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1 Background and Purpose

= K9 Self-propelled howitzer

K9 Assembly
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1 Background and Purpose

= A content for K9 Acceptance test

Order | Elevation(mil Ammunition Range for Safety
S)
1 26 KM107/KM73A1/K677(U2) 1~6km
2 26 K309(BB ON)/K519/K678 3~17km
3 1208 K309(BB ON)/K519/K678

K309 projectile with RRDF
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1 Background and Purpose
= A range for K9 safety range

Elevation(km)
A 25km
13km
. ok Tkm 34km S
Firing Site 1st(26mi]irsl) 2nd(26mils) Range(km)

3rd(1208mils)

~|



1 Background and Purpose

» Firing Direction




Agency for Defense D)
@ Ww? - ign

=
Bl A task for desion of RRBE

= A Technology for drag force increasing
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Bl A task for desion of RRBE

= Drag force coefficient

o, o} Copt C,* Coy+ Cone

C';, = A total of drag force coefficient

S = Adrag 1orce coefficien oattail

Dyr g I v

t —_— / - - ~ Y -]

'p, = A drag force coef ficient by base

C.T'DRE — A drag force coef ficient by rotating band

Cﬂgp — A drag force coef ficient by skin friction

sRelference e Himyung W StudvitoriDrasdorce decreasine
Korea Military Academy, 2001(2~3page)
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Bl A task for desion of RRBE

= A drag force coefficient by warhead shape

16( Nose ///

| Pressure v

| Zrag :

| Coeft’ % O
1.4 ¢ c h

| op \\\

| (Reckoned

+ on base

12 Area)

Mach Number M

* Refence : Guided Weapons(BrasseysDefense Publishers, 66page)
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Firing Test
(Verification)
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/ d A task for design of RRDF
= A safety for Ultra pressure(Static test)

lLoad: § | '~ Punch(SM45C)
— . ¥ .
| P=1x A, =1 X mdt
Shear section - 24-.5-‘&; 3,14 -X-S[};X- 23.4 .
oo : d = IDS.{}[}?.T kg
L/ g : | f\_ ;;.i ¥ - = 108.01 ton
RRDF yd f = L . 7.%.245 (kg/mm?)

(AL2024-T4) - . . -
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Bl A task for desion of RRBE

» Trajectory estimate(Prodas V3)

K3I]?_2_2.|]r3 - FiringTableArtillery2000 - 10| x|

Eu:unfig.-"Eu:untru:uII Artillery Pararm. I Aero Form Fau:tu:ursl Formatted Fesults  Plats |
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Bl A task for desion of RRBE
» Drag Coefficient estimate(Prodas V3)

BAK307_2_2. pr3 - Spin2000 iy ]

E stimate Aerodynamics I Aero Model I Formatted Results I Feszultz Tables Flotted Results

IZen:u aw Drag LI

Zero Yaw Drag
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iChart area['
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Bl A task for desion of RRBE
»  Gyro Stability estimate(Prodas V3)

i _Z_Z2. prd — Spinsta - |O) =
Wi K307 _2_2 3 — SpinStab2000

Setup I Stability S urnrmary I Formatted Fesultz:  Plotted Results I

I"-.-"s bl ach Murnber B

I Gurohzhd ach ;I

GyroVsMach
1.30 [Chart areal—

1.20 "III
1.10

1.00

0.90
0.0

0.7

0.60

0.50

Gyro Stability Factor

0.40

0.30

0.20

010

0.0

0.0 1.0 2.0 3.0 4.0 5.0 5.0 T.o .0

KET_2 2prd 051748
P roctEs 2000 W3 ATrow Teck ASSociEEs Mach
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Bl A task for desion of RRBE
=  Gyro Stability and Dynamic Stability(Prodas V3)

K3I]?_2_2.|:|r3 - SpinStab2000 o ]
Setupl Stahility Surnrmary I Formatted Flesults  Plotted Results |
s
| Dynamic Stability ||Mach 225 =]
Dynamic Stability (Mach 2.23)
— Criteria
04
03 + 1 Deg A0A
= 0o
k:
= 03
= 08 + 2Deg A0,
= 09
i 12
(=] =1
5.. a5 / \ + 5Dega0a
€T
£ 18
[
Z 21
24 + 75Deg Al
27 /
=30
10 -08-06-04 020002 04 06 08 10 12 1.4 16 18 20 22 24 26 28 + 10Dag A0
K307 _2 2pr3 O-17-08 1 ilr
R Assnciaks Dynaric Stability Factor

