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ABSTRACT

Purpose: We sought to understand why a high—speed rotating projectile featuring a fuze—and-body assembly
sometimes exhibited airburst, and we intended to improve the flight stability by eliminating airburst.
Methods: We performed characteristic factor analysis, structural mechanics modeling, and dynamic modeling
and simulation; and we scheduled firing tests to discover the cause of airburst. We used a step—by-—step
procedure to analyze the reliability function for selecting the bonding force standard that prevents airburst.
Results: The OOMM high—-speed rotating projectile features a fuze bonded to a body assembly; the bonding
sometimes can break on firing. The resulting contact force, vibration and roll damping during flight generated
yaw. Flight became unstable; fuze operation triggered an airburst. Our reliability test improved the bonding
force standard (the force was increased). When the bonding force was at least the minimum required, a firing
test revealed that airburst/flight instability disappeared.

Conclusion: Analysis and identification of the causes of flight instability and airburst render military training
safer and enhance combat power. Ammunition must perform as designed. Our method can be used to set

standards that improve the performances of similar types of ammunition.
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Figure 2. Airburst prior to impact with the target
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2.1.2 & = sty s} B4

WAL AL gl TheiAlE el tigk rx ghA] ®iste] i #AS 9l A8 FEsiA TRl Altair
Radioss& AH&FITE Alka} BHAIE- o] (M)A WAPAS 7919 HAA x4 A Av-ghA 29 A A
AAg mxate] AR g WAL £ A A9 A EY B 1Y )0 e 24 9
ghe] Aghpol v e waate] F2AAS Fasglth RS dH HEW Explicit Method)
% o] 1 part® EHs}

o] &3 nAy Ao il Aty gA - Ul FAFES @kt Fig. 5(a)9t
Fom, AA FAZ wF7] dd 2x i3S 248t BaHS 9% A2 Elements oF 300,000 EA,
Node 270,000 EAZ 43t3ith. Alda) gHA] YaPARH-] 24l ZARE 918) Fig. 5(b)9F %] Tied Contact
Noded] rupture(H 24 9] st& AR T8 3519 0, Tied Contact® A A 3la Node(Pair)7] 2] Coupling 8} *
gk kg Eo] wAshE Node?t Decouplingo] RS =S 314-& Fasqlch. Alaa el AR -9 4l

o



Lee et al : Analysis of How the Bonding Force between Two Assemblies Affects the Flight Stability of a High—speed Rotating Projectile 259

o] ¢ Afo] B o} BhA| AR Alolo] 1900 EA94 Tied Contact NodeZ 4333t} Tied Contact Noded] A&t
HE EE57] 93l Fig. 6@t 2ol A AFS &3l =& WAF Al gl ZeiAE 3d9s RHE 3§00
kgf-cm) 0.2 Folste] af|AS 4=3851% a1, 3414} Tied Contact Node®] Rupture d4o] A= HA dd-3-3H
A9 S 464 2o 483l Fig. 6(b)¥} o] T4314S 58 A7} Table 2.9]

= W 107 Case®ll that Tied Contact Node 3= 5 wlgyo 2 A2 uj&

718
£ %Wt 34 F A A A3ES Aussc.

Contact elements
(Only the front parts
of the thread)

Projectile
body

Fuze ogive

! Tie contact node of projectile body’s thread Enlargement of contact arcas
Simplified the fuze ities (gray dot)
internal components

The shape of projectile assembly

(b) Modeling for contact areas of fuze and projectile

(a) Modeling for major components of projectile assembly body

Figure 5. The modeling for the structural analysis of projectile assembly

(a) Simulation to derive minimum shear strength (b) Impact analysis applied the results of (a)
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Table 2. Results of impact analysis(10 Cases)

" Intial bonding The shear The number of The bonding strength
Classifi The number of . Rupture
; strength of the strength of . rupture of tied of the fuze and body
cation . tied contact node rate (%) X
fuze and body tied contact node contact node after impact
casel 150 kgf-cm 5.5 Mpa 1900 EA 1900 EA 100 0 kgf-cm
case2 170 kgf-cm 6.2 Mpa 1900 EA 1888 EA 99.4 1.07 kgf-cm
case3 190 kgf-cm 6.9 Mpa 1900 EA 1866 EA 98.2 3.40 kgf-cm
cased 200 kgf-cm 7.3 Mpa 1900 EA 1817 EA 95.6 8.74 kgf-cm
caseb 250 kgf-cm 9.1 Mpa 1900 EA 1702 EA 89.6 26.05 kgf-cm
caseb 300 kgf-cm 10.9 Mpa 1900 EA 1520 EA 80.0 60.00 kgf-cm
case? 350 kgf-cm 12.8 Mpa 1900 EA 1515 EA 79.7 70.92 kgf-cm
case8 400 kgf-cm 14.6 Mpa 1900 EA 608 EA 32.0 272.00 kgf-cm
case9 425 kgf-cm 15.5 Mpa 1900 EA 408 EA 21.5 333.74 kgf-cm
caselO 500 kgf-cm 18.2 Mpa 1900 EA 370 EA 19.5 402.63 kgf-cm
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Figure 7. The structural mechanics in play when the projectile is fired(Case 1)
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Table 4. Classification of the 17 sample groups by the bonding force distribution characteristics of the samples

Classification 1123456789 |10]11|12|13|14|15]| 16| 17
Bonding force (kgf'em) | 60 | 65| 70 | 75 | 80 | 85 | 90 | 105|120| 135|150 165|180 |195| 210| 235| 255
Sample size (rds) T2\ T2 172172727272 72 72|72 72|72 72|72 |72 72|72

The number of samples
that satisfy the bonding | 72 | 71 | 69 | 70 | 67 | 67 | 62 | 52 | 45| 49| 35|33 | 19| 13| 6 | 15| 14
force (rds)
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Figure 17. The flight failure rates and the trend line of the firing test results by the bonding force between
the fuze and the body
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