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Uvod
Simulacni model chuze s holi a francouzskou
holi

1. Definovani problemu
2.Definovani pohybu casti koncetin
3. Vypocet polohy kloubU v Case

4. UrcCeni zrychleni kloubU

5. Urceni sil a momentu v kloubech z dynamickych
podminek rovnovahy

6. Simulacni model na pocitaci
7. Ciselné vysledky




Definice problému

A

Q23 Q Q3




= ChUze a pomaly béh, mimo dotyk s podloZim je jen jedna
Hll koncCetina

= Sledovane body Rozmery casti téla

a|=O,183h :
/

|
| — a2=0,128h

/




Tri faze pohybu pacienta

1. Pata se zveda 2. Noha je ve 3. Pata doseda
od podlozky svihu na dalsi schod




Tri faze jednoho kroku

1. faze

presun tihy ze zadni dolni koncetiny
ha predni

2. faze

svih dol. koncetiny
po parabole-bod A5
3. faze

doslapnuti na
schod




Dolni koncCetina ve svihu
Bod A1 - pohyb po primce
x,=vt, yi=vttgy+h
Bod As - rychlost

parabola

2
Vs :b[ —j—z]+x5.tg7/+e
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Poloha kolene

Dano: xs, ys,xs,y6, b, 5

algoritmus se pouzije pro nohu podeprenou

| pro nohu ve Svihu




Paze s holi
Polohy bodti A7 h — A-A

X7= X5 Y7=Yst h
v ... Vvyska hole

Xo =X, —lssinag =x, — I sina;

Ve = ¥y ~ Iy cosar, = yg +0,5n—cos cz, |



Zrychleni bodu
Bod A1 - kycel

4
45— 72F+120F]

Bod A4 koleno

X441 —2X4; + X411
At?

Va1~ 2Y4;+ Vain
At?

(x4 =X4 =

ady4 = V4 ®
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| Souradnice kolen - body A2,A4

Schody - sirka 30 cm, vyska 20 cm

A2x, A2y - primka, A4x, A4y - sinusovky

003 006 00 012 0,15 0,18 0,21 0,24 0,27 0,3





A2x	0	3.0000000000000016E-2	6.0000000000000039E-2	9.0000000000000066E-2	0.12000000000000002	0.15000000000000024	0.18000000000000024	0.21000000000000021	0.24000000000000021	0.27	0.30000000000000032	0.21780000000000024	0.23440000000000027	0.23490000000000028	0.2490000000000003	0.24480000000000021	0.25660000000000005	0.24840000000000037	0.23810000000000001	0.24720000000000031	0.23430000000000001	0.19800000000000004	A2y	0	3.0000000000000016E-2	6.0000000000000039E-2	9.0000000000000066E-2	0.12000000000000002	0.15000000000000024	0.18000000000000024	0.21000000000000021	0.24000000000000021	0.27	0.30000000000000032	0.38930000000000087	0.39120000000000038	0.37720000000000031	0.38140000000000074	0.37220000000000031	0.37890000000000074	0.37510000000000032	0.37530000000000074	0.38690000000000074	0.39330000000000093	0.40110000000000001	A4x	0	3.0000000000000016E-2	6.0000000000000039E-2	9.0000000000000066E-2	0.12000000000000002	0.15000000000000024	0.18000000000000024	0.21000000000000021	0.24000000000000021	0.27	0.30000000000000032	4.3000000000000087E-3	3.4300000000000011E-2	0.10570000000000014	0.18470000000000031	0.2767	0.35250000000000031	0.42030000000000062	0.47070000000000001	0.50939999999999996	0.53939999999999999	0.56070000000000064	A4y	0	3.0000000000000016E-2	6.0000000000000039E-2	9.0000000000000066E-2	0.12000000000000002	0.15000000000000024	0.18000000000000024	0.21000000000000021	0.24000000000000021	0.27	0.30000000000000032	0.22580000000000003	0.24580000000000021	0.28330000000000038	0.33090000000000092	0.39930000000000093	0.46880000000000038	0.54459999999999997	0.60470000000000124	0.64550000000000063	0.66550000000000065	0.66470000000000173	
Souradnice kolen - body A2,A4

