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Abstract

Artificial limbs for lower extremity amputees aregigned and fabricated by prosthetists. In thislystuve
present the conceptual design of a fully-passiaasfiemoral prosthesis based on physical symmefrigs.
paper shows solid modelling of passive transfemprasthesis parts as per design of ALIMCO. All pate
assembled as per defined by ALIMCO in Pro-Engire8rpackage software capabilities and the analyas
performed by using the software ANSYS Workbenclt) Ihe objective of this study is found out improwarn
in design for better comfort and fitment to tramséeal amputed patients.
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1. Introduction

The lower limb prosthesis is a device that substia part of a limb missing either due to ampotatr a
congenital defect. The prosthesis is assembled) udfrthe-shelf components and a custom-made sdokats
attachment to the residuum [1]. Transfemoral prasshis such type of a lower artificial limb thaptaces leg
missing above the knee. The residual portion ajhithis called stump. The main research challengebén
design of transfemoral prostheses are the effigievith respect to the metabolic/external energyscomption
and the adaptability to various walking conditiolmsboth literature and market, different kindstr@sfemoral
prostheses are present [2]. They can be classifiddllows:

« Passive transfemoral prostheses These prostheses can be considered efficient fh@ mechanical
point of view but the overall efficiency is hamperby the considerable amount of extra metabolic
energy consumption [3] .Moreover, due to the caristeechanical characteristics, these devices can’t
adapt to different conditions as shown in figure(1)

e Variable damping transfemoral prostheses- These prostheses use external power to adajpt the
dynamics to different gait pattern. For example[4h and [5], the dynamical behaviour of the
prosthesis during walking relies on the controbhafagneto rheological damper, which produces the
required breaking torque for the knee joint.
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« Powered transfemoral prostheses These prostheses are capable to inject poweirdier to provide
active ankle Push-off generation, so to reduceiie metabolic energy consumption [6], [7], [&l].[

Figure 1: Passive Transfemoral prosthesis (a) Pro-e modk{lgrActual ALIMCO model

2. Material Properties

Table 1: The materials of the prosthesis adoptedlb1CO are as follows:

Material Young modulus  Poisson's ratio Yield strength Density
(GPa) (MPa) (g /cn)
Polypropylene 11.72 0.3 35 0.92
Mild steel 210 .33 250 7.80
Repol Polypropylene 2.02 .301 34 1.01
Rubber 15.4 .45 15 1.1

3. Above-Knee Prosthesis Description

There are various causes of amputation. Commonresaai® vascular disease, cancer, infection, traand,
birth defects. Lower limb amputations may be perfed at different levels along the lower limb. A
Transfemoral or above-knee (A/K) amputation is enpatation performed through the thigh (femur). ALTKD
(Artificial limbs manufacturing Corporation of Ira)i is producing different kinds of prosthesis agéa scale.
One of product is passive transfemoral prostha&sis.artificial limb consists of a foot-ankle unihigh needs to
be attached to the remain-der of the amputee'saldég or stump. The foot ankle unit is attach@@adly to
the socket frame. The artificial shank can be hgddo the foot ankle unit and then attached toktiee unit
which in turn, is attached to the socket frame dar above-knee amputation [10]. Transfemoral prasthe
consists of 21 parts [11]. All parts are 3D modeile Pro-Engineer and actual ALIMCO model is ascdésd
below:

3.1. Socket
The shape and size of socket depends upon redithimlof amputee. In above-knee socket, the ischaale
supports all loads; the loads are applied on timrabnods at the ischial plane of the socket pr@atiend [10].
Today the sockets are roughly quadrilateral in shd@jhey attempt to have total contact between tilmags and
the socket. The material of the socket is polyplems. Such sockets are shown as in figure (1).
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Figure 2: (a) Pro-e model and (b) Actual ALIMCO model otket of transfemoral prosthesis

3.2.Knee
Knee is an important part in transfemoral assemiyper ALIMCO design, it is weak part in prosttedtor
heavy weight bearing it is covered by polypropylesieeet. The material assigned to knee is Repol
Polypropylene. Pro-e model and actual ALIMCO marfdtnee is shown in figure 3.

Figure 3: (a) Pro-e model and (b) Actual ALIMCO modellafee joint

3.3. Concave disc
Convex disc is used between knee and socket. Majpope of fitting it to transfer load to knee atigrament
of socket. The material assigned to convex dis®képol Polypropylene. This part is made by injection
moulding. Software model is shown as in figure 4.
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Figure 4: Pro-e model of (a) Concave and (b) convex disc
3.4. Convex disc
Concave disc is the complementary part of conveg.dlaterial used is Repol Polypropylene. Concawd a
convex discs help alignment of socket. This paal$® made by injection moulding. Pro-e model isval as in
figure 4.

