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pr�:c! ·d::.!�f!.S o = tl1 1· .i 

rt.e Nave Da6!n is m..1.::!c ut. o1: t'le fol!GM. �g l-.;1s··. • J.t>•".\'1 t;. 
to1:,;ing b:.tdn0 (2) l!ave g.:mer.-t�l:u �3} w.11..ra abSf>rl:m:s,, (<>lJ u�\� fl id "J , 

(5) tm'ling bridge1, and (6) to•.d.ng rtt9to�0 eC!.Ch of uhit;h 111i' •. b� cd.��.r.� ... ; 
in de �.;d.1 . elotl., 

WAVB BASIN 

}'C?!!Pf?. Bas�n: -The tcm.ng basin has l:><�en cons·i:.u.:�� · •Jd bt a d.t'C.l = 

b � outdoo:t tank 85 feet in diameter a.nd 6 fe>E�t �-n dep ::1· J Shat · m: .,, ter 
��--.p��.dmtnts have b�en condu.t':ted by lowering the wc:�t�r :te\el unl; 1.·. t\ 
d.;>;shed depth is ol:·tainedc The a tual tes'Hng arr;.:a or �>ea�JT' y !. ::; ··� i �ct 
by 65 fee-::: fJ al. hough t�1e present plans eall f <)D: �nlargirtf t .d � '.�1''<\ to 
so f c.et b)• 76 feet late in 1957 o The testing area. h<:.s l;.:!e:n p �o t �( ro i '�i· 
a �m,;:,cth ccncrete floor t:ihose elevation at all po:Lnts is wlthin + 1/t'--�!.hth 
of a true plana surfaeeo This hl.r.S been done :so th"-t sh�J.lc·<lf lfiat�r. �'"I'��i� 
ments coald be carried cuto The s'tati� water lev�j- is l:.onti·c.He:i �o L 
sp��e;ifi.,.d val ue11 within '>!· 1/32'-'•ine:.ho 

-::� 

Wave Generator:'""IJave .trains .u·c gcnet'aterl d t'.l ��= hy c! s·l:{��i. 
bulkhead Y:i'V'e'generatorhinged at the Cloer 1;,f 'i:he ·tltrk :;r by z.:. �tfli 1= 
drica.l. plunger generator described in r<:'!ft�l:enee ( '1.) 0 c.epending (•n wh :the� 
a shall.o� or deep sea is desiredo The period of the �1a��s m . .r l.e vad.ed 
by changing the sprod:et ratio in the final dxlv<! d t·he m:>tm: t:?:iving 
the generator" The w11ve amplitude is vnried br· (.Jul;.ng5.ug the l:'Ht:dus of 
the c:rac�k=pino The •.mwe height=length ratio gen,t::s:ally d,�c :er�:;;e;� as �he 
wave length inereases. The wave length eapabili ':ies an� t.u� ma-d.r:1um 
height"''length ratios ava�la.bl� are shown in the foH "tirg ;abi\3,, 

Wave Length Ma.x:ire.1nu 
(feet) Heigh�c·9'..-eng-!:h. !l.G.H.o 

3o0 1./l.S 

4,.0 1/!5 

SoO 1/20 

6o0 1/20 

7o0 l./30 

8.,0 lP.Al 

9o0 l/40 

s 
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\?·we Guides. :Di:f�a.:.tiou of � �e vm• e fl nt i.s pr 
T�-� 'waV.gu� .es are t;.OPst t'\;ct d of r::e�tent bl• d1 s 

t _ ;n: ., , .d at ·;l'cpl'�t: intervalr:; whe;:e th ':! modu1 must s at 
t 1: c1 'l c \'12. v .�t.l · d1" walls" The :,;�? .. ve f:u ides a:: � lis 'l•l :� "'1 
;:,, Fig� 1 sho"�Cs an '�"'-,·liar l' Y\'iOCd par1•-l type of J.i\.V•.! 
t rev' a ... -.;d by �he rigid II:0'1e1 ., block \>JO.llc 

I�::!i.!:A Br!clg}�:��A porto.ble t!."t.":."3S b:d.dg� S)<l1:;; "l" 
"'{ 1::.:: ean b:!:' e.: sily t:oi:ated to �.r.� oritmtati n ·�cl t 

c i r:..c.ticrt of t av·� tra;el., Fig., 2 shous t'1e tm-Jing brtdp� .:..1 
o {-he wr ve basi :1" 'l":te ·tm1ing b •. idge suppoi: ts tuu �a •.cf "l y 

