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Los pardmetros cinematicos originales, tomados del libro de Winter [26], se muestran

en la matriz siguiente:

ANEXO 1: PARAMETROS CINEMATICOS

A
28
30
32
34
36
38
40
42
44
46
48
a0
a2
54
a6

PCM _original:=| 62

La matriz utilizada en el disefio del rehabilitador se calcula al multiplicar los valores

88
90
92
04
96

| o7

[rad/s?]

“alfa”
—GE.8
—10.5
H2.05
0
0
0
0
0
0
0
0
0
—h.69
—10.45
—28.5
—45.01
—52.01
—49.61
—43.01
—10.02
G0.42
133.15
142,55
93.05
44.39
2034
0.6
.56
3.78
—3.31
—&.63
—4(.85
—O6.87

—117.61
—109.12

—84.77

[m/s?]
“ax”
—14.43
—7.03
—4.39
—3.06
—1.38
—1.G4
—1.91
—.4
(.76
1.1
(.86
(.85
005
—1.42
—1.42
057
4.22
B.AT
11.08
13.582
18.51
21.55
19.88
15.92
12.25
8.31
G.65
4.29
1 4
—4.3G
—13.62
—24.71
—31.47
—28.9
—18.9
—13.57

[m/s?]
—
—3.02
4.32
i
0
0
0
0
0
0
0
0
0
0,606
1.891
2.38
1.39
1.88
416
634
5.61
1.5
—5.36
—13.01
—15.93
—12.28
—7.02
—1.42
187
10. 66
13,44
109
247
—5.34
—13.34
—5.07

=3.57

(']

e e
22,6069
17.382
10,3659

0
0
0
0
0
0
0
0
0
—4.133
—5.1636
—G.8921
—0.3005
—12.66
—15.0947
—17.5827
—19.4712
—21.3819
—20.87
—20.181
—18.336
—16.509
—16.459
—16.808
—16.21
—14.85
—3.272
8.047
18487
22,333
25,604
23.708

23.343 |

anteriores por el factor 6 . Los resultados se muestran en (A1.3).

D60 D601 QQE G

(A1.1)

(A1.2)



ANEXO 2: CALCULO DE MASA E INERCIA

A2.1. Masa extremidades inferiores:

Las longitudes del muslo, pierna y pie de un humano en funcion de su altura, se muestra
en la figura siguiente:
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Figura Al.1. Dimensiones extremidad inferior

Los valores se calculan con las ecuaciones del libro de Winter [26], para un nifio de 42
kg.
0 ™®HZd 4 T&QNQ
0 T g 4 pouL EQ
0 ™TVE 4 T TQQ

A2.2. Masa plataforma y placa de apoyo:

La masa de la plataforma se halla en base a las dimensiones preliminares y

considerando un espesor de 3/80 material aluminio.

0Q .
0 "z cxt%—zmitnpcioc o8t ¢ 0Q

En otra parte, hay incluir el peso de la plancha de apoyo del pie. Aquella se considerara
de dimensiones 150x565x9.525 mm y como material aluminio.

0Q o
0 "z cxnaﬁzniitnnc'upp ¢H YMQ



A2.3. Inercia extremidades inferiores:

Los radios de giros respecto a su centro de masa, necesarios en el calculo de las

inercias se hallan con las dimensiones de cada elemento (figura A2.1).

Qg T ¢ 60 TP p by
Q g T 10 TP p At
Q 4 ™ x 00 ™ p pat

Los momentos de inercia de respecto a su centro de masa se calculan asi:

0 b 270 T8t U oXHRY
0 5 O 2Q T8¢ T Q@
0y b 2z 8t T X Qi

Sin embargo, es preciso llevar cada uno de los valores de inercia ya calculado, al centro
de masa de la plataforma. Para ello, se utilizara la formula de Steiner teniendo en cuenta
la distancia entre el centro de masa del pie, muslo y pierna hasta el centro de masa de

la plataforma. Los valores se calculan de la siguiente manera.

0 TBIU W& ZTEY P WG P ¢ Q&
0 TBIC T ¢ PRLOTE L X P T Y@
O THIMX WP TWBo T ¢ TTd T Y&

A2.4. Inercia plataforma y placa de apoyo

Las inercias de la plataforma y plancha de apoyo se hallardn mediante el programa
SolidWorks.

0 7 T8t ¢ ) @

0 ¢ TS T T {8k



Figura A2.2. Distancias miembros inferiores hacia CM plataforma



ANEXO 3: COORDENADAS DEL TALON Y DEDO PULGAR

Las coordenadas de ambos puntos para una longitud de paso de 400 mm se reldnen en

la matriz siguiente:

[mm] [mm]  [mm]
B 3 i ar'h? “x'ir]
28 (0. 4565 0 825
30 48T 0 FL°¥
32 0771 0 432
34 48,2793 ] 0
36 65,8151 L]
35 26531 ]
A0 104.4376 0
42 12457568 0
44 1473438 0
AG 1707746 0
48  196.6565 0
0 223.86RL 0
52 2h0.8hEd 17.3
B4 2TETERAD 21.G
A6 3018088 288
SH 32097627 388
60 351.6G601 5H2.0G
62 3691012 G2.5
64 3828506 T2.5
66 39202359 80
68 3081233 BT.hL
T A0 05 0.5
T2 3760021 1025 19.7
T4  3A51.8h46 1025 27
TG 324.52T0 95 2G.E
T 2046220 8T.H 195
a0 261.9413 80 106
B2 2262200 T2.h  h.h
4 18T.50919 Tl HA59
A6 1469805 36.2 235
8 1062040 14.2 AV.B
90 681371 3.8 T9.9
92 36,6129 1.3 925
94 14.7707 0.9 o7
06 2.0405 0 865
9y L 0 951 |

[ B e e =

=g a

il

(A3.1)
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ANEXO 4: PROGRAMAS UBICACION ARTICULACION ESFERICA

Los programas realizados para la ubicacion de las articulaciones esféricas S2, S3 'y S4
segun la nomenclatura ya descrita se muestra a continuacion se muestran a

continuacion:

S3 = ubicacion_S3 (C’, [ L) =l +—rows ((7 )
n+— cols(C)
—0

m— 1,14

forie0..m-2

+ ,__C'
41,0 it1,0

rpn +— C
Tp3 i1

ym=C,

1,5

zpye—C
i+1,6

a+——17.32—xp;
bh——330 —Ym
VE]

2

A«—2.r-a- +2.7.0-0.5

Fe2erezm

De—a’+b*+zp°
(L“—r'"—D] (A)
04 ; +—acos | ————|+atan|—
¥ \/‘424_1‘-.2 ) F

(L*—+*-D (A\
6y 9 +——acos| ——— | +atan|— J
| Var+r?

< 3 i
Tgy T esin (()3 l) .\{T_ 17.32
Ys3 1 7esin (63 1) -0.5-330
Zgy | —T+COS (6;, l)
Tgy 2+ Tesin (();; 2) . %ﬁ —-17.32
Ys3 27 +sin (6 5) - 0.5-330
Zgy 9 —Tec0s (0 2)

TPy — g5 i

. ¢ mgé’rtt—zm 11 180
31 t—at -
gy o+ alan 73115;—25 = —] 80
. L-’!“-rr::—-'!“-s.; 2]
lil{lll [Jli_:r""'; !
k. W
kfl 1,3 TEs
il yq =0
st 180
else

At 15

41,4

it I:,-ﬁi_eg !'ﬂ
2 2 ]
‘—\j(ﬂfm—mﬁ:: |) +(?Jp:t—?;‘$l J) +(zm—z.s‘.= [:l

((zp—Ts3 1) - (—17.32—mgy ) + (2 — 23 1) - (—2:1)) ) 180

i,

k. +—acos|
[

B L (—zs 1)+ (-17.32—2gy 1}!‘\/{:2:&—23:1 1:]2+(33m—-'1‘?$: |)2J "




—@gy 2

i+ 1,8
—
er1,0 Hsia
— g -
i+ 1,00 s

if 7yq 9=z

‘kiﬂ,u*_'h 3+I80.
else
‘| -:'1|,1|J'_r'\‘:'ig

180
1'|t,|;tt_9:‘2‘ —

S S pr—

SENTA (s —Tsa 2) + (s —Ysa o) +(zm—2s o)

( Tpm— Ty o) (—1T.32 —Tay o) +{2pa— 253 2) * (—251 2 g
it [,|'1<_:H:05| {( = = 2} { _H ’) {' 3 53 ‘EJ {\ 53 ’}} |+ —

I

u,0 (]

e e
[

E —453-1y"
0,k ]

ke u53-12"
0,4

ku A — i1

ko —Se—1"
0,5

B o—dl”
0,6

ku i fafi—1"

k953 2z
0,5

ko —953—-2y"
0,5

—“§3—2z"

. 2 1 2
{ {—zs3 2) "+ (—17.32 g3 5) *'J(Zm—ﬂs.s 2) +{Tpy—Ts3 1) ’ i



S4 = ubicacion_SA(E,r ,L):=|m—rows{E)
1+ cols(E)
k —10

m—1, 14
foried..m—2
k

— K
i1 1,0 it1,0

Ty —F
4 i+,

vu—E o

zZpy— E
P4 it1,8
L+— 29-‘1.45—;}:”

b(——lSU—yp.t

A{—E-?'-u-TJ+2-T-EJ«D.5

F‘-—z‘r'ﬁp_.’
De—a®+b*+zp,?

