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2 METER DESIGN & CONSTRUCTION

Larry Dunn & Bill Kuhiman
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What Is;2 Mete' ?

» iﬂ""l\/leter (2M)/is al contest fiermat where the wing
Span is limited to twoe meters (78.74")

» Additional restraints like launch method, number
of' servos and/or control surfaces, and construction
materials may be further defined by a local club, a
national organization like the AMA (Academy of

Model Aeronautics) here in the U.S., or the FAI

(Fédération Aéronautique Internationale)
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Whyis 2/ Meter popllular?

« With 2 Meter (2M) maximumarspan, aircraft are of a
reasonable size fior tramsportation

» Contests are held internationally: U.S, Australia, all
off Europe & Eastern Europe, and Japan

* Three major launch methods: hi-start, winch, and
e-power

» 2 Meter contests are run under either local rules,
rules defined by national organizations like the
AMA, or rules promulgated by FAI (F3L).



The 2 Meter de signichialienge(s)

- Lif;d"i'stribution

- Wing chord

- Weight

- Aspect ratio

- Airfoil(s)



The 2 Meter
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- Crucitorm tail

- V-tail

- Horizontal stabilizer separate from fin/rudder

ge(s)
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The 2 Meter'design ch! Lenge(s)

 Tail surface areas
- Taillvelume coefficient (mathematical)

- Use 10% for stab, 6% for fin/rudder
- Copy successtul designs

* Tail surface shapes
- Stabilizer and fin/rudder should be elliptical so.

far as possible

- T-tail caps fin/rudder but fuselage must be

strengthened to withstand torsional loads
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* Rudder only (not reallyvialle)

B

» Rudder & elevator *
» Rudder, elevator & spoiler (FAI F3L)
» Rudder, elevator & aileron (spoiler optional)

» Rudder, elevator, aileron & flaps

* Australia 2 Meter rules limit the number of servos to two.



Wing structure depe! dson...

. Latinch method

- Hi-start (pull force at launch ~8 lbs for FAI F3L,
but higher for early 2 meter contests)

-Winch  (line breaking strength; can be up to
170 for #18 line to 250 Ibs for #24)

» Aerodynamic loads during flight: resistéht"é"'f'(j"“"'---------~----.H..H_ﬁ_x_
bending and torsional leads, includes g-torces
during pull-up from high speed dive and
resistance to flutter.
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Wing structu! :

- Completely open bay ' with ribs and spar(s)
- Leading edge sheeting (D-tube) and spar(s)

For"'hFI"i'-sta rt

For Winch

- D-tube, and fully sheeted
- Foam core with spar(s) and balsa or obechi

sheeting
- Hollow core with spar(s)

S
—
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Spar'struct

* Cross-section
- |-beam
- Box beam
- Tubular

o Materials
- Balsa
- Spruce
- Plywood
- Carbon fiber
- Kevlar

Boron filaments:

Boron filaments consist of a tungsten-core
and amorphous boron sheath. Filaments are —
4 - 5.6 thousands of an inch thick.

No kits or ARFs have utilized boron filaments,
but they have been used in a couple of DIY
aircraft by Model Research Labs.

==
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Designing “the best'l! Vieter

Aspect ratio...

Sailplane Designer’s Handbook - Eric Lister (1974)
Aspect ratio: 10-14:1 for 8 oz/ft> wing loading

fech Topics - Dave Register (2004)
Aspect ratio: 8 — 10:1 for 9.7 oz/ft? - 10.8 oz/ft?

Note: As aSpeCt ratio increases, area decreases and Wlng
loading goes up. Lighter models can therefore have higher
aspect ratios.

S
=
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Designing “the Best“! Meter

Airfoil...

Sailplane Designer’s Handbook - Eric Lister (1974)
Clark Y, sections 10% thick with 5-7% camber

AG series (AG35, AG36, AG37) - Mark Drela (1992)

fech Topics — Dave Register (2004)
Selig et al sections: SA7035 and SA7038
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Represh‘éntative 2 Meter Models
1976 to Present

__________H

.



