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Sazetak:

Aerotunelska ispitivanja protivoklopne avio-bombe (PTAB) se vrse
se da bi se odredili aerodinamicki koeficijenti u reZimima podzvucnog i
transoni¢nog strujanja. U istim reZimima strujanja ispituje se i vreme ar-
miranja mehanizma upaljaca avio-bombe, koje direktno zavisi od uslova
opstrujavanja protivoklopne avio-bombe. Krajnji cilj ispitivanja je definisa-
nje pouzdane metode za odredivanje vremena armiranja upaljaCa u
aero-tunelu, ¢ime se iskljucuju skupa letna ispitivanja. Za potvrdu meto-
de predvidena je i verifikacija istih karakteristika protivoklopne avio-bom-
be u realnim letnim uslovima, nakon aerotunelskih ispitivanja.

Kljuéne reéi: vazduhoplovno naoruzanje, avio-bombe, upaljali, vreme
armiranja upaljaca, aerodinamika, aerotunelska ispitivanja.

Uvod

Sve veca efikasnost sistema PVO namece avionu koji napada cilj
da, zbog svoje sopstvene bezbednosti, to izvede iz briSuéeg leta (sa Sto
je moguce manje visine) i §to je moguce ve¢om brzinom napusti rejon ci-
ljia. To, sa druge strane, namece i dodatne zahteve pred vazduhoplovno
naoruzanje, avio-bombe, koje u tom slu¢aju moraju biti koCene na svojoj
balistiCkoj putanji, a njihov upalja¢ daljinski (vremenski) armiran, kako
eksplozija avio-bombe kao slu€ajan — neZeljen dogadaj na putaniji ili eks-
plozija na cilju ne bi ugrozila sopstveni avion.

ZAHVALNICA: Autor se zahvaljuje kolegi dr Nikoli Zrni¢u dipl. inz., bivSem ucesniku na
ovom zadatku, na saradniji i nizu korisnih sugestija, naro€ito na deo teksta koji se odnosi
na merenja u aero-tunelu i obradu rezultata ispitivanja.
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Slika 1 — Graficki prikaz medusobnog rastojanja aviona i avio-bombe
Puc. 1 - 'paduryeckoe n3obpaxeHne paccTosiHUA Mexay camoneTom n asmabombon
Figure 1— Graphical illustration of a mutual position of an aircraft and an anti-armor bomb

Aerotunelska ispitivanja protivoklopne avio-bombe (PTAB) prethode
letnim ispitivanjima sa ciliem da potvrde projektovane balistiCke karakteri-
stike i vreme armiranja upaljaCa ili da se izvrSe eventualne korekcije na
svim uzorcima ovih avio-bombi pre skupih letnih ispitivanja prototipske
partije iz domaceg razvoja. Prethodni proracuni balistiCkih putanja proti-
voklopne avio-bombe, sa projektovanim aerodinamickim koeficijentima, a
sa usvojenom minimalnom visinom horizontalnog briSuceg leta, Hy,, i di-
japazonom brzina bombardovanja v,=(6501-100) km/h, za dati tip leteli-
ce, pokazuju medusobni polozaj aviona i avio-bombe na njenoj balistickoj
putanji, 8to je prikazano na sl. 1. Mehanizam za impulsno odbacivanje na
avionu u trenutku t,=0, saopstava avio-bombama na izlasku iz potkrilne
kasete pocCetnu vertikalnu brzinu vy, koje tom brzinom izle¢u u horizon-
talnu vazdusnu struju (brzina aviona v,), ¢ime se startuje okretanje vetru-
Ske mehanizma za armiranje upaljaca. Kada vetruska postigne odgova-
rajuci broj obrtaja (grani€nu ugaonu brzinu), tada se centrifugalni osigura-
¢i, razmesteni po obodu vetrudke, razmiu i omogucavaju armiranje upa-
ljaca. Krilca stabilizatora, nakon izletanja avio-bombe iz kasete, trenutno
se otvaraju i stabiliSsu avio-bombu na njenoj balisti¢koj putaniji.
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Prihvatljiv trenutak kada upaljaC treba da zavrSi armiranje je u inter-
valu vremena (t4, t;), mereno od trenutka pritiska bojevog dugmeta iz ka-
bine pilota. Vreme t; se odreduje se iz kriterijuma minimalnog bezbednog
rastojanja — I, aviona od avio-bombe, (Savezni sekretarijat za narodnu
odbranu, 1988), a vreme t, iz uslova pravovremenog armiranja upaljaca,
tj. pre udara avio-bombe u prepreku, odnosno cilj. Upalja¢ protivoklopne
avio-bombe je inercioni, sa prekidom inicijalnog lanca, daljinskim — vre-
menskim armiranjem i samolikvidacijom. Trenutak kada upaljaC treba da
zavrSi armiranje t je zbirno vreme deSavanja diktiranog niza dogadaja:
vreme odrade releja instalacije na avionu nakon pritiska bojevog dugme-
ta — T4, vreme odrade mehanizma za impulsno izbacivanje avio-bombi —
T,, vreme odrade mehanizma za armiranje — T3, vreme zauzimanja pozi-
cije inercionog udarnika iznad detonatorske kapisle u upaljacu avio-bom-
be — T,. Vremena T4, T,, i T4 su reda veli¢ine milisekunde, dok je vreme
Tsreda veliine sekunde.

