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REAMING EXPERIMENTS FOR THE LETHALITY TEST SYSTEM

David Hooten and Patrick Stanley
Los Alamecs National Laboratory
P.0. Box 1663, Mail Stop G787

Los Alamos., NM 87545

Abstract

Various reaming techniques were tried for
use on the barre! of the Lethality Test System
railgun. This report covers the successes and
failures of the reamers and the techniques that were
tried.

Introduction

The Lethatity Test System (LTS) was funded
as part of the strategic defense initiative (SDI)
program. The LTS was a railgun project whose goal
was to provide impant data at velocities up to 15
km/s. The nominal bore diameter ot the railgun
barcel is 1 in., and the length is 72 ft. The
complexities of constructing a successtul railgun
barral for such an application requires that we have
the capability to fir.ish the bore in-place. The
combination of bore size and barrel length, and the
differences in the proparties of copper and Lexan
bore matarials required that new bore-finishing
methodologies be developed.

In the LTS reamer tests, two types of
reamers ware used: the first was a six-bladed
cairbide reamar, and the second was a single-point
carbide reamer. All of the tests were made on a
10-foot test bore. Many tool geometries and machine
parameters were tested. This report covers only the
significant aspects of the reaming and the important
lessons learned.

Previous Experience and Present Goal

Previous reaming on LTS prototypes up to
6 ft long had been done with high-speed stael,
stx fluted, she!l reamers. Noither the previous
pricess nor the reamers performed as weil| as desired;
the following problems were evidert:

| Chips got caught in the reamer,
damaging the surface finish or the
prototypes

2 The texan cut at a smaller diameter
than the copper.

3 The bore wis not straight ensugh

4 The surfarn finish was poor, even where
chaea did not cause thae damage,

. The copper pulled out at tha copper to
Lexan intarface, badly damaging thes
joint

6. Tools wore rapidiy.,

The diamntar of the bore was cut of
round wnd varied along the hore,

Qur goal was to gorrect these problems ang
produce a bore with the following apeci brcationa

1o Strarght to within 0008 an /L

? On svze to within ) 0OV on

3 Hound to withain 0 901 an total

4 A suctace Fansh of 32 rms o hettoer

Setting Up

A new raaming sysatem wan burltoand now
raamnrs wore putchasad to solve the probiems we had

built a new power drive with electric motors and
variable speed belt drives The spincle motor was

S HP, with a variabie speed ot 240 to 1600 rpm. The
stide motor was 3 HP.  An electronic speed control
that was added to the motor gave us a feed range of
0 to 20 in./min.

We purchased six-bladed carbide reamers,
which we honed would wear better and cut cleaner.
These reamers had a negative rake ot 10 deg. The
purchase included rear pifots of various sizes, which
were to be used at different bore diameters. The
drive shafting attached at the fronts of the reamers
by way of a slip joint locked with set screws. The
entire assembly, reamer, 9ilot, and drive shaft. s
shown in Fig. 1.

Fig. 1. Six bladed reamer with rear pilot and front

drive shaft.

Becausa no provicion was made to suppert the
shaft i1n the bore, we had to turn down one end of each
shaft, near the joint, to 0.5 in. in drameter and to
make shatt supports that would slip onto this section
The shaft with the support 18 shown in Fig. 2. These
shaft supports ware made 1n our shop from maraging
steel. They were hardened to about 54 Rockwell for
spring strength The shatt turns nstde the support,
and the support does not rotate while being pulled
through tha bore  Calculations shownd that a support
was nooded every 3 ft on the shafting,; otharwise
excessive sagging would occur between supports,
causing vibration in the drive shaft.  This support
method limited the longth of the shaft segments to
3 ft because the supperts had to be placed on one end
abt the shaft

To start the reamory into the boro, we mads
18 in. stesl prlot tubes A pilot tubs was made for
vach reamer sozn, allowing 0,001 to 0.002 in. of
clearance on the diamntor . A pilct fixture wans bui bt
to allow for adjustment 10 svery dorsction, except
the acral direction, of the tubn

The reaming process roquiored that coolant
flow through the bore during reaming A caofant
dystem was butlt for then purponas Thin nystem had a
maxamum {low capaby bty of U ogpm oand & maxmom
preaasare capabilboty ol 400 par T wan dnnigoed tor
cloaed Toop recirculation and tha chips worn trapped
and Bidlbtarad trom *the coolant
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Fig. 2. Shaft support on the end of the J-ft shaft

joint.

Fig. 3.

Single-point reamer with atub shaft.

The completed system rcquires that the
reamer arive, bore, and pilot tube be aligned on
axis, and wa had a 30X leveling scope for this
purpose. Clear plastic slugs were made to [it the
bore diamaters and scribed with a cross haiv for use
as targets.

Two single-point carbide reaming tools ware
ordered for evaluation. These tools were modified so
that they could be connected to the same drive shaft
that was used with the six-bladed reamers. Figure 3
shows the single-point reaming tool.

