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1. OBJECTIVES AND SCOPE OF THE WORK

Objective of this project is to evaluate the stress levels in the Pit Viper - 235 Mainframe by performing
Pre-load analysis which involves pretension analysis of bolt to simulate the bolted or assembled
condition of bolt & studs and to carry nonlinear analysis of PV-235 Mainframe assembly for the self-
weight of the mainframe with all the weights attached to it and the Tower inHorizontal position.
Below are the some of the scope of the current thesis:

» FE model preparation of PV-235 Mainframe using HYPERMESH.

» Applying Loading and boundary conditions using ANSYS.

» Pretension analysis of bolts and self-weight analysis of the mainframe using ANSYS.

» Result’s interpretation using ANSYS.

2. FINITE ELEMENT ANALYSIS PROCESS

Outline of Finite Element Analysis Process is given in Figure.1.0 Finite Element Analysis process can
be put into two different objectives. First one is design analysis stage and second one is design changes

based on the analysis carried out.
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Fig.1.0: Outline of Finite Element Analysis Process
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2.1. Physical Model of the PV235 Mainframe
The PV235 Mainframe is a completely bolted or used studs for joining cross member as represented
in Figure 1.1. Complete Mainframe is made of ASTM A36 SS. The mechanical properties of the

ASTM A36 SS are given in the Table 1.
Table 1: Mechanical properties of ASTM A36

SI.No Material Yield strength Modulus of Poisson’s Density
(PSI) elasticity (PSI) ratio (Ib/inch?)
1 ASTM 36300 2.9 x 10’ 0.3 0.283
A36

Density of the Mainframe is calculated to match the mainframe self-weight of 21928 Ibf.Density)|

= 9.15e-4 Kg/inch®

3. FINITE ELEMENT MODELING DETAILS
Figure 1.1 give the FE Model details of PVV235 Mainframe along with the component considered for the
analysis. Here most of the components and meshed with solid or shellelements based on the requirement

of the analysis. Bolting region is completely meshed with solid elements as shown in Figure 1.2.

Tower Support

Brackets

1st31d and 4™ Cross
Members

274 Cross Members

InnerJack
Tubes

Main Channels

Jack Tubes

Upper Support

Fig 1.1: FE Model of PVV235 Mainframe with component description and modeling details.
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ottom Plate

Bolts

Main Channels

Studs

Fig.1.2: Bolting Details in the 2nd Cross member of PV-235 Mainframe

Connectivity used for PV235 Mainframe:

» Node to Node connectivity between Main Channels and Bolts.
» Standard contact between Main Channels and Bottom Plate.
» Standard contact between Main Channels and Side Plate.

> Bonded Contact between Main Channels and Stud Head.

» Bonded Contact between Bottom Plate and Bolt Head.

3.1. Elements used in Finite Element Analysis of PV235 Mainframe
Below are some of the elements used for this analysis and description of which can be founding
ANSY'S user manual

» SHELL181, 4-Node Structural Shell.

» SOLID185, 3-D 8-Node Structural Solid.

» PRETS179, Pretension element.

» CONTA174, 3-Dimensional 8-Noded Surface-to-Surface.
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» TARGE170, 3-Dimensional Target Segment.
» MASS21, Structural Mass.
3.2. PV-235 Mainframe Boundary Conditions

In this theses Load case 1 is analyzed and reported, and below are the boundary conditions applied for the
mainframe. Figure 1.3 gives the overall boundary conditions applied for the P\V234 mainframe whereas the end of
jack is constrained in all the translational direction meaning in all the X, Y and Z direction and allowed to have
rotation degrees of freedom. Figure 1.4 gives the Constraints at jack, here the constraints is applied only on the
1.125” diameter (surface is flat).

Constrainedin3
translational directions
(X,Y,Z) only.

Constrained in 3

translational directions | o .
(X,Y,2) only. Constrainedin3

2 translational directions

(X,Y,Z) only.

2

Constrained in 3 translational directions
(X,Y,Z) only. But allowed to have rotational
degree offreedom

Fig.1.3: Boundary Conditions for PV235 Mainframe

Here the constraints willbe applied only on the 1.125”
diameter (surface is flat). The tapered face will notbe
considered for constraining.