3.5. Knee Lock and Shoe Nut —Bolt
Knee lock part is used to lock and unlock shangrosthesis. It enables person bending and unbeidileg as
per desired. Material used is Repol Polypropyledaftware model of knee lock is as shown in figufa}5
Nut and bolt are locking parts of above knee presithfigures 5(b) & (c). The material assigneduband bolt
is zinc coated mild steel.

3.6. Knee Washr g4
As name implies kneefvv STRCI .ﬁeﬁr ?c(’j%ei‘g{déndﬁnmp%g% Ixo,?y*N Er%?d (*p?ag %transfemoraltpms
The material assigned to knee washer is mild stégbn pin is locking device for pylon and shankeT
material assigned to pylon pin is also mild st&ék pro-e model actual ALIMCO geometry of knee veaisind

pylon pin are shown in figure (6).

Figure 6: Pro—e models of (a) knee washer and (b) pylon pin
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3.7. Pylon and Shank
Pylon is connecting assembly for shank to SACH.ftiadlso helps in alignment of shank. The matassdd is

repol polypropylene. Shank is connecting assemblgatween knee and pylon. The length of shank dipen
upon the length of amputee stump. The primary pemd the shank is to transfer the vertical loaalssed by
the weight of the amputee to the foot and on toflilner. The material assigned to shank is mild IstBeo-e
model of pylon and shank is as shown below:

Figure 7: Pro—e model of (a) pylon and (b) shank of transefiehprosthesis

3.8.Pylon Disc, Socket Lock Bolt and Socket Lock Nut
Pylon disc enables easy bearing of pylon on SAGH. fib also helps alignment of foot respectivedoleet. The

material assigned to pylon disc is repol polyprepg. This bolt is used to lock socket and kneenalgise The
material assigned to nut and bolt is zinc coateld sieel. The material assigned to socket lockisiuinc
coated mild steel. Actual pro-e model of pylon disacket lock bolt and socket lock nut were shomfigure 8.

Figure-8: Pro—e model of (a) pylon disc (b) socket lock lamitl (b) socket lock nut of trans-femoral prosthesis

3.9.Socket Washer, Knee Lock Pin , Shoe Washer and SA gt
Heavy washer is used in connection between kndesacket. The material assigned to socket heavihavas

zinc coated mild steel. Knee lock pin is used tppsut knee lock. It is supporting part in knee. Thaterial
assigned to knee lock pin is zinc coated mild st8kbe washer is connecting assembly part in lgckirshoe
to pylon. SACH (Solid Ankle Cushion Heel) foot isade of layers of rubber. It is non-articulated typae
layers of rubbers are glued to each other. Ankt®mads provided by the soft rubber heel which coesses
under load during the early part of the stance @lusvalking. The material assigned to shoe waghemnc
coated mild steel. Actual pro-e model of socketheasknee lock pin, shoe washer and SACH foot whoavn
in figure 9.
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Figure-9: Pro—e model of (a) socket washer (b) knee lockK@jiishoe washer and (d) SACH Foot of trans-
femoral prosthesis

4. Finite Element Analysis

Finite element method was used to conduct a stémealysis and show the force distribution along dbeice.
The finite element mesh view of socket, knee jo@ftank, pylon, and SACH foot are shown in figur@)(1

SACH FOOT

Figure 10: ANSYS mess view of (a) different parts and (binpbete assembly of trans-femoral prosthesis
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5. Experimental Loading According to ISO 10328

The long term performance of the above-knee squkethesis depends on the kinematics, pressurstersses
generated within the socket. Retrieval studies fehmvn that the pressure between the residual dintbthe
socket as well as the stress distribution is thetrdominant factors in socket design [10]. The thvetic limb
will be analysed using the general consideratiocthdhat as Transfemoral prosthesis is weared byutaap
whole body weight is transferred to the ground. €twsidering body weight as load, it is appliedacket. The
prosthetic limb will be analysed using the inteimadl standard for structural testing of lower lipiostheses
(ISO 10328). This paper focuses on static prodfleesling, which forms a design basis for dynanmd ayclic
testing. Three test levels are defined in the Ip€cHication: P3, P4, and P5. P3 testing correspdad foot
appropriate for a patient with mass of up to 6(Ag0), and P4 to a patient with mass of up to 8QA80). P5,
the strongest of the standard strength levelsespands to most other patient sizes, including ssreaceeding
100 kg (A100) [12]. Average weight of body is apyxirmately 960N.

