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ISO/TC 20/SC 14/DIS11227 ” Space systems — Test procedures to evaluate spacecraft material ejecta upon
hypervelocity impact” & 0, LL TP

1 Calibration (iiras)

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.

FRFNEZAT O BIZ, R EEM R OBIEL LT b, BERRO HIX, ol TRk
LRBRICBITHBET - RNE5252LTHD.

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

AERIZLUT ORI N T A =2 o THT O b D LT 5.

- material: aluminium alloy Al 2017 or A12024 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° .

- ML TV A AL2017 B U< IE AL2024 2SR BRIUE, IEX7eiEdEC LS <.

- YA X R EAE 1 mm /- 0.1 mm DK

- M7ZEEE 1 5000 m/s +/- 100 m/s & HELE

- ERZ —5y MIXET HEEAG A - 0

The target shall have the following characteristics :

Z =0y MILTOR#EZFES LD LT 5.

- 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.

- %A X : 50 mm (+/- 1.5 mm) x 50 mm (+/- 1.5 mm)

- M avE 7 A, B 21F Schott AG 7> 5 @ Lithosil glass 72 &
- JE& : 20 mm (+/- 1.5 mm)

- WEETTIE - B b TE E

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.

EWR 2 =7y hOMEITEASCT S, HERBREO 7 —7 v POBERNERELZDI <20, B (00
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DBHNIZNETRR Y 7 ACH =Ty b AL 2 L e R 5.

A witness plate shall be used to collect ejecta particles released from the front side of the target during impact.
U4y PRAT L— MIEEPIZZ =5y MIEPSBHSND A V=7 ZhiF ol o7Dicflibn s
boLTD.

The witness plate shall satisfy the following parameters:

T4y FNRATL— NI FDONRTA—=H 2T bDE§5.

- 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).

- B X250 mm X 150 mm, FRAEZ EE S D 72O EAE 30mm DR ZE BT S

- ME A HELE. B30T, JIS H3100 C1100P-1/4H, ASTM B152 C11000, EN CWO004A 722 & (D 1E 4 72 4%
HIZHASL<.

- JEX : 2mm

- =0y N EOEREENE () - X —7 v MO 50 - 100 mm, ¥ —77 > EEAT

- EESHE =7y MEERICEE L7z, *UBEFRNL FZHNS (Annex C &[R)

The general environment shall satisfy the following parameters:
ARIRBREEIZUL T O/NT A =2 &2 LT iudle 57220,

-operating temperature: room temperature;
-operating pressure: < 0.1 Pa. (recommended)
- VRENEE « SR

- fEBIE : <0.1Pa (H£5%)

As a minimum the following parameters shall be measured:
BIKER, AT DO/RT XA —ZFTHIE SN2 T iudle 57220,

- 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);

This document is provided by JAXA.
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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).
- WZYREOER LIRS
- LU O#IPAN TORIHE A ¥ = 7 ZRAIZ K DEISRERE DY A X550
-0.025~0.05mm O] (EIZA V=7 Fa—)
-0.05~0.1mm O] (FEIZA P =7 X a—)
-0.1~1mm O] (FEIZAR—/L)
->1mm (RHFE—/)

More details for the ejecta characterization are given in section 6.3 and in Annex C.
A V=7 ZOREICBT DFEMNE, 6.3 8L Amex CIZH 5.

2 Reporting of test results GtBu: R oHE)

2.1 General (%)

The report shall provide all information relevant to the understanding and correct interpretation of the test activity
and test results.

WEEL, ABES) & REBRR RIZ O W T ORISR & IEMEZEIRIC I T 2T N ToFRa Rt Lzl
B0,

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);
the objective of the test activity;
information on the tested material;

a description of the test procedure and test conditions;

3.

4.

S.

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.

WMEFIILUTOZ LE2FATHRITNIE R B0,

1 FEBRFIAL FERZER L T D

2. BBRICB T 2 ma 525w (BziX, BRo-o 0@, w5 RomE MM M)
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ARERTET O H Y

HERFIZ oW T O
FBRTFINA & FEBRIEAT O fiFn

W E R BRI

FEROFER

FERDELR

ftiam & TS

10. BEIZ L - TR SN0 BfET — %
11. HERIZ OV T ORE DA

Y o N kW

2.2 Report of testing of materials ($1F}55 O #H45)
2.2.1 Information on test sample (G5 O fF#H)
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;
specified chemical composition;

material and heat treatment specifications;

4.

5.

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.
WEFIL, EALICL>TEXONDIRBART 4 v FRAT L= MZOWTOUTOfF#E & £ 72 < T
B0,
1. HEASE DA Al & B {EE 5
MBS DFE 5
Ny FAEFED AL
fRE S M b E R
R & BB D ARk
FimH (b L)
o EEBROTR (B 21X, &8, I, 774 2T)
FRBR AT IR R A
LA ARG & Bl

© ° N kWD

2.2.2 Description of test procedures (5 FIEDFH)

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

This document is provided by JAXA.
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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.

W FITRRHER, TR L ERFIBOTAZRIET 260 L 45, RSN ERIE, Z Ok & B
D HFTHESNIZEH > TN L b D LT 5.

- ERERICH T DHEE LR Y OFMEEIIEEN TV LD LT

- ERFIED S OREMEERATRES NI D LTS

2.2.3 Presentation of test results (SEBR#ER D)

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.

FEGRERIL, FLobniitik s & bicEdeEN B, £, ME, ey b, KW, FH) ICXWE
HETREENDI D LT D,

SHER AT =V OBALE, —BERDH Y, BEORKICIE > TnLHbD e 5.

2.3 Database (7 —#~X—X)

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].

FERAERIL, 2% 8] Tiid STV 5 X 9 72 ECSS-Q70-71A 72 &, FHE DM BT — & _R— 2 - HEF+
IEVERERE IS S 4L, RIS AFRAIRETH L RETH 5.

EBRAERIL, LROT—F_XR—RMAIAEND LR TEDL LB FEATEALNLIRETHS.
Annex D [ZBE N OB T — 2 o — FOBITH L.

3 Quality assurance (E{EF)

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

This document is provided by JAXA.
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entirely under the direct responsibility of the test facility.

ek lE, REBRIEE 217 O A 2 ZICHRE Sz B PRGE, fMd, WEERRRAZ ER T 260 L 35,
o EE R O %, A, SVEOREEY, RBIEBORRRAIHEICEW TR Sh D b D& T 5.
R, BB A~OEIL L TV DA 52 572D+ W EE PR E E AL, FEid s
boLTD.

B R D RIRKIE 1 Lo TIT O 2R IBRIEENC 31T 2 BB BRI E) & MY, Bl B OE#EOR
EFTHD.

3.2  Quality requirements (\}/Z %K $FIH)

3.2.1 Request for HVI testing of materials (& s 255858 O EHZ F5 1 2 BK)

The customer shall issue a request to a hypervelocity impact facilities to test the materials. The request for testing
of materials shall specify:

BT, MR 570 EEE s CER A T b0 L35, MERRIZE T 2 ERIZLLT &0
TTboEdT 5.

- objective of the test activity,

- background and justification to the test activity,
- material to be investigated,

- description of test activity

- deliverables.

- ABEE O B Y

- ARBRIEE) O R & B

- BFE S DM B

- ARERIEE DA

- R EH

3.2.2  Work proposal for HVI testing of materials (i = 3#E 2% 8k DA EHZ B 1T D AFFEIRR)
The test facility shall issue a work proposal for testing of materials. The work proposal shall specify :

AEBRRR T, MERRERIC BT 2OMEIRE A HT b0 LT 5. MIEREIUT 2T b0 LT 5.

- test objective,

- test method and reference to test standards,
- material,

- description of proposed test procedure,

- deliverables,

- work breakdown structure,

- planning and time schedule,

This document is provided by JAXA.
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- itemized cost list and payment.
- EBRHEW

- RERITiE &R DR
- MRk

- RSN ERFIAOTHH

- PR EHE

- VESEAE B A

- FHE S XA DAY 2L
- WHBIEE Y 2 N &3

3.2.3 Calibration (f:IE#ER)

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 ETHE SN EBRERRIONA T, Bk, RBEE) M b o ZBREM ORIEAZITV, #2600
T 5. BIEOREIE, B OERIS U CGRBRES O SHREICE N T CIFA LY <, METESD
DETS.

3.2.4 Testing, evaluation and reporting G5, 7AiM, #5)

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.

ARk 1L, RBIEE), FHIEW|ERN, 5, 6, 7T EENEN TRBMSNBELT LR > TTThd &V )
FEMLE 52 56D LT 5.

3.2.5 Traceability and records (~ L —H U7 ¢ L 5odg)

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.

MR, G a— R, Ny FF o=, MBSO S & 13- &V LHRT 5O kI~ — 2 24417
bNoHbD LTS,

AEHE, fllx OB Z 1T - Z 0 LHERT D 7DITKBNIC~— 7 24T 656D LT 5.

AR T, R TIZIT 2 ERGEERA MR T b0 LT 5.

