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typically 1 inch on a 3/8
inch rod end

Figure 1 - Bending loads on a rod end

ach weekend in July, during the brief
English summer, [ went to a motor sport
event of one sort or another, writes Mike
McDermott. These ranged from a local
speed hill-climb to the Grand Prix at
Silverstone. With one exception, guess which, at
each event I saw that depressingly common
motor-racing happening, a failed rod-end, with a
damaging trip to the barriers the inevitable result.

Why do rod-ends fail so often on racing cars?
And why do two companies, Rose in England
and Heim in the USA, always seem to be blamed
by the embittered driver when interviewed by the
commentator? In the cases I saw, the joint cer-
tainly had failed - I went to the paddock and had
a look, just to make sure.

Since rod-ends, including those manufac-
tured by the two fore-mentioned companies,
were initially developed for aviation, where they
rarely fail, the unfortunate drivers are undoubt-
edly blaming the wrong people. Properly used,
rod-ends, including those ubiquitous ‘Rose joint’
ot ‘Heim joint’, are among the most reliable com-
ponents ever fitted to a racing car.

Talking to engineers specialising in rod-ends,
it is clear that they never cease to try to educate
racing-car designers to use their products more
effectively, but frequently find their advice
scomed. Worse still, they see initially excellent
designs being progressively degraded as succes-
sive generations of engineers get their hands on
the original design and find ways to ‘improve’ it.

The problem lies with the designer and his
reluctance to understand or to embrace the the-
ory of bending. So, at the risk of insulting the
intelligence of some readers, I'd like to take some
time to go through the basics of this tedious but
crucial subject.

A typical rod end installation is shown in
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Figure 1. The manufacturer will rate a typical
medium-specification version of a 3/8 x 3/8 inch
joint at 4000 Ibf radial load - the rod-end indus-
try retains very strong ties to the familiar pre-met-
ric dimensions. The cross-sectional area of the
thread core, based on a 5/16 inch thread root
diameter, is 0.077 square inches. At 4000 Ibf
load, the tensile stress is 4000/0.077 = 52200
psi = 23 Tsi (tons force per square inch -
Imperial tons, that is, equal to 2240 Ibf). A
medium high-tensile steel with an ultimate ten-
sile strength (UTS) of 40 Tsi will often be tem-
pered to have a yield stress of about 30 Tsi so, in
the direction of the threaded shank, the thread is
comfortably capable of supporting more than the
manufacturer’s rated load for the joint. The story
is completely different when side loadings are
brought into the picture.

In Figure 1, the side load is F and the over-
hang from its bush is D. A nominal 3/8 inch rod-
end can easily have a one inch overhang. This
produces a bending moment at the point where
it enters the bush of M = F x D.

In bending, the important characteristic is Ixx ,
the second moment of area about the major
diameter, where

Ixx = T x diameter 4 / 64.

The maximum stress S resulting from the bend-
ing moment occurs at the root diameter of the
thread, and a standard undergraduate mechani-
cal engineering textbook such as Joseph Shigley’s
“Mechanical Engineering Design” (McGraw-Hill,
1986, ISBN 0 07 100292 8) will confirm that

S = M x diameter / 2 Ixx
or M =Sx2 Ix/diameter
For a 3/8 inch round joint shank with 5/16 inch

thread root diameter,

w« = 0.000468 inch*

so the maximum stress S will equal the 30 Tsi
yield stress of this medium strength steel when

M = 30x 2240 x 0.000468 x 2 / 0.3125
= 201 Ibfin

Since the overhang, D, is estimated at 1 inch, this
means that a side force F of about 200 Ibf on this
joint is capable of bending the joint permanently,
and 300 Ibf generates a stress larger than the
UTS, easily breaking the shank at the point
where it enters the bush.

Looks familiar? This is a far cry from the typi-
cal 4000 Ibf joint capacity, comfortably support-
ed axially by the shank of the joint. Going to a
1/2 inch joint raises the critical side load to 555
Ibf - better; but still well below the joint’s even -
greater rated capacity. Even the most expensive
joints have housings made from steels no
stronger than 55 Tsi UTS, so there’s no point
hoping for salvation that way.

If any doubt remains, then just think about the
forces arising in a typical suspension component
suich as the apex of a wishbone. Figure 2 shows
the forces developed by a braking wheel. On a
small formula car, typical values are A= 5 inch, B
= 12 inch. Decelerating a typical 300 Ib (per cor-
ner) mass at 1.5 g generates 450 Ibf so the lower
wishbone sees 12 x 450 / 7 = 771 1bf, and the
upper sees 321 Ibf. Under normal racing braking,
the shank of a typical 3/8 inch joint is overloaded
in either location, and even a 1/2 inch joint is
overloaded in the lower wishbone. I have lost
count of the number of wishbones I have seen
incorporating 3/8 inch joints. There are even
some optimists who not content with bending
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