� n aJ if,ued rail;;, The rai • s �c•nsist of St16:r ;.:: 2!J x '( :: e 

c: Plott d at b""foot intervals., 

The lU.'.ils provide the ref �rcr:.�e datum f r0m IJid.l';.:l t.! 
I· _ tiQu� ;-:.re meas:.�red" An aluminum tO\\ling carri<!f{� tr.l 'E 1t on " 1 

be , 1: •• age tows the models D provides: �h! ref et .n.:e · r n . <=t• 
"'ur O""ts any mov.tc l{mmet:as used during i:.!1� t(IS"!.s c:.!.a �J::�r,s t 
tr . po• · �r needed by the ood�l o The ! t:fi1et' part of th � � !\ . 
in Fig., Jo 

t the prcsant time the model.s are restr tin �d ir �u 
an yav:o Cutrent plan<- ; dude ruxHfic�tion t 
r-o:..c deg1 ees of fr�euo�,., ;md r:..ec:suremen�s of st�. , �t.:rg 

arriap� similar to thf.t c1t�scdbed by Sibul (2) �1Ll :.>"' · Lii ., , 

'rot'fi.�� �!�!£�Ji'he tl{)dl!:l� z.n to.dn{; ··�.H.i..::· ">''? :n� ... m .i. ·· .. 

t.-y L 1/l6=int:'l dia;:nete!' steel i&:&bl'!lc T.1i13 �·lble �:-... .Jl.>V'O by 
turned bl ;m elect,::onic:all�, �ontrol.le<:. n&<.:: mt:'1to:::-., T 1·.! �ot< ·.n;; 1. 

tcn'tc•l ·•as designed "t�d buLt in the Color:;.c:o S·i;a·�� U.J?E- · .. U)' 
"' ir.;al Bn:f.ncct•i g D.-!-'1! ··n�mt:"' Bott. th.;; fieJ.d ·1 - .• ·,;m·· Ui • �u 

,, 

are �.�;ont ·olled by & Thyr·l.I··on �ircuit,, Tile spe' 1 :}Uc .:, .:!.•UC'.e.,}'h··' 
cf the noiol" may be .. dJ· .:;ted, Th<! pdr..cipal c";h • 

• d.� ti,:s or" th(; 
:"ystem are: 
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1he e<nt�::cl pe:�1:el for the t :wit g � ocu s_� 
. : : �1 "!.: •• nd dev: ccs t:.ttich stop th� n.hor at "lll.l"' ..... .. �? 1 

!i�; L:" el:et of the run0 tontrol the: ':inr;: cf ::.tatt'Hl' 
., �{"dod. whir.:h stops the t�art iag(: in �t c -vu 
cnnet:i:icr.:• bet�:een the mode1 an ... ca�ri�p� a:::t ·.:: 

J.'iw tiue c f starting a �est run is cc.nt:ron .s .t 
'h·t; .. c .. uirer:.Ltl'"' is very important ir,. obtaix1i1.1g inf< 4�"" .. 

;;;; .nts ... r sent during a part of the t J3., T.he �tar;- ( f . 
: .:.i<.,'·ed by tl'.e starting of the! w·1••e gere.n•1·or,. '1'1; 

t1 : lL:trdts th� towing motor to start only n.:tt!r t> • 

.:.t ·a•J ?:. �·.avr: been eud tted by the wav� gcncnl.'tct� ano 
'::H �JGt J<rninecl phase of the "'ave., 

Current instrumentation ine � ,1des (1) \'lave i•.t'.;..; ., • 

'l<J • •• on iustr1Jilleratation0 (3) data reccr<'ing eqa:ip:ncnt, r r, "' 
;;y.nen,, (5) motion pictures t�nd sHll •hc.togta.rh eq� � :; . •  11 ... 
� t�n� computing fa�ilities� 

Wave PJ:obessctfhe wave profile is 
..:xn11.: ..5cm.$!-dlS'tn:ne;-iwa.y from the mod·�l so 
tm· 1 �u by the mcdel is r.e«:orded"' On� cf the��� prob:�:: 

o )' \'.hil<! the othei:' consists of a. t.l_;-a:c.it<.,.ce ::;. "" " :s 
, p<! cH� eloptd bl the Dnvid Ta.ylo:r Mcd '!1 \3�;�,Ll { JJ , 

In addition ·�o thesl! fixed p rob�s" a 1 • ber t 
.r (� used to met:.z�u�e the \•'ave prof •. 1� in ... �e i :rr.l h.a .: 

u1cd ... :.o 'I'hes(; r.aovil.1g pr.obes CJr influence pto't»�S c 
cm:riage and :�cord the vJave of encounter r�:!l;ttive to �;Jr .. -.·t, �� 
datumo 

