APPENDIX-A
QUESTIONNAIRE FOR PATIENT SATISFACTION SURVEY

PATIENT SATISFACTION SURVEY

Pain Location i
Study Number 01 Mark on the drawing befow the exact spot where your pain is Jocated
e 0901|2000 Your Right Side Your Left Side
Patient Name: ) S———"
Ma. SANMUKHBHAT NATHURHAZ PATEL
Addess TADIKESHVAR VILLAKE, MANDYI TALUKA e e
SURAT _conTARAT | INVDIR. e i
Ciy_SURAT sute GUTARAT _ Pincoe 394140
Phone (Home) - Phone (Work or other) M= Q636439615 ',,k o
Email Id: =2 AKE . 4%Y

BELOW KNEE
AMPUTATION |

I Difficult
ledge, care and attention you received from your provider.
\ZSatisfetary O Poor

Your answer to the following questions will be used to improve the
uality of prosthetic devices and services.

oals and objectives related to your care with your provider”

¢ indicated you would?
e is your pain located (also please draw on the diagram i the below fizwre)” & AS Mewhioned 1w ﬁ'g

irpain problem’ T4 may develop afted the Accrdeart . « elymnfn?

ex) ; Now Feot of (ocal Mamafatiane

it disslil Wisaisicd
thett 1y Lowes leq ampateted . 1M h

some pavblems (ke Imfechom, Skim

 amd feeling paim im coputated Limb stased

ing the use-and care of your device useful”
useful 10 Not uselu) L0 didn'y get instructions

Vs DN Dldortomenta

| ‘_ d in the proper dloe cleaning of the device(s)?
| ~ ONo  Otdon'tremember

instructed abou the mmnl ks, benefits and precautions associated with the device(s)?
ONo 01 don'tremenber

tovingpect your skin for signs of problerms?
remenber

wear the prosthesis? Number of days: 0F dws
-Yes

Figure 1: Patient feedback form 1
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PATIENT SATISFACTION SURVEY

Study Number 02
e og|e1)2020

Pattent Name:

Ma. PARMAR (SANPATBHAT
PIPALIVA , CHHAPARWAD POST OFFICE ,
SINGKVAD , DAHOD , KUTARAT , TVDIA
Gy_DAHOD

Phone (Home) =

LIBABHAT

Address:

S (RUTARAT Pineode 397130

Phone (Workorother) M= 91-96%7+91296%

Email Id - AGE © 35 Years

Your answer to the following questions will be used to improve the
quality of prosthetic devices and services.

Where is your pain focated (also please drans on the diagram in the below fizure)? AS Memhioned \m Frgeve
How long have you had your pain problem”_PAZIN HAS STARTED AFTER THE ACCIDENT

C Y4 Yerrs))

! ed Im my lowew 1€q hejng amputcttey. Some
Problems [ike Skim vnfegtion and Swelling of the

8) Were the instructions regarding the use and care of your device useful”
O Very useful \U&’nnc\\h;u useful O Not useful O3 1 didn’t get instructions

9) Were you instricted in the purpose and function of the device(s)?
MZ¥es  [No 011 don't remember

10) Were you instructed in the proper maintenance and or cleaning of the device(s)
\D’fcs ONo 01 don't remember

11) Were you instructed about the potential risks.
\Jres  ONo  OFdon't remeniber

12) Were you instructed on how to inspect your skin for signs of problems
es  ONo  [Olldon't emember

13) Were you instricted on when and to whom you should report changes in your physical condition or

benefits and precawtions associated with the device(s)

general health?
‘es  ONo * O don't remember

14) Please rate the training you (or your caregiver) received about the device(s)
OExcellem OVenyGood DOGood ZFair OPoor Ol received no training

15) How many days per week. on average, do you wear the prosthesis” Number of dys: 06 ’Daaﬁ

16) Has the prosthesis made it uncomfortable 10 sit down”  _ "/0

17) Have you had difficulty feeling what type of surface you are standing walking on”
- Tt 16 difficatt to Wik on ameven tevvaim
18) How important is it that the weight of your prosthesis feel right?
- Becaaise of hecvy coeiqit mot clble +o coerti propeslYy .
19) In general, what was the major reason why you stopped using each type of prosthesis?
t hurts to wear the prosthesis.
is tireless wearing the prosthesis,
‘move about 100 slowly when | am wearing the prosthesis.

¢ hands are not free when | am wearing the prosthesis.

that my life is simpler without the prosthesis.

o not like the prosthesis.

‘other difficulties that make it hard to wear the prosthesis

5

Brefly describe how your pin stared: 4 yeerrs aqo T had am acerdemt theat

Pain Location
Mark on the drawing below the exsct spot where your pain is located
Your Right Side Your Left Side

TRANS- TIBAL
( Relow Knee)

[ Difficult

nowledge, care and attention you reccived from your provider.

(BN G \Grsatisactory. OPox

Is and abjectives related to your care with your provider?
device(s) when your provider indicated you would?

device and approximately cost of it?

e Legrtiih

(87
Wm 0 Mosty dissatisfied 0 Dissatisfied

\~ Difficulty handling

A~ Could nox fully bend elbow
Too noisy
Not functional - why
Battery recharging
Other reason (please specify)

J0IWHAT CHANGES DO YOU NEED TO MAKE T0 YOUR DEVICE?

2 Prosthesis Shoaid be light weight | wedes proof,
and flexibie .

> Tt can be ased fox all occasioms amd
cehvies

> Prosthetit cam be worn witha  vaziety of
~shoes » i

THANK YOU VERY
MUCH FOR SPARING |

——

YOUR PRECIOUS

—_— )

TIME FOR ME.

