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On the Accuracy of the Multi-Component Test Stand

BY SHINICHI IsHII, AKIRA YAMADA, NOBUO CHINZEI,
KENjJI KUDO and TOYOzO HIKICHI

A solid rocket multi—compénent test stand for research of secondary injection thrust vector
control mechanism was installed at the Kakuda Branch of the National Aerospace Laboratory

in March of 1969.

The construction, the calibration accuracy, and the error analysis of the test stand are

reported in this paper.

The main features of the system components are as follows :
(1) Both hysteresis and friction are eliminated through the use of flexure pivot attachments

on each end of the load cells.

(2) Load cell coefficients that include the flexure stiffnesses can be obtained through in-

place calibration,

(3) The error terms associated with deflection under load and normal and inverted
pendulum effects can be virtually cancelled within structure by reacting the thrust with
four load cells, two of which are in tension and two of which are in compression.

The static vector deviation of the test stand was within an angle . deviation of 2 minutes of

arc and within a vecton location deviation of 0.05m. m., and the bulk of interaction of the test
stand was found to be caused by the bending of flexures which are in compression.
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3)
(a)

(b}

-F,

Bkery b BHHAT R M RZ v FOKEIZOWT 9

No.11

¥R }F

wi" | ’ ‘ \EM

!//T/*F'sin 8

No.1 /

b a
No.3

X 6 FEHEHKX ot - BIOBENEIHTHHH
(—Hle LTHFR - ERFTEOBEERT)

E—1
E—2

5, 6 IREERBONER L2 ENFNENM, BAEFT
HEE Na7, 8BIU Na9,10 BFRFREEBLIUEBEEY

LLTEHNERT DT, TOMREENITHHT,

HADEIRD L 5D,

(i) #Kiz+ 1ton i} B L &
4dFpr=

(ii) #fiz—1ton #»iF B L X
4AFrr= —0.13kg

0.09kg

HEFZOR S

FHAICEBES
RETRICHEEZ U TRBTEHAE 00
&, HRURIEG6ICRTH S Fosin 0 %
U, BERIBEOBREHEIERS BIIET,
BEREOREMREYR 1ton £H# /1% 20ton
LLT, ZOREMERHTIHAERDBZ L
KX dicle s,

(1) #MOBEMERZHLT Fr=4.16kg
(i) MOBEFEICXLT Fr=832kg
REIIH - DX DR
REBBCTEZ LI REB T, TheEhi
FoRBCRENEZ»T 5L, EHAKKES
LRI AZET DR, ELIHEOWES
+1lton & L, FhENFEE B 1ton D
BEMEZLTZ2BRORIMKRDO LY LS,

Fr = F1.66kg

(4) AEROMER LUH - S HORKIERE

A OMB LU - HHOBERBIISZhETO
BRI nd L, MESIVEZHACLFROTE
B oo B RO XU - S H0BREXTHER
+5.6kg, + 9.6kg (ERETHhL2FED = 0.56%,
+0.96% IZFY) Lid,

Pelf LEBOBESRR CHREA e — FEvix B
EL2WOT, BIOHE - sHhoREZXERED
+0.76kg, +0.07kg %D, ThORRERLES
IEE/NESWETH B,

5.3.3 HEOK - HAHITHTIHE

1) Zv¥Fvry—ORMER XBHN

BEOHE - BHFARBENELZ ) % & ELaio
BRLERICH NI EET 5,

(8) MEHROBEREICKTIHA

Fpr = 0.23kg
(b) FEHFROBEMERXNTHHN
Frr = 0.71kg

ZOBELEROBE LRI, T vy —RitE

DHEHSAEOBRIL L 3REIE/BR T LR TES,
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(2) 7ZvFyr—0RMZEL

BF 0BG LRI, 71vd v v—oRIEEic &
PEREMERLNTIHADOERB KDL L2 S

(@) MHMIC £ 1ton Zh i 7oRETHEMRIC 1
ton DEEMEEZ NI ZHE

(1) + 1ton 4Fgr= —0.04kg
(ii) —1ton 4Frr= —0.1 kg
(b) HEHENT £ 1ton i) 7REBTRESTANC 1ton
OREMEE NI B5E
(i) +1ton oL &
(ii) —1ton Dk X

(B) HHEUFROKS

REE TR EZ 2T IORBT, ThehliEre
R ENEEZ NI 5L EORAC X BH I, 7
BoBE L2 iR TH 5,

Thabb, HELIEOWEL £ 1ton & L, £h
FHARE OB ERESL 1ton & LHESOHA
¥, Fr=7F1.66kg T» 3,

(1) BEBOREB I CH - FSTORBERE

BROBB LT - HHOBECBI 5 ZhETo
Bzl odl, & BBIVEHRTCLFROHN
ERPP LB EORBIUHE - HH0RBREIETNT
h +1.6kg, +1.7kg (EhZTHhR2EFED £0.16%,
+0.17% IKE&Y) &7 5,

TeiZ LEBROREER TiX, BREHAw— FEAHHE
ELiwn T, #BIUH  aHhoBREXETAZEL
+0.76kg, £0.07kg 72 Y, ThHIXEHELEDIR

4Frr= 0.09kg
4dFrr=—0.12kg

ENEWETH B,

5.4 TFRAMREVFOBAFITREIZLIES
FAMRE VFOBMTIEHZY, FHBRENRE
LWEHRNIBIE DD Z L BXLETH Y, TORERT
AMAZ V FOBERBEEBRRT S LERERR
Ve

SEOHRRICBNT, FHUROBRKMNED S bF
EROWTHHMET S Z L A TE 2, MoRRER
KOWTHRBEIRHET 2FRE L cedh o,
L7eh - T T Tk S BR OB BENKIEH
KRBIETEEIRI L

