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AN INTRODUCTION TO TAPPING SCREWS

Tapping screws are threaded fasteners with
the unigue ability to “tap” their own mating
internal thread when driven into preformed holes
in metallic and non-metallic materials. Tapping
screws are high strength, one-piece, one-side-
installation fasteners. Because they form or cut
theirownmating thread, there isunusually good
thread fit which enhances resistance to their
loosening in service, They can be disassembled
and are generally reuseable. There is an almost
unlimited variety of combinations of sizes,
thread types, head styles, drive mechanisms
and performance capacities to choose from to
satisfy the requirements of just about any en-
gineering application in which the use of small
size screws is a design option.

EVOLUTION

Tapping screws were commercially intro-
duced in 1914. The first design — essentially
copied from wood screws — was a hardened
steel gimiet point Type A thread forming screw.
lts principal application was joining thin gauge
sheet metal ducts in heating and ventilating
systems, consequently its name “sheet metal
screw.’

By the late 1920s, broadening markets and
new applications highlighted the need for new
designs with greatly extended performance
capabilities. A 40 year evolution followed. It can
be traced through 4 distinct phases of tapping
screw design — thread forming, thread cutting,
thread rolling, and self-drilling.

Thread forming screws are a direct out-
growth of the first sheet metal screw. Thread
forming tapping screws when driven into a pre-
fermed hole form their mating internal thread
by displacing material adjacent to the hole and
pushing it outwards into the open spaces be-
tween the threads of the tapping screw.

Because thread formingis convenient onty
in fairly thin sections of malleabie materials,
thread cutting tapping screws were introduced
to extend tapping screw usage to thicker sec-
tions and to harder, friable and other materials
with limited deformation capacities. Thread
cutting tapping screws have cutting flutes or
edges at their point so that when driven into a
preformed hole the screw acts as a tap and ac-
tually cuts its own mating thread.

In the early 1850s fastener engineers
began to realize that rather than being just light-

load carrying attachment screws, tapping screws
had “structural” potential. This led to the de-
velopment of a whole new generation of screws
known generically as thread rolling tapping
screws. Based on the engineering principles
pioneered in the design of swage-forming taps,
thread rolling tapping screws have specially
designed threads and points which permit the
screw to form a mating internal thread by
applying intermittent pressures at the crest of
the screw’s thread rather than over its full
thread ftank. By concenirating and localizing
the thread forming pressures, the compressed
material adjacent to the hole flows more easily
and better filis into the tapping screw’s thread
flanks and roots. Bacause frictional resistance
to driving is significantly lower than for thread
forming screws, thread rolling screws can be
driven into thicker sections, there is better con-
trol of driving and tightening torques, and joint
strength and integrity are considerably im-.
proved. The engineering standards for thread

-rolling tapping screws define strict controls on

material selection, heat treatments, mechani-
cal and performance properties, all greatly ex-
tended beyond the requirements specified for
thread forming and thread cutting tapping
screws. Thread rolling tapping screws are truly
“structural” fasteners.

One of the most expensive of the several
items making up the total cost of assembly is hole
preparation. Tapping screws need preformed
hcoles and if they are to function satisfactorily in
their service application, holes must be pre-
pared within relatively narrow size limits. The
introduction of self-drilling tapping screws in
the early 1960s paved the way toward many In-
teresting assembly cost saving opportunities
by eliminating the need for the preformed hole.
Simply stated, self-driliing tapping screws drill,
tap and fasten in one operation.

These then are the 4 major plateaus in
tapping screw design and evolution, Two other
developments are worth mentioning. Both are
special thread type screws, one designed foruse
in plastics and other low density materials, the
other for use by the building industry to con-
nect drywall to steel studding.

The first has a double lead thread consist-
ing of 2 different threads, one “high” the other
“low” The high thread {larger major diameter)

has a flatter and sharper thread form with an
included thread angle of 30% The low thread
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(smaller major diameter) has the conventional
60° included angle thread form and a thread
height about 50 percent that of the high thread.
This “partnership” thread design reduces driv-
ing torques, enhances resistance to thread strip-
ping, improves pull out strengths, and greatly
lessens the risk of splitting or cracking the
work piece. Tapping screws with these special
threads are particularly suited for use in plas-
tics, particle board, masonite and wood.

The other design is a tapping screw with a
twin lead spaced thread, self-drilling point, and
a "bugle” shaped head. On installation the
screw drives easily through the drywall, drills
a hole in the steel stud, and forms its own
mating thread. The “bugle” head with its con-
cave underhead bearing surface compresses
into the board without tearing the cover paper
or damaging the gypsum core.

Many other offshoots and special adapta-
tions of tapping screws are commercially avail-
able. For example, tapping screws are offered
as sems (screws with preassembled washer),
there are screws with preapplied sealing com:-
pounds, and screws with special “coarse-fine”
threads to prevent screw removal after
installation.

