STEEL SELF-DR|LLING TAPPING SCREWS—SAE J78

SAE Standand

) l\ep‘on of Iron and Steel Tchnical Commintee and Fasteneis Committee approved July 1972,

1. Scope - o . -

. LI General-This standard covers the dimensional and general
specifications, including performance requirements, for steel self-drilling
tapping screws suitaple for use in general applications.

It is the objective|of this standard to insure that self-drilling tapping
screws, by meeting the mechanical and performance requlr'ements speci-
fied, shall driil a hole and form or cut mating threads in materials-into
which they are drivdn without deformmg their own thread and without
breaking during assgmbly or service,

An Appendix is included to provide a recommended techmque for
measuring the case dlepth on the screws.

1.2 Screw Typep and Apphcauon—'l‘he two, types of self-drilling
tapping screws covefed by this standard ape~designated and described
as follows: . ) .

- 1.21 Tyre BSD—I'ype BSD. screws shall have spaced threads with

drill points of varyjng configuration,.desighated Style 2 -and Style 3,
designed to accomnjodate differedt panel thickness conditions as de-
lineated in Table 5.

1.2.2 Tyre CSD—| ype CsDXscrews shall have threads of machine
screw - diameter-pitch combinations approximating Unified Form with
drill points .of varyjng onfiguration, designated Style 2 and Style 3,
designed to accommodate different panel thlckness condmons as de-
lineated 'in Table 5.
but shall meet dimensions specxﬁed in this standard. They are intended
for application' where the use of a machine screw pxtch thread is pre-
ferred over the spaced thread.

1.3 Head Types—The head types apphcable to self-drilling tappmg
screws .covered by this standard shall include those specified in SAE
J478 and ANSI B18.6.4, Slotted and Recessed Head Tapping Screws
and Metallic Drive Screws, except for slotted head and hex (nonwasher)

. head ‘designs which are not recommended for self-drilling screws.

2. Dimensional Requirements

2.1 Gencral Dimensions—Dimensions and general specxﬁcatlons ap-
plicable to heads, body, and screw length for Type BSD and Type CSD
screws shall conform to those spccxﬁed for Type B and Type C tapping
SCrews, respecuvely, as specified in SAE J478 or ANSI B18.6.4, except as
specified in paragraphs 2.2-2.4. :

2.2 Heads—The. underside on all noncountersunk styles of heads
on milled point seif-drilling screws may be chamfered at the periphery
of head in accordance with the dimensions specified in Fig. 1 and
Table 1. )

) 23 Eccentricity—Ecccntricity is defined as one-half of the full or
total indicator reading.

2.3.1 EccenTRICITY OF HEX AND HEX
washer heads shall not be eccentric with

‘WasHEr HEaps—Hex and hex
the axis of screw by an amount

equal to more than 4%, of the basic scrqw diameter.

2:3.2 ECCENTRICITY OF , RECESS—The
shall not be eccentric with the axis of

ecess in recessed head screws
screw by an amount equal to

more than 49, of the basic screw diamefer.

2.4 Length of Thread

2.4.1 Tyre BSD Screws—For screws ¢f nominal lengths equal to or

shorter than 150 in, the full form th
head such that the specified minor diaj
within one pitch (thread), or closer i
of the head. See Fig. 2. For screws of n

in, the length of full form thread shall ]
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FIG. 1A—HEX WASHER HEAD

C_ N4
=

?

FIG. lB-RECESSED HEADS

FIG. l-HEAD CHAMFERS ON MILLED POINT SCREWS

TABLE 1—HEAD CHAMFER DIMENSIONS FOR MILLED POINT
SELF-DRILLING TAPPING SCREWS, IN (FIG. 1)

.. u L R
N, 1 1 . .
Scraw Washer Chamfer Helght Chamfer Height
Size ] Thickness Hex Washer Hds Recessed Heads
Max _Min Ref Ref
4 0,030 0.020 0015 0.015
& 0.040 0.025 0015 0.015
8 0.050 0.035 0.020 0015
10 0.050 0.035 0.020 0.020
12 0.050 0.035 0.020 0.020
1/4 0.060 0.049 0,025 0.020
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24.2 Tyre CSD Screws—For screws of nominal lengths equal to or
shorter than 1.50 in, the full form threads shall extend close to the head
such that the specified major diameter limits are maintained to within
two pitches (threads), or closer if practicable, of the underside of the
head. Sce Fig. 3. For screws of nominal lengths longer than 1.50 in, the
length of full form thread shall be as specified by the purchaser.

