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HOBOCTK U3 NOSbLWIN

NEWS FROM POLAND

@ CaMoJieTHbINt 3aBOJ, M3BECTHLIN IOA TMpPeXHUM Ha3Banuem I13JI-
-OkeHlle a B HacTtosdAllee BpeMsa — Hay4HO-NPOM3BOACTBEIHbIN II€HTP
JlerKUMX CaMOJeTOB IIPUCTYMAeT K BBbINYCKY Yy'1€eGHO-CIMOPTHMBHBLIX ca-
MOJIETOB PZL-110, NMLEH3MOHHOIO BapMuaHTa (PpaHUY3CKOro camole-
Ta MS-884 Panam 100 ST c aBuratesiem II3JI-dpankaui 4A 235 B3
MOLWIHOCTBIO B 125 Jsc (93 kB).

@ ITosnbcKkasA aBUAllMOHHAA TPOMbILIIEHHOCTb NPUHMMAET
B TNpOoM3BOACTBe CoOBeTCKuro aspo6yca MJI-86.

vvacrue

3aBosi BCK-Mesiell, KOTOpPbIll y>Ke MHOTO JieT BbIlycKaeT caMoJleThbl
AH-2 a Takxe pa3paforasl — COBMECTHO C COBeTCKMMM cheumajmc-
TaMM — CeJIbCKOXO3SIIICTBEeHHbIII camoJier M-15, HayneT IIPOM3BOA-
cTBO oOmnepeHuit camoJiera MJI-86.

@ Ismralenbublit 3aBoA BCK->XelyB mauajl NMPOU3BOACTBO NOpPLU-
HeBbIX maufa'rencii I13JI-®dpaHKauH, 2A-120, ABYXUWJIMHIPOBBIX,
MOUIHOCTbIO B 60 JIC (43 KB). MCNbl1aHUA TPOXOAAT 4-1iMJIMHIAPOBbLINA
4A-235B MONIHOCTbLIO B 123 Jic (93 KB), 6-1IMAUMHALOBBLIA 6A-356C MOLU-
HOCTb!O B 220 Jic (164 KR). MaeT MOATrOTOBKa K INPOW3BOACTBY JABMUra-
TeJIA ¢ HaAdyBOM 6AS-350A, MOMIHOCTLIO B 250 Jic (186 KB).

@ InanepHbIit 3aBoA B r. Be’)lbcKo mMoa Ha3BaHMeM JicrnbiTaTellb-
HO-TIPOM3BOJACTBEHHOrO IPEeANpPUATHUA MaHepu3sa Npa3fHOBal/l B Te-
KyuleM roay c¢Boe 30-JeTue.

B mnepmon 1946—1976 3a:300 BbINYCTMJ CBbllle 3300 miaHepoB. J[Jo
1977 r. 3aBoa mnocTpoM; 593 ABYXMECTHble IJIavepa Eousan, 246 pe-
KOpPAHBbIX naaHepoB kKo6pa 15, 350 pekOpAHHKIX TIJIaHepoB IIupar
(RanbHelflumMe 350 WITYK M3rotoBus: 3aBox II3JI-CBuaumk), 123 crek-
JIOMJIaCTUMKOBbIE peKOpAHble mnuaHepa HAHTapb (57 fAHTtapb-1, 8 HAH-
Tapb-Cranjlapa, 8 Antaph-2) a Tak>ke 32 ABYXMeCTHhIe MOTONnaHepa
Orap.

@® Bo BpeMsa Buaurta ). I'epka B MHAMM, 25 AHBaApA OblJ MOANMMUCAH
MHOTOJIETHMIA JOroBop MeXKAY TIpaBuTeJIbCTBamMu Ilonbuin y MHIAMK
0 BO31YILHOM COOGINEeHNH.

IIo 370MY JOTOBOPY caMOJeThl aBuManMHuMM JIET OBaXkKAwl B Hedesio
6yayT coBeplIiaThb MoJieTbl B MHAMIO MJIM 4Yepe3 MHAUIO, C IOCAAKO
B [Jeaum wuam BambGeio a Takxke B KaiubkyrTe.

Camonetrnl Aup MHAMsi OBa pa3a B HeJenio O6yayT neraTb B Baplua-
BY wuaum I'maHbCk.

@ OTkpbiTME cooOuieHusa BapuwaBa—BaHhOK ¢ 15 ceHTAGPA HBJiA-
eTcsA ORHMM W3 TrJjaBHbIX HaMepeHMI1 aBuaauHumilt JJET. OHO CBA3aHO
C TUJIAaHOM YyBeJNMYeHMs IlapKa asuajJMHMII Ha OAMH camosetr WJI-62.

@ HayuHbli paboTHMK BapluaBckoro IIOJIMTEXHUMUYECKOTO WHCTU-
TyTa nuiIOT BapuabBckoro Aspokiy6a CraHucaaB CKIUMHLCKM 3a-
IUMTHJI NOKTOPCKYIO JAMCCepTauMI0o Mo npoGiemam TeueHus R IlOrpa-
HMYHOM CJI0€ ¥ BJIMAHMIO €ro HAa XaPAKTEPUCTHMKY JIAMIMHAPHBIX
npo¢guineir. ITIpoMOTOPOM sIBJIAJICS AOLIeHT ExXM OCTPOBCKU.

@ CosBer MexaHuyeckoro axyJjbreTa BOeHHO-TexIIMuecknilt AKa-
aAeMuM TIPM3HAJ 3BaHMe [OKTOpPa TeXHMYEeCKMX HayK TIIUJIK. MIp
K. E. YanamiikomMy 3a JaMccepTaliMio: AHaIN3 BO3MON(HOCTElt
NpUMeHEeHUA S3IOKCHAHOII CMOJIBI CO CTEKJIOBOJOKHOM (X1 PpeMOHTa
MeTaJIIMYeCKOro IOKPbITUMA caMoJieTa B IOJEeBbIX VYC.JIOBUAX), NIIK
mrp umX. C KyxaeBCKOMYy 3a Jauccepraumio: ONTHMAIM3AUMA OX-
JaXKJAeHUMA AMCKA TypOnHbl ra3oTypOGMHHOrO JABMIraTesIR 1 IINJNK MIP
uH¥. B. JIyKOMCKOMY 3a IMceprauMio: JMHAMMUCCKMe MecCnenoBa-
UMA CUCTEM aBTOMATHUMUECKOIi PeryJAuHM aBUALMOHHBIX Ta30TypOMH-
HbIX JBMrareneii.

@ B MHucTuTyTe ABMauuu B BapluaBe cOCTOAJaCb 3aLIMTa JOKTOP-
CKOM paucceprallMM Mrp MHM». MapuaAaHa EXa 1o Teme aHAJOroBOro
MeTOAa CHMHTe3a IOJABEeCKM CTALMOHADHOro AnMralelfA. [[poMOTOpPOM
ABJAJNCA AOLl. AP MHXK. E. MapbIHAK.

@® B r. 2KewtyB Obl)I OpraHM30BaH UEHTP OOyuvenus IHCTHOTO Tep-
coHana MunucrtepcrBa KoOMMyHMKaALIM, KOTOPbIil dyz(e’r o6y4yaTb
NMJIOTOB OJIA paGoThl B rpaj»aalckoi aBuaumu. B MHcTUTyTe ABMa-
UMM [oJIMTeXHuKyma wur. M. JlykaceBuua 6bljla OTKpbITa HOBad
creunajJsHOCTh — MMJIOT. Ha BbICIUMIT KypcC IO 3TOiM CHelMaJlbHOCTHU
MOCTYMNMUJIO CBbille 30 CTyAeHTOB. KaHAMAAT AOTXKEH MMeTb JIMUEeH-
3410 mnnadepmcra 1l KJlacca uiM camoJsieTHOro mmiaora 111 knacca.
MHcTUTYT ABMauuuM B r. 2KellyB MMeeT TaKXXe CIelmaJbHOCTM M3
o6sacTM aBMaAUMKM: TepPMOJAMHAMMEM M aBMaXBUTraTelell, TNPOYITOCTH
KOHCTPYKIMM M CHUCTEM YMNpPAaBICHUA. B uHCTHTYTE nonyvaer o6pa-
30BaHMe OKOJO 450 CcTyaenTOB.

® B r. Jyass nauvaa pabGory lleHTp ABmaunmonHoro OG6Gy:eHus. B
pe3yJsibTaTe Jaorosopa AjpokJjy6a IIHP c¢ xo03seBamMu ropoua aspo-
apom r. Jlya3b mnoayuuMt HeoOXOXdltMbre OOGTHLeKTbl 1M OCOpyaOBaHuUe.
Yxxe 10 MJH 3NOTbiIX OTBeJeHO Ha IIOCTPOIKY LeHTpa yIpaBJIeHU:I
BO3AYLIHbIM ABMXXEHMEM a TaK>e TOCTMHMIBLI Ha 70 MecT C “MUTallb-
HbIM 3aJiIoM M kade, ILleuTp Gyner o6yvaTk JIETYMKOB AJA aBMUAJIU-
Huu JIET, ceJIbCKOXO3sI1CTBEHROM aBMALIMM M CaHUTAPHOU aBUalUM.

® The aircraft works, which previous name was PZL-Okecie

and the present is Centrum Naukowo-Produkcyjne Samolotéow
Lekkich (Scientific and Production Centre for Light Airplanes)
PZL-Warszawa is to start the production of trainer PZL-110

airplane soon. PZL-110 is a modified version of the kFrench MS 88%
Rally 100 ST airplane, equipped with the PZL-Franklin 4A 235 B3
engine of 125 hp (93 KW) rated power.

® PFolish aviation industry takes part in the production of
Russian [1-86 aerobus. The PZL-Mielec Transport Egquipment
Works, which for years have been projucing AN-2 airplanes and
recently designed and constructed in cooperation with Russian
specialists M-15 agricultural aircraft, shall produce tail units for
the I1-86 aerobus.

® The PZL-RzeszOw Engine Works
production of PZL-Franklin piston engines.
cylinder 2A-120 PZL-Franklin piston engine is
(45 KW). Two more engines:

have already started the
First in series, two
rated at 60 HP
4-cylinder 4A-235 B rated at 125 HP

(93 KW) and 6 cylinder 6A-350 L rated at 220 HP (164 KW) are

undergoing final tests. There is also the 6AS-350A super-charged
engine of 250 HP (186 KW) rated power under preparation for
production

‘® Glider Plant in Bielsko-Biala, which present name is: Research
and Production Company for Gliders, has celebrated it's 30-th
anniversary last year. In the years 1946—1976 this factory has
produced over 3500 gliders. Till 1977 the plant has produced: 593
two-seat basic training Bocian gliders, 246 high performance Cobra
15 sailplanes, 350 high performance Pirat sailplanes (further 350
units have been produced at PZL-Swidnik Works), 123 fiber-glass
high performance Jantar sailp’anes (57 units of Jantar 1, 58 units
of Jantar Standard and 8 units of Jantar 2) and 32 two-seater,
Ogar motor-glider.

® During the last visit of Mr. E. Gierek to India a long-term
agreement on c.vil aviation was singned between Governments
of Poland and India. According to the provisions of the agreement,
the airplanes of Polish Airlines LOT will be flying twice a week
to India or throught India, landing in New Delhi or Bombay or
Calcutta. The airglanes of Air India will link India with Warsaw
or Gdansk also twice a week.

@® Establishment of the new line, linking Warsaw with Bangkok,
on 15th September this year, is one of the most important
purposes of Polish Airlines LOT. In connection with this plan,
the LOT Airlines shall increase the number of their airplanes
by the new Ii-62 jet liner.

® Scientist at the Mechanical Faculty of Energetics and
Aviation of Technical University in Warsaw, Mr. Stanistaw
Skrzynski, has defended his doctoral dissertation on: Phenomenon
of flow in boundary laver and it’s influence on characteristics
of laminar airfoil. Doc. dr Jerzy Ostrowski was the professor
confering the degree. Mr. Skrzynski is glider and airplane pilot,
member of Aeroclub in Warsaw.

® The Comittee of Mechanical Faculty of the Military Tech-
nical Academy decided to confer a doctor degree to: Colonel
MSC eng. J. Czaplicki, for doctoral disseration on Analysis of
application of epoxy resins reniforced with glass-fibre, for air-
plane metal covering repairs in field conditions; colonel MSC
eng. S. Kurzajewski for doctoral disseration on Optimisation of
jet engine turb ne disc cooling and colonel MSC eng. B. Lukom-
ski for doctoral disseration on Dynamic testing of automatic
regulation svstems of turbine airplane engine.

