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In 2023, the 60th symposium of the conference
series”Inertial Sensors and Applications”took place.
During the preparation of the symposium, mem-
bers of the programme committee suggested to
complement the conference with a small exhibition
to illustrate the history and tradition of the confe-
rence as well as the technical development of iner-
tial sensors and systems over the past decades. As a
result, a representative selection of gyroscopes, ac-
celerometers and inertial navigation systems from
the collections of the University of Stuttgart, the
TU Braunschweig and the companies Diehl, iMAR,
Litef and Safran was put together and presented
as part of the programme of the 60th Symposium.
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In order to preserve this exhibition for posterity
and to make it available to conference participants
in future years, this catalogue of objects was com-
piled after the conference. | would like to thank
UIf Bestmann, Andreas Fischer, Uwe Herberth, Edgar
v. Hintiber, Thomas Loffler, Ofri Schmidtke and Jorg
Wagner for their contributions to the exhibition and
this documentation. They have created a booklet
that not only reflects the self-image of the confe-
rence series “Inertial Sensors and Applications’, but
also provides an extraordinary selection of technical
devices and details for experts and laymen alike.
| wish the catalogue many interested readers.

Peter Hecker



For most of human history, the speed of tech-
nological advancements was naturally slow. This
changed enormously during the last two centu-
ries. The field of inertial sensors and systems is a
typical example of this phenomenon: Since the
first usable gyro instruments were about 110 years
ago, the scientific basis, accuracy, reliability, and
applicability of inertial devices have undergone
breathtaking evolutions, and it seems very un-
likely that pioneers like H. Anschitz-Kaempfe,
E. Sperry, or M. Schuler anticipated such deve-
lopment of their sphere of activity.

The main origin of inertial technology is the
invention of the gyro with cardanic suspension
by the astronomer J. G. F. Bohnenberger in 1810
and the discovery of L. Foucault around 1850
that this device is the basis of a whole class of
different gyroscopes. The way of realizing Fou-
cault’s findings was, however, “full of obstacles
with a tension in the ups and downs of disap-
pointments and shining successes that is rarely
found in major discoveries or inventions” (K. Ma-
gnus [1]). Therefore, it was a significant break-
through when the companies Anschitz and
Sperry brought the first gyro instruments for na-
vigation to market at the beginning of the 20th
century. During the following decades, main-
ly military requirements strongly supported a
quick further development from gyroscopes to
inertial platforms and led to navigation instru-
ments, which were masterpieces of precision
mechanics.
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This background characterized the situation
during the 1960s when gyro technology was
increasingly regaining a foothold in Germany
after World War Il and research institutions, tra-
ditional and new companies (such as Boden-
seewerk, Anschitz, Litton, and Teldix), as well
as users from maritime transport, aviation, and
surveying identified a considerable backlog
for a national coordination in the research, de-
velopment, and application of inertial sensors
and systems. Therefore, this community and
the German Institute of Navigation DGON star-
ted a conference series of annual symposia in
1965 to establish a regular scientific meeting
place for designers and users of inertial techno-
logy [2]. Although the conferences were initi-
ally planned as national events, they attracted
solid international attention from the begin-
ning and exist until today under the current
name “DGON Inertial Sensors and Applications.”
This success was not expectable, and it is a re-
markable achievement that the symposia could
cover a strongly changing character of inertial
technology, which took place since 1965.

Retrospectively, one reason for the success of
the symposiais that they were founded in a par-
ticular exciting period of the history of inertial
technology, as the 1960s mark a twofold junc-
ture: first, the completion of the transition from
the pre-war to the post-war period (concerning
World War Il) and, second, the transition from
precision mechanics to microelectronics and



optics as the technical basis for realizing preci-
se inertial navigation systems. Accordingly, the
first 15 years of the symposia were still domina-
ted by gyroscopes with spinning wheels, while
ring laser and fiber optical gyroscopes shaped
the following 15 years. For about three deca-
des, optical gyroscopes and sensors based on
vibrating structures have shared presentations
at conferences, while civil and low-cost applica-
tions have reached substantial importance [3].

The 60th symposium took place in 2023.
To illustrate the origin and tradition of the
conference series and demonstrate the strong-
ly altered character of inertial technology since
the 1940s, the organizing committee decided
to enrich this event with a small display of his-
torical instruments. This booklet documents
this exhibition in the form of a small catalog.
It compiles a collection of inertial devices with
a variety considered unique, even according to
museum standards.