t=T1+T+T3+Ty, Ta=T4, Ts=T,, T3=T4, T3 —dominantno vreme,

Zbog drastiCne razlike u redu veli¢ina moze se u prvoj pribliZznosti
usvojiti da je:

t= T3, te (t1, tz)

Aerotunelska ispitivanja sprovode se na modelu protivoklopne avio-
bombe, koji je aerodinamicki i geometrijski sliCan originalu i istovremeno
prilagoden za dve vrste aerotunelskih ispitivanja:

1. Merenje aerodinamickih sila i momenata tenzometrijskom aero-va-
gom na konfiguraciji modela bez vetruske mehanizma za armiranje (sl.3),

2. Merenje broja obrtaja n, odnosno vremena T3, od trenutka deblo-
kiranja vetruSke (tj. od trenutka kada je u aero-tunelu postignut Zeljeni
Mahov broj) do spadanja vetruske (sl.4).

Obe vrste aerotunelskih ispitivanja se sprovode se za karakteristi¢ne
vrednosti Mahovih brojeva 0,6, 0,7, 0,8 i 0,9 Sto pokriva interval brzina
(180-310) m/s aviona pri bombardovanju (Etkin, 1964).

Opis test modela

Model protivoklopne avio-bombe za aerotunelska ispitivanja je geome-
trijski i aerodinamicki sli€an originalu, u razmeri 1:1. Model je prilagoden
uslovima ispitivanja na repnom drzacu i prihvatu za ABLE MK XXV 1 aero-
vagu (Anastasijevi¢, et al, 2001). Protivoklopna avio-bomba ima cilindricno
telo sa ravnom ¢eonom povrSinom. Po obodu svog zadnjeg dela avio-bom-
ba ima Sest sklapajucih, simetricno rasporedenih krilaca koja Cine stabiliza-
tor (2), sl.2, a iza €ega se nalazi slobodno rotirajuca vetruska (1).

163

Novakovi¢, Z., Aerotunelska ispitivanja aerodinamickih i balisti¢kih karakteristika protivoklopne avio-bombe, pp. 161-175



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 1

Slika 2 — Test model PTAB (spoljni izgled): 1 — vetruSka sa centrifugalnim osiguracima,
2 — stabilizator sa sklapajuc¢im krilcima, 3 — telo bombe
Puc. 2 — TectoBas mogenb MNTAB (BHeWwHUI BUA): 1 — KpbinbYaTKa C LEHTPEOPEXHbIMM
npegoxpaHnTensMm, 2 — ctabunmaaTop co CKNaabIBaLLMMMUCS NONACTAMM, KOprnyc 6omObI
Figure 2 — PTAB Test Model (exterior sideview): 1 — arming vane with centrifugal safety
pins, 2 — stabilizer tail unit with folding fins, 3 — bomb body

Centrifugalni osiguraci, radijalno rasporedeni po obodu vetruske,
razmicu se pri grani¢nom broju obrtaja kada se vetruska odvaja, te na taj
nac¢in omogucava uspostavljanje inicijalnog lanca, odnosno armiranje
upaljaca.

