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1.0 Scope

1.1 Scope. This inch series standard covers
requirements for steel, self-drilling, tapping screws
suitableforuseingeneral engineeringapplications.

The objective of this standard is to ensure
that self-drilling tapping screws, by meeting the
mechanical and performance requirements speci-
fied, shall drilla hole and form or cut mating threads
in materials into which they are driven, without
deforming their own thread and without breaking
during assembly.

NOTE: The performance requirements
covered in this standard apply only to the com-
bination of laboratory conditions described in
the testing procedures. If other conditions are
met in an actual service application (such as
different materials, thicknesses, etc.) drilling
speed, drill load, starting torque, failure torque,
anddriving timevalues mayrequireadjustment.

1.2 Designation. The two types of self-drilling
tapping screws for which characteristics are covered
in this standard are designated Types BSD and
Cah,

1.2.1 BSD. BSD screws have spaced threads
and are available with drill points of varying configu-
ration, designated Style 2 and Style 3, designed to
accommodate different panel thickness conditions
as outlined in Table 6.

1.2.2 CSD.CSDscrews havethreads of machine
screw diameter-pitch combinations approximating
Unified form. CSD screws are not subject to thread
gagingbutshallmeetthe dimensionalrequirements
of this standard. CSD screws are available with drill
points of varying configuration, designated Style 2
and Style 3, designed to accommodate different
panel thickness conditions as outlined in Table 6.

2.0 Requirements

2.1 Material and Process Requirements

2.1.1 Material and Chemistry. Screws shall be
made from cold heading quality, killed steel wire
conforming to the requirements of IFI-140. Selection
ofagiven|Flsteelgrade from|FI-140shallbe based
oncompliancewiththe followingchemicalcomposi-
tion limits:

Composition Limits (% by weight) (2)
An?!]y;sis Carbon Manganese
Min Max Min Max
Ladle 0:15 0.25 0.70 1.65
Check 0.13 0.27 0.64 11
NOTES:

1. Ladle analysis maybe usedfor routine reporting. Check
analyses shall be used in case of dispute or as required.
2. Boronispermittedinthe rangeof 0.0005-0.003.

2.1.2 Heat Treatment. Screws shall be heat
treated in a carbonitriding or gas carburizing sys-
tem.

2.1.3 Tempering Temperature. Minimum tem-
pering temperature shall be 625°F.

2.1.4 Finish. Screws may be furnished plain or
with a protective coating (electrodeposited or me-
chanical plating or chemical conversion coating) as
specified by the user. At the option of the manufac-
turer screws may be provided with an additional
supplementary lubricant as necessary to meet the
performance requirements. ASTM F1941 shall be
used for electrodeposited coatings.

Electroplated screws shall be baked for a
minimum of one hour within the temperature range
375°-450°F as soon as practicable after plating to
avoid hydrogen embrittlement. Alternately, ASTM
F1940 may be used for process control to prevent
hydrogen embrittlement.

Incaseswhere screws are plated orcoated
followingdeliveryto the purchaser (orwhere plating
or coating of screws is otherwise under the control
of the purchaser) the screw producer shall not be
responsible for failure of the screws to meet me-
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chanical or performance requirements due to plating
orcoating. Insuchcases, additionalscrews fromthe
same lot shall be stripped of plating or coating,
baked, lubricated with machine oil and retested in
the natural finish.

22 Dimensional Requirements

2.21 Basic Dimensions. Dimensions and gen-
eral specifications applicable to heads, body and
screw length for Type BSD and Type CSD screws
shallconformtothosespecifiedfor Type Band Type
C tapping screws, respectively, in ASME B18.6.4,
Slotted and Recessed Head Tapping Screws and
Metallic Drive Screws, except as specified in Para.
2.2.4 thru Para. 2.2.6 of this standard.

2.2.2 Thread Dimensions.Dimensionsof Type
BSD screw threads shall conform to those for Type
B screws, and dimensions of Type CSD screw
threadsshallconformtothose for Type C screws, as
specified in ASME B18.6.4.

2.2.3 Length of Thread

2231 TypeBSD Screws. For screws of nominal
lengths equalto orshorterthan 1.50in., the full form
threads shall extend close to the head such that the
specified minor diameter limits are maintained to
within one pitch (thread), or closer if practicable, of
the underside of the head. See Fig. 1. For screws of
nominal lengths longer than 1.50 in., the length of full
form thread shall be as specified by the purchaser.

