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Abstract This paper is meaningful as the first case where a 4 - sided hull-fixed phased array radar was
installed on a mast separated from Korea and the alignment was verified. The mechanical alignment
method was studied for accurately mounting two separate masts for naval ships and the 3D scanner for
alignment. Hull-fixed phased array radar uses very high frequency, so the short wavelength can cause
a phase difference of the device due to the small positional error. Since the array antenna is fixed with
the hull, it has higher accuracy control than the rotary radar for 4 array surfaces. The study describes
a method of checking the flatness of two radar masts manufactured at a factory, a method of aligning
masts in a shipyard, and a method of aligning four array pad mounting surfaces. As a tool for this, a
3D laser scanner and a software-based method for comparing survey results with 3D CAD are used. This
paper is meaningful as the first example of installing a four-sided hull-fixed phased array radar on a

separate mast from a Korean naval ship and deriving a mechanical alignment method.
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Fig. 1. Shape of Phased Array Radar
(a) Rotate type Phased Array Radar of LPH-6111
ROKS Dok-Dol1] (b) Hull Mounted type Phased Array
Radar of LPH-6112 ROKS Mara-Do(Under Construction)[2]
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Fig. 2. 3d Laser Scanner Application for Shipbuilding

(a) Photogrammetry[7] (b) Field point clouds data
collection for hull blockl[8]
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Fig. 3. 3D Anti-Air Planar Active Array Radar

5= 3AY diT FoltEA Holg gxAZ=
250kme]H, Fot gL S WiEo|th AR oA
gllo|n] 2A= k9] Arrayd 1.5 € ot} Fold &
AAZ s 11% HE7] F3FEC] 250km oldolH, A
1% SPuAIe] 4§ 25km oolth & #7F ¢
2 olAZA9] Sa'ar 57 AT %9 EFHEE
T5, HIARET FFEFo|t[4,5]

- ¥

Fig. 4. EL/M-2248 Radar(Sa'ar 5 class Corvet)

2.2 HiE
A3 9l e widel FHl= Fig5 <F At @, y, 2

467

HEANA 2-y WHOIH 23L 7120 HAAG
o2 IS WEE ¢, 228 7120 7]gojx] Hy
2 02 HoRit 4, auFoRol 94, 6 it
ool JAAE ofujgitt,

HZo] 2 Wy wjde] Array Factore Eq.
(1-2)001¢ 2t L= ZF A9 AEE, ke Ao

2 k=wypeo|th

M X .
(AF)Iy =[[] Z e](mfl)(kd,sm(-)cosr/)+d7) (1)
m=1
i j(n—1)(kd,sinfcos¢ + 8 )]
X e v ¢ [
n=1
(if]mn = ]mlIln = ]U = a)nStant)
. [N
1 sm(7%) 1 sm(?%)
(4F), = @

M| ) N [y,
sin 7 sin 7

W = kd, sinfcosp+ 3,

v, = kdysinésin¢+ﬁy

M= number of elements in x direction
N=number of elementsiny direction

gEiE Folds (1-29 6., 6,0 w= +4
(Main beam)2] &S eI 7144 3 glo] =
4 4 = Aotk w2bA 3, B,7F S8/5HH, Fig. 5
olA] Bi= vie} Zo] ZF 4749 A7t A IS el
A ol S TAAAE LT QY W T
S0l & = 9ok SHARE Flo]y Array HEHUE WRAE
of A Al 91X 247} 3l& ALoll= A AelE 7HA
o} gloje 9] Ze= A= Aj1eE &8 5= 3l
t}. £3] O GHS919] a5 ARESH= dlojEjollA 1
2 O~00cmof sigstH, Om ] Array 3715 2+
£ QY "ol 71A1d @AE Zia HX)7h "rkd A%
W Qo] JolE FLAIA Foly FA o] AZES
oo HES T F Y= Do clE = T W W
2ol Agdt AL 58 A= BY7F dHolrh



el

R

2] A204 A9=, 2019

2.3 3D A
3D AAHE EAo st 331 F4

AE] QAE TR FHZ AAIEl

dole] B¢, £4 A 9 FPAAF Bofollm g4k
Ack ALY AL 3L A EHEY o)} HlolE
A 22 IH(ATE )R LY, o3 22
8 EAo] Jt}. 8 EA2 AA, Z4dolHE AR
EE o]& 33+ 1y A2t 7hssith 4, E3H
P2 AET 22 Ft AFHRE BR3 FolA
2714 9] 3L 50~1007]2E, WG A70H9] 4L 10
329 Fgr g HRltk A, CAD Holgz ¥l
A% dlole 2 &8sttt WA, = HE ofFol w
g HEAT v)gE4 02 RS Y& EA 9
A, F 7t A, B AA] 5837 vHd 330
A5 I g5 Zdolitt. oA, EA S3AE &
£ EAY 37]9) uet AR SAE, YA £37]
2 E2Fg 249 &7 <& 1m oW, $AE &%
71 % 0.5~30m, ¥9A9 §471= <& Im~1km 9 &
3 H9E 2=t

Fgell eV dloleE MX|5h] Y3t npAES]
o E oM 54 ZAEZ B &7 0] ¢
Aste] 4l&star 7HasHA &4 Eart A, 7189
E547|2= HA7F JeBE 3D golA AMUE
ZEsp|= Stk

d

-

Q.

