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Reduction in Ejecta from CFRP by Atomic Oxygen Protective Coating
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Carbon fiber reinforced plastic (CFRP) plates are widely used in spacecraft. When projectiles strike them at very
high velocities, many fragments (ejecta) were scattered. Our group proposed AO coating/CFRP to reduce ejecta
from CFRP and to keep or improve bumper performance. We would like to report some results of AO
coating/CFRP.
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Courtesy of NAS Courtesy of JAXA
http://spaceflight.nasa.gov/gallery/images/shuttle/sts-127/html/s127e011212.html htp://www.jaxa.jp/projects/iss_human/kibo/index_j.html
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Penetration into Thick Plates

Thick targets

Composition of ejecta

<— O Projectile
Numata, Kikuchi, Sun, Kaiho, Takayama,

Proc JSSW, (2006), pp. 221-222.

Cratering
Projectile
- fragments
-~ Ejecta

Secondary debris

Murr, Int. J Impact Eng., (2006),
pp. 1981-1999, 3
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Fig. 1. ORDEM 3.0 and MASTER-2009 orbital debris fluxes for the ISS Fig. 4. ORDEM 3.0 and MASTER-2009 orbital debris fluxes for the SSO
orbit in 2014. orbit in 2014.

P. H. Krisko, S. Flegel, M. J. Matney, D. R. Jarkey, V. Braun, ORDEM 3.0 and MASTER-2009
modeled debris population comparison, Acta Astronautica, Vol. 113, 2015, pp. 204-211.
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Purpose: Reduction of Ejecta(4 22D IKRE)

1) Coating / CFRP plates (A—T 4% / CFRP#R)
(FEHZICEITIERNERSURID L2020, MHFERFEER2020EEX)

2) Organic fiber reinforcement composites (5 ik i @588 S+ FD

(FHERIZEATEIERNERSURIH L2019, MEM2019M B HFEHL T7LURAAK,
FYEMAR—RTTYI—4 < 3w F2018)

Light metal plates ~

Projectile //
0O —1

=> Poster presentation

Less ejecta &

better shielding performance

Front side and/or rear side
Organic fiber composites
(Dyneema composites)
0.3 mm, 1.0 mm 5

Earlier Studies of Debris Shielding (1/2)

PBI coating/CFRP

Polybenzimidazole (PBI):
Atomic Oxygen Protective Coating
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Fig. 5. Velocity decrement of the projectile after impact with CFRP and PBI/CFRP.

Sarath Kumar Sathish Kumar, et al., Polybenzimidazole (PBI)
film coating for improved hypervelocity impact energy absorption
for space applications, Composite Structures 188 (2018) 72-77

SiC coating/Al
120
., o 1
AL A i
|
O 1=
50 um (0.05 mm) SIC coating

A4

&/
Z

04 mm Al6061-T6 substrale

Aleksandr Cherniaev, Igor Telichev, Sacrificial bumpers with
high-impedance ceramic coating for orbital debris shielding,
International Journal of Impact Engineering, 119 (2018) 45-56
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Earlier Studies of Debris Shielding (2/2)

Ti-Al nylon impedance-graded materials

Kevlar/ FRP
""""" Kevlar Layers Fiber
Sensor
e - f—
4 \ Strain Gauge
| Al ,' a)
\TI 5 nylon ,/ Flber%Sensor
> Spaci |
S - pacing Kevlar Epoxy
Layers layers
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Projectile > Gauge
Pellet
Bumper Rear wall ~ Witness panel
Fig. 1. Experiment schematic diagram.

i
Figure 6, Four layers Keviar/Epoxy, a) Top Front
View; b) Cross Section Side View Strain Gauge and
FBG_(example Shot #79)

b)

Zhang P.L., et al., Study of the shielding performance of a

Emile Haddad, et al., Mitigating the effect of space small debris
Whipple shield enhanced by Ti-Alnylon impedance-graded on COPV in space with fiber sensors and self repairing materials
materials, International Journal of Impact Engineering 124 (2019)
23-30

Proc. ECSSMET (2018)

Atomic oxygen (AO) protective coating / CFRP plates
(MR FIREE R —T 12 /CFRPIR)

This document is provided by JAXA.



