. / [_J'- varple 1.3 ] It ix required ro select a (laf helt drive for a fan running ot A60 r.p.m.
"n.'_i/-; which is driven by a 10 kW, 1440 r.p.m. moinr. The belt drive Is open-type and space
available for a centre distance of 2 m approximately. The diameter af a driven pulley is

U T _
Given Dara IC |\"_ 1440 rpm. ¢ (\"'i\‘-; 160 r.p.m. ,m 10 kW = 10= 100 W,

o, T e . |
(L= 2m; (11= 1000 mm.
To fimd : Select (or design) a open flat belt drive.

© Solution : The given arrangement is shown in Fig.1.14.

I. Calculation of pulley diameters : 360 r.p.m
e
Driven pulley diameter, D = 1000 mm 1440rp.m. D
— D
We know that @Iuﬂity ratio = { motor Fan
Driver pulley speed _ N1 _ 1440 _
" Driven pulleyspeed N, 360 4 f——2m
D
Driver pulley diameter, d = 7 Fig. 1.14.
1000

=73 = 250 mm

gl vfI"‘ Consulting Table 1.5, the recommended driver pulley diameter = 250 mm Ans. ©

i

2. Calculation of design power in kW :
Rated kW x Load correction factor (K,)

Are of contact factor (K,) x Small pulley factor (K,)

(i) Rated kW = 10 kW | .. [Given]
o (1) Referring to Table 1.9, load correction factor, @‘, = 1.2)for steady load.

-

7 (iii) To find arc of contact factor (Ky):

Design kW =

ﬂ{jh @cm‘"mntacl = 180" - (D(_:dj % ﬁ@

—




Flat Belts and Pulfevs
ot 28T — )

- Innn B LT 250
o | [ 2000 ) O = 13757
(onsulting Table 1.10, arc of comtact factor for 157.5°. K = | 08
(iv) Consulting Table 1.11, small pulley factor, e TIrr- :
: ) x 1.2
Design kW = 10x12
gn kW = e 07 ~ 1SATIKW Am. ®
1 Selection of belt ; A
Consulting Table 112, HI-SPEED duck belting is selected. Its capacity 1 gm:.n as 0.023
KW mm/ply.
4 Load rating correction ! s

~ nd N
I nx 0.25 = 1440
Velocity of the helL’\'i"__ ’,— SRS . 18.85 m/s

Load rating at V m/s = Load rating at 10 m/s x %

Load rating at 18.85 m/s = Load rating at 10 m/s x (18.85/ 10)
= 0.023 = (18.85/10) = 0.04335 kW /mm / ply
5 Determination of belt width : 152~
For 250 mm smaller pulley diameter and velocity of 18.85 m/s, consulting Table 1.8, the

number of plies can be selected as 5.
, Design power
Width of belt = T ating % No. of plies
_ 15873
0.04335 = 3
Consulting Table 1.13, the calculated belt width should be rounded
width.
. For 5 ply belt, standard belt width = 76 mm Ans. “%

= 73.23 mm
off to the standard belt

. Determination of pulley width :
Consulting Table 1.6(a), the pulley width is given by
Pulley width = Belt width+ 13 mm = 76 + 13 = 89 mm

. Referring Table 1.6(b), the standard pulley width is90 mm Ans. "%

7. Calculation of length of the belt (L) : y
We know thal the IE«T'IE'h of an open belt, j P

Frores

(L 2L+'{D+d}+ 4C
" (1000 -250 _

.-
= g ” gum] +— (1000 +250) + "4 . 2000 = 6033.8 mm ADS



A flat | helt is required to transmit 35 kW from a pulley of 1.5 m

Example 1
\/@ effective diameter runnfng af mﬂ' r.p.m. The angle of lap is 165°and p= 0.3. Determine,

taking centrifugal tension info account,

N thickness is 9.5 mm, density of its material is 1.1

working stress is 2.5 MPa.