Originally, tapping screws enjoyed strong
patent protection but the majority of patents
covering the design and manufacture of thread
forming and thread cutting tapping screws
have since expired. Thread rolling, self-drilling,

. and most of the other special designs of tap-

ping screws are proprietary and are marketed
under registered trade names.

ENGINEERING STANDARDS

Collectively, the dimensional, mechanical
and performance properties of tapping screws
are covered in 4 engineering standards. Each
is presented in the following pages.

ANSI/ASME B18.6.4, pages H-11 thru 60,pre-
sents the dimensions of thread forming and
thread cutting slotted and cross recessed head
tapping screws. It also includes mechanical
and performance requirements for carbon steei
screws. Appendices give instructions for gaging
various dimensional features and application
guidance on grip lengths and piiot hole sizes.

SAE 4933, page H-61, covers mechanical
and performance requirements for catbon steel
thread forming and thread cutting tapping

screws, While in large part it duplicates data spe-
cified in B18.6.4, importantly it goes considerably
beyond by specifying additional requirements on

-raw material selection, heat treatments, case

depth, and case and core hardnesses.

SAE J81, pages H-63 thru 68, and SAE J78,
pages H-69 thru 76, cover thread rolling and
self-drilling tapping screws respectively.

Information on tapping screw sems is
given on page J-8. :

Information on square recess drives for
tapping screws is given on page 1-36.

There are no national or industry standards
for the other special type tapping screws nor
are there any recognized standards for tapping
screws manufactured of metallic materials
other than carbon steel. Information on these
products and on screws of other materials is
availabie from their manufacturers.

TAPPING SCREW CHARACTERISTICS AND
FEATURES

Threads and Thread Typés

Standard tapping screws are identified by
letter designations each denoting a specific
combination of thread form and point design. All
standard tapping screws have one of two thread
forms, generically called machine and spaced.
The point configuration (and/or modification of
thread form) separates tapping screws into their
basic groups of thread forming, thread cutting,
thread rolling and self-driliing.

Machine threads approximate the 60°
threads of the Unified thread form and have
diameter-pitch combinations of the Unified
coarse and fine thread series. If a tapping screw
with a machine thread is lost or needs service
replacement, a standard threaded fastener of
the same diameter-pitch combination ¢can sub-
stitute and will assemble with the internal
thread originally cut or formed by the tapping
screw. Spaced threads have the conventional
60° included angle thread form but with an
expanded thread pitch. With their fewer threads
per inch spaced threads have a steeper helix
angle which means their lead (axial advance per
revolution of turn) is greater than screws with
machine threads.

All tapping screws with the letter “B” in
their designation have spaced threads. Those
without a "B” have machine threads. The one
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exception is the Type A thread forming tapping
screw which is now obsolete and no ltonger re-
commended for new designs. '

Thread forming screws are Types AB, B,
BP and C. Type C, with its machine threads and
high-driving torques became obsolescent with
the introduction of thread rolling screws. It is
no longer recommended for new designs. The
only difference between Types AB, B and BP is
their point design. AB is a threaded gimlet,
Type B has a blunt point, and Type BP has an
unthreaded gimlet. Gimlet points center into
preformed holes and facilitate thread start, but
they are longer and need more blind side
clearance. Also gimiet points tend to be sharp
and may damage other components in the
assembly if they contact.

Thread cutting screws are Types BF, BT,
D, F, G, and T. Types BF and BT have spaced
threads, the others machine threads. Other dif-
ferences relate to the design of their cutting
point. Each cutting point has some form of chip
cavity to collect the work piece material re-
moved by the tapping operation. If the tapping
screw is inserted in a blind hole, the chips ac-
cumulate and remain permanently sealed in
at the bottom of the hole. If, however, the screw
taps completely through the engaged material,
the chips drop into the assembly on the blind
side. Consequently, before selecting a thread
cutting screw some thought should be given to
the possible effect, if any, of the presence of
small chips in the system. Entry of such foreign
material may contaminate lubricants, fall into
moving parts, or disrupt applications incorpor-
ating efectrical or electronic circuitry.

Descriptions of the 10 thread types just
mentioned, tagether with application guidance,
are given in Para. 1.3 of ANSHASME B18.6.4,
page H-12. '

All thread rolling tapping screws have a
basic “machine” thread form with diameter-
pitch combinations of the Unified coarse thread
series. Each type of thread rolling screw incor-
porates into its design a proprietary modifica-
tion of the thread form and/or point to give the
screw its abtlity to localize thread forming
pressures and significantly reduce driving tor-
ques. Dataon threads of thread rolling screws are
given in SAE J81, page H-63.