1976 LARS
Dick Sarpolus

TRTRRNE




/-LEADING EDGE 3/8"X 112" LEADING EDGE SHEETING 3/32" X4

V4" 1D BRASS
TUBING, 6 LONG

——

/ i 4ARS OF

[ i SPAR/WEB s
| I 3/32" SHEET ij| 316 X ve
I | GRAIN RUNS I| SPRUCE

1 | VERTICAL
I

CENTER-SECTION
SHEETING

Neapsrries

3/32"x 3/¢8"
316" 1D BRASS
TUBING, 6" LONG

1/16" PLY REINFORCEMENT CENTEH-gEMN

— — RIBS OF
B 3/32" PLY

V4" PLY INSERT- DRILL’
AND TAP FOR 8-32 - — —
NYLON BOLT - - * =
SN 7 _ —

- o -
—  TRAILING EDGE SHEETING 3/32" X 2"

" PLYWOOD POLYHEDRAL BRA( MAIN WING PANEL RIB- B
i ? 6-3/32'PLY, 14-3/32" BALSA
= "X 14" DIAGONALS

S=d | / L 1 pLATE - 116" PLYWOOD MND 14" BaLSA

V4" X /2", FRAMING

WING MOUNT RODS 3/16" DIA.

/

)
4" DIA

LARS

LOW ASPECT RATIO SOARER
DESIGN AND PENCILS BY DICK SARPOLUS

3/16" SHEET WING ROOT FAIRING-

) | FILLET ALL AROUN
1/8' CANOPY FRAME BULKHEADS ARE 1/8" SHEET R ?

THROUGH HOLE FOR RUBBER
BAND WING RETAINER V16] PLYWOOD DOUBLER ENDS HERE

3/8" TRIANGULAR STOCK

e /4" PLY - DRILL AND
V8" PLYWOOD 1/8" SHEET SIDES, TOP AND BOTTOM: TAP FOR 8-32

NYLON BOLT

A FIBREGLASS FUSELAGE SUITABLE FOR THIS DESIGN IS AVAILABLE FROM:
R/C SPECIALTIES, 32 ALAMEDA COURT, SHREWSBURY, NEW JERSEY 07701 SIDE CUT AWAY FOR CLEARANCE

1976 LARS Dick Sarpolus
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1980 Gentle Lady
Carl Goldberg




9 @REQ'D)
1/ warosaisa [

3/32" 1.0, BRASS | |1 3/2" x 3"
ocker ||| music wire

(=L

L

TG /5 [EADING EBGE
4

Il L
111/16" LEADING EDG!
il TOP ONLY

sl

v
I
HEETING 1!

T wASHOUT
T | = s pgopsaes oy o Yoz

STAR BRAGE RIC MODEL, KIT SP1 VN

\NNEL RADIO and TOW, SLOPE (BASS)

IFOR 2-CHAT
or.049-10 E
1/8" PLY DIHEDRAL JOINERS

a % 3/m
MAIN SPAR
(8ALsA) 116 by
POLYHEDRAL
JOINERS
LEFT INBOARD PANEL
i i
e 1/ 6" BALSA SHEETING
REAR'SPAR oF 8 goTTOM 11
®as5) |

For o ot b it K, s

LEFT OUTBOARD PANEL

TOP AND BOTTOM , WITH 3/4" NYLON AND EP(

1/4" x 13/32" MAIN SPAR (BASS) 1/8" x 1/4" REAR SPAR (BASS)

1/4" x 3/8" MAIN SPAR (BALS/
1/16" BALSA DOUBLER

OUTBOARD SPARS

S— T
s o §- — ——
: 7 == 5

PUSHROD MINI-SNAP

e el

1/87 PLYWOOD CROSS RAILS 1/16" WRE  1/4" 5Q. BALSA  3/16" WING HOLD-DOWN DOWEL
TYPICAL RADIO INSTALLATION SHOWING 3/16" x 1/4" LEADING EDGE
KRAFT KPR-2A RECEIVER AND KP5-1411A SERVOS // (USESTRONGEST L5 W) ROUND LEADING
/64" 316"
ave)
/