Given Data : O: 35 kW = 35 x m}w~

= N o
@. 165° = 163

H “ 868
@ = 2.5 MPa = 2.5 x 108 N/m?2,
To find : Width of the belt(b))

& Solution : Velocity of belt, v =

@ 1.5 m; (=300 rp.m. ;

Fhe

— mdN tx1.5x=300

N 'ﬁﬂ = 23.56 m/s.

Belt width in mm.

Let b =
We know that,
I5%107 =
T,
T, oS
Solving (1) and (ii), @z

= (T; =Ty

(T,-T;) 23.56 or T,—T,= 148545

3B =238 or Ty = 237 T,

2568 N and (T,)= 1082.19 N

Cross-sectional area of the belt (_'=' ?i_x;*)= 9550 mm? = 95 b« 106 m2

We know that mass of the belt per meter length,

[}

Centrifugal tension,’ Te

= Density x Area x Length —-lp X {b ¥ r} X {,)

00 x9.5bx 106x | = 001045 kgr'm
.
MU= 0.01045 b (23.56) = g b N

width of the belt required. It is given that the belt
Mg/m? and the related permissible

= 2.88 rad; @—M (@=9.5mm ; (Py= 1.1 Mg/m? = 1100 kg/m?



Flat Belts and Fulleys

— - 1.31]
and Maximum tension in the bﬂrf_l'- - uﬁ; :D

= 2fo_:: 108x95hx 104 = 23758 N
We also know that (T =1+1)

23.75b = 2568+ 584 or b=143 mm
Consulting Table 1.13, standard widih

_nfﬂ'u: belt = 152 mm Ans. -

o P e T g o T SEPE
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Example 2.2

Design a V-beli drive to I'ﬁefﬂﬂﬂ wing specifications :

@ Power to be transmitied = 7.5 #H’

QN
e

Speed of driving wheel = [440 r.p.m.
Speed of driven wheel = 400 r.p.m.

@ Diameter of driving wheel = 300 mm

Q)

Centre distance 1000 wom

Service = 16 hours / day



210 Fragipn af Tramymninsicn Sy sbemy

. -E.;E;'u; ”m;'“.?mg!'l}_ AW [\;.P:'L}' 1440 rpm. {_Hﬁ A0 £ prm
‘*’E‘r 300 mm - 1.3 m [t_} 0 mm 1 m
T findd @ Design a Veohelt drive
(O saond
i sefection of the belt section :
Consulting Table 2.3, for power 7.5 kW Blsection is selected

Pt
2 5

2 Sedection of pulley diameters (. and 1) :

o D Cevsd s = P b O R N ed)
e B (\_E"Tlrff___ﬁ N, 400 °® D‘_‘J" - 4

N pan

smaller pulley dimneter,@ 300 mum e ... (Cven)
Referring Table 1.5, the preferred smaller pulley d':an]-:ﬁ:‘rl@ﬂ 315 mm. wre
Larger pulley diameter( D = _3-'?; d}=36x315 = 1134 mm
Referring Table 1.5, the preferred larger puliey diamﬂ!ﬁr,iﬂ = 1250 mm. :
i Selection of centre distance (C) 2 e pam o
Centre dislan:::.@ = 1000 mm ... (Criven)
4. Determination of nominal pitch length B 2
Nominal inside lengthfL.}= 2C + [g] (D+d) + %ﬁ

(£ r‘[EJ (1250 - 315}
2x1000( 5 ) (1250+315) == 500

B |

.I.__1-l.II 5 .-_-1‘_'-_'_.. . __ ok
= 4676.85 mm '
"7 =3
For this nominal inside length and B section, consulting Table 2.5, the next standard pitch
length is selected as 4996 mm. @ = 491s | '
. I aig et -= Fa "
5. Selection of various modification factors : sRal catisl 1 1k Ep o~
i) Length correctfon faclo @ + For B section, referring Table 2.5, | | q- 'f_ 4
e | B bengt o o 1
length correction raumr,@= I.18 Fir e x| & g ey T
(i) Carrection factor for arc r:f'wm.'rﬂi@@: _ _ g
%4 =
Arc o contact =

