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payload cargo bay from the Sun, was a 22-layer blanket consisting of a Teflon-coated 
beta cloth layer followed by polyimide film aluminized on one side (Fig. 1). These layers 
were then backed with 19 layers of alternating Dacron mesh or scrim cloth and polyimide 
film aluminized on both sides. The last layer was also a polyimide film aluminized on 
both sides, reinforced with a Nomex scrim cloth laminated on the inside. The aluminized 
covers of these blankets, made by Sheldahl, are complex materials. They are 0.5-mil pol-
yimide film (commonly known as Kapton) that are aluminized on both sides in a high-
speed processing chamber. The aluminum, which is 1000 Å thick, readily oxidizes in air 
and requires an overcoat to protect it from corrosion. The overcoat, made of a transparent 
polymer, is roughly 2000 to 4000 Å thick. This configuration complicates the electrostat-
ic properties of the materials. The covers also contain 13,500 holes per square foot to 
allow the passage of air and are fiber-reinforced with Nomex scrim fabric on one side. 

 

 
Figure 1. Multilayer insulation blanket designs. 

 
The other type of MLI blanket, Type II, used to thermally insulate the Shuttles in orbit, 

was similar to the first one except the beta cloth layer and the polyimide film layer alu-
minized on one side are absent. Instead, the top and bottom of this MLI blanket were 
covered with polyimide film aluminized on both sides with the reinforced layer with the 
laminated Nomex scrim cloth on the inside. 

The aluminized polyimide layers of the beta cloth-covered Type I MLI blankets were 
maintained in electrical contact with each other and with the Shuttle structure. The blan-
kets are joined with staples, studs, and sockets or metal grommets. Blankets are also sewn 
together with polybenzimidazole or Nomex thread. During a thorough inspection of these 
blankets after the Shuttle Columbia disaster, it was discovered that many of these blan-
kets had a relatively high resistance to ground. If this was the case, charge could build up 
in these blankets, creating the possibility of a static discharge. Examination of this issue 
revealed the existence of several possible charging mechanisms not only for this blanket 
but for the aluminized MLI blankets as well. 
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Figure 2. Shaker table experiment with aluminized MLI blanket. 
 
Initial tests were performed without wires attached to the blanket to ensure that the sig-

nals generated were in fact triboelectric in nature and not generated by the table noise.  
The ground wires attached to the outer blanket served as shielded cables for the data 
wires connecting different inner layers of the TCS blanket to an ETS nanocoulomb meter 
(Model 230). The nanocoulomb meter was monitored using LabView through a data ac-
quisition board. The results for the amount of charged developed during the shaker table 
test for inner layer 8 are given in Fig. 4. However, since a double-layer was formed due 
to the insulating Dacron mesh attached to the external aluminized layer, charge meas-
urements were expected to be lower than the actual charge developed on the aluminized 
layer. 

ESD event measurements were also performed with the EM Eye device (Fig. 5). Forty-
nine events were recorded during measurements of inner layer 4, and some events were 
relatively large. 

The results of the shaker table experiments above show that it is possible for the MLI 
inner layers to charge simply as a consequence of vibrations during launch. Although the 
overall charging magnitudes were low, incendiary discharges resulting from tribocharged 
inner blanket layers cannot be ruled out based on these magnitudes alone due to the 
aforementioned double layer formation. There are several competing phenomena occur-
ring that may help or hinder the possibility of igniting a flammable gas mixture, such as 
gas pressure, fuel mixture, temperature, quenching distance, and humidity. 

Shaker Table Accelerometer 
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Figure 4.  Charge measured on the inner layers of the MLI blanket during vertical vibrations in the Shaker 
Table. 

 

 
Figure 5. Electrostatic discharge events monitored with an EM Eye instrument during the vertical shaker table 
experiment. 

 
Electrical breakdown measurements were performed to estimate the maximum allowa-

ble voltage the inner layers could handle before sparking to the outer layers of the TCS 
blankets. A high-voltage power supply (Keithley Model 247) was connected to inner lay-
er 1 of the TCS blanket while the outer layers were electrically grounded. Measurements 
of the output voltage were made in parallel by first reducing the voltage with a Hewlett 
Packard High-Voltage Probe model 3411A and then monitored using a Fluke 87 III True 
RMS Multimeter. The minimum potential at breakdown was approximately 200 V for the 
large TCS blanket used in the shaker table experiments and approximately 300 V for a 
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Similar relationships hold for the quenching distance. The quenching distance is the 
distance at which no ignitions can occur as the electrodes are moved closer together.  
Experimental quenching distances as a function of pressure for various hydrogen gas 
mixtures are given in Figure 7. 

 

 
Figure 7. Quenching distance for various hydrogen gas mixtures as a function of pressure [data from Lewis and 
von Elbe, 1987]. 

 
If the blanket layers are too close together when they spark, although the spark may 

have sufficient energy to ignite the gas, the separation may be below the quenching dis-
tance and no ignitions will occur. Even though Tuff buttons are used to minimize billow-
ing, it is possible for the MLI blankets to physically separate above the quenching dis-
tances. 

Obtaining an ignition of the flammable gas mixture requires a spark above the mini-
mum ignition energy to occur at separations larger than the minimum quenching distance.  
The preliminary shaker table tests on the MLI blanket were implemented to check the 
possibility of the existence of a charging mechanism. The actual amount of charge devel-
oped on the inner layers of the blankets was most likely underestimated due to double 
layer effects. Since ESD events were recorded during the shaker table experiments, fur-
ther testing and evaluation are required. 

INCENDIVITY TESTING OF THE INTERNATIONAL SPACE STATION BLANKETS 
Although additional testing of the Space Shuttle blankets was not performed, similar 

electrostatic evaluation of the International Space Station (ISS) thermal insulation blan-
kets was performed some time later. The ISS MLI blankets are very similar to the Space 
Shuttle MLI blankets. The Space Shuttle TCS blankets are comprised of both multi-layer 
(MLI) blankets and fibrous blankets while the ISS thermal control system blankets are 
comprised of MLI blankets and thermal shrouds. The STS MLI and fibrous blankets have 










