
I

i,N iNAIYSIS 0F THE SKIPPISG ti.%RtCftihISTICS 0F SOE FI,IING B0ATS

by

Mltch Mayborn

During and jrnrnediately aftcr World iJar .lI the I'laiional Adrrj.sory Comntittee for
Aeronautlcs conrtucted tests ciesignod to improve aircraft perfort,iancer Cevelop ncrtr-

technJ-ques, and to promote flyrng safetyr These t,ests drrring the war wcre classified
ln naturo and it was no! until sei?ral years later that they were released to the
publJ,ce or at leas*, to general knowlodge sources'

As would be er<peeted of this type of naterialr it ls technical jn nature to a

large erbent. However there are portions ln rnost of the papers that readily lend
thernselves to the ad.aptation for the layrranr This paper is one of themr Many of the
fo:rnulas, technica-l terms and nethod,s have becn deleted, Prosented hcre aro only the
gener'al problem and the results.

In all fairness the credit for the original work must go +,o F.',foSn i.rckoe .i:''.-t
of the Navy Deparfunento Hls work, orlginally known as Advance Restricted. heport
5i2L (AAR SlZli was released as W-lOi+ by the ll.A,0.r',.

Skipping may be defined as an unstable oscillation of hydrodynamic originr.
predonininantty ireaving ln character, uhrich can oecur just after landing or just
prlor to tahe-offo Skipping is associated riith condiiions whereby the forebody
carries mosb of the wat-er-borne load and at the same time a large alr,our'l+v of water is
washilg over the afberbody bottcmo (See Reference I for descrLptlon of mechanist'^ of
skipping).

Too numerous a series of ser'ious accidents to both large pnd sma1l f1.Jtrng boats
Las been traced, to ski-pping. Because of the fact that hulls with quite violcnt
sk;ipping 'i;endenci-es ean be safely handled. by e:cperienced and caref\r1 pilotsr ihe::o
has been j:r the paste some tendency on tho part of the designers to min-imi3c *,h')

irArerent d.anger, The accumulatecl Lxperience of the average piLot ls .lccreasit:g
during the wJr; firthernorc ther^e is tacticaL need for operations under incleasingly
adverse conditions. New airplanes should be designed. to take into aoccunt these two
factors whieh have an lmportant effect o:r the lard,ing characteristics of a long-l:ange
nili+,ary flying boat, No'r, only may the pitot be relati.'re1y ine:periencede but he nay
also be fatiguJd or Hcunoed,. Further, because of lack of fuel at the end of a long
flight, it niy be necessary to set dovn in rough watel'" Hencee it would seern to be
very llrportant for neu military flfing bcats to have especial\r good lar:Cirig charac-
beristics r:nder adverse conditions.

fn Table I the pertinent parti-culars and specifioationse and a sing].e word
d,oseribing the skippjng characlerlstics are givln for each hull. In some cases this
one word, represents an interpte'bation of a night r'esi leport" Tn otlre:'s ]lt is tire
jrrterpretation of q>inions expressed. by dlfferent pilots r.,-hc had flornn the particular
airplane. In a few cases, opposite views were ob{;ained fron differe:rt pilots. The

rier,qpoint appearg to be re:.atla to the amount of e,.<perience the ciissenting pilot has
haC- with thl- airplanee A goocl exarnple is the Catalila, about which one pilot sa'.-c,
tlr, r)?.[ be land,e-rl under any clrcumsbances wlthout sklpiing"tt IIe had a grgat o'eal of
:4per':-e,rree r^rith thenr ,O.noiher piJot who had a. great doal of ocpcx:Lcrrce r'rith Marincrs
:atCrttl gct the lwilfi-es'wtreneven l have to lard a Cabal.irla'r Actuallyr neither



:i1ot lras entirely wrong. The flrst nan was able to nake stable landjngs lnstirrct-
ively by virtue of ergerience wir:.ch the latter pilot did not haver A thtrd pilot,
wtro liked the Ca'ballna, stated that, rrhe couLd ]and it wlthout skipping any tirne he
wished, but that it would skip very urpLeasantly when landed improperly.rr This man
had more erq:erience with the diffe r"ent tlpes of f3-yfurg boata than either of ttre oth.er
two. ft seened proper, then, to rate the sliilplng characterlstics of the Catalina as
fi fairil.