L”—a-?—D A
#y y+—acos| ——|+alan =
VA’ +F‘r

L*—r?— A
+alan

+294.45

.4 Ly

\f_
2

Ysi g resin {6y 1) -0.5— 150

V{E-!—‘Ud.d!i
2

Yy o T+ 3111{:94 ) <0.5— 150
Zgq 9+ —T =003 (6_4 2)

Zpg T 254 1 ] 180

By o+ —m:m[

g g resin (B )

zgy o ——Tcos (@ ])

Tgy g Tesin 6‘1 _;

Fis

Ta 1 akan
Tpg—Egq

ZpA— 254 2] 1580
g o+ atan | ————— e ——

Epg— &gy 2 ™
k. =gy
it
k — g,
i1,z Ysi
—zg
IR

iy <0
Hk“] T4+ 180

else

180
k yé—@,“-
m

k.‘:],a‘_n 1

FR

2 2 2
k o ‘J/(ﬂ'?m —Egy 1) at (.T;‘m — Yy 1) + (zﬁ‘d. —Z51 1}
i — aves [ ((LEI:H —igy l} . (29‘-’1.-’15 —Zgy l) + (Zp.t —Zgy [:] * (—A':'Slt l)) ]. 1_8{}
1,5

2 2 ]
L (—zs1 1)+ (29445 — 35 ) '\/(zm —2s11) +(Tp—Ts01) J "

k — g
it+l.A 52

ke Ysiz
i |__|I:{_z“’"t z
il."]".t g{[}
‘k
else

‘k. A

i+1,01
i1,z

g 2+ 180

iel, 0

— 8y q- ]:_ﬂ




2 2 2
&= ‘/{3-‘:'4 —ZTgee) T l:ym —Us1 2) + 1:3:11—3:5'.1 2}

i+, 14

- {(wpy—s1 2) - (20445 — gy o) + (2pa— 251 2)* (=21 2)) | 180

k.
i1, 2 2 T

‘j (—.‘3’5,1 3) 2+ {29‘1‘15 —gy 2} o ‘j(z;:,’ —Zay 3:] - (.’J’J;:,' — Ty -2}
o
o, .50

= “Qq

=]

= “gq—1gp"

5= “54—-1="

=]

e -1

=]

—“g4—1"

—wd1

N

o '“‘L"-‘"i -1
v }

=]

PR T
]

=]

&= “54-2y"

=]

—54—2z"
1

=]

I — ((74—2”

=]

e g o

12

— 2
(53

=]

Eol Eol Eol Eol Eo Eol E El El ol Eol Eo Eo Eo El
=] =] o o

il g e
e -2

=]
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ANEXO 5: RELACION ENTRE DIMENSIONES L, Y d, DE LA PLATAFORMA

El espacio entre la dimension de del hexagono 0 (Q )y el lado mayor del hexagono 6

se calculara segun la figura a continuacion:

N
Figura A5.1. Hexagonos 0 y 6 . Vista superior.
De lo anterior:
w 0Y 0Y (A5.1)
Por semejanza de tridngulos:
- 0 Q Vo
b0 % (A5.2)

El punto O viene a ser el baricentro de los hexagonos irregulares y por propiedad de
éstos:

0 Q Vo
0 o — 270 (A5.3)
(6) o

Laaltura™©O'Y esigual a:
R
0'Y ?I/Ic (A5.4)

El segmento 0'Y se puede hallar al restar a 0O la altura™O'Y :



¢c0 Q Mo O .— Vo

oY —— —Wo — 0 qQ

Extrapolando la expresion anterior para el hexagono 0 :

Vo | .
uvY — Q «c¢u
[0)
Por condicion:
O T
Vo 5 < Vio Qo
¢ ¢
N 0 cdQ Q
U ——————————————————————
G
Al reemplazar valores del hexagono 6 :
we mQ

C

(A5.5)

(A5.6)

(A5.7)

11

Por otro lado, el valor inicial de la dimensién ‘Q que evita interferencias de los apoyos

de las articulaciones esféricas es 190 mm.

Figura A5.2. Valor minimo ‘Q para evitar interferencias entre apoyos.



ANEXO 6: PROGRAMA o g » df} 7 4H-

verificacion_L (U ,y):=||m —rows(y)
J +0

m,G

S1 —0

m-2,2

52 «—0

m-—2,2
Cé——

180
forie..m-—2
vzi——277.]3—y'+l .
w2<——180—y_

=

Vye——=2.1re0y.8in(60+c)+ 27wy cos(60.¢)
,l .} - .

“2(_2 r yi+|,:§

U.l(—r2+v22+w22+y__“ 32

Aty [V, 4+ W2+ T,
A2, V24 W2 11,
if A1,>0 |
!!.I-'H,.'_\/Al?
else
”.f —0

” i+1,1

cI. — A22
1+1,2
J-‘+|,o‘_yi+|,o
1:;,«——17..32—3;”['4

wy ——330—y.

4 1.5
Vi —=2.r.v5.8(120+¢)+ 27wy cos(120-¢)
W;,«—2--r-y.__ 1,6

2 2 2 2
Upe—1"+uy +wy Yt

Al:"‘——v V:;2+W32+U3
A2;— \/ V24 Wk 4+ U,
if Al3=0
J.‘+|,:;‘_\/Al3
else

"J. «—0

" 41,3

Ji+|,4(_\/A23

v,(<—294.45—y_+] -

w,'f——ISO—y_“ .
Vi——2.r.v4.sin(120-¢)+ 2.7 wy-cos(120-¢)
W,,4—2-r-y_+l 9

2 2 2 2
Upye=r'+v7 +wy Y

Ald.——\/VA'-’+W4"+U4

A24 — w V_‘2+W42 +U.|

if A1,>0




J — ;-GF.],.}.-'
0,0

L

—“L2inf”

=

. “L2sup”

L

S “L3inf™
J o “L3sup”
N e

J o “LAsup”

J J;_mm[s:z}

J I¢—mzL}c[SI]

13



check_angulo(r H ,dp,Lp) =

ANEXO 7: PROGRAMA 4 | m 3

check_angulo(ri ,Hi,dpi ,Lpi):=

dh =300 dp =190

190 191 192 193 194 195
o o o 0o 0 0 0
o o o o 0 0 0
o o o 0o 0 0 0
o o o o 0o 0 0

10
g+ 10
1t +— 10

S |
4,1t

g0
for di € dpi .. (dpi+it)

form e Hi..(Hi+q)

min «— ceil {verif i )
mar +— trune fverif
'|Il 37, 2.'II

p+—maz— (min)

sub __+10

i

j“zu.t__i___ 0

for L € min .. max
b« ubicacion 52 (k,
d «— ubicacion_S3 (k

b

toy o Froveacl i F
et JLEFIS
foriel..36
forje 13..18

sub
e—1.7—-13%

fzat.

i—1,7—13

if lar | =64
LW

||t+—t+]

t=0
val +«—[m L]
g

ge—g+1
t+—10
&I B o | {i
0, —dpi + i
T
1, —dpi +di
T o +—ual
&, —dpi + i
T . uang
A, —dpi + i *
T . —ufza
A, —dpi + di

cval «— cols (val)
vermat — IsArray (val)
it vermat =1

forz e 0. (cval —1)

I vl —10)

|| o,z
I vang 0

H vfza )
|I n,=

g—10

ri
ri
f— ubicacion_S4(k,ri,
ar—angulo_rotula (b, d, f

1
gl gy ] sl

— T

—1o
1,7—06

H:= 482

Lp:=3558 =105
196 197 198 199 200
0o o0 o0 1

o 0o 0
0 0 0
0 o

[[482 560]]
[[-40.332 56.652]]

[[-97.439 75.58]]

—

14

k —ubplatf{U,m, Lpi,di)
verif «— verificacion L(U k)

i
L

o

vang, il<—[m|iul:.*rm';] max (sub) |

E [min(fzat) max(fzat)]

Por ejemplo, para el siguiente arreglo de valores se tienen valores menores a 60° s6lo en una combinacion (56.7°, ver recuadro) y un torque
mayor de -97.4 Nm.

L:=560 Coi=0.3

201 202 2035 204 2056 206 207 208 209 210
O 0 0 0 0 0 0O 0 0 0
(0] [o] [o] [o0] [o0] [o] [o] [o] [0] [0]
(0] [o] [o] [o] [o] [o] [o] [o] [o] [o]
(0] [o] [o] [o0] [o] [o] [o] [o] [o] [o]



angulo_rotula(Bz Dz Fz uplat):=

ANEXO 8: PROGRAMA = | ¢ m= <0 m £

M +— TOWS {Bm}
1+ cols{Bz)
+—10

n—-1,18

L —

180

P =
0.0

£ o sPaX pa”

o,

i Py pav
o,2
e »
tn. ; PRy p2
t  —“P3X_p3”

o4

tn e “p3y pa"
£ —“P3Z p3"

0,6

E o “P4X pa”

o7

f — “P"iY_j}’i”
0,8
ti]
tl:-. . “P4F pd
t — HLEJF
0,10
' P
1

f — IiL_;lJ?
o,12
f — um_mﬂ
13
t o “taz—P2”
o, 14

t e “6ry—P3”

t  « “fzz_P3"
o, 16

t e “fry—Pa”
R

o,18

foriel..m—1

fq+— Br
1,3
'E]BJ—DE_
1z
gy +—Fr 2
Il 0 0 o ]
Ry a0 sm(—ﬁz} 1:135 —8a) —r-sin{—8,
0 —cos (—#) sin(—f} —r-cos(-6,
0 l] 0 1
1 0
Ry 0 sin —83 o8 (—ty) —resin{—&,
0 —cu&-{—ﬂ‘g} sin(—f3} —rscos{—&y
0 ]
1 ]
sin (. 4} cos (—8,) —resin{—#,
Rm*—
0 —cu&- ﬂ‘, sin H‘, —T-cos{—t,
0 ]
[ cos (60 r:] —sm{ED c) 0 D.ESEr-[Lb+2-db}'
gin(60-c) cos{60-c) O —0.5-Lb
finm| g 0 1 0
|0 0 0 1
[cos{120.c) —sin{120-c) 0 —0.2887.(Lb—db)]
sin(120.c) cos(120-c) 0 —0.5.-Lb
P = 0 0 1 0
I ] 0 0 1
cos(120-¢) —sin(120-¢) 0 0.2887-(2.Lb+db)
Ry | S0(120-€ cos(120-¢) 0 —0.5-db
4 0 0 1 0
|0 0 0 1
[uplat — Bz
i1 i.1
P up.!u.il_lz—B:I::_r!
up.!u.il_la—B:I::_ra
up{utt_ld—ﬂ'zirn
P, up{utt_l —Dmm
upht:‘.n_ﬂzi,m
0
umt:‘.r_sz.a
P, upiutt_la—th_ln
umti.n_FI:.Ju
I:I B
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ANEXO 9: RESUMEN DE CALCULO DE ITERACIONES

16

En la tabla siguiente se muestran los resultados como producto de las iteraciones para

la determinacion de las dimensiones del rehabilitador; para lo cual, se basé en las

consideracion es expuestas en la pagina 57 del documento principal de la tesis.

