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Abstract  Drop tower is an important ground based facility for microgravity science 
experiment. The technical performances of the drop tower NMLC are advanced 
compared with similar facilities in the US, Germany and Japan. The main components 
such as drop capsule, deceleration devices, release mechanism present its advantages 
and creativities. 
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Microgravity science and application pro-
ject is a very important part of Chinese space 
effort. This area has been very active along 
with the international space activities in re-
cent years and has got many important re-
sults. The completion and running of the 
international space station will further pro-
mote the research activities in the area of 
microgravity science and application. 

The National Microgravity Laboratory 
(China) (NMLC) was established in the mid-
dle of the 1990s. Drop tower is one of the 
main experiment facilities of NMLC. Fig. 1 
shows its outlook view. It is 116 m in height 
and is located in the southeast of Zhong-
guancun central area in Beijing. It will be 
undertaking heavy experiment research in 

 

Fig. 1.  Drop tower NMLC. 
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microgravity science. 

In addition to meeting the needs of Chinese space projects, the drop tower of NMLC, 
which will be open to the world, also has to meet a high requirement in technology. 
However, it has a budget of construction much lower than its likes in such countries as 
the US, Germany and Japan. So, we need to establish our own characteristics in con-
structing the drop tower based on the international experiences and lessons. The main 
components, such as drop capsule, deceleration devices and release mechanism will be 
introduced briefly in the present paper. 

1  An overview of the main microgravity drop tower/well experiment facilities in 
the world 

There are different kinds of facilities such as drop towers/wells, airplanes, sounding 
rockets, skylab, shuttle and spacelab, and space station etc. (Fig. 2)[1] which can be used 
to perform microgravity experiments. Each of these facilities has its own characteristics 
and usage. All these facilities form a complete system to perform different kinds of mi-
crogravity experiments. Although the duration of microgravity is relatively short, the 
drop tower/well facility has many obvious advantages, such as excellent microgravity 
level, low cost, many test drops per day, ability to use precise equipments, and easy arti-
ficial interference etc. All these advantages make it the most important facility for per-
forming microgravity experiments. 

In the early 1960s NASA (USA) constructed a drop tower and a drop well at Lewis 

Research Center (LeRC)[1―3]. The drop well is a large-scale facility called “Zero-Gravity 
Facility”. It is 155 m deep (underground). The duration of microgravity is 5.18 s. The 

microgravity level is 10−5―10−6 go. The average deceleration level is 35 go and the peak 
deceleration level is 65 go. The drop tower is a simple facility. It is 30.5 m tall. The dura-

tion of microgravity is 2.2 s and the microgravity level is 10−4 go. The deceleration level 

is about 15―30 go. This drop tower is the most heavily used at LeRC. It routinely sup-
ports over 1000 test drops per year (the routine daily schedule allows up to 12 drops). 

Japan constructed two microgravity facilities by the end of 1980s and early 1990s. 
One is the biggest microgravity drop well facility (JAMIC)[4,5] in the world. It is 710 m 
deep (underground). It can provide 10 s duration of microgravity and 10−5 go micrograv-
ity level. The deceleration level is less than 10 go. The other microgravity drop well fa-
cility[6, 7] is 150 m deep (underground). Its duration of microgravity is 4.5 s. The micro-
gravity level is 10−5 go and the deceleration level is also less than 10 go. 

Germany also constructed a drop tower[8, 9] in Bremen by the end of 1980s and early 
1990s. It is 146 m tall. The duration of microgravity is 4.7 s. The microgravity level is 

10−5―10−6 go. The average deceleration level is 25 go and the peak deceleration level is 
50 go. 

It is reported that Russia also constructed a large-scale microgravity facility, but no 
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formal materials were published. In addition, there are several small-scale microgravity 
facilities with duration of microgravity less than 1 s at institutes and universities in USA. 

 

Fig. 2.  Characteristic times and acceleration levels of reduced-gravity laboratory facilities. *g0, local gravitational 
acceleration. 