FERFLSRL, BROERILGUTHHTE, RBETEL2HD LT 5.
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AR R I L DS K UMBIORAFAL, BFRICFHESND DO LT 5.
AUEHRS KOMBI OIS, BEICL > THAT SRS bD LT 5.
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I —2E

ISAS @D 2 By IR AR DOEEIESRER (Calibration)
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®m =

AREZEIT ISO/TC20/SC14/DIS11227 (ZHEHL U T FHE L 7= F=H A Ze i JE B 38 A B 92 T (DA
T, ISAS £587) O BT AGRIZH T D, MIEEROFEMFIAL EfifEREE L DO THD.
FERIL DIS11227 D% 5 TS TEMEL, 7 I THEEZ E Lz, F AIZDISI1227 D 5
HCERIN TN D ERFE/NT A —2 EARFEBRTRIE LT/ T A —F D%, £7-7 B 12 DIS11227
DEFETETERINTODIRBEEONEF L, TORNFITHIETEIAETOZYE (HAES) &5
J. 7233, DIS11227 DB /RT A —H T8 (shall) S TIEZRWDS, FIREZR IR U 3TV 2 & A ERE
("should”) SN TE Y AEBROSEME DIS11227 & A[REZRRY [H—& Lz,

2010 45 4 H 12 HIZEBRZ Ll L7=F5 58, 1SAS © BRI 2 $5C ISO/TC20/SC14/DIS11227 (2 HEHL
LIHEFEROFERMMNFETH D Z & AR L7z,
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KA: DISI227T DS ETEREN TV LRBREM /ST A —F LAERTERIE LTL/NT A —F DR
DIS11227 This study
Aluminum alloy
Material A2017
A2017 or A2024
Projectile 1 mm +/- 0.1 mm diameter
Size and shape Same
sphere
Impact velocity 5 km/s +/- 0.1 km/s 5 km/sec
) Synthetic fused
Material Fused silica
silica
50 x 50 x 20 mm
Target Size Same
(+/- 1.5 mm)
At the edges onto a Supported by
Fixing )
mounting plate rubber sponge
Copper (JIS H3100
Material Copper
C1100P-1/4H)
Size 250 x 150 x 2 mm 180 x 150 x 2 mm
Hole diameter 30 mm in the centre Same
Witness Distance to the target 50 — 100 mm 50 mm, 100 mm
plate .
Position angle to the target Parallel to the target Same
Fixed on the target
) Supported by
Fixing holding plate by threaded )
aluminum plates
rods and bolts
Surface treatment Not defined Buffing
General Operating temperature Room temperature Same
environment Operating pressure <0.1 Pa 12 Pa

This document is provided by JAXA.
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KB AE RA—VEYO®RELE) & DISI1227 OF 7 ETER I N L WAEENE O HE
DIS11227 3 7 ETER SN HHEEFENE AE DK S EPT
1. an abstract summarizing the test procedure and findings; (=]
1. EBRFIEE MR ZZH L T D 1 HW
2. an introduction which provides the background information to
the test (i.e. reason for testing, use and applicability of results); LB
2. MBRICB T 2E x5 2 5 Fram (B 213, BB D 72 OB,
it R OO P VA )
3. the objective of the test activity;
1 HHEY

. RBEEIO BB

. information on the tested material;

3 HEBNRTA—X

3

4

4. REEFIZOWTOER

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

. FBRFINA & R O

2 EREEE

2.1 FRFRAINHELEE
2.2 FHEEE

2.2.1 WSS AT A

4 RBRFIE

4.1 BEFHE

4.2 FERATO ¥EfF
4.3 RBE%OHIE

. _ 5 fENTFIE
222 MEEHD AT N
o 51 BHEFEH
3HEBRANTA—F
5.2 fRATTIEA

6. the calibration report ; p———

1. = I \n
6. IR
7. presentation of results; P

_ =
7. RO
8. discussion of results; p————
8. FERDOEL i
9. conclusions and recommendations; 7
- . N=Riliii]
9. fiinm & HES
10. numerical data in a format agreed by the customer; N/A
10. B L > TR S B ROBIET —#
11. Customer’s authorization about the tests.
N/A

11. RERICHOW T ORAR DK
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2010 4F 4 H 12 H, ISASZRRE S C 23 BdEE (2T, ISO/TC20/SC14/DIS11227 |2 HEHL L 7=k 1E
Bratto7o. LIRS, ERNAZLT.

1 H®
JUIN TEERFTHeAT LTI L 72 Bjecta aMiatiR (DIS1227 D5 5 FIZHIARE ST i EikliR) %,
ISAS IZRERE SN TV A EBRZM CHLERMAGETH D Z L 2R T 5.

2 EREE
ISAS TfT - 7= Ejecta i BRICI VTR L7- BB E 2 LR IR

2.1 FRAKIEEE

FEFRANE SR & U C, "B A A L. Fig. 1ICAFEBRCHEM Lz B0 A 2R
T BRI A BRI, KIEEEKESE D AR, KIEIZK o TMEINZE R R TRY R & EiE S
HEHRTFa—7, RLEELRDIELED TV 78, RAKEZNESE200FF2—7, 7V
=774 MR THHT7 T4 bFa—7, FRIZY 7y MaeRET5REBEN ORI T 5.

CEBABATAGOR FF 2 —T7FINAE Tmm, £ 1.5m, WEIZIE 1m T1EEET 5 5 AMRD
TATZVEPBEINTWD., B FFa—T N0 SN RERMEIL, 774 NFa—TNTH
BEL, VYRIT 7 IA FFa—TWICERBESNIZT R R b v 8—ICEH%, RAEIZIYRR by 3=
ST DN E @i LT, RAROR Y —5 y MIEET 5.

Fig. 1 Two-stage light gas gun at ISAS

2.2 EFHAEEE
221 EEPEEV AT A
74 BRAT L— N EOFESHREIZ L DA A% G5 72012, FeFimMeE (Fig. 2) #H LY
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4 v PR AT L— b OYEKFEE & S L7z, Table 1 (2 L2 M OMHEE RS, TDOU AT A
I, OLSREAREE, BT R OWEEERE, AC —RET—X, N—YFarta—4, (FEEARPLEERS
N5, BEE A7 A%, £ XA —EMRTBE L BT B2 T 5. FRRHC =Y F
N a2 — 2GR RAAT D, EFERERENY v XA T L— FOURICEIET D &, RO O b
EENL, Yd@hhmic—EMEgE L (BT, BREMEAMEVIRT. Fig 312V 4> PRATL— |
DFEREZRT . AX v = T 2(TOBRIT, 5125 /5T, EBREToE & BT 6 i/ A XTE
BHI25 um Tho7=. 53R 1254%, XM Y e &1 1 mm OFERE CHRY L-50a, 1 Ok %
L&D D DOITK 6 RN D, KR 27,331 e CThH - 72,

Fig. 2 Microscope system Fig. 3 Coordinate of witness plate

Table 1 Specification of microscope system

VH-Z35
Zoom lens
(KEYENCE)
Model
Traverse
number ) SKR46 (THK)
equipment
(Company)
HA-1510
Testing bench
(SIGMA KOKI)
Magnification 35~245
Image size [pixel] 640 x 480
Depth of field [mm] 83~0.3
Observation distance [mm] 54
Operating distance [mm] 740 x 940

This document is provided by JAXA.
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222 BEEIAT

Ejecta DRAME AL T D701, EHED AT & FH L7-. Fig. 4, Table 2|

B O ZE N IR T .

(1-2]

Fig. 4 High-speed camera

Table 2 Specification of high-speed camera

CENRE D AT D¢

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 AT A—F
RER ST A —Z ELLFICRT. Fig. 5 (X4 —4 v PR 4 v PR AT L— FORERLIRE 7T

Ejecta B iIE, ¥ —4% v NOEBRFIEOEEAEIC L W EHT 20, #—4 v bRERAET T ADBRA,

BRI L 0 H T ADZ w URAT, BB 72 Bjecta B ROEHMNREETH 5728, #—4 v % Fig. 6
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Ejecta % i1 K OME 22 4 A — ¥V OF i &2 25 7= DIfEHT 5.

Silica target

60 mum

Aluminumcase

Fig. 5 Setup of target and witness plate Fig. 6 Target holder

o FREFAME
HIRZ CTIIRAAM B LT A2017 & A2024 Z#HESE L T\ 5. AREBRTIL, IFIRT X
A2017 k&= HT 5.

ME: 7V =v LG54 (A12017)
P A XZROIIK - B 1 mm +/- 0.1 mm EK
B (FEERME) : 5 km/sec +/-100m/sec
T AR IHERE T H Y, AREBRICE T D EZHE TR B TEME L2 I
ETFDHEDET 5.
BRARE :0° (¥ —F v MREERTMEZ 0°L T 5)

e ¥—/Fv b

H—ry M2, BRRRIED, WEICLoTAR—=ADBDRAEL, 07 R LT 0N
MECH DR A TN 7 A%+ 5. Fig. 7, Table 3 (24 —4 » MIEH LI @A TS 7 AD
AN WVAON W Ttab Vel W N B
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| |.|I|1IJIIII I| IIII: [IElL])

50 s w ow s (00w e o0 owe (50 e e om w200

PRI AL P AR T e s g gl

Fig. 7 Target

BEFE : WelEM Bt DG EI1E4 — 7y bO Ty DICOVEIN KR ORIBNIEAET 2 /RN & 5
e, Z—=0y FOEY ZTLAR D TEY, TNHET VI 7 —ZONHEITID

% (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] 0.51x10°
Thermal Conductivity [W/(m-K)] 1.31
Electrical Resistivity [Q-m] 1.15x 10'°
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e V4 FRAFL—}
Va4 hRATL— ML, ¥—Fy MRTEICEE SN = 7 X AR O Y A — T DR
iz 42 72 DI 5. BI85 DIS1227 (206> T, AFEBRCIIEik s fVv 5. Fig. 8, Table 4 (Z
U 4w MRAT L— NI L2 OB Ok & 2 TR

Fig. 8 Witness plate

EBEEME . ¥—~ v MATE A S 100 mm
REAE . ¥—7 v b EFAT
BEHE Fig. SIORT LT AI =T LMRICED T 4 v RRAT b— b EFE#ABEET 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/cm’] 8.92
Tensile strength [MPa] 215 ~275
Vickers hardness [HV] 55~100
Thermal Expansion Coefficient [1/K] 17.7 x 10°
Thermal Conductivity [W/(m*K)] 1.31
Electrical Resistivity [Q-m)] 1.15x 10"
Hole diameter [mm] 30
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o RERBRE
B ZICHE, T 2T
HREBIEEE : il
RERES) : ATRERR Y EZEE A< 75, (5912 Pa)

4 HRBRFIRE
ZITHE, A= vy hRATL— FOKE - FHIEORBRTIEICOWTEET. TRERAN
WEBEOFEBRTFIEICE L T2 2 TIXEIT 5.

41 BFEFEHE
T4y hRAT L= EWOBIE, Va4 hRAT L — b REEEDIT WL D FEAEVLTEAT
7. R OBICIERIDMTE LTV LB ISR A M TE 220,

4.2 RBREiO Y
o ABRANIIFMAE KL NY —4 v FDNRT A—% (E& Y%A X) ZHEL Table 5 DT —X% 2 —

MZEATS.
o JIE®., #—7 v NehNVZ—rr—RZAI, FAA—T—AKONZ—7y OEFHEEZH
ET5H.

o H—Hy RRUY 4y hFAT L FERBENICRIET 5. ¥4y FRATL— ML, F—
7y FORFI 50~100 mm ORLEICKEL, &4 —5 Y NROT 4 v FXAT L— FOHRLES

PED.
Table 5 Experimental data sheet
Mass [g] Size [mm)]
Material
Before After Width x  Height x Thickness
Target X X
Holder case
+ Target
Surface treatment
Witness plate X x
Mass [g] Diameter [mm]
Projectile
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43 HBR%EOHEE
o WBptk, ¥—7 v NROT 4y hRATL— R ERVHL, RVE—r—ARORZ =7 hD
AEFEEAZJE L, Table5 IZREAT 5.
o ERFIGOERENOIY = A EBE M EHET5H.
o RNH—r—AnbE =7y e L, EELKOARN—/VEREZHAE L, Table 6 IZFLA

T5.
Table 6 Experimental results
Impact velocity [km/sec]
Ejected mass [mg]
Impact crater
Diameter [mm]

Spall
5 fEITFIR
51 EEFH

T4y hRAT L= EWOBIE, Va4 hRAT L= REEEDIT WL D FRAEVLTEAT
5. RN OBRICHEBMTE LT D L EZYE 2 i T 0.

