
UPSETS IN PITGH:

A GUIDE IO DESIGN DIVING SPEED?

Summary
This paper irvestigates a pioposal (1) by Dipl. Ing. Marcel

Oaille of th€ Swiss Bundesamt fur Zivilluftlahrt that the

'ninirnun 
Dcsign DivinS Spccd in OSTIV Airworthine"ss

Rcqurrernent. mighr be d€fi ncd b\ consider ing Ihc n)a\rmum
spccd attained in a reisonrblc rimc in pitching unoeuvrc.

Il isconcludcdftntthissuggeslion,whhalittlenrodiflcation.
lcrds to a fornrula of the form:

vJmin [.vo ' DV (1,

whcre k and DV are ti bc chosen 10 givc generally accept

I. lntroduction
In $c fibt post wrr issue ofBritish Civil Airwonhines Rc-

quiremcnls, Section E (2). the lowcsl valuc ol lhe Dcsign
DivingSpeed ws.s simply a muliipleofthe stauitrg speed, with
diffcrenl fack)rs fbr Normal. semi Acrobatic and Acrobaric
CAtcgories. Expcrience sh(nled that this syslem wa$ $onrewhrt
unsalislacbry. mainiy owing to the di lllculty of prcdicting rhc
rlalling spccd lo a suitablc degru of accura(y. In thc 1960

issue of aCAR Section E (3). an qpresibn *as intrd-luced

Vdnir = 9w + 50 (non cloud llying) {2)

or vdmin : 9s r" 78 (cbud'flyins) (3)

'lhcse exprcssions, which we.. rainly dLre to Ccdric
Vcrnon, had thc advantagc lhat thcy involvcd only thc winS
k'.rding at Dcsign Maximum Wcigh(, a quantity which was
prccisel! dcfincd

A sinrilarcrpressbn, in metric nils, wnsadopted inthe 1964

issLre of OSTIV Airworthincss Requircments (4) and w.rs

rctained in the 1966 issue (5).

ln the l97l issuc (6), the Ccman fornrula sas idopt€d. of

vdnin in knth = t8 (w/cdmin) r.l (4)

whcre w war in kgtsq- and Cdmin w1ls rhe mininum drrg
Locllrclenr ol the \.ilplane in rhe clern confi!urulion

/a

This expression is bnscd on th€ arbitrary assumplion ofa
sinling speed of 7.8 nts and some other simplilyinS
assumptions. Ii has thc advanta8c that il introduces (he

ae.odyram'c propenics of the sailplane.
Thc same formula continued in use in the 1976 OSTIVAR

(7) and in JAR 22 (8) lbr Catcgory U sailplanes, although
JAR-22 reverted lo lhe prelious wing loading fornrula lbr
Carcgory A sailplanes. Thc relewnt drag coefficicflr fbr
Calcgory U was slaFd b bc 'lhe lowcsl possible drag
coeftlcient of the sailplanc."

The provisional OSl IVAR of October 1986 rcrains the
IiDrmula ofJAR 22, bul (he drag cocfficient is now defined as
"the drag coelTicienl in a steady dive at spccd Vd al De,\ign
Maximunr Mass. wilh lhe !ing flaps in whichever en .oute

fosition yields lhc greatert vNluc ol Vd. - lhis was agrecd {l
rhc 1985 lneerirg of the OSTIV Sailplanc Developmenr Panel
mccting ar Ricti. Ii wl)s ptuposed by Dipl. lng. Wolf lrnke
and $€s adopted on thc grounds lhat ;r representcd a lnore
futional intcrpretation of the existing ionnula.

This discussion folbwed an obscrvation by Dipl. Ing.
ce.hard \rr'aibel al lhc previous mc.cting in Prngue in Ocbbcr
1984 lhat $e ulues of Design Div ing Sp€{ for some modcm
slilptanes wcre becoming unnecessarily high in rclation to
opcrating spceds. Various suggestions were madc, including
onc by Mlrccl caille t{) rhe effe.t thal the Design Diving Specd
mighr bedcnned by considering thc maximum speed reachcd
inareasonabledlne ina pitching munocuvre, rathcranalogous
ro the dclinilion in JAR 25. Largc Aeropl&ncs (10). This
proposrt was considered at thc Rieti nrecting of the OSTIV
SDP Il *rs agi:xl rhat it had obvious tehnical mcrils but
ne€dcd funhcrcalculali()n andconsidcnlion. W(tltLenkes
proposal war therefore adopled as rcprcsenting a reasonably
satislactory intcrim solution.