Figure 2: Patient feedback form 2
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PATIENT SATISFACTION SURVEY Fiii Locatlon :
Study Numt 03 Mark on the drawing below the exact spot where your pain is located.
udy Number 2 :
Due__04[01 2020 Your Right Side Your Left Side
Patient Name: ]

¥. AFTAR SATKH ==
Address:_ SANTRAMPUR ., MAHTSAKAR , (KUTARAT

INDIA
Ciy MAHTSACCAR  Ste _(CUTARAT  FPincode 3% 9260
Phone (Home) e Phone (Work or other) M * q(-45|0040362
Email Id: ics __ AKE: 2% Yeaws

O Diffi :uh

you received from your provider.
s‘ﬁmm 01Good Dsmsflclory \z’

‘your goals and objectives related t0 your care with your provider?

r answer to the following questions will be used to improve the
quality of prosthetic devices and services.

eive your deviee(s) when your provider indicated you would?

device and approximately cost of it?

‘Mg leq was cat M bats acadent ‘ i ¥ lmw DMM""““W P Dissatisfed
d because of that dbove knee e foflow

8) Were the instructions regarding the use and care of your device useful? v Difiic ulty handling
00 Very useful 0 Somewhat useful 00 Notuseful A1 didn't get instructions Couldnat Tully bend elbow
Toa noisy

9) Were you instructed in the purpose and fnction of the device(s)” :
MZYes  ONo  D1don't remember Not functional -~ why

¢ v Battery recharging
10) Were you instructed inthe proper maintenance and/or cleaning of the device(s)” !

OYes MZNo O don't remember

Other resson (please specity )

1) Were you instricted about the potential risks, benefits and precautions associnted with the device(s)? JOPWHAT CHANGES DO YOU NEED TO NAKE TO YOUR DEVICE?

M Yes  ONo 01 don't remember
. ‘ o > Prosthetic shoatid be lightweiqht amdl agstheticeltly
12) Were you instructed on how 1o inspect your skin for signs of problems

Ve ONo O don't remember Plea&l‘nﬁ-

13) Were you instructed on when and to whom you should report changes in your physical condition or = Prosthehe cam he castern ftted. amd darables
general health? = Foot Hechumismn sheand be im Saich el ey
OYes ONo \Adon'temember that 1+ cam bend rfroPE'l)\t.

14) Please rate the training you (or your caregiver) received about the device(s): :

O Excellent O VeryGood [ Good \anir O Poor Ol received no training -
115) How many days per week, on average, do you wearthe prosthesis? Number of days 0F days Patient Photograph

the prosthesis made it uncomfortable tositdown? — Yeg

5

1?)1‘]!'!”0!4!‘(1 difficulty feeling what type of surface you are standing walking on?

- 74 16 difficalt 1o qauk on 2meven and climbimg Stoirs
i !)lkmimwwu irthat the weight of your prosthesis feel right?

-~ Fithmg omd Alignment Problem

 general, what was the major redason why you stopped using each type of prosthesis”

THANK YOU VERY
MUCH FOR SPARING
YOUR PRECIOUS

TIME FOR ME.

-

Figure 3: Patient feedback form 3
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PATIENT SATISFACTION SURVEY
Study Number 0

bue_pq|odlen2e

Patient Name:

Mr. DASRATHRBHAT RBURIYA

Addes: sARTIMI | STVKOD  DAHOD  (UTARAT,
INDIA

City STNGKOD Sute (RUIARAT Pincode 39U 338~

Phone (Home) = _ Phone(Work or cher) M+ $3595F 5 504

Email 1d: I . AKE : 51 Yeaws

!
-

v to the following questions will be used to improve the
ality of prosthetic devices and services.

h xvgmwwm Paim has stunted cfter the aceldenrt

thet below Kmee ampartechiom occas

8) Were the instructions regarding the use and care of your device useful?
O Veryuseiul V2 Somewhat useful 1 Not useful 11 didn’t get instructions

9) Were you instriicted in the purpose and function of the device(s)”
e ONo O don't emember

10) Were you instructed in the proper maintenance and/or cleaning of the device(s)”
DYes ONo 2T don't remember

1) Were you instrscted about the potential risks, benefits and precautions associated with the device(s)”
VEYes  ONo 1 don't emember
12) Were you instructed on how to inspect your skin for signs of problems?
FYes  ONo O don'tremember
13) Were you instructed on when and o whom you should report changes in your physical condition ¢
el helt”
\Fes  ONo Ol dontremenier

14) Please rate the training you (or your caregiver) received about the device(s):
O Excellen O Very Good [ Good air D Poor Ol received no training

ny days per week, on average, do you year the prosthesis? Number of days: 0 6 day s

‘made it uncomfortable tosit down? A/ o

y feeling what type of surface you are standing/walking on?

L amd Clt“mbf'ng a  Stowycdse
ight of your prasthesis feel right?

prosthesis device shoald be light
reason why you stopped using each type of prosthesis?

Tocated (also plcase draw on the diagram i the below figure)? AS Memtiomed in fiqure

I had on accidemt befove 2 years cqo

m‘"m below the exact spot where your pain is located
Your Right Side Your Left Side

ey

e -

———
-

related 10 your care with your provider?

r provider indicated you would?

Figure 4: Patient feedback form 4
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APPENDIX-B
CLINICAL PERMISSION

‘The Mabaraja Suyiiirao University of Baroda
Past BoxNa. 41, KALABHAVAN
VADOOARA-390 001 (india).
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APPENDIX-C

PROSTHETIC FOOT VARIOUS CONFIGURATION MODELS

ANALYSIS DATA

All phase analysis for Prosthetic foot Model 2

AA L

Toe of

Swing phase

Contact phase

J Mid-stance phase ] Propulsivephase
27% approx. ‘| 40% approx. 'I

33% approx. 4

eeeeeeee 100%.

| S

Figure 1: Prosthetic foot Model 2 in “Mid-stance” situation

o
S
?

