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(57) ABSTRACT 

The invention in Some embodiments relates to a magne 
torheologically actuated prosthetic knee. The knee in one 
embodiment comprises an extension assist to facilitate knee 
extension. The knee in another embodiment comprises a 
dual-stage bumper system that limits the maximum knee 
rotation. The knee in yet another embodiment comprises a 
cover that includes a flexible skin and an exoskeleton. 

A 4.5 

  



US 2006/O136072 A1 Patent Application Publication Jun. 22, 2006 Sheet 1 of 103 

Z 22// 

ESWHd 0 NIMS 

3SWHc] 3 ONWIS 

dWAS 

  



Patent Application Publication Jun. 22, 2006 Sheet 2 of 103 US 2006/O136072 A1 

f(22 1. 

A42 

A76, 2 

  







US 2006/O136072 A1 Sheet 5 Of 103 Patent Application Publication Jun. 22, 2006 

AV71 .2/ 

  



Patent Application Publication Jun. 22, 2006 Sheet 6 of 103 US 2006/O136072 A1 

  



Patent Application Publication Jun. 22, 2006 Sheet 7 of 103 US 2006/0136072 A1 

-- 

A76, 4 

  



US 2006/O136072 A1 Sheet 8 of 103 Jun. 22, 2006 Patent Application Publication 

A76, 24 

  



Patent Application Publication Jun. 22, 2006 Sheet 9 of 103 US 2006/O136072 A1 

A54 

  



Patent Application Publication Jun. 22, 2006 Sheet 10 of 103 US 2006/0136072 A1 

  



Sheet 11 of 103 US 2006/0136072 A1 Patent Application Publication Jun. 22, 2006 

A76, 272 

  



Patent Application Publication Jun. 22, 2006 

O 
NE 

Sis 
: II 

%Y 3 
% 

A257 

R 

;SN SN 
SSSs 
ŠS 

2 ay K. 

E42 % 

Sheet 12 of 103 US 2006/0136072 A1 

% I m 56SNL-N. &/ A SS, it A HEEN -79 
IU) N 

A fly 

fia 

N A 75 

A22 

f/a, 

f26 : % N 1 
2 3 

AV72 aA 

  

  

    

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



US 2006/O136072 A1 Patent Application Publication Jun. 22, 2006 Sheet 13 of 103 

  



US 2006/O136072 A1 

99/ 

ÁZA 

Patent Application Publication Jun. 22, 2006 Sheet 14 of 103 

  



US 2006/O136072 A1 Patent Application Publication Jun. 22, 2006 Sheet 15 of 103 

  



US 2006/O136072 A1 Patent Application Publication Jun. 22, 2006 Sheet 16 of 103 

  



Patent Application Publication Jun. 22, 2006 Sheet 17 of 103 US 2006/0136072 A1 

  

  



Patent Application Publication Jun. 22, 2006 Sheet 18 of 103 US 2006/0136072 A1 

  

  



Patent Application Publication Jun. 22, 2006 Sheet 19 of 103 US 2006/0136072 A1 

/26, a's 

sa- /.352, 7,332 

at 

//a, 7.3/A 

A97, W29A 

-21 

A74 22 



US 2006/O136072 A1 Patent Application Publication Jun. 22, 2006 Sheet 20 of 103 

  



Patent Application Publication Jun. 22, 2006 Sheet 21 of 103 US 2006/0136072 A1 

S 

Š 

N 
N 
SS 
& 

Š 
SS 
N 

S SS 
& 

N 
S 



Patent Application Publication Jun. 22, 2006 Sheet 22 of 103 US 2006/0136072 A1 

S 
S. 

SQ Sty RS 
S. SN SS S. 
S Q & R 

s s 
  



Patent Application Publication Jun. 22, 2006 Sheet 23 of 103 US 2006/0136072 A1 

vs. 
252 227 

12, - = 

27 2307 

252A 

K2. 
232A 

22av. 

A76, f/7 

    

  



atent Application Publication Jun. 22, 2006 Sheet 24 of 103 US 2006/0136072 A1 

  



Patent Application Publication Jun. 22, 2006 Sheet 25 of 103 US 2006/0136072 A1 

s 

N 

- 
Š 

s 

& 

&-- o 
Š 

s s 



Patent Application Publication Jun. 22, 2006 Sheet 26 of 103 US 2006/0136072 A1 

A76, 71 

  



Patent Application Publication Jun. 22, 2006 Sheet 27 of 103 US 2006/0136072 A1 

& 

S 

S 

  



Patent Application Publication Jun. 22, 2006 Sheet 28 of 103 US 2006/0136072 A1 

/5(2. 

