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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Metals

MECHANICAL AND MATERIAL REQUIREMENTS FOR METRIC
EXTERNALLY THREADED FASTENERS
GMS00M

1 SCOPE. This standard covers the mechanical and
material requirements for six property classes of carbon and
alloy steel externally threaded metric fasteners in nominal
thread diameters M1.6 to M36, inclusive, suitable for use in
general engineering applications. Products included are bolts,
screws, studs, U-bolts and sems and hardness of HRC39 max.
Tapping screws, thread rolling screws, self drilling tapping
screws and set-screws are NOT included.

1.1 The term “stud” as referred to herein applies to a cylin-
drical rod of moderate length, threaded on either one or both
ends or throughout its entire length. It does not apply to
headed, collared or similar products which are more closely
characterized by requirements shown herein for bolts.

1.2 For specification purposes, this standard treats U-bolts as
studs. Thus, wherever, the word “studs " appears, “U-bolts” is
also implied. U-bolts covered by this standard are those used
primarily in the suspension and related areas of vehicles. (De-
signers should recognize that the “U” configuration may not

1.4 The product size range for which each property class is
applicable is given in Table 1.

2 DESIGNATIONS.

2.1 DESIGNATION SYSTEM. Property classes are desig-
nated by numbers where increasing numbers represent
increasing tensile strengths. The designation symbol consists
of two parts.

2.1.1 The one or two numerals preceding the first decimal
point approximates 1/100 of the minimum tensile strength in
MPa.

2.1.2 The numeral following the decimal point approximates
1/10 of the ratio, expressed as a percentage, between minimum
yield stress and minimum tensile strength.

NOTE: For GM specification purposes (on engineering draw-
ings, purchase orders, etc) all property class designations are

sustain a load equivalent to two bolts or studs of the same size  yged in combination with a single basic specification number

89 and grade; thus actual load carrying capacity of U-bolts should 45 follows:
sE£22 be determined by saddie load tests.)
3& it 1.3 Requirements for th@ 6 p{operty classeg, 4.6, 4.8, §.8, 9.8, GM500M (4.6) GM500M (5.8) GMS00M (9.8)
Fing-3 and 10.9 are essentially identical with requirements given for
EgEY these classes in ISO 898/ and ASTM F568. GM500M (4.8) ~ GMSOOM (8.8) ~ GMS00M (10.9)
§§§§ 3 TABLE 1 - MECHANICAL REQUIREMENTS FOR BOLTS, SCREWS AND STUDS
-]
22308
‘§ g g g ‘g Full Size Bolts, Machine Test Specimens of Surace
2EESE Screws and Studs " Bolts, Screws and Studs Hardness Product
Remse ; (base metal)
Nomin Yield Rockwell Hardness
Property Product Proaf | Tensiie Strength Tensilo | Ejon. Hgduc- 15N
Class Diameter Load | Stength | (gyrgss) | ST | gation tion of | viewers
{rom) (Stress) | (Swess) | oy 1) | (Stress) | o Area |03 Vickers
MPa | MPa MPa | MPea % May | ookl | > Hvio
Min Min Min Min Min | Min Max Min [ Max | Min | Max
46 M5 thru M36 225 400 240 400 22 35 - B67 {B100| 120 | 255
4.8 M1.6 thru M16 310 20 340 420 14 35 - B71 [B10O| 130 | 255
5.8 M5 thru M24 380 520 420 520 10 35 - B82 {BLOO| 160 | 255
8.8 M16 thru M36 600 830 660 830 12 35 (NOTE2) |C24|C34| 255 | 335
9.8 ML.6 thru M16 650 900 720 500 10 35 | (NOTES 2, 3)] C27 | C36 | 290 | 360
10.9 M5 thru M36 830 1040 940 1040 9 35 NOTE 2) |C33{C39 [ 320 | 380

NOTE 1: Yield strength is stress at which a permanent set of 0.2% of gage length occurs.

NOTE 2: Surface hardness shall not exceed base metal hardness by more than 2 folnts (HRC equivalent) and in the case of class 10.9 shall not
exceed HR15N80. (HRC39 Equivalent). Surface hardness measured at HV 0.3 shall not exceed core hardness readings (HV 0.3) by more than 30
vicker points. For property class 10.9, the surface hardness must not exceed Hv390.

