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Abstract
In this study, we aimed to develop a DP-AA-PSP that can achieve a sufficient signal-to-noise ratio even under ultra-short

exposure conditions required for hypersonic shock wave measurements. Based on the fabrication conditions reported by

Kawamata et al., we investigated the effects of varying dye concentration and number of coatings on the properties of DP-

AA-PSP. As a result, we successfully fabricated a PSP with higher luminescence intensity and performance than

conventional DP-AA-PSP and ultra-fast response PSP. Although no significant improvements were observed in pressure

sensitivity or time response compared to conventional DP-AA-PSP, it was found that dye concentration and number of

coatings do affect these properties.
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Fig.1 Automatic painting system at Numata laboratory
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Fig.2 (CAHFZE TR - B Bhf E il Bt & o &
MAErRd. REBIZESH=2 e —F (CPC4000,
WIKA) ZH\\WAZ & T, WEF ¥ "—HNDEN%
0.08 [kPa] 2> 1,000 [kPa] F CTO#FHIZIS THlE
WMRETHDH. £, L Fxzar buo—F (TDU-
5000AR, CELL) ZH\W3Z & T, 7 LiEE% 0
[deg. C] FREEND 50 [deg. C] FRE ORI AL &
HZEMARETHS. VTR NS ORI
HICIX S EORBA I AT A ND Z ERFRETH
5. WERBREEONF & L CEIEFED LED %+
J VEESEENMERFRETH D, 2B, T D
e FIEART FVOFRED T, /ESEIEE R
(RF-6000, & RERT) 2 F 7240 HEHIAY AT g &
o TS, 7235, BIERBRRFICIE, FRNCRE LTz
BERBR RIS EWET ¥ = NDET) - 1]
ERABTEFRINSZD, ThTROSKMEICET
DY TNVEGOTEI AR M VT — X XA B TIL
H£ans.

©copyright 2025 by the author(s). Published by JSASS with

permission

JSASS-2025-2068

Light
SOUFCE

Optical
liller

Compressor

Temperature
Controller

ccn
camera

Fig.2 Schematic diagram of a calibration system
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EDEITE CTHRE LT, B = % BRI
JET % Z LT Ko T = LA #Bh & R = AN 2l
Fl& AR, BEREREELZBRC - AMesE5 2
& T, IRERI R A AT . MR T R
LR PEIEOREWT 2 e 2T, R ciE &
7%, WO PSRRI O I K 0 EEE O
RGBSR EZ T 5 &\ ) HEEA AR TE 5 A
Uy bbb, 207, REREOHERE < v oD
FFEBUMES — B9 @V, PSP OO oMk o 2EA 2
AIERE 2 VDB, BB I E R IS IEXTT
FEC PSP By A akiE L, B MEZEF D PSP
TIVDOFEICERE OWERERE )5 PSPO R IGE M &
WETDHZ LD,

Auxiliary hight pressure reservoir .
Testing department
Hight pressure reservoir  Low pressure reservoir

Quh{ open valve

Decompression section

Fig.3 Schematic diagram of shock tube
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A ERR LTe. BEM72{ER SR % Table 1 (277,
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Table 1 Anodizing condition

Pure Aluminum

Sample material (A1050)

Phosphoric acid

Electrolyte (0.3 mol/L)

Current densitye [mA/cm?] | 3.5

Electrolyte temp [deg.C] 10

Peak Voltage [V] 180
3. 2 DAL RN~ 0D (0 SRR R R 2

AR CIIERERIRE & BEREE T A —X
ELCHBEREEELZH O CAaRBRELITo7. B
HERMEOFEMIL Table 2 123
BIEGFEICIIE L AR F (PSA, CAS No.
26651-23-0, Frinton Laboratories) % VY, &L LT
T hMoEHAWZ AREROEEL, 0.1 [mg/ml],
0.2 [mg/ml], 0.3 [mg/ml] =T Table2 DO¥HESL
PRICE B % Tl L7z,

Table 2 Painting condition

Painting distance [cm] 5

. . 2,4,6,8,10, 12,
Number of paints [Times] 14, 16. 18, 20
Air pressure setting [MPa] 0.025
Painting speed [mm/s] 25
Open degrees [deg] 45

3. 3 HIERER

AR TIL, 2.2 Tilb 7= BB IERBRIEE 2
TRERBREZIT- 72, MERBRCII2ToOY 7
IZOWT, REBREE 20 [deg.C] DERSMHT T, £
J1% 10 [kPa] 7> 5 150 [kPa] % T10 [kPa] Z|#iZ
15 &ZESHE, TRENOEMFIZEIT S PSP O
FONTRE 2 AT L7z, BUS L 72 BRI H R
ENDIESREZFHME L=, 72, 2 To
TIAZEWTES 100 [kPa] DEESMET T, BE%E
10 [deg.C] 7>% 30 [deg.C] £ T 5 [deg,C] #IH TE
{tEt, PSP MOOFNIREDOELZ TGS 5ET
TP SR 2 5 L 7.

