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ISO/TC 20/SC 14/DIS11227 ” Space systems – Test procedures to evaluate spacecraft material ejecta upon 

hypervelocity impact”  

 

1  Calibration  
Before performing the experimental procedure a calibration of the hypervelocity impact facility shall be made. 

The purpose of this is to provide a reference data point for the subsequent tests at the facility. 

 

 

A test shot shall be performed using the following projectile parameters : 

 

 

- material: aluminium alloy Al 2017 or Al2024 is recommended. The choice is based on de jure standards; 

- size and shape: 1 mm +/- 0.1 mm diameter sphere 

- impact velocity: 5000 m/s +/- 100 m/s is recommended; 

- impact angle of incidence relative to target normal: 0° . 

- Al 2017 Al 2024  

- 1 mm +/- 0.1 mm  

- 5000 m/s +/- 100 m/s  

- 0  

 

The target shall have the following characteristics : 

 

 

- size : 50 mm (+/- 1.5 mm) x 50 mm (+/- 1.5 mm); 

- material : fused silica glass, such as Lithosil glass, from Schott AG. 

- thickness : 20 mm (+/- 1.5 mm); 

- fixing: at the edges onto a mounting plate. 

- 50 mm (+/- 1.5 mm) x 50 mm (+/- 1.5 mm) 

- Schott AG Lithosil glass  

- 20 mm (+/- 1.5 mm) 

-  

 

Note: The target material is fragile and it is recommended that the target should be in a small box with a 

window (hole) to prevent mass measurement error of the target after the impact test. 

[I-1]
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A witness plate shall be used to collect ejecta particles released from the front side of the target during impact. 

 

 

The witness plate shall satisfy the following parameters: 

 

 

- size: 250 mm x 150 mm, a circular hole (diameter 30 mm ) will be cut in the center, in order to allow the 

projectile to go through; 

- material: copper is recommended. The choice is based on de jure standards such as JIS H3100 

C1100P-1/4H, ASTM B152 C11000, EN CW004A ; 

- thickness: 2 mm; 

- distance and position (angle) to the target: 50 – 100 mm in front of the target, parallel to the target; 

- fixing: by threaded rods and bolts, fixed on the target holding plate (see Annex C). 

- 250 mm 150 mm 30mm  

- JIS H3100 C1100P-1/4H, ASTM B152 C11000, EN CW004A

 

- 2mm 

- 50 – 100 mm  

- Annex C  

 

The general environment shall satisfy the following parameters: 

 

 

-operating temperature: room temperature; 

-operating pressure: < 0.1 Pa. (recommended) 

-  

- < 0.1 Pa  

 

As a minimum the following parameters shall be measured: 

 

 

- diameter and depth of impact crater 

- size distribution of diameter of craters created by front side ejecta particles within the following ranges: 

- between 0.025 and 0.05 mm (mainly from the ejecta cone); 

[I-1]
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- between 0.05 and 0.1 mm (mainly from the ejecta cone); 

- between 0.1 and 1 mm (mainly from spall); 

- >1 mm (from spall). 

-  

-  

- 0.025 ~ 0.05 mm  

- 0.05 ~ 0.1 mm  

- 0.1 ~ 1 mm  

- > 1 mm  

 

More details for the ejecta characterization are given in section 6.3 and in Annex C. 

6.3 Annex C  

 

2  Reporting of test results  
2.1  General  
The report shall provide all information relevant to the understanding and correct interpretation of the test activity 

and test results. 

 

 

The report shall contain: 

1. an abstract summarizing the test procedure and findings; 

2. an introduction which provides the background information to the test (i.e. reason for testing, use and 

applicability of results); 

3. the objective of the test activity; 

4. information on the tested material; 

5. a description of the test procedure and test conditions; 

6. the calibration report ; 

7. presentation of results; 

8. discussion of results; 

9. conclusions and recommendations; 

10. numerical data in a format agreed by the customer; 

11. Customer’s authorization about the tests. 

 

1.  

2.  
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3.  

4.  

5.  

6.  

7.  

8.  

9.  

10.  

11.  

 

2.2  Report of testing of materials  
2.2.1  Information on test sample  
The report should include the following information on the test material and on the witness plate, as provided by 

the supplier : 

1. supplier’s name and code; 

2. material standard designation; 

3. date of batch manufacturing; 

4. specified chemical composition; 

5. material and heat treatment specifications; 

6. surface treatment, if any; 

7. description of other manufacturing processes (e.g. welding, cutting and milling); 

8. non-destructive inspection, before the tests 

9. safety information and handling notice. 

 

1.  

2.  

3.  

4.  

5.  

6.  

7.  

8.  

9.  

 

2.2.2  Description of test procedures  

The report shall provide a description of the specimen preparation, test equipment and test procedure. The 

[I-1]
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information provided shall be in accordance with the requirements specified in the relative sections of this 

standard. 

- Estimated values of precision and bias for the test results shall be included. 

- Anomalies and deviations from test procedures shall be reported. 

 

-  

-  

 

2.2.3  Presentation of test results  
Test results shall be presented in the report in an appropriate format (e.g. tables, drawings, plots, diagrams and 

photos) together with a written description. 

Units of measure and scales shall be consistent and in agreement with SI units and those are recommended be 

consistent and in agreement with customer specifications. 

 

 

 

2.3  Database  
The test results should be provided to standards organisations that maintain spacecraft materials databases such as 

ECSS-Q70-71A described in Bibliography [8], and made publicly available. 

The test results should be provided in an electronic format that can be incorporated into such databases. Annex D 

gives an example of a material data sheet from ECSS-Q70-71A, Bibliography [8]. 

[8] ECSS-Q70-71A

 

 

Annex D  

 

3  Quality assurance  
3.1  General  
The test facility shall implement the quality assurance, inspection and quality control procedures herein specified 

before conducting any test activity. The implementation of the quality assurance, inspection and quality control 

procedures shall be maintained for the entire duration of the test activity. 

The test facility shall establish and implement adequate quality control actions and inspections to provide 

evidence of conformity to the test requirements. 

Quality control actions and inspections for test activities carried out by sub-contractors to the test facility are 

[I-1]
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entirely under the direct responsibility of the test facility. 

 

 

 

 

 

3.2  Quality requirements  
3.2.1  Request for HVI testing of materials  
The customer shall issue a request to a hypervelocity impact facilities to test the materials. The request for testing 

of materials shall specify: 

 

 

- objective of the test activity, 

- background and justification to the test activity, 

- material to be investigated, 

- description of test activity 

- deliverables. 

-  

-  

-  

-  

-  

 

3.2.2  Work proposal for HVI testing of materials  
The test facility shall issue a work proposal for testing of materials. The work proposal shall specify : 

 

 

- test objective, 

- test method and reference to test standards, 

- material, 

- description of proposed test procedure, 

- deliverables, 

- work breakdown structure, 

- planning and time schedule, 
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- itemized cost list and payment. 

-  

-  

-  

-  

-   

-  

-  

-  

 

3.2.3  Calibration  
In addition to the calibration test specified in Clause 5, the test facility shall carry out and maintain calibration of 

test equipment throughout the duration of the test activity. Calibration records shall be readily accessible and 

retrievable for the entire duration of the test activity on customer request. 

5

 

 

3.2.4  Testing, evaluation and reporting  
The test facility shall provide evidence that the test activity, evaluation and reporting is carried out in accordance 

with the requirements listed in Clauses 5, 6 and 7, respectively. 

5 6 7

 

 

3.2.5  Traceability and records  
Materials shall be durably marked to unequivocally identify manufacturer’s code, batch number, material standard 

designation. 