| Chize (beh) po rovine

A2x, A2y - primka, A4x, A4y -sinusovky

A2 - koleno ve svihu A4 —podeprene koleno

/

003 006 009 0,12 0,15 0,18 0,21 0,24 0,27 0,3





A2x	0	3.0000000000000016E-2	6.0000000000000039E-2	9.0000000000000066E-2	0.12000000000000002	0.15000000000000024	0.18000000000000024	0.21000000000000021	0.24000000000000021	0.27	0.30000000000000032	5.580000000000003E-2	8.5800000000000057E-2	9.5500000000000237E-2	0.1255	0.1348	0.14369999999999999	0.17369999999999999	0.18220000000000031	0.19040000000000004	0.19830000000000003	0.20610000000000001	A2y	0	3.0000000000000016E-2	6.0000000000000039E-2	9.0000000000000066E-2	0.12000000000000002	0.15000000000000024	0.18000000000000024	0.21000000000000021	0.24000000000000021	0.27	0.30000000000000032	0.44830000000000031	0.44830000000000031	0.43860000000000032	0.43860000000000032	0.42980000000000074	0.42210000000000031	0.42210000000000031	0.41540000000000032	0.40990000000000032	0.40540000000000032	0.40200000000000002	A4x	0	3.0000000000000016E-2	6.0000000000000039E-2	9.0000000000000066E-2	0.12000000000000002	0.15000000000000024	0.18000000000000024	0.21000000000000021	0.24000000000000021	0.27	0.30000000000000032	4.3000000000000087E-3	3.4300000000000011E-2	0.10570000000000014	0.17519999999999999	0.24230000000000004	0.30670000000000008	0.36810000000000032	0.39810000000000062	0.42810000000000031	0.4428000000000003	0.45670000000000005	A4y	0	3.0000000000000016E-2	6.0000000000000039E-2	9.0000000000000066E-2	0.12000000000000002	0.15000000000000024	0.18000000000000024	0.21000000000000021	0.24000000000000021	0.27	0.30000000000000032	0.42580000000000062	0.42580000000000062	0.4433000000000003	0.46490000000000031	0.49030000000000062	0.51929999999999998	0.55149999999999999	0.55149999999999999	0.55149999999999999	0.53500000000000003	0.51929999999999998	
Zrychleni kolena - bod A4

Zrychleni agx, asy pOlvina sinusovky
. { o _x,(0)+x,(T)
x, =k sin(wt)+k —+k,, " PO
3 (1) 2@ 1@

: [ 2
Vs =k, sm(ar)+ k; ™ e

i =—k o sin(ar),

5 o
y=—k 0" sin(axt).
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Podminky rovnovahy casti dolni

koncetiny
Souctova a momentova podminky rovnovahy

X, — X, —-ma,, =0,

Y,-Y -mg-—ma,
(Xl.al.+iji)s1ngpi—
- (Yl.ak +Y.b, )cos @, +

+M,-M,—-1,& =0,




Postup simulacniho vypoctu
= Svih dolni koncetiny -10 ¢asovych Usekd
= Souradnice bodU A, az A;.
= \V kazdém casovem okamziku urcéime
zrychlenibodu A az A,
= Podminky rovnovahy - resime postupne sily
a momenty na télesech k=5, 4,1, 2, 3, pak

mame na kazdem telese vzdy jen tri
nezname, kterée |ze urcit ze trech rovnic.

= Nazaverv bode A3dostaneme reakce
podlozi.




