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The history of the creation of lasers and analysis of the impact of their
application in the material processing on the development of certain industries

Abstract. The paper is devoted to the analysis of the history of the creation of the
laser as one of the greatest technical inventions of the 20th century. This paper focuses
on establishing a relation between the periodization of the stages of creation and
implementation of certain types of lasers, with their influence on the invention of
certain types of equipment and industrial technologies for processing the materials,
the development of certain branches of the economy, and scientific-technological
progress as a whole. In preparing the paper, the generally accepted methods, which
are widely used in the preparation of historical research works, have been applied: the
historical method — for the study and interpretation of the texts of primary sources and
the search for other evidence used for research, as well as for the presentation of
historical events associated with the development of laser technology; the historical-
genetic method — for studying the genesis of specific historical phenomena and
analyzing the causality of changes in the development of laser technology; the
historical-critical method - for displaying cause-and-effect relationships,
reconstructing events that influenced the development of laser technology; the method
of historical periodization. The variety of different possible options for the use of lasers
did not allow placing all the collected materials within the framework of one paper,
and therefore, the authors have decided to dwell on the facts, which, in the opinion of
the paper’s authors, are the most interesting, significant, poorly studied, and little
known. The paper discusses the stages of: invention of the first laser; creation of the
first commercial lasers; development of the first applications of lasers in industrial
technologies for processing the materials. Special attention is paid to the “patent
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wars” that accompanied different stages of the creation of lasers. A comparative
analysis of the market development for laser technology from the stage of creation to
the present has been carried out. It has been shown that the modern market for laser
technology continues to develop actively, as evidenced by the continued stable growth
of laser sales over the past 10 years. This indicates that the demand for laser
technology is inextricably linked with the development of high technology production
and scientific-technological progress. The analysis has shown that recently, the trends
in the use of laser technology have changed; in particular, their industrial and medical
applications are decreasing, while there is an increase in their use in the fields of
sensor production and communication.
Keywords: laser; history of lasers; Theodore Maiman; National Museum of
American History; laser market; laser applications

Introduction.

The 20th century was rich in great inventions, one of which, undoubtedly, was the
laser. At the same time, a laser is just a device or a so-called “tool” whereby it became
possible to carry out various actions, which ultimately led to the desired result. The
creation of some types of lasers has contributed to the invention of not only new types
of apparatuses, devices, but also the emergence of new technological processes and
even entire branches of science and industry (Belforte, 2010; Hecht, 2010; Hess, 2013;
lon, 2005; Rigby, 2010). This paper is devoted to this direction, namely, the analysis
of the influence of the invention and the stages of the subsequent introduction of certain
types of lasers on the stages of development of certain processes, types of technology
and industries.

The purpose of the paper is to establish a relation between the periodization of the
stages of creation and implementation of certain types of lasers, with their influence on
the invention of certain types of equipment and technologies, the development of
certain branches of the economy, and scientific-technological progress as a whole.

Research methods.

The authors of this paper have many years of experience in operating various
types of lasers, which they acquired by developing various technologies for laser
processing of materials (Bernatskyi, Berdnikova, Klochkov, Sydorets, & Chinakhov,
2019; Bernatskyi, Sydorets, Berdnikova, Krivtsun, & Chinakhov, 2020; Khaskin,
Bernatskyi, Siora, & Nikulin, 2011; Markashova, Berdnikova, Bernatskyi, Sydorets, &
Bushma, 2019; Shelyagin et al., 2005a; Shelyagin et al., 2005b; Shelyagin et al., 2018;
Siora & Bernatskyi, 2011). Interest in the history of the stages of creation and
implementation of certain types of lasers was the impetus for writing this work. In
preparing the paper, the generally accepted methods, which are widely used in the
preparation of historical research works, have been applied (Choudhury Kaul,
Sandhu & Alam, 2019; Storozum et al., 2019; Strelko et al., 2019a; Strelko et al.,
2019b; Van Lent & Durepos, 2019; Zhang & Liu, 2019): the historical method — for
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the study and interpretation of the texts of primary sources and the search for other
evidence used for research, as well as for the presentation of historical events
associated with the development of laser technology; the historical-genetic method —
for studying the genesis of specific historical phenomena and analyzing the causality
of changes in the development of laser technology; the historical-critical method — for
displaying cause-and-effect relationships, reconstructing events that influenced the
development of laser technology; the method of historical periodization. The variety
of different possible options for the use of lasers did not allow placing all the collected
materials within the framework of one paper, and therefore, the authors have decided
to dwell on the facts, which, in the opinion of the paper’s authors, are the most
interesting, significant, poorly studied, and little known.

Results and discussion.

The beginning. First generation of laser radiation. Press conference by
Theodore Maiman. Finding the first laser applications.

It is a well-known fact that the first generation of laser radiation on a ruby crystal
was obtained on May 16, 1960, by Theodore Harold Maiman, who was then at Hughes
Research Laboratories, the research arm of the Hughes Aircraft Company (Figure 1).
However, the facts that preceded and took place immediately after this event are little
known.

Above all, while fighting to fund his research, Theodore Maiman faced serious
competition for the primacy of his discovery (Rigby, 2010). When he submitted his
paper to Physical Review Letters, it was rejected as “just another maser paper”.
Maiman quickly wrote a shorter 300-word version of his paper and submitted it to
Nature, where it was accepted (Maiman, 1960). As a scholar, Maiman wanted to
publish his paper first, but Hughes Labs executives were nervous as the Bell Labs team
could be very close to a similar result. Therefore, before Maiman's Nature paper was
published, Hughes Labs decided to hold a press conference that was scheduled for July
7, 1960. The photographer hired to shoot the first laser was not impressed — it was too
small (see Figure 1.a).

