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On the Circular Motion Test Technique (CMT) for
the Maneuverability Model Test

by Takeo Koyama, Member Jyong Hoe Chyu, Member

Seizo Motora, Member Masashiro Koyanagi, . Member
Summary

The circular motion test tgchnique(CMT) is introduced in this paper, which was developed for
the captive maneuverability model test at the Maneuvering Tank-of the University of Tokyo.

This test makes fully use of the X-Y carriage system at the Maneuvering Tank. The .X- and
Y- carriages are controlled by digital computer along the prescribed circles. The model rotating
device which is attached to the Y-carriage controls the direction of a model to keep the drift
angle constant. In this way, the CMT technique is completely equivalent to the rotating arm
test. The most important particular of this system is that the very large radius of circle can be
get easily in a 30X50m water surface which was practically impossible in the conventional
rotating arm test.

A trial run of this system was carried out with a 3m Series 60 model. The obtained results
coincide fairly well with the results of Eda and Crane. It can be convinced that the CMT will
be a standard captive madel test technique in our laboratory after several improvements in the
carriage control and data acquisition systems. »

The harmonic motion test (HMT) and the transient motion test (TMT) are also going to be
developed. HMT and TMT tow a model along vthe path which corresponds to the sinusoidal velocity
and a random path respectively. As the HMT technique is equivalent to the veryilarge amplitude
PMM (30m), it will be possible to get data in between of the conventional rotating arm test and
PMM test.

1 & E ]

BRI TE BT, SOkt X-Y BafiasE =3 VX VHET 52 Lick hism
YHEO—IWAED X 5 ICHME LT, Rotating Arm L [F&% 7% Y /s 5, Circular Motion Test D=5
AEFER LD THET 5,
BAGHAE I RABAD 45 2B LCLRYD, RAOKMTHS X-Y HAHEEXFEAL, £ L L Thko
PROFECEERBEEAVERLTE L, LhL, X-Y HAEOEEN I VECER I D ORT L AR
WOFETHD, b zid

* R KFETER
WM R e v vz Vb



152 BAEMFESRIE $H138 5

® HHEANY BEINCEFL, B ERcilliET 5,

@ HEMEY X-Y AECI DO UHDBREINHMBFLEEML, REDEET 5,
E\W3 X5 RFIBAEL, AXKEOHELMHOEREL LTELDLR TV,

ZhbD 5y, FBECOVTIECEERD VAT AR TR LTW52®, RECOVWTRHERDOT + O x
NEHEBER I WD RBNBR T\,

HAEMITIEH S SR 154 ML TIX, PR 49 £E X ViBEIEAMOBRESKRFICIET Licieh, £0
FLFEOO L0 L LTRERZORENFEL R,

BRI BT B IBRMORERSL, BEMEOHRBOFEMLEHCERTILEELLRTEY, TOBHE
3, BB EBY Sl ZOWEHOMED B IHBOBENERT, ToEBLEHEMcbD, A
SRR Rotating Arm RERMNHEE Ly

Rotating Arm B 175 AEEEB DR I, BRITARE

fetil, L:ERoOEX, V:EKMOBME, R: Rotating Arm DHE
WwrhEEBED, Le—EDOTRADS ETHhE, ' /ML T5»RIZE KR Rotating Arm K2 %
ETHHTLBREEEINTE I,

D EDEE?D, HEE SR = v2REBEL X-Y AEXHETSC L X - TEEBREARO—
WMEED L5 CHMML, Rotating Arm ERICHRBIRTAISI WS T LRIt

ZOVAT AMIBA 50 E1 ARERL, FHABROBRTHELU LOMENBLH, BH D Rotating Arm 1T
I AERCHERTHERHT LI TFCEETEAUENTE 2MENBELNI,.