2.5 Threads and Points—The threads and points applicable to
screws covered by this standard are generally described under paragraph
1.2. They shall conform to the dimensions specified in Table 2.

3. Material and Process Requirements

129

the purchaser when it is shown that a continuous How (no batch)
quenching Pprocess which consistently produces uniform case and core
hardnesses is employed.

8.2.1 TEMPERING TEMPERATURE—Minimum
shall be 625 F. )

When cyaniding systems are approved, the minimum tempering tem-
peraturc shall be 450 F.

3.2.2 Case DEPTH—Screws.shall have a casc dcpth conformmg to the
tabulation below:

tempering temperature

3.1 Material and Chemistry—Screws shall be made from cold head- c
: < s H + s : ase Depth, in
ing quzi\l‘lty, killed steel wire conforming to the following chemical Nominal Scrow Size ¢
composition: . Max Min
4 and 6 0.007 0.002
8 thru 12 0.009 0.004
Compotition Limits, % by weight 1/4 0.011 0.005
° .
Analysis Corbon Manganese -
Max Min Max Min Case depth shall be measured at.a mxdpomt between crest and root
oot p anthe thread flank A recom measurmg case depth
Chock 027 oha 71 064  Isgiven in the Appendix.
32.3 Case HARDNEss—Screws shall have a(case hardness equivalent to
oLodl g hown for int ; Check anal dar 4 Rockwell C 52-58. For routine quality control.purposes (where case depth
ocdle analyses are shown for informationol purposes. Check onalyses are mandatory an
refer to individual determinations an ugcarburized or core portions of screws. and geometry of screw permit), casg hardness ay be. measul._Ed .on
o end, shank, or head using Rockwell.J5' N. As dn alternate, or where
3.2 Heat Treatment—Screws shall be heat treated in a carbonitrid-  this method is not applicable, .2 microhardneps instrument with a
ing or gas carburizing systenp. Cyaniding systems may be approved by Knoop or diamond pyramid jndenter and a 504 g load may be used.
-{ ONE PITCH (THREAD) MAX TWO/BITCHES (THREADS) MAX
FIG. 2 / FIG. 3
MAJOR DIAMETER — i z L PROTRUSION ALLOWANCE
A
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FIG. 4—TYPICAL SELF-DRILLLING
(See Footnote a To Table 2) TAPPING SCREW POINIT
TABLE Z—DIMENSIONS OF THREADS AND POINTS FOR TYPES BSD AND CSD SELF-DRILLING TAPPING SCREWS (FIG. 4)
Type BSD Type CSD Ty.pel BSD and CSD
D d Ic D B O o L
Nominat - — —— - —
Sizeb . o Minimum Practical Nominal Screw Lengths (Ref)
or Baslc Threads Major Minor Protrusion | yhre0ds " Mo]or Protrusion - -
Screw Per ol " D1 Ailowance Per ‘Diameter Allowance Style 2 Points Style 3 Points
Di t (Ref : (Ref) d — -
iometer Inch ) Inch _ Formed _Milled Formed Milled
Styte 2| Style 3 5'y|e2 Style 3({90 degj Csk |[90deg| Csk (90 deg| Csk |90 deg “Csk
Max | Min | Max | MIn | poiny | pPoint Mox Min | point | Point |Meads | Heads | Heads | Heads | Heads | Heads | Heads | Heads
4 0.1120 24 0.114 | 0,110 | 0.086 | 0.082 | 0,163 — 46 0.1120 | 0.1072 | 0.130 | — 5/16 | 3/8 3/8 | 7/16 —_— — —_ -
6 0.1380 20 0.139 | 0.135 | 0.104 | 0.099 | 0.190 | 0.220 32 0.1380 ( 0.1326 [ 0.3152 1 0.172 | 5,16 | 3/8 3/8 | 7/16 | 3/8 | 7/16 { 7/06° 12
8 0.1640 18 0.166 | 0.161 | 0.122 | 0.116 | 0,211 | 0.251 32 0.1640 | 0.1586 | 0.162 10202 | 3/8 { 7/16 | 7/16 /2 | 7/16 /2 {-1/2 -_9/[6
10 0.1900 16 0.189 { 0,183 [ 0.141 | 0.135 | 0.235 | 0.300 24 0.1900 | 0.1834 | 0,193 | 0.258 | 7/16 1/2 115/32]19/32 l/i 9/16 '97l6 21/32
12 0.2160 14 0215 0,209 | 0.164 | 0.157 | 0.283 | 0.353 24 0.2160 | 0.2094 | 0.223 | 0.293 | 1/2 5/8 |17/32121/321 1/2 | 5/8 |21/32)25/32
174 0.2500 14 10246 | 0.240 | 0.192 | 0.185 | 0.318 | 0.393 20 |0.2500 | 0.2428 | 0.275 | 0.350 | 1/2 | S/8 [ V17/32]11/16) V/2 | 5/8 | 11/16(27/32

