Subject:

From:

To:

@ Memorandum

U.S. Department
of Transportation

Federal Aviation
Administration

ACTION: Equivalent Level of Safety for Date: e+~ A
Compliance; Joint Aviation Requirements (JAR) 22, it ’
Change 5, dated 28 October 1995; Alexander-

Schleicher ASW-28 Certification Basis; Finding No. LEC 18 Kdy,
ACE-02-13
Manager, Standards Office, ACE-110 Reply to

Attn. of:

Manager, Small Airplane Directorate, ACE-100
BACKGROUND:

The Federal Aviation Administration received an application from Alexander-Schleicher
Flugzeugbau GmbH (AS) for the Model ASW-28 sailplane. As provided in AC 21.17-2A,
Alexander-Schleicher has proposed Joint Aviation Requirements (JAR) 22, Change 5, dated 28
October 1995, as the certification basis for this model sailplane.

JAR 22.335(f) provides an empirical formula to determine the design dive speed of the sailplane.
This formula states that the dive speed is inversely proportional to the cube root of the minimum
drag coefficient, and has been in existence prior to the development of the JAR 22 standards
(German LFSM design rules). The design limitations of sailplanes, at the time the JAR 22
standard was released, supported the appropriate use of this formula.

However, this formula can be unnecessarily restrictive to advanced sailplane designs that are
aerodynamically clean. Alexander-Schleicher has conducted flight tests on the Model ASW-28
and determined that the minimum drag value occurs at a lift coefficient of approximately 0.3.
The corresponding drag coefficient when using the formula in JAR 22.335(f) yields a dive speed
of 316 kim/h.

Alexander-Schleicher contends that this dive speed is unreasonably high. They propose a
maximum dive speed of 300 kilometers per hour (Vp= 300 km/hr) using the methodology in the
attachment. This methodology is predicated on an industry accepted criterion that a maximum
design speed be reached at a sink rate of 7.8 meters/second (25.6 feet/second). In fact, this same
criterion is implicit in the empirical formula.

 The methodology is an iterative approach used to correlate Vp and the sink rate, based on the

actual Lift-to-Drag polar of the ASW-28. Again, the attachment provides a full explanation of
this methodology. The German Civil Aviation Authority, Luftfahrt-Bundesamt (LBA), accepted
this methodology and issued a positive ELOS finding to Alexander-Schleicher for JAR
22.335(%).



RECOMMENDATION:

The FAA reviewed the derivation of the empirical formula as provided by the Luftfahrt-
Bundesamt. The FAA concurs with the Equivalent Level of Safety, as approved by the LBA and
provided by Alexander-Schleicher. The FAA has determined that the methodology used by
Alexander-Schleicher provides an equivalent level of safety as envisioned by the requirements of
JAR 22.335(f). Therefore, the FAA hereby issues a positive finding of Equivalent Level of
Safety to Alexander-Schleicher for JAR 22.335(%).

ﬁMy%"«— 12/ 8/

Manager, Standards Office, ACE-110 Date

Concurred by:

L gbigl it 2 fis)o

Manager, Small Airplane Directogite, Aircraft Certification Service Date
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Iterative Calculation of Design Maximum Speed V,

The calculated minimum drag-coefficient of the ASW 28 is so low that the Design Maximum
Speed Vp calculated according to paragraph JAR 22.335 (f) seems to be unreasonable high
(316,4km/h). In this calculation an iterative approach is made to use the actual drag-
coefficient, basing on the JAR 22.335(f) formula. A criterion for a valid design maximum
speed (implicitly used in the JAR 22.335(f) formula) is a sink-rate of 7.8m/s to be reached at
Vp.

Basis_of this proceeding are the calculated drag values for the ASW 28 (see page 4.1.2-15 of
ASW28 substantiation). They are plotted in Fig.1
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Figl: Calculated Lift-To-Drag Polar of the ASW 28

In a first step the drag coefficient between lift coefficients of 0.1 to 0.2 can approximated as linear.

