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# # 5770138521 : MAJOR MECHANICAL ENGINEERING

KEYWORDS: HYDRAULIC PROSTHETIC KNEE / STANCE FLEXION / MECHANICAL SENSOR
JIRANUT MANUI: Design and fabrication of hydraulic prosthetic knee with knee
flexion in stance phase. ADVISOR: ASST. PROF.PAIRAT TANGPORNPRASERT,
Ph.D., CO-ADVISOR: ASST. PROF. CHANYAPHAN VIRULSRI, Ph.D., 96 pp.

Presently, the number of transfermoral amputees in Thailand has tended to
increase continuously a year. So, the prosthetic knees become the important devices
to improve the quality of life in these amputees. In commercial prosthetic knees, a
hydraulic prosthetic knee is the most suitable for amputees in Thailand. However, this
prosthetic knee must be imported from abroad which leads to limited access for
amputees. Another problem is that commercial hydraulic prosthetic knee cannot flex
enough in stance phase (0-4 °). This research objective is to design a hydraulic
prosthetic knee that can flex suitably at difference speed and can flex in stance phase.
In design, we used the new mechanism that require 2 walking data to perform. These
are the ground reaction force in line with the shank and the moment about the design
axis. The design began at the hydraulic system which was used to adjust knee angle in
swing phase. Then, we designed the knee lock system which was used to lock the
prosthetic knee in stance phase. After that, we validated the performance by using
computer program and verified the strength of the prosthetic knee with FEM by
following ISO 10328: 2006. Finally, we manufactured the prosthetic knee to test the
performance. The result show that the designed hydraulic prosthetic knee can flex
knee joint in stance phase at 5-10 © that more than commercial hydraulic prosthetic
knee and can adjust a knee angle to be suitable at different speed that the rate of
maximum knee angle in swing phase is 27.5 °/(m/s). This rate is in the range that
microprocessor knee can establish (3.5-28.1 °/(m/s)). Moreover, the designed prosthetic

knee is also enough strength for an amputee who weight does not exceed 80 ke.

Department: Mechanical Engineering  Student's Signature

Field of Study: Mechanical Engineering  Advisor's Signature

Academic Year: 2017 Co-Advisor's Signature
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Stance Control Decision Tree

Able to control prosthetic knee stability under all circumstances?

YES <— » NO

Able 1o flex the prosthetic knce in a controlled manner during preswing?

YES ¢ » NO,

Single Axis _ Polycentric _Friction Brake Stance Control Manual Locking

Swing Control Decision Tree

Able to vary cadence while walking with a prosthesis?

YES 4 » NO

Able to walk at a moderate or faster pace?

YES <« » NO

Hydraulic Swing [Stance optional]  Pneumatic or Hydraulic Swing Constant Friction
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C-Leg
75| —a— Plié2.0
—&— Orion By
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Max. knee angle (°)
Max. knee angle °)
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Velocity (m/s) Velocity (m/s)
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Rotary Hydraulic
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Activation
Button Swing Flexion valve
Bumper
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mendsnsUiuuzuilossuulensedniintinmiedios 054 kg winku v
Ustann 50% vesteitfisuszuulensednluvioanann uenainisreymaing
muAuiicmanisinadesndouiiitelntesnislvadisanasain 16 mm wde 9.9
mm Beszaefianasiaginliiarundeisuidnaveusilinandianaie 5
7l 4.2 uansszuvlansednlmildfunisuiuugaudlonds uagansedl 4.1 wang

Wdwasn 9 vesszuulansedniildainniseaniuy

JUN 4.2 szuulansednlninuiuy s

M1597 4.1 Wsieesang q vessyuulansedn

WURIAUENA1IaINTEUEN 30 mm
s Audnansveiugy 10 mm
Stroke UBINTEUBDN 21.73 mm

uNIAUENaNUNYDINIATANAIILAY 30 mm
wushgudnansluresisavaunuiy 12 mm
URNANENANYDITIAIUANTAN NS IS 7.5 mm
Stroke UBAIAIVANAANINTLYG 9.9 mm
Gushaudnansvesdeamislvaresinu 3.6 mm
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v
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a X 1 = a a 1 o v vy A v
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a Jay ad I ' Y % = v o P
yilpfiideanuumdnudainsasunssliigegluvneissesnaseii 5UN 4.4 uans