Self-drilling tapping screws are standard

with thread cutting spaced threads, Type BSD,
and win macnine threads, Type GS0. Mowever,

several other special thread forms, including
the high-low dual thread, in combination with
various designs of drill points are also com-
mercially available, Because of differences in
drill feed and thread lead, self-drilling screws
are not suited for use in blind holes. When in-
stalling self-drilling screws, the drifl point must
completely drill through the engaged material
before threading starts. There will always be
drili chips and, if a thread cutting type is used,
some thread tapping chips. Consequently,
thought must be given to whather thelir pre-
sence will be objectionable. Data on Types BSD
and CSD seif-drilling tapping screws are given
in SAE J78, page H-69.

The most important characteristic of tap-
ping screw threads is major diameter. If over-
size, driving torgues increase; if undersize,
thread shear area is sacrificed. Major diameters
are easily inspected using a micrometer or
plain GO and NOT GOring gages. Other than this
one aftribute, tapping screw threads are not
subject to any other thread gaging. And sen-
sibly so as their function is ‘o form or tap an
internal thread, not mate with one already
prepared.

Two other comparisons relating to tapping
screw threads are worth comment.

Thread forming displaces joint material
forcing it outwards and into the tapping screw’s
threads. Internal thread minor diameters are
smaller than the preformed hole size, there is
more thread overlap, thread shear areas are
greater. Thread cutting removes material. The
internal thread minor diameter is exactly the
same as the original hole size. All other features
of the joint being equal, it takes less driving
torque to install a thread cutting screw, but at a
sacrifice of the joint’s capacity to resist thread
stripping and screw pull-out.

The more threads per inch, the more joint
material that must be displaced or cut away
during screw installation. Consequently, screws
with machine threads usually reguire more
driving torque than screws with spaced threads.
But, the more threads per inch, the greater the
resulting thread shear areas which in turn trans-
late into resistance to thread stripping and
screw pull out.

Materials, Treatments and Finishes

~ Tapping screws are made of earbon steal,
stainless steel, brass and aluminum. Carbon
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steel tapping screws comprise such an over-
whelming percentage of total tapping screw
usage — probably 99 percent or higher — that
the remainder of this discussion will be limited
to just this one basic material. In fact, pub-
lished data on the properiies and performance
capabilities of tapping screws of materials
otherthan carbon steel are close to non-existent.

Steel tapping screws are made of low car-
bon steel (several analyses are suitable), heat-
treated {(their smal! size permits heat treat
response), and then case hardened to give them
the extremely hard outer surface necessary to
cut or form internal threads,

Case depth and case-to-core hardness re-
lationships are important. If the case is too thin,
the screw won't drive properly; if it’s too thick,
core tarsional strength and screw ductility are
adversely affected. SAE J933 specifies case
depth limits and these same ranges have been
continued in both SAE J78 and J81. The 3 SAE
documents specify hardness ranges for both
case and core. ANSIASME B18.6.4 does not.
It is recommended that the requirements of
SAE J933 be followed for thread forming and
thread cutting screws.

A high percentage of tapping screws are
plated or coated with zinc electroplating and
zinc phosphate coatings being the more popu-
lar. Cadmium is rarely specified because of its
higher cost and possible toxicity in certain ap-
plications. Where good appearance is a prime
concern, nickel or chromium platings might be
considered.

Two problems are associated with platings.

The high hardness, smalt size of tapping screws .

aggravates their susceptibility to hydrogen em-
brittlement. Consequently, considerable care
must be exercised by screw manufaciurers to
obviate this possibility. SAE J933, J78 and JB1
alt require that tapping screws be baked fol-
lowing electroplating. in fact, J81 specifies time
and temperature of the post baking process. iF|
agrees with the need to post treat and even sug-
gests a more restrictive control (see the IFI note
following Para. 2.1.5 of J81). Both J78 and J81
include a test procedure to demensirate that
screws have been properly treated and are not
embrittled.

Plating not only adds size but different

. plating materials affect drive and tightening

torque relationships. Because of the sensitivily
of hols sizes to proper driving and tightening, it

is most important that when experimenting to
determine the correct hole size for any appli-
cation that the test screws have the same suriace
finish as the screws to be used in production.

Head Styles

ANSIASME B18.6.4 details the dimensions
for 13 different head styles which are standard
for tapping screws. Descriptions for each are
given in Para. 1.2 of B18.6.4, page H-11,

For thread forming and thread cuiting tap-
ping screws, of the 13 head styles, 5§ — flat
countersunk, oval countersunk, pan, hex and
hex washer — are extremely important and to-
gether share close to 90 percent of total tapping
screw usage. First consideration should always
be given one of these 5 styles. Five of the others
— flat undercut, flat trim, oval undercut, oval
trim and fillister — are marginally- important.
The other 3 — truss, round and 100° flat coun-
tersunk — are not recommended for new de-
signs because each can be replaced with
another head style having identifiable advan-
tages — pan for truss and round, 82° flat coun-
tersunk for 100° flat countersunk.