® The doctoral disseration on Analog method of synthesis of
stationary engine has been defended by Mr. Marian Jez, MSC
eng. at Warsaw Institute of Aviation. Doc. dr I. I. Maryniak was
the professor confering the degree.

® The Training Center for Aviation personell of Ministry of
Communication has been established in Rzeszow. The Center shall
train pilots. who intend to work in civil aviation services. The
new center has been organized by the Aviation Institute at the
Politechnical Institute in Rzeszow, where the new faculty of
piloting had been opened. Over 30 candidates have joined the
course on that speciality. Beside pass.ng the exams every can-
didate must be the owner of at least II class glider or III class
airplane pilot licence. After completing the course, the graduates
are given MSC eng. degree and II class airplane pilot licence.
Educational programme of the Aviation Institute at Politechnical
Institute in RzeszOw covers also such faculties as: thermodynamics
and aircraft engines, aircraft structure strenght and steering
systems. Currently about 450 students attend the lectures at the
Institute.

® The new Center for Aviation Training has been established
in Lodz. According to the agreement between the Aeroclub of
Polish People's Republic and common council, the airport in
£.6d2 shall ke equipped properly to match it's role of Training
Center airfield. About 10 million zlotys have been already
assigned for building of control tower and hotel for 70 people.
The Center shall train pilots for the current needs of Polish
Airlines LOT, agricultural aviation and medical service.
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Polski przemyst

lotniczy

Poczqtki polskiego przemystu lotniczego przypadajg mna
1910 r., gdy uruchomiono w Warszawie Awiate — pierw-
¢z2q wytwornie lotniczq, ktéra budowala samoloty Farman
i Bleriot. Po I wojnie $wiatowej w latach 19211923 zo-
staly utworzone wytwdrnie samolotéow w Lublinie, Pozna-
niu i Biatej Podlaskiej. Prawie 50 lat temu, w 1928 r.
powstaty Zaktady PZL w Warszawie, produkujqce m.in.
znane samoloty mysliwskie inz. Putawskiego PZL P-11 i
PZL P-24, rozpoznawczo-bombowe Karasie i bombowe Losie.
W Warszawie dziatala wytwornia silnikéw lotniczych PZL,
a filie zakladéow PZL powstaly przed wojng w Mielcu i
Rzeszowie. Warszawska wytwornia DWL budowata samo-
loty sportowe RWD, znane m.in. ze zwyciestw w zawodach
miedzynarodowych.

Polskie Zaklady Lotnicze PZL powazZnie rozwinety sie
po II wojnie Swiatowej. Rozbudowano zakiady PZL-War-
szawa, PZL-Mielec i PZL-Rzeszow oraz utworzono mnowe:
PZL-Swidnik i PZL-Kalisz.

Obecnie Centrum Naukowo-Produkcyjne Samolotow Lek-
kich PZL-Warszawa buduje samoloty wielozadaniowe PZL-
-10¢ Wilga 35, rolnicze PZL-106A Krul i szkolno-sportowe
PZL-110 (Rallye). Wytwoérnia PZL-Mielec, znana z rekor-
dowej na skale Swiatowq liczby zbudowanych samolotéow
transportowych i rolniczych An-2 (ponad 7500 sztuk), procz
tych samolotéw produkuje samoloty szkolno-treningowe
Iskra i roltticze M-15. W PZL-Swidnik produkowane sq
$Smiglowce Mi-2.

Wytwornia PZL-Rzeszow produkuje silniki turbowatowe
GTD-350, turboodrzutowe SO-3 oraz tlokowe LIT-3, PZL-3S
i PZL-Franklin 24, 4A i 6A. Wytwornia . PZL-Kalisz pro-
dukuje silniki tlokowe AI-14R i Asz-62IR. PZL-Warsza-
wa II produkuje przyrzqdy pokiadowe, m.in. znane na caty
Swiat przyrzqdy szybowcowe. W PZL-Bielsko budowane sq
szybowce SZD: Pirat, Cobra, Jantar, Bocian i motoszybo-
wiec Ogar.

W trzydziestoleciu powojennym polski przemyst lotniczy
wyprodukowal ponad 16 000 samolotéw i $migltowcow, 3500
szybowcow i przeszto 22 tys. silnikow lotniczych. W dzie-
dzinie samolotow rolniczych, smiglowcow, szybowcow i sil-
nikéw ttokowych do samolotéow rolniczych oraz szybowco-
wych przyrzqdow poktadowych — znajduje sie on w Swia-
towej czotdowce.

Wedtug informacji wicedyrektora Departamentu Eksportu
i Wspdlpracy z Zagranicg, Ministerstwa Przemysiu Maszy-
nowego inz. Jerzego Zawadzkiego — opublikowanej w ,,Zy-
ciu Warszawy” — polski przemyst lotniczy do konca br.
dostarczy do ZSRR ponad 200 samolotéow rolniczych i 160
Smigtowcow Mi-2. Juz wystano 22 samoloty M-15. W sumie
do ZSRR dostarczono 2 tys. Mi-2 i 7 tys. samolotow rolni-
czych.
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Polish aircraft

industry

Poland’s aircraft industry started in 1910 with the start
of Awiata in Warsaw, the first aircraft factory which
built Farman and Bleriot airplanes. Between 1921 and 1923
aircraft factories were established in Lublin, Poznan and
Biala Podlaska. Almost fifty years ago, in 1928, the PZL
works in Warsaw was established, producing well known
fighters designed by engineer Pulawski (PZL P-11 and
PZL P-24), Kara$s reconnaissance bombers and L.os bombers.
Warszawa had also PZL aero engine factory, branches of
the PZL works were organized before the war at Mielec
and Rzeszow. The Warsaw DWL factory built RWD light
airplanes, known for their victories in international com-
petitions.

PZL Polish Aircraft works greatly developed after World
War II: the PZL-Warszawa, PZL-Mielec and PZL-Rzeszow
were extended while mew omnes like PZL-Swidnik and
PZL-Kalisz were organized.

At present PZL-Warszawa Science and Production Center
for Light Aircraft builds PZL-104 Wilga 35 multi-purpose
planes, PZL-106A Kruk agricultural planes and PZL-110
(Rallye) sport planes. The PZL-Mielec, known for
its record production of An-2 agricultural and transport
airplanes (over 7,500 planes), also produces Iskra basic
trainers and M-15 agricultural planes. PZL-Swidnik pro-
duces Mi-2 helicopters.

PZL-Rzeszow factory produces the following engines:
GTD-350 turboshaft; SO-3 turbojet; LIT-3, PZL-3S and
PZL-Franklin 2A, 4A and 6A piston. PZL-Kalisz factory
produces AI-14R and Asz-62IR piston engines. PZL-War-
szawa II produces board instruments, among others, glider
instruments known all over the world. At PZL-Bielsko
are built the SZD gliders: Pirat, Cobra, Jantar, Bocian
and Ogar motor glider.

Over thirty years of the postwar period Polish aircraft
industry produced over 16,000 airplanes and helicopters,
3,500 gliders and more than 22,000 aero engines. In the
area of agricultural planes, helicopters, gliders and piston
engines for ag aircraft as well as glider instruments
Poland is one of the world’s big manufacturers.

According to statement of vice-director of Department
of Foreign Trade and Cooperation at the Ministry of Ma-
chinery Industry — published by ,Zycie Warszawy” daily
paper — Polish aircraft industry will deliver to USSR over
200 ag-planes and 160 Mi-2s helicopters by the end of this
year. 22 M-15s aircraft were allready delivered. Totals of

2000 Mi-2s helicopters and 7000 ag-planes were delivered
to USSR.
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® Wytwornia samolotow, npszaca dotych-
czas nazwe PZL-Okecie a obecnie Centrum
Samolotoéw Lekkich PZL-Warszawa, przy-
stepuje do produkcji samolotow szkolno-
-sportowych PZL-110, bedagcych odmiang li-
cencyjng francuskiego samolotu MS-891
Rallye 100 ST =z silnikiem PZL-Franklin
4A 235 B3 o mocy 125 KM (93 kW).

® Polski przemyst lotniczy bierze udziat

w produkcji radzieckiego aerobusu 11-86.
Wytwornia Sprzetu Komunikacyjnego PZL-
-Mielec, ktora od lat produkuje samoloty
An-2, a ostatnio opracowata wspolnie z ra-
dzieckimi specjalistami samolot rolniczy
M-15, bedzie wytwarzac¢ usterzenia samo-
lotu Ii-86.

® Wytwornia silnikow PZL-RzeszOw roz-
poczeta produkcje silnikow ttokowych PZL-
-Franklin 2-cylindrowych 2A-120 o mocy
60 KM (45 kW). W probach znajduje sig
silnik 4-cylindrowy 4A-235B o mocy 125 KM
(93 kW) oraz silnik 6-cylindrowy 6A-350C
o mocy 220 KM (164 kW). Przygotowywana
jest tez produkcja silnika sprezarkowego
6AS-350A o mocy 250 KM (186 kW).

® Zaktady Szybowcowe w Bielsku, no-
szgce obecnie nazwe Przedsigbiorstwo Do-
Swiadczalno-Produkcyjne Szybownictwa, ob-
chodzity w ub.r. swe 30-lecie. W latach
19461976 wyprodukowaty one ponad 3300
szybowcow. Do 1977 r. Zaktady zbudowaty
m.in. 593 dwumiejscowe szybowce szkolne
Bocian, 243 szybowcow wyczynowych Co-
bra 15, 350 szybowcow wyczynowych Pirat
(dalsze 350 sztuk wykonano w PZL-Swidnik),
123 laminatowe szybowce wyczynowe Jan-
tar (57 — Jantar 1, 58 — Jantar Standard
i 8 — Jantar 2) oraz 32 dwumiejscowe mo-
toszybowce Ogar.

® Podcrzas pobytu E. Gierka w Indiach,

w dniu 25 stycznia, podpisano wieloletnia
umowe miedzy rzadami Polski i Indii do-
tyczacg komunikacji lotniczej. Dwa razy

w tygodniu samoloty PLL LOT bedg latac¢
do Indii lub przez Indie — z lgdowaniem
w Delhi lub Bombaju oraz w Kalkucie.
Samoloty Air India =zapewnig potaczenia
dwa razy w tygodniu z Warszawg lub
Gdanskiem.

@® Otwarcie linii ‘Warszawa — Bangkok
od 15 wrzesnia br. jest jednym z giéwnych
zamierzen komunikacyjnych PLL  LOT.
Wigze sie to z zaplanowanym zwiekszeniem
parlcu towarzystwa o nowy samolot typu
11-62 M.

@ Pilot szybowcowy i samolotowy Aero-
klubu Warszawskiego, pracownik naukowy
Wydziatu Mechanicznego, Energetyki i Lot-

nictwa Politechniki Warszawskiej — Sta-
nistaw Skrzynski — obronil prace doktor-
skg na temat zjawisk przeplywu w war-
stwie przyéciennej i ich wptywu na cha-
rakterystyki profili laminarnych. Promo-
torem byl doc. dr hab. Jerzy Ostrowski.

® Rada Wydziatu Mechanicznego Woj-
skowej Akademii Technicznej podjeta
uchwale o nadaniu stopnia naukowego do-
ktora nauk technicznych: pptk. mgr. inz.
J. Czaplickiemu na podstawie obronionej
rozprawy doktorskiej pt. Analiza mozli-
wosci stosowania zywic epoksvdowych
zbrojonych witéknem szklanym do napraw
metalowych pokryé samolotéow w warun-
kach polowych; pptk. mgr. inz. S. Kurza-
jewskiemu na podstawie obronionej roz-
prawy doktorskiej pt. Optymalizacja chlo-
dzenia tarczy turbiny silnika odrzutowego
i ppik. mgr. inz. B. Lukomskiemu na pod-
stawie obronionej rozprawy doktorskiej pt.
Badania dynamiczne uktadéw automatycz-
nej regulacji lotniczych silnikow turbino-
wych,

(4]

Samolot szkolno-sportowy PZL-110 (Rallye 100 ST).

® W Instytucie Lotnictwa w Warszawie
odbyta sie obrona rozprawy doktorskiej
mgr. inz. Mariana Jeza na temat analogo-
we) metody syntezy zawieszenia silnika
stacjonarnego. Promotorem pracy byt doc.
dr inz. J. J. Maryniak.

