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Phibonazzo – Experimental Sample for Maker Faire Rome (2022 edition) 

  

Material: PLA and TPU 

Embedded NFC TAG UID:  04:AB:B0:2A:7A:71:80 

This physical object is an experimental bioplastic 3D printed collectible toy prototype: 

keep far from heat sources above 45°C and children aged under 14 years 
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Phibonazzo consists of a rollable puppet whose segments are composed of parts sized and related to each other according to the Fibonacci sequence (see 
Table 1 and 2). 

 

Phibonazzo - Table 1. The rolling sequence of Phibonazzo. 

 

Phibonazzo - Figure 1. The scheme of a series of square-plan sections with sides dimensioned according to the Fibonacci sequence and which roll up on themselves.1 

 

USE OF PROFESSIONAL SOFTWARE 

 
1 Images extracted from the gif https://www.pinterest.it/pin/420031102745939592/. See also video https://www.youtube.com/watch?v=HCwFcBhvxF4  
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Phibonazzo was initially modeled with Tinkercad2 , and finalized using Autodesk Fusion 360, maintaining the measurements of the 4 square-based modules 

with sides equal to 1 cm, 2 cm, 3 cm 5 cm3; and the slots present in each segment in a number equal to the cm of side of the respective segments4 (see 

Table 3). 

Phibonazzo - Table 2. From Tinkercad to Autodesk Fusion and segment sizes. 

  

Phibonazzo - Figure 2. The first drawing on Tinkercad. Phibonazzo - Figure 3. The reshaped drawing on Autodesk Fusion 360 with 

measurements. 

 
2 https://www.tinkercad.com/  
3 1 - 2 - 3 - 5 are the initial numbers of the Fibonacci sequence 
4 The buttonholes have the function of highlighting the diagonals of the square segments. When Phibonazzo is rolled up, these diagonals form a simplified golden spiral. We have chosen to use buttonholes 
rather than embossed or engraved designs since the square segments thus perforated allow to visualize the path of the lace and to obtain two-color aesthetic effects even with a mono-extruder printer. 
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DRAWING OF THE GOLDEN HEAD 

To maintain the conceptual coherence of a puppet based on the golden section, a dedicated head was designed. Starting from a square base of about 30 

mm on the side and using golden ratios to create the image of eyes, mouth, and ears.  

The whole number 80.00 (expressed in mm) has been chosen as the base number5 from which to derive multiples and submultiples calculated according to 
the constant Phi (also defined as Golden Number or Golden Ratio6) usually indicated by the Greek lowercase letter7 φ, and whose value is equal to 
1.61803398878. 
 
The diameters and radii of the circumferences (or arcs of circumference) used to make the 2D drawings of the head are listed in Table 3 below. 
 

Phibonazzo - Table 3. Numerical sequence and ratios of the measures used for the graphic construction of the Phibonazzo head 

Sequence of the integer 80 second multiples or 
submultiples of Phi 

Measurements of the diameters or radii 
used in the 2D construction of the drawing 

(in mm) 

Measurements with number 
rounded to the third decimal place 

(in mm) 

Fibonacci number closest in 
cm 

BASE NUMBER 80,00 - 8 
80,00: 1,6180339887 = 49,442719101516239  mm 5 

49,442719101516239: 1,6180339887 = 30,557280901892984 30,557 3 
30,557280901892984: 1,6180339887 = 18,88543820173027 18,885 2 

18,88543820173027: 1,6180339887 = 11,671842701464921 11,672 1 
11,671842701464921: 1,6180339887 = 7,213595501070157 7,213 - 

7,213595501070157: 1,6180339887 = 4,458247200892163 4,458 - 
4,458247200892163: 1,6180339887 = 2,755348300485403 2,755 - 

 

The resulting drawings, both 2D and 3D, are 1/1 scale. The graphic declination of the numerical sequence of Table 4 is explained in the figures of Table 5. 

