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Abstract

On Measuring of Ship’s Resistance in Waves by Gravity Dynamometer Method, and
Surging of Ship in Waves.

By Seizo Motora, Kogakushi, Member

In measuring ship’s resistance in waves, the method of connecting the model to the dyna- .
mometer is found to be a difficult matter.

If 'they were connected rigidly, the dynamometer would be acted by a force over ten times
the mean resistance of the model, and if springs were put there as a buffer, the naturo 1
period of the system might become so long as to synchronize with the period of the waves.

The Author thinks the gravity dynamometer method, that has been used at the Hamburg
experimental tank, and which was suggested to be used at the Sixth International Conference
of Ships Tank Superintendents, is a very clever method, because it allows ship to surge
freely, and satisfies the condition of constant thrust.

An experiment was done at the experimental tank of Tokyo Univercity with a model of
the S.S. Nisseimaru.

Two devices, one for recording the motion of the model thereby making it possible to measure
the mean speed and the surging of the model,

and the other for eliminating the effect of

accerelation of the weight by reducing the Fig.1 GRAVITY DYNAMOMETER SETUP
USED FOR
MEASURING RESISTANCE IN WAVES
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ratio of pulleys, were made at the experiment.
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Fig 2 GRAVITY DYNAMOMETER SETUP
USED FOR
MEASURING RESISTANCE IN WAVES.
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Fig 3. EXAMPLE OF SOME TIPICAL RECORDS.
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Fig. 4 Model Experiment of S.S. Nissei-Maru in Waves by the Gravity Dynamometer Method.
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Table. 1
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3. 0. 90 0.50 cm 0.0349 m/sec.
Fig. 5 (a) ENB DO, BHEOERE Iy BRSO T CTEMEE IO
i’f CHEHNEEC BB L EbN3,
S N N\ b) EfEOETIZ X AHEHIEE)
8l NS HIED LT 2 2 OMIIOBENL, FHEAILT HOMEL &
TR T [0 [ wee 2TE0P AR 2 0BBORAD B L RS 4
1 S ISR I NN B I TEHLI D,
R Surging DIRIE% @, W% v L35 L BEOIHEC T HHE
e Fig 6
. RESISTANCE IN” STILL  WATER
Flg' 5 (b) % —*— MEASURED BY MAGNETO - STRICTION DYNAMOMETER
Et ave *el o= AovANGING
‘ } MEASURED BY GRAVITY DYNAMOMETER
5‘ ‘ : o5 —x — BEEING SLOW
L _lar[ [ "]_ _[Ci Mean
1 ”_ L] . ereor o4
Ry 00 Do
P! : N o3
) \ .. ¢t NME 0.2
H ' v ot
NN AN LT =
~ A4 O F ° -
0.5 1.0
F[g 5 (C) MODE SPEED N m/sec
75 /21 \2 1
BN, “%“\T) (g....?gw)

THhERAEL YFELTRS L

Table.
% E | BRME | surging 5 | 2N mo o
0.75cm 1.16 4.41 cm/sec?=0.452¢9
2m 0.8
0.25cm 0.70 4.02 »# =0.40
2.25cm 1.37 9.05 »# =0.97
3m 1.2 1.50 cm 0. 90 4.88 wv =0.50
1.50 cm 0.90 4.88 w# =0.50

PO TEEN ETT550METERO 12 LNTH B,

= DHEN—EB DML surging X EHIIC L, #it->C pitching heaving &4 Al < HARDEIC T 5 HIWTH
BRI HEER OHEINE OB LB T 5F L E 2 5 L, ZOBREOEERMECIE/L bW

§5. Surging OREUVMER



Gravity Dynamometer ic I 5 # R $BEH BB R O Surging i o\ T 49

wp a) HEEYE OBIFR
SurgingD B3l 2 T
1\ TS E AT
* b3 Anim fis T KE I BHTERHE
AMOUNT OF  SURGING C HALF SWING) B OER & K E e
CHANGING MODEL SPEED O’Cﬁﬁﬂﬁﬁfﬁﬁ@}ﬁ%k
X A =30m IS &, BOTREL /It