After inspecting the lab, the photographer picked up a later prototype with a
medium-sized flashtube and a 5 cm long ruby rod (Figure 2) (Rigby, 2010). The
photographer told Maiman, “Hold this in front of your face and I know this will be
picked up by every news outlet, but if we print this, this first laser, it won’t go
anywhere”. The photographer was right. The day after the press conference, all major
newspapers published this photo. The headlines of papers about the laser invention
were calculated to be a big sensation, for example, the Los Angeles Herald published
an article with the headline “L.A. man discovers science-fiction death ray”, and
Newsweek published an article with the headline “This might very well be the of the
death ray”.
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WORLD'S FIRST LASER
MAY 16, 1960
MALIBU, CALIFORNIA
By THEODORE H. MAIMAN

b
Figure 1. Theodore Maiman (a) (Rigby, 2010) with the first laser prototype (b)
(Theodore Maiman — Wikipedia).

Figure 2. The photograph issued at the 7 Jul 1960 I:Iughes press conference
showing Maiman with a later prototype laser — not the first one (Rigby, 2010).

The further fate of the first sample of the ruby laser created by Theodore Maiman
Is interesting. The National Museum of American History has photographs of one of
the possible versions of Theodore Maiman’s first ruby laser (Figure 3) (National
Museum of American History).
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Figure 3. Photographs of one of the possible versions of Theodore Maiman’s
first ruby laser (National Museum of American History).

By May 1960, Theodore Maiman and Irni D'Haenens at the Hughes Aircraft
Company had constructed several small metal cylinders (National Museum of
American History). Each of them contained a spiral-shaped xenon flashtube that
surrounded a small cylindrical crystal of synthetic ruby. When they lit the flashtube, a
flash of light caused the ruby crystal to emit a precisely focused pulse of light — the
first emitting laser. Hughes Aircraft donated this and several other Maiman devices to
the National Museum of American History Smithsonian Institution in 1970. The crystal
inside this device is from the 1961 experiment. Although donation records indicate that
this is the first laser, Maiman wrote that he received the first laser as a gift when he left
the company in April 1961. During the research, several experimental models were
made, which is common practice. Thus, we may never know which device actually
generated the first laser beam.

Shortly after Maiman built the first laser, his assistant Irni D'Haenens joked that
the laser was ““a solution looking for a problem” (Hecht, 2010). As with any good joke,
there was an element of truth in this phrase. The laser was not a device invented for
specific applications. It was more of a discovery than an invention, using the method
for generating coherent light that laser designers expected to find applications in a wide
range of fields.

Interesting is the vision of Theodore Maiman himself about the promising areas
of application of the laser he created. At the aforementioned press conference on July
7, 1960, Maiman noted the following directions (Shakir & Patel, 2017):

1. The first true amplification of light;

2.A tool to probe matter for basic research;

3. High-power beams for space communications;

4. Increasing the number of available communication channels;

5. Concentrating light for industry, chemistry and medicine (Shakir & Patel,

2017).
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It is known that at the press conference, Maiman deliberately tried to avoid
discussion about the possible use of lasers as weapons. But after all, he admitted that
he could not rule out this option. Maiman's success has inspired other developers and
convinced everyone that it was indeed possible to generate laser radiation. This event
has filled the laser research community with new energy and new funding. In fact, the
concept and design of the Maiman laser was so simple that a few weeks later, its results
were replicated by several other researchers, most notably Bell Labs, who
demonstrated their version of the ruby laser on August 1, 1960.

Soon after the first demonstration of the laser operation, the search for directions
of their practical application began. In 1960-1962, a large number of new laser
development companies: Sylvania, Martin Marietta, RCA, Perkin-Elmer, as well as
companies that previously produced masers, such as Hughes Aircraft, American
Optical, Technical Research Group (TRG), AT&T, Bell Labs, Raytheon, Quantatron,
Korad Inc., etc., were engaged in the production of lasers.

Hecht (Hecht, 2010) briefly describes the first attempts to apply lasers in various
industries:

...Bell Labs management saw coherent light as a technology that increase
the capacity of the Bell System’s backbone telephone network, which in 1960
consisted of chains of microwave relay towers. Plans were already in the works
to upgrade the long-distance network to buried millimeter waveguides carrying
signals at 60 GHz, but Bell had long-term plans to upgrade the telephone system
from voice to video, which would require much more bandwidth. Optical
frequencies were more than a thousand times higher, so they promised the needed
bandwidth.

The Pentagon wanted a new generation of weapons. Deeply unsettled by the
1957 Sputnik launch, the Eisenhower administration created the Advanced
Research Projects Agency (ARPA, now DARPA) to invest in high-risk, high-
payoff research that other military research agencies had been unwilling to
support. Soon after ARPA opened its doors, its first director, Roy Johnson, told
Congress he would fund anything that might reduce the threat of nuclear attack,
even “death rays.” When TRG asked for 3300,000 to try to build a laser using
Gould’s ideas, ARPA instead gave them $999,000, hoping for applications in
target designation and communications, as well as in missile defense.

Physicians began testing lasers to see if they could treat ailments better than
other light sources, particularly in dermatology and ophthalmology, where light
was already widely used. The first important laser success was in ruby-laser
treatment of detached retinas. Previously, ophthalmologists had focused light
from 1000 W arc lamps into the eye for 1-s intervals to form scars attaching the
retina to the eyeball. The procedure had to be re-engineered to use millisecond
laser pulses, but it worked in rabbits, and ophthalmologist Charles J. Campbell
treated the first human patient at the Harkness Eye Institute of Columbia
University on November 22, 1961. About a week later, Christian Zweng
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performed a similar operation in Palo Alto, California. Both operations were
successful.

Physicists focused laser beams to high intensity to study laser-matter
interactions. In 1961, Peter Franken focused 3 J ruby pulses into quartz and
generated the 347.2 nm second harmonic, which appeared as a faint spot on a
photo recorded after passing the light through a spectrometer. He and three
University of Michigan colleagues called the faint spot an ‘“‘unambiguous
indication of second harmonic,” but that didn’t stop someone at Physical Review
Letters from thinking the spot was a flaw in the photo and editing it out. The
Lawrence Livermore National Laboratory wondered about prospects for laser-
induced nuclear fusion, and in 1962 formed a group to study the prospects
seriously (Hecht, 2010).