The exhibition consisted of loaned objects
from collections of inertial sensors and systems
(cf.[4], [5]). Lenders were the universities of Braun-
schweig and Stuttgart, as well as the companies
Diehl, iMAR, LITEF, and Safran, which have sup-
ported the symposia for many years. Each ob-
ject was accompanied by a small spreadsheet
assembling technical details about this device.
The booklet contains these tables and charac-
teristic photos of all exhibited objects, sup-
plemented by dimension indicators and short
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background information about each device.
Some fields of the tables remain empty because
their content currently cannot be found. Still,
each booklet reader is invited to let the editor
know if he or she knows missing or additional
details to be considered in a future edition of
this catalog.

The editor and symposium organizers hope
that the booklet enriches the attendees’ con-
ference impressions, and they look forward to
any feedback.

Jorg Wagner
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(MEMS means Micro-ElectroMechanical Systems,
IMU means Inertial Measurement Unit.)
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ANSCHUTZ STANDARD 6

oBJECT 1

Device type

Manufacturer

Year of manufacture

Dimensions

A loan from University of Stuttgart

GYRO COMPASS
Anschitz GmbH, Kiel, Germany
around 1970

214 mmx 222 mm X 354 mm

Weight 6.0 kg
Accuracy approx. 1.5 deg
Application ship navigation
Life time many years
Service interval 1 year
y
MECH

The two parts of the object shown are the opened inner
sphere and the opened outer shell of the gyro compass
Anschiitz Standard 6. This navigation device represents
the 3rd generation of Anschlitz’s worldwide well-known
two-wheel gyro compass und was introduced into mar-
ket in 1969. The object is a donation of Anschlitz to the
University of Stuttgart and war prepared for teaching
purposes in gyro instruments.






OBJECT 2

Device type

Manufacturer

Year of manufacture

Dimensions

Application

A loan from University of Stuttgart

Service interval

GYRO COMPASS

Anschitz GmbH, Kiel, Germany
probably 1950s

240 mm x 155 mm x 133 mm
2.7 kg

N/A

ship navigation

many years

N/A

ANSCHUTZ GYROCOMPASS ROTOR AND STATOR

MECH

The object illustrates the composition and electric drive
of one rotor of the gyro compass Anschlitz Standard 4,
which represents the 2nd generation of Anschiitz’s world-
wide well-known two-wheel gyro compass. This naviga-
tion instrument was introduced into market in the middle
of the 1950s. The object is a donation of Anschlitz to the
University of Stuttgart in the 1960s and was prepared for
teaching purposes in gyro instruments.






OBJECT 3 D inpe

Manufacturer

MERIDIAN GYROSCOPE

Bodenseewerk Geratetechnik GmbH,
Uberlingen, Germany

Year of manufacture 1970s and 1980s

Dimensions gyrounit: @130 mm, h 335 mm,
rotor: 55 mmx48 mm x 76 mm
control unit: 330 mm x 180 mm x 125 mm
Weight 25 kg rotor: 0.35 kg
Accuracy 3 arcmin

Application north seeking for army applications

Life time several years

Service interval

A loan from Diehl Defence GmbH & Co. KG

MECH

The MK 10-2 is a north-seeking gyro instrument (“Meridi-
ankreisel”), which is based on a wire-suspended rotor that
aligns itself to true north due to its spin and the earth’s ro-
tation. The principle of “tying” the gyro to the housing and
measuring the necessary alignment torques drastically re-
duces the required measuring time. Mounted on a leveled
tripod and combined with a theodolite, it can be used for
T aiming and surveying-purposes in severe environmental

L) > conditions. Starting in 1974, more than 1,000 MK 10-2
- were delivered to national and international customers.
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Basic design of the meridian gyroscope
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OBJECT 4

SIEMENS LKu4

Device type

Manufacturer

Year of manufacture
Dimensions

Weight

Accuracy
Application

Life time

A loan from University of Stuttgart

Service interval

DIRECTIONAL GYRO

Siemens-Luftfahrtgeratewerk Hakenfelde,
Berlin, Germany

World War Il

137 mm x 120 mm x 184 mm
2.2 kg

approx. 1 deg within 20 min
aircraft navigation

several years

2-
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MECH

The Siemens LKu4 directional gyro was a standard inst-
rument of the German Air Force during the Second World
War and was part of the automatic course control system
Siemens K 4di. It could be aided by a magnetic compass.
In the 1960s, Siemens donated a remaining stock of the
LKu4 to the University of Stuttgart, where the devices
were used for research and teaching in gyro dynamics.
Later, this object was cut open for illustration purposes.