The objccl ofthe prcscnt paper is rc cxamine Marcel caillc s

proposaland lo sh(N lhal itcan lcad loavery simpleformula.

2. Thc Original Proposal
Mr Oaille pirposed that:l requiremcnt could bc based on

thc following assumplion:
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''Fronr an initial condilion ofsrabilized Itight (e.g., V n)r
lhebcsLglide angic). rhe !?ilplanc is assumcd ro be LrpscL. nown
1or. .sec (e.g.. l0 sec) along a nighr path :10 degrccs I'eto$
Lhc nriti l pitb, rnd dren pullcd up wilh r lo?rt ticn)r of 2 0
(l 0: accclcutnrn incrcnrcn0. The rcsulting conrpuled specd
rl full up. at $4rich poinr rirbmkes nrry be uscd. is n) be
.onsidercd rs the mjDi runr Design Divins Specd..

3. Calcd'rtions and 0)nsiderations
All olthe figurcs quded bcl(N, rrd rhosc m tibtes I and

:. rr. based on crlculalrons which assuorc rhrl rhe drag ot Lhc
sriltlare i\ olthe lbror

D:a.!.1 +b 2/v: (5)

Thbte l.
Speeds attained in dives by a training sailplane.

Maximum lift/drag ratio : 25
Equivalent airspeed for minimum drag : 63 1ttr76
Initial equibalent airspeed : 68 km/h
lnitial height:0m
(a) Increase in flight path slope : 30 deg

fttal flighr path slope : 32.29 deg

TI]\{E FINAL CHANGE OF FINAI,
OF DIVE EAS ENERGY HT TRUE HT

sec kn/h m rn

1.0
2.O
3.0
4.O
5.0
6.0
7.O
8.0
9.0

10.0

85.6
102.8
119.6
135.8
l5l .4
166.3
180.5
193.9
206.6
21 8.5

- 0.7
1.8
3.6

- 6.3
10.0
11.9

-21.2
29.2
39.0

- 50.6

-11.3
25.2
4t.1

,60.6
-81.9
105.5

-t3l.2
- 159.0

188.7

-220.2

@) Increase in flight path slope : 20 deg
Total flight path slope : -22.29 deg

TIME
OF DIVE

sec

FINAL
EAS
km/h

CHANGE OF
ENERGY HT

m

FINAL
TRUE HT

m

2.O
4.0
6.0
8.0

10.0
t2.o
14.0
16.0
18.0
20.0

9t.9
1r4.9
136.5
156.4
174.6
l9l .0
205.6
21 8.5
229.8
239.7

r.'7

- zl.8

r 0.0
- I7.8
- 29.O

44.O

- 63.0
86.2

- I 13.5
144.8

- 16.8
3 8.6, 6s.0

- 95.9

- 130.8

- 169.3
211.2

- 25s.9

- 303.l
- 352.6
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Ifairbrakb werc not uscd in thc aroeu! rc suggesled abovc.
ftc speed in the pull-up $r)uld continue to incrcase untilthc
coftrponenl ofw€ighr akrng $c flight pnrh had di rinished so
lir as ro cqualthe drag, trking accounr olrhr loxd lhc!tr. l his
would leldtosomc lcry lrighspeeds li)rcxaorple, n hcaril)-
ladcn Slllndard Chsr saiiplane coul(l attah abour 302 knr,h
iL Lhc end of Ihc dilc and a marimum of abour lll:l kDrh
in rhc Frll-up

Both in JAR-:s and iD rhe above prcposrl, the "pilot-
coDoollcddragdcviccs are uscd when thc pull upisinitiatcd.
lnfi;scase. rhe marinum spccd anained willgenerally bc rhar
rr rhc .nd ol th. srrltighl di!c. assuDing thal (he airbrakes
roJnplv $ilh.lAR 22.73 in(]22.75. This statcment is nor rlways
cxactl) true but! rcasooably accurarecalculation would rcquire
n derlilcd tlowlcdge of thc airbrake cha.aclerisli.s rnd. in
p.rnicular. rlreir inltuenceon hnh lhe pnnilcand induccd dra&s-

Table 2.
Speeds attained in dires by an Open Class sailplane.

