figure 13 - Roughness values for each area vs part 

orientation. 

For area 6 (flat surface without complex 

features) the roughness results are 

approximately constant, independently on the 

orientation, which can be justified by the low 

complexity of the area. In area 7, the higher 

roughness result was observed in the 0° 

orientation. In this orientation, area 7 was in 

contact with the support structures – its removal 

process may have caused the high roughness 

in the surface. An optimization plot was created 

in Minitab and the parameter set on Table 9 was 

obtained. 
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Table 9 – Optimized parameter set for surface 
finish. 

 

Dimensional accuracy 

The measurements were performed in the 

samples produced in Print 3 to study the 

dimensional accuracy of the features in 

comparison with the measured initially. 

From the measurements taken it can be 

observed: 1) The diameter measurements 

deviation from the target value became smaller 

for most of the features, except for feature 5; 2) 

The distance measurements are within 

specification, except for the distance between 

feature 2 and feature 3; 3) The average radius 

values are closer to the value specified by 

drawing, however present a high standard 

deviation, being outside the tolerances, 

specially features 3d and 4d; 4) The overall 

angle measurements are acceptable, being 

more accurate for feature 3 than for feature 4. 

In general terms, the accuracy of the features 

improved by implementing some of the 

strategies available in the printing process to 

increase the dimensional accuracy. A factorial 

DOE was then created to determine the relation 

between those strategies and the accuracy 

obtained - the beam compensation proved to 

have higher impact in the feature’s accuracy. 

This parameter is a measure of the laser beam 

diameter offset. When attributing a value higher 

than 0 to this parameter, the path followed by 

the center of the laser beam in the border area 

is displaced towards the volume area. This 

results in a correction of the dimensional 

enlargement of features caused by the laser 

diameter when scanning a border. In the case 

of feature 5, where the deviation from the target 

value is particularly noticeable, the effect of the 

beam compensation strategy can be observed 

on Figure 14. 

 
Figure 14 - Measurements deviation from traget vs 
beam compensation. 

The higher deviations from the specifications 

was registered with a beam compensation of 

120 µm, followed by 0 µm and finally 60 µm. 

Being the laser beam diameter of 75 µm, 

applying 120 µm beam compensation 

increases the feature diameter, since it 

dislocates the center of the laser path inside by 

more than 3 times the radius of the laser beam. 

When no compensation is applied (0 µm), the 

laser melts more material than the specified in 

the STL file (corresponding to the laser radius). 

For 60 µm beam compensation, the lowest 

deviations were observed since the dislocation 

represents 1.6 times the radius of the laser 

beam. An optimized set of parameters (Table 

10) was obtained from the optimization plot 

created on Minitab. 

Table 10 – Optimized parameter set for dimensional 
accuracy. 

 

Verification build 

A final DOE was created to determine and 

validate the optimized parameter set for the 

fixation plate. The dimensional accuracy 

(Figure 15) and surface roughness (Table 11) 

were evaluated. 
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Figure 15 - Previous results, measured and target 
dimensions for the samples produced on Print 4. 

From the measurements it can be observed the 

parts did not suffer deformation from thermal 

stresses, since the distance between features 

are within specification. However, radius 

measurements, and consequently, angles 

show lower accuracy than the ones of DOE 3. 

These results can be explained by a printing 

issue. The argon flow in the build chamber was 

deficient, registering values lower than the 

recommended by Renishaw. The vaporized 

particles presence in the laser path can affect 

the laser beam properties such as the energy 

or the spot size. [26] All the printed parts built 

with insufficient argon flow values presented an 

inadequate surface quality with an unusual 

amount of unmelted powder particles attached 

to the parts surface, which can be explained by 

insufficient energy being delivered, not being 

able to completely melt the powder. The 

unmelted powder particles deform the features, 

which will not correspond to the CAD model. 

This is particularly relevant when the features 

have small dimensions and tight tolerances, as 

the case of features 3 and 4. 

The roughness measurements were taken in 6 

different locations of each sample to have a 

representative area of each part surface. The 

results show few variations between roughness 

in the samples, and a low standard deviation in 

the measurements, proving the existence of a 

uniform surface roughness across the part. 

Sample 5 registered the lower value of surface 

roughness, which is lower than the usually 

reported values in the literature. The optimized 

parameter set is then associated with this 

sample.  

Table 11 – Roughness measurements from fixation 
plates produced on Print 4. 

 

4. Conclusions 

Producing parts by L-PBF processes with 

comparable characteristics to its counterparts 

produced by traditional manufacturing methods 

has been studied for many years and is still a 

challenge. Thermal treatments and machining 

after the production of the part are the most 

commonly used strategies to achieve the 

desired characteristics. To produce the part 

studied, the optimal parameter set was 

achieved regarding mechanical properties, 

surface finish and dimensional accuracy and 

the main conclusions are:  
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1. Mechanical properties: Young’s modulus, 

UTS and Yield strength results were 

satisfactory, according to the standards for 

medical devices produced with the same 

alloy (ASTM F136). The elongation results 

increase with increasing density values. 

The energy density interval of 60 to 140 

J/mm3 produced the highest density parts. 

The power in the volume area and the 

hatch space are the parameters with the 

highest influence on the hardness results. 

The highest hardness values were 

registered with a power of 300 W and a 

hatch space of 50 µm. The microstructure 

obtained was fully ’ martensitic with 

elongated grains in the building direction. 

However, for the application the parts 

would need thermal treatment to respect 

ASTM F136 microstructure requirement. 

2. Surface finish: The roughness is mainly 

influenced by the part orientation and 

depends on the geometry complexity of the 

measured area. In this study, the -35° 

orientation had a negative impact in the 

roughness obtained.  

3. Dimensional accuracy: The beam offset 

has a high impact on the accuracy of the 

features – applying a beam offset of the 

same magnitude of the laser beam 

diameter sets the features dimensions in 

the values specified in the STL file. The 

argon flow has an important influence on 

the accuracy of the parts dimensions – 

insufficient flow in the build chamber is 

detrimental to the accuracy achieved in the 

parts features. 

 

To produce the fixation plate, the optimized 

parameter set obtained is given on Table 12. It 

results from the four DOEs performed and was 

confirmed by the dimensional and roughness 

measurements. 

Table 12 - Optimized parameter set for the fixation 
plate 
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