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IFI Notes:

1. IFI-504 was originally published in 1976. Since that time several changes

have been made,

all of which are incorporated in this 1982 edition.

Currently, IFI-504 is being used by Div. 29 of the SAE Iron and Steel
Technical Committee as the basis for an SAE standard on metiric self-
drilling screws. When the SAFE standard is published, {Fl will withdraw

IF1-504.

2. There are no ISO standards for metric self-driiling screws nor are any

under development at this time.

1. Scope.

1.1 This standard covers requiremgnts for
metric steel self-drilling tapping screws
suitable for use in general engineering ap-
plications,

The objective of this standard is to insure
that self-drilling tapping screws, by meeting
the mechanical and performance require-
ments specified, shall drill 2 hole and form or
cut mating threads in materials into which
they are driven, without deforming their own
thread and without breaking during assemnbly.

- Appendix A outlines assembly consider-
ations for informational purposes.
NOTE — The performance requirements covered in this
standard apply only to the combination of taboratory
conditions described in the testing procedures. if other
conditions are met in an actual service application {such
as different materials, thicknesses, etc.) drilling speed,
drilt load, starting torque, faiture torque, and driving time
vaiues may require adjustment.

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

1.2.1 BSD. BSD screws have spaced threads
and 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 5.

1.2.2 CSD. CSD screws have threads of ma-
chine screw diameter-pitch combinations ap-
proximating a 60 deg basic thread form, CSD
screws are not subject to thread gaging but
shall meet the dimensional requirements of
this standard. CSD screws are avaitable with
drill points of varying configuration, desig-
nated Style 2 and Style 3, designed to accom-

modate different panel thickness conditions
as outlined in Table 5.

- 2. 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 following chemical
composition requirements:

Analysis Composition Limits (Percent by weight) (2)
{1} Carbon Manganese
Min Max Min Max
Ladle 0.15 0.25 0.70 1.85
Check 0.13 0.27 0.64 .71

1. Ladle analysis may be used for routine reporting. Check
analyses shalt be used in case of dispute or as reguired.

2. Boron is permitted in the range of 0.0005-0.003.

2.1.2 Heat Treatment. Screws shali be heat
treated in a carbonitriding or gas carburizing
system. Cyaniding systems may be approved
by the purchaser when it is shown that a con-
tinvous flow (no batch) quenching process
which consistently produces uniform case
and core hardnesses is empioyed.

2.1.3 Tempering Temperature. Minimum tem-
pering temperatures shalt be 330°C.

When cyaniding systems are approved,

the minimum tempering temperature shall be
230°C,

2.1.4 Finish. Screws may be furnished plain or
with a protective coating (electrodeposited or
mechanical plating or chemical conversion
coating) as specified by the user. At the
option of the manufacturer screws may be

-n




01-10-23; 1:33PM;

# 43

IF! ' |
504 METRIC SELF-DRILLING TAPPING SCREWS s
1982 | IR
Major diameter — Protrusion allowance
D
(See Footnote a),i ", f
Table 1 Dimensions of Threads and Points for Types BSD and CSD Self-Drilling Tapping Screws
Type BSD
) ot
D d 4 Minimum Practical Nom Screw Length (Ref)
Major Minor Protrusion .
N Dia Dia Allowance Style 2 Points {c) Style 3 Points (¢)
o
Screw | read (Re) Formed Milled Formed Milled
Size Pitch
Pan Flat & Pan Fiat & Pan Flat & Pan Flat &
Max | Min | Mox | Min | oo® | SW® | &Hex | Oval | &Hex | Oval | &Hex | Oval | &Hex | Oval
Point Point Washer CTSK | Washer | CTSK | Washer | CTSK Washer | CTSK
Heads Heads Heads Heads Heads | Heads Heads Heads
2.9 1.06 290 | 279 | 218 | 2.08 4.1 —_ 8 9.5 9.5 11 -_ C—_— — -
3.5 1.27 353 | 3.43 | 2.64 | 2.51 4.8 5.6 8 9.5 9.5 11 9.5 N AR 12.5
4.2 1.41% 422 | 409 | 3.10 | 2.95 5.4 6.4 95 11 ih! 12.5 11 12,5 12.5 14
4.8 1.50 480 | 465 | 358 | 3.43 6.0 7.8 1 12,5 12 15 - 125 14 14 16.5
5.5 " 1.81 546 | 531 | 417 | 3.99 7.0 9.0 125 16 135 18.5 12,5 16 16.5 20
6.3 , 1.81 6.25 | 6.10 | 488 | 470 8.1 10.0 125 16 135 17.5 125 16 17.5 215
Type CSD
(b} L .
D F4 Minimum Practical Nom Screw Length {(Reh
Major Protrusion
Dia Allowance Style 2 Points (c) Style 3 Paints {c)
Nom | meag (Ref)
Screw Pitch Formed Milled Formed Milled
Size He
Pan Flat & Pan Flat & Pan Fiat & Pan Flat &
max | min Slgla Stgle & Hex Oval & Hex Oval & Hex Oval & Hex Oval
Point Paint Washer CTSK Washer CTSK Washer CTSK Washer CTSK
Heads ‘| Heads Heads Heads Heads Heads Heads Heads
3 0.5 3.00 | 2.87 4.8 — 9.5 1.0 11.0 12.7 — — - —
3.5 0.6 3.50 | 3.35 8.4 B.3 95 11.0 11.0 127 1.0 12.7 12.7 140
4 07 4.00 | 3.84 5.8 7.3 11.0 12.7 127 14.0 135 15.0 15.0 16.7
5 0.8 500 | 4.83 6.7 B.2 12.7 140 135 16.7 14.0 16.0 18.0 18.3
6 1.0 6.00 | 5.80 98 11.6 16.0 19.0 16.7 19.8 15.0 18.3 198 23.0
NOTES:

provided the screws meet the performance requirements s

nesses shown in Table § prior to thread pick-up.

thread beyond the point and encompasses the len
the maximum effective design grip-length Y an t
. Style 3 points have larger diameters and longer flutes than Style 2 in order to accommodate the drilling and tapping of thicker matariais.
. All dimensions are in millimeters.

he screw in accordance with the following; ¥ = L min - Z

Drill portion of points may be milled and/or cold formed and details of paint taper and flute design shall be gptional with the manufacturer
pecitied in lhis standard and are capable of drilling the maximum panel thick-

. Protrusion aliowance Z is the distance, measured parallel to the axls of screw, from the extreme and of the point to the first tull torm
gth of drill point and the tapered incompleta threads. It is intended for use In calcutating

Eﬁ
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provided with an additional supplementary
lubricant as necessary to meet the perfor-
mance requirements.

Electroplated screws shal! be baked fora
minimum of one hour within the temperature
range 190°-230°C as soon as practicable after
plating to avoid hydrogen embrittlement.

Incaseswhere screws are plated orcoated
following delivery to the purchaser (or where
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 mechanical or perfor-
mance requirements due to plating or coating.
In such cases, additional screws from the
same lot shall be stripped of plating or coat-
ing, baked, lubricated with machine oll and
retested in the natural finish.

2,2 Dimensional Requirements.

2.2.1 Head Types. The head types covered by
this standard are flat countersunk, oval coun-
tersunk, pan and hex washer. Head dimen-
sions shall conform to those specified in
IFI-502, page F—1, except as noted in Para.
2.2.2 and 2.2.4.

2.2,2 Heads. The underside of pan and hex
washer heads may be chamfered in accor-
dance with dimensions specified in Table 2.

Slotted head screws are not recom-
mended for self-drilling screws. However,
catcher arrangements which hold the screws
by the shank can be used successfully with
these types.

2.2,3 Recesses. Head recesses shall be Type
1 or Type 1A with dimensions as specified in
1FI-502.

2.2.4 Positional Tolerances. The positional
relationship between the heads and driving
provisions of screws and the shanks of screws
(formerly defined as Eccentricity) shall be as
follows:

2.2.4.1 Position of Hex Washer Heads. The
axis of the hex washer head shall be located
at true position relative to the axis of the
screw shank within a tolerance zone having a
diameter equivalent to 8 percent of the basic
screw diameter,

2.2.4.2 Position of Recess. The recess in
cross recessed head tapping screws shall be

located at true position relative to the axis of
the screw shank within a tolerance zone hav-
ing a diameter equivalent to 8 percent of the
basic screw diameter.

2.2.5 Length.

2.2.5.1 Measurement. The length of screw
shall be measured parallel to the axis of the
screw from the extreme point to the largest
diameter of the bearing surface of the head.

2.2.5.2 Tolerance on Length. The tolerance
on length of screws shall conform to the
following:

Nom Tolerance

Screw Length on Length

Up 10 20 mm Inc. —0.75 mm
Over 20 mm to 40 mm ~—1.25 mm
Over 40 mm —1.50 mm

2.2.6 Points. Points for BSD and CSD screws
shalt be such as to insure that specified per-
formance requirements are met.

2,27 Thread Dimensions. Dimensions of
Types BSD and CSD screw threads and points
shall conform to those given in Table 1.