The oscillop;··�r·hic: records L"oJr. the n 
neasu:c;.ments of (1) d•e pericd of an€!•>' nt !t'" (2� 

.del motion and the wave0 and (3� .infotc ... lt3:m t ro • .  iH ff.l,�: 1 
·,;he �aves o Th�se in· 1 uencc pro bet� do not tc •..&:.;,1 �he .- :.!. • !l n · • · 

·rc p,dn�iple of change of capa«;:ita!lcn bci;we�:a t1e �'It··. lUtO"t 
'>rt:<.11 plate placed a short distance a.hove th! ilil.�er" .·: . ·t.: 
er:..:e probe units hav.'! been eompleted; ho"ey{;t0 J::W�e.nt. l!'n.: 
·::h<!' �.onstruction of :several additional unit� ao .that ti&H r.':Odel _su_y 

UZ:'l!'Ounded by a moving sampling grid, 

'· 1 



t4odel .tfi�tjion !tlst=rumentttic'n = h ... " n ; .E to.c..;.c, 11 tlle �-��� 
are obtainedusing-'Ff�ro;;,;;Ten�Io;ete"'i�s i· a s�, .. ·:,. :)·C .il1ca.i;s;nte bH:i�. 
:ircuito 'The potenHomc::ters t::i''..tes ru-1 c<u.c"tr:i.' 1>. ;rig 1�1 :nopo ,..�.:ma'. :} 
the motions of t�1e l<.od<:?.!. .r�!.a ti ve to .:! ·,: :;:i..r g :'•�t�l Hi.i�h !.s �� : ·atl\�d LJ 
the carriage., ,t,ll tonne-·;;ticns t; .. 'H\H!( n �he rr;o:k.1 r nJ eru.:iag.! < t� mr. 'e 
through carefully aligned P•':'c!�is:i.on ha.L1 l.H::�.rin{! mounts, Th(! r;o:'ld �L 
bolated from the ct�.:riage by ru.eam> of :l spt:·nge tt1bb.�1· ftlt�;.!Ji t•hi.c�! ..:Hil' 
nates the hiW1"--freqtf'!n¢;:y stru{;.tu,�a.l. vii>rations of tim ca.:::dng.>. a:�( ot.i:�3(!, 
out passes the lo\'j"=f requ�r.c,y mode! motions a Fics< 3 and 4 shm' t e t:;: t.·u.A.··· 
of the mounting tlf the model to �J:he stt!el sterno 

AcceleromEters may be Ill<Jtmted t"Lt the bow �nd stern ;( re,..:t r-d 
informa tion concerning slamming or impact load� when the f ote:;·t·ot en�. r,FM 
f.:om a waveo It ha& been observ11.>d that forefoot t�me:.�r;en1:e :as Loti•:;:d 
h•om movies "l;aken during th� test does not always incH �ate th! o��ut.·u 1·£�� 
of hydrodynaiiliC impact (4); therefore!) insh.ne;cs of :;laitl'ninr, 'liiS. b<;! 
obtained from a.n accelerometer or pr.essmr.e pi�ln:.pc. 

St�ain gaees are used t11hen for�es or trot�len•:s nl:l$t b(� m;;;a.slu::; 1., 
'fhese ha.ve pl�oveti to be very reliable. inexperasi ve &! :d v·.Hsa:: ii e.., 

!?.!.!! ��dinJl. Eguip!!l�£.: oo{)rigina.lly i,ll dr.ta ><�ere olt':;:�inct: 
fx:om movies taken during the tf!St runso Most o?i iiH� exp(�rivte:<tal d •. d: ::t. 
a�e now recorded on a 16=ehannel Heiland osc:illographo ':he t·� ords 
ft>om the various transducers are recorded on phctc•seusiti'7e pat: er" T'1.� 
o�eillograms are prc.�essed in a semi=automatiC!:: tlevelcrpero A gn�,:,.t 
variety of intert:hiUl.geable ga.lvanomete£s are S>.wlil.abl e for th·.� o:�il1'i" 
g�aph., 

�m2lif!� Sys,te.!!!:=Unfodunately in n1:m}· applitF.atiom:. •nf !.!le�= 
tronie or eleetrie al instrumentation some form cf ampliHcat:h>r. is !'l��-2SSal{y" 
\ 114:ha.nnel Hathawa.y carrier type a.mplifier is used for most .,f these 
appli�ations" The amplifier :J.s most often used irJ �-::(mne1:tion \':i th .2if.il•!!l' 
the bonded or urtbonded strain gage transducero This atnp:Lifi<�:,• sy��te:n 
:nay also be used in connection with the inductive or �C&ptu:ita ;j v� tr.�:t.;= 
jucers now availabl�o 