OBJECT S

y 4

S.F.I.M. BEZU COMPAS GYROMAGNETIQUE 9551

Device type

Manufacturer

Year of manufacture

Dimensions
Weight
Accuracy
Application
Life time

Service interval

A loan from University of Stuttgart

DIRECTIONAL GYRO
S.FI.M. BEZU, France

around 1957

114 mmx 120 mmx 213 mm
2.2 kg

aircraft navigation

several years

MECH

The BEZU Compas Gyromagnétique 9551 is typical for the
state of the art of directional gyros with magnetic aiding at
the end of the 1950s. It was employed mainly for military
aircraft. The object probably is a donation of the German
Air Force to the University of Stuttgart in the 1960s. Later,
it was modified for teaching purposes in gyro instruments.






OBJECT 6

*\r SPERQV

FLIGHT SYSTEMS

Device type
Manufacturer

Year of manufacture
Dimensions

Weight

Accuracy

Application

Life time

A loan from TU Braunschweig

Service interval

DIRECTIONAL GYRO

SPERRY Flight Systems, Brentford, UK
1960s

21T mmx 186 mm x 176 mm

4.5 kg

+1 deg/h

aircraft navigation

several years

GYROSCOPE DIRECT 10"
PART NO 2586833 =

o1EG66

SPERRY C-12 ROTORACE DIRECTIONAL GYRO

MECH

This directional gyro has an exceptional low drift becau-
se of its Rotorace bearings that consist of two-ply ball
bearings. The ring in the middle of the two plies is alter-
nately turned by a motor to reduce the static friction of
the bearings with the effect of the reduction of the free
gyro drift. A flux valve served for the magnetic aiding of
the gyro and had an electrical compensation for the ma-
gnetic interference of the vehicle. It was produced both in
Great Britain and the USA.
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OBJECT 7

Device type
Manufacturer

Year of manufacture
Dimensions

Weight

Accuracy
Application

Life time

Service interval

A loan from University of Stuttgart

ARTIFICIAL HORIZON
SPERRY / General Motors / Ternstedt, USA
1940s

1T15mmx112mmx 197 mm

1.5 kg

aircraft navigation

MECH

This gyro horizon was a licensed production from Sperry
and is characterized in particular by a rotor drive and a
rotor alignment with compressed air. It was used in nu-
merous bombers and fighter planes of the US Air Force
during the WW II. This object probably is a donation of
the German Air Force to the University of Stuttgart in the
1960s. Later it was modified for teaching purposes to il-
lustrate its mechanical principle, the air line routing, and
the rotor alignment.
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OBJECT 8

Device type
Manufacturer

Year of manufacture
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ARTIFICIAL HORIZON
Bendix, USA / Air Equipment, Asnieres, France
around 1955

Dimensions 100 mm x 120 mm x 210 mm
Weight 1.3 kg
Accuracy approx. 3 deg
Application aircraft navigation
Life time
Service interval 500 - 1000 h
y
MECH

The J-8 was used as horizon indicator in numerous air-
craft and helicopters of several air forces mainly during
the 1950s and 1960s. Its rotor alignment is based on a
drag ball mechanism. This object is a donation of proba-
bly the German Air Force to the University of Stuttgart in
the 1960s. For teaching purposes in gyro instruments, it
was modified but kept operational.
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OBJECT 9

Device type

Manufacturer

Year of manufacture
Dimensions

Weight

Accuracy
Application

Life time

Service interval

A loan from Diehl Defence GmbH & Co. KG

ARTIFICIAL HORIZON

Bodenseewerk Perkin ElImer & Co. GmbH,
Uberlingen, Germany;
license production from S.F.E.N.A.