Thread rolling tapping screws are avail-
able with the same head styles as thread form-
ing and thread cutting screws. However, serious
consideration should be given before selecting
a head style other than one of the popular 5§ —
flat, oval, pan, hex and hex washer.

For self-drilling screws, flat, oval, pan and
hex washer are the most popular. Hex heads
are not favored because the drilling operation
requires end pressure and an abutment to sup-
port the driving tool is useful, such as the cross
recess in flat, oval and pan heads or the washer
of hex washer heads.

While national standards recognize only 13
head styles as standard, many other special
purpose heads are commercially available. Al-
ready mentioned was the bugle head for dry
wall screws, Others are round washer, wafer
(low profile), acorn hex washer (high hex), and a
number of tamper proof designs to prevent
screw removal following installation. Screw
manufacturers can be consulted for informa-
tion and guidance.

Drive Systems

Driven systems relate to the means by
which the head is torqued during screw instal-

H-4
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fation and tightening. The 2 basic ways are
by external wrenching and recesses. In gen-
eral, external wrenching permits higher torques
than can be applied through any of the recess
designs.

Hex and hex washer heads are designed
for external wrenching, afthough on special
order both designs can be supplied slotted or
with a cross recess. Wrench openings are given
in an Appendix of B18.6.4, page H-57,

Slots are a form of recess. Slotted head
screws are standard for all head styles except
flat trim and oval trim. Slot dimensions are de-
tailed for each head style throughout B18.6.4.
Slotted heads are best suited for manual in-
stallation and not for semi-automatic or fully
automated.

Slots are manufactured either by sawing
them into a fully formed head or by forming
them into the head during the primary upsetting
operation. “Struck” siots are more economical
because they eliminate the need for a second-
ary operation. But, there are a couple of by-
product drawbacks. When striking slots into
indented hex or hex washer heads, the rim of
the indent tends to crush making it difficult to
accurately measure slot depth and, much more
importantly, reducing driver engagement area,
Struck slots in circular heads retain their fuli
driver engagement area, but the forming press-
ures tend to broaden the head diameter per-
pendicular to the slot while decreasing it par-
allel to the slot. For some sizes and head styles
itis a manufacturing difficulty to maintain head
diameters within their specified max/min limits.

To accommodate high-volume aulomatic
assembly a whole new family of recessed drive
system designs evolved, all with a principal ob-
jective to deliver high torgues while permitting
easy entry and retention of driving bits and
tools under high speed conditions. ‘Currently,
numerous designs of recesses enjoy some de-
gree of popularity. B18.6.4 recognizes 3 of them
as standard, all of the cruciform design, and

. designated Type | {Phillips® }, Type 1A {Pozi-
driv® ), and Type li (Frearson® ). The dimensions
for these recesses are given with the various
product standards throughout B18.6.4.

Type |l was the first cross recess ever intro-
duced, followed by Type |, and then Type |A
which actually is an improved Type |. Types | and

1A are extremely popular today, Type Il has mini-
mal demand.

The square recess, Scrulox® (also some-
times referred to as Type [H), is poputar in Can-
ada and has gained wide acceptance in United
States, particularly by the furniture making and
marine industries. The square permits efficient
high driving torques with minimal driver slip or
cam-out. However, the design is not as well
suited for high speed automatic assemblies as
the cruciform form. Information on square
recesses will be found on page 1-36.

Some of the other recesses now available
are hex socket, the “hour-glass” shaped Clutch,
the hex-lobular Torx® , Supadrive (an improved
Type 1A), HiTorgue® , and Torg-Set?®, these lat-
ter 2 being popular for high strength aerospace
fasteners. As yet none of these recesses, other
than Types 1, 1A, and I, have been accepted
into ANSWASME standards. Full dimensigcnal
and performance data, however, is available
from the primary licensor or any licensee.

Screw Lengths

it is important when selecting screw
fength for any application that the screw be
long enough to assure engagement of full form
thread through the fult thickness of the joined-
to material. This means that the computed
screw length must equal grip length (total thick-
ness of all material in the joint) plus the length
of screw point. The length of point includes
the incomplete threads and, additionally, for
Types AB and BP thread forming screws the
length of the gimlet point and for self-drilling
screws the length of the drill. The various prod-
uct standards detait point length limits. An
Appendix of B18.6.4, page H-58, gives instruc-
tions on computing lengths of girmlet points for
Types AB and BP screws. SAE J78 details
dritl lengths for self-drilling screws. When com-
puting needed screw lengths, maximum values
specified for points, gimlets and drills should
be used. As an example, a 1/4 - 20 pan head
thread rolling screw will be used to connect a
0.25Q in. thick plate to another plate of 0.210 in.
thickness. The max screw pointlengthis 0.175in.
(Table 1, page H-64), the screw length tolerance
is pius 0.00, minus 0.03 in, (Para. 2.2.2.2, page
H-16). To guarantee full form thread engage-
ment through the 0.210 in. thick plate, the
needed screw fength equals 0.25¢ + 0.210 +

0175 + 0.03 = 0.665 in. Use a screw tength of
Sf4 in. The maximum protrusion of trHs screw

-
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beyond the far side joint face willbe 0.75¢ - 0.210
— 0.250 = 0.290 in. E

Tapping screws are normally available in
118 in_ length increments.