Table 1: Midstance analysis on prosthetic foot model 2

sr Total Total Equivalent | Strain
no Materials deformation | deformation stress energy
' (H2) (mm) (MPa) (mJ)
1 ABS 446.56 0.09735 8.9925 0.002324
ABS+PC
2 PLASTIC 443.01 0.09693 8.9863 0.002218
3 | ACETAL RESIN 422.71 0.09587 8.9686 0.001946
4 CFRC 1078 0.07392 22.691 0.001593
5 NYLON 6/6 335.28 0.10268 9.0049 0.003685
6 PEEK 504.95 0.09409 8.8455 0.001478
7 PET 433.79 0.0958 8.9871 0.001933
8 PLA 489.83 0.09468 8.9266 0.00164
9 UHMW-PE 1363 0.090459 18.284 | 0.0024725

A: Modal
Solutien
Frequency. N/A
07-11-2022 01:08 PM

0.00 50.00 100.00 (mm}

75.00

Figure 2: Prostﬁetic foot Model 2 geometry
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o i
— —

Figure 3: Mesh model

A: Static Structural

Figure 4: Static structural simulation

Figure 6:

Figure 7: Equi\)alent Stress Figu‘fe 8: Strain Energy

B) ABS+ PC Plastic

v w0 r 0w on
— — — —

Figure 9: Tota}l deformation (mm) Figure 10: Total deformation (Hz)
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g

Figure 11: Equivalent Stress Figure 12: Strain Energy

C) ACETAL RESIN

Figure 13: Total deformation (mm) Figure 14: Total deformation (Hz)

" wa

Figure 15: Equivaient Stress Figure 16: Strain Energy

D) CFRC

Figure 18: Total deformation (Hz)

Figure 10: EquiVaIent Stress Figure 20: Strain Energy
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E) NYLON 6/6

s 10000 ¢ o o m
— C— . — —

Figure 21: Total deformation (mm) Figure 22: Total defclivrmation (Hz)

Figure 23: Equivalent Stress

F) PEEK

Figure 25: Total deformation (mm)  Figure 26: Total deformation (Hz)

az s o0e o s
am— — B i

Figure”27: Eduivalent Stress Figure 28: Strain "Energy

Figure 29: Total deformation (mm)  Figure 30: Total deformation (Hz)
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Figure 31: EquiVaIent Stress Figure 32: Strain ‘Energy

wis
gy s
o

Figure 34: Total deformation (Hz)

s o 12000
— —

Figure 35: “Equivélent Stress Figure 36: Strain E:herg
) UHMW-PE

Figure 37: Total deformation (mm) Figure 38: Total deformation (Hz)

6
E 2ca15
2.858013 Min

an saen 16060 ey
L S— S

7500

Figure 39: Equivalent Stress Figure 40: Strain Energy

Investigations on Prosthetics / Orthotics elements developed from polymers and its composites I 215



Appendix 2023

Prosthetic foot “Heel strike” Analysis

é i Heelstrike Toe off

| J

Swing phase

Figure 41: Prosthetic foot Model 2 in “Heel strike” situation

Table 2: Heel strike analysis on prosthetic foot model 2

Sr . Total . Total . Equivalent Strain
no. Materials deformation | deformation stress (MPa) | energy (mJ)
(H2) (mm)

1 ABS 179.65 0.01028 8.0485 0.00098609
2 ABS+PC PLASTIC 178.19 0.009793 8.0528 0.00093959
3 ACETAL RESIN 169.89 0.0085314 8.0697 0.00082101
4 CFRC 213.57 0.002867 14.553 0.00028197
5 NYLON 6/6 135.19 0.016631 7.9983 0.0015791
6 PEEK 203.18 0.006386 8.0444 0.000611

7 PET 174.16 0.0084673 8.09 0.0008177
8 PLA 196.7 0.007118 8.086 0.000687

9 UHMW-PE 595.85 0.002459 50.798 0.0018742

jice

@n 200 e

Figure 43: Mesh model

oo as00 9000 (men)

Figure 44: Static structural simulation
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f\ g

Figure 4T: Equvi\valent Stress

Figure 48: Strain Energy

B) ABS+ PC Plastic

Figure 49: T(;fal defbrmation (mm) Figure 50: Total deformation (Hz)

Figure 51: AEquiva"IMent Stress

C) ACETAL RESIN

Figure 53: Total deformation (mm) Figure 54: Total deformation (Hz)
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g sate 10003 g
— E—

Figure 55: Equivalent Stress Figure 56: Strain Energy

D) CFRC

Figure 59: EquvaIenfMStress Figure 60: Strain Ene”r‘gy

E) NYLON 6/6

| I

Figure 61: Total dgforma:f'ion (mm) Figure 62: Total deformation (Hz)

- F

Figure 63“:‘ Equivalent Stress Figufe 64: Strain Energy

o i
— —
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F) PEEK

8 }

Figure 65: Total deformation (mm) Figure 66: Tbtal defbrmation (Hz)

Figure 69: Total deformation (mm) Figure 70: Total deformation (Hz)

e ; w00 a0 00 200
o — — —

Figure 71: I:E”quiva'lént Stress Figure 72 Strai"r} Energy

. [

Figure 73: Total deformation (mm) Figure 74: Total dkeformation (H2)
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20 920 Y
e —

Figure 75: EqUivaIeht Stress

Figure 76: Strair"\"Energy

200 1902 )

300
—

3060
—

Figure 79: Equivalent Stress

Prosthetic foot “Toe-

Amke A

ﬁ

0000 o0 100(m)
]

Figure 78: Total deformation (Hz)

A St Srucunal

6417525 Min

Figure 80: Strain Energy

off” Analysis

A

Toe off

Stance phase

Swing phase

Contact phase J Mid-stance phase J Propulsive phase N
27% approx. 1 40% approx. 1 33% approx.
Heel strike 100%. Toe off
S
rd

e .