316" x 1/4°
e el

NOSE MOUNTING //
SEE BOOKLET PAGE 7 FOR NOSE MOUNTED INSTALLATION

BEFORE ADDING FUSE TOP
" REMOVE SHADED AREA
1/8" BALSA FORMER FROM LONGERONS

1o Py WAINING - Bocnan of ol dingn i o spration of rs cotoled
e i s i ol flpoiorl

DO NOT ATTEMPT TO FLY WITH CG i
EVEN SLIGHTLY BEHIND REA FOSITION Loy

5/64"HATCH REST 2 - REQ'D.
e . ] [ie A
3 — ANTENA HOLEON . A\
c=meg & = =
. === T
— REAR END VIEW.

OPAGUE SKY BLE AND ORANGE:

HARD BALSA
NOSE BLOCK =
RECOMMENDED CG RANGEL- ADD NGSE-

1/16" FUSELAGE BOTTOM CROSS GRAIN FROM HERE BACK

—
TOW HOOK

1980 Gentle Lady Carl Goldberg



(1982) Metrick
Scott Christensen



ROOT N0 OF
RIGHT WING
PANEL

\ I
cur ey cap staie stock 1o e seTween |
Sy AR e W T R O T PO
TP LG SHEETING (BN Mo eal
A8 AT THRGUELOL WG Sha

PRE-DRILLED

116" BALSA WEBS

(FULL DEPTH OF RiBs)

TYPICAL 7 PLACES. -
Y

w1z
W (8LY)

/16" BOTTOM SHEETING
(FLUSH WITH REAR
EOGE OF SPAR). ‘

OIHEDRAL BRACE
WAT(PLY)
Ve

ONLY LOWER 1/8"X1/4'
HARD WOOD SPARIS _
SHOWN 1N THIS VIEW

SPOILER

V16" SHEET (10
Ko 2o Tom on
STANDARD GLIDER)

THI
TRIM LEADING EDGE /8" SHEET SHEAR Wi RTICAL
TOP SHEETING O FIT BETWEEN SPARS) TVF B PCACES

THE USE OF SPOILERS IN THISMODEL
LEFT WING PLAN | adar 05 van)AcY.:JSYE THE S

TRACE OR CUT TEMPLATE FROM
PUAN AND CEMENT TO CARD
STocky, —

s anopmon
T ~
| v aee
| S o
|| ¥ SEoER S Nor vseon
‘\ 1/16" SHEET TOP COVERING
. BT TR
. EIRINAC
y PLASTICTUBE UNNER PART FROM &
Nl B RSaes Fen

== x4
T-sveeriv swewr
| ST NS SER S a5
N o
N

CROSS SECTION OF WING AT RIB W-12 SHOWS consmucwnw Y
WITHOUT ToP SPAR.CAP STRIP OR TOF SHEETING N PLAC

(A5 PER LEFT WING 1

{AS PERLEFT WINGPLAN) yore wow LOWER TRAILING EOGE
IS SANDED TONEAR-FEATHER-EDGE
BEFORE ToP TRAILING EOGE 5
GLUED IN PLACE

T s R[wm(n
B
i
/32 X1
PLYWO0D~
SERVO RAIL ]

e
BENT PIN OR THIN WIRE CONDUIT FOR DIAL C
(NOT FURNISHED)

WO NO 62 RUBBER
il uANasa £ USED
| 8

/167X 7/8" BALSA TRAILING EDGE
WEeN Wi

116" BOTTOM SHEETING

rm.mwsmscowmunuv(ﬂ

SCRAPBIT OF UiE" SHEET 5
R

us SHEET- /8 X1/8 ann e
RIGHT W\NG PLAN SHOWS ALL THE TOP wEErwa AND - - B ER G‘LL MN LS e
CAP STRIPS IN PLACE. - = = T
| umu nmmr)

