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Presenter
Presentation Notes
Agenda:  Describe and count communications in the open/sharing period of user innovation (1800-1909) before there was an industry of fixed-wing heavier-than-air aircraft.   
Show there was imitation based on free-revealing / open-source processes

Nothing here represents official findings or policy.

Note:  my discussant only got slides, no paper yet.
Put legends on graphs high up, since the screens are low.

Publications and patents of aeronautical innovators up to 1909
The first airplanes were designed along the lines of kites, gliders, and experiments before then.  The key experimenters and theorists studying “aerial navigation” then communicated largely in writing. Data on over 2000 patents and 13,000 aeronautics-related publications up to 1909 tells us about the period of innovation leading to the first airplanes.  I find that this literature grew over decades at a similar pace across France, Germany, Britain, and U.S. So substantively, there was “free revealing” and ideas moved fluidly though much was missed or forgotten.  Publications and patents boom at the end of the period as the industry starts. 
Here is our abstract chopped up into some points to make in a presentation.  The slides are chronological but these are more thematic which may be a better way to organize.  (comparison over time; across countries; across technologies; maybe across industry-support over government support.)   These are not all in the slides yet.
 
This paper analyzes how aeronautics and aircraft patent data globally reflects events in national, technological, and industrial history in the 1880-1916 period.
Data:  We have some information about the inventors, the technology area, and citations by later patents.  Say how many aeronautics and aviation patents filed in any country in this period there were
The annual numbers of aeronautical patents grew steadily through 1907, rose sharply with the appearance of an airplane industry, then declined as World War I began.   
It transitioned over time from a scientific hobby to an startup industry to a war industry, and these phases affect the patent flow.
Study of inventors (not done):   We have some biographic or career information on inventors; many patented in other fields too.  (can we count this?)
Narrative:  The earliest ones appear to have been inspired by scientific curiosity, user innovation, and hobbyist experimentation.  Patent rights then were almost never assigned to firms.
We chart the increasing frequency of the participation of firms in funding or acquiring patented aero technology.
Maybe include this:  We evaluate whether the earliest inventors took a role in the early industry.    (So far I have found they do not.)
We compare across countries. France, Germany, Britain, and the U.S. had by far the most applications, and basic trends appear to be similar across them.  The other industrial countries have similar trends, perhaps delayed a bit.  Many inventors were aware of work in their field in other countries and inventions are almost as quickly cited in other countries as in the first country.
A few effects are country specific.  Patents numbers decline more in Germany and France during in World War I than in other countries.  A great spike in aero patents in 1909-1911 (see Figure 1) is especially high in Britain and may be associated with more startup companies there than in other countries.
In the U.S. the key patent of the Wright brothers had special power to block others and led to lengthy legal battles there and lasting effects on the industry.
Maybe include this:   We include patent citations after 1916 and can measure the likelihood of a patent’s being cited as a function of its age.  
Across technologies  we can see how numbers of patents on heavier-than-air airplane designs overtake the lighter-than-air balloon designs.
We compare relative frequency of patent filings about control systems, scientific instruments, propulsion, and military devices.
Over the long term – a century – we see a that the early wave is high and distinctively seems to be of individuals not companies.
 
Okay, my main job is to record and classify the early patents in spreadsheets.


Historical overview

> 1880s: Ballooning clubs, journals, and exhibitions
Interest in “aerial navigation” and “flying machines” gathers there

Aeronautics is 2 hobby — maybe hopeless, useless, dangerous

> 1890s: Public glider flights ; Integration of the field across counttries

Many designs were shared — “open source” practices
> 1903 Wright brothers’ powered-glider flight, 1906 major patent

> 1908-11 Big exhibitions.

New aviation industry startups; sharp increase in aero patents

> 1914 World War I begins -- patents decline



Economic context: change in “equilibrium”

» Early period: Scientists and tinkerers exchange information

» Publications, scientific ambitions, sharing, problem-solvers equilibrium

» Later: In an industry, patents are intellectual property

» Designs and technologies for productive use or sale, industry equilibrium

» In between: radical inventions, new companies, startup industry.
» Many different perspectives in play
» Not like an equilibrium
» Research question: What do patent flows look like over this period?


Presenter
Presentation Notes
The context of a patent changes.
Data may clarify this transition and the key principles

For economics it’s of interest to know if that does or doesn’t look like other startup industries and why.
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OTTO LILIENTHAL == BERLIN.
Flugapparat,

Zusate zum Patente M 77906 vom 3. September 1803,

Fatentisl i Dewtichen Rebche vom ag. Mad 18Bpg ak.
Lingste Dauer: 3. Seplember 1god.

