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ABSTRACT

For tipper application, motion from steering wheel transferred to stub axle via steering column, steering gear
box, pitman arm, drag link & steering arm to stub axle. Drag links are mainly subjected to compressive loads, which
causes buckling failure of drag link tubes. This paper describes calculation of buckling strength for drag link. Also
analysis of drag link tubes against compressive loads shown. Relations of various design parameters with buckling
strength are shown, which will be useful for optimization of design parameters.
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INTRODUCTION
Drag links are generally made up of hollow tubes with both ends connected by ball joints. Ball joints are
spherical shaped, to swivel inside socket connected to pitman arm and steering arm. Motion from steering wheel
transferred to stub axle via steering column, steering gear box, pitman arm, drag link & steering arm as shown in Fig.1.
In tipper applications most drag link failures are observed at ball joint & due to bending of tubes. This
bending of tubes is caused because of buckling failure of drag link tube against compressive loads.

Steering Wheel

-~ Steering Column

Front of vehicle

Stub axle

Steering Gear Box

Pitman arm

Drag link

Steering arm

Fig. 1. Steering system linkages
Force generated at road wheels is transferred to steering arm. as both ends of drag links are fixed, i.e. one end is fixed
in pitman arm & other end is fixed in steering arm. Which causes drag link to act in compressive loads. Failure of
drag link due to bending of tubes is of prime concern for this research.

CALCULATION OF BUCKLNG STRENGTH FOR DRAG LINK TUBES AGAINST COMPRESSIVE LOADS
A. Input for design
Force at the steering arm ball joint (Fs),
Fs =2706 Kg
Force generated at steering arm ball joint because of turning forces in dynamic condition is 2706 Kg. For design of
drag link against compressive loads, buckling strength must be more than the force generated at steering arm ball
joint.
Center to center distance (C) = 785mm
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Offset of drag link tube (X) = 34mm

B. Assumptions

Ball joint is a rigid part of drag link tube. There will be no relative motion between ball joint and tube.
C. Calculations

Selecting the diameter of drag link as follows,

Outer diameter of tube (Do) = 50 mm

Inner diameter of tube (Di) =38 mm

Selecting material st52

Mechanical Properties of st52 material are,
Tensile strength = 520 to 620 N/mm?*
(Reference: PSG design data book p.no. 1.12)
Yield stress = 350 N /mm’

Yield stress = 35.67Kg/mm”

Working Stress (o) = Yield stress / FOS
=35.67/2

6 = 17.83 Kg/mm®
Table 1 Chemical Composition For Material St52

Content %
C 0.22
Si 0.55
Mn 1.60
P 0.050
S 0.050
Moment of inertia,
I=(n/64)* Do" - Di*
= (n/64) * 50* - 38*
I =204.442 * 10’ Kg-mm"*
Do
Di

Fig.2 Cross section for drag link tube

Area,

A =(n/4) * (Do*- Di%)
A= (m/4) * 50* — 387
A = 829.38 mm*

Radius of gyration,

k=SQRT (1/A)

= SQRT (204.44 X10° / 829.38)
= SQRT 246.49

k=15.70 mm
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Section modulus,

Y=Do/2

=50/2
Y =25mm

|
Fig.3. Section modulus for drag link tube
Buckling strength,
By using Rankine’s formula for drag link
(6*A)
B 2
C X*Y)
( L 7+ 5
6500 * k k

(17.83 * 829.38)

785 (34 *25)

(1+ +

2
6500 * 15.70 15.70

=3051.38 Kg ~ 3051 Kg
Buckling strength = 3051 Kg
Stress against buckling loading = Buckling strength / area
=3051/829.38
= 3.67 kg/mm’
=36.08 N/mm” ~ 36 N/mm’

Stress against buckling loading = 36 N/mm*

DRAG LINK TUBE PITMAN ARM END

STEERING ARM

Fig.4 Compressive load on drag link tube

From the above calculations,
Force at the steering arm ball joint = 2706 Kg.
Buckling strength or Load = 3051 Kg.
As Buckling strength or Load > Force at the steering arm ball joint,
Hence design is safe.
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ANALYSIS
D. Modeling of drag link as per design dimensions

Modeling of drag link is a preprocessing part of analysis. The model gives clarity about how the part will look like
physically.

Fig.5 Three dimensional model of drag link as per design dimensions
E. Meshing
Meshing is second step for preprocessing. Fig.6 shows meshing of three dimensional model

Fig.6 Meshing of three dimensional model

F. Setting design parameters
Material as st52 assigned for further analysis. with properties as specified in section IT- B .

G. Apply fixed support & load
Fixed support is selected as shown in Fig.7

F ig.7 Fixed support

Compressive Load 3051 Kg =29931 N applied on drag link tube as shown in Fig.8.
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A
Fig.8 Compressive load on drag link tube
Analysis for stresses

Maximum principal stress = 35.345 N/ mm’

Deflection'af tube Maximun@ principal stress
N A .
N h because of compressive loads

35.345 Max
8912
22418
16.044
9.6109
ERLLES
-3.2563
-0.6890
-16.124
~22.557 Min

Deflected position  Original position

Fig.9 Maximum principal stress

RESULT
H. Results of theoretical calculations
1) Force at the steering arm ball joint (Fs),
Fs =270591 Kg
2) Buckling strength or Load = 3051 Kg
3) Stress against buckling loads = 36.08 N/mm”
L. Results of analysis
1) Maximum principal stress = 35.345 N/mm’
2) Minimum principal stress = 4.74 N/mm®
3) Total deformation = 0.11991
4) Equivalent stress = 184.99 N/mm’

RESULTS INTERPRETATION

Based on results obtained, few more calculations have done, by changing various design parameters. This will
be useful to correlate the design parameters with the buckling strength. Following are the relation of design
parameters with buckling strength gives clarity & perfect base for optimization. If the required buckling strength is

less than the available or vice versa, by using the relations obtained designer can change parameters in accordance
with the need.
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J. Outer diameter of tube Vs. Buckling strength
Table 2 Buckling Strengths For Outer Diameters

Outer diameter of tube Buckling strength
(mm) (Kg)
35 1330
40 1836
45 2411
50 3051
55 3750
60 4503
65 5306
70 6156
8000

6000 /
4000
7000 /

O e e e e e
35 40 45 50 55 60 65 70

Buckling strength (kg)

Quter diameter of tube (mm)

Fig.10 Graph outer diameter of tube Vs. Buckling strength

Thickness of tube Vs. Buckling strength
Table 3 Buckling Strengths For Tube Thickness

Thickness of tube .
(mm) Buckling strength (Kg)
4 2261
5 2681
6 3051
7 3374
8 3654
9 3895
& 5000
£ 4000
2
2 3000 7./.’.7
2 2000 -
S 1000
[aa)
0 4+ & & e+
4 5 6 7 8 9
Thickness of tube (mm)

Fig.11 Graph outer diameter of tube Vs. Buckling strength

Offset of tube Vs. Buckling strength
Table 4 Buckling Strengths For Tube Offsets

Offset of tube | Buckling strength
(mm) (Kg)
30 3329
32 3184
34 3051
36 2928
38 2815
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Fig.12 Graph outer diameter of tube Vs. Buckling strength

CONCLUSION

- A detailed design procedure for the calculation of drag link tubes buckling strength shown.
- Outer diameter of tube is directly proportional to buckling strength.

- Thickness of tube is directly proportional to buckling strength.

- Offset of tube is inversely proportional to buckling strength.
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