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Japanese Experiment Module “Kibo”

The largest platform on ISS for external payloads The largest pressurized module in ISS

(c) NASA/JAXA



Centrifuges in Kibo : CBEF
(Cell Biology Experiment Facility or Centrifuge-equipped biological experiment facility)

2 centrifuges
Large centrifuge

Exchangeable

Micro-g section

Artificial-g section

(c) NASA/JAXA



Gravitational biological research
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An example of gravitational research in Kibo

— JAXA Rodent Missions —

Mouse 

Habitat Unit 

(MHU)
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JAXA rodent research capability

◼ Aim to develop new JAXA rodent facility

➢ Support research on human health on Earth

➢ Investigate gravitational effects on mammal in detail

◼ Unique features of the JAXA facility

➢ Comparison between microgravity and artificial 
gravity conditions

✓ Provides the world’s first long-term artificial 
gravity environment for mammals in space

Rearing in Kibo Centrifuge-
equipped 
biological exp.  
facility 

Micro 
gravity 
section
(6 mice)

Artificial 
gravity 
section 
(6 mice)

Launch site Return site

Launch
12 mice

Return 12 
mice alive

◼ Living in space causes various physiological changes

✓ Weakened bones and muscles, which are similar to those associated with aging. 

◼ Progress of these symptom in space is ~10 times faster than that on Earth.

◼ Much severer changes in model organisms (animal).

◼ ISS/Kibo is an accelerated platform for aging research

✓ Help us understand the mechanisms of aging-related symptoms

✓ Develop methods of prevention



(© JAXA; Source http://iss.jaxa.jp/en/kiboexp/news/190701_mhu-4.html)
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Artificial-gMicro-g

Onboard video images of mice



Microgravity 

(MG)

( g)

Artificial gravity 

(AG)

(1 g)

Ground-based 

control (GC)

(1 g)

Bone loss and muscle atrophy in space

7

(Shiba et al., 

Sci Rep, 2017)



Publications on gravitational effect 

using artificial gravity environment
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Ground-based study using centrifuges

◼ Feasibility of use of the short-arm (15cm in radius) centrifuge of 

CBEF was confirmed by comparing with a 1.5m-radius centrifuge. 

◼ Effect of hypergravity load 
(10G x 2min as the worst-case) 
in re-entry and splashdown 
phase was investigated with 
1.5m-radius centrifuge. 

(Source: NASA)

(Source: JAXA/Gifu Univ.)
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Ground-based studies using centrifuges

Hyper-GMicrogravity

Ground-based studyIn space

Partial gravity

1G+1G0G Partial-G

Unloading
~ 1G

1.5m-radius centrifuge at Gifu University

◼ Ground-based hyper-G experiments are effective to investigate:

1. Sensitivity to a gravitational change (+ G on the ground; - G in 
space)

2. Persistency of effects to confirm the effects last from the time 
of splashdown to the hand-over of mice (about 3 days for ISS 
mission).

3. Effect of reduced gravity change when prolonged hyper-gravity 
was stopped, e.g. change of 2G (hyper-G) to 1G yields -1G.

1G

2G

1. Gravitational

sensitivity

2. Persistency of effects

3. Reduced gravity

(Source: JAXA/Gifu Univ.)



Ground-base gravitational research
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◼ Bones in MG mice dramatically 
decreased in comparison with those 
of AG & GC groups. Symptom similar 
to severe osteoporosis was observed 
by rearing in space for only 35 days.

◼ Revealed for the first time that 
gravitational loading significantly 
suppressed the bone loss.

Human 
Exploration
Only “MARS” can 
provide Partial-G 
environment for 
mammal

Human 
Health on 
Earth

◼ The system provides both microgravity (g) and 
artificial gravity environments.
➢77rpm → Earth’s gravity (1 g),

48rpm → Mars’ gravity (0.38 g),
31rpm → Moon’s gravity (0.16 g)

➢The System can contribute to risk assessment 
and scientific validation of long-term 
habitation in partial gravity environment. 

Two directions of JAXA rodent missions

http://images.google.co.jp/imgres?imgurl=http://www.planetary.or.jp/Library02/image/library0107.jpg&imgrefurl=http://www.planetary.or.jp/Library02/library0107.html&usg=__zJgxtNdE7X79Gza3jDy_TVs-7XQ=&h=480&w=456&sz=24&hl=ja&start=11&um=1&itbs=1&tbnid=UsNLJsMUAdLaIM:&tbnh=129&tbnw=123&prev=/images?q=nasa%E3%80%80%E7%81%AB%E6%98%9F&ndsp=20&hl=ja&lr=&sa=N&um=1
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Artificial 1/6G in space Artificial 1G in spaceMicrogravity in space

(© JAXA; Source http://iss.jaxa.jp/en/kiboexp/news/190701_mhu-4.html)

floating floating ←→ “landing” “standing”

World’s First Rodent Partial-G Mission 



Another example of use of centrifuge: Exploration
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(c) JAXA; Source: https://iss.jaxa.jp/kibouser/subject/science/70485.html

An investigation named “Hourglass”

➢ Examine the relationship between 
gravity and the behavior of granular 
materials such as regolith that covers 
the surface of planets and planetary-
like bodies. 

➢ Observe various granular materials 
inside an hourglass and a measuring 
cylinder under different gravity 
conditions. 

➢ Better understanding of the behavior of 
these materials supports the design of 
spacecraft for future missions landing 
on the surfaces of planets and other 
celestial bodies.

Source: NASA



1. Centrifuges on ISS / Kibo provides artificial gravity environment
➢ Centrifugation capability in Kibo: 

✓ Centrifuge-equipped incubator : Φ0.35m centrifuge + microgravity compartment, and

✓ New centrifuge system:  1 large (Φ0.76m) centrifuge or two Φ0.35m centrifuges

➢ Unique environment for producing long-term partial-g

2. Rodent missions using the artificial gravity environment.
➢ Useful for gravitational research on mammal

➢ Revealed gravitational effects which will be beneficial for aging study on Earth

3. Artificial gravity / partial gravity environment for exploration
➢ World’s first demonstration of long-term artificial Moon’s gravity (1/6 G) for mammal

➢ Useful for technological study for exploration

Summary
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