Figure 81: Prosthetic foot Model 2 in “Toe-off” situation
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Table 3: Toe-off analysis on Prosthetic foot model 2

Total Total Equivalent | Strain

Sr . . .

no Materials deformation | deformation stress energy

' (H2) (mm) (MPa) (mJ)
1 ABS 492.04 0.014 16.079 0.00132
ABS+PC
2 PLASTIC 487.99 0.0133 16.079 0.001258
3 | ACETAL RESIN 465.08 0.01163 16.08 0.001102
4 CFRC 590.54 0.0032 16.21 0.000444
5 NYLON 6/6 370.64 0.02278 16.074 0.00209
6 PEEK 556.54 0.0087 16.115 0.000818
7 PET 476.57 0.01153 16.069 0.0011
8 PLA 538.29 0.0096 16.085 0.000925
9 UHMW-PE 1613.3 0.003536 54.322 0.00263
Figure 82: Prosthetic foot geometry Figure 83: Mesh model

. \

B Fixec! Support PLATEN

[B] Frictionless Support 4

] 00. N

arce 2: 1000, N

B F

0.00 50.00 100,00 (mm)

25.00 75.00

Figure 84: Static structural simulation

(A) ABS

A State Strucaural
Toul aicn

T 5900 10000 g % o
e — — —

Figure 85: Total deformation (mm) Figure 86: Total deformation (Hz)
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:
= R
Figure 87: Equivalent Stress Figure 88: Strain Energy

(B) ABS+ PC Plastic

[ h—
ta Duformuten

L

Figure 89: Total deformatlon (mm) Figure 90: Total deformation (Hz)
. ‘
Figure 91: Equwalent Stress Figure 92: Straln Energy

(C)ACETAL RESIN

DU

Figure 93: Total deformatlon (mm) Flgure 94: Total deformatlon (Hz)

o
vasar
e

LB

l L6
Pre

Figure 95: Equivalenthtrégs Figure 96: Straln Energy
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(D)CFRC

¢ Statke Structural
sl Defomation

é

Figure 97: Total deformatlon (mm) Figure 98: Total deformatlon (Hz)

Figure 99: Equivalent Stress Figure 100: Strain Energy
(E)NYLON 6/6
ES i

Figure 101: Total deformation (mm) Flgure 102: Total deformatlon (Hz)

Figure 103: Equwalent Stress Figure 104: Straln Energy
(F) PEEK
Figure 105: Total deformation y(mm) Figure 106: Total deformation (H2)
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Figure 107: Equivalent Stress Figure 108: Strain Energy

\

Figure 109: Total deformatlon (mm) Flgure 110: Total deformatlon (Hz)

\

Figure 111: Equivalent S'tre”s”s Figure 112: Straln Energy

(G)PET

(H)PLA
Figure 113: Total deformation (Hz) Figure 114: Total deformatlon (mm)

A Static Stractural

v\

Figure 115: Equivalent Sfress Figure 116: StrainwEnergy
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(1) UHME-PE

A: Static Rructural
Tats Deformatian

o0 3000 16000 ¢mm) ago 3000 16600 freny

e

Figure 118: Total deformation (mm)

0 5

Figure 117: Total deformation (Hz)

Structural

scass
1277506 Min

200 soce 10300 e
— =_— ]
2500 o

Figure 120: Strain Energy

® 00

Figure 119: Equivalent Stress

Midstance analysis for various configuration models

Prosthetic Foot Model 1

Figure 121: Prosthetic foot Model 1 geometry Figure 12>2: Mésh model

B: Static Structural
Static Structural

Time: 1.5

08-08-2022 12:43 PM
B Fixed Support

[BJ Fixed Support 2

B Frictionless Support

[Bj Force: -1000. N
[El Force 2: 1000. N

0.00 50.00 100.00 (mm)

25.00 75.00

Figure 123: Static structural simulation
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Table 4: Midstance analysis on prosthetic foot model 1
Prosthetic Foot Model 1
Sr Materials Total _ Total _ Equivalent | Strain
no. deformation | deformation stress energy
(Hz) (mm) (MPa) (mJ)
1 ABS 1040.5 0.0084 7.5696 0.00694
2 | ABS+PC PLASTIC 1031.9 0.00817 7.5486 0.0066
3 ACETAL RESIN 983.41 0.00755 7.4864 0.0059
4 CFRC 4932.2 0.00371 25.289 0.00376
5 NYLON 6/6 783.83 0.01103 7.7744 0.01049
6 PEEK 1176.4 0.0064 9.3241 0.0046
7 PET 1007.8 0.007524 7.4765 0.005896
8 PLA 1138.1 0.006817 8.5308 0.005071
9 UHMW-PE 3429.9 0.00202 22.761 0.0027
4932.2
§ 3888 3429.9
£ _ 3000
5 § 2000 10405 1031.9 983.41 783.83 11764 o2 11381
8 = 1000 F T . .
g S R R
S
Q)“))S vé/ Q,?gg) s
Materials

Figure 124: Total deformation in Hz for Prosthetic foot model 1 during mid-stance analysis

S 0012 0.0084 0.00817 0.01103 .
o
2 o050 e 0.0064 0.006817
E o
SE 8:8831 e 0.0020207
&0 -
= S C Q & © « A - «
° N \yé\\ Qg(?\ <<®<<, eb\ Q<<‘/</ & X \$sz

< A 0 §\ S

R & ]

& v &
Materials

Figure 125: Total deformation in mm for Prosthetic foot model 1 during mid-stance analysis