2232 Type CSDScrews. Forscrews of nominal
lengths equalto or shorterthan 1.50in., the full form
threads shall extend close to the head such thatthe
specified major diameter limits are maintained to
within two pitches (threads), or closerif practicable,
of the underside ofthe head. See Fig. 2. For screws
of nominallengthslongerthan 1.50in., the length of
full form thread shall be as specified by the pur-
chaser.

> One pitch (thread) max

Fig. 1

Twcu pitches
ih reads) max

Fig. 2

2.24 Head Types. The head types covered by
this standard include those specified in ASME
B18.6.4.

2.2.5 Points. Dimensions of points for BSD and
CSDscrews areshownin Table 1 and shallbe such
as to ensure that specified performance require-
ments are met.

226 Recesses. Head recesses shall conform
withthedimensionalrequirements of ASMEB18.6 4.

2.2.7 Eccentricity. Eccentricity is defined as
one-half of the total or full indicator reading.

2.2.7.1 Eccentricity of Hex and Hex Washer
Heads. Hex and hex washer heads shall not be
eccentric with the axis of the screw by an amount
equal to or more than 6 percent of the basic screw
diameter.
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Major Diameter-

»— Protrusion
allowance

See Note 1

Typical Self-Drilling Tapping Screw Point

Table 1 Dimensions of Threads and Points for Types BSD and CSD Self-Drilling Tapping Screws
Type BSD Type CSD Types BSD and CSD
D d z D Z L
Nominal Minimum Practical Nominal
Size or  |Threads| Major Minor ilrlc:u:ruasnizg Threads Major iﬂ?;tu:u;nlgg Screw Lengths (Ref)
Basic Screw| per Diameter Diameter per Diameter Style 2 Points | Style 3 Points
Diameter inch (Ref) Inch (Ref)
Formed Formed
: .| Style 2| Style 3 . Style 2| Style 3190 Deg| Csk |90 Deg| Csk
Menc | Min | Max | D Point | Point Wiax in Point | Point | Heads | Heads| Heads | Heads
4 0.1120 24 0.11410.110| 0.086| 0.082| 0.163 — 40 0.1120]0.1072] 0.130 — 5/16 3/8 — —
6 0.1380 20 0.13910.135] 0.104| 0.099] 0.190 | 0.220 32 0.1380]0.1326) 0152 | 0172 ]| 5/16 3/8 3/8 7116
8 0.1640 18 0.166§ 0.16110.122] 0.116] 0.211 | 0.251 32 0.1640|0.1586] 0.162 | 0.202 3/8 716 716 1/2
10 0.1900 16 0.1894 0.18310.141] 0.135| 0.235| 0.300 24 0.1900]0.1834) 0.193 | 0258 ]| 7116 1/2 12 9/16
12  0.2160 14 0.215§ 0.20910.164] 0.157| 0.283 | 0.353 24 0.2160]0.2094] 0.223 | 0.293 1/2 o5/8 1/2 S5/8
14 0.2500 14 0.246) 0.240| 0.192| 0.185] 0.318 | 0.393 20 0.2500]0.2428] 0275 0.350 12 5/8 112 5/8
See Notes 2 3 3
NOTES:

1. Drill portion of points may be milled and/or cold formed and details of point taper and fute design shall be optional with the manufacturer provided
the screws meet the performance requirements specified in this standard and are capable of drilling the maximum panel thicknesses shown
in Table 6 prior to thread pick-up.
Where specifying nominal size in decimals, zeros preceding decimal and in fourth decimal place shall be omitted.
Protrusion allowance Z is the distance, measured parallel to the axis of screw, from the extreme end of the point to the first full formthread beyond
the point and encompasses the length of drill point and the tapered incomplete threads. It is intended for use in calculating the maximum effective
design grip length Y on the screw in accordance with the following:

Y=Lmin-Z

e
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2.2.7.2 Eccentricity of Recess. The recess in
recessed head screws shall not be eccentric with

Table 2 Torsional Strength
Requirements

the axis of the screw by an amount equal to or more _ Min Torsional St B
than 6 percent of the basic screw diameter. Nominal ISR IR el
Screw (Ib.in.)
2.3 Mechanical and Performance Require- =t Type BSD Type CSD
ments 4 14 14
2.3.1 Hardness 6 28 24
8 42 48
23.1.1 CoreHardness.Screws shall have a core 10 61 65
hardness of Rockwell C32-40, when tested as speci-
fied in Para. 3.1. i i 100
1/4 150 156

2.3.1.2 CaseHardness.Screwsshallhaveacase
hardness of Rockwell C52-58, when tested as speci-

fied in Para. 3.2.