2  Drop tower facility NMLC 

The main technical characteristics of the drop tower facility NMLC are: 

Duration of microgravity: 3.5 s 

Microgravity level: 10−5 go 

Deceleration level: approximately semi-sine-wave 

average    ~8 go 

peak      ~12 go 
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This facility consists of drop capsule, deceleration devices, release mechanism, con-
trol system, data acquisition system and auxiliary devices. The present paper will only 
introduce briefly the drop capsule, deceleration devices and release mechanism. 

2.1  Drop capsule assembly 

The schematic drawing of the drop capsule assembly is shown in Fig. 3. The drop 
capsule assembly consists of inner capsule (experiment package) and outer capsule (drag 
shield). The space between inner capsule and outer capsule is evacuated. The outer cap-
sule (drag shield) is dropped under normal atmospheric conditions. An axisymmetric 
aerodynamic contour with low drag coefficient was designed to reduce the air drag dur-
ing the free fall. The drop capsule assembly is subjected to a big shock when it is decel-
erated. According to the requirements of the master design the outer capsule should be 
designed as a light, thin and pressure-resistant shell assembly structure. The strength, 
rigidity and buckling are guaranteed by detailed mechanical analysis. The drop capsule 
assembly satisfies the user’s requirements completely by qualification tests. 

The inner capsule (experiment package) 
falls freely within the outer capsule (drag 
shield). The relative velocity between 
inner and outer capsule is very small (<1 
m/s). Because of both the vacuum envi-
ronment and small relative velocity, the 
air drag subjected to inner capsule is very 
small. So, the microgravity level of the 
experiment package can reach 10-5go or 
even better. 

This light dual-capsule structure with 
vacuum space between the inner and 
outer capsule is first used in the world. As 
compared with similar capsules abroad 
this drop capsule assembly has the fol-
lowing advantages: 

1) In order to reach 10−5―10−6 go mi-
crogravity level, the air drag subjected to 
the experiment package must be small 
enough during the free falling. The air 
drag subjected to the experiment package 
during the free falling can be expressed as 

21
,

2 xF c s uρ=  where cx is the drag coef-

ficient, s is the effective cross-section, ρ is the air density, and u is the relative velocity. 

 

Fig. 3.  Schematic drawing of drop caspule assembly. 
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When the aerodynamic contour and the structure of the outer capsule were designed, the 
drag coefficient cx and the effective cross-section s were then decided. In order to get the 
air drag as small as possible one can reduce the air density and/or reduce the relative 
velocity. Theoretically, reducing relative velocity will be much more efficient than re-
ducing air density. But from the point of view of technology reducing air density will be 
much easier than reducing relative velocity. 

Internationally, both the Bremen (Germany) drop tower and the NASA (USA) LeRC 
“Zero-Gravity Facility” choose to reduce the air density (single drop capsule free falls 
within vacuum chamber). The inner diameter and height of the vacuum chamber of 
Bremen drop tower are 3.5 m and 110 m respectively. The total volume (vacuum cham-
ber and decelerating space) need to be evacuated is 1700 m3. 18 vacuum pump units 
with the rate of 3200 m3/h (9000 L/s) were arranged. The vacuum of the vacuum cham-
ber can be 1 Pa after all these vacuum pump units worked 2.5 h. Then the microgravity 

level of the single drop capsule can reach 10−5―10−6go when it falls freely within the   
1 Pa vacuum environment. The inner diameter and height of the vacuum chamber of 
NASA LeRC “Zero-Gravity Facility” are 6.1 m and 145 m respectively. Much more 
powerful vacuum pump units were arranged. Both reducing air density and relative ve-
locity are chosen in the drop tower NMLC. Then the air drag is reduced very effectively. 
The volume between the inner and outer capsule need to be evacuated is only 1 m3. A 
small-scale vacuum pump unit with rate 8 L/s is arranged. The required vacuum can be 
reached in approximately 20 min. The construction cost and the operation and mainte-
nance expenses are reduced greatly by using the present drop capsule assembly. 