Specimens shall be durably marked to unequivocally identify individual specimens. 

The test facility shall maintain test records for the entire duration of the contract. 

Test records shall be accessible and retrievable on customer request. 

Storage of materials and specimens by the test facility shall be agreed with the customer. 

Disposal of materials and specimens shall be authorized by the customer. 
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A:  DIS11227 5  

 DIS11227  This study  

Projectile  

Material  
Aluminum alloy 

A2017 or A2024 
A2017 

Size and shape  
1 mm +/- 0.1 mm diameter 

sphere 
Same  

Impact velocity  5 km/s +/- 0.1 km/s  5 km/sec  

Target  

Material  Fused silica  
Synthetic fused 

silica  

Size  
50 x 50 x 20 mm  

 (+/- 1.5 mm)  
Same  

Fixing  
At the edges onto a 

mounting plate  

Supported by  

rubber sponge  

Witness  

plate  

Material  Copper  
Copper (JIS H3100 

C1100P-1/4H) 

Size  250 x 150 x 2 mm  180 x 150 x 2 mm 

Hole diameter  30 mm in the centre  Same  

Distance to the target  50 – 100 mm  50 mm, 100 mm 

Position angle to the target  Parallel to the target  Same  

Fixing  

Fixed on the target 

holding plate by threaded 

rods and bolts  

Supported by 

aluminum plates  

Surface treatment  Not defined  Buffing 

General 

environment  

Operating temperature  Room temperature  Same  

Operating pressure  < 0.1 Pa  12 Pa  
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B:  DIS11227 7  

 DIS11227  
1. an abstract summarizing the test procedure and findings; 

1.  

 

 

2. an introduction which provides the background information to 

the test (i.e. reason for testing, use and applicability of results); 

2. 

 

 

3. the objective of the test activity; 

3.  
 

4. information on the tested material; 

4.  
3  

5. a description of the test procedure and test conditions; 

5.  

 

2  

2.1  

2.2  

2.2.1  

2.2.2  

3  

4  

4.1  

4.2  

4.3  

5  

5.1  

5.2  

6. the calibration report ; 

6.  
6  

7. presentation of results; 

7.  
6  

8. discussion of results; 

8.  
6  

9. conclusions and recommendations; 

9.  
7  

10. numerical data in a format agreed by the customer; 

10.  
N/A 

11. Customer’s authorization about the tests. 

11.  
N/A 
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2010 4 12  ISAS ISO/TC20/SC14/DIS11227

 

 

1  
Ejecta DIS1227 5  

ISAS  

 

2  
ISAS Ejecta  

 
2.1  

Fig. 1

 
7 mm 1.5 m 1 m 1

 

 

 

Fig. 1 Two-stage light gas gun at ISAS 

 

2.2  

2.2.1   
Fig. 2

[I-2]

This document is provided by JAXA.



 
 [ -2] 

 

Table 1

AC

X

 Y Fig. 3

125

25 m 125 X Y 1 mm 1

6 27,331  

 

 

Fig. 2 Microscope system 

 

 
Fig. 3 Coordinate of witness plate 

Table 1 Specification of microscope system 

Model 

number 

(Company) 

Zoom lens 
VH-Z35 

(KEYENCE) 

Traverse 

equipment 
SKR46 (THK) 

Testing bench 
HA-1510 

(SIGMA KOKI) 

Magnification 35 ~ 245 

Image size [pixel] 640 x 480 

Depth of field [mm] 8.3 ~ 0.3 

Observation distance [mm] 54 

Operating distance [mm] 740 x 940 
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2.2.2  

Ejecta Fig. 4 Table 2

  

 

 
Fig. 4 High-speed camera 

 

Table 2 Specification of high-speed camera 

Product name (Company) 
High-speed camera 

(SHIMADZU) 

Model number HPV-1 

Recording method IS-CCD image sensor 

Resolution [pixel] 312 (horizontal) x 260 (vertical) 

Frame storage [frame] 100 

Lens mount Nikon F mount 

Color, Gradations Monochrome, 10 bits 

Recording speed [fps] 30 to 1,000,000 

Exposure time 
1/2,1/4,1/8, or OFF(3/4) 

of recording intervals 

External trigger input TTL (positive/negative) 

Recording format 
10-bit dedicated format, 

BMP, AVI, JPEG 

 

3  
Fig. 5  

Ejecta

Ejecta Fig. 6
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Ejecta  

 

 

Fig. 5 Setup of target and witness plate 

 

  

 

Fig. 6 Target holder 

 

  

A2017 A2024

A2017  

 

Al 2017  

1 mm +/- 0.1 mm  

5 km/sec +/-100m/sec 

 
0° 0°  

 

  

Fig. 7 Table 3
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Fig. 7 Target 

 

Fig. 6   

 

Table 3 Specification of target 

Target material Fused Silica 

Product name (Company) LITHOSIL® (SCHOTT) 

Grade QT 

Width [mm] 50±1.5 

Height [mm] 50±1.5 

Thickness [mm] 20±1.0 

Mass [g] 110 

Density [g/cm3] 2.2 

Tensile strength [MPa] 50 

Thermal Expansion Coefficient [1/K] 0.51 x 10-6 

Thermal Conductivity [W/(m·K)] 1.31 

Electrical Resistivity [ ·m] 1.15 x 1016 
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DIS1227 Fig. 8 Table 4

 

 

Fig. 8 Witness plate 

 

100 mm 

 

Fig. 5  

 

Table 4 Specification of witness plate 

Target material Copper 

Alloy and temper JIS C 1100P-1/4H 

Surface treatment Buffing 

Width [mm] 150 

Height [mm] 180 

Thickness [mm] 2 

Density [g/cm3] 8.92 

Tensile strength [MPa] 215 ~ 275 

Vickers hardness [HV] 55 ~ 100 

Thermal Expansion Coefficient [1/K] 17.7 × 10-6 

Thermal Conductivity [W/(m·K)] 1.31 

Electrical Resist  1.15 × 1016 

Hole diameter [mm] 30 
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12 Pa  

 

4

 

 

4.1  

 

 

4.2  

 Table 5

 

 

 

 

50~100 mm

 

 

Table 5 Experimental data sheet 

 

 

 

 Material 
Mass [g] Size [mm] 

Before After Width × Height × Thickness 

Target     ×  ×  

Holder case 

+ Target 
    

Witness plate  
Surface treatment 

 ×  ×  
 

Projectile  
Mass [g] Diameter [mm] 
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4.3  
 

Table 5  

 Me  

 Table 6

 

 

Table 6 Experimental results  

Impact velocity [km/sec]  

Ejected mass [mg]  

Diameter [mm] 
Impact crater  

Spall  

 
5  
5.1  

 

 

5.2  
  

 X

Y Fig. 3  

 125

25 m 10 m 200

 

  

  

<0.010, 0.01~0.025, 0.025~0.05, 0.05~0.075, 0.075~0.1, 0.1~0.15, 0.15~0.2, 0.2~0.3, 0.3~0.4, 0.4~0.5, 

0.5~0.75, 0.75~1.0, >1.0 (mm) 
 

6  
Table 7 Table 8 Fig. 9 ISAS-02

Fig. 10 ISAS-02 Ejecta

Fig. 11 Table 9 Fig. 12  
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Table 7 Experimental results 

Test number 
Projectile 

material 

Alloy and 

temper 

Surface 

treatment 

Distance  

between T* and 

WP** [mm] 

Impact 

velocity 

[km/sec] 

Projectile 

mass [mg] 

ISAS-01 
A2017 C1100P-1/4H Buffing 100 

4.88 2 

ISAS-02 5.18 2 

* T: target 

** WP: witness plate 

 

Table 8 Ejecta mass, crater diameter, and spall diameter for each experiment 

Test number 
Ejecta mass 

[mg] 

Crater diameter 

[mm] 

Spall diameter 

[mm] 

Zenith angles of ejection 

[deg] 

ISAS-01 160.9 2.1 7.9 37 

ISAS-02 151.0 2.9 8.0 37 

 
 
 
 

 
(a) Target 

 
(b) Witness plate 

Fig. 9 The target (a) and the witness plate (b) after the test ISAS-02 
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Fig. 10 High-speed camera image of the test ISAS-02. Recording speed : 500 kfps. 