©Drill partion of points may be mitled and/or cold formed ond details of point taper and fiute
design sholl be optional with lhe manufacturer, provided the screws meet the performance
requirements specified in this standard and ore copable of drilling the moximum panel thick-
ncsscs shown in Table 5 prior to thread pickup,
bWhere specifying nominal size in decimals, zeros preceding decnmol and in fourth decimal
place shall be omitied.

CProtrusion allowance 2 is the distonce, measured parallel to the axis of screw, from the ex-
treme end of the point to lhe first full form threod beyond the point and encomposses the length of
drill point ond the tapered incomplele threads, It is intended for use in call ig the maximum
effective design grip length Y on the screw in accordence with the following:

Y=Lmn—-2Z
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In such cases, measurements shall be made on the thread profile of a
properly prepared longitudinal metallographic specimen.

3.24 Core HarpnEss—Screws shall have a core hardness equivalent to
Rockwell C 32-40, when measured at mid-radius of a transversc section
through the screw taken at a distance sufficiently behind the point of
the screw to be through the full minor diameter.

3.3 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 a plane normal to the
axis of the screw, when tested in accordance with paragraph 3.3.1.

3.3.1 DucriLiTy ‘TesT—The sample screw shall be inserted into a
drilled holc in a hardened wedge block, or other suitable device, and
an axial compressive (or impact) foad 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 normatl to the axis of the screw.

3.4 Finish—Unless otherwise specified, screws shall be supplied
with a natural (as processed) finish, unplated or uncoated. Where cor-
rosion preventative or decorative finishes are required, screws shall be
plated or coated as specified by the user. However, where steel screws
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applicable screw type and size in Table 5. The head of the screw shall
be seated against one or more ANSI B27.2 Standard Type B Plain
Washers, Narrow Series (size corresponding to screw size and minimnm
stack thickness corresponding to maximum unthreaded length under the
head), or an equivalent spacer, and tightened with a torque equal to
the hydrogen embrittlement torque specified in Table 3. The assembly
shall vemain in this tightened state for 24 h. The original hydrogen
embritdement torque shall then be reapplicd, following which the
screw shall be removed by the application of removal torque. There
shall be no evidence of failure of the screws.

3.4.2 In cases where screws are plated or coated 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 respon-
sible for failures of screws to meet mechanical or performance require-
ments due to plating or coating. In such cases, additional screws from
the same lot shall be stripped of plating or coating, baked, lubricated
with machine oil, and retested in the natural finish.