Prodas V3 ©]8€(Gyro Stability & Dynamic Stability)
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Bl A task for desion of RRBE
=  Gyroscopic Stability & Dynamic Stability

I p°
% = L AAdVEC
yyp Mo

2[Cyo— Cp+ (md*/21,)( CMpa]
Crva—=2Cp— (mdz/Qlyy) (Crg+ Cpr)

4

By =

p~: Rotating velocity of projectile Chpe © Magnus moment coef ficient

ﬂf - 1 L i e z ; 1' K ) - - - - - -
Clp ()Tae;fum nzonzenttQE,f.ff.tz.ent‘ C.,+ Cyy: Diminishing moment coef ficient
Ch, @ Normal force coef ficent

* Reference : Kim jin suk’A study of aerodynamics characteristics
of rotating projectiles”, ADD, 1990(20~22pages)
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Bl A task for desion of RRBE

» Trajectory Simulation(Point Trajectory Program)

A Range Estimate with point trajectory program

19
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/ d A task for design of RRDF

=  Trajectory Test(Downsized projectiles : 40mm)

N
N
_
N
.
’
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Bl A task for desion of RRBE

" Trajectory Test(Downsized projectiles : 40mm)

A measurement for Physical Properties
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Bl A task for desion of RRBE

=  Trajectory Test(Downsized projectiles : 40mm)

AT B0 00 %0 06 08 0 GaeeReER

Reduces RRDF

= A muzzle velocity

model Reduced Reduced K519
order RRDF(m/s) fuze(m/s)
1 309.1 BB
2 SNRERY) Sy
3 254.1 283.0
4 AR g e
5 261.4 AT,

= Physical Properties

model
Properties Reduced RRDF Reduced K519 fuze
Weight(g) 1092.5 1085.5
Axial MOI(g-cm¥ 2575.1 2514.1
Transverse MOI(g-crr?) 38024.7 37435.5
CG from Nose(mm) 142.9 385 5924

4250 ER B\ 21 B0 20 O aaaran

Downsized K519 fuze
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Bl A task for desion of RRBE

= Trajectory Test(Downsized projectiles : 40mm)

» Aerodynamic and Sg (6-DOF Single Fit

Aﬂl%gd%tb} Mach No.- Choxo0® Cnar Cmqﬂ Cnpaﬂ
0.680- 2.395 - 3.070 - -10.6 « -1.57a
0.898- 2.557 - 3.243 - -10.0 - -2.40¢

Downsized
0.728- 2.155 « 2.829 » -10.0 « -1.88«

REDE -
0.721- 2.229 « 2.786 - -10.0 - -1.93-
0.749. 2.163 « 3.073 « -10.0 « -1.69«
0.941- 2.2h0e 3.233. -21.3+ -3.2he
0.921- 1.997. Z2.931. -20.3 -1.91-
Downsizede 0.811« 2,088« 2,348« -1h.2¢ -&.bhe
K519 | qg786. 2.109. 2.386. ~15.0- -2.94.
0.711- 2.174 - 2.114 - -13.8 - -1.19¢
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Bl A task for desion of RRBE
=  Trajectory Test(Downsized projectiles : 40mm)
030 T e e 220r S
| / o= = — m
0.25 i / -
- /
o 0 i /
6 D 1.80 j //
B /
0.20 |- L I ="
e 1.60 |-
01365570 07s 060 065 080 05 L00 L4 o0 75 080 08 060 065 100
Mach No. Mach No.

Drag Coefficient, CXO Comparison Gyroscopic Stability Factor, SG Comparison
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O A task for design of RRDF
= 155mm K9 Recoil & C’Recoil characteristics
(Recoil Length, 1Cycle time, C’'Recoil velocity, Internal pressure)

',.
. gli e
det!