2) The drop capsule is single capsule structure in both Bremen (Germany) drop tower 
and NASA LeRC “Zero-Gravity Facility”. The speed of the single capsule is accelerated 
with 1 go. At the end of the freefall the speed of the drop capsule can reach approxi-
mately ~46 and ~51 m/s respectively. Since the air drag subjected to the drop capsule is 

proportional to the square of relative velocity, in order to get 10−5―10−6go microgravity 

level, the vacuum of the vacuum chamber must be evacuated to 1―10 Pa. 

For the present facility, since the relative velocity is less than 1 m/s, the air drag sub-
jected to the inner capsule is also very small. Numerical analysis shows that the vacuum 
of the space between the inner and outer capsule is less than 1000 Pa and the micrograv-

ity level of the inner capsule can reach 10−5 go. The data measured by using acceleration 
meter proves this result. For the present facility the vacuum of the space between inner 
and outer capsule is less than 30 Pa. Numerical analysis shows that the microgravity 

level of the inner capsule can reach 10−6 go. 

3) The drop capsule assembly of the JAMIC (Japan) drop well is also dual-drop cap-
sule. The vacuum of the space between inner and outer capsule is 10 Pa. But it is a 
heavy structure. The total mass of the capsule is 5000 kg. For the present facility the 

total mass of the capsule is only 600―630 kg since it is a light structure. 
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4) The drop capsule assembly of the NASA LeRC 2.2 Second Drop Tower is also 
dual-drop capsule. But the space between inner and outer capsule is not evacuated. So, it 
is much simpler in mechanical design and release mechanism. The microgravity level of 
the inner capsule is only 10−4 go. 

Although the present drop capsule assembly has many advantages mentioned above, 
it is very difficult in technology. Probably, this is the reason why Bremen (Germany) 

drop tower and NASA LeRC “Zero-Gravity Facility” choose the very expensive plan―

single capsule drops within the vacuum chamber―after detailed analyses and compari-
son. The present plan indeed met a series of difficulties in technology. All these difficul-
ties have been solved with great efforts. 

The first is the falling attitude of the inner and outer capsule. This difficulty is closely 
related to the release mechanism. It will be discussed later in the part of release mecha-
nism. 

The second is the choice of the radial space between the inner and outer capsule. 
There must be enough space to install the experiment devices, data acquisition system, 
etc. Meanwhile, the effective cross-section of the outer capsule should be as small as 
possible in order to reduce the air drag as much as possible. Since it is impossible to 
eliminate completely the disturbances which will lead to the outer capsule inclined, it 
will result in the unsafe trouble during the deceleration process. Therefore there must be 
acceptable space between the inner and outer capsule to ensure the safe problem and the 
smallest air drag. The drop attitude of the outer capsule has been recorded by using 
high-speed video camera (1000 frames per second) and the drop attitude of inner capsule 
relative to the outer capsule has also been recorded by the CCD camera installed on the 
inner top side of the outer capsule. Now both the drop attitude of the inner and outer 
capsule are controlled very effectively after a series of technical measures were taken to 
eliminate the disturbances. The present radial space between the inner and outer capsule 
is 10 cm. The operation results show that this space is acceptable. 

The third is the choice of the axial space between the inner and outer capsule. When 
the drop capsule assembly falls, the speed of the outer capsule is relatively slow due to 
the air drag. Meanwhile the speed of the inner capsule is relatively fast since the inner 
capsule falls in the vacuum environment inside the outer capsule. So, the axial space 
between the inner and outer capsule must be long enough to ensure the inner capsule 
will not touch the bottom of the outer capsule before the end of the free falling. In addi-
tion, concerning the deceleration process this axial space would not be too long since the 
deceleration process requires that the inner capsule touches the bottom of the outer cap-
sule just at the end of the free falling, then the inner capsule and the outer capsule as a 
complete set enters the deceleration process. In this way, the free fall distance can be 
fully used, and then the facility can have the desired microgravity test duration and also 
can avoid the extra shock. Step by step increasing the axial space was used in the ad-
justment process. The results show that this way is safe and effective. The present axial 
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space is 81 cm. 