Tabla A6.1
dp Lp r H L Co Tmax | d mi d max

1 256 350 105 368 451 0.2 -107.0 -66.7 78.3
2 258 350 105 367 449 0.2 -105.5 -73.2 73.2
3 262 350 105 374 456 0.2 -110.1 -72.7 73.6
4 240 352 105 295 383 0.2 -78.5 -67.3 74.8
5 240 352 105 337 424 0.2 -92.4 -79.0 79.8
6 240 352 105 361 442 0.2 -96.3 -75.7 75.5
7 242 352 105 277 365 0.2 -73.2 -63.0 79.6
8 242 352 105 306 393 0.2 -82.3 -70.0 75.1
9 242 352 105 321 409 0.2 -88.5 -72.5 75.0
10 | 242 352 105 352 436 0.2 -96.3 -76.5 73.7
11 | 244 352 105 282 370 0.2 -75.5 -63.7 73.6
12 | 244 352 105 355 440 0.2 -99.9 -64.2 78.8
13 | 245 352 105 313 398 0.2 -83.9 -61.5 79.0
14 | 245 352 105 345 429 0.2 -94.7 -59.4 78.2
15 | 246 352 105 310 395 0.2 -83.3 -67.7 76.4
16 | 248 352 105 350 435 0.2 -08.8 -68.7 71.3
17 | 248 352 105 350 435 0.2 -85.3 -68.7 71.3
18 | 248 352 105 350 435 0.2 921 -68.7 71.3
19 | 254 352 105 329 414 0.2 -91.6 -71.0 73.2
20 | 254 352 105 366 450 0.2 -91.6 -63.5 72.3
21 | 260 352 105 398 481 0.2 -123.0 -57.7 68.9
22 | 260 352 105 398 481 0.2 -105.9 -57.7 68.9
23 | 260 352 105 398 481 0.2 -88.8 -57.7 68.9
24 | 266 352 105 474 552 0.2 -113.1 -68.1 57.1
25 | 236 354 105 321 410 0.2 -63.8 -51.8 70.0
26 | 236 354 105 321 410 0.2 -87.5 -51.8 70.0
27 | 235 354 105 323 408 0.2 -85.1 -65.0 67.7
28 | 230 354 105 355 445 0.2 -100.1 -63.5 69.1
29 | 230 354 105 355 445 0.2 -85.9 -63.5 69.1
30 | 255 354 105 432 513 0.2 -96.1 -48.6 64.2
31| 200 355 105 369 466 0.2 72.4 -62.9 68.4
32| 200 355 105 369 466 0.2 -99.9 -62.9 68.4
33 | 206 355 105 431 505 0.2 -105.5 -62.9 66.2
34 | 206 355 105 431 505 0.2 -90.1 -62.9 66.2
35| 210 355 105 435 524 0.2 -105.5 -49.3 66.1




dp Lp r H L Co Tmax | d mi d max
36 | 214 355 105 459 545 0.2 -112.2 -36.7 67.4
37 | 218 355 105 465 538 0.2 -102.5 -48.7 63.7
38 | 218 355 105 465 538 0.2 -85.3 -48.7 63.7
39 | 220 355 105 412 490 0.2 -106.3 -64.3 63.6
40 | 220 355 105 412 490 0.2 -91.6 -64.3 63.6
41 | 220 355 105 412 490 0.2 -76.2 -64.3 63.6
42 | 220 355 105 520 597 0.2 -105.5 -47.9 63.4
43 | 225 355 105 575 650 0.2 -122.2 -54.4 58.9
44 | 226 355 105 413 502 0.2 -87.8 -66.9 68.0
45 | 226 355 105 413 502 0.2 -104.7 -66.9 68.0
46 | 230 355 105 556 635 0.2 -151.7 -55.9 62.5
47 | 232 355 105 496 570 0.2 -120.1 -60.3 65.4
48 | 236 355 105 489 568 0.2 -125.5 -64.4 63.8
49 | 236 355 105 489 568 0.2 -83.1 -64.4 63.8
50 | 242 355 105 500 581 0.2 -92.6 -58.8 62.5
51 | 242 355 105 500 581 0.2 -139.6 -58.8 62.5
52 | 244 355 105 555 628 0.2 -147.8 -54.5 61.3
53 | 248 355 105 454 536 0.2 -123.4 -49.4 55.2
54 | 248 355 105 454 536 0.2 -82.6 -49.4 55.2
55 | 248 355 105 454 536 0.2 -93.2 -49.4 55.2
56 | 250 355 105 470 549 0.2 -94.7 -55.8 62.8
57 | 250 355 105 476 557 0.2 -100.7 -61.6 62.3
58 | 200 356 105 494 564 0.2 -103.2 -63.6 65.4
59 | 200 356 105 494 564 0.2 -77.0 -63.6 65.4
60 | 202 356 105 478 568 0.2 -87.4 -51.3 62.9
61 | 202 356 105 479 569 0.2 -88.8 -49.4 60.5
62 | 205 356 105 599 675 0.2 -108.6 -50.6 55.2
63 | 210 356 105 404 488 0.2 -90.9 -64.3 66.5
64 | 212 356 105 418 493 0.2 -54.0 -65.8 70.2
65 | 212 356 105 564 637 0.2 -70.1 -59.8 55.1
66 | 214 356 105 536 610 0.2 -67.8 -63.8 65.8
67 | 214 356 105 590 660 0.2 -71.6 -63.9 62.9
68 | 215 356 105 442 530 0.2 -63.9 -60.6 66.0
69 | 215 356 105 552 633 0.2 -74.7 -62.1 66.0
70 | 216 356 105 442 517 0.2 -57.8 -63.7 68.9
71 | 218 356 105 435 522 0.2 -63.1 -63.8 67.8
72 | 218 356 105 534 607 0.2 -67.8 -64.1 62.2
73 | 220 356 105 517 598 0.2 -71.6 -49.1 65.2
74 | 220 356 105 538 621 0.2 -77.0 -568.7 58.4
75 | 224 356 105 474 549 0.2 -40.8 -52.7 66.2
76 | 224 356 105 497 582 0.2 -48.5 -62.2 61.1
77 | 224 356 105 554 625 0.2 -46.2 -61.9 58.7
78 | 225 356 105 525 601 0.2 -45.4 -59.8 62.3
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dp Lp r H L Co Tmax | d mi d max
79 | 226 356 105 551 624 0.2 -47.0 -63.7 62.9
80 | 228 356 105 571 642 0.2 -47.7 -55.2 55.8
81 | 230 356 105 522 599 0.2 -47.0 -53.7 65.1
82 | 230 356 105 530 603 0.2 -45.4 -59.6 55.2
83 | 230 356 105 641 713 0.2 -54.7 -57.1 53.7
84 | 235 356 105 436 522 0.2 -44.7 -63.7 62.5
85 | 250 356 105 470 549 0.2 -47.0 -55.6 58.0
86 | 190 358 105 476 546 0.2 -35.4 -44.6 66.7
87 | 192 358 105 612 679 0.2 -43.9 -60.8 60.0
88 | 194 358 105 568 650 0.2 -45.3 -36.3 57.8
89 | 195 358 105 582 651 0.2 -43.1 -56.8 58.8
90 | 196 358 105 507 580 0.2 -39.3 -44.7 58.4
91 | 196 358 105 553 636 0.2 -45.4 -32.4 63.8
92 | 198 358 105 424 504 0.2 -35.4 -57.7 66.4
93 | 198 358 105 483 570 0.2 -41.6 -62.0 65.8
94 | 200 358 105 482 569 0.2 -76.1 -40.3 56.7
95 | 200 358 105 619 698 0.2 -50.1 -59.6 57.4
96 | 202 358 105 542 629 0.2 -48.5 -59.9 63.6
97 | 202 358 105 695 770 0.2 -54.7 -57.3 56.3
98 | 202 358 105 735 802 0.2 -53.9 -47.7 53.3
99 | 204 358 105 420 511 0.2 -39.3 -58.9 66.1
100| 204 358 105 591 662 0.2 -45.4 -57.9 60.8
101 | 215 358 105 520 594 0.2 -43.1 -54.0 59.9
102 | 215 358 105 890 959 0.2 -70.1 -44.6 57.5
103| 216 358 105 679 754 0.2 -57.0 -47.1 52.0
104 | 250 356 105 470 549 0.2 -83.9 -55.6 58.0
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ANEXO 11: NORMA ASTM B438

QH",) Designation: B 438/B 438M — 00a

Standard Specification for

Sintered Bronze Bearings (Oil-impregnated)’

This standard is issued under the fixed designation B 438/B 438M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of lust revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers sintered bronze, oil-
impregnated bearings made primarily from elemental copper,
tin, and graphite powders. The manufacturer may, at his
discretion, use prealloyed bronze powder in the blend.

1.2 This specification covers the following variables:

1.2.1 Grades—Available in three bronze base composition
grades identifiable by different graphite contents.

1.2.2 Type—Grades 1 and 2 arc available in four types
described by specific density ranges.

1.3 Bearings ordered to this specification will normally be
sized after sintering and will be impregnated with a lubricating
oil unless otherwise specified by print.

1.4 The values stated in either inch-pound or SI units are to
be regarded separately as standard. Within the text, the ST units
are shown in brackets. The values stated in each system are not
exact equivalents; therefore, each system shall be used inde-
pendently of the other. Combining values from the two systems
may result in nonconformance with the specification.

2. Referenced Documents

2.1 ASTM Standards:

B 328 Test Mcethod for Density, Oil Content, and Tntercon-
nected Porosity of Sintered Powder Metal Structural Parts
and Oil-Impregnated Bearings?

E 9 Test Methods of Compression Testing of Metallic Ma-
terials at Room Temperature®

Volume 03.05 Annual Book of ASTM Standards

2.2 Government Standards:

MIL-PRF-6085 Lubricating Oil: Instrument, Aircraft, Low
Volatility*

MIL-L-17331 Lubrication Oil: Stcam Turbine and Gear,
Moderate Service*

FED-STD-151 Metals Test Method*

! This specification is under the jurisdiction of ASTM Committee B-9 on Metal
Powders and Metal Powder Products and is the direct responsibility of Subcom-
mittee B09.04 on Bearings.

Current cdition approved Nov. 10, 2000. Published Janvary 2001. Originally
published as B 438 - 66 T. Last previous cdition B 438 - 00.

? Annual Book of ASTM Standards, Vol 02.03.

* Annual Book of ASTM Standards, Vol 03.01.

+ Available from Standardization Documents Order Desk. Bldg. 4 Scction D, 700
Robbins Ave., Philadelphia, PA 19111-5094, Aun: NPODS.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.