Systom Parformance
This saection discusses the performance of
the individua! components of the reaming system and

describas the different machining techniques that
were tried.
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Power Drive -

Although the speed range of the spindle was
240 to 1600 rpm, the spindle drive put limitations on
us. |t would not deliver enough power. When we
tightened down the clearances on the reamer pilots,
the spindle drive belt would slip. Although thare
was a 5-HP motor on the spindie, we needed at least a
7.5 HP motor w~ith an adequate drive system to do the
job better.

Another problem that limited the rotational
drive capability of the system was the strength of
the shafting. The 5/8-in. slip-joint shafting twisted
at the joints because of weaknesses at these points
and had to be replaced. The replacement shafting was
made up in the shop from a 5/8-in. drill rod and was
simply threaded at the unions. Although this shafting
was better than the original shafting. it still was
not strong enough at the joint. A 3/4-in. shatting
with threaded joints would be more desirable. The
threaded joint worked better beiause 1t did not come
loose during reaming as the original shatting did.

Six-bladed Carbide Reamers

The grinding specifications are shown in
Fig. 4. It was recommended that we use a reamer to
pilot clearanca from 0.0005 in. to 0.001 in. and a
feed rate of 16 ipm at a rotational speed of 800 rpm.
These recommendations were followed as a starting
point but produced vary pcor results. The surface
finish was vary poor, the bore was scored by chips
being caught in the reamer and tne copper was being
smeared into the Lexan at the seam, causing heavy
damage to the seam.

Reaming tests wern conducted with these
tools to tind the best tool geomatry and cutting
parameters. An improvement was made by changing the
tool geomstry lrom a 45-degree front lead to a
15-degree front lead, with a clearance angle of
3 degraaes rather than 10 degrees. The optimum fend
rate and spindle spead wera found to be 4 1pm at 500
rpm. A centinual problem during these tests was that
the pilot !ocked up i1n the bote. To correct this
problem we ground the reamars to 0.003 to 0.004 in.
over the pilot diametar to provide adequate pilot
clearance 1r tho rough bore. Whra these improvements
were made, we felt that we ware getting the hrat

rasults possible w: . ' thesa reamars, but chips ware
still getting caught in the reamer and the copper was
still pulling into the Lexan.

Results from these tests irdicale that these
reamers did little to straighten the pore. We
measured a 0.0023-in. bow in 36 in. of bora. This
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was largely the result of our system limitations for
these tests. The alignment system lor starting the
reamers into the bore was inadequate, and we could
not drive the reamer with enough power to allow
adequate reduction of pilot clearance. One of the
limitations the reamers imposed was that they would
not cut the Lexan cleanly. This also restricted the
pilot clearance. The copper cut within 0.0005 in. of
the nominal diameter, but the Lexan cut 0.0015 in.
small on the diameter.

The six-bladed design with the spiraled
coolant flutes through the piiot s the best one for
making initial passes through the bore. The multiple
blades and the spiraled pilot are the best at handling
the clean-up job through the mismatched rails. The
drawbacks of the tool are (1) that the negative rake
of the tool does not cut cleanly, (2) the tools wear
quickly, (3) the joint between the reamer and pilol
is not precise, and 1s hard to keep tight, and (4)
chips get caught in the reamer.

Single-Point Carbide Reamers

In an attempt to purchase a better performing
reamer, we located a single point carbide boring tool
that 1s quite different from commonly used reamers.
This tool is shown in Fig. 3. |t solves many of the
problems we experienced with the six-bladed reamers,
but the standard design purchased leaves some room
for mprovement for use in railgun bores. The reamar,
pictured in Fig. 3, has been modified slightly from
its original configuration. The front end was ground
down because chips were getting caught n this area,
and the wear pads werae ground back by 0.125 n,
because they were dragging in the cut

The single-point insert design of this tool
required no grinding to size, and the cutter hody and
pilot are one piece. This tool design saves a lot of
time and el iminates the troublesome joints. The
cutting action is also quitea different from that ot a
fluted reamer. The fluted reamer is designed to cut
at the front or leading edge, but the singlo-point
tool cuts more at the circumference of tha insart,
The inserts that werae uscd have a 12 -degree positive
rake angle and they could cut 10 ft of bore with
little sign of tool waar. This tool 1s capable of
making a very clean cut, leaving an almost mirror
tinish on the copper, and of cutting tha Lexan cleanly
without pushing it back. Consequently, the bore
diameter measured within +0.0003 in. of nominal for
both the copper and the Lexan. Fiqgura 5 15 a photo
of the rails alter they wera tinishad with the singln
point reamar.