® Stuchaczy telewizyjnego programu lot-
niczego zainteresowata niewatpliwie rozmo-
wa, ktérg red. H. Pacha w II programie
TV Wroctawskiej, dn. 11 stycznia br. prze-
prowadzit z zastuzonym konstruktorem prof.
doc. Tadeuszem Sotitykiem. Informacje pro-
fesora o ,,kuchni’’ konstruktorskiej i o wa-
runkach, w jakich po wojnie wspotdziatat
on przy odbudowie polskiego lotnictwa,
przypomniaty stuchaczom o wielkich za-
stugach doc. Soltyka, ktory przeciez —
jeszcze w latach trzydziestych w PZL na
Paluchu — projektowal samoloty.

® W Rzeszowie otwarto osrodek szkole-

nia personelu lotniczego Ministerstwa Ko-
munikacji, w ktéorym bedzie sie ksztatcic
pilotow, zamierzajgcych pracowac¢ zawodowo
w lotnictwie cywilnym. W Politechnice im.
1. r.ukasiewicza, w Instytucie Lotnictwa,
otworzono .specjalizacj¢ pilotazu. Na kurs
magisterski tej specjalnosci zgtosilo sie po-
nad 30 studentow. Kazdy kandydat — oprocz
zdania egzaminow — musi mie¢ licencje
pilota szybowcowego II klasy lub samolo-
towego II1 klasy. Po ukonczeniu studiow
absolwenci précz dyplomu magistra inzy-
niera otrzymajg licencje pilota samoloto-
wego II klasy. Przypominamy, ze Instytut
Lotnictwa Politechniki Rzeszowskiej pro-
wadzi takze specjalnos$ci lotnicze z zakresu:
termodynamiki i silnikéw lotniczych, sa-
molotow (ptatowcow), wytrzymatosci kon-
strukeji latajacych oraz systemow stero-
wania. Obecnie ksztatci sie w Instytucie
Lotnictwa 450 studentow.

® W Lodzi powotano do zycia Centrum
Szkolenia Lotniczego. W wyniku porozu-
mienia Aeroklubu PRL z wtadzami miasta.
lotnisko todzkie zostanie wyposazone w
obiekty 1 wurzgdzenia. Wpyasygnowano juz
10 mln z@ na budowe wiezy kontroli ruchu
lotniczego oraz pomieszczen hotelowych dla
70 osOb, z czytelnig i kawiarniq. Centrum
ma sie zajmowaé szkoleniem pilotow dla
potrzeb PLL LOT, dla agrolotnictwa i lot-
nictwa sanitarnego.

® Po grudniowej naradzie uzytkowni-
kow lotniska na Goctawiu (z udrziatlem
ZRLIiLK oraz CZLC) i w oparciu o decyzje
wtadz ustalono, e teren ten moze juz by¢

ladowiskiem jedynie przy nastepujgcych
minimach: podstawy chmur — 300 m, wi-
dzialno$eci — 2 km. Jezeli uprzytomnic¢ so-

bie fakt, ze za kilka miesiecy i lgdowiska

100 ST) trainer/tourer
Fot. W. Gorski

PZ1.-110 (Rallye

tu nie bedvzie — to ogarnia zdumienie, jak
moze by¢ unicestwiony dotychczasowy i
przyszty dorobek dla osiggniecia nowych
celow. Oczekujemy pilnych i rozsgdnych
decyzji w sprawie nowego lotniska dla
pilotow sportowych, sanitarnych i ustugo-
wych, otwarcia mozliwos$ci szkolenia i tre-

ningu lotniczego i wreszcie — losu zabu-
dowan lotniczych na Goctawiu.

® Musimy tu — niestety — przytoczyé
bolesng statystyke stotecznego aeroklubu.
W ubieglym roku szeSciu pilotow opuscito
kadre instruktorskg i przeszto do bardziej

intratnych zaje¢. W tym stanie rzeczy nie
wystarcza bi¢ na alarm i straszy¢ kon-

sekwencjami, lecz trzeba stworzy¢ atmo-
sfere, ktora pozwoli na powziecie decyzji
niezbednych 1 oczekiwanych przez polski

Swiat lotniczy.

@® Juz dwa lata specjalizuje sie nasielski
Instal w Smiglowcowych akcjach budowla-
no-montazowych. Przedsiebiorstwo posiada
Smigtowce Mi-2 i Mi-6A. Przeprowadzono
ponad 70 operacji lotniczych w czasie po-

nad 500 godzin. Zdobyte doswiadczenia
polskich specjalistow sg tak wartosciowe,
.2e zlecono im opracowanie — na uzytek

panstw cztonkowskich RWPG — programu
szkolenia pilotow $miglowcowych w lo-
tach transportowo-montazowych na $mig-
towcach typu Mi-6A, Mi-8 i Mi-10K. Port-
fel zamowien na ustugi Instalu zamkniety
juz jest do konca 1977 r.

® Bardzo pomys$lnie przebiegatl ubiegto-
roczny jesienny sezon falowy w Aeroklubie
Tatrzanskim w Nowym Targu. W ciggu 12
dni listopada — 24, za$ dwoch dni grudnia
— 12 szybownikow uzyskalo diamentowe
przewyzszenia ponad 5000 m. Bylty tez im-
ponujgce wyniki. H. Rykielowna z Rzeszo-
wa osiggneta wysokosc¢ absolutng 9078 m
i zdobyta drugi diament, A. Smielkiewicz
7z Bielska-Biatej przewyzszeniem 7050 m u-
zyskat trzeci diament.

@® Jesienig ub.r. odbyt sie na lotnisku
Aeroklubu Wwarszawskiego pokaz minilotm
dla przedstawicieli Ministerstwa Os$wiaty i
Wychowania z Departamentéw Programow
Szkolnych oraz Wpychowania Fizycznego —
zorganizowany przez redakcje Mtodego
Technika 1 Stacje Miodego Technika w
Warszawie. Pokaz byl propozycja nowej
formy zaje¢ technicznych i ruchowych dla
mtiodziezy na terenie szkol.

® We wsi Dys pod Lublinem stoi bar-
dzo oryginalny pomnik. Zbudowano go w
1965 r. ku czei lotnikow putkow Warszawa

i Krakow, ktore
dziatah wojennych.

stamtgd przystgpity do
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Mgr inz. WIESLAW BURCZAK

Rozwéj i wersje
smiglowca Mi-2

Smiglowiec wielozadaniowy Mi-2 zostal zaprojektowany
przez biuro dr M. Mila. Prototyp s$miglowca zostat obla-
tany w 1961 r. W 1963 r. zostala podjeta decyzja o uru-
chomieniu jego produkcji w Polsce, w Wytworni Sprzetu
Komunikacyjnego PZL-Swidnik, ktoéra juz od 1955 r. pro-
dukowala $miglowce Mi-1 (SM-1) — bedac jedng z czte-
rech najwiekszych wytworni smiglowcoéw w Europie.

WSK-Swidnik otrzymata prototypowa dokumentacje li-
cencyjng Smiglowca Mi-2 i na jej podstawie opracowano
seryjnag dokumentacje konstrukcyjna. Rownoczesnie z uru-
chomieniem produkcji smiglowca uruchomiono w Polsce li-
cencyjnag produkcje silnika turbinowego GTD-350 do Mi-2.
Pierwszy $miglowiec, zmontowany z zespoldw radzieckich,
zostal oblatany w Swidniku 26.08.1965 r. Pierwszy Mi-2
zbudowany w Swidniku i noszacy numer 520001 zostal
oblatany przez zaloge: inz. W. Mercik, mgr inz. K. Mosko-
wicz i H. Jaworski — w dniu 4.11.1965 r.

Mi-2 stanowil duzy postep w stosunku do uprzednio pro-
dukowanego s$miglowca SM-1. Przez szereg lat byl on je-
dynym lekkim $miglowcem dwusilnikowym na rynku swia-
towym. Dopiero w 6 lat poézniej wszedl do produkcji ame-
rykanski dwusilnikowy $miglowiec Bell-212.

Wytwornia WSK PZL-Swidnik podczas 12 lat dotych-
czasowej produkcji Mi-2 stale $miglowiec ulepszala. Za-
sadniczym tego wyrazem bylo opracowanie wielu wersji
tego $miglowca. Pierwsze powstaly wersje sanitarna, dzwi-
gowa i rolnicza, nastepnie szkolna, a poézniej liczne wersje
specjalistyczne.

Wersje $Smiglowca Mi-2

W zaleznosci cd przeznaczenia $miglowie¢ Mi-2 jest pro-
dukowany w wersjach: pasazerskiej, sanitarnej, transpor-
towo-dzwigowej, szkolnej, rolniczej, a ponadto moze on
mie¢ szereg innych specjalnych wersji: fotogrametryczna,
termowizyjna, telewizyjna, fotograficzng. Kazda z wersji
(produkowana od 1971 r) moze by¢ wyposazona w poje-
dyncze lub podwojne sterowanie.

Wersja pasazerska

W wersji pasazerskiej smiglowiec Mi-2 moze przewozié
6-:-8 pasazeréw. Wewnatrz kabiny pasazerow znajduje sie
wygodna kanapa z szescioma miejscami. Na kanapie pasa-
zerowie siadajg odwroceni do siebie plecami w ten sposob,
ze trzech siedzi przodem w kierunku lotu, a trzech tytem.
Kazde miejsce na kanapie ma indywidualne pasy bezpie-
czenstwa. Ponadto sg jeszcze siedzenia dla 2 pasazerdow,
jedno obok pilota, drugie w $rodkowej czesci kadluba.
Kabina pasazerow i pilotow jest oswietlona lampami u-
mieszczonymi na suficie kabiny, a ponadto posiada izolacje
cieplno-dzwiekowa, estetyczne wykornczenie wnetrza. Do-

Development and uses
of the Mi-2 helicopter

The multi-purpose Mi-2 was designed by dr M. Mil's
Design Bureau. The prototype was test flown in 1961.
Two years later a decision was made to start production
of this helicopter in Poland at PZL-Swidnik which began
to built Mi-1 (SM-1) helicopters already in 1955 and was
one of the four bigges helicopter manufactures in Europe.

Basing on licence documentation of the Mi-2, PZL-Swid-
nik prepared a serial design documentation. The pro-
duction of helicopters was parallelled by licence production
of the GTD-350 turbine engine intended as a propulsion
for the Mi-2. The first helicopter made entirely from
Soviet units was test flown on August 26, 1965. The first
Mi-2 built at Swidnik (No 520001) was test flown by
a crew of engineer W. Mercik, Dipl. Ing K. Moskowicz
and Dipl. Ing H. Jaworski on November 4, 1965.

The Mi-2 made a great progress compared with the Mi-1.
For many yecars it has been the only light twin-engine
helicopter in the world market; the American twin-engine
Bell-212 went into production six years later.

During its twelve years’ production the helicopter has
never ceased to be improved. As a result a number of
versions has been developed. Depending on its use, the
Mi-2 is being produced as a passenger transport, ambu-
lance, cargo/transport (crane), basic trainer and in the
agricultural version. Besides, it can be built in the photo-
grammetric, thermovision, television and photographic
versions. Each of the versions, produced since 1971, may
be equipped with either single or dual controls.

Passenger Transport Version

In this wversion, the helicopter can transport 6 to 8
passengers. The cabin is equipped with comfortable back-
-to-back six bench seats, each seat having a safety belt.
There are additional seats for 2 passengers, one by the
pilot and the other in the fuselage center-section. The
cockpit and cabin are illuminated with roof lights, they
have heat and sound proofing and a pleasant inferior
finish. Large windows on both sides provide excellent
visibility. There is no partition wall between the cockpit
and the cabin.
Agricultural Version

The agricultural version uses equipment for spraying
liquid chemicals or dusting dry chemicals. The conversion
from one installation to another can be done in seconds,
under field conditions. Two laminate hoppers for liquid
and dry chemicals of 600 1 capacity each are mounted on

Rys. 1. Smigtowiec Mi-2 w
of Mi-2 helicopter
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wersji pasazerskiej. Passcnger version

Rys. 2.

Mi-2 dzwigowy 2z ladunkiem 1000 kg. Mi-2 with 1000 kg
external .

cargo



A. Kar-

Rys. 3. Mi-2 sanitarny. Ambulance version of Mi-2. Fot.
dymowicz

skonalg widoczno$¢ zapewnia)g duze okna po obu stronach

kabiny. Kabina pilotéow i pasazerow — bez $cianki dzia-
towej.
Wersja rolnicza

W wersji rolniczej $miglowiec wyposazony jest w urzg-
dzenia do rozpryskiwania cieklych lub rozpylania sprosz-
kowanych srodkéw chemicznych. Wymiana urzadzen opy-
lajacych na opryskujgce i odwrotnie moze by¢ wykonana
w krotkim czasie w polowych warunkach. Z dwoéch stron
srodkowej czesci kadluba montowane sg dwa laminatowe
zbiorniki na chemikalia ciekle i sypkie o pojemnosci 600 I
kazdy.

