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This study examines the limitations of mechanical
propeller-type Wind Measuring and Indicating Systems
(WMIS) and the feasibility of adopting ultrasonic digital
WMIS under airworthiness-based standards.
Mechanical WMIS face recurring issues such as
component wear, vortex effects, response delays, and
lack of diagnostics, reducing reliability in SHOL and
aviation integration. Ultrasonic WMIS, with non-rotating
high-precision sensors, provide auto-compensation,
self-diagnostics, and fast data links suitable for aviation,
navigation, and fire control. This paper reviews U.S. JSSG
technical criteria and proposes performance
requirements, installation standards, and correction
procedures (APE) tailored for the Republic of Korea
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SHYET | 22 4|5HShip-helicopter Operating Limits),
a8 | Z&k(Airworthiness),

DEA JHES A AR HT(Modular Open Systems

Approach)
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Analysis of Operational Considerations for Wind Measuring
and Indicating System Based on Airworthiness and
Seaworthiness
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St(ship-helicopter operating limits, SHOL) 7| &< ol it} E95] 3¢5 54 YA 2F (anemometer
Hold A9 34 9 37| AL E o]ojd 4= Itk position error, APE) £4] 7|uko] A& 91X X A3},
whe Ani wWy) 2EAR ol B0 W) B AR A5 a7 24 AW L AARAN
Alo| A= SHOL A3t of 5 micto] Al 7|Fo g2 & (computational fluid dynamics, CFD)& 53t 74
g Al s g S 5o AA A2 @40 A A

A ol B I S5 2o BT ohn A Y £80] Aot o 2K A RS
Z<4 7 (wind measuring and indication system, H|-go] I A Z4Ast=AA T &1 ).

WMIS)%—:— 71 TS 9 AT, AEk ghef g EACQl u-WMIS A AHE Q] MWS(Moriah Wind
goket 8w AE T k. 1y 7= 744 System)E £ E& 8 oh 2 8|4 L8, &1, 17
FESAL G4 /AL vtu2 A 2L RE 50§74 249 SHOL JR7HA BT A EH,
o) AuAAL QA7 A5G FAI

H o{m o[rl

Jwﬂ, & 574 Aolo] & dloly ¢, #AE  FCS ¥
0g 57, SR € AL 24NN £8  olE B TP AT AA BT 284S 5A
ﬂﬁ%@lﬂmqm 35T 5l nAE e84 2 FrhETH4).
AR = oA 2§ H = WMISE ZzHE 24
(propeller-WMIS, p-WMIS)o| ¥, 1] 3| Lo A= = 2.1 p-WMIS
2 1}+4] (ultrasonic-WMIS, u-WMIS) S +-&3Hch 2
ST FFEEAE 712 71714 ge o] B A p-WMISE F27} w8t v @771 A s}
A2 (synchro) B 2] &4 (resolver, 3]0 W Hgt7]) o 3= S Ao E2 A EH A2, Aot 2§
o Ao AT 7IAH vhE BAZFHASA e o Hlad stk Aol Lot 5 A /] ute
oh. 253 AlA Abol 9] HA S AIRbE S5} AS F2= A48 284 A E Futete. I d 7o
FTHF LTSS ASH QEol, &M E FEg mEIMEEA AFHIL AL FAoA FSET R
270] 715stE o] Arh[3]. of vl Al gt vl s} 7H x| o] A7} ek, B, whek
2 =2oAE WMIS 7|&€3 E4, &= 9 o] 54 5HA Hatd uff 3R] o AW = AL

p-WMIS £8 FAH S ek 9 4FS A Ao WA 4 9om, FF Aste] k3 &

o
£ =N ARAol.

WMIS A/ &8 8 TAS B4
FEES st u-WMIS 8§ 18 3453 A AT p-WMISE A|A®IH 0= FHAo] AAHE= 91X
of Wt @27t & = el 59, T8 =2 A
2. WMIS 28 4 7}314] 2= A E ol E QHH U 5 o] AXE
73, & (airflow vortex) ol 2Jsf A St &=
AL m2EYE FEHZ AScty ZYENE FFS "z ofH B, AHIE P8l BN 14
ol FFE At HALE A5t p-WMIS Aol a5y, by & a&doAe B
= 7E2E ol B2 97 (recirculation) A, 3 o] Fth. 90 F71H A &l FH A= 3 AA
AH YA A (hysteresis), H A A, A7 7|5 & A 5 &elol o6t 180U 7114 A IA

|

A 52 7led dAE AYL A ol Al AL 7

SHOL 83X 9] Hs+A A5} AA AE o F, & St w\01 o]/g- ]?‘:1_-
o
R

571 2 Bkt Z2 L&A Ao & olojd

o, A e &= ASHE AT FAES HE 5 FAH W= 20009 ¢TE1 u-WMISE %%0}1 A

7F A = @AY gk t}. Fig. 19 &= p-WMIS, u-WMIS A4S Yebith
W, 44 2Zutet vk P O AU S-S 7

o 2 ZH=ste u-WMISE B3 AR 2, 11 22u-WMIS

AL AN AS, A7 75, RESH A 5=

M AFAE 710 Rt FR 7| 245 R u-WMISE FAl7] e =417] 7H9] &3} M} Al
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(b) u-WMIS

