Given:
F =2kN, V =12m/s, dpuiley = 350 mm
Suitimate = 720 Mpa, Syieta = 620 MPa, Hardness = 350 HB

ngears - 096’ nbearings = 099; km - 2; kt = 15

Solution:

1- Calculating the required power and velocity:

Pout = Fconveyor * Vconveyor = 2.4 kW

2 Vconveyor 48

Wout = =—rad/s
out dpulley 7
Wout
out = nou = 65.48 rpm

2- Motor selection:

Using a 2-stage gearbox the required input power can be
calculated as follows:

P
P, = out = = 2.766 kW

2
77gears * 77bearings

From Appendix 1. Series 4A Three-Phase Induction Motors, we
choose a suitable motor for the required input power.

Selection: (4A112MB8) P =3 kW & N = 700 rpm.

Selected motor —» 44A112MB8




3- Reduction ratios:

N
irotal = Ni =10.69 = 3 % 3.55

out

o ig12 = 3, ig34 = 355

4- Calculating torque:
2N _ 21 * 700

Wmotor = 0 0 - 73.3rad/s
Protor 3% 10°
T = = = 40.93 N.
motor metor 73.3 m

Ta = Tmotor * Nbearings- = 40.93 ¥ 0.99% = 40.11 N.m
Ty =Ty * ig12 * Ng12 * Npearings> = 40.11 * 3 % 0.96 * 0.99°

=113.22N.m
T, =Ty * igzs * Ng3a * Npearings- = 113.22 * 3.55  0.96 * 0.992
= 378.2N.m
|
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5- 15t Stage analysis:
T =40.11N.m
N =700rpm
Z, =20

Z, = 60
@ = 20°

Insert data to the software included in this project and obtain
the results.

m = 2.5 mm, F =32mm
D, = 50 mm, D, = 150 mm
W, = 1.6 kN, W, = 0.58 kN

Fatigue F.0.5 = 1.87
Surface durability F.0.5 = 1.49




Checking software calculations:

A.Fatigue check:

m=25mm

dpszp=2.5*20=50mm

F=4mm =314 mm = 32 mm

K,=125  K,=16

60 — 50
J = 0.35804 + (85 — 50) (0.36532 — 0.35804) = 0.36012
V_nde_n*50*700_ 183
=60~ 60=10% _ L183m/s
50 50

= 0.723

K = 0 V200V 50 + 200 = 183
2T _ 274011 10°
d, 50
W, = Wtan¢@ = 1.6tan 20° = 0.58 kN

0.5S, = 360 MPa
0.8S, = 496 MPa

= 16044 N = 1.6 kN

S, = Smallest of { = 360 MPa

Se = KoKy K KyK K;S,
K,=0.715 K, =0974,  K.=0.868

Ki=1 K,=1, Ky =133

S, = 0.715 * 0.974 = 0.868 * 1.33 x 360 = 289.43 MPa

_ S.K,FmJ 28943 %0.723 x 32 2.5 036012 _
TRk W, 1.25 * 1.6 * 16044 -




B.Surface durability check:
S, =2.76HB —70 = 2.76 * 350 — 70 = 896 MPa
C,Cy
H— CrCr c

CL == 1, CH - 1, CT = 1, CR = 0.8

896
— = 1120 MPa

S, =
H™ 08
COS @ Sin m cos 20°sin 20° 3
=259 (p( G ) = ( ) —0.12
2 me + 1 2 3+1

C, = 191 MPa®5,  C,=0723, C,=125 ~ Cp=16

Sy\ 2
(C_H) C,Fdyl (ﬂ) £0.723 %32 % 50  0.12
. _ o1 — 1.49

s T oW, 1.25 * 1.6 * 1604.4

Hence, the software calculations are correct.




6- 2" Stage analysis:
T =113.22 N.m
N = 233.33rpm

Z, =20
Z, =71
@ = 20°

Insert data to the software included in this project and obtain
the results.

m = 3.5 mm, F =44 mm
D, = 70 mm, D, = 248.5 mm
W, = 3.23 kN, W, =118 kN

Fatigue F.0.5 =191
Surface durability F.0.S = 1.63




Checking software calculations:

A.Fatigue check:

m= 3.5mm

dpszp=3.5*20=70mm

F =4mm = 44 mm

K,=125  K,=16

71 — 50
J = 0.35804 + (85 — 50) (0.36532 — 0.35804) = 0.362408
L _mdN _m70+23333
=60 T 60108 08> m/s
50 50

= 0.793

K = V2007 50 + v200 5 0.855
y, 2T _ 211322 10°
d, 70
W, = Wytan @ = 3.23tan 20° = 1.18 kN

S, =360 MPa
Se = KoKy K KK K;S,

= 3234.86 N = 3.23 kN

K,=0715 K, =0942, K. = 0.868
Ki=1 K,=1, Ky =133
S, = 0.715 * 0.942 = 0.868 * 1.33 x* 360 = 279.92 MPa

| SeK,Fmj  279.92 % 0.793 x 44 % 3.5 x 0362408
TR KW, 125 1.7 * 3234.86 -




B.Surface durability check:
S, =2.76HB —70 = 2.76 * 350 — 70 = 896 MPa
C,Cy
H— CrCr c