(1) EHAHOKERE

EHNOREREN, BATBREOD, HTIFR
TIORMDTHLLEESFERLL Y, EWE F
B Fo=F;-cos 0, L12BDTHBN 0, BFFIZ
INEVDT, BEFHBEZZOEIENEL T LN
T& 5%,

@) FHHOREWEIC X VETIRLN
FHSDEHRA R~ F&A No. 7, 888X No. 9,
101k, TRHZhEERIUBERD L LTHEERT S
X5 oTRY, PoEFHRIROBMATIRE 7 0%
BICHBH0T, EHNOWEL X VEFHMRIELE
RS HEREL, &KL LTRKRDIIKRD, T
bbb, ThE Fr L Thid

Fy=—F, « sin 6;+ (Fy « sin 0;+ F3 + sin )

— (Fy « sin 83+ Fyp + sin f5p)
EH DI 20ton ORIEFRER P BRI OVWT

<
N =
—
0.190] |

254t~

85
No 1a \;‘—" g
. 2— / 285
i, ]
X
dg 9 655
i T

745

B7 FAMAZY FOFTXMTRAZERLY, EHIEPT L EETIRDD
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Bary b 29HTFRA MRSV FOBERROWT 11
252
ENo.ll
(a) W%
o Y Ig 1 ,
© 8 ﬁ\g
252 251
(b) # &
8 TAMNAZV FOBMNUBELHENECL VRET RSN
ERTEOBEETRT. GIER) OBAIFREIR2%)
%5 BTHEILLSTH BT : kg
Al 30t 7 (1 1) AT EB B 5 1 (I s12.3)
B OFE & &
ELRLURT: At fE ERER: At fE
-FR + 9.70 (+ 9.7) — 52.26 —11.8 (—40.5)
-FK —F + 8.73 _ — 49.29 —48.3
-F +FR + 15.52 —_— — 56.16 —56.3
-FR +HF + 6.19 + 17 — 52.74 —50.8
-R —F 4+ 20.17 +17.8 — 52.07 —53.8
-R +F +F + 6.94 + 3.4 — 55,35 —53.3
~-FR +FR —-F + 17.20 +16.1 — 57.47 —59.4
-FR -F —-B + 20.35 +19.3 — 47.66 —48.3
-R -F +F + 0.58 + 0.1 — 49.83 —48.4
F, = 20ton. Fo=F=1 tn
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IHhERDDLRDL IR B,

Fy= —11.8kg

(3) RIEOHEEH - REMEICE VETHLS
BRBOBFRICEREREEL T3 L, HAUROBEE
PNEXRKS@DEIKESTWEIDT, RO %
BET3,

Fy=+F; (sin §3-+sin 6,))

Tei2L, EMEO L XTE, BlIRYVDLEEA

BFmic £ 1ton OBERMEZ I 5HE ROV T
ThERDDLIRDX S5,

Fy=+1.5kg

(4) HRWOS M - REFMEIC X VET RO N
RO FHBROBBRAE (K8 HBM) » LATE
DFE LRI L TRBET IR IRRDONE,
bbb, A £ 1ton OBEFEE»T 3EEIC
DNTIhERDBLEDE RSB,
Fr==+0.3kg

lEogihc kb, ToFRAMRF U FOTEHOK
WOPHLMLRTHZ R TELR, FHEIBRER
E20ton & i} B EORROHIRICEILL 5 T
B, EBhC ThidiEaHe LT —52.26kg, Ho
ELTT +9.7kg boenic LT, HETERES
AL LT —11.8kg Thote, (H: FofitLTo
TR, 7AMRY R0 - HRoRMfTRE
FRELTRVWDT, TOFE, ROBZ LB TER
)

FHATERTRT 5% No. 7, 8ix, S
Rinhr sk, bIraRblchbieZ L Xbh 57D T,
EE-ROHDLLTOTFHR —52.26kg O 5 54
—40kg BRI DIebHIREBbDERBL, Ty
AL LToOTHE +9.7ke 2B B EZHWFR
DebARCEIDZbDERR LTINS ZHEIEMHEE Th
i, ZRASOFEILI > THRIXSOX S, #HE

EEUEEFHBLTEOHEA L BEEOREERL L —
ﬁbf:o

6. x & &

(1) ZOFRAPMAZVFERCOBRIEERCHES
NEEHNORKREER +11kg TH Y, HABROR
ARRERSNAH 176557, L 0.05mm EhR VBN
BEDOLOTH -1z,

@) EHEHLRSIOHBIRX, ERFLIEVLT
NERFZ0T, nry bOBMKEBH L, 7V
Fr—ORMEZLIC X 2BRERITHE T LN TE
A, FHNEERETZH 5K No. 7, 8 it
bAHBHE LN, ThicXdE: b5 TR, &
HHELTHORADTHROPTRELBEEL LD
7o

@ FAPRAFUFOBMHFICD o TR, KEE
YTl #EHmOBRIIBEL VHECTCES &
YRFEREL HLERD 5,

2B, TOTANRF UFR, RUDFHEREE
H - EHEERERE (MBoury v VY BE) SHprse
TN—7 KEEEHRER OUIER, Wb
RERIVHEINZLOTH Y, HEIRES—T
VEHRB IS bDTH B,

BYiehbicy, RBROSEIC b > TITRE WK
Wi KFRATAE, BAoZHEL WKW iER,
WP EEIREE, ROoCRERLRERZWEREWA
—Er Pk, HEBBEEISH - RE, H£A
BEIDF 2B HILB L DT ET,

X [N
1) D.P. Ankeney and C. E. Wood; Deeign Criteria

for Acculate Solid-Propellant Static Thrust
Stands, NAVWEPS Report 8353.
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