52 fRTIE

o BB AT LIZLY U4y FRAT L — MEBHIDAF Y = T %1TH.

o U4y MRATL— DAL, Vg v bRATL— b OE EhZEFRAE L, XEIERLAND
IR, Y S E s FhmEEE L (Fig 3).

o AFX ¥ =V EATHIBRIC, f5F 125 5T, EBRETOE & BT S b /b4 XITERK
25um Th o7, B 10 um LA T OESHR Z TR 2 O ThiL, 200 G2 EOREFENMLET
b5

o HONT-BEMBIH B HEIHEAMRINT 5.

o MM SINTZHIEDY A AR VEREZTAG L, L TDOY A ZIMIZHET 5.

<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 EBRHER

Table 7 % O" Table 8 (245 EERDFEFR A /~kd. F7=, Fig. 9 (T ISAS-02 DFEBRED X —7~ RO «
v RR AT L— N&RT. Fig. 1012, ElE D A T T L7 ISAS-02 D% %273, %3RO Ejecta
DI A RBIE SRS & Fig. 11, EIHE YA XBIEER S A % Table 9 & O Fig. 12 (2R
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Table 7 Experimental results

Distance Impact
Projectile Alloy and Surface Projectile
Test number between T* and velocity
material temper treatment mass [mg]
WP#** [mm] [km/sec]
ISAS-01 4.88 2
A2017 C1100P-1/4H Buffing 100
ISAS-02 5.18 2

* T: target
** WP: witness plate

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

Ejecta mass Crater diameter Spall diameter Zenith angles of ejection
Test number
[mg] [mm] [mm] [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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Time[usec] 0

110

132 154

Fig. 10 High-speed camera image of the test ISAS-02. Recording speed : 500 kfps.

O.025-0.08 0.025-0.08
- 0.05~-0.07T8 - 0.05~0.07T8
+ D.OT5~0.1 « 0.0T5~0.1
«fa~-018 « B8
#0502 »0.15~-02
#0203 #0.2-0.3
0304 o 0.3-04
e D4~05 #0405

D . - 150 | L T ot B Loty

el i Nl Pl T N e

180 J g FLL Far e 180 W S A L L 1Y
0 10 20 3 40 50 80 T0 BD 9O 100110 120130140150 0 10 20 3 40 50 B0 TO ED 9O 100 110120130140150
0 [renem] x[mem]
(a) ISAS-01 (b) ISAS-02

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

Size | 0.025 ~0.05 0.05 ~0.075 0.075 ~ 0.1 0.1 ~0.15 0.15~0.2 0.2~03
Test [mm] [mm] [mm] [mm] [mm] [mm]
ISAS-01 3286 916 343 91 13 1
ISAS-02 2151 843 349 116 18 1
Size 03~04 0.4~0.5 0.5~0.75 0.75~1.0 >1.0
Total number
Test No: [mm] [mm] [mm] [mm] [mm)]
ISAS-01 0 0 0 0 0 4650
ISAS-02 0 0 0 0 0 3478
3500
3000
I
T 2500 BISAS-0]
i
= . W SAS02
F2000
_E 1500
H
& 1000
00
. B .
Qﬁh- ';\h. "“\ Q_\D. Q-ﬂ “'\1 ﬁ? Gh- Qﬂ'n‘ \'.Ql \G
R ._‘:nf o \'31#% Q"?-.:# 'Q}H 'Qt:'" QT:' 0‘_"."’ g:" *{.___"r --:.h“‘I
Shze ]
Fig. 12 The number of crater
7 K

Ejecta s Tl 7k Bk TIE DIS1227 O 5 BRI KRR STV D HGIERRBR DS, JUN T3 K220 FEBRa A LIS,
ISAS OEBRBIFE CHLEMATETH D Z L AR TE 2. BIERBR)N L5 LN DT — X OFBUE A R
L7-. BRI E L L LT, ilatBRis 54 DIS11227 @ Table 1 OERTEI L7~ D& LLTFISRT,
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ISAS-01
target mass target mass
total amount of
160.9 before impact 118097.4 after impact 117936.5
ejecta (mg) : M,
(mg) (mg)
Size distribution of crater | 0.025 mm to
0.05 to 0.1 mm 0.1 to 1 mm >1 mm
diameter, D 0.05 mm
number of
3286 1259 105 0
front side craters
number of
N/A N/A N/A N/A
rear side craters
projectile mass 2.0 mg
ISAS-02
target mass target mass
total amount of
151.0 before impact 118787.0 after impact 118636.0
ejecta (mg) : M,
(mg) (mg)
Size distribution of crater | 0.025 mm to
0.05 to 0.1 mm 0.1 to 1 mm >1 mm
diameter, D 0.05 mm
number of
2151 1192 135 0
front side craters
number of
N/A N/A N/A N/A
rear side craters
projectile mass 2.0 mg
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H1—-3E

JUMN T KD 2 Bl T AL DOBIEFRSR (Calibration)
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®m =

A I 1SO/TC20/SC14/DIS11227 [ZHEPL U T 3EMi L 7= JWN TR FHERBEHINZ A7 ) —
O BT AR D, BIEEBROERMFILE EfifiRE £ L OO THS. F2HrIL DIS11227
DF SIS TEBL, H7TEIU S THEEZ T LD, FAITDISILTOFESETERINT
WD EBRE /N T A —F EARERTRE LI/NT A —X D%, F£7-7 BIZ DIS11227 O 7 ETH
KENTWDRBBEDONEL, TONRICKIGT H2AETORYEN HEES) 25R7T. K,
DIS11227 DHEER/XT A —H 1 TZH (shall) FfETIEZRWA, ATREZR IR D U0 2 & A3EEE (Pshould”) S#
TR AREBROSLMDL DIS11227 & AlfE/RRY [Al— & L7z,

2009 4EE K OV 2011 4FFEICEBR & F2hE U 7=/, U TERP  FHEEFIN AT b —o "B
8 77 A/ 7C ISO/TC20/SC14/DIS11227 (ZHEHL L 7= X IESEBR O FEREN I RETH D = & A Head LT-.

This document is provided by JAXA.



FA:

[1SO 11227 Space systems — Test procedure to evaluate spacecraft material ejecta upon hypervelocity impact 37

(FH AT h—il il SR O F A B 2 =7 2R O 7260 OFRBRFNIR) |

(2D GABREEE i 1 M QejectarHAliFAER

DIS11227 D S TETHERINTWD

(I-3]

BRI/ T A — 2 LKRFEBRTRIE LT2/NT A —F DR

DIS11227 This study
Aluminum alloy
Material A1050 and A2017
A2017 or A2024
Projectile I mm +/- 0.1 mm
Size and shape Same
diameter sphere
Impact velocity 5 km/s +/- 0.1 km/s 4 km/sec and 5 km/sec
Material Fused silica Synthetic fused silica
50 x 50 x 20 mm
Size Same
Target (+/- 1.5 mm)
At the edges onto a Supported by
Fixing )
mounting plate rubber sponge
Copper (JIS H3100
Material Copper 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
i Position angle to the
Witness & Parallel to the target Same
plate target
Fixed on the target
holding plate by Supported by
Fixing ]
threaded aluminum plates
rods and bolts
Buffing,
Surface treatment Not defined Chemical polishing,
Nothing
General Operating temperature Room temperature Same
environment Operating pressure <0.1Pa ~40 Pa
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FB: AE KX—T X0 OHE) L DISII227 OF 7 3 THER S A REENRE O g

DIS11227 35 7 ECTESR SN 5 WEEFENE

AE DK S EPT

1. an abstract summarizing the test procedure and findings;

1. FEBRPIE & fE A2 TN L T A

(=]
1 BHH

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

2. MBRICB T 2E x5 2 5 Fram (B 213, BB D 72 OB,
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2009 KL TN 2011 AL, TN LEERT/ FHEREFINZ AT U —ICRE SN TV A REREREICT,
ISO/TC20/SC14/DIS11227 |ZHEHL U /- IEEBR 21T~ 7. LA RIS, EMNEEZTTT.

o

1 BH

O B S TR ST RFR O/ ZEIC L > THAET D Ejecta ZEIL, fENTZITH £ TO—HD
FERFNAR OVEBREIFIZOW TR LT\ 5. el l2e B o EBRFIEIL, #ERBxR 2 & I8
STWVWDHDON—FATH Y, FHEOREE R IBOLLEN SR L d 5 OIXREERGENZ . 2
T, REOHME LT, ERFIELOEREFLZOHET 52 LT, Rk 2 & CHUS S 7z ilBiss
REFTH LT < T 52 & THD. KT, Ejecta afliskBRFIE DIS1227 DO 5 BIZHBE I AL TN D, B
IERBR A TN L, EMARETH D ekl D, £, FEORFETNESFHHELMHETLZ 2R
BREMET 5.

2 EBEE
JUN LEERFTHT - 7= Ejecta BRI W THUT L 72 RBERE % LA FIoasd

2.1 FRAUEINEEERE

FRFAAMELERE & U<, BRI A2 L7z, Fig 1 ICARERCHEM L7z BRI 2827w
I BRI AR, KFEEBFEK I LA, KFEIZ Lo TIE SN B A R TR A % [ &
HDHRTFa—7, HRLEELRDIELED TV 78, RAKEZNESE 200 FFa—7, %
MOEDHAZPIESE DT T AN T, BREZESIRGUC L0 S & 5 R opHEXR, Hkicy—
7y NERET HREBENL DR SN TWD. RAEOBEZHINCIX, L—% - by MEZMEHLE.

CERBE T Ao B o FF 2 — T 1IN Smm & & 0.935m (2009 ), N 6mm K X 1.2m (2011
) ThDh. nrFFa—7 X0 RE SNV R ERAEIE, 22PN X0 R HEX R TR L,
AR EEX N IZER E S 7o AR BER I 187 22, ATV AR B O F0 TR T ALz & i LT,
AR D IS Z — 7 > NCHEZET 5.

