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 Micrometeoroid/Orbital Debris (MMOD) is a risk for 
spacecraft, fuel depots and space stations

 Designers must provide MMOD protection, based on 
MMOD environment, size/geometry/orientation of 
spacecraft, duration of mission, and likelihood of 
critical damage
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 Adequate MMOD protection on the ISS is required 
for crew safety and mission success

 The ISS requires multiple MMOD shields
 Shield design based on risk assessments
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 Whipple shields
 Two plate shields
 Spacing between outer bumper layer and

spacecraft rear wall is critical to stopping power
 To stop a 6.3mm particle @ 7km/s requires 20 kg/m2
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 Stuffed Whipple shields
 Uses additional high strength layers
 Protects US Lab module of ISS
 Designed to stop 1.3cm @ 7km/s
 Massive at 27kg/m2 (42kg/m2 with rear wall)
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 Nextel Multi-shock multiple layer shields
 4 layers Nextel ceramic fiber, Kevlar polyaramid layer
 Penetration equations developed
 Stopping power related to spacing and areal density

Areal Density bumpers =     0.19 * diameter particle *     density particle

43.1  *  Mass particle *   Velocity particle

Areal Density rear wall =   ----------------------------------------------------
Spacing 2 *   (40/Yield Stress rear wall)0.5
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 Conventional MLI offers slight MMOD 
protection
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 IMLI discrete spacer technology
 Can provide large interlayer spacing
 Can support high strength ballistic layers
 Can provide high performance thermal insulation
 Heavy bumper plate and standoffs not required
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 Preliminary analysis shows mass to stop penetration by a 
6.3mm particle at 7km/s:
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 Evaluate MMOD protection and thermal performance 
available from MMOD-IMLI structures

 Design and fabricate MMOD-IMLI prototypes
 Perform hypervelocity impact tests
 Measure thermal performance
 Determine feasibility of MMOD-IMLI
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 Orbital Fuel Depot (OFD)
 Requires near zero boiloff (thermal insulation)
 15 year mission
 Colocated near ISS at 51.6°, 400km
 Acceptable risk of failure set at 5% (95% PNP)
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Orbital Fuel Depot Micrometeoroid and Orbital Debris 
Impact Risk vs Particle Diameter (3mm-10mm)

Altitude: 400 km
Inclination: 51.6 degrees
Orientation: gravity gradient
Exposure start year: 2012
Exposure duration: 15 years
Debris Environment: ORDEM2000
Meteoroid Environment: MEM

(see next chart)
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Orbital Fuel Depot Micrometeoroid and Orbital Debris 
Impact Risk vs Particle Diameter (5mm-6mm)

Altitude: 400 km
Inclination: 51.6 degrees
Orientation: gravity gradient
Exposure start year: 2012
Exposure duration: 15 years
Debris Environment: ORDEM2000
Meteoroid Environment: MEM

Altitude: 400 km
Inclination: 51.6 degrees
Orientation: gravity gradient
Exposure start year: 2012
Exposure duration: 15 years
Debris Environment: ORDEM2000
Meteoroid Environment: MEM

P R E L I M I N A R Y

 For PNP > 95%, critical particle is 5.4mm diameter.
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 MMOD-IMLI preliminary design:
 Widely spaced layers 
 Supported 12 ballistic layers of Nextel and Kevlar
 Integrated MMOD shielding and thermal insulation 
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 Analysis predicts with 120-layer MMOD-IMLI:
 For 100 m2 OFD, 51.6° 400km orbit, 15 year mission:
 There would be 0.0125 penetrations
 PNP = 98.8% or 24% of the allowed risk
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 Quest deemed HVI testing critical:
 Quest paid for HVI shots at White Sands Test Facility
 Two shots were planned, to give two data points for

preliminary BLE development
 One shot was an Al spherical particle, near the critical 

particle diameter for the selected mission, at 7 km/s 
(15,700 mph).
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Layer Number msh_eff (g/cm2) S (cm)
Aluminum projectile diameter on failure 

threshold of each shield layer at 7km/s, 0o

d (cm)

1 NA NA NA
2 0.066 1.8 0.070
3 0.104 3.7 0.123
4 0.141 5.5 0.174
5 0.178 7.4 0.225
6 0.215 9.2 0.275
7 0.248 11.1 0.322
8 0.280 12.9 0.369
9 0.312 14.8 0.415

10 0.345 16.6 0.462
11 0.377 18.5 0.508
12 0.410 20.3 0.555

Table 2. Aluminum projectile diameter on failure threshold of each shield layer in 12-layer MLI/MMOD shield for 7km/s impact speed and 0 degree impa  
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Table 2. Aluminum projectile diameter on failure threshold of each shield layer in 12-layer MLI/MMOD shield for 7km/s impact speed and 0 degree impa  
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Table 2. Aluminum projectile diameter on failure threshold of each shield layer in 12-layer MLI/MMOD shield for 7km/s impact speed and 0 degree impa  

(6)

(7)

 MMOD-IMLI structure performed nearly as 
modeled

 Completely stopped a 5.4mm particle at 
6.6km/s without use of a rear wall

 MMOD-IMLI mass was 8.0 kg/m2

 Has a theoretical mass 24% less than advanced 
multishock shields for same shielding

 Also provides thermal insulation in a single 
subsystem
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Table 2. Aluminum projectile diameter on failure threshold of each shield layer in 12-layer MLI/MMOD shield for 7km/s impact speed and 0 degree impa  
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Table 2. Aluminum projectile diameter on failure threshold of each shield layer in 12-layer MLI/MMOD shield for 7km/s impact speed and 0 degree impa  

(6)

(7)

 8-layer MMOD-IMLI structure built and 
installed on 20L tank

 Heat flux measured via LN2 boiloff calorimetry
 Thermal conductance was 1.58W/m2

 Thermal conductivity was 0.12mW/m-K
 IMLI thermal conductivity is 0.066mW/m-K
 Estimated heat flux through full 120-layer 

MMOD-IMLI structure is 0.10W/m2
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 Feasibility of MMOD-IMLI was proven, TRL3 achieved 
 MMOD-IMLI can provide both high performance thermal 

insulation and MMOD shielding
 MMOD-IMLI combines thermal barriers, precise layer 

spacing, and support for high strength ballistic layers
 Thermal performance matches our modeling closely
 MMOD performance can be estimated with BLEs
 MMOD-IMLI can be engineered to meet mission 

requirements
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