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Introduction
Tapez pour saisir le texteIt is important for astronauts to monitor their body weight 

during a space journey. On just a few weeks , they may 
lose nearly 15 % of their weight due to muscle atrophy 
caused by their under-utilization . To prevent this physical 
decline , crew aboard the International Space Station 
( ISS) typically spend two hours a day to do physical 
exercise. Weight control in space is not easy, since the 
traditional measurement scales do not work in orbit.

The problem was partially solved in 1965 by William 
Thornton, an American astronaut and physician , who 
developed a technique for weighing objects using 
oscillating springs. Astronauts use this device, called : 
Space Linear Acceleration Mass Measurement Device 
( SLAMMD ) today. It looks like a sort of stool, on which 
astronauts cling . It is provided with a spring which raises 
and lowers the seat at a frequency which depends on the 
mass of which there is / objects .



Chapitre 1

Measurement 
of the mass 
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Measurement of the mass of an astronaut in 
zero gravity - A experience of periodic motion

Measuring the mass of an astronaut in zero gravity is vital for the 
control of muscle and bone mass as well as maintaining a 
constant mass for extra-vehicular activity (EVA : acronym for " 
Extra Vehicular Activity ") because the a spatial combination of 
rigorous dimensions . How to measure the mass in 
weightlessness without balance ?

The activity is to obtain the mass of an object suspended from a 
spring . Measuring the period of the oscillating movement of the 
suspended mass and the knowledge of the spring constant used 
to obtain the weight .

To measure the period two techniques are used: the 
measurement with the stopwatch ipad, then the use of a force 
sensor connected to ipad. The analysis of a graphic on the ipad 
force versus time provides the period. Depending on the time 
available , the time is also measured at the start of a film of the 
periodic motion and its analysis with Tracker ( free software ) and 
a spreadsheet ( OpenOffice ) .

Frank de Winne conducted the same experiment on the ISS . A 
video of this experience is projected to complete the activity or 
presentation. A kit with two springs and two masses is available 
at the ESA , and video experience in the ISS is downloadable .

This lab can be done by the teacher as a demonstration or a 
students lab  in one class period .

just a few comments

  



The SLAMMD (Space Linear Acceleration Mass Measurement 
Device) was installed in the HRF-1 rack during Expedition 11. 
SLAMMD measures the on-orbit mass of crewmembers by 
applying Newton's Second Law of Motion (force is equal to mass 
times acceleration).

Astronaut Tamara Jernigan (Shuttle Columbia during STS-40, 5-14 June 1991) is weighed into 
space. This is the first type of "chair pose space." As the chair moves forward and backward, a 

calculation of the weight counter how astronaut retards the movement of the chair.	

This device can measure mass from 95 to 240 pounds by using 
the known force generated by two springs located inside of the 
SLAMMD drawer. The resultant acceleration of the attached 
crewmember is measured and the mass then calculated.

The Space Linear Acceleration Mass Measurement Device 
(SLAMMD) is intended to provide an accurate means of 
determining the on-orbit mass of humans between the 5th 
percentile Japanese female and the 95th percentile American 
male. SLAMMD will be rack mounted in a 4 panel unit (PU) 
drawer and will utilize an 8 PU drawer for stowage.

The guiding principle of SLAMMD is Sir Isaac Newton's Second 
Law of Motion, F=ma (force is equal to mass times acceleration). 
Therefore, to find mass, the acceleration is divided into the force: 
m=F/a. For the HRF SLAMMD, the force is generated by two 
springs inside the SLAMMD 4 PU drawer. The acceleration used 
in calculating the mass is actually a calculated average 
acceleration with regression analysis. The acceleration is 
measured by a precise optical instrument which detects the 
position versus time trajectory of the SLAMMD guide arm and a 
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micro controller which collects the raw data and provides the 
precise timing. The final computation is done via a portable 
laptop computer with SLAMMD unique software.

The force is generated by two springs inside the 4 PU SLAMMD 
drawer. Each spring has Vectran (strong fiber) attached to one 
end which is fed around a separate pulley and back towards a 
central cam. The cam is attached to a centrally-located shaft 
which also has a flywheel and an encoder disk attached to it. The 
cam is designed such that, throughout the distance the springs 
stretch, a constant force is applied to the central shaft. This is an 
important design feature, so that the mass can be calculated 
using the m=F/a equation. The large flywheel has a lanyard 
attached to it that is fed through a small slit on the SLAMMD front 
panel and is attached to a connector. During SLAMMD operation, 
the latch connector is connected to a latch assembly on the 
SLAMMD guiding arm. With the cam design and presently 
selected springs, the force pulling the guide arm assembly inward 
is constant at 5.25 lbs (23.3 N). For human mass calculations, the 
crewmember wraps the legs around the leg support assembly like 

one would for a leg curl machine, aligns the stomach against the 
belly pad and rests either the head or chin on the head rest.

For calibration and control calculations, a calibration arm 
assembly is attached to the SLAMMD guide arm. Using an 18-
pound calibration mass at different lengths from the pivot point, 
different mass values can be simulated. The range will be from 90 
pounds to 240 pounds.
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NASA Image: ISS020E015893 - European Space Agency 
astronaut Frank De Winne, Expedition 20 flight engineer, works 
with the Space Linear Acceleration Mass Measurement Device 
(SLAMMD) in the Columbus laboratory of the International Space 
Station.

http://www.nasa.gov/mission_pages/station/research/
experiments/640.html
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A presentation 
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There are several practical works:

1) Suspend a mass to a spring with known spring constant 
(k). Measuring the period of oscillation and deduce the mass. 
Compare with the mass on a scale, and calculate the 
percentage uncertainty.

2) Search before (n°1) the constant stiffness (k) of the spring 
by suspending known masses.
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Galerie 2.1 Spring constant



A group of students perform the measurement period (T). 
They measure the time to complete 20 oscillations. This 
time is divided by the number of oscillation to obtain the 
periode (T).

The measurement period is done with a simple stopwatch, 
or smartphone.



The teacher can use an ipad and "Numbers" to introduce the experimental measurements of students (Time 
for 20 oscillations). It is possible to calculate the period (Time/20) and the suspended mass. The spring 
constant is for example of 7.5 N / m. If you use 2 springs, the total spring constant is the sum of the 
constant of the first spring with the spring constant of the second.
On the image, the teacher use an iPad connected via WIFI to a beamer and terminal Apple TV



Temps 
(s)

T (s) M (kg)

9,2 0,46 0,080

9,1 0,455 0,079

9,3 0,465 0,082

9 0,45 0,077

9,4 0,47 0,084

9,2 0,46 0,080

9,1 0,455 0,079

9,3 0,465 0,082
Teacher training in 
sciences conference in 
Brussels, August 2013.



Using the software "tracker" to find  the spring constant, and OpenOffice (or Numbers,...)

Texte
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The results for the sping constant. 

The graph of force with distance. The equation of the 
straight, with the coefficient "k" which is 7.4 N/ m.
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A screencast that explains the whole manipulation of Tracker and OpenOffice.

A screencast that explains the whole manipulation Tracker and 
OpenOffice.

Vidéo 2.1 Screencast