A76, 4/7 

  



Patent Application Publication Jun. 22, 2006 Sheet 29 of 103 US 2006/0136072 A1 

f32 N 

A76, 4/ 

  



US 2006/O136072 A1 Sheet 30 Of 103 Patent Application Publication Jun. 22, 2006 

  



Patent Application Publication Jun. 22, 2006 Sheet 31 of 103 

re 

- 732 
276 

274 272 

2 272 

242 Z4ES-2772 F e e 
e 

266A 

262A 
26. 

29407 a. 265A 

2a(2 
25 

2657 

2672 1. 267ey 

275A G Z-2 222 Yazzo 
- - - - 

2527 

US 2006/O136072 A1 

  

  

  

  

  

  



Patent Application Publication Jun. 22, 2006 Sheet 32 of 103 US 2006/0136072 A1 

N 

S 

S 

  



Patent Application Publication Jun. 22, 2006 Sheet 33 of 103 US 2006/0136072 A1 

S 

S 
N S. 
FN 
wa 

S. 

s 
N 

& 
va 

  





Patent Application Publication Jun. 22, 2006 Sheet 35 of 103 US 2006/0136072 A1 

- - 

AV7 Z2 

  



Patent Application Publication Jun. 22, 2006 Sheet 36 of 103 US 2006/0136072 A1 

OD SIDE 
374 

24 1. 

322 325 

D SOE 

MR FLUID (or SLURRY) SIDE AMBIENT SIDE 

OD SIDE 

AV72 a1 

  



Patent Application Publication Jun. 22, 2006 Sheet 37 of 103 US 2006/0136072 A1 

  



Patent Application Publication Jun. 22, 2006 Sheet 38 of 103 US 2006/0136072 A1 

S 

  



US 2006/O136072 A1 

s 

SS 
& 

Patent Application Publication Jun. 22, 2006 Sheet 39 of 103 

  





Patent Application Publication Jun. 22, 2006 Sheet 41 of 103 US 2006/0136072 A1 

SV 
S. 

  



Patent Application Publication Jun. 22, 2006 Sheet 42 of 103 US 2006/0136072 A1 

3 
S 

SQ SN N 
N N | S 

Y 
Ya 
Y. 

S 

S 
S 

  



US 2006/O136072 A1 Sheet 43 of 103 Patent Application Publication Jun. 22, 2006 

KOE, ZZZZZZZZZZZZ 
  

  



US 2006/0136072 A1 Patent Application Publication Jun. 22, 2006 Sheet 44 of 103 

42%/29 29// ~z=(OZZZZZZZZZZZZZZZZZZ}, }A 429 
    

  



Patent Application Publication Jun. 22, 2006 Sheet 45 of 103 US 2006/0136072 A1 

432 

456,4562/ 4264267 

2.725,442 272 

/44/252) 

752 

7/4 

7/3 

fa2ay /42A 

A76, 6/ 

  

  



US 2006/0136072 A1 

· 

Patent Application Publication Jun. 22, 2006 Sheet 46 of 103 

  



Patent Application Publication Jun. 22, 2006 Sheet 47 of 103 US 2006/0136072 A1 

N r A A a 

  





US 2006/O136072 A1 Patent Application Publication Jun. 22, 2006 Sheet 49 of 103 

  

  





Sheet 51 of 103 US 2006/0136072 A1 Patent Application Publication Jun. 22, 2006 

  



US 2006/O136072 A1 

y 
SS 

S 

ºººº ----? · 

Patent Application Publication Jun. 22, 2006 Sheet 52 of 103 

  



Patent Application Publication Jun. 22, 2006 Sheet 53 of 103 US 2006/0136072 A1 

24 

  



Patent Application Publication Jun. 22, 2006 Sheet 54 of 103 US 2006/0136072 A1 

/(26 

A(24. f(24 

bumper-step 

A702 22 

  



Patent Application Publication Jun. 22, 2006 Sheet 55 of 103 US 2006/0136072 A1 

A(26 

WO2% 

A76, 22 

  



Patent Application Publication Jun. 22, 2006 Sheet 56 of 103 US 2006/0136072 A1 

s 

  



Patent Application Publication Jun. 22, 2006 Sheet 57 of 103 US 2006/0136072 A1 

s 

s 

  



Patent Application Publication Jun. 22, 2006 Sheet 58 of 103 US 2006/0136072 A1 

S 
S. 