\I16"X1/4" CAP STRIPS

DEPLOYED
POSITION~, 7/

END OF INNER PUSHROD
MEN

TUBE IS CEMENTED T0 4
|| INCIDENCE TuBE.
| i

18" X 78" BALSA
TRAILING £0GE
BosITION

THIS €305 SECTION
SHOWS THE VERTICAL
BOSITIONING OF THE.
| sPoiLER sERvO SO
THAT DIAL CORDS
AnE CENTERED 1N
stor.

» == OPROSITE A
SCRAP 1/8" SHEET FILLER WEB SERVO, SUE SERVD 10 VIEwW, UPP
SPOILER IS MADE OF 1/4"X1" PRE-SHAP! RIGHT CORNER OF PLAN
SRAILING EDGE STOCK (NOT FURNISHED)
CUT LENGTH TO FIT AS SHOWN.

7
DIAL CORD (NOT FURNISHED) 15 SECURED T0
BORNWITH SMALL EgE F T Tua
7E01, SECURING LO0P — A DR

EPOXY IS OPTIONA

TYPICALWING TiP B — -
CROSS SECTIONS
\\
3/32" SHEET SPOILER b
SHELF™(BOTHENDS 18]
oF SPoILER SECTION) 1

3/8"SQ.LEADING E0GE

TOWHOOK MOUNTS ARE
/8" PLY (NOT FURNISHED)

oI FUSELAGE S
DETAIL OF 3/32"x L TUGELAGE SI0ES
(00 STABIL AToR \
ROOT END FIECE

cowL 0 4
< ot A POWERED VERSION OF THIS
5 ) OESIGN CAN BE MADE (10 00 |
33 e MTHOUT TOMOO) A 63X
Y | “SA5E BEE 045 ENGINE 15

i 5586 85 SHown.
/'\

/8" PLYWOOD FIREWALL (NOT —
FURNISHED)
MOUNTING BOLT PATTERN SHOWN
FOR COX"BABE BEE ENGINE

NOTE: TOP E-2 OMITTED IN
LEFT STABILATOR PLAN
INATING SEQUENCE:

Wi
TTOM, E-1 (MIODLE)
N TOR

TYPICAL INSTALLATION OF “FOURMOST" CAPTIVE
TOWHOGK (CAT N 1T AVAILABLE FROM FOURMOST
 PROD). OTHER SIMILAR UNITS CAN B U

TYPICAL STABI
SANO To MATEN FUSELAGE
ToP CoNToU
I

LATOR
CROSS SECTION
F2(pL)
o

OUBLER

116" scRap
8ALSA SHEET =

LS
Dot Fhen

AsaLL scrap oF 16" Ly
MENTED UNDER FRONT OF CANOPY
e SHUCLY UNOER FORWARD st

BOTH HOLE:
BRILLED 1 014

CANOPY MO,

/AL CORD IS CONNECTED T0 —
STABILATOR SERVO. TOWHOOK -
RELEASED BY FULL "DOWN"
SIGNAL

7" BOTTOM "CAP"~CUT SLOT PART WAY,
N e A RN S 07
THROUGH FOR 12 (ALS0 CUT
(ROUGH BOTTOM LONGERONS).

cuT FROM SCRAP
V16" BALSA SHEET —of

Ve xa” 8aLsA
ATCH EDGE

OTE HOW HOLE IS DRILLED IN FUSELAGE SIOE T
0D To PRSS THAGUGH i oL sw
THIS PERMITS us;n;uc.wm; 70 AUDOER HORA WITH A BU-8R0
KWIK LINK AND THREADED 256 AR ibs OF BRSO AT
CORE ASSEMELY FEATHER EDCE. A

RIGHT HALF OF TOP VIEW IS SHOWN MINUS TOP SHEETING
'AND TURTLE DECK. LEFT HALF IS SHOWN COVERED.