The fourth is the control of eccentricity between the centre of mass of the inner and 
outer capsule and its geometric axis. If the centre of mass is not at the geometric axis, 
this eccentricity will introduce an initial disturbance at the instant of releasing the cap-
sule which will result in the capsule inclined during the free falling. So, the eccentricity 
must be controlled precisely. The eccentricity of the Bremen single drop capsule is re-
quired to be less than 1 kg ·  m[8]. But this requirement in the NMLC duel-drop capsule 
case is required much more precise, it must be controlled to be less than 0.3 kg · m. The 
operation results show that this precise control of the eccentricity is necessary. 

The fifth is that the location of the centre of mass of the outer capsule should be as 
close as possible to the bottom of the capsule. This will ensure that the combination of 
the resultant forces of air drag and the gravity force of the capsule will recover its right 
falling attitude of the capsule. 

The sixth is that when the inner capsule just touches the bottom of the outer capsule 
and the assembly of the inner and outer capsule as a whole enters the deceleration proc-
ess, the inner capsule must sit stably on the bottom of the outer capsule. Otherwise it 
might result in trouble in the deceleration process. A locking device is installed on the 
bottom of outer capsule in the present facility. The inner capsule will be caught immedi-
ately when it touches the bottom of the outer capsule so that it cannot vibrate. 

2.2  Deceleration devices 

A unique elastic controllable deceleration device was used in NMLC facility. It con-
sists of a three-connector reversible mechanic/electric energy transducer (STS), steel 
cable, steel ring, strengthened string bag, strengthened elastic rubber strings assembly, 
energy dissipation resistance box, controlling unit of computer, and emergency decelera-
tion container of small pellets of expanded polystyrene, etc. (Fig. 4). The working proc-
ess and principle are described as follows: 

1) The STS (motor function) elevates the steel ring, rubber strings assembly and bag 
to predetermined height. The whole assembly stays there and waits for order. 

2) The whole assembly starts to fall due to the self weight by the order of the com-
puter 1 s before the drop capsule assembly falls into the bag. Meanwhile the STS (gen-
erator function) is pulled by the bag assembly and generates electricity dissipated by the 
resistance box. In this way the STS has already rotated when the drop capsule assembly 
touches the bag for reducing the shock that the STS is subjected to. 

3) When the drop capsule assembly with 600―630 kg and ~34 m/s speed drops into 
the bag assembly, the drop capsule assembly decelerates, and the bag assembly acceler-
ates. Meanwhile the rubber strings assembly is stretching to transduce the kinetic energy 
of the drop capsule assembly into elastic potential energy stored temporarily. In the 
meantime the STS speeds up as pulled by the fast falling bag assembly and part of the 
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kinetic energy of the drop capsule assembly transduces to electric energy dissipated by 
the resistance box. 

 

Fig. 4.  Sketch of deceleration devices. 1, STS; 2, steel cable; 3, guiding wheel; 4, steel ring; 5, strengthened elastic 
rubber strings assembly; 6, strengthened string bag. 

4) When the converted speed of the STS is higher than the falling speed of the bag 
assembly, the rubber strings assembly starts to shrink and release the stored elastic po-
tential energy. Meanwhile the drop capsule assembly further decelerates. 

5) When the falling speed of the drop capsule assembly decelerates to zero, the drop 
capsule assembly is in static state temporarily viewed from the coordinate fixed on the 
ground. Meanwhile the bag assembly still falls and the STS still rotates with relatively 
high speed. 

6) The drop capsule assembly free-falls again. Meanwhile the STS transduces its own 
kinetic energy and the kinetic energy of falling bag assembly and drop capsule assembly 
into electric energy dissipated by the resistance box. The STS decelerates further.  

7) The drop capsule assembly is again in static state. 

8) The deceleration devices are at brake state by the order of the computer. Then the 
drop capsule assembly and bag assembly fall very smoothly and slowly. Finally they 
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stop at the end place. The deceleration process completely finished. The whole decelera-
tion process can be seen clearly from the curve measured by using the accelerometer  
(Fig. 5). 

 

Fig. 5.  Measured deceleration curve . 

