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Abstract Developments in aircraft require safety verification through flight testing for many hours with
prototype design and production. The test evaluation step of performing flight tests was an important
process that determines the success in the development of the system. In particular, safety development
through flight tests in the armed flight test is important for the development of attack helicopters. In
the development of attack helicopters, the evaluation period and cost related to the armed flight test
are closely related to the required ammunition requirement. Therefore, this paper presents the amount
of ammunition required for the military flight test between attack helicopter developments through an
analysis of the AH-1 helicopter in a similar case and ADS-44-HDBK of military specification. The AH-1
can be used to calculate the ammunition demand by considering the exclusion of redundant firing tests
and configuration differences. In the case of the machine gun-equipped configuration, approximately
10,500R was required, and approximately 324R was required in the case of a rocket-mounted
configuration. In addition, if the armed integrated bench is used properly, it is expected to promote
efficiently the flight test in the armed flight by identifying the possible risk factors with armed flight tests

and excluding them.
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Fig. 1. Flight test procedure of ADS-44-HDBK
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Aireraft Flight Performance o o o o
Fire Control o o o o o
TADS o
Non- |Armament Functionality o ] ] o o
Firing w1 o o o ) 0
Jettison e} o
Loads and Vibration o o o o
E3 o o ] o o
Aircraft Flight Performance o o o o
Fire Control Integration o o o o o
Noise Level Determination o o o
Gas Accumulation Measurement| © o o
Debris o o o o
Loads&Vibration o o o o
Gas ingestion/Engine Operation o o o
Firing Armament operation o o o o o
System Accuracy o o o o o
Firing Envelop o o o o
Temp, Profile Determination o o o
Clearance Verification o o o o o
Loads and Verification o o o o
Boresight and Retention o o o o o
Human Factors o o o o o
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Fig. 2. Armament flight test requirements
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Table 1. Flight test item for armament subsystem

No. Test Items
@ Initial Safe Firing
@ Firing envelop expansion
® Brass & Link Ejection
@ Firing Envelope Exp.-Low airspeed
Machine ® Firing Algorithm Development
gun ® Firing Envelope Exp.-G Envelopment
@ AFCS Tuning
® Night Firing
@® Continuous Firing
Accuracy Verification
@ Initial safe Firing
@ Firing Envelope Expansion
® Aiming Algorithm
@ Accuracy Verification
® Night Firing
® Ripple Mode
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Table 2. Armaments of AH-1 series

Type Armament
Gun 20mm machine gun
AH-1S .
9,920 1b) Rocket 2.75 in. rocket
Missile TOW missile
Gun A49E-7(V) UTS turret
M197 20mm machine gun
LAU-68C/A launcher
AH-17 Rocket LAU-61D/A launcher
(18500 Ib) 70mm hydra rocket
! APKWS 1II guided rocket
AIM-9 sidewinder
Missile AIM-92 stinger
AGM-114K hellfire 11
=] 3AA7] Aol olA T Fde 8
=43 20 403 3R] e BT et
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Table 3. Armaments of AH-64 series

Type Armament
Gun 30mm M230 chain gun
Rocket 70mm hydra rocket
AH-64A
(21,000 1b) AIM-92 stinger
Missile AIM-9 sidewinder
AGM-144 hellfire
AH-64D Same armament with AH-64A excepting
(23,000 1b) mounting AN/APG-78 fire control radar

Table 4. Armaments of Tiger series

Type Armament
Gun 30mm machine gun(turret)
Basic Tiger
Common configuration
Gun 30mm machine gun(turret)
HAP Rocket SNEB 68mm
(13,000 1b)
Missile Mistral(Air to air)
Gun 12.7mm machine gun(pod)
UHT Rocket SNEB 70mm
13,000 Ib,
s ) . Trigat(anti-tank),
Missile R . )
Stinger(air to air)
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Table 5. Armament configuration of AH-1

XM-64

(Farly model) Installed one XM-134
XM-28

(Next model) XM-134 and XM-129
XM-134 7.62mm mini-gun
XM-129 40mm grenade launcher

E3], 1967. 11. 28%¥€ 11. 3071A] HALAS RE
3 g ZEYAA 535 Part 3°14+& XM-28
2o XM-134 718% 278 A3t 44O E Table 7
off Yehd e} o] ZF 257 A|ERAA AHFo 2%t
Alo] & kA WIHE FPstem, F 54E((.5H)Y
H|PAE 3} 7.62mm 7]HF gefo] 2k 18,000R AHE-H]
ATH101.

Table 7. Airspeeds and test points of machine gun

Table 6. Specifications of configuration and Airspeed KCAS Test points from Table 8
performance Hover 1,2.3,7.89
Width 0.91m Top speed 277km/h 60 258
Fuselage length 13.5m | Cruising speed | 574km 128 1,2356789
Height 4.1m Rising edge 3,475m 176 1,234,678 9
Take-off weight(MAX) | 4,309kg | Growth rate 6.25m/s
Engine AVCO Lycoming T53-L-13
Table 8. Turret Elevation and azimuth

ol FE719] HPAE-S ADS-44-HDBK S| 87%
ol w2t Fig. 33 22 AXE BPAES 951,
1%9] Phase 2~49] dfgol= AH-1GY] Engineering
Test?] Phase B @AE Part 1~622 =0
Fig. 49 XM-649} XM-28& tJo= chofet 74 ¥
ol sl 714 d5 2 A B7HE FFstaion,
Part 3~5904 &9 EAZ XM-28S BAS 4o
2 AHEAo] FE i

First flight and Qualification
basic flight envelope &Demonstration

Envelope opening Environmental test

‘ Phase 2 |
System test

Weapon test

‘ Phase 4 ‘

Firing trials

Fig. 3. Flight test procedure for aircraft development

b

Fig. 4. Configuration of Turret
(a) Configuration of XM-64 (b) Configuration of XM-28

Position Number Turret Elevation Turret Azimuth

1 Full up 90° left
2 Full up Zero

3 Full up 90° right
4 Full down 90° right
5 Full down Zero

6 Full down 90° left
7 Zero 90° left
8 Zero Zero

9 Zero 90° right

23 1968. 1. 10¥ FE 1. 17¢ 71A] gApAs] &
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Table 9. Airspeeds and test points of grenade

Table 11. Required ammunition for flight firing test

launcher
Type | Part 3 | Part 4 Part 5 Duplicate |Requirement
Airspeed KCAS Test points from Table 4 ammunition | ammunition
Hover 123789 gfnf) 18000R| -  |15500R| 14000R | 19.500R
65 1,2, 3, 4,6,7,8 9
3 234567809 (é&) - | 1941R | 650R | 650R 1.941R
178 1,23, 456,78 9
AH-1 @7]9] B vPAIE AlelolA B4 23S
Table 10. Airspeeds and test points of configuration A8l FT FE AFRAE wiASH] f3 e R

Type Weapon Airspeed | Test points from Table 8
Hover 1,2,3,7.8 9
A* Minigun 130 CAS 1,23 456,79
176 CAS 1,2,3,456,7,9
Hover 8
B** Minigun
130 CAS 1,2,3,456,7,9
A* Launcher 130 CAS 1,23 456,7,9
A*:mini-gun on left, launcher on right
B**: mini-gun on right, launcher on left
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Eq. (DT} Zo] 2dghS 31t}
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Avorr =

Where, A; denotes consumed ammunition, C;
denotes redundancy test conditions, Au denotes
ammunition of missile, Ax denotes ammunition of

rocket.
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denotes Significance level, p denotes probability

n denotes consumed ammunition, «
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