Instalacja do opylania dziala na tej zasadzie, ze pod
kazdym zbiornikiem umieszczony jest opylacz tunelowy,
w ktoérym z przodu usytuowany jest wentylator napedzany
silnikiem prgdu zmiennego, zasilanym od generatora pokla-
dowej instalacji elekirycznej. W kazdym ze zbiornikow
umieszczone jest mieszadlo napedzane silnikiem elektrycz-
nym pradu stalego, zasilanym przez generator prgdu stalego
pokladowej instalacji elektrycznej. Regulacje wydatku se-
kundowego wykonuje urzadzenie dozujace, ktérego dyski
przestawia sie na ziemi. Sterowanie opylaniem odbywa sie
na odleglos¢ sposobem elekiropneumatycznym i polega na
wilgczaniu i wylgczaniu silnikéw elektrycznych napedzajg-
cych wentylatory oraz na wilgczaniu i wylgczaniu dozow-
nikow.

Instalacja do opryskiwania uruchamiana jest dzieki agre-
gatowi pompowemu, usytuowanemu pod kazdym zbiorni-
kiem, przy czym agregat ten napedzany jest silnikiem
elektrycznym pradu zmiennego, ktory ciecz ze zbiornika
ttoczy do dwodch belek opryskujgcych, umieszczonych po
bokach kadluba o rozpietosci 14 m, oraz do belki ogonowej
(3,5 m), na ktoérych jest osadzone 128 dysz. Instalacja ta
wyposazona jest w ezektory odsysajgce ciecz z belek przy
wylgczaniu instalacji, w celu zabezpieczenia przed wycie-
kaniem cieczy chemicznych. Wielkos¢ wydatku sekundo-
wego uzalezniona jest od zastosowanego wymiaru otworow
dysz. Sterowanie urzadzeniem dd opryskiwania takze elek-
tropneumatyczne.

W obu przypadkach sterowanie uruchamiane jest za po-
mocg przycisk6w umieszczonych na drgzku sterowym pilo-
ta. Aparatura rolnicza $miglowca Mi-2 dopuszcza stosowa-
nie wydatkow sekundowych: chemikalia state — 4,16
8,5 — do 16 kG/s, chemikalia ciekle — 1,9 — 10,2 1/s.

Wersja sanitarna

W zastosowaniu do celéow sanitarnych s$miglowiec prze-
wozi wewnatrz kabiny 4 chorych na noszach, lekarza i
sprzet medyczny. Do porozumiewania sie lekarza i pilota
stuzy telefon pokladowy.

Wersja transportowo-dzwigowa

Smiglowiec w wersji transportowej moze przewozi¢ la-
dunek w kabinie o masie 700 kg. Do transportu wielko-
gabarytowych przedmiotéw stuzy zewnetrzne urzgdzenie za-
czepowe, pozwalajgce na podwieszenie pod kadilubem ta-
dunkoéw o masie do 800 kg. Zaczep jest sterowany elek-
trycznie.

Smiglowiec jest wyposazany takze w elektryczny dzwig
umieszczony na zewnagtrz kadluba, nad drzwiami kabiny
tadunkowej. Umozliwia on podnoszenie ciezaréw w czasie

o

Rys. 4. Mi-2 rolniczy opryskujjcy. Mi-2 sprayer

each side of the fusclage center-section. The dusting
cquipment operates on such principle that under cach
hopper there is a dusting chute attached with a d.c.
motor-driven fan located forward of it; the motor is
supplied from a generator of the helicopter electrical
system. Each of the hoppers has an agitator operated by
a d.c. motor, supplied by a dynamo of the board electrical
system. The discharge rate control is done by a metering
device whose nozzles are adjusted on the ground. The
dusting control is distant by an electro-pneumatic method
and consists in turning on and off the electric motors
which drive the fans as well as in turning on and off the
metering devices.

The spraying equipment is operated by a pumping unit
located under each hopper, this unit being driven by a d.c.
motor which feeds liquid from the hopper to two spray
booms, of 14 m span, located on cach side of the fuselage,
and to the tail boom of 3.5 m span with 128 nozzles. This
installation is equipped with ejectors to protect against
the squeeze-out of liquid chemicals when the installation
is being stopped. The magnitude of the discharge rate
depends on the size of nozzle orifices. The spraying gear
is also electro-pneumatically controlled.

In both cases the control is operated by levers on pilot's
control stick. Agricultural equipment of the Mi-2 permits
the following output rates to be used: dry chemicals
416 — 8.5 to 16 kg/s; liquid chemicals 1.9 to 10.2 1/s.

Ambulance Version

A helicopter frequently serves as an aerial ambulance.
In this version it transports 4 invalids on stretchers located
in the cabin, a physician and medical equipment. Pilot
and physician can use interphone to communicate.

Cargo/Transport (Crane) Version

The helicopter in this version can carry a cargo of
700 kg in the cabin. Also, in can transport large-size obejcts
of up to 800 kg underslung on an external hook. The hook
is electrically controlled. The helicopter can be also
equipped with an electrical hoist mounted externally,
above the carbo cabin door. In hovers, it permits to lift
heavy objects of up to 120 kg by means of a steel rope.
The flying crane is used to facilitate the loading and
unloading and in sea and mountain rescues.

Photo survey version

Special helicopter acrial photo-survey
work is following:

— aerosurvey camera WILD RC-8 at the recar of the
freight compartment in a special hatch with pilot-con-
trolled electromechanically operated doors;

— navigation sight NF-1 working with camera WILD
RC-8, mounted in a hatch in flight-deck floor;

— transmitter of exposure meter Aerolux, placed in the
freight compartment aft;

Venturi tube for suction-generating inside of camera,
placed inside of fan duct;

— navigators dome on the starboard door of flight deck

cquipment  for
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zawisOw $miglowca o wadze do 120 kg za pomocq stalowej
linki. Uzywany jest dla ulatwienia zaladowania i wylado-
wania, takze ma zastosowanie w ratownictwie morskim
i goérskim.

Wersja fotogrametryczna

Wyposazenie specjalne s$rniglowca przystosowanego do
wykonywania prac fotogrametrycznych stanowia:

— lotniczy aparat fotograficzny typu LAF WILD RC-8,
zabudowany w tylnej czesci kabiny bagazowej ponad spe-
cjalnym lukiem wyposazonym w klapy otwierane na ze-
wngtrz za pomocg elektromechanizméw MP-100M, stero-
wane przez pilota;

— celownik nawigacyjny NF-1, wspoipracujgcy z apara-
tem fotograficznym LAF WILD RC-8 umiejscowionym w
luku przedniej czesci podlogi kabiny pilota; ..

— dajnik Swiatlomierza Aerolux, zabudowanego w po-
blizu aparatu fotograficznego, w tylnej czesci kabiny baga-
zowej;

— dysza Ventouri do wytworzenia podcisnienia w apa-
racie fotograficznym, usytuowana w kanale wentylatora;

— zabudowana na prawych drzwiach kabiny pilota ko-
putka nawigatora z urzadzeniem celowniczym pozwalaja-
cym okresli¢ kat znoszenia $miglowca;

— pulpit sterowania aparaturg specjalng usytuowang z
lewej strony tablicy przyrzadow;

— urzadzenia lgczno$ci wewnetrznej czlonkéw zalogi;

— pulpit zasilania aparatury specjalnej z sieci poktla-
dowej.

Wnetrze kabiny przystosowano do rozmieszczenia dodat-
kowego wypotazenia fotogrametrycznego oraz wyposazono
w funkcjonalnie rozmieszczone fotele operatora aparatury
fotograficznej i nawigatora.

Wersja termowizyjna

Smiglowiec wyposazony w aparature termowizyjng oprocz
zastosowania do badan specjalistycznych moze byé wyko-
rzystywany do kontroli ochrony s$rodowiska. Na wyposa-
zenie tej wersji sklada sie:

— kamera termowizyjna AGA Thermovision 680 zawie-
szona w specjalnej ostonie na zewnatrz $miglowca z lewej
strony kadluba; konstrukcje nosng stanowi kratownica z
rurek stalowych zamocowana do wezléw przeznaczonych
dla zbiornikow dodatkowych, przednia czes¢ ostony kamery
jest otwierana za pomocg elektromechanizmu sterowanego
przez operatora;

— kamera AGA Thermoprofile THP-4 (AGA THP-1) za-
budowana w kabinie bagazowej ponad lukiem przeznaczo-
nym dla aparatu fotograficznego LAF; kamera umieszczona
jest w specjalnym pojemniku wypelnionym cieklym azo-
tem, zamocowanym do podliogi smigloweca;

— monitor czarno-bialy SM-680/P4 ustawiony na wspor-
niku z rurek stalowych z prawej strony w kabinie pilota;

— monitor kolorowy CM 700;

— urzadzenie sterujgce z kompletu kamery AGA 680,

— zesp6l urzadzenia sterujacego z monitorem kontrol-
nym z kompletu kamery AGA THP-1;

— zespot przetwornic MA-250/M1 i RS-4m zasilajacych
aparature termowizyjna;

— pulpit zasilania aparatury z sieci
glowca;

urzadzenie lgcznosci wewnetrznej.

pokladowej $mi-

Rys. 5. Armed version of Mi-2. Foto WAF

Mi-2 uzbrojony.
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Rys. 6. Prototyp Mi-2M. Prototype of Mi-2M

fitted with sight for determining of helicopter drift angle;

— special equipment control panel placed on port in-
strument panel;

— intercomm equipment for crew members;

— control panel for power supply of the special equip-
ment from board electrical system.

Cabin interior is arranged for placing of additional
photosurvey equipment and fitted with seats for aerial
photographer and air navigator.

Thermovision version

Helicopter fitted with thermovision equipment apart of
the special research duties, can be used for environment
protection inspection. This version is equipped with:

— thermovisual camera AGA Thermovision 680 exter-
nally mounted on the helicopter port side, in a special
housing. Supporting structure consists of steel-tube frame-
work and is fitted on joints for additional fuel tank. Front
part of the housing can be electromechanically opened by
operator;

— camera AGA Thermoprofile THP-4 (AGA THP-1)
mounted in the freight compartment over the hatch nor-
mally used for photo-camera. Camera is placed in a special
container filled with liquid nitrogen;

— black-and-white monitor SM-680/P4 on a
frame at starboard side of flight-deck;

— colour monitor CM 700;

— control equipment from set of camera AGA 680;

— control equipment with monitor from set of camer
AGA THP-1;

— convertors MA-250/M1 and RS-4M for power supply
of thermovision equipment;

— control panel of power supply for thermovision equip-
ment;

— intercomm equipment for crew members.

stell-tube

All the control equipment and monitors are arranged
conveniently for operation and maintenance.

Rys. 7. Mi-2 na nartach. Mi-2 on skis

(]



Zgrupowanie wszystkich urzgdzen sterujgcych i monito-
row kontrolnych na wspoélnej ramie umieszczonej nad plyta
odbiornika w zasiegu rgk operatora gwarantuje latwosé
obstugi i duze walory uzytkowe.

Wersja telewizyjna

Smiglowiec wyposazony w aparature telewizyjnag umoz-
liwia przeprowadzanie bezposrednich transmisji np. z im-
prez sportowych typu wyscigi, a takze moze by¢ wyko-
rzystywany przy przeprowadzaniu wszelkiego rodzaju akcji
ratunkowych w przypadkach klesk zywiolowych lub w in-
nych przypadkach, kiedy nalezy przeprowadzi¢ lustracje
stosunkowo duzego obszaru w krotkim czasie w celu oce-
nienia zaistnialej sytuacji. Podstawowym wyposazeniem
$miglowca telewizyjnego jest:

— kamera telewizyjna ustawiona na specjalnym wspor-
niku zamocowanym po zewnetrznej stronie prawych przed-
nich drzwi. Operator obsluguje kamere przez okno w
drzwiach, z ktérego wyjeto szybe zastepujac ja owiewkg
ze szkla organicznego. Zawieszenie kamery pozwala na
skierowanie jej w dowolnym kierunku od linii horyzontu
do pionowego w dot;

— nadajniki Thomson i 20W zamocowane wewnatrz ka-
biny na specjalnej ramie nosnej ustawionej w miejscu zde-
montowanego fotela pasazeréw. Bloki nadawcze zasilane sg
z sieci pokladowej $migloweca;

— anteny nadawcze zamocowane na pantograficznych me-
chanizmach przytwierdzonych do kratownicy podwozia
glownego, ktére mogg by¢ opuszczone poza obrys elemen-
tow (kol) smiglowca, co zapewnia bezzakldéceniowag wsp6l-
prace z naziemnymi $rodkami transmisyjnymi.