Table 2: Category of patients according to ISO BO&2ndards [13]

Category Patient’s weight
P3 Max 60 kg
P4 Max 80 kg
P5 Max 90 kg

This paper focuses on static proof test loadingerAfinding the locations and directions of loatl& next step
is to apply forces and set constraints or suppditgse forces are applied to interior side of sbdkeot of
above knee prosthesis is fixed. In the specifi@ aafsthe prosthesis object of this study, princigtatic proof
tests are required. Due to the particular natur¢hisf device, only static tests were planned. Tdal llevel
chosen for the tests is also related to the avesagght 960.

6. Results and Discussion

The results for equivalent (von-Mises) stress, sk&ass, elastic strain, directional deformatibais energy,
and total deformation of designed Models were oletiby using (ANSYS workbench 14.0) program.

Table 3: Result at different loading conditions.

Loading | Applied | Max Equivalent Total Shear Equivalent Strain
Step Force (N)| VM stress (Pa)| Deformation(m) | Stress(Pa)| Elastic Strain| Energy(J)
I 589 1.176€8 0.11231 2.8384ef7 0.065094 0.017755
Il 785 1.5681e8 0.1519 3.7846ef 0.08788p2 0.031%64
11 883 1.7641e8 0.17089 4.2576ef 0.098855 0.039948
v 950 1.8981e8 0.18388 4.5812ef7 0.10637 0.046251
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Figure 11 Finite element result in ANSYS of (a) Total defation, (b) equivalent stress and (c) Strain energy

Figure 11(a) shows total deformation in above kpeesthesis. It is clear that on wearing trans-fexhor
prosthesis higher strain occurs at the brim of sbdkor removing higher stress brim of socket ig-oaiformly
manufactured so stress concentration in upper laysocket is non-uniformly localised.

Equivalent Von-Mises stresses acting on differartgof above knee prosthesis is as shown in figure
11 (b). It is clear higher stresses are actingt@nk during trans-phase of gait cycle. Shank mdadmild steel
has high absorbing capacity and zinc coat on ie@ges corrosion resistance.

Diameter of the shank modelled and analysed is &8 according to ALIMCO design. Length of
shank depends up@atient. Exact length of shank is 33 mm. But length varies according to requirement of
patient. Extra part is cut and remaining part isduas connecting part between knee and PylonnStrergy is
energy restored in body due to application of lmadnalysis it is found strain energy is higherkimee and
shank part of trans-femoral prosthesis figure 31 (c

Elastic strain is found higher at knee assemblykree is made of repol polypropylene polymer, & ha
higher shock absorbing capacity. Figure 12 showsvatent elastic strain at different knee portiéior higher
load knee is covered by polypropylene sheet of sbdkmakes knee part stronger and safe.
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0.0060133
0.0052616
0.00451
0.0037583
0.0030066
0.002255
0.0015033
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7.534e-16 Min
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-0.0047041
-0.022444
-0.040183
-0.057922
-0.075662
-0.093401
-0.11114 Min
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Figure-12 Finite element result in ANSYS of (a) equivalelatstic strain and (b) shear elastic strain

Graph 1 is drawn between Load (N) applied and tigébrmation (m) as residual limb resides into sbckrom
graph it is clear that as load increases on tramsfal prosthesis deformation increases. Load iscty
proportional to deformation. Each series has beemv with respect to maximum load applied to socket
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Graph 1: Load vs deformation
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Graph 2 shows relation between load (N) and s&aargy (J) at maximum Load applied to socket. Tateine
of graph is parabolic. It is known that strain eyewill be restored in the body when the load iplegul
gradually or suddenly or with an impact [14].

Graph 2: Load vs strain energy
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Graph 3 shows relation between load applied andmar Von-Mises stress acting in transfemoral presith
It is clear that as load increases Von Mises stimz®ases forming linear relationship. From anssults,
maximum Von-Mises stress occurs at socket brim.
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Graph 3: Load vs von-Mises stress
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7. Conclusion

Passive transfemoral prosthesis is a good andsedistjon to be used by amputee patients that wht eéord
actuated transfemoral prosthesis due to higherost. cSuch types of transfemoral prosthesis regiove
maintenance cost. Life of above knee prosthesiemipupon patient how he cares. After two or tiyesr,
there is need of little maintenance. Based on ¢salts and discussion, polypropylene is cheapt liglveight
and widely available material for socket. It has@doughness for weight bearing. It is useful fothbchildren

as well as adults. Certain parts of trans-femomasihesis develop stresses that are higher thayidluestress of
polypropylene. Some parts of above knee prosthi&sise joint, foot and socket) need higher wear &xal
resistance. These parts should be made stronghdhvords, this model is a good substitute persaffering
above knee amputation in developing country likdidnwhere a person suffering such type of physical
deficiency can't afford high cost power actuateahsfemoral prosthesis. But being passive a pergends
80% more energy than a natural walking. Due to {esson attends unnatural gait. There is need of
sophistication in this field with relevant cost.
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