Nacin merenja i obrada podataka

Merenje aerodinamickih sila i momenata i vremena reakcije mehani-
Zma za armiranje je sprovedeno je u trisonicnom aero-tunelu T-38 Vojno-
tehni¢kog instituta Vojske Srbije (Samardzi¢, et al, 2014). Aerodinamicke
sile i momenti su mereni su ABLE-ovom tenzometrijskom Sestokompo-
nentnom aero-vagom na pravom stingu (sl.3), bez korekcije otpora baze
modela. Osim aksijalne komponente vage merene su normalna kompo-
nenta, bocna sila, moment propinjanja, moment skretanja i moment valja-
nja, $to se uslovima testa nije trazilo, a $to je predstavljeno u obliku aero-
dinamickih koeficijenata u tabeli 1 i tabeli 2, u funkciji napadnog ugla.
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Slika 3 — Test model PTAB na pravom stingu
Puc. 3 — Tectoas mogens NMTAM Ha npsimon AepxaBke
Figure 3 — PTAB test model on a straight sting

Merenje balistiCkih funkcionalnih karakteristika (T3, n) je sprovedeno
je na lomljenom stingu (sl.4), sa uglom pregiba od 15 stepeni. Oba ekspe-
rimenta obavljena su u transoni¢nom radnom delu aero-tunela T-38, pri br-
zini strujanja koja priblizno odgovara Mahovim brojevima M=0,6+0,9. Pri-
kupljanje podataka je obavljeno je sistemom za akviziciju TELEDYNE sa
racunarom PDP 11/34. Obrada podataka izvrSena je standardnim soft-
verskim paketom za obradu APS, raCunarom VAX 11/780.

-

= oy S

Slika 4 — Test model PTAB na lomljenom stingu
Puc. 4 — TectoBas mogenb NMTAB Ha kprBOW aepxaBke
Figure 4 — PTAB test model on a broken sting

i
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Radi merenja broja obrtaja i vremena odvajanja vetruske, na telo
avio-bombe ugradena je cevcica Ciji se zavrSetak nalazi ispod rotirajuce
vetruSke, iznad koje preleéu grebenovi Cetiri centrifugalna osiguraca.
Cevcica registruje preletanje grebenova (rotaciju vetruske) kao ucesta-
nost promene pritiska, odnosno registruje trenutak odvajanja vetruske
kao skokovitu promenu srednje vrednosti pritiska preko posebnog dife-
rencijalnog davaca pritiska PRT ugradenog u telo avio-bombe (sl. 5).

Davac je filtriran digitalnim filtrom od 1000 Hz zbog o€ekivanog broja
obrtaja ustanovljenog bez duvanja u aero-tunelu (3000 min™). Za ostva-
renu brzinu strujanja od 200 m/s, koja priblizno odgovara M=0,6, dobije-
na je dominantna u€estanost f=190Hz, koja sa brojem grebenova vetru-
Ske N=4 daje broj obrtaja vetruske n:

n=fN, .  n=(190/4)x60=2850 min"".

Rel. wvreme [s1; dT
] . 997 8.9

s bl

0.00050s =1/ 200
S 11,993 " {29

o | 0] (1mm)
o Ubrzavanje Spadanje vetruske
vazdusne -armiranje upaljata
struje
) g _;_DH_ :5;_ 14 fa_ _2-2"_'_ E‘E_ T _-.'i.-‘—
ﬁ Indeks uzorka (T1 T2 ) #1107

Slika 5 — Dijagram ucestanosti promene pritiska
() - Airflow acceleration, (ll) - Tz time, (lll) - arming vane separation (fuze arming)
Puc. 5 — Onarpamma nameHeHUn aasneHuns
() - Airflow acceleration, (ll) - Tz time, (lll) - arming vane separation (fuze arming)
Figure 5 — Diagram of Pressure Changing Frequency
() - Airflow acceleration, (ll) - Tz time, (lll) - arming vane separation (fuze arming)




