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A Pressure Measurement Method Using
Electronically Scanner Pressure Sensors (ESP)
Installed in a Gust wind Tunnel

Toshimi FUITA*!, Akihito IWASAKI*!, Fumiko ITO*!
and Hirotoshi FUITEDA*!

ABSTRACT

Electronically scanner pressure sensors (ESP) were installed at various data acquisition
locations in a Gust Wind Tunnel in order to obtain pressure measurements at high speeds.

However, changes in the environmental conditions, particularly flow temperature,
resulted in the sensors displaying a span and zero shift, thus making them difficult to use in
a long run wind tunnel tests. Experiments were subsequently performed to solve these
problems, and a method was established which assured they maintain their required measurement
accuracy.

This method utilized the established ESP system and efficiently reduced data acquisition
requirements. In the case of a Short Take-off and Landing (STOL) aircraft Semi-Span
Model, the time required for wake measurements was reduced by =~ 92%), i.c., the test took
only 1 hr versus 1-1/2 days using the previous method.

Both the newly developed method and the currently used high speed pressure measuring
system using ESP sensors are described.

Keywords: Gust Wind Tunnel, Data acquisition system, ESP, Pressure measurement system
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%1 ESP, DAAC B8 LU CALU D{tH;
1w MR T 53

Range 7KPa ( lpsid )

Accuracy

Including Linearity, +0.08% F.S.

hysteresis, and

repeatablility

ESP Sensor Addressing 5 bit binary
20C22/32PxX 2

Signal Output +2.5 Vdc

Scan Rate 20 KHz

Operating Temperature 0°~ 60°C

Temperature Sensitivity Zero 0.1%FS/°C
Span 0.05%FS/°C

Input Capacity 2048 port maximum

Scan Rate 50,000 port/second

Memory 256 Kbytes

DAAC

CPU Zilog 28000

Interface Available RS-232C or GP-1B

Overall System Accuracy +0.1%FS

Range 0~5KPa (0~34psid)

Pressure

Standard Accuracy +=0.002%FS

CALU

Transient Response

0.8 second

Stand Alone
version lInterface

RS-232C

‘I - JLERFEHERE (ECLIPSE MV/7800XP)

This document is provided by JAXA.



8l & X F 4

BEFREALSE N v — (ESP) 2RV - RRERES

WOOV4 03

W LT G o A — OWEHHET WX 6 — £

>

A—/(

1]

v (&

&— ¥ e

This document is provided by JAXA.

BE ¥ |
LEL A v—seed || || g asa dSd = g- 4 ATEE A
Yy (£ 00
~ LY A (' 1LL
“yEL-4rY WdT0L9 K oo ML
NV &7 (LA Axe YyTL—64/) ¥ | 4 ragst
q1don Wﬁﬁ_ Y ne ,.w.q&sn R< TLL
ANA ZHYO0S Nqbl
47 0 LER Wz a/V Faih
(A1)
L
u O Addorg \.ﬂ.lln g vm M £ .M\ , ZHY00T Q¥
£ )8 . ye a/v e (Y
sdigy /\IJ kddorg
1dq 008 WdT0L9 O B O ANz 1
&7 (LA Zre £/ 18
gdigy,
syes - .
d
YyTLEA Y mvwwm: M\%.%
0%eesY .
A — (. /i S ESfm ;=T Y C (S/9M003) S E/i—L—T Y dNvSE
&% 2 fhanlfgace Yy TR NN AV TP 81d
ane WIN dng WANW
Ndd Yam IRRET ngd ® Nd4 yum R
dX008LAN @sd1[og dX008LAN osdtog




FIZRF v VICLDEHRIT A ETHB, TDIH
ICESPIZF 4 Vo T RLABSOOIT F
o yeVF LI EREELTO Y,
DL HICESPIIER— NMRICENEHEEH
HIAL CEICE T, Xk BT~z & Hic, &
— MO ZIC L B FEHEBREDISERR 2§10
usec &L, TOHNAZBEBIHNIAF + VI BHT &
kb, EHREDOESEILERTE 5,
ESPORENEMMEBICHERAIN TSV ) a v
BEENE vYE, YY) 3 VEERTE-744
Y774 bl JIERRFEILBEKL, £0D
BREADGOMAENERMNTH D TH 5,
COHKXDOFEHEREZ, NITERED DN
/Jonsrz VIERE TR, €BOTAHAT -V