L [ ].,';m—] < 60° = 123.9°




|
I ]
I'-Relts and Puilevs

L i1 —b = W
For this are of contact, consultin

as [r_‘\ 083
(iiil Service facior {_.'- ‘\!I Consulting |
service, for driving machines of type |
b. Calculation of maximum power capacity :

Consulting Table 2.8, for B seetion, power

g Table 2.6, correction

P
factor for arc of contact 1s selecteg

_ 2

e 8

[able 2.7, for light duty |6 hours continug,

|, service factor is selected HEO =1.3.

capacity formula is given as

(_m‘ = | D.I9EYE - y 1.32 = H}-*Si) 5] 1
b :I.-

nd N 0,315 = 1440
x :| where Belt speed = 60 ! e 60 = 23.75 rm's::l ye.
@= Equivalent pitch diameter = d, x F, sB 1',. 3
@ Pitch diameter of the smaller pulley = @E 3 Iﬁ mim i
: @ = 'Sémall diameter factor for speed ratio of 3- 6=1.14 [Fmrﬁ Table 2.9]
Fox i
oL @)= JES:IM 359.1 mm _,@—- e :7':““ i
%7 But from Table 2 3, maximum value of @m the formula shu:mld be 175 mm, — @
. o o744 y 2377
. L Sl] g
Power, kKW = {u ?9:-:23 3,750 _ 1752 132X 1074x23.752 | 2375 = 5.445 kW
7 ﬂﬂcrmm.:mun af ﬂumbern belr =l e
f !@. 1.1 i B8

- PxF
We know that - " Ta

T5%13

b kWxF xF, )&

Actual centre distance is given by

—3
5445% 118 = 0.83 1.B28 = 2 belts Ans. -

& Calewlation of actual centre C
Hance ()
- T

Cocut = A+Al_p
where o (@Y~ L-_R[FL“:E 4996 1250 + 315
e [Bp ) o [
= 634.42
s (12503157

- 19592 mm

= —
e ((634.427 _ (0927,
\Cwwal) = 63442 + /(634,427 _ o027

Ans. =5



Dhenipn of Transmixsion Spsfems

2.1 — —

A centrifugal pump running af 340 r.p.m) is to be driven by el 100 KTV
mptor running ﬂ-{f_ﬂj‘? rp.m) The drive is to work for atleast(Q0 hoursievery day. The
centre distance between the motor shaft and the pump shaft i T 200 muiy Suggest a suitiable

mnﬂ'r‘pl’tr ""ﬂ'fff_ffff'?afﬂr thix application. Also caleulate the aetaal belt tensivny and steess

M- e dvden ) i..._.,. i wfeml | i U L
C{?fp..gp.; D.!IE}®= 340 rpm. ; @L 100 kW | ®= 1440 r.p.m @ 1200 mm = 1L.2m
Tofindd () Designa V-belt drive, and e = Eo W oy
(i) Actual belt tensions and stress induced,

J.‘kﬁ;.lecﬁnn of the belt section : .50 "

Consulting Table 2.3, for power 100 k\‘.’@_@{:@is selected.
i;;i]';f!frﬁﬂﬁ of pulley dinmeters (d ard D) :

Since diameters of both pulleys are not given, therefore first select the smaller pulley
diameter from Table 2.3. <8 |

. Consulting Table 2.3, for power 100 kW, smaller pulley dimcltr,@ = 355 miifg

; D _ N\ 1440
X Speed ratio = 5 = H_z T 4.235 @

. Larger pulley diameter, D = 4235 xd = 4.235% 335 = 1503.53 mm
Consulting Table 1.5, the preferred larger pulley diameter( D =_tﬁﬂ[En_uEi:, - T4

@Sﬂ&rﬁan of centre distance (C) :
Centre distance,| e :E'ﬂﬂ_ml;l:} . {Given)
@;Dﬂrrmfnnﬁun of nominal pitch length ; o