First problems. Commercialization of the laser development. “Patent Wars”.

Manufacturers and companies that tried to apply lasers in different industries had
faced the problem of measuring the power of laser radiation. The first ruby lasers
produced very powerful pulses —too powerful to be measured with most optical sensors
of the time (Mueller, 2010). Researchers placed razor blades in front of the lasers and
counted how many blades the laser could drill. This unofficial unit of measurement is
called Gillette. The first Maiman’s laser produced 1 Gillette pulse. Within a few
months, his competitors were assembling a laser with a power capable of burning
through 4 Gillette. Today, spot laser welding of stainless steel blades and spring-loaded
support rods has become the gold standard for shaving sticks, with laser welding
productivity reaches 120,000 single-spot welds per hour (Laser spot welding).

Already in 1961, a new global industrial market — the laser market — has emerged.
Initially, the companies produced one-off and small-scale products, and because of this,
the cost of the first lasers was relatively high. According to (Hess, 2013), the first
commercial laser was manufactured by Raytheon and sold for $ 5,850 at a meeting of
the Institute of Radio Engineers in New York in March 1961. This LH-1 pulsed ruby
laser (Figure 4) had a housing designed for easy rod and lamp replacement and it
operated at room temperature.

The evidence that the first commercial laser was manufactured and sold by
Raytheon in 1961 is corroborated in the paper by George J. O'Neill (O'Neill, 1983).

However, Klauminzer (Klauminzer, 1984) claims that a 1 mW helium-neon laser
(He-Ne) was the first to be sold by Spectra-Physics in 1962 for $ 7,500.

The authors are interested in facts about the development of laser production by
its discoverers — Theodore Maiman and Hughes Aircraft Company.

131



Icmopia Hayku [ mexniku, 2021, mom 11, sunyck 1
History of science and technology, 2021, vol. 11, issue 1

https://www.hst-journal.com

Figure 4. 1961 Raytheon LH-1 pulsed ruby laser system, the first laser model sold
commercially (Hess, 2013).

Theodore Maiman was one of the first, initially setting up a laser group at a short-
lived company called Quantatron in Santa Monica, California, then taking his laser
group to form the core of Korad Inc., also in Santa Monica, with funding from Union
Carbide (Hecht, 2010). Korad soon began making ruby lasers based on Maiman’s

design, as shown in Figure 5.

Figure 5. Korad’s first commercial ruby laser, serial #001 of model RL-4KCS. The

box at the right is a liquid Q switch. Comparison with that Maiman’s original design

has been modified byusing a longer flashlamp with with more coils and a longer rod
(Hecht, 2010).
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The Hughes Aircraft Company introduced its first commercial laser only in May

1962, despite having built the first laser two years earlier (Anonymus, 1962). This

Model 200 pulsed ruby laser was a commercial version of Maiman’s first device, but

with a longer rod, at the ends of which dielectric mirrors were applied (Figure 6) (Hess,
2013).

Figure 6. 1962 Hughes Aircraft Company model 200 ruby laser system, fully
operational with all original components (Hess, 2013).

In general, in the history of the laser technology development, it is rather difficult
to track the primacy of an invention or application in a particular industry. This is due
to the fact that manufacturing companies were in no hurry to reveal all the secrets and
ideas behind their laser designs. Moreover, a large amount of work was carried out by
order of the military departments, which in itself implied a regime of increased secrecy.

In this regard, in the field of the laser technology invention and the use of laser
technologies, there have always been a fairly large number of disputes, which have
repeatedly escalated into legal proceedings that dragged on for many years.

The most famous is the opposition (or the “Thirty Years Patent War”) of Gordon
Gould with the United States Patent and Trademark Office for obtaining patents for
laser and related technologies. He also fought laser manufacturers in lawsuits to protect
the patents he later received. Gordon Gould is the author of the acronym LASER (Light
Amplification by Stimulated Emission of Radiation) (Taylor, 2000, pp. 66—70). The
thirty-year patent war that it took for Gould to win the rights to his inventions has
become known as one of the most important patent battles in history. On October 11,
1977, after nearly 30 years of the “patent war”, Gordon Gould obtained a patent for
optical pumping, which was later used in about 80% of lasers. As a result, Gould was
granted 48 patents, the most important of which were patents for optical pumping,
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collisional pumping, and application patents (Taylor, 2000, p. 70). However, these
technologies covered most of the lasers that were in use at the time. For example, the
first operating laser, a ruby one, was optically pumped; the helium-neon laser is
pumped by a gas discharge.

Even the inventor of the first ruby laser, Theodore Maiman, was able to obtain a
patent for his laser only in 1967, having bought it for $ 300 from the Hughes Aircraft
Company (Maiman, 2018, p. 191).

In this regard, the work of Dutta Majumdar and Manna (Dutta Majumdar &
Manna, 2003), in which they tried to systematize and to compare the invention and
commercialization of the idea (or application) of different types of lasers, is interesting.

Probably the most heated argument among researchers of the history of lasers is
about the fact of the first industrial application of lasers.

Laser Processing of Engineering Materials (lon, 2005, p. 20) states that the first
laser welds were made around 1963, and involved butt and edge joints in 0.25 mm
stainless steel foils, processed with a pulsed ruby laser (Platte and Smith, 1963). Welds
were also made between gold connecting leads and aluminium-coated silicon surfaces
in microelectronic devices. The laser beam was merely being used to fuse material,
albeit very accurately, in a conduction-limited mode. Other reports of research into
conduction-limited welding in metals were published (Fairbanks & Adams, 1964) and
applied to joining wires, sheets and circuit boards shortly afterwards (Anderson &
Jackson, 1965; Cohen, Mainwaring, & Melone, 1969; Conti, 1969), when 0.5 mm was
considered to be an upper limit of penetration. The first industrial application appeared
around 1965, when a pulsed Nd:YAG laser was used to repair broken connectors inside
assembled television tubes (Belforte, 1993, p. 5 as cited in lon, 2005). Ruby laser
welding was used in fabrication of the first Apollo lunar sample return containers in
1969 (Moorhead, 1971). Various laser-based conduction joining techniques have been
developed, including soldering and brazing, partly in response to the needs of the
microelectronics industries. The first CNC laser soldering machine, based on a 50 W
CO: laser was produced commercially in 1976 (Loeffer, 1977).

