7

~ oF A‘ERIC‘Q

e

Y =N

Damietta University

| ey Jif%;;;.'::'!!'ﬂii?"
.ﬁ-"_—-::;'\.l

R
| s,

DESIGN OF SHAFTS

dlac |

R IRTIR R TR
w a1y @alailh! Gedisd dSI! JaSe9




v i d3 \/K Mb +K.T> , ke/ent
7C

Example: 1 -Jlea®

Jaaag (A, B) s (ol S o S0 0 5 40 il 3 g
ashy dgaadl (IS 1MB (C, D) Xe o pa Gl 4ile
Oy (400rpm) 4y xie (10hp) W la8a 58 Jai
(D) spall (29 (200Kkgt) 3k (C) spaall (2 2 ol
(20kgt) st (C) o 0Jsy (90Kgr) s sbms
$ (C) 5l ks (40kg) st (C) 3l
13} 2ga2l) aaa (60cm) 32 (D) kY Jkés (30cm)
?(420kgt/cm?) (s sbu alie ¥ aill) dga) o) cuale

Solution : Js!i¢
1- From HP and rpm:
poJI640HP
N
X
g SO E 1791kg.cm

400



@30

M
B
(] D
| A k
80cm 25cm
-t .
t, =200kg Y
[} ] t1=90kg
300kg 160kg
A B
Units in, kgs = Y L.D
.12 56D AN
R =306kg R —154kg
L Sl 30007 A |
Units in, kg.cm ;  B.M.D
Scale, 1:100 ! |

60




2- Determination of (Fc):
F.=t +t, + W, But § Bghyl § el 08 10 o

(11791 = (200—t,)x15

0 t, =80.6ke,

0 E. =200 +80.6+ 200 F. =300.6 = 300kg,

3- Determination of (Fp):
E, =t +t, + W, But T=(t, —t,).r;

1791=(90-t,)x30

E, =90 +30.3+40

t, =30.3kg,
F, =160.3=160kg,

:(B) 5 (A) O3S0 aie Jladly) 3ga ) Gluae
e s sbun (B) 4okl Jga a5 52) £ gana

(R , x80) + (160 x 25) = (300 x95)
S0R , = 28500 — 4000
R. =306.25 =306 kg,

& » Y=0OR, +R; =300 +160

0 306 +R, =460

0 R, =154 kg,



dadil) aan dic cliadiY) agje Cluae
M. =0.0kg..cm

M, =-(300x15) =-4500kg..cm
M, =-(160x25) =-4000 kg..cm
M, =0.0kg,.cm

So, the maximum bending moment is (4500 kg .cm)
Then the maximum shear theory is applied:

T \/K .Mb’ +K,.T?, kg/cm”

max T[d3
420 = 2X%X(4500)" +2x%x(1791
3. 14d3\/ ( ) ( )
RGNS o
420 = - Xx6849501d° =83.1
3.14d
d=4.36cm

d=43.6mm [l Take d=45mm




Example : 2-Jlis¢

Jaaag (A, B) s (ol S o S0 0 5 408 Gl 3 gee
ashy dgaall S A (C, D) e g pa Gl Ua dile
Ols (400rpm) 4 e (10hp) W _lada 3 38 Ja5
(D) ) A5 (150Kkgf) ¢ sbow (C) sl B 1 2
(20kgr) s (C) .Ml &3y &)y (100kgr) s sbw
dras (C) Bl B 2&l) ol 5 (30kgr) @ slen (C) 8 oall g
e (D) 8ol A 2&l gy (60°) daglie ol N Ao
A (C) 34l kB iy (300°) gl A8 e
13 1ganll aaa (40cm) 2 (D) 3l kg (30cm)
?(420kgt/cm?) s sben alis ) (all) dga) o) Cale
Solution : Jsli¢

¢ From HP and rpm:

71640 HP
N

sl

, kg..cm

~ 71640%10

T

=1791kg.cm

400



Rullems: & Pulley

@30

|@| ©
40

T = D < :