Fig. 1. Configurations of WMIS
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Wind (v)
4{ Controlunit }7
L
Legoyhi=gyy
L/1 1
V= E(Tﬁf)

L/1 1
C‘E(TI_TZ)

L: distance between transducer faces

C: speed of sound

V: velocity of airflow

T,: transit time of ultrasound (downwind)

T,: transit time of ultrasound (upwind)

TR,, TR;: ultrasonic transducers (transmitter/receiver pair)

Fig. 2. Operating mechanism of u-WMIS[3]
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proach, L&A 7/ AAE HL)E 485t o
S T A ERAEFTHY FF 80| &olste
£ AA UG AA 2E @9 FAH57) 7Hs st
of 1 LA Al A&t wA 7} 7hsstH, WAEE A
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AAXNZFo 72 Hupgh 4= Qi E3F RS-422, Ethernet
Fe 1% HloF QIEHo|AE AUt FF
SAAA, FCS, Fofl Bx A A 53 AAZE
o] 7}55tH, o] & Eof HhH HHE 7Nt o 2 o
A ol = 5 At
AR ofvi et 4 714 BETo
A &8o] 7}55 | £ S°1, 4 ASOS(auto-
mated surface observing system)2] ThA| AlA =2
A8 4 e HES HUES} NS 23T
ohEY AY AUl AT SAIH 2
omM gAY GE BAHE o

o

Mo R do ofn
< oo offf o
S m
)
» o
fr s

or
k)
i)

Mo

ofo
Rl o 30

e

=,

9, Ho
Ho
oo
=)
1o
oX
Y
-
=
2
H1
e,
i
(i
i)

ol o

o OH oX
e
O

K o
ol
" and

o
ook
ol

2 o
oX o o
‘>':‘_b‘._,
ol e X
L [»

BNV
=,
)
jus)
P
=]

4, AA sdd=

[e]

=

o
B A AHOZ 283571 9t}

—_

o B
ol
ol
rir

gl ["_Q.
o~ M

2o

o
e >
o o oX

juit
=
o
B
-
N
i
2,
/o)
oo
Ry
rlI
-9
>0
Y& AN

2025, 8(3); pp. 515-522 517



KNST

2.3 WMIS 74

AFH] ZHOIA u-WMISE DTt 714 A2
717} oty 2} air and seaworthiness critical equip-
ment® EEE} o] AH|= 3y AT AE
ANA &2 AR ALst7] ol A= /d 7 e Wi
T-/do] SE A ZotH A HA o FHiet Aok
o IS 4= Ut

o] gfto] IA 283t Type-F WMIS(SH= 3f &
O] p-WMISe} F2£2 0 2 [ALSH 7] A 4] FH])= I
2H e G 7Ht AS FXE Qs vpH, A
5, SH A 5 HAE AW o]t ZAE
Ao17] Y8l 1] S-S Moriah Wind SystemE 7}
HHf A 5kt MWSE R E 231 AAE A
gsto] 71 A4 ut i ZAE A AR, §dF A
7HA g BE &9 w A AAE o Br g &
A&EAFE IA FEAIHT. ESE RS-422, Ethernet
S Oge 1% dolH Qo] AF X ¥Usto]

H2AA, AASAAA(FCS), AFEAA} HAIZE
AEo] 7HestH, ol & E AE-FH JAEA
ﬁéﬁﬂ@@%%%%ﬁéEH%Eﬂ*q
A3 HS5S A8 u-wMise 4 &40 53t
H FAEEE FE ok . miaai MIL-STD-
167(&34 714 4%), MIL-STD-810(2 %, 5%, §&
S &3 W+4), MIL-STD-461(H27] AeH4) 50l
o, olEid F4L S 28 F WA= WE
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Fig. 3. Abnormal indication zones and sensor relocation
for wind detectors on AOE class ships[8]

F5 ol tiet SHOL Ao A= S5 A1 23
o AA| A Sk 7ol &3k Zfo] 7} Fig. 491 o] &
St ¥ F ¥ AAI7E0°E L HA U 30°9]
4 gHsts Aol HHEA 0 2 golF gl o, A5
HEE AYFS ol $5 71E A" 220l A4
Aoz AFokA| ot Bt & Al A 9] F-Fo] Al E H
= os7huAs T

o9} 22 A A 93 WAL F2 e Al 714 7]
&7 291014 7] Qg

AA, -SH A A (response lag) FA|o]t}. 7] A 4] 3]
AA O] B vpE 2 A FAT TF-5E Mo
S o2 WEokA] 2okl A dH ASHe &9

518 2025; 8(3); pp. 515-522 Journal of the KNST



YeongHyeon Jang et al., Analysis of Operational Considerations for Wind Measuring and Indicating System Based on ...