2 BRBRREON—FIzT

(1) BmAE?D

BiratEE KO BATAEIL 30m AR VOXBED LY YRENETTH I - Tk D, 30mx50m DK
HIEEOMBLBEHTE 2, MAELDIF A VAR VAT~ FHRRLB 7 F v IHllEThoTwh, 20D
WIERCIIAMADRENRT Hh, 10V LUAROEABEC X VEEOEEHMENFETSH %,

(2) HRBEEGEE

Rotating Arm }R&EAERETRLIE, X-Y HER X VERORLY PN EHET5 Ltic, HAMN
ek B X 5 AR T O ERE TR AR X 50BN D Do COLDDOEBYFHE 1 ERT,

CO¥BREAICHRT ISR YAECHRMTbh, BIOFHEN L TREMEIRAT 5,

BRI, 50 W o —Re—2DHh%, ~—2=2y 2 FF347L X4 3V FOHEART H1/500
CHEL, HOEBTORBEGEE L 40°/sed LinsTwb, MO BWREE LI DR EA LTS, K
FLROEMCIREEEREENRKETEDLDR, ~—=y 2 FFA7NIBRETHILE, 23V IS0
FABHBBEY: v 2RBNTHELIRED, TEFECKSVTHERIIERCHEDLITH S,

AEBIL LT VORAZRMBERC I DEEEh, £10V LHORABERC X b EERIHHI RSB,

(3) {BEOAE

X, Y HAECMER L ORMEEREEOHEOHE X, HBRADOAVARAERTL - TTltol, TO3N
AREBIEEOEH T WL HIT 57, BFAC 90° DMHE D2 RFIONVARREETHHOT, 257
FIDSNVAD I B ELLD NSV ANRELC RN EFARBZ LI X > TEADHRANHFITE 5,

HERCHER L =2 Y OFEREN 16bit THY, BT —32768 ~ 32767 DEXRBETEH L &, KiF
OFEEHN 50m THHZ b, X, Y HEX I1mm OBBCH LTI SVARRETSIORE yFr—F ~
DEREEDAECHN T o COBBEYEE2IERT Xy Fr—F—0Or—F —EDOPRLIILAY » 72
1T 57D EE2MT, TARAY FERAT TV 5,

—HFEEF ()X, EEOHNENC 1 EEDID 3600 SV ADAAAFEERFIMAT, 0.1°% 1R L
LTHEIEL TS,

(4) MBFEAI=O&LIVI9—T2—X



Circular Motion Test (CMT) & X 5 ¥t RER I D\ T 153

M =2 v & LT FACOM U-200 #f\vieo 2 E VAR 16KB, 2 vy — L XL TG4 %, #F—T Y
=B =[NV F o~ OB NREDO IO TH B,

HEABBRLOf VI —~T 2~ RELT

(i) UP/DOWN COUNTER: X, Y,¢ {rEHiER

(ii) D-A CONVERTER: X,Y,¢ $IAEEHIA

(i) BRAARAL v F : FEEL, FEEER
hoTkb, ILEFHAAD 16ch A-D CONVERTER H2RE IR T3,

COHEET, XAELOZEFHMHEBERNCERBEIRTEY, BLALOHBERX 2 YY1 XL 754 2
SEFR TR LD YRELDEEEZERII—F VYV —ARDr —T AR L5 TfTlo T,

3 HIBMAY 777

(1) Y7 F92T7LRTLOBBELER

HEF Y 7 v =7 O % Fig.1 RT3, 24T 15KB o2 ) AL, A8 16KB O ERE LV,
AVAFREZY TV EA Ae = XOTRERINTRY, £7 RS TAETa— MY, VY —AELT T4
RDERAZF—, BOEIA VE—T 2 —RARADERRAL y FRIT L LY, EEDIEFCEETE
60

VY =M EAT 54 FOURRF—%HTL GUIDE L5 2P —AaiEB S h, Figlok¥goey
2 VEBRTE Do BEVa—METRERINFO 2~ Vb5 THY, ThE XA 774 XnDANTS
CERIVEBEND, £ED L~ LOBEBITRO LBV TH b,

PARST : BHEBUEORA, F&E, HEOEE, RADHRE.