N
A S ? 3

g 15cm 40cm 25cm \
(t1+ t5)cos60 | t, it
B & 125 : W=30kg
(t1+ tQ)SiHGO t t 30
: + t5)sin
A ' (ty+t2
Units in, kgs@ |C |D 4;
‘ i i t (ty+15) cosSO
RA=i18kg 156 55 RB=.73kg
A ¢ ' B
Units in, kgs g |C 5 ; H.L.D
R,=144k | : R.=67k
ST a=07Kg
Units in, kg.cm 'T | ' . V.B.M.D
Scale, 1 : 1000 | Fe
! Y
! 1825 !
Units in, kg.cm T | H.B.M.D
Scale, 1:1000 | + | '
i L 1675 |
2160
] | :
Units in, kg.cm | ‘ : R.B.M.D
Scale, 1:1000 ! i :
+ :
: IJ&A; i
2143

i | 2477



¢ Forces on shaft at (C):
F., =(t, +t,)cos60 —W..

F.. =(t, +t,)sin60
- T=(t,~t,).r. 01791=(150—t,)x15

R

t, =30kg,
50+30)cos60 —20=70kg, 1

Eoel

50+30)sin60 =156kg, (East) |

¢ Forces on shaft at (D):

F,, =(t, +1t,)c0s30 + W,

F,,, = (t, +t,)sin30

s T=(t, —t,).r,0 1791 = (100 —t,) %20

Froy =(
Foy =C

t, =10kg,
100 + ]

0)cos30 +30=125kg, |

100+

0)sin30 =55 kg. (East) |



¢ Reactions of vertical direction:
e (5 sbus (B) Akl Jga a9 58l £ sars
(R, X80) +(70x65) = (125 x25)
8OR , =3125-4550 LI 80R , =-1425
| R, =-17.8=-18 kg, | (opposite direction)
& > Y=0 [O70+R,=125+18
I Ry =73 kg, 1
ZYas check t70+73 =143

L18+125 =143 (OK)
¢ Reactions of horizontal direction:

e (s s (B) Adali Jga a9 5all £ sars
0 (R, x80) = (156 X65) +(55%25)
[180R, =10140 +1375 O 80R, =11515
0 R, =143.9 =144 kg, 1
& © > Y=0 0O 144+R, =211




R, =67 kg, 1
ZYaS check 1144+67 =211
1156 +55 =211 (OK)

¢ Moments at vertical direction:
M, =0.0kg..cm

M. =—-(18%15) =-270kg..cm
M, =(73%x25) =1825kg..cm
M; =0.0kg,.cm

¢ Moments at horizontal direction:
M, =0.0kg..cm

M, = (144x15) = 2160 kg,.cm
M, =(67%25) =1675kg..cm
M; =0.0kg,.cm



¢ Resultant bending moments:
M, =0.0kg,.cm

M, =+/(2160)* - (270)*> =2143kg,.cm

M, =+/(1825)% +(1675)% =2477 kg,.cm
M, =0.0kg..cm

S0, the maximum bending moment is (2477 kgf.cm)
Then the maximum shear theory is applied:

Tio o= 3\/1{ Mb’ +K,.T” , kg/em’
nd
i 2 10 J2%(2477) + 2% (1791)°
3.14d°
Fntee .
420 = _x4322.800 d’=40.05
3.14d

[] d=342cm [l d=34.2mm
[1 Take (d =35mm)



Example : 3-Jls¢

2358 3(A,B) Lslae il S e S o A e agae
1 ,(400rpm) 4w dic (10hp) W aka 338 Jai,
ol Jaa £isy (C) Mo (wi dde Jaaa dganl
o g (e Lay 4de Jaaag Jiu¥ (2000N)
(D) sdl (B 2 el o8 Gy (DE) M
(30cm) W _kéy (300N) 3l &9 (1500N) s sbeu
28 Olg ol A jeaad) aa (60°) Al el Jrarg
5all g 5 Ual) (399 (2500N) ssbes (E) saesd) A 2
&a (210°) 49l pedl Jrang (40cm) W k85 (400N)
ga) bl o caale 13) 3gaad) 138 aaa ud ) sadl
¢(5500N/cm ) ¢ sbus (8

