Gundrilling: Very Sharp Points

Understanding gundrilling system can help to resolve tooling problems
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Gundrilling System

Gundrillsare known for making first pass, high-finish, sraight holesof varying depths. Gundrillingis
a highly developed and efficient technique for producing either deep or shalow holesin awide variety of
materiasfrom plagtics (likefiberglass, Teflon) to specia high-strength materids (like P20, Incond). It offers
Sze, location and straightness accuracy where critica tolerances are important and a lower cost.

The commonly used graight-flute gundrill (Fig.1) hasasolid or brazed carbidetip depending onits
diameter, with a coolant channd running through its driver, shank and tip. On thisflank surface an orificeis
located asan outlet for the coolant. Gundrill manufacturers have adopted various shapesfor thisorifice; one
or two circular holes or asingle kidney-shaped hole. The standard capabilitiesrange from 0.08-3" (2-76
mm) in diameter and up to 100"(2.5 m) deep in one pass, with acustom length roughly doubling this
amount.

Penetration rateistypicaly
higher than that with twig drills
dthough feed per revolution is
gndler.  This is because the
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higher. Moreover, the coolant
supplied to the gundrill a high
pressure takes care of the chip evacuation from the hole being drilled so thereis no need to withdraw the
drill periodicaly from the hole being drilled to clear the chips as with twigt drills.

Optimum drill performanceisachieved when the combination of the cutting speed (rpm), feed, tool
geometry, carbide grade, and coolant parametersis selected properly depending upon thework materid (its
hardness, composition and structure), deep-hole machine conditions, and the qudity requirementsto the
drilled holes. To get most out of agundrilling job, onemust consder the complete gundrilling system, which
includes everything related to the operation. To keep it Smple, the following components of the gundrilling
system should be consdered: gundrill, machine, fixtures and accessories, workpiece, coolant, programming,

Fig. 1. A common gundrill.
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control, and operator as shown in Fig. 2.
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Fig.2. Gundrilling system

Tool Failure is Often a Systemic Problem

According to the system engineering theory it is improper to condgder any of these components
separately and thusto ignore system properties. Unfortunately “ the component approach” iscommonin
today’ s manufacturing practicewhere various components are produced by different supplierssand nooneis
responsible for the system coherence.  As aresult of poor coherence of the gundrilling components,
“unpredicted” drill failuresare common which may appear intheformsof drill breskage, excessivewear or
deterioration of the qudlity (surface finish, runout, drifting of the axis, etc) of the hole being drilled. Such
falures turned gundrilling into the bottleneck operationsin the automotiveindustry. Unfortunatdly, the tool
manufacture is the only one blamed, dthough it is unfar in my opinion.

Most gundrill manufacturers sdll only thetool. In other words, gundrill manufactures do not sdll a
gundrilling process, which includesthe machine, drilling regime, coolant characterigtics (type, pressure, flow
rate, temperature, purity, etc.) and so on. Two gundrills of the same design used for drilling the samework
meaterid can exhibit diametrd opposite performances when used in different gundrilling systems. If a
manufacturing engineer (having limited knowledge in gundrilling) in order to save money for his company
uses rddively chegp acme twigt drill sarting bushings instead of expensive precison gundrill starting
bushings, it resultsin poor gundrill performance. Why should the gundrill producer be responsiblefor this
technicd illiteracy? Why should the gundrill producer be responsiblefor poor drill performanceif theend
user does not supply sufficient coolant flow rate to the gundrill(s); if he uses unsuitable coolant brand, if he
uses ‘standard’ gundrills for making inclined holes; if the distance between the face of the starting bushing
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and that of the workpiece is excessve; if the dignment “starting bushing — spindl€’ is more than 5
micrometers (0.0002"), etc?