3. AIYHE oo dx|e+=EA

3.1 e

i glolE 9 BASE] YAl Array
2 & AZEQo|HoR WES T 5 e WA
71A% wjdo] Sz E|ojok gttt 4709] HlolH Array7t
27y AAE R FES AR £ Jlodd 3%
EEAIZ ZAoAl ArrayZt F2HE 2871 Pade] HBE
7} BA E]ojok ka1, MRPLE] 71€7], Roll, Yaw &
o sl FES TrEsfjofeltt. EgE npAETF BejEgle
02 -] npAEZ JF-E dfjof Sitt. T3t o3t
8FRAE EFT 5 e A, 2AY ASel 7k
gt 3D ASH7L qlofof Bt

M=o
ocoo=

468

goj5g AE E89] 9%
£ A% 99 "H¥E: + 0.5mm
1.6im oJsto|t}. ESE Pad 28719
+2mm oJstoleH11].

3.3 MRP2} 7|27], Roll, Yaw HE TIx

] ZSA4(SCL: Ship Center Line, ©]5F SCL)
et 9] FAE o2 7|EAolt thEEloly miA
E EE0 A€ Array 9IA= MRP} SCL 7|€2&
Ao, 942712 Table 13 ZTH111

Table 1. Angle Parameters for Radar Array Installation

Parameters Values
4 Arrays - MRP Tilt 20° +£0.172°
FWD, AFT Array Yaw-SCL 0°+0.172°
FWD, AFT Array Roll-MRP 0" +0.114"
PORT, STBD Array Yaw-SCL 90" +0.172°
PORT, STBD Array Roll-MRP 0°+0.114"°
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Table 2. Position Parameters for Radar Array Installation

Parameters Values
FWD, AFT Arra'y - FWD,' AFT Array 0 + 10mm
Centerline(Top view)
FWD, AFT Array - FWD, AFT Array 4,205 + 10mm
Centerline(Side view) *TBD = 4,205mm
PORT, STBD Arltay PORT,. STBD Array 0 + 10mm
Centerline(Top view)
PORT, STBD A.rray 'F\X/D,' AFT Array 0 + 10mm
Centerline(Side view)
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Fig. 6. Requirement for Radar Array Installation[11]
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Fig. 7. Shape of 3D Laser Scanner[12]

Table 3. Specifications of 3D Laser Scanner

Type HandySCAN700 MaxSHOT Next ™
P (left of Fig.7) (right of Fig.7)
Weight 0.85 kg 0.79 kg
Volumetric 0.020 mm + 0.020 mm +
Accuracy 0.060 mm/m 0.025 mm/m
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Table 4. Results of Final 3D Laser Scanning

No. Parameters Required Measured
1 FWD 20.078°
2 |4 Arrays - MRP AFT . 19.873°
_ 4] + | 190/5°
3 Tilt PORT 20+ 0.172 20.140°
4 STBD 20.021°
5 |FWD, AFT Array FWD 040172 ° 0.03
6 Yaw-SCL AFT 0.052°
7 |FWD, AFT Array FWD N 0.044°
] + | DUd4”
8 Roll-MRP AFT 0£0.114 0.089°
9 PORT, STBD PORT . 0.027°
2 + | YYs/m
10 | Array Yaw-SCL STBD 90:+0.172 0.079°
11 PORT, STBD PORT 040114 ° 0.070
12 | Array Roll-MRP STBD 0.056°
FWD, AFT Array - FWD, AFT
13 Array Centerline(Top view) 0+ 10mm 5.568mm
FWD, AFT Array - FWD, AFT
14 Array Centerline(Side view) 4205 £10mm | 4207.43mm
PORT, STBD Array PORT,
15 | STBD Array Centerline(Top | 0 + 10mm 1.215mm
view)
PORT, STBD Array FWD, AFT
16 Array Centerline(Side view) 0+ 10mm 9.021mm
-0.459~
17 FWD 0.611mm
18 AFT -0.948~
4 Arrays 1.70lmm
Interface Pad +2mm -1.532~
19 PORT 1.433mm
-1.715~
20 STBD 1.281mm
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