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process parameters for ABS material using 

C300D printer 
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Abstract— The goal of this project is to quantitatively analyze the potential of fused deposition modeling to fully evolve into a rapid 
manufacturing tool. The project objective is to develop an understanding of the dependence of the mechanical properties of FDM parts on 
raster orientation and to assess whether these parts are capable of maintaining their integrity while under service loading. The study 
utilizes the insights provided by previous researchers and further examines the effect of fiber orientation on a variety of important 
mechanical properties of ABS components fabricated by fused deposition modelling. 

Index Terms—  ABS,Fill density,Instron,Orientation,Print speed,Print temperature,Raster angle,Specimen. 

——————————      —————————— 

INTRODUCTION        

   Fused deposition modeling (FDM)  is one such layered 

manufacturing technology that produces parts with complex 
geometries by the layering of extruded materials, such as du-
rable acrylonitrile butadiene styrene (ABS) plastic[5] . In this 
process, the build material is initially in the raw form of a flex-
ible filament. The feedstock filament is then partially melted 
and extruded though a heated nozzle within a temperature 
controlled build environment. 
 
The material is extruded in a thin layer onto the previously 
built model layer on the build platform in the form of a pre-
scribed two-dimensional (x-y) layer pattern[2] . The deposited 
material cools, solidifies, and bonds with adjoining material. 
After an entire layer is deposited, the build platform moves 
downward along the z-axis by an increment equal to the fila-
ment height (layer thickness) and the next layer is printed on 
the top of it. 
 
If the model requires structural support for any overhanging 
geometry, a second nozzle simultaneously extrudes layers of a 
water soluble support material in this same manner[17]. Once 
the build process is completed, the support material is dis-
solved and the FDM part can be viewed as a laminate compo-
site structure with vertically stacked layers of bonded fibers or 
rasters[24] . Consequently, the mechanical properties of FDM 
parts are not solely controlled by the build material of the 
original filament, but are also significantly influenced by a 
directionally-dependent production process that fabricates 
components with anisotropic characteristics associated with it. 

 
This study uses FDM build recommendations provid-
ed in previous work, as well as the defined machine 
default values, in order to focus analysis specifically 
on the significant issue of fiber or raster orientation, 
i.e. the direction of the polymer beads (roads) relative 
to the loading direction of the part[10]. Tensile, com-
pressive, flexural, impact, and fatigue strength prop-
erties of FDM specimens are examined, evaluated, 
and placed in context in comparison with the proper-
ties of injection molded ABS parts[12]. 
 
In recent years, layered manufacturing processes have 
begun to progress from rapid prototyping techniques 
towards rapid manufacturing methods, where the ob-
jective is now to produce finished components for po-
tential end use in a product. LM is especially promis-
ing for the fabrication of specific need, low volume 
products such as replacement parts for larger sys-
tems. This trend accentuates the need, however, for a 
thorough understanding of the associated mechanical 
properties and the resulting behaviour of parts pro-
duced by layered methods[15]. Not only must the 
base material be durable, but the mechanical proper-
ties of the layered components must be sufficient to 
meet in-service loading and operational requirements, 
and be reasonably comparable to parts produced by 
more traditional manufacturing techniques. 
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Physical properties of  ABS such as  amorphous, very 
commonly used thermo-plastic polymer. It’s density is 
1.04g/cc with a melt flow of 21.3g/10min. This study 
was focused on the application of Taguchi optimiza-
tion technique to find the optimum levels of process 
parameters used in injection of thin-shell plastic com-
ponents for orthose part by improving the warpage 
problem with shrinkage variation. L27 and L9 Taguchi 
orthogonal design are used for different mold flow 
analyses. Proved that materials can be produced with 
more flexibility by the usage of composites. Coming 
to mechanical properties Rockwell hardness value 
ranges from 103-112 , tensile strength average of 
44MPa and break elongation of 24.3%. These tests 
were carried out by Iron/Copper + ABS composites 
involving metal content upto 40% by volume with 
controlled centrifugal mixing. 

 
 

By using grey – fuzzy logic , instead of  optimising all 
the parameters can be merged into single major factor. 
Flexural modulus comes around 2.3GPa with an yield 
strength of 68.9MPa. Izod impact test gave an average 
value of 2.8J/cm. Major electrical properties include 
arc resistance of 120sec, with Comparative Tracking 
Index of 600V. These parameters include built style, 
raster angle, raster width, mold and metal tempera-
ture, filling time and pressure. 