RUNMN : RUNSBRZ X h AHHEOMREL Tl - 70D, —EREGIC RUNCN &8T5,
RUNCN : #ifioshEx e d O TREC RN S,

RETRN : ERETHR, M ECBEERZD LT,

PRINT : #HEERY 24 754 % LcHFIT %,

CALIB : BNFIOBERGHRIF—EAT v T A

AR AL » F2r it MANCN 2EEIXh, A4 »FOBRC LD, AEOEL, ABHEHEGENTE D,
(2) A%EH@HX (RUNCN)

HEAHRIE X, Y, ¢ HEICDONTAT 2 — 2B B 0FA VHEARE Lo Twbo TRy 2X4YS T A
# Fig.2 Wido

#H#1x RUNCN o tfichh, RUNMN X b ¢ 50ms 4, X, Y JEiL 100ms figghzh
%o RUNCN i3, AHOME LM Sk UP/DOWN COUNTER mb3HAE D, ThiifAfiE Lkl
LB LT PID $I0HEYXFK 0 TOYAT ADKMIY, EEOKASMEDEHRCHATESICD,
ZOMEEEAR—-AL LTEERCMELTWBRTH D, ZOFHER LY HERKECHEIL T 5,
FA SN HERE, D-A BRBICL VEECERS, SREBOEBABANKF~%OI D,
BER1AT , 7HOHBTHY, ChalsLREDAT » 7ORDHOBAIE « HEXH B L1 0D,
A-D BB L YA N ORER T - CTRlET 50 D7 v wANL TETT5 & RUNCN iZRIERBIC
Ab, KOFEOHHLE T RUNMN i X hiEB S h5 & TH,

4 HIERES LURARBR

(1) #lmoKke

VAT HC L HHEOREEY, BECEEREDHT Fig 3R T, XK IVOY HHADREIXERINEL
T LIe A WABICENT 5, ZhiZREOKER X5 0T, BEREYHEB LW E ) KIE/R3EIE
Bt L L, 3m EHTERTHE, BPERISmBETCIVWETHE, tOHEARNTIREENZHT
BLEESTH1BUATHS,

—%, ¢HARDSLPRHRBEESVTIHEFCHE XIEHHIATED, EBRPEZEN 0.1° PEic/idZ LiX
BEAEEMoTeo Lichlo TEMEREYHETSZ LIXESKRTH D, BROCHE LCEROBHEAYRT



154 ARBREXRCE $138 5

L FiglBB mXxswcins,
MUED XY, EHOEBOHEMCOWTURIZEHETREMZRTHHH, BEIL LA VHICHE b Bl
ERMLTOBREWDI ETHD, BARIbZRFHAES VEBENEMDHRILTVWSE L b, Fig 4
vk 3m B A R ATICER DR 2 A TEH LRGN O—FTH 54, FARRECA - B0 HIXH T,
FAMCR TS RBENERT VD EEL D, FEEOHIARCIIZDF — 2% 7 4 VXY, ToHl% 100
ms IR LB ERIS OEDOFHEEZ & - T b,
SHBIRTRELL LAY, AEORBEBOHE LI, HEHRRBOBVWETOF—~ 2 2ETHHELXEL
ZD’\"?'C"%5 50 -
(2) Series 60 (=) BkE
ABEEIC L 5 RBRFBROBEMELHEZ T 270, Series 60, %—05®3mﬁﬁkouf%%% el L
¥ X Ot Crane OREBRY LB Lic, BRELERTOMT Fig.5 BLUV 61K T,
KD 7 =y MIERS, EHMIILE - Crane OHEHEAWIEHHE, SRIERFERRTHTULDIET
B%Bo ‘
Y=Y+ Yyp: 0+ Yo v+ Yypp 0%+ Yopr 0724 Vi 084 Yy - 78
N=Ny+ Ny v+ Ny -7+ Nyyr 0% + Nypp - 0724 Ny 03+ Nppp o 78
AR5 Y NSV LS —BHLTWBLEELDTHS 50 7 Y FROWTISRITH TR
BHeonwTHBrERE, HPIBERIZ2HZ LMNTE, BRERDY, FHEIXTFERACHLATHAS)
WO HEER BT