Equivalent stress

25.289
7.5696  7.5486  7.4864
ABS ABS+PC  ACETAL CARBON
PLASTIC RESIN FIBER

7.7744  9.3241

NYLON PEEK
6/6

Materials

7.4765

PET

22.761
8.5308
PLA° UHMW-PE

Figure 126: Equivalent stress for Prosthetic foot model 1 during mid-stance analysis
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0.012
0.01

0.008
0.00694 0066

0.006
0. 00376 0. 0045
0.004 0. 0027462
0.002
0

Strain energy
(mJ)

ABS+PC  ACETAL CARBON NYLON PEEK UHMW-PE
PLASTIC  RESIN FIBER 6/6
Materials

Figure 127: Strain energy for Prosthetic foot model 1 during mid-stance analysis
J) ABS

i 5200
— m—

Figure 128: Total deformation (mm) Figure 129: Total deformation (Hz)

Figure 130: Equivalent Stress Figure 131: Strain Energy
K) ABS+ PC Plastic

Flgure 132 Total deformatlon (mm) Figure 133: Total deformation (Hz)

Figure 134: Equivalent Stress Figure 135: Strain Energy
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L) ACETAL RESIN

2003 12000 il
— —y — —

Figure 137: Total deformation (Hz)

Figure 138: Equivalent Stress Figure 139: Strain Energy
M) CFRC

Figure 140: Total deformation (mm) Figure 141: Total deformation (Hz)

Figure 142: Equivalent Stress Figure 143: Strain Energy

N) NYLON 6/6

5000 10000 gmrm) 000 5000 10000 6o
— — — — )

Figure 144: Total deformation (mm) Figure 145: Total deformation (Hz)
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303 S0 1
— —
2 0

Figure 146: Equivalent Stress Figure 147: Strain Energy

Figure 148: Total deformation (mm) Figure149: Total deformation (Hz)

Figure 150: Equivalent Stress Figure 151: Strain Energy
P) PET

Figure 152: Total deformation (mm) Figure 153: Total deformation (Hz)

Figure 154: Equivalent Stress Figure 155: Strain Energy
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Q) PLA

Figure 156: Total deformation (mm) Figure 157: Total deformation (Hz)

Figure 158: Equivalent Stress Figure 159: Strain Energy
R) UHMW-PE

Figure 161: Total deformation (Hz)

00 s0c0
—

Figure 160: Total deformation (mm)

Figure 162: Equivalent Stress Figure 163: Strain Energy

Prosthetic Foot Model 3

=

10000 )

Figure 164: Prosthetic foot geometry Figure 165: Mesh model
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3

Figure 166: Static structural simulation
Table 5: Midstance analysis on prosthetic foot model 3

Prosthetic Foot Model 3
Sr Materials Total Total Equivalent | Strain
no. deformation | deformation stress energy
(H2) (mm) (MPa) (mJ)
1 ABS 663.33 0.0499 6.8566 0.04786
2 | ABS+PCPLASTIC 640.42 0.04696 7.375 0.04486
3 ACETAL RESIN 610.35 0.04152 6.8781 0.04001
4 CFRC 3103.1 0.00261 13.566 0.00389
5 NYLON 6/6 486.45 0.07561 9.5337 0.07011
6 PEEK 730.23 0.03191 6.1896 0.03093
7 PET 625.46 0.04131 6.8672 0.04003
8 PLA 706.4 0.035309 6.2459 0.03438
9 UHMW-PE 1913.3 0.005605 9.428 0.007
3500 3103.1 19133
§ 0
© 1300 663.33 ga0.42 61035 486.45 73023 ¢354 7064 .
Eo ™% = = - N =
é = VQ)% Q&%’)\\Q \,‘g?\é %&‘& O$b\‘o Q& Qé & N ¢
g C)XQ(J @?‘ <2<3)O é*\, R
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Figure 167: Total deformation in Hz for Prosthetic foot model 1 during mid-stance analysis
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Figure 168: Total deformation in mm for Prosthetic foot model 1 during mid-stance analysis
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Figure 169: Equivalent stress for Prosthetic foot model 1 during mid-stance analysis
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Figure 170: Strain energy for Prosthetic foot model 1 during mid-stance analysis
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B) ABS+ PC Plastic

Figure 175: Total deformation (mm) Figure 176: Total deformation (Hz)

Figure 177: Equivalent Stress
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Figure 185: Equivalent Stress
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Figure 191: Total deformation (mm)
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Figure 195: Total deformation (mm) Figure 196: Total deformation (Hz)
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Figure 201: Equivalent Stress
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Figure 206: Strain Energy
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Figure 209: Static structural simulation

Table 6: Midstance analysis on prosthetic foot model 4

Figure 208: Mesh model

Prosthetic Foot Model 4
Sr Materials Total . Total . Equivalent Strain
no. deformation | deformation stress energy (mJ)
(H2) (mm) (MPa)
1 ABS 471.72 0.00724 7.5111 0.0021
2 | ABS+PC PLASTIC 467.82 0.0064 6.9088 0.0016
3 ACETAL RESIN 445,93 0.006 7.535 0.001745
4 CFRC 1119.5 0.00377 22.354 0.003536
5 NYLON 6/6 363.27 0.0087 6.8246 0.0015
6 PEEK 526.14 0.00524 9.4593 0.00204
7 PET 456.88 0.00599 7.5968 0.0017546
8 PLA 511.9 0.00552 8.724 0.001933
9 UHMW-PE 1561.1 0.006 7.526 0.0017
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Figure 210: Total deformation in Hz for Prosthetic foot model 1 during mid-stance analysis
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Figure 211: Total deformation in mm for Prosthetic foot model 1 during mid-stance analysis
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Figure 212: Equivalent stress for Prosthetic foot model 1 during mid-stance analysis
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Figure 213: Strain energy for Prosthetic foot model 1 during mid-stance analysis
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Figure 216: Equivalent Stress Figure 217: Strain Energy
B) ABS+ PC Plastic
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Figure 224: Equivalent Stress Figure 225: Strain Energy
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Figure 232: Equivalent Stress Figure 233: Strain Energy
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Figure 241: Strain Energy
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Figure 250: Prosthetic foot geometry Figure 251: Mesh model
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Figure 252: Static structural simulation