According to paragraph JAR 22.335 (f) the Design Maximum Speed Vp is calculated as:

-\}@mf ik f - VD=18-3/%CI [kmv/h] 1)
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with m=525kg, S=10,5m?, and cpmn=0,00921 this results in Vp'=316,4km/h. The corresponding
lift coefficient is ¢;=0,104. The drag coefficient is interpolated between cp(cy=0,1)=0,01101 and
-¢p(c1=0,2)=0,01046, and yields cp(cL=0,104)=0,010988. This value is set into equation (1). The
results of the following iterations are presented in table 1: ‘

i 0 1 3
Vo k] 316.4 2983 298.9
oL ] 0.10370 0.11666 0.11616
ol 0.01099 Q(xfofogf" 0.01092

Tab1: Iteration of Design Maximum Speed and force coefficients

After two iterations four digits of the drag coefficient do not change any more. The design
maximum speed converges to Vp=298,9km/h. :

With respect to the linearization of the lift-to-drag polar a higher value of Vp=300km/h is chosen.
For this case a lift coefficient of ¢,=0,115 and a linear interpolated drag coefficient of ¢p=0.0109 is

calculated und results in a sink rate of:

c
43

= 83.33930—1£ =7.9m/s
0.115

4 4.9 ~335.6
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ALEXANDER SCHLEICHER SEGELFLUGZEUGBAU

D-36163 Huharain 1

Nesani: S i o Sepehannta D-36161 Postiach 60
- POPPENHAUSEN WASSERKUPPE
Luftfahrt-Bundesamt N U
Geschéﬂsfeld M TELEFAX: +40 SESBHN ; 49 DESARRZY
Fachbereich 3 B m‘ﬁﬁéﬂ”@"&“&mm

z.H. Herr Irmer

KREMSSPARKASSE FULDA
KONTO NR. 5009933 (BLZ 530 501 80)

POStfaCh 3054 BAHNSTATION: FLDA
D-38020 Braunschweig
Ihr Zeichen i Sciveben Unser Zeichen Ostum
- ’ 11. Mai 2000
MKWNG

Segelflugzeug ASW 28, Anderung der Bemessungshbchstaeschwindiakeit V,,

Sehr geehrte Damen und Herren,
verehrter Herr Irmer!

Aufgrund einer Anregurg aus unserem Gesprach vom 10.5.00 méchten wir die Bemes-
sungshochstgeschwindigkeit Vi, des Segelflugzeugstyps ASW 28 von 316,4km/m auf
300km/h senken. ]

Durch den geringen Minimalwiderstand ¢y, des Gesamtflugzeuges bei €,=0,3 ergibt sich
der sehr hohe Wert von 316,4km/h far. V. For den stationaren Sturzflug (n=1) sind die Wi-
derstandsbeiwerte jedoch grofer. Daher wird vorgeschlagen die Bemessungshéchstge-
schwindigkeit durch ein iteratives Verfahren zu bestimmen. Eine Ausfiihrung findet sich im
Anhang.

Ein dhnliches Verfahren wurde bereits bei der Nachweisfuhrung der ASW 27 angewendet
(siehe beigefiigten Briefverkehr).
Mit freundlichem GruR,

Michael Greiner

Anlagen: Briefwechsel betreffs V, der ASW27 (3 Seiten) ASW 25 11 §- 484 by = 4313
Tabelle gerechneter Flugleistungen aus ASW 28-Nachweis (Seite 4.1.2-15)
. Ausfiihrung der iterativen Bestimmung der Bemessungshdchstgeschwindigkeit 1

Fommandig 3 i Fulda, Pweigsiabe Gerserd (FFoR), FIRA 272 Peraich Fafiende CessTochaRers Seerar Grbr S Poppen-
hausen, Amisgenchl Fulda, Zweigsiefie Gersleid (Rhdn). HRB 62. Gaachitafitrec Edgar Kremer
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Musterpriifung ASW 27

Sehr geehrter Herr Waibel,

Ihre iterative Berechnung'der BemessungshochstgeschWLndlgke1t vy

fiir die ASW 27 haben wir durchgesehén. Es ergaben ‘sich’ kelne
Einwénde.

Da die standardmidsig veruendete Formel'von einer Sinkgeschwindig-
keit von 7,8 m/s ausgeht, haben wir zu Vergleich: d;e
81nkgeschw1ndlgke1t bei V,=317 km/h berechnet. Fir : .27
ergibt sich ein Wert von 8,61 m/s. Da dieser Wert lbe: m von

7,8 m/s liegt, haben wir auch in dieser Hinsicht kéine Probleme,
das Verfahren zu akzeptieren.