The elasticity coefficient of the rubber strings, the length of the rubber strings assem-
bly and the resistance of the resistance box are the three independent parameters. The 
primary values of these three independent parameters were chosen by the numerical 
analysis. Since the rubber strings assembly consists of 96 strings and each rubber string 
consists of 250 single strings, the elastic resistance subjected to the drop capsule assem-
bly is adjustable by reasonably matching the numbers of the rubber string, strings and 
the length of the rubber strings. Theoretically the resistance of the resistance box could 
change continually to meet the different states of the deceleration process. In fact it is 
found during the adjustment process that as long as the step by step changing resistance 
are well coupled with the rubber strings assembly this deceleration device can satisfy the 
requirements of the global property. The most important technical problem which must 
be solved completely is that “upward moving” of the drop capsule assembly is not al-
lowed during the deceleration process, that is, the falling speed of the drop capsule as-
sembly slows down from ~34 m/s to 0 m/s, then the upward moving speed is not al-
lowed. If the coupling between the elasticity coefficient of the rubber strings assembly, 
the length of the rubber strings assembly and the resistance of the resistance box is not 
suitable the drop capsule assembly might be shot upward by the rubber strings assembly 
and this probably will result in trouble in the deceleration process. In the adjustment 
process for the sake of safety the three independent parameters were chosen firstly based 
on the numerical analysis, then the drop distance ∆H varies gradually from 1, 3, 5, 8, 10 

and 15 m until 64 m. Each ∆H has a corresponding group of the three parameters. Fi-
nally the “upward moving” problem is well solved. The present acceptable total mass of 
the drop capsule assembly ranges from 600 kgs to 630 kgs. 
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The present deceleration devices have the following advantages obviously in com-
parison with similar devices abroad. 

1) The deceleration device of NASA LeRC “Zero-gravity Facility” is a big container 
with 3.6 m diameter and 6.1 m depth filled with small pellets of expanded polystyrene. 
The friction between the drop capsule and the small pellets of expanded polystyrene de-
celerates the drop capsule. The average deceleration rate is 35 go and the peak is 65 go. A 
similar device is also used in German Bremen drop tower facility. The container is 1.6 m 
in diameter and 10 m in height, filled with 10 tons small pellets of expanded polystyrene. 
The average deceleration level is 25 go and the peak is less than 50 go. These decelera-
tion devices cannot be controlled actively. 

In the early time (from the 1960s to the early 1990s) the deceleration device of NASA 
LeRC 2.2 Second drop tower was a 2.2 m deep sand pit and the drag shield has three 
deceleration spikes attached to the bottom[10]. When the spikes impact the sand pit the 

drag shield decelerates. The deceleration level is about 40―100 go. Later on by the mid-
dle of the 1990s this device was improved. The present deceleration device is an air 
bag[3]. When the drag shield assembly impacts the air bag the drop is terminated. The 
deceleration level is greatly improved. The peak values of the present deceleration level 
are 15 to 30 go. This deceleration process also cannot be controlled actively. 

For the present elastic controllable deceleration technique, as long as the elasticity 
coefficient of the rubber strings assembly, the length of the rubber strings assembly and 
the resistance of the resistance box are well coupled, the deceleration process can be 
controlled actively by the computer. The performance of the present deceleration devices 
is close to a semi-sine-wave with average deceleration ~8 go and peak deceleration ~12 
go. Obviously the performance of the present deceleration devices is better than the 
small pellets of expanded polystyrene technique and the air bag technique. 

2) Although the performance of the present deceleration technique is comparable to 
the JAMIC deceleration technique, the construction cost of the present deceleration de-
vices is much lower than the JAMIC deceleration devices. 

In summary, the characteristics of the deceleration devices of NMLC drop tower are 
advanced in technique and unique. 

2.3  Release mechanism 

The electromagnetic release mechanism is used in the present facility. Since the drop 
capsule assembly is a dual-capsule with vacuum space between the inner and outer cap-
sule, the inner capsule and outer capsule are well sealed. The electric-pneumatic combi-
nation release mechanism used in the single drop capsule of German Bremen drop tower 
and the shearing bolt release mechanism used in the single drop capsule of NASA LeRC 
“Zero-gravity Facility” cannot be used in the present facility. The highly stressed music 
wire release mechanism used in NASA LeRC 2.2 Second drop tower also cannot be 
used in the present facility, since the space between the experiment package and the drag 
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shield is not evacuated. 