Investigations on Prosthetics / Orthotics elements developed from polymers and its composites I 241



Appendix 2023

Table 7: Midstance analysis on prosthetic foot model 5

Prosthetic Foot Model 5
Sr Materials Total _ Total _ Equivale | Strain
no. deformation | deformation | ntstress | energy
(Hz) (mm) (MPa) (mJ)
1 ABS 115.35 0.011 4.0724 | 0.001078
ABS+PC
2 PLASTIC 114.33 0.01109 4.0724 | 0.001077
3 | ACETAL RESIN 108.76 0.011099 4.0721 | 0.001076
4 CFRC 168 0.0111 4.0705 | 0.001065
5 NYLON 6/6 87.363 0.01109 4.0732 0.00108
6 PEEK 129.57 0.011102 4.0716 | 0.001074
7 PET 111.43 0.01109 4.0721 | 0.001076
8 PLA 125.53 0.0111 4.0718 | 0.001075
9 UHMW-PE 351.9 0.011119 4.075 0.001066
< 400 351.9
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Figure 253: Total deformation in Hz for Prosthetic foot model 1 during mid-stance analysis
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Figure 254: Total deformation in mm for Prosthetic foot model 1 during mid-stance analysis
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Figure 255: Equivalent stress for Prosthetic foot model 1 during mid-stance analysis
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Figure 256: Strain energy for Prosthetic foot model 1 during mid-stance analysis
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Figure 263: Equivalent Stress Figure 264: Strain Energy
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Figure 295: Static structural simulation
Table 8: Midstance analysis on prosthetic foot model 6
Prosthetic Foot Model 6
Sr . Total Total Equivalent | Strain
no. Materials deformati | deformation stress energy
on (Hz) (mm) (MPa) (mJ)
1 ABS 71.674 0.061478 7.9646 0.007344
2 | ABS+PCPLASTIC | 71.076 0.05909 7.8205 0.007229
3 ACETAL RESIN 67.725 0.05297 7.4223 0.006896
4 CFRC 165.25 0.006786 18.127 0.002922
5 NYLON 6/6 54.022 0.091491 9.5511 0.011318
6 PEEK 80.869 0.04215 6.5367 0.0062
7 PET 69.432 0.052739 7.4208 0.006861
8 PLA 78.347 0.045984 6.8977 0.00645
9 UHME-PE 208.71 0.010744 16.968 0.002732
250 165.25 208,71
8 %28 71.674 80.869 78.347
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Figure 296: Total deformation in Hz for Prosthetic foot model 1 during mid-stance analysis
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Figure 297: Total deformation in mm for Prosthetic foot model 1 during mid-stance analysis
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Figure 298: Equivalent stress for Prosthetic foot model 1 during mid-stance analysis
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Figure 299: Strain energy for Prosthetic foot model 1 during mid-stance analysis
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APPENDIX-D

CP WALKER MATERIAL ANALYSIS DATA

Table 1. CP walker material analysis data (Child weight)

Sr B Group Parts Child weight
no.  (Frame, Seat, 20 kg 40 kg
Collar) Sitting position Standing position Sitting position Standing position
Material list Total Equivalent Total Equivalent Total Equivalent Total Equivalent
deformation stress deformation stress deformation stress deformation stress
(mm) (MPa) (mm) (MPa) (mm) (MPa) (mm) (MPa)
Al S.S 0.02798 6.1617 0.037296 2.3656 0.05596 12.323 0.074591 4.7312
A2 Aluminum 0.07229 5.5124 0.10083 2.3561 0.14458 11.025 0.20166 4.7123
A3 Titanium 0.05428 5.7266 0.74509 2.3445 0.10857 11.453 0.14902 4.6891
A4 CFRC 0.5816 8.6493 1.1105 4.1447 1.1623 17.299 2.2211 8.2893
A5 PEEK 1.2068 10.831 1.8379 3.6804 2.4136 21.662 3.6757 7.3607
A6 PLA 1.3439 11.141 2.052 3.7806 2.6877 22.282 4.1039 7.5612
A7 PET 1.5905 11.63 2.4422 3.9087 3.181 23.26 4.8844 7.8174
A8 Acetal Resin 1.6002 11.657 2.4565 3.9242 3.2004 23.314 4913 7.8484
(POM)
A9 ABS+PC 1.8276 12.031 2.8184 4.0178 3.6552 24.061 5.6369 8.0356
Plastic
Al10 Nylon 6/6 3.0493 13.274 47707 4.3559 6.0985 26.547 9.5415 8.7118
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Fig. 2. Total deformation and Equivalent stress for weight of child as 20 kg in standing position (S.S. Material)
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Fig. 3. Total deformation and Equivalent stress for weight of child as 40 kg in a sitting position (S.S. Material)
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Fig. 4. Total deformation and Equivalent stress for weight of child as 40 kg in standing position (S.S. Material)
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Fig. 5. Total deformation and Equivalent stress for weight of child as 20 kg in a sitting position (Al. Material)
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Fig. 6. Total deformation and Equivalent stress for weight of child as 20 kg in standing position (Al. Material)
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Fig. 7. Total deformation and Equivalent stress for weight of child as 40 kg in a sitting position (Al. Material)
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Fig. 8. Total deformation and Equivalent stress for weight of child as 40 kg in standing position (Al. Material)
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A3. Child weight: 20 Kg (Material: Ti.)