Wir winschen Ihnen und Thren Mitarbeitern ein frohes Welhnachts—
fest und einen gesundes und erfolgrelches neues Jahr

Mit freundlichen GriiBen
Im Auftrag

‘::52;44:;‘;%;;;;;532_4,,4———
(Schmal joharh)

49— /81

Dienstgebaude Telefon: (0531) 2355-0 Bundeskasse Postgiroamt Landeszentraibank
Braunschweig Telex: 952701 LBA Hannover Hannover Hannover
Litienthalplatz 6 952749 Unfall far 5018-304 25001000

Telefax: (0531) 2355254 Luftfahrt-Bundesamt (BLZ 250100 30) (BLZ 250000 00)



The Design Speed VD LBA-M531-423/2001

sﬂ in the Airworthiness Requirements JAusgabe: 2 Janr 2001
£ LFS, LFSM, OSTIV and JAR 22 Seite: 1von 5

(On the occasion of issuance of the Type Certification of the Sailplane ASW 28)

Vp, the Design Maximum Speed to be used for the design of Category U Sailplanes
is given in the Airworthiness Requirements JAR 22 by the formula

where p% is the wing loading at maximum design weight in daN/m?and
Csmn the lowest possible drag coefficient of the sailplane.

The formula, as used first in the German Airworthiness Requirement LFS, is an
empirical formula that allowed to make a reasonable estimate for the Maximum
Design Speed. ' : :

The present review , admittedly incomplete, is made to check if it is possible to use
another Cq different from Cq min OF the formerly used Caqo to reach a usefull Vp.

The use of Cqo, the one that occurs at zero lift, does not make much sense, because
the speed calculated for this condition can be kept only momentarily. The stabilised
speed belonging to this condition, the Terminal Velocity , will never be attained by a
modern sailplane because of running out of sufficient height.

The Cp min OCCUrS in the laminar bucket at a C higher than that connected to a real
dive speed. '

The dive-speed derived using C4min may be overconservative, the one derived by
using Cqomay be unconservative, the correct approach must be somewhere in
between.

If the thoughts of the ,inventors* of the dive-speed-formula can be back-traced, may
be a better interpretation for the dive-speed of the ASW 28 can be made:

Aufgestelit: Gepriift: Datum: Luftfahrt-Bundesamt
Uwe Irmer 11.September 2001




The Design-Speed VD LBA-M531-423 /2001

in the Airworthiness Requirements Ausgabe: 2 Jahr. 2001
LFS, LFSM, OSTIV und JAR 22 Seite: 2von 5
tnyertes upr "!5"
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@ rerminal v ® VD’ «Vp Ct.mue

Aufgestellt:

Uwe Irmer

Geproft:

Datum: Luftfahrt-Bundesamt |
11.Septemb.2001 '




The. Design-Speed VD
in the Airworthiness Requirements
LFS, LFSM, OSTIV und JAR 22

LBA-M531-423 /2001
Ausgabe: 2 Jahr: 2001

Seite: 3von 5

V. =siny -V

At y =10" , an angle that may be expected, the difference between SIN and TAN is about
1,6%, so that SIN = TAN may be assumed with sufficient accuracy.

v L Lot
o2 G_L
Ci=G- L
L L q-A
D p 2
Cd_q.A q—Z.V
D-2 ¥V
Cd_I/rZ_p-A L_' R=W
_siny -W-2-V = si
Cd IrS'A.p D-—SIIIJ’W
V, W2 = siny V
d=p3.A-p V., =siny -V
I/3= ; K,z-
C, 4 p
w 2 V.
Vng';.Cfd Ameter / sec]

The aerodynamic-mechanic relations together with the assumed s:mphflcatlons lead
to the above formula that is valid with acceptable accuracy.

' Aufgestelltz Geprift:
Uwe Irmer

Datum:
11.Septemb.2001

Luftfahrt-Bundesamt




The Design-Speed VD LBA-M331-423 /2001
in the Airworthiness Requirements Ausgabe: 2 Jahr, 2001
LFS, LFSM, OSTIV und JAR 22 Seite' 4 von 5

If this formula is compared with the empirical formula that is used in LFS, LFSM,
OSTIV an JAR 22 for the determination of Vp the thoughts that led to the Vp-formu-

la become evident.
W 1
7 = — /
J, =5- j‘fA C [mvsec]

( A factor of 18 instead of 5 changes the dimension of result to [Km/h] )

VD=V>
N N p_ [ kg see
AC, V4 p C, 2 16y m'
5-41 =:31=1;
5=116.7,
125 =16V,
125
Ve =E=7’8125 [m/sec]

From a conversation with Mr. Heiko FrieR, the retired chief of LBA’s sailplane sec-
tion, 1 learned that in the early sixties the late Mr. Waiter Stender spent a lot of
thoughts on the Vp-determination.

Based on the knowledge of complete polars of sailplanes, that where considered
modern at that time, he finally felt able to present a formula.

After a lot of discussion, the formula even passed the Ostiv Sailplane Development
Panel, and was entered into the Ostiv Reqwrements as well as into the German
LFS.