around 1965

84 mm x84 mmx 164 mm

approx. 1 deg
aircraft navigation

several years

MECH

Bodenseewerk initially started production of gyro hori-
zons under license from the French company SFENA. This
object is such an attitude indicator and is characterized
by a sophisticated drag ball mechanism to keep the rotor
axis vertical. The mechanism includes a deactivation du-
ring high acceleration phases to enable a quick return of
the axis to its nominal attitude after short, sharp aircraft
maneuvres. The heart of the instrument is a rotor with
emergency running properties in the event of a power
failure. A total of over 8,800 gyro horizons were produced.






oBJECT 10

BENDIX / TELDIX RWK-100

Device type
Manufacturer

Year of manufacture
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P RATE GYRO
TELDIX, Heidelberg, Germany
around 1969

Dimensions @ 25.5x 51 mm (sensor)
Weight 0.12 kg (sensor)
Accuracy 2 deg/s
Application missile navigation
Life time 300 h
Service interval N/A
y
MECH

The RWK-100 type was part of a whole series of angular
rate sensors for aircraft and missiles. It represents the lo-
wer limit of the size of such angular rate gyroscopes with
spinning wheels. Special features are the power supply of
a two-phase alternating current and the high rotor speed
0f 36,000 rpm. Teldix donated several copies of this sensors
to the university of Stuttgart during the 1970s, where they
were used for research and teaching in gyro instruments.
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oBJECT 11

Device type
Manufacturer

Year of manufacture
Dimensions

Weight

Accuracy
Application

Life time

Service interval
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RATE GYRO, TURN AND SLIP INDICATOR
CF Electrique, France

around 1959

102 mm x 103 mm x 142 mm

1.0 kg

aircraft navigation

several years

MECH

This object is typical for the state of the art of turn and slip
indicators at the end of the 1950s. Due to its solid precisi-
on mechanics with a careful balanced rotor, it is still ope-
rational. The only electrical component is the rotor drive
(current consumption 0.1 A at 27 V). The object probably
is a donation of the German Air Force to the University of
Stuttgart in the 1960s. It was modified for teaching pur-
poses in gyro instruments.
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oBJECT 12

Device type

Manufacturer

Year of manufacture
Dimensions

Weight

Accuracy
Application

Life time

Service interval
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PID RATE GYRO

Fluggeratewerk Bodensee GmbH,
Uberlingen, Germany

1960s

566 MM Xx56 mmx 119 mm

aircraft applications

several years

MECH

The PID gyro 865 05 was used for providing sensor signals
being essential for flight control, and was the basic sensor
for a large number of flight control systems in the 1960s.
The instrument outputs its measured angle, its angular
rate and its angular acceleration. Technically, this com-
bination of required measurements could be realized by
replacing the usual mechanical spring of the gimbal of a
rate gyro with an air spring. The displacement of the pis-
ton in the air spring cylinder is a measure of the captured
angle, i.e. the integration of the rotation rate.
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oBJECT 13

Device type

Manufacturer

Year of manufacture
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DYNAMICALLY TUNED GYRO

Northrop Grumman LITEF GmbH;
Freiburg i.Br., Germany

(since) 1976

Dimensions 45 mm x 54 mm
Weight 0.2 kg
Accuracy 0.25 deg/h rms
Application aircraft navigation, stabilization
Life time 25 years
Service interval none
J
] %
g 4 7
7 | z %
Z 7 MECH
/ I .
5 A
N
4 :
| § N ¥ e Litef developed the K-273 in the 1970s to fulfil the require-
F % N r *—T ments of the emerging strapdown technology for the Eu-
Z i ropean market. Intended applications were attitude and
/\ TT heading reference systems, low grade inertial navigation
N ﬁ: systems, and stabilizations devices for, e.g., optical sights.
N - “4 The rotor the K-273 is supported and decoupled from the
N i rotating shaft by a tuned gimbal suspension system. Its
7 attitude is measured and rebalanced by electromagnetic
elements. This design was so successful, that the K-273 is
AAILISY s Z J marketable until today.
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oBJECT 14

Vs

Device type
Manufacturer

Year of manufacture
Dimensions

Weight

Accuracy

Application
Life time

Service interval

A loan from iMAR Navigation GmbH

DYNAMICALLY TUNED GYRO
here: setup with 2 x 2 axes

Bodenseewerk Gerdtetechnik,
Uberlingen, Germany

1989
@33 mm, h33.5mm
approx. 0.108 kg

range 200 deg/s:

bias < 0.3 deg/h,

random drift 0.05 deg/h

mass unbal. 20 deg/h/g (0.1 deg/h/g repeat.)

