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     Abstract – The contribution is characterized by the 

method of sterolography used in the production of 

models, in our case the test samples from two chosen 

materials, standard and tough. It deals with the 

mechanical tests of these samples created by the Form 

1+ stereolithography device and with the orientation of 

the print layers during its production on its resulting 

mechanical properties. At the end, we describe the 

statistical method of processing Zwick 1387 

measurement results. 
 

     Keywords – stereolithography, mechanical tensile 

test, photopolymer, zwick 1387 

 
1. Mechanical tensile test 

 

 The goal of the static pull test is to determine the 

basic mechanical properties of the material under 

tensile stress. Test rods were extruded from the test 

materials, which gradually loaded up to the tear in 

the test machine. From data from the jig machine and 

the bar dimensions, we can determine the junction, 

material strength, tensile strength and contraction. [4] 

 The drag diagram shows the dependence of the 

test rod extension on the load force. After the 

proportionality curve, it has a straight line, then 

begins to deviate, but the deformations are elastic up 

to the point E - the elastic limit. That is, if we remove 
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the load, the material returns to its original state 

without a permanent extension. If we exceed the 

limit of elasticity, permanent deformations occur. 

There is deformation on the slopes even without 

increasing the load. Once the strength limit has been 

reached (point P), the material will break even 

without increasing the load. [5] 
 

 

Figure 1. Tension Diagram (U- Proportion ratio Ru, E- 

Flexibility Rp, K- Sliding limit Re, P- Strength Rm, F - 

Loaded Area, ΔL- Sample Extension, Lo- Original Sample 

Length) [7] 
 

Strenght characteristics:                                

 Tension:                        Proportional deformation:                 
  

 
 
 

 

 

Figure 2. Various types of tensile diagrams (1-rigid 

material, tough, 2-tough material with medium strength 

and significant slip, 3-brittle material, low strength, 4,5,6- 

high tear-proof materials, low strength. 
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2. Stereolithography 
 

 Stereolithography is the first of Rapid Prototyping 

methods. This technology was discovered and 

patented in 1986 by Charles W. Hull. The principle 

of stereolithography is curing of photosensitive resin 

by means of UV laser radiation, polymerisation. The 

laser beam is directed through the adjustable mirror 

so as to draw the desired cross section of the model 

sequentially. The Form 1+ printer used to make test 

specimens has a simple design. One part is a gray 

aluminum base with a small LCD display and a 

button. Upstairs there is a liquid photopolymer and a 

base plate attached to the lifting device. This part is 

protected by an orange cover. Orange color is not 

only a result of design work but also has functional 

properties. This orange-colored shade blocks the UV 

light (which cure resin) from the input or output of 

the printer. 
 

 
 

Figure 3. FormlabsForm 1+ device [2] 

 
 This printer produces high-quality, high-

resolution prints. Printing is relatively fast and the 

printout software is easy to use. Smaller prints are 

printed out quickly and can be easily removed from 

the base plate. [6] The Form 1+ printer is also 

equipped with a security mechanism that pauses 

printing when handling the protective cover. This 

will ensure a secure job with the printer to prevent 

the exposure of the laser worker. [8] 

 The PreForm software has been used to solve our 

problem. It is a relatively simple program, directly 

from the manufacturer of the printer itself, but it is 

not possible to create models. The software is 

designed to read st1 files. , obj. or custom format 

.form. Thus, it is easy to import files from many 

CAD systems that support models of these formats. 

[13] However, curing in the container is not perfect. 

Based on the material used and the results, 75-95% 

of the maximum achievable hardness value is 

reached. The complete cure of the model occurs 

when it is irradiated in an ultraviolet furnace. 

 
Figure 4. Description of the SLA part of the printer (1.)  

Base plate, 2.) model, 3.) material container, 4.) material 

(liquid photopolymer), 5.) laser beam, 6.) XY scanning 

mirror, 7.) lens , 8.) laser) [1] 
 

 Advantages: accuracy, smooth surface, shape 

stability. 

 Disadvantages: the pattern of curing of the 

model with UV light, low heat resistance 

 

2.1 Overview of used materials 
 

 Formlabs photosynthetic liquid resins are 

designed to simulate a wide range of end-use 

materials. Several types of resins are now available 

that are compatible with the Form 1+ and Form 2 3D 

printers. For standard use, STANDARD is a resin 

that simulates a hard plastic that is available in 4 

colors: clear, black, white and gray. At present, 

attention is also drawn to the development of casting 

resins, flexible resins, resistant resins, and ceramic-

based resins. 