!:I&l‘s% 3: For class 9.8 screw and washer assemblies (sems), base metal hardness may be HRC25-39 and surface hardness shall not exceed Rockwell
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2.2 PROPERTY CLASS CONVERSION TABLE.
ASTM/
GM SAE SAE
Property Property GM ASTM Grade
Clas_s Class (Inch) (Inch) (Inch)
(Metric) (Metric)
4.6 4.6 GM255M | A307A 1
4.8 48 - - -
5.8 5.8 GM260M - 2
8.8 8.8 GM280M Ad449 5
9.8 9.8 - A449 5
10.9 10.9 GM300M j A354BD 8

3 MATERIAL AND PROCESSES.

3,1 STEEL CHARACTERISTICS. = Bolts, screws and studs
shall be made of steel conforming to the description and chem-
ical composition requirements specified in Table 2 for the
applicable property class.

3.2 HEADING PRACTICE. Methods other than upsetting
and/or extrusion are permitted only by special agreement
between purchaser and producer.

3,2.1 Class 4.6 may be hot or cold headed at the option of the
manufacturer.

3.2.2 Classes 4.8, 5.8, 8.8, 9.8 and 10.9 bolts and screws in
nominal thread diameters up to M20 inclusive, with lengths up
to 10 times the nominal product size or 150 mm inclusive shall
be cold headed. A photograph of typical grain flow pattern
showing grain flow at the head-shank junction of a flange head
bolt is available from GM Engineering Standards Dept.

NOTE: Grain flow must follow contour of fillet. No end grain
exposure is allowed. Larger diameters and longer lengths may
be color or hot headed at the option of the manufacturer.

3.3 THREADING PRACTICE. Classes 4.8, 5.8, 8.8, 9.8
and 10.9 bolts and screws in sizes up to M20 inclusive, and in
product lengths up to 150 mm inclusive, shall be roll threaded,
except by special agreement. Threading practice for other sizes
of belts and screws and all sizes of studs shall be at the option
of the manufacturer.

3.4 HEAT TREATMENT PRACTICE. Class 4.6 bolts and
screws and classes 4.6, 4.8 and 5.8 studs need not be heat
treated.

3.4.1 Classes 4.8 and 5.8 bolts and screws shall be stress
relieved to assure the soundness of the head to shank junction,
The stress relief temperature for class 5.8 bolts and screws
shall be 470°C minimum.

3.4.2 Classes 8.8 and 9.8 bolts, screws and studs shall be aus-
tenitized, oil or water quenched to obtain a structure of 90%
martensite minimum and tempered at a minimum temperature
of 425°C for class 8.8 and 410°C for class 9.8.

NOTE: For class 9.8 screw and washer assemblies (sems)
quenchants whose principal constituent is water shall NOT be

" used, and tempering temperature shall be no less than 340°C.

3.43 Medium carbon alloy steel class 10.9 bolts, screws and
studs shall be austenitized, oil quenched to obtain a structure
of 90% martensite minimum and tempered at a minimum tem-
perature of 425°C.,

3.4.4 Tempering — Temperature — Audit Test.  This test is
a means for checking whether products were tempered at the
specified temperature. The hardness (mean hardness of three
hardness readings) of a bolt, screw, or stud as manufactured
shall be measured. The product shall be retempered for a mini-
mum of 30 min. per 25 mm of nominal diameter, but not less
than 30 min., at a temperature 10 C less than the minimum
tempering temperature specified for the property class and
material (See 3.4.1, 3.4.2 and 3.4.3). The hardness of the
retempered product shall then be measured. The difference
between the hardness of the product before and after retemper-
ing shall not exceed 2 points HRC for 10.9 and 3 points HRC
for 8.8 and 9.8.

4 REQUIREMENTS.

4,1 MECHANICAL PROPERTIES. Bolts, screws and studs
shall meet the mechanical requirements specified for that prod-
uct in Table 1. Products indicated in Table 3 must be wedge
tensile tested; all others shall be axial tensile tested. However,
those head bolts and screws with special configurations, such
as drilled heads, which make the heads weaker than the
threaded section, and short bolts/screws (length smaller than 3
diameter) shall be excluded from tensile testing unless other-
wise specified on part drawing.

4.2 DECARBURIZATION.  Unless otherwise specified,
classes 8.8, 9.8 and 10.9 shall conform to the decarburization
limits specified in Table 5 when tested in accordance with
GM6104M. .