navigation & control
> 10,000 h
maintenance free

MECH

Bodenseewerk Gerdtetechnik (BGT) entered the technolo-
gy of dynamically tuned gyroscopes by taking over the li-
censed production of the Gyroflex gyroscope from the US
company Singer Kearfott. Through further developments
and own patents, BGT succeeded in separating itself from
the US patents. On this basis, BGT could develop gyros
both for platforms and for strapdown systems. The BDK
gyros are characterized by a high shock resistance, long
lifetime, automatic calibration, compactness, and a short
run-up time. The BDK802 was designed for strapdown ap-
plications of high dynamics. The pictured assembly con-
tains two BDK802 units with overall 4 measurement axes.
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OoBJECT 15

Device type
Manufacturer

Year of manufacture
Dimensions

Weight

Accuracy

Application
Life time

Service interval
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RING LASER GYRO

Honeywell, Minneapolis, MN, USA
approx. 1987

approx. 170 mm x 140 mm x 40 mm
approx. 1.2 kg

< 0.002 deg/h,
< 0.0015 deg/sqrt(hr)
at 369 Hz dither frequency

navigation & control
several years

maintenance free

RLG

The GG1342 was Honeywell’s first ring laser gyroscope for
the civil market and was developed in the late 1970s. Due
to its robust design and wide dynamic range, it is espe-
cially suitable for strapdown systems and became one
of the early serious competitors of classical mechanical
gyroscopes. Initially used for the inertial reference system
of the Boeing 757/767 program, it became Honeywell’s
workhorse as a high-production, high-reliability, cost-
effective aircraft gyroscope. Many thousands of this gy-
roscope have been built during its production period of
more than three decades.






HONEYWELL GG1320AN

oBJECT 16

Device type
Manufacturer

Year of manufacture
Dimensions

Weight

Accuracy

Application
Life time

Service interval

A loan from iMAR Navigation GmbH

RING LASER GYRO

Honeywell, Minneapolis, MN, USA
1997

@ 88 mm, h 45 mm

0.45 kg

< 0.003 deg/h,
< 0.0015 deg/sqrt(hr)
at 575 Hz dither frequency

navigation & control
several years

maintenance free

RLG

The GG1320AN is a digital RLG (ring laser gyroscope) and
the successor to the analog, bigger, and heavier GG1342
RLG. More than 500,000 devices have been produced up
to today, with more than 8 billion recorded flight hours.
Before the GG1320AN was introduced to commercial
avionics in 1995, the lasers had been powered by an ex-
ternal power supply of up to 2,000 V, and the gyro output
— a series of pulses — had to be processed by external elec-
tronics. For the GG1320AN, only 15 V standard power is
needed, and it provides direct digital output. This means
a greatly simplified handling.






ALCATEL SEL FOG-PM-1-DE

oBJECT 17

Device type

Manufacturer

Year of manufacture

Dimensions
Weight

Accuracy

Application

Life time

A loan from Safran Electronics & Defense

Service interval

FIBER OPTICAL GYRO

Alcatel SEL, Stuttgart-Zuffenhausen, Germany
1987

coil (circular, 100m): @ 80 mm, h 34 mm
coil: 0.4 kg

10 deg/h

navigation & control

several years

maintenance free

In the early 1980s, the former German manufacturer of
communication electronics Standard Elektrik Lorenz
(SEL, later Alcatel SEL) decided to establish a navigation
equipment portfolio consisting of fiber optical gyrosco-
pes (FOG) and GPS receivers. The FOG-PM-1-DE was the
first marketable FOG of SEL. It is a phase modulated, open
loop optical sensor with a compact and simple design, a
short fiber length, and a good price-performance ratio
of the 1980s. A quantity of 200 units were manufactured
between 1988 and 1991.
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SFIM INDUSTRIES DEUTSCHLAND FOG-P1-E