Do operatywnego wspoéldzialania zapewniona jest lgczno$é
wewnetrzna pomiedzy czlonkami zalogi oraz igcznosé ra-
diowa z naziemnym osSrodkiem dyspozycyjnym.

Wersja fotograficzna

Smgilowiec z przeznaczeniem do prac fotograficznych
przystosowany zostal do zabudowy lotniczych aparatéw fo-
tograficznych znanych typéw, np. AFA-BAF lub AFA-39.
Aparaty w zaleznosci od potrzeb mogg by¢ zabudowywane
na specjalnych wspornikach w oknach z prawej i lewej
strony kabiny (z mozliwoscia wykonywania zdjeé¢ od linii
horyzontu do 55° w dél) lub w specjalnym pojemniku pod
belkg ogonowg (z mozliwosciag wykonywania zdje¢ piono-
wych lub odchylonych od pionu do 25°).

Smiglowiec wersji fotograficznej oprocz specjalistycznego
przeznaczenia wykorzystywany jest do kontroli przybrzez-
nych wod Morza Czarnego (przed zanieczyszczaniem przez
statki — fotografowanie plam zanieczyszczen na powierzchni
morza). Obsluga aparatow fotograficznych zalezy od liczby
aparatow zabudowanych na $miglowcu i stanowig jg ope-
ratorzy i pilot.

Modernizacja $Smiglowca Mi-2

Wynikiem przeprowadzonycﬁ w szerokim zakresie prac
modernizacyjnych smiglowca Mi-2 bylo opracowanie przez
zespot konstruktorow Zakladu Doswiadczalnego Wytworni
Sprzetu Komunikacyjnego PZL-Swidnik wielozadaniowego,
uniwersalnego smiglowca Mi-2M, z dwoma silnikami tur-
binowymi GTD-350P. Silnik GTD-350P jest modyfikacjg
silnika GTD-850 o mocy zwiekszonej do 450 KM i pew-
nymi zmianami konstrukcyjnymi. W ukladzie regulacyjnym
wprowadzono automatyczny ogranicznik maksymalnej mocy
w zaleznosci od temperatury otaczajgcego powietrza, zmie-
niono przekroje aparatow kierujgcych turbin oraz zastoso-
wano nowe materialy, np. bardziej zarowytrzymaly ma=-
teriat na lopatki roboczej turbiny. Zastosowanie w $mi-
glowcu napedu o lgcznej mocy 900 KM poprawilo niektore
parametry osiggowe oraz podniosio bezpieczenstwo lotu
$§miglowca w przypadku awarii jednego silnika.

Smiglowiec Mi-2M zostal opracowany jako wielozadanio-
wy, przewidziany do stosowania w wersjach: pasazerskiej,
transportowej, sanitarnej, rolniczej, szkolnej — 2z mozli-
woscig przebudowy w warunkach eksploatacji na dowolng
wersje (z pojedynczym lub podwojnym ukladem stero-
wania).

W procesie modernizacji zasadniczym zmianom konstruk-
cyjnym ulegl kadlub s$miglowca. Wprowadzenie plaskiej
podlogi w kabinie znacznie poprawilo uzytkowg funkcjo-
nalno$¢ $miglowca 1 zwiekszyla sie pojemnosé kabiny
o 0,8 m3. Pozwolilo to na wygodne rozmieszczenie pasa-
zerskich foteli wzdluz $cian bocznych dla 9 pasazerow,
z zachowaniem swobodnego przejscia przy wysiadaniu i

Rys. 8. Mi-2 w Szwecji w obstudze serwisowej kombajnow Bizon.
Mi-2 in Bizon service in Sweden

TV — version

The equipment of this version
transmissions of sport events, e.g. racing, and such
equipped helicopter may also support rescue efforts in
case of a disaster, when air inspection of large area is
needed.

The basic equipment of this version consists of:

— TV-camera mounted on a special support fitted on
the outer side of right front door. The operator controls
the camera through the window in the door (in place of
the glass in this window a fairing is mounted). The
suspension of the camera makes possible to aim in every
direction from horizontal to vertical down;

— transmitters Thomson and 20W installed in the cabin
on place of (removed) passengers’ seat. The transmitters
are energized from the electric system of the helicopter;

— transmitting aerials, fitted on the main landing gear
legs and equipped with a device which provides the possi-
bility of lowering aerials to avoid radio noise caused by
the outer parts of the helicopter (wheels etc.).

The internal communication between the crew members
as well as helicopter-to-ground communication is also pro-
vided.

makes possible direct

Aerial photography version

This version of the helicopter provides possibility of
installation of many well-known types of air cameras e.g.
AFA-BAF or AFA-39. The camera may be installed on
special supports in windows on port or starboard side of
the cabin (aiming from horizontal to 55° down) or in the
special container under the rear beam (providing vertical
or inclined 25° from the wvertical positions). This version
of the helicopter is also used for inspection of coastal
waters of Black Sea (taking photo of the oil spot on the
water). The operation of the cameras depends on the
number of cameras installed and can be made by the pilot
and operators if necessary.

Modernization of the Mi-2 helicopter

In the result of conducted wide range modernization
work of Mi-2 helicopter, the designing team of Research
Center at PZL-Swidnik, Transport Equipment Works
designed the new Mi-2M version. The new helicopter is
a multi-purpose, versatile unit, powered with two turbine
GTD-350P engines. The GTD-350P engine is modifield model
of the GTD-350 unit, with power rating increased to
450 HP and some structural changes conducted. The new
over-power, air temperature dependent limiter has been
introduced in the regulation system. The cross-sections of
the air intakes were redesigned. Also some new materials
were introduced, for example new heat-proof blades for
the turbine disc. The., new power units of total 900 HP
improved some of the performance result and increased
flight safety in one-engine out situation.

The Mi-2M model has been designed as a multi-purpose
helicopter which can be obtained in few version: passan-
ger, transport, ambulance, agricultural and basic training —
with possibility of converting one version into another (with
single or double eontrols).
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wsiadaniu pasazerdéw, oraz na racjonalne rozmieszczenie
(w wersji sanitarnej) czterech noszy z chorymi, zapewnia-
jac dostep do kazdego chorego dla personelu medycznego.
Zamocowane na plaskiej podlodze szyny transportowe u-
mozliwiajg swobodne przesuwanie ladunkéw wzdiuz kabiny.

Wyposazenie $miglowca w czworo przesuwnych drzwi
czyni go wygodnym przy zaladunku i wyladunku we wszy-
stkich wersjach, a szczegélnie daje sie to zauwazyé przy
zaladunku chorych na noszach lub tadunkéw o duzych
gabarytach. Przesuwne drzwi w kabinie bagazowej oraz
zastosowanie wychylnego zawieszenia dzwigu (wciggarki)
zabudowanej wewngtrz kabiny pozwala na wcigganie cie-
zaro6w na poklad smiglowca i ulozenie ich w kabinie bez
dodatkowego recznego przeciggania przez prég. Dla pod-
niesienia komfortu wprowadzono bardziej skuteczng insta-
lacje ogrzewania i wentylacji kabiny. Do czynnikéw po-
prawiajgcych bezpieczenstwo lotu, ktéorym w trakcie mo-
dernizacji poswiecono duzo uwagi, nalezy =zaliczy¢: zasto-
sowanie podwodjnego ukitadu linek w sterowaniu noznym,
wprowadzenie niezaleznej dla kazdego silnika instalacji
paliwowej pozwalajagcej w przypadkach awaryjnych na
zasilanie obu silnikow od jednej pompy paliwowej, wyko-
rzystanie przestrzeni pod podiogg na rozmieszczenie trzech
zbiornikow z ezektorowym przepompowywaniem paliwa
miedzy zbiornikami, nadmuch na przednie szyby likwidu-
jacy mozliwos¢ ich zaparowania, a tym samym gwarantu-
jacy dobrag widocznos¢, zwiekszenie rozstawienia kol pod-
wozia glownego powiekszajagc kat przeciwkapotazowy, a
takze zwiekszenie s$rednicy koél przednich polepszajgce wa-
runki kolowania $miglowca po miekkim gruncie.

W wyposazeniu $miglowca zastosowano nowe agregaty
o mniejszym ciezarze i poborze mocy, takie jak: pélprze-
wodnikowy zaplonnik elektroniczny EU-01, tranzystorowa
przetwornica statyczna EP-15 z elektronicznym sygnaliza-
torem zaniku napiecia ES-01, tranzystorowy regulator na-
piecia UR-06 oraz paliwomierz EXS-2S przystosowany do
pomiaru sumarycznej ilo§ci paliwa w trzech =zbiornikach
z mozliwoscig pomiaru paliwa w kazdym zbiorniku. Zmie-
niono roéwniez rozmieszczenie wyposazenia radiowo-nawi-
gacyjnego, zapewniajac lepszy dostep podczas cksploatacji.

Smiglowiec Mi-2M zostal oblatany 1 lipca 1974 r.

Some structural changes in the fuselage structure were
conducted. The new, flat floor in cabin improved the
functionality of the helicopter, and helped to increase the
cocpit capacity by 0.8 cu.m. These changes enabled com-
fortable arrangement of the seats along the side walls
for 9 passangers with free path in the middle for the
casy embarcation. The new cabin permits also to arrange
four stretchers in such a way that easy access to each
patient is assured. The transport slide-bars, fastened to
the floor cnable easy displacing of cargo along the cabin.
Four sliging-type door makes the helicopter very con-
venient for loading and unloading in all versions, specially
when the stretchers or big size cargo are to be transported.
The sliding door in the luggage compartment and specially
designed deflecting suspention of the board hoist enable
to load the cargo to the helicopter without any additional
hand-carrying it over the treshhold.

To improve the comfort.of the flight the
efficient air conditioning and wventilation systems were
designed. Among the factors which increase the flight
safety and to which special attention was paid during
modernization are: double cables in foot control system;
separate fuel installations for each engine, which in case
of failure of one system can feed both engines with one
fuel pump; utilization of the space underneath the floor
for three fuel tank with ejector inter-pump system; air-
-blow into windscreen to prevent moisting; lengthened
wheel base to improve the angle of capotage; enlarged
diameter of front wheels to assure good taxiing characte-
ristics in rough tarrain.

new more

In the equipment of helicopter new units of a smaller
weight and power consumption were installed: electronical,
semiconductor ignition EU-01, transistorised static converter
EP-15 with electronic indicator of wvoltage decay ES-01,
transistorised " voltage regulator UR-06 and fuel indicator
ENS-2S which can measure the total fuel volume or
separate fuel in each tank.

The radio-navigation equipment was rearranged to assure
better maintanance and service access. The Mi-2M heli-
copter flew for the first time on 1st July 1971.

Mgr inz. KAZIMIERZ DABROWSKI
Mgr inz. ANDRZEJ KARDYMOWICZ

PZL-106 Kruk —

nowoczesny
samolot rolniczy

Zapotrzebowanie na nastepce rolniczego samolotu PZL-
-101 Gawron (ktéorego produkcje zakonczono w 1970 r.) od-
czuwane w Polsce i w krajach demokracji ludowej na
poczatku lat siedemdziesigtych — doprowadzilo do zapro-
jektowania nowego samolotu, ktory mial uwzglednia¢ do-
Swiadczenia uzyskane z eksploatacji Gawrondéw i spelniaé¢
postulaty wysuwane przez uzytkownikow.

Pierwsze samoloty rolnicze stosowane masowo weszly do
uzytku w latach pieé¢dziesiatych. Byly to samoloty wielo-
zadaniowe dostosowane do prac agrolotniczych. Wzrost za-
potrzebowania na samoloty rolnicze i stawiane im wyma-
gania duzej ekonomicznosci — spowodowaly powstanie
wyspecjalizowanych samolotéw rolniczych. Nazwano je dru-
ga generacja samolotéw rolniczych.