2.3.1.3 Total Case Depth. Screws shall have a
total case depth conforming to the following, when
tested as specified in Para. 3.3:

Nominal Total Case Depth (in.)
Size Min Max
Nos. 4 and 6 0.002 0.007
Nos. 8 thru 12 0.004 0.009
1/4 0.005 0.011

2.3.2 Torsional Strength. Screws shall not fail
with the application of a torque less than the tor-
sional strength torque specified in Table 2, when
tested in accordance with Para. 3.4.

2.3.3 Drill-Drive Test. Screws shall meet the
requirements of the time to drill and thread a hole
completelythrough atest plate as specified in Table
3, when tested in accordance with Para. 3.5. The
optional performancein Table 4 may be specified by
the customer when specified in the inquiry and

that would cause a loss of thread engagement and
resultin premature stripping of the mating thread, a
drill hole size test shall be conducted in accordance
with Para. 3.6. The diameterofthe holedrilled by the
screw shall notexceed the pointdiameter ofthe test
screw by more than 0.005 in.

2.3.5 Ductility. Heads of screws shall not sepa-
rate completely from the shank when a permanent
deformation is induced between the plane of the
underhead bearing surface and a plane normal tothe
axis of the screw, when tested as specified in Para.
3.1

2.3.6 Hydrogen Embrittlement. Electroplated
screws shall be tested as specified in Para. 3.8.

3.0 TestMethods

3.1 Core Hardness. Core hardness shall be
determined at mid-radius of atransverse section thru
the screw taken at a distance sufficiently behind the
point of the screw to be through the full minor
diameter.

purchaseorder.
3.2 CaseHardness.Forroutine quality control

purposes (wherecasedepthand geometry of screw
permit), case hardness may be measured on end,

2.3.4 Drill Hole Size. When desired to deter-
mine that the drill point does not drill an oversize hole
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Table 3 Required Drill-Drive Time Performance

‘ Test Plate Axial Loading, Ib. | .
Sorew | Mokmess | A T 8 [ c | “Gilnarom
Siz¢ | 4002in. | #-5% | +-5% | +~5% | Thread (seconds)
4 0.062 25 30 40 2.0
6 0.062 30 35 45 2.5
8 0.062 30 35 45 3.0
10 0.062 35 40 50 3.5
12 0.062 45 50 60 4.0
1/4 0.062 45 50 60 5.0
See Notes 1 2 3
Table 4 Optional Drill-Drive Performance
Axial Maximum Time
Nominal Test Plate | Loading, Ib. to Drill and Drill
Screw Thickness Form Thread Speed
SiFe D (seconds)
+/—.005 in. +/— 5% Seconds RPM
6 0.080 35 4.5 1800 to 2500
8 0.120 55 5.0 1800 to 2500
10 0.160 55 70 1800 to 2500
12 0.200 80 11.0 1000 to 2500
1/4 0.200 80 13.0 1000 to 2500
See Notes 1,2 3
NOTES:

1. Test plates shall be low carbon cold rolled steel having a hardness of Rockwell B60 to
85. Thickness may be single plate or a combination of two plates.

2. Axial loads are varied to offset the detrimental effects on drilling capability created by
finishes applied to screws in accordance with the following:

Column A — Axial loads tabulated shall apply to plain, oiled, and commercial phosphate
coating and zinc platings up to 0.0003 in. thickness in accordance with ASTM F1941.
Column B — Axial loads tabulated shall apply special electroplated finishes exceeding
0.0003 in. thickness and to special coatings, such as thread sealing hot melts, etc.
Column C — Axial loads tabulated shall apply to chromium finish.

Column D — The axial load is the same regardless of finish.

3. Tool speed shall be 2500 rpm for screw sizes No. 4 through No. 10. Tool speed of 1800
rpm is recommended for screw sizes No. 12 and 1/4, however, 2500 rpm may be used
provided care is exercised to minimize influence of high heat build-up due to surface
speed. (NOTE: These speeds are for test purposes and are not necessarily suited for
all service applications. Refer to Appendix A, Para. (e) and to special note in Scope, Para.
1515
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shank orhead using Rockwell 15N. As an alternate,
or where this method is not applicable, a
microhardnessinstrumentwith aKnoopor diamond
pyramid indenterand a 500 gram load may be used.
In such cases, measurements shall be made on the
thread profile of a properly prepared longitudinal
metallographicspecimen.

3.3 Case Depth. Case depth shall be mea-
sured at a midpoint between crest and root on the
thread flank using the method described in SAE
J423.

