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Abstract

In this work, a static, modal and harmonic analg$ia column mounted jib crane using ANASYS softever
presented. A column mounted jib crane of 1.5 Tawecity is modelled using CATIA which is importeda
ANASYS where calculations are performed. The dethidlrawing of various parts of the crane is obthine
from TATA Advanced systems Ltd (TASL) Adibhattalaije, Hyderabad. The deflection values, Von Misses
stress etc are obtained using the static analykis.hand calculations of the column mounted jitmerhave
been done using simple strength of material expessThe deflection is obtained as 3.709mm, winen t
load applied is 1.5 tons. The maximum stress obthia 147.8Mpa which is less than the allowablesstr
The static stress was found to be within the liroftsafety. The model analysis shows the natuesjudencies

of the crane to be in the lower range 0-10Hz. Tmeldmental frequency is found out to be 0.323589AHz

the other higher frequencies are also found todsg low making the jib crane less stiff and hightgble for
any transient loading. The harmonic analysis i$gpared with a view to predict the performance & thane

if a cycle time dependent load is allowed to acthattrolley. For this hypothetical situation, then-mises
stress and displacement along the z-directions wet@ned using ANSYS. The maximum von-Mises stress
of 60Mpa occurs at fundamental frequency of 1 Hae Thaximum z-direction displacement of 5mm was
observed. These values indicate that the columnntedujib crane is safe to operate under the loatl. ®f
Tons under static and cyclic time dependent loégts a

Keywords: JIB CRANE, ANSYS, CATIA.

1. Introduction

A jib crane is in effect a monorail that is cantdeed from its supporting members and pivoted at emd.
The horizontal beam provides the track for the thin@dley. Jib crane have three degrees of freeddmy are
vertical, radial, and rotary. However they canredah into corners. They are usually used whereigcts
localized. Lifting capacity of such cranes may vaagm 0.5 ton to 200 ton and outreach from a fevterseto
50 meters. Such cranes find various applicationsoirt area, construction site and other outdoorksioFor
handling general cargo, lifting capacities usudllg ton to 5 ton with maximum out reach of 30 metdib
crane provided with grabbing facilities have usgpallcapacity ranging from 3 ton operating 50 to t@6les
per hour. Lifting heights may be 30 meter or mdib.cranes used in ship yards for lifting heavy hiaery
equipment, weighing 100 to 300 tons, are usuallyumed on pontoons [1]. Frequently, these cranes are
provided with two main hoisting winches which candmployed singly or together to lift a load. Fantiling
light loads may hand auxiliary arrangement localjzeuch as in machine shops. Column mounted jibesra
are commonly used in packaging industry. The siz¢he crane can be visualized from the height & th

operator. These cranes are used for hoisting Gptda loads.
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2. Material type

The material is considered is structural steel MSA36 steel [2] in this work, static, model, and
harmonic analysis of an EOT using ANSYS has beetiopmed. The model was prepared using CATIA
software, and imported to ANSYS. The model is theshed using 3-D solid elements (Solid45).

3. Manual Design of the partsof a JIB Crane

A column mounted jib crane consists of followingtéhict part, viz., (i) jib (i) Post (iii) Base f&a
(iv)Tie rod. Figure (1) shows the various partsh# jib crane .the jib crane consists of a basehvis fixed to
the ground at the bottom. The bottom side of ppsbinnected to the ground with the help of a figepport.
The motion of the trolley is derived from an el@ctmotor mounted in the trolley itself. The whegis on the
flanges of the ‘I’ sectioned jib along the lengfithre jib.

The trolley consists of hoisting machinery whickses or lowers the load by connecting it with akobhe
load hook has three separate motions, these béimg$oisting, longitudinal traverse of the trolleand
swiveling of the crane through 180 degrees. Eactiomds controlled independently of the other motidoy
separate controllers situated in a control cage arsuitable position for controlling from the dloby pendant
chains.

