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The Principles of In May 1995 the IPC’s Technical Activities Executive Committee (TAEC) adopted Principles of

Standardization Standardization as a guiding principle of IPC’s standardization efforts.
Standards Should: Standards Should Not:
* Show relationship to Design for Manufacturability e Inhibit innovation
(DFM) and Design for the Environment (DFE) * Increase time-to-market
* Minimize time to market * Keep people out
* Contain simple (simplified) language * Increase cycle time
* Just include spec information * Tell you how to make something
* Focus on end product performance * Contain anything that cannot
* Include a feedback system on use and be defended with data

problems for future improvement

Notice IPC Standards and Publications are designed to serve the public interest through eliminating mis-
understandings between manufacturers and purchasers, facilitating interchangeability and improve-
ment of products, and assisting the purchaser in selecting and obtaining with minimum delay the
proper product for his particular need. Existence of such Standards and Publications shall not in
any respect preclude any member or nonmember of IPC from manufacturing or selling products
not conforming to such Standards and Publication, nor shall the existence of such Standards and
Publications preclude their voluntary use by those other than IPC members, whether the standard
is to be used either domestically or internationally.

Recommended Standards and Publications are adopted by IPC without regard to whether their adop-
tion may involve patents on articles, materials, or processes. By such action, IPC does not assume
any liability to any patent owner, nor do they assume any obligation whatever to parties adopting
the Recommended Standard or Publication. Users are also wholly responsible for protecting them-
selves against all claims of liabilities for patent infringement.

IPC Position It is the position of IPC’s Technical Activities Executive Committee that the use and implementation
Statement on of IPC publications is voluntary and is part of a relationship entered into by customer and supplier.
Specification When an IPC publication is updated and a new revision is published, it is the opinion of the TAEC
Revision Change that the use of the new revision as part of an existing relationship is not automatic unless required

by the contract. The TAEC recommends the use of the latest revision. Adopted October 6, 1998

Why is there Your purchase of this document contributes to the ongoing development of new and updated indus-
a charge for try standards and publications. Standards allow manufacturers, customers, and suppliers to under-
this document? stand one another better. Standards allow manufacturers greater efficiencies when they can set

up their processes to meet industry standards, allowing them to offer their customers lower costs.
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and publications development process. There are many rounds of drafts sent out for review and
the committees spend hundreds of hours in review and development. IPC’s staff attends and par-
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procedures to qualify for ANSI approval.
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Therefore, the standards and publications revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards and
publications, why not take advantage of this and the many other benefits of [IPC membership as
well? For more information on membership in IPC, please visit www.ipc.org or call 847/597-2872.
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Final Acceptance Criteria Standard for
PV Modules-Final Module Assembly

1 SCOPE AND CLASSIFICATION

This IPC standard presents acceptance guidelines for the solar panel in final module assembly. The intent of this standard
is to cover crystalline solar modules. The modules can vary in size and cell number. Some of the content may be applicable
to other photovoltaic modules such as thin film. This includes junction boxes and other attributes that need to be inspected.
For example, junction boxes used in solar panels include inspection criteria for sealants and potting compounds used in the
attachment. The sealants and potting compounds used could have cracking and moisture ingress so a visual inspection qual-
ity system would need to be put in place to determine acceptability which this subcommittee will help to address.

This document covers the most common designs; however, designs vary greatly and continue to evolve. Consequently,
exceptions or other standards may need to be specified. For example, sections on frames would not apply to frameless mod-
ules. Also, modules for Building Integrated Photovoltaic (BIPV) applications should comply with relevant building code
standards. Electrical performance and safety are outside of the scope of this standard and can be referred to in the relevant
IEC, UL, IEEE and region specific standards.