- 54
; n (D —d)?
Nominal inside length{L. = 2C + 35 (D+d) + 4C )

i (1600 — 355)
= Exliﬂﬂ+iﬁlﬁﬂﬂ+355]+ 4 % 1200

= 5793.83 mm

For this nominal inside length and D section, consulting Table 2.5, the next standard pitch

length is selected as (fZl'I--li- min. (E]-.J g ol
':-_;'}Tﬂfﬂ'n’ﬂﬂ of varipus modification SJactars ;
i) Length correction factor : For 2 section, referring Table 2.5, length correction factor,
LF. = 1002
i | i | Tats Ty (N Lok A '



=~

: 2.13
1 I-R-I."i'l:l'."l-;lﬂ'lj Pl o I
- (i) I«\‘:'“nrrrrfhﬂ_fm'rnrﬁ?rnrr af contact (Fy |
——— (D=d) ( 1600-355) o
L::Erinfmnmtt = |B0° - ( C ) x 607)= 180° - 1200
R AL
- 0.8

For 117.75% consulting Table 2.6, correction factor for arc of contact,! Fyq
(iii) Service factor (Fy) : for over 16 hours continuous service, for driving
machines of type 11 consulting Table

@{ alculation of maximim power capacity (kW) :
Consulting Table 2.8, for D section, power capacity formula is given as

For light duty, o
2.7, the service fa-cmn(?i I_.]. T4

F Cuw = o _ 30T 4951048 ?* |
: 4 -:ll. kw _ slﬂ 5 | ) d - ___..a-’/
-

% 0,355 = 1440

&
. e — #dN, Y
" where | 5 = Beltspeed = ﬁ'& €0 = 26.76 m/s

i d., = d!-.f'fré :l__.1l||-_".2-

d, = Smaller pulley diameter = 355 mm
F, = Small diameter factor, for speed ratio of 4.235, from Table 2.9 = 1.14,

d¢  Fo
d, = 355x1.14 = 404.7

7
Power, kW = [312 x 26.76- 009 - i‘—'ﬁ‘? — 4,78 % 104 x EE.TF) 26.76
(kw = 2a0kw)o [T 0 - € - Je-
(7. Determination of mumber of belts (ny) :
PxF »
We know that n, = —_e N
kw x F: 3 Fd
100 x 1.3 ™)

= laddxlx0g] ~ [A486=8belts Ans. ©

@Eﬂft‘ﬂf ation of actunl centre distance :

Actual centre distance, (C = ...!' _z_ = et
H_ig.ﬂﬂl albal facied ',
where !'ﬂ,-\ = L s D+d —]_ 6124 1600 + 355
I;'“ 4 W e g i| =763.27
D-d 1600 — 3553
(g - P—dP | (1600 -355)
B 8 5 = 193753.125

(" Cocr

E —
s = 76327 + 4/ 763.272 2193753125 = .1386.83 m:l Ans, ®

{ |
L |




214 L Nead 'l_lji

k:i?li"ﬂfl'"""'i"" of belt tensions (T, and To)i

we know that,

B

Desigr of Tramsmizsion Syvtoms

Power transmitted per belt = (T, -Tyv
100 x 109
g =~ (T,-T;)2676 or T,-T, = 467.12 (1)
]-59 Aht
From Table E.IJ: -:_m-;?ﬁ‘-pEr metre length, m = 0.596 kg/m
From Table 2.2, = 340

groove angle (2
Mﬂ: (2P)

Already found that arc of contact for smaller pulley, a = 117.75% x

7t
1 80~
= 2 (055 radians

We know that the tension ratio for V-belts considering centrifugal tension,

T, — m?
Ty — m?