POST

BASE PLATE

Figure 1: Various parts of a Column Mounted JIB Crane
3.1 Design of Tierod:

The tie is inclined at an angle of’@ the jib and is attached at a point 2.5 metensitthe center line
of the crane post, thus allowing a clear radiug.6fmeters from the buckle, for facility in erectias well as to
take up any adjustments due to faulty workmanghiigo it is assumed that no fixing moment is exexadhe
jib by the crane post-in any case such moment wbealdxtremely small in this design. The maximundloa
the tie will occur when the hook block is at théreme of our position i.e At 2.5 meters radios. Wirey the
triangle of forces we get tension in the tie as680,N. and compression in the jib=25980 N approx
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30000N

Figure 2: Resolution of Forces on the Tie-Rod (using AUTOCAD)

The weights of jib, tie rod and the trolley haveebaeglected for the time being actual loads vélichecked
later on when on some dimensions have been assigribdse parts. A round tie bar of M.S havingupper
end forged into the shape of an eye for pin jomfproposed for attachment to crane post. A maximum
permissible tensile stress of about 60 Nfmwould be allowed in all structural members. Invsimotion hand
cranes an important allowance of 15 to 20% mustllogved

In other words, all the actual wiatkloads and stresses in various members of thetste should
be increased by 30 to 40% to get their equivaltaticsvalues. A factor of safety of 4 should bevattd then
on these static values on basic of ultimate stresget the maximum permissible working stress. $8pp
actual working load in certain members is 1000 Nef its static value after allowing 40% impact fact
would be 1200 N. Tenacity of M.S=350 N/rmmapprox(static), or 350/(4*1.4)=62.5 N/rrfdynamic), if the
calculations are not complicated due to the intotida of the “impact factor"

Cross sectional area of the bar required=30000/62.5
A=480 mrhapprox.
A=480 mrh
(I1/4)*D? =480 mn3 1)
Therefore D=24.72 mm, D=25 mm,
This diameter is at the bottom of the thread.
Core diameter =25 mm,
Full diameter =25/0.85 mm, say 29.41mm,
Therefore the diameter of the tie rod required r80.

3.2 Design of JIB

The maximum bending moment on the jib occurs wihenldad is at the free end of the jib which is &5
from the fixed end. The shearing force will be Q0N only and may not be taken in to consideration.

Max Bending Moment

= WL = 150000%2500 = 375,08@N-mm 2
Allowing a maximum permissible bending stress adiganm’.
37500000
Section modules of jib required=—"—"—"— 3)
165

=227272.72mrh
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A rolled steel joist will be most suitable for tldesign. The load trolley will run on the inneréagd surface of
the lower flange.

In the design of electricddrand operated cranes and crane gantries and yareta it is most
important to check the deflection of the beam aindiegs so that they do not exceed certain prestiibpat. If
the deflection of a girder (on which the trolleys) is more than prescribed limit the trolley viié obstructed
in their passage or probably inclination of thekréo the horizontal will be increased, there byrenpower(or
force) will be required to drag the load trollepmd) the girder length. This will also create a eaghnt jerky
or surging B.S.466, clause 18, restricts the defiecof a crane girder at the point of its Max. B.Mo the
following limits.

For bending stress intensity of 124N/fam

L
The ratio of span/girder depth Ee 4)(
SPAN
Should be 7.67 mm to get a maximum deflection-gfz?. [3] (5)

A reference to ISI hand book for structural engise “structural steel section “ shown that deptimearest
std. R.S beam is either 300mm or 400mm. eitherGB@® x 165mm section or 400mmx165mm. section, the
moment of inertia,x being 8603.6cfhand 13630.3cfnrespectively. The section modulug, Zn each case
will be 8603.6/17.5 and 13630.3/20 i.e. 752 and @&pectively. But we do not require a section nhaslof
more than 17.5 cfrif such bulky sizes of 400x165mm; or 350x165 mirdeys are used, They will not only
be wasteful of material but will also increases rienufacturing costs unnecessarily and use lesghivi the
component of the crane. Try a 225mmx100mm. R.SnBaad limit the compressive bending stress intgnsit
to 63N/mnf approx. so that the ratio of girder length/widfrcompressive flange should not exceed 45:1 in
the present case the ratio will be 250/10 =25:Ictvig O.K.
And, maximum permissible compressive stress
k=R [1-0.1x (I/b)] (6)
=165[1-(0.1x0.25)]

=124 N/mnf.

The section modulus required at 124N/mm
stress =375, 00,000/124
=302419.35mfmpprox

The actual section moduusf a 225mmx100mm R.S girder having a weight abRgf/meter
length 2502/10=250000 approx checking the deflectiowill be observed that the ratio of I/d, forstress
intensity of 124N/mrh should be 13.0 to given a deflection of span/1586tual ratio of I/d, if a
350mmx100mm R.S beam is used, is 300/22.5=14.7s Tdtio will serve our purpose; therefore adopt
350mm. 100mm, 23.5kg/meter length ISMB 350 R.S bé&anthe jib .when the trolley is at the outer esfd
the jib, the jib will be in the compression undesteess of 25980N, and under a shearing force @QA8. The
cross sectional area of the beam being 6671 iftange enough). The compressive or shear streagth
principle stress need not be investigated.

wi3
3ET

The deflection of the jib a free end is given as A=

(3] ()

Where W=load acting on the jib =15000N

35

9

K Suresh Bollimpelli, V Ravi Kumar LURAME



Vol.3 Issue.1,

January 2015.