 
5 8 is a number of Fibonacci sequence 
6 https://en.wikipedia.org/wiki/Golden_ratio. See also Relationship to Fibonacci sequence  https://en.wikipedia.org/wiki/Golden_ratio#Relationship_to_Fibonacci_sequence  
7 The Greek letter Phi symbolizes the golden ratio; usually, the lowercase form φ. Sometimes the uppercase form is used for the reciprocal of the golden ratio. 
8 Phi is an irrational number, for the calculations of multiples and submultiples of 80 in the table we have chosen to approximate Phi to the tenth decimal place. 
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The result, obtained with connections and tangents of curves and lines, is the image of a stylized cat (PhiboCat). 

The lace was passed in correspondence with one of the two eyes to give, with the resulting asymmetry, a further movement to the image of the face.  

Since the head is an Add-on that can be removed and inserted easily, various models can be developed with designs of different heads (anthropomorphic, 

animals, ghosts, etc.) 

Phibonazzo - Table 5. Construction of the PhiboCat image 

  

Phibonazzo - Figure 4. PhiboCat head: starting golden construction sketch. Phibonazzo - Figure 5. PhiboCat head: final golden construction sketch. 
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Phibonazzo - Figure 6. The extruded PhiboCat head with construction. Phibonazzo - Figure 7. The extruded PhiboCat head with construction 

(perspective). 

 

REVIEW OF THE ANTI-OSCILLATION CUTS 

In order to prevent the segments in the extended position from swinging sideways, the apexes of the Phibonazzo segments are cut. This measure was also 

present in the prototype presented in the proposal, but the cuts were revised to adapt them to the dimensions of the tunnel for the lace9  (see Table 5). 

Phibonazzo - Table 5. The anti-oscillation cuts 

 
9 The tunnel for the lace has been made wider than the prototype of the proposal, therefore, the cuts have also been resized. 
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Phibonazzo - Figure 8. The segments without the anti-oscillation cuts. Phibonazzo – Figure 9. The segments with the 2D construction and the anti-

oscillation cuts. 

 

CONNECTION FOR LOCK IN CLOSED POSITION 

A stable Phibonazzo joint was achieved in the closed version by redesigning the housing of the final part of the lace (see Table 6). 
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Phibonazzo - Table 6. Achievement of a stable joint in the closed position 

   

Phibonazzo - Figure 10. Body # 5 without the lace 

retentions. 

Phibonazzo - Figure 11. Body # 5 and the 2D 

construction for the lace retentions. 

Phibonazzo - Figure 12. Body # 5 and the space 

created for the lace retentions. 

 
THROUGH TUNNEL 
 
Both the lace and the internal tunnel of the segments where the lace runs have been carefully sized so that 
1. the lace could be inserted without excessive force to assemble and join the segments. 
2. there was enough friction for the rings to remain in place once assembled. 
3. that to roll up Phibonazzo the friction was not excessive to allow the segments to slide. 
 

WREP - Marchio Certificazione / Certification Mark / Zertifizierungsnachweis / Marque de certification
Phibonazzo__Sample_for_Maker_Faire_Rome_2022__-_TH4_COLLECTI...
2023-02-01T19:35:44+01:00
SHA:8156a29368c68f4c561641eea75913ae190a2b889d30442c6f6f842839a1112a



Phibonazzo. Physical object certificate 

 

 
 Author: Dario Tamburrano 

All texts and images contained in this document are highly confidential and blockchain certified, therefore the intellectual property is protected. 

Page 9 of 14 

 

To obtain these characteristics, numerous modeling and printing tests were carried out which considered the deformations of the TPU of various brands 
and of the PLA of the body (see Table 7). 

Phibonazzo - Table 7. The design and optimization of the pass-through tunnels and the lace 

  

Phibonazzo - Figure 13. 2D construction for tunnel and lace. The dotted lines 

represent various dimensional combinations for the various TPUs. 

Phibonazzo - Figure 14. 2D construction and extrusion for tunnel and lace. 