 
Figure 5. Examples of prints from commonly used 

materials 
 

 Standard, clear material creates powerful plastic 

parts suitable for prototype production as well as new 

design. This material creates a very clean structure, 

smooth surface and precise details. After curing, it 

excels in tensile strength and stiffness. Exceeding the 

method of 3D printing with ABS. [14] The material 

is offered in 4 color versions in black, white, gray 

and clear. Material mechanical properties are 

comparable in all color versions. Standard is capable 

of producing high resolution models. The surface 

finish is perfectly smooth from the printer and does 

not require any further adjustments. The models also 

excel with their robustness and accuracy. The 
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material is suitable for rapid product design and 

development. [9] 
 

Table 1. Mechanical and Physical Properties of Standard  

Material 
 

Mechanical 

properities 

Before 

curing 

After curing 

Tensile strenght 38 [MPa] 65 [MPa] 

Young module 

(tension flex module) 

1,6 [GPa] 2,8 [GPa] 

Tensibility 12% 6,20% 

Flexural strenght 1,25 [GPa] 2,2 [GPa] 

Notch toughness 16 [J/m] 25 [J/m] 

HDT with 1,8 [MPa] 42,7 °C 58,4 °C 

HDT with 0,45 [MPa] 49,1 °C 73,1 °C 
 

 Tough is a photopolymer resin specially designed 

for Form 1+ a Form 2 stereolithographic printers. 

Designed to simulate the properties of ABS plastics 

with a comparable modulus of elasticity and tensile 

strength. This material is ideal for functional 

prototypes. [6] Tough material is a solid, crush-

resistant material that has been developed to 

withstand high stress and elongation. This material 

can be printed in layers of 50-100 microns. [6-9] The 

toughnes, suggests one of the mechanical properties 

of this material. Toughness is the ability of the 

material to absorb energy during bending and impact 

and thus prevents cracking. Absorption of energy 

will result in deformation of the material rather than 

its fragmentation. [3] 

 Toughness is also defined as the area 

below the deformation curve. The tough material 

generally has a good force distribution (withstand 

more stress) and tear strength. For this reason, the 

deformation curve is much greater than for other 

materials with lower rigidity. This allows you to 

accept greater tension before material failure. The 

material has a lower stiffness than the previous 

standard type, so it can be more prolonged before 

tearing. [18] 
 

Table 2. Mechanical and physical properties of tough 

material [10] 
 

Mechanical 

properities 

Before 

curing 

After curing 

Tensile strenght 34,7 [MPa] 55,7 [MPa] 

Young module 

(tension flex module) 

1,7 [GPa] 2,7 [GPa] 

Tensibility 42 % 24 % 

Flexural strenght 0,6 [GPa] 1,6 [GPa] 

Notch toughness 32,6 [J/m] 38 [J/m] 

HDT with 1,8 [MPa] 32,8 °C 45,9 °C 

HDT with 0,45 [MPa] 40,4 °C 48,5 °C 
 

 Flexible material and elastomeric properties make 

it easy to press flexible and compressible models. 

When thin models are flexible and coarse they are 

flexible. It is not recommended to print very thin-

walled models or models with fine details. [13-15] 

The material is used, for example, in the production 

of functional and ergonomic prototypes, suspensions, 

dampers, packs or stamps. However, it is not 

recommended to use low elongation, hence its use in 

tensile models, as the pulling becomes relatively easy 

to tear. [14] When designing a model, keep in mind 

that its flexibility depends on its structure and 

thickness. The heavier model will therefore be more 

resilient, but it will not be very flexible. 
 

Table 3. Mechanical and physical properties of flexible 

material 
 

Mechanical 

properities 

Before curing After curing 

Tensile strenght 3,3-3,4 [MPa] 7,7 -8,7 [MPa] 

Compressing 0,40 % 0,40 % 

Tensibility 60 % 75 - 85 % 

Flexural strenght 0,6 [GPa] 1,6 [GPa] 

Tearing resistance 9,5 - 9,6 

[kN/m] 

13,3 – 14,1 

[kN/m] 

Hardness 70 – 75 A 80 – 85 A 

Vicat Softening 231 °C 230 °C 

 

 Durable is the most durable material offered by 

Formlabs. It is highly wear-resistant, low friction 

compared to standard and though. It is used for 

prototypes that will be made of high density 

polypropylene or polyethylene in the final 

production. The best use of durable for prototype 

production is when the required functions and use of 

the finished product are used at room temperature. 