B ERBR O G UV-LED Yl (L&
365 nm) (= Red Rejection 340 (OPTICAL FILTERS,
ASAHI SPECTRA CO) Z#&E L, FELMIMA D 2
Z & LCIiE 12 bit CCD 51 £ 7 (ORCA-ERC4742-80-
12AG, Hamamatsu Photonics K.K) # T, L X¢&
J AT DOMIZ 450 nm /A /XA 7 ¢ LK (FILTER
LONGPASS OD4 - 450 NM 25 MM, Edmund Optics) &
600 nm = — F /YA 7 1 /L X (Premium Short pass
Filter, Cut-Off Wavelength: 600 nm, THORLABS) % 5% &
THZLETHATNY L TANED 450 nm 5
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600 nm DFEEDOIHNOHEHRHTE D X I BB
EREEE LT,

3. 4 FAHAAT FVEHI

AR TIX, TNV ARIERBREEOT ¥
PN—NICERE L= ) X TRt 2 Bet L, o7
ROFNANRT MVEFHE L -, BARRIZIE, £
100 [kPa] O EEEREE FIlcB W T, BESLMEE 20
[deg.C] 7°5 10 [deg.C] ICE L SH-BAE L HE
20 [deg.C] DEIREREE T T £ % 100 [kPa] 75
10 [kPa] ~ZML SV BRI AT MV OELE
IR (RF 6000, SEESERT) & v Cill
A L7, BhEYEIRIZIE UV-LED Y& (FFOE 365
nm) |Z Red Rejection 340 (OPTICAL FILTERS, ASAHI
SPECTRA CO) ##ZE L= HLDOEHWWTH T L%
b X7,

3. b IRFfH] S Z M RER

AR TIL, 2.3 Tl 7= M fRid & 2 Hv T
RIS EMERBR 21T - 72, ARBRICHAW =)7L
1%, B AFBREIRIREIZS O Tie b 2EOERE 2 @ Wi
TR TERLZLOTHY, ZOFEH% Table 3
\ZRT. Fig. 4 IZSBEWRBROE > b7 v 7O
X Z7x9. PSP Yo 7ML EBEEDO T KUt —
TP CHRT 95 K 9 1Tk (& L7z, PSP DJihid
J PR IZ 1L Red Rejection 340 (OPTICAL FILTERS,
ASAHI SPECTRA CO) #W 0 fHiFl=%& /> 7T >
T2t (SA-200F, HAEERE 7 TEER) v, 1
X2y 2 —Ry 7 A (LB-5L (SA), BiEEF LK)
EROAT D Z LT, A RERIFEAM R 0 i ot 58
M—E LD X HICHRE LZ. Behtas s LT,
BERBREFCH W 2 o7 o v E DS
DN RRRAT 4V Z (FEwmE R © 450-600 nm)
Ze B0 AF U 72 ok - 8 £5 % (Photomultiplier Tube
(PMT), H10721-20, Hamamatsu Photonics K. K.)Z H\»,
FNRERELEZ T L NF a2 a—T (DS-4262,
SRR SAL) TY Y W 500 [MS/s]
DOFEMTRE LI, AT v TIREMERBROBRICY v
TGS S B BB L R BRI NI 2 30
[kPa], EJE=RE 1% 240 [kPa] & L7Z3AICTER &
5, EEEE Mach #51.5 FEEE OB 2 Huv T
2.

ENTRFICIE, £, PMT THiH LR EZEBIER
ZRWCTEMEICER L, JEHE X > THRIY
L7 EBROEIME L T 5 Z L2k »T PSP @
ISERE A RIE LTz, 723, ARTIX PSP 12X - T
FH U 72 ) b FE A B 22 5 ) b S
D 90 % ([THYT D FE TICE LR (90 % b
LRV EERE) & PSP OERME LTERAL T
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Fig.4 Schematic illustration of time response test setup

Table 3 Painting condition

Dye solution concentration

[mg/ml]
0.1 0.2 0.3
Painting distance [cm] 5
Air presser setting [MPa] 0.025
Open degrees [deg] 45
Number of paint [Times] 14 8 20