N . a =3 [ 1
Disc spring Naglaluniseanuuuszuuaanto

Spring force

Load (N)
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Deflection (mm)

= s

—— Ui Preload aU3aiifl Preload

JUN 4.3 nswIguiieuay3andl Preload fulaill Preload

RoHS

sU7l 4.4 Disc spring filtluszuudendelt [45]
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U7 4.8 szuvdendafieldsu GRF Tukuintiuds uag Control moment faAnfifviun
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CY ' v 14
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4.2 niseanuuuaUswinaltluszuudandaiun

A599NwUTAUSIzwUean Y 2 d1u Aeaussdmsudiu GRF TuwuIntnnde wag
ausadmSuau Control moment ¢ia3U# 4.10 lagauSenieanuuuazeanuwuulagly
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Control moment
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U7 4.10 Yesfnssausilusyuvasnsbonton
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ausellazsuvdudieimsasiminiuil uazausweveavadle GRF Tulwininudads
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AR wsanuINnItuaratlasEiwLsaInanssesinalnaiusawndoud
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14 P < a o ¥ = v 1 v £
§ AINULNDNATMIAIAULTIVDIEUT I 1T UTIRDINTIUAT GRF TULUINIIL

—

Y Va

Piunisdandoivesginisynawdsnoudsfivanslunsnan 4.2 wieligfins

Y

aunsaldnulavnau aUlseazdesseungatiiolianisauiu Preload lannan GRF

' o
! LY

Tununduds usazdomuusaliuniign daduausazdodiauudsldiiua GRF
Tuwwmihudentdesiign x dmtinvesiinsntdesngn / ssevngeulvialavam =
4.93 x 45 /1.5 = 147.9 N/mm wazausenamuusalauinndian GRF Tuwwintdiwds

UNAg x Wt vegin1siunyign = 8.63 x 80 = 690.4 N
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AN5199 4.2 A1 GRF Tuwuivtnndsnlalunisesnwuuadsa

C ol A1 GRF Tunuvthudsiduwmisdondewn (N/kg)
AR d .
AN Bvey
Very slow 8.63 8.50
Slow 8.08 7.89
Self-select 7.18 7.62
Medium 7.18 6.60
Fast 5.36 4.93

nnsAuIuielalden Disc spring NHA1MLde 1,692 N/mm wainedeu 12
Y ~ 1 @ v = = [ £ 1y =~ 1
1 WeanAIAULTIlALBaeMEY 141.0 N/mm #ann1siun1saedouiuiiioanan

Auudananslugun 4.11 wagauisanuusld 1015 N

MLoad Characteristics in Combination (Excerpt from JIS B 2706 (2003))

Load (N)

4P

n=4 .
Parallel 4 pcs. (n=4) (
Unit (m=1) Series 2 pcs. (M=2) Serles 4 pcs. (m=d)
/ nxm=3x3

m=1 m=2 m=4

P P
_ ==
/ Paraliel 2 pes. (n=2) % / s ® mxm=3x3
3
n=1 = § P <L nxm=2x4 -
v x
0 h P 3 4n
: f h 2 3
. I 0
- Unit (n=1) Defiection gmm) Defiection (mm)
Deflection (mm)
 P: Load per Und
* Parallel Combination * Series Combination * Parallel and Series Combination