OBJECT 18

Vs

Device type

Manufacturer

Year of manufacture
Dimensions

Weight

Accuracy
Application

Life time

Service interval

A loan from Safran Electronics & Defense

|\

FIBER OPTICAL GYRO

SFIM Industries Deutschland GmbH,
Murr, Germany

1995

110 mm x 58 mm x 70 mm; coil: rectangular, 100 m
0.8 kg

< 25 deg/h, < 1.500 ppm

flight stabilization, EC 135 helicopter

several decades

maintenance free

The P1-E is an improved derivative of the FOG PM-1-DE
(object 17) and embodies the transition that led to the
later FOG-1S of SFIM Industries Deutschland (object 18).
Design criteria were good packaging, high bandwidth,
good shock resistance, and a scalable accuracy that was
based on a sophisticated error modeling. The sensor has
a built-in-test capability which monitors both sensor ini-
tialization and sensor operation. Numerous units of the
FOG-P1-E were sold over many years, notwithstanding
the fact that the SEL navigation department had been ac-
quired by the French company SFIM (which is now part of
SAFRAN) during the 1990s.
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oBJECT 19

Device type

Manufacturer

Year of manufacture
Dimensions

Weight

Accuracy
Application

Life time

Service interval

A loan from Safran Electronics & Defense

FIBER OPTICAL GYRO

SFIM Industries Deutschland GmbH,
Murr, Germany

2000

52 mm x 38 mm x 80 mm; coil: elliptic, 100 m
0.28 kg

< 3 deg/h, <500 ppm

flight stabilization, Airbus A340

several decades

maintenance free

Two decades after starting to develop and to manufactu-
re fiber optical gyroscopes (FOG), the former navigation
department of Alcatel SEL, then SFIM Industries Deutsch-
land, had established a family of FOGs and IMUs that
based on a design concept of modular, identical compo-
nents like light source, power splitter, modulator, and de-
tector. This enhanced not only the reliability, production
flexibility, and performance scalability of the gyroscopes,
but simplified also procedures such as certification and
spare parts logistics. The FOG-1S is a typical representative
of this design with a closed loop configuration.
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oBJECT 20 Device type = FIBER OPTICAL GYRO
Manufacturer (| Northrop Grumman LITEF GmbH
g Freiburg i. Br., Germany
Year of manufacture &l 1992 (LFS-90) 1990 (LI.FOG F14)
Dimensions g 160x100x35mm  190x 108 x 52 mm
Weight =l < 0.7 kg <1kg
o
Accuracy é 100 deg/h 4 deg/h
Application o flight control autonomous vehicle
Life time S 10 years 10 years
o
Service interval < none none

The LFS-90 is a small three-axes rate gyro unit, which also
includes all electronics required for the scaled, error com-
pensated digital rate outputs. The development of this fiber
optical device was started early in 1990 and led to a mo-
dular design with only one single light source for all three
orthogonal sensing coils, one coupler array, and three pho-
todetectors. Like the LFS-90, the Li.FOG F14 is also an early
fiber optical sensor unit from Litef but with only one input
LFS-90 axis. It includes the Sagnac interferometer, a control circuit
for closed-loop operation, a processor for error compensa-
J ting of the output signal, and built-in test routines.
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BOSCH AUTOMOTIVE GYRO PACKAGE

oBJECT 21

Device type

Manufacturer

Year of manufacture
Dimensions

Weight

Accuracy
Application

Life time

Service interval

A loan from iMAR Navigation GmbH

MEMS GYRO / ACCELEROMETER PACKAGE
Prototype and Production Unit

Bosch, Reutlingen, Germany
1999

approx. 72 mm x 80 mm x 33 mm
approx. 0.15 kg

< 0.5deg/s, <30 mg

automotive vehicle control
unknown

maintenance free

]