2.2.8 Length of Thread.

2.2.8.1 Type BSD Screws. For screws of nom-
inal lengths equal to or shorter than 40 mm,
the full form threads shall extend ciose to the
head such that the specified minor diameter
limits are maintained to within one pitch
{thread), or closer if practicable, of the under-
side of the head. See Figure 1. For screws of
nominal lengths longer than 40 mm the length
of full form thread shal! be as specified by
the purchaser.

—-—I Iv One pitch (thread) max

FIG. 1

2.2.8.2 Type CSD Screws. For screws of nom-
inal jengths equal to or shorter than 46 mm,
the full form threads shall extend close to the
head such that the specified major diameter
limits are maintained to within two pitches
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Table 2 Head Chamfer Dimensions

u R {a) Rz (a}
Chamfer
" Chamfer
Nom Washer Height Height
Screw Thickness Hex Pan
Size . Washer Heads
Heads
Max Min Rel Ref
29 Q.75 0.50 0.4 Q.4
3 1.00 0.60 0.4 .4
3.5 1.00 0.60 0.4 0.4
4 1.25 1.00 0.5 Q.4
4.2 1.25 1.00 05 0.4
48 1.25 1.00 - 05 05 -
5 1.26 1.00 0.5 0.5
5.5 1.25 1.00 Q.5 0.5
6 1.50 1.00 0.6 0.5 -
6.3 1.50 1.00 0.6 0.5

a, Forged self-drilling screws may be made without a chamfer.

{threads), or closer if practicable, of the under-
side of the head. See Figure 2. For screws of
nominal lengths longer than 40 mm, the length
of full form thread shall be as specified by
the purchaser.

Two pitches

2.3 Mechanical and Performance
Requirements.

2.3.1 Hardness.

2.3.1.1 Core Hardness. Screws shail have a
core hardness of Rockwell C 32-40, when
tested as specified in 3.1.

2.3.1.2 Case Hardness. Screws shall have a

case hardness of Rockwell C 52-58, when
tested as specified in 3.2

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

Nom Screw Size GCase Depth {mm;)
mm Min Max
28 thru 3.5 0.05 0.18
4 1hru 5.5 0.10 0.23
& and 6.3 0.13 0.28

2.3.2 Torsional Strength. Screws shall not fail
with the application of a torque less than the
torsional strength torque specified in Table 3,
when tested in accordance with 3.4.

2.3.3 Drill-Drive Test. Screws shall meet the
requirements of the time to drill and thread a
hale completely through atest plate as speci-
fled in Table 4, when tested in accordance
with 3.5.
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Table 3 Mechanical and Performance Requirements for
Types BSD and CSD Self-Drilling Tapping Screws

Hydrogen
Embrittlement
Torsional Test Torque
, Nom Strength N-m
Screw Min Cadmium Zinc
Size N-m Plated Plated
Screws Screws
Type Type Type * Type Type Type
BSD CSD BSD csb BSD [o1:1]
29 1.6 - 1.2 — 1.3 —
3 — 2.2 - » — >
35 2.7 3.5 2.0 >~ 2.3 >~
4 — 52 — - _ -
4.2 4.7 - 41 - 4.6 -
4.8 6.9 : -_ 55 —_ 6.2 -
5 . — 10.5 -— - — -
5.5 10.4 - ‘8.1 - 9.6 —
8 — 17.7 —_ — -
6.3 16.9 21 12.9 14.9 -

» Values are under development.

2.3.4 Ductility. Heads of screws shall not
separate completely from the shank when a
permanent deformation of 5 deg is induced
between the plane of the under head bearing
surface and plane normal to the axis of the
screw, when tested in accordance with 3.6.

2.3.5 Hydrogen Embrittlement. Cadmium and
zinc electroplated screws shall withstand
without evidence of failure the hydrogen em-
brittlement torque specified in Table 3 for the
applicable screw size and finish, when tested
in accordance with 3.7,

3. Test Methods.

3.1 Core Hardness. Core hardness shall be
determined at mid-radius of a transverse sec-
tion thru the screw taken at a distance suffi-
ciently behind the point of the screw to be
through the full minor diameter.

3.2 Case Hardness. For routine quality con-
trol purposes (where case depth and geometry
of screw permit), case hardness may be mea-
sured on end, shank or head using Rockwell
15 N. As an alternate, or where this method is
not applicable, a microhardness instrument
with a Knoop or diamond pyramid indenter
and a 500 gram load may be used. In such

cases, measurements shall be made ¢n the
thread profile of a properly prepared longi-
tudinal metallographic specimen.

