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THE ART OF MANUFACTURING FRESNEL LENSES

Computer model of Fresnel lens used to manufacture
prisms and framework. Courtesy Artworks Florida.

istoric Fresnel lenses are prob-
% ably one of the most valued and

admired artifacts in the light-

house community. Mostly built

in the 1800s, they are not only
engineering marvels but also works of art.
The industry faded away in the early 1900s,
and even with today’s technology, building
a Fresnel lens is a challenge.

During the lighthouse boom, factories
were in place with the tooling for casting
the glass prisms and manufacturing bronze
frames. Machinery was designed for the
meticulous shaping and polishing process
of the prisms and lenses. Because Fresnel
lens manufacturing is no longer a large in-
dustry, it is not feasible for companies to
tool up to this level. But there have been
a number of successful projects around the
country using both glass and acrylic re-
placement prisms to restore historic Fresnel
lenses. And most recently, complete full-
size replicas have been constructed.

The success of manufacturing Fresnel
lens replicas has been a delight to light-
house organizations requesting a historic-
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style Fresnel lens for an interpretive
museum display, or even to be ex-
hibited in the lantern room of their
lighthouse. Though glass reproduc-
tion is possible, most prefer acrylic
prisms due to the more affordable
price and the ability to tint the
prisms to match the greenish hue of
historic lenses.

Design

W.Ith today’s replicas there are sev-
eral steps required in the manu-
facturing process. The first step is the
design and engineering, Augustin Fres-
nel’s original formulas are used along
with computer-aided design tools. The
shape of each prism is adjusted slightly
to compensate for the acrylic material
being used, versus the original crown
glass. Once the prisms’ shapes are cal-
culated, a 3-D computer model is cre-
ated for manufacturing purposes.

Prism Manufacturing

ne of the most difficult tasks in manu-

facturing a Fresnel lens is to replicate the
prisms. In the 1800s the original prisms were
manufactured by pouring molten glass into
cast-iron molds to acquire the basic shape. They
were then fixed to a large table lathe for the
meticulous grinding and polishing process.

works Florida.

Left: rapid prototype prism; center: as-cast acrylic prism; right: finished prism. Courtesy Art-

Today a new process is being used to repli-
cate acrylic prisms. First, a computerized 3-D
model of each prism shape is used to create
a master. The master is made through a new
process called “rapid prototyping,” which is
basically a machine that does 3-D printing.
The master prism is essentially grown out of
an opaque plastic material. Next a mold is
made from the master. The mold is simply a
reverse of the master, or a cavity in which the
liquid acrylic is poured. The acrylic material
is a mixture of liquid polymer, resin powder,
and a pigment to add color. The mold filled
with liquid acrylic is placed in an autoclave
where it is pressurized and heated at specific
settings to assure a flawless part. After the
prism is cured, the annealing process takes
place. This process heats the prism and
ramps down the temperature at a certain
rate to improve material qualities. And fi-
nally, there is the polishing process.

This is a lengthy process but has many
advantages. The computerized model assures
a dimensionally accurate prism shape, which
is important for not only the bending of the
light but also the fit into the brass frames.
The casting allows for an integral color to
be added, which makes the prism look more
authentic. Also, color matching of existing
prisms is an option when restoring an origi-
nal lens. And finally, the annealing process
improves the UV characteristics and helps
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prevent crazing (tiny cracks) of the acrylic.
There is no machining in this process. Ma-
chining creates stress in the material and can
cause crazing over time.

Frame Construction

e manufacturing of the lens frames is

more straightforward. Historic frames
were made by pouring molten bronze into
molds to give the basic form, and machined and
polished to acquire the final shape. Today the
frames are manufactured by cutting the out-
side shape and triangular pockets for the prisms
with a water-jet cutter. This machine operates
with a high-pressure water stream that follows a
computer program to cut through a brass plate.
Machining is also required to drill and tap holes
for mounting and assembly purposes. The final

step is the sanding and polishing process.

Above: A sixth-order brass framework with a water-jet cut profile, ma-

chined and polished to a mirror finish.

Below: Prisms are assembled in brass framework with glazing com-

pound.
Both images courtesy Artworks Florida.
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Assembly

he assembly process for replica lenses is

very similar to the way historic Fresnel
lenses were constructed in the 1800s. The
prisms are isolated from the frames with
hardwood shims and set in place with DAP
window glazing. This glazing material does
not contain any lead as the litharge that was
used on original lenses.

Fresnel Lens Replicas in the

Lighthouse Community
A s the U.S. Coast Guard relinquishes own-

rship of lighthouses around the country
and private organizations and the Park Service
take over, replica lenses are being put into use.
Lenses are being manufactured to replicate
the same style lenses the lighthouses once
exhibited, and they are being installed in the
lantern rooms as a functioning light or even an
Aids to Navigation.
Individual ~ prisms
are also becoming
more popular in
original Fresnel lens
restorations where
color matching to
the original glass is
a priority. Full-scale
replicas are being
used in museums as
interpretive exhibits.
And as a smaller
exhibit, individual
prisms are displayed.
Exhibits
being built for edu-
cational  purposes
showing the func-
tion of a Fresnel lens

are also

through refraction
and reflection dis-
plays. Showcased in
this same exhibit is
a replica Fresnel lens
with one fixed panel and one flash panel, to
show how they exhibit a unique light pattern.
One lighthouse has even commissioned the
manufacturing of a 1/4-scale model of its first-
order lens, including the pedestal.
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Light pattern of completed fixed (top) and
rotating (bottom) flash panels. Courtesy Art-
works Florida.

For any other information or ques-
tions regarding the design or fabrication
of Fresnel lenses please contact:

Dan Spinella
Artworks Florida
www.artworks-florida.com

407.399.0050

Clockworks—Summer 2010



Kraig Anderson
Typewritten Text
Reprinted from the U.S. Lighthouse Society’s The Keeper’s Log – Summer 2010 <www.USLHS.org>


16

Reprinted from the U. S. Lighthouse Society’s The Keeper’s Log - <www.USLHS.org>

Restoration & Preservation

Join the U.S. Lighthouse Society Today

or
Give the Gift of Membership!

Thomas Point Shoal 1.ighthouse, MD

The U.S. Lighthouse Society has donated

to many lighthouse preservation projects
throughout the U.S. Most recently we
were honored by being presented with the

Preserve America Stewardship Award from

The W hite House for our restoration work
at Thomas Point Shoal 1ighthouse.

Help Support Our

Important Mission!

Education

To learn more visit
www.uslhs.org
or
call Headgnarters at
415-362-7255

2. | The Keeper’s Log
| 777agazine is the only
one of it’s kind and
has been published
guarterly since 1984.
~we— | Recezve this award-

Winning pub!zmtzon as a benefit of
membership.

The Society organizes domestic and
international lighthouse tours. Many of
our excursions gain

access to lighthouses not
normally open to the
public. These trips are
a great way to have
Jfun, see lots of lights
and learn about e |
lighthouse history. -t Bl 14 .

Tinicum 1ighthouse, NJ
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