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ABSTRACT

Recently a new centrifuge has been developed teser
the life and physical science community in condugti
hypergravity experiments in a very versatile
environment. The Large Diameter Centrifuge, LDGs ha
a maximum diameter of 8 meters. On its four arms a
total of 6 free swinging gondola can be accommatiate
Each gondola has a capacity of an 80 kg. payloatl th
can be exposed to 20g. Each gondola is equippédawit
series of utilities for the payloads. It provide20V
power line, data communication for both monitor and
commanding based on RS-232 serial connection,
Ethernet or USB protocols. Each gondola has a video
connection and sensors for temperature and
acceleration. Different gasses can be suppliedath e
gondola. The gondola can house various instruments
such as furnaces or modules for combustion sciences
fluid or plasma physics studies. The facility isal
outfitted for long duration animal studies for lmasi
research and in preparation for long duration space
flight / microgravity experiments. Therefore each
gondola is provided with potable water and air dimad

is draft and light tight. In addition, a centrah-axes,
gondola is foreseen to serve as rotation controlttie
hypergravity animals. The facility is fully
programmable. Both, rotation profiles as well as
experiment monitoring and commanding is performed
via standard Windows-based LabView protocols.

Fig. 1: Graphical view of the LDC when rotatingfatl speed
(i.e. 67 rpm) with the 6 gondola swinging out. the tenter of
rotation is the ¥ enclosure for rotation control in case of
animal studies. Next to th& 2nclosure is room to store
dedicated liquid or gas bottles.
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1. INTRODUCTION

Countless research centrifuges have been builuaad
for e.g.plant [1], animal [2] or human studies [3]. Not
only for life sciences studies but also in areashsas
material and fluid sciences [4] or geology [5,6]
centrifuges have proven to be very valuable to mreas
and understand how weight has an impact on life and
physical systems. The LDC was drafted to be used fo
both life and physical sciences. In the life scesc
domain we want to use the centrifuge for singld, cel
plant, lower organisms (lik€aenorhabditis elegansr
Drosophila melanogastgrbut also for fish or rodents
like mice and rats. To house a sufficient numbers o
animals we require an adequate capacity, espedfally
we want to study weight effects in multi-generation
studies (Fig.1). A gravity level of 10g is suffinteto
cover most rodent studies [2]. Higher acceleralivels
are more often used in single cell studies [7-#m8
holds for physical sciences experiments [4]. Takda
account these consideration a maximum 20g waset f
the LDC.

2. LDC MAIN FEATURES

21 Diameter

The Coriolis acceleration is a type of g-field tteats
upon moving objects within a rotating system sush a
the Earth or a centrifuge. Coriolis accelerations,
cross-coupled responses, are due to the angulaonmot
in two planes. It is an effect of rotation that trdyutes

to the impurity of the gravity generated by a rioigt
system. For single cell gravitational research st i
particularly involved in studies of relatively fasioving
objects, like flagellates in hypergravity fieldsn |
humans or animals, this acceleration is responddrle
motion- and space- sickness while moving in a nogat
field, mediated by action on the inner ears' semcudar
canals. The impact of Coriolis is increased in ichy
changing angular acceleration field such as cemfei$
with relatively small diameters for generating ataim
g-value compared to the velocity of the object mdd
but also the magnitude of the primary acceleraton
important. Two rotating systems with different riaoiit
spinning at similar rpm's would generate the same
Coriolis accelerations. Coriolis was one of the mai
drivers for the 8 meter radius of the LDC [10]

22 Gondola
Special attention is given to the size and shapthef
free moving gondolas. The internal volume of each



gondola, 6860x80 cm. is sufficient to house general
purpose laboratory equipment such as regular
microscopes or laser units. In order to reduceltag of

routed via a switch to the static part of the systehere
a second switch distributed the data over the obntr
cabinet the operations and science work stations. |

the gondolas several gondola shapes were evaluated.addition, eight hard wired video signals are routedn

Rounded 80 mm. corners with a drag coefficient.660
and drag value of 193 Newton at the maximum rim
speed of 101 km/hr at 20g was chosen. The system ha
four arms. A total of six gondolas can be accomnedia

at once. The gondolas can be locked into one of the
eight standard locations on each arm. The locking
locations are 20 cm. apart. Internally each gondola
provides several utilities such as power (228Vand
data (USB, RS232, video, Ethernet) to all individua
gondolas. For long duration animal studies alsalplet
water and gas lines are available in each of the 7
gondolas. Regular ambient air can be provided & th

the rotating part into the control room. Safety kloc
sensors are located on each gondola door and gondol
fixation point. Also motor temperature and speed ar
monitored. In addition, each gondola has a tempezat
and static accelerometer sensor.

24  Operations

The Windows-LabView based user interface for the
LDC can be programmed to produce any gravity peofil
ranging from 1 to 20g (Fig.2). The science station
freely programmed by the user using LabView as main
interface although dedicated packages may be U$ed.
minimum speed-up time from 1 to 20g is 60 sec. The

gondola or one can make use of the near the center maximum speed-up or slowdown time is unlimited.

placed gas bottles for dedicated pure gases owrixt
required fore.g.combustion studies. A seventh gondola
is hard mounted in the center of rotation. Thisatam
can be used, in animal studies, as rotation cantvith
such a control it is possible to separate the hygeght
effects from possible rotational effects.

2.3 Main Structure

The system is driven by 22 kW Siemens motor. Great
attention was given to limit any vibrations withihe
system. Although vibrations are inherent to rotatin
devices the maximum vibration within a gondola @4 2
was 0.0712 Vs The LDC main structure vibration
spectrum while running at 20g (67 rpm, 1.12Hz) with
six fully loaded (80 kg. each) gondolas was 0.12sV
Both values are well within limits set for industri
machinery; 1SO-10816-3/Class |l that states an wppe
limit of 1.2 Vims. In case of the off nominal condition
with a maximum speed LDC (20g9,£=39,2 kN) of
only a single gondola with an 80 kg. payload mass,
maximum von Mises stress of 43 MPa results in a
maximum deflection of the main hub structure ofyonl
0.31 mm with a vibration (Mus) of 1.64 mm/s.
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' Fig. 2: Standard view of the system’s operator l@digp

Power and data are provided to the rotating pdrthe
LDC by regular slip rings. Systems’ as well as
experimental data are collected on the rotating pgar
the programmable automation control PAC system.
Data is converted to a standard Ethernet protoodl a

Within an emergency stop procedure the LDC stops
from 20 to 1g within 30 sec. The system cannot be
started when gondola’s are misplaced or when dobrs
the gondola or main rooms is not locked. Of nominal
operations are automatically reported to the opefsit
and scientists via email and / or mobile phone text
messages.
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