314 FHAZETFIE M SE R I JAXA-SP-21-001

Polyimide CFRP

Polyimide CFRP (Prepreg from JAXA*)
Size :75 mm X 100 mm

‘sv
Thickness: 1.0 mm(8 ply) .
Quasi-isotropic [45°/0°/—45°/90°]s ;
(BRELFEAH)

* AHE—, TS FEEAHM (M3 CFRP) O AR,
AAMEFEHEREE, 63(2), 2020, pp. 38-42.

Miyauchi, M., Ishida, Y., Ogasawara, T. and Yokota, R., Highly
soluble phenylethynyl-terminated imide oligomers based on
KAPTON-type backbone structures for carbon fiber-reinforced
composites with high heat resistance, Polymer J., 45, 2013, 594-600.

Atomic Oxygen (AO) Protective Coating

Coating ( Composition formula [(RSiO, 5),],
Sil-sesqui-oxane derivative —___ J intermediate material of inorganic
(UIERAXFFHUFEER) silica [Si0,] and organic silicone
(Toagosei) [(R,SiO), ]

Thickness 5 pm, 20 um Density 1.14 g/cm?
. Storage modulus 1% 10° Pa
(1 Hz, 0°C)

Atomic oxygen (AO)
protective coating

bar-coating method
— Ultraviolet curing

Thickness 20 um
= > Areal density 1.58% up

This document is provided by JAXA.



HE [AR—ZFFVT—ray | H#EERME 315

Sil-sesqui-oxane Derivative

SQ series (1 - 2 um)/ polyimide film (50 pm)
AOHINE  (x10°f@/cm? )
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HEEAMK. BIEREIRTREND (2013)

Experimental Condition

Impact Coating
velocity thickness

Areal density

keo/s] | fpm] | W

0.1705
ST 5 0.1712
3.11 20 0.1732

Thickness 20 um
=> Areal density 1.58% up

13
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Experimental Setup (1/2)

Two stage gas gun

JAXA/ISAS

Impact velocity
2 km/s — 7 km/s

N. Kawai, K. Tsurui, S. Hasegawa, E. Sato,
Rev Sci Instrum 81 (11) (2010) 115105.

Projectile
Aluminum alloy sphere
A2017-T4
Diameter: 1.6 mm
(3 km/s)
14
Experimental Setup (2/2)
Witness plate Rear wall
Target x 5 E R
o Aluminum alloy
Projectile x A2024-T3
Aluminum alloy 200 mm X 200 mm
A2017-T4 S -~ Thickness 3.0 mm
Diameter 1.6 mm S1a vV ody,,
o ‘l=0 Ve
v 'V‘ "’vl' “:
3km/s i ~vdd
50 mm 100 mm
15
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Results of Ejecta

4 )
Witness plate Rear wall
\ﬁ Tanget x
Projectile N
Aluminum alloy Il
A2017-T4
Diameter 1.6 mm ﬂ % ;ﬁ‘“
. @ : 1
3km/s '/:"} ""’v\““
</
. 50 mm| 100 mm
- /
16
Evaluation of Ejecta (Direct method)
Image analysis software
2 Imagel
2 /\
= l Fragments from
§ FRP plates
Length a < §
| 2 & )
A, Projected area = e |
a=b=c
Main target:a=1 mm
17
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Results by Direct Method
(Cumulative number distribution of ejecta)

10

® Polyimide ¢1.6mm 3.24km/s J
® Polyimide ®!.6mm 3.17km/s Spm coating
® Polyimide ¢1.6mm 3.11km/s 20pm coating

80

Number of fragments greater than a
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18
Results of Ejecta
O )
Witness plate Rear wall
Target x
Projectile
Aluminum alloy \\
A2017-T4
Diameter 1.6 mm T 2
44, Vv dag, a
. ‘4=0 Ve
ISO 11227 3km/s ] [Ty adt
Witness plate T ~
(copper plate : C1100P-1/4H)
Thickness 2 mm (Hole 25 mm)
50 mm 100 mm
—
Epoxy CFRP (Toray, P13080F-3: Matrix
3800-2, Fiber M60JB) 2.41 km/s
Nishida et al.,'Proceedings of 7th European
Conference on Space Debris, (2017) 19
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Results by Witness Plates (ISO 11227)
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Conclusions

1. Shielding performance : Similar
Forward ejecta : Decrease

Effects of coating thickness : Unclear

i

Future plans :
1) Reproducibility
2) Effects of space environment

3) Mechanism
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