However, as we have shown earlier, there is a lot of information that is difficult
to systematize and subject to thorough analysis in the history of the development and
application of laser technology. Perhaps for this reason, some literature sources provide
data that does not match the above data and the data of Dutta Majumdar and Manna
(Dutta Majumdar and Manna, 2003). For example, George J. O'Neill (O'Neill, 1983)
mokaspiBaeT, 9To B 1962 in a vivid demonstration of the laser's intensity, Professor
Louis Smullin, a physicist at the Massachusetts Institute of Technology, used a system
developed by the Raytheon Corporation to bounce a powerful ruby laser beam off the
moon, 400,000 kilometres (250,000 miles) away. The size of the spot that hit the
moon's surface was an estimated 64 kilometres (40 miles) in diameter. By contrast, the
beam of a searchlight powerful enough to reach the lunar surface would be spread over
thousands of miles.
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Table 1. Commercially available lasers and their industrial applications (Dutta
Majumdar & Manna, 2003).

Year of Commercialised .
Laser di . Application
iscovery since
Metrology, medical
Ruby 1960 1963 applications, inorganic
material processing
Nd-Glass 1961 1968 Length and velocity
measurement
Semiconductor
Diode 1962 1965 processing, biomedical
applications, welding
Light-pointers,
He_Ne 1962 length/velocity
measurement,
alignment devices
Material processing-
Carbon dioxide 1964 1966 cutting/joining, atomic
fusion
Material processing,
Nd-YAG 1964 1966 joining, analytical
technique
Argon ion 1964 1966 Pc_)werful I_|gh'g,
medical applications
Pollution detection,
Dye 1966 1969 isotope separation
Copper 1966 1989 Isotope separation
Medical application,
Excimer 1975 1976 material processing,
colouring

For example, the paper by Melinda Rose and Hank Hogan (Rose & Hogan, 2019)
argues that in 1962, a laser was first used to weld watch springs. This could be
considered one of the first (if not the first) applications of lasers for metal processing
in the industry, but in other sources, this information does not find enough convincing
evidence.

Belforte (Belforte, 2010), argues that the first practical, value-added industrial
application for the ruby laser invented by Ted Maiman was the drilling of cooling holes
in aircraft engine turbine blades. As the operating temperature of these engines
increased it was necessary to find a way to cool the blades to prevent thermal damage.
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Laser market. Its formation, development, and modern stage.

Anyway, the laser market has been rapidly developing since the early 1960s. In
1980, it was already $ 500 million, according to the authoritative edition of Laser Focus
World cited in George J. O'Neill (O'Neill, 1983).

The current market for laser technology is already a completely different amount
and sales volume.

Figure 7 (Holton, Overton, Nogee and Belforte, 2016; Holton & Nogee, 2021)
presents data from the authoritative Laser Focus World, which shows how the laser
market has changed in recent years.

As seen in Figure 7, laser manufacturers have earned about $ 16 billion in 2020.

$18.48B «Total

16.01B
$14.94B $14.72B 3

s10078 $10498  $13.77B

$9.568 /4.8 < Non-Diode

$8.73B

<4 Diode

2014 2015 2016 2017 2018 2019 2020 2021
a b
Figure 7. Laser market in 2012-2015 (a) (Holton, Overton, Nogee & Belforte, 2016)
and in 2017-2020 and forecast for 2021 (b) (Holton and Nogee, 2021).

2012 2013

As can be seen from the data in Figure 7, the market for lasers themselves
(excluding technological and auxiliary systems, manipulators, and similar equipment)
almost doubled and grew practically all the time (except for 2019) constantly and
steadily, despite the consequences of global trade conflicts, weak business investments,
and COVID-2019, which certainly put pressure on the global economy and increase
the risk of long-term stagnation.

In his publication, Andreas Thoss explains this phenomenon in this way (Thoss,
2021):

...2020 was a difficult year for the global economy, but laser markets did
surprisingly well. Allen Nogee, President of Laser Markets Research, said that
there are at least two different reasons for this resilience in laser markets, as
noted in his annual review and forecast of the worldwide laser market. First,
lasers are often built into capital goods, and such investments are not made or
canceled on short notice. The second reason was the relatively fast recovery of
the most important market for lasers and laser systems — China. This logic has
been reflected by global and national statistics. The GDP of the U.S. fell 3.6% in
2020; in Europe, it went down 7.4%; while in China, it grew 2.3%. At the same
time, the global laser market grew at a remarkable pace of 8% to $16 billion (see
figure 3). While the uncertainty of the pandemic remains, Nogee presented an
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optimistic outlook for 2021. On the macro-economic side, he expects above-

average growth in the U.S. (3.5%), Europe (3.6%), and China (7.9%). In fact,

2021 could show the highest growth rate in these regions in more than three years.

Similarly, the laser market would expand by 10.4% to $18 billion in 2021 (Thoss,
2021).

Medical & Aesthetic Entertainment,

$0.9B Displays, & Printing
$0.6B

Instruments

& Sensors Materials

$2.0B Processing &

Lithograph

Scientific isgz

Research

& Military Communications

$2.2B & Optical Storage

$3.9B

-5.6% Macro-materials
processing (kW) 10.6% Communications

-3.0% Micro-
materials
processing

14.2%
Optical
storage

5.6%
Marking

15.2%
Displays

19.0%

Lithograph
ey 37.6% Sensors

-13.5% Printing

-25.0%
Medical 16.7% Military

b
Figure 8. The chart showing the distribution of laser sales in 2020 by the most
demanded industries (a) (Holton & Nogee, 2021) and the percentage distribution of
laser sales in 2020 (b) (Thoss, 2021).