 

 
(a) ISAS-01 

 
(b) ISAS-02 

Fig. 11 Size distribution of impact craters 
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Table 9 The number of crater 

Size 

Test No. 

0.025 ~ 0.05 

[mm] 

0.05 ~ 0.075 

[mm] 

0.075 ~ 0.1 

[mm] 

0.1 ~ 0.15 

[mm] 

0.15 ~ 0.2 

[mm] 

0.2 ~ 0.3 

[mm] 

ISAS-01 3286 916 343 91 13 1 

ISAS-02 2151 843 349 116 18 1 

Size 

Test No. 

0.3 ~ 0.4 

[mm] 

0.4 ~ 0.5 

[mm] 

0.5 ~ 0.75 

[mm] 

0.75 ~ 1.0 

[mm] 

> 1.0  

[mm] 
Total number 

ISAS-01 0 0 0 0 0 4650 

ISAS-02 0 0 0 0 0 3478 

 

 
Fig. 12 The number of crater 
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ISAS

DIS11227 Table 1  
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ISAS-01 

total amount of 

ejecta (mg) : Me 
160.9 

target mass 

before impact 

(mg) 

118097.4 

target mass 

after impact 

(mg) 

117936.5 

Size distribution of crater 

diameter, D 

 0.025 mm to 

0.05 mm 
0.05 to 0.1 mm 0.1 to 1 mm >1 mm 

front side 

number of 

craters 
3286 1259 105 0 

     

rear  side 

number of 

craters 
N/A N/A N/A N/A 

     

      

projectile mass 2.0 mg     

 

ISAS-02 

total amount of 

ejecta (mg) : Me 
151.0 

target mass 

before impact 

(mg) 

118787.0 

target mass 

after impact 

(mg) 

118636.0 

Size distribution of crater 

diameter, D 

 0.025 mm to 

0.05 mm 
0.05 to 0.1 mm 0.1 to 1 mm >1 mm 

front side 

number of 

craters 
2151 1192 135 0 

     

rear  side 

number of 

craters 
N/A N/A N/A N/A 

     

      

projectile mass 2.0 mg     
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A:  DIS11227 5  

 DIS11227  This study  

Projectile  

Material  
Aluminum alloy 

A2017 or A2024 
A1050 and A2017 

Size and shape  
1 mm +/- 0.1 mm 

diameter sphere 
Same  

Impact velocity  5 km/s +/- 0.1 km/s  4 km/sec and 5 km/sec  

Target  

Material  Fused silica  Synthetic fused silica  

Size  
50 x 50 x 20 mm  

 (+/- 1.5 mm)  
Same  

Fixing  
At the edges onto a 

mounting plate  

Supported by  

rubber sponge  

Witness  

plate  

Material  Copper  

Copper (JIS H3100 

C1100P-1/4H,  

C1100P-O) 

Size  250 x 150 x 2 mm  180 x 150 x 2 mm 

Hole diameter  30 mm in the center  Same  

Distance to the target  50 – 100 mm  50 mm, 100 mm 

Position angle to the 

target  
Parallel to the target  Same  

Fixing  

Fixed on the target 

holding plate by 

threaded 

rods and bolts  

Supported by 

aluminum plates  

Surface treatment  Not defined  

Buffing,  

Chemical polishing, 

Nothing  

General 

environment  

Operating temperature  Room temperature  Same  

Operating pressure  < 0.1 Pa  ~40 Pa  
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B: DIS11227 7  

 

 DIS11227   
1. an abstract summarizing the test procedure and findings; 

1.  

 

1  

2. an introduction which provides the background information to 

the test (i.e. reason for testing, use and applicability of results); 

2. 

 

1  

 

3. the objective of the test activity; 

3.  
1  

4. information on the tested material; 

4.  
3  

5. a description of the test procedure and test conditions; 

5.  

 

2  

2.1  

2.2  

2.2.1  

2.2.2  

2.2.3  

3  

4  

4.1  

4.2  

4.3  

5  

5.1  

5.2  

6. the calibration report ; 

6.  
6  

7. presentation of results; 

7.  
6  

8. discussion of results; 

8.  
6  

9. conclusions and recommendations; 

9.  
7  

10. numerical data in a format agreed by the customer; 

10.  
N/A 

11. Customer’s authorization about the tests. 

11.  
N/A 
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2009 2011

ISO/TC20/SC14/DIS11227  

 

1   
Ejecta

Ejecta DIS1227 5

 

 

2   
Ejecta   

 
2.1   

Fig. 1

 

5mm 0.935m 2009 6mm 1.2m 2011

 
 

 
(a) Schematic view 
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(b) External view 

Fig. 1 Two-stage light gas gun at KIT (Kyushu Institute of Technology) 

 

2.2  

2.2.1   
Fig. 2 Table 1

Ejecta mg 0.1g
 

 

 

Fig. 2 Electronic balance  

Table 1 Specification of electronic balance 

Product name 

(Company) 

Electronic balance 

(Sartorius) 

Model number BP210S 

Capacity [g] 210 

Resolution [mg] 0.1 

Repeatability [mg] 0.1 

Linearity [mg] ±0.2 

Stabilization time [sec] 2 

Sensitivity drift [1/ ] ±2 x 10-6 (+10 ~ 30 ) 

2.2.2   
Fig. 3

Table 2

AC
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X

 Y Fig. 4

125

25 m 125 X Y 1 mm 1

6 27,331  

 

 

Fig. 3 Microscope system 

 

 
Fig. 4 Coordinate of witness plate 

Table 2 Specification of microscope system 

Model 

number 

(Company) 

Zoom lens 
VH-Z35 

(KEYENCE) 

Traverse 

equipment 
SKR46 (THK) 

Testing bench 
HA-1510 

(SIGMA KOKI) 

Magnification 35 ~ 245 

Image size [pixel] 640 x 480 

Depth of field [mm] 8.3 ~ 0.3 

Observation distance [mm] 54 

Operating distance [mm] 740 x 940 

 

2.2.3  

Ejecta Fig. 5 Table 3
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Fig. 5 High-speed camera 

 

Table 3 Specification of high-speed camera 

Product name (Company) 
High-speed camera 

(SHIMADZU) 

Model number HPV-1 

Recording method IS-CCD image sensor 

Resolution [pixel] 312 (horizontal) x 260 (vertical) 

Frame storage [frame] 100 

Lens mount Nikon F mount 

Color, Gradations Monochrome, 10 bits 

Recording speed [fps] 30 to 1,000,000 

Exposure time 
1/2,1/4,1/8, or OFF(3/4) 

of recording intervals 

External trigger input TTL (positive/negative) 

Recording format 
10-bit dedicated format, 

BMP, AVI, JPEG 

  
  
3   

Fig. 6  

Ejecta

Ejecta Fig. 7

Ejecta   
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Fig. 6 Setup of target and witness plate 

 

 

 

 
Fig. 7 Target holder 

 

  

A2017 A2024

A1050 A2017  

 