3. Ordering Information

3.1 Orders for parts under this specification shall include the
following information:

3.1.1 Dimensions and tolerances (Section 9),

3.1.2 Grade and class (Table 1),

3.1.3 Density specification (Table 2 and Table 3), and

3.1.4 Oil type.

4. Materials and Manufacture

4.1 Sintered bronze bearings shall be made by molding or
briquetting metal powder mixtures to the proper density. The
green bearing shall be sintered at a time—temperature relation-
ship to produce a microstructure that is essentially alpha bronze
and contains no tin-rich phases visible at 300X. Sintered
bronze bearings are normally sized after sintering to maintain
the dimensional characteristics required of the bearing. After
sizing and inspection, they are impregnated with a lubricating
oil unless otherwise specified.

5. Chemical Composition
5.1 The material shall conform to the requirements as to the
chemical composition prescribed in Table 1.

6. Physical Properties

6.1 Density—The density of bearings supplied impregnated
with lubricant shall be within the limits prescribed in Table 2
and Table 3, when determined in accordance with Test Method
B 328.

6.2 il Content—Oil content of bearings shall not be less
than shown in Table 4 for each grade and type when deter-
mined in accordance with Test Method B 328.

7. Mechanical Properties

7.1 The manufacturer and purchaser shall agree on a repre-
sentative number of specimens for tests.

7.2 Radial Crushing Force—Radial crushing force shall be
determined by compressing the test specimen between two flat
steel surfaces at a “no load” speed not greater than 0.2 in./min
[5.0 mn/min], the direction of the load being normal to the
longitudinal axis of the specimen. The point at which the load
drops as a result of the first crack shall be considered the
crushing strength. This test shall be applied to plain cylindrical
bearings. Flanged bearings shall be tested by cutting off the
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TABLE1 C ical Requi its (Composition, %)
Element Crade 1 Grade 2 Grade 3
Copper 87.2-90.5 85.7-90.0 82.8-88.3
Tin 9.5-10.5 9.5-10.5 9.2-10.2
Graphite 0-0.3 0.5-1.8 25-5.0
Iron, max 1.0 1.0 1.0
Total other elements 1.0 1.0 1.0

by difference. max

TABLE 2 Density Requirements (Oil Impregnated)

calculate the K value. Sample parts from the same lot will be
radially crushed as is (whole part). By correlation, the mini-
mum radial crush value will be established on the whole
bearing and so specified as the minimum radial crush value for
the part.

8. Chemical Analysis

8.1 It required by purchase agreement, one sample for
chemical analysis shall be taken from cach lot. A representative
sample of chips may be obtained by milling, drilling, filing, or

crushing a bearing with clean dry tools without lubrication. To

Type Density, glcm®
Grades 1 and 2 1 5.8-6.24
2 6.4-6.8
3 6.8-7.2
4 7.2-786

obtain oil-free chips, the parts sclected for test shall have the
oil extracted in accordance with Test Method B 328 if neces-
sary.

AMaximum density limit of 6.2 g/cm® has been established on Type 1 to ensure
meeting an oil content of 27 % minimum. Satisfactory bearings can also be
produced between Type 1 and Type 2. These bearings have slightly higher
strength constants and slightly lower oil content.

TABLE 3 Density Requirements (Oil Impregnated)

8.2 The chemical analysis shall be made in accordance with
the methods prescribed in Vol 03.05 of the Annual Book of
ASTM Standards or by any other method agreed upon between
the manufacturer and the purchaser.

9. Di and Tolerances

Type Density, g/cm®
Grade 3 1 5.8-6.2
2 6.2-6.6

9.1 Permissible variations in dimensions shall be within the
limits specified on the drawings describing the bearings ac-

TABLE 4 Oil Content (Oil Content, Volume %, Min)

Type Grade 1 Grade 2 Grade 3
q 27 25 172
2 19 17 2
3 12 9
4 9 7

At 3 % graphite, Type 1 will contain 14 % min oil content
BAt 3 % graphite, Type 2 will contain 8 % min oil content. At 5 % graphite. Type
2 will contain only a minimal amount of oil.

flange and compressing the two sections sceparately. Each
section shall meet the minimum strength requirements pre-
scribed in Table 5.

7.2.1 Radial crushing force shall not be less than the value
calculated as follows:

P = KLT*(D-T) 1)

where:
= radial crushing force, pounds [N];
D = outside diameter of bearing, inches [mm];
T = wall thickness of bearing, inches [mm];
K = strength constant as shown in Table 5 for grade and
type specified, psi [MPal;

L = length ol bearing, inches [mm].

7.2.2 Concerning spherical bearings, sample parts from a lot
will be machined to a straight wall and radially crushed to

TABLE 5 Strength Constant K (Strength Constants, Min),” psi
™M

Pa]
Type CGrade 1 Grade 2 Grade 3
1 15000 [105] 13 000 [90] 10 000 [70]
2 26 000 [180] 23 000 [160] 15 000 [105]
3 37 000 [255] 30 000 [205] [
4 40 000 [275] 34 000 [235] ]

“For the K value specification to be valid, wall thickness must be less than one
third of the outside diameter.

[

companying the order or shall be within the limits specified on
the order.

10. Workmanship, Finish, and Appearance
10.1 Bearings shall be uniform in composition, clean, and
conform to applicable drawings.

11. Sampling

11.1 Lot—Unless otherwise specified, a lot shall consist of
parts of the same form and dimensions made from powders of
the same composition, formed and sintered under the same
conditions, and submitted for inspection at one time.

12. Inspection

12.1 Unless otherwise specified, inspection of parts sup-
plied on contract shall be made by the purchaser at the
destination.

13. Rejection

13.1 Parts that fail to conform to the requirements of this
specification may be rejected. Rejection should be reported to
the producer or supplier promptly and in writing.

14, Certification

14.1 When specified in the purchase order or contract, a
producer’s certification shall be furnished to the purchaser that
the parts were manufactured, sampled, tested, and inspected in
accordance with this specification and have been found to meet
the requirements. When specified in the purchase order or
contract, a report of the test results shall be (urnished.

14.2 The purchase order must specify whether or not the
certification includes chemistry.

14.3 Upon request of the purchaser in the contract or order,
the certification of an independent third party indicating
conformance to the requirements of this specification may be
considered.
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15. Supplementary Requirements

15.1 For some materials, supplementary requirements may
be specified. Usually these apply only when specified by the
purchaser in the inquiry, contract, or order. These supplemen-
tary requirements shall appear scparately.

15.2 Special Government Requirements—Requirements
that are special to government needs, such as those on
responsibility for inspection and purchasing, may be included
in the Supplementary Requirements section.

15.2.1 Materials shall conform to Table 6. Contractor shall
furnish a percent composition analysis on an oil-free basis for
each lot showing the percentage for each element as specified
in Table 6. Bearing shall conform to this specilication and
supporting military specification as applicable.

15.2.2 High-grade nongumming petroleum lubricants, such
as  MIL-PRF-6085, MIL-L-17331 (Military Symbol
2190-TEP), or as specified on referenced military standard
specification sheets shall be used to impregnate the bearings.

15.2.3 When specified, a first-article inspection shall be
performed on bearings. Four samples shall be made available
for first-article inspection and tested for chemical require-
ments, density, porosity, radial crushing strength, oil excretion,
and dimensional characteristics as specified herein, Test
Method B 328, FED-STD-151, or in an otherwise specified
document. Any defect or failure shall be cause for rejection of
the lot. Waivers for minor defects may be addressed to the
contracting officer.

15.2.4 When procured from a contractor versus the actual
manufacturer, a certificate of quality conformance (COQC)
supplied by the manufacturer of the bearing may be furnished
in lieu of actual performance of such testing by the contractor,

TABLE 6 Ch | Requir (Composition %)
Element Grade 4
Copper 80.9-88.0
Tin 9.5-10.5
Lead 2.0-4.0
Graphite 0.50-1.75
Iron, max 1.0, max
Total other elements 0.5 max
by difference, max
Zinc 0.75 max
Nickel 0.35 max
Antimony 0.25 max

provided lot identity has been maintained and can be demon-
strated to the Government. The certificate shall include the
name of the contractor, contractor number, name of manutac-
turer, NSN, item identification, name of the component or
material, lot number, lot size, dimensions, date of testing, test
method, individual test results, and specification requirements.

15.2.5 When specified in the contract or purchase order,
packaging and marking shall be completed in accordance with
the provisions of the contract.

15.2.6 Oil excretion of the bearing shall be verified by
placing the bearing in the chamber of a preheated oven. Oven
temperature shall be nominally 300°F [149°C]. Exposure shall
be 5 min. During the period, beads shall exude uniformly from
the bearing surface. Lack of appreciable sweating of the
lubricant on the bearing surface will be cause for rejection.
Lubricant content may be verified using Test Method B 328.

15.2.7 Unless otherwise specified, the contractor is respon-
sible for testing. The contractor may use their own or any other
suitable facility for the performance of testing and inspection,
unless an exception is stated. The Government reserves the
right to perform an inspection set forth herein to assure
supplies and sources conform to the prescribed requirements.

15.2.8 Records of examination and tests performed by or for
the contractor shall be maintained and made available to the
Government by the contractor for a period of three years after
delivery of the products and associate material.

15.2.9 All requirements shall be as specified herein. Refer-
ence military standard specification sheets shall take prece-
dence unless otherwise specified in the contract or purchase
order.

16. Related Specifications

16.1 MPIF Standards:

16.1.1 MPIF Standard 35-Material Standard 35 for P/M Self
Lubricating Bearings.

16.2 ISO Standards:

16.2.1 2795-Plain Bearings Made From  Sintered
Material—Dimensions and Tolerances.

16.2.2 5755-Sintered Metal Material Specifications.

17. Keywords
17.1 density; K strength constant; oil content; oil-
impregnated bearings; porosity
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APPENDIX

(N 1

y Tnformation)

X1. EXPLANATORY INFORMATION

X1.1 Design Information

X1.1.1 In calculating permissible loads, the operating con-
ditions, housing conditions, and construction should be con-
sidered. The maximum static bearing load should not exceed
8500 psi [60 MPa] of projected bearing area (length times
inside diameter of bearing) for this material. This figure is
75 % of the value for the compression deformation limit [yield
strength, permanent set of 0.001 in. [0.025 mm] for specimens
1% in. [30 mm] in diameter and 1 in. [25 mm] in length] as
determined in accordance with Test Methods E 9.

X1.2 Permissible Loads

X1.2.1 Permissible loads for various operating conditions
are given in Table X1.1.

X1.3 Dimensional Tolerances

3.1 Commercial dimensional tolerances are included in
Table X1.2. Closer tolerances can be held with special tooling
or processing, or both.