5% 0

X-Y SEYHHAL, MEYAELO—BYES L5 AT S LI X o T Rotating Arm & F% fn it
ERRE T D HwRAhl TOBR,
1. AFEOBRADHWTHS, FEOREVE EFOERCOVTUIIFHT X WA L,
2. HROPNIVFITIREECKHENED, L/R=0.6 T/bd 3m HEREHEALILE R=5m TiX 3cm
BEOBREYET D, '
3. RRAIVNIWEED, X OVAEMEL LU, AEOETHANRETS & XIRBYETHILET, &
NEP S dTIEBEORKEDOHNE, HEVIEENBEWL EOF ~ X R THREDOHENLETH 5,
4. ®%E D Rotating Arm EBIHE TS L, FHRCKEROFT—2nthd Wi Flao i, £’
WEBEHTILD, RENLMENTE %,
LS iR
X-Y HEQHMT XA HRERRR L LT, ARESHCHELTEEOENYIED T LAWETH S,
W AT ATIHIEANMBOFE A HELAEHCR > T 52, BERAT 7 2 RBZAFTELOT, b
HUHEAMBRIHELTFT AREEL, ThEefR Lanbflflii s HEcdahTthd b,
FE LT B EAFER
1. CMT (Circular Motion Test) : FjfED—¥
2. HMT (Harmonic Motion Test) : AXiEiF PMM (30 m)
3. TMT (Transient Motion Test) : JEf## Transient Wave Test D#MENEIR

T&E“@%%o
# L]

BTN LI YR T 21k SR 154 MEOHED —WL LTHBELLLDOTH Y, RBLEREMLOIHA,
CBEDBRHTH Do & REFAKBITIIME K E %ID_D/xTAmlﬁt%o&aka Lo
WTHRIRBEE RV TE T,

HE S v 7T ADERICY » T, FRAEAER - ﬁ@ﬂﬁ%%;ﬁﬁﬂ“f%%m%kot%bkﬁu‘
too ElS, =22 NJ’J‘L’C&%2:/\,&:%D%ﬁofmwﬁi.ﬁ&L?‘Jbﬁﬁmufaﬁﬁﬁb‘t’éiﬁﬂ%‘ﬁ, L VR~
7 2 — ADBYEY BEV LEHFHERO D THLH LT %,



1
2)
3

4)

Circular Motion Test (CMT) & X % &M R o T 155

Z £ X #®

THBEZw  ERAEMREEERBKECoWT (B 18), GM¥FRHIE, Vol 128 (1970).

TRBZEw: AL (FB28), SMFEHE, Vol 129 (1971).

T.Koyama and S.Motora : An Automatic Model Tracking System at the Maneuvering Tank of the

University of Tokyo, 14 th ITTC (1975).
H.Eda & C.L.Crane, Jr. : Steering Characteristics of Ships in Calm Sea and Waves, TSNAME,

Vol. 73 (1965).

REQUEST KEY (Console typewriter)

INTERRUPT SWITCHES

reference
speed
reference PID D-A
position Controller Converter
UP/DOWN
Counter

GUIDE
Function select

PARST
Parameter set

JRUNMN

Time schedulerl

MANCN

RUNSB

Initialization

RUNCN
Control &

measurement

RETURN

Return to the
origin

PRINT
Print out results

CALIB

Calibration

Emergency stop
Mannual control

Fig.l Software system for the Circular Motion Test

position

Carriage

Fig.2

Block diagram of the carriage controller



156 AABMFESRIE 1385

O 0v

(mm)

1001

Fig. 4 Typical records of lateral torces during CMT
Fig. 3 Standard deviation of the control error
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Picture 1 Model rotating device and dynamometer Picture 2 Pulse generator for carriage's position

Picture 3 Series 60 model attached to the CMT system