NOTE: Web kind of construction
_a4—will be done and connected to top
halfof the clevis

Fig.1.4: Constraints to jack for PV235 Mainframe
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Complete loading summary for the PV235 Mainframe is given in the below table 2

Table 2. Loading summary for the PV235 Mainframe

SL No Description Weight Weight inN Comments
(inlbf)
1 Rob Weight 8000 35584 Applied as reaction on
2 Tower weight 23581 104888 tower support
3 Lube 450 2002 On bolt holes
4 DHD 1200 5338
5 Dust collector 2500 11120
6 Coolerl 1500 6672
7 Cooler2 1500 6672 At Mainframe base and
8 PUMp 1000 4448 Mainframe _mounting
9 Engine 6500 28912 location
10 Airend 2500 11120
11 Mainframe base 1944 8645
12 Receiver 1000 4448
13 Fuel tank 5700 25354
14 Water tank (Belly) 7520 33449
15 Water tank (Deck 4400 19571
mounted)
16 Cab Weight 4500 20016
17 Tracks weight total 28320 125967
Total Weight 102115 454206
Total rig Working weight 138000 613824
Mainframe self-weight 21928 97536
Non attributed mass 13957 62082
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4. RESULTS AND VALIDATION
4.1. Results of Load step 2: 1G Analysis Results
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Fig.1.5: Overall displacement the PV235 Mainframe for Load case
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Fig.1.6: X and Y direction displacement the PVV235 Mainframe
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Fig.1.7: Z direction displacement the PV235 Mainframe
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Fig.1.8: Von Mises stress Plot for PVV235 Mainframe
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Fig 1.9: First Principal Stress Plot for PV235 Mainframe
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Zoomed plot taken by rotating the component
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Fig.2.0: Third Principal Stress Plot for PV235 Mainframe
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4.2.Results tabulation
Table 3 and 4 gives the results in tabular form for the Load step 1 and Load step 2

respectively.

Table 3: Load step 1: Only bolt tightening load

Stress in PSI
SL Component i i _ i _
No Von Mises First principal Third principal
1 Bolts 74116 82836 31176
2 Studs 72056 73212 39182
3 Bottom plate 35108 7104 35739
4 side plate 31045 12364 32261
5 Main channel 29152 15269 29173
Table 4: Load step 2: 1G Analysis Results
SL No Component Stress in PSI
Von Mises First principal Third principal
1 Main channel 24874 26587 19709
2 1st Cross member 11582 9233 11850
3 2nd Cross member 5036 5370 2834
4 3rd Cross member 18801 10627 20194
5 4th Cross member 22752 22993 15685
6 Rear Jack Tubes 22146 15775 25625
7 Front Jack Tubes 17890 16677 20556
8 Inner Jack Tubes 19883 20146 19923
9 Tower Supports 16629 12210 17783
10 Cross Angle 8340
11 Support Brackets 26338
12 Cab Bracket 8382
13 Yoke Bracket 4017
14 Gussets 6292
15 Vertical Support 691
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4.3. Validation of Structural analyses through Reaction Forces calculation
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Fig.2.1: Reaction force from ANSYS Vs the Calculations
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SI No Description ‘Weight in Ibf| Weight in N
1 Rob Weight 8000 35584
2 Tower weight 23581 104888
3 Lube 450 2002
4 DHD 1200 5338
5 Dust collector 2500 11120
6 Coolerl 1500 6672
7 Cooler2 1500 6672
8 Pump 1000 4448
9 Engine 6500 28912
10 |Airend 2500 11120
11 [Mainframe base 1944 8645
12 |Receiver 1000 4448
13 |Fuel tank 5700 25354
14 |Water tank (Belly) 7520 33449
15 [Water tank (Deck mounted) 4400 19571
16 |Cab Weight 4500 20016
17 |Tracks weight total 28320 125967
Total Weight 102115 454206
Total rig Working weight 138000 613824
Mainframe self weight 21928 97536
Non attributed mass [ 13957 D 62082

As confirmed from the about Figure 2.1. Reaction forces from the structural analysis

matcheswell with the total rig working weight calculated summing all the working weights

on the PVV235Mainframe. This confirms that the load applied is completely transferred to the

Mainframe members and the stresses on the members are due the applied load.

CONCLUSIONS

Structural analysis for the Pit Viper - 235 Mainframe is performed for two cases first is the Pre-

load analysis which involves pretension analysis of bolt to simulate the bolted or assembled

condition of bolt & studs and to carry nonlinear analysis of PV-235 Mainframe assembly for the

self-weight of the mainframe with all the weights attached to it and the Tower in Horizontal

position. Based on the results of the structural analysis, below conclusions can be drawn.

» Stresses in the Bolt and studs due to pretension load are within the yield of bolt material

and even the bottom and side plate and safe due to this load.
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» From the structural analysis for the given loading condition, it is evident that the
maximum stress on the PV-235 Mainframe is below the Yield stress on the material, so
the design is safe under the given loading.

> Reaction Forces applied in the Ansys tool matches well with the given input.
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