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1 SCOPE. This specification covers the acceptance crite-
ria for laser butt welds in automotive products for which
General Motors is responsible for establishing or approving
product design.

1.1 The application of the requirements of this specification
is mandatory unless a specific note on the weld/engineering
drawing establishes different weld criteria. Any exceptions
from these requirements shall be made in accordance with
good engineering practice.

1.2 Welds are considered satisfactory when they carry the
intended or expected service loads for a required period.
Service loads in weldments in a vehicle are varied in both type
and magnitude and cannot be addressed by this specification;
therefore, while the weld quality criteria of this specification
are consistent with service loading requirements, they have
been established based on the use of process and product mon-
itoring. Any attempted application of this document to other
uses, such as post-crash weld quality assessment, may lead to
an erroneous result or conclusion.

1.3 Laser butt welds are considered discrepant when they do
not meet the criteria of this specification. Discrepant laser
welds often retain some of their engineering properties and
may still contribute to the integrity of the product.

1.4 The welding source is responsible for establishing prac-
tices and test methods to assure that the criteria of this
specification are met, and are consistent with General Motors’
corporate and group procedures.

1.5 These acceptance criteria are to determine that the physi-
cal properties of the panels have been developed to a proper
level. Additional requirements for appearance, handling, sub-
sequent processing, etc. may be established in addition to the
requirements contained herein.

1.6 This specification applies to all sheet steels approved by
General Motors for products joined by a laser welded butt
joint. All references to metal thickness shall be interpreted as
the minimum acceptable thickness of the range specified on
the product drawing.

1.7 This specification applies to butt joining of same or dif-
fering gauge thicknesses of blanks prior to forming, or formed
parts.

1.8 Filler metal for joining: An approved filler metal may be
used for butt welding provided there is a complete mixing and
fusion of the filler metal with the base metal and meets the cri-
teria of 3.1of this document.

1.9 Cross sectional thickness referred in this document are

defined as the base metal minus the coating thickness on the
actual welded specimens.

2 REFERENCED STANDARDS.

ASTM E8

3 ACCEPTANCE.

3.1 CONTINUITY. The full seam length shall be joined in a
continuous single full penetration pass for the length of the
specified welds. The weld shall show complete fusion along
the entire length of the weld seam. No unfused areas, skips,
voids, or porosity shall be present on either side of the weld
seam when viewed under low power magnification (typically
10X). Weld solidification pattern should be consistent and be
free of restarts or sudden changes that are indicative of loss of
weld keyhole.

3.2 CRACKS. The laser welds shall be free of cracks.

3.3 PINHOLES. The laser weld shall not contain pinholes
which allow light to pass through the weld.

3.4 UNDERCUT. Undercut is a groove melted into the base
metal adjacent to the weld toe or weld root and left unfilled by
weld metal. This defect shall be cause for weld rejection when
the undercut results in a condition whereby the cross sectional
weld profile shows a junction less than 90 degrees with the toe
of the weld and the base metal. See Figure 1.

3.5 SLAG. Slag is a nonmetallic product resulting from the
dissolution of nonmetallic impurities in each other. It may also
be due to lack of proper gas shielding and may mask porosity
and inclusions in the weld. Loose slag may peel off under
forming operation and interfere with the forming dies. Hence,
no slag shall be allowed on the surface of the weld.

3.6 CONCAVITY. Overall concavity shall not exceed 10%
of the governing metal thickness for thicknesses less than 1
mm (Figure 2a). The governing metal thickness is the thinner
of the two sheet metals being joined. For metal thicknesses
greater than (and including) 1 mm the overall concavity shall
not exceed 20%.

3.7 CONVEXITY. Convexity for those welds that subse-
quently are formed into desired shapes shall not exceed 10%
of the governing metal thickness (Figure 2b). For those parts
that have already been formed where butt welding is used only
for attachment, convexity shall not be limited by this specifica-
tion, provided all other requirements are met, and any
convexity present does not interfere with subsequent opera-
tions or requirements.

3.8 MISMATCH. In same gauge, the panels shall be suffi-
ciently aligned so that no point along the weld seam shall be
offset by greater than 10% of thickness (Figure 2c).

3.8.1 In different gauge sheets being joined, the engineering
drawings shall indicate material offset. The offset of the indi-
cated alignment shall not vary more than 10% of the thickness
of the thinner gauge (Figure 2d).

3.9 MICROSTRUCTURE. When the weld is cross sectioned
and examined, the microstructure of the weld should be free of
excessive segregation, (i.e., nonmetallic oxides/inclusions)
should not contain appreciable amounts of hard (martensitic)
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microstructure, and should have minimal grain boundary pre-
cipitation. The weld heat affected zone should be relatively
narrow, and should not have excessively large grain coarsened
zone (adjacent to the weld fusion zone) composed primarily of
hard martensity.

3.10 MICROHARDNESS. Knoop or Vickers micro hardness
of the weld, heat affected zone and the base metal can be used
to characterize the hardness of the weld joint. The peak weld
hardness is a function of the carbon content and its cooling
rate, The width of the hardened zone depends on the alloying
clements, and its cooling rate. Hardness increase affects the
maximum level of forming. Unless otherwise specified, the
peak weld joint microhardness of butt welded blanks which
will be subsequently subjected to forming operations shall not
exceed twice the hardness of the harder parent metal. The
micro hardness criterion is not applicable to butt welding used
for assembly.

3.11 STRENGTH. The welded panel shall have greater
strength through the weld than is present in the base metal.
This shall be evaluated through performing a tensile test of a
sample which contains the laser weld perpendicular to the
direction of the applied load. The test shall be conducted as per
the procedure outlined in ASTM E8. The sample, when sub-
jected to a sufficient tensile load, shall fail outside of the weld
fusion zone and heat affected zone (i.e., failure should occur
within the unaffected base metal/parent metal).

3.11.1 Any Cupping Test (like Olsen) in which the sample
fails through the metal splitting other than along the weld seam
within the weld fusion zone or heat affected zone is considered
acceptable.

4 DISPOSITION OF SUBSTANDARD MATERIAL.

4.1 Material which does not conform to the above acceptance
criteria must be repaired according to engineering approved
practices or scrapped.

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 the GM Material Safety Data Sheet
and Critical Material Register (available from the materials

engineering department or laboratory), or equivalent, must be
submitted with any new submissions or where a composition
change has occurred.

6 INSPECTION AND REJECTION. All 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 engineering as
meeting the requirements of this specification. Sources are
available through the on-line MATSPC System. '

8 GENERAL INFORMATION. This standard was origi-
nated by BOC in November 1991.
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FIGURE 1 - UNDERCUT
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