To exemplify my point, | would like to show afew examples of tool fallures (from the automotive
industry) not related to gundrill design or its qudity. Figure 3 showsatypica tool failure due to excessve
misaignment between the sarting bushing and the drill rotational axis. Usualy, such a falure occurs as
‘balk’ crash of thedrill’ stip becausethetip is made of atungsten carbide which cannot take much bending
stress caused by misdignment. The Situation goes from bad to worse when the drill rotates because this
dressis re-gpplied to different parts of thetip. When it reaches the weskest area (usudly, thisisthe drill
corner as shown in Fig. 3) the tip bresks. When a gundrill is
aufficiently long, its bending rigidity becomes much smdler. As
such, the gundrill’ s shank would not transmit much bending force
to the tip due to misalignment so that the tip would not bresk.
Instead, when the drill rotates, this misalignment causesthe shank
to bend repetitively with each drill revolution and thus fatigue
falure of the shank occurs quite often (Fig 4). End users blame
gundrill manufacturers for sdlecting improper materid for the
shank, indecent hegt trestment, etc. pressing them ‘to

Fig. 3. Drill failure as a reslt of improve’ these issues
excessive misalignment. Fgure 5 shows

a typicad example of
drill faillure dueto excessve dearancein the garting bushing. My
andyss shows that when excessve clearance between the - ——
garting bushing and the drill tip isthe case, the Sde cutting edge
of the gundrill cuts a sgnificant amount of work materid.
Because this edge is not designed to cut, an excessive cutting
force occurring in such cutting bresks this edge as shown in Fig.

5. Fig. 4. Fatigue failure of the shank
Figure 6 showstwo typicd examplesof drill failuredue

to the insufficient coolant flow rate supplied to the gundrill. As seen, this flow rate could not remove the
amount of chips produced so that these chips become

packed in the chip removal passage. The packed chips
form achip plug that causes an excessive torque applied to
the gundrill with the result shownin Fg. 6. Itisworthwhile
to mention here that such plugs are often formed in the V-
flute of the tip. As such, the discussed excessive torque
causestip separation fromthetubular shank. “Bad” brazing
by the gundrill producer is to blame (Fig. 7) athough the
andyss of the fractured surfaces shows that pieces of

Fig. 5. Drill failure as a result of carbidearedill atached to the shank and thus brazing was

chﬁ.sswe clearance in the staring  aen gronger than the tip itsdlf. Neverthdess, the
ushing.
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automotive industry routingly pressuresits gundrill suppliersto ‘improve’ brazing.

A common gundrill producer has no knowledge

Fig. 6. Two examples of drill failure as the result of insufficient coolant flow rate.

on and/or control over any particular gundrill system (or ingtdlation). When a problem occurs,
gundrill producers (at best) send their trade representative or distributor to learn more about the problem
and to fill out afalure andyss form as required by QS 9000 and 1SO 9001. When this option is not
available, the manufacturing engineer or gundrill operator just
fills out a Return Materias Authorization form, known as an
RMA. You should see the descriptions of falluresin RMA’s
that come with broken gundrills...Once again, everyone sees
that thetool failsand thereforeitsquality isto blame. | usudly
try to convince them that even though everyone sees that the
aun rises in the morning, moves over the sky during the day,
and setsintheevening, it does not matter that the sun orbitsthe
earth. Actudly, itisviseversa

Fig.7. “Bad” brazing as claimed by users.

Lack of Knowledge on Gundrilling

Systems
Reading this, a practica manufacturing engineer, process planner, or atool layout designer could
ask alogica question: Where can | learn more about the gundrilling sysem?” The answer isunfortunately
nowhere. Theonly book available on gundrillingisasmall book published by the American Society of Tool
and Manufacturing Engineers in 1967 (Bloch, F. et d., Sdf-piloting drilling, Trepanning, and Degp Hole
Machining. Manufacturing data. ASTME, Dearborn (Michigan), 1967, 175p.). Although this book
remainsava uable sourceon drilling practices (naturdly, no others), it describeswhat might betermed asan
"evolutionary" stage of development. 1t failsto explain the different reasonswhy one or another drill designs
and componentsare being used, which oneis better and when, what would happen if aparticular parameter
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is dtered, etc. Nothing is even mentioned about the gundrilling sysem. A limited number of research
papers are written on some particular aspects of tool design and thus do not discussthe gundrilling system.

Unfortunately, there are no books or paperswritten on the gundrilling processand/or on thedesign
of gundrill machines. Asaresult, any user who ordersanew gundrilling machine cannot find the answersto
hisvita questionswhich range from smple“What should be the power of the spindle drive unit?’ to much
more sophisticated: “What should thedynamic rigidity and natural frequency of theinddlationbe? Failing
to find these answers, the users has no choice but to accept the “ default characteristics’ suggested by the
machine producer hoping that “they are specidists and thus they must know.” In redlity, they do not.