A1050 A2017  

1 mm +/- 0.1 mm  

( ) 5 km/sec +/-100m/sec 

 
0° 0°  

 

  

Fig. 8 Table 4

 

 

Fig. 7   
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Fig. 8 Target 

 

Table 4 Specification of target 

Target material Fused Silica 

Product name (Company) LITHOSIL® (SCHOTT) 

Grade QT 

Width [mm] 50±1.5 

Height [mm] 50±1.5 

Thickness [mm] 20±1.0 

Mass [g] 110 

Density [g/cm3] 2.2 

Tensile strength [MPa] 50 

Thermal Expansion Coefficient [1/K] 0.51 x 10-6 

Thermal Conductivity [W/(m·K)] 1.31 

Electrical Resistivity [ ·m] 1.15 x 1016 

 

  

DIS1227 Fig. 9 Table 5

 

1/4H O

50 mm 100 mm  

 

50 100 mm 

 

Fig. 6  
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Fig. 9 Witness plate 

 

Table 5 Specification of witness plate 

Target material Copper 

Alloy and temper JIS C 1100P-1/4H 

Surface treatment 
Buffing, Chemical polishing, 

Nothing 

Width [mm] 150 

Height [mm] 180 

Thickness [mm] 2 

Density [g/cm3] 8.92 

Tensile strength [MPa] 215 ~ 275 

Vickers hardness [HV] 55 ~ 100 

Thermal Expansion Coefficient [1/K] 17.7 × 10-6 

Thermal Conductivity [W/(m·K)] 1.31 

 1.15 × 1016 

Hole diameter [mm] 30 

  

  

 

 

 

40 Pa  

 
4  
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4.1  

 

 

4.2  

 Table 6

 

 

 

 

50~100 mm

 

 

Table 6 Experimental data sheet 

 

4.3  
 

Table 6  

 Me  

 Table 7

 

Table 7 Experimental results  

Impact velocity [km/sec]  

Ejected mass [mg]  

Diameter [mm] 
Impact crater  

Spall  

 Material 
Mass [g] Size [mm] 

Before After Width × Height × Thickness 

Target     ×  ×  

Holder case 

+ Target 
    

Witness plate  
Surface treatment 

 ×  ×  
 

Projectile  
Mass [g] Diameter [mm] 
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5  
5.1  

 

 

 

5.2  
  

 X

Y Fig. 4  

 125

25 m 10 m 200

 

  

  

<0.010, 0.01~0.025, 0.025~0.05, 0.05~0.075, 0.075~0.1, 0.1~0.15, 0.15~0.2, 0.2~0.3, 0.3~0.4, 0.4~0.5, 

0.5~0.75, 0.75~1.0, >1.0 (mm) 

 

6   
Table 8 Table 9 Fig. 10 No. 09-117

30 mm Ejecta

 

Fig. 11 No. 09-101 No. 09-102

Ejecta

 

Fig. 12 125 No. 09-117

125

25 m 125 1 mm

6 27,000  

Fig. 12 Ejecta

Fig. 13 Table 10 Fig. 14  

Table 10 Fig. 14

4 km/sec

1/4H O O

50 mm 100 mm 50 mm

O
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Ejecta  

Fig. 13 5 km/sec No. 09-039 4 km/sec No. 09-039

Ejecta  

 

Table 8 Experimental results 

Test number 
Projectile 

material 

Alloy and 

temper 
Surface treatment 

Distance 

between T* and 

WP** [mm] 

Impact 

velocity 

[km/sec] 

Projectile 

mass [mg] 

09-036 A1050 C1100P-1/4H Buffing 100 4.86 2.0 

09-039 A1050 C1100P-1/4H Buffing 100 4.95 2.1 

09-101 A1050 C1100P-1/4H Chemical polishing 100 4.03 1.9 

09-102 A1050 C1100P-1/4H Buffing 50 3.92 1.9 

09-117 A1050 C1100P-1/4H Buffing 100 3.71 1.9 

09-119 A1050 C1100P-O Buffing 100 4.14 1.8 

09-120 A1050 C1100P-1/4H Nothing 100 4.17 1.9 

11-072 A2017 C1100P-1/4H Buffing 100 4.87 1.7 

11-073 A2017 C1100P-1/4H Buffing 100 4.96 1.7 

11-082 A2017 C1100P-1/4H Buffing 100 4.99 1.7 

* T: target 

** WP: witness plate 

 

Table 9 Ejecta mass, crater diameter, and spall diameter for each experiment 

Test number 
Ejecta mass  

[mg] 

Crater diameter 

[mm] 

Spall diameter  

[mm] 

Zenith angle of ejection 

[deg] 

09-036 - 2.6 12.8 - 

09-039 - 3.1 13.5 36 

09-101 88.5 4.2 8.3 33 

09-102 80.4 3.7 9.1 46 

09-117 70.2 3.7 8.5 35 

09-119 84.9 4.3 9.9 33 

09-120 83.2 4.5 10.9 36 

11-072 156.6 2.2 10.3 36 

11-073 105.6 3.1 10.1 36 

11-082 144.5 2.2 11.8 37 
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(a) Target 

 
(b) Witness plate 

Fig. 10 The target (a) and the witness plate (b) after the test No. 09-117 

 

 (a) No. 09-101 
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 (b) No.09-102 

Fig. 11 High-speed camera image. Recording speed : 250 kfps

 

 

Fig. 12 Micrograph at 125-fold magnification of the test No. 09-117 
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(a) No. 09-039 

 
(b) No. 09-101 

 
(c) No. 09-102 

 
(d) No. 09-117 

 
(e) No. 09-119 

 
(f) No. 09-120 
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(g) No. 11-072 

 
(h) No. 11-073 

  

 
(i) No. 11-082 

Fig. 13 Size distribution of impact craters 
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Table 10 The number of crater 

Size 

Test No. 

0.025 ~ 0.05 

[mm] 

0.05 ~ 0.075 

[mm] 

0.075 ~ 0.1 

[mm] 

0.1 ~ 0.15 

[mm] 

0.15 ~ 0.2 

[mm] 

0.2 ~ 0.3 

[mm] 

09-039 3721 649 247 71 7 3 

09-101 6846 1574 517 159 37 17 

09-102 6279 1115 252 79 36 9 

09-117 7944 1420 376 196 64 21 

09-119 6302 1220 342 105 34 18 

09-120 4101 1524 587 214 62 28 

11-072 3215 406 104 47 10 1 

11-073 3701 611 162 60 17 4 

11-082 3557 482 96 43 5 1 

Size 

Test No. 

