


M
ature industries are
characterized by well-
developed engineering
practices, standards, qual-
ity management processes
and highly reliable sys-

tems.  The solar PV industry has generally
not achieved this level of maturity in its
structures and fastener technology.

During the 2022 RE+ event in Anaheim
California, this past September, a research
team walked the Exhibit Hall and found
many stark examples of industry imma-
turity.  The team performed an informal
survey and spoed common misspeci-
cation and, in two cases,  particularly
extreme examples of misapplications.
In one example, the team spoed car
headliner fasteners, and with the second,
a chain link fence component — both non-
structural but called upon to maintain
structural integrity.

The importance of fasteners within
PV racking and tracker systems is often
overlooked by system designers.  Al-
though composed of relatively simple and
inexpensive components, fasteners play a
critical role in the structural reliability of
PV systems.

Joint engineering practices and stan-
dards in structural steel and transporta-
tion industries have matured over the past
century and become widely adopted. As a
result, failures of fastened joints (or bolted
joints) in buildings and transportation
are now rare. In comparison, the solar PV
industry is relatively young and lacks the
depth of engineering practices and stan-

dards of other industries.  Loose, missing
or broken bolts in solar are surprisingly
common. When it happens, modules
can become damaged, detached, or even
worse, systems can collapse. All of these
can increase maintenance costs, reduce
system performance, or worst of all, create
life-safety risks.

Industry audit underway
A project funded by the Department of

Energy, Solar Energy Technology Oce
(DOE-SETO) is researching this very topic.
The research team is made up of a mix of
subject maer experts from academia and
industry. Among other things, the team is
working to nd areas of transferable engi-
neering knowledge from other industries.

The team recently conducted an audit of
the solar PV racks and trackers on display
at RE+ ’22. The team looked at 19 dierent
racking products and examined 92 bolted
joint designs.  Of the 92 bolted joints
examined, the team identied 83 areas of
concern, many of which were quite serious
and could potentially lead to signicant -
nancial loss and safety issues (for systems
near pedestrians).

Applying a traditional Failure Modes
Eects Analysis (FMEA) framework, the
likely failure eects resulting from the
bolted joints examined at RE + are sum-
marized in Table 1 below.  Note that most
of the failure eects can be classied as
“serious” in terms of potential nancial
and life-safety impacts.

Following are two examples of fasteners
found on the racks and trackers at RE+ ’22,

which have been shown to either be inef-
fective or problematic in other industries.

Locking fastener myth
The team found that many trackers

and racking systems widely used helical
spring washers (or lock washers) in mod-
ule aachments and inter-rack connec-
tions (see Fig. 1). These lock washers were
chosen based on a misguided belief that
they will lock the nut/bolt to the joint and
prevent loosening.

Unfortunately, the body of evidence
from both experience and experimental
results in the transportation industry
is that lock washers do not prevent self-
loosening. Instead, they have been shown
to speed up the rate of loosening in many
cases. Lock washers have been virtually
eliminated for use in automobiles for
these reasons.

Alternatives to the helical spring
washer, such as thread lockers and wedge
lock washers, have been shown to be more
eective at preventing self-loosening and

are widely used in rail and the automotive
industry.

Nylon risks
The team also found the widespread

use of nylon insert prevailing torque
nuts, (or nylon lock nuts), as seen in Fig.
2. Although relatively inexpensive and
eective at preventing the fastener from
falling out, nylon lock nuts are not eec-
tive at keeping the bolted joint tight.

Worse yet, the unique properties of
nylon can result in failures if not properly

Failure Eect Details

Component detached Individual component such as a module becomes liberated.

System structural capacity reduced Structural capacity degrades over time (relaxation, self-loosens and corrodes).
System vulnerable to wind load events.

System structural capacity lost Single point failure triggers cascading failures and eventual system collapse.

Low system stiness System prone to large deformations and uncontrolled joint loading and failure.
Can lead to cascading failure scenarios and or damage to modules or components.

Table 1. Summary of possible failure effects – 92 bolted joint survey from RE + 2022
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