SPOT 2

Port wind direction
indicated in AUTO :
345°

325

Starboard selected real
relative wind direction :
335° (unsafe)

|| ©

=

Shipclass: LPD 4

Type : UH-1N LAUNCH AND RECOVERY ENVELOPES

Fig. 4. Effect of wind sensor selection on SHOL safety

2tk ol A7 g0l R 7 FEAY B0
8 S AN S At

=4, +ZE 71 (structural interference) 9 O]
ot WMISZ} HFAE | Flol Y &5 5 AF 428 S
of AXH AL, +2E T FHH= dF=E 2
3 5ol Ak T A3 S FlA AS kol
AA v Y H o EAX|SHA e, SHOL e
712E AFAA 2T PGS AT 5= Ut

A, S| AH HA A S0t S| AH HAI A 54
2 5UsH JE 2 AAAE AFH] 9] A AFefof mpEt
S0 FHA=HAY IH SAHLE, AS%Y A
A E= E G o] T 3 A A vfE Y Y 7 7] A
npgho] F71e A §- ol H e FAdE HE FEHAH,
FH A= dS ASHA 7] = 8 Q10 2 283ttt

Fig. 40] YERd 8o} Zho], A A A F-o] 345° 1
FollA == AZolA WMISTE AR ER &

oﬁ,
—|o

BF2 335°2 KA Hrh
H714 0 2E SHO om] W ‘OtH (safe)’ =4
A HolA|ut, A2+ 7|&& 10° 23sto] 29t
E 7} unsafe) 2710] sFEth. o] A AA Ao
w2 2 A] @ 3H= SHOL @ o I3ho] F3&A
o] bl A H A Yol E 4= Sl

T OE JAIE, & 7|8t TSI WMIS A A|FE
Y EYA = 9}0151 A 7F Qi H =719 29
AL 2 A3 T&0] I E AHA Y 7]|F F 2L E
1 Aol A WMIS= 8.5k EE A AR A 7F B 1L
H = QlTh o] &= 60 % ©]/4} 2] A& Q*}of s,
SHOL #rdo|u MEAA dgger &8 4%
AZTe Q0 = o]ojF 4= Qltt.

A 44 (sB)2 M
L

" Zﬁ

ool
Oi‘-l

ul

ﬂllﬂl
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olo} Ze WrE Al Q3 AL A (1) - 4 (3)2
Al AFHer AHE 5 A A () A7 A]
A% BE UA 971 71E B 19 Zo| 2 ety
o, A A () A SHEH AA FI Fow £
Ak 4 ()% 45 FF 3|28 A 20 o5
Aot TF LAE UM 4] (3)2 AlA He =
Mo A9 A7) 4 Aol Heh 0 F2 2, HejE
BFgol A4 2 BAAH He AL F
4)5}3t Aol o,

dy

AV=W11_%:€U_VU'd_ta 1)

AB = [,(8,r) + H(t) )

edisplayed = eopposite + Eswitch (3)

o714, 4 (1) - 4 (3)9] 71 = tiet & Tablel

of Yeb T
Table 1. Key variables related to wind sensor indication
errors
Category Symbol Description
Actual wind speed Va True wind speed

(external reference)

Measured wind speed Vi  Wind speed indicated by sensor

Difference between

Wind speed error AV indicated and true

Static error & Installation/position deviation

Response delay Yo+ ‘gf’ Sensor reaction delay error

Difference between

Direction error A6
measured and true
Wake deviation
Vortex effect fu(B:r) (azimuth, distance)
Hysteresis H(t) Time~—history output lag

Displayed direction of

Sensor indication
selected sensor

6displayed

Switching error Eswitch Switching or sensor fault

SHOL 7| &of|A] 83-3}+= +5° 0]
3F gi} Tl 2L E o9 & 93} 38
o].Z-38t &7} (unsafe) AF

sk A ,?_ =7
A AA" 2 9l wabd WMIse] Aof f

o 0O
y
to
B
oSL
rlo
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o AT HU 7l v gE0], 247144
FAE FED 5 A= 71ed diA Tt A gol &
TFE .