'g‘dﬁ 4.1 nMswdsurAnuudewes Disc spring [45]

ausadmsuau Control moment
A159I1919vBINalNaZSUYSULLe Control moment DaANAIMUA AatuaUS T

dnludodl Preload Winvilwausaldanunsaviauldvisusn uazau3sazdemngn

] '
1 1 A

AaufiA1 Control moment azfiarngean alvidulainnndiniuauianianisiva

Y 9

(% (%
% a 1 0

arusataliurdulnalalugrevineass Stance phase TutuuAAunINduIZa s

a

TAs9ase satiunisenuuvalsalazidenalsaniaianundsliifunas1sndes nan

q

5¥1119A1 Control moment ge4gafiuA1 Control moment @ ANWAUITLIUVEU X

umiinvesifinisivesiian / sserieedliaUswnm dadowlandunisiafouiia
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duna9zlainAtAundsalsedesliiiu 376.1 N/mm wazausedeanuusale
1710177 1,254.2 N lagarausananarnduriausanenilaresnisange laessuy

fondeouinfivesdmsuRinmaaUsaisiun 2 9ed AU 4.9

[ 7
a o v

aUsendenidauiiairnuudegin 4,247 N/mm FshaRsisiun 12 faseted 531

W 24 7 Wisanaipuwdsliude 353. 9 N wavauSsanunsanusslad 1,274 N

4.3 N1SASIVEBUNITIINIUVDTBL LTI

WanT19a0uN1sYuveta iendalaldlusunsy MATLAB Liieyn31udeteidn
Nas1auanToiiieuiainulndifesiuteoiiiaseaunnteswaluy tngdanisuay
Baulansanseyindunseuanlansadn, GRF Tuwuintiwd, wag Control moment

e faguin 4.12 TunisAuaazidy GRF Tukuamvitudaday Control moment 11917

a

Judyans ON-OFF Aeuwddailuldanululusunsudnil Inonadnsalaazidusyey
Muguimdeunvzdewdanluyusedewindniivily

Ideal Trans ational

Vot Segae
o
phry i Ml =
HydauicForce | o o y Convartar
Canvere o
C_@n—.—ﬂ]—« ke w2
. contntion | o - .
Input: hydraulic R R Output: displacement of
. N g . - Knee angle
cylinder force, Fq the hydraulic Rod, x
Flow Vaive (EX) = Check Vaive (FL)
K ¥
a & =
Deueadig L
Hydraulie Cylinder

Input: Axial GRF & | |

Control moment Stacity S

24W ay Divectionsl
Vahe

JUN 4.12 MmInsaaaeunsviauvestefisulagldlusunsy MATLAB

TUN1991579@UNTVINUNITITLABDSALY b1U ANFuUsEENTNNS Iavesdulsenay

a = a @ v Y1 a vy a o g v A o =
lansodnang q wiseusuduaniu WWuiu azldanTuduilusunsuyinlid Wesandslid

v '
Y o w a

ASNANTULINTIVABUDS I A lUausansuAIwUSale dndunlslunisaaunsia

v
A o w

Aoty 1SO VG 32 figamgdl 32 °C uazdayaniswunldasidudeyavesanuinin 45

Y Y

Y = [V %

ke TnuFWnlUneu udrdwsisdeuiutoyansiiudu 9
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nsnTIvaeuTuLInazsuldLsiinseyiunseuenlansefiniuandlusui 4.13 neu
Tngusiaanmsusundniuandnsinisiva wazszuudondow Jmaansilanansly

= @ 1 = 1o I3 v 1 [ [ v Y ' = v ! VY
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An1svnaule
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U7 4.13 nsmlussfinszvhiunseuenlensednueadinuinin 45 kg finnunsainly

Young 45 kg at self-select speed

100.00
75.00
50.00
25.00

0.00

Knee angle (degree)

-25.00
%Gait cycle

JUT 4.14 nymiyasedaivesanuinin 45 kg imnudinludeudsundinmuausnsinis

via wazldszuuadandalan

Wielvideitudentugig Stance phase 3snsiaaoulvalaeld GRF lunwuantuds

uwag Control moment ilUdve Feszuvdandetnfvinaulag 2 deyaiifinnsvineu

1%
v ¥ 1 =

c{' c{' 3 ' d' [ < 1 I o w 1
Aennanslugui 4.15 asiuindledygyruainssuvdentdaiindandu 1 drduazl

anusalnarundimuauiieninisivald egnalstmudyaaidlildinisdeun 2
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Joyaumwin Wesnifiaduiissszesnandu q whtuvseludoyanisiuuisduilyl