9.9% R&D

Figure 8.a (Holton & Nogee, 2021) is a chart that shows the distribution of these
laser sales by the most demanded industries. Figure 8.b (Thoss, 2021) has a chart that
shows the percentage distribution of laser sales in 2020. A “minus” sign for various
applications indicates a decline in sales relative to 2019 results.

Historical milestones in the creation and improvement of certain types of
lasers and laser technologies for industrial processing of materials.

The charts above show pallid statistics. They in no way convey all the drama of
the creation, development, and improvement of the aforementioned laser technology.
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The authors believe that the areas of laser application shown in Figure 8 are worthy of
special mention in the context of their invention and improvement of both laser design
and technological applications. Limited to the maximum possible volume of
publication, the authors have decided to focus on the consideration of little-known
historical facts related to the production and operation of lasers for industrial
processing of materials.

Mikro-materials processing.

Laser precision drilling.

In the conditions of the late 1960s and early 1970s, one of the urgent tasks of this
area was a radical increase in productivity in the manufacture of a number of miniature
products from crystalline materials on an industrial scale. These, in particular,
included: jewel bearings and sliding bearings of special precision instruments, which
are made of ruby and sapphire; wire-drawing dies made of natural diamond, necessary
for drawing thin wire with a diameter of 10 um; wire-drawing dies made of artificial
diamonds, in which it was necessary to drill and to form shaped holes with a diameter
of up to 80-100 um with a tolerance of only a few microns.

In 1965, the first production laser cutting machine was used to drill holes in
diamond dies. This machine was made by the Western Electric Engineering Research
Center (Bromberg, 1991, p. 202). This event is mentioned in Raytheon News
(Anonymus, 1966, January as cited in Earls & Edwards, 2005, p. 86) (Figure 9).

Raytheon New

Education Activities First LEM Computer Hobby, Levine Win
Delivered on Schedule  PRSA Accreditation

Transferred int ;
ransferred into By People of Space Div

Commercial Group

Western Electric Uses Raytheon Laser | o [
In Forming Special Dies from Diamonds L > =
AY . .’

Candlepin Tournament
To Roll Feb. 6-Mar. 6

Figure 9. Raytheon News. 15(1) (1966). p. 2 (Earls & Edwards, 2005, p. 86).

In 1970, by order of the Boeing Corporation, drilling of numerous fans in turbine
blades and parts of the “hot zone” of an aircraft gas turbine engine (GTE) was
performed using a pulsed ruby laser for the first time at the plant of the American
company General Electric, which significantly increased its resource (Vaks,
Milen'kij & Saprykin, 2017, p. 27). By 1974, more than ten advanced Raytheon
systems with Nd:YAG-lasers were successfully operating at the production plants of
General Electric Ind., the largest manufacturer of aircraft engines for civil and military
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aircrafts and for rocket and space equipment at that time. In 1965, Watch Stones Corp.,
the Swiss manufacturer of ruby stones for watches, signed a contract with the Institute
of Applied Physics at the University of Bern to investigate the possibility of laser
drilling of holes in ruby boules, thus opening the “laser era” in Switzerland. At the
beginning of 1972, ASUAG (since 1983 — SWATCH Group SA), the leading Swiss
watch manufacturer, opened a special laser center for the technological study of the
problem. In 1974, the center was transformed into LASAG Corp. with the mission of
developing laser equipment and laser drilling technology for watch ruby stones for the
Swiss and European watch industry.

Drilling holes in heat-resistant and difficult-to-cut materials.

By the mid-70s of the last century, with the rapid development of turbojet
aviation, the task of improving the resource and increasing the calibration interval for
aircraft engines became particularly acute. Dozens of laser systems from Raytheon
(SS-500 and SS-550), Lumonics (JK MS-830), and later — Convergent Energy (Gemini
with Aurora P50) have already operated at GE Aircraft Engines, Rolls-Royce, and Pratt
& Whitney, etc., for drilling fans in turbine blades of the hot zone and in parts of the
combustion chamber of aircraft engines (Vaks, Milen'kij & Saprykin, 2017, pp. 31—
32). The number of fans with a diameter of 250 um to 900 um and a depth of 3 mm to
10 mm in chrome-nickel heat-resistant and difficult-to-machine alloys reached several
hundred per blade and the demand for blades was estimated at hundreds of thousands.
With such a mass production, the high speed and productivity of laser drilling
superseded the competing processes of electrochemical and electroerosion machining
in many factories in a short time. The aerodynamics of the cooling flow of the blade
and the complex external and branched internal profile require the arrangement of the
fans, according to an individual scheme and at different (including “sharp”, up to 15°)
angles to the surface. Therefore, processing is carried out on special high-speed 5-axis
laser machines with precision kinematics. One of the most modern European factories,
MTU Aero Engines, is located in Munich and produces modern aircraft engines,
assemblies and sets of blades both for the Airbus S.A.S. (for the A-320 and A-380
aircraft family) and other aircraft manufacturers. Blades and parts are machined in
three shifts on six LaserTec 80 PowerDrill machines from Deckel-Macho Group
(DMG). The machines are equipped with lasers from Lasag and Rofin-Baasel.

The current stage in the development of laser drilling technologies is closely
related to progress in the development and production of industrial-grade diode-
pumped solid-state lasers generating nano- and picosecond pulses at high repetition
rates.

Laser mikro-cutting of stents.

The fine focusability of laser beams is attractive in mikro-materials processing.
An outstanding example -and one that revolutionized an industry so much so that it
became the process of choice as world demand increased — is laser cutting of stents,
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which started in 1992 (Belforte, 2010). In 1993-1994 a Lumonics low divergence
Nd:YAG laser produced limited success cutting stents and was later replaced by a
Lasag unit, which became a commonly used laser for this application. Stent cutting,
now a major application in the medical devices industry, has been a driver in the
introduction of quality, reliable industrial lasers and motion control systems. Flashlamp
pumped Nd:YAG lasers were succeeded by diode-pumped units, then disc and fiber
lasers, the latter currently the choice for this application. Advanced laser technology in
the form of picosecond and femtosecond lasers are being considered for use with the
new bioabsorbable stents. Today tens of thousands of stents have been produced
worldwide.