Rezultati ispitivanja

Merenja aerodinami¢kom vagom su pokazala su neoéekivano veliki
koeficient otpora ( C,=4,41, Tabela 1), §to je posledica otpora krilaca sta-
bilizatora. Uloga krilaca stabilizatora je da uspore avio-bombu (smanje
njenu brzinu i stabiliSu je na putanji), odnosno zadrze je u odnosu na
avion. Da bi se potvrdio uticaj otpora stabilizatora pristupilo se merenju
aerodinamickih koeficijenata nakon demontiranja krilaca stabilizatora sa
modela i ispitivanjem blunt body konfiguracije. Pri tome se dobio oekiva-
ni koeficijent otpora (C,=0,79, Tabela 2), kao u referentnim aero-tunelima
u svetu (Hoerner, 1965), (Finck, 1978).

Tabela 1 — Ispitivanje protivoklopne avio-bombe u aero-tunelu T38
Tabrnuya 1 — VcnbiTaHnsa NpoTMBOTaHKOBOW aBmabombbl B aspogmHamuyeckon Tpybe T38
Table 1 —Wind tunnel testing of anti-armor bomb

Aero-tunel T-38
Wind Tunnel T-38

ISPITIVANJE PROTIVOKLOPNE AVIO-BOMBE U AERO-TUNELU T38
WIND TUNNEL TESTING OF ANTI-ARMOR BOMB

Ispitivanje Duvanje broj: 2
PTABO1 Sequence Datum 12. APR.
PTABO1 Testing E;Tvti):gr-o; 00

Konfiguracija modela: kompletan model - Complete Model

i Ak': M| cx cy Cz cl cm cn
20.12[0.603] 4.4049 | 0.029 | -0.015 | -0.0031 | 0.083 | -0.0950

1.92(0.603] 4.3538 0.010 0.184 -0.0134 -1.181 -0.1986
3.95|0.604{ 4.3883 0.105 0.247 -0.0093 -1.827 -0.0018
5.97 |0.603| 4.4299 0.116 0.223 -0.0158 -2.122 -0.0484
8.01/0.603| 4.4847 0.120 0.210 -0.0277 -2.305 -0.0743

OB |WIN|=

10.05/0.603| 4.5498 0.125 0.195 -0.0286 -2.488 -0.0695

i — indeks napadnog ugla (angle of attack index)

ALFA — napadni ugao (angle of attack)

M — Mahov broj (Mach number)

Cx — koeficijent sile otpora (drag force coefficient)

Cy — koeficijent bocne sile (side force coefficient)

Cz - koeficijent sile uzgona ( lift force coefficient)

Cl — koeficijent momenta valjanja (rolling moment coefficient)

Cm — koeficijent momenta propinjanja (pitching moment coefficient)
Cn — koeficijent momenta skretanja (yawing moment coefficient)
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Tabela 2 — Ispitivanje protivoklopne avio-bombe u aero-tunelu T38
Tabnuya 2 — VicnblTaHUs NPOTUBOTaHKOBOW aBnabombbl B aapoanHamuyeckoi Tpybe T38
Table 2 — Wind tunnel T-38 testing of anti-armor bomb

Aerotunel T-38
Wind Tunnel T-38

ISPITIVANJE PROTIVOKLOPNE AVIO-BOMBE U AERO-TUNELU T38
WIND TUNNEL TESTING OF ANTI-ARMOR BOMB

Duvanje broj: 3

Ispitivanje

PTABO1 Sequence Datum 12. APR.
.| number of 00

PTABO1 Testing blowing: 3

Konfiguracija modela: ¢isto telo - Blunt Body Model

i |AF M| ex Cy Cz cl cm Ccn

-0.08(0.298| 0.7723 0.047 0.023 0.0023 0.026 0.0150

1.94(0.298| 0.7753 0.052 0.015 0.0030 -0.013 0.0107

3.95(0.298 0.7933 0.087 0.015 0.0036 -0.012 0.0172

5.95(0.298 0.8139 0.081 0.011 0.0044 0.023 0.0179

7.95]0.296( 0.8515 0.049 0.043 0.045 0.041 0.0164

DA || PIN|(=

9.95|0.296( 0.8818 0.037 0.084 0.0044 0.062 0.0167

i — indeks napadnog ugla (angle of attack index)