X1.3.2 The commercial tolerances listed in Table X1.2 are
intended for bearings with a 4 to 1 maximum length to inside
diameter ratio and a 24 to 1 maximum length to wall thickness
ratio.

X1.3.3 Fig. X1.1, Fig. X1.2, and Fig. X1.3 illustrate stan-
dard sleeve, standard flange bearings, and standard thrust
bearings, respectively. Their dimensions are referenced
throughout the tolerance tables. Standard chamler (olerances
are also listed in Table X1.2.

X1.4 Press Fits
X1.4.1 Plain cylindrical journal bearings are commonly

TABLE X1.1 Permissible Loads

TABLE X1.2 Commercial Dimensional Tolerances

Inside Diameter, d, and :
Outside Diameter, D, in. [mm] Total Diameter

Tolerances, in. [mm]

Over Through
1 [25] 0.001 [0.025]
125 1.5 [40] 0.0015 [0.04]
1.5 [40] 2 [50] 0.002 [0.05]
2 [50] 2565 0.0025 [0.064]
2.5 [65] 3[75) 0.003 [0.076]
Length Tolerances, L, in. [mm]
Over Through G
. 1.5 [40] 0.005 [0.13]
1.5 [40] 375 0.010 [0.25]
3(75] 4.5[115) 0.015 [0.38]
Ou|sidg Diameter, D, Length, L, in. [mm] Concentricity,
in. [mm] “in.
Over Through Over Through [mm]
1[25] 0[o] 0 [25] 0.003 [0.08]
1[25] 1[25] 1.5 [40] 0.004 [0.1]
1 [25] 1.5 [40] 2[50] 0.004 [0.1]
1[25] 2 [50] 2.5 [65] 0.005 [0.13]
1[25] 2.5[65) 3[75] 0.005 [0.13]
1 [25] 2[50] 00] 1 [25] 0.004 [0.1]
1 [25] 2[50] 1 [25] 1.5 [40] 0.005 [0.13]
1[25] 2 [50] 1.5 [40] 2 [50] 0.005 [0.13]
1[25] 2[50] 2 [50] 2.5 [65] 0.006 [0.15]
1[25] 2 [50] 2.5[65] 3[75] 0.006 [0.15]
2[50] 375 00] 1[25] 0.005 [0.13]
2 [50] 3[75] 1 [25] 1.5 [40] 0.006 [0.15]
2 [50] 375 1.5 [40] 2 [50] 0.006 [0.15]
2 [50] 3[75] 2 [50] 2.5 [65] 0.007 [0.18]
2 [50] 3[75] 2.5 [65] 375 0.007 [0.18]

Chamfer Tolerances

Wall Thickness (D-d)'2

Chamfer. C. max, in. [mm]

Permissible Loads, psi [MPa]

Shaft Velocity, ft/min [m/s] Grades 1, 2, and 3

Type | Type Il Type lll Type IV
Slow and intermittent 3200 [22] 4000 [28] 4000 [28] 4000 [28]
25 [0.125] 2000 [14] 2000 [14] 2000 [14] 2000 [14]
50 to 100 [0.25-0.50], incl 500([3.4] 550[39] 550[3.9] 550 (3.9]
Over 100 to 150 [0.50-0.75],  325[22] 365[2.5] 365[2.5] 365([2.5]
incl
Over 150 to 200 [0.75-1.00], 250 [1.7] 280 [1.9] 280([1.9] 280 [1.9]
incl
Over 200 [1.00] A & 2 4

AFor shaft velocities over 200 ft/min [1.00 m/s], the permissible loads may be
calculated as follows:

P = 50 000/V[1.75/V] )
where
P = safe load, psi [MPa] of projected area and
V = shait velocity, ft‘min [m/s].

Notr 1—With a shaft velocity of less than 50 ft/min [0.25 m/s] and a
permissible load greater than 1000 psi [0.15 MPal, an extreme pressure
lubricant should be used.

Note 2—With good heat dissipation and heat removal techniques,
higher PV ratings can be obtainced.

in. Over Through

0.040 [1] 0.008 [0.2]
0.040 [1] 0.080 [2] 0.012 [0.3]
0.080 [2] 0.120 [3] 0.016 [0.4]
0.120 [3] 0.160 [4] 0.025 [0.6]
0.160 [4] 0.200 [5] 0.030 [0.8]
0.200 [5] 0.030 [0.8]

Angularity Tolerance, =
45° 6*

(from the face)

installed by press fitting the bearing into a housing with an
insertion arbor. For housings rigid enough to withstand the
press fit without appreciable distortion and for bearings with
wall thickness approximately one cighth of the bearing outside
diameter, the press fits shown in Table X 1.3 are recommended.

X1.5 Running Clearance
X1.5.1 Proper running clearance for sintered bearings de-

pends to a great extent on the particular application. Therefore,
only minimum rccommended clearances are listed in Table
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L TABLE X1.3 Recommended Press Fits
Outside Diameter of Bearing, in. [mm] Press Fit
Qver Through min, in. [mm] max, in. [mm]
0.000 [0.000] 0.760 [20] 0.001 [0.025]  0.003 [0.08]
CrTed ] 0.760 [20] 1.510 [40] 0.0015 [0.04]  0.004 [0.10]
it 1.510 [40] 2510 [63] 0.002[0.05]  0.005 [0.13]
2.510 [63] 3.010 [75] 0.002 [0.05] 0.0086 [0.15]
3.010 [75] 0.002[0.05]  0.007 [0.18]
—
e . TABLE X1.4 Running Clearances

FIG. X1.1 Standard Sleeve Bearing

Shaft Size, in. [mm]

Clearance, min, in. [mm]

Over Through
0.000 [0.000] 0.250 [6] 0.0003 [0.008]
L 0.250 [6] 0.760 [20] 0.0005 [0.013]
0.760 [20] 1.510 [40] 0.0010 [0.025]
i 1510 [40] 2.510 [60] 0.0015 [0.040]
T 2.510 (60] [ 0.0020 [0.050]
Q
[
TABLE X1.5 Flange and Thrust Bearings Diameter and
% Thickness Tolerances”
fa) i a Flange Bearings, Flange Diameter Tolerances
5 Diameter Range, in. [mm] Standard Special
(Tolerance), (Tolerance),
________ Y Over Through in. [mm] in. [mm
0[0] 172 [40] =0.005 [=0.13] +0.0025 [+0.06]
! _hJ! 12 [40] 3[75] =0.010 [+0.25] +0.005 [=0.13]
r 3[75] 6 [150] -0.025 [10.63] 10.010 [£0.25]
FIG. X1.2 Standard Flange Bearing Flange Bearings, Flange Thickness Tolerances
Diameter Range, in. [nm] Standard Special
(Tolerance), (Tolerance),
Over Through in. [mm] in. [mm
et 0[0] 1% [40] =0.005 [+0.13] +0.0025 [+0.06]
1% [40] 3(75] =0.010 [+0.25]  +0.007 [=0.20]
3 [75] 6 [150] ~0.015 [£0.40] 10.010 [£0.25)

L

%’ A
]
L © o

Cx45°
- |————
!

Cx45°

FIG. X1.3 Standard Thrust Bearing

X1.4, The maximum running clearances will automatically be
held within good design practice for average conditions. It is
assumed that ground steel shafting having a recommended
finish of 4 to 16 root mean square (rms) will be used and all
bearings will be oil impregnated.

X1.6 Flange and Thrust Bearing Specifications

X1.6.1 Diameter and thickness specifications for flange and
thrust washers are shown in Table X1.5.
X1.7 Lubricating Oil-Impregnant

X1.7.1 It was found that the high-grade turbine oil contain-
ing rust and oxidation inhibitors and antifoam additives is the

Flange Bearings, Radius. . Tol
Qutside Diameter, D, in. [mm]

Radius, r, max, in.

Over Through [mm]
0[0] 0.475 [12) 0.012 [0.3]
0.475 [12] 1.200 [30] 0.024 [0.6]
1.20 [30] <er eie]. 0,031 [0.8]

Thrust Bearings (%-in. [6.35-mm)] Thickness, max), Thickness
Tolerances for All Diameters®

Standard (Tolerance), in.
[mm]
+0.005 [=0.13] +0.0025 [+0.06]
Parallelism of Faces, max

Special (Tolerance), in. [mm]

Diameter Range, in. [mm] Standard Special
(Tolerance). (Tolerance),
Over Through in. [mm] in. [mm]
0[0] 17 [40] 0.003 0.002
[0.08] [0.05]
1% [40] 3[75] 0.004 0.003
[0.10] [0.08]
3[75] 6 [150] 0.005 0.004
[0.13] [0.10]

“Standard and special tolerances are specified for diameters, thickness, and
parallelism. Special tolerances should not be specified unless required since they
require additional or secondary operations and, therefore, are costlier.

SQutside diameter tolerances are the same as for flange bearings.

most desirable type of oil to be used. The viscosity should be
specified by the user in accordance with the application.

24



{ib B 438/B 438M

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
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ANEXO 12: VARIACION DEL ANGULO SEGUN EL TIEMPO DE MARCHA

26

Los valores de los angulos de cada articulacion en cada frame de marcha se presentan

en la tabla siguiente:

Tabla A12.1. Angulos por cada frame de marcha

ESTANCIA

BALANCEO

FRAME T(s)
28 | 0.00
30  0.03
32 0.06
34 0.09
3 0.1
38  0.14
40 017
42 0.20
44 0.23
46  0.26
48  0.29
50  0.32
52 | 0.34
54 037
56  0.40
58  0.43
60 | 0.46
62  0.49
64 | 052
66  0.54
68 | 057
70  0.60
72 063
74 0.66
76 0.69
78 072
80 | 074
82 077
84 | 0.80
86  0.83
88 | 0.86
90  0.89
92 | 0.92
94 094
9% | 0.97

97

0.99

T'(s)
0.00
0.07
0.14
0.22
0.29
0.36
0.43
0.50
0.57
0.64
0.72
0.79
0.86
0.93
1.00
1.07
1.15
1.22
1.29
1.36
1.43
1.50
1.57
1.65
1.72
1.79
1.86
1.93
2.00
2.07
2.15
2.22
2.29
2.36
2.43
2.47

‘ EE
19.0
18.0
18.1
23.6
28.1
14.2
30.2
18.8
11.4
12.4
13.6
22.3
71
3.8
3.6
52.4
0.3
-0.7
6.3
2.6
-3.0
2.2
-3.2
7.2
3.2
6.5
6.6
6.8
12.4
11.3
12.7
22.0
49.5
19.7
19.2
29.9