Makro-materials processing.

Laser welding.

One of the first laser industrial applications was in welding. The manufacture of
mechanical wristwatches has always required maximum precision. It is therefore not
surprising that the watch industry relies on laser instruments for almost every node.
Haas, a Schramberg-based watchmaker in the German Black Forest region, has
pioneered laser welding of wristwatch springs back in 1964 (Quentin, 2017). Welding
the watch springs required only low laser power, since the steel springs to be welded
were less than one millimeter in size. Shortly thereafter, Haas has begun developing its
own laser radiation sources. In 1971, Haas introduced its first proprietary solid-state
laser: rod laser on Nd:YAG (neodymium-doped yttrium-aluminum garnet). Beginning
in 1992, TRUMPF has begun investing in Haas Laser GmbH to expand its own range
of beam sources, which at the time consisted mainly of CO; lasers. Since then, Haas
Laser has grown into TRUMPF’s Schramberg site, where solid-state lasers are
developed and manufactured.

High-power CO; lasers with good beam quality and reliable output power were
the laser of choice for the joining of sheets of steel that are used in automotive body
manufacturing (Belforte, 2010). Although the first laser blank weld was done
experimentally for British Leyland in 1981 it was the 1983 application for German auto
manufacturer Audi who had need for sheets of metal large enough to be stamped into
a limousine underbody that lays rightful claim as the first production laser welded
blank. No required sheet sizes were available from German steel mills so Thyssen Steel
using a Rofin Sinar 1.5 kW CO: laser welded two pieces of available size sheet to make
the needed size for stamping. Thus was born the laser tailored blank welding business,
which today finds laser tailored blank components used by auto manufacturers
worldwide. In 1984 Toyota stunned the rest of the global auto industry with the
introduction of a laser welded five-piece body side ring for the Camry, which allowed
a choice of metal thicknesses to reduce weight and consequently improve fuel
economy. As the auto industry’s annual demands for tailored blank components
increased an increasing number of new blank supplying subcontractors appeared and
they asked for and received units with higher power (to 8 kW) CO; lasers. The
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contribution of laser welded blanks to the design and production of lighter weight and
more energy efficient vehicles is immense. The ability to mix steel materials and
thicknesses has allowed designers to greatly improve body design and to minimize the
number of components needed to meet strict crash standards.

Laser cutting.

The first experiment in laser processing of materials, which later developed into
an important industrial process for gas laser cutting of metals, was conducted in May
1967 by Peter Houldcroft, who was then Deputy Scientific Director at The Welding
Institute (TWI) in Cambridge, and Arthur Sullivan, who was a laser operator at the
Services Electronic Research Laboratory (SERL) in Harlow Houldcroft and Sullivan,
using oxygen gas to cut 1 mm steel sheet with a focused CO; laser beam. Paul Hilton
describes this event in (Hilton, 1997) as follows:

...In early 1967 Houldcroft designed a 'laser cutting nozzle', its important
feature being the oxygen pressure chamber which would provide the co-axial
reactive assist gas stream in the region of the laser beam focus. This nozzle
arrangement can be seen in the photograph in Figure 10, which was taken during
the first series of cutting trials made during May 1967. The oxygen gas was kept
in the chamber by a flat «pressure windowy, and the beam focusing lens was
positioned above the pressure chamber. The design of the nozzle tip itself, which
had a circular orifice 2.5mm diameter and used a stand off distance of 1.5mm, is
remarkably close to commercial nozzles in use today. The horizontal laser beam
was diverted onto the focusing lens by an aluminised steel mirror. The lens (of
focal length about 300mm) and pressure window were made from sodium
chloride. It was sometime later that potassium chloride was used. The rectangular
block at the top right of the photograph was attached to a rotating handle. This
in fact formed the laser shutter and beam stop. The results of this work were soon
published in the article (A.B.J. Sullivan, P.T. Houldcroft. (1967). Gas-jet laser
cutting. British Welding Journal. pp. 443—445) (Hilton, 1997).

Figure 10. The first oxygen a55|st gas Iaser cuttlng performed in May 1967 (Hilton,
1997).
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The American company Boeing is the first one to integrate laser-cutting on its
production lines. In August 1969, three employees from the Boeing Company
produced a paper on the CO; laser cutting off “hard” materials — titanium, Hastelloy
and ceramic — using the assist gas technique. They concluded that the laser “could be
an effective and economical cutting tool, but a great deal of research and development
may be required before such a machine could be put on the production line”. In the
1970’s, Boeing patented the multi-beams laser-cutting and was among the pioneering
companies cutting titanium with a laser. (Bensoussan, 2016, October 5).

Power).

In 1979, the Italian company Prima Industrie has invented the first 3D laser
cutting process (History Prima Power). Now, this technology is widely used when
cutting cavities and holes with a complex contour in various volumetric parts and
structural units using advanced laser cutting machines (Figure 11) (3D fiber laser
machine Rapido Prima Power).

One of the major contributions from Japan resulted from developments at Amada
in 1985 that led to a “Clean Cut” finish that produced a non-oxidized cut in 3mm
stainless steel on a system shipped in 1986 (Belforte, 2010, January 1). Subsequently
TRUMPF developed inert gas (fusion) cutting with its RF-excited CO; laser in
Germany later in that decade. These processes and others opened the door for high-
quality metal cutting, without secondary operations, a major industry advance.

The use of laser cutting at the present stage.