ALFA — napadni ugao (angle of attack)

M — Mahov broj (Mach number)

Cx — koeficijent sile otpora (drag force coefficient )

Cy — koeficijent bocne sile ( side force coefficient)

Cz — koeficijent sile uzgona (lift force coefficient)

Cl — koeficijent momenta valjanja (rolling moment coefficient)

Cm - koeficijent momenta propinanja (pitching moment coefficient)
Cn — koeficijent momenta skretanja (yawing moment coefficient)
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Slika 6 — Rekonstruisani test model PTAB (poprec¢ni presek): 1 — vetruska,
1.1 — centrifugalni osiguraci, 2 — stabilizator sa sklapajuc¢im krilcima, 3 — telo bombe,
4 — elektromagnet |, 5 — elektromagnet Il, 6 — kotva, 7 — viljuska
Puc. 6 — PekoHcTpympoBaHHas mogenb NMTAB (nonepeyvHoe ceveHne): 1 — KpbinbyaTka,
1.1 - ueHTpOGEXHbIE NPEeaoXpaHUTENH, 2- CTabUM3aTop CO CKnagbiBaKLLMMUCA
nonactsamu, 3 — kopnyc 6om6bl, 4 — anekTpomarHut |, anektpoMarHuT Il, cbeMHuk,
Figure 6 — Redesigned PTAB Test Model (cross-section): 1 — arming vane,
1.1 — centrifugal safety pins, 2 — stabilizer tail unit with folding fins, 3 — bomb body,
4 — electro-magnet |, 5 — electro-magnet Il, 6 — lifter, 7 — locking fork 7 — Bunka-npegoxpanutens

Izmereno vreme T3 od 10s nije odgovaralo o¢ekivanom vremenu zbog
dva razloga:

1. ubrzanje vazdudne struje do postizanja Zeljenog Mahovog broja u
aero-tunelu, odnosno rotiranje vetruske u tom periodu ne odgovara realnim
uslovima upotrebe avio-bombe. U realnim uslovima, nakon izbacivanja avio-
bombe iz potkrilne kasete aviona, vetruska trenutno upada u vazdusnu stru-
ju koja odgovara brzini aviona (zeljeni Mahov broj u aero-tunelu),

169

Novakovi¢, Z., Aerotunelska ispitivanja aerodinamickih i balisti¢kih karakteristika protivoklopne avio-bombe, pp. 161-175



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 1

2. konstruktivna karakteristika mehanizma za armiranje ne dozvolja-
va viSekratnu upotrebu, $to se nije moglo izbedi u ispitivanjima, jer je jed-
na te ista vetruska koris¢ena za viSe duvanja.

Zbog toga se pristupilo rekonstrukciji modela i ponavljanju eksperi-
menta, odnosno obezbeden je dovoljan broj uzoraka mehanizma za ar-
miranje za svako duvanje ponaosob. Rekonstrukcija modela izvedena je
tako da obezbedi mirovanje vetruske do trenutka postizanja zeljenog pri-
tiska duvanja, tj. Mahovog broja u aero-tunelu. Kako je avio-bomba dela-
borisana, to je njen unutrasnji prostor iskoris¢en za smestaj elektromag-
neta (I i Il), (sl.6), koji pomocu svoje kotve (6) i viljuske (7), blokiraju/de-
blokiraju okretanje vetruske (1). Elektromagnet | preko kotve i viljuske dr-
Zi blokiranu vetrusku za vreme ubrzavanja vazdu$ne struje u aero-tunelu
do trenutka kada se postigne Zeljeni Mahov broj. Tada elektromagnet |
prestaje da deluje, a elektromagnet Il poviadi kotvu, odnosno viljusku i
deblokira vetrusku, tako da ona startuje sa obrtanjem pri Zeljenom Maho-
vom broju, a §to odgovara realnim uslovima upotrebe.