Gdy w 1971 r. zapalilo sie zielone swiatlo dla produkcji
lotniczej i agrolotnictwa w naszym kraju — przed naszym
przemystem stanelo zadanie zbudowania samolotu rolniczego
drugiej generacji, o $rednim udzwigu, czyli rzedu 800 kg.
Projekt takiego samolotu zostal opracowany pod kierun-
kiem mgr. inz. Andrzeja Frydrychewicza w 1972 r. w biu-
rze konstrukcyjnym Instytutu Lotnictwa, przeniesionym
nastepnic do WSK-Okecie. Na wiosne 1972 r. zostala wyko-
nana naturalnej wielkosci makieta samolotu, przedstawiona
nastepnie komisji makietowej do oceny. Prototyp wykonany
zostal wspélnie przez WSK-Okecie i Instytut Lotnictwa.
Drewniane skrzydla do niego zaprojektowane zostaly w
zaktadach szybowcowych w Bielsku, a wykonane w Zakta-
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PZL-106 Kruk -
modern
agricultural airplane

The orders for the sucessor of the PZL-101 Gawron
ag-plane (production of this airplane has been completed
in 1970) in Poland and other socialistic countries, has led
up to the design of entirely new airplane, in which con-
struction all the experience of Gawron exploatation had
been considered.

First agricultural airplanes entered mass exploatation
in the mid fifties. These were the multi-purpose airplanes
adapted for agricultural needs. The increase of demand
for the agricultural airplanes and required high economy
for this type of aircraft caused the development of special
constructions of ag-planes. These airplanes are called
second generation of ag-planes.

When in 1971, a green light was lit for the aircraft
production and for agricultural aviation in Poland, the
aim of constructing second generation ag-plane of payload
of some 800 kg of chemicals, was ahead of Polish aviation
industry. The project of such en airplane was designed in
1972 by a team led by MSc. Eng. Andrzej Frydrychewicz
at WSK-Okecie Works in Warsaw. Previously, this bureau
belonged to the Aviation Institute in Warsaw.

In the spring of 1972, natural size model of the airplane
was constructed and then presented to opinion of special
committe. The first prototype was manufactured commonly
by the WSK-Okecie Works and -Aviation Institute. The
wooden wings for this prototype were designed at Glider
Works in Bielsko-Biala and they were constructed at Glider



Rys. 1. Pierwszy prototyp PZL-106 SP-PAS. First prototype of
PZL-105 SP-PAS. Fot. A. Prystopski
dach Szybowcowych w Jezowic — w celu przyspieszenia

prac nad samolotem. Poczgtkowo przewidywano, iz naped
samolotu bedzie stanowil gwiazdowy silnik K-5 o mocy
360 KM (264 kW), bedacy rozwinieciem silnika WN-3 od
samolotu Bies. Na prototypic zabudowano jednak silnik
ptaski Lycoming I0-720A1B o mocy 400 KM (294 kW).

Prototyp PZL-106 o znakach rejestracyjnych SP-PAS
zostal oblatany 17 kwietnia 1973 r. przez mgr. inz. Jerzego
Jedrzejewskiego. W pazdzierniku 1973 r. zostal oblatany
drugi prototyp SP-PBG. W tym czasic na $wiecie wzrosto
zainteresowanie samolotami rolniczymi z silnikami o mocy
600 KM (441 kW). Préby prototypow wykazaly, ze przy
masie calkowitej samolotu 2250 kg, zastosowany silnik nie
zapewnia wymaganych osiggow. Rownoczesnie przedsiebior-
stwa agrolotnicze krajow RWPG postulowaly podniesienic
udzwigu chemikaliow do 1000 kg dla samolotow tej klasy.

W tym czasie w kraju wytwoérnia PZL-Rzeszéw miatla
w produkcji $miglowcowy silnik gwiazdowy LIT-3 (licen-
cyjna odmiana silnika AI-26W) o mocy 575 KM (423 kW).
W 1974 r. dokonano jego przerdbki na silnik samolotowy
LIT-3S o mocy 600 KM (441 kW). Ulepszong seryjng od-
miang tego silnika jest PZL-3S, takze o mocy 600 KM
(441 kW).

Wraz ze zmiang mocy silnika — zmodyfikowano samolot
powiekszajac zbiornik chemikaliébw do 1400 1 (1000 kg).
Konstrukcja samolotu zostala wzmocniona, pozwalajgc na
zwiekszenic masy calkowitej do 3000 kg. Rownoczesnie po-
wiekszono rozpietosé skrzydet z 13 m do 14,8 m, zwieksza-
jac o 4 m? powierzchnie nosng. Zmieniono usterzenic po-
ziome i przediuzono kadlub, co pozwolilo poprawié¢ statecz-
nos¢ samolotu dla tylnych polozen s$rodka ciezkosci i dalo
korzystniejsze wlasnosci pilotazowe.

W pazdzierniku 1974 r. zostal oblatany pierwszy cgzem-
plarz samolotu PZL-106 Kruk z silnikiem 600 KM, noszacy
znaki SP-PBH i numer 3 (trzcci prototyp). W 1975 r. weszly
do préb trzy nastepne prototypy o numerach 5, 6 i 7, na-
pedzane silnikiem 600 KM z laminatowym s$migtem. Ostat-
nie dwa z nich otrzymaly ostony silnika, poprzednie dwa
byly badane bez oston. Na prototypie nr 6 SP-PBM wy-
probowano dluzszg lotke oraz nisko polozone usterzenie
poziome, w ceclu poréwnania z usterzeniem w ukladzie T
zastosowanym na pozostalych prototypach. Na prototypach
wyprébowano urzgdzenia agrolotnicze do opylania i opryski-
wania.

W wyniku prob prototypoéw zrezygnowano ze stosowania
klapy umieszczonej poza skrzydiem (klapa typu Junkersa)
o stalym kacie zaklinowania. Byla ona korzystna przy star-
cie, lecz zmniejszatla predko$é przelotowg i nie zwiekszala
wznoszenia. Natomiast obnizenie predkosci lgdowania
zmnicjszalo odpornos¢ samolotu na wplyw bocznego wiatru
przy lagdowaniu.

W 1976 r. zostala zbudowana scria informacyjna samo-
lotow PZL-106 Kruk. Samoloty z tej serii maja usterzenie
w uktladzie litery T i roznig sie od prototypéw przede
wszystkim brakiem klapy. Samoloty te w 1976 r. zostaly
zademonstrowane na wystwach zagranicznych, np. w Han-
nowerze w RFN i Farnborough w Wk. Brytanii, oraz prze-
szty préby cksploatacyjne w kraju i za granicg. Ponicwaz
w wyniku préb, mimo malej réznicy miedzy skutecznoscig
usterzenia wysokosci w ukladzie T i polozonego na dole,
wybrano dolne polozenie usterzenia — ostatnie egzempla-
rze tej serii wykonano z dolnym usterzeniem jako wzorce
dla wersji seryjnej’ PZL-106A Kruk. Na jednym z nich
wyprébowano dwusterowa wersje szkolng — z kabing in-
struktora zamontowang na micjscu zbiornika chemikaliow.

W 1977 r. ukazaly sie pierwsze egzemplarze seryjne
PZL-106A Kruk. Produkcja samolotu jest w toku. Aktualne

Plant in Jezowo, just to hasten the devciopmeni of the
construction.

Initially, the idea was {o power the airplane with radial
K-5 engine rated at 360 HP (261 kW). This cngine is
a developed version ol the WN-3 engine which was
installed on the Bies airplanc. Iiowever, finally the proto-
type has been cquipped with the horizontally-opposed
Lycoming 10-720A1B engine, rated at 400 HP (294 kW).
The prototype of the PZL-106 airplane with registration
marks SP-PAS flew for the first time on 17th of April
1973 by MSC. eng. Jerzy Jedrzejewski. The second proto-
type (SP-PBG) flew for the first time in October 1973.

At this particular time, a great interest in ag-planecs,
powered with approximately 600 IIP (441 kW) engines
aroused in the world. The tests of prototypes proved, that
at maximum T-0 weight of 2250 kg, installed engine does
not assure required performance. At the same time, the
aviation-agriculture enterprises of COMECON postulated
increase of chemicals payload up to 1000 kg, for the air-
plane of this type.

The helicopter, radial LIT-3 (licence of AI-26W cngine)
engine rated at 575 HP (423 kW) was under production at
this time at PZL-Rzeszéw Works. In 1974, adaptation of
this engine to the airplane was made. The new version
of LIT-3 engine, rated at 600 HP (441 kW) was marked
LIT-3S. The developed for mass-production version, is the
PZL-3S engine rated at 600 HP.

Together with change of engine power rating, modifi-
cations of the airframe were made.

The hopper has been enlarged to the capacity of 1400 1
(1000 kg). The construction of the airplane has been
strenghtened, thus, to increase maximum T-O weight up
to 3000 kg. Also the wing span has been changed from
13 m to 14,8 m, giving in result increase in wing surface
by further 4 sq.m. The horizontal, tail surfaces have been
redesigned, to improve stability of the aircraft for aft
positions of C.G. and handling features.

In October 1974, the PZL-106 KRUK airplane (SP-PBH,
third prototype) flew for the first time, powered with
600 HP engine.

In 1975, thrce more prototypes, numbered 5, 6 and 7,
cntered the tests. These airplanes were powered with
600 HP engine and 4-blade fibre glass propellers. Proto-
types 6 and 7 were given ecngine shielding (the other
prototypes were tested without engine shieldings). On the
prototype Nr. 6 (SP-PBM) longer span ailerons were fitted
and classical tail unit was applied, to compare it's pro-
perties with that of T typc on previous airplanes. Also the
special equipment for dusting and sprying has been tested
on prototypes number 5, 6 and 7. In the result of conducted
tests, the auxiliary, fixed incidence angle flap (Junkers
type) has been removed. This flap was ecffective only
during take-off but it reduced cruising speed and it did
not increase rate of climb as it was suspected. Further-
more, decreased landing speed, reduced stability and proper
respond of airplane under side wind loads during landing.

In 1976, the information scries of PZL-106 airplane was
manufactured. Airplanes of this series have T tail unit and
differ from the prototypes mainly by the removed fixed
flap. Thesc airplancs werce demonstrated aboard scveral
times. For example at the Hannover Show FAMA and
Farnborough Aircraft Exhibition. They were also tested in
experimental exploatation in Poland and aboard. Although
the differences in effectivness of both types of tail unit
were very small, the classic solution has been choosen.

The last airplanes of first series were manufactured
with classical tail units as an example of the PZL-106A
mass-production model. One of these airplancs, has been
constructed and tested as an c:ikperimental two-seat basic
training airplane, with instructor’s cabin situated in the
hopper.

In 1977, first mass-production units of PZL-106A KRUK,
were manufactured. Present demand for that airplane is
so big, that domestic and forcign orders securc the pro-
duction for many ycars.

Acrodynamical idea

The experiences gathered during the cxploatationr of
ag-planes PZL-101 and AN-2, which wings werec cquipped
with high-lift devices, showed the advantages of STOL
capabilities for that type of airplane. The most valuable
advantages are: minimum speed, tight turns while return-
ing at the ends of opcration ficld and also short take-off
and landing which cnables operating from small airfields.
These fealures combined with good aerodynamical cha-
racleristics at critical angle of attack, permit to operate
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zapotrzebowanie na Kruki jest tak duze, ze zamowicnia
krajowe i zagraniczne zapcwniajg produkcje na wiele lat.

Koncepcja aerodynamiczna

Doswiadczenia uzyskane z cksploatacji samolotow rol-
niczych PZL-101 Gawron i An-2, wyposazonych w mecha-
nizacje ptata, wskazywaly na zalety wtlasnosci kroétkiego
startu i lgdowania dla samolotéw rolniczych. W szczego6l-
nosci cennymi zaletami sg: predko$¢ minimalna, ciasne
zakrety pomiedzy kolejnymi lotami roboczymi nad polem,
a takze krotkic starty i ladowania pozwalajagce na mate
wymiary ladowiska. W polgczeniu z dobrymi wiasnosciami
na krytycznych katach natarcia — pozwala to na bezpiecz-
ne wykonywanie tak trudnych operacji, jak loty na matlej

wysokosci wsrod przeszkéd. A ta cecha ma zasadnicze
znaczenic dla przydatnosci samolotu do prac agrolotni-
czych.

Ponicwaz samolot rolniczy wykonuje lot caly czas w
poblizu ziemi, dobre wilasnoéci na malych predko$ciach
lotu moga by¢ potrzebne w kazdej chwili. Dlatego PZL-
-106 zostal wyposazony w stale sloty, ktére — z braku
jakichkolwiek mechanizméw — sa bardziej niezawodne
od slotéw ruchomych i rownoczesnic sg od nich lLiejsze.