In somt� eases a cathode f ollow(;r and a sim11l e (!urz<m1 '-Itp1H i�r' 
is used, This i!; employed wh�n the output impedance of �:h� f;i:< n�dur;�.,; 
is much greater thar.: thl.l't r(:quired by the galv�JlOIHe?turs l3ed · .l the 
oscillographc 

Motion Pittures and Pho togr:api'm:·"'l\lf{l 8p�:d.Hll.y l"!oCl:V·Lci r.P.Jt�·t·el.v 
controued-;-�nlil'Vl.e��am;ras are ffiifabte fer ptwtogx-aprdug the t�st 
runso These cam�ra� may be mounted on camera llOon�::. on the t01d n g �;:-.n.tag"' 
su that simultaneous fcont and side views of t.he znodnl mav b'� l btalu�d. 
'rhese movies yie:id :i.nformation on the hehavior of tb{ :modele t r} •• 5 
G1:aphirc �a.mer& is also a.vaib.ble for 'st:�u· pi,q;t\i.r:nh �.'his, n.n·�ra. m:!'' 
.. \lSo be mounted on the @amen. boo111 and may be ope:tatt•d b1' �cnu.te u.;o:-.��·}l.., 



Developing service for :l.ll blC�el..: nnd wi1ite and color movie film 
is avail::.ble on a 24'""nour basis in Denver" Other f ilr.l is developed locally 
on short notit.:e, 

Projection facilities for l69Iim movie fi .. m are availableo Any 
exposu e may be s topped for an indefinite time so that measurements can be 
made� 

Experience has shown that more accurate measurements of the 
model motion can be obtained from the oscillographic records of the micro= 

potentiometers outputs; however0 movie s are always very useful and often 
yield data Mlicp were not originally included in the testing programo 

Machine �om put ing Facilities :-Some machine computing facilities 
are ava.ilabl eo At the present time the University Business Offiee and 
the Registrar0s Office handle all their records and business through an 
IBM facility which is leased for this purposeo These machines are avail= 
able for other purposes on a rental basiso The machines available are 
tabulated in the following list: 

Key Puneh Card Sorter 

Card Verifier Collator 

Interpreter Tabulator 

Reproducer and 602A Calculating Pun�h 

S llllUIUU'y Punch 

In addition IBM Medel 6SO and 704 computers are available in 
Denver en a rental basiso 

A small D� analog computer and a reflex�integraph are avail­
able for solving ordinary differential equationso 



7 

Sr. 1:r.,1 B� F� il<�d.pm n·· fo J."est·:-g l·ivr�·l s:··p t.lnd <; ... LJbn ru .. L 
i·1 Q}liqne ::>cu.s' ,. !'rc�c 'f.rc;t Confe;::!.JC j_r, "hip"' ·u;.J \•' ·;e:;,, 
pp., 34?.··-3 0 Ri<c.hnonci ,, Cc.HL 1 ISH, 

2.., Sibul,1 Oo J, The Ef fet.t of. Method of To� ing on Ship Moo�l Mo�'lons 
P o� . . , A,n•nric;l n To;·Jing Tanl� Conferem.:eu Washington� Septembet,, 19.56., 

3, C·qJ.pbell 0 \l/, S., An Blet:tt·oni::: Wave�eight Measuring .1\ppa.r.:.tus,� 
David T ylor Mod.el B!'.SinQ Was.hlngton9 Do C., IBM. Rep" 8$9� Ol:t-. 195:3, 

4o Szebehely 9 V" Go Progress in "i"heor�tical and Experimental Studies 
of Ship Slan�ingo Proe. First Conference on Ships and Waves 
PPo 230-2500 Richmond� Califo 1954o 



Fig. 1 Wave basin showing model seaplane being towed at 

135° to direction of wave travel. Waves represent deep­

water waves 5 feet high and 100 feet long. 

Fig. 2 W a v e  b a s i n  showing model ship being tested i n  

shallow water waves. Th e steel truss towing bridge 

may be moved to any angle of travel relative to wave 

front. 
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Fig. 3 Model aircraft carrier being tested in shallow water 

w a v e s. Note square aluminum stem which attaches 

model t o  towing carriage. Electrical leads transmit 

signals from model to the recording oscillograph. 

I Fig. 4 

View of inside of model cargo ship 

which has been constructed of fiber-

glass-plastic laminate. Wires l e a d  

to pitch and roll transducers. Lead 

weights are used for ballast to achieve 

p r o p e r  displacement and dynamic 

properties. 


