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ABSTRACT

This project studied the flaws in the knuckle design process followed in India for cars competing in events
like Supra SAEINDIA and Formula Student India. A new knuckle system was then designed for the Hindustan
University’s Formula Student team’s car using modeling software. The structural strength of the knuckle was then
tested using finite element analysis.
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1. INTRODUCTION

Most of the teams go with big heavy knuckle design which in turns added unsprung mass which is not
advisory. This concept based on hollow welded metal rather than a solid whole knuckle which will reduce some
weight.
Knuckle Design and Analysis: Knuckle is the component that mounts the wishbones and houses the bearings that
support the wheel hub. The knuckle is the connection between the suspension system and the tire. It controls the
following things: a) Kingpin Inclination; b) Caster; ¢) Kingpin offset; d) Scrub radius.

An example knuckle from Hindustan University’ car (2015) is shown below. Salient features of these
knuckles are: Material: Aluminum; Fabrication process: CNC machining (40 hours of machining total); Weight:
3.5 kg each.

Figure.1l. Knuckle of the previous suspension system
Problems with these knuckles: Too heavy-5.87kg; Wrong geometry; Small toe-control base; Very expensive
(40,000 INR/- for machining and material).
Design objectives for new knuckle: Should be as light as possible; Made as per the requirements of suspension
kinematics; Should have good toe-control base; Should not require CNC machining; Should not cost much; Should
be able to house bearings for the same hub; Should be strong and stiff.
Hollow Welded Knuckle: Hollow welded knuckles have been used in Formula 1 by many teams because of their
low cost and light weight. A properly designed hollow welded knuckle would be very stiff and very lightweight.
The only downside is that they are a bit tricky to fabricate.
Designing the new knuckle on Solid works: It was decided to design a new knuckle with easily available mild
steel which would then betempered to make the part even stronger. The figure.2 shows the whole process of
development of model.Where (A) is starting of model and (B) is the final knuckle design.

s

Figure.2. Design flow of knuckle on solid works
Finite Element Analysis of the Final Design: After modeling, the knuckle is analyzed with the worst case
scenarios to confirm it is good enough to withstand stress at extreme cases. This analysis includes braking, turning,
and bump and detailed analysis of the knuckle using FEA tool is given below.
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Forces acting on the knuckle: Worst cases of braking, turning and bump together are applied in analysis and it is
shown in following figures.

Figure.3. An extreme case of 5gon the bump Figure.4. Braking force of 1.5g=5*9.81*90kg =
4414.5Nbearing housing

Figure.5. Braking torque of 300Nm Figure.6. A cornering force of 1.75g on the applied on the
caliper mounting points bearing housing

Figure.7. The holes seen in green have been fixed. Degree of freedom =0

3. RESULTS AND DISCUSSIONS

During the event of bump produce maximum (for worst-case) of 5g force and during cornering the weight
shift laterally to outside wheel (caliper mounting points bearing housing) is1.75g and to find the magnitude,
multiply by its weight of one corner of vehicle. During braking a net torque of maximum 300Nm is generated by
brake caliper on knuckle. The green colour in modeling shows they are not allowed to move and its degree of
freedom is 0.

Figure.8. Stress analysis of knuckle
From the figure.8 it can be seen a Max stress of 76.3 Mpa around caliper mounting bracket since we used

mild steel its yield strength is 351.6 Mpa and and the factor of safety is found to be

FOs = 22X°- 4 608
76.3

Hence it is found that factor of safety is 4.6 the design is completely good enough to employ.
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Figure.9. Displacement analysis on knuckle

Displacement plot: 0.01mm at maximum stress which is under satisfactory limit.

This 0.01 mm of displacement is due to the caliper mounting and during braking event the caliper are
subjected to hold the disk brake and hub this creates a turning moment of maximum 300Nm while applying brake
on the caliper mounting the red colour indicated ranges from 1.114e%%2to 9.283e%% nearly equal to 0.01mm.
Fatigue analysis: Fatigue life: 1 million cycles. Fatigue cycle analysis is one of the important analyses because
during event the knuckle is subjected to repeated cycles of loadings. It is found that the design is satisfactory lies
between 1.000e%® to 1.001e%and can be employed.

Figure.10. Fatigue analysis of knuckle design
The weight of the knuckle is surprisingly reduced from 5.87kg to 3.22kg. It means weight saved 2.65kg
*4=10.6kg of unsprung mass.

4. CONCLUSION

The guideline for a proper knuckle system is explained briefly above. Any team which is new to these
SAEINDIA events should understand the concepts mentioned above and follow them to achieve a reasonably good
performance from their suspension system as a beginner. This design has effectively saved lot of material and
weight when compared to previous knuckle.
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