0.3 ~ 0.4 

[mm] 

0.4 ~ 0.5 

[mm] 

0.5 ~ 0.75 

[mm] 

0.75 ~ 1.0 

[mm] 

> 1.0  

[mm] 
Total number 

09-039 0 0 0 0 0 4698 

09-101 3 0 0 0 0 9153 

09-102 3 2 0 0 0 7775 

09-117 3 1 0 0 0 10025 

09-119 2 1 0 0 0 8024 

09-120 6 0 0 0 0 6522 

11-072 0 0 0 0 0 3783 

11-073 0 0 0 0 0 4555 

11-082 0 0 0 0 0 4184 

 

 

Fig. 14 The number of crater 
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C1100P-1/4H

100 mm DIS11227 Table 1

 

 

09-101 

total amount of 

ejecta (mg) : Me 
88.5 

target mass 

before impact 

(mg) 

118581.5 

target mass 

after impact 

(mg) 

118493.0 

Size distribution of crater 

diameter, D 

 0.025 mm to 

0.05 mm 
0.05 to 0.1 mm 0.1 to 1 mm >1 mm 

front side 

number of 

craters 
6846 2091 216 0 

     

rear side 

number of 

craters 
N/A N/A N/A N/A 

     

      

projectile mass 1.9 mg     

 

09-102 

total amount of 

ejecta (mg) : Me 
80.4 

target mass 

before impact 

(mg) 

118519.3 

target mass 

after impact 

(mg) 

118438.9 

Size distribution of crater 

diameter, D 

 0.025 mm to 

0.05 mm 
0.05 to 0.1 mm 0.1 to 1 mm >1 mm 

front side 

number of 

craters 
6279 1367 129 0 

     

rear side 

number of 

craters 
N/A N/A N/A N/A 

     

      

projectile mass 1.9 mg     
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09-117 

total amount of 

ejecta (mg) : Me 
70.2 

target mass 

before impact 

(mg) 

118512.6 

target mass 

after impact 

(mg) 

118442.4 

Size distribution of crater 

diameter, D 

 0.025 mm to 

0.05 mm 
0.05 to 0.1 mm 0.1 to 1 mm >1 mm 

front side 

number of 

craters 
7944 1796 285 0 

     

rear side 

number of 

craters 
N/A N/A N/A N/A 

     

      

projectile mass 1.9 mg     

 

 

09-119 

total amount of 

ejecta (mg) : Me 
84.9 

target mass 

before impact 

(mg) 

119774.8 

target mass 

after impact 

(mg) 

119689.9 

Size distribution of crater 

diameter, D 

 0.025 mm to 

0.05 mm 
0.05 to 0.1 mm 0.1 to 1 mm >1 mm 

front side 

number of 

craters 
6302 1562 160 0 

     

rear side 

number of 

craters 
N/A N/A N/A N/A 

     

      

projectile mass 1.8 mg     
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09-120 

total amount of 

ejecta (mg) : Me 
80.5 

target mass 

before impact 

(mg) 

119906.8 

target mass 

after impact 

(mg) 

119823.6 

Size distribution of crater 

diameter, D 

 0.025 mm to 

0.05 mm 
0.05 to 0.1 mm 0.1 to 1 mm >1 mm 

front side 

number of 

craters 
4101 2111 310 0 

     

rear  side 

number of 

craters 
N/A N/A N/A N/A 

     

      

projectile mass 1.9 mg     

 

 

 

 

11-072 

total amount of 

ejecta (mg) : Me 
156.6 

target mass 

before impact 

(mg) 

114625.3 

target mass 

after impact 

(mg) 

114468.7 

Size distribution of crater 

diameter, D 

 0.025 mm to 

0.05 mm 
0.05 to 0.1 mm 0.1 to 1 mm >1 mm 

front side 

number of 

craters 
3215 510 58 0 

     

rear  side 

number of 

craters 
N/A N/A N/A N/A 

     

      

projectile mass 1.7 mg     
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11-073 

total amount of 

ejecta (mg) : Me 
105.6 

target mass 

before impact 

(mg) 

114554.8 

target mass 

after impact 

(mg) 

114449.2 

Size distribution of crater 

diameter, D 

 0.025 mm to 

0.05 mm 
0.05 to 0.1 mm 0.1 to 1 mm >1 mm 

front side 

number of 

craters 
3701 773 81 0 

     

rear  side 

number of 

craters 
N/A N/A N/A N/A 

     

      

projectile mass 1.7 mg     

 

 

 

 

11-082 

total amount of 

ejecta (mg) : Me 
144.5 

target mass 

before impact 

(mg) 

115030.6 

target mass 

after impact 

(mg) 

114886.1 

Size distribution of crater 

diameter, D 

 0.025 mm to 

0.05 mm 
0.05 to 0.1 mm 0.1 to 1 mm >1 mm 

front side 

number of 

craters 
3557 578 49 0 

     

rear  side 

number of 

craters 
N/A N/A N/A N/A 

     

      

projectile mass 1.7 mg     
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ISO/TC 20/SC 14/DIS11227 ” Space systems – Test procedures to evaluate spacecraft material ejecta upon 

hypervelocity impact”  

 

1  Experimental procedure  

1.1  General  

This clause defines an experimental procedure to conduct tests in order to characterize the behaviour of materials 

upon hypervelocity impact and particularly to evaluate the amount of ejecta. 

Test shall be performed at a hypervelocity impact facility that can fully satisfy the experimental procedure. The 

use of Light Gas Guns or Plasma Guns is acceptable. 

 

 

 

 

1.2  Impact parameters  
Each projectile shall satisfy the following parameters : 

 

 

- material : aluminium alloy Al 2017 or Al 2024 is recommended. The choice is based on de jure standards; 

- size and shape : 1 mm +/- 0.1 mm diameter sphere; 

- impact velocity : 5000 m/s (or higher) are recommended; 

- impact angle of incidence relative to target normal: 0°. 

- Al 2017 Al 2024  

- 1 mm +/- 0.1 mm  

- 5000 m/s  

- 0  

 

The target shall satisfy the following parameters: 

 

 

- size : at least 50 mm x 50 mm, in order to avoid edge effects upon impact; 

- material : representative of the material to be flown on the spacecraft; 

- thickness : representative of the material to be flown. Note that the ejecta process depends on the ratio of 

target thickness to projectile diameter (t/d). In the case where there is a perforation of the sample under test, 

it is necessary to evaluate the amount of ejecta from the front side and from the rear side. 
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- held in place by fixing on the edges only; 

- rear side left free to allow ejecta collection if perforation or if rear side spall occurs. 

- 50 50 mm  

-  

- 

t/d

 

-  

- 

 

 

Witness plates shall be used to collect ejecta particles released from the front side and the rear side of the target 

during impact. More details are given in section 6.3 and in Annex C. 

6.3 Annex C  

 

The witness plates shall satisfy the following parameters : 

 

 

- size: 250 mm x 150 mm, a circular hole (diameter 30 mm) will be cut in the center of the front witness plate 

in order to let the projectile go through. 

- material: copper is recommended. The choice is based on de jure standards such as JIS H3100 

C1100P-1/4H, ASTM B152 C11000, EN CW004A; 

- thickness: 2 mm; 

- distance and position (angle) to the target: 50 – 100 mm in front and parallel to the target plane; 

- similarly a witness plate will be placed behind the target. 

- fixing: by threaded rods and bolts, fixed on the target holding plate (see Annex C). 

- 250 mm 150 mm 30mm  

- JIS H3100 C1100P-1/4H, ASTM B152 C11000, EN CW004A

 

- 2mm 

- 50 – 100 mm 

-  

- Annex C  

 

The general environment shall satisfy the following parameters: 
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- operating temperature: room temperature; 

- operating pressure: < 0.1 Pa. 

-  

- < 0.1 Pa 

 

1.3  Ejecta characterization and evaluation  
To characterize and model the production of ejecta, it is appropriate to choose relevant parameters that are based 

on the physics of the impact process (see more details in Annexes A and B). 

Annex A B  

 

As a minimum, the following parameters shall be measured: 

 

 

- The total amount of ejecta, Me , which is obtained by measuring the target mass before and after the test. Of 

course a part of the material ejecta comes from the projectile itself. This contribution is however small in 

comparison from material coming from the target (less than 1%). Moreover the material from the projectile can be 

distinguished from material from the target by observation of projectile remnants inside impact craters formed in 

the witness plates or fragments recovered within soft catchers. 

Me

1%

 

 

- The size distribution of craters. On the witness plate used to characterize the ejecta, the size distribution of 

diameter of craters created by the front side and the rear side ejected particles is determined within the following 

ranges : 

- between 0.025 mm and 0.05 mm (mainly from the ejecta cone); 

- between 0.05 and 0.1 mm (mainly from the ejecta cone); 

- between 0.1 and 1 mm (mainly from spall); 

- >1mm (from spall). 