Sirnilar!-y, the other hu1Is are rated 4s rrgsqdrt wtrene under most circumstancesg
they could make stable l-andings, 16" ttpooFrr huJ-ls are those whlch, in most cases,
aro unstable on landilge In nearJ.y all casesr bottr stable and unstable landings are
posslble depending on pilot t€chnlque. The nethod of rating, thernefore, ls to sone
degra the lrtverse of the amount of plIot erperlence requlred to nake stable landings.

The behavior on landlng was chosen as the crl-terLon of conparison because, on
the basis of e:periencer it seems to be sorner*rat easier to lnduce sklpptng accldenta-
l1y on landing than on take-offo Any flfing boat that showed any evidenoe of
inadvertent skit2ping on take-off was automatically rated as pooro

The following list5-ng gives the details of the skipping characteristlcs of ttre
various flying boats testedn They are I:,sted accord.ing to grcss weight, as will be
seen in Table In

SKIPPINO CHARACTERISTICS

AMPI{IBIAI{S P-IIT-B (foor): The foliowing is quoted from a hydrodynamic ciata repcrt,
@a,Jro9jlL9b2zt|Itwasusua11ypossib1etochegkoso111ations

during the high-speed portion of the run before they acquired appreciable
arplituder but at tlmes thls was decldedly tricky and involved skipping over tJre
nraien sr:rface nuch like a skipping stone.lr

qalg!_.:&fa (eooa) r As far as could be deterrnlnede nc trouble has beon eryerlencerl
with skipping" The alrplane apparently has a tendency to nose over when lancied
at too low a trim anglee but this ls more likely to be connected with ttre low
dead-.rlse bow seetions and convex curved water planes of the forebodgr, than wj-th
the skipping charaoteristics.

VOUCJ{T CS2U-1 (Cood): This airplane has a considerable amount of lower-Ljrnit
pcrpoising duri-ng take-off urless skillf\rlly handled. No reports of sk:pping on
landing have been for:nd bowevero

SARO 37 (Cood)t See References 3 and IL. Fairly complete tests indicated some
danger of sklppi-ng if the pilot allowed the airpJ-ane to get into abnorrnal
attttudes. Ttre worst condition appeared to be the full-stal1 landing; other-,rise
landlngs were stabler Rough water aggravates matters.

FAIRET SEA! (Poor): See Referenee 3" This twln-fLoat seaplane apparently has :io
siabl-e range or else a vex'Jr namow one. Condj.tlons are wor6o ln rough water
than ln smoot"h.

ffiIlgllI-lzEl (rair): Accordlng to pi-lotts opinionsl f\:.1J.-sta11 and f1a'i;-porder-cn

-ienffis 
are stablee but tr,ere is a rath-er rrlde rarrge of jatermediate anglea

'ntrtch are unstable.



CURTISS XSC-1 (Good): Preli-rninary reports indicate good landlng charac'beristics.

CRlll'lllAN JRF-I+ (fa:.r): See Reference 1. tr\.:ll-staIl }andings are quite stabJ.e, and

-ffiiateang1esmodera19];rrrrrstab1e.Fast,fLat'poW8I.on1andingsarevery unstable. The landing stability of thls atrcrafb has been conaiderabJ-y
lmproved by meving the step aft, thereby lncreasiag the step heightr_.Landings
over quite a rvide range of tri.rni are nolr stable. The altereC airdrafb is the
JRF.5.

SUPER}IARINE SEA OTTER (poor): See Refensnce 9o A llttIe rough rrater ncttld sat' up
d.uring take.*off. Structulal damage to the englne mount wasvaoren! sKt

e:qperlenced after skippirrg during one rough iandlng.