T, - 0.596 (26.76)%
T, - 0.596 (26.76)2

or T,-8237T,
Solving (i) and (ii), we get T,
|@ Calculation of stress induced :

Consulting Table 2.3, cross-sectional area of D secti

Stress induced

= Ej.u:g.l'smll =E|.H:l:-ﬁ:ﬁmﬂ

pld = 2085 xcosec 1T = 8237

= -~3088.68 «ue (20}

— 958.45N and T,=49133N Ans. ®

on = 475 mm?

958.45
475

Maximum tension
= 5 -
Cross-sectional area

= 202 NNmm? Ans. ©



i Example _j' ! I A truck equipped with o 9.5 kW enpine uses a rofler chain s the final
drive to the rear axle. The driving sprocket runs ar 900 r.pom amd the driven sprocker at
400 r.p.re. with a centre distance of approximately 600 mm. Sefect the roller ¢hain,

Given Data : (N F9.5kW; Ny =900 r.p.m. i (N, =400 r.p.m. ;o= 600 mm.

To find : Select (ie., design) the roller chain.

F j'-.n'. | =%
@ Solution :
\ . Determination of the transmission ratio (i) :
v oo Mg D0
Transmission ratio, § = T'Tz =5 = 225

(Since the transmission ratio can be calculated from the given data, therefore we need not
to consult Table 4.2)



Chain Drives 4,

2. Selection of number of teeth on the driver sprocket (z,)
From Table 4.3, z, =27 (for i= 210 1) is selected.
H: Determination of number of teeth on the driven sprockef (2,) ;
g, = jxz = 225 %27 = 60.75 ~ 6]
Recommended value, =, = 10010 120

z; = 61 is satisfactory,

\4. Selection of standard pitch (p) :

We know that Centre distance, a = (30 - 50)p
: a 600

Maximum pitch, p,,., = 35 = 39 = 20mm
; : a 600

and Minimum pitch, p,.. = 30 " w0 12 mm

Any standard pitch between 12 mm and 20 mm can be chosen. But to get a quick:
solution, it is always preferred to take the standard pitch closer to Py Refer Table 4 4,

Standard pitch, p = 15.875 mm is chosen.
= Selection of the chain :

Assume the chain to be duplex. Consulting Table 4.5, the selected chain number &
104-2 / DRSH.

ery
6. Calculation of total load on the driving side of the chain (Py) :
(i) Tangential force r): '

1020 N
B g
where N = Transmitted power in kW = 9.5 kW

v = Chain velocity in m/s

ZXPxXNy 27 x 15.875 x 900

T 60k 1000 T 60000 = 643 mvs
p= LA 100%95 _ N
v 6.43
(ii) Centrifugal tension (P.)
P = mvd
From Table 4.5, m = .78 kg/m

P, = 178(643) = 7350 N



i ] !
4.18 Legign of Tramsmission Systems

(iii) Tension due to sagging (P,) :
o kow- a

From Table 4.6, k 6 (for horizontal)
w g 1.78 = 9 R 1746 M
a Initinl centre distance = 0.6 m

P, = 6174606 = 6282 N
(vl Toral load (P) : Py = P,+P +P,

- 1507+ 73.59 + 62,82 = 16434 N
_ 7 Calculation of service factor (k) :

We know that the service factor,

ko= kyoky ok ko ko
From Table 4.7, k= 125 (for load with mild shocks)
From Table 4.8, ky = 1 {for adjustable supports)
From Table 4.9, ky = 1 (- we have used a, = (30 to 50) p)
From Table 4.10, ky = 1 {for horizontal drive)
From Table 4.11, ks = 1 (for drop lubrication)
From Table 4.12, ky = 1.25 {for 16 hours / day running)

k= 1252 1x1x%x1x1=125= 15625

{!. Calculation of design load :
e T &EE" Iﬂﬂd = PT}:_' kj, T ||5“1'34 x 15&15 T 255?.3'”
(9. Caleulation of working factor of safety (FS,) :

Breaking load Q from Tabled.5 _ 44400
FS,, = Design load 15678

= 1729

\10. Check for factor of safety :

: .Ennsuhiné ;I.'able 4..}3, for smaller sprocket speed of 900 r.E.m. ?,nd pitclj IE_.HTSI rnm,.lh‘e
required minimum factor of safety is 11. Therefore the wnrl‘._mg .Ian:mr of s.at:f:,- is greater
than the recommended minimum factor of safety. Thus the design is safe and satisfactory.