Mechanical and Performance
Requirements

Before giving application guidance, it
might be useful to explain the mechanical and
performance requirements specified in each of
the 4 engineering standards,

ANSI/ASME B18.6.4

B18.6.4 covers just thread forming and
thread cutting screws. It states that tapping
screws must be made of low carbon steel, heat
treated, and case hardened. it lists a few steel
analyses which might be used. It does not spe-
cify heat treatment controls nor does it specify
case depth limits or case or core hardnesses.

It specifies that Types AB, B,BP C, D, F, G,
and T {but not BF or BT) must be drive tested.
In the drive test a tapping screw is driven into
a carbon steel plate of gpecified hardness,
thickness, and pilot hole size. To be acceptable
the test screw must form or cut a mating thread
completely through the test plate without visible
deformation of the screw’s thread. No drive
torque limits are specified.

All sizes and thread Types are then torsion
tested. In the torsion test the screw is clamped
in & holding device, with the head free of the
clamping surface, and the head is torqued until
failure occurs which is usually by twist-off
through the shank or at the junction of head-to
shanl. The torque causing failure must equal
or exceed a specified value. Torsional strength
values for thread forming and thread cutting
screws were established equating to screw ten-
site strengths of approximately 120 ksi.

SAE 4933

When fastener engineers questioned the
adequacy of B18.6.4 requirements to assure
consistency of tapping screw performance, an
extensive research program was organized to
learn if additional controls would be helpful in
narrowing the scatter range of performance
characteristics. This effort resulted in the issu-
ance of J933. It specifies carbon steel chemi-

%

cal composition limits, heat treatments, case
depths, and case and core hardnesses. It en-
courages metallographic examination of micro-
structure. Drive testing and torsional testing —
and their specitied acceptance criteria — are
the same as specified in B18.6.4, The impor-
tance of J933 is that through its additional con-
trols of material selection and treatments, tap-
ping screw service reliability is greatly improved.

SAE J81

Requirements for thread rolling screws go
far beyond those specified in the combined
B18.6.4 and J933 standards. J81 covers mate-
rial selection, heat treatments, case depths, and
case and core hardnesses, generally in parallel
with those specified in J933. It includes in-
structions on post baking treatment of electro-
plated screws. Drive and torsional strength tests
are required and, additionally, J81 specifies
tensile strength, clamp-to-load, proof torque,
ductility, and hydrogen embritilement testing.

JB1 requires that in the drive test the
screw not only forms a mating thread without
visible deformation of its thread but that the
maximum torque experienced during driving
not exceed a specified value. The torsional
strength test is the same as that specified in
B18.6.4 and J933 but with values established
on screw tensile strengths of 135 ksi.

Hex and hex washer screws (of sufficient
length) must be axial tensile tested. Addition-
ally, they are subject to clamp-to-load and proof
torque tests. In the clamp-to-load test, the screw
is tightened in the same plate used for the drive
test and a specified tensile load (clamping ac-
tion) must be developed at or prior to the appli-
cation of a specified torque. Tightening is con-
tinued until a specified proof torque is applied.
The proof torque is set slightly higher than the
specified minimum torsional strength torque.
The screw must support this torque without
evidence of failure.

All thread rolling screws are ductility tested
by bending their head through 7¢ with respect
to screw axis. And, eleciroplated screws are
tested for the presence cf hydrogen embrittie-
ment by demonstrating an ability to survive 24
hours when tightened in a threaded hole with
a specified torque (about 75 percent of the min-
imum torsional strength torque).

H-6
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One last refinement, J81 recognizes that
different surface finishes affect torque-tension
relationships and separate values are specified
for zinc electroplated screws vs those with cad-
mium electroplating or with phosphate coatings.

SAE J78

Self-drilling screws, as covered in J78, are
required to meet material composition, heat
treatment, torsional strengths, ductility, and
hydrogen embrittlement avoidance essentially
similar to the requirements of SAE J81. Case
and core hardnesses are slightly higher, mostly
because of the demands of the drilling opera-
tion. Screws are subjected to a drili-drive test
in which the screw must drill a hole and form
an internal thread in a plate of specified thick-
ness and hardness within a specified time limit.

SCREW SELECTION AND APPLICATION

When a tapping screw is installed it takes
effort — known as drive torque — to form or
cut the mating internal thread. As torquing is
continued, the screw seats, tightens, and at
some fevel — known as ultimate torque — fail-
ure occurs by screw fracture, twist-off or by
thread stripping and screw pull-out from the
engaged material.