MEMS

In 1995, Bosch Reutlingen started to deliver MEMS sensors
for automotive purposes. Three years later, the company
launched this simple IMU on the market, which consists
of a single yaw rate gyroscope (+100 deg/s measuring
range) and a single accelerometer for lateral vehicle ac-
celerations (+2 g measuring range). Both sensors were
manufactured by silicon micromachining, which aims at
mass production and high-performance applications like
the Vehicle Dynamic Control System VDC BOSCH.
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OBJECT 22 Device type é MEMS IMU
Manufacturer E Northrop Grumman LITEF GmbH
g Freiburg i. Br., Germany
Year of manufacture g (since) 2012
Dimensions kg_ @85 mm, h69 mm
Weight Bl 068kg
-
Accuracy o 4 deg/h rms,
EZE 1.5 mg at ranges up to £1500 deg/s, +70 g
Application L aircraft navigation, stabilization
Life time § 25 years
Service interval < none
. J
L=
- MEMS
s 7
T,
A‘E;‘i-" e _"'?/"-;-__ D
e o TATE GV 5,
h""':"{',‘*h% —— ;rg_""-’*{-h: :,"j_x---._:’ Based on LITEF’s broad experience with its IMUSs, its fiber
. o =l optic gyroscopes (object 20) and its tri-axis MEMS accele-
"‘Li-m-"“,'."- o~ rometer B-290 (object 25), the uIMU-1 was designed. The
—— unitis characterized by an integrated, self-contained confi-
guration of three MEMS rate gyroscopes, three MEMS acce-
lerometers, electronics, and power supply in a sealed hou-
sing. Furthermore, it includes standard digital interfaces,
—— an output of fully compensated data (incl. temperature

. - J and misalignment), and extensive built-in-test procedures.







OBJECT 23

HONEYWELL GG22B-1

Device type

Manufacturer

Year of manufacture

Dimensions
Weight
Accuracy
Application

Life time

Service interval

A loan from University of Stuttgart

ACCELEROMETER

Honeywell Regulator Co., Minneapolis, USA
1950s

137 mm x 120 mm x 184 mm

0.40 kg

aircraft navigation

MECH

The Honeywell GG22B-1 is typical for the state of the art
of accelerometers during the 1950s and 1960s. Initially,
it was a bombing fire control component of military air-
craft. The object is a donation of the German Air Force to
the University of Stuttgart in the 1960s. Later, it was modi-
fied for teaching purposes in inertial sensors and inertial
navigation systems.






OBJECT 24

LITEF A-200

Device type
Manufacturer

Year of manufacture
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ACCELEROMETER
Litton LITEF, Freiburg i. Br., Germany
1963

Dimensions 25 mm x 28 mm x 45 mm
Weight 0.19kg
Accuracy 1.5 mg for a measuring range of £+10 g
Application aircraft navigation, stabilization
Life time 25 years
Service interval none
y
MECH

The Litef A-200 represents the state of the art for accele-
rometers from the early 1960s. It was used, among other
applications, for the inertial platform Litton LN3 (object
26) and is based on an electromagnetically restrained
pendulum. The electromagnetic force that is required to
suppress the pendulum swing — caused by the accelera-
tion along the input axis — is a measure of the sensed ac-
celeration. The A-200 has to be powered by an alternating
currentof 7.5V and 4.5 kHz. Its bandwidth is 100 Hz.






OBJECT 25

LITEF B-290
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Device type =8  tri-axis MEMS ACCELEROMETER
Manufacturer é Northrop Grumman LITEF GmbH
= Freiburg i. Br., Germany
Year of manufacture 5 (since) 1990s
Dimensions g' 50 mm x 50 mm
Weight § 0.080 kg
Accuracy é 0.5mgto 3.0 mgatranges+20gto+75g
Application L aircraft navigation, stabilization
Life time § 25 years
Service interval < none
J

MEMS

The pictured B-290 triad consists of three accelerometers
and is designed for applications like Attitude and Hea-
ding Reference Systems and Inertial Navigation Systems.
The sensitive element of each accelerometer consists of an
elastically suspended pendulum being fabricated from sili-
con by micro mechanical techniques. The pendulum swing,
which is caused by the acceleration along the input axis, is
sensed by a capacitive bridge and then balanced by a di-
gital control loop via electrostatic forces. The signal of the
controller is a measure of the sensed acceleration and inclu-
des a temperature compensation of bias and scale factor.