Tothe best of my knowledge, no one gundrilling machine producer in thiscountry hasagundrill test
meachine dedicated to conducting studies on gundrilling. As aresult, the designs of gundrilling machines,
particularly for the automotive industry, suffer severe flaws. Often, it is very difficult to check and/or to
changethe starting bushing, it isnext to impaossible to check and adjust misalignment, the coolant ditribution
systems on multi- spindle machines “ starve” some gundrills while the other are over flooded. The control
systems of such machines measure irrelevant process parameters. For example, the coolant pressureis
measured instead of the coolant flow rate; the amperage of the drive motor is measured to check the drill
load insteed of the actua force on the drill. No wonder such control systems cannot ‘predict’ drill failures.

It is worthwhile to discuss here another example of ‘fixing problems in degp-hole machines.
Understanding the need of high-pressure coolant supply for gundrillsof smal diameters, Interface Devices
Co developed a21 MPa (3,000 ps) Gundrill Coolant Intengfier Pump amed for smal diameter gundrilling
to retrofit the existing low- pressure coolant supply systems (http://www.interfacedevicescom/Gundrill.htm).

Two different issues strike me about this information. First, why don’t gundrill machine producers equip
their machineswith coolant supply systems cgpable of ddivering high-pressure coolant, which ismandatory
for gundrillsof smal diameters? Second, because the drill rotatesin most gundrilling applications, arotating
connector, which is aso known as the pressure joint, is a part of the machine to supply the coolant into
rotating spindles. With these connectors, however, the maximum alowable pressure of the coolant isup to
7MPA (1000 ps) and, besdesthisisway too low for gundrillsof smal diameters; it makesit impossibleto
use a high-pressure coolant pump.

Having noticed problem with chip remova when the coolant flow rateisinaufficient dueto relaively
low inlet pressure, gundrill manufacturers, instead of understanding the structure of the coolant pressureloss
ingundrilling, arrived a a‘ smple’ solution, which became known asthe stepped- dash design shownin Hg.
8. According to this design, the coolant hole in the gundrill tip located on the stepped-dash flank surface,
| whichisfar behind the cutting edges and the bottom of thehole

being drilled. Because the coolant has a huge opening, the
| apparent flow rae increases sgnificantly for the same inlet
au coolant pressure. However, a number of other problems,
which gundrill manufacturersrefuseto admit, arise. First, most
of thisincreased flow rateit directed by the bottom of the hole
being drilled and not to the cutting edges to help chip

Fig. 8. Stepped-slash design. formation, but into the chip remova channel as shown in Fig. 7.
Chips have ahard timejoining this flow as can be easly observed
using atransparent workpiece made of Plexiglas. Second, because the coolant has an easy way to escape,
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it does not flow to the relief surfaces where its presence is mostly needed.

System Training Needed
Theneed isfdt to provide specid training to the manufacturing engineers, process planners, tool and
machine engineersresponsiblefor the design, selection, gpplication, running, and maintenance of gundrilling
wstems It is particularly important for the automotive industry because:
Sgnificant volume of gundrilling operationsis carried out;
Gundrilling problems are severe and thus gundrilling operations represent bottlenecks;
Properties of parts materid are subject to wide variations (for example, cast duminum for engine
blocks) from batch to batch, from one supplier to another.
Gundrilling machinesare the parts of production linesand they enjoy the sheared the coolant supply
systems for entire line.  Often, such coolant supply makes it impossible to ddiver coolant of
aufficient flow rate, pureness, compaosition, temperature, €tc.
Design of most machines does not alow checking and maintaining the essentid system parameters
as the sarting bushing, dignment, etc).

Thisisthefirg aticleon aseriesof articleson gundrilling systems. Inthefollowing articles, the essentid
system components (gundrills, machines, coolant supply systems) and parameter will beconsidered. A
number of practica recommendations on gundrilling system will be given.

Want More Information?

Dr. Viktor P. Astakhov can be reached at 248-852-0246
Or e-mal a astvik@mailcity.com

His persona web-page
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