Ber demn under Nro ;ronh geschibtoten Flug-
apparat hat sich der Uebelstand geeeigt, dafs,
wenn der Apporat die Lull unter sehr spitzam
Winkel durchschneiden, die Vorderkonte infolge
der gewtlbten Flachenlorm Druck won oben
crhslicn  kann Dedurch  wird ein  siabiles
Drurchsegeln der Lof gelihrdes, und der Apparat
HUIS Se|mEr Flll[crin:lﬂung ﬁ-nlrxugl.

Lim dieses o vermeiden, wird die vorders
Flachenpartie derant beweglich  gemachr,  dais
digselbe um die Vorderkante drebbar sich nach
unlen richten kann,  Das in Fig o schealfire
Flachenstibck kann sich wm die Achse a B nach
umten. eltwa bis in die Lage ¢ d [Fig. 2] herab-
serken. durch ciren Luftdrock von wnten aber
wieder bis in die Lage ce erheben,  Durch
federnds Organe £ F hat das schraffirie Flachen-
stllck das Bestreben, die g-::s.n:ﬂ'kiu Lage ¢ d cin-
sunehmen, und xwar st der normale, auf diese
Bewegliche Fliche entallende Lufidruck gerade
unsreichend, um  die Federn ff s0 weill 2
spammen, dafs das vordere Fldchensilck in die

gehubene Lage ce gelangt und dsdurch ein
Theil der  ganzen  geschlossenen  Fligel Afche
wird., Hierdurch ergielt sich die Wirkungs-
weise insefern, als bel einer Lufidruckver-
minderung unter der schratfirten Fliche ¢ ¢ die
federnden [!rganc die Flache selbst nach unten
dritcken, wodurch der verminderte Luftdruck
sich wieder erglinel und aufrichiend auf den
ganzen Apparal wirkl, bis die zu einem stabilen
Fluge des Apparates erforderliche Lage wieder
errenchi st

PaTEsT-ArsprnucH:

Eine Ausfbhrungsform  des  durch Patent
Nr. #7016 peschinzten Flugapparates, bed wel-
cher der verdere Theil der Flogelfiliche um
die Vorderkante fa &) nach wnten drehibar ist und
durch federnde Organe £ nech unten gedritckt
wird, 5o dals er sich beim Machlassen des von
unten wirkenden Lufidruckes nach unten dreht
und  dadurch ein den Apparal asufrichtendes
Momment erzeugi.

Hierzu 1 Bhan Zeichnungen.

Ay

Ot Lilienthal
MUSEUM

OTTO LILENTHAL w BERLIN.
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Presenter
Presentation Notes
Here’s a patent from Germany.  This one’s very short, with just one page, of text, and it’s also important.

Most of these were short – just a few pages.  They describe the invention overall.
They have inventors and dates. This one is an important one from Germany.  They were similar across countries.
List of claims.
They almost always have diagrams.



Lilienthal glider demonstration




Aero patent data from many sources

Our data comes from many sources. Gathering it 1s the main task

» EPO’s Web site espacenet.com

» European Patent Office via Wotld Intellectual Property Organization

» National patent offices — Web sites, with patents one by one, especially oldest ones
» France, Germany, Hungaty, Australia, NZ, Netherlands

» Official government gazettes, scanned on archive.org, hathitrust

A\

Aeronautics journals of the time
Archives and libraries (US PTO, Belgium)

A\

> Sources are vast. There’s more to collect


Presenter
Presentation Notes
Patent counts are highest in France, U.S., Britain, Germany
There was a trend toward lower fees to file a patent.
Patents were growing exponentially in all countries, except Netherlands had no patents




Aero patent data challenges

Patent's relevance to aviation not always clear

>

Very limited data on some, e.g. in lists at right
Patent office practices are hard to find
Country definitions: Austria-Hungary, colonies

» France and Britain “register” patents, then courts decide
» Germany and U.S. had higher criteria (“examinations”)

» Country patent rates differ countries; trends are similar.

In some countries patents plainly classified by

technology, in others not

Patent documents similar across countries in content but:

Distinctive patent types

> Patent “additions’ to an earlier one
> A “foreign filing” is basically a patent with the same
content as an earlier one but in another country

- —210762.—13] ]amuer 1891, if;
~ Smnercn, rep. par Ch assewsnt pr

‘PP‘.“"“ AR RRARAY TR bR sy LG [ -
CULTURE ET GRANDE  PECHE,

ARROSTATS.