X5 ESP /A

?iiEEE’/‘J)\jﬁ‘L_—\

7 F e H AT AT R 638 5

AT = VEHISUEL LD D ESRE TH DX
o, BEAELGKE CFEEEN€ v+ EEAL
+592TORBEN >TWVEY, 2T, ESP
TREHEBRBEDOHNDOEBEEICIEZBEBIUR
N DECELREREREERITO CEITLD, EIE
LD 5HEICIE > T b,

2.2.1 ESP O

ESP (ZOC22/32Px x 2) DK~ H:A2 K 6 I
ZDAHEEE X T1TRT . ESPIEIORIEENTA
L PXA, @RIEEHNIANFLPXB, @&IEEH
AT, @) 77 VY ZREAATH, OFEHER
B OTVT&TNVFTLIY, @F— KD
ZAEEAS E ATV BRI SEREN TV 5,

 ® ESP (ZOC22/32Px x 2) 13 PXA (32/) €
— F, PXB (32:8) ®— FORIEENANTILE S
H, - PRI ASIEFCREL T, @80
EHEBRBNHEENEZELS LTk, 1EY
2 = W TCEE64ED EHRIENTRET H 5,
2.2.2 ESPO&I#H

ESP 3#fll5E€— F PXA, PXBEBIEE—FB
FUOZOMMDE - FEEDFRETH 5,
Z0DE— FNERIEIX 7R ESPICHE S L7
T- FYID#Z A OEHEEBF ZRIEL, B2
UL (445KPa) =4IfIL TE— FI DI A E R

//CAL%wF%ﬁmﬁﬁﬁﬁEAﬁ%

Jy 77 LY RENANA

e PXB ©— FREMEEESEANT

Mﬁ%ﬁkﬁﬂiﬁB(%ﬁ—h)PXA%“F%ﬁm&W§ﬁEAﬁﬂ
BISEEHANTL PXA (3248 — 1)

g

EE
36.1

L

b 105

56 ESP DEIK

This document is provided by JAXA.



BFAEBRTSHEN L vy — (ESP) AW EZRRBRFEENRI Y X 7 & 7

P UEREBIETITI. THORE—FORTEL
BEESEOBFZRIIRI 8 IR @Y TH 5,

(1) ~—vye—F(K8-1)

N—JE—-Fi3, ESPREBTLTOREEDA
Hil, REENWADABLUENERBSERKL
TVWAIRETH B, ChiRLXOBEEEHAERFAL
TEBD A /X—I%ITHIHAETHY, kDD
W D/N—-JI3TET, FARAFBOYE D
N THER X ->THHET A LENTEE, TOD

MEESBATA

P1A

-
—1
BEREN AT —/—

SVIE:3: 3+

|
l
l
I
|
l
|
|

B, EHERBLZHEE LAV LS, BIElH»S
SOEDBMOOS VL EEBLETH S,

(20 PXA ®—F (X8-2)

PXA - Fi3, H6ITRL-PXARORERE
HANAEENEBRBOADEHEL T SKRET
» 5,

(3 PXB®-—F (M8-3)

PXB €£— Fi, PXBf|OofIZEAANALE
HNEBRBOLBEEL TV SIKETH 5,

— HEis
f:"go—&fmgﬁ
(445KPa)
PXA &i@#H

— | PXB #l@#

:BK:CMJﬂ@#
Pt

Y77 Ly ZAEHAT

Z0C22/32Px X2 MODULE

B7 ESPORIHES

MEENANAPx 1A
MITENDANAPx B

.

1T

N
METENANAPx I32A o Rl _
MEENANAPx 328
o
2 3 4 5
(PxAt-17) (PxBE-17) (CALE-}T) (W-H5721E-17)
oot CONTROL PRESSURE APPLIED
M DESCRIPTION Px A CTRUPx B CTRL |CAL CT
\ SHORT ALL CHANNELS TO CAL MANIFOLD (PURGE)
2 OIVERT INPUT Px A TO SENSORS AND ISOLATE Px B & CAL MANIFOLD X X
3 DIVERT INPUT Px B TO SENSORS AND ISOLATE Px A & CAL MANIFOLD X X
4 DIVERT CAL PRESSURE TO SENSORS AND ISOLATE INPUT Px A & B X X
5 ISOLATE CAL PRESSURE AND INPUT Px A & 8 (LEAK TEST) X X X

X8 WEHEALEESPDOE-F

This document is provided by JAXA.