4. BRBLUOBLE
4. 1 BREEEE EIRIREE 3 5 R B R R I T
b2

Fig.5 12, t3EE 0.1 [mg/ml] ~0.3 [mg/ml] D%
WERWT 2~20 EIBELZEELET 7LD
100 [kPa] Z:fF T CORNIME DR EZTRT. KLY,
BRILEDN 0.1mg/ml OV > 7V TrE, BERED
BV mENHEML Tk v, BRI 14
BILL B2 5038 1700 7 7 > MM TEET HH
mAzmRLz. £, BFEE 02mg/ml OFAICE
WO, BBEEEIEL 8 (Bl T OEIREE I N A &
RL, TORITH 2100 77 v ML TLET HMH
mazRLE. —FH T, AREE 03mgml OV
JAZERN T, BERED 20 ENZELZREETH
FAIRE D LA DPHENTEY, S 5IC8ERE A
RFT LT, IVEWINREZ ROV 703G
bR LEHEREINS. LirLAans, BiEEHK 14
5] ABE D F8 K58 BE OGN ERIL, Z AU LART & i LT
KFLTWDZ 0D, MoOBRESMEEFREIC, b
BRI T — 7 2l 2 T RIS E 1T
HERTHEEZLND.

TN ORERNS, AREHRIRENEVIE ERN
WRERPEICE N 7 DP-AA-PSP DERL N ATRE T dH
LT EnREN. F, ARBRTERLEY VT
LD DB EWIERREZ R LIZDE, BFRRE
0.3 mg/ml T 20 F&E L= TLTHY, 0D
IR T S BIGE S PSP O 3.5 %, F72il
IR L 7= DP-AA-PSP @ 0f) 2.2
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fFICELTEBY, RIS TH S DP-AA-
PSP %155 Z LA HkT-.

2 WRAL[EIEL & VAR PE S R I ST TR

S

i

Fig. 6 &, BHEREEE 0.1~0.3 [mg/ml] DEK
ZHWT 2~20 BIBEEZIToGAICBIT S, 1F
B 2 TV D E T O R, e S ) i
E [%/kPa] Toh v, FiflABERETHD KLY,
BHEBEE 0.1 [mg/ml] OV 7 ILTlE, BEREK 4
[0 £ CIRESEEE RSB L7228, AU LA 3 s (]
BN A > TH IR DMK T 9 2 1m0 e 78
Eh7. BHERBEE 02 [mgml] (ZBWTIE, BEEHE
BomeE & HIZENEENR B LTIETL, 20
[EIEAEREIZ I35 027 [%/kPa] £ Tl L=, —75,
0.3 [mg/ml] ®Y% > 7 /LT, 0.1 [mg/ml] OHAE &
AR EEREL 10 B CIREOm ENR SN
7273, 10 BIPARE ClIail e P oz,

Pk, BEEREES X OSBRI R
RERWBZRITTEZZOND. FREICBITS
ETOMHEMOENLIH D OO, 1 I1KREE LR
BOBEMIEN—FIK T3 28m b Aoi, 5k
VR T2 FE TR EE O BRI D 7= D I HHLIZ B 2 8K
ST LW EERFER E LT DP-AA-PSP %
RN HALEIRBR O SN A2 B S5 RKE
L0 S LR L RN,

4. 3 BILEHE IRIREE DS LR A I BT
AR i VA [ (AN Y A

4. 1, 4. 20ORRERE 2, JEIRE LR
SREED 2 ODOBLEE MR U7 R REREGE & L
T, JENRBE L RMEN SR SND, HAES
EACKRFIZ BT DR EA b ®IZHEH LBES
TE D B E AN 21T > 7=, Fig.7 12, tA3EIRE 0.1~0.3
[mg/ml] TBIEZIT->EAICBIT 5, KBiERK
B D HALE AL 72 0 O3 e E AL &
g, MEER IR L EZS b & TH Y, Fig.5, Fig.6
TH LN KRAEITRT 2 S K& OV e
EOE %K BERBICRE L THONTZETHD.
CAUREERICIEESNZE 1kPa 123515 DP-AA-
PSP DOFWMEEMALEE R L TRY, [E/EE L
IR0, F—REORERYE TR SN EAICER
7% PSP OFEFHN EOIE N fERE L AR THD.
X &Y, AEREE 0.1mg/ml O 72BN T
I, EREHE[EI R D BN P TR O B2 AL B BN
oM AR L. —J7, BFERE 0.2 [mg/ml] (2
DUVWTIE, IR 10 [EIFREE T8 L i 2 b &
IR KRMEA I, Z O%RBEEF O I LA
THMEMmZ R L. BAERE 0.3 [mg/mlDOY 7L
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WCEBWTIE, BEEBIB O BN IS SR E 2481k
BTN U2, EIXBERE 14 BTE—7IZEL,

Z DB T D AR LTz,

OEREOBRTRS &, AREEOHEIMIFEN
36 B S AL B AN BRI N 5 & H AN
220D, RO EMELERE LN D DI,
BRBENMRKREVEETHD LW IHEBNE LN
TWa. $7, AFREEDN 02 [mgml] 225 03
[mg/ml] (225163 2 BRICIE, B2 & D i
KAIFABICKE L2220, 0.2 [mg/ml] THSN=H
KRN AL BEOMEA 0.3 [mg/ml] DFAITBWT
X2 FREREHEMNLTWS.