The empirical formula

N
< 3 w—
D f A Cd”

received a ,pleasing” form by the use of f =35 for resuits in [m/sec] and
f =3,6-5=18 forresults in [km/hour].

The formula is arbitrary for any Cq except the Cqthat belongs to the sinking-speed
Vy=7,8125 [m/sec] where C,, Cq4, V, and V= V,belong together.

Aufgestelit: Gepruft Daturn: Luftfahrt-Bundesamt
Uwe Irmer : 11.Septemb.2001




— The Design-Speed VD LBA-M531-423 /2001
7 "I in the Airworthiness Requirements Ausgabe: 2 Jahr: 2001
' LFS, LFSM, OSTIV und JAR 22 Seite: 5 von 5

The sinking-speed of Vy =7,8125 [m/sec] had been found by the Ostiv Sailplane
Developement Panel, at that time, as sufficient or typical for the leaving of clouds
or cloud-streets.

The original LF S-formula made use of Cq, that is the drag coefficient at C.= O, the
vertical dive case.

!

z & —c

Modern sailpanes usually have Cy that are outside the lamiar bucket of the polar.
The accompanying high value of the C4may therefore result in an uncgn§ervatively
low VD. . ’

On the other hand gave the introduction of Cqmin into the LFS in the year 1967 also
no undisputable facts.

The Cymin Of the ASW 28 occures at an C.~0.3 and therefore the Vp derived from that

C4 min does not match the C. . .
Based on the ASW 28°s speed-polar, that is very precisely calculated, for a sinking-
speed of 7,81 [m/sec] afflying-speed, wich may be named Vo , can be interpolated.

L ] 3 ° ? L 4 I c‘
Ve
[wtsecl 9.85
985-331 7.81-331
2 . =— . X = 64388
3221-2278 X ’ 3224
Voo =227,8+64,88 =292,68 _ , V [ Py ]
Sley

V, =300km/h selected

The LBA accepted a Vo = 300 km/hour as suitable for the sailplane ASW 28.

Aufgestell: Gepratt Datum: Luftfahrt-Bundesamt
Uwe Irmer 11.8eptemb.2001
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! L Certification Review ltem Issue: 1:
B CRI No. A-05 CRI Status: closed
‘ A LBA Type Certification Basis Date: 28.06.2001!
] ASW 28 Page: 12|

Subject: Equivalent Safety Finding / Vs - Determination

Next action by: Fa. A. Schieicher CRI closure target: asap

Statement of Issue:

CRIA-05 o

The formula’in current JAR 22.335 (f) for the determination of ,,Vp** for Cat. U
and Cat A are empirical cnes, well applicable for saifplanes madem in the
years 1980 to 1970, The latest edition of OSTIV - AS (March 1996) reintroduced
already the ag&al Cq instead of the meanwhile unrealistic ¢4 min. for Vp -
determination,

Discussion ,
The OSTIV-AS (March 1996) proposes the formula:

B
v, 184G L [4n]

for Vp -determination. The factor 18 (or § for result in m/sec.) gives a hint to the
origin of the formula. The factor 18 or 5 connects the empirical Vp -formula to
real aerodynamic conditions with the assumption of a sinking speed of 7,81
m/sec. (see Appendix to this CRI), So a carefully caiculated speed polar will
give the physically correct diving speed Vy of a sailplane under the assumption
of a sinking speed of 7,81 m/sec. and the appropriate c,.

Applicants position: _

Since the use of the formula presently offered in JAR 22 together with Cy min.
results in excessively high Vg that lead to various protlems, Fa. Aiexander
Schleicher proposes to use the speed Vp derived from the speed-polar at the place
aof the sinking speed w, = 7 81 m/sec.

LBA position:
The LBA has checked into that problem (see Appendix to this CRI) and agrees to the

above Vp -determination as proposed by the Applicant

LBA 2806.01



L Certification Review ltem Issue: 1,
B CRiNo. A-0s CR! &tatus: closed;
LA LBA Type Certification Basis Date:; 28.06.2001
ASW 23 Page: 2/2

Conclusion:
The CRI - 05 can be closed.

for Fa. Alexander Schleicher for LBA /‘

ol Ltr b ~ el

ATHLL O7 AA. RO

* Definition of Issue Status applicable to all CRIs:
OPEN: Agreement on acceptable means of compliance to be reached.

CLOSED: Agreement on acceptable means of compliance established.
- Compliance still 1o be demonstrated.

COMPLETE: Compliance has been demonstrated and accepted.
No further action necessary.

LBa 2800 Ul
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