6 A = 20m

90

90

ALNTT S JIAS/ BRIDHNS
N
3

T
L3
s
)
N
>
A
N
3

“>THD orbital motion
OIRIE (e WE) %2 5
BENHTHRS,
Z DBFEAY Fig. 7 o
o RO HE R
(fR#) iy H§ surging
. force M—Ei DL E 2
vooEL  SyEED THELCERETSH S,
I SE GANST WAE o %, PElA Vi, fRETE
V, fiEx A, BolfiE v £ T5E

A\
surging DOIRIFL “=”°(m> /Tw
w

ao [IHRE 0 DRED surging IRIE
gk, TORIL surging force MRHM Y surging DIRBTHOT—EL LA TRENLHIENFRZ
nBH, Fig.7 CRILIFEECLIHERELARTHE

THEORETICAL CVRVE A = 3.om

T
ﬂﬂ/l

(A4 0 -8 -6 -4 2 0 2 4 & 8 0 2

B, {:}’ § ;ﬁn Fiy 8
b) Wi o HE § N f AMOUNT OF SURGING AND RESISTANCE
BRL—EL L, ME—E=0 L LiRgEopE: 0 3 KEEPING

M~ 1o Fig. 8 Th 3, surging ORIMECHA | 3 M - const < ;j//

L CbA SR L TE 5, PN « B &

DB Havelock 0imc &3+ 5%, . 5%«‘,.:: i

o EEOEH

WEREEY — By, WELZbse5 L Fig.9n 3
<705, RIFEESHHE 1/20 0Pz o> THELEL .2 104
Licd O CREBESREN 1 1 5 LA surging
MKRE 0%, 2% surging force ARAMIFNT NG B
BAORHERA OB, AbEEMYES LicbDThHS %
HEEXD LEHCTRINBWETH B, oo Ve e Vas

Fig. 9 iR DINE n=1~¢* 7 % prismatic
curve #H T 5O T surging OFEBELIFRWTKD2H D THOTERREL ML) LSBT B, +0D
FEIMRICRL TS B,

d) Surging DOAZE

Surging DAZRILBERMGMEDOIC X o TEILT 2, WSR2 @A T 5BM O surging OHHXRRL
fcb a3 Fig. 10 T %, Fig. 10 (384 DR IO 2 X TEEHREMN KT -k D surging speed OAifH &
FREBIC AT %o orbital motion D7kFD speed DAFEERDIS D THDH, 2L hET, AKEMOES
LAIBEOW TIL surging 12 X % 5u7K#BE & Ji> orbital motion &) % speed X BB T TEESR
MHELC LI O WEF MO L AR HHBENH S, & OFIHEESRD slip AFEPCIIRTCERT 5ELE®
L. FRHOBIEKDO—HI surging I & B HEENRDOETCHLELEL b,

4 2, 3 oflieoF MBI 2HEOEEIZ RS TR S L, Table. 3 o i3,




50 ERBERIXE BUS
Fy 3
AMOUNT 0OF  SURGING AND RESISTANC
KEEPING
b= Yoo
MODEL SPEED = o
T 7
! |
Py /s
Y 7
o R )
G nA
I~ R
N S
§ -1 . o 7 ¢
5 301 THEORETICAL CURVE
! +
5 Sa=00/43 % M(M
201 (% -1 74)
03
024 w0
0
0 0 ™~
%
°
_'o 1 i 1
! — 2 : 3 ; 4 A inm
0.5 ! /5 ™
987 6 5 4 3 2 r=rL
Table. 3 A=3.0m AjA=1/20
. - . J bital | . .
EREEE Ve HAHEE Vi, | surging 4Rf% @ | surging speed 1 mrﬁ:t?or?;:»slpZed‘ B R R
8 kts .575 lcem . 0562 m/sec. .163m/sec. 38 2
13 . 934 .6 . 040 ” 21.7
- 13(GB %) —-.934 3.8 . 040 ” 21.7

Table. 3 (1%E 3m MLBEME=1.2 WE/AE=1/20 &= 5> T steep RIPFIZDONTTHLMNLE
B o W20 BB LISV b o As, K Tik propeller o slip 23778 b ZBEJL, #E-0 TEIHASKIC

ETFTrE/ELLNRD,

FEED B BAEMARR OGS Y BT torque 2RMICER/IL, HAEETIL negative torque & UTE
ZELLLNVFOEEDEIEF L LT, LROBLEEZ NS,

Mt 88 Surging QIBRLMHT

§1. Surging force ®FtH

Fig. A-1 2T

BrFR e LTS E ~ 8, |ELAY vy Bl T2, 4OBx

y=r cos—zg— (x~ct)



Gravity Dynamometer i X % 8 #4830 B & of Surging iz o\ T

51

~.