4. Performance Requirements and Tests

4.1 Torsional Strength—Screws shall not fail with the application
of a torque less than the torsional strength torque specified in Table 3,

are plated or coated[aTdSUBITCT 10 NYATOREN embIi(IEment, they shall
be suitably treated jubsequent to the plating or coating operation to
. obviate such embritflement. Cadmium or zinc electroplated screws shall
be subjected to the hydrogen embritttement test in paragraph 3.4.1.
3.4.1 HyproGEN HEMBRITTLEMENT TEsT—Cadmium and zinc electro-
plated screws shail drill their own hole and form a thread in a steel
test plate with a thickness equal to the maximum specified for the
TABLE 3—MECHANICAL AND PERFORMANCE REQUIREMENTS FOR
TYPES BSp AND CSD SELF-DRILLING TAPPING SCREWS )
Minimum Maximum Minimum - Hydrogen Embritlement
© Torsional Starling Fallure Test Torque, tb-in
Nominal Strength Torque, Torque,
Screw Ib-tn Ib-in Ib-In Cadmivm Zinc
Sixe Ploted Screws | Plated Screws
Type | Type] Types Types Types Types
BSD | C€SD| |BSD and CSD | BSD and CSD | BSD and CSD | BSD and CSD
4 14 14 5 10 10.5 12
6 24 24 10 20 18 20
8 42 48 15 30 36 Al
10 61 45 20 40 49 55
iz 92 100 40. - 80 72 85
1/4 150 156 40 120 114 132
-, _
=73l -\
i
4 y
o i e

when tested in accordance with paragraph 4.t.1. :
4.1.1 TorsioNaL STRENGTH TeST—The [sample screw shall be securely
clamped by suitable means (Fig. 5) 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) at least| two full threads exclusive of
point, flutes, or thread cutting slot, dre held within the clamping
device. By means of a)suitably calibrpted torque measuring device,
torque shall be applied 'to the screw until failure of ‘the screw occurs.
The torque required to cause failure shhll be recorded as the torsional
strength torque.
4.2 Drill-Drive Test—Sample screw§ shall be selected at random
from the _Iot and shall be used to drillf holes and form or cut mating
threads in/a"test plate. The time in secpnds for the screw to drill and
thread’a_hole completely through the t¢gst plate shall be recorded. The
test.plate material and thickness, and foad applied against the screw
during drilling and threading, and the |other test conditions are speci-
fied in Table 4. Each screw shall be us¢d to drill and thread only one
hole. A typical drill drive test fixture is|depicted in Fig. 6.
The drill-drive test shall be conductpd in accordance with the fol-
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FIG. 6—TYPICAL DRILL-DRIVE TEST FIXTURE
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TABLE 4—DRILL.DRIVE TEST CONDITIONS AND REQUIREMENTS FOR
TYPES BSD AND CSD SELF-DRILLING TAPPING SCREWS

Teost Plale Axlal Loading,b Time to Drlll
Nomlnal Thickness, o b and Form Thread,¢
Scrow In ] L\
Sizo A B ¢ \
Max Min Max Max Max Max q SLEEVE
N,
4 0.084 0.0560 25 30 40 2.0 \
[} 0.064 0.060 30 35 45 2.5 N
8 0,064 0.060 30 35 45 3.0 \
10 0.064 0.060 35 40 50 35 t‘
12 0.064 0.050 45 50 60 4.0 TEST PLATE
1/4 0.064 0.060 45 50 &0 5.0
aTest plates shail be iow carbon cold roiled steel having e hardness of Rockwell B60-85.
bAxial loads are voried ie offset the detrimental ‘effects on drilling capability created by
finishes opplied 10 screws in accordance with the foliowing:
Column A — Axia! loads tabulated sholl apply te plain, oiled, and commercial phosphate L——‘— DRILLED HOLE
coating and ccdmnum and zinc platings up to 0.0003 in thickness, DIAMETER
Column B — Axial loads # i—siot—oppty—sp

BIGCITOPI

0.0003 in thickng

Column C — Axial loads tabuy|
CTool speed shall be 2500 rpm f

is recommended for screw sizes N
care is exercised to minimize Inflve)

ss and to special coatings, such as threod sealing het meits, ete.
ated shoil apply to chromtum finish.

or screw sizes No. 4 through No. 10, Too! spead of 1800 rpm
b. 12 ond*1/4, however, 2500 rpm may be used provided
hee of high heat buildup due to surface speed.