 
 

Upon comparing the values with temperature , loss 
modulus value is directly proportional whereas stor-
age modulus and viscosity varies inversely. Hot Wire 
Ignition and High Amp Arc Ignition are 15sec and 120 
arcs respectively. Thermal properties comprises of 
maximum service temperature 88.70C, having a sof-
tening point of 2120F. In this study, frequency sweep 
is performed in DMA 2980 equipment to determine 
modulus, damping and viscosity values. 

 
Thermo gravimetric analysis was analysed with no 
weight loss . Moulded samples shown higher surface 
finish inducing the detailed comparative study of fdm 
products. Flammability UL94 Horizontal burn-
ing(HB). The chemical composition consists of 15-35% 
acrylonitrile, 5-30% butadiene, 40-60% styrene. This 
technique is also used for layer thickness, orientation, 
tensile, compression, flexural and impact tests. 

 
 
 

 
A number of research worksbased on various optimi-
zation techniques were reviewed including RSM, 
Taguchi method, full factorial, gray relational, frac-
tional factorial, ANN, fuzzy logic and GA. A review of 
research work on various optimization techniques in-
dicated that there were successful industrial applica-
tions of Taguchi method, RSM, GA and ANN. Analy-
sis of 3-D printed parts mainly takes the comparison 
between Fused Deposition Modelling and Injection 
moulding. Surface roughness, dimensional accuracy, 
contour width, material behaviour and build time are 
also measured. 

 
 

Graphical analysis was carefully done by using pygc chro-
matography technique for different samples categorized. 
The temperature under which the rate in TGA de-
creases fastest is relative to the period during which 
the number of the peak is the most in the PyGC chro-
matogram. This includes flexural, compressive, tensile 
and surface finish analysis. The first two gave positive 
results for FDM technique for 0.2mm layer thickness 
but the last two showed the greater values for mould-
ed parts. Flame retardant properties of PC/ABS blends 
with different amount of flame retardants are signifi-
cantly different. 

 
Inter layer cooling influences the quasi – static mechanical 
properties of FDM – ABS components by changing the 
number of parts that are built at a time through optical mi-
croscopy. Thermo Gravimetric Analysis showed the 
optimum values for both the samples. To overcome 
this issue composites of ABS are being used nowa-
days. Uniaxial test samples are built considering the 
build orientation and the number of parts in the enve-
lope, in order to influence this inter-layer cooling 
time. Tensile tests are performed and the fracture sur-
faces are investigated using digital microscopy. 

 
This paper deals for increasing strength within less 
time for 3D printed parts. It was observed that layer 
height influence majorly for ultimate tensile strength 
and printing time, whereas, extrusion temperature in-
fluences much for the elastic modulus.These compo-
sites mainly include iron filled in the layers of ABS 
matrix which gives stiffness and hence high tensile 
characteristics.  Preliminary studies on the influence 
of build orientation were carried out by varying the y-
axis orientation of the specimen and confirm that 
model built using y –axis orientation of 450  yields bet-
ter mechanical properties. 
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ABS manufactured gears were tested for different 
tooth loads as they are durable against flame, air, ul-
traviolet lights and holding lower moisture than PA66 
GFR 30 materials, the usage of them brings an ad-
vantage in many industrial areas. Additive materials 
should be added to PC/ABS materials for rising dura-
bility . Loss modulus increased upon increasing the 
temperature but the storage modulus as well as vis-
cosity showed inversely proportional results. Howev-
er PC and ABS polymers combine each other, the 
PC/ABS blends have suitable mechanical properties 
for gear applications in the industrial areas  

 
In this paper, a method for the creation of lightweight, 
metal cellular structures was presented utilizing the 
capabilities of indirect 3D printing and traditional 
casting techniques. Vacuum casting processes , topol-
ogy optimisation techniques under certain load condi-
tions are also investigated. Excellent impact re-
sistance, good machinability, excellent aesthetic quali-
ties, easy to paint and glue, good strength and stiff-
ness with low cost are some of the characteristics of 
ABS. Progress towards exploring the use of metal 
casting into 3D printed sand molds for creating cellu-
lar materials and sandwich panels. 
Anisotropic behaviour of ABS specimens are signifi-

cantly influenced by the orientation of the layered ras-
ters and the resulting directionality of the polymer 
molecules. Raster orientation with analytical and 
computational models propagated fatigue strength. 
It’s applications in various industries  include food 
handling and equipment, Aircraft-Aerospace-Defense, 
oil & gas, Medical technology materials, Material 
handling, Alternative energy. Leads to rapid protyp-
ing techniques to rapid manufacturing methods. 