 

- 0.025 ~ 0.05 mm  

- 0.05 ~ 0.1 mm  

- 0.1 ~ 1 mm  

- > 1 mm  
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- As an option, the average velocity of the ejecta will be also measured. Presently it is not possible to measure the 

ejecta velocity within each crater diameter range specified. Only the bulk velocity (of cone and of spall fragments) 

can be measured using active velocity sensors or high speed video recording. 

 

 

Annex C describes in more details measurement methods that can be employed in the determination of ejecta 

parameters. 

Annex C  

 

The fundamental and detailed analysis for test results will be documented in a tabular form, as shown in the Table 

1: 

Table 1  

 

Table 1. Fundamental Analysis for Test results (xxx : values to be filled in after the tests) 

total amount of 

ejecta (mg) : Me 
Xxx 

target mass 

before impact 

(mg) 

Xxx 

target mass 

after impact 

(mg) 

Xxx 

Size distribution of crater 

diameter, D 

0.025 mm to 

0.05 mm 
0.05 to 0.1 mm 0.1 to 1 mm >1 mm 

front side 

number of 

particles 
Xxx Xxx xxx xxx 

Velocity 

(optional) 
Xxx Xxx xxx xxx 

rear side 

number of 

particles 
Xxx Xxx xxx xxx 

Velocity 

(optional) 
Xxx Xxx xxx xxx 

      

projectile mass Xxx     

 

 

When using copper witness plates to record the impact craters produced by the ejecta, the size of the fragments (d) 

can be derived from the size of impact craters (D). However, the crater diameter to projectile diameter ratio D/d 

depends on the impact velocity (v). A commonly used conversion equation is the following: 

(d)

(D)  D/d (v)
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D/d = 1.28 v 0.68 (v in km/s) 

 

Note: Currently as the determination of the velocity of ejecta fragments is still difficult, the determination of 

particle diameter is therefore still imprecise. The subsequent version of this standard will be amended accordingly 

to better velocity measurement, when available. 

 

 

When the crater diameters will been converted into particle diameters, the results will be given in a table similar to 

the table 1. Details and rationale are given in Annex C, table 2, and in Bibliography [17-20]. 

Table 1 Annex C

Table 2  [17-20]  

  

As an option, soft or low density material, such as foam or silica aerogel can be used for the intact recovery of 

ejecta fragments. In this case, fragment sizes can be sieved and measured and their size is the average of 

maximum and minimum length or the diameter for near-spherical fragments. 

The size of ejecta can be also measured by observation of penetration holes formed in thin witness plastic foils. If 

the particle diameter to foil thickness ratio is large, the size of the particles is roughly the same as the size of the 

perforation hole. The results will be reported in a format similar to the one shown on the Table 2, Annex C. 

 

Table 2 Annex C  

 

1.4  Analysis of test results  
The applicability of statistical methods to the evaluation of numerical results usually depends on the number of 

test performed on a specific material for a specific set of test conditions, which should be large enough to 

constitute a statistically significant sample. Due to the complexity and the cost of hypervelocity impact testing, 

only a limited number of tests need to be performed on each sample. 
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As a minimum, 3 shots must be made at normal incidence. 

3  

 

2  Reporting of test results  
2.1  General  
The report shall provide all information relevant to the understanding and correct interpretation of the test activity 

and test results. 

 

 

The report shall contain: 

1. an abstract summarizing the test procedure and findings; 

2. an introduction which provides the background information to the test (i.e. reason for testing, use and 

applicability of results); 

3. the objective of the test activity; 

4. information on the tested material; 

5. a description of the test procedure and test conditions; 

6. the calibration report ; 

7. presentation of results; 

8. discussion of results; 

9. conclusions and recommendations; 

10. numerical data in a format agreed by the customer; 

11. Customer’s authorization about the tests. 

 

1.  

2.  

3.  

4.  

5.  

6.  

7.  

8.  

9.  

10.  

11.  
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2.2  Report of testing of materials  
2.2.1  Information on test sample  
The report should include the following information on the test material and on the witness plate, as provided by 

the supplier : 

1. supplier’s name and code; 

2. material standard designation; 

3. date of batch manufacturing; 

4. specified chemical composition; 

5. material and heat treatment specifications; 

6. surface treatment, if any; 

7. description of other manufacturing processes (e.g. welding, cutting and milling); 

8. non-destructive inspection, before the tests 

9. safety information and handling notice. 

 

1.  

2.  

3.  

4.  

5.  

6.  

7.  

8.  

9.  

 

2.2.2  Description of test procedures  

The report shall provide a description of the specimen preparation, test equipment and test procedure. The 

information provided shall be in accordance with the requirements specified in the relative sections of this 

standard. 

- Estimated values of precision and bias for the test results shall be included. 

- Anomalies and deviations from test procedures shall be reported. 

 

-  

-  
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2.2.3  Presentation of test results  
Test results shall be presented in the report in an appropriate format (e.g. tables, drawings, plots, diagrams and 

photos) together with a written description. 

Units of measure and scales shall be consistent and in agreement with SI units and those are recommended be 

consistent and in agreement with customer specifications. 

 

 

 

2.3  Database  
The test results should be provided to standards organisations that maintain spacecraft materials databases such as 

ECSS-Q70-71A described in Bibliography [8], and made publicly available. 

The test results should be provided in an electronic format that can be incorporated into such databases. Annex D 

gives an example of a material data sheet from ECSS-Q70-71A, Bibliography [8]. 

[8] ECSS-Q70-71A

 

 

Annex D  

 

3  Quality assurance  
3.1  General  
The test facility shall implement the quality assurance, inspection and quality control procedures herein specified 

before conducting any test activity. The implementation of the quality assurance, inspection and quality control 

procedures shall be maintained for the entire duration of the test activity. 

The test facility shall establish and implement adequate quality control actions and inspections to provide 

evidence of conformity to the test requirements. 

Quality control actions and inspections for test activities carried out by sub-contractors to the test facility are 

entirely under the direct responsibility of the test facility. 
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3.2  Quality requirements  
3.2.1  Request for HVI testing of materials  
The customer shall issue a request to a hypervelocity impact facilities to test the materials. The request for testing 

of materials shall specify : 

 

 

- objective of the test activity, 

- background and justification to the test activity, 

- material to be investigated, 

- description of test activity 

- deliverables. 

-  

-  

-  

-  

-  

 

3.2.2  Work proposal for HVI testing of materials  
The test facility shall issue a work proposal for testing of materials. The work proposal shall specify : 

 

 

- test objective, 

- test method and reference to test standards, 

- material, 

- description of proposed test procedure, 

- deliverables, 

- work breakdown structure, 

- planning and time schedule, 

- itemized cost list and payment. 

-  

-  

-  

-  

-   

-  
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-  

-  

 

3.2.3  Calibration  
In addition to the calibration test specified in Clause 5, the test facility shall carry out and maintain calibration of 

test equipment throughout the duration of the test activity. Calibration records shall be readily accessible and 

retrievable for the entire duration of the test activity on customer request. 

5

 

 

3.2.4  Testing, evaluation and reporting  
The test facility shall provide evidence that the test activity, evaluation and reporting is carried out in accordance 

with the requirements listed in Clauses 5, 6 and 7, respectively. 

5 6 7

 

 

3.2.5  Traceability and records  
Materials shall be durably marked to unequivocally identify manufacturer’s code, batch number, material standard 

designation. 

Specimens shall be durably marked to unequivocally identify individual specimens. 