For more than 50 years after the appearance of the first commercial laser cutting
machines, technical and technological development in this segment has moved along
the path of a slow evolutionary increase in the radiation power of all known types of
industrial lasers and, as a result, an equally smooth increase in the speed and
productivity of the equipment. The quality, accuracy, service, “friendliness” of the
software interface, and the thickness of the workpieces to be processed grew smoothly.
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In the last decade, the development of practical applications of laser cutting has
accelerated significantly. This was mainly determined by the industrial development
and the appearance of new types of high-power diode-pumped lasers with
incomparably higher power density, reliability, service life, and efficiency in the
market. One of the signs of the current stage of development is that the undisputed
leaders of the 1990s in the field of mass cutting of sheet material — CO- lasers — have
been ubiquitously replaced by powerful fiber-optics and disk lasers in recent years,
which have captured more than 70% of the segment of precision cutting of metals with
a thickness up to 20 mm over the past few years. Another feature of the modern
development of laser cutting technologies is associated with the creation of industrial
models of pulsed lasers with nano-, pico-, and femtosecond duration of radiation
pulses.

Conclusions.

1. The modern laser technology market continues to develop actively, as
evidenced by the steady growth in sales since the early 1980s. This indicates that the
demand for laser technology is inextricably linked with the development of high
technology production and scientific-technological progress.

2. The progress of industrial laser technology is expressed in reaching the first
places in sales of fiber-optics and disk lasers, actively displacing CO: lasers, as well as
in an increase in the share of diode lasers, including for pumping fiber-optics, disk, and
Nd:YAG lasers.

3. Recently, the trends in the use of laser technology have changed, in particular,
their industrial and medical applications are decreasing, while there is an increase in
their use in the fields of sensor production and communication.

4. Due to the emergence and development of laser engineering and technologies,
it was possible to bring the aerospace industry (for example, by modernizing the design
of turbine blades), high-precision mechanics (for example, drilling jewel bearings,
laser-based correction of the accuracy of clockwork), liaison and communication (for
example, creation of fiber optic communication) to a qualitatively new level, to create
unique cutting technologies (for example, medical stents), and much more.
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IcTopisi cTBOpeHHs J1a3epiB i aHAJI3 BIVIMBY IX 32CTOCYBAaHHS IPH 00pooO1i
MaTepiajiB Ha PO3BUTOK NMEBHUX rajgy3eil NPoOMMCJI0BOCTI
Anomauia. Cmamms npuceaueHa ananisy icmopii CmeopenHs 1asepa, K 00H020
3 HQUOINbW ZHAYYWUX MEXHIYHUX 8uHax00i8 20 cmonimms. La cmamms npuceauena
BCMAHOBIEHHIO 38'SI3KY MIJNC Nepioou3ayiclo emanié SUHAX00y Ma 6NPO8AOINCEHHS.
OKpemux 6udig Jazepis, 3 iX GNIUBOM HA CMBOPEHHS OKpeMux 6uUoi8 MexXHIiKu i
NPOMUCTOBUX MEXHONO2I 00pOoOKU Mamepianie, pO3GUMKOM HNEGHUX 2dally3ell
EeKOHOMIKU ma HAYKOBO-MeXHIuHo20 npozpecy 6 yinomy. Ilpu nideomosyi cmammi
BUKOPUCTNOBYBANUCA 3A2ATbHONPULHAMI MemOoOu, AKI WUPOKO GUKOPUCMOBYIOMbCS
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npu ni02omosyi ICMOPUYHUX OOCHIOHUYbKUX poOim. ICMOpUdHuLl Memoo, — OJi
BUBUEHHSl ma iHmepnpemayii mekcmis nepuioodicepesl i NOWYKY THUUX 00KA3is, sKi
BUKOPUCMOBYIOMbCSL OISl OOCTIONCEHHS, d MAKONC BUKIAOY ICMOPUYHUX NOOIlL
NO8'13aHUX 3 PO36UMKOM NA3EPHOI MEXHIKU, ICMOPUKO-2eHeMUYHUL Memoo, — OJis
BUBUEHHSI 2€HE3UCY KOHKDEMHUX ICMOPUYHUX ABUW 1 AHANI3Y NPUYUHHOCMI 3MIH Y
PO36UMKY JIA3EPHOI MEXHIKU, ICMOPUKO-KPUMUYHULL Memo0d, OJisi 8i000pa*CeHHS
NPUYUHHO-HACTIOKOBUX 38 sI3K18, 8I0MEOPEHHsI NOOIU, WO GNIUHYIU HA DPO3GUMOK
JIA3epHOi  MexHIKU;, Memoo icmopuunoi nepioousayii. Pisnomanimms piznux
MOJCTUBUX BAPIAHMIB 3ACMOCYBAHHSA 1A3epie N030A8UNO0 3MO2U POIMICIUMU 6CI
3i0pani mamepiaiu 8 pamkax OOHIEl cmammi i MoMy a8mopu SUPIUUIU 3YNUHUMUCS
Ha ¢haxkmax, AKi Ha ix OYMKY € HAUOLIbW YIKaguMu, 3HAYYWUMU, CIADOBUBUEHUMU 1
manogioomumu. Y cmammi po3enAHYmMi emanu: GUHAX00Y Nepuio20 1a3zepa,
CMBOPEHHS NePULUX KOMEPYIUHUX A3epis; po3poOKU nepuiux 3acmocy8ans 1a3epis 8
NPOMUCTOBUX ~MEXHON02IAX 0b0pobku mamepianie. Oxpemo npudileHo yseazy
«NAMeHMHUM GIUHAMY, AKI CYNPOBOOXNCY8ANU PI3HI emanu CMEOPEHHS .Ja3epis.
llposedeno nopigHanbHULl aHANI3 PO3BUMKY DUHKY JA3€PHOI MeXHIKU 6i0 emany
cmeopenns 0o cydyacrhocmi. Ilokazamo, wo cy4acnuti puHOK 1A3€PHOI MEeXHIKU
NPOO0BHCYE AKMUBHO PO3BUBAMUCS, NPO WO 2080pUmMb CMAOLIbHE 3POCMAHHS
npooaxxcis nazepis, wo mpusac ocmanti 10 poxis. Lle cgiouums npo me, wjo nonum Ha
JIa3epHy MeXHIKY HepO3PUBHO NOG'SA3AHUL 3 PO3ZGUMKOM HAYKOEMHO20 8UPOOHUYMSA 1
HAYKO80-MeXHIYHUM npozpecom. Ilposedenuii ananiz noxkasas, wjo 6 OCMAHHIU 4ac
S3MIHUIUCA MEHOeHYli BUKOPUCMAHHS JA3ePHOI MEXHIKU, 30Kpema 6i00)8acmucsl
CKOPDOYEHHSI  IX NpPOMUCIO8020 [ MEOUYHO20  3ACMOCY8AHHA, NPU  YbOMY
CcnocmepicacmvCs 3pOCMANHL iX 3ACMOCYBAHHS 8 00AACMAX 8UPOOHUYMBA CEHCOPIB |
KOMYHIKayYIl.

