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l.STATEOFTHEART

ln tltr' pist, the sailplan. desip.r. t.idl k, imprcve lhc
l.!rti,rt E..r cnc,gy rl,iorJ.lifr. l.^li ll (Lit. 1) as vs.ll is
OSI lVA51l it.2)wcrLrlfJin!.)n(ll,iv.f.cnuri{dasdesigncr's
.'. -1,.r' . l'r , ( .'i L, 1 \. n,, l' mor. $lerc requi!!-
DNnts \rr. nr.t- SoNL'.lc\i'rh r\ !{ lnrGtly rubbcr) sPrinS
.l,rn.^i\r,niilnr ll!.

R\ urrl\'. \1r I )clle! Ncurninn,rL,, r TU Braunshweig did

hndn\g tear tests, whi.h demonstraie thc statc of the art.Ilis
.esulls shorved thc cu'rmt calculation mclhods - Eingslatc
tEstdala fo. tu6 and shck aberbcE normallyr6ulted in
land ing genE complying witn lAIt-22 .lso ifthcy were dynini.
cally testcd, s.c (l.it. 3). Flowcv.r, Mr. Sperberof IUV Rheinlind
reportrt at ih€ 1990 DUI Sc8clnutsympo6iun ih.i a..idcnts,
hheEpilolssustainedbackinjqi.tt,arcinoeasinSd.spilr' t
desigmFefforts lo produccbetter landing Bdrs. His repo.t (l .it.
4) gives Urc dcti ils. As M!. Spc.ber's surver of I- UA-data .ndcLl



iI 1988, the au thor of thjs paper asked the LBA lf ihe b.d t end

continucd. Mr.Kopp of iheLBA will read a paperat the XXII
OITIV Con8r.ss which will co.Lfim ihat the number of a..i-
dents with "hard lddhgs" had increae'd whereas the knal
nunbe. of sailplane accidenls shows a deoeasing ircnd (Lit.5)

ZASSUMPTIONSANDPOSSIBILITIES OFTI{[AIRWOR.
THINESSREQUIREMENTS

It must be stres*d that the desi8lers as w.Ll as the airwodhi-
ness requirements, imPly that any landing sho! ld be.tonc widr
the ldding 8ea. eit nded. Hangar flying hea.say shll sPrc.ds
the idea that there d. some ca*s when it is favo.able to ldd
"gea.up." Thee rumorsshould be stronglydi{oulatedby ou
OSTIV'TSPcou..gus.

The auihor also shongly streses tlut his i,rtentioB are to
imprcve the ldding gear in rhe normal ertended position He
is not willing to i6tal1 a scond energy abso$int syst m for
thoe pilots who want inientionally to ldd gear up. He is,

however, open to diru shck ab$rbing material for *at
.ushjos iBtead of conventional upholstery md improved
eaipd desiSn md/or material whi.h i5 altotethe. integhted
into a shek ab$rption system. Such imProvemLat is possible
uderonentaitrotthinessrcquirements.

3. CRITICALVIIIV ON THE CUItItENT RIQUIREMENTS

Bod,JAII'22andOSTTVI,Srcquire that the gLidcra..clcraiion
does not ex.ccd .1g when $e silPltuc iouches do*'n with m!x
mss ai a rate of siik of 1,5 m/s. An a..cl.raiion of 38 is
reconmendcd. lf, however, ihe late of sink is orily slighlly
higher ihe tanding geai bottoms, that is.omes to the sioP The

landhg gear ilself.s wel as the suroundinE sha,.ttuc is de'
signcd in such a $ ay thal the requi.ed sfcty fa.lor j-j" = r,5 is

exceeded, rnther ihan jLEt rcrched.
As such .omponents .amol be designed and buill io very

nanow tolerrnces, L\e avcrige s.fery fachr actually ,.hiev.d
will bt in Ure neighborhood of j - 2 or nore (sc tcst resulis

If a desigrer stri.uy follows the crdent requirementshe will
d6ign the loding Sear for a ra ther stiJf stoP ai n = 1+j'delta
n= 1+ 15 *2 

= 4 (mhimum), n = 1+ 2'3= 6 (avera8e)andn>
7(maxinu).

Beca!& of thc auihor's elpericn.e wiih collaPsing ldding
tear stiuts for n = 7 there is a.ritical load levelwh.r. bi.kbone
injuies may ocd,perhapsatg.avatcdby inadequ.teseatins
pcition and/orbad seat o8hios.

