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INTRODUCTION

Many of the military and aerospace company bolt specifications have a requirement concerning grain
flow in the head of forged bolts. The requirements are of two types. One uses photomicrographs to
illustrate what is considered "acceptable” and what is "unacceptable". An example of this is AS7471,
which covers Waspaloy, but the photomicrograph is of a steel bolt. Waspaloy is a vacuum melted
material that is solution treated after it is headed. This recrystallization thermal process wipes out grain
flow pattern as the deformed grains are eliminated. In addition the relatively small amount of inclusions,
compared to an air melt steel, make it difficult to determine where the flow lines were. For these
reasons an air melt steel bolt was used for the photomicrograph examples. This difficulty of determining
grain flow in a finished bolt exists for all vacuum melted materials such as IN718 and titanium alloys.

Other specifications avoid the difficulty of determining the flow pattern of heat treated parts from a
photomicrograph by using sketches. The origins of the sketches go back over forty years when they
were drawn for commercial cold headed bolts. Prior to the development of cold headers just before
WWII, all bolts under about 1/2 inch were made on screw machines. The steels used were "dirty" which
allowed very fast cutting. These steels were unacceptable for cold heading because the stringers
caused splitting. The cleaner steels required for cold heading began to be preferred by the users due to
the superior characteristics of the clean material. Sketches were added to the specifications showing
an upset pattern for a headed bolt. These sketches became part of the military and early aircraft
specifications and are unchanged today. A close look reveals that there are no "flow" lines near the
outer diameter of the heads. The reason is that they never were made to illustrate exactly how the
metals flowed but merely that the part was forged.

As new alloys began to be used the sketches did not change to reflect any change in forging
characteristics. The actual flow pattern of materials depends on the lattice structure such as bcc, fcc or
cph and this is further complicated by texturing developed from coldworking of the thermo-mechanically
treated materials such as A286, IN718 and MultiPhase alloys.
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INTRODUCTION (Continued)

A part of the flow line requirements is the prohibition of cutting "excessive" flow lines in the underhead
area. Some specifications, such as AS7471, show an example of unacceptable grain flow cutting. This
allowance of some cutting is due to the need for underhead removal on bolts in order to have a bearing
face close to 90 degrees to the ground shank. To define "excessive" is difficult and possibly needless.

It is standard practice to start with a diameter 0.010 inch over the nominal for most "short" bolts. Due to
a swelling of 0.005 inch in the shank, this results in grain flow cutting when the shank is ground to size by
the removal of 0.016 inch from the diameter. For longer bolts, such as those with a length ten times the
diameter, the cutting becomes more significant. Greater stock must be provided to assure clean up
during shank grinding. The starting stock can be up to 0.030 inch over nominal and an additional
0.005 inch increase in diameter can be experienced during forging. The need for more stock removal is
due to some materials memory as a coil and also due to some warpage during heat treating. So the
prohibition of "too many" flow lines cut would have to differentiate between long bolts and short bolts. All
long bolts produced by all the fastener companies for the last 30 years have always had more "flow"
lines cut than the amount cut on short bolts.

This prohibition is a costly item for aerospace companies because the bolt suppliers are required to
maintain an excess of raw material sizes in order to make the oversize shank parts needed for repair
(oversize holes). It is also costly because much time and effort is made trying to bring out flow lines to
determine if too many were cut. This determination in a finished IN718 bolt can be a Sisyphean task.

Figure 1 illustrates the type of sketch used to show cut flow lines in bolt heads and show the "flow lines"
for bolts in this program. The Aerospace Metals Engineering Committee (AMEC) initiated this program
to determine what effect, if any, cutting flow lines would have on aerospace bolts. To assure the
maximum cutting of flow lines, this program proposed fabricating the test bolts from bar stock without
forging. The proposed program was circulated for comments to individuals and groups including SAE
Committee E-23.
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FIGURE 1 - Examples of Flow Line Cutting Due to Grinding of Shank
and Underhead Surfaces of Aircraft Quality Bolts
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