Knrwuoesi cnoesa: nazep; icmopis nazepis; Teooop Maiiman, Hayionanenui Myseu
Amepukancvkoi lcmopii; puHok n1asepie; 3acmocy8anHsl 1a3epis
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HcrTopus co3gaHus Jia3epoB U AHAJIN3 BJIMSHUSA UX IPUMEHEHH s IPpU 00padoTKe
MaTepHaJiOB HA Pa3BUTHE OTPeleIeHHBIX 0TPacjeil NPOMbIILIEHHOCTH

Annomayus. Cmamvsi nocesiweHa aHAIU3y UCMOPUU CO30AHUS 1a3epd, KaK
00H020 U3 Geruyaruux mexvuueckux uzoopemenuii 20 eexa. Hacmosawas cmamos
NOCBAUEHA VCMAHOGIEHUIO CBA3U MedHcoy Nnepuoousayueli 3manos Cco30auus u
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BHEOpeHUsl OMOENbHLIX BUO08 11A3eP08, C UX BIUAHUEM HA U300pemenHue 0moenrbHblx
8UO08 MEXHUKU U NPOMBIULIEHHbIX MEXHON02ULL 00pabdomKu Mamepuanos, pazeumuem
ONnpeoesieHHbIX OMmpaciell IKOHOMUKY U HAYYHO-MEXHUYECKO20 npocpecca 6 YeloM.
Ilpu noocomoexe cmamvbu NPUMEHATUCL OOWENpUHAmMblEe Memoobl, UWUPOKO
UCnoab3yemMvle Npu  NOO20MOBKE UCMOPUYECKUX UCCTIe008AMEeNbCKUX — pabom.
ucmopuyeckuii  mMemoo, - O U3VYEHUs U UHmMepnpemayuu - mexKcmos
Nep8OUCMOYHUKOB U NOUCKA UHBIX 00KA3AMeNbCME, UCNOIb3YeMbIX 018 UCCIe008aHUS,
a makce U3N0HCeHUs. UCOPULECKUX COObIMULL C8A3AHHLIX C PA3BUMUEM A3ePHOU
MEeXHUKU, UCMOPUKO-2eHEeMUYeCKULl Memoo, - OJisl U3YUeHUs 2eHe3UCa KOHKPEmHbIX
UCMOPUYECKUX S8NeHUll U AHAIU3 NPUYUHHOCMU USMEHEeHUl 6 pa3sumuu jla3epHou
MEeXHUKU,  UCMOPUKO-KPUMUYECKUL MemoOd, O1id OmOOpaMdCeHus: NpUYUHHO-
CIe0CMBEHHBIX CBA3€ll, 80CCO30AHUs COOBIMULL NOGIUABUUX HA PA3GUMUE NA3EPHOLL
MeXHUKUu, Memoo ucmopudeckou nepuoousayuu. Mnoecoobpaszue pa3nuunsix
BO3MOJMCHBIX 6APUAHMOE NPUMEHEHUsl J1A3ep08 He NO360IUN0 PAZMECMUMb BCe
coOpaHHble Mamepuaibl 6 pPAMKAX OOHOU CMamvli U NOIMOMY ABMOPbI PEeUlunu
OCMAHOBUMbBCS HA (akmax, KOmopvle Nno UX MHEHUIO ABIAI0mMcs Hauboee
UHMEPECHbIMU, 3HAYUMBIMU, CAAOOU3VUEHHLIMU U MAIoU3secmHuiMu. B cmamue
paccMompenvl  dmanvl:  U300pemeHus nepeoco  jaazepa, CO30aHUs  Nepevix
KOMMEPYECKUX 1a3epo8; pa3pabomKu nepevix NpUMeHeHuUll 1d3epo8 8 NPOMbIULTIEHHBIX
mexHoao2uax oopabomku mamepuanos. OmoenvHo yoeneHo HUMaHue «NameHmHbIM
BOUHAMY», KOMOpblE CONPOBONHCOANU PA3HbIE dMANbl CO30anus aazepos. Ilposeden
CPABHUMENbHYIL AHAIU3 PA3BUMUSL PbIHKA NA3EPHOL MEXHUKU OM d9MAna co30aHusi 00
cogpemennocmu. llokazamo, uymo co8peMeHHbl pPBLIHOK J1A3€PHOU  MeXHUKU
npooondcaem  aKmuGHO  pa3eUEAmMbCs, O YeM  2080puUm  NPOOOIACAIOUSULICSL
CMaobUIbHBIU POCH NPOOAdLC 1a3epos 3a nociednue 10 nem. Imo ceudemenbcmayem o
MOM, YMO CHpPOC HA JA3EPHYI0 MEXHUKY HEPA3PLIBHO CEA3AH C pa3eumuem
HAYKOeMKO20 NpOoU3600Cmed U HAYYHO-MexXHuyeckum npozpeccom. IlIpoeeodennuiil
aHanu3 NoKa3ajl, Ymo 8 NOoCleOHee 8pPeMsl USMEHUIUCh MEeHOCHYUU UCNOIb3068aAHUs
JIa3epHOU MeXHUKU, 8 YACMHOCMU NPOUCXOOUM COKPAUeHUe UX NPOMbIUIEHHO20 U
MEOUYUHCKO20 NPUMEHEHUs, NpU IMOM HAOI00aemcsi pocm ux HNPUMEHEHUS 8
00.1aCcmAX NPOU3B00CMBA CEHCOPO8 U KOMMYHUKAYUU.
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