 
The values obtained of glass transition temperature 

in DSC and the decomposition temperature in TGA 
clearly indicates that the thermal stability of the com-
posite is not affected by the increase in CS concentra-
tion.The other fields which use ABS are Machined 
prototypes, Structural components, Support blocks, 
Housings and covers. 
ABS can be vacuum metalized and electro-plated 
paved the way for its extensive use in automobiles. 

 
Points drawn from this study mainly include the increase 
in the current density increases the temperature of the 
electrolyte, and thus causes peeling of the electroplat-
ed layers. Various process parameters comprises of 
Layer thickness, Air gap, Raster angle, Build orienta-
tion, Road width and Number of contours. For electro-
plating, the plastic model needs to be made electrically con-
ductive in order for the electroplating process to work, and 

in this paper an attempt has been made to show and under-
stand the development of 
electroplating setup for plating ABS plastics. 

  
This study found that increasing the extrusion tem-
perature reduced the extruded filament diameter 
through the extruder die. The superficial print quality 
of the recycled filament was of a similar consistency 
as commercial filaments, as confirmed by surface 
roughness analysis. With these key parameters Stor-
age modulus, Loss modulus as well as Mechanical 
damping were calculated. Examining the potential of 
using 100% recycled ABS to form filaments for use in 
Fused Deposition Modelling (FDM) 3D printing. 

 
The initial state of material in Rapid Prototyping 
technologies can come in either solid, liquid or pow-
der state. In solid state, it can come in various forms 
such as pellets, wire or laminates. Layer thickness of 
0.3302mm, zero air gap, raster angle of 0.00, build ori-
entation of 0.00, road width of 0.4572mm with 10 con-
tours maximises the mechanical damping, storage & 
loss modulus. Contribution are presented basic in-
formation about common and advanced materials 
used for realization of products by Fused Deposition 
Modeling Rapid Prototyping technology application. 

 
 

Raster angle is the parameter which has the most sig-
nificant effect on flexural strength of PC-ABS compo-
nent made by FDM process, when compared with the 
other parameters taken into account. The material us-
age by the FDM machine can be optimized with the 
help of these parameter settings. Using FDM900mc 
machine, Raster angle of 45°/45° yields higher flexural 
strength when compared with other parameters con-
sidered. Similarly, for surface roughness, contour style 
is the most significant parameter, where the triple 
contour style gives better surface finish. 

 
Reprocessing and thermo oxidation of ABS have a 
much more severe effect on impact properties and 
elongation-at-break than tensile properties. As the re-
processing and thermo-oxidation conditions become 
more and more severe, degradation of the polybuta-
diene phase seems to become progressively more sig-
nificant. Thus, it may be deduced that the changes oc-
curring during service life of ABS are part of the life 
cycle which mostly affect its further recycling possi-
bilities and performance in second-market applica-
tions. 

 
The estimated value of the Axons is always greater 
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than the value of the time recording process and 
measurement of the mass printing results. Printing 
process using ABS was 2661 seconds, which was faster 
than using the PLA was 2808 seconds. For the material 
consumption, show that the average mass of ABS was 
7,33 grams compared with using PLA was 8,17 grams. 

 
 

In this research the FDM process parameters air gap 
and number of contours show a significant effect on 
the storage modulus and loss modulus. A gradual in-
crease in storage modulus has been observed with the 
decrease in air gap and increase in the number of con-
tours. The most influential parameters were statisti-
cally obtained through the analysis of variance 
(ANOVA) technique. The optimal parameters for 
maximum dynamic mechanical properties were found 
to be layer thickness of 0.3302 mm, air gap of 0.00 
mm, raster angle of 0.00, build orientation of 0.00, road 
width of 0.4572 mm, and 10 contours. 
This paper mainly focusses on air gap parameter has 
been proved statistically to influence the surface finish 
of FDM built parts, combined with layer thickness at 
(0.254 mm) and raster width at (0.508 mm). By apply-
ing negative air gap at (-0.01), the beads of ABS M-30i 
overlapped and the voids between the built beads 
were filled, this resulted in a smooth surface construc-
tion and a lower Ra value compared with other built 
parts with default settings. ABS- M30i biomedical mate-
rial was used in this research work to build parts. 