In any tapping screw application perhaps
the most important questions are, “What is the
correct tightening torque? How much torque
does it take to drive the screw, tighten the joint,
and do it without damaging the screw or the
jotned material?” Obviously, the correct tight-
ening torgue lies somewhere between the drive
and ultimate torques, and it's not unreasonable
to suggest that midway might be optimum.
However, several factors interrelate to influence
the magnitude of drive and ultimale torques.
impartant are screw type, its size, joint raterial
composition and hardness, its thickness, and
the method to prepare the preformed holes_But,
mast critical is the size of the hole into which
the tapping screw will be driven. Interestingly,
all other factors affect hole size. It's the last
design decision, it's the most important. If the
hole is too big, the screw may drive easily, but
joint integrity is jeopardized and the screw will
pull out at considerably lower ultimate torques.
If the hole is too small, drive torques will he
CXCEISIVElY Nign and screw Twist-off is risked.

Even if the screw seats and tightens, the spread
between drive and uftimate torques could be

'so narrow that production assembly failures

are an almost certainty.

A brief Jook at the effect each of the vari-
ous factors has on hole size may give some
practical guidance on hole size determination
and appropriate drive-to-ultimate torque rela-
tionships. All with a view to answering the ques-
tion, "How much tightening torque?”

Screw Type

Generally, the broad circumstances of the
application allow a relatively easy decision as
to whether the right screw for the job should be
a thread forming, thread cutting, thread rolling
or self-drilling tapping screw. For example —

— will the screw merely attach or must it
support sizeable externally applied
loads? ‘

— what is the material being joined to? Is
it steel, cast iron, aluminum, plastic,
wood, or other?

— what is its thickness?

— will the screw go through the material
or into a blind hole?

— if through, are blind side clearances
limited?

— willtap or drill chips be objectionable?

— will the preformed hoies be drilted,
cored, pierced, punched or extruded?

— how will the screws be installed-
manually, semi-automatic, fully auto-
mated?

— is perjodic disassembly expected?

— will the assembly be under vibration?

— is the environmental exposure corro-
sion-inducing?

— cost of fasteners, cost of assembly.

Major diameters of spaced and machine
threads are different for tapping screws of the
same nominal size. Consequently, hole sizes
are different. However, for most applications
only two sets of hole sizes are needed, one for
thread rolling and thread cutting screws with
machine threads, and the other for thread form-
ing and thread cutting screws with spaced
threads, Hole sizes proper for thread rolling
and thread forming screws are usually satis-
factory for thread cutting screws because, all
else being equal, “cutting” torques are lower
than “rorming” torgues.
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Screw Size

In the design of structural joints, good en-
qineering suggests that, if a bolt/nut combination
should fai! due to overtightening during install-
ation or overstressing in service, effort be made
to assure failure by bolt fracture and not by
thread stripping. This same principle is valid
when designing joinis fastened with tapping
screws, particularly if the joint will be service
loaded. 1f a joint failure should occur, it is pre-
ferable that the screw breaks rather than its
threads striporthe screw pullout of the material
it joins,

Resistance to thread stripping or screw
pull-out is a function of material strength and

"thread shear areas, which, in turn, are dimen-
sionally controlled by screw size, length of
thread engagement, and depth of mating thread
overlap. In tapping screw applications, length

of thread engagement is the thickness of the

i joined-to material; depth of thread overlap

depends exclusively on hole size. The other

dimensional factor, screw size, also estab-

. lishes the tapping screw’s torsional and tensile

¥ strengths.

: With any giventhickness of material, using
alarger size screw increases the ratio of tensile
stress area to thread shear area and conse-
guently trends the failure mode toward thread
stripping or screw pull-out. Use of a smaller
size screw reverses the ratio, but may increase
driving torques unacceptably high and risk
screw twist-off. Balancing screw tensile strength
capacities against resistance to thread strip-
ping or screw pull-out suggests there may be
arelationship between screw size and material
thickness,

For steel fasteners with Unified screw
threads, and when used in compatible mate-
rials, it will generally be found that a length of
full thread engagement equal to one times the
fastener size (D) is adequate to prevent a thread
stripping failure. It then seems reasonable that
for thread cutting screws — where, similar to a
nut, the minor diameter of the internal thread

_ is the original hole size — screw sizes equal to

- or smaller than the material’s thickness should
perform satisfactorily. Actually, because of
their lower driving torques, thread cutting screws
can be driven conveniently in materials with
thicknesses of 1.5 D or more. For thread rolling

screws — with their low driving torques and -

helped by the better-filling and superior thread
fit of the internal threads they form — a screw
size of about 1.1 times material thickness is
suggested. For thread forming screws — be-
cause of their spaced threads and high driving
torques — it is difficult to develop adequate
thread shear area to prevent the failure mode
being thread stripping or screw pull-out. Fortu-
nately, in most thread forming screw applica
tions the joint is rarely subjected to high loading
conditions. However, where it may be of impor-
tance to minimize thread stripping or screw
pull-out to the degree possible, a screw size of
about 1.3 times material thickness is a reason-
able compromise.

