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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes -~ Metals

MATERIAL AND PERFORMANCE REQUIREMENTS FOR
INDUCTION HARDENED TYPE TR (THREAD ROLLING) TAPPING
SCREWS
GM&6202M

1 SCOPE. This standard covers material and perfor-
mance requirements applicable to Type TR (thread rolling)
tapping screws, heat treated to achieve properties comparable
to GM500M(9.8) metric screws and GM275M inch screws
with induction hardened points, in sizes 5 mm (No. 10 in.) and
larger, which are suitable for use in general engineering and
structural attachments.

NOTE: This specification is intended to supersede the follow-
ing GM specifications. GM6171M(a) for metric Type TR
tapping screws in the 5 through 14 mm sizes. GM6010OM for
Type TT tapping screws of 5/16-18 inch and larger sizes.

NOTE TO USER:

1.1 When selecting the length of screw for any application, it
should be an objective to locate the induction hardened zone
beyond the exit side of the mating component as depicted in
Figure 1, or to maintain a minimum length of thread engage-
ment equal to 4 full form non-induction hardened threads as
illustrated in Figure 2.

1.2 The performance values specified in this standard are not
valid for design use unless all conditions of the application are
identical to the combination of laboratory conditions described
in the testing procedure.

2 MATERIAL AND PROCESS REQUIREMENTS.

2.1 MATERIAL AND CHEMISTRY. Screws shall be made
from cold heading quality, killed steel wire conforming to SAE
4037 chemical compostion limits.

2.2 HEAT TREATMENT. Screws shall be heat treated in a
neutral atmosphere fumace. Carbon restoration of the surface to
an extent not exceeding that of the core shall be permitted.

2.2.1 Microstructure. Screws shall show no decarburization
of the surface as determined by metallographic examination.

2.2.2 Tempering Temperature. The min tempering tempera-
ture shall be 460 C.

2.2.3 Induction Hardening. The end portion of screws shall
be induction hardened to achieve a minimum surface hardness
equivalent to HRC45. The pattern of the induction hardening
shall conform to the limits designated in Figure 3, unless other-
wise specified on the detail drawing.

2.2.4 Stress Relief.  Subsequent to induction hardening,
screws shall be stress relieved at a minimum temperature of 290
C.

2.3 FINISH. Electroplated and coated screws shall be suit-
ably treated subsequent to plating or coating to avoid hydrogen
embrittlement in accordance with the respective finish specifi-
cation.

3 MECHANICAL
REQUIREMENTS.

3.1 HARDNESS.

AND PERFORMANCE

3.1.1 Surface Hardness. Induction hardened threads shall
have a hardness equivalent to HRC45 min when tested as speci-
fied in 4.2. The surface hardness outside the induction hardened
zone shall not exceed the core hardness by more than 2 points
HRC, or exceed HR15N80, when tested as specified in 4.2.1.2.
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3.1.2 Core Hardness. Screws shall have a core hardness
beyond the induction hardened portion of HRC28 to 38, when
tested as specified in 4.1.

3.1.3 Induction Pattern. The extent of the induction hard-
ened pattern shall be determined as specified in 4.2.1.3.

MINIMUM DISTANCE TO FULL FORM
THREAD AS SPECIFIED IN DIMENSIONAL
STANDARDS AND/OR ON DETAIL PART
DRAWINGS.
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FIGURE 3 - INDUCTION HARDENED POINT

DETAIL

3.2 TENSILE STRENGTH. Screws which have lengths
equal to or longer than 3 times the nominal screw diameter,
shall have tensile strengths not less than those specified in
Table 1, when tested in accordance with 4.3. Screws of shorter
lengths shall not be subjected to tensile hardening.

3.3 TORSIONAL STRENGTH. Screws which are not sub-
ject to tensile testing shall not fail upon application of a torque
less than the torsional value specified for the respective screw
size in Table 1, when tested in accordance with 4.4,

3.4 DRIVE TORQUE. Screws shall, without deforming
their own thread, form a mating internal thread in a test plate
upon application of a torque equal to or less than the drive
torque specified in Table 1 for the applicable screw size and
finish, when tested in accordance with 4.5,

3.5 DUCTILITY. The head of screw shall not separate from
the shank when a permanent deformation of 10 degrees is
induced between the plane of the undethead bearing surface

and a plane perpendicular to the axis of the screw, when tested
in accordance with 4.6.

3.6 HYDROGEN EMBRITTLEMENT. Screws shall with-
stand without failure the hydrogen embrittlement test when
tested in accordance with 4.7.

4 TEST METHODS.

4.1 CORE HARDNESS. The core hardness shall be mea-
sured, using a HRC test, at the mid-radius of transverse section
through the screw taken at a min distance equivalent to 3 times
the thread pitch beyond the induction hardened portion.

4.2 SURFACE HARDNESS AND INDUCTION
HARDENED PATTERN. A microhardness instrument with
Knoop or diamond pyramid indenter and a S00 g load shall be
used. Measurements shall be made on the thread profile of a
properly prepared longitudinal metallographic specimen.

4.2.1 For routine quality control purposes, the following
methods shall be considered permissible.

4.2.1.1 Induction Hardened Surface. The surface hardness
on induction hardened threads may be checked via file hard-
ness testing per GM9053P or SAE J864.

4.2.1.2 Non-Induction Hardened Surface. Where the geom-
etry of the screwhead permits, the hardness may be measured
on the head using a HR1S5N scale. Hardness tests shall be
made directly on plain finish screws and on bared surfaces of
plated or coated screws following removal of the finish.

4.2.1.3 Induction Hardened Pattern. The extent of the total
induction hardened pattern shall be determined by visual
inspection of a longitudinal cross section taken through the
hardened portion and etched in accordance with standard met-
allurgical practices (Ref SAE J423).

4.3 TENSILE STRENGTH TEST. The sample screws shall
be tested in accordance with the wedge tensile test procedures
set forth in GM275M and GMS500M specifications for inch
and metric externally threaded fasteners, respectively. The
angle of wedge shall be 6 degrees for screws on which the
threads extend to within one diameter or closer to the under-
side of head and 10 degrees for all other screws. The tensile
strength of the screw shall be the maximum load occurring
coincident with or prior to screw fracture (that is, screw break-
age into two or more parts).

4.4 TORSIONAL STRENGTH TEST. The sample screw
shall be securely clamped by suitable means (Figure 4) such
that the threads in the clamped length are not damaged, and
that at least 2 full threads project above the clamping device,
and that at least 3 full form non-induction hardened threads are
held within the clamping device. A blind hole may be used in
place of a threaded clamping device, provided the parameters
stated above are fulfilled. 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 strength torque.
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