Impact behaviour of microwave-assisted compression

moulded HDPE/kenaf and HDPE/MWCNT composites

A thesis
Submitted by
Nayan Pundhir
(S16009)

In fulfilment of the requirement for the degree of
MASTER OF SCIENCE (BY RESEARCH)
Under the guidance of
Dr. Sunny Zafar and Dr. Himanshu Pathak

(School of Engineering)

* Institute of
Technology
Mandi

INDIAN INSTITUTE OF TECHNOLOGY MANDI
KAMAND, MANDI-175005

HIMACHAL PRADESH, INDIA



Acknowledgement

It is an honour for me to thank all the people who have made this thesis possible. First and
foremost I offer my sincere gratitude to my thesis supervisors Dr. Sunny Zafar and Dr.
Himanshu Pathak. In every sense, this work would not have been possible without their

constant encouragement, valuable guidance, support and patience during the research.

I would like to thank all the APC members, lab staff, members of the School of Engineering
for their support. I am very much thankful to the Ministry of Human Resource

Development, Government of India for providing financial support for the thesis work.

I would also like to thank my lab members and friends for their support, suggestion, and
making the journey enjoyable. My deepest gratitude goes to my parents for their unparallel

contribution and blessings.

Nayan Pundhir
Enrollment No. S16009



Candidate’s declaration

This is to certify that the thesis entitled “Impact behaviour of microwave-assisted
compression moulded HDPE/kenaf and HDPE/MWCNT composites”, submitted by me
to the Indian Institute of Technology Mandi for the award of the Degree of Master of Science
(by Research) is a bonafide record of research work carried out by me under the supervision
of Dr. Sunny Zafar and Dr. Himanshu Pathak. The content of this thesis, in full or in parts,
have not been submitted to any other institute or university for the award of any degree or

diploma.

Nayan Pundhir
Enrollment No. S16009

i



Declaration by the Thesis Supervisor

This is to certify that the thesis entitled “Impact behaviour of microwave-assisted
compression moulded HDPE/kenaf and HDPE/MWCNT composites”, submitted by
Nayan Pundhir to the Indian Institute of Technology Mandi for the award of the Degree of
Master of Science (by Research) is a bonafide record of research work carried out by him
under our supervision. The content of this thesis, in full or in parts, have not been submitted

to any other institute or university for the award of any degree or diploma.

Dr. Sunny Zafar Dr. Himanshu Pathak
School of Engineering School of Engineering
Indian Institute of Technology Mandi Indian Institute of Technology Mandi

il



Table of Contents

ACKNOWICUZEIMENL ....cuveicverenseiessnissssnesssanissansssssssssssosssssosssssssasssssassssssssssssssssssssssssossasssssasssssss i
Candidate’s declaration........eeeeiienienennenninieniinssneneessssssesssessssssssssssssesssssssssssssssssssses ii
Declaration by the ThesSis SUPEIVISOL ....cccuiivveiiisiiiiisiinsiiiiseicssnnisssecssssncssseesssssessassessnsens iii
LSt Of fIGUIES..cciueiiiiiiiiiiiiiiiitiniitiiticseteesatccnnecssssnssssssssssisssssssssssssssssessassessssesssssessssasses vii
LISt OF £ADIES..cciiueiiienuenenrrensuecsnnnnensaensaecssetsseesssnnsssessanssseesssssssesssssssssssanssssessasssasssassssasssesss xii
ADStract....ueeeeesncseeeseennnnnne cessesssesnsssessnesssansssassasnas xiii
ALY 11T 1T 1 T xiv
Chapter 1: INtroducCtion ........ccoceicnceeenesnrcscnisssnisssanssssssssssssssssssssssssssasssssasssssssssssssssssssssnsssssass 1
1.1, SOME TMPACE CASES ..vvervreeerierierrieriieereereresteeseesseesseessssesseassesasseesseessesssssesseessesssssnsseessenns 1
1.2, COmMPOSILE MALETIALS ...eveieiieiieiieeiie ettt ettt et e e e eeeente e e enees 3
1.3. Microwave processing of MaterialS..........ccceeiieeieriieeiieeie e e 6
1.4. Application of polymer composites for crashworthiness...........ccecceeeeeceerieecienieeceeneen. 7
1.5, THESIS OVEIVIEW....eviiitiiiitiienietet ettt sttt ettt ettt et et ettt ebe bt eae e 9
1.6, SUIMIMATY ...eeeuiiieiiiieeie et e eieeeette et ee st e e stteessteesssse e nsaesnneasssseeesssaesssseesssesnssassnnsessssees 10
Chapter 2: Literature Review ceeeessstessasnesstessssneantaans 11
2.1, LAterature STUAY ....ceooveeeeieeeie ettt ettt et et et e e teeeeeeate e e et et e eteenneeenteenneenne 11
2.2. Motivation and Research gap........ccooceeouieiieeie et 24
2.3. Objectives and scope 0f the WOTK ........oceerireiieiiiiieee e 26
2.3.1. Objectives of the present WOrK ........c.occveeciieiieeiieeeie ettt 26