Due toelastrc i.sponseof the $i\nanc, the struchre near tlt
ldding gear (* her. thc pilot usualy sits) !vill tE more sbongly
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FICURE 1. prhted hom (Lft. 6). I olera nce to wholc body nnpi{1 i. ihc a ttitu.ies and rcs ir. ints iULdki 1..1 in the insct di.rgi) d s. I lrc

inertial force vecto4 shown a re generally PtrPend icular to thc li.I th s surfi.c
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d.r.eldrt.rLl than f.r{:\amp1e dreoute. !vnrgs o. tfu tniltl.fes.
ln our.r wods, ihc piloi (illlccl l,ilhcr ]oi.ls llrin .r1.!l.tc.l

l)r.lony l'g.lproviLte.l Dre with a t.rlxr r hidr shows ih.t
th. hunr.n body tied down in *.rting position his a low.st
(.iidun)loidiol.lan.cforabloc gpcrnnsof .boutllgdd
of.rbout 0,2 Rcon.t dura tion, se (Lit. 6) .nd Figu.e L I he reison
for ns is: 'i\ pilol *aicd on m cjcction scat has r n.hral
frequen.y of oscillation nr dre ve(ical di.ection, wh.n i,r thc
sitft)gpositio ofso .5IIz,sothc.ritic.lpd*lengthis.bout
0.2s."

A routhcal.ul.tion of .n ".verageJAn 22 l.ndnrg'showsa
pulselik.diagram Irig!i€2. &pendlngonthrskolcr*neto
thcsnTof thclmdnrggcar,lre!rill6.tfora"l ldnrEeicee.tnrt
IAR 22 requn enrents" apL,le like ihatshown i! diagrami:iguc
3. ,\lL\ough L\is pulsc is shorhcr (o( ing to high.r ve icalspeed)
andofpeakiypeshape,$eendL,pdefiniielynlther tewhcr.
th. dynami. rcspom. of th. spine is uffavorable. Ple.se note
ihit proriding longe. stroke of the landing gear is perhlpsnot
thc answer for ft,tue requirenents, as we may geiclo*r to spine
r.sona^.c. tsIowevcr, a short& ble typc pul+ would be more

Aso, most moden sailplanes a.e designed to carry water
ballast. The landing tears, thercforc, rca.t morc stillly for land-
nrEs withless fi anmax. mass. Thisis favorable forlandnrgs{ ith
slithtly higher snrki,rg speeds ihan 1,5 m/s. llow.vcr, jJ the
la.lhg gea! is conpi.ssrd to th. stops, d\t loads definitely
r.ach dangerous va]u.s.

,t. DISCUSSION FOR APROPOSAL TO CHANGEIAR-z
AND OSTIVAS

L The design sinking spccd should be slightly in reased,
tsultinE in stiffer sspeNion (highe. toleritrle accelera tions).
fo! ihe samc stroke the .nergy absorption will be hiahe.-

2. But, at ihe same iime thesutroudlngstiu.tuc inth..ase
of fi\cd landinssearsorstn,tsnext to dr rvhel,orof rciractable

' ,,". l:l-".,

FIGURE 3. Loadfactor of Lddnrg gcar vs. tihe.

landingtears, musibedesjgned in sucha way, Uut thay will
collape in a conbollable ranse ofl,2 > i> 1,5. This featuc is to
avoid the ha.d stop resultinA hom currenireSulatioN.

5. TFSTS WITH I]IITfRfNT STRUTDESICNS

Needless to sy, that the author was interested io *e whatthe
situaiion is with his lasi dcsign.

:l}e design of the ASW24 lmding ged agaist ovcioad is
su.h that 4 struts should collapse without doing najor da mage
to i|e oihei fuselnsc str!.tuc, *. Irisure 4. This, however, was

IIGURE2. Load f..iorof Landnrg gcaivs. tim.. IIGURE 4. ASIV 2.l Landi,rg Cerr Assenrbly.
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tlt i.1ea, in rcil operat on $e la nd ing g.r liild io other Pla..s
On oneo..asion, oncstiut failed ns l\tcnd.d by bu.kling !nd
the pilot.eporrd a lithtcomPression of lisba.kbone. Be.aus.
of ihe knowled8e of (l-it. 6) w. cnn erfhnr hos'this .ould
n.i, l e' .\o.\e ,t -.r: lFl\ inJ-rlrr 'li .\" ,l ,n l !,''r
, . I .omplF- hill- JAll r/ Lul .- rwu l" L rl th' l n' rr"
rcached due to o!edo!d

As a basis of the t.sis, three scrial stfuts t!.rc t sled in
cohpression. They f.ilcd in buckling ai e aler.Ee loid of
1315 kp = 43,3 kN. Thc calculat.d tuckl ing krad ac.ordirg k)

Jotdson'scnteria jsoniy2249kp,us gr}rc.onservatjve"LBA'
rDDrovrd stre5s !Jlues tor tlrt rn.rler rrl
'itere.rr"-:lr""-rrv"rydrJpp nrirg \.i rir.,' I ,s "

titive fo! our coNrvativecal.!lation ntthods

5.1 STRUIS WEAKENED BY DENTS (DIMPLES)

Despite s.veral approa.hes in varying the d imPle d.pih and
pattmonlyabolt5trmcomPressionstroltcouldbeachicvcd
belo'e((ce,'h Ibu.llrr8o rond ArrJr-r'r8'"omlrF'on
load of about 2s00 kp per shrt (P.ak load: 3600 kP) .an be

assum€d.'I'lis rcsultsin an.ncrgy absorPtionof 2'2500"0,005 =
25 mkp = 2!15 Nm.