  



atent Application Publication Jun. 22, 2006 Sheet 59 of 103 US 2006/0136072 A1 

  



Patent Application Publication Jun. 22, 2006 Sheet 60 of 103 US 2006/0136072 A1 

Torque 

Rotation Angle 

A76, f/ 

  





Patent Application Publication Jun. 22, 2006 Sheet 62 of 103 US 2006/0136072 A1 

s 

S s S N 

  



US 2006/O136072 A1 Patent Application Publication Jun. 22, 2006 Sheet 63 of 103 

  



Patent Application Publication Jun. 22, 2006 Sheet 64 of 103 US 2006/0136072 A1 

232 

A76 

  



Patent Application Publication Jun. 22, 2006 Sheet 65 of 103 US 2006/0136072 A1 

522 

  



Patent Application Publication Jun. 22, 2006 Sheet 66 of 103 US 2006/0136072 A1 

v- 2544 

| || 

924 526 

AV4 (127 

  

  

  

  

  

  

  



Patent Application Publication Jun. 22, 2006 Sheet 67 of 103 US 2006/0136072 A1 

942 

526 

527 

275 

654 

A76, 17 

  



Patent Application Publication Jun. 22, 2006 Sheet 68 of 103 US 2006/0136072 A1 

- A4 
544 

524 

242 
526 2 522 5/5 SN f1 

a 

2/5 977-? 

944 
556 

554 d 3.22 

594 

A76, 1797 

  

    

  

  



Patent Application Publication Jun. 22, 2006 Sheet 69 of 103 US 2006/0136072 A1 

//- N. 9/6 526 5254 
%22 

427 

92.2 
(22G, LANIAN 
als o, 222 /IEN 

| 

Fe K1 5074 s 942 in 7 
5(707 Y 

942 VR 595 
402? 

52% 92% 

  

  

  

  



US 2006/O136072 A1 Patent Application Publication Jun. 22, 2006 Sheet 70 of 103 

45.4% 554 532 

5367 

536A 

524 

SO § 

  







Patent Application Publication Jun. 22, 2006 Sheet 73 of 103 US 2006/0136072 A1 

522 CN 

I 526 

5/5 52(2 

524 

A76, 23 

  



Patent Application Publication Jun. 22, 2006 Sheet 74 of 103 US 2006/0136072 A1 

52(2 N 

522 

A76, 976 

  



Patent Application Publication Jun. 22, 2006 Sheet 75 of 103 US 2006/0136072 A1 

-/ 

952 

AVY O2/ 

  



US 2006/O136072 A1 Sheet 76 of 103 Patent Application Publication Jun. 22, 2006 

  



Patent Application Publication Jun. 22, 2006 Sheet 77 of 103 US 2006/0136072 A1 

-" 

s 

  

    

  

  



Patent Application Publication Jun. 22, 2006 Sheet 78 of 103 US 2006/0136072 A1 

257 

92.54 

256 

A76, 7/7/7 

  



Patent Application Publication Jun. 22, 2006 Sheet 79 of 103 US 2006/0136072 A1 

f(22% 

Mø2 

f(224 

feta 
7222 

7(22/- 

7(2/4 v 
A76, M/7/ 

  



Patent Application Publication Jun. 22, 2006 Sheet 80 of 103 US 2006/0136072 A1 

f(232 

7(222 

7(227 

f(22 

7(227 

M227 
Mø22 

7(236 

7(22/ 

on 

  



Patent Application Publication Jun. 22, 2006 Sheet 81 of 103 US 2006/0136072 A1 

M(776 
A. Ya 7(232 

M(227 

7(252. 

  



Patent Application Publication Jun. 22, 2006 Sheet 82 of 103 US 2006/0136072 A1 

7(22% 

M(27 

f(22/ 

  



Patent Application Publication Jun. 22, 2006 Sheet 83 of 103 US 2006/0136072 A1 

f(274 Na 

7(22 
f(22/ 

f(2227 

7(232 

  



Patent Application Publication Jun. 22, 2006 Sheet 84 of 103 US 2006/0136072 A1 

7(22/2 

/(222 

A 77 v/7a, 

  



Patent Application Publication Jun. 22, 2006 Sheet 85 of 103 US 2006/0136072 A1 

7(222 

7(222 

  



Patent Application Publication Jun. 22, 2006 Sheet 86 of 103 US 2006/0136072 A1 

-1 /(22 

A76, MM1 

  



Patent Application Publication Jun. 22, 2006 Sheet 87 of 103 US 2006/0136072 A1 

//22 a 

f/22 ASSEMBLE 
ACTUATOR 

PREPARE ACTUATOR FOR 
MR FLUID LOADING 

PREPARE MR FLUID 
FOR LOADING 

LOAD MR FLUID 
N ACTUATOR 

7A24 

A 726 

f/29 

A76 M97 

  

  

  

    

  



Patent Application Publication Jun. 22, 2006 Sheet 88 of 103 US 2006/0136072 A1 

f/22 

Ca 

A 737 ASSEMBLE OUTER 
SPLINE ASSEMBLY 

ASSEMBLE 
CARTRIDGE ASSEMBLY 

ASSEMBLE 
ACTUATOR COMPONENTS 

AG. //7 

f/32 

  

  

  

  