=z
‘EI

56.6
55.6
35.4
19.7
16.6
39.4
13.6
14.3
23.8
13.4
9.5
6.7
7.3
20.9
3.7
1.2
0.3
-1.5
-1.2
-2.0
-2.3
-4.1
-0.8
0.4
2.0
3.7
7.2
28.0
11.7
24.7
55.5
19.3
17.2
37.0
51.0
22.7

‘E@
17.1
-15.6
-9.6
-8.3
-5.6
-4.7
-3.8
-3.0
-1.6
-0.3
1.3
13.4
8.6
5.5
9.3
8.7
9.2
11.4
15.5
41.2
12.1
15.7
11.2
11.2
23.2
11.7
9.9
13.7
1.3
-5.8
-10.1
-5.7
-16.3
-13.7
-13.0
-8.7

CET
-9.3
-8.8
-10.7
-10.0
-40.3
-23.9
-10.3
-4.7
-3.3
-0.5
1.8
2.5
4.3
16.8
8.9
18.0
50.8
20.6
15.0
11.8
49.6
17.7
31.6
16.6
8.3
7.5
5.3
3.0
1.2
-1.5
-3.6
-10.1
-6.9
-8.8
-10.1
-23.7

‘E@
-22.8
-10.7
-8.4
-8.1
-36.9
-11.8
9.1
-8.0
1.4
0.3
1.1
8.8
7.0
5.4
375
15.2
123
31.2
11.6
22.1
49.9
42.6
23.7
16.3
44.0
51.3
31.7
4.4
1.3
-2.0
3.3
-13.9
-9.6
7.7
21.1
9.9

=7
‘E

-7.9
-10.0
-12.5
-10.4

-5.6

-5.0

-3.9

2.7

-7.1

-0.5

7.8

2.5

4.6
26.2

6.6

9.4

14.0

10.9
40.6

13.9

12.7

12.9

12.6

121

8.3

6.7

51

4.7

2.7

-2.0
-39.7

-4.8

-7.1
-13.3

-1.7
-11.2
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El tiempo de marcha del rehabilitador disefiado se ve afectado por el factor 6 , calculado

en 2.8.3 del documento principal de la tesis.

“Ye W6 (A12.1)

Se procede a graficar la variacion de dichos angulos respecto a "¥e

Variacion dxy-S2 vs Tiempo de Marcha

2.00
150 y =-0.1818% + 1.1282%- 2.0087X% + 0.9218x + 0.2764
@ 1.00 ® °
= 0.50 ®e e ®
Q- ¥ @
% 609 ® b [ ] ‘...--- ) .,.-.'."..‘. ¢ e
= 0.00 o'e ".--'-..........'..... . @
< 0.00 0.50 1.00 1.50 2.00 2.50
-0.50
1.00 ® xyS2
e T ey Polinémica ‘(xy-S2)
-1.50
Tiempo de Marcha (s)
500 Variacion dyz-S2 vs Tiempo de Marcha
. y = 0.8577%- 4.3075% + 6.8548%- 3.3555x + 0.2328
1.50 ® (]
[ J
[ J [ J
~ 1.00 ° ®
9 o o ¢ o ° ?
£ 0.50 ° T ... PS .
° | @ e o | @ e Y
.0 @ @ rnnnns
So00 [ .
< 0o e O'SQ 1.00 1.50 2.00 2.50
-0.50
[ J
-1.00 L ° Y ° ° L4
g ° W o 'yzS2
150 Tiempo de Marcha (s) L~ Polinémica (yzS2)
Variacion‘ xzS2 vs Tiempo de Marcha
2.00
150 y =-0.0719% + 0.3019%+ 0.1621%- 1.2381x + 0.8726
,(._DU\ 1.00 .. . ° °
o 6....® e . 9.
= 0.50 Py S ° o .- o °
= [ J [ ) b'n-.,,._'.‘ . .,...-.......6 Y
g, 0.00 “".".'.".'."""6""‘ ® O
< 0.00 0.50 1.00 1.50 2.00 2.50
-0.50
-1.00 ® 'XxzS2
e e EPPPPATe Polindbmica‘(xzS2)
-1.50

Tiempo de Marcha (s)

Figura A12.1 Variacion de angulos vs Tiempo de marcha i Articulacion S2
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Variacion dxy-S3 vs Tiempo de Marcha
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Figura A12.2. Variacién de angulos vs Tiempo de marcha i Articulacion S3
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Variacion‘ xy-S4 vs Tiempo de Marcha
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FRAME
28
30
32
34
36
38
40
42
a4
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76
78
80
82
84
86
88
90
92
94
96
97

ESTANCIA

BALANCEO

Tabla A12.2. Velocidades angulares en articulaciones esféricas

. E®
0.92
0.65
0.42
0.21
0.03
-0.12
-0.24
-0.33
-0.41
-0.46
-0.49
-0.50
-0.49
-0.47
-0.44
-0.39
-0.33
-0.27
-0.19
-0.11
-0.03
0.06
0.15
0.23
0.32
0.40
0.48
0.55
0.61
0.66
0.70
0.73
0.74
0.73
0.71
0.69

-
- El

-1.24
-1.21
-1.17
-1.13
-1.08
-1.02
-0.95
-0.89
-0.81
-0.73
-0.65
-0.56
-0.48
-0.38
-0.30
-0.20
-0.11
-0.02
0.07
0.15
0.24
0.32
0.39
0.47
0.53
0.59
0.65
0.69
0.73
0.76
0.79
0.80
0.80
0.79
0.77
0.76

- T
. el

-3.36
-2.43
-1.65
-0.97
-0.42
0.05
0.42
0.70
0.90
1.03
1.09
1.10
1.06
0.98
0.86
0.72
0.55
0.38
0.20
0.02
-0.14
-0.29
-0.41
-0.50
-0.55
-0.54
-0.49
-0.37
-0.17
0.09
0.45
0.91
1.45
2.12
2.88
3.34

. E®
-0.09
0.08
0.22
0.34
0.43
0.51
0.56
0.59
0.61
0.61
0.59
0.56
0.52
0.46
0.40
0.33
0.25
0.17
0.08
-0.01
-0.10
-0.19
-0.27
-0.36
-0.43
-0.51
-0.58
-0.63
-0.68
-0.71
-0.73
-0.74
-0.73
-0.70
-0.66
-0.63

-
- El

-1.82
-1.19
-0.67
-0.21
0.16
0.47
0.71
0.88
1.01
1.07
1.09
1.07
1.01
0.92
0.81
0.66
0.50
0.33
0.15
-0.03
-0.21
-0.39
-0.55
-0.70
-0.82
-0.92
-0.99
-1.02
-1.01
-0.95
-0.84
-0.68
-0.46
-0.16
0.19
0.41

- T
. el

-0.68
-0.83
-0.94
-1.02
-1.06
-1.08
-1.06
-1.02
-0.96
-0.88
-0.78
-0.67
-0.54
-0.41
-0.27
-0.13
0.01
0.15
0.29
0.41
0.53
0.63
0.72
0.79
0.83
0.86
0.85
0.82
0.75
0.65
0.51
0.33
0.11
-0.16
-0.48
-0.66

. E®
-1.20
-0.72
-0.33
0.03
0.31
0.56
0.75
0.89
0.99
1.05
1.08
1.07
1.04
0.97
0.88
0.77
0.64
0.50
0.35
0.19
0.02
-0.15
-0.31
-0.48
-0.63
-0.77
-0.91
-1.02
-1.11
-1.18
-1.23
-1.24
-1.22
-1.17
-1.07
-1.01

- El
-0.89
-0.51
-0.20
0.06
0.27
0.44
0.57
0.65
0.70
0.72
0.71
0.67
0.61
0.53
0.44
0.33
0.21
0.09
-0.04
-0.16
-0.28
-0.40
-0.50
-0.59
-0.66
-0.71
-0.74
-0.74
-0.71
-0.64
-0.54
-0.39
-0.21
0.02
0.30
0.47

-y
-0.68
-0.83
-0.94
-1.02
-1.06
-1.08
-1.06
-1.02
-0.96
-0.88
-0.78
-0.67
-0.54
-0.41
-0.27
-0.13
0.01
0.15
0.29
0.41
0.53
0.63
0.72
0.79
0.83
0.86
0.85
0.82
0.75
0.65
0.51
0.33
0.11
-0.16
-0.48
-0.66

+ H
0.92
0.65
0.42
0.21
0.03
-0.12
-0.24
-0.33
-0.41
-0.46
-0.49
-0.50
-0.49
-0.47
-0.44
-0.39
-0.33
-0.27
-0.19
-0.11
-0.03
0.06
0.15
0.23
0.32
0.40
0.48
0.55
0.61
0.66
0.70
0.73
0.74
0.73
0.71
0.69
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+ 0
-1.24
-1.21
-1.17
-1.13
-1.08
-1.02
-0.95
-0.89
-0.81
-0.73
-0.65
-0.56
-0.48
-0.38
-0.30
-0.20
-0.11
-0.02
0.07
0.15
0.24
0.32
0.39
0.47
0.53
0.59
0.65
0.69
0.73
0.76
0.79
0.80
0.80
0.79
0.77
0.76

-4
-3.36
-2.43
-1.65
-0.97
-0.42
0.05
0.42
0.70
0.90
1.03
1.09
1.10
1.06
0.98
0.86
0.72
0.55
0.38
0.20
0.02
-0.14
-0.29
-0.41
-0.50
-0.55
-0.54
-0.49
-0.37
-0.17
0.09
0.45
0.91
1.45
2.12
2.88
3.34

De la tabla anterior, se observa que las mayores velocidades angulares se desarrollan

en la articulacion S2. El mayor valor de estos es 4.16 rad/s que se utilizara para el calculo

de la articulacion esférica en el tema de tesis (ver 3.2).
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ANEXO 13: CALCULO UNION ATORNILLADA ARTICULACION ESFERICA

La unién atornillada presente en la articulacion esférica es de las medidas siguientes:

Figura A12.1. Medidas de la unién con perno M8 (nomenclatura segun Paulsen)

QY | Q@ po|Q xpU{Q @odQ eHc) Q us

El primer paso es calcular las constantes de rigidez del perno y de las placas unidas. En

el caso del perno, se determina con la siguiente expresion:

. P
w T m™Q 0% L x@U ™Q T®Q (A13.1)
“T0 Q0 © © a9 ©

Al reemplazar valores en (A13.1), @ es igual a 362870 N/mm. Respecto a las placas,
el célculo de la constante de rigidez (& ) depende del caso en el que se encuentre; para

lo cual, primero se hallan los siguientes parametros [17].

