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Many different types of bolts are employed in
automotive applications for a variety of different
purposes and uses, and their strength generally ranges
from 700 N/mm? to 1200 N/mm?2. The present increasing
focus on increasing fuel economy to prevent global
warming has led to the requirement to increase the
strength of bolts in order to lower weight. However,
increasing the tensile strength of conventional bolts
increases the incidence of delayed fractures, and is
therefore not suitable for mass-market vehicles. This
project studied the use of high carbon steel rods, which
are less susceptible to delayed fracture than conventional
bolt materials, as a solution to this issue. The difficulty
of heading when employing high carbon steel rods was
solved by improving the material through the addition
of the optimum amount of Cr, utilizing a new forming
method in which the spindle is hardened during heading,
and adopting a hexalobular shape with excellent
formability. The application of these techniques made it
possible to form bolts from high carbon steel rods, and
has enabled the development of a 1600 N/mm? class
high-strength bolt. The new material and techniques have
been used in the manufacture of the conrod bolts used
in 2003 models, and have enabled the size of the bolts
to be reduced from conventionally used M12 to M9, and
the weight of individual bolt to be reduced by 80g.
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Fig. 1 Delayed fracture characteristics of various
materials

22.00000

gboboboboooooooooooooobooobooon
O0000Fg.2000000000ODDOOODODOOOO
goboboooooooobooboooooobbobooooo
gooboooooooboobobobobobooooo

Bolt manufacturing process

Pre-treatment Forming Heat treatment

High tensile-strength 1 ()

steel wire ! L— Bluing <

B £

1 T

! Quench B

: and o

Conventional material 1 temper g

—0 O =

Heading (Forming) Process J L

Punch W|re Die

:l:
ufi==

Fig. 2 Bolt manufacturing process
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Table 1 Chemical composition

C Si Mn P S Cr

0.80 ~ 0.85|0.12 ~ 0.32|0.60 ~ 0.90| =0.025 | =0.025 0.20
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g. 7 Stress and hardness distribution in bolt
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Fig. 12 Impact of hexalobular heads on weight
reduction
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Fig. 14 Fatigue strength of newly developed bolt
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Fig. 17 New engine with newly developed connecting

rod bolt
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