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Stahility Test Using Froude Scaling Method of

Emergency Flotation System for Helicopter
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Defense Agency for Technology and Quality*
Korea Aerospace Industries**

ABSTRACT

A marine helicopter should remain sufficiently upright to permit safe evacuation of all
personnel with a flotation system. And the rule requires that after ditching in water, the
adequate flotation time will allow the occupants to leave the rotorcraft. To this end,
stability test of the emergency flotation system for Korean marine helicopter was
performed by using “Froude scaling method” in water tank. Test configuration and
conditions were determined in consideration of the helicopter loading condition and related
specifications. Test results meet the stability requirements at sea state code 4 and sea state

code 2 with puncture conditions.
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Table 1. Loading condition of rotorcraft type

No Config’" Name Mass | CG Loc'(mm)
Type CG ko | x | v Z
#1 Empty x,745 | x,936 | -4.3 | x,347
#2 Most FWD 1 | x,705 | x,500 | 0.4 | x,913
#3 | Most FWD 2 | x,704 | x,748 | -1.2 | x,978
#4 Most AFT 1 | x,040 | x,959 | 0.4 | x,981
#5 Most AFT 2 | x,704 | x,959 | 0.2 | x,979
#6 Empty x,371 | x,851 | -4.7 | x,305
#7| 1, | Most FWD 1 | x,703 | x,605 | 2.2 x,956
#8 Most AFT 1 | x,703 | x,852 | -0.9 | x,957
#9 Empty x,493 | x,894 |-12.5| x,336
#10 Most FWD 1 | x,709 | x,500 | =7.1 | x,864
#11) | | Most FWD 2 | %703 | x 674 | 6.2 | x,917
#12 Most AFT 1 | x,672 | x,959 | -7.6 | x,963
#13 Most AFT 2 | x,703 | x,959 [ -4.9 | x,912
#14| Envelop - FWD x,754 | x,500 | -0.4 | x,962
#15| Envelop — Nominal | x,554 | x,800 | -2.4 | x,226
#16| Envelop - AFT x,024 | x,959 | -0.5 | x,280
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Table 2. Froude scaling ratio

Table 3. Main rotor model characteristic
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Fig. 2. Scaled model configuration

Main Rotor | Length(mm) | Width(mm) | Weight(g)
Blade #1 x95.0 x6.5

Blade #2 x95.0 x6.0

Blade #3 | <950 70 |

Blade #4 x96.0 x7.0

Table 4. Tail rotor model configurations

Tail Rotor | Length(mm) | Width(mm) | Weight(g)
Blade #1 x63.0 x1.5

Blade #2 x64.0 x1.9

Blade #3 x63.0 x15 o4

Blade #4 x64.0 x1.5

Table 5. Scaled floats characteristics

Diameter Length Weight
Float (mm) (mm) (g()J
'Fr\‘/tvag}L; x0.5 <97.0 7.8
F'r\‘/t/a[;’/tR;I x0.0 96,5 5.0
'/:”FaT‘;tLQ «x0.0 <97.0 0.6
Xﬁ%; %x0.0 <96.5 x9.2
PEC\‘;BU/TH_ x0.0 <725 3.6
P”A”FC;L/‘[eH | xx05 <72.9 4.7
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Table 6. Weight calibration results(W/O rotor)

No Configuration Name Weight(kg)
#1 | Type | Weight Empty x.718
#5 |Type | Most AFT CG2 x.397
#9 | Typell Weight Empty x.598
#10 | Typell Most FWD CGT1 x.420
#13 | Typell Most AFT CG2 x.379

Table 7. CG/MOI calibration results(W/O rotor)

No Scale Model (1:12)
CG Position(m) MOI(kg.m")
Xg x.399 [xx x 0322
#1 Yg x.000 lyy x.1398
Zg x.085 lzz x 1242
Xg x.406 XX x.0472
#5 Yg x.000 lyy x.1916
Zq x.061 lzz x 1727
Xg x.394 [Xx x.0307
#9 Yg x.001 lyy x.1378
Zg x.082 1zz x.1221
Xg x 364 [xx x 0474
#10 Yg x.000 lyy x.1872
Zg x.049 Izz x.1699
Xg x.406 [Xx x.0445
#13 Yg x.000 lyy x.1815
Zg x 054 1zz x.1652
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Fig. 5. Waterlines verification using fresh water
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Table 8. Waterlines measuring results

Scale Model (1:12)

No | @X=210mm(H ) | @X=585mm(F )

LH(mm) | RH(mm) | LH(mm) | RH(mm)
#1 -12 -13 -4 -5
#5 +3 +3 +15 +15
#9 -13 -14 -/ -7
#10 +8 +8 +9 +9
#13 +3 +2 +15 +14
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Table 9. Wave generation summary table

Sea I—Max |—reg )\reg T

Scale |State| (M) | (m)}x | (m)= | (sec)
Wave Regular Wave Wave
Code Height Height Length Period

#2 0.5 0.8 8 2.3
#3 | 125 2.0 20 3.6
Full | #4 2.5 4.0 40 5.1

#5 4.0 6.4 64 6.4
#6 6.0 9.6 96 7.8
#2 | 0.04 0.07 0.67 0.65
#3 | 0.10 0.17 1.67 1.03
#4 | 0.21 0.33 3.33 1.46
#5 | 0.33 0.53 5.33 1.85
# | 0.50 0.80 8.00 2.26
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Table 10. Wind generation summary table 0.006