FIG. 7-DRILL HOLE(SI

TEST

lowing sampling plan:

Lof Sixed Sample Size
Up to 5,000 ’ 6
5,001 to 15,000 : 12
15,001 te 50,000 18
50,001 and over 25

Olot size is defined o3 o qvuntI submitted for inspection. -

If the actual time for éach of the sample screws to drill and thread
a hole does not exceed the maximum time specified in Table 4, the lot
shall be acceptable. If ong¢ or more of the test times exceed. the maxi:
mum specified in Table 4,[a retest shall be made using twice the original
sample size. The lot shal} then be acceptable in accordance with the
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FIG. 8A—SINGLE, PANEL e
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“*{ FIG. [BC—SPACED PANEL
P

FIG. 8B—DOUBLE PANEL
FIG. 8—TYPICAL PANEL CONFIGURATIONS

following: TABLE 5—SELF-DRILING TAPPING SCREW| SELECTION CHART
Sample Slze Slow Drlved Excestive Driveb Nominal pPa
Screw Polnt Scrow
12 1 0 Type Stylo Sizo Recommended Panel
24 1 0 Thickness, In
36 2 1 -
50 3 1 4 0.080 Max
8 0.090 Max
2 8 0.100 Max
A “'slow drive” is defined as d screw having a drilling. ond threading time in excess of but 10 0.110 Max
loss than twice the specified moximum, - BSD 12 0.140 Max
An "excessive drive” is definefl as a screw Koving a drilling and threading time twice the and 1/4 0.175 Max
specified maximum or greater. CSD
. ' - : é 0.090-0.110
. 4.3 Drive to Failure [Test—Theére shall be a satisfactory difference B 0,100-0,140
between starting torque jand ‘failure torque., The difference may be 3 10 0.1 ‘.0-0-‘73
expressed as a ratio or rarEe of torques. If a ratio is used, the minimum ,',2‘ g': :g:g'g: P
failure torque shall be. three times greater than the maximum starting ’ :

torque. (Test conditions by screw diameter and performance ratios or
ranges are to be developed.)

4:4 Drill Hole Size—When desired to detérmine that the drill point
does not drill an oversize hole that would cause a loss of thread engage-
ment and result in premature Strlpplng of the mating thread, a drill
hole size test shall be conducted in accordance with paragraph 4.4.1.
The diameter of the hole drilled by the screw shall not exceed the
point diameter of the test screw by more than 0.005 in.

44.1 Drice Howe Size TEsT—The sample screw shall be inserted
through 2 sleeve or collar (Fig. 7) having an inside diameter of ap-
proximately 0.010 in greater than the major diameter of the screw.
The length of sleeve or collar should be such that sufficient unthreaded
point length extends through thé sleeve or collar to drill a hole through
the minimum thickness material specified in Table 4 without thread
pickup. Afier the hole is drilled in the test plate the screw shall be
removed and the diameter of the drilled hole gaged.

5. Screw Selection and Installation Considerations—Screw point style
selection should be made on the basis of the recommended panel thick-
nesses specified in Table 5. For multipanel applications which exceed
the thicknesses tabulated, clearance holes should be provided in the

aif the panel to be drilled Is comprised of two or more layers {see Figs, 8B ond 8C), the gap
between the layers (which might censist of @ seoling sirip, air space cavsed by warpage, otc,,
or just the seporati d by the p exerted by the driver) must be considered in
determining the point style for the particular fastoner. Uslng o seif-drilling tdpping screw as
covered In Ihis standard in a multilayer application with on excessive gep cauld resull in point
breakage since the tapping in one layer beginy before completion of the drilling of the ather
tayers and since the odvancement of the screw in tho tapping operatlen Is much foster than In
the drilling operatlion,

uppermast panel or panels to reduce the thickness to be drilled by the
screw.

Driving tools which operate between 1800 and 3000 rpm are com-
monly used for seif-drilling tapping screw appllcatlons

Fig. A-1 illustrates comparisons between the structure of case and
core produced by the method recommended herein and a regular
quenched and tempered structure. Case depths were measured on each
of three screws after carbonitriding and microbardriess traverses were
run. The same parts were then water-quenched from 1430 F and case
depths were again measured. Results of each method appear under the
photographs.
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