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Figure 3: Sketch of the initial concept for the prototype. 
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Figure 4: Dimensional requirements for the prototype. 

0.177 Nm ∗ 14 = 2.478 Nm
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Figure 5: Example of Matlab code of where to change material properties and dimensions. 

Figure 6: Simulated trajectory for the model in Matlab. 
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EI = 0.6206𝑁𝑚ଶ

𝐸୤୪ୣ୶ = 1.22GPa
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Figure 7: Buckling test on the lathe. 

𝐸௙௟௘௫

Figure 8: Comparison between the full working space of the mechanism with different val-
ues of k and a comparable ABB Flexpicker. 
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Figure 9: Traction test on 10-mm nylon bars. 

𝐸 = 918.3MPa

Figure 10: Traction test results for 10-mm nylon bars. 
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Figure 11: Traction test for the material used in the 3-D printer. 

𝐸 = 0.9GPa 𝜎௬ = 30MPa
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Figure 12: Rod portion of length ds subjected to distributed external forces and moments, 
also showing internal forces and moments. 
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Figure 13: ABB IRB360 FlexPicker. 

Table 1: Collection of commercial pick and place Delta robots. 
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Table 2: Cycle times for ABB IRB 360 FlexPicker. 
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Figure 14: US4765795 drawing of full manipulator. 

 

Figure 15: Example of continuum structure using strips. 
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Figure 16: Continuum robot with pre-curved rods. 

Figure 17: Hexapod example for third device claimed. 

 
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Figure 18: Flexible parallel manipulator. 

 

Figure 19: Planar parallel robot mechanism on a sliding platform. 

 
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Figure 20: Robotic case packing system. 

 

Figure 21: Rigid-flexible coupling type flexible mechanical arm. 

 
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Figure 22: Different positions for the manipulator made of ground coffee. 
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Table 3: Risk exposure matrix. 

    Probability       

    High Medium high medium low Low 

Im-
pact High 

· ·
·

  Medium 

· · · ·

  Low         
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Figure 23: Subassemblies of the prototype. 

 

 

Figure 24: Shaft-bar coupling. 
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Table 4: FEM Analysis results 

Figure 25: Case 1 Stress. 

Figure 26: Case 1 Deformation. 
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Figure 27: Case 2 Stress. 

Figure 28: Case 2 Deformation. 
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Figure 29: Case 3 Stress. 

Figure 30: Case 3 Deformation. 

 
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Figure 31: Elbow. 

 

Figure 32: Parts forming the R joint. 
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 

Figure 33: Bars forming the mechanism. 
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Figure 34: Detail of how the length of the bars was determined. 

 

Figure 35: Detail of the parts on the drivetrain. 
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 

Figure 36: The support plate. 
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 

Figure 37: Motor flange adapter. 

 

Figure 38: Motor flange. 
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 

Figure 39: Bearing in its housing. 

Figure 40: Detail for the axis height and affected dimensions. 
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 

Figure 41: Beam coupling. 

 

Figure 42: Shaft. 
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Figure 43: Critical shaft distance detail. 
 

Figure 44: Motor and gearhead mounted on a previous prototype. 

o 

o 

o 
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Figure 45: FeiyuTech WG 3-axis gimbal. 
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Figure 46: Testing for permanent deformations on the rubber band. 
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Figure 47: Testing the system with the belts and pulleys. 

Figure 48: Clamps for the rubber and the belt. 
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Figure 49: Detail of how the clamps work. 

Figure 50: The two different styles of pulleys. 
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Figure 51: Parts to house the pulleys. 

Figure 52: The two end effector options. 
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Figure 53: All the parts. 

Figure 54: Glue bars 1 
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Figure 55: Glue bars 2 

Figure 56: Powertrain assembly 
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Figure 57: Powertrain assembly, alignment 

Figure 58: Preliminary Assembly. 
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Figure 59: Mounting of the prototype to the structure. 

Figure 60: Prototype finally assembled and mounted on its structure. 
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Figure 61: Example for the working space of the prototype in space. 
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Figure 62: Omron X-Delta 2+1 variant sketch. 
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Figure 63: Festo semi-rotary drives DVRS. 
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Figure 64: EPOS2 Controllers. 
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Figure 65: Control Center. 
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Figure 66: EPOS Studio. Motor actuation tab. 
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Figure 67: EPOS Studio. Data recorder. 

Figure 68: EPOS Studio. Object Dictionary. 
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Figure 69: The PXI. 



BILBOKO 

INGENIARITZA ESKOLA 

 

 

 

 

 

Figure 70: LabVIEW program UI. 
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Figure 72: Digital level used. 
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Figure 73: Use of laser level to ensure a vertical trajectory. 
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Figure 74: Example of differences in current and angle between M1 and M2. 