Sabot separation plate Pump tube

Witness plate Velocity measurement section powder
/ l La'll:llCh tube \ 10 Tm

Target Sabot separation section
« » Blast tank
Polyester film

Test chamber Two-stage light gas gun

i

\High pressure coupling

(a) Schematic view
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(b) External view

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

22 EFHAEE
22.1 BEFRE

Z—0y N, RAKOEELZFHT 57-OIZEFRELZMEMH L7, Fig. 2, Table 1 |[ZE KO
BREOMHRZ ZNEIURT. i Svd Ejecta EEVE T mg BETH L7090, REFEOHIIRE 0.1g
POz L.

Table 1 Specification of electronic balance

Product name Electronic balance
(Company) (Sartorius)
Model number BP210S
Capacity [g] 210
Resolution [mg] 0.1
Repeatability [mg] 0.1
Linearity [mg] +0.2
Stabilization time [sec] 2
Fig. 2 Electronic balance Sensitivity drift [1/°C] +2x 10° (+10 ~ 30°C)

222 BEMEES R T A

U4y hRAT L— N EOBIYRIC L DA XA e300, SFBMEE (Fig. 3) 2f#HLY
4 v R AT L— N OJEREE % BfF L7z, Table 2 (2 L7- WML OMAEZ RS, DOV AT A
I, CEREEBEE, BT OWEETERE, AC —ARE—4, N—=YFLarta—%, (EERNLERS
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5. BB AT AE, T X AR ERRBTEE L BT BBREZiE T 5. FRRS—Y T
VAo — GRS S, RFEMERY 4 v R AT L— FOSCEIET S &, KMl O
EEL, Y@hhmic—EMEgE L (E1T), ERBEMEAMRVIRT. Fig 412V 4> PRATL— |
DEEREZ RT . AX v =2 75T HOBRS, 125 % TiE, ERTOEE B b s koA XI3E
BRI25 um TH o7z, R 1254%, XY e HI12 1| mm OFEHE CRE L7250, 1 KOk z ik
LD D DOITK 6 R0, KT 27,331 e CThH - 72

Fig. 3 Microscope system Fig. 4 Coordinate of witness plate

Table 2 Specification of microscope system

VH-Z35
Zoom lens
(KEYENCE)
Model
Traverse
number ) SKR46 (THK)
equipment
(Company)
HA-1510
Testing bench
(SIGMA KOKI)
Magnification 35~245
Image size [pixel] 640 x 480
Depth of field [mm] 83~03
Observation distance [mm] 54
Operating distance [mm] 740 x 940

223 RMEEV AT
Ejecta DFAEMRMR A BT H72DIT, ElEN AT 2 H L=, Fig. 5, Table 3 (Z@E#E D A 7 D4k
B O 2 EhoRT .
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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 ABANTA—%

R NT A — 2 EZ LU FIZRT. Fig. 6 ¥ —7 > MEKOD v X AT L— N ORI Z =7
Ejecta B &%, ¥ —%7 v NOFERAIZOEEEICL VAT 0, ¥ —F v "NBREGHRAERT 7 ADYE,
BERBRIC L VD H T 2D v PRI, B Bjecta EEORENRNEETH D=0, ¥—4~ b % Fig. 7
DE =5 NRVE—ICANTEREToT2. Vg bR AT L— ML, #—5y MTEICKRH S
Ejecta Z fili L O 224 A — P Ol &2 T 5 7= DIEHT 5.
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Eubber sponge
Witness plate

280 mm

Glmm

Alnminnm case

Fig. 7 Target holder

Fig. 6 Setup of target and witness plate

o AR
HIRZ CTIIRAAM B LT A2017 & A2024 Z#HESE L T\ 5. AREBRTIE, UUTFIRT X

A1050 BB L OV A2017 Bk A+ 5.

ME : 7V =v L8564 (A1050, A2017)
P A XZROIIK - B 1 mm +/- 0.1 mm EK
BT 2253 B (FELRE) : S km/sec +/-100m/sec
T AERHE IHERE T H Y, AREBRICE T D EZHE IR IE B TEME L2 I
ETDHHEDETSH.
BRAE 00 (¥ —7 v MREERGTME 0°LT5)

e ¥—/Fv b
H—lF sy ML, BIRREEY, HEICLs TAR—ANEEL, Lo =7 2N KEH LT W

MECH DRI T A 245, Fig. 8, Table 4 124 —/4 v M LIZIE@asEn 7 A0
HBLR OMER 2 2 T huRT.

BEFE : e EIOG AT X —7  FOxT v DIZOWEIN L ONKRENFRAET 5 a[GEEN H 5
720, =7y FOEY I LAR TP TEY, TNHET IV 7 —ZADONERIZILD
% (Fig. 7).
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50 s w ow s (00w e o0 owe (50 e e om w200

PRI AL P AR T

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] 0.51x10°
Thermal Conductivity [W/(m-K)] 1.31
Electrical Resistivity [Q-m] 1.15x 10'°

e V4 MRATFL—}

Vg hRATL— ML, ¥—7y MRTEIEE SN = 7 X AR O Y A — Y DR
iz 3 27O HT 5. BAKZE DISI227 1295 T, AFEBR TSN AZ 5. Fig. 9, Table 51
U 4w MRAT L— NI L2 OB Ok & 2 TR

KB CTIE, gy FRAT L — FOFMHITENEZK T, REERA~DOELZ T, Rl
X, BEMRATES, (LR, WFEEMEO SFEE, REIX I4HME OMOTHEE, ¥y hev gy

KR A7 L — k& OFBEL 50 mm & 100 mm O _f&E T

RERRE : ¥—7 >~ MEIEA2 S 50, 100 mm

REAE . ¥—7 v N AT

AR ZAT o7,

B EHE Fig. 6 [ORT LT AI =T LMRICED T 4 v RRAT L— b EFEHABEET 5.
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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 freatment Buffing, Chemical polishing,
Nothing
Width [mm] 150
Height [mm] 180
Thickness [mm] 2
Density [g/cm’] 8.92
Tensile strength [MPa] 215~275
Vickers hardness [HV] 55~100
Thermal Expansion Coefficient [1/K] 17.7 x 10°
Thermal Conductivity [W/(m"K)] 1.31
Electrical Resistivity [Q-m)] 1.15x 10"
Hole diameter [mm)] 30

o RBRIREE

BURRICHE, U &

e
it

RBRIRE - =ik
REBRES - WREZRIRY HZEE A &< T5. (K40 Pa)

4 REBERFIE
T, ATy by hRARATL— DR
WIEEOEBRFINEICE L TIXZ 2 TIIE T 5.

- FHAISE OB IR SOWTEE . AR

e
of
4&?
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41 BFEEFEHE
T4y hRAT L= EWOBIE, Va4 hRAT L — b REEEDIT WL D FEAEVLTEAT
7. fRMT OBICHERDMTE LTV LB ISR A M T 220,

4.2 RBREiO Y
o HERANIIRAAKL ONZ —7 > hDRT A—% (i VA X) ZHEL Table 6 DT — % 2 —

MZEATS.
o MIE®., #—7 v NehNVZ—rr—RZAI, FAA—T—AKONZ—7y NOEFHEEZH
ET5H.

o H—HyRRUY 4y hFAT L FEREENICRIET 5. ¥4y hRATL— ML, F—
5y NORT 50~100 mm ORIEICEEL, ¥—7 v FROY 4 v FRA T L— hOFhEd

PED.
Table 6 Experimental data sheet
Mass [g] Size [mm]
Material
Before After Width x  Height x Thickness
Target X X
Holder case
+ Target
Surface treatment
Witness plate X x
Mass [g] Diameter [mm]
Projectile

43 HBREZROHE
o REatL, ¥—7 v "R OU 4w hFATVL—FEWMOHL, SAF—lr—ZAKONE—47 > FD
GEtEEZNIE L, Table 6 IZFEAT A,
o EMFIKOERLENOTY 2/ X EE M E=HHTD.
o KRNH—r—ANbE—rFy el L, EZEELKOAR—/VEZZHEE L, Table 7 IZFEA
T5.

Table 7 Experimental results

Impact velocity [km/sec]|

Ejected mass [mg]

Impact crater

Spall

Diameter [mm]
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5 fEATFRIE
51 EFEFEHE

T4 FRATL—FEWOBIE, vy hXRAT L= EREEDT WL S FRE2VNTEHRT
5. fENT OBICHEBMTE LT D L EZYE 2 i T 0.

52 fRTIE

o MBI AT MZEV Y 4y RARAT L — M RBHIDAF ¥ = T %79,

o U4y FRATL— R DFEAIL, Uay ERATL—bOE EhZEFRAE L, XEIERAND
AR, Y #IFES»D FhmEIEE L (Fig. 4).

o AX Y =T EATIRIT, fHF 125 5T, ERATOEE RS 5D/ A RTEEN
25um Th o7, B 10 um LA T OSSR Z T 2 O ThiL, 200 G2 EOREFENMLET
»H5b.

o GO BHMEEEIG ) HE ISR MM 5.

o MM SNTZHIEDY A AR VEREZTAG L, L TDOY A ZIIZHET 5.
<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 EBRFER

Table 8 & OF Table 9 (24 FERDOFEFR A /K7, F£7=, Fig. 10 {Z No. 09-117 DFEBRED X —7 v R UD
4 NRARAT L — R ERT. Vg v RRAT L— EOF LGB0 mm OIRDOFxIZ, Ejecta DEZHE D L T
x%.

Fig. 11 {2, EnlEH A 7 TR L7z No. 09-101, No. 09-102 D& R, X —47 v hEv 4 v bx
AT L— kN EOHBENENGS, 2 DEecta NV 4 v hFRAT L — R EDOFLREZBBLTCNDZ &
NG,

Fig. 1212, BAMEE S AT A&, 125 5 T L72 No. 09-117 DEBRBEDO Y 4 v R AT L— %
R RO NEIHE TH D, AF ¥ =0 7 E2ITIBRC, FF 125 5T, ERpoBEE AoTH
NDI/N A XTERER 25 yum Th o7, F/z, FR 1256, 1| mm OHFSEHRE TREY Lo hHa, BHK
i AT A TCTHEBZ G LD D DOITK 6 FERIN Y, UL, 527,000 Bt Tod - 7.

