Design of Machines and

Mechanical Systems
(PC-BTM711)

Module 6: Design of EOT Crane



Session OQutcomes

* Perform design calculations for
* Snatch block assembly
* Rope drum assembly
* Overhead trolley design



Loading to be considered in
design

- .
* Normal service 1
* Normal service with wind

* Crane out of service condition

e Exceptional loading
* Testing
* Erection and commissioning
* Collision



Loads for Normal Loading condition, Ry

* Structural parts
Ry = Max(R; + R, + Ry, + Rf,
\/\/—“/’ il
R,; = Dead weight ¢
Ry, = Hook load (Safe Working Load, SWL)
R,, = Dynamic load from acceleration/braking

R = Frictional forces
Hook load increased by impact factor

=

Rope design

v =Ry+Ry,+Ry+R &
m
é
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ouliz Loads for Normal Condition

Which of the following is NOT to be considered for to
calculate design load during normal loading

condition of ROPE?

1) Load due to acceleration of object being lifted

2) Impact Io%

3) Both of the above
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Allowable stresses (IS 3177)

» Applicable to all structural parts except wire ropes

&

uTs
Cdfcbf‘csf a

— | — —

Permissible stress, F, =

C4A = duty/impact factor from DDB T27.2
duty |DUB 127.2
Cp A = basic stress factor = 3.15 for normal loading
& Csr = safety factor = 1.12 for mild steel

SPCE-MED



Allowable Stress Factors (1S-3177)

Table 3 Values of Co-cfficient, Cor

(Clause 7.4.3)
Case of LondinL . @ £ !_I_[ and l_‘li
G @ 25 2.0

Table 4 Values of Co-efficient, C,;
(Clause 7.4.3) —

For otdinary grey cast iron or_for cast or 1.25
forged components where blow holes or
internal cracks can not -be detected,

1> For mild stcel Fe 310 and Fe 410 @g

For other materials ['e 44 and Fe 57, etc. 1.00

Qr CC-IVICUY



Allowable stresses (IS 3177)

* Pure tension ] 1.25}? < B
* Pure compression [ <@
Jc

* Pure shear :’@fs <@

* Tension+bending+shear \/(1.25]”,; + fpe)? + 3f2 B

* Compr.+bending+shear \/(fc + fpe)? + 3fF <@

I

—
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Construction of wire rope gt
| 5

WIRE ROPE C -1 } &Y
= | Do a0 el

(a) Wire rope with fibre core {b) Wire rope with steel core

* Made from_cold drawn and “'““m“"ﬁ"‘ﬁ‘nan‘g.;:a;....‘.:...;..m,mmzr
specially heat-treated-steel 'l-\ T s
- L B ~ 1570-1960
wires with UTS= 1300-_ — s

2 O OO IVI p a Table 27.11 By(gl‘;d and mass for 6 x 37 (18/12/6/1) construction wire ropes
9, .. )

w 1Ye4 P'J”

(a) Wire rope with fibre core (b) Wire rope with steel core

e
Appro: mass Minimum breaking load corresponding to tensile designation of (kN)

[ J
e - 1570 1770 1960
iipre core | Steel core | Fibre core | Steel core | Fibre core | Steel core | Fibre core ] Steel Core
e |S 22 rovide(reakin 21 | | 0 | o2 | B L% LT S
< o 28.0 308 37 0 | a2 | 4 A .
strength of wire ropes s [ w [ e [ w0 | m | % | % | @
- 419 46.1 56 60 63 68 78 1
<« — - S (Contd.)
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Left-hand ordinary lay (LHOL) wire rope (close-up).
Right-hand lay strands are laid into a left-hand lay

rope.

Right-hand lang lay (RHLL) wire rope (close-up).
Right-hand lay strands are laid into a right-hand lay

rope.



ouiz Designation of wire rope

Rope designation 6x19 indicates

1) 6 wires, 19 strands

Ao wirsf g strand

3) None of the above
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Rope Design /ku.mru

e B T e nom
'Rc:pe area,i = @A e 0.4 X 7 d? (d = nom. dia. of rope)
n Dpmin d

F = load per rope fall F
o,= UTS of ' |

= (FOS from DDB T27.12) X Impact factor '
Awire ¥ & . - 0‘"

1 41157 where [ = number of wires F"—
L' = corrected Young’s modulus of wire |

= 76,000 MPa for 6x37 rope (Refer Bhandari Textbook)

w functioa of the namber of bends fn the sysiem 3 .
Q//" 2 ey M

N°-°f|z45678910111213141516

bends 8

= ' e
25 265 28 30 31 32 @34 35 36 37 315 3%

—

D_.d| 16 204

SPCE-MED 11



EOT Crane Design Specification

Specification for EOT crane is given as follows
e Safe working load (SWL) = 100 kN
e Lift=10m

Number of rope falls = 4

Service = heavy duty foundry work

Number of hours in service = 3500 per year

Hoisting velocity = 10 m/min

Braking distance for hoist = 90 mm

Trolley speed = 25 m/min

Design following parts

* Rope
o Cnatrh hlnpk

* Rope drum
e Trallay,



Parts of EQT crane

Pendant

track

Trolley

Controller festoon /

track

Pendant

Trolley
festoon

Pendant . .
cable

Pendant . '

Trolley
drive

Downshop conductors

Trolley
frame

Upper block Idler girder

Trolley

Trolley bumper Bridge rail
o End stop

Bridge
Roller wheel
Bridge drive

Endtruck Endtruck

bumper
Runway Bridge
rail Drive wheel

4
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@ l\fgrmo«l Seoxvice (oad Calculat an (Rar)