 
 

Analysis of Shear strength and stiffness between lay-
ers were higher than those measured between roads. 
Because of the non-isotropic behavior of the parts 
made by FDM process, the strength of local area in the 
part depends on the raster direction. Using the Design 
of Experiment (DOE) approach the typical tensile 
strength ranged between 65 percent and 72 percent of 
the strength of injection molded ABS P400. 

 
 

Metal additive manufacturing can eliminate the 
welding and machining of multiple units by building 
designs in a singular part. Applications such as Metal 
3D printing, with its advanced metals offering, is best 
utilized in highly complex and involved designs. It 
can significantly reduce the assembly of designs by 
consolidating parts into a single build were discussed 
practically. Traditionally machined metals, such as 
stainless steel and titanium, have been created as 
powdered metals for manufacturing with Direct Met-
al Laser Sintering (DMLS) 3D printing. 

 
 

Evaluation of the fraction of stored energy delivered 
to a victim load during an ESD event, the next exper-
iment will attempt to quantify the amount of available 
charge participating during an ESD event from a die-
lectric surface. The powder would coat the charged 
sections of the inner sphere while leaving the un-
charged sections clean were discussed. Investigated 
the validity of the plasma kinetic model by measuring 
the current profile received by a realistic victim load 
in order to quantify the energy deposition. 

 
 

The analysis that has been run in this study is Taguchi 
Analysis and continued with ANOVA optimization 
methods. The results for both methods used have 
been analyzed. 
The Signal to Noise (S/N) ratio and Analysis of Variance 
(ANOVA) method is applied in identifying the best parame-
ter settings and to find the influence of these parameters on 
warpage issue. In this study, Packing Time is found to be 
the most significant parameter, regardless of the material 
used. 

  
 Experimental Procedure 
 

Identifying the Design of Experiment for 4 factors and 
3 levels. L9 orthogonal Design of experiment is ap-
propriate to determine the necessary optimum pa-
rameters[21]. Constant Bed temperature of 95-110  
degC. Extruder temperature varies from 220-250 
degC. Parameters to be considered for printing test 
specimens are Layer Height , Fill Density , Print Tem-
perature and Print Speed. 
 
All the test specimen dimensions as per ASTM stand-
ards mentioned in research papers which we can get 
during Literature Survey[8].Making the 3D CAD 
models for tensile test and flexural test , the specimen 
is thin rectangular slab of 190.5mm long, 12.7mm 
wide, 2.6mm thick. For compression test the specimen 
is cylindrical of 25.4mm long, 12.7mm diameter 
whereas for Impact testing the specimen is 63.5mm 
long, 25.4mm wide, 25.4mm thick.The V notch was 
modelled within the computer model. 
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Fig. shows ASTM standards. 
 

 
Figures showing Cura model , brim and specimens. 
 

 
 
 
 

 
 
 
 

 

 

 
 
Fig. all the required test specimens 
 
 

 
 
 

Tensile Test 
 
 

 

 
Brim: 20 mm  prevents warpage , makes easy - 
to remove specimen. These Tensile test Speci-
mens were given for testing under IN-
STRON.The strain rate given to the machine 
for carrying out Tensile test varies from  1 mm   
per min. 

 

 Parameter 1 2 3 

F1 LayerHeight (mm) 0.1 0.2 0.3 

F2 Fill Density (%) 20 40 60 

F3 Print Temperature 
(deg C) 

230 240 250 

F4 Print Speed (mm/s) 20 30 40 

Institute VIT Vellore 
Laboratory Name ADV Materials Processing 

and testing lab 
 

Operator ID POONDLA VISHNU VIKAS 
 

Rate 1 1.000mm/min 
 

Humidity(%) 60.00 
 

Temperature (deg C) 25.00 
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        FLEXURAL TEST           

       Flexural test is also performed on the same machine IN-
STRON as it is a Universal Testing Machine, only the equip-
ment must be changed.Strain rate given is raised to 3 mm/min 
rather than 1 mm/min for tensile test because load acting is 
much slower ,as it consumes lot of time.As ABS material is 
ductile, the specimens are tested and removed before they 
touch the extreme edge whereas for brittle materials , test will 

be performed upto breakage of specimen. 