g 30000 160 ) o s 16000 v
50 new FZE] £

Fig. 9. Total deformation and Equivalent stress for weight of child as 20 kg in a sitting position (Ti. Material)
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Fig. 10. Total deformation and Equivalent stress for weight of child as 20 kg in standing position (Ti. Material)
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Fig. 11. Total deformation and Equivalent stress for weight of child as 40 kg in a sitting position (Ti. Material)
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Fig. 12. Total deformation and Equivalent stress for weight of child as 40 kg in standing position (Ti. Material)
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Fig. 13. Total deformation and Equivalent stress for weight of child as 20 kg in a sitting position (Carbon fiber Composite Material)

Investigations on Prosthetics / Orthotics elements developed from polymers and its composites I 254



Appendix 2023

g 52002 0360 )
X 500 =D ith

Fig. 14. Total deformation and Equivalent stress for weight of child as 20 kg in standing position (Carbon fiber Composite Material)
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Fig. 15. Total deformation and Equivalent stress for weight of child as 40 kg in a sitting position (Carbon fiber Composite Material)
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Fig. 16. Total deformation and Equivalent stress for weight of child as 40 kg in standing position (Carbon fiber Material)

Table 2. CP walker material analysis data (Adult weight)

Sr B Group Adult weight
no. Parts 50 kg 100 kg
(Frame, Sitting position Standing position Sitting position Standing position
Seat, Total Equivale Total Equivale Total Equivale Total Equivale
Collar) deform  ntstress  deformati  ntstress  deformati  ntstress  deformati  ntstress
Material ation (MPa) on (mm) (MPa) on (mm) (MPa) on (mm) (MPa)
Bl S.S 0.06995  15.404 0.093239 5.914 0.13991 30.808 0.18648 11.828

B2 Aluminum  0.18072 13.781 0.25207 5.8904 0.36145 27.562 0.50414 11.781

B3 Titanium 0.13571 14.316 0.18627 5.8614 0.27141 28.633 0.3725 11.723

B4 CFRC 1.454 21.623 2.7764 10.362 2.908 43.247 5.5527 20.723
B5 PEEK 3.0169 27.078 45947 9.2009 6.0339 54.156 9.1893 18.402
B6 PLA 3.3596 27.853 5.1299 9.4515 6.7193 55.706 10.26 18.903
B7 PET 3.9763 29.075 6.1055 9.7717 7.9526 58.15 12.211 19.543
B8 Acetal 4.0005 29.142 6.1413 9.8105 8.0009 58.285 12.283 19.621
Resin
(POM)
B9 ABS+PC 45691 30.077 7.0461 10.045 9.1381 60.154 14.092 20.089
Plastic
B10 Nylon 6/6 7.6232 33.184 11.927 10.89 15.246 66.368 23.854 21.78

Investigations on Prosthetics / Orthotics elements developed from polymers and its composites I 255



Appendix 2023

B1l. Adult weight: 50 Kg (Material: S.S.)
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Fig. 17. Total deformation and Equivalent stress for weight of adult as 50 kg in a sitting position (S.S. Material)
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Fig. 18. Total deformation and Equivalent stress for weight of adult as 50 kg in standing position (S.S. Material)

B1. Adult weight: 100 Kg (Material: S.S.)
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Fig. 19. Total deformation and Equivalent stress for weight of adult as 100 kg in a sitting position (S.S. Maferial)
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Fig. 20. Total deformation and Equivalent stress for weight of adult as 100 kg in standing position (S.S. Material)

B2. Adult weight: 50 Kg (Material: Al.)
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Fig. 21. Total deformation and Equivalent stress for weight of adult as 50 kg in a sitting position (Al. Material)
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Fig. 22. Total deformation and Equivalent stress for weight of adult as 50 kg in standing position (Al. Material)

B2. Adult weight: 100 Kg (Material: Al.)
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Fig. 23. Total deformation and Equivalent stress for weight of adult as 100 kg in a sitting position (Al. Material)
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Fig. 24. Total deformation and Equivalent stress for weight of adult as 100 kg in standing position (Al. Material)
B3. Adult weight: 50 Kg (Material: Ti.)

o0 sooo 100000 () o 50900 1030 )
]

e ) #5000 7000

Fig. 25. Total deformation and Equivalent stress for weight of adult as 50 kg in a sitting position (Ti. Material)
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Fig. 26. Total deformation and Equivalent stress for weight of adult as 50 kg in standing position (Ti. Material)
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B3. Adult weight: 100 Kg (Material: Ti.)
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Fig. 27. Total deformation and Equivalent stress for weight of adult as 100 kg in a sitting position (Ti. Material)
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Fig. 28. Total deformation and Equivalent stress for weight of adult as 100 kg in standing position (Ti. Material)
B4. Adult weight: 50 Kg (Material: CFRC)
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Fig. 29. Total deformation and Equivalent stress for weight of adult as 50 kg in a sitting position (Carbon fiber Composite Material)
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Fig. 30. Total deformation and Equivalent stress for weight of adult as 50 kg in standing position (Carbon fiber Composite Material)

B4. Adult weight: 100 Kg (Material: CFRC)
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Fig. 31. Total deformation and Equivalent stress for weight of adult as 100 kg in a sitting position (Carbon fiber Composite Material)
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Fig. 32. Total deformation and Equivalent stress for weight of adult as 100 kg in standing position (Carbon fiber Composite Material)
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APPENDIX-E

LIST OF PUBLICATIONS
a) Research paper in the journals

1) Piyush Patel, Piyush Gohil (May 2022). “Custom orthotics development process
based on additive manufacturing”, Materials Today: Proceedings, Volume 59, Part
3, 2022, Pages A52-A63.
DOI: https://doi.org/10.1016/j.matpr.2022.04.858.
Indexed by: SJR, Scopus, Web of Science/Clarivate Analytics, UGC Care List.
Impact Factor (TR): 1.46, SJIR Rank: 0.355 | 2022, Scopus Cite Score: 2.3| 2022
ISSN:: ISSN: 2214-7853 (Online).