ZakljuCak

Predstoji ponovno ispitivanje u aero-tunelu sa ovako rekonstruisanim
modelom, kada ¢e za sva aerotunelska ispitivanja biti obezbeden dovoljan
broj uzoraka novih mehanizama za armiranje. Krajnji cilj ovih ispitivanja je
dobijanje krive zavisnosti broja obrtaja vetruSke od brzine opstrujavanja
avio-bombe (Zelienog Mahovog broja). Ako rezutati ispitivanja u aero-tunelu
sa rekonstruisanim test-modelom avio-bombe budu potvrdeni rezultatima
letnih ispitivanja sa realnim avio-bombama, ovaj nacin ispitivanja u aero-tu-
nelu moze se usvojiti kao pouzdana metoda za odredivanje vremena armi-
ranja ove vrste upaljaca, ¢ime se zamenjuju skupa letna ispitivanja.
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NCIMbITAHNA ASPOONHAMUNYECKNX N BANNTMCTUYECKUX
XAPAKTEPUCTUK NMPOTVBOTAHKOBbLIX ABNMABEOMB
B ASPOOMHOMUNYECKOW TPYBE

3opaH [x. HoBakoBmy
BCPC, BoeHHO-TeXHU4eckun MHCTUTYT, . benrpag

OBJIACTb: malmHOCTpoeHWe, GannncTmka, asapoauHaMmKka
BWO CTATbW: npodeccroHanbHas ctaTbs
A3bIK CTATbW: cepbekuin

Peswome:

UcnbimaHus e aspoduHamu4deckol mpybe rnpomueomaHKo8bIX
asuabomb (INTAB) nposodsimcsi ¢ uenbio orpedesieHUs aapoduHaMu-
yeckKo2o KoaghghuyueHma 8 pexume 0038YKOB020 U OKOJ1038YKOBO20
meyeHus.

B mex xe pexumax medyeHusi npoxo0ssm u ucrbimaHusi Heobxo-
dumoeo spemeHU Onsi cpabambigaHusi MexaHu3Ma 3axuzaHusi asua-
b6ombbI, KOmopoe 3asucum om ycrioeuli 0bmekaHusi MPOMUBOMaHKO-
gol asuabombbi.

KoHeuHol uenbto OaHHbIX ucnbimaHul sensgemcs paspabomka
moyHbIX Memodoe orpederieHUs1 epeMeHuU cpabambigaHusi MeXaHU-
3Ma 3axuzaHusi 8 aspoduHamuyeckol mpybe, mak Kak UX MpuMeHe-
HUE 0380/1UM CYU/eCMBEHHO CHU3UMb pacxolbl, 3@ cYem UCKIIoYe-
HUs1 00P020CMOSAUUX JIEMHbIX UCMbIMaHud.

lposepka coomeemcmeusi NpuMeHeHHo20 Memoda U xapakme-
pucmuk npomueomaxkoeoll asuabombsl 6ydem npoeedeHa 8 pearsib-
HbIX /IeMHbIX yCri08UsiX, rMocrne npoeedeHusi ucrbimaHuli 8 aspoOuHa-
muyeckolt mpybe.

KrtoueBble cnoBa: 80eHHO-8030yUIHOE 80OPYXKeHUEe; asuabombbi;
MexaHU3M 3a)kueaHusi; epeMsi cpabambi8aHusi MexaHu3Ma 3axu2aHusl;
aspolOuHaMuKa; ucrbimaHus 8 aspoduHamudeckol mpybe.
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Abstract:

Wind tunnel testing of an aircraft anti—armor bomb (PTAB) is
performed to determine its aerodynamic coefficients at subsonic and
transonic flow regimes. In the same regimes, the fuze mechanism
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arming time is tested, directly depending on the local flow field around
the anti-armor bomb. The objective of this investigation is to define a
reliable method of determining the fuze mechanism arming time. A
verification of the same characteristics of the anti-armor bomb in real
flight conditions will be taken into consideration to approve the method
after wind tunnel testing.

Introduction

Growing efficiency of air defense systems imposes on attacking
aircraft to perform attacks at low altitude (at as low altitude as possible)
and to leave the target area as fast as possible. This, in turn, imposes
additional demands on aircraft weapons (bombs) which have to be
slowed on their ballistic path with remote/temporal armed fuzes in
order to avoid endangering aircraft by accidental bomb explosion on its
ballistic path or bomb explosion on the target.