This means that the !a tlt. simPl. modification in.rea*s the

cnergy absorption of the ASW-24 bnding gcar by about 25% On
rol, ^t Uul. hith lord perl .,- i\ oid.d bul U,cr" - no m"tc
uele.son o.rore the 'lop i. ter, h"- do IIF rr'J nEts, ,r ^Jl
iotally.ollapse at highe. loads. IiSure 5 shows d ave&rge and

a g@d example for a doted (dimPled) stlut

(t{t

IIGURE s. Struts w.akened by dents (dimPl$).
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5.2 S TRUTS WEAKINIDBYHOLES

inane)rlysligethisnl.r.intut.Ilo\e!er,ii!L.sNledout
rsun.ontroll.bl..orrosnDf.obl.ms*.I.t\Pcct.d lh.Lrrter
l.\l ''.-,u ol.' l r"rr' .l' , ' t :

rnd retrofit by .lsiomen r'ill L. hrh.r ensy L,y , tcchni.al

l'igure 6 shows. S@d !r!mPle of. st.utnol.h.d by holes

r!so, here buckljng could not br Prcv.nied l heencrgy!bso?
iion rvasabout the same as for 0re struts wiih dinplesbuithe
strok. was.bout 7mm (compar.d 105om for fie dentud strui
.ndnedlyzcio mnforttrcsi.ndakl strut) turd ihe.verage ioad

was1800kp (PLaksi 3000 kp). Fromboih h5tsonccdlcam that

tlr eristing strut is LuJivor.bl. is tlk buckliig lo.Ll is d)cbst
io the lo.d leLtL {here f.ilurt is .xp.cted A l.rgcr diamele.
hrbe with thi rerwallso, d be more p()drising
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FICURE 6. Shrts wcalcned by hol.s.

5.3 TELESCOPE STRUTS

A listse.iesof tcstsis nrorePromjsing. A *riesof shc[bolts
was inslalled inb a t.lcs.opi. sbut. The tne.8y .b{)+rtion is

verl Eood. AtiFt.iten\pt llLanonstratcd - 12 slJokeat.!cra8e
2100 kp lord. S..l:igu.e 7.

Ior 2 struis an energy absorytn,n of
2 *0,012'2100 - 50,1n*p = 4!.1Nn,

can be asunt'd, nearly dolrblnl8 thc vrlu. of ihe (.ubbrr
s6perded) Lrnding gear. The disadvant.E$ of ihic sr.utarei

l. Unconiroll.trlefri.tioncauedby.odosion of the tel.{opc
2.lt does not fit nnynrore into lh. ASW 2'1l.nding gear, so

relrofithng is nol possible withoui najor change of the landnrg
gear.

3. lt docs not conrlt! s'ith JAR 22 is ftst Pennnfr $ t J.i.'n.
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FICURE T.lelescope sbut wiih shear pins.

tion o.cu4 at too low a 1oad.
'l1r lastpoini isalso theonewhicnmakesiidifficultto u*the

othd weakened stru ts, as chdgc of ii. requirements has ro be

6. CONCLUDING REMARK

'lhe auihor is wcl aware that his proposat needs carcful
djscussion wiih compeient p.ople befor. a proposal for the
OSTIV-SDP or the JAR Shdy Group can bc written- He, the.e
1ore, asks ior contributions to be sent to his a.ldJcss.

GedrardW!ib.]
Ci.krrnof 24,
D 6ll6Poppenhiuscn/Wrsscrkuppe,

LITIRA'IURE

(Lit. 1) JAR 22, Joint Ai 
^vo 

rthnrss ltcquircmcnts foi sailplanes
an.l powered sailplanes,C{ ,37 Gratton Road, Cheltenhim,
GlosGIS0 2UN, U.K.

\ .l , ':l \ Alhorthrar\\rr.J'r.,- a\[V,, oDI R, L)
80l l !!csslln6, Gemany.

(l ii. 3) Deilcv Neuman.: "Untersu.hungcn an
S.Belflugzeugfalirwerken"// paper !vritten in ZLR-
!oB.hLnEsbcricht69.0l,Teclaris.hcUdvcsitate SrallNhweig,
issu.d b) Iriof. Dr. HorstKossira

(I-it 4) Martin Sperber: "Gurt-Itu.khalte Systene in

VOLUME XV NO.4 1A9

Sc6elUugzeugen,"I UV I{hciihn.l, Koh, 1983.

(Lji. 5)Ulrich Koffi "Crilical.ons .iatnnof krd.yt linding
geardesign and construction,"paperp.epaEd f or xXllOSl IV-
Con8ress, lJvi lde, Texa s, U.S.?\.

(l-it. 6) Divid I L Claiste.: "Human tolerance to impa.taccele.a-
tioa" paper in injurv: r he Brjush lolm.l of A.cident Surtery,
Vol.9/No.3, l9z.