OBJECT 26

LITTON LN3-2A

Device type
Manufacturer

Year of manufacture
Dimensions

Weight

Accuracy
Application

Life time

Service interval

A loan from TU Braunschweig

MECHANICAL PLATFORM

Litton, Freiburg i. Br., Germany

1966

350 mm x 250 mm x 250 mm

10 kg

2 NM/h (c.e.p.)

inertial navigation for F-104G Super Starfighter

several years

G‘*Rescn
e

SERL

MECH

The LN-3 is an inertial navigation system (INS) and was
the first INS of Litton Industries. It had been developed in
the early 1960s with participation of the German compa-
ny C. Plath, Hamburg, and was designed for the Lockheed
F-104G Starfighter aircraft of several European air forces.
The LN-3 is based on a platform being stabilized by two
2-degrees-of-freedom gyros G-200 (encapsulated rotor
with electromagnetically realized cardanic support). The
platform carries three accelerometers A-200 (object 24)
and is embedded in four gimbals to avoid a gimbal lock.
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OBJECT 27

Device type

Manufacturer

Year of manufacture
Dimensions

Weight

Accuracy

Application

Life time

Service interval

A loan from TU Braunschweig

MECHANICAL PLATFORM

Delco Electronics Corporation,
Kokomo, IN, USA

1980

500 mm x 255 mm x 190 mm
22 kg

2 NM/h

inertial navigation for
B747,B707,DC-10,L-1011 etc.

several years

MECH

The Delco CIV A lll was developed in the late 1960s and
represents the first factory-fitted INS in commercial air-
craft. It is based on a platform carrying three mechanical
rate integrating gyros with gas bearings and three acce-
lerometers in a temperature stabilized environment. It
allows to automatically navigate along a series of way-
points, which have to be entered by the pilots via a control
console. Typically, the aircraft were equipped with two or
three Delco CIV A lll for redundancy. The name of the sys-
tem originates from the design feature that the platform
is rotated 360° every 60 seconds to increase accuracy by
compensating systematic errors.
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OBJECT 28 | pevice type

Manufacturer

Year of manufacture
Dimensions

Weight

Accuracy
Application

Life time

Service interval

A loan from iMAR Navigation GmbH

MECHANICAL PLATFORM

SPERRY Utah Co., Div. of SPERRY RAND Co.,
Salt Lake City, UT, USA

before 1979
approx. 390 mm x 370 mm x 340 mm

N/A (parts missing)

navigation / guidance

PLATFORM, GUIDANCE | 1n

SPERRY UTAH COMPANY DIV. OF SPERRY RAND CORP
SALT LAKE CITY, UTAH

7245,&

KODEL NO H PART O, H SERIAL NO
I () ..

MECH

Sperry Utah Engineering Laboratory played a key role
in the development of inertial navigation systems (INS)
for intercontinental ballistic missiles (ICBMs) during the
1950s and 1960s, particularly for the Minuteman missile
programs of the U.S. Air Force. Detailed information ab-
out the gyro platform is not public, but the system was
likely manufactured in the early 1970s but not later than
1979 when Sperry Rand was renamed to Sperry Corpora-
tion (see type plate).






iMAR iDIS-FC

OBJECT 29

Vs

Device type

Manufacturer

Year of manufacture
Dimensions

Weight

Accuracy

Application
Life time

Service interval

A loan from iMAR Navigation GmbH

STRAPDOWN PLATFORM
with early FOGs, aiding: GNSS and
optional external magnetometer

iMAR Navigation GmbH, St. Ingbert, Germany
1993

approx. 290mm x 220 mm x 160 mm
approx. 7.4 kg

< 10deg/h, < 0.5 deg heading,
< 5mg, < 0.1 deg roll/pitch

automotive and military vehicles
several years

maintenance free

The iDIS-FC is the first strapdown INS for automotive tes-
ting. Its development was initially contracted by Mercedes-
Benz, and the solution replaced mechanical platforms.
The system is equipped with 3 closed-loop fiber optic
gyros FOG-P1-A1 from SEL/SFIM, 3 servo-accelerometers
Sundstrand QA700, an integrated GPS receiver, and an
external fluxgate magnetometer. While usual spinning
platforms could be damaged by sudden power loss during
automotive tests, the strapdown technology proved to be
robust against such outages and could also cope angular
rate overranges. Production started in 1993; the pictured
system is from 1999, and the window inside the cover had
been applied for the exhibition of this catalog.
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First gimbal-mounted gyroscope,
Johann Gottlieb Friedrich von Bohnenberger (1810)

1965-1970
1971-1978
1979-2010
2011-2023
since 2024

DGON Fachausschuss 8

Symposium Kreiseltechnik

Symposium Gyro Technology

DGON Inertial Sensors and Systems
DGON Inertial Sensors and Applications