Wind tunnel testing of anti-armor bombs precedes flight testing in
order to approve designed ballistic characteristics and fuze arming time
or to make some potential corrections on all samples of anti-armor
bombs of a nationally produced prototype lot, before expensive flight
testing. Preceding bomb ballistic paths calculations that include the
designed aerodynamic coefficients and the adopted aircraft low level
flight minimum altitude - Hp, with a speed bombing range of
v.=(650 /1100)km/h for the given type of aircraft show a mutual position
of the aircraft and the anti-armor bomb (Fig. 1.). The impulse rejecting
mechanism deliver to the bomb the orthogonal starting velocity v,, to the
horizontal airstream (aircraft velocity v,). The bomb sweeps out from the
container into the horizontal airstream which causes the rotation of the
fuze arming mechanism vane, while body tail fins are deployed instantly
to stabilize and slow the bomb along its ballistic path.

The fuze arming time measured from the instant when the pilot
triggers the button is acceptable within the interval (t;, t;). The time t; is
determined by the criteria of the critical distance Iy,, from the aircraft to the
bomb (Savezni sekretarijat za..., 1988.) at the instant of fuze arming). The
time t, is determined from the condition of timely fuze arming, i. e. before
the bomb impacts the target. The anti-armor bomb fuze is a percussion
type of the fuze with initial chain interruption, remote-temporal arming and
self destruction. The fuze arming time is a cumulative time of a defined
chain of events (aircraft electrical installation relays the execution time-T;,
impulse rejecting mechanism the execution time-T, fuze arming
mechanism the execution time-Ts, fuze firing pin above percussion primer
relocation the execution time -T,).

The T4, Ty, and T4 times are in miliseconds, while T; is in
seconds. Since there is a significant difference in time orders of
magnitude, it could be adopted

tzTg.
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The wind tunnel test model geometric and aerodynamic
characteristics are similar to the original object. Also, the model is
modified for two kinds of wind tunnel testing:

1. Tensiometric sting-balance measuring of aerodynamic forces
and moments of the test bomb model configuration without the arming
vane mechanism, (Fig. 3),

2. T3 - time determination: The arming mechanism vane number
of revolutions measured from the instant of the vane unlock (a moment
when the wind tunnel achieves the desired Mach number) to the
instant of the vane separation from the tail stabilizer tail unit, (Fig. 4).

Both tests are performed with characteristic Mach numbers: 0.6,
0.7, 0.8, and 0.9, which covers the interval of aircraft motion speed
(180 810) m/s, (Etkin, 1964).

Test Model Description

The anti-armor bomb model with its own aerodynamic and
geometric characteristics corresponds to the original, in scale 1:1. The
bomb model is modified to be integrated with the ABLE MK XXV 1
sting-balance (Anastasijevic¢, et al, 2001.). The anti-armor bomb body
is of a cylindrical shape with a front flat surface. The bomb tail unit
comprises six radial folding fins located peripherally (Fig. 2), and the
arming vane mechanism on the back side.

Four centrifugal safety pins radially located on the arming vane
peripheral side are pulled out (at the critical humber of revolutions
when the arming vane is separated) to enable the initial chain set up
i.e. fuze arming.

Testing Description and Data Processing

The measuring of aerodynamic forces and moments as well as
the arming mechanism execution time-T; was performed in the
Trisonic Wind Tunnel T-38 MTI SA. Aerodynamic forces and moments
were measured on the ABLE tensiometric six-component sting-balance
on a straight sting, (Fig. 3) without test model base drag correction
(Samardzi¢, et al, 2014.). In addition to the axial force component of
the sting-balance, other characteristics (vertical force component,
lateral force, pitching moment, yawing moment, rolling moment) were
measured, which was not a requirement of the test. All characteristics
are presented in a form of aerodynamic coefficients as a function of the
angle of attack, Table 1 and Table 2.