W zakresic przeciggniecia samolotu uzyskano bardzo ko-
rzystne wlasnosci aerodynamiczne dzieki zastosowaniu pro-
filu Clark Y ze skrzelem (slotem) NACA TN 459. Uzyskano
kat krytyczny az 28°, lagodny przcbieg oderwania i tylko
nicznaczny spadek sily nosnej po przekroczeniu kata kry-
tycznego. W potlagczeniu z prostokatnym obrysem ptlata
pozwolilo to na unikniecie tendencji do wchodzenia samo-
lotu w korkocigg po przeciggnieciu. Samo przeciggniecie

jest lagodne, sygnalizowanc buffetingiem (trzepotaniem)
usterzenia i tatwo zanika po lekkim oddaniu drgzka ste-
rowego.

Skrzydia ze slétami majg jeszcze jedng zalete — jest
nig mata wrazliwos¢ samolotu na podmuchy. Wynika ona
z tego, ze zakres uzytkowych kaloéw natarcia jest do§¢ duzy
i dlatecgo zwiekszenie kala natarcia przez -podmuch nie
powoduje przeciggniecia — co jest cenng wlasnoscig dla
samolotu latajagcego na malej wysokosci.

Bezpieczenstwo i warunki pracy pilota

Bezpieczenstwo pilota — to z jednej strony problem
zapobiegania wypadkom, a z drugiej strony — ograniczenie
do minimum obrazen pilota przy awarii.

Przy omawianiu koncepcji aerodynamicznej samolotu wy-
jasniono juz, dlaczego prostokatne skrzydio Kruka zc sta-
lym slotem na calej rozpietosci daje korzystng charaktery-
styke acrodynamiczng o tagodnym, symetrycznym przeciag-
nieciu, z duzym zapasem kata natarcia w locie roboczym,
bez tendencji do zwalania sie w ciasnych zakretach i za-
pewnia niewrazliwo$§¢ na podmuchy.

Zbiornik chemikaliéw znajduje sie w poblizu s$rodka
ciezkosci samolotu, nie wystepuja wiec praktycznie zaklo-
cenia réwnowagi w trakcie pracy urzadzen rolniczych, a w
szczegodlnosci przy awaryjnym zrzucie zawartosci zbiornika.
Ta ostatnia wlasnos¢ w polaczeniu z dobrg skutecznoscig
lotek dajc nicwielkie sily na sterownicach i zmniejsza wy-
silek pilota. Nie wymaga wysitku rowniez elektropneuma-
tyczne sterowanie aparaturg rolniczg za posrednictwem
przyciskow 1 przetgcznikéw, nie zas za pomocg dzwigni.

Bezpieczenistwo lotu zwieksza takze wygodna kabina o
doskonalej widocznosci zarowno w locie, jak w ciasnych
zakretach, czy przy kotowaniu na ziemi, dzieki umieszcze-
niu jej wysoko i za skrzydiem. Pilot moze przy tym bez-
posrednio, ucickajac sie do lusterka, kontrolowa¢ dzialanie
urzgdzen agrolotniczych. Klimatyzacja kabiny zasilana fil-
trowanym powictrzem o nieznacznym nadcisnieniu zapewnia
higieniczne warunki pracy pilota w otoczeniu skazonym
toksycznymi chemikaliami.

Podwozie o miekkiej amortyzacji i kolach o niskim cis$-
nieniu — to takze mniejsze zmeczcenie pilota, wykonujgcego
nieraz po kilkadziesigt lagdowan dziennie.

W sumie usunieto gléwne Zrédla zmeczenia pilota, dajac
uzytkownikowi samolot bezpicczny i tlatwy w pilotazu.
Dzieki temu nie stanowi problemu przeszkolenie na samo-
lot PZL-106A pilota wyszkolonego na innym typic samo-
lotu. Praktyka potwierdzila, ze mozna tu sie obejs¢ bez
lotow z instruktorem na dwusterze. Tym niemniej opraco-
wano roéwniez wersje samolotu z dodatkowq kabing instruk-
tora i ograniczonym tadunkiem chemikaliéw, jako samolot
dla wprowadzania wyszkolonych pilotow w technike wy-
konywania zabiegéw agrolotniczych.

Duzy procent wypadkéw samolotéw rolniczych stanowig
zderzenia z przeszkodami naziemnymi. Do umozliwienia
naglego ,przeskoczenia” nad przeszkodg zastosowano awa-
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safely in such difficult conditions as flight at low altitude
among terrain obstacles. This advantage has the greatest
influence on the usefullness of the aircraft for agricultural
duties.

Good characteristics of the airplane at small speed is
required, because the ag-plane flies close to the ground
for most of the service time. To obtain these characteristics,
the PZL-106A has been cquipped with fixed slats which,
in the absence of any mechanical devices werc more
reliable and at the same time lighter than that of moving
type. Very good stalling characteristics were achieved by
the use of Clark Y airfoil combined with NACA TN-459
slats. The critical angle of 28°, smooth separation and only
slight decrease of lift after separation has been obtained.
These properties and the rectangular outline of the wing
prevent going into spin after stalling. The stalling is
smooth, signalised by the taiplane buffeting and disappears
quickly after slight movement of the control stick forward.
The wings cquipped with slats posses one more advantage
— small sensitivness to gusts, which results from the fact
that the range of operational angles of attack is quite wide
and the increase of this angle by gust, does not stall the
airplane.

Safety and pilot’s working conditions

Pilot’s safety — it is on one hand problem of preventing
against accidents and on the other hand the problem of
reducing to minimum pilot’s possible injuries if an accident
should occur.

While describing the aerodynamical conception, the cha-
racteristics of the airplane on the subject of stalling,
separation, tight turns and response on gusts has bcen
given. This is a part of an answer to the first problem.

The hopper is situated near the center of gravity of
the airplane, thus practically no disturbance of flight
stability occures when operating agricultural cquipment.
This seems to be important, particularly in case of quick
dump of chemicals. Almost invariable stability, combined
with good efficiency of ailerons, gives small forces on
the control stick and reduces pilot’s effort. No cffort is
also requied to opcrate the electro-pneumatic ag-equipment
with push-buttons and switches instead of mechanical
levers. Comfortable cabin, situated high above and behind
the wings, with excellent visibility, increases flight safety
also in tight turns and during taxiing.

The pilots can observe the ag-equipment at work, with-
out using any back mirrors. Ventilation system provides
the filtered air at slight overpressure to the cabin, securing
healthy working conditions in the atmosphere polluted
with toxic chemicals.

Also the soft amortisation and low pressure tires help
to reduce pilot’s exchaust (daily landings and takes-off
counted in tens). Thus main sources of pilot’s exchaust
were removed, making the PZL-106A airplane, safe and
easy to handle. Thereforc there is no problem in traiiting
pilots on that airplane. It has becen proven in practice,

Rys. 2. Trzeci prototyp SP-PBH z silnikiem PZL-3S. Third proto-

type SP-PBH with PZL-3S engine. Fot. A. Szczepaniak



Rys. 3.
SP-PBO with engine cowling. Fot. A. Szczepaniak

Prototyp nr 7 SP-PBO =z oslong silnika. Prototype No 7

ryjny zrzut chemikaliow w ciagu okolo 5 sekund. Do prze-
cinania badz odchylania przewodoéw sieci napowietrznych
zastosowano noze na kabinie i na goleniach podwozia oraz
linke bezpieczenstwa miedzy kabing i statecznikiem pio-
nowym.

Z drugiej strony samolot zaprojcktowano tak, aby nawet
w przypadku awarii pilot wyszedl bez szwanku. Szkiclet
kabiny wytrzymuje obcigzenie przy kapotazu rowne trzy-
krotnemu ciezarowi samolotu, jak rowniez przyspieszenie
do przodu okoto 40 g przy czolowym zderzeniu z przeszko-

dg. Korzystny jest juz sam ukiad samolotu, w ktorym
zbiornik chemikaliow — jako gldwna masa — umieszczony
jest przed ' kabing i przy zderzeniu nie tylko nie zagraza

pilotowi, ale przeciwnie — wraz z calym przodem kadtuba
pochiania energie uderzenia. Szerokie pasy bezpieczenstwa
rowniez wytrzymuja obcigzenie 40-krotnym ciezarem pilota,
a wiec do granic wytrzymatosci czlowieka. Nad tablicy
przyrzadow umieszczono odksztalcalny zderzak chronigcy
glowe pilota. Pedaly maja duza powilerzchnie oparcia do
ochrony stép przed urazami. Drazek latwo odchyla sie do
przodu, nie zagrazajac pilotowi.

Ryzyko pozaru przy kraksie jest zmniejszonc przez u-
mieszczenie zbiornikow paliwa w skrzydiach, w pewnej
odlegtosci od kadtuba.

Trwatos¢ konstrukceji

Zywotnos$é i trwato$é¢ konstrukcji — to drugi cel, jaki
postawiono przed samolotem. Cel ten daje sie rozbi¢ na
dwa zagadnienia: odpornosci konstrukcji na zmeczenie i
zuzycie materialu oraz odpornosci na korozje.

Zastrzalowy uktlad skrzydel, usterzen i podwozia sprzyja
utrzymaniu niskich obcigzen w weztach i niskiego poziomu
naprezen. Duze kota o niskim cisnieniu (2 at) i skuteczna
amortyzacja podwozia (samolot latwo kotuje po zoranym
polu) — to rowniez duza trwatos¢ konstrukcji, gdyz obcig-
zenia na ziemi stanowig powazng pozycje w ogoélnym bi-
lansie obciazern.

Slot skrzydiowy, konstrukcji przekitadkowej z laminatu
z piankowym wypelniaczem, oprocz swojej podstawowe]
funkcji aerodynamicznej ma stanowi¢ rowniez zabezpiecze-
nie kesonu skrzydia przed uszkodzeniami w locie (ptaki)
lub na ziemi (np. pojazdy na lotnisku). Slot wykonany jest
dlatego w postaci szeregu segmentoéw; w razic uszkodzenia
zniszczony segment tatwo wymienia sie na nowy.

Do zabezpieczenia przed korozja szeroko zastosowano
laminaty nie tylko na elementy drugorzedne, jak owicwki,
pokrywy, koncowki skrzydet — lecz rowniez na silnie ob-
cigzone elementy konstrukcji (slot skrzydia, dach kabiny),
a przede wszystkim zbiornik chemikaliow.

Kratownica kadluba z rur stalowych w celu ochrony
przed korozjg jest spawana szczelnie w ostonie argonu
i zabezpieczona kilkoma warstwami emalii chemoodpornej;
zabezpieczono rowniez wnetrza rur.

Zdejmowane pokrywy na catej diugosci kadiuba umozli-
wiajg czyszczenie i mycie struktury w celu usuwania
resztek aktywnych korozyjnie chemikaliow.

Na pokrycie sterow, lotek i czesciowo skrzydia uzyto
tkaniny poliestrowej, réwniez odpornej na dziatanie srod-
kow chemicznych.

Z zewnatrz samolot pomalowano trwatymi, odpornymi na
erozje emaliami poliuretanowymi.
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that the basic training on the two-seat airplane is not
necessary. But still, the two-seat model of this aircraft
has been designed. The aircraft, equipped with second
cabin for instructor and limited chemicals payload con-
tainer is intended as an aircraft for practicing various
agricultural techniques used in ag-aviation.

Collisions with ground obstacles are great part of all
ag-planes accidents. To enable sudden ,,jump” over tarrain
obstacles, the emergency dump system (less than 5 sec)
has been installed on that airplane. The stecl wire cutters
on the windscreen and the landing gear legs, and the steel
deflector cable, rigged between the top of cabin and the
fin, are the protection against unnoticed overhead electric
mains wires.

On the other hand, the airplane has been designed to
protect the pilot as well as possible in case of any crash.
Construction of the cabin resists the load of three weights
of an airplane in the casc of capotage and the acceleration
of 40 g (forward) in case of frontal impact with an obstacle.
Also the idea of placing hopper (the main weight) forward
of cabin, is very safe. In casc of any frontal crash, the
hopper together with the nose part of the fuselage absorbe
the impact cnergy. The safety-belts are able to withstand
the load equal to 40 pilot’s weights (40 g dececleration),
it mecans up to human limits.

The instrument panel is padded. Wide pedals on which
the pilot rests his feet protect him against foot injury.
The control stick is mounted in such a way that it deflects
safely if the pilot’s body falls on it suddenly. Danger of
fire in crash, has been decreased to minimum, by installing
fuel tanks in the wings, at some distance from the
fuselage.

Durability of construction

Long fatigue life and durability of the construction
were other problems to solve, whilst designing the PZL-106
plane. This matter can be divided into two problems. First
of them is the resistance of the construction against the
material fatigue and wear, the second is the anti-corrosion
protection.

