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GENERAL MOTORS ENGINEERING STANDARDS Materials and Processes - Metals

MECHANICAL AND MATERIAL REQUIREMENTS FOR METRIC THRU
HARDENED THREAD FORMING AND THREAD CUTTING SCREWS
GM512M

1 SCOPE. This standard covers material and perfor-  torque values, it is beyond the scope of this specification to
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mance requirements applicable to metric neutral hardened
thread forming and thread cutting screws and screw/washer
assemblies intended for plastic or soft metals applications.

1.1 The primary objective of this specification is to insure
that screws form or cut mating threads in materials of con-
struction into which they are normally driven, without
deforming their own thread and without breaking during
assembly or service. The types of materials of construction that
are tapped with these screws are generally limited to plastic or
soft nonferrous metals (aluminum/zinc die-cast, copper, brass)
of hardness HRB 70 max.

1.2 DESIGNATION. The screws and screw/washer assem-
blies specified by this standard are designated by two grades:
Grade A and Grade B. Grade A screws and screw/washer
assemblies are to be used for plastics and Grade B screws and
screw/washer assemblies are to be used for plastics or soft
metal (Hardness HRB 70 max).

1.3 DRIVE TORQUE. Since material, hole configurations,
length of engagements and finish all affect driving/seating

specify driving and seating torque conducted to establish
proper driving and seating torque to obtain the clamp load
objective for each application.

2 REFERENCED STANDARDS.

GM1000M
GM6104M

ASTM E18
SAE J417

3 MATERIAL, PROCESS AND PERFORMANCE
REQUIREMENTS.

3.1 RESTRICTED AND REPORTABLE CHEMICALS
(GM1000M). All materials supplied to this specification must
comply with the requirements listed in GM1000M, '"Restricted
and Reportable Chemicals."

3.2 MATERIAL. Screws shall be made from cold heading
quality; killed steel wire conforming to the chemical composi-
tion limits as in Table 1.

TABLE 1 - CHEMICAL COMPOSITION (% MASS)

I Carbon l

Manganese I

Phosphorus | Sulfur

Product ] 0.55 max |

1.71 max l

.025 max | 0.025 max

Boron in range of 0.0005 - 0.003% is permitted.

3.3 HEAT TREATMENT. Screws shall be austenitized, oil
or water quenched, and tempered, minimum tempering tem-
perature shall be 340°C.

3.4 FINISH. Parts shall be suitably treated subsequent to
plating or coating avoid hydrogen embrittlement. This includes
a minimum 4 h post bake @ 200°C within 1 h of plating.
Wherever possible, it is recommended that a mechanical plat-
ing or organic coating be utilized instead of electroplating to
reduce chance of hydrogen embrittlernent. Regardless of fin-
ish, if the part is subjected to any plating or acid cleaning
operation, the bake as specified above shall be performed.

3.5 HARDNESS. Screws shall have a base metal hardness of
HRC 28-32 for Grade A and HRC 33-38 for Grade B, when
tested as specified in 3.5.1

3.5.1 Hardness Test.

3.5.1.1 Product Hardness. Both SEMS and non-SEMS prod-
ucts shall have a base metal hardness as specified in 3.5. For
routine inspection, core hardness may be determined on head
end or shank. For referee purposes, the hardness shall be deter-
mined at mid-radius of a transverse section through the
threaded portion of the product taken at a distance of one
diameter from the end of the product. The preparation of test

specimens and the performence of hardness tests shall be in

conformity with the requirements of SAE J417 and/or ASTM
E18.

3.5.1.2 Surface Hardness. Surface hardness shall not exceed
base metal hardness by more than 3 points (HRC equivalent).
Surface hardness test conditions shall be conducted on the
ends, hexagon flats, or unthreaded shanks in accordance with
SAE J417. Proper correction factors shall be used when hard-
ness tests are made on curved surfaces, per ASTM E18.

3.6 MICROSTRUCTURE. Microstructure shall be 90% tem-
pered martensite minimum with no free ferrite on surface.

3.7 DECARBURIZATION. Unless otherwise specified, parts
under this specification shall conform to decarburization limits
for Class 1/2H, GM6104M.