34 Torsional Strength Test. The sample screw
shall be securely clamped by suitable means (Fig.
3) such that the threads in the clamped length are
not damaged, and that at least two full threads
project above the clamping device, and that atleast
two full threads exclusive of point, flutes or thread
cutting slot, are held within the clamping device. By
means of a suitably calibrated torque measuring
device, torque shall be applied to the screw until
failure of the screw occurs. The torque required to
cause failure shall be recorded as the torsional
strengthtorque.

T @,

/

Fig. 3

3.5 Drill-Drive Test. Sample screws shall be
selected atrandom fromthe lotand shallbe used to
drill holes and form or cut mating threads in a test
plate. The time in seconds for the screw to drill and
thread a hole completely through the test plate shall
be recorded. The test plate material and thickness,
and load applied againstthe screw duringdrilling and
threading, and the other test conditions are specified
in Table 3. Each screw shall be used to drill and
thread only one hole. A typical drill-drive test fixture
is shown in Fig. 5.

The drive test shall be conducted in accor-
dance with the following sampling plan:

Lot Size Sample Size
Up to 5,000 6
5,001 to 15,000 12
15,001 to 50,000 18
50,001 and over 25

If the actual time for each of the sample
screwstodrilland thread a hole does notexceed the
maximum time specified in Table 3, the lot shall be
acceptable. If one or more of the times exceed the
maximum specified in Table 3, a re-test shall be
made using twice the original sample size. The lot
shall then be acceptable in accordance with the
following:

Sample Slow Excessive
Size Drive® Drive*
12 1 0
24 1 0
36 2 1
50 3 1

* A "Slow Drive” is defined as a screw having a drilling and
threading time in excess of but less than twice the specified
maximum.

** An "Excessive Drive" is defined as a screw having a drilling
and threading time twice the specified maximum or greater.

3.6 Drill Hole Size Test. The sample screw
shall be inserted through a sleeve or collar (Fig. 4)
havinganinside diameterof approximately0.010 in.
greater than the major diameter of the screw. The
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sleeve length or collar adjustment should be such
that sufficient unthreaded point length extends
through the sleeve or collar to drill a hole through
0.035in. thick material withoutthread pick-up. After
the hole is drilled in the test plate, the screw shall be
removed and the diameter of the drilled hole mea-
sured.

3.7 Ductility. The sample screw shall be in-
serted into a hardened 5 deg wedge block, having
hole sizes .020 to .040 inches larger than the
nominal screw diameter. An axial compressive (or
impact) load shall be applied against the top of the
screw head. Loading shall be continued until the
plane of the underhead bearing surface is bent
permanently through with respecttoa plane normal
to the axis of the screw.

3.8 Hydrogen Embrittiement Test. Electro-
plated screws shall be installed into the hydrogen
embrittlement test plates as specified in Table 5. If
the reference hole size in the test plate is smaller
than the screw drill point diameter, drive the screw
through the existing hole to size the hole. Seat the

\
\

WA

SLEEVE

A\

\

'f_ %\ﬁ

\
\

0
/)
Nyl

I\
‘\

TEST PLATE

—D-I -+— DRILLED HOLE
DIAMETER

Fig. 4

head of the screw against a hardened steel flat
washer or split lock washer. If the screws are not
threaded to the head, additional washers and/or
spacers (hardened or unhardened) shall be used
under the bearing washer to provide a minimum
stack thickness corresponding to the length of the
maximum unthreaded length on screw plus the
distance equal to two to three thread pitches. Full
form screw threads must be engaged through the
test plate's thickness. Screws shall be tightened to
a test torque equal to 80% of the average failure
torque of five screws driven into the test plate until
theybreakintotwo pieces. The screws shallremain
in the tightened state for a minimum of 24 hours,
after which all screws will be retightened to the
original test torque. The lot is acceptable if no
screws break during the waiting period or during
retightening.

3.8.1 Underhead Bearing Test Surface. The
surface condition of plain commercially available flat
washers is normally suitable for the test specified in
Para. 3.8. For referee purposes, the surface shall
conform to 0.50 to 0.75 um (AA roughness range.)

3.9 TorqueWrenches. Torque wrenches used
in all tests shall be accurate within plus or minus 2
percent of the maximum of the specified torque
range ofthe wrench.

Alternatively, a torque sensing power de-
vice of equivalent accuracy may be used.