1. Check for the bearing SIress in _J_f.f.la roller :

k -
= P"; ® . where A= 140 mm? from Table 4.5

We know that Troller

1507 = 1.5625

= 2
- 120 16.8 N/mm



Consulting Table 4 14, for smaller sprocket speed of N rp.m and pitch 15.875 mm

allowable bearing stress is 224 N/mm” Therefore the imnduced stress 18 less thap

allowable bearing stress. Thus the design is safe and satisfactory.

L Calewlation of length of chain (1) ¢
[*’I “'.!J | (z; - z)/ 2m |*
P rf{ I - I — ——

Number of hinks, f.r' 3 i
'
iy Centre distance 60
whiene "o T pitch T4 T
+ 61 (61 -27)/2x |2
1, = 2(37.795) + (%J p L = ?3!5 L 1203
= 122 links (rounded off to an even number)
+ Actual length of chain, L = [, = p = 122 x 15.875 = 1936.75 mm
13, Calculation of exact centre distance (a) :
"
We know that a = - E4 iM X p
" = Hto 27 + 61
where e—fpu[ E )=122-—[T]=?E
-2 )2 61 2742
and = | ——— = =
! M ( 2n J ( = J 29,28
_ 78+ 782 -8 x 29.28
a = 3 % 15.875 = 613.11 mm

Decrement in centre distance for an initial sag = 0.01 a = 0.0] (613.11) = 6.1311 mm
~ Exact centre distance = 613.11-6.1311 = 606.978 mm
' i#_. Calculation of sprocket diamerters :

Smaller sprocket :

Ped of smaller « = —2F
smaller sprocket, d, sin (1807 z,)
) 15.875 -
sin(180/27) = 136.74 mm
and Sprocket outside diameter, ty, = o, +0.8 d
where d. = Diameter of roller, from Table 4.5 = 10.16 mm

dy; = 136.74+0.8x 10.16 = 144.868 mm



. esipn aff Tramoniceion Spvtems

Larger sprocket ;
Ped of - & P | 5. 875
v ol Tnrger EPmLLLL d, s (1RO z,) sin | KIS 61
MRIK mm
and Sprocket outside diameter, dy, = o, + 084,

- B3R ¢ OB~ 1016 = 31651 mm
Example( 4.2 | The transporter of a heat treatment furnace i driven by @ 4.5 kW,

1440 r.p.m. induction motor through a(Chain drive with a speed reduction ratio of 2.4. The
fransmission is horizontal with bath type of lubrication. Rating is continuous with 3 shifts
per day. Design the c'nmp.l'ﬂe chain drive,

Given Data (N = 4.5 kW ; (N, F 1440 rp.m, i 2.4, e
To find : IJemgn the chain drive.
'@-S'ﬂfﬂﬂ:ﬂﬂi
- N
.| Transmission ratio, i = 2.4 (Given) - N, = T]_ = % = 600 rp.m

Tnﬁndz} From Table 43, gz, = 27 (for i=21t03) ischosen,
"T To find z, : 2y = ixz; = 24x27 = 648 = 65

=

Recommendedz, _ . = 10010 120. .. z, = 65 is satisfactory.

Sm:ufardpf.‘.r:& fp): Since the centre distance is not given, we have to assume the
I.mtml centre distance, say o« = 500 mm.