4.3 SURFACE DISCONTINUITIES. Bolts, sciews and
studs of classes 8.8, 9.8 and 10.9 in sizes up to M24 inclusive,
and lengths up to 150 mm inclusive, shall not have surface dis-
continuities exceeding the limits specified in GM6102M.
Surface discontinuities for sizes and lengths of products not
covered in the scope of GM6102M shall be within limits spec-
ified by purchaser.
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TABLE 2 -~ CHEMICAL COMPOSITION REQUIREMENTS

Product Analysis, %
Fropsnty i
Class Material and Treatment Carbon Phosphorus] -Sulfur
Min Mex Max Max
4.6 Low or medium carbon steel - 0.55 0.048 0,058
43 Low or medium carbon ste2] (product partially or fully annealed as required) - 0.55 0.048 0.058
5.8 | Low or medium carbon steel, cold worked 013 | 055 0.048 0.058
88 | Medium carbon steel (product quenched and tempered) (NOTE 1) 028 0.55 0.048 0.058
Medium carbon or medium carbon alloy steel (product quenched and tempered) )

98 | NOTES 1,2 and 3 028 | 055 0.048 § 0.038
10.9 Medium carbon alloy steel (product quenched and tempered) (NOTE 3) 028 | 0.55 0.040 0.045

(1) The manufacturer may use for sizes thru M16 a low carbon martensite steel with 0.15-0.27%, 0.74 — 1.46%, carbon manganese, 0.038% max phos-

phorus, 0.043% sultur, and 0.0005 — 0.003% boron.

(2) For class 9.8 screw and washer assemblies (sems), size 1.6 thru 12, carbon content may be 0.15 - 0.55%.

(3) Medium carbon alloy steel shall be fine grain, with hardenabili

that will produce a minimum hardness of HRC47 at the center of the threaded

saction one diameter from the end of the bolf, screw or stud after oll quenching. SAE 1541 (AISI 1041) steel may be used, oll quenched and tempered,
at option of the producer for products M12 in diameter and smaller. Use of alloy steel with Boron to increase hardenabllity for sizes larger than M12 is

permissible.

5§ METHODS OF TEST.

5.1 PRODUCT (BASE METAL) HARDNESS. For rou-
tine inspection, hardness of bolts, screws and studs may be
determined on head end or shank, after removal of any plating
or other coating to assure an accurate base metal hardness. For
cold formed, non heat treated products, hardness shall be
determined on the threaded end. For referee purposes, the
hardness of bolts, screws and studs shall be determined at mid-
radius of a transverse section through the threaded portion
taken at a distance of one diameter from the end of the prod-
uct. The reported hardness shall be the average of four
hardness readings located at 90° to one another. The prepara-
tion of test specimens and the performance of hardness tests
shall be in conformity with the requirements of SAE J417 and/
or ASTM E18.

5.2 SURFACE HARDNESS. Tests to determine surface
hardness shall be conducted on the ends, hexagon flats or
unthreaded shanks of bolts, screws and studs which have been
prepared per 5.1 above to insure accurate reproducible read-
ings in accordance with SAE J417. Proper correction factors
shall be used when hardness tests are made on curved surfaces,
per ASTM E18.

5.3 PROOF LOAD. The proof load test consists of stressing
the bolt, screw or stud with a specified load which the product
must withstand without permanent set.

5.3.1 The overall length of the specimen shall be measured
between conical or ball centers on the specimen, using mating
centers on the measuring anvils. The specimen shall be marked

so that it can be placed in the measuring fixture in the same
position for all measurements. The measurement instrument
shall be capable of measurement to 2.5 pm. The grips of the
testing machine shall be self-aligning to avoid side thrust on
the specimen. For bolts and screws the specimens shall be
assembled in the fixture of the tensile machine so that 6 com-
plete threads are exposed between the grips. This is obtained
by freely running the nut or fixture to the thread runout of the
specimen and then unscrewing the specimen 6 full turns.
When proof load testing studs, one end of the stud shall be
assembled in a threaded fixture to the thread runout. For studs
having unlike threads, this shall be the end of the finer pitch
thread. For studs having unlike diameters (step studs), this
shall be the end with the smaller minor diameter. The other
end of the stud shall likewise be assembled in a threaded fix-
ture, except it shall be unscrewed 6 full turns from the thread
runout, thus leaving 6 complete threads exposed between the
grips. The bolt, screw or stud shall then be axially loaded to
the proof load specified for the applicable size, thread series,
and class in Table 4, the load retained for a period of 15 s, the
load removed, and the overall length again measured. The
speed of testing, as determined with a free running cross head,
shall not exceed 3 mm/minute.

NOTE: In the case of sems, washers may be removed prior to
testing; however, for referee testing washers shall be removed.

5.3.2 To meet the requirements of 4.1, the length of the bolt,
screw or stud after loading shall be the same as before loading
within a tolerance of 12.5 pm allowed for measurement error.

5.3.3 Variables, such as straightness and thread alignment
(plus measurement error), may resuit in apparent elongation of
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