FuIl-staLL and rnoderate angle lanclings qulte stable
Thls may well be partial-Ly attrlbutable to the very

Full-stal-l and flat power-on landings are stabler but
range of intermediate angles which are noderately

MVAI 4:RCRAFT ru,CtORY PBN-} (fai-r): L:ndings made at low t'rims are quite r.mstable,
tered at higher trj.ms. Fttl-staLl is rinstable'

Ventilationl using Io? square feet of ventjJ-ation area, helped a litf,le.
l,s dlsagreement ai tc wtrether this airplane.;is better or worse than the
flom whi-ch it was derived.

i{ALI SLII$SIM Jh] (cooa):.
accordlng to one pilot.
low wing loading.

CONSOLIDATED PBY-5 (IAir):
there ls a rather wide
unstable.

There
PBrr

S}iCF"T SINGAPCPX IIe and Ifr
cf trims for this hu].1

(Gooa): See Reference 3" Behavior quite sj:;rj.Iar tc tlri:
which the singapore is a contenporaryo Tte stable range
is about 80 r*icle.

3AR0 IERWICK (fa - Poor, Ib - oood): See Reference I3r According to Reference l-3

-frffiEliow 
t::ansvirse step i-n the !e::"r,rick la was excee,iingl,y unstabl-e in al-I

attitudee. After lrrwerjng the forebody in Lerruick lb, and incorporating a

V-step, a full-scale stahle form was pnoducedl

SI{0P.T SUi$DERLAIiD f (Cooa): See F.eference 1l+o The airplane has a wiCe range of
@o" r+" r,o ,) ), for stabie ianoings.

CONSCLIDATED 31 (poor) I Consolj.date{ flight tests indicai;e sklpping du:'ing both

--i.-::_

take-off and landingo

CONSOLIDATETI XPI+Y-I (Fafr): Consolidated flight tests indicate a.vely nra:'keC

-er 

the Consolidated Modet jL from which the XPIrY-1 tas de'relop alorrnproverent
However therp waB apparently still some skipping on landilg"

$BTT]!-!BM-3 (Cood): It is possible to land this aircraft over a rrj-de range of
trirr,s without any difficuJ-ty from skipping.

SHORT SUI\DEF.IiND III (Good)s Even r.rith a lrh step fairin_g, deilberate atten^pts to
@equiieurrsuecessfitloInRe}erencei0,i_tlsstsbdthatby

rr.aktng violent, fu11-stall landings an occasional skip irould be encounberedr- but
not eiough to define a stability llnit. $e:rrlce usage has incilcated. that the
f,.r1l--stail landing is unstabte ]-n rough watero Howevere a fairly 1-a'rgo nrrriber
cf the aircraft have been in serrlce lor about four years, and by landitrg at
lntern'edjate aricles teve hacl no trouble fron skippj-ng.



lr

i'lAR'flN PBli-5 (f'air): The aircrafb has been considerably overload,ed. M:.1d skipping
can be found between trim angles of 10c and tho. Ttre iniensity of thj.s
skipping increases r^rith jnereasing gr.oss weight,

B-OEING XPBB-I (Good): See Reference 1, It is possible to get upper-lirr,it porpoiai:rg
-----frlTE-ffiis flying boat, but, as far as is knorn, there-is nt- skippiag Ln ianafutnr anrr n++ifuds or Ioad. It is looked upon with great enthusiasn as faJr as

skippilg is conc.,erned, by all pilo;s who have flol'n ii. ft ls belLeved to be
ihe r,rost stahle airerafb in servlce tcday. (19b3).

CONSOIIDATED PB2Y-3 (eoor) I See Reference 1. Violent skipping ruas forrnd. over a
@tri-ms.Afterproductionhad'started',ti'L"[ippingrnlasa.l.lgIdatr..

by the introduetion of rlsnt{]atfen ducts. Sorne pilots have statedl under
controlled test conditions that they could not te1l from the irlstability on
landlng *rether the ducts lrere open or closed. Cther pilots have reported
considerable improvement due to the step ventIlatj.on.

StiORT G (Fair) t See Reference I and 15. At 1or'r attLtud,es no instability occurs on
landing. As the trJ:n increases, skipplng is progressive\r introducecl until
at hig[ attitud,es it is quite bid. rrtcoralng to Refere""" fjr-";;;;nblfiir-i
be eneountered if the airsrafb is landed fast with a l-ittLe power.