Weknow that @ = (30-50)p

a 500
Puax ™ 3¢ = 3p = 166mm

and Poin = % = % = 10 mm

From Table 4.4, in between 10 and 16.6 mm, a standard pitch, p= 15.875 mm is chosen
f?-_SEIminn of chain : Assume the chain o be simplex.
From Table 4.5, the 10A4-1 7/ R50 chain number is chosen,
E Calcwlation of toral load on the driving side (P ) :
Pr = Bt P-:'+ Ps

1620 N
‘I

(i) p, =

where N

1}

Transmitted power in kW = 4.5 kw {Civen)



Chatr ﬂ-f'f'IEF -

(nl P, =
From Table 4.5, m =

P, =
(1) p, =
From Table 4.6, k =

w =

p =
(iv) .. Total load, Py =
-i_-iftl'rﬁ:f factor : k=
From Table 4.7, ky =
From Table 4.8, ky =
From Table 4.9, k=
From Table 4.10, ky =
From Table 4.11, ks =
From Table 4.12, ky =

k. =

—

(9. Wo rking factor of safety

s

FSy = $74.19

- Velocity of chain in m/s

fxpxNy 27« 15875 % 1440 _ 000

60 % 1000 60 = 1000
EJ_r._"E{_:}_';;_;S = 446,19 N

."?J"I-’2

1.01 kg/m

1.01 {10.287) = 10688 N
ke w-a

6 (for horizontal)

mg = 1.01 x9.81 = 9908 NN'm and a=0.5m
0x9908x05 =2972N
466.19 + 106.88 + 29.72 = 582.79N

ku‘k:'*z‘h'*s"‘-'ﬁ

1.25 (for load with mild shocks)

| (for adjustable supports)

| (since we have used a = (30 to 50) p)

| (for horizontal drive) .

0.8 (for bath type lubrication)

1.5 (for continuous running i.e., 3 shifts / day)

12521 x1x]l=x08x1.5 =15

(8. Designload = Py x k, = 582.79x 1.5 = 874,19 N

_ Breaking load ) from Table 4.5
Design load

22200

= 25.39

From Table 4.13, for smaller sprocket speed 1440 rp.m. and pitch 15.875 mm, i
racc-mrpended minimum value of factor of safety (') is 13.2. Since the working factor ¢
safety is greater than the recommended minimum value of factor of safety, therefore e

dﬁlfgﬂ is Iﬂfﬂ' dnrnel Iﬂﬁ#wfy_r;;_
{0. Bearing stress in the roller : From Table 4.5, A = 70 mm?
o = D%k 44619x 15
A 70

= 8.56 N/mm?



4.0

{iggign of Transmivgion Sytfems

From Table 4.14, for smaller sprocket speed 1440 rpm and pitch 15875 mm the
allowable bearing stress is 18.5 Nimm? Since the induced stress 18 less than the allowable
hearing stress, the design is safe and savisfactory.

11, Actual length of chain (1) :

i {2, -2 )/ 2%
Mumber of links, | 24 4 (;—' 'T-EJ } L
f A F i,
iy S0
where a, = F = 15875 31,494
27+65)  [(65-27)/2x )
ly = 2(31.496) *( i R T
= 110,153 = 112 {rounded off to an even number)
Actual length of chain, L = [ «xp = 112 15.875 = 1778 mm

l" Exact centre disfance :

a= 3 X o
2+ 27+65) _
where e=fp—[ ] )=|11—( 3 J--ﬁ-&
(z3—2) |2 _(55—2?)3 _
and M = [ = :| = | %52=] =367
g = BHNOE_8x365T  \sers 51492 mm

4

Decrement in centre distance for an initial sag, Az = 0.01 a = 5.14% mm

Exact centre distance =

ﬁ Sprocker diameters :

For smalier sprocket : Ped

and  Sprocket outside diameter, dy,

From Table 4.5, d,
dyy

Fur lurger sprocket :

and  Sprocket outside diameter, dy;

]

51492 -5.149 = 509.77 mm

p 15875
sin (180 /z,) — sin (180/27)

= 136.74 mm

= d,+08d,

Ped =

]

Diameter of roller = 10.16 mm
136.74 + 0.8 = 10.16 = 14487 mm

15,873
sin ( 180/ 65)

d,+08d, = 32858+ 08 = 10.16
336.71 mm

g =
sin(180/2,) = 326.58 mm
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ilding 60 metres high and for

Example 3.1 | Design a\wire rape for an elevator in a bu

Sem.
& rare.  * fotal load of 20 kN. The speed of the elevator is 4 m/sec and the full speed IS T eached in
i 10 seconds. Gtire. it
53 Given Data: Height = 60 m ; w = 20 kKN = 20 x 103 N ;v = 4 m/sec = 240 m/min;
U = 10 sec.