2 APPLICABLE DOCUMENTS

2.1 IPC?

IPC-A-610 Acceptability of Electronic Assemblies

IPC-A-620 Requirements and Acceptance for Cable and Wire Harness Assemblies

J-STD-609 Marking and Labeling of Components, PCBs, and PCBAs to Identify Lead (Pb), Lead-Free (Pb-Free), and Other
Attributes

2.2 British Standards Institution (BSI)2

BS EN 12020-2 Aluminium and aluminium alloys. Extruded precision profiles in alloys EN AW-6060 and EN AW-6063.
Tolerances on dimensions and form

2.3 Underwriters Laboratories (UL)3

UL 1703 Flat-Plate Photovoltaic Modules and Panels

2.4 IEC*

IEC 61215 Crystalline silicon terrestrial photovoltaic (PV) modules - Design qualification and type approval
IEC 61730 Photovoltaic (PV) module safety qualification

IEC 60904-9 Photovoltaic devices - Part 9: Solar simulator performance requirements

2.5 I1SOs

ISO/IEC 15416 Information technology - Automatic identification and data capture techniques - Bar code print quality test
specification - Linear symbols

1. www.ipc.org

2. www.bsigroup.com
3. www.ul.com

4. www.iec.ch

5

. WWW.is0.0rg DOCU ments
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3 REQUIREMENTS

Visual Inspection Environment and Conditions for PV Modules are:
* 1 m inspection viewing distance.

* Viewed at ~90 degree angle.

* 20/30 vision minimum.

* [EC 1000 lux lighting conditions [Ref: IEC 61215 Standard].

* Each module shall be inspected for at least 60 seconds.
These requirements are used in the document apart from where specified.

Note: Lighting for inspection of modules may be reduced in order to reduce glare or reflection from the glass as required.
Illumination values in the range of 800-1000 lux have been found to be nominal values for proper inspection.

3.1 Frame

3.1.1 F1: Frame Scratches and General Frame Condition (Incoming Frame)

Target:

No visible scratches. No evidence of sharp edges or burrs. Draw lines are acceptable (which are uniform and continuous
and go along frame).

* Viewed at ~90 degree angle.
* 20/30 vision minimum.
* 800-1000 lux lighting conditions.

* ~60 second cycle time.

Acceptable:

e Front side (exterior) only (this includes front and sides of frames). No evidence of sharp edges or burrs. No visible
scratches.

» Backside/rear - internal (interior) only and <I mm scratch width. Removal of anodization layer <6 mm? circular area/
location at no more than three locations on the frame.

e Draw lines are acceptable (which are uniform and continuous and go along frame).

Reject:
¢ Evidence of sharp edges or burrs.

* Front side (exterior) only (this includes front and sides of
frames) visible scratch.

* Backside/rear — internal (interior) only >1 mm scratch width.
Removal of anodization layer <6 mm? circular area/location
at more than 3 locations on the frame. Removal of anodiza-
tion layer >6 mm? circular area/location on the frame.

Figure 3-1 Example F1 Reject: Visible Scratch

Notes/Comments:

No evidence of sharp burrs or edges which would become a safety issue during handling during the module manufacture.
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3.1.2 F2: Frame Scratches (Finished Frame)

Target:

e No visible scratches from 1 m distance.

Acceptable:

* Front side (exterior) only (this includes front and sides of frames) with no more than two scratches that are <1 mm in width
and no greater than 30 mm in length without removal of anodization layer when inspected from 1 m distance.

* Backside/rear — internal (interior) only and <1 mm scratch width no greater than 100 mm scratch length when inspected
from 1 m distance. Removal of anodization layer <6 mm? circular area/location at no more than 3 locations on the frame.

Reject:

* Front side (exterior) only (this includes front and sides of frames) with more than two scratches that are <1 mm in width
and no greater than 30 mm in length without removal of anodization layer when inspected from 1 m distance. Scratches
greater than 1 mm in width or greater than 30 mm in length without removal of anodization layer when inspected from
1 m distance.

* Backside/rear — internal (interior) only >1 mm scratch width or >100 mm scratch length. Removal of anodization layer
<6 mm? circular area/location at more than 3 locations on the frame. Removal of anodization layer >6 mm? circular area/
location on the frame.

Figure 3-2 Example F2 Reject: Visible Scratches on the Figure 3-3 Example F2 Reject: Scratch on the Front
Front Side of Frame. Side of Frame. This panel should be rejected because
the scratch is visible from 1 m with the anodization
layer removed.

3.1.3 F3: Straightness (Incoming Frame)

Target:

¢ No measurable curvature.