[13] 

 Polypropylene is very often used in situations 

where high deformation, deformation or impact 

resistance is required. Polypropylene is used in the 

production of models used for example as vehicle 

bumpers, packaging materials, etc. [16-19] The 

material is ideal for prototype engineering and has 

been developed to withstand high stress. Durable 

printing is used for models that require shock 

resistance. Like flexible and durable, it is used for 

models that require some flexibility. Unlike flexible, 

durable is used in poisons to maintain high stiffness. 
 

Table 4. Mechanical and physical properties of durable 

material 
 

Mechanical 

properities 

Before 

curing 

After curing 

Tensile strenght 18,6 [MPa] 31,8 [MPa] 

Young module 

(tension flex module) 

0,45 [GPa] 1,26 [GPa] 

Tensibility 67 % 49 % 

Flexural strenght 0,16 [GPa] 0,82 [GPa] 

Water absorption - 0,21 % 

Notch toughness 12,3 [J/m] 14 [J/m] 

Heat expansion from 

23 to 50 ° C 

117.0 

[μm/m/°C] 

145.1 

[μm/m/°C] 

HDT with 0,45 [MPa] ˂ 30° C 43,3 ° C 
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 Formlabs is constantly developing new materials 

and the possibilities of their use are expanding. The 

mechanical properties of different materials limit 

different parameters. A simple comparison of the 

properties of the individual materials mentioned can 

be seen in the following graph. 
 

 

Figure 6. Comparison of mechanical properties of 

materials 

 

2.2 Production and preparation of samples 
 

 Various standardized test methods are used to 

evaluate the mechanical properties of the materials. 

Testing bodies, not products, are typically used for 

testing according to the relevant standards. These test 

bodies are pre-prescribed in shape and dimensions. 

The results obtained from the sample survey can not 

be automatically transferred simply by recalculation 

to other dimensionally and differently shaped 

products. Each case is then judged individually and 

the test results are checked by functional prototype 

verification as well as a new series. 

 

Figure 7. Testing body (13 - total length, l1 - length of 

narrow parallel part, r - radius, l2 - Distance between 

wide parallels, b1-width at ends, b2-width at narrow part, 

h-recommended height, L0 marks, L - initial distance 

between the jaws 
 

 Models of test samples created in CAD software 

must be saved in the * .stl format, which has become 

the standard in this area. This format simplifies the 

interior and exterior surfaces of the model through 

triangular flat faces. Our test body was modeled with 

CAD / CAM / CAE software CreoParametric4.0 and 

stored in * .stl format. [11,12] 

  

 

Figure 8. Samples samples in * .stl format 

 

 Samples were made using Formlabs 3D Form 1+ 

stereolithographic printer. Prepared for printing using 

freely available PreForm software developed for this 

printer. Formabs - standard (black) tough materials 

were used to make samples. 

 Due to the adherence of the model to the base 

plate and consequently problematic removability, it 

is necessary to avoid printing directly on the base 

plate. It is therefore advantageous to use a support 

material which serves as a separation medium. In 

order to be able to print the model, we need to choose 

the appropriate orientation in advance. The support 

material is pushed directly onto the base plate. In 

some situations, it is also necessary to place the 

support material in the cavities. The support material 

is always the same as the model material. The 

PreForm program generates the distribution of the 

support material automatically, but these parameters 

can be changed as needed. Also, the program offers 

the possibility of adding and removing supporting 

material, as well as the possibility to create a 

customized design of the support material. We 

therefore chose to print samples under 45 °, samples 

printed without angular deflection, and then examine 

the influence of the orientation of the print on its 

resulting mechanical properties. After loading the 

model into PreForm, select the type of printer, the 

material we are about to print and the size of the 

layer to be loaded. The manufacturing process has a 

major impact on the material properties of the 

samples or products produced. In our case, we chose 

faster printing, which in practice means that the 

height of one layer will be 0.1 mm. 