(0] wz¢ puyw 0 p @ 0 p (agujero pasante)
0 Q 00 OAI (A13.2)
A .0 .0
OAl H&QCTISIGIQICE nzpulola (A13.3)
Al reemplazar valores en ambas expresiones: O p ® mm y por ser este valor
menor a O p Yse aplicara la expresion siguiente para el calculo de @ :
. 0o OAIl
W —
i T Q Q Q v OAl Q (A13.4)
““""aa o oo 0AT O

Si se sustituyen valores en (A13.4):

O CpYoifaa
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Por teoria, la fuerza externa aplicada en la union atornillada se distribuye tanto para el

perno como para las placas. El valor de cada una depende del factor de carga [17].

w

— (A13.5)

Se reemplazan valores:
™ T

Por otro lado, las superficies de union del perno presentan rugosidades que originan
una fuerza de asentamiento que disminuye la fuerza de apriete [17]. Los valores del

asentamiento se estiman segun la tabla siguiente:

Tabla A13.1. Valores del asentamiento [17]

Altura Valores para el asentamiento &_,.
promedio de la Carga Por par de superficies. (pum)
rugosidad R, Enlos Cabeza o Entre
(pm}) hilos tuerca placas
R, <10 Normal 3,0 2.5 1,5
Transversal (corte) 3,0 3.0 2,0
10 =R, <40 Normal 3,0 3,0 2,0
Transversal (corte) 3.0 4.5 2.5
40 =R, < 160 Normal 3.0 2.0 3.0
Transversal (corte) 3.0 2.5 3.5

Ryz: promedio de la profundidad de la rugosidad. Promedio aritmético de cinco
profundidades significativas consecutivas en la longitud de medicién.

Segun figura A13.1, estas son las zonas a evaluar el asentamiento (casop m Y T It

para carga normal:

(] T o8t ‘ 1 T C8T ‘ I YO CST ’ ) T o8t

El asentamiento de la unién atornillada se calcula al sumar los valores de asentamiento

parcial:
1 o8t ¢8t ¢8&t o8t p B 4

La fuerza de asentamiento se halla al multiplicar! con el valor de asentamiento:

[on}
[on}

O —— (A13.6)
Al reemplazar valores:
0 op i

En otra parte, se debera aplicar una fuerza de ajuste mayor debido a las incertidumbres

presentes para que la unién atornillada tenga un valor minimo de ajuste; lo cual da origen
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una fuerza de montaje maxima y minima relacionados con el factor de ajuste [17]. Para

este caso dicho factor sera igual a 1.5%.

o (A13.7)
=
>
Fr max uo Fivmax
— 7
> PN
:g- u_GJ // \\
F min n® F/I\ﬁmin \
A L =
’ — % e an =
s © 2 >
s \\ EEB w // ’ \ \\\ e
A} \ —
// e o LI_E Ve // Y ol X
VARV S s . Yo B W
Py Vo / P (]
ayd AR e 4 \ \\ ik
S G t\‘ . /7 LU
e L(Cl L \\ / s \ \\ w
e 1y 4 s Vo o
Sy A e s VoV U
Tornillo a traccion Placas a compresion Tornillo a traccion Placas a compresion

(a) (b
Figura A13.2. Fuerzas en una union atornillada?: a) Durante el montaje, b) Bajo carga externa. Extraidas
de Paulsen [17]

Segun lo expuesto por Budynas [5], el torque de ajuste se calcula de la siguiente

manera:

c:

Lo Q (A13.8)

El factor K depende del proceso de fabricacion del perno. Debido a que no se conoce el

dicho proceso, se considerara K = 0.23. Asimismo, el valor de "O se selecciona de
los dos siguientes valores: la fuerza méxima admisible que soporta el perno 'Oy yla
fuerza maxima que se puede aplicar sin causar aplastamiento entre las placas a unir

"Oy . Elfactor 0.75* es un factor recomendado por Budynas. Se selecciona perno de
grado 12.9 y placas de material acero A36.

“Q Y “0 o
O T e— (A13.9) 0r T U - (A13.10)

Al reemplazar valores en las expresiones anteriores:

. ‘oz C T TT . “po Y8 cum .
O ™u WTXpr Oy T™YUu - pT Ty
omp hw

1 Valor extraido del anexo 2. Elementos de Maquinas: Uniones atornilladas. 2009. Lima.

2 Gréfico extraido del anexo 2. Elementos de Maquinas: Uniones atornilladas. 2009. Lima.
Shigleyds Mechani c aPagikam3gj Bibkografia20g Desi gn.
“Shigleyb6s Mechani c aPagima4Ri Bcumaon 8-31gBibliberafia 20n .
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Para evitar que ambos componentes fallen, se escoge el menor valor de ambos. Por
ello, 'O p T T @y al sustituir valores en (A13.8), 0 C we o & En base a

la bibliografia, se escriben las siguientes expresiones:

0 p ! 20 (A13.11)
0 ; ! z0 (A13.12)
"0 ; O 0 4 (A13.13)
0 O "0 O ¢ (A13.14)
Se reemplaza en (A13.7): 'O W eTE 8

Verificacion del perno durante el montaje

En esta etapa, se produce un esfuerzo de traccién en el perno y cortante por torsion:

o A13.15
” “ ‘Q ( " )
X
T - (A13.16)
, . ot @Y (A13.17)
Al sustituir valores: ,, ocwpoO gt 1 x O dReemplazando en (A13.17):

913 MPa < 990 MPa

Es decir, el perno M8 de grado 12.9 no falla durante el ajuste.

Verificacidon del perno durante la aplicacion de la carga estatica

De la figura 2.32, la fuerza a soportar por los pernos de las articulaciones esféricas varia
segun el frame de la marcha. El valor alternante, medio e inferior de las fuerzas se

muestran a continuacion:
O @m#O O P p&O o X &0

En el calculo de resistencia por carga estatica, se trabajara con el mayor valor ('O
X L& U ). Como se observa en la figura 3.8, la unién de la articulaciéon es mediante dos

pernos; por ello, la carga externa en cada perno es la mitad.

Oy  oma&d 0O L @0 0O 7 o U
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Al reemplazar valores en las ecuaciones anteriores:
0 ¢ @u, O T®0,0 ¢ pTULOYWO ¢ ¢ WG
En vista de que la fuerza residual en la unién es mayor a cero, ésta no se separara.

Debido a que se esta considerando la fuerza en la barra de orientacion axial, la fuerza
externa soélo actla en esta direccién. Por lo que durante la aplicacion de esta carga se
genera un esfuerzo de traccidén y un esfuerzo cortante, que son determinadas con las

ecuaciones siguientes:

10 s A13.18
” 7 “ :Q ( " )
t 7 T mf (A13.19)
” , o Y (A13.20)
De Paulsen, k = 0.5%. Se sustituyen valores en las expresiones anteriores:
, VXSO0 W pp OO ®
Por lo anterior, el perno no falla durante la aplicacion de la carga estatica.
Verificacion del perno por fatiga
La carga alternante por perno se calcul6 lineas arriba:
Oy  omn&d
El esfuerzo alternante se calcula con la ecuacion siguiente:
1707, A13.21
” 7 “ ‘Q ( " )
Con el objetivo de determinar el valor limite a la fatiga para el perno ,, , se debe cumplir
lo siguiente:
0
™ —— P (A13.22)
Os

Los valores anteriores se calculan con las expresiones siguientes [17]:

5 Valor extraido de pagina 13. Elementos de Maquinas: Uniones atornilladas. 2009. Lima.
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0y L (A13.23)
T
0 TRSY — (A13.24)
T
Sustituyendo valores "Og T Tmgaup O 0 @ ¢ &y en (A13.22):
o B0
O pu

El valor anterior esta dentro del rango; por lo que se procede a calcular de ,, . En vista

de que no conocen el proceso de fabricacion del perno, se utilizara la siguiente

expresion:
» T U% T[T V] (A13.25)
Se reemplazan valores:
, UVUBOOD®

Segun norma VDI 2230, en el caso de calculo por fatiga debe cumplirse lo siguiente:

oY P (A13.26)

”

Reemplazando valores:

To p& OUA

En conclusion, el perno seleccionado resiste satisfactoriamente las condiciones de

trabajo en la simulacién de la marcha.
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ANEXO 14: CALCULO TORQUE DE AJUSTE DE CONTRATUERCA

La unidon entre la barra y la articulacién esférica se realiza mediante un ajuste de
contratuerca (figura 14.1) para de esta manera asegurar que estos dos elementos no se

separen durante la simulacién de la marcha.

- — -—

Figura A13.1. Detalle de ensamble entre articulacion y barra

Sin embargo, con el fin de aplicar la teoria de tornillos ya explicada en el anexo anterior,
se desarrollara una union equivalente al ensamble mostrado en la figura A14.1. En la
figura A14.2 se muestra la union a estudiar, donde se considera a la articulacion y tuerca
como dos planchas de acero unidas entre si por un perno de aluminio en lugar de la

barra. Las medidas entre ambas figuras se mantienen.

- -—— -

Figura A14.2. Union equivalente entre articulacion y barra

Para un perno M24 de rosca corriente segun DIN 933, las medidas son las siguientes:

Q ¢nm | Q on|Q p®Y Q pdoQ pEel Q@ ¢m

Se prosigue con el célculo de las constantes de rigidez de las placas y del tornillo. Al

reemplazar en (A13.1) segun las medidas mostradas en la figura anterior:

. p e
T @0 @a @& XP QwWoXaa
“zyxyzpm Q Q Q

Los parametros a utilizar en el calculo de las constantes de rigidez de las placas son los

siguientes [17]:
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0 ow 0 vv 0 o (agujero roscado)

Al reemplazar valores en (A13.2) y (A13.3) se obtiene O P & xmm. Debido a que
‘Q 'O , launidn se encuentra en el caso 16 para el cual la constante de rigidez se
halla con la siguiente expresion:

0“0 Q

X - Al4.1
® TL ( )

Sustituyendo valores y teniendo en cuenta que las placas propuestas son de acero:

. X TTIatm ¢ 1
w
TZU U

PT WWHLIP &

Reemplazando en (A13.5)

™ ¢ T

Segun tabla A13.1, estas son las zonas a evaluar el asentamiento (casop ™1 Y T It

para carga normal:

T o7 adt | 1 g g | 1 7 o8

El asentamiento de la unién atornillada se calcula al sumar los valores de asentamiento

parcial:
) o8t ¢8t o8t Y8t a

Al reemplazar valores en (A13.6):

'O o1 M8

En el anexo anterior, la fuerza residual fue hallada con (A13.14) teniendo en cuenta una
fuerza maxima de ajuste calculada con (A13.9). No obstante, el resultado de esta Ultima
expresion es de gran magnitud, lo cual puede ocasionar falla en la rosca de la barra de
aluminio. Por tal motivo, se reescribird la ecuacion (A13.14) con el objetivo de estimar
la fuerza minima de ajuste para el presente caso y con esta, determinar la fuerza

maxima.