. Magenta, 11, Paris. — Per- '
ements dans les hame- ?;:;

)861. — 19 janvier 1891, [ v
sant domicile chez le |
da Gourmel!es, rue | *

LixTE IPES HIEEEY EETS
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Some patent applications not complete when filed



Patent US-1889-398984

Human flapping attached wings undemneath a gas balloon

Lilienthal museum's Seifert notes:

[ J [ J
‘ x r » Spalding built a model in the shape of a flying human. The flying apparatus consisis of wings

and a tail, which are connected fo the plane with a jacket-like consiruction. Straps in the pelvic

area pass between the legs on the back The wings attached to the wrist are pivotable by Holm
joints. They are attached fo the 13 springs along the direction of flight. The wings are fo be
flapped by the movement of the arms. The tail was spreadable. The model is fo be made
ainvorthy by a balloon. It is located in the Washington DC Mational Air and Space Museum
Spalding patented this model. Bildquelle: Quelle 1, 5. 63 gl685. 77
Serfert cites V. Moolman. Th Kitty Hawk. Ameterdam 1981, p. 63, and translates the
original fitle as "Fligelschlagmodell

> We collect the data in this format - mentorcatn: st O

Sources [edi]

.

Onginal patent document® and USPTO classification mefadatas? at US PTO site

« Patent 338984 documents and biblicgraphic infod? on espacenet
> EaCh patent has a p age Patent 3-;4-:‘ at gtnjghar patents

Archive record of thiz patente? at the Lilienthal museum patents web site
Short's DB
Other sources of information about this patent are on the Web

.

> It can be edited from browser

Paragraphs discuss patent in our terms .

Hypertlinks, footnotes, and categories as on Wikipedia — wwweamsr =

Can use Wikipedia images or upload one =

Applicant is inventor? | Yes

Original title Flying-machine
English title Human-powered flapping wings with balloon
Tech fields LTA, flapping, piloting, human-powered, hybrid, omithopter, texture
leather
1 o Filing date Seplember 1, 1383
hC table at bottom 1S Sstructure ata Full specification filed
date

> That’s a row in table of patents
> Dates, tech categories, page counts s (7

> Statistics come from those

National tech categories | USPC 244/28, USPC 244/64, USPC 244/ 51R

IPCs
CPCs CPC BE4B1/00, CPC B64E1/00
Family year 1553
First filing? es
Cites these patents

Wiki platform is good for handling data s

INPADOC family ID

ambiguity and uncertainty during analysis it | :

Number of claims 20



Aeronautical and aviation patents by year filed, 1880-1906

o
o —
o™
e Total
3 = = Britain
o = = France
Germany
usS
S Other
AN
o
2 p—
o
O —
o _|
L
O —

Aero patents grew steadily then spike in 1906

Year = year patent was filed, if available; otherwise year granted minus 1
Grows 5% to 7% per year — exponentially — rate similar to patents overall
In 1906: Wrights get patent; Public flight by Santos-Dumont
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Focus on total
GRANT DATE
. di _N:   13582


Total
French

English
German
ltalian and other

700
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|
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|
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Number of publications in Brockett (1910,1921)
100
l

Aeronautics publications, 1860-1906

* These are mostly short articles in journals. Source: Brockett bibliography (1910)

* Same exponential growth, across languages. More numerous than patents.



Spike in aero-related patents 1906-1911

Aeronautical and aviation patents by year filed, 1890-1916

e Total
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1890 1895 1900 1905 1910 1915

From coded sample of all the patents, using filing-year or (grant year minus 1)
No apparent distinct effect of Wright lawsuits in U.S. 1910-1911
In World War I, aviation technology is dangerous to share; less is published


Presenter
Presentation Notes
Please look at the black line.  Countries are the same.


Comparing patents as text

We count pages of text and numbers of diagrams and claims, when possible
For a sample we compare page counts across France, Germany, Britain, US
> Germany's were shortest, with fewer text pages and diagrams
> British patents were longer with more text
> U.S.'s make the most legal claims
> These patterns may be the same for non-aero patents — plan to test

Aero patents have slightly more text in 1909-11 and afterward

We see a modest increase in foreign filings in the spike period

12


Presenter
Presentation Notes
It looks like the inventive-step bar was LOW in Britain 1910 and generally in France.
Patents look similar to one another to my colleague Leo.
They have no patent expert in aero at the beginning.
Patent offices will have different criteria in the early period.

They join Paris Convention at different times.  It tried to harmonize the criteria?  No it sets criteria of the https://en.wikipedia.org/wiki/Paris_Convention_for_the_Protection_of_Industrial_Property
See the WIPO page on it.  Germany joins only in 1903.
imitation of certain patent institutions by others (e.g. the Norwegian system copies the German system)
frequency across other countries (and what we infer) – e.g. Japan appears “late”
differences in patent institutions – US and De demanded more feasibility evidence than Fr system did. (cite Khan book?)



Relations of patentees to firms

1) A patent agent may have filed the patent. Procedures and documentation vary by country.
2) An applicant for a patent may be a firm or org, perhaps along with the inventor.

3) A firm or person might be “assigned” (buy) the patent rights at the time of the grant.