AnTuiay nan1sasvaeusantagluguil 4.16 aziiuinyusedaiingig Stance phase

'
1 o (%

wnubifiwetudumsizdn GRF vesoyanisiauillugiinals Stance phase ff1A1 A

wanslugun 3.8 ililiianunsansa GRF luwwmthuddlivhanunaas 9 1a
Young 45 kg at self-select speed

0.8
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0.4

0.2

Stability signal
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%Gait cycle

U7 4.15 nsmidygaanszuvdendaivesanin 45 kg euswialy

T o

Young 45 kg at self-select speed

90.00
70.00
50.00

30.00

Knee angle (degree)

10.00

-10.00 g0 20.00 40.00 60.00 80.00 100.00

%Gait cycle

U7 4.16 nsmlyusedeinvenaniiviin 45 kg ieusavhlundildssuudendew

NFI9NUTUINRIAIUANTNTINTT AR INUIIYu98T8LYluYIe Swing phase

anvazlndiAeaiuyutetaidnate deguin 4.17 ndwintduiaddrndintausunily

= 2 =2 a o o a 1 o %
NAFBUNAIIULIIOU 6 FIUIATIFDUNUINUN 80 ke LLazﬂ’]iL@u%@\‘iﬁ;ﬂﬁmwu"m‘UH 45

WAz 80 kg tevANaINsatuN1sasIeyNtetaIinluYle Stance phase WaxdnIINTg
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Waguwlasweayuintaungalugig Swing phase sioaauisanldiau Asguil 4.18

uarUT 4.19 dwsuiin waskivejmudiau

Young 45 kg at self-select speed

Knee angle (degree)

0.00 20,00 40.00 60,00 80.00 100.00

%Gait cycle

Prosthetic knee Actual knee

JUT 4.17 namiyasedaivasantinn 45 kg Nrnaunsiilundansu

NAPUANSATINIING

9INHAN1IATIVABUKARS ITLIUIYusadoilugae Stance phase awadLAn way

' a X A 2 v S 4‘ A < a ~ ~
ALV azAnTuiAsIt 9 Wity LHe9INNANSIEINTSIAUYeIAUALilAT GRF 1
LNININAIFUT 4.20 924u31A1 GRF 924081989 Stance phase ASNAININNTIZHBT
Tdusalunmsendnees lvar GRF Tunuantiwdesdinsvdandotiniuluaie da1nia

ldanaunsaselaviu Ingdainiigudianunsasetoiluyis Stance phase laundginis

a o o S @ [ [J = v
fuminiges uaznan1snsiaaesuriaan waslvaldululuhusadeiu
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aieusedarnungaludig Swing phase talndipgsiudaiinasalalugiaway 9 iy

Y
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TursanuE It asauEIUIuNaNe



Young walking

30

[}
vy
2
[sR 20
[
v}
c
g

)
£ o a
g B0 Lo -
)
% -~ 50 60 70 80 90 100 110 120
[}
o Walking speed (%BH/s)
=
%
= —e—Actual knee g Prosthetic knee at d5 kg —@— Prosthetic knee at 80 kg

Young walking

80

7
60
50

40

(gegree)

50 60 70 80 90 100 110 120

Walking speed (%BH/s)

Max. knee angle in swing phase

—a—Actual knee  —g—Prosthetic kne at 45kg  —g—Prosthetic knee at 80 kg
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Adult walking
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Vertical force
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Min. von mises stress, 0 (MPa) 9.41 1.37 1.89
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AN 9.2 VUIAVDILSIFINTUNTNAAUSEAU P4 Tunn Heel strike kagyin Toe off

L VUIALTINAFBUTEAU P4 (N)
w3 linagaau . .
91 Heel strike 91 Toe off
LSRR ULEDYS, Fuup 50 50
MINAAUADN WSINAFOULIN, Feer 944 828
LSNARBUNERY, Fy, 2065 1811
WSINAHBUAER, Fermin 50 50
o WSINAFBUEER, Fora 1230 1085
N1sNAERUININg —
wsmageuainanving, Fr, 2065 1811
1uInIng 3x10° A% 3x10° A%
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