"0 0 0,; O (A14.2)

6 Caso expuesto en pagina 8. Elementos de Maquinas: Uniones atornilladas. 2009. Lima.
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En vista de que la fuerza residual nunca debe ser menor o igual a cero:
O O O ¢ (A14.3)
Se ha calculado la variacion de la fuerza axial en la barra:
O @ n®HO O p p&oU O X &0
Reemplazando en la ecuacion anterior:

0 CTMIXGC&Z p T CT 0 Y@

Por lo anterior, el valor minimo de la fuerza para obtener una fuerza residual nula entre

las placas es 3892.6 N. En este caso, se trabajard con un "O P ¢ L @t ¥ segun
(A13.7), O p Y x 08Reemplazando valores en (A13.11), (A13.12), (A13.13) y
(A13.14)

0O T Ygpuw, O Co® W, 0 ¢ pPpPYwyO Y u ybu

En vista de que la fuerza residual en la union es mayor a cero, ésta no se separara.

Verificacion del perno durante el montaje

Reemplazando en (A13.15), (A13.16) y (A13.7):, X @0 0 @t w@d U ¢y en
(A13.17):

176.7 MPa < 221.4 MPa
Es decir, la barra de rosca M20 de aluminio no falla durante el montaje.

Verificacion del perno durante la aplicacion de la carga externa (estatica)

Al sustituir valores en (A13.18), (A13.19) y (A13.20):

, PPPADOD ¢TPO D

Por lo anterior, el perno no falla durante la aplicacion de la carga estatica.

Verificacion del perno por fatiga

Reemplazando valores en (A13.23) y (A13.24): "Oq em¢p,uo VT ply
en (A13.22):

T80
Os p
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Es decir, es posible utilizar las relaciones expuestas en la norma VDI 2230.

Reemplazando valores en (A13.25):

" T[EHJUF TLU T®
En (A13.26):
T
oY LG bu P&
OTIBPZTD ¢ T
113 Z p ﬂ (p (p
T

Es decir, se verifica la resistencia de la barra ante la carga oscilante. Finalmente, el

torque de ajuste se determina con (A12.8):

0 V0O Q TZ2Zp YA ULUL W@0 &



dfzas=descomp_fuerza_plaif (K, fza2)=

[N][N]

b o O i
28 0.028
an o 3.00m
32 4536
3 4h6
36 4883
38 L.663
A0 6.203
42 5000
44 3454
46 2199
48 i
50 —0.269
52 —0.551
51 —0.867
56 —0.773
58 0519
G0 4483
62 11048
G4 22006
G 32.755
G8 48311
T 60572
T2 H20634
™ 35031
T ZLEL
TE 12,708
80 6.371
82 2484
B —0.307
86 0.812
B8 11640
a0 37265
92 3700
94 11054
96 2260
97 0189

NI
apr
91339
T3.927
60594
3113
27082
27.225
26.897
20,307
13316
5232
4.442
—1.0
—2.5048
—A.718
—5.876
—4.497
3843
21.635
A6.562
T.622
101.16
115.65

63,122
38856
23418
12566
4.786
—0.462
23.208
BE.B41
160806
174.235
141.328
104,478
0551

ANEXO 15: MATRIZ ® |] »BE FUERZAS DESCOMPUESTAS EN |}

N]
1
76.073
G5.045
61.4

—8.6584
—15.G88
20777
—50.816
—02.248

—11L515
—121.518
—128.408
—121.482
—HLG0G
—84.006
—T4.507

74.020

[N]
“F2E”
33.466
33.430
34566
26.37
22.791
22.591
22,167
17.052
11529

—10.001
—16.668
—20.558
—17.144
—10.25
L57TH
13,865
12827

BL.15
56.08
38215
32,606

N]
gy
—73.419
—58AGE
—45.720
—20.851
—19.272
163
—20.637
—16.384
—11.642

0.275
148
1511

—LG609
—15.026

—30.864
—G8.325
—04.463
—127.119
—141.163
—117.672
—82.352
—B3A506
—H.842
—20.507

—135.605

—147.08

—116.204
—84.033
—T310

IN]
gy
92.538
77075
70,102
47.79
37.590

33.0921
30,385
21.48
13.744
BE11

—4.9
—11.4Mn
—24.167
—51.147
—70.741
—5.71

—103.29

—107.673

—101.521
—HB2.858
—T1.506
—63.268

97.185
118.557
120706

095 906

a0.494

IN]
“FaT
HART
23321
14.618
D.EED
v.12
2.0m
10,146
5.070
0.324
—4.526
—8.588
—14.368
—13.138
—15.021
—14.711
—11.05¢
1003
23.668
H7.5ER
00766
131.36
158474
13187
02,606
B7.061
35.001
18864
042

86.801
05.053
60388
44400
RS )

[N]
“Fyyn
—66.4098
—12.209

33155

53,902

13.513

13.319

11853

22,107

1.1
—14.371
25854

—47.083
—57.741
—GR.36
—83.89
—120.163

—180.293
—200.927
—169.001
—127.876
—48.253
3646

34112
A6.508
8.5
38.06
—AT.663
—a0.241
—B0.13
—69.011

[N]

b O
—30.713
—26G5.041
—217.281
—107.078

—T3.515

—62.352

[N] [N]
R T
—31.4924 116168
—53.68 .200
—T2.342 —GB.EE]
—130.855
o7

—G2.899 —11 0:0;7

h —54.545 06453

48.528

G3.427

HL305
153406
232112
2074
Hb.E
3MLE5R
A17.883
5. T
264,46
212,536
17033

—B0.500
—20H).ThE
—526.
—610.718
—h32.002
—300.827
—330.143

0 —TO.633

—46.181  —B0.344
—40.023  —60.455
—G0.065
—2B.555  —40.BEL
—24.506 —47.017
—20.207
—14.675
—6.32
0.4
1547
—4.8
—12.514
—27.8IT
—44.529
—d3.30
—16.149
—1.364
4.716
—0.51
—16.306

—56.203 151063
—36.052  157.70

—28.858  1H.640
—28001 123423

[N]
“Fqz"
26656
ATIHIE
244.213

H8.097
74.909
69371
65.42

56.443
49,364

42859
44.546
41.473
27.204
—7421
—48.538
—B1.942
—117.412
—1T2.58T
—210.39
—185.127
35,711
—83.207
36399
1.509
24.919
A6.38
142.222
301.968
417.018
A00.0%
329003
272425
258851

[N]
wpy
214 —117.269
—G6.AM  —41.952
—87.225 L6631
—T2.86 119.812
—64.672  107.625
—62.5 105212
—60.075 102165
—b0.BhY B7.1492
—42.026 72460
—35.765
—31.004

A40.74

35.239
27.735
X 128491
2.26 —0.7T6T
2006 —20.95
—2413 41838
—10.745 —52.7HY
—24.807  —T.GGH

—54.250
—44.4904
—31.4974

526
130275

BO518
—&1.199
—158.694
5178 —1509.694
—35.060 —134.746
—34.301 —123.524

[N]
“F5E"
253.733
208,843
23L126

H3.608
G080

G4.504
6G0.782
51.823
44.624

3
33828
18.804

—128.520
—184.547

3606
—107.86:3
—147.35H

404
308.065
383.573
315.2
5077
246.243

[N]
“I'r”
121.737

7445
H2.196
G656
37176
36.286
34567

19,668

4389

—6.532

0 —14.425

—25.161
—26.914
—32.87H
—47.500
—42.54

—51.021

3 53524
 —30.6

a5
—21.423
2071
22.515
20.516
5199
—12.505
—22.28
—26.174

i —24.46

—10.965
34,382
132233
241.662
260034
206.566
143.591
118.776

[N]
“fy”
122.1Mm

HT.088

014

—H.17)
—30.421
—32.349
—32.0:40
— 11075
—.615
7124
16.234
0.01
33.245
41713
40.713
GOLGGT
8h.308
109432
117.688
118413
110.074
#4012
G705
44111
40,601
G200
50207
40.221
20.642
—31L.BED
—43.600
b4 BER
150,497
177.332
143.685
122.016

IN] NN N[N
ST ARy <Ry “R3yz”
~312.262 118860 118,126 347.142
~240.806 08AGD 96742 265326
~212.707 BG.64D 83608 210.796
SHA084 51402 52141 1200725
_E0.003 A44.006 4225 85428
G866 AL3TI 39461 75041
_ET382 3BA07T 3673 G655
_28.043 27808 27015 32465
1TE24 18012 1508
10526 11059 1867
5ETR 36 32.226
1264 1997 50477
4508 0709 60258
46113 0705 521 THAZG
GLOI6 16753 115 03953
00870 300180 24997 123324
150.047 5004 53500 104866
247388 DATH1 BO.IE 281325
32232 120846 117.506 347.262
370357 10540 130072 304.263
444,002 16354 166.502 447.502
46311 167.731 173878 4500763
380,921 138.700 143.935 368653
287415 107.075 109.064 282,57
297118 BL11  B2E27 232.252
1812582 GASG1 G267 105.182
138.323 44041 A0612 158.262
24004 20478 120,004
343 6511 60401
5030 57.520 02077
121057 112486 306.984
ITOETT 166.008 527604
3 612575

0 308.057

—301.872 116.961 337.270

5 540488 !

[N]
Ry
201.049
275057
253,741

04.207
B3.27

Th.B44
656089

54803

00.535
127.784
156064
220864
196205
146.002

310,057
422.554
427.021

4.884
303854
28077

41

[N] [N]
D
270522 335,285
262.226 256,333
2377 21LE56
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ANEXO 17: RESULTADOS DE PROGRAMAS DE CALCULO DE VIGAS 12, 34 Y 56
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28 2285 2001 LEDG LIS 0613 LBAT 0613 3766 HE643 3716 0086 0 0360 0 000 00136 0004 —03E8  0JES 0388 (UER 001 0.5 ]
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Programa Qi "Q6 @itd €
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