Fig. 12 DX 5727 4y FRAT L— MREOIERENG Z 558 L TER LTz, &5EBROD Ejecta DY A
R EGHR 346X % Fig. 13, 2SR YA XBIMES 4 % Table 10 X Y Fig. 14 12777,

Z D Table 10 X W' Fig. 14 £V, U1 v hRXAT L — FOEMDE D HEOEISER~DRE L,
B2 E 3 4 km/sec OFRBR Tl 5. REABEN B2 2, FEWEFEE, (LA, AP CIX, AFE
EENEIOREM NN DR VRER 2o, FTe, RENRRD, VAHAME OMTIX, OMD, TUary
NRATL—hEH =4y hOFEERR/R S, 50mm & 100 mm TiX, 50 mm S E SRR HE A D 220
fiRk & e oo, RIELPLDOFI2 5 551F, S$ROBEAFOE L WUN 2B IEE & OXMRREETH 722 &,
FEORR DG, ZOPWVOMBLTNTEHLINERL, MO MR THTRE L T\
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EHRH -T2 &, =57y NOEBENEZ 2550, BEESENER Y 4 v R AT L— hOHILR
%< D EjectaViBi L CLELTZ L, ENRBEIOLND.

%72, Fig. 13 @, fHZZEED 5 km/sec (No. 09-039) & 4 km/sec (No. 09-039 LISy) % bz 5 &,
EZ2HEE 12 K o T Ejecta DTRBODIR T DEDLDL Z ENEZ LS.

Table 8 Experimental results

Distance Impact
Projectile Alloy and Projectile
Test number Surface treatment | between T* and | velocity
material temper mass [mg]
WP** [mm] [km/sec]
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 Crater diameter Spall diameter Zenith angle of ejection
[mg] [mm] [mm] [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 43 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

200

240 280

(a) No. 09-101
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144 168

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

Size | 0.025 ~0.05 0.05 ~0.075 0.075 ~ 0.1 0.1~0.15 0.15~0.2 0.2~0.3
Test [mm] [mm] [mm] [mm] [mm] [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 0.3~0.4 0.4~0.5 0.5~0.75 0.75~1.0 >1.0 Total number
Test No: [mm] [mm] [mm] [mm] [mm]
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

i

ST

adi. .
242 - gt QT"’ o
&
h’,G e W W

Sy
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ax 2

Size [mm]

| ¥ 09039
{101
| = 0-102
w117
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| 10 -0eE2

Fig. 14 The number of crater
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Ejecta sFAliAER TIH DIS1227 O 5 B|ICHE SN TV D, BERBRNEAJEETH D Z L 2R T
7o, F1z, KRBT, Vo v FRAT L— X CLI00P-1/4H OFSBAFEE 3 U < (JMLPAEE, 2 —7
N & OEREA 100 mm BHELES LD L2 D BfRICE & & LT, FHlEtERAS R 4 DIS11227 @ Table 1
OEXTEHLEZLOE, LTI RT,

09-101

target mass target mass
total amount of
88.5 before impact 118581.5 after impact 118493.0
ejecta (mg) : M,
(mg) (mg)
Size distribution of crater | 0.025 mm to
0.05 to 0.1 mm 0.1 to 1 mm >1 mm
diameter, D 0.05 mm
number of
6846 2091 216 0
front side craters
number of
N/A N/A N/A N/A
rear side craters
projectile mass 1.9 mg
09-102
target mass target mass
total amount of
80.4 before impact 118519.3 after impact 118438.9
ejecta (mg) : M,
(mg) (mg)
Size distribution of crater | 0.025 mm to
0.05 to 0.1 mm 0.1 to 1 mm >1 mm
diameter, D 0.05 mm
number of
6279 1367 129 0
front side craters
number of
N/A N/A N/A N/A
rear side craters
projectile mass 1.9 mg
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09-117
target mass target mass
total amount of
70.2 before impact 118512.6 after impact 118442.4
ejecta (mg) : M,
(mg) (mg)
Size distribution of crater | 0.025 mm to
0.05 to 0.1 mm 0.1 to 1 mm >1 mm
diameter, D 0.05 mm
number of
7944 1796 285 0
front side craters
number of
N/A N/A N/A N/A
rear side craters
projectile mass 1.9 mg
09-119
target mass target mass
total amount of ) ‘
84.9 before impact 119774.8 after impact 119689.9
ejecta (mg) : M,
(mg) (mg)
Size distribution of crater | 0.025 mm to
0.05 to 0.1 mm 0.1 to 1 mm >1 mm
diameter, D 0.05 mm
number of
6302 1562 160 0
front side craters
number of
N/A N/A N/A N/A
rear side craters
projectile mass 1.8 mg

This document is provided by JAXA.



56 FHIMZEMEIE B R ZEBR S Bk JAXA-RM-15-008
[I-3]
09-120
target mass target mass
total amount of
80.5 before impact 119906.8 after impact 119823.6
ejecta (mg) : M,
(mg) (mg)
Size distribution of crater | 0.025 mm to
0.05 to 0.1 mm 0.1 to 1 mm >1 mm
diameter, D 0.05 mm
number of
4101 2111 310 0
front side craters
number of
N/A N/A N/A N/A
rear side craters
projectile mass 1.9 mg
11-072
target mass target mass
total amount of
156.6 before impact 114625.3 after impact 114468.7
ejecta (mg) : M,
(mg) (mg)
Size distribution of crater | 0.025 mm to
0.05 to 0.1 mm 0.1 to 1 mm >1 mm
diameter, D 0.05 mm
number of
3215 510 58 0
front side craters
number of
N/A N/A N/A N/A
rear side craters
projectile mass 1.7 mg
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11-073
target mass target mass
total amount of
105.6 before impact 114554.8 after impact 114449.2
ejecta (mg) : M,
(mg) (mg)
Size distribution of crater | 0.025 mm to
0.05 to 0.1 mm 0.1 to 1 mm >1 mm
diameter, D 0.05 mm
number of
3701 773 81 0
front side craters
number of
N/A N/A N/A N/A
rear side craters
projectile mass 1.7 mg
11-082
target mass target mass
total amount of ) ‘
144.5 before impact 115030.6 after impact 114886.1
ejecta (mg) : M,
(mg) (mg)
Size distribution of crater | 0.025 mm to
0.05 to 0.1 mm 0.1 to 1 mm >1 mm
diameter, D 0.05 mm
number of
3557 578 49 0
front side craters
number of
N/A N/A N/A N/A
rear side craters
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” & ¥, LL TP

1 Experimental procedure (%5 F/H)

1.1 General (#f3)

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.

ZOHITIE, BEEEZRIZBT DM EIOZEEB AR T, FCA V= FOREFHET 572D R Z1T O
T2 DERFIELZHIEL TN 5.

AT, EBRFIEZ 273 2 & O TE B EEEZEMEE TITO R T IUT e 57220,

B ABE L IXT T X~ B DN E L.

1.2 Impact parameters (%537 2 —%)
Each projectile shall satisfy the following parameters :

TNENDORAARITLLT DORT A—=Z 2l b0 LT 5.

- 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°.
- ME TV AA AL2017 B U< I AL2024 A HERE BRINE, B EREIC LS
- YA X IR D B 1 mm /- 0.1 mm DR
- WA 5000 /s (b LIl k) ZHEsE
- WERZ =5y MO HEEAR A 2 0°

The target shall satisfy the following parameters:
B =27y MILLTONRT A—=2 &l dTbDL 3 5.

- 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.

- P X i/ 50X50 mm, ERICK DTy VBREST L0

- ME  FHE TN S D ENRE

- B MEHENIREBRES, BETREZ L, (V=7 2@fR1E, #—7 vy NESORMAKE
BT D (Wd) ko TiRED. RBRBICF =7y MIFEARH D56, Rl & %E»b o
AV =7 BRSO BENDD.

- WDOHEEET DI LITE o THENIIK A S

- BHRAR—ABPE I DGR T, 4 V=7 ZEELRICT 2 dIchimE MR LRV EFIC

LTHL.

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.

U4y PRAT L— MIEEPIZZ =5y M ERENO BB SNDA V=7 ZRF 2R T D2 0I2ff
bivd. L 6.3 fi & Amnex CIZH 5.

The witness plates shall satisfy the following parameters :

T4y NRAT L — NI FDORTA—=H 2T bDE 45,

- 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).

- B A X250 mm X 150 mm, FRAEZ B S D 72O EEE 30mm DR E HHZBT S

- MVET SR HELE. SRPUL, JIS H3100 C1100P-1/4H, ASTM B152 C11000, EN CWO04A 72 & 0D 1E 24 7% ik
W2

- JEX : 2mm

- Z—=7y b EDOHBELALE () - X =57y b EATIZY =5 BRI O 50 - 100 mm

- FRRICE =5y MEFICL T 4y FXAT L— FEES

- EEFE =Ty MrRERICEE Lz, 2 VB ERLV FEHWS (Amex C 2 )

The general environment shall satisfy the following parameters:
ARIRBRELIZLL T O/NT A —F &2 LT iudle 57220,
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- operating temperature: room temperature;
- operating pressure: < 0.1 Pa.

- VRENIREE « SR

- FE)E : <0.1Pa

1.3 Ejecta characterization and evaluation (f ¥ = 7 % ORHEMATE L ORHM)

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).

AV =T BEREET L LR LT 272012, ERWHEFAICE SN T A =2 28 INT 5 Z L30T
H%. GEMIX Annex A, B &)

As a minimum, the following parameters shall be measured:

IR, UTOXRT A—=2FHEEN D LT 5.

- 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.

A V=7 Z8 Me 1%, RBRATEROZ—7 y MARZIET LI THLND. MK, V=7 XD
BtO—EIZIIRAKR G EEND. LL, ThIEF =57y P b HDMBHTHE A TIFFITD 220 (1%A0) .
B, MAENOOMEHE, V4 v FRAT L — MR INZEIHENTOKEY, b L < ITKREIIC
FoTHONTZMAZRRLZLICEY, =7y EhOOMBIEXAITHZ LN TES.

- 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).

LUF oM ORI & #ifA ¥ = 7 ZRA-OY A X540

-0.025~0.05mm Ofi] (FEIZA V=7 Fa—)

-0.05~0.1mm Off] (FEIZA P =7 X a—)

-0.1 ~1mm Of (FIZAR—I)

->1mm (AHR—/)
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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.

FFrarb LT, ZYVARXBNOA T =7 2 OVEEELNET S,

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

Amnex C 1%, A P =27 D7 A =2 ORIETHM SN2 X0 FEMARNE T iELZE#E L TWD.
The fundamental and detailed analysis for test results will be documented in a tabular form, as shown in the Table
1:

B RIC IRV T TEH V) FEM722 0 HT1E, Table 1 12”7 & 9 2R CTtdkd 5.