Prubéh momentu béhem kroku
schody sklon 3:2

0,075 -0,06 -0,045 -0,03 -0,015 O 0,015 0,03 0,045 0,06 0,075

Na vodorovné ose je ¢as (s), rychlost chiize 2 m/s. Svisle moment (Nm)




Graf1

		-0.075		-0.075		-0.075

		-0.06		-0.06		-0.06

		-0.045		-0.045		-0.045

		-0.03		-0.03		-0.03

		-0.015		-0.015		-0.015

		0		0		0

		0.015		0.015		0.015

		0.03		0.03		0.03

		0.045		0.045		0.045

		0.06		0.06		0.06

		0.075		0.075		0.075



M1

M2

M8

14.04

157.72

79.8

14.24

147.55

77.93

14.52

137.13

75.2

13.71

125.11

71.66

11.73

111.39

67.39

9.24

96.77

62.455

7.08

82.17

56.93

5.7

67.99

50.88

4.76

53.41

44.33

3.35

36.08

37.28

0.41

9.3

29.7



List1

				M1		M2		M8

		-0.075		14.04		157.72		79.8

		-0.06		14.24		147.55		77.93

		-0.045		14.52		137.13		75.2

		-0.03		13.71		125.11		71.66

		-0.015		11.73		111.39		67.39

		0		9.24		96.77		62.455

		0.015		7.08		82.17		56.93

		0.03		5.7		67.99		50.88

		0.045		4.76		53.41		44.33

		0.06		3.35		36.08		37.28

		0.075		0.41		9.3		29.7






I Sily v kycli yi, kolenu y:

Na vodorovne ose je vyska schodu 0,2 az -0,2 (m),
na svislé ose sila (N).




Graf1

		0.2		0.2

		0.15		0.15

		0.1		0.1

		0.05		0.05

		0		0

		-0.05		-0.05

		-0.1		-0.1

		-0.15		-0.15

		-0.2		-0.2



y1

y2

435.39

448.19

433.65

446.45

431.97

444.76

430.27

443.07

428.39

441.19

427.38

440.18

427.38

440.18

427.37

440.18

427.38

440.18



List1

				y1		y2

		0.2		435.39		448.19

		0.15		433.65		446.45

		0.1		431.97		444.76

		0.05		430.27		443.07

		0		428.39		441.19

		-0.05		427.38		440.18

		-0.1		427.38		440.18

		-0.15		427.37		440.18

		-0.2		427.38		440.18






| Momenty v kolenu M, lokti Ms

vodorovneé vyska schodu (m), svisle ohybovy moment (Nm).




Graf1

		0.2		0.2

		0.15		0.15

		0.1		0.1

		0.05		0.05

		0		0

		-0.05		-0.05

		-0.1		-0.1

		0.15		0.15

		-0.2		-0.2



M2

M8

157.72

34.13

143.48

34.11

125.85

34.08

102.45

34.05

61.76

34

66.93

34

76.23

34

87.09

34

98.4

34



List1

				M2		M8		Řada 3

		0.2		157.72		34.13		2

		0.15		143.48		34.11		2

		0.1		125.85		34.08		3

		0.05		102.45		34.05		5

		0		61.76		34

		-0.05		66.93		34

		-0.1		76.23		34

		0.15		87.09		34

		-0.2		98.4		34






Simulace chiuze na pocitaci

= Provedené vypocty: schod —30 cm/(20 az -20) cm,
v=im/s, T=0,15s, pacient 180 cm, m= 80 kg,

= Zrychleni jsou mala, sily podobne jako za klidu

= Moment v podeprenem koleni (max.) 157,7 Nm

= Ztoho plyne:silavkloubu ave svalu 4391,2 N
7 krat vice nez pri stoji na jedné noze
Sila @ momenty jsou 66 % hodnot bez hole

= Paze opirajici se o hul, sila v kloubech 225 N,
moment v lokti 79,8 Nm

= Ztoho plyne: artrosa — bolesti v kolenou

= Byl detailné popsan pohyb - animace chuze



4

Zaver

= Veskere vztahy jsou odvozeny obecné bez
ohledu na konkretniho pacienta.

= Chuze s holi, francouzskou holi — simulacni
model na pocitaci urcuje sily a momenty v
kloubech.

= Vysledky umoznuji animaci chuze s holi
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