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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Metals

SPRING MATERIALS - OIL TEMPERED CHROMIUM-SILICON STEEL
WIRE, VALVE SPRING QUALITY
GM292M

1 SCOPE. This specification covers 2 grades of special
quality of round and ovate chrome silicon steel wire intended
for the manufacture of valve springs requiring resistance to set
when used at moderately elevated temperatures and high stress
levels. This wire shall be in the oil-tempered condition as spec-
ified by the purchaser.

1.1 Grade I steel shall be made by the electric furnace, open
hearth, or basic oxygen process. The steel may be either ingot
or strand cast. This valve spring quality material is not consid-
ered super clean steel.

1.2 Grade II steel shall be made by the electric fumnace, open
hearth, or basic oxygen process. The steel shall be strand cast.
The subsequent refining processes must include use of second-
ary ladle refining and use of silicon for deoxidation purposes.
Resulting inclusions thus shall predominantly be of a deform-
able nature. This material is considered super clean steel.

2 REFERENCED STANDARDS.

GM1000M ASTM A370 ASTM A751

3 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.

4 CHEMICAL REQUIREMENTS.

4.1 The steel furnished to this specification shall conform to
the composition listed in Table 1. Each heat of steel shall be
analyzed by the steel manufacturer to determine the percentage
of elements using ASTM A751 method. Also analysis may be
done by the purchaser from the finished wire representing each
heat of steel. Conformance to chemical composition is
required.

TABLE 1 - CHEMICAL REQUIREMENTS

Element Weight %
Carbon 0.51 - 0.59
Manganese 0.50 - 0.80
Phosphorus 0.025 max
Sulfur 0.025 max
Silicon 1.20 - 1.60
Chromium 0.60 - 0.80

5 MECHANICAL REQUIREMENTS.

5.1 Unless otherwise specified by the purchaser, wire shall be
drawn, austenitized, oil quenched and tempered. The tensile
strength of the wire shall conform to the limits shown in Table

2 for the various sizes. Tensile strength within 1 coil shall not
vary more than 70 MPa. To facilitate coiling and forming, the
purchaser may specify the properties required for this wire
when purchased in the untempered condition, however, the pur-
chaser must have prior permission from the user. The area of
reduction for sizes listed in Table 2 should be 40% minimum.

5.2 One test specimen shall be taken from each end of a coil.
At least 3 coils per heat shall be tested. The tension tests shall
be conducted in accordance with ASTM A370.

5.3 WRAP TEST. Wire through 4.0 mm diameter shall wind
(as a close wound helix) on itself as an arbor (or an arbor of
equal wire diameter). Wire over 4.0 through 8.0 mm inclusive
shall wind on an arbor twice its diameter without breaking or
checking the surface. The wrap test on wires over 8.0 mm
diameter is not applicable.

5.3.1 For inclusion evaluation longitudinal sections, ground
to the centerline, should be properly mounted and polished.
For a wire, the area of evaluation shall be a zone from the sur-
face to 1/3 of the radius. The thickness of the largest inclusion
in each field of view shall be measured transverse to the wire
axis. Each field will yield 1 data point. The maximum inclu-
sion thickness found in each field should be recorded and
graded into a minimum of 3 size ranges. Results may be pre-
sented as either a percentage of fields having an inclusion in
the size range or as the absolute number of recorded fields
having an inclusion thickness in the size range. In any given
heat, a minimum of 3 samples shall be taken. The permissible
quantity and size after wire drawing operations prior to spring
coiling shall conform to values listed in Table 3 when
expressed on the basis of number of fields. For Grade II mate-
rial, the total number of inclusions allowed per 1000 mm? area
based on size is shown in Table 4. Inclusion size evaluvation
should be carried out @ 400X. General observation of the area
using an optical microscope should be done @ 100X. The
minium area observed per coil should be 125 mm?,

5.3.2 Grade I: There shall be no inclusions of thickness
greater than 20 um.

5.3.3 Grade II: There shall be no inclusions of thickness
greater than 15 pm.

6 METALLURGICAL REQUIREMENTS.

6.1 SURFACE CONDITION. The surface of the wire shall
be smooth and free from rust, scale, die marks, deep scratches,
seams, cracks, and other defects 40 um in size and larger,
which are detectable using eddy current equipment (stationary
and rotary probe). Such wire sections shall be painted by the
rod processor, so that these sections can be discarded during
the spring manufacturing process.
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TABLE 2 - MECHANICAL PROPERTIES OF WIRE
Diameter, mm Tensile Strength, MPa