p-WMIS= #4344 SHAA 8275 AS JH
£ 9454 BE] o2l e F2H AL YE
st qlom, FRAA 42 £ 84T AFUAZ 7]
9 Ade gHs] A LS WA AS
AA D u-WMISZ ] HEho] H g 5t}
4. p-WMIS A4 S-54%t
41784 B H

p-WMISO| 7| A A =2 4.912 4 AAE S5
CWMISE 283431 AE719) 94 A4 % WMIS
A AE Aol A2y S E flsto] At dAE
FHotol &L 7 AT o] & s A2 =
2l 99 H FHE LY &= DS F55t
APE, CFD Al &80l d& &3 A&7 Ao A
Fas ARG, SHD ARSI A4S ST
4 Q1= H S A A (verification and validation, V&V)
£ F55tojop ettt

F2E A2UoH AZH 14D A% wetvle
Lot 4 R Sl 228 Yol 387 o).
o B A EA B, A A8 59 o
48 249 A5E 5 e 28 7 a4
Qotol 4124 wAstolo} Btk Mwse} e A
A A BFES JolE S, 971 LE, 4L,
zetzt, TRz 5 ok B 714 AHE B
st 2ol A7 A 7|57 114 I = (fault code)
29 7152 B9 4T 74 0L B T
S A7 wh2hA] u-WMIsE T 4] A S Y
of 74 7)ol M4 A5 LESH S5 AEA A
ofo] % NHEE BA] FH 5 Ik 4 B
9B FARLEA, AAR AA D 74 712 st
g 9 Qo] o)) 1 Wast et
4288 A H

WMIS Al A 9] 2k 93] = APES 4312 & 3
=5 F2E M 2y HHstd Ao
of ettt Y AR FERE2 v 5

XAA 28 12 240 2

g gusto] AA AANHY F&1 FF
95 S 27 AshAd & Atk wekA CFD
o o] G HAske Mo 91 S An
2w 4E/12A A ARE £5T 5
= WMISE T3 3t0]of T Aolth E, e 3
MAGOR HAT 45 YT AL N A P2 =

brozo ob M gy
oo R off ox

o
ot

o

_?ln,

)

=)

%

4

B

e
Bt
>
Mo

l‘

ol
1B
1)
r&;{;
N,
ol
r\l
e
° 2
O @ 2 (o
i
4 o o 2
On\izcé‘
o oo L
o oz oag X

w 0% N
ol

APVOJ'
Veensor = Voo - | 1 — W : f(@) 4

o714, 4 (4)2] 71 2l Hi3t dE & Table 20 LtE}
At

Table 2. Variable definitions for wind speed approx-

imation
Category Symbol Description

True wind speed without

Free-stream velocity Ve .
structural influence

Effective wind speed at sensor

Sensor wind speed V. o
P semsor position near structure

Projected area of structure

Projected area Aproj relative to wind direction

Horizontal distance between

Structure distance R
structure center and sensor

Disturbance function

Azimuth function F®) by relative wind azimuth

uplEro 2, WMIS S 3l W A Alof T gt o+
T2E TS JFsteta, AZH 220 AlA F3}
A7 2E Gl A 27 7hsd A& &5t
£ ZAHQL APE AJ o] =3 = of of Jhr. o] Ao A]
< AA dI7] BAS =42 A8, v e g4
= AlEs] HoH(EE 20 A AN & B4 2
23t CFD EE 35 A4Y 239 v - HAHIH
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o] & Tl WMIS £k 9 WF HAS FFH o
B A5 4= 9lon SHOL 7| &3 54 vl H A d

= =l
3% 57 959 A% (free-stream flow con-
E HEHCE A5t HAPg4s=w A8

%7
ug AAE $Yste o Ack ol APE /)W
Y BAAS A T B2

2355 4Y L8AA AAR AAH] I A
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Objective
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Speed range 0m/s-25.7m/s
(first) (0 kts - 50 kts)
Speed range 26.2m/s-64.3m/s
(second) (51 kts — 125 kts)
Speed accuracy +0.77 m/s +0.5m/s
(first) (#1.5 kts) (£ 1.0 kts)
Speed accuracy £2.1m/s £1.0m/s
(second) (£ 4.0 kts) (£ 2.0 kts)
. ' 1.0m/s 0.25m/s
Starting speed maximum (2.0 kts) (0.5 kts)
Direction range 0°-360°
Direction accuracy +2.5° +2.0°
Starting speed for direction 2.5m/s 2.5m/s
at > 5 kts (maximum) (5.0 kts) (5.0 kts)
Starting speed for direction 0.25m/s 0.25m/s
at < 5 kts (maximum) (0.5 kts) (0.5 kts)
Speed resolution 0.05 mfs 0.5 m/s
(0.1 kts) (0.1 kts)
Direction resolution 1.0° 0.5°
Speed response
(1st order time constant) 3.9 sec. 3.2 sec.
Dl_re_ct|on response 10.0°/sec. 10.0°/sec.
(minimum slew rate)
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