WREP - Marchio Certificazione / Certification Mark / Zertifizierungsnachweis / Marque de certification
Phibonazzo__Sample_for_Maker_Faire_Rome_2022__-_TH4_COLLECTI...
2023-02-01T19:35:44+01:00
SHA:8156a29368c68f4c561641eea75913ae190a2b889d30442c6f6f842839a1112a



Phibonazzo. Physical object certificate 

 

 
 Author: Dario Tamburrano 

All texts and images contained in this document are highly confidential and blockchain certified, therefore the intellectual property is protected. 

Page 10 of 14 

 

  

Phibonazzo - Figure 15. The tunnel for the lace. Body # 5. Phibonazzo - Figure 16. The tunnel for the lace. Body # 5 (section). 
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Phibonazzo - Figure 17. The tunnel for the lace. Head. Phibonazzo - Figure 18. The tunnel for the lace. Head (section). 

 

TPU's TEST 

The loop that joins the 4 segments and the head was made of TPU by testing different manufacturers in order to obtain: 

1. a flexibility that allows the 4 segments to be rolled, allowing you to return to the extended position without deformation 
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2. sufficient tear strength to allow the end of the lace to be printed with a hole suitable for inserting a metal ring10 (see Table 8). 

FILOALFA FILOFlex Medium 11 (shore 90A): the FILOALFA TPU among those tested proved to be the most suitable for the needs of the project. Excellent 

flexibility and absence of shape memory also offers excellent adhesion to the layers, such that the key ring can also be used, by pulling it, to straighten the 

segments without the risk of tearing. 

Phibonazzo - Table 8. Flexibility and resistance tests with various TPUs and the optimized design of the lace. 

 

 
10 The metal ring is useful, not only to be able to use Phibonazzo as a keychain, but to bring the Phibonazzo segments aligned (and therefore the puppet in a lying position) by exerting a 
traction on the lace through the ring. 

11 https://www.filoalfa3d.com/it/content/25-filoflex  
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Phibonazzo - Figure 19. Overview of the lace. 

  

Phibonazzo - Figure 20. The tip of the lace is blunt for insertion. And the hole for 

the metal ring (the hole is not perfectly circular forward so as not to cause a 

concentration of stress on a few layers). 

Phibonazzo - Figure 21. Lace: lock for closure. 

 

LOGO AND NFC TAG INSERTION 
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The T4H logo has been inserted in the 50x50 mm segment of Phibonazzo. A of 17x17 mm pocket has been made under the logo capable of housing an NFC 

TAG with a maximum size of 16.5x16.5 mm 12. The TAG can is sealed inside the pocket with a plug so that it cannot be removed without breaking the 

Phibonazzo segment. The NFC TAGs are equipped with a unique alphanumeric code (UID id) and can be written permanently and unalterably by inserting 

links to videos, dedicated web pages or certificates in blockchain / NFT containing the unalterable data of the buyer, the donor, the name of the recipient, 

and other personalized text messages; and able to possibly record the changes in ownership of the object and / or of the connected NFT certificates. Such 

information can be public or made private protected by a password. The NFC TAGs are readable by a transponder which today the vast majority of 

smartphones already in circulation are equipped with. 

Phibonazzo - Table 11. Logo and NFC TAG embedding. 

  

Phibonazzo - Figure 22. Phibonazzo NFC pocket. Phibonazzo - Figure 23. Phibonazzo NFC section. 

 

 
12 TAG NFC used: White squared NFC Tags with NXP NTAG213 chip. Better performances. Universal compatibility. Memory of 144 bytes. Waterproof. Password-protectable. NTAG213 Stickers Technical 
Specifications Integrated Circuit (IC): NXP NTAG213 Air interface protocol: ISO 14443 A Operation Frequency: 13.56 MHz Memory: 144  bytes Operating temperature:  from -25°C to 70°C / from -13°F to 
158°F Storage temperature: from -55°C to 125°C / from -67°F to 257°F Dimensions 16 x 16 mm (white sticker) Diagonal length: < 21 mm Overall thickness: 120 μm ± 15µm Materials Polyester PET, Aluminum. 
https://www.shopnfc.com/en/white-nfc-stickers/229-568-nfc-stickers-ntag213-16x16mm.html   
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