CL == 1, CH - 1, CT = 1, CR = 0.8

896
— = 1120 MPa

S, =
H™ 08
Ccos @ sin m cos 20°sin 20° 3.55
=259 (p( G ) = ( ) — 0.125
2 me + 1 2 3.55+1

C, = 191 MPa®5,  C,=0723, C,=125  Cpn=16

SH>2 1120\*
C,Fd,l ——&-
(Cp vEEPT ( 191 ) * 0.793 x 44 x 70 x 0.12

ST o ow, 1.25 1.6 * 3234.86

Hence, the software calculations are correct.

= 1.62




7- Shaft design & bearing selection:

0.75 % 0.18 * S;, = 97.2 MPa
0.75% 0.3 %S, = 139.5 MPa

Ta = Smallest of{ = 97.2 Mpa

1) Input shaft:

T =40.11N.m

Fy =+/(1.6)2 + (0.58)2 = 1.7 kN

ZMBZO

17122 =R, %170 =0 > R, = 1.22 kN
Mg = Ry * 48 = 58.56 N.m

TTqaq

g _716\/<KmM)2+(KtT)2




min

3116 * 103 * /(2 * 58.56)2 + (1.5 * 40.11)2
= =19mm
97.21

dmin = 20 mm

- Bearing selection:

Apparently the maximum load is on bearing A which we will
choose and use the same bearing at B for symmetry.

F
(F, = 1.22 kN, Fa=0)—>(F—a=0<e>—>X=1, Y=0

s
P=XVF.+YF,=F,=1220N
Taking L, = 20,000 hr
1
K
) - L, = 20,000 hr, N =700 rpm, k=3

(60N Ly,
k

106
Ceaicutated = 11511 N = From table 23.8 we choose bearing 6304
P =1220N, Crabulateda = 12200 N

L (C)k 10° 23.810 h
= | — X —— =
n=\p) Teon " 2>

Hence for the input shaft, we will use 6304 bearings.

Selected bearing — 6304




2) Intermediate shaft:

T =113.22N.m

Z(MB)Z =0

~(Rp)y * 170 — 1.6 % 122 — 3.23 % 54 = 0 - (Ry), = —2.17 kN

Z(MB)y =0

(R,), * 170 + 1.18 * 54 — 0.58 * 122 = 0 - (R,), = 0.04 kN

D B, =0 (Rg), = ~2.66 kN

Z FE,=0- (Rg), = —0.64 kN

R, = \/(RA)yZ + (Ry),” = 2.17 kN

Rp = J(RB)yz + (Rp),” = 2.74 kN




My, = Rg * 54 = 148 N.m

dmin

_ jw (KnM)? + (K, T)?

TTau

= 26.15mm

3116 + 103 + /(2 * 148)% + (L5 * 113.22)2
Dmin = 97.2m

Amin = 30 mm

- Bearing selection:

Apparently the maximum load is on bearing B which we will
choose and use the same bearing at A for symmetry.

F
(F, = 2.74 kN, Fa=0)—><F—a=0<e)—>X=1, Y =0

T
P =XVF,+YF, =F,=2740N
Taking L, = 20,000 hr
1

K
C=P ) — L, = 20,000 hr, N = 233.33 rpm, k=3

(60N Ly
*

106
Ceaicutated = 17925 N = From table 23.8 we choose bearing 6306
P = 274‘0 N, Ctabulated — 21600 N

L (C)k 10° _ < 000k
—_— — *_ —_—
h=\p) Teon " M

Hence for the intermediate shaft, we will use 6306 bearings.

Selected bearing — 6306




3) Output shaft:

T =3782N.m

F, =+/(3.23)2 + (1.18)2 = 3.44 kN

ZMA=O

Rp 170 —3.44 % 116 = 0 > Ry = 2.35 kN
Mpa = Rg * 54 = 127 N.m

dmin _

3\/ 16,/ (K, M)? + (K,.T)?

TTqaq

= 31.9mm

dmin

316 %103 % /(2 * 127)% + (1.5 % 378.2)2
B 97.21

[ dmin = 35 mm ]
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- Bearing selection:
Apparently the maximum load is on bearing B which we will
choose and use the same bearing at A for symmetry.

F
(F, = 2.35 kN, Fa=0)—><F—a=O<e>—>X=1, Y =0
's

P =XVF,+YF, =F,=2350N

Taking L, = 20,000 hr
1

k
) — L, = 20,000 hr, N = 65.73 rpm, k=3

—p
C=P*{70s

Ceaicutated = 10078 N —» From table 23.8 we choose bearing 6007

P=2350N, Cigputareq = 12200 N
L (C)k 10° _ ocsoon
= | — * —
R=\p) “eon " 20

Hence for the output shaft, we will use 6007 bearings.

(60N Ly

Selected bearing — 6007
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