Dead Wehbogp ovorponen® on hoisheg Mrechanicns

->(G-—f 0. }ﬂj M/J,J

k/ﬁm = @ ad ’Gﬂm A Laxce (ew &> ..—-@5{@
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Clag g, Cront = <4 (DPB T 24.2)
Io?'\}yacl- locor = ' Y4 [— 01— D

fg/feﬁr’ = Kh){' I)")"W}Jﬁrfl— ﬁ:‘w/’m" — J_EEX,,?—;J/?O,QAJ

\/g;fn = |00 kd‘d>

Noym af copvice [oad

R = Max ( 5+100+]68 +2
(\COY spudhrval }Oar/f"g)

*Fm’ Ylf{ﬁi
CE’G\DWFE = 108465 KN

@.{




@ Seleckon oFf yope C—Pﬂ 4‘7‘:&“ )
| $Y5
Ne= Number oF alls .—_—@ (pven)

— K )vope L. 03[‘5’-
Load por fail = F = ! N%f-P@_ in}xa 94
= [28.9 kv ]

Num b ev "ﬁ Ioﬂﬂdj = Nfo = Numbeor d,c pumé' Whert rope Yuns- aﬁf;ff

2
£-C
;-

Fox Es‘f-afahshirfj fadors we assume 4X37 VG*I%TY ar

D2

f




oulz Load per fall in wire rope

Load per fall in EOT cranes is

1) Same in stationary and moving conditions
\/Zytfifferent in stationary and moving conditions

3) None of the above



Prea of- Tupe

T~
p= — T
( ﬂ Dmm)@D
W hexve

F = (ocd per fall :M Y
Ty = UJMO]N\P:\ (DDB2%-11)
n= (Fo$ fromn DDB Tzf?f.zg)x_l__i__«_
= .0 X 'Y
(0]
- 273

Din, ~-—- Refer tabl on
a s(/de

fw _ 1 = ]
d I'S.\rg. v | = ﬂﬂ'a?‘wm

|

e

L =6X3r =22
=l0.0 b4 H

/

E!: {BWC’(}}J ‘{guﬁj’_{ mad’c}f@m

:—f%/ 000*7 (E}\andan* Je xfbaok
Table 25-7)

P

mFo

Selected 1ope fepm DDB T 237/
‘
= mm 6 X3 7‘"@_?&1
Q‘-?é‘ﬁ J"{]Pa>:‘j_)

g et



ouliz Ratio of pulley and rope diameter

Ratio of pulley to the rope diameter should be

%arge to reduce bending stresses

\/})/I_arge to achieve higher fatigue life

ﬂB/oth of the above
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Corrected Young’s Modulus for

QUIZ Rope

Corrected Young’s modulus for wire rope is

1) Smaller than that of the rope wire material
2) Larger than that of the rope wire material

3) Smaller or larger than that of the rope wire material



@ ?/Qfﬂgwﬂb[@ shrsses OQY Shuchn Fal quyl-; on per 1S-31723

Pormissible shvgs  Fo = UTS
Caf x Cop x Csy

UTS = 600 mt (ﬁyh'el, DDBTZ %)

< —
=Rty o] impack pctor = |4f (208
Cor = Banic shew Sador
= 9.8 fox nhormad Loaclr?‘j
Cst = Cafely Lackw based an praleriad Hype

= |2 foc mild steel (153133, T4)

66O
F: - — I AR
: ILI X,?.lf)(),]z Uz’ fm:lg ]

\




Permissible Stresses for Structural

QUIZ Parts

Factor Cbf (basic load factor) depends

on
Fo— _ UTS
1) Nature of service S CafCpfCst
k/Znype of loading condition T

3) None of the above
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Snatch block

https://suppliers.jimtrade.com/167/166387/snatch block assembly hooks.htm http://www.eotcranemanufacturers.net/5-ton-snatch-block-78061@ html#prod img
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https://suppliers.jimtrade.com/167/166387/snatch_block_assembly_hooks.htm
http://www.eotcranemanufacturers.net/5-ton-snatch-block-780610.html#prod_img

Design of Snatch Block
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/Vom"a!

Lifting Hook (IS 3815) " led  _ o

o
< EAD
3 52 : THREA g?os Shuchmna
~ 3 2E Cc ~ min a = "'i £EX | .
AE)£5 (P / Lf.g’f/ws
0.5 1 27 A = 275C 15 M4
3 B = 13IC 12 MR
D = 1.44C
! 2 B E = 125C 20 M &
3 F = C 20  MIs =
H = 093C : = 511 c
2 4 53 ] = 035C 0 M2 s :
46 K = 092C 25 MM Z
L =07C 512
2 6.4 65 M = 06C 35 M33 3 unceacur
59 N=12C 30 MM O c
P =05C < :
5 10 85 R =05C 45 M oo N
73 U=03C 40 M0 | N 3
Z = 0.12C 4 z
3 16 107 ‘ 55 MS2 : o M H
93 50 M4 + o
10 20 119 60 M60 « J RIS c/r
104 55 MS2 - :
225 14 o 0 M68 e R N
— PN
Ju? 116 60 Mo / ' | 3
16 32 151 g0 Qw76 @
\-—-\m - < z
20 40 169 » 85 Mgo 6
' 147 80 MM 6
25 50 189 . 100 MW 3
164 85  M80 6
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() Hook Deugn ﬁgp
= |45 kKN = /48 fon

Hop k(oo
From TS 3215, (we selech hoo K 3tAr SW = /6 %"WS

let Thvead size = m%xg,&

Thyead calculgHong

Novenal sovvuice boad = R = (45" knd
Lok weight of ook & tackle = 01 Ry = ]b,5 RN
- _ /59,5 knl

Lood on hook dhreods = Go=|yy + /45 =

Thwread core diamelec (approx), d, 2 Major dia: —2p

mim

——
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