3.3 Case Depth. Case depth shall be mea-
sured at a mid point between crest and root
on the thread flank. A recommended tech-
nigue for measuring case depth is given on
page F—34,

3.4 Torsional Strength Test. The sample screw
shali be securely clamped by suitable means
(see Fig. 3 of IFI-502, page F—6) such that
the threads in the clamped length are not
damaged, and that at least two fuil threads
project above the clamping device, and that
at least two full threads exclusive of point,
flutes or thread cutting siot, are held within
the clamping device. By means of a suitably
calibrated torque measuring device, forque
shall be applied to the screw until failure of
the screw occurs. The torque required to
cause failure shall be recorded as the tor-
sional strength torque.

3.5 Drill-Drive Test. Sample screws shall be
selected at random from the lot and shall be
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 com-
pletely through the test plate shall be re-

F—40
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Control box \
N

g

Dead weights

Air drill motor may also be used.

to provide
the specified
axial load ] 7
Electrical
timer
To power source
Lead to limit switch so
/_' — positioned on column as
== to stop timer and drill
after it has moved the
distance required for
: E screw 1o drill hole and
Drill mptor 5  form thread through
test plate :
Column
Test screw
NOTE: .
“Timer and control box are mounted \ S Test plate
separated from test fixture and drill.

FIG.4 TYPICAL DRILL-DRIVE TEST FIXTURE

Table 4 Drill-Drive Test Conditions and Requirem'ents for
Types BSD and CSD Self-Drilling Tapping Screws

Test plate support fixture

o) Time to
. a . Drili &
Nom Test( leate Axial Loading Form
Screw Thickness N Thread
Size A B c {Seconds}
Max Min Max Max Max Max
2.8 1.82 1.52 110 135 180 2.0
3 1.62 1.52 110 135 180 20
3.5 1.82 “1.52 135 155 200 25
4 1.62 1.52 135 155 200 3.0
4.2 1.62 1.52 138 155 200 3.0
4.8 162 1.52 185 180 220 3.5
5 1.62 1.52 155 180 220 35
5.5 1.62 1.52 200 220 270 4.0
6 1.62 1.52 200 220 270 45
6.3 1.62 1.52 200 250 270 5.0
NOTES:

a,
b,

Test plates shall be low carbon cold rolled steel having a hardness of Rockwel! B0 to Ba5.

Axial loads are varied to offset the detrimental effects on drilling capability created by finishes

applled to screws in accordance with the following: . )

Column A — Axial loads tabulated shall appiy to plain, oiled, and commercial phosphate coat-
Ing and cadmium and zinc platings up to 7.5um thickness.

Column B — Axial loads tabluated shall apply to spacial electroplated fnishes exceeding
7.5um thickness and to special coatings, such as thread saaling hot melts, etc.

Column G — Axial loads tabuiated shall apply to chromium finish.

. Tool speed shall be 2500 rpm for screw sizes 2.9 thru 5 mm, Tool speed of 1800 rpm is recom-

mended for screw sizes 5.5 mm to 6.3 mm, however, 2600 rpm may be used provided care is
exercised {0 minimize influence of high heat buitd-up due to surizce speed. (NOTE: These
speeds are for test purposes and aré not nacessarily swited for all service applications,
Reter lo Appendix A, Para. (E) and to speclal note in Scope, Para, 1,1.)

N
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corded. The test plate material and thickness,
and load applied against the screw during
drilling and threading, and the other test con-
ditions are specified in Table 4. Each screw
shall be used to drill and thread only one
hole. A typical drifl-drive test fixture is shown
in Fig. 4. _

The drive test shall be conducted in ac-
cordance with the following sampling plan:

Lot Size Sample Size
Up ta 5,000 N g
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
screws to drill and thread a hole does not ex-
ceed the maximum time specified in Table 4,
the lot shall be acceptable. If one or more of
the times exceed the maximum specified in
Table 4, 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(1) Drive(2)
12 1 0
24 1 0
36 2 1
50 3 1
NOTES:

1. A"EBlow Drive” is defined as a screw having a drilling and
threading time in excess of but less than twice the sSpeci-
fied maximum.

2. An “Excessive Drive" is defined as a screw having a drili-
ing and threading time twice the specified maximum or
greater.