B 0.005}
Model ég'gg‘;
O ® 0.
filfsiest Scale(1:12) 20002
§0.001
Wind ’ v 0.000
Sea| Range | Vi Hz V2 2 ° 30‘35 =
State| Fig. |(Knots)| (m) |(Knots) Sc(ﬂ?d (SKCr?(lyfg 5832
AC29.801 g0l \/\
® 0.10
| |@195m|(Penal| @H, |(Penal.| @H, R R F N S —————— —
Min\Max| = | Al | AL | Al | Al R
#2710 10 | 2 | 72 | 016 | 22 ;g»giozs» ‘ : ——
6 0.020
#3 (11|16 | 16 2 | 116 | 016 | 33 % 0015 A
w1721 21 | 2 | 152 016 | 44 § oo} NW
: : : 2 0000 o’ ) A
#5 (22129 | 29 | 2 | 209 | 0.16 | 60 00 02 o4 06 08 10 12 14
Frequency(Hz)
46 (28|47 | 47 | 2 | 339|016 | 98

Fig. 8. Yaw and roll acceleration
shke] A7) el e Hoigwsh 4

@l wet 2. 4 A AP A7)t 3
o

goll Z Al 7]’%’ =& FA Y9F< 2m Y7 8= ﬁ—&é“ir(]’u}) HAst, =422ES 4 2
Hhgre] 9%FS 7HE ol et 2m 5@% g AN T A s sheeh dhgk(wave
83 A4S EE 258 ug SEE Table NO)E AR F AEAA B dis BuEY
107 ot 51 7128 gTh Al 22 T REL 34
A ARE 71Fe® F9 0lem wo|(Ful T ASEVIDAS) AF ARS HER=ste

Scale 7] 2.0m)ol ?%‘ﬁ](anemometer)e A=) F7F E4359 0
o] AU, T2A 9HE sFow 5m, N Fl(sea state) H 2 FF =dAA £
6m, 7m AA Y v £2g 2o e H VT ANFEAAE Hest 2o APdae) A
A mAsGgon, A(fan)e] EERPME st o AT AFRANA sisriol] YIS e
o A AEEz Heatgt Aolw, EWa AEol} NE Adto] Folsw
W5 Al } R

—?5*1@% 449 ¥4 =4 a7 e, Wi ASE 7EE 3s Fd f(yaw) 2 =
= ) =] E 3
N - =



o434 B 12 9% 2015. 12.

SIREHNA. KAI FLOTATION TESTS.
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SEA 6 SLOPE 110 ; MGG 13 ; ANGLE 0
FLOATS INTACT; RUN 12

Fig. 9. Floating system test(state #6 - Intact) Fig. 10. Floating system test(State #4 - Intact)
Table 11. Test results(state #6-intact) Table 12. Test results(state #4 - Intact)
No of
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Wave Wave
41 - Model : 90°—20~50° 3|~ - Model : 90°—45°3| &
S ehEH #1 - BEHRE! WI|7} mE/eiet g
°I\/|ode| : 90°—20~ 45° 3| ™ 0°%1 Al
. x h X-IIZ
T 7}Hﬂ71| b":'oI'—Pt'IIHJ‘4 padgpsEs el #

s HEHY

15 |+ Model : 90°—5~10° & ™ ° 005
#9 CHE obE ol - Model : 90°—0°=| ™
49 | 20 |. 7|7t kM EHA mE [upt

[=]
#10 - BEEA Higs g 3™ = BFsE Skaf 9 x|/0}3 oFA M o
oHM H ¢l

Model : 90°—20~45° 3| X - Model : mt/H[2t &l 90°—0° 3|

* oael - ~ =2 . =] 2] i 5

#13 . HE obEx ol #10 Nose& diving #aH11z|2H
P e | :| 7|.I:|:{7-|| KE) 7(|_-|X.I|X-I O}?gl&!%ll

I o] Fup VlFoR wigste], Ao vHEE #13 A= ormzel
24 AN Ws Adstn =2y A4S s oA
AESE WAoZ Q(yaw) B E(roll) BAOZ
wro] b Ads A%k
A e #6 =2AE A, nldo] AW
SARFL uig g x5 Fsto] s on
AAZ oz HFAQ AT SAS Ao A9
3 A8 2 AAFHA 2P A% 5AL Fig
9 2 Table 113} Zt}.

el “dell(sea state) #4°] AF AT 37 FH
#62] A AF FASIA wlEo] ArlEH 2P Fig. 11. Floating system test(state #2-puncture)
e B owbehs Fs #%(90° — 60°~0°) S5
o a4 e #6 iyl shxe] oyt ol 2/ A HE AYE s

9

o ](roll/pltch) ko] @ Eo] AjFo s auq A@AR s dE #2 AFAA Y] FARY
Ao 7 1E ZE(tail rotor)7} £l Fulx] 2 WHO FFHG vwo] olrl Fool wet
= ?ﬂ% ] Aoy AMPozE v gy =S FFS @Wol e 54 Hele A ¢
A As EAS BY &4 AJel(sea state) #4 T AUk
of AgdH g BF AF 542 Fig. 10 AE B 2ge A= = el et
Table 129} 2t} z7] Hdog FH(90° — 100°~120) 3}oH,
3 Ael(sea state) #2 FERAF L AIW B AFxdoMe o= vwet P
AY &30S ZAS B 2¥S @7 F 9] X3 coupling) @/l wet AsHA 2FS
Zato] P st AFoRE, 7 gt = Ae EskE Aoy, dAFeEs A



1096 Aoy - FRA -

Table 13. Floating system test(state
#2-puncture)

No Punc= Waves Test Results
ture
- Model : 90°—100~110°
FWD atsl 3™
" CHIAN HES oMl
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AFT ztsi 3| M
SH|IAN HS ohHEQl
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5 FWD =43 5|
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WD 30 | ae sizss ormmey
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