4.0 Inspection

4.1 Inspection Procedure. Screws shall be
inspected to determine conformance with the re-
quirements of this standard. Inspection shall be
performed inaccordance with sampling plans given
iNnASME B18.18.2M, except where otherwise speci-
fied in this standard. Alternate inspection proce-
dures may be specified by the purchaser on the
purchaseorderorengineering drawing.
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Control Box l

Dead weights
to provide the

specified axial
load \ q\!( AT }x
e ” Electrical timer
a To power source

——
=~ D Lead to limit switch so
- —— E) positioned on column as to
Drill mot IH?’ . stop timer and drill after it
S ul *E has moved the distance
|."‘§ required for screw to drill
Test screw I = hole and form thread
-y through test plate
NOTE:
Timer and control box are mounted J.‘- Column
separated from test fixture and drill. e L "
Air drill motor may also be used. g . ____\ Test plate
H
/ ) Test plate support fixture

Fig. 5 Typical Drill-Drive Test Fixture
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Table 5 Hydrogen Embrittlement

Test Plate 5 i
Test Plate Test Plate
Nominal Thickness (in.) | Hole Size (in.)
EREUGIES ref. ref. Fig. 6A — Fig. 6B —
Single panel Double panel
4 0.048 0.086 P
6 0.075 0.116 azzzzzgmzzza
8 0.125 0.136
10 0.125 0.159 Fig. 6C —
12 0.125 0.187 Spaced panel
1/4 0.187 0.216 , _ _ _
Fig.6 Typical Panel Configurations

Test plates shall be low carbon cold rolled steel having a
hardness of HRB 70-85.

Table 6 Self-Drilling Tapping Screw Selection Chart

sScrew Point Nominal E
Type Style Screw Size Recommended
Panel Thickness, in.

4 0.080 Max

6 0.090 Max

5 8 0.100 Max

10 0.110 Max

BSD 12 0.140 Max

and 1/4 0.175 Max

SR 6 0.090-0.110

8 0.100-0.140

3 10 0.110-0.175

12 0.110-0.210

1/4 0.110-0.210

a lIfthe paneltobe drilled is comprised of two or morelayers. See Figs. 6B and 6C, the gap
between the layers (which might consist of a sealing strip, air space caused by warpage,
etc., orjust the separation caused by the pressure exerted by the driver) must be considered
indetermining the pointstyle forthe particular fastener. Using aself-drilling tapping screw
as covered in this standard in a multi-layer application with an excessive gap could resultin
pointbreakage since thetappinginonelayerbegins before completion ofthe drilling ofthe
other layers and since the advancement of the screw in the tapping operation is much faster
thanin the drilling operation.
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APPENDIXA

ASSEMBLY CONSIDERATIONS

a. Screw Selection Chart. Table 6 represents a
screw selection chart recommending panel thick-
nesses which can be fastened with various screw
types and sizes.

b. Bits and Sockets. Magnetic bits and sockets
are not recommended for sealing applications or
when material thicknesses are near the maximum
drilling limit of the particular screw (see Table 6),
because of possible chip collection around the area
being sealed and in the socket.

c. Driving Technique. End pressures of 25 to 65
pounds are required for efficientdrilling of self-drilling
tapping screws. Excessive pressure, especially
during the initial penetration of the drill point, in-
creases the amount of material being removed by
the flutes and could result in drilling torques in
excess of the strength of the drill point.
Forapplications involving several layers of ma-
terial, certain design considerations mustbe made.
If one of the layers has a clearance hole, this
hole size mustbe largerthan the drill point diameter
and preferably larger than the screw thread major
diameter. Clearance holes smaller than the drill
point diameter result in a concentrated load on the
edge ofthe pointwhichresultsinthesame problems

associated with excessive pressures.

Ifboth layers (orseverallayers)are tobedrilled,
the gap between the layers (which might consist of
a sealing strip, air space caused by warpage, etc.,
or just the separation caused by the pressure
exerted by the driver) must be considered in deter-
mining the unthreaded pointlength forthe particular
fastener. Using a self-drilling tapping screw as cov-
eredinthisstandard ina multi-layerapplication with
an excessive gap could result in point breakage,
sincethetappinginonelayerbegins before comple-
tion of the drilling of the other layers and since the
advancementofthe screw in the tapping operation is
much faster than in the drilling operation. The net
result would be the same as when exerting exces-
sivepressure.

d. Torque Output. Torque output of the driver
shouldbeequivalenttothetorquerequiredtodrive a
comparable standard thread forming or thread cut-
ting tapping screw in a predrilled hole.

e. Driving Speed. Driving tools which operate
between 2000 and 3000 rpm are satisfactory for
most applications. Driving speed should be consis-
tent with good drilling practice when using carbon
steel drills.
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