2) Piyush Patel, Piyush Gohil (August 2021). “Role of additive manufacturing in
medical application COVID-19 scenario: India case study”, Journal of
Manufacturing Systems, Volume 60, 2021, Pages 811-822.

DOI: https://doi.org/10.1016/j.jmsy.2020.11.006.

Indexed by: SJR, Scopus, Web of Science/Clarivate Analytics, UGC Care List.
Impact Factor (TR): 9.498, SJR Rank: 2.95 | 2022, Scopus Cite Score: 15| 2022
ISSN: Online ISSN: 1878-6642 Print ISSN: 0278-6125

3) Design and Simulation Approach of Cerebral Palsy Pediatric Standard Walker
(Elsevier Journal: Medicine in Novel Technology and Devices: Manuscript No:
MEDNTD-D-23-00002R1: Under Review Process)

4) Design, Analysis and Development of Prosthetic and Orthotic elements by Additive
Manufacturing process (Springer Journal: Biomedical Engineering Letter:
Manuscript No:BMEL-D-23-00319 : Under Review process)

5) Design, Analysis, Development and Testing of Novel Prosthetic foot model for
lower limb amputation level patients (Elsevier Journal: Composite communication,
Manuscript No: COCO-D-23-00508: Under Review process)
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b) Presenting research work at conferences

1) Custom Orthotics development process based on Additive Manufacturing
(International Conference on Materials and Technologies: NIT Raipur)

2) Design and Simulation Approach of Cerebral Palsy (CP) Pediatric Walker

(International Conference on Materials and Technologies: NIT Raipur)

NITRR/Conference/Material TECH2022/MMA48

NATIONAL INSTITUTE OF TECHNOLOGY RAIPUR
(An Institute of National Importance)

SECOND INTERNATIONAL CONFERENCE ON MATERIALS AND TECHNOLOGIES -~

MaterialTECH2022
28th _29th January, 2022

Certificate

This certificate is presented to

Mr. PIYUSH THAKORBHAI PATEL

for Oral Presentation of Paper Custom Orthotics Development Process Based on Additive Manufacturing. in the
International Conference “Material TECH 2022” organized jointly by Department of Metallurgical and Materials
Engineering & Department of Mechanical Engineering at National Institute of Technology Raipur, India.

\ss- o

Dr.NV S“;a;y Naidu Dr. Neha Gupta Dr Jagadish
‘ (Organizing Secretary) (Organizing Secretary) (Organizing Secretary)

NITRR/Conference/Material TECH2022/MM49

NATIONAL INSTITUTE OF TECHNOLOGY RAIPUR
(An Institute of National Importance)

SECOND INTERNATIONAL CONFERENCE ON MATERIALS AND TECHNOLOGIES “_-u, <8

MaterialTECH2022
28th _29th January, 2022

Certificate

This certificate is presented to

Mr. PIYUSH THAKORBHAI PATEL

for Oral Presentation of Paper Design and Simulation Approach of Cerebral Palsy (CP) Pediatric Standard Walker in
the International Conference “Material TECH 2022” organized jointly by Department of Metallurgical and Materials

Engineering & Department of Mechanical Engineering at National Institute of Technology Raipur, India.

\ss oy

Dr.NV Sw‘a;|y Naidu Dr. Neha Gupta Dr Jagadish
‘ (Organizing Secretary) (Organizing Secretary) (Organizing Secretary)
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c) Book chapter

1) Piyush Patel, Piyush Gobhil, Vijay Parmar (July 2021). “Bio Composite
Material: Review and its Applications in Various Fields”, Encyclopedia of
Materials: Composites, Elsevier, 2021, Pages 80-93, ISBN 9780128197318,
https://doi.org/10.1016/B978-0-12-819724-0.00011-2.

d) Patent Publication

1) Product Patent entitled “Multiaxial foot-ankle mechanism for prosthetic
legs" granted on 14-03-2024 (Patent No: 526523).

e & <5
Ll S -
P hee %9 T'SL No :022141889
®] RN o o7
%Es a2 g e 4
Uy g
INTELLECTUAL Cé,i}lﬁ

PROPERTY INDIA )
93¢ $UITA. 9T X The Patent Office, Government Of India
YT yAor 9 | Patent Certificate

(U T = w7 (Rule 74 of The Patents Rules)

Y&z H. / Patent No. ¢ 526523
47 . / Application No. 1 202221034314 2
T FH FI d19 / Date of Filing : 15062022
T3 / Patentee : 1.Mr. PIYUSH THAKORBHAI PATEL 2.Dr. PIYUSH >

PRAGJIBHAI GOHIL 3.Dr. VEERENDRA KISHAN SHANDILYA

JaE R S TR # 9w a9 § JamEed MUL TIAXIAL FOOT-ANKLE MECHANISM FOR -
PROSTHETIC LEGS 7% dfawr % fom, T3z afafvaw, 1970 3 3w&d & #gan A aid =49 2022 % '
& B A d9 9 # oEfy 3w 3 o e E
It is hereby certified that a patent has been granted to the patentee for an invention entitled MULTIAXIAL
FOOT-ANKLE MECHANISM FOR PROSTHETIC LEGS as disclosed in the above mentioned application for

the term of 20 years from the 15% day of June 2022 in accordance with the provisions of the Patents Act.1970.

I AT
141032024 Controller of Patents

Date of Grant :

oot - ¥ R @ T @ B O, TR R T T W ¥ 3T 2024 @ oped By 9 ot 3@ oven wiw o @ o e A
Note. - The fees for renewal of this patent, 7 2 is to be maintained, wil fall / has fallen due on 157 day of June 2024 and on the same day
in every year thereafter.
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