 
To determine the most influencing factor among these 
parameters ANOVA can be performed in Excel.As 4 
factors are mapped to Flexural and Tensile  tests, One 
way ANOVA is feasible.With this analysis , we can 

calculate individually by taking single parameter with 
Flexural and Tensile  strengths  as output.We need to 
give this as Null and alternative hypothesis respec-
tively by level of significance.Finally , with the help of 
F-test we can accept or reject accordingly. 
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Maximum 
Load 
(N) 

UTS 
(GPa) 

Modulus (Au-
tomatic 

Young's) 
(MPa) 

Tensile strain 
at Break 

(Standard) 
(%) 

553.39336 0.019 1087.287 3.425 
506.21033 0.018 1100.611 3.782 
848.92511 0.029 1553.785 4.088 
560.71281 0.019 1092.843 3.799 
746.34552 0.026 1289.997 4.767 
357.84245 0.012 702.571 3.061 
243.78300 0.008 523.889 3.054 
82.08752 0.003 198.599 2.882 
528.68128 0.018 744.946 6.024 
848.92511 0.029 1553.785 6.024 
491.99793 0.017 921.614 3.876 

 
 
 
 
 
 
 

0

100

200

300

400

500

600

0 1 2 3 4 5

Lo
ad

 (
N

)

Extension (mm)

Specimen 4 to 4

Specimen #
4

 
 

0

100

200

300

400

500

600

700

800

0 1 2 3 4 5 6 7

Lo
ad

 (
N

)

Extension (mm)

Specimen 5 to 5

Specimen #
5

 
 

     

       

 Specimen 
label 

Tensile strain at 
Maximum Load 

(%) 

Load 
at 

Break 
(Stand

ard) 
(kN) 

Tensile 
stress 

at 
Break 
(Stand

ard) 
(MPa) 

Com
ment 

1 001 3.14472 0.53 18.44 1 
2 001 2.48362 0.02 0.60 2 
3 001 2.87771 0.80 27.69 3 
4 001 3.46834 0.53 18.34 4 
5 001 3.81820 0.73 25.23 5 
6 001 2.50370 -0.01 -0.23 6 
7 001 2.49019 0.01 0.28 7 
8 001 2.18110 0.02 0.78 8 
9 001 5.77505 0.52 18.00 9 

Maxi-
mum 

 5.77505 0.80 27.69  

Mean  3.19363 0.35 12.13  
Mini-
mum 

 2.18110 -0.01 -0.23  

 Final Area 
at Area Re-

duction 
(mm^2) 

Initial Area 
at Area Re-

duction 
(mm^2) 

Reduction 
of Area at 
Area Re-
duction 

(%) 

True strain 
at Maxi-

mum Load 
(mm/mm) 

1 110.00000 28.80000 -281.94444 0.03096 

2 110.00000 28.80000 -281.94444 0.02453 

3 110.00000 28.80000 -281.94444 0.02837 

4 110.00000 28.80000 -281.94444 0.03410 

5 110.00000 28.80000 -281.94444 0.03747 

6 110.00000 28.80000 -281.94444 0.02473 

7 110.00000 28.80000 -281.94444 0.02460 

8 110.00000 28.80000 -281.94444 0.02158 

9 110.00000 28.80000 -281.94444 0.05614 

Max
imu
m 

110.00000 28.80000 -281.94444 0.05614 

Mea
n 

110.00000 28.80000 -281.94444 0.03139 

Mini
mu
m 

110.00000 28.80000 -281.94444 0.02158 IJSER
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Flexural test graphical view 

 True stress 
at Maxi-

mum Load 
(Pa) 

% Elong. at 
Tensile 

Strength at 
Non-

proportion-
al Elonga-

tion (Stand-
ard) 
(%) 

% Elonga-
tion at 

Break at 
Non-

proportion-
al Elonga-

tion (Stand-
ard) 
(%) 

Elong. at Ten-
sile Strength at 

Non-
proportional 
Elongation 
(Standard) 

(mm) 