) CAL ®—F (RI8-4)

CAL £-F@, RIEEANANALLENESRS
DALEHL TV BRETH 3,

B V—2sFxbE—-F(K8-5)

V=272 ME—FiZ, ESPHBOZADIE
LRBEVENINIAKETHY, HA L ESPH
DODEEDRNTF = v 7 21TH5BAKRTET %,

IS ESPicxd 2 —# &I, ESP Hl@E%
EDF— s EHE L= b (DAAC) LI LT,
ESPHIAZEEDCRT ¥ — I F 407 — # INEMHEH
B (V297 ) »oB8EDa- Y FAEASN
THLERL-TEBILITH T ENTE 5,

2.3 T—YREHE2L= } (DAAC)DIXE
DAACORTHEKREK 9 it/Rd, DAACIZDh
SALEa =y b (Zilog Z8000), @7 F L x4
&, @wLFFLry, @QA/DEBRSB (FS+14
bit ), ®2 €Y — (256Kbytes), @& 4 4% — 7
2 — R K-> THRIN TS,

DAAC I ESPHIBEBE D FHEH THH, ESP
EEAREL= 5 b E2HI@T 2,

CRTZ —3dnickbu—Hiee—F (FH

MEFHENARRER 6385

KEA8F) BLUTF— 7 INERGERICK 5 +
AbeE-F (7055 LEEB8F)DFE—
FIZBWNT, ESPDE 4 —¢E—-FTFLVR%E
EEL, e —Hpo5no7FusHhHiExFYs
MBRREWRT 5, RRZDF— 9 DEHDOHIE,
EEEET, BSRIEREEEALTENE
(KPa)iZZE#® L TCRTIREFRT B2 & &, GPIB
(F7/T RS232C) # @B L CTF— Y IERFER
RKF—2{EEETD

i, EHEE2= OB TIIESPOREH
ERBOBIE AT o121k, RERBEDOF— 45D
BHHITHIo R2IKDAAC2ZZ Y FY X F%RT,

2.4 EH&E2= b (CALU) DEXE

CALU 3 ESPORENEBRBORIERTTHI2=
v FTH 5D, CALU D KA K10ICRT .
CALU i3 DAAC &3 RS232C TH&E S h THDY,
DAAC %L CHIEZI N 5, TD CALU icidzk
SBAD REEET € 4 — (BHER ) BARK
EINTEY, ARDPSYRT L) 77 LY RFE
F1L#9630KPa DBIFES L5520 T, ESPOE
HEH#RBOLV v PHOEEDOEN 3 A (LOW,

D AAC
X ® Y -
' ( 256Kbytes)
—] E S P1 -T
—{ESP2 |
! ECLIPSE
! - 12%-Jx-2 -
TR MnE
I 1
L H147 F L 2 & &8 2= 9 MV/7800XP
FESPn je (Zilog 28000 )——L
4% -TJx-2 yEFiT_}-)L
- A/ DZTHmE !
INFTLTY (% % + 14bit)
4
CALU

X9 DAAC DREBHERK

This document is provided by JAXA.



BFRAEEZSENL Y — (ESP) VWA RBBRHEENFR VX 7 & 9

%2 DAACa=YFJ R}t

Valid Low Priority
Operator when Memory

Command Parameters Mode is:
Mnemonic Command Explanaion SHAR EXCL
AC n X Active Channel Chan 8. Y or N or omit Y N
Ca nn Calibrate All Readings/average N N
cC Calibration

Coefficients Y Y
€D nn Calibrate Data Number of Data Areas \ N
CN Calibrate Negative | Readings/average \ N
CP nn Calibrate Positive | Readings/average \ N
CZ nn X X Calibrate Zero Readings/average \ N

P,N,B:F or omit

EC nnn X Energize Closure Circuit: Cal 8:Y or N \ N
HM XXXX Host Mode Pasword Y Y
iICn Initialize Cal Unit| Calibration Unit No. \ N
LD Load Down \ N
LM XXXX Local Mode Pasword Y Y
LU Load Up \ N
MH Monitor Host Y Y
ND Number of Data Area
NT nn n Noise Test Readings/ave.: data scans| Y N
RC nn n Read Calibrated Readings/ave.. data scans|] Y N
RP n Read Pressure Cal Unit % Y Y
RR nn n Read Raw Readings/ave.. data scans| Y N
RS nn n Read Stable Readings/ave.: data scans| Y N
RZ nn n Read Zero Readings/ave.. data scans| Y N
SCn X Single Channel Chan #: Y or N Y N
SP XX XXXX | Set Parameter
SU Set Up
TD nn Tranmit Data Number of Data Area Y ¥
uc Unstable Channels Y Y
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