’ "’v. 2od "'a’
eAn
LVDT S A %

LVDT(Installation) el
LVDT : Linear variable Differential Elevation(1208 mil)

TarTSTOTTIITeT

LVDT Sensor Signal Conditioner A/D Converter Data/Report
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O A task for design of RRDF(Comparison)

K519 Dummy

Figure |

Weight 715+15g 715%t15g 975g £25¢g
Matert AL A2024T4- AL A2024T4-T4 SCM30
al T4 (KS-D-6763) (KS-D-3752)
(KS-D-6763)

Length 125mm 167mm 60mm

26
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1 A task for design of RRDF

= RRDF » K519 Dummy fuze

== SPACE ELECTRONICS, INC. === = SPACE_ELECTRONICS, INC. ===
KSR150K-185 Mass Properties System KSRISOK 185 Mass Propertics Sysiem

Operator lee rhoon sik Oparator @ lee choon ik
) . i a0s Date @ MAY 27 anns
'I"\nlu H 11:32:5%
Part Sarigl - in7?/819

u__p-- I4 = 1

o

Tast Number : 10815

Center of Gravity PIOEXLLWQQ From Above Machin

90

h 4
y J
» I
\ /
AN v
™, #
", \\ f‘J
~ Vs ~ P
“ - . ~
\\ - - 2%
FULL SCALE: 0.5000 cn 270 -~ FULL SCALE: 0.5000 cn —=
User Anales inside circle User finales inside circle
Machine Angles outside circle Machine Angles outside circle
Machine Referenced G USER AMNOLE Marhine Referenced O3 TTaer Referenced M3 [ T1SER ANOLE 1
0. 0 CGffser: 0.273951 om 0 Offgat: 0,.273951 cm
( 0 44841 o 90 OfFmar: S0 oN44FAT om
0.277597 om Magnit 0.277597 om
is0.70% Ancrlac A0.70°

(A center of weight)
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1 A task for design of RRDF

= RRDF » K519 Dummy fuze

—==SPACE ELECTRONICS INC ——= === §PACE ELECTRONICS, INC. ===
KSRI50K-185 Mass Properties System KSR150K-185 Mass Properties Sysiem

Part

Comments :  CC

Test Number : 10818 Mumber : 10815

CALCULATIONS . CALCUTLATIONS

Raw Measurement Information Raw Mcasurement Information

oG MAY 27. T NUMBER: 10817 3 PART-DATE: MAY 27, 2005 TIME: 11:24:468 TESET NUMRER: 108:4
o MAY 27, NUMBRER: 10810 CG TARE-DATE: MAY 27, 2005 TIME: 11:06:25 TEST WUMEER: 10810
MOI PART-DATE: MAY NUMBER: 1081€ MOI PART-DATE: MAY 27. 2005 TIME: 11:21:27 TEST NUMEER: 10813

MOT TARE-DATE: MAY 2 NUMBER : 10809 MOT TARE-DATE: MAY 27, 2005 TIME: 11:03:20 TEST NUMBER: 108209

Dimensional Information Dimensional Information

15.0000 em Tear Pare Weight: 46.39%40 ko

Part 40¢=Machi

137 v ""’:W‘a‘-“i'ﬁ nopne

Center of Gravily
Uger Refercncod CC ( USBR ANCLE | Marhinsg Pafarenced 3 ner Meferenced O 1 USER ANGLE

0 Offset: 0. 2845062 om 0 Offset: a4 Offset: 0.273851 cm o Offset: 0.273951 cm

90 Offser: -0.0428 90 COffset: cm a0 Offsek: n.0d4841 em -0.042841 em

Magnit B 0. 2881 cm Q.277597 om 0.277597 cm

. 351.0 iEn.7Cce 350.70°
Maoment of Inertia
Table r of Gravity Through Center of Table Throug
sq 558 kg-om Sq. 23022.15334 kg-cm Sa. 239

(A inertia moment)
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Bl A task for desion of RRBE

(Recoil Length, 1Cycle time, C’'Recoil velocity, Internal pressure)

Recoil
Length

Fecoll Lenghtfycrm)

100

TSNS

Time & Recoif Lenth [The Changed Fuze)

| —.T.'re C.'r.anged F.uze |

1.0 1.3 2.0 2.3 3.0
Tin e fzec)

Recail Lenghthicm)

g0

60

Lo

Time & RecollLenth (K519 Dummy Fuze)

El—KE?SDummyFaze |
i .
1.0 0.0 1.0 1.5 3.0
Fim e fzec)

29
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1 A task for design of RRDF

= (Recoil Length, 1Cycle time, C’'Recoil velocity, Internal pressure)

K519 Dummy Fuze- RRDF(Range Reducing Dummy Fuze)-
Division.
Hviston . Standard- . Standard-
Quantity- Average - o Quantity. Average- o
deviatione deviatione
Velocity- 8. 953.6. 2.10. 10- 953.6. 1.80.
Internal 6 64,300. 780. 10 63,820. 900.
pressure-
Recoil 6. 1.28- 10. 846 0.94.
Length-
lcycles 1.61. 1.55.
8. 0.03- 10- 0.02.
time- 11.61 ©1.56. (11.59 1.5
Counter.
Recoil B- 1.07- 10- @ 1.17.
Velocity-

