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REVIEW REPORT

The doctoraldissertation of MSc, Eng. Torkan Shafighfard entitled
"Diagnostic Methods for Fiber Reinforced Coinporii" Structures with Imperfections,,

l. Base of elaboration

The basis for the review is letter of the DepLrty Director for Scientific Issues, Cruegorz Zywica,D,Sc,, Ph,D, Associate Professor of tMP PłN, No, RN-421-5lż3 out"a api.ir 1th, żOż4.

2, Selection of tlie topic of the doctoralthesis

The subject of tlre doctoraldissertatiorl is the irnpeI,f'ection detection on conrposite structures,understanding imPerfections as "voids, gaps between fibre bundles, delarninations, holes, etc.or inclusions".

As a result of the thesis, uP to up to l2 jourrral papers are presented (5 still on review, and 3 ofthem as first author), one. book chaPter and 2 presentations on conferences, Book chapter is thecomPendium of one of the conference (EWśHM 20ż2). Journals and conferences are re|atąlwith the topic of the thesis.

3. Titlę, content, and layout of the dissertatioIl

The PloPosed title of the clissertation,"Diagnostic Melhods.for Fiber Reinforcecl Composite
Slructure s u, ith Inperfb ctio ns''
The entire dissęrtation was Presented on ]09 pages in English. lt contains 6 chapters and theBibliography. TIre bibliography irrcludes l22 iteńs.

Chapter l lntrod uct ion
This chaPter is just u Y.'y short explanation of the tlresis topic and bases, that maybe could bemixed with the next chapter (SoA), and specially with the point 2.1 Motivation.

Chapter 2 State of the Art.
This chaPterreview comPosite materials, additivemanufacturing, StructuralHealth Monitoring(including FBG PrinciPia), Machine Learning and the study of the interaction betweenmechanical joints in composites. l n my opinion,lhe structure orinis chapter shoulJ have a clearhierarchY and a better organization. For example, Aclditive Manufacturing and Fused
DeP,os.ition Modeling are in the same level, bLlt FuŚed Deposition should be under the level ofAdditivemanufacturing, as it is a technique. Same for FBG and SHM. Additionally, in the
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literature review are mixęd general infonnatiotl with a very specific one (For example, Shape
MemorY PolYrner resilrs is a very specific issue. and it is noidirectly related with the pno topiÓ),Although the organization and some contents could be improved, the bases of the SoA are
stated,

Chapter 3 AM for CFRP ęmbedded FBG.
In 

1hi9 
chaPter, it is proposed to embed FBG sensors on composite materials manufactured with

additive manufacturing, in order to fully characterizę thi manufacturing process and thę
thermos-mechanical behavior of the material. Thę test performed in a wide range of
temPeratures and conditions validate the nrodel of the cornposite material in traction. However,
the bolted joint require colnpression and bearing test, as the rnatrix behavior is more complex
than in traction. Additional to mechanical test, ŚEM ,i.,ographs were performed, but it is no
conclusions related with this inforrnatiotl (adliesion fiber/rnatrix and i'iber optic/matrix, for
exalnpIe).

Chapter 4 Appl ication of ln u lti - illstrulTeIlt tech niques.
In this chaPter, a wide exPerimental characterization in fabric composites is performed, as well
a nunrerical model is developed. This chapter has a large list of test (DIC, IRT, mechanical
testing, fractograPhy) and numerical characterizations with a high levei of agreement with all
the exPerimental techniques. This chapter is interesting and not deeply stud! irr the SoA, and
the methodology proposed is deeply study ancl validated.

Chapter 5 Stacked ML model
In this chaPter, ML techniques have beęn uses to artalyze the laminate mechanical behavior
using ntlmerica| data to train and validate the nrodel. This topic is curretltly very interesting,
and it is a wide range of studies. As in previotts chaptel,s, tlre structure of this chapter should
have a clear hierarchy arid a better organizatiotl, in ily opinion. Thę results are good, even if
the number of tests Seellls to be irlsufficient. The rnodeiaccuracy is good, aligned,irith tn. soa.

Chapter 6: Summary and Discussion
This chaPter is węll organized, with differęnt conclusions of every topic under study in the
thesis.

4. Evaluation of the thesis

Original elements of the dissęftation:

This dissertation studies several topics of different areas: sensors, manufacturing, testing,
analYsis, data Processing..,using a lruge list of experimental techniques and a vast number of
test. It is inrPressive that a phd student has performed all this tasks. As result of allthe different
results Perfonned, it is difficrrlt to find a clear roacl that joint the different topics/chaptęrs. The
continuous change of topics, materials and techniques tnakes very difficult the reading.

The most significant achievements of this disserlation are the study of the intęraction bętween
holes in comPosite laminates and the use of ML to analyze laminate mechanical behaviour.
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5. General comments and questions

List of remarks:

- Joint ChaPter l with poil"lt2.1 Motivation, as the Chapter l has not enough entity.- Fig 3.2: SPectrum is not accurate enough to meastlre ihe spectral shift pńperly. 
-

- MJP acronym is not explained
- The laY-uP Sequence of the latninates under study in chapter 4 has no 45o layers, as it is

required due to standard design rules. The application of the results is limiied to cross
ply laminates.

- The ntlmerical analysis has no cletail any failure criteria, that it is mandatory to
undęrstand fai ltlre Irrechan isIn s.

6. Typographical error

Pag. 33, line 5: 1,75 is not fibęr diameter, is the dianręter of the yarn.
Pag.34, Table 3.3: Temperature range is not c|ear (-75oC to +180"C). Same rnistake can be
found in other parts of the same tablę with other parameters.

7. Final conclusion

ln mY oPinion, the doctoral thesis entitled "Diagntlstic Methods./br Fiber Reinforcecl Composite
Structures with Imper.fections" by Mr MSc, Eng. Torkan Shafighfard is an original solution to
a scientific Problem and meets all the requirenrents for cloctońl th.r.. by the applicable the
Law on Higher Education and Science - Act of July 20,2018 (Journal of Laws of the Republic
of Poland 20l8, iteni 1668, as arnerrclecl).

The dissertation may be admitted for public defense and constitutę the basis for awarding Mr
MSc, Eng. Torkąn Shafighfard holds a PhD in the engineering and technology field in the
discipline of mechanical engineering,

Antonio Fernóndez Lopez
Madrid, May 25tl' ,2024