BCEIIG- 3]l.t (poor), A.-3il+ (fa:-r): See Reference 1o The 3Lh nod,eL flyj-ng boat wae
violently unstable Just afber landing at high trtmb. By moring the step aft
ln the A-31+r thereby increasing the depth beeause of tire angle between tho
forebocly and afterbody kee1s, a g:'eat improvement in landing a'b higlr trtms
resulted.

$'RTTN FB?M-I (fair)l At tri:n angles below about 60 ttris airplane 1s stableo Abc're
this tri:n, violmt skippi.ng can be obtainedo Because of the large size of the
airplanee the motion is quite slow and is ve4r easy to control- and may not be
objectionabl,e to the pilot. Howerrcr, it should be noted that a large nwrber of
the pilote have been nen with years. of flying boat e:periencer UoAeL erperience
with this airplane (see Reference 3) indicates that performance ruor:ld be better
wlth a deeper step.
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TIBI.E T - SKIPPING CHAR;CTffiISTICS OF VARIOUS FLYING BOATS

t.;;;
Arnphibi-ans
Glumman
Vought
Saro
Fairey
Grurnnan
Curtiss
Grurnman
Grunman
Superrnarine
HaII A1unirrum
Consolldated
Short
Nava1 A/c Fac"
Short
Saro
Saro
Short
Consolidated
Consolidated
Martin
Short
Martin
Boeilg
Consolidated
Short
Boeing
Boeing
i{artin

Model

P-ITTB
JLF-2
0s2u-L
Model 37
Seal
nF-5
xsc-1
Jnr'+
JFJ'-5
Sea 0tter
PH'
PBY-5
Singapore II
PBN-.I
Sfugapore fTI
Iarwick fa
Lerwick Ib
Sunderland
Model 31
XPI+Y-I
PBM-3
Sunderland
PBIVI-5
)PBB-I
PB2Y-3
Model G

3lJ+
t.til+
XPPM-]x,

ITIf,l

I

Ii1
I

i
I

Gross
Weight
(1b)

Wjrtg
Area
(ft2)

221+

2)+5
zoL
3l+o
l+b5
lrog
281
375
375
610

1r70
I4UU
u60
il+O0
1760

o4)
Bh5

1l+87
10hB
10hB
rho6
th8T
rho0
L826
1780
2390
2867
2867
3683

Landing

3r 2oo
l+r5oo
LrBl+1
5r7OO
6rLoo
6r6rL
7r6111
Brooo
Brooo

10r200
16115O
26|OOO
26 r6ao
28ro0o
3rr15O
33,ooo
33rooo
L3rmo
h6rcoo
[6rooo
b6r5oo
50rooo
55rooo
62,OOO
68r5oo
'l3,5oo
B2r5OO
82r5OO

Poor
Good
Good
Good
Poor
Fair
Good
Fair
Good
Poor
Good
Tair
Good
Fair
Good
Poor
Good
Good
Poor
Fair
Cood
Good
Fair
Good
Poor
Fair
Poor
Fair
Fai-r

Sor:rce

Ownerrs Flight Tests
Opirions
@inions
RIiF Flight Tests
Ri'F Flight Tests
0plrrions
Cpilions
I\L.CA RB No. 312i'
Opinions
RoyaJ- Navy Etight Tests
Opilion
Opin:ions and RAF Flight Tests
nAF Elight Tests
NAF Elieht Tests
H,-,F F1ight Tests
RAF Etieht Tests
R^,F Etight Tests
R,r^F Etight Tests
Consolidated Elight Tests
Consolidated Fliglrt Tests
Marti:a, l[/^C,A Elight Tests
RrS'flLight Tests
@inions
Navy flLight Testsl N,,,C/r RB 3127
Consolidatede I,IAF & niiF Flt.
zu,tr'Elight Tests
I{r".C,A nB. No. 3127
I{r;CA RB. No. 3127
Nary Flight Tests & Opinions ll+orooo