 

Figure 9. Preview of models before printing, a, b- visible 

support material 
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 After printing, the test bodies were soaked in an 

IPA alcohol tank for 120 seconds. Subsequently, we 

left the models for 10 minutes to overlap with the 

IPA alcolohol, yb we got rid of all the leftover 

material and simplified the further handling of the 

product. Then we moved the models to a second pot 

with pure IPA alcohol and repeated the procedure. At 

the end of the process, we finally cured under 30W 

UVA light at 45 ° C for 30 minutes. Thanks to this 

process, the material acquired mechanical properties 

for the manufacturer. 
 

 

Figure 10. Print Preview at 45 ° (a) and Print Output (b) 

 

 In Fig. 11. we can see test bodies of different 

materials prior to (a.), and after (b) removing the 

support material. The samples were labeled before 

removing the support material to know what kind of 

material and what kind of orientation was used to 

print the sample. 
 

 

Figure 11. Test pieces before (a.) and after support 

removal (b) 

 

 Subsequently, we have removed the support 

material with the help of the hands and special pliers. 

In Fig. 11. (b.), we can now see samples cleaned and 

prepared for mechanical tests. 

 

3. Testing process 

 Depending on the nature of the material, we have 

gained different types of tests during our 

measurement. Experimental tests of the tensile 

properties of the materials were in accordance with 

the conditions stated in the material sheets of the 

tested materials and the STN ISO 527 standard. Tests 

were carried out at the Department of Material 

Engineering, Faculty of Metallurgy, Kosice. In total, 

124 test pieces of material were tested, in majority 

with standard (black) and tough samples. 

 

 

Figure 12. Test samples from standard (black) and tough 

printed in different orientations 

 

 The static tensile test was performed on a ZWICK 

1387 machine, which is suitable for comparing the 

mechanical properties of different materials (metals, 

rubber, plastics, textiles, paper, etc.) in tension, 

pressure or bending. Test machine, ZWICK 1387 is a 

computer-controlled blasting machine designed 

primarily to perform a strength test with a maximum 

test force of 200 kN. It is also suitable for assessing 

the strength of welded or glued joints. 

 The first step is to firmly clamp the test piece into 

the jaw. The axis of the test body must be in the axis 

of action of the loading force. With a continuous 

shifting of the traverses, the test bar loads and 

continues to form, usually until the violation. The 

basic result of the mechanical pull test is the tensile 

diagram, which indicates the dependence of the test 

rod extension on the load force. 
 

 

Figure 13. ZWICK 1387 

 The introduction of our testing consisted of a 

thorough inspection of the dimensions of all tested 

bodies. These values were recorded in the TestXpert 

software on the computer and in the tables below. 

After measuring the values, the test piece was 

clamped into the jaws of the ZWICK 1387 blasting 

machine, at which the test speed was set at 1mm / 

min. After tearing, the samples were again counted 

and the values subsequently recorded in the table. 
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The measured and calculated values obtained in the 

static pull test are shown in tab. The values measured 

under the name Fm [N] show the maximum 

measured values of the forces detected during the 

experiment (forces on the peak load strength). From 

this measured value we can further determine the 

tensile strength Rm [MPa], the elongation A [%] and 

the contraction Z [%]. During the static pull test the 

graphical (or digital) dependence between the voltage 

σ [MPa] elongation ε [%], which can be seen in Fig. 

14. This record is most commonly called a work 

chart, but we can also see the tear pattern. 

  

 

Figure 14. Output variant from standard (black) (a.) 

Measurement without angular deflection, (b.) With 45 ° 

deflection 

 

 Standard samples (black) after a static pull test are 

shown in the figure in the first illustration a.) The 

samples are printed without angular deflection and 

the image b) of the sample is printed at 45 ° angles. 
 

 

Figure 15. Test pieces of standard (black) after testing 

 

 

Figure 16. Output variant from tough (a.) Measurement 

without angular deflection, (b.) With 45 ° deflection 

 

 In Fig. 17. are samples printed from hard material. 

In the first display a.) the samples are printed without 

angular deflection and in b.) we can see samples 

printed at 45 ° angles. A detailed evaluation of the 

outputs and values of each measured value for our 

two tested materials can be seen in the tables. 