Measuring ballistic functional caracteristics (T3, n) was performed
on a broken sting (Fig. 4) with a set-up angle of 15°. Both experiments
were perfomed in the transonic working sector of the wind tunnel T-38
wind tunnel, with airflow speeds corresponding to Mach numbers from
0.6 to 0.9. Data collecting was accomplished by the TELEDYNE
acquisition sistem. Data processing was performed using the APS
data processing software package.

173

Novakovi¢, Z., Aerotunelska ispitivanja aerodinamickih i balisti¢kih karakteristika protivoklopne avio-bombe, pp. 161-175



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 1

The tubule is installed onto the bomb body in order to verify the
arming vane number of revolutions and the arming vane separation
time (T3). Its one end is located close to the rotating arming vane over
which top four reefs of centrifugal safety pins are run. The tubule
records the reefs run over (rotation of the arming vane) as a frequency
of the air pressure changing, and records the instant of the arming
vane separation as an abrupt change of an average pressure amount
by means of a differential pressure transducer (PRT) installed into the
bomb body (Fig. 5). Since the expected arming vane number of
revolutions is 3000 r.p.m., the transducer signal is filtered by a 1000Hz
digital filter. At a wind tunnel airflow speed of 200 m/s, with the
equivalent Mach number of M=0.6, the dominant frequency =190 Hz is
obtained. Taking into consideration the number of arming vane reefs
N=4, the number of arming vane revolutions is obtained:

n=2850 min’’
Test Results

The sting-balance measurements showed an unexpectedly large
drag coefficient (C,=4.41, Table 1), due to the deployed stabilizer fins. The
role of stabilizer fins is to slow down the bomb (to decrease its speed and
stabilize it on its balistic path), and to retard it with relation to the aircraft. In
order to confirm the drag influence of stabilizer fins, measurements were
repeated with the blunt body configuration after folding fins subassembly
dismantling the folding fins subassembly. The result was the expected
drag coefficient (C,=0.79, Table 2) as the referent wind tunnels achieved
world-wide, (Hoerner, 1965), (Finck, 1978).

The measured time of approximately 10s did not correspond to
the expected arming mechanism reaction time for two reasons:

1. Airflow acceleration to the desired Mach number in the wind
tunnel, i.e. arming vane rotation during this time does not correspond
to the real usage of the anti-armor bomb. The arming mechanism vane
falls into the aircraft speed horizontal airflow (the desired Mach number
in the wind tunnel) instantly in the real flight conditions.

2. Arming vane mechanism design characteristic does not permit
multiple usage, which could not be avoided in testing because one and
the same mechanism was used many times.

For these reasons, the bomb test model and the experiment were
redesigned. A sufficient number of samples of the arming mechanism
vane were provided for each individual wind tunnel blowing. The bomb
model redesign was perfomed in a way to prevent the arming
mechanism vane from rotating until the blow pressure and the Mach
number achieve desired values in the wind tunnel. Since the bomb
body was discharged, the interior bomb body room was used to
accommodate electro magnets | and Il, (Fig. 6) which lock/unlock the
arming mechanism vane by its lifter (6) and locking fork (7) . Electro
magnet | locks the arming vane mechanism durring airflow
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acceleration in the wind tunnel. At the instant of a wind tunnel airflow
desired Mach number, Electro magnet | releases the locking fork while
Electro magnet Il pulls the locking fork back in order to unlock the
arming vane mechanism. The arming mechanism vane starts to rotate
at a desired Mach number (aircraft speed) which corresponds to real
conditions of the anti-armor bomb usage.

Conclusion

New wind tunnel tests with a redesigned bomb test model are
upcoming after providing an adequate number of arming mechanism
vanes. The objective of these wind tunnel tests is obtaining a curve of
the arming mechanism vane number of revolutions depending on the
surrounding flow speed around the redesigned bomb test model. If the
results of wind tunnel tests (with the redesigned bomb test model) are
confirmed with the results of flight testing (with an actual anti-armor
bomb), this wind tunnel testing could be accepted as a reliable method
of fuze arming mechanism time determination of this kind of a bomb
fuze. This wind tunnel testing will replace the expensive flight testing.

Key words: aircraft armament; bombs; fuzes; fuze arming time;
aerodynamic coefficients; wind tunnel tests.
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