Due to strut braced structure of wing, tailplane and
landing gear, forces in joints are low and so is the stress
level in this construction. Large diameter, 2 atm (29 psi)
low pressure wheel tires and effective shock absorption
(the airplane can taxi on the ploughed up field) improve
the durability of the whole construction, because the
ground loads are very important part in general load
distribution.

An agricultural aircraft incurres frequent damages to
the front part of the wing in flight (collisions with birds)
and during taxiing (vehicles). This problem has been solved
by the use of slats (fibre glass with foam filler) as
bumpers. There is no need to replace the entire slat, in
case of damage for the slats are divided into short and
casily removable scctions. Not only the second rank ele-
ments like firings, coverings or wing tips but also the
heavily loaded parts of constructicn such as slats, cabin
roof and first of all the hopper arc made of fiber glass
reinforced epoxy laminates.

The tubular elements of the truss construction of the
fuselage are tightly welded in argon shielding and
externally protected with a multi — layer covering of
chemical resistant polyurethane enamel. The steel tubes
are protected also from the inside.

Easily removable canvas of the fuselage, cnable cleaning
and washing of the airplane to clear the lecavings of active
chemicals.

The covering of the tailplane, slats and partly of the
wings is made of polyester fabric, resistant to chemicals
activity. Additionally, the whole airframe is painted with
long lasting, wear resistant polyurethane cnamel.

Economy of opcration

Many factors influence on the cconomy of ag-aviation
works. Besides the fuel consumption rate, the productivity
of the ag-planc is the most important factor. The typical
working flight can be devided into few stages:

— take off and climb,

flight to the operation area,

working flights over the field,

working turns,

return to the airfield,

appiroacile and landing,

taxiing (before and after the flight),
— refuelling and chemicals loading.

3]
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Ekonomika uzytkowania

Na ekonomike prac rolniczych wplywa wiele czynnikéw.
Oproécz zuzycia paliwa decydujacym skladnikiem jest wy-
dajnos¢ pracy samolotu. Typowy przebieg lotu roboczego
da sie rozbi¢ na etapy:

— start i wznoszenie,

— dolot,

— przeloty robocze nad polem,

— zakrety robocze,

— powrédt do ladowiska,

— schodzenie i ladowanie,

— kolowanie po ladowisku (przed i po locie),

— operacje tankowania i ladowania chemikalidéw.

Znaczenie poszczegélnych skladnikow zmienia sig w za-
leznosci od stosowanej dawki chemikaliow, dlugosci pola
i szerokosci roboczej. Dla srednich dlugosci pola powazng
pozycje stanowi lgczny czas zakretéw roboczych. Przekra-
cza on zwykle znacznie czas wiasciwych roboczych prze-
lotéw nad polem i moze, zwlaszcza przy niewielkich wydat-
kach chemikaliéw, stanowi¢ wiecej niz polowe catkowitego
czasu lotu od startu do lgdowania. Dlatego tez PZL-106A
dzieki doskonatej zwrotnosci, a wiec krdtkiemu czasowi
nawrotu (rzedu 30-+-40 s) pozwala na uzyskanie wysokiej
wydajnosci. Uzyskiwana przez PZL-106A duza szerokosé
robocza — to rowniez wazny czynnik wydajnosci, decydu-
jacy o powierzchni obrabianej w jednym przelocie.

Czas dolotu i powrotu na lagdowisko decyduje o wydaj-
nosci przy pracy z duzymi wydatkami chemikaliow; gdy
lagczny czas pracy nad polem spada ponizej 2 minut, czas
dolotow na odleglos¢ 3-10 km waha sie w granicach
50--75% czasu lotu. Dzieki wtasnosciom lotnym oraz pod-
woziu specjalnie przystosowanemu do operowania z nie-
przygotowanych ladowisk, latwo o dobér ladowiska robo-
czego w poblizu obrabianego pola i zminimalizowanie czasu
dolotu. Mozliwos¢ szybkiego przebazowania personelu na-
ziemnego i sprzetu samolotami ulatwia organizowanie ta-
kich prowizorycznych ladowisk.

Przecietna szerokos$¢ robocza wynosi 3035 m, predkosé
robocza i predkos¢ dolotu 140 km/h, czas zakretu roboczego
40 s.

Maksymalny wydatek dla proszkéw wynosi 25 kg/s, gra-
nulatow 35 kg h, ziarna 10 kg/s, roztworéw wodnych 18 1/s,
a roztworéw oleistych 4,5 I/s.

Dla lacznej wydajnoSci dobowej istotne znaczenie ma
czas spedzany przez samolot na ziemi. Oprocz organizacji
pracy na ladowisku wybija sie na pierwszy plan czas uzu-
pelniania zbiornika chemikaliami i tankowania materialow
pednych. Chemikalia ciekle doprowadza sie do zbiornika
pod cisnieniem przez dobrze dostepng koncéwke z zaworem
na lewym boku kadiluba. Ladowanie chemikaliow sypkich
moze sie odbywaé¢ za pomocg standardowych mechanicz-
nych urzadzen zaladowczych. Przy tym pokrywa zbiornika
moze by¢ wyposazona w pneumatyczny mechanizm otwie-
rania i zamykania, uruchamiany przez pilota z kabiny.
Samolot moze réwniez posiadaé¢ instalacje tankowania pa-
liwa pod cisnieniem za posrednictwem pokladowej elek-
trycznej pompy tankowania, przez koncéwke na prawym
boku kadluba.

Skroécenie czasu operacji naziemnych oraz dobre dostepy
dla obslugi rowniez wplywajg pozytywnie na ekonomike
eksploatacji samolotu PZL-106A.

Wersja dwusterowa

Oryginalnym rozwigzaniem zastosowanym na PZL-106A
jest sposob, w jaki uzyskuje sie wersje dwusterowg tego
samolotu. Odbywa sie to przez zastgpienie zbiornika che-
mikalibw — pojemnikiem z kabing instruktora. Kabina ta
wyposazona jest w sterownice 1 podstawowe przyrzady
pokladowe oraz wiatrochron — przesuniety troche na prawo
od osi symetrii samolotu w celu nie zmniejszania widocz-
nosci z kabiny pilota-ucznia. W dolnej czesci pojemnika
znajduje sie maly zbiornik na chemikalia ciekle, co pozwala
na uzywanie aparatury rolniczej w trakcie szkolenia.

Takie rozwigzanie uzyskiwania wersji dwusterowej poz-
wala na szkolenie na kazdym egzemplarzu samolotu, ktory
nie jest w danym czasie potrzebny do prac w polu. Ponadto
nie sa niezbedne osobne samoloty do szkolenia, a kazdy
egzemplarz moze by¢ wykorzystany do prac rolniczych —
co daje uzytkownikowi konkretne korzysci ekonomiczne.

Wyposazenie rolnicze

Podstawowym elementem urzadzen rolniczych na samo-
locie jest oczywiscie zbiornik chemikaliow. Zbiornik samo-
lotu PZL-106A ma pojemno$¢ okolo 1400 litrow i nosnoscé
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4. SP-PBM (nr 6) z usterzeniem poziomym na dole. SP-PBM
(No 6) with tailplane down. Fot. W. Garbarczyk

Rys.

The meaning of respective stages varies under the in-
fluence of such factors as: amount of chemicals in one
flight, field lenght and working swath width. For the mean
field lenght, the total time of working turns is very
important. It is usually longer than the working time spent
over the field, and it happens to be even equal to the half
of the total flight time, particulary in case of low flow
rate of chemicals. The maximum flow rate for powder is
25 kg/sec, for granulates 35 kg/sec, for grain 10 kg/sec, for
water solutions 18 1/sec, for oil preparations 4,5 1/sec.
Thanks to good maneuverability and short time of tight
working turns (30--40 sec), the PZL-106A airplane is very
productive. The large working swath width (30535 m)
enables the aircraft to work over great area during one
working flight. The time of fligt to the field (at speed
of 140 km/h) and the time of return, determine the pro-
ductivity in case of work with high flow rates. If the
working time over the field is less, than 2 minutes, then
the time of flight to the field beeing distant from 3 to
10 km from the airfield, takes some 50—75% of total flight
time.

Thanks to the good performance and especially designed
landing gear, operation from the rough terrain is possible.
Therefore there is no problem in finding temporary air-
fields close to the operation area, to minimize the flight
time to the field. The possibility of quick shifting of
ground personel and equipment by the PZL-106A airplane,
enables to organise such temporary airfields. Also the
time spent on the ground influences on the total daily
productivity. Besides the organisation of service and
maitanance on the ground, the most important is the time
of refuelling and the time of chemicals loading. The liquid
chemicals are loaded under pressure, throught the easily

accessible inlet on left side of the fuselage. The dry
chemicals are loaded by the use of standard ground
equipment.

The hopper hatch can be optionally equipped with the
pneumatic opening and closing device, operated from the
pilot’s cabin. '

There can be pressure refuelling instalation fitted in
the airplane. The system, in which inlet is situated on
the right side of the fuselage, is powered by the electric
pump.

Among the factors which also improve the economy of
PZL-106A airplane are: shortening of ground operation
time and maintenance time.

Training version <

Very oryginal is the way in which the PZL-106A air-
plane can be converted into two-seat training wversion.
This can be done, by replacing the geniuine hopper with
specially designed container in which the instructor’s
cabin is situated. This cabin is equipped with controls,
basic instruments and windshield. The pilot’s seat and
the windscreen are displaced from the axis of symmetry
of the airplane towards right, to preserve the excellent
visibility from the main cabin. In the lower part of the
container, there is a small hopper, for liquid chemicals
which enables practical training of agricultural works.

This solution makes possible, to turn into trainer any
of the PZL-106A airplanes (for example if the airplane
is not in use in an agricultural operation). Moreover, in
that case none special training aircrafts are required, and
this makes the exploatation of PZL-106A more economical.
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1000 kG. Ze wzgledu na stosowanie niektérych chemika-
liow sypkich, kat nachylenia scianek w dolnej czesci zbior-
nika dla lepszego wysypywania zawartosci utrzymano duzy
(okolo 55°C). Zbiornik jest niezalezny od struktury kadtuba.
Pozwala to -na prostg i szybkg wymiane zbiornika, np. w
przypadku jego uszkodzenia, a takze umozliwia pomiar cie-

zaru chemikaliow za posrednictwem wagi hydraulicznej.
Zbiornik wchodzi w duzy wykréj w kratownicy kadiuba,
ktory jest tu usztywniony zewnetrznie przez niekonwencjo-
nalny uktad zastrzailéw skrzydla. Zbiornik wykonano z la-
minatu epoksydowego (wzmocnionego tkaning i matg
szklang), bez wewnetrznych usztywnien, co utatwia zala-
dunek i zrzut awaryjny chemikaliow sypkich. Uzyty mate-
rial zapewnia trwalosé, malty wspéiczynnik tarcia, chemo-
odpornos¢ i tatwos¢ remontu przy drobnych uszkodzeniach.
W przypadku stosowania cieczy, do zbiornika wstawia sie
przegrody tlumigce, rowniez laminatowe.

Urzadzenia rolnicze moga wystepowaé w roéznych wa-
riantach: z napedem wiatrakowym badZz od silnika samo-
lotu. Dla cieczy w kazdym wariancie mozliwe sg dwa ze-
stawy aparatury. Zestaw standardowy przeznaczony do
opryskiwania srednio- i grubokroplistego (Srednica kropel
150 do 500 um), to 60 rozpryskiwaczy rozmieszczonych
wzdluz rur za krawedzig sptywu skrzydita, Wydatek maksy-
malny wynosi 18 litréw na sekunde. Zestaw drugi (dostar-
czany na specjalne zamowienie) sklada sie z 6 atomizerow
Micronair do opryskiwania bardzo matym wydatkiem (ULV),
maksymalnie 4,5 litréw na sekunde. Zesp6l! pompujgco-
-filtrujacy zamontowany na dennicy oproécz zasilania roz-
pryskiwaczy zapewnia: mieszanie zawartosci zbiornika przez
staly upust do wnetrza, regulacje wydatku i cisnienia w
locie za posrednictwem zaworu upustowego, zrzut awaryjny
zawartosci (uruchamiany elektropneumatycznie) oraz latwg
i szybkg wymiane wktadu filtra.

Dla chemikaliéow sypkich zastosowano rozrzutnik tune-
lowy. Jego wtlasnosci agrotechniczne konkurujg z wtasno-
Sciami rozrzutnikd6w mechanicznych. Umozliwia on przy
tym wygodny zrzut awaryjny