COVER ASSEMBLY GEVENTED I

oTE~

T ALL FUSELAGE CROSS SECTIONS ARE SHOWN "LOOKING FORW)
AND ALL REFERENCE TO RIGHT OR LEFT ASSUMES VIEWER T0 B

STANDING AT CENTER AND TO REAR OF SUBJECT, LOOKING FORWARD,

WIRE TUBE
b

[~F-2 (pL)
DOUBLERS

I versueer cram
AERB3S FUSELAGE)

SCRAP /8"X1/4" STRIPS PROVIDE SUPPORT FOR HATCH (THEY ARE
CEMENTED TO HATCH RIM AS SHOWN). RATCH 1S ATTACHED TO THE
FUSELAGE WITH & MONOKOTE HINGE ALONG KEAR €OGE 1S KEPT

CLOSED WiTH A STRIP OF AOHESIVE TAPE ALONG FRONT E0GE.

\ L5t
APPROXIMATE STAB BELLCRANK POSITION

SHOWS "ROUGH ASSEMBLY RIGHT SIDE
Pe0—

LT

FORMERS THAT REQUIRE NOTCHES FOR PUSHRODS.

3 @
S PN LD SHAE (1URTCE DFeK s
AND SANDED TO BLEND INTO FIN BASE /4

STABILATOR PUSHROD—|

116" x1/8"

(OPY "HOLO-DOWN" DETAIL (SECTION
BETWEEN RECEIVER AND SERVO AREAS)

LEFT HALF OF EACH FUSELAGE CROSS SECTION
SHOWS STRUCTURE AS ASSEMBLED, RIGHT HALF IN
TS FINAL FORM (AFTER SHAPING AND SANDING).

o, &
176" 0ALSA SHEET \44

¢&Z7F10

CANOPY BASE~

RAT-TAIL

(-6 AND -

'9) CAN BE MODIFIED EASILY, USING A

QUTER (RED) FLEXIBLE PUSHROD (LEADING FROM Th

Servo

0 STABILATOR BELLC
INNER RIGHT SIOE OF FUSEL)

RANK] SNUG AGAINST
AGE.

/4" X2 TURTLE DECK

1/8"X1/8" ScRAP —
" NOTE HOW /8" X /4" UPRIGHT: EALMASERCERS,
INTHS SECTION ARE INSTALLED /8" x4t
o POSITION AND SECURE BOTH O e
PUSHRODS.

4\
S

. NPLON HoRN

/8" x1/a" BALSA
© CROSSBRACE —
=% =

b2}

THREADED
2-56 ROD

ME TRICK

/16" SHEET BOTTOM
TO OBTAIN THE NECESSARY LEN

COVERING mvmm

CROSS-GRAIN FOR LOWER LONGERONG, A 2" SPLICED
N

'ADDITION IS NEEDED AS SHOW

BEVWooo FuseLace
BOTTOM IS SANDED T0 BLEND
INTO NOSE BLOCK A5 SHOWN.
PRE-SHAPED HARD WOOD NOSE BLOCK—
CARVE AND SAND TO A ROUNDED SHAPE

(1982) Metrick

moss RAILS FOR SERVOS YO

S 1/16"X1/2"X3-1/8" PLY TOWHOOK PLATE

—2-56 BLIND MOUNTING NUT
NO3 FLAT WASHER

N e
Simeasts Townoo

NOTE: ADDITIONAL LOCATIONS OF
TOWHOOK ARE POSSIBLE - INSTALL
BLIND NUTS FORWARD OR TO REAR
OF THAT SHOWN. REFER TO THE
FLYING INSTRUCTIONS.