 

 

Figure 17. Tough test pieces after testing 

 
4. Statistical evaluation of the measurement 

 When evaluating the static tensile strength test, 

the results of the measured values were used to 

determine the most probable measured values and to 

determine the error size. It included the use of 

mathematical-statistical methods. Determination of 

tensile properties, Part 1: General principles, 

Accuracy of measured values is calculated using a 

confidence interval (95% probability) according to 

STN ISO 2602 Statistical interpretation of test 

results, Estimation of average, Confidence interval. 

 The main task of this standard is to give the most 

correct interpretation of statistics, calculated from the 

measured values for the most appropriate use of the 

obtained results. This standard assumes that, in the 

case of test samples, measurements are made at 

random and are independent. The resulting interval is 

called a confidence interval for the average. It is 

linked to the confidence factor, which represents the 

probability expressed as a percentage. 

The mean m is calculated using the arithmetic mean 

(σ_M) ≤ n, in our case n = 31 measured results of the 

test bodies from the material according to the 

formula (1): 
 

   ̅̅ ̅̅ ̅  
 

 
∑ σ   

 
         (3) 

The actual confidence interval and confidence 

interval (confidence interval) is calculated from the 

estimate of the mean and the standard deviation of 

formula (2): 
 

   √
 

   
∑          ̅̅ ̅̅ ̅  

 

   
                  (4) 
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Where: 
 

     – measurement of the sample from the 

material 

n – total number of measurements 

   ̅̅ ̅̅ ̅ – the arithmetic mean of the measurements 

 

For STN ISO 527, the 95% confidence level is 

established and a one-sided or double-sided 

confidence interval must be determined in a 

particular case. The double-sided confidence interval 

for the average of the set is determined for the 95% 

confidence level by a subsequent two-sided 

inequality according to formula (3): 

 

   ̅̅ ̅̅ ̅  
      

√ 
          ̅̅ ̅̅ ̅  

      

√ 
         (5)

            
Where t0.975 and t0.95 are coefficients for the 

Student t-interface with v = n-1 degrees of freedom. 

Their values are table values. Based on the realized 

experiments and measurements of tensile strength 

values σm [MPa] of testing bodies made of standard 

(black) and tough materials in various orientations, it 

can be stated: 
 

 The median of the strength of the standard 

(black) printed materials without angular 

deflection was 32 ± 0.927MPa, with the 

strength of STANDARD (Black) samples 

printed under 45 ° being significantly lower, 

and σ (M2) 22.75 ± 1.097 MPa . This was 

probably due to the inappropriate orientation 

of the layers applied, i.e. by selecting the 

orientation of the model at 45 ° angles. 
 

 The tensile strength of test pieces of hard-

pressed material without angular deflection 

was & lt; = 38.75 ± 0.789 MPa, with the test 

strength of TOUGH samples printed at 45 ° 

angles also being lower, and? M45.5 ± 0.817 

MPa. This was probably caused by the same 

inappropriate orientation of the layers 

applied, i.e. by selecting the orientation of 

the model at 45 ° angles. 
 

Table 5. Results 

 σm 

[MPa] 

S1 [MPa] σm ± 

[MPa] 

Standard (without 

deflection) 

29,84 2,48 0,927 

Standard (with 

45° deflection) 

22,79 2,94 1,097 

Tough (with 45° 

deflection) 

8,41 2,11 0,789 

Tough (without 

deflection) 

5,15 2,19 0,817 

 

5. Conclusion 

 

 The article deals with stereolithography, briefly 

describes the principle of laser curing of plastics. It 

represents commercially available materials used to 

produce models and their mechanical properties in 

two states. In general, it describes the possibilities of 

orientation of the test sample models in their 

production and examines the effect of changing the 

position of the models during manufacture on 

mechanical properties. 

 The presentation of the measured results found in 

the tables and graphs that are the output of the 

ZWICK 1387 measuring device, changing their 

layering to mechanical properties. From the results of 

orientation of two prints from pre-selected standard 

and tough materials. After evaluating the static 

tensile strength test, the results were measured by the 

method used to determine the most probable 

measured values and to determine the error size. 

Using mathematical-statistical methods and 

measured values, when comparing samples from 

standard (back) and tough materials, it was found 

that the strength was significantly higher in samples 

printed without angular deflection than under 45 ° 

angles. Thus, we can say that when printing the 

models, it is more appropriate to orient and print the 

layers in the assumed direction of the loading force. 
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