Fig. b

Fineshed rasla and wongle pornt tool

Straightness measuremer ts indicated that the
straightness was not improved from the previous pass
made with the six-bladed reamer. This is, unfortu-
nately, the only aspect of the bore that could not be
improved with this tool. A longer pilot body with
less clearance would be required to straighten the
bore. More power and bettar alignment for starting
into the bore would also be required. W:th the cur-
rent system, a pilot clearance of 0.001 to 0.002 in.
i1s required to prevent the reamer from locking up In
the bore. This clearance is less than that required
for the six-bladed reamer bacause the Lexan cut to
the same size as the copper.

One fault in the single-potnt tool; is the
use of straight wear pads. The straight wear pads
hammer and chatter in a rough bore because the
straight edge hits the rail joint abruptly. This
problem can be e!i/minated by tirst using the {luted
reamers to rough machine the bore.

Coolants and Coolant System

The coolant ured and the way 1l is applied
can have an effect on the bore finish that is ob-
tained. The best coolant we found for the job is a
synthetic water-soluble coolan® that is recommended
for use with copper and Lexan and is free of hydro
carbons so thdat it will not cause any off-gas prob:
lems when the bore is put under a vacuum. A 20:1 mix
of this coolant 1n water worked very well. For al!l
of the reaming, the coolani system was set up to pro
vide the maximum flow rate of 12 gpm, and the pressure
ran {rom 100 to 150 psi1. The coolant was flowed
through the bore in the direction of travel of the
reamer .

Suvaeral other coolants were tried in the
hope of finding one with a much higher viscosity, but
nore¢ could be found that would satisfy atl of the
requiremen's. Such a coolant would carry the chips
better and give better lubrication and flotation to
the reamer puiot.

Conclusions

ihe Previous Experience section of this
report li-,ted sevan probiema that had been identified
and needad to be corrected. Undar Present Goals, we
ltstad four specifications. We ware able to satis-
factoriiy correct six of tha seven problems and to
moet threu of the four specifications that ware our
goals. [he specifications for hole sizu, roundness,
and surface finish were all axceoded by a wide margin.
The size o! the bore was machinad within +0.0003 In.,
and thouyh true roundness ot the hale could not be
measured with our equipment, the diamater measuremants
that wara iaken are evidence that the roundness ol
the born s also within 10.0003 in. [ha surface
finish waoy visually inspected. [t was obhviously far
better thyn a 32 RMS tinish. The single point reaming
toul laftt the surface wity an almost mirror tinish
This samp.e in Fig. 5 shows some burmishing in the
copper surface, but otherwise it is a good exampie of
what can tde accomplished with the singla point tool,

fhy only spacification that could not ha mat
with tha single point reaming syatem wan the atraight
nasa spacilication. The alignment system wag the by
goat contributor to this problem, and ot s the {reat
thing, given the time and money, that needs to be
cortected A largne spandle draove and atronger doage
shaft would be the nest improvemeats to make to the
reaming aystem With these correctoona, namers with
longne proluts could be ran with tighter cleavances to



achieve the desired straightness. Both the six-bladed
ard the single-point carbide reamers have advantages.
A hybrid of the two designs may be the best tool for
the job.

From our expariences in testing these
machines, we learned important lessons akout success-
fully reaming a raiigun bore. The more passes that
are made during reaming, the better the chances will
be of producing a good bore. This means that more
material has to be left for removal than was pre-
viously thought. At least 0.130 in. on the dianeter
of the bore is required, and even more would be
advisable to allow for multiple passes to be made.

In this way, we can gradually bring the bore into
tolerance. The reaming tests were done in bores that
had crooks of up to 0.030 in. per foot, and normally,
0.010 to 0.020 in. would be cut from the diameter in
ona pass. As the numbers indicate, several passes
are required to straighten a crook o this size. The
reamer must be al!llowed to follow the curvature of the
bore, to some extent. At certain locations n the
bare, the reamer may cut into one side and not take
out a full diameter cut. When this occurs, the reamer
will chatter and leave a very poor finish. To avoid
excessive damage to the bore. it is best to back the
reamer out and start through the bore again with a
tool. such as the six-bladed reamer, that is 0.010 to
0.020 in. larger, until a full diameter cut can be
maintained through the bore. This will result 1na
fairly clean bore that can be linish machined with
the single-point tool.

Disclaimer

This report was prepared as an account of
work sponsored by an agency of the United States
Government. Neither the United States Government nor
any agency thereot, nor any of their employees, makas
any warranty, express or implied, or assumes any legal
l1ability or responsibility for the accuracy, complete-
ness, or usetulness ol any infarmation, apparatus,
produc!, or process disclosed. or represents that its
use would not infringe privately owned rights.
Reference herein to any specific commercial product,
process, or service by trade name, traczmark, manu-
facturer, or otherwise, does not necessart|ly constitute
or imply its endorsement, recommendation, or favaring
by the United St-ies Government or any agency thereof.
The views and optnions of autnors expressed herein do
not necessarily state or retlect those ol the United
States Government or any agency thereo!.