Summarizing by using an example, if the
engaged material has a thickness of 0125 in.,,
a No. 6 thread rolling screw (1.1 x 125 = 137), a
No. 5 thread cutting screw (1 x 1256 = 125),0ra
No. 8 thread forming screw (1.3 x 125 = .162)

"~ might be given first consideration. Stated in dif-

ferent terms, to offset a potential thread strip-
ping or screw pull-out failure mode, No. 8 thread
rolling screws should have alength of thread en-
gagement (material thickness) no less than 0.125
in. (138 = 1.1), No. 8 thread cutting screws 0.138
in. {138 + 1), and No. 6 thread forming screws
0106 in. (138 + 1.3).

These suggestions relate to steel tapping
screws driven into mild steel joint material. For
other joined-to materials adjustments must be
made to reflect their different shear strength
capacities. And, most importantly, these sug-
gestions assume the preformed holes are of
the proper size.

Material Hardness and Thickness

Obviously, the harder and/or thicker the
engaged material the greater the effort needed
to drive a tapping screw. To compensate, the
preformed hole size must be enlarged. But,
hole size adjustments are possible only within
relatively narrow limits.

In general terms, the proper hole size ap-
proximates the diameter at mid-height of the
tapping screw’s thread. To retain any meaning-
ful thread depth overlap the hole size can't be
opened up much beyond a diameter at 75 per-
cent of thread height. And, for small screws,
these are smaill adjustment possibilities. For
example, a No. 8 spaced thread has a thread
height of 0.022 in. A hole at mid-nheight provides
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just 0.011 in. thread depth overlap for thread
cutting screws and somewhat more for thread
forming -and thread rolling screws because of
the displacement of joint material into the
screw’'s thread during driving. A hole at 75
percent of thread height permits only 0.005 in.
of thread depth overlap for thread cutting
screws and not too much more for thread roll-
ing and thread forming screws. Stated differ-
ently, the possible hole size increase is only
about 0.010 in,

For harder materials and thicker sections
thought should be given to selecting a larger
screw size to reduce driving torques rather than
opening hole sizes to allow driving of a smaller
size screw.

" Hole Preparation

Preformed holes can be drilled, cored,
punched, pierced, or extruded. Drilled holes have
straight side walls, cored holes are slightly
tapered, punched holes usually have a breakout
atthe far side, pierced holes form an embossing
drag on the far side, and extrusion elongates
the hole and thickens the section to be tapped.
When drilling, hole size selection and adjust-
ments are dictated by available standard drill
sizes. The other methods permit more tlexibility
as dies ¢can be sized exactly. Cored holes with
their tapered side walls adversely affect either
deplh of thread engagement or driving torgues.

Holes Sizes and Tightening Torques

There are no mathematical formulas, or
even empirical relationships, which permit cal-
culation of proper hole sizes for any tapping
screw application. And, understandably so
when considering the complexity of all the
many interacting influences. :

ANSI/ASME B18.6.4, in appendices, recom-
mends hole sizes in various materials of vari-
ous thicknesses. However, these appendicesdo
not include ali screw sizes and they are limited
to thread forming and thread cutting screws. For
this reason they are not reprinted in this book
and interested readers are referred to the com-
plete standard for this information,

A review of the technical literature on tap-
ping screws reveals the frequent recommenda-
tion that drive torques should be between one-
third to one-half of ultimate torques. At first

glance this recommendation appears reason-
able, but without some additional qualitier it
doesn't make entire sense. For instance, it is
possible to enlarge a pilot hole to a size where
the drive torgue becomes very low. But, in doing
$0, ultimate torque also drops and even though
a 1.3 ratio may still continue, the joint is essen-
tially worthless. So, a “qualifier” is needed.

In the 4 engineering standards for steel
tapping screws, minimum torsional strengths
are specified. These values are torques that
“free standing” screws must accept without
evidence of damage or failure. In an application,
uitimate torque will be higher than torsional
torque for the 2 reasons that the specified tor-
sional strength is a minimum and ultimate tor-
ques include effort to overcome head and
thread friction. Torsional torques can be used
as an indicator to appropriate drive torques.