The test facility shall maintain test records for the entire duration of the contract. 

Test records shall be accessible and retrievable on customer request. 

Storage of materials and specimens by the test facility shall be agreed with the customer. 

Disposal of materials and specimens shall be authorized by the customer. 
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A:  DIS11227 6  

 DIS11227 This study 

Projectile 

Material 
Aluminum alloy 

A2017 or A2024 
A2017 

Size and shape 
1 mm +/- 0.1 mm 

diameter sphere 
Same 

Impact 

velocity 

5 km/sec (or higher) are 

recommended 
5 km/sec 

Target 1 

Material 
 Representative of the material to 

be flown on the spacecraft 
Solar array coupon

Size At least 50 mm × 50 mm 100 mm × 100 mm 

Thickness Not defined 25mm 

Fixing 

Held in place by fixing  on the 

edges only 

Rear side left free to allow ejecta 

collection if perforation or rear 

side spall occurs 

Supported by aluminum 

plates cut a circular hole 

(diameter 40 mm) in the 

center 

Target 2 

Material 
 Representative of the material to 

be flown on the spacecraft 

CFRP aluminum 

honeycomb 

Size At least 50 mm × 50 mm 100 mm × 150 mm 

Thickness Not defined 25mm 

Fixing 

Held in place by fixing  on the 

edges only 

Rear side left free to allow ejecta 

collection if perforation or rear 

side spall occurs 

Supported by aluminum 

plates cut a circular hole 

(diameter 40 mm) in the 

center 

Target 3 

Material 
 Representative of the material to 

be flown on the spacecraft 
Aluminum honeycomb 

Size At least 50 mm × 50 mm 100 mm × 150 mm 

Thickness Not defined 25mm 
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DIS11227 6  

Target 3 Fixing 

Held in place by fixing  on the 

edges only 

Rear side left free to allow ejecta 

collection if perforation or rear 

side spall occurs 

Supported by aluminum 

plates cut a circular hole 

(diameter 40 mm) in the 

center 

Witness plate 

Material 

 JIS H3100, C1100P-1/4H, 

ASTM B152 C11000, EN 

CW004A 

JIS C1100P-1/4H 

Size 250 × 150 × 2 mm 180 × 150 × 2 mm 

Hole diameter 30 mm in the center Same 

Distance to the 

target 
50 ~ 100 mm 100mm 

Position 

(angle) to the 

target 

In front and parallel to the target 

plane; 

similarly a witness plate while be 

behind the target 

Same 

Fixing 
Fixed on the target holding plate 

by threaded rods and bolts 

Supported by aluminum 

plates 

Surface 

treatment 
Not defined Buffing  

General 

environment  

Operating 

temperature 
Room temperature Same 

Operating 

pressure 
< 0.1 Pa < 20 Pa 
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B: ( ) DIS11227 7  

 DIS11227  
1. an abstract summarizing the test procedure and findings; 

1.  

 

 

2. an introduction which provides the background information to 

the test (i.e. reason for testing, use and applicability of results); 

2. 

 

 

3. the objective of the test activity; 

3.  
 

4. information on the tested material; 

4.  
3  

5. a description of the test procedure and test conditions; 

5.  

 

2  

2.1  

2.2  

2.2.1  

2.2.2  

3  

4  

4.1  

4.2  

4.3  

5  

5.1  

5.2  

6. the calibration report ; 

6.  
JAR2E-092  

7. presentation of results; 

7.  
6  

8. discussion of results; 

8.  
6  

9. conclusions and recommendations; 

9.  
7  

10. numerical data in a format agreed by the customer; 

10.  
N/A 

11. Customer’s authorization about the tests. 

11.  
N/A 
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Ejecta

Ejecta DIS1227 6

 

 

2   
Ejecta   

 

2.1   
Fig. 1

 

6mm 1.2m

 

 

 
(a) Schematic view 
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(b) External view 

Fig. 2 Two-stage light gas gun at KIT (Kyushu Institute of Technology) 

 

2.2   

2.2.1   

Fig. 2 Table 1

Ejecta mg 0.1g

 

 

 

Fig. 2 Electronic balance 

 

 

 

 

Table 2 Specification of electronic balance 

Product name 

(Company) 

Electronic balance 

(Sartorius) 

Model number BP210S 

Capacity [g] 210 

Resolution [mg] 0.1 

Repeatability [mg] 0.1 

Linearity [mg] ±0.2 

Stabilization time [sec] 2 

Sensitivity drift [1/ ] ±2 x 10-6 (+10 ~ 30 ) 
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2.2.2  

Fig. 3

Table 2

AC

X

 Y Fig. 4

120 X 3.2 mm Y 2.4 mm

1 2 3648

0.1 mm   

 

 

Fig. 3 Microscope system

 

 
Fig. 4 Coordinate of witness plate 

Table 2 Specification of microscope system 

Model number 
(Company) 

Microscope SKM-Z200-A SAITOH KOUGAKU  

Traverse equipment SKR260 THK  

Testing bench FB-46-50 (SIGMA KOKI) 

Motor CM2-C-56B10A MUSCLE  

Magnification 60 ~ 360 

Image size [pixel] 1600 × 1200 

Operating distance [mm] 60 

Observation area [mm] 3.3 × 2.5 × 120  

 

3   
Fig. 5  

Ejecta
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Ejecta   

 

Fig. 5 Setup of target and witness plate 

 

  

A2017 A2024

A2017  

 

A2017  

1 mm +/- 0.1 mm  

5 km/sec +/-100m/sec 

 
0° 0°  

 

  

CFRP (3

)

 Fig. 6 Table 3 Fig. 7 Table 4 CFRP

Fig. 8 Table 5  

 

Fig. 5 50 mm
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Fig. 6 Solar array coupon 

 

Table 3 Specification sheet of solar array coupon 

Laminated constitution Material and structure 
Thickness 

[mm] 

Cell 

Cover glass CMG 0.100 

Adhesive DC93-500  

Solar array cell Ge 0.155 

Adhesive Silicon adhesive  

Substrate 

Polyimide sheet Kapton film 0.050 

Face sheet Cross-ply CFRP 0.276 

Film adhesive  Epoxy film adhesive  

Honeycomb core 
 General section 3/8-5056-.0007P 25.4 

Reinforced section 1/8-5056-.0007P  

Film adhesive Epoxy film adhesive  

Face sheet Cross-ply CFRP 0.276 

Size 100 × 100 mm Total thickness 26.257 

 

 
Fig. 7 CFRP aluminum honeycomb 
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Table 4 Specification sheet of CFRP aluminum honeycomb 

Constitution Material and structure 
Thickness 

[mm] 

Face sheet CFRP  

Skin A 2024 0.254 

Honeycomb core 1/4-5056-.0007P 25.4 

Skin A 2024 0.254 

Face sheet CFRP  

Size 100 × 150 mm Total thickness 25.908 

 
 

 
Fig. 8 Aluminum honeycomb 

 

Table 5 Specification sheet of aluminum honeycomb 

Constitution Material and structure 
Thickness 

[mm] 

Skin A 2024 0.254 

Honeycomb core 1/4-5056-.0007P 25.4 

Skin A 2024 0.254 

Size 100 × 150 mm Total thickness 25.908 

 

  

DIS1227 Fig. 9

Table 6  
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(a) Front witness plate 

 

(b) Rear witness plate 

Fig. 9 Witness plate 

 

100 mm 

 

Fig. 5  

 

 