Solution : Junli¢
¢ From HP and rpm:
i 71640 HP o
N
X
LI T= o 1791kg..cm

400



@20

W =30kg

(t1+ to) cosGO

t1+t2 |n600
Units in, kgs
S:callerl=x1

Units in, kgs
Scale, 1 :1

Units in, kg.cm

Scale, 1 :2000

Units in, kg.cm

Scale, 1 :2000

Units in, kg.cm

Scale, 1 :2000

Pulley

(t1+ to) oy \/
A = B
L = % 72
D ==K E
q = t,
{ A\
|A150m 15cm 20cm 20cm
|‘ | 2 (t1+ to)
60 200 395
A ‘ Y
D ﬁ%?: |c |E ;%;;
R,=213 Rg=322
156 205
A
D :%Eg E ;%E;
R,=124 _173
! V.B.M.D
900 |
T :
4995 () '
64ro
3460
ZSTE(—(ETZO
| H.B.M.D
2160
' }\‘ y R.B.M.D
| |
1
+ |
]
4123 |
5432 i

o
Sk

/

to

W =40kg

t1 r g t2 S|n30

o

(t1 + to) cosSO



¢ Forces on shaft at (D):

F,, =(t, +t,)cos60 — W,

E,, =(t, +t,)sin60

+ T=(t,—t,).r,0 1791 = (150 —t, ) x15

1t, =30kg,

1 F,, = (150 +30)cos60 —30=60kg, 1
F,, = (150 +30)sin60 =156 kg (East) !

¢ Forces on shaft at (E):

F., =(t, +t,)cos30 + W,

E. =(t, +1t,)sin30

o T=(t,—t,).r, 0 1791 = (250 - t,) % 20

Ot, =160kg,

O F., =(250+160)cos30” +40 =395kg, |
F., =(250+160)sin30 =205kg, (West) 1




¢ Reactions of vertical direction:
Ioba sl (B) Aokl J g agal) £ gana
LI (R, %X55) +(60x70) = (200 x40) + (395 x 20)

055R, =11700 O R, =212.7 =213kg, 1
& v+ > Y=00 213+R; +60 =200 +395
0 R, =322 kg, 1

Y Yascheck 1200 +395 =595

1 60+322+231 =595 (OK)
¢ Reactions of horizontal direction:
e (s s (B) Ak J g2 a9 al) £ sana
LI (R, X55)+(205%20) = (156 %70)

[155R, =6820 LU R, =124kg; 1
&+ Y Y=00 124+R; +205 =156
LU R, =-173kg, | (opposite direction)
> Yascheck 1173+156 =329

1124 +205=329 (OK)



¢ Moments at vertical direction:

M, =0.0kg,..cm

M, =(60x15) =900kg..cm

M. =(60x30) +(213%x15) =4995kg..cm
M. =(322x20) =6440kg..cm

M, =0.0kg;.cm

¢ Moments at horizontal direction:

M, =0.0kg..cm

M, =-(156x%x15) =-2340kg..cm

M. =—=(156%30) + (124 x15) = -2820kg..cm
M. =-(173%x20) =-3460kg..cm

M; =0.0kg,.cm

¢ Resultant bending moments:
M, =0.0kg,.cm
M, =4/(900)> —(2340)> = —2160kg,.cm




M, =4/(4995)% - (2820)> =4123kg,.cm

M, =+/(6440)° - (3460)> = 5432 kg,.cm
M; =0.0kg,.cm

S0, the maximum bending moment is (5432 kgf.cm)
Then the maximum shear theory is applied:

T \/K Mb’ +K,.T? , kg/cm’

max )
td

550 = 2%(5432)* + 2x(1791
314d3J 5 Y ( Y

350 = % x8088.8 ] d’ =74.94

3.144d°
[l d=4.22cm U d=42.2mm
[1 Take (d=45mm)