Maximunr lill/drag ratio : 60
Equivalent airspeed for minimum drag = 120 km/h
Initial equivalent airspeed = 120 km,/h
Initialheight:0m
(a) Increasc in flight path slopc = 30 de8

Total flight path slope : -30.95 deg

TIME FINAI, C}IANGE OI' FINAL
OF DIVE EAS ENERGY HT TRUE HT

s€c km/h m m

L0 t3'7.6
2.0 155.2
3.0 112.1
4.O r90. r

5.0 207 .4
6.0 221.5
7.0 241.5
8.0 258.3
9.0 2'75.0
10.0 29t.5

TIME FINAL
OFDIVE EAS

s€c km/h

CHANGE OF
ENERGY HT

m

- l8.2
-39 I

- 62.5

- 88.4
- 1 16.8

- 14'7.6

- 180.9

- 2t6.6
- 254.6
- 295.1

FINAL
TRTJE HI

m

0.3

- I.0
1.8

- 2.9
4.3

- 6.0
- 8.1

- to.1
- 13.8

- t't .5

(b) Increase ir flight path slope = -2O deg
Total flight path slope = -20.95 deg

2.0
4.O
6.0
80

100
DA
14.0

16.0

r8.0
20.0

t44.1
168.1

191.8

2t5.1
238.t
260.7
282.9
304.5
325.6
346-2

- 1.0

2.6
_ 4.8

- 7.8
11.8

- 17.O

- 23.6

- 32n
- 42.2

- 545

- 26.1

- 5'1.1

- 92.8

- 133.2

- t'18.2

- 2n.8
- 281.8

- 340.1

- 402.7

- 4(9.4
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Thcrc sill be a grcat snnplification. wirh lirtle erlor, ifonly
thc condiriors at thc cnd (Jfthe straighl divc are consdcrcd.

Tables I and 2 show the results ol sLcp hv lrep calculali{ns
ofstllrighl divcs lbrtwo sailplancs. Onc has.rpproxinarcly rhc
ch.tractcrisli.s of the K 8 (M.tx L/D = 25 at 68 km/h) rnd ihe
olher rhosc ofa nrcdem Opcn Cl$s sailplane (Max L/l) -
60 at 120 km/h).

In thc l{tter crse, the ellccr ol drag on the spccds auained
i\ vcry small. Alter a 3o-dcgrcc dile for I0 sec. rhc s|eed
incrcment is 97% ol thrL which would ha\c occurrcd h.rd the
drrg heer zero For r 20 d.gree djle lor l5 scc. rhe tigure
bccomes96%. Elcn lorthc -K 8 rhe con:spond in]l figures

Such tigurcs inrnrcdiately suggcst rhrr. iD lraDrinf a

Requireme t. it nrisht bc reavnrable lo ncclccl thcdft!. The
re,p(rrhdJi\r r\. r|r. re., .r'. r'r'r ' tfrii, r'' !iL ...
only the 3{ldcgrcc dive willbe considcrcd hcncelo{h. lfthe
.li!e \{crc n mtrmcd for l0 sec, rhc spccd incremeni would
be 177 km/h. rcgardless of the srilplancs ]rerfonnaDce.
An cxpress()n n)r the lninillnr Dcsign Di!ing Speecl

Vdmin : V) + 177 (knr/h) (5)

In thi! case of the choscn cxrnrplcs. dris leads to the lbl,

Vo - 68 knr/h, vd'nin = 2.15 kor/h (l l2 kno!s):
Vo : 120 knr/h. vdmin = 297 korlh (160 knotsl

Ihese !alues ofVdrrin might bc thoughr a Ixrle high lbr rhe
''K lt ard a liulc low n)r thc Open Ciass srilplanc. I{owcvcr,
Lr rn,^trh rr'' r . .r'11 rf.,..rl',1 r).,1.,r.eJ.'r "n i'

Vdmin : k.Vo + DV (6)

. r'.Li.J.h, r' 'l'.rrJ L (.fe., rrr,'.r11.
.10 degreedi!c. ncglccting thc dra8, oler\dne period lcs\rhrn
l0 lec Physically. lhi! sccnls to bc r nue rcalinic sccnari(r
sinre in praclicc thc initial spccd li)r rn ntlet will Lrluul1I

Firr e\ample. jf$c takc k - 1.5 rDd rs$nrc rhat the dNe
is 

'n 
iniained tor 75 scc., cqurtnrn {6) hcconres

Vdmin : / 5V(J + ll2 km,h. i7)
'lhir leads to rhe lbllowing !.tlucs:

Vo = 68 krn/h. Vdmin : 2:l:l km/h ( 126 krots);
Vo = 120 k /h. Vdmin : 312 knri h (l6E knors).