This electromagnetic release mechanism consists of assembly platform at 83-m height, 
electromagnetic attraction assembly, top components of outer capsule, top components 
of inner capsule, mechanical lock/release mechanism of outer capsule, mechanical 
lock/release mechanism of inner capsule, control panel on the ground, control panel 
within centre control room, control system, and hanging basket operation platform at 
83-m height. Two key technical problems must be solved for the release mechanism: the 
initial disturbance problem, and the initial attitude of drop capsule. 

Since the principle of the present release mechanism is electromagnetic attraction 
/release without mechanical connection, the “force” connection between electromagnetic 
attraction assembly and top components of outer and inner capsule is not “point” con-
nection any more, but “plane” connection. The release mechanism of German Bremen 
drop tower single drop capsule, NASA LeRC “Zero-Gravity Facility” single drop cap-
sule and NASA LeRC 2.2 second drop tower dual-capsule is “point” connection. The 
present “plane” connection makes the problems even more difficult to solve. Because of 
the machining accuracy, the assembling accuracy, the accuracy of the mass balance de-
vice and a variety of the experiment devices it is very difficult to ensure: 

a) The centre of mass of the electromagnetic attraction assembly, the outer capsule 
and the inner capsule assembly is exactly located at their own geometric central line re-
spectively. 

b) When the drop capsule assembly is suspended and is waiting for the release order, 
the centre of mass of the electromagnetic attraction assembly and the centre of mass of 
the drop capsule assembly are on the same vertical line. 

c) The attraction force of the electromagnetic attracting assembly for the drop capsule 
assembly gets through the centre of mass of the electromagnetic attraction assembly. 

So, during the release process the release mechanism might introduce an initial 
“force” disturbance which will affect the free falling attitude of the inner and outer cap-
sule. Although there are many technical difficulties mentioned above, the electromag-
netic release mechanism has a very attractive advantage which can greatly reduce the 
initial “force” disturbance. Reasonably matching the parameters of the electromagnetic 
release mechanism, the attraction force is reducing gradually when the electricity was 
shut down suddenly. The attraction force is still active within a certain distance. This 
gradually varying release process makes the change from normal gravity to microgravity 
of the experiment devices not a sudden changing process. Then the initial disturbance is 
greatly reduced. 

A comprehensive technique was chosen during the adjustment process. The connect- 
ing deviation of electromagnetic attraction assembly and drop capsule assembly is con- 
trolled very accurately to be less than 0.25 mm and a 0.15 mm disconnecting space at 
the key location of the force connecting line between the electromagnetic attraction as- 
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sembly and the drop capsule assembly. This technique ensures the release mechanism 
works perfectly, the falling attitude of the drop capsule assembly is vertical and the 
deceleration process works safely. 

3  Current state and prospects 

The microgravity pool boiling heat transfer experiments conducted in the NMLC drop 
tower have got pictures of stable microgravity boiling and heat transfer data. These re-
sults show that when the overheating is relatively low, the microgravity subcooled nu-
cleate boiling heat transfer efficiency is 10% higher than the normal gravity situation. 
While the overheating is relatively high the microgravity subcooled dual-film boiling 
heat transfer efficiency is 20% lower than the normal gravity situation. The behavior of 
bubble/film changes a lot. Further experiments and detailed analysis on the experiment 
data are in progress. Part of the results was published in International Symposium on 
Physical Science in Space/Spacebound in Toronto, Canada in May, 2004. These experi-
ments are the first step for preparing the next step orbit experiment. 

The microgravity laminar dust flame propagation experiments and the flame-flow in-
teraction experiments in microgravity will be arranged in the near future. 

Two test drops can be arranged daily. If necessary the routine daily schedule allows 
up to 4 drops. 

The NMLC drop tower facility is in regular run. Many important projects in micro-
gravity science and application are conduced in this facility. This facility is also a “win-
dow” to arrange the international cooperation in the area of microgravity science and 
application. This facility also demonstrates NMLC’s ability in the area of microgravity 
science and application. 
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