To find : Design a wire rope.
@ Solution :

fﬂr hDHtrng pu.rpcrsl: So lets use 6 x 19 rope (refer Table 3.1).
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.- I'f alcwlation of dexign lond : Assuming a larger fnctor of safety of 15, the design levaed 1%
calkcu ated

Design load = Load to be lited = Assumed factor of salety
= 2= 15 - 30 KN

A Selection of wire rope diameter (d) ; From Table 3.4, taking the design load as the
breaking strength. the wire rope dinmeter 15 selected as 25 mm,
o d=25mm for a,_= 1600 10 1750 N/mm? and breaking strength = 340 kN

.[ Calculation of sheave diameter (D) : From Table 3.5, for 6 = 19 rope and class 4.

- = (fior velocity upto 50 m/min)
Since the given lifting speed is 240 m/min (= 4 m/s), therefore [, /d ratio should be
modified. Thus for every additional speed of 50 m/min, Dp,/d ratio has to be increased by
£%.

(]
A=

0

L

=

D.H:II
Modified E 27 » (1.08P~! = 36.73 say 40. |:

mi

The sheave diameter, D = 40xd = 40x 25 = 1000 mm
g Selection of the area of useful cross-section of the rope {4) : From Table 3.6. for
6 x 19tope, N =

A = 0442 = 0.4(257 = 250 mm’
E Calculation of wire diameter (d,) :

Wire di e a4
ire diameter, d,, 1.5 'J_J'
— Number of strands = Number of wires in each srrand

where i =
6x19 =114

i 5 T
w = 154114
E Si'fﬂ..'ﬂ:-r:fﬂ af weight of rope W) :
From Table 3.4,
Approximate mass = 241 kg/m
Weight of rope / m 2.41 x 9.81 = 23.6 N/m
and Weight of rope, W, = 236 =60 = 1416 N

- = |.5 mm

N Caleulation af I-"u‘-!-"'f'l?"""'f loads :
(i) Direct load, W, = W+ W,_ = 20000 + 1416 = 21416}
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(n) Rending load, W, = oA = "

5
_ “-“‘”1'[::}“" 136 550 = 32760N

[w+wq
a
g

[Take E,=0.84 x 10° N/ mmé|

i) Acceleration load, W, =
¥y =) 4-0
where a = Acceleration of the load = 1 =710
= (.4 m/s?
W, = (1————““2 ;IM'E’] 04 = 8T3.23N

(iv) Starting load (W) :
When there is no slack in the rope, starting load is given by
= 2. W;=2(W+W)= 2 (20000 + 1416) = 42832 N

9 Calculation of effective loads on the he rope :
(i)  Effective load during normal wurhng, W.n

i

W, + W,

21416+ 32760 = 54176 N
{iiy  Effective load during acceleration of the load, W, = W, + W, + W,

21416 + 32760 + 873.23
= 5504923 N
(iii) Effective load during starting, W, = W, + W,

= 32760 +42832 = 75592 N
( I ﬂ' Calculation q.||" working ﬁrcmr of safety (FS,) :

Breakmg load from Table 3.4 for the selected rope
Effective load during acceleration (W)

_ 340000
504923 -~ D176

Waorking factor of safety =

“H Check for safe design :  From Table 3.2, for hoists and class 4, the recommends

factor of safety = 6.

Since the working factor of safety is greater than the recommended factor of safert
therefore the design &5 safe.
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