Acceptable:

e For length <1 m, maximum curvature of £1 mm per meter.

e For length between 1 m to 2 m, maximum curvature of +2 mm.
Reject:

e For length <1 m, curvature > +1 mm.

e For length between 1 m to 2 m, curvature > £2 mm.
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3.1.4 F4: Frame Straightness (Finished Frame) In the absence of the manufacturer’s stated straightness requirements, the
values stated in this section shall be used.

Target:
e For length <1000 mm, no measurable curvature.
e For length 1000 mm to 2000 mm, no measurable curvature.

* In addition, the glass must occupy at least half the depth of the frame channel at any location in reference to the shortest
frame channel flange.

Acceptable:
e For length <1000 mm, maximum curvature of +3 mm. Meets customer specification for width and length, if defined.

e For length 1000 mm to 2000 mm, maximum curvature of +6 mm. Meets customer specification for width and length, if
defined.

e In addition, the glass must occupy at least half the depth of the frame channel at any location in reference to the shortest
frame channel flange.

Reject:
e For length <1000 mm, curvature > £3 mm.
e For length 1000 mm to 2000 mm, curvature > +6 mm.

* The glass does not occupy at least half the depth of the frame channel at any location in reference to the shortest frame
channel flange.

Comments:

Measure with a straight edge and gage caliber, but not visually. The determination of glass occupying at least half the depth
of the frame channel at any location in reference to the shortest frame channel flange shall be as agreed between user and
supplier (AABUS).

3.1.5 F5: Frame Color and Surface Finish

Target:

¢ Visually uniform color visible at 1 m.

* No surface finish blemishes visible at 1 m.
* No impurity in relief visible at 1 m.

¢ No dents visible at 1 m.

Acceptable:
¢ No color issues visible at 1 m.

* No surface finish blemishes visible from 1 m on front side
(exterior) only (this includes front and sides of frames).

* No dents visible from 1 m on front side (exterior) only (this
includes front and sides of frames).

e No impurity in relief visible from 1 m on front side (exte-
rior) only (this includes front and sides of frames).

e Surface finish blemishes visible from 1 m on backside/rear
(interior) only <5% of involved surface area.

e No more than 5 dents visible from 1 m on backside/rear
(interior) only with an area of <300 mm? each. Each dent is
<300 mm? area.

* No more than 3 impurities in relief areas visible from 1 m
on backside/rear (interior) only with an area of 50 mm? each.
Each impurity in relief is <50 mm?.

Figure 3-4 Example F5 Acceptable: (Backgt —
Internal) ﬁﬂ‘&a(lments
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Reject:

e Visually non-uniform color visible at 1 m.

Figure 3-5 Example F5 Reject: Non-Uniform Color.
Uneven Anodizing.

Figure 3-6 Example F5 Reject: Surface Blemish.

Figure 3-7 Example F5 Reject: Blemish on Frame.

Notes/Comments:

Can use exterior and interior instead of front and back for frame terminology. Impurity in relief is an impurity on the sur-
face of the anodization layer caused during the anodization process. This area could be removed during the assembly of the
module exposing the anodization layer.
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Table 3-1 Summary of Color and Surface Finish Frame Classifications

Acceptability of Frames Acceptability Criteria
Defect Picture Front and Sides Rear and Internal
Surface Finish Not Visible <5% Area of
Blemish (F5) from 1 m Involved Surface

Impurity in Relief Not Visible 2

(F5) from 1 m <3 x 50 mm
Dent (F5) Not Visible <5 x 300 mm?

from 1 m
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3.1.6 F6: Frame Squareness

Target:
* No measurable difference between diagonals.

Acceptable:
¢ <2.0 mm length difference between diagonals for <Im diagonal.
* <3.0 mm length difference between diagonals for 1 m to 2 m diagonal.

* <4.0mm length difference between diagonals for >2 m diagonal.

Reject:
*>2.0 mm length difference between diagonals <1 m diagonal.
*>3.0 mm length difference between diagonals for 1 m to 2 m diagonal.

*>4.0 mm length difference between diagonals for >2 m diagonal.

3.2 Frame Assembly

3.2.1 FRA1: Frame Assembly-Alignment/Gaps (At corners)

Target:

* Corners flush with good even alignment showing no gap and no offset by visual inspection. Evidence of good crimp, where
applicable.