Fig. 10
RELATION BETWEEN PHASE OF SURGING AND WAVE LENGTH
SHIPS SPEED SPEED OF
T B A
~— wAve SPeED) tom 4 Fha————"F
1.2 Y
<] 1.4 ’
1.6 | 24
1.8
] 20
22
24
1
26
28
30
§ 35
L%
HU r=h2={5/2 )
C‘ﬁ@ﬁﬁ &’?‘60 Flg A -1
TEEESH L A
W g 2T 2T I
tan 6= o =k.7 5 sin— (x—ct) (2) /l:L"\ T J\ (/-g
Surging force &, AN B RO —ERIZE) < IKEDTIHETT _ 'J'*
BOGHERI LI b DTH B, o
SR OWIER DS %
n=f(¢) (3)
THEH T, HL ¢ 13 o BANT t=21 % a=FL/2 THETH LD LT 5,
bilIR =Y tL)2=xn (4)
3on RFEBANC G B KGR T WAL ri SRR E 5 B HT
n=1 1% Ay ZEbTHD LT 5,
RAOFHINTER 2, BX d¢ OB KFEFR
dFs=pgAxnk. tan 6dg =pgAgkr —2—)\75 sin % (&= ct)ndg (5)
L kB 3EDEEME TS,
B tL2=x 70 HBRE AN,
wLA=y LiEL & (6)

. 2m [ ¢L
dFs=pgkryAxm sin—— <_27 - ct)dg (7)



52 BRHERIXE U

& & TOXHESTIUE surging force ARDBNB, 4 1t & D = KHLHHTLHS &L, X
2
:fc =0 L5 E (7R

1
Fs=pgkryAgsin wt f _mcos vEdg (8)

§2. Surging DIEIE
Surging OIRIEIC X » surging force NZELERH D LFEx, FTiT surging 1L TEHMAE O LT
g

surging 3580 o= (7 (o)
BL m-RoRE AEEEYST)=L1m
o A
(®)FH (DRICAHA LT m=pAgL-Cp AT S &
__kryg (T 1P
=T1LC (27:>f_1’°°575"5 (10)

SER(E L i3 521, #bFcEx OEOEI U ASEEXFELTAD L
PR =27=2/20
2SR = P = 0. 81X sec. } PRATS L,

Cp=0.73
kg x0. 8 1 1 1
a= Rt . S
1.1x40x0.73x4 7"y "y L[ “ncos yids
1
"ICOSygdg
=O.122k3[‘—1 .......... an
v m.

MAEED S 1=, & L T—RIC § DEFER CEHLEEHEMIER / _lfn sinyede DIBITTIC Do
G. Weinblum@ DOFH3LCIL = DS DEEI BT S T2 O CHEER AT 5,
SpElE LT
n=(1-g) (12)

AL, REOINL b, 2 & Fig. 9 ORERMEL # kL TR S & £=0.948 L5 LAKISEHT S
EIH D,

1
A v /o<1—54)51n7§d§ a(llRic X %) {é;giﬁ??pg&a& %
Y
3.93 2.0 . 237 . 0578 | . 0548
3.1416 i 2.5 .1332 . 0325 ‘ . 0308
2.61 ; 3.0 ; . 0638 . 0156 .0148
2.245 \ 3.5 .0211 . 00515 . 00488
1.965 l 4.0 —. 00552 —.00135 ~.00128
1.743 | 4.5 —.0193 —. 00471 —.00447
1.570 ! 5.0 : —.0250 —. 00610 ~. 00578
1.425 1 ~.0223 —. 00544 —.00516
1.310 ; 6.0 ~.0172 —. 00420 —. 00398
1. 205 ! —.0112 ~.00273 —. 00259
1,120 7.0 ‘ —. 00457 —.00112 ~.00106

1) G.Weinblum and M. St. Denis, ¢ On the Motions of Ships at Sea’ T.S.N.A. & M.E. 1950.