Percentage of aero patents referring to companies

150 Thin data for
400 1880s, 1890s, and
. 1900-1905 are
30.0 smoothed by
25.0 averaging.
20.0
15.0
10.0 To address later:
5.0 procedures and
0.0 documentation
O d N MW WN®RONOSD JdN M T WM OMNOWND O do O T W WRE OO oM B O~ W
0 00 00 00 00 0O 0 W X W OO OO OO0 000000 00000 0 dddddAdod oo
0 00 00 00 00 0 00 00 00 0 0 0 0 0 00 0 0 W 0 0 O O OO OO O OO O OO O D varv bv count
Patent was "assigned" to another person/company Applicants include a company Patent agent/agency

Findings: These practices didn’t change much around 1910. Assignment was still rare.
Later, after 1912: Increase in company applicants. Sharply up in World War 1.

Decline in use of patent agents here mirrors growth in company applicants, maybe mechanically



Can compare design technology
Tech theme 1: Flapping wings

They want to make a bird.

Ornithopters: machines with flapping wings

o Hargrave 1891 model |
ornithopter Frost 1902 ornithopter

Brearey’s 1882 patent



Tech theme 2: balloons to dirigibles
(steerable)

Giffard 1878 Balloon contest 1895

Zeppelin,
~1910

Santos-Dumont 1901 dirigible
flew around Eiffel Tower and
returned to starting place




Tech theme (3): Soaring
Fixed wings, kites, gliders, airplanes

80, —Acro-plans model wilh awtomatie rﬂdd a a, clastie aero-puanc;
“b.luomr:_lvrud. € &, merial aTew r red _l‘liinmt-nppnrﬂg
mw-pu o, rudder, rul sorew | immpr F, Iu al torslon, attached
& heok o :ru'k u_r By h |.1 thé &br M ans u B:l lnﬂ turn_mr.: ihe scrow

{ &) tha mrrpﬂ wor Iy obtaio Ddhrllvrl.'l VM. Pénaud, 16723

Penaud, ~1872
Wind-up model with tail

==

B e— P e o Py

Hargrave box kites 1893 Chanute- Hemng glider, 1896

Lilienthal airfoil tests
1870s-188&80s

Wrights, 1901-2



Proportions of patents by design/topic

.80
70
.60
.50
40

.30
.20

1892 1896 1900 1904 1908 1912 1916
1890 1894 1898 1902 1906 1910 1914 1918

—— Lighter-than-air
—&— Fixed-wing airplane
Helicopters
—&— Military
—»— Kites
Ornithopters
—p4— Ballistics
Safety

Fixed-wing airplane designs rise to half about 1909 then stabilize

Relative decline after 1903 in alternatives: balloons, dirigibles, and ornithopters

The shift in technical focus occurs before the spike

The 1906-1910 jump raises absolute numbers 1n all these categories — aviation is hot


Presenter
Presentation Notes
Classification is mainly by us, but consistent with classifications by others when those can be seen.
A patent can be classed in several or none of these, e.g. instruments aren't listed.
A technological shift has had a big effect by 1909



-

Possible narratives for 1909-11 patent boom

> Experienced patentees (tinkerers) could have founded startups. (not much)

> Companies accumulated patent rights in the new industry (not much)

> New patentees responding to opportunity appear in this field (yes)

> Previous & new aero patentees put more effort into inventing or filing

> There are more supplementary patents (foreign filings, additions) (yes)

> There are more duplicative or trivial patents (probably)

» More conflict over patent rights (ves re Wrights in this time, and others later)


Presenter
Presentation Notes
Networking & writing ➔ imitation & progress 
They copy previous work leading to an aeronautics “field” and glider
Technology is imitated, not intellectual property
Opportunities for Wrights to make powered glider, airplane
Relevant to open source software and other cases (“user innovation”, “open source practices”, “commons”)

* Wrights quote about 50 years ; kelvin quote? ; death of lilienthal ; intuitive vs counter-intuitive
* smart people naturally think: somebody else will have to figure this out.


Tinkerers link up to network/commons ➔ progress

Up to 1906-7 aerial navigation experimenters publish and patent in open user-innovation style
Clubs arose, organized around ballooning at first
Technology is imitated ; little intellectual property
No firms do this “research” ; patents are not assigned to firms
motivation mostly intrinsic or altruistic:  to fly! change world! attempt challenge
Communication  imitation, progress  standardization


Conclusions: how patents changed

Aero-related patents boom from 1906 to 1909 then decline after 1911
The spike is associated with the success of airplane design
Airplane activity outgrows balloon and ornithopter activity before 1906

Airplane manufacture has begun, circa 1908.

We can measure some increases 1n aero patenting in the spike:
» Patentees make more foreign filings (investment, not invention)

» Many new filers for aero patents (to be estimated)

» Companies did not seem to acquire many patents.
> Wrights’ lawsuits do not seem to affect the U.S. numbers particularly

» Later in WWI, industry consolidates, invests; more company patents


Presenter
Presentation Notes
There’s likely more duplication of content among patents
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