Pgs: 32-52

L=length of the jib =2500 mm.

E=young’s modulus of jib material =2x18/mn?.
I=moment of inertia of jib section =1363030000 fnm
Know substitute this in the formula

ThenA =2.86 (Apporx).

3.3 Design of the post:
The length of the @apost between the upper brackets and fixed sugmbras a

beam, and the tension acts as an inclined contedtfead. The beam is subjected to the loading as
shown in fig.3.3.1 taking moments about bearingkea A,

25980 Tension in Tierod=30000N

Compression in JIB =25980N

Figure 3: various forces acting on the post (using AUTO CAD)

(25980x10)+ (Bx235)=25980x%215.0 (8)
B=236583.82N approx
Similarly taking moments about bearing bracket B,
(25980%20)+(A%x235)=25980x%225 or
A=(25980x225)-(25980%20)/235
Reaction force at A=22663.40 N approx.
Max B.M negative at L.H side
=23658%x10=23658N-cm.
Max B.M positive at R.H side
=22663%20=45326N-cm.
=532600N-mm.
Allowing a max permissible stress of 94N/sq-mm,
Section modulus Z of crane post required =45326/940
=48.22crhapprox
=48220 mm
For a CIRCULAR cross section

z=60° = 21205.75m
Moment of inertia of post’;:?—q*GO4 =636172.51mth

Designing of the post for deflection
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242 PL3
Max deflection= = 4.56MM 9)
272 x+/3 XEI

The nearest standard size of circular cross seofigimmeter 60 mm is used. In addition to the megdtress,
a direct compressive stress or thrust is inducedarcrane post whose value is 1.5tons (1500 kg).
Cross sectional area of 60 mm, circular rod=282#

Actual stress intensity due to direct thrust=1508077.4 (20)
=5.3051N/mA{approx)

Actual bending stress intensity =4532680/21205.75 (12)

213.74/mrf (approx)
Total stress in the crane post
=213.74+5.305=219.05 /fhapprox) will do.
The diameter of the crane poshiwithe bearing may be reduced to 65 mm. The maxinoad on

1
each bearing is 236583N approx. allowing a beaength of 15 times the journal diameters, the length of

each bearing adopted 65x1.5=98, say to 100mm.

23658
Bearing pressure=——— =3.6396N/mrh of projected area. (12)
65x100

Though the barring pressure appears to bh, higt the motion of slewing will be slow and very
intermittent, and for this reason it may be allowmdvided suitable oil holes or grease cup or mippre
allowed for in the bearing brackets..

3.4 Design of upper bearing bracket:

The reaction of the bearing 23658N will acts aswshin opposite. This force produces a direct hariab

tensile stress of 23658/4=5914.59pprox per bolt using an 18mm diameter bolt, theiimam tensile stress

3914

intensity =——— 23:24N/mnf approx (O.K 13
y{1s]2xu.?854 pprox (0-K) (13)

The rest of dimensions of C.| bearing bracketshasvsopposite can be developed the drawing sheet.

3.5 Design of lower bearing bracket

The horizontal reaction in this case acts in thposfie direction: i.e towards the wall column thés
therefore, the tensile stress induced in the lwhlesto the vertical thrust of 20000 on the bradaath will be
under a direct shear of 20000/4=5000N.

. . 3730
Shear stress intensity =———— (14)
0.7854x1872

=14.73N/mMnA\pprox (0.K)

As the size of G.M bearing bush is exactly the samthat top for the top bearing bracket the saastéirgg can
be used for the lower bracket.
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4 CATIA Mode of JIB Crane

Column Mounted JIB Crane model produced using CAVEAR17 [4]

Figure 4. Final assembly of column mounted jib crane
5 Results and Discussion
5.1 Static Analysis
Importing of CATIA V5R17 file into ANSYS workbencR14.5 [5]
Model (A4)

Geometry:

Table 1: Model (A4) > Geometry

Geometry
State Fully Defined
Definition
Source C:\Users\ome\Desktop\part123.igs
Type Iges
Length Unit Meters
Element Control Program Controlled
Display Style Body Color
Bounding Box
Length X 0.6 m
Length Y 3.6663 m
Length Z 3.705m
Properties
Volume 0.29885 m3
Mass 2331.1 kg
Scale Factor Value 1.
Statistics
Bodies 1
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Mesh:

Active Bodies 1
Nodes 64968
Elements 35325
Mesh Metric None
Basic Geometry Options

Solid Bodies Yes
Surface Bodies Yes
Line Bodies No
Parameters Yes
Parameter Key DS
Attributes No
Named Selections No
Material Properties No
Advanced Geometry Options

Use Associativity Yes
Coordinate Systems No
Reader Mode Saves Updated File  No
Use Instances Yes
Smart CAD Update No
Attach File Via Temp File Yes

Temporary Directory

C:\Users\ome\AppData\Local\Te

Analysis Type 3-D
Mixed Import Resolution None
Decompose Disjoint Geometry Yes
Enclosure and Symmet

. Yes
Processing

Table 2: Model (A4) > Mesh

Object Name Mesh

State Solved
Defaults

Physics Preference Mechanical
Relevance 0

Sizing

Use Advanced Size Function Off
Relevance Center Medium
Element Size 2.e-002 m
Initial Size Seed Active Assembly
Smoothing Medium

mp
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Transition

Fast

Span Angle Center

Coarse

Minimum Edge Length

1.4013e-003 m

Inflation

Use Automatic Inflation None

Inflation Option Smooth Transition
Transition Ratio 0.272

Maximum Layers 5

Growth Rate 1.2

Inflation Algorithm Pre

View Advanced Options No

Patch Confor ming Options

Triangle Surface Mesher

Program Controlled

Advanced

Shape Checking

Standard Mechanical

Element Midside Nodes

Program Controlled

Straight Sided Elements

No

Number of Retries

Default (4)

Extra Retries For Assembly

Yes

Rigid Body Behavior

Dimensionally Reduceo

Mesh Morphing

Disabled

Defeaturing

Pinch Tolerance

Please Define

Generate Pinch on Refresh No
Automatic Mesh Based Defeaturing On
Defeaturing Tolerance Default
Statistics

Nodes 64968
Elements 35325
Mesh Metric None
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Figure5 Meshed part of a column mounted jib crane
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Figure 6: Load applied on column mounted jib crane
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Figure 7: Displacement along the x-direction

PW
00 LIt 2000y hy
I

0500 1500

Figure 8: Displacement along the y-direction
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Figure 9: Displacement along the z-direction
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Figure 10: Von mises stress
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Figure 12: Total Deformation

5.1.1 Material Data
ASME A 36 Steel [2]

Table3: ASME A 36 Steel > Constants
Density 7800 kg m™-3

Table4: ASME A 36 Steel > Isotropic Elasticity

44
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Temperature ( Young's Modulus P| Poisson's Rati Bulk Modulus Pe Shear Modulus Pa
2.e+011 0.32 1.8519e+011 7.5758e+010

5.1.2 Results:

Figure 5 to 12 shows the displacement along thye and z-directions, von mises stresses and voasmis
strains when the load of 1.5 tons is applied afrtae end of the jib. The maximum deflection carsben to be
3.507 mm over a span of 2.5m. The displacemeridrxtdirection is 2.72 mm, and the displacemerthény
direction is 3.57mm and the displacement in tharection is 0.25mm. The maximum von mises stress is
156.8N/mnf and the von mises strain is 0.00785. This is founble acceptable for the operation of the jib

Crane

5.2 Model Analysis

Importing of CATIA file in to ANSYS Workbench

. 1373
] 011508
. 0.095381

0.075705

0.055029
. 0038352
0.013676
0 Min

L'.
0.000 1,000 {m) i
[

0.500

Figure 13: Model 1
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0.500

Figure 14: Model 2

0500

Figure 15: Model 3
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01821
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. 0.091051
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Figure 16: Model 4

0.40368

. 03632

. 030275

. 026229
020153
015137

H 010092
0050458
0 Min

L_'_.
0.000 1,000 (m) v
—_—

0.500

Figure 17: Model 5

5.2.1 Results:

Figure 13 to 17 shows the first five model shapiethe jib crane. For model 1the frequency is 0.2825and
displacement is 0.177mm. For model 2 the frequés€y18Hz and the displacement is 0.63 mm. For ®de
the frequency is 0.20 Hz and displacement is 0.84. fior model 4 the frequency is 0.24Hz and the
displacement 0.41 mm. For model 5 the frequenc@.26Hz and the displacement is 0.41mm.These low
frequencies indicate that the crane is not veffatid hence it is stable in operation.