LOWER END OF STABILATOR BEL|

FUSELAGE SIDE VIEW

SESGNED BY — ScorT CRSTENSEN

. RADIO REOUIREB*
TWO CHANNELS
KNG = RE 29

&
SECTION OF FIN/RUODER AT -1, SHOWING LARGE AMOUNT OF BEVEL
FLYING WEIGHT - 28-36 OUNCES

L. OF RUDGER TO ALLOW LARGE RUDDER DEFLECTION.

Scott Christensen




1982 Prophet
Joe Ruth

Ted Davey of Pennsylvania and winch-retriever fame flew a Two-Meter Prophet.




IGHT WING PANEL. SHOWN WITH TOP SHEETING INSTALLED BUT TOP CAP STRIPS ARE NOT SHOWN.
LEFT WING PANEL SHOWN WITHOUT TOP SHEETING ANO TOP CAP STRIPS FOR CLARTY

I
1716 x 178 BALSA IS BALSA sHEAR
BorTToM' Cap STRIPS \WEaS 3 10 Re.

178 x 14 spRucE
Pass. Top AN
BoTToM

e X

ep00r v8 00
oRASS TUBNG

178 BALSA saNveD To swaPE.
Top A5 BoTTOM ——

For *Claniry

[*~sweeT Tomene

sa.
ALSA iss

sTA8 T oeTAIL

\

s

144X 1 TAPERED TRAILING EOGE STOCK

/32 pLYwooo oot miB

178 8ALSA FUSELAGE i€

WS ieBALSA (IR0

W2 16 BaLsA _()Rcad

(OPTIONAL 71 FORWER FoR
DOWEL AN BOLT WIN

118 BALSA oo
1B (2REQD SHORTENED.

7 THR R
AIA (OREGO WITH HOLES.

i

o
DMEORA eTAL Mo 10 SCALE g -

316 ower
378 BALSA GRaw Lenomwie

38 BASA_ GRAIN_LENGTHWISE

16 WING PROTECTION WiRE
. ane @
sean
@@ Futer
oy T

seeTcc

x/..um Q 3 I
i

ELEV. PrvoT BL0CK

il

e 1
Fuers

Ve oasa v kgL, L
LIBHTEN Witk WOLES A5 SHOWN.
"VERTICAL, SHEET 4OTH SI0E:
WTH 178 BALSA, INLAY ELEVATO
PIVOT OCK AFTER ASSEMBLY

8 x 1 /4 STANGER R

Fin

FIN CUT-0UT ON BOTTOM

PROPHET - Sheet #1, Two Meter Sailplane Construction

Manufactured by
amwo uPntB 8 E—tiEx-I:..ums SHIVE SPECIALTIES
FOR QURATION AKD PREGISION CONTESTS Lansdale, PA. 19446

1982 Prophet Joe Ruth
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(1982) Petre Il
Peter Abell
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(1986) Accipiter
CALSOAR/Jeff Morton

ACCIPTER: Shown
with flaps
reflexed and
deployed. note
large throws

on flap and
tipperons.

Is this the
new wave??7?
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THE TUCK (E‘—Me\‘lter Versiond

B T e R I Designad Wy 1rgy Lowighi Fevigige Dabe  Sow il L1590
Tramn by s Thosss Rewinion Dot

(1990) Duck Troy Lowichi
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Contents of the box s shipped: fully buslt
wwings with flaps and ailerons et oul,
hinged and gop sealed, completed stabs,
:rrm’rfc'rf?;;m fass fuselage witl!
wing rod Reoles drilled, CF wing rod, and
small bag of parts and hardware.

Vaguero hollotw wolded wing and

stabilizer, shown here with serovs mstalled.

These prrts come from Sailplane Systents
pamted and complelely finished,

_—

 Nm—

~ T ——

i

o

Fuselage radio installation showing very
pmr.'iﬁrﬂjﬁ' NES-3021 mini-gernos, KL 3600
receroer, and 650 nrAl battery pack fn Hie nose,

(1996) Vaquero Tom Finch




(1998) Monarch 2M
DJ Aerotec



~2009 Sprite
Mark Drela




~2009 Sprite Mark Drela
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~2009 Sprite
Mark Drela
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