v



2.3.2. Scope of the PreSent WOTK .........c.coviirieeiieiieiie et 26

2.4. Plan of the Present WOTK .......c.cociiiiiiiieeie ettt 27
2.5, SUMIMATY ..ottt et ettt e sttt e e b e e et e sttt eebbeeeaabeeeabbe e nteeeaaeeesabeas 29
Chapter 3: Fabrication and characterization..............cceeiccrrcssseicnssrisssnissnscsssesssssnessassoses 30
3.1. Experimental ProCEAUIE .........ccouviiiiiiieeiieeie ettt seae e esbe e seneenneenes 30
3oL L MALETIALS .ot 31
3.1.2. FIDIe treatment. ......cccccuiriiriiiiiienieenteee ettt e et 34
3.1.3. Fabrication Of COMPOSILES. .....c.eertieeiieiieieeeteeieesete ettt et ettt et e e e ees 34
3.1.4. Characterization of the COMPOSILES........ccveerieriiiciierrieeieeie e ere e s 40
3.2. Results and diSCUSSION. ......ccueoieuiiieiirieiiiiietie sttt et 42
32,1, TeNSIIE TEST. .ttt ettt s 42
3.2.2. Strain-rate dependent tenSIle teSt.......ccuvirieriirriierierie ettt e 45
3.2.3. Multi-step stress 1elaxation teSt........ceueeueeieerieeeeiie et 47
324, FIEXUTAL tESE ...ttt et ettt sttt e 49
3.2.5. 1ZOA TMPACE TESE...cueeieuiieiietieet ettt ettt e ettt e stte e te et e et e st e easeeseeseeeeneeennes 51
3.3 SUMMATY ..etiieiie ettt ettt e st e e sabeesstbe e e beeessaesssaeesssaesnsaesssesnnsassnnsassnsees 53

Chapter 4: Crashworthiness analysis of HDPE composites for the automobile

APPLICALIONS ..uverereneicrcnrircnicssrisssanisssnrossasssssasesnssossnses «.55
4.1. GOVEINING CQUATIONS ...cuvvierieiieriieereeeteeieeteeteesssesseesseesseesssessseasseesssssssesssesssessssessesnns 56
4.2. Problem formulation .........c..cococieiiiiiniriiieeie e 57
4.3. Results and diSCUSSION.......cc.uertiriiiirieniieicie ettt sttt ettt e s es 60

4.3.1. Validation of numerical model ...........cccceoiiririiiniininiiceeee e 60



Case I: Impact of body panel on a rigid Wall..........coocoviiiiiiiiiie e 61

4.3.2. Geometry and MmOdelling ...........cccoeiiiriiiiieie e 61
4.3.3. Boundary CONAItIONS. .......eecuieriierieeiiestiestesieeie ettt e et seeeseeeaeesseeseeesneeeseee e 64
4.3.4. Material PrOPETLICS. ...ccvveerieeieereeiieeieecreestteetreebeesteeseeeseeseessseesseasseesseessseesseesssenes 64
4.3.5. Full frontal IMPACL ........ccveeiiieiiiiieeiiectee ettt eereeebe e esseeeseesseesene e 66
4.3.6. Offset frontal IMPACE.........ccceeriieriieiieciereesee et e e ebeesreesraessseesrae e 73
4.3.7. Oblique frontal TMPACE........cueeiieiieie ettt se e seee e 79
Case II: Impact of body panel on a rigid Pole .......ccoovvrvierieiiieee e 92
4.3.8. Effect of material on the VON-MiSes StIESS .........cceevureririeiirieiinenienienrenereeeeeanes 94
4.3.9. Effect of material on the directional deformation ............cccceccoeeinincninencnencnn. 96

44, SUIMNIMATY ..vvvieiiieeiieeeieeeeieeessteeessseesseessssaesssseesssaesssseesssseessssessnsesssssessssesessseessssesssssees 106
Chapter 5: Conclusions and Scope for future Work ..........cceeicvvercsseecssnecsnncssenccsnnnes 107
BTN R 1073 1e7 L 53 T PPN 107
5.1.1. Fabrication and testing of COMPOSILES .........eeeureiieiieeiieiie e 108
5.1.2. NUMETICAL STUAY ....eeetieiie ittt ettt et ettt seteeeee e e e e eaneeneee e 109

5.2. Limitations of the present WOTK .......c.cccvevieriiiniiesiesiieieeeeeeee e eree e eereeveesaeeene e 110
5.3, Scope fOr fULUIe WOTK........ceoiiiiiieciiieii ettt ettt ettt s beesbeebee e e eseens 110
References.......ueeceeseecseensnennne ceeessseesaesssesssasssaesnnesanae 111
PUDLICATIONS «oveevureinensnensaenssnecsuecsannsuessannsseessncsssessanesssesssssssesssssssasssanssssessansssasssssssasssasessassnaee 122

vi