3.6 Ductility. The sample screw shall be in-
serted into a drilled hoie in a hardened wedge
block, or other suitabie device, and an axial
compressive (or impact) load applied against
the top of the screw head. Loading shall be
continued until the plane of the under head
bearing surface is bent permanently through
5 deg with respect to a plane normal to the
axis of the screw,

3.7 Hydrogen Embrittiement Test. Sample
screws shall drill their own hole and form a
thread in a steel test plate with a thickness
equal to the maximum specified for the appli-
cable screw type and size in Table 5. The head
of the screw shall be seated against one or

e

Figure 5A —
EJZ;

Figure 58 —

Single panel Double panel

Figure 5C —
Spaced panel

Table 5 Self-Brilling Tapping Screw
Selection Chart

P (a)
. Nom Recommended
S_If:re:r ;?':‘; Screw Panel
b y Size Thickness,
mm
29and 3 2.0 max
3.5 2.3 max
2 4 and 4,2 2.5 max
4Band 5 2.8 max
BSD 5.5 3.6 max
and ;] 4.0 max
C8D 6.3 ¢ A4 max,
3.5 2328
3 4 and 4.2 2.5-3.6
48 and 5 2,8-4.4
5.5, 6,63 2853
NOTE:

a. If the panel to be dritled is comprised of two or more layers, see
figs. 5B ang 5C, the gap between the layers {(which might consist
of a sealing strip, air space caused by warpage, ei¢., or just the
separation caused by the pressure exerted by the driver) must be
considered in determining the point style for the particular fas-
tener, Using a seli-drilling tapping screw as covered In this
standard in g multi-layer application with an excessive gap could
result in point breakage since the tapping in one layer begins
before completion of the drilling of the other layers and since the
advancement of the screw in the tapping operation is much fasler
than in the drilling operation.

more plain washers as given in 3.7.1 (size cor-
responding to screw size and minimum stack
thickness corresponding to maximum un-
threaded length under the head) or an equiva-
fent spacer and tightened with a torque equal
to the hydrogen embrittlement torque speci-
fied in Table 3. The assembly shall remain in
this tightened state for 24 hours. The original
hydrogen embrittlement torque shall then be
reapplied following which the screw shall be
removed by the application of removal torque.

F—42
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3.7.1 Under Head Bearing Test Surface. The
surface condition of plain commercially avail-
able flat washers is normalty suitable for the
test specified in 3.7. For referee purposes,
the surface shall conform to 0.50 to 0.75 xm
(AA roughness range).

3.8 Torque Wrenches. Torque wrenches used
in all tests shall be accurate within plus or
minus 2 percent of the maximum of the speci-
fied torque range of the wrench.

Alternatively, a torque sensing power
device of equivalent accuracy may be used.

4. Inspection.

4.1 Inspection and Quality Assurance. Un-
less otherwise specified by the purchaser in
the original inquiry and purchase order, ac-
ceptability shall be based on conformance
with the requirements specified in ANSI
B18.18.1M, page J—25.

APPENDIX A

ASSEMBLY CONSIDERATIONS

A. Screw Selection Chart. Table 5 reprasents
a screw selection chart recommending panel
thicknesses which can be fastened with var-
ious screw types and sizes.

B. Bits and Sockets. Magnetic bits and
sockets are not recommended for sealing ap-
plications or when material thicknesses are
near the maximum drilling limit of the partic-
ular screw (see Table £), because of possibie
chip collection around the area being sealed
and in the socket.

C. Driving Technique. End pressures of 110
to 290 N are required for efficient drilling of

self-drilling tapping screws. Excessive pres-,

sure, especially during the initial penatration
of the drill point, increases the amount of
material being removed by the flutes and
could result in drilling torques in excess of
the strength of the drill point.

For applications involving several layers
of material, certain design considerations
must be made. .

It one of the layers has a clearance hole,
this hole size must be larger than the drill
diameter and preferably larger than the screw
thread major diameter. Clearance holes
smaller than the drill point diameter resutt in
a concentrated toad on the edge of the point

which results in the same problems associ-
ated with excessive pressures.

If both layers {or several layers) are to be
drilled, the gap between the layers (which
might consist of a sealing strip, air space
caused by warpage, etc., or just the separa-
tion caused by the pressure exerted by the
driver) must be considered in determining the
unthreaded point length for the particular
fastener. Using a self-drilling tapping screw

-as covered in this standard in a multi-layer

application with an excessive gap could resuit
in point breakage since the tapping in one
layer begins before completion of the drilling
of the other layers and since the advancement
of the screw in the tapping operation is much
faster than in the drilling operation. The net
result would be the same as when exerting
excessive pressure.

D. Terque Output. Torque output of the driver
should be equivalent to the torque required
to drive a comparable standard thread form-
ing or thread cutting tapping screw in a pre-
drilled hole.

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