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

target mass target mass
total amount of )
Xxx before impact Xxx after impact Xxx
ejecta (mg) : M,
(mg) (mg)
Size distribution of crater 0.025 mm to
0.05to 0.1 mm | 0.1 to1 mm >1 mm
diameter, D 0.05 mm
number of
Xxx Xxx XXX XXX
particles
front side
Velocity
Xxx Xxx XXX XXX
(optional)
number of
Xxx Xxx XXX XXX
particles
rear side
Velocity
Xxx Xxx XXX XXX
(optional)
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:

AV =2 L DEIGR AT DIDITHO T 4 v RRAT L— hEESHE, WOV A X()IFER
DA XD HEEHTZENTES. Lanl, EERERLEAEZOK DA X, A OEZEHEEW)IZ
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KT 5. — IR S D BB ELLITICRT.
D/d = 1.28 v *%* (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.

B :BUED L Z A, AV =7 ZHAOHEEREIIRETHY, Zhz b FEEOIE S AHETHS.
Z OFEEOWRMTITE IS, FAATRERG I LY BOHEFHINEIEET .

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].

E IR ERDRL ERICEH T E 50, £ O RIE Table 1 ITHEL L 7R Td. 3EH & QYR PRI Annex C,
Table 2, Z& MR [17-20]12 2 L7z X\,

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.

G arE LT, Bk hzra s i Eo, ooy, b LAMEBEEOMENEL, ¥ =2 Zik
A OREE L ORIODITHEbND. ZO%HE, RO A Xes0Ind, WETHZLRTsE, £
DI DY A X%, R ERPESOFYE), b LUTRITEWRROBRAEE TH S.

AT 27 ZOYARXTHENT 4y NRATTAT 4 v 7 HRA MRS NTEEHBERIZE>THET S22 L6
TED. RITKLFERE L RANVESDENRE WS, R A ZZEBROY A XLBBLZRLT VR
5. ZOFERIE, Table2, Annex C TR L7zbo LHP LA THRET L.

1.4  Analysis of test results (GXB 5 H O fiEhT)

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.

GRS R A TN 2 72 O OFGHIFIEOB AL, RREEOREDOEED T, FrEOMECIT2biizik
BROEBIRFT 5. UL, MEICERRT Y TNV EHBERT 20IC+072 RESTh D, BEdiEZER
BRIZEHES EBEMIC KD, BRONTZHBREERIZT {2 OV PV TEITTOMLER S D.
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As a minimum, 3 shots must be made at normal incidence.
Pl kb, 3RIOFEREBEEZE TITORITIUIR S0,

2 Reporting of test results GtBu: R oHE)

2.1 General (%)

The report shall provide all information relevant to the understanding and correct interpretation of the test activity
and test results.

WEEL, ABES) & RBRRT RIZ O W T ORISR & IEMEZREIRIC I T 28T N ToFRa Rt Lzl
B0,

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.
WMEFIILUTOZ LE2FATHRITNIE R B0,

1 FEBRFIA L FERZER L T D

RRICB T 2B REG 2D m WAL, RO OB, K558 ML)
AERTEE) O H 1Y

RKER A ICOWTOlEH

FERTFIE & FEERSA DO fifan

B E AR

FEROIER

fERDEER

feiam & TS

BRI & o Tk SN T OB ET —#

. ABRIT OV T ORE DGR

© ° N kWD

—_ =
- O
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2.2 Report of testing of materials ($1F}55r DO #H45)
2.2.1 Information on test sample (G55 D15 H)
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;
. date of batch manufacturing;
. specified chemical composition;

. material and heat treatment specifications;

3

4

5

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.

WEFL, EALICL>TEXONDIRBART 4 v FRAT L= MZOWTOLUTOfF#E & £ 72 < T
B0,

1. HEASE DA Al & B {EE 5

MBS DFE 5

Ny FAFED AL

fRE S M b E R

PR & BB D ARk

FimH (b L)

oGS @R O (B 21T, W, I, 774 2T

FRBR AT IR R A

LA ARG & Bl

© ° N kWD

2.2.2 Description of test procedures (55 TIEDFLA)

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.

W FITRRHER, TR L ERFIBOFAZRIET 260 L 45, RSN ERIL, Z Ok & B
D HETHE SNIZEH > TN Db D LT 5.

- FEREERIC T 2WE LR OFMMEIEEEN T b D LT 5

- EBRFIEDS OREMEERATRE SN bD LTS
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2.2.3 Presentation of test results (SEBR#ER D)

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.

EEGRRIL, Feobnlitik s & bicEdeEN B, £, ME, ey b, KW, FH) ICX5WE
HETREENDI D LTS,

SHER AT =V OBLE, —BERDH Y, BEORKICIE > T L b0 e 5.

2.3 Database (57 —%~<X—Xx)

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].

FERAERIL, 2% B Tiid STV 5 X 9 72 ECSS-Q70-71A 72 &, FHE DM BT — & _R— 2 & HEFr+
IEVERERE IS S 4L, RIS AFRAIRETH L RETH .

EBRAERIL, LRROT—F_XR—RMAIAEND LR TEDL LI LB FEATEALNLIRETHS.
Annex D [ZBE N OB T —2 o — FOBITH L.

3 Quality assurance (iE{%F)

3.1 General (HZ)

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.

ek lE, REBRIEE 217 O A 2 ZICHRE Sz B PRGE, Md, WHEEPRR A ER T 260 LT 5.
e EE R O %, A, SVEOREEY, RBIEEORRRAIHEICW TR Sh D b D& T 5.

R L, BB ~DOEIL L TV DA 5 2 572D+ W EE PR E E AL, FET s
boLTD.

B A D RIRKIE 1 & o TIT O 2R IBRIEENC 31T 2 BB BRI E) & MY, Bl Bk O e DR
EFTHD.
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3.2  Quality requirements (\}/Z %K $FIH)

3.2.1 Request for HVI testing of materials (& & S E 2R O EHZ F1T 5 ER)

The customer shall issue a request to a hypervelocity impact facilities to test the materials. The request for testing
of materials shall specify :

BT, MR 570 EEE s ER A T b0 L35, MERRIZE T 2 ERIZLLT &0
ETboET 5.

- objective of the test activity,

- background and justification to the test activity,
- material to be investigated,

- description of test activity

- deliverables.

- ABEE O B Y

- ARBRIEE) O R & B

- BFE S DM B

- AREBRIEE DA

- R EH

3.2.2 Work proposal for HVI testing of materials (= 22558 O EHZ B 1T D HFZEHRE)
The test facility shall issue a work proposal for testing of materials. The work proposal shall specify :

AEBRRR T, MERRERIC BT 2OMEIRE A HT b0 LT 5. MIEREIUT 2T 0 LT 5.

- 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.

- EBRHEW

- RERITiE &R DR R

- MRk

- RSN EBRFIAO T

- PR EHE

- VRS
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- B EFA DAY a—
- AR Y A b &SN

3.2.3 Calibration (#1E#ER)

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 ETHE SN BRERRIONA T, 3k, RBEE) M b o ZBREM ORIEZITV, #RT260
T 5. BIEOREIE, B OERIS U CGRBRES O SHREICE N T CITRA LT <, METESD
DETS.

3.2.4 Testing, evaluation and reporting (FGABr, ¢4, #Hi5)

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.

ek 1L, RBIEE), FHMEW|ERN, 5, 6, 7T EENEN TRBMSNBELT LR > TTThLd &)
FEMLE 52 56D LT 5.

3.2.5 Traceability and records (~ L —H% U7 1 &ElEk)

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.

MR, G a— R, Ny FF o=, MBSO S & 13- & 0 LHRT 5Ok~ — 2 Z4FT
LbNLHbD LTS,

AEHE, fllx OB Z 1T - Z 0 LHERT D7 DITKBMNIC~Y— 7 24T 656D LT 5.

AR T, AWM T 2 ERGEERA MR T b0 LT 5.

FERFLSRL, BROERILGUTHHTE, REBETEL2HD LT 5.

BRI & Dk KOMEIORIFS, BRICFAESNLbD LT 5.

B KUOMEIOLE, BEIZLX > TIHFAIEhDbD LT 5.
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®m =

A E T ISO/TC20/SC14/DIS11227 (ZHEHL L C 3 L 7= Ul T3¥EKZ FHEREHINN 7R Z h

— O ZEBRBAAGFICBT D, FHAMEZHW-EBROE/MTIE S EhifE k2 E LD b0THS.
FERIL DIS11227 D 6 BT THEMEL, H 7> THREL T L HZ. £ AT DISII27 DF 6
HCERINTNWDERFE AT A —2 LAREERTRIE LT/ T A —F D%, £7-7 B 12 DIS11227
DEFETETERINTOWDIRBEEONE L, TONFITHIETHEAETOZYE (HEES) &5
. 7233, DIS11227 DEBR /T A — 2 [ TMZH (shall) b TILARWS, ATREZR IR 0 3t 2 & A3 EEGE (7
should”) &N THKY RKEROSEME DIS11227 & AIRERIRY [A—& L.

2010 SRR T2l & Feh L 7o R, JUN LR FHERESIN 7 AT ) — o ZB g n 28T
ISO/TC20/SC14/DIS11227 (ZHEYL U 7= F=H A B 2 W T EBR O EM A FTRE TH D 2 & il L7z,
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DIS11227 D45 6 T THER SN TV HRIRFEMG /T A —F L ARERRTRIE LIz T A —Z DI
DIS11227 This study
Aluminum alloy
Material A2017
A2017 or A2024
I mm +/- 0.1 mm
Projectile Size and shape ) Same
diameter sphere
Impact 5 km/sec (or higher) are
P 5 km/sec
velocity recommended
Representative of the material to
Material Solar array coupon
be flown on the spacecraft
Size At least 50 mm x 50 mm 100 mm x 100 mm
Thickness Not defined 25mm
Target 1 ) )
Held in place by fixing on the )
Supported by aluminum
edges only
) ) plates cut a circular hole
Fixing Rear side left free to allow ejecta ) ]
o ) (diameter 40 mm) in the
collection if perforation or rear
. center
side spall occurs
Representative of the material to CFRP aluminum
Material
be flown on the spacecraft honeycomb
Size At least 50 mm x 50 mm 100 mm x 150 mm
Thickness Not defined 25mm
Target 2 ) )
Held in place by fixing on the )
Supported by aluminum
edges only )
) ) plates cut a circular hole
Fixing Rear side left free to allow ejecta ) )
(diameter 40 mm) in the
collection if perforation or rear
) center
side spall occurs
Representative of the material to )
Material Aluminum honeycomb
be flown on the spacecraft
Target 3
Size At least 50 mm x 50 mm 100 mm x 150 mm
Thickness Not defined 25mm
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Held in place by fixing on the )
Supported by aluminum
edges only )
) ] plates cut a circular hole
Target 3 Fixing Rear side left free to allow ejecta ) ]
o ) (diameter 40 mm) in the
collection if perforation or rear
. center
side spall occurs
JIS H3100, C1100P-1/4H,
Material ASTM B152 C11000, EN JIS C1100P-1/4H
CWO004A
Size 250 x 150 x 2 mm 180 x 150 x 2 mm
Hole diameter 30 mm in the center Same
Distance to the
50 ~ 100 mm 100mm
target
. In front and parallel to the target
Witness plate Position P g
plane;
(angle) to the o ) ) Same
similarly a witness plate while be
target )
behind the target
Fixed on the target holding plate Supported by aluminum
Fixing
by threaded rods and bolts plates
Surface
Not defined Buffing
treatment
Operating
Room temperature Same
General temperature
environment Operating
<0.1 Pa <20 Pa
pressure
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FB: AERR—VLBEOMENE)L DISI1227 OF 7 TER SN D MEZENE D Hfk