5.3 Harmonic Analysis
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Model (C4) > Harmonic Response (C5) > Analysis Settings

Object Name Analysis Settings
State Fully Defined
Options

Range Minimum 0. Hz

Range Maximum 10. Hz

Solution Intervals 5

Solution Method Mode Superposition

Cluster Results No

Modal Frequenc

Range Program Controlled

Store Results At Al

. Yes
Frequencies
Output Controls
Stress Yes
Strain Yes
Nodal Forces No

Calculate Reactions Yes

General

. No
Miscellaneous
Damping Controls
Constant Dampin

. 0.

Ratio
Stiffness Coefficien Direct Input

Define By

Stiffness Coefficient| 0.

Mass Coefficient 0.

Analysis Data M anagement

Solver Files C:\Users\OwnenAppData\Local\Temp\WB_OWNER-
Directory PC_3272_2\unsaved_project_files\dpO\SYS-2\MECH\

Future Analysis None

6. Solution:
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Total o . Equn_/alent
Type . | Directional Deformation Elastic
Deformation .
Strain
Orientation X Axis | Y Axis | Z Axis
Coordinate Global Coordinate System
System
Results

Minimum | 0. m -2.6286e1-8.4173e1-4.7465¢- 0. m/m
' 003m |003m |002m '

4.7628e-002| 2.2296e-|8.4786e-|6.6611e-|0.12174

Maximum | 003m |003m |003m |m/m

Infor mation

Reported

10. Hz
Frequency

Above process is applied for the various frequendéie examples 1Hz, 2Hz, 3Hz, up to 10Hz .we get th
values for various x-directional displacement, gediional displacement, z-directional displacemeoiy-
mises stress and von-mises strain. These valugdaited in graph.

06

e T\
LN/ \
\/ \\

0; L‘

0 2 4 6 8 10 12

Displacement(mm)

Frequency (Hz)

Figure 18: Displacement along the X-direction
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Figure 19: Displacement along the Y-direction
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Figure 20: Displacement along Z-direction
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Figure 21: Von Mises stress
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Figure 22: Von Mises strain

7. Result:

Figures 6.1 to 6.5 shows the graphs between Xlatisment Vs frequency, Y displacement Vs
frequency, Z displacement Vs frequency, Von Midesss Vs frequency, and Von Mises strain Vs fregyen
The harmonic analysis is performed with a view éofrmance of the crane if a cycle time dependead lis
allowed to act at the trolley. For this hypothatisituation, the Von-Mises stress and displaceratnig the
z-directions were obtained using Ansys. The maximdom Mises stress of 60Mpa occurs at fundamental
frequency of 1 Hz. The maximum X-direction displaest of 0.52 at 7Hz and the maximum Y-directional
displacement of 1.8mm were observed at a frequeh&Hz and the maximum Z-directional displacement o
5mm was observed at a frequency of 1Hz and themmani strain is found to be 1.9e-5 at a frequencyHH.
These values indicate that the column mountedrgine is safe to operate under the load of 1.5 Toaler
static and cyclic time dependent loads also.

8. Conclusion

The static, model and harmonic Analyses of a Colunaunted jib crane have been performed as
per the required load conditions. The model isiokthfrom TATA Advanced systems Ltd (TASL), Adibteat
village, Hyderabad.

The static analysis performed dngiane yielded a maximum von-Mises stress of 16687
which is the Yield stress limit of the material eko (250 MPa). The results agreed very closely héthd
calculations performed by assuming a simplified elod

The model analysis is provided information regagydthe natural frequencies of the jib crane. The
fundamental frequency is found out to be 0.2825aHd the % mode has a frequency of 0.26Hz. These low
frequencies indicate that the crane is not veffyatid hence it is stable in operation.
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The harmonic analysis is parfed with a view to predict the performance of¢hene if a cyclic
time dependent load is allowed to act at the tyol®r this hypothetical situation, the Von-Misst®esses and
displacement along the z-directions were obtair@dguAnsys. The maximum Von-Misses stress of 60 MPa
occurs at fundamental frequency of 1Hz. The maxindisplacement in the direction of the applicatiétoad
is 5mm. These values indicate that the column nealijib crane is safe to operate under the load®fTbns
under static and cyclic time dependent loads dtsmay be concluded that the column mounted jimeris

safe for operation up to 1.5 tans
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