To maintain an adequate spread between
tightening torgue and ultimate torque, it is rea-
sonable to establish a “first consideration”
tightening torque equal to 70 percent of the
screw'’s specified minimum torsional strength.
If then, as mentioned earlier, a desirable tight-
ening torque is midway betwesn drive and ulti-
mate torques, a “first consideration™ drive torque
would be 35 percent of the specified minimum
torsional strength. Using an example, the spe-
cified minimum torsional strength for a No. 10
Type B thread forming screw is 56 in. Ibs (Table
5, page H-20), If an “objective” drive torque is
set at 20 in. Ibs there is a reasonable expecta-
tion the screw, when actually tested in its joint,
would have an ultimate torque of about 60 in.

lbs and, if so, tightening torques could be set

for 40 in. Ibs.

With this pattern in mind, recommended
hole sizes were developed and are presented
in Table 1 for machine threads and Table 2 for
spaced threads. To establish final hole sizes
and tightening torques the following steps are
proposed —

1. Using the same material and thickness
of the engaged material in the application,
drill a hole with the mean diameter speci-
fied for the screw size and thread type in
Table 1 0or 2.

2. Drive a sample of the same screws to be
used in production and record the maxi-
mum driving torque.
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Tabie 1 Suggested Hole Sizes for Thread
Rolling Tapping Screws and Types D,F, GandT
Thread Cutting Tapping Screws

. Clasest Driil Size
Nominal Hole Diameter to Mean Hole
s§!ew Diameter
1ze - "
Max Mean Min sDir;g %?;l
2-56 0.078 0.076 0.074 48 0.076
2-64 0.077
3.48 0.080 0.087 0.084 44 0.086
3-56 0.089
4-40 0.100 0.097 0.094 41 0.006
4-48 0.100
5.40 0.113 0.110 0.107 35 0.110
5- 44 0112
6-32 0,123 0.119 0.115 31 0120
6-40 0.124
8.-32 0.150 0.146 0.141 20 0.147
8-36 0.148
10-24 0.170 0.165 0.160 19 0.166
10-32 [ 0977 0172 0.167 1164 | 01719
12-24 0.198 0.192 0.186 11 0.191
12.28 0.196
114-20 | o228 0.221 0.214 2 0221 -
174 .28 0.230
S516-18| 0.289 0.28% 0.273 K 0.281
516 -24 0.290
38-16 | 0.348 0.339 0.320 R 0.339
38 -24 0.353
TN6-14} 0.409 0.397 0.385 X 0.397
716 - 20 0.411
12-13 0.471 0.457 0.443 29/64 0.4531
1/2-20 0.475
Formula:

1.015 x basic thread pitch diameter
(Table 1, page A-30 and Table 2, page
A-31). Tolerance is plus and minus 3
percent of mean hole dia. No toler-
ances or drill sizes are given for tap-
ping screws with fine threads except
for the No. 10 size, Use of fine thread
tapping screws is not encouraged.

Mean Hole Dia =

3. Continue driving and record the torque
at which failure occurs,

4. If the ratio of drive torque to ultimate
torque is between 0.33 and 0.5, the chosen
hole size is satisfactory. If the ratio is less
than 0.33, repeat the test using a slightly
smaller hole. If the ratio is greater than 0.5,
retest using a slightly larger hole.

S. Establish the tightening torque at mid-
way between drive torque and ultimate
torque.

Table 2 Suggested Hole Sizes for Types AB,
B, and BP Thread Forming Tapping Screws
and Types BF and BT Thread
Cutting Tapping Screws

. Closest Drill Size
Nominal Hole Diameter to Mean Hole
S;rew Diameter
ize - -
Max Mean Min SD{Z'L' %ri'a"
0-48! 0049 0.046 0.043 55 0.0465
1-42 063 {059 055 53 0595
2-321 077 072 067 49 073
3-28 090 084 .078 45 .082
4-24 .103 086 089 41 096
5-20 114 107 100 36 1065
6-20| 124 16 .108 32 116
7-19 138 129 120 30 1285
8.18 .148 138 128 29 136
10-16F 170 158 148 7 159
12-14 184 182 .169 14 .182
414 226 21 196 4 209
5612 280 270 .251 } 272
¥8-12] 356 333 310 Q 332
716 - 10 413 386 359 w 386
1210 480 449 418 29/64 4531
Formula:
Mean Hole Dia = 098 = mear of thread major and minor

diameters (Table 6, page H-21). Tol-
erance is plus and minus 7 percent of
mean hole dia.

6. As a last check, measure the torsional
strength of a sample screw by torquing
a “iree standing” screw to failure. The
selected tightening torque should be about
70 percent of the torsional failure torque.

Self Drilling Tapping Screws

To this point self-drilling screws have not
been mentioned for the stmple reason they drill
their own hole and it must be presumed the drill
diameter is proportioned correctly far the follow-
ing thread. However, once the hole is drilled
and the screw begins to cut or form its mating
thread, self-drilling screws act similarly to other
tapping screws. The previous discussion is ap-
plicable and may help toward determination of
appropriate tightening torques. SAE J78 in-
cludes considerable application guidance and
when considering use of self-drilling tapping
screws a review of this dosument is advised.
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