Min ~ Max
0.8 2060 2240
0.9 2050 2240
1.0 2040 2230
1.1 2030 2220
1.2 2020 2210
1.4 2010 2200
1.6 2000 2190
1.8 1980 2160
2.0 1960 2140
22 1940 2120
2.5 1920 2100
2.8 1910 2090
3.0 1900 2080
3.5 1860 2040
4.0 1820 2000
4.5 1800 1980
5.0 1780 1960
5.5 1740 1920
6.0 1720 1900
7.0 1700 1880
8.0 1680 1860

6.2 MICROSTRUCTURE. A longitudinal section shall show
a fine homogeneous tempered martensitic structure.
Decarburization shall be determined by etching a polished
transverse section of the wire in 5% nital and examining the
entire periphery @ 100X magnification, measuring the worst
area present, not associated with a seam or other defect.
Examination shall show no completely decarburized areas.
Partial decarburization shall not exceed a depth of 1.5% of the
wire diameter or 0.025 mm whichever is smaller on wire 5.00
mm and smaller, or 0.038 mm on wire larger than 5.00 mm in
diameter. One test specimen shall be taken from at least 1 coil
per heat. Test specimens may be taken from either end of the
coil.

6.3 INCLUSION CONTENT.

6.3.1 For inclusion evaluation longitudinal sections, ground
to the centerline, should be property mounted and polished.
For a wire or a wire rod, the area of evaluation shall be a zone
from the surface to outer 1/3 radius of the wire. The thickness
of the largest inclusion in each field of view shall be measured
transverse to the wire axis. Each field will yield 1 data point.
The maximum inclusion thickness found in each field should
be recorded and graded into a minimum of 3 size ranges.

Results may be presented as either a percentage of fields hav-
ing an inclusion in the size range as shown in Table 3 using
the Max - t method or as the absolute number of inclusions
having the thickness in the size range as shown in Table 4
using the Ovako method. In the Ovako method, the actual
number of inclusions of size larger than 5 pum in thickness
observed per 1000 mm? are counted and are separated into 3
size classes.

6.3.2 In any given heat, a minimum of 2 samples shall be
taken. General observation of the area using an optical micro-
scope should be done @ 100X. The minimum area observed
per coil should be 125 mm?. Summary of Max - t method and
the Ovako method is given in the Appendix.

6.3.3 Grade I: There shall be no inclusions of thickness
greater than 20 pm.

6.3.4 Grade II: There shall be no inclusions of thickness
greater than 15 pm.

6.3.5 The information reported should include the test
method, the number of inclusions per coil of thickness greater
than 5 pm, the largest inclusion size per coil or the distribution
of sizes present. If the inclusion distribution from a single coil
does not meet the requirements, then that coil shall be rejected.
If 2 coils tested fail to meet the requirements, the entire lot will
be rejected. Any other lots from the same cast heat are reject-
able. If any spring failures are observed and attributed to
unacceptable inclusion(s), then the heat shall be rejected.

7 DIMENSIONAL VARIATION.

7.1 The permissible variation in the diameter of round and
ovate wires is specified in Tables 5 and 6 respectively. The
wire shall not be out of round more than 1/2 the total diameter
tolerance shown in Table 5.

8 WORKMANSHIP AND APPEARANCE.

8.1 The wire shall be uniform in quality and in temper and
shall not be wavy or crooked. It shall be homogeneous and any
surface markings that are identifiable using rotary and/or sta-
tionary eddy current testers shall be clearly marked with paint
so that these sections can be discarded during the further pro-
cessing of the wire or spring. Grade II material may have more
restrictive surface finish requirements than Grade I material.

9 SHIPPING AND HANDLING.

9.1 The coil mass, dimensions, and the type of protective
coating as well as packaging should be agreed upon between
the wire manufacturer and the spring manufacturer. Coils
should be protected from surface damage that might occur dur-
ing storage or from handling.

10 INITIAL SOURCE APPROVAL. No shipment shall
be made by any supplier until representative initial production
samples have been approved by engineering as meeting the
requirements of this specification.
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