3.8 TORSIONAL STRENGTH. Screws shall not fail with
the application of torque equal to or less than the torsional
strength torque value specified for the respective grade and
screw size in Table 2, when tested in accordance with 3.8.1

3.8.1 Torsional Strength Test. The sample screw shall be
securely clamped by suitable means such that the threads in
the clamped length are not damaged, and at least 2 full threads
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project above the clamping device, and at least 2 full threads
exclusive of the point are held within the clamping device. A
blind hole may be used in place of the threaded clamping
device, provided the parameters stated above are fulfilled. By
means of a suitably calibrated toa?ue measuring device, torque
shall be applied to the screw until failure of the screw occurs.
The torque require to cause failure shall be recorded as the
failure torque.

3.9 DUCTILITY. Heads of screes shall not separate from the
shank when a permanent deformation of 10° is induced
between the plane of the underhead bearing surface and a
plane perpendicular to the axis of the screw, when test in
accordance with 3.9.1.

3.9.1 Ductility Test. The sample screw shall be inserted into
a hardened 10° wedge block, or other suitable device. The hole
shall be 0.5 to 1.0 mm larger than the nominal screw diameter.
An axial compressive load shall be applied against the top of
the screw head and continued until the plane of the underhead
bearing surface is bent permanently through 10° with respect
to a plane perpendicular to the axis of the screw.

3.10 HYDROGEN EMBRITTLEMENT. Screw shall with-
stand without failure the hydrogen embrittlement test when
tested in accordance with 3.10.1.

3.10.1 Hydrogen Embrittlement. A representative sample
(normally 25 )fcs/lot) of plated/coated screws shall withstand
without a single failure the hydrogen embrittlement test when
conducted as follows: The sample screws shall be inserted into
a test plate. The test plate should be a 5052-H3 aluminium
plate or eguivalent aluminum alloy that approximates a yield
strength of 215 MPa and tensile strength of 260 MPa. Standard
flat washers should be used under the head of the screw.
Spacers of cold rolled steel should be used as washers for
screws of lengths having unthreaded shank portions. The
screw shall be _tIi%htened to a torque equivalent to 80% of the
failure torque. The failure torque be the average of test
values obtained by tightening a minimum of 5 screws, assem-
bled with washers or spacers under the head for screws with
unthreaded shank portions. The assembly shall be allowed to
remain in this tightened state for a minimum of 24 h. The oriF-
inal test torque shall then be reapplied and finally
disassembled.

TABLE 2 - TORSIONAL STRENGTH

Nominal Screw Size Minimum Torque, N-m
Grade A Grade B

M 4.0 22 2.5

M 4.2 2.8 2.8

M 438 4.1 4.1

M50 4.4 4.7

M 6.0 9.2 10.1

M 6.3 124 12.5

M7.0 16.2

4 MARKING. All screws, except internal drive head
screws with nominal diameter of 2.0 mm and larger, shall be
marked permanently and clearly with A or B as the grade and
with the fastener manufacturer’s identification. The marking
shall be on the top of the head, shall be raised 0.1 mm mini-
mum and heighth shall conform to the following:

Screw Size, mm Height of Symbol, mm, min
2.9 1.2
35-42 1.4
48-17.0 1.5

5 INITIAL SOURCE APPROVAL. No shipment shall
be made by any supplier until representative initial production
samples have been approved by materials engineering as meet-
ing the requirements of this specification.

5.1 Completed copies of Material Safety Data Sheet meeting
GM information requirements must be submitted with any new
submissions or whenever a composition change has occurred.

6 INSPECTION AND REJECTION. Al shipments of
material or parts under contract or purchase order manufac-
tured to this specification shall be equivalent in every respect
to the initial samples approved by materials engineering. There
shall be no changes in either formulation or manufacturing
processes permitted without prior notification and approval by
materials engineering. Lack of notification by the supplier con-
stitutes grounds for rejection of any shipment. While samples
may be taken from incoming shipments and checked for con-
formance to this specification, the supplier shall accept the
responsibility for incoming shipments meeting this specifica-
tion without dependence upon purchaser’s inspection.

7 APPROVED SOURCES. Engineering qualification
of an approved source is required for this specification. Only
sources listed in the GM Corporate Materials File under this
specification number have been qualified by materials engi-
neering as meeting the requirements of this specification.
Sources are available through the on-line MATSPC System,

8 GENERAL INFORMATION. This standard was first
issued in February 1997, and approved by Metals TDG.
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