INODOFERND, BIHEELELEOBEND
WS 5 L, MBFERE 0.3 [mg/ml], BERE 14 [\
AT DD, D S EJESKE DR TT D% 5 &
LG AICBTEA LoREEGTHDL Z &
WDRENT. £z, ZOMEITEEEIRER PSP O
3.7 f%, Kawamata 5|2 X o T#H4E S 7= DP-AA-
PSP @ ) 22 {GOMRETH Y, HIKIRE & ik
BOR#EEIT -7 2 & TREARRMER Bk
L7=mEEA25.

4. 4 R~ RVEHA

Fig.8 ~ Fig. 10 ([Z ¥ K I E 725 0.1 [mg/ml] ~
03[mg/ml IZHT D, HFERITEBWNTED 90
[kPa] Ak L7=5EIC 81T BRI E O E(L &% R
T BRI IO A Y v [nm] TH Y, fEwEL 10
[kPa] DA~ FEHIER D RKED AT |
NEHFER 2 Z LWl z, KKIED A7 by
MECHRELIETHD. %0, HEtlhoEO K/
X, TOREBICBTENEREORE, BLOZ
DRNEEATHD.

Fig.8 XV, IWIEIEE 0.1 [mg/ml] DSEEIZBW
TIEHAETOWRER CTENEIC L DHNREDE
fksRoni. koT, KRB TEHMZIT 72 420
[nm]~ 700 [nm] DFFHT X TIZEBWT, A PSP IX
JENRREZFESZ bbb, E£i, FtLmEDOLE
L3 KAL T B EHIT 470 [nm] FHETHY, &
WRIRE 0.1 [mg/ml] TERL L7 DP-AA-PSP 2D\
TiE, FHEIFIZ 470 [nm] I OFEERHEZHND D
DEOLBEWENKELZGONDLER DD, 620
[nm] LRI DN TR E ST A AR T 9 2 3
MR Sz, WEEHOBLENS 5 &, BiE
B OB AT TR O 2 L =R 3 N3 5 )
NHY, HRdmikng 8§ MEETY—2 28fo 72
B L, —EMEICIED & ISR ST,

Fig. 9 XV, RIEEE 0.2 [mg/ml] OFEMAIZHN
THEEAITRE S EBET, 27 hAORTE
1L 0.1 [mg/ml] OGAEERFETH -7z, BEREO
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BN AW EIREE D2 LR3I L, SR 8
[T — 7 &8 7= 5% 1 F SR MK T3 5 6
MR LN, 2D OMEIE Fig.10 1287 B
E 0.3 [mg/ml] OFERICBNTHEHEOHEmEZRL,
BRI E AT MLV OBRICKE 2RI AL
IR0 T-.
EROFERERE X2, A7 MLVOBEND
WHE, EOEKRBREICBOTLRROERE
FFOBIEREICH E VD ARITR T, B
B HIEER—ThH o7z, 42 OWIERBROFEE & T
WLThH, BFET A NVFORRLY T LOH L S
DEBIZL > TEHETDIELSXIEH D bOD, K
AR NS D AR IR I FE O 5B B
RHLOIZE EED, BRI RIET T
WEEBZLND.

4. 5 RSB

Fig.11 12, RRBRICI T D EEMISEMERR THE L
N ENBREZ 9. AR T3 B ERIREIC
BT LRGN BIEREOY T AR BRI H
W7z, Tabled I[ZARBRTHIZAT T LD 90% I
H ER YR E F LD,

FIV, OEBEREE 02[mgml] OV IRkt
WIS EREZ FF D, O 081 [us] THY
Numata & 23BA% L7- @SR PSP L [RfECTH -
7o E72, CARERIRE 0.1 [mg/ml], 0.2 [mg/ml] ZhZ
NoOV T Ao 90% it B30 BRI, 1.2 [us], 0.9
[us] &72o7=. WREDYF T MTBNTY 1 [us] IF
HH L <IFXZENLLT ORERUGSE R A R 2 & A3
v, FEEH PSP & U CTIEHIZE WIS AR M43
LT ENRENTE