DIS11227 7T ECTERINIHEENE

AE DK S EPT

1. an abstract summarizing the test procedure and findings;

1. FEBRPIE & FE A2 B LT A4

[BE]
1 B8

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

2. MBRICB T 2E x5 2 5 Fram (B 213, BB D 72 OB,
it R OO P VA )

188

3. the objective of the test activity;
. BTGB D B #Y

188

. information on the tested material;

3 HEBNRTA—X

3

4

4. REEFIZOWTOER

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

. FBRFINA & R O

2 EREEE

2.1 FRAFIELIEE
2.2 FHEEE

22.1 ETXP

4 RBRFIE

4.1 BEFHE

4.2 FERATO ¥EfF
4.3 RBE%OHIE

5 fENTFIE
22.2 B AT A o
o 51 BHEFEH
3HEBRANTA—X
5.2 fRATTIEA
6. the calibration report ;
o JAR2E-092 2/
6. BIEARBR R
7. presentation of results; P
_ =
7. RO
8. discussion of results; p————
8. R DEL i
9. conclusions and recommendations; n
AREYN H = 7 ‘Hﬁﬁ
9. fim & TES
10. numerical data in a format agreed by the customer; N/A
10. B L > TR S B ROBIET —#
11. Customer’s authorization about the tests.
N/A

11. RERICHOW T ORAR DK
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2010 £, WM LTERYE/ FHEEEHFHF IA T M) —ZHF B IR TWSLIRRIERIC T,
ISO/TC20/SC14/DIS11227 (ZHEHL U 7= F 8 M B 2 W= FEBRr 21T - 7=, LATIZ, EENEFEZTLT.

1 B

O B S TR ST RFR O/ ZEIC L > THAET D Ejecta ZEIL, fENTZITH £ TO—HD
FERFNAR OVEBREIFIZOW TR LT\ 5. el l2e B o EBRFIEIL, #ERBxR 2 & I8
STWVWDHDON—FATH Y, FHEOREE R IBOLLEN SR L d 5 OIXREERGENZ . 2
T, REOHME LT, ERFIELOEREFLZOHET 52 LT, Rk 2 & CHUS S 7z ilBiss
REFTH LT < T 52 & THD. KR, Ejecta afliskBR FIE DIS1227 D 6 FIZHE I AL TN D, B
EEBRZOFHAMEEZ WA L, FEHrRRThd Z Lot d 5.

2 EBEE
JUN TEER S THT 5 7= Bjecta ABRICH W TR L 72 EBRAERE % LL T ISR

2.1 FEAEINEEE

TREAMAIE L E & ¢, RS A& L7z, Fig 1 ICAER CHEM Lz "B 284 0R
I BRI AR, KFEEBFEK I LA, KFEIZ Lo TIE SN B A R TR A % [ &
HIHRTFa—7, RbEELRDIELED TV 78, RAKEZNES S0 FFa—7, i
INODHARPEE DT T AN 7, PREELIEGUC L0 0B S5 RoBEXRE, Rglcy —
Ty M ERBETORBIENOBRIN TS, RAEROEEFIICIE, L—Y -y MEEZHEH L.

TR Ao o FF =TI IHE mm BE 12m ThDH. v FFa—T7 X0
WAL, ZEKIEHUC K I RBEXH CTHolEL, YRDEEXFNICRE S o R oI &2,
FEAARIT Y R BEAR O TR T DL R Al LT, RAERDOHZD L —57 Y MIEET 5.

Sabot separation plate Pump tube

Witness plate Velocity measurement section powder
) / l LauTch tube \ o Tm
[l = | = =2

\ . .
Target Sabot separation section \ngh pressure coupling
* > Blast tank
Polyester film
Test chamber Two-stage light gas gun

(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 FHHEEE
22,1 BFRE

=0y b, RAEOEREZFHT 5 72OICEFRFEAMM L7, Fig. 2, Table 1 (ZEFRKFFDIMEL
KOtz Z 2y, it S s Ejecta HEPE T mg BBETH 5720, REOFZHRE 0.1g LIF

DHLOEMH L.

Table 2 Specification of electronic balance

Fig. 2 Electronic balance

Product name Electronic balance
(Company) (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/°C] +2x 10° (+10 ~ 30°C)
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222 BEAMEES R T A

U4y hRAT L — N EOEIEIC K DV A XS 572012, KFEMET (Fig. 3) #f#HLY
4y PR AT L— F OYEREE A BS U 7=, Table 2 (2] L7- R RBEMSEOHAEAZ RS, FDL AT A

X, PSR, BT R OWEEERE, AC Y—RE—%, "=Vl rarta—%, (EERPLERI
oD, BMEES AT A%, T XA M ERRBTEE L BT BBgEie 5. R S—Y T
N2 — X BB E AT D, HFEER T 0 v AT L— NOBRIZEET D &, RO
WBEL, Yi@ihmic—EMEgE L (GE1T), bREMEAMYIRT. Fig. 41V 4y PR ATL—h
DEREZ RS, AX XY =2 7 24T HBRS, (53120 4%, X 3.2 mm, Y i 2.4 mm OHRF MR CHRE L
29, 1 O Z fie LI 2 DITKI 2 R 20, #RERIT 3648 L Th o 7=, Hitg D b N4 #
0.1l mm T OFEMEL CTIREEIToT-.

Microscope Motor

s

Traverse equipment

Fig. 3 Microscope system Fig. 4 Coordinate of witness plate

Table 2 Specification of microscope system

Microscope SKM-Z200-A (SAITOH KOUGAKU)
Model number Traverse equipment SKR260 (THK)
Compa .
(Company) Testing bench FB-46-50 (SIGMA KOKI)
Motor CM2-C-56B10A (MUSCLE)
Magnification 60 ~ 360
Image size [pixel] 1600 x 1200
Operating distance [mm] 60
Observation area [mm]| 33x25 (x120)

3 BRNTA—H
AR NT A —Z 2L FITRT. Fig 50 Z2—=7y MDY 4y R AT L— ORI Z R~
Ejecta H®(X, #—7% v NOERAIKOEEAICIVERTS. vy hRxATL—NIE, ¥—F v b
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A 72 6 QNS I S 7z Ejecta Z i OME 28 7 A — Y DRl 23 2 7 DI 3 %.

Witness plate

E
=
b2
Fig. 5 Setup of target and witness plate
o FRFMEK
RS TIIRAMARM B E LT A2017 & A2024 ZHESEL T 5. AREBRTIE, BLFIORT LI
A2017 BRZEH T 5.

ME: 7V =v L5648 (A2017)
YA RO : B 1 mm +/-0.1 mm ER
BEEE (HERE) : 5 km/sec +/-100m/sec
T AR IHERE T H Y, AREBRICE T D EZHE TR B TEME L2 I
WEFHHDET 5.
BERAE . 00 (¥—7y MREERTME 0°LT5)

o ¥—F v b
B —72Fy M2, KB —R, CFRP TV =T AN=H L, TIVI =T LN=H A3

BT 5. £, MBRZL Iy =7y FOBEMEZBEISET, F—F—7 vy ML TH
a5 %47 5. Fig. 6, Table 3 |2 KM 7 —7R>, Fig. 7, Table 4 |Z CFRP 7 /L X =7 A=
712, Fig.8, Table SIZT IV =0 AN=H LD, HMLEOMEEEEZ ZREURT.

BB : Fig. 51T L D IZHDMT@S0 mm DRBBHNZT VI =T 2RIk Y, Z—7 > |k
EHRBEET D,
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PRXTXAXXT TR 1T 3

Fig. 6 Solar array coupon

Table 3 Specification sheet of solar array coupon

Thickness
Laminated constitution Material and structure

[mm]
Cover glass CMG 0.100

Cell Adhesive DC93-500 —
Solar array cell Ge 0.155

Adhesive Silicon adhesive —
Polyimide sheet Kapton film 0.050
Face sheet Cross-ply CFRP 0.276

Film adhesive Epoxy film adhesive —

Substrate General section : 3/8-5056-.0007P 25.4
Honeycomb core
Reinforced section : 1/8-5056-.0007P

Film adhesive Epoxy film adhesive —
Face sheet Cross-ply CFRP 0.276
Size 100 x 100 mm Total thickness 26.257

Fig. 7 CFRP aluminum honeycomb

00 = w_m w AR

. e
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Table 4 Specification sheet of CFRP aluminum honeycomb

Thickness
Constitution Material and structure
[mm]
Face sheet CFRP -
Skin A 2024 0.254
Honeycomb core 1/4-5056-.0007P 254
Skin A 2024 0.254
Face sheet CFRP —
Size 100 x 150 mm Total thickness 25.908
Y
Fig. 8 Aluminum honeycomb
Table 5 Specification sheet of aluminum honeycomb
Thickness
Constitution Material and structure
[mm]
Skin A 2024 0.254
Honeycomb core 1/4-5056-.0007P 254
Skin A 2024 0.254
Size 100 x 150 mm Total thickness 25.908

e T4y FPRARATL—}

74y hRATL—ME, Z—Fy FREIHEZR S NIHBFTICHE SN2 = 7 ¥ 241 K OVET 22
B A=Y Oali %5 72O T 5 . B ZE DIS1227 (246 > T, AFEBR CIddif 2 v 5. Fig. 9,
Table 6 {27 ¢ v bR AT L— M L7728 O/ OMEAR %2 7R T.
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(b) Rear witness plate