Figure 3-8 Example FRA1 Target

Acceptable:

* Maximum gap and offset at corner <0.7 mm between 2
pieces by visual inspection.

e Corners slightly misaligned. Miter gap <0.7 mm.
* Evidence of good crimp where applicable.

* Front-side mitered frame surfaces shall mate with <0.7 mm
gap at any point.

Figure 3-9 Example FRA1 Acceptable: Good Crimp
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Reject:

e Maximum gap and offset at corner >0.7 mm between 2 pieces by visual inspection.

* Gross misalignment; miter gap >0.7 mm. Design review should be considered in disposition of reject.
¢ Evidence of bad crimp, where applicable.

* Front-side mitered frame surfaces mate with greater than a 0.7 mm gap at any point.

Figure 3-10 Example FRA1 Reject: Frame Assembly — Alignment Gap Too Large

Figure 3-11 Example FRA1 Reject: Frame Assembly — Figure 3-12 Example FRA1 Reject: >0.7 mm Offset
Alignment Gap Too Large

Notes/Comments:

Maximum gap and offset at corner and miter gap measured after crimping. Miter corners typically are specified by the alu-
minum frame suppliers at 44.5 +£0.5 degrees. The undercutting of the corners by the aluminum frame supplier takes into
account dimensional tolerances for the frame. To determine if a crimp is visually bad, conduct a validation test. To deter-
mine the integrity of the crimp, conduct a minimum pull out force test. The completed frame corner-key must create a stiff
joint. The torquing of each frame piece by hand with modest force should produce no motion visible from 1 meter distance.
Another factor to consider is ensuring a good electrical connection between the two sides to ensure proper grounding. The
corners/pieces should form a stiff, tight connection and not be loose and be able to be pulled apart by manual force with the
two sides of the frame making a 90 degree angle.

For certain frame designs, which do not require crimping, the crimping requirement would not be applicable.
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3.2.2 FRA2: Frame Assembly Excessive Sealant

Target:

e Sealant bead or seam shall be smooth, uniform and consis-
tent along all edges being sealed.

e Sealant bead or seam shall be visible and >1 mm and <5 mm
height on backside.

* Sealant shall be present and detectable on front side.

* No void or gap along frame edge. Continuous fillet/bead
around frame.

Figure 3-13 Example FRA2 Target

Acceptable:

* Sealant bead can be slightly wavy. No void or gap along
frame edge.

e Sealant bead or seam shall be visible on backside and
<10 mm height on backside. If not present, sealant can be
validated through use of a feeler gauge.

Figure 3-14 Example FRA2 Acceptable
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Reject:

* Beaded sealant is not present or detectable on backside.

* Beaded sealant is not present or detectable on front side.

e Sealant covers or shades PV Cell on Sunnyside Glass (topside of module).
e Sealant voids or gaps.

e Sealant on top of or side of frame surfaces.

Figure 3-15 Example FRA2 Reject: Sealant Inconsistent Figure 3-16 Example Reject: Void in Sealant.
and over Frame Top Edge. The frame is present but there
is excessive sealant covering frame.

Notes/Comments:

There needs to be some visual evidence of sealant to verify bond. A finishing tool can be used for the bead to measure bead
height. Please note that some frame profile designs may not allow adhesive sealant squeeze out from the channel. Therefore,
visual verification of the sealant under the frame channel edge may be difficult. These conditions may require in process
steps for verification prior to frame edge installation.

For those frame designs that do not allow the outflow of sealant, a feeler gauge of 0.05 mm thickness with rounded edges
has to be inserted into the frame. This can be inserted 100 mm away from the corner on the back only to check/verify the
presence of sealant on the rear of the frame.
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3.2.3 FRA3: Frame Assembly Insufficient Sealant

Target:

e Sealant bead or seam shall be smooth, uniform and consis-
tent along all edges being sealed.

e Sealant bead or seam shall be visible and >1 mm and <5 mm
height on backside.

* Sealant shall be present and detectable on front side.
* No void or gap along frame edge.

e Continuous fillet/bead around frame.

Figure 3-17 Example FRA3 Target

Acceptable:

* Sealant bead or seam shall be visible and <10 mm height on
backside. If not present, sealant can be validated through use
of a feeler gauge.

* Sealant bead can be slightly wavy.

* No void or gap along frame edge.

Figure 3-18 Example FRA3 Acceptable
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