Figure 75: EPOS Software Set Up example 
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Figure 76: Combined results from the tests and simulations for different values of Young's 
modulus on the flexible bars. 
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Figure 77: Data from EPOS Studio. Plots for Position Actual Value and Position Demand 
Value. 
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𝑡ୱୱ 𝑡ୱୱ

Figure 78: Example of how test 2 developed. 
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Table 5 : Results from tuning the position PID on the EPOS Studio. 

Position Control Pa-
rameter Set:  

Value 
Range 

Deafult Values Min 
Value 

Max 
Value 

Selected 
Values  

Min Max Motor 1 Motor 2          
          

 
  

Position P-Gain 0 32767 697 679 1000 10000 7000 
Position I-Gain 0 32767 2250 2211 1000 32000 1500 
Position D-Gain 0 32767 1151 1112 0 5000 2600 

 

 

 
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Figure 80: P-gains on the LabVIEW program. 
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Figure 81: Example of the motors becoming unstable during a trajectory. 
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Figure 82: Changing the cycle period inside the LabVIEW program. 

Figure 83: Trajectory with unwanted steps. 
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Figure 84: Component critical failure. 
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Table 6: Task 1. 
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Table 7: Task 2. 

 
 
 
 

Table 8: Task 3. 
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Table 9: Task 4. 

 
 
 

Table 10: Task 5. 
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Table 11: Task 6. 

 
 
 
 

 
 

Table 12: Task 7. 
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Table 13: Labour costs. 

Labour  Per hour cost Total hours Cost 

Junior Engineer 35 €/h 600 h  €   21,000.00  

Senior Engineer 85 €/h 57 h  €     4,845.00  

Workshop Technician 45 €/h 20 h  €         900.00  
 

Total:  €   26,745.00  

Table 14: Amortizations costs. 

Amortizations Units Per hour cost Total hours Cost 
Matlab License 1 0.35 €/h 125 h  €           43.75  

SolidWorks License 1 3.33 €/h 150 h  €         499.50  

LabVIEW License 1 2.22 €/h 75 h  €         166.50  

ANSYS License 1 4.41 €/h 5 h  €           22.05  

Laptop 1 0.08 €/h 150 h  €           11.67  

Workstation PC 1 0.12 €/h 600 h  €           73.33  

PXI Control Unit 1 0.56 €/h 75 h  €           41.67  
 

Total:  €         858.47  

Table 15: Cost of the expenses. 

Expenses 

 

Per unit cost Amount Cost 

3D - printing material ABS-P430 198,1 €/kg 0,55 kg  €        108,96  
Nuts and bolts 

 
0,25 €/u 32 u  €             8,00  

Nylon bars 
 

11,74 €/set 1 set  €           11,74  
Carbon fiber bars 

 
32,67 €/u 2 u  €           65,34  

Elastic strip 
 

2,2 €/m 2 m  €             4,40  
Pulleys 

 
10,77 €/u 4 u  €           43,08  

Belts 
 

20,28 €/u 3 u  €           60,84  
DC Motor 148867 347,74 €/u 2 u  €        695,48  
Planetary Gearhead 166158 137,55 €/u 2 u  €        275,10  
Controller 347717 545,18 €/u 2 u  €     1.090,36  
Igus Motor flange MF-1040-NEMA17-S 66,76 €/u 2 u  €        133,52  
Aluminium Profiles 80 x 80 30 €/m 14 m  €        420,00  
Brackets  40 x 80 3,64 €/u 14 u  €           50,96     

Total:  €     2.967,78  
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Table 16: Overall expenses 

Overall Expenses: 
 

Labour  €                 26.745,00  
Expenses  €                       858,47  
Amortizations  €                    2.967,78  

Subtotal  €                 30.571,24  

Indirect Costs (2%)  €                       611,42  

Grand Total:  €                 31.182,67  

 

Figure 85: Showing the correct alignment of the mechanism. 
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15.1. FeiyuTech WG specsheet: 
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15.2. Blueprints: 
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15.3. Motor: 
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15.4. Gearhead: 
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15.5. Results test 1: steps of 100 qc. 
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15.6. EPOS Studio System Parameters: 

 

 
Parameters: Value Range Default Values 

Min 
Value 

Max 
Value Selected Values Units 

  Min Max Motor 1 Motor 2           
Profile:                
Profile Velocity 0 12000 567 572      rpm 
Profile Acceleration 0 4.29E+09 42967 43697      rpm/s 
Profile Deceleration 0 4.29E+09 42967 43697      rpm/s 
Object Dictionary                
Current Control Parameter 
Set:            

  
  

Current P Gain 0 32767 234 191    25 - 
Current I Gain 0 32767 91 134    12 - 
Velocity Control Parameter 
Set:                
Speed P-Gain 0 32767 3069 2965   12000  10000 - 
Speed I-Gain 0 32767 465 453   1500  1500 - 
Position Control Parameter 
Set:                
Position P-Gain 0 32767 697 679 1000 10000 7000 - 
Position I-Gain 0 32767 2250 2211 1000 32000 1500 - 
Position D-Gain 0 32767 1151 1112 0 5000 2600 - 