5 fhm

ARFFETIL, MR R R O G & FE i 5 B
\ZWZH & 70 2 ML IR R R DRI SRR B WV T+
7% SN e THMMAFEB TE 5 DP-AA-PSP O
%¥7%Z BB L LT, Kawamata & DP-AA-PSP 1ERESc
O Z LI BRERORE S X OB ERRZ T
A= L L, BRFERORER I OCBRERED DP-
AA-PSP DFNRFEIC T T B & A L7,

AW OFER, #EkA D DP-AA-PSP K OV
IR PSP LY bR PSP OERRIZEPI L,
KIEZRFERE DM, BEOEHH_ ETEWIER
7R9 DP-AA-PSP OBHESRMHEZRHT Z L3 H XK
7.

— 5T, ENREDS L ORRISEMEREICE L TiX
e D DP-AA-PSP L LE_BEZE 7o R R &7
Nolzb DD, ARIREL LI OEERERZNL O
BEICR B E RIET 2 EBHALNE R -T2 SR,
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B2 DP-AA-PSP D ErPEICH 2 584 X
DIZEEMICHE L, BELMFoR#EILEIT > FT,
X650 EEBREITERTHD.

4000

3500

—&— 0.1 mg/ml
—&— 0.2 mg/ml
3000 —h— 0.3 mg/ml
Numata 2017
= Kawamata 2025

2500
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g
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1500 :
L
1000 f ]
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Number of paint [ Times]

Fig.5 Effects of number of paint and solution

concentration on luminous intensity

0.38

e A
034+ \// \ 1

03r 1

0.28 | —®—0.1 mg/ml ]
—&— 0.2 mg/ml

Pressure sensitivity [%okPa]

—&A— 0.3 mg/ml
0.26 Numata 2017 1
Kawamata 2025
0.24 - : : -
0 5 10 15 20

Number of paint [ Times]
Fig.6 Effects of number of paint and solution

concentration on Pressure sensitivity

10 |[—®—0.1 mg/ml
—&— 0.2 mg/ml

9 |—#—03mgml
Numata 2017
Kawamata 2025

Change in luminescence intensity
per 1 kPa pressure change [Count]
[=2)

0 5 10 15 20
Number of paint [ Times]

Fig.7 Change in luminescence intensity per 1 kPa

pressure change at each number of paints
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Fig.8 Pressure Sensitivity Spectra of PSP at a dye

concentration of 0.1 [mg/ml]
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Fig.9 Pressure Sensitivity Spectra of PSP at a dye

concentration of 0.2 [mg/ml]
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Fig.11 Rise history in responsiveness tests

Table 4 90% rise time for each Painting concentration

Dye solution concentration 01 02 03
[mg/ml]
90 % rise time 12 0381 09
[us]
2% 3R
(1) Liu, T. and Sullivan, J. P. “Pressure and Temperature

2

3)

“4)

(6

(6)

(7

Sensitive Paints, Second Edition”, Springer-Verlag,
(2021)

Daiju Numata and Kiyonobu Ohtani, “Surface
Pressure Measurement on Supersonic Free-Flight
Projectiles Using Unsteady PSP Techniues”, AIAA
SciTech Forum, AIAA 2018-3315, (2018)
JIXCAHE, JIEKE, HEKRE, BEREEEE
AW TEFRWE U7 ik 5 RRRE Skt o
PRYE, 2023 FFEHERE S VAT T L R
£ (2024)

NS, JICEE, W HERME,  ml e
W EHI A~ D3 I 1) 1 72 B R AL T AA-PSP
DOBRFE, B 56 BIGEAR F)5 5 {2 5 1 A U
(2024)

Y. Kawamata, T. Kawashima, D. Numata, Effect of
Spray Coating Parameters on the Characteristics of
Dye-Painted  Anodized Aluminum  Pressure-
Sensitive Paint, Proc. of the 2025 AIAA Scitech
Forum, ATAA 2025-1062 (2025)

Daiju Numata, Shota Fujii, Hiroki Nagai and
Keisuke Asai, “Ultrafast-Respons Anodized-
Aluminum Pressure-Sensitive Paints for Unsteady
Flow Measurement”, AIAA JOURNAL, Vol. 55, No.
4, pp.1118-1125 (2017)

NXAEE, IR, HEKE, B3R AA-PSP
7o PR T2 T 1T B I B 52 0D i PR [ 8 O B I,
2024 AF RN O VR Yy A G SCE
(2025)

©copyright 2025 by the author(s). Published by JSASS with

permission

JSASS-2025-2068


http://www.tcpdf.org