'lh.se figures nr iSht be thought more rcasonablc rnd lwould
rr"t'^. hJr ."r!i. .'n.rde rr,.r \e..!enr. .,nr'trr,,!,1
01 thc iorm of equathn (6) with k and DV adjusrcd so as to
givc generally acceptable resulls.

I i.r., r.rrLr\ rl,. orr..n,lir.r..ornr'^lhr,\t....,,n
fr)poscd in 1966 by Mr B Schneide. (ll) llthough rhe
Dumcrical \a1ues and rhe consideralions involvcd are difieren1

Il thc usual subrtitutions are Drade. rlren equrtbn (6) is of

vdmjD = (cons1./cdor'1) + Dv. (8)

$hcrca\ thcprcscntOS llVlAR 22 Require cnti\olthclornr

Vd'rin = consr./Cdminh. (9)

othcr rhings bcing cqull in both cases. Assuming ihrt Cdo
and Cdmin ltrc mrch thc sanrc, rhis suggests thal (6) is likcly
to be sonewhal lcss scnsitivc t{) errors in estimating Cdo

than (9) For cxrmple. a 5% crror n Cdo would rcsull in.rn
crror of bct\\c.n 0.5% and 0.7% in vdmrr il cqu{rion (7)
were used and ahout I 6 % if rhc prcscnt OSTIV[,^R-22 n)rn]ula

A1l ol Lhc ahove is bascd on calcul tiors which asluDre a
snrplc thcorctical exprcssn)n lbr the sailplare drag. At hoth
high and k)w liti coeticicnLs. thi! expression is unlikelv to be

ol ronltants in rn cxprcssrcn such as (7) $ould allo$ tbr

,1. Conclusion
A tornrula ldr lhe Iln trnu r \rluc ol thc DcsigD I)ivingSpeed

tor u:ie in OSTIV Airworthincs\ Rcquircmcnrs is proposed.
based or lhe tollowing assunptx'n:

'From an initi.rl conditbn olstabilizcd nightrt some speed
gre ertha lh:it lbr bosLglidclnglc. thc saihlane is assunred
10bc Lrpsclr d llown lbr a $Lcd pcriod oltime along a flighr
palh inclincd at:l0.lcgrccs hck)w the horiTontrl Recolery is
thenini(iatccl. at which instrnt tbc pilol .lcf krys rhe .r iftr'akes.
The speed auiincd al thc initirti(m ol rccovcry is to be
considered as thc )inimum Dc\ign Diring Speed. In
calculaling this spccd, no rccotrnt is n) bc rLken ofihe drag
oi rhc sailphnc."

Thi\ a\\uDrl'tion lcrds to a vcry sinrple iirlnula rs sho$n
in cqurtilD (6) rbolc l'he qurntities I .rrd DV arc opcn Lo

di\cu\\ion. but il thc initial sFed i\ 1 5 limes dre sFrcd lirr
hcst glidcrnglcand i1 thc3(l de!reedi!e ls rnrlnlllined tbr7.5
scc.. thcn cquation 17) i\ obtained. which seon\ lo lcad Lo

Ihis nrcLho(lold.linin8 thc nrinLmum Dc\r!r Drr mg Sp.cd
hls ! rltionrl ba\i!. i! bru.rdly sirnilar lo lbrr r\cd clsowhcrc
{c.g . in jAR 25) rnd rlre nLrnre crl lrlucs crn casil} bc
.r)dilicd if desired

Ihcsc.orsidemrnnrs rre only iDLcndcd lo appll ro Crtcgory
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6. Symbols
a, b Coefficients tu the expression for the drag, equn. (5).
Cdmin Minimum drag coefficient.
Cdo Zero lift drag coefficient.
D Drag.
k A constant.
n Load factor.

Airspeed.
Increment in airspe€d.
Design Diving Speed.
Minimum Design Diving speed.
Airspeed for best glide angle.
Wing loading.
Airspeeds are "equi\€lenl."

DV

Vdmin
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