30
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1 A stage for development
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1 A stage for development

20 :
o TR RO, : = Test data
19 e R RN TR SRR AR EREACREER —— polynomial Regression
iy A PP APE oy ) Y=:A-+ B1*X +B2*X"2

R e

’g B R = B2 =-0.01138
: R-Square = 0.97164

e e : ;
N—" [ i
B S R i
o 37 e
s e - =
Eaf e
=) - i RS
E A3 o .
el o
L 12 oo b s

e L

10 : 1 | | A V| VVVVV 1

60 65 70 ES 80 85

Cordinated Fuze size(mm)

RN 65 70 75 85
dia.(mm)
17 16 15 13 12 9.1

Range 18
Estimate(km)
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Device

AIRI

02
04
06
08

a2

Variable

ServerTime
ServerRoundTime 138 625000
6

PMEnty

TrackSatus 0

GSLat 5 5405
WGSLon 126,114586
WGSAR -346, 602058
X 15670,635903
¥ 1148 695202
2 393 628360
Azimuth 195320435
Elevation 7,990875
ARange 17452 000000
SetverTime

ServerRoundTime.
Pressur

Value

10:06:61

2450

80
Times
Time VS X

(RIR1)

Variable g Value Unit

ServerTime 10:28:37
ServerfloundTime 190,453000
Time Text 15:28:568:780
LineStatus 0
TrackStatus 0

WGSLat 36,421943
WGSLon 12601239
WGSAIt -216,937957
X 32635,5316%9
v 317755185
Z -334,005173
Azimuth 204007874
Elevation 350072342
RRange 33673,500000

§p

100
Times
Time VS X

Tim

X VS Z (RIR1)

RIS AR AR R )
40 60 B0 100 120 149
Times
- Time VS Y

Times
- Time VS Z

Moving Route(RRDF & K519 dummy fuze)

33



@ Agency for Defense Development

R

esign

B

~

El A verification for trajectoryiRanse)

Alfifude(m)

5000

2500

roooo

17500

15000

12500

10000

faon

Goono

za0n

-2500

The Range ofthe Rd fuze & the KAT9 Dummy fuze

Range(RRDF & K519 dummy
fuze)

~ “t- -t e
L i | —— R fure ) i .
: — R fuze (B2) : .
B Tl K519 dum o p(E) [T
N | —— «stodemapE) | Noi
L : ; i
L . .
= o i R | t . -
s000 10000 15000 20000 2E000 0000 aso0o
Rangefm)
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L A verification for trajectory

= A distribution of range

155mm K309 projectile.

Divisions. RRDF: Remarks.
(K519 fuze)-
Average Range. 15,896.3m. 32,957.7m.
(Deviation)- (60.56m). (425.4m).
elevation (1208mil).
-119.2m. -2,522m.
Deflection. K673charge.
(37.51m). (77.21m).
Probable Errcr. 0.255%. 0.896%.
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O A verification for trajectory

Drag force Coefficient measurement(Doppler Rader : ED 6500)

B Ka7g Doppler Radar Systen DATE: Aug 17 2001
Trial No 8 Doppler Radar Systen TIME: 11.36.04
Cd Vvalue << ANALYSIS >>

0.60

] i |
| - e |
0.553 X
TN
: / |
0.50+ |
: |
: / |
0 ‘:t}*_: [/

4 f
] 4
0 .40
3 f
|
\
0.3549 \ |
A
0.0 4rrrrr—rr LA e LI L I ] L e e e
0.0 0.5 0 1.5 2.0 2.5 3.0
Mach Number
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d Results

® \We were able to study a RRDF which could reduce the range
from 32km to 16km as 50%

® This will enhance the test efficiency and a oil fee which is used for
safety ship also will be reduced

® At the elevation of 1208mils for K9 self propelled howitzer,
A internal pressure, Recoil Length and recoil & Counter recaoill
were satisfied with the defense specification

® \We simulated trajectory, preliminary range, trajectory stability
and Drag coefficient with PRODAS

® \We also tested RRDF with downsized projectiles and also studied
projectile with full model

® By designed RRDF, Recoil & Counter Recoil characteristics,
Muzzle velocity, Internal max pressures were proved an identity
K519 fuze adapted to 155mm K309(BB ON)projectile
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