(a) Front witness plate

Fig. 9 Witness plate

REEME X —7 o FHIE R OEED S 100 mm

REAE : ¥ —7 v b EFAT

BRI Fig. 5107 £ 5 ICT AL =0 BRIZE 0 ¥ 4 bRAT L b L F AR AT 5.
R - HEAT I

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/cm’] 8.92
Tensile strength [MPa] 215 ~275
Vickers hardness [HV] 55~100
Thermal Expansion Coefficient [1/K] 17.7 x 10°
Thermal Conductivity [W/(m-K)] 1.31
Electrical Resistivity [Q-m)] 1.15x 10"

Hole diameter [mm]

30 (Front witness plate)
Nothing (Rear witness plate)

This

document is provided by JAXA.
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o ABRIREE
HIRREIZHE, LT 2R E

REBREE : =R
HRERES : WTRERMRY BE22E 25 < 15, (K 20 Pa)

4 BBRFIRE
ZITHE, A= vy hRATL— FOKE - FHIEORBRTIEICOWTEET. TRERAN
WEBEOFEBRTFIEICE L T2 2 TIXET 5.

41 BFEEFEHE
T4y hRAT L= EWOBIE, Va4 hRAT L — MREEEDIT WL D FEAEVLTEAT
7. R OBICIERIDMTE LTV LB ISR A M TE 220,

4.2 RERATO S
o HKERANIIRAAAKK VS —F > hDNRT A =4 (H& - A X) ZWEL Table 8 DF —HF I —
MZFEAT S,
o X—0y MR 4w hAATL— | (MBI AT AZED T 4y FRAT L— M RH DA
Xy =R ERABENCRET DS, Vg MXATL— NI, =5 v FORITT KU
J5775 100 mm OALEICHEL, ¥ —7 Y PROTY 4y hRAT L — hOHLEGbES.

Table 8 Experimental data sheet

Mass [g] Size [mm]
Material
Before After Width x  Height x Thickness
Target X x
Surface treatment
Witness plate X x

Mass [g] Diameter [mm]

Projectile

43 HBRZOHIE
o Bk, #—# v MM Y 4 v hRATL—FZROVHL, #—4 v FOAFHERELZIEL,
Table 8 |[ZFE AT 5.
o ERAIGOERENO Y =/ XEEMZHINTD.
o X —/7 v MR K& OE I DOE IR ZHIE L, Table9 IZFEATS.
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Table 9 Experimental results

Impact velocity [km/sec]

Ejected mass [mg]|

Operating pressure [Pa]

b Perforation shape

. g} Front face Rear face

a (ellipse long axis)

[mm]

b (ellipse short axis)

[mm]

5 fRHTFIR
51 BFEEFEH

T4y hRAT L — R EWOBE, Va4 hRAT L — FREEEDTRNE D FREVLTERT
5. fRFTOBICHRDMIE LTV D LEISRE A2 R TE 20,

52 fENTGIE

o WIMEL AT LMLV ERIEZEDOY 4 PRAT L — MRHDAF ¥ = 7 %{T 9.

o U4y hRATL— DML, Uay ERATL— b OE FinERAE L, X#IIRAND
EHMEE, YIRS ND FhmEEE L (Fig 4).

o GO NT-FHERAIER OBMEIM G2 FEST 5. WaaEmE, ERAGEOBEGRL KL, 7
TL— by F U T EATIR TR, ZFEATV, RERESIEN) I TR EZLTH .

e image] L\ 9 V7 hEHWT, pixel & mm OfRE AT, T 2EIHEORBELRET 5.
D%, ERRERHEL, LFOY A ZIIHET 5.
<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 EBEFE

Table 10 (245 F2BR DGR 4779, £7-, Fig. 10 ~Fig. 1312, FEBr#E O KEEMM 27 —AR >, CFRP 7 /L
INZAL, TEYIZTINAZALRKD, TRENOERTHERLIZY 4 v PR AT L— M &RT.

Table 10 £ ¥ Ejecta B SIINGEM 7 — R oDk b <, TAIZ T AN LRESDRNT LN
g, Zhux, KEE 7 —R L OFTEAMEHEM B O T Z7 A THY, EHEMEIOT VI =0 L=
LAEDHZ LD Bjecta BHAELT-EEBEZOHND.

F72, Fig. 10~Fig. 132D (1) (a) ¥—7 > MaiEE LD &, EIHEO B/ S IR1- 73
BRELIENRATEND. ZhiX, o770, #—7 v EhoH LT Eecta 3V 4 v hRXAT L
— MZEZE LTk > 72hi 1, FEORRERNBEZEZ NS, LaL, WARDHEXRE & REI=EAZ XY 5K Y
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T AT VT 4V BITIETRFMA DAL O & 023838 L7EBNI LS, HoT7 7Y oagEEEvWEE 2 5h
5. Filz, =7y MEIEICIE, EIHEBLICHRL 0 E 2 LTDERH 7208, X —7 > MEmIZI,
ZOXEIBWEEFAONIRN. =5y M, BEFEBIZT 4y PRATL— R ERELTEBY, ¥—
7y NRTHIO A Bjecta 23 o v bR A7 L— MIf#ZE L Tkt~ 72 L IXE WV, Z OJRK & Bl
THOIE, 5k, ¥—F v MaiFIZT 4y hRAT L —MERELRN, ¥—F v heT 4y bR
TFL— DR ELS T D, F—T Y MATHDY 4y RRXATL— &2 S, b LIRS DOR
2T 5, REDOERPULELEZEZOND.

% 3B D Bjecta DEFYE YA X BIMEEL 7746 % Table 11 X T Fig. 14 (Z~7.

CFRP 7V I =T LN= A LGS DD 4 R AT L— NI, BIYENEFICELL T—D2—DDK
MLFEL, AERAW AT EAN CIIE 2SR Y A XBHEE A 2 ERT 2 2 E AR TH > 72,

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

- Impact | Projectile| Ejecta| Perforation shape [mm]
est
Target Projectile | Witness plate | velocity mass mass Front
number| Rear face
[km/sec] [mg] [mg] face
Solar arra
10-077( coupon A2017 Buffi 5.37 1.5 68.8
uffin
(Front) g b** | 1.62 | 5.11 4.82
CFRP
C1100P-1/4H at | 289 8.53
10-115| aluminum A2017 Buffi 4.97 1.6 41.1
uffing
honeycomb b** | 2.42 6.83
Aluminum C1100P-1/4H a* 1.86 7.21
10-131 A2017 4.79 1.5 10.3
honeycomb Buffing b** | 1.78 6.41
Solar arra
Y C1100P-1/4H a* | 244 441
11-015( coupon A2017 Buff 4.62 1.3 98.6
uffin
(Rear) g b** | 1.33 3.37

*a [mm] = ellipse long axis

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

i 0 & 5 5 % |m-;m
(a) Front (b) Rear
(2) Witness plate

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

e 20

[TEN L H

i VTR g
w 50 e 0 s s |00 v 2w
L. i

(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

(FH AT h—il il SR O F A B 2 =7 2R O 7260 OFRBRFNIR) |

Size | 0.025 ~0.05 0.05 ~0.075 0.075 ~ 0.1 0.1 ~0.15 0.15~0.2 0.2~0.3
Test No. [mm] [mm] [mm] [mm] [mm] [mm]
10.077 Front side 44135 13594 4763 2682 513 157
Rear side 54004 5533 1209 532 99 26
Front side 3169 535 128 67 9 2
10-115
Rear side — — — — — —
L0131 Front side 1613 371 179 127 78 54
Rear side 22326 1531 266 150 59 35
Size 0.3~0.4 0.4~0.5 0.5~0.75 0.75~1.0 >1.0
Total number
Test No. [mm] [mm] [mm] [mm] [mm]
Front side 6 1 0 0 0 65851
10-077
Rear side 5 1 1 0 0 61410
Front side 0 0 0 0 0 3910
10-115
Rear side — — — — — —
Front side 5 0 0 0 0 2427
10-131
Rear side 5 0 2 0 0 24374
SO0
B (=077 (Front face)
50000 ® 10-077 (Rear face)
- #% 10-115 (Front face)
B 10000 % 10-131 (Front face)
E. # 10-13] (Rear face)
£
E 30000
X
E 20000
10000
CBLLLL
R IS P
a’?ﬂz \Qﬁﬁ 1-_-;5‘"‘# & d—“"# NARE & Q{
Size [mm]
Fig. 14 The number of crater
7 K&

Ejecta AFflFAER FIE DIS1227 D% 6 FIZHE I N TV 5, FHHAMEZ AW T-RBRAEfifETh
LT EEMERTE . A%, ERBRNOHBONLI T —F OBV IR LEEZHERET2LERD L. KK
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10-077 (Solar array coupon (Front))

[sFF 11-2]

SEAMERER S B4 DIS11227 @ Table | OEXTEH L6 D%, UL FICRT,

target mass target mass
total amount of
68.8 before impact 46697.5 after impact 46628.7
ejecta (mg) : M,
(mg) (mg)
Size distribution of crater | 0.025 mm to
0.05 to 0.1 mm 0.1 to 1 mm >1 mm
diameter, D 0.05 mm
number of
44135 18357 3359 0
front side craters
number of
54004 6742 664 0
rear side craters
projectile mass 1.5 mg
10-115(CFRP aluminum honeycomb)
target mass target mass
total amount of
41.1 before impact 25997.9 after impact 25956.8
ejecta (mg) : M,
(mg) (mg)
Size distribution of crater | 0.025 mm to
0.05 to 0.1 mm 0.1 to 1 mm >1 mm
diameter, D 0.05 mm
number of
3169 663 78 0
front side craters
number of
TBC TBC TBC TBC
rear side craters
projectile mass 1.6 mg
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[T 11-2]
10-131(Aluminum honeycomb)
target mass target mass
total amount of
10.3 before impact 33556.8 after impact 33546.5
ejecta (mg) : M,
(mg) (mg)
Size distribution of crater | 0.025 mm to
0.05 to 0.1 mm 0.1 to 1 mm >1 mm
diameter, D 0.05 mm
number of
1613 550 264 0
front side craters
number of
22326 1797 42 0
rear side craters
projectile mass 1.5 mg
11-015(Solar array coupon (Rear))
target mass target mass
total amount of
98.6 before impact 50111.0 after impact 50012.4
ejecta (mg) : M,
(mg) (mg)
Size distribution of crater | 0.025 mm to
0.05 to 0.1 mm 0.1 to 1 mm >1 mm
diameter, D 0.05 mm
number of
TBC* TBC* TBC* TBC*
front side craters
number of
TBC* TBC* TBC* TBC*
rear side craters
projectile mass 1.3 mg
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