1 19819306.46
215 

0.79115 1.16606 1.02850 

2 18013286.31
383 

0.35582 3.70943 0.46256 

3 30324817.92
006 

1.69130 1.95366 2.19870 

4 20144452.29
614 

1.06045 1.53078 1.37859 

5 26904253.02
695 

2.27704 2.43626 2.96015 

6 12736172.33
938 

2.50370 3.06098 3.25482 

7 8675474.238
36 

2.49019 3.05357 3.23725 

8 2912427.951
08 

2.18110 2.88185 2.83543 

9 19417114.23
999 

2.59295 2.70912 3.37083 

Max
imu
m 

30324817.92
006 

2.59295 3.70943 3.37083 

Mea
n 

17660811.64
311 

1.77152 2.50019 2.30298 

Min-
imu
m 

2912427.951
08 

0.35582 1.16606 0.46256 

 Elongation at Break at 
Non-proportional Elonga-

tion (Standard) 
(mm) 

1 1.51588 
2 4.82226 
3 2.53976 
4 1.99001 
5 3.16714 
6 3.97927 
7 3.96964 
8 3.74641 
9 3.52185 

Maximum 4.82226 
Mean 3.25025 
Minimum 1.51588 
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 Speci-
men 
label 

Comment Maxi-
mum 
Load 
(N) 

Maximum 
Flexure 
stress  
(MPa) 

1 001 1 20.12 52.72128 
2 001 2 18.11 47.47259 
3 001 3 19.80 51.89336 
4 001 4 24.28 63.64045 
5 001 5 17.02 44.59830 
6 001 6 15.61 40.91172 
7 001 7 15.27 40.02131 
8 001 8 9.20 24.10339 
9 001 9 13.52 35.42870 

Mea
n 

  16.99 44.53235 

 
 Maxi-

mum 
Flexure 

extension  
(mm) 

Modulus 
(Auto-
matic) 
(MPa) 

Flexure 
stress at 

Yield (Ze-
ro Slope) 

(MPa) 

Flexure 
strain at 

Maxi-
mum 

Flexure 
stress 

(mm/mm
) 

1 34.454 2958.5689
1 

52.23703 0.02389 

2 34.038 1288.2497
1 

47.47259 0.02360 

3 26.376 2889.1063
5 

42.59880 0.01829 

4 35.384 2286.2617
1 

----- 0.02453 

5 30.004 2259.2811
9 

44.59830 0.02080 

6 32.007 1572.8409
3 

28.83659 0.02219 

7 28.521 1706.8343
1 

31.57029 0.01977 

8 13.344 26426.090
84 

20.82295 0.00925 

9 25.770 8639.7312
4 

31.64839 0.01787 

Me
an 

28.877 5558.5516
9 

37.47312 0.02002 

 
 
 
 
 
 
 
 
 
 
 
 
 

To determine the most influencing factor among these param-
eters ANOVA can be performed in Excel.As 4 factors are 
mapped to Flexural and Tensile  tests, One way ANOVA is 
feasible.With this analysis , we can calculate individually by 
taking single parameter with Flexural and Tensile  strengths  
as output.We need to give this as Null and alternative hypoth-
esis respectively by level of significance.Finally , with the help 
of F-test we can accept or reject accordingly. 

 
 
Micro – structure observation: 
 
 

With the help of Dynolite under 75 – 80 x magnification , the 
micro structures of surface roughness , alignment of layers 
after performing Tensile and Flexural tests can be found. 
 For Specimens 3 and 4 of maximum Tensile and Flexural 
strengths, the layers are closely packed even after tested under 
heavy loads.But  for Specimen 8 which got minimum Tensile 
and Flexural strengths, the layers are disturbed drastically 
resulting in heavy gaps between them .This induced several 
defects in the specimen and finally lead to Failure. 
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Conclusion 
Hence from the above results specimen  3 showed maximum 
UTS  of  0.029 Gpa , and  specimen  8 showed least  UTS of  
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0.003 Gpa,specimen  4 showed  maximum Flexure stress  of  
63.64045 Mpa , and  specimen  8 showed least  Flexure stress 
of  24.10339 Mpa.Layer height,Fill density,Print tempera-
ture,Print speed for specimen 3 are 0.1mm, 60%, 250degC, 
40mm/s and for specimen 8 are 0.3mm, 40%,230degC,40mm/s. 
Similarly for specimen 4 they are  0.2mm, 20%, 240degC, 
40mm/s  whereas for sample  8 they are 0.3mm, 40%, 230degC, 
40mm/s. 
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