Patent Application Publication Jun. 22, 2006 Sheet 89 of 103 US 2006/0136072 A1 

Ca 

NSTALL 
DAPHRAGM ASSEMBLY 

NSTAL 
PYRAMD CONNECTOR 

//7 

//32 

77.32 

A76 MMA 

  



Patent Application Publication Jun. 22, 2006 Sheet 90 of 103 US 2006/0136072 A1 

//32 CN 
NSTALL RIGHT 
CORE SIDE 

ON CORE ROD 

INSTALL COL 
ON CORE ROD 

INSTALL THROUGH 
RODS ON 

NNER SPLINE 

INSTALL O-RINGS 
ON INNER SPLINE 

FORM A SET OF 
NNER AND 

OUTER BLADES 

INSTAL BLADES 
ON INNER SPLINE 

INSTALL LEFT 
CORE SIDE 

ON CORE ROD 

- 7/407 

7/42 

A/42 

f/46 

//42 

//52 

A76 //2 

    

    

  

  

    

  



Patent Application Publication Jun. 22, 2006 Sheet 91 of 103 

7/32 Na 

NSTALL LEFT 
DYNAMIC SEAL 

NSTALL LEFT 
BEARNG 

NSTALL LEFT 
SIDE MOUNT 

NSTALL CARTRIDGE 
ASSEMBLY IN 
OUTER SPLINE 

INSTALL CONE - 7762 
NUTS ON 

THROUGH RODS 

INSTALL ANGLE 7/44 
SENSING 
SYSTEM 

PRESSURE TEST //aa 
ACTUATOR 

A76 MM.7 

INSTALL RIGHT 
DYNAMIC SEAL 

INSTALL RIGHT 
BEARING 

INSTALL RIGHT 
SDE MOUNT 

US 2006/0136072 A1 

//54 

f/947 

775257 

W/4077 

  

  

  

  

  

  

  

  

  

  



Patent Application Publication Jun. 22, 2006 Sheet 92 of 103 US 2006/0136072 A1 

res 
ACTUAL PYRAMD f/22 

TOOL TO 
ACTUATOR 

PRESSURE TEST - ///07 
ACTUATOR 

WEIGH DRY f/2 
ACTUATOR AND 
RECORD WEIGHT 

ATTACH HOLDING-72 
FIXTURE TO 
ACTUATOR 

A/72 ATTACH FUNNE 
TO ACTUATOR 

A76, MA 

    

    

    

    

  

    

  





Patent Application Publication Jun. 22, 2006 Sheet 94 of 103 US 2006/0136072 A1 

/2- 
PLACE MR FLUID 1 //67 
IN CONTAINER 

//A2 
STIR MR FLUID 

PLACE MR FLUD 77% 
CONTAINER UNDER 

VACUUM CHAMBER STRRER 

//afé 
SEAL VACUUM CHAMBER 

//529 
DRAW VACUUM 

TURN ON STRRER - //907 
TO STR MR FLUID 

//22 
TURN OFF STRRER 

TURN OFF VACUUM //24 
AND RELEASE WACUUM 

7794 
UNSEAL VACUUM CHAMBER 

REMOVE MR FLUID CONTAINER 1//96 
FROM VACUUM CHAMBER 

AVY 7/A 

  



US 2006/0136072 A1 

(30188) 838BIIS J38 WWHO WnnoyA 

Patent Application Publication Jun. 22, 2006 Sheet 95 of 103 

  



Patent Application Publication Jun. 22, 2006 Sheet 96 of 103 US 2006/0136072 A1 

f/25 N 

W222 ADD MR FLUID 
TO FUNNEL 

APPLY WACUUM 
M222 

W24 
FEED NITROGEN 

COMPLETE 
LOADING 

PROCEOURE 

A225 

A76 MM1 

  

  

    

  

  



Patent Application Publication Jun. 22, 2006 Sheet 97 of 103 US 2006/0136072 A1 

A22 N 

POUR MR FLUID INTO f232 
FUNNEL ATTACHED TO 

ACTUATOR ON WEIGHING SCALE 

MONITOR READING - /22 
OF WEGHNG SCALE 

FILL TO APPROPRIATE 2 
MR FLUID WEIGHT 

AND RECORD WEIGHT 

A76 MM2 

  

    

    

  



Patent Application Publication Jun. 22, 2006 Sheet 98 of 103 US 2006/0136072 A1 

  



Patent Application Publication Jun. 22, 2006 Sheet 99 of 103 US 2006/0136072 A1 

fa22 

CN 

PLACE ACTUATOR 
N VACUUM CHAMBER 

CONNECT HOLDING 
FIXTURE 

TO AGITAOR 

A242 

A244 
SEAL VACUUM CHAMBER 

724a 
DRAW VACUUM 

M242 
AGITATE ACTUATOR 

A76, M2/ 

    

    

    

  

  

    

  






































































