Table 6 Specification of witness plate 

Target material Copper 

Alloy and temper JIS C 1100P-1/4H 

Surface treatment 
Buffing, Chemical polishing, 

Nothing 

Width [mm] 150 

Height [mm] 180 

Thickness [mm] 2 

Density [g/cm3] 8.92 

Tensile strength [MPa] 215 ~ 275 

Vickers hardness [HV] 55 ~ 100 

Thermal Expansion Coefficient [1/K] 17.7 × 10-6 

Thermal Conductivity [W/(m·K)] 1.31 

 1.15 × 1016 

Hole diameter [mm] 
30 (Front witness plate) 

Nothing (Rear witness plate) 
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20 Pa  

 
4   

 

 

4.1   

 

 

4.2   

 Table 8

 

 

100 mm  

 

Table 8 Experimental data sheet 

 

4.3   
 

Table 8  

 Me  

 Table 9  

 Material 
Mass [g] Size [mm] 

Before After Width × Height × Thickness 

Target     ×  ×  

Witness plate  
Surface treatment 

 ×  ×  
 

Projectile  
Mass [g] Diameter [mm] 
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Table 9 Experimental results  

Impact velocity [km/sec]  

 Ejected mass [mg]  

Operating pressure [Pa]  

 

Perforation shape 

Front face Rear face 

a (ellipse long axis) 

[mm] 
     

b (ellipse short axis) 

[mm] 
     

 
5   
5.1   

 

 

5.2   
  

 X

Y Fig. 4  

 

 

 imageJ pixel mm

 

<0.010, 0.01~0.025, 0.025~0.05, 0.05~0.075, 0.075~0.1, 0.1~0.15, 0.15~0.2, 0.2~0.3, 0.3~0.4, 0.4~0.5, 

0.5~0.75, 0.75~1.0, >1.0 (mm) 

 

6   
Table 10 Fig. 10 ~ Fig. 13 CFRP

 

Table 10 Ejecta

Ejecta  

Fig. 10 ~ Fig. 13 1 a

Ejecta
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Ejecta

 

Ejecta Table 11 Fig. 14  

CFRP

 

 

Table 10 Ejecta mass, crater diameter, and spall diameter for each experiment. 

Test 

number
Target Projectile Witness plate 

Impact 

velocity 

[km/sec] 

Projectile 

mass 

[mg] 

Ejecta 

mass 

[mg] 

Perforation shape [mm] 

 
Front 

face 
Rear face 

10-077 

Solar array 

coupon 

(Front) 

A2017 
C1100P-1/4H 

Buffing 
5.37 1.5 68.8 

a* 2.15 10.85 9.35 

b** 1.62 5.11 4.82 

10-115 

CFRP 

aluminum 

honeycomb 

A2017 
C1100P-1/4H 

Buffing 
4.97 1.6 41.1 

a* 2.89 8.53 

b** 2.42 6.83 

10-131 
Aluminum 

honeycomb 
A2017 

C1100P-1/4H 

Buffing 
4.79 1.5 10.3 

a* 1.86 7.21 

b** 1.78 6.41 

11-015 

Solar array 

coupon 

(Rear) 

A2017 
C1100P-1/4H 

Buffing 
4.62 1.3 98.6 

a* 2.44 4.41 

b** 1.33 3.37 

*a [mm] = ellipse long axis 

**b [mm] = ellipse short axis 
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(a) Front face 

 

 
(b) Rear face 

(1) Target 

 

 
(a) Front 

 
(b) Rear 

(2) Witness plate 

Fig. 10 Solar array coupon and witness plate after the test (No. 10-077) 

 

 

 

 
(a) Front face 

 
(b) Rear face 

(1) Target 
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(a) Front 

 

(b) Rear 

(2) Witness plate 

Fig. 11 CFRP aluminum honeycomb and witness plate after the test (No. 10-115) 

 

 

 

 
(a) Front face 

 
(b) Rear face 

(1) Target 

 

 

(a) Front 

 

(b) Rear 

(2) Witness plate 

Fig. 12 Aluminum honeycomb and witness plate after the test (No. 10-131) 
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(a) Front face 

 
(b) Rear face 

(1) Target 

 

 

(a) Front 

 

(b) Rear 

(2) Witness plate 

Fig. 13 Solar array coupon and witness plate after the test (No. 11-015) 
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Table 11 The number of crater 

Size 

Test No. 

0.025 ~ 0.05 

[mm] 

0.05 ~ 0.075 

[mm] 

0.075 ~ 0.1 

[mm] 

0.1 ~ 0.15 

[mm] 

0.15 ~ 0.2 

[mm] 

0.2 ~ 0.3 

[mm] 

10-077 
Front side 44135 13594 4763 2682 513 157 

Rear side 54004 5533 1209 532 99 26 

10-115 
Front side 3169 535 128 67 9 2 

Rear side       

10-131 
Front side 1613 371 179 127 78 54 

Rear side 22326 1531 266 150 59 35 

Size 

Test No. 

0.3 ~ 0.4 

[mm] 

0.4 ~ 0.5 

[mm] 

0.5 ~ 0.75 

[mm] 

0.75 ~ 1.0 

[mm] 

> 1.0  

[mm] 
Total number 

10-077 
Front side 6 1 0 0 0 65851 

Rear side 5 1 1 0 0 61410 

10-115 
Front side 0 0 0 0 0 3910 

Rear side       

10-131 
Front side 5 0 0 0 0 2427 

Rear side 5 0 2 0 0 24374 

 

 
Fig. 14 The number of crater 
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DIS11227 Table 1   

 

10-077 (Solar array coupon (Front)) 

total amount of 

ejecta (mg) : Me 
68.8 

target mass 

before impact 

(mg) 

46697.5 

target mass 

after impact 

(mg) 

46628.7 

Size distribution of crater 

diameter, D 

 0.025 mm to 

0.05 mm 
0.05 to 0.1 mm 0.1 to 1 mm >1 mm 

front side 

number of 

craters 
44135 18357 3359 0 

     

rear side 

number of 

craters 
54004 6742 664 0 

     

      

projectile mass 1.5 mg     

 

 

10-115(CFRP aluminum honeycomb) 

total amount of 

ejecta (mg) : Me 
41.1 

target mass 

before impact 

(mg) 

25997.9 

target mass 

after impact 

(mg) 

25956.8 

Size distribution of crater 

diameter, D 

 0.025 mm to 

0.05 mm 
0.05 to 0.1 mm 0.1 to 1 mm >1 mm 

front side 

number of 

craters 
3169 663 78 0 

     

rear side 

number of 

craters 
TBC  TBC TBC  TBC  

     

      

projectile mass 1.6 mg     
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10-131(Aluminum honeycomb) 

total amount of 

ejecta (mg) : Me 
10.3 

target mass 

before impact 

(mg) 

33556.8 

target mass 

after impact 

(mg) 

33546.5 

Size distribution of crater 

diameter, D 

 0.025 mm to 

0.05 mm 
0.05 to 0.1 mm 0.1 to 1 mm >1 mm 

front side 

number of 

craters 
1613 550 264 0 

     

rear side 

number of 

craters 
22326 1797 42 0 

     

      

projectile mass 1.5 mg     

 

 

11-015(Solar array coupon (Rear)) 

total amount of 

ejecta (mg) : Me 
98.6 

target mass 

before impact 

(mg) 

50111.0 

target mass 

after impact 

(mg) 

50012.4 

Size distribution of crater 

diameter, D 

 0.025 mm to 

0.05 mm 
0.05 to 0.1 mm 0.1 to 1 mm >1 mm 

front side 

number of 

craters 
TBC* TBC* TBC* TBC* 

     

rear side 

number of 

craters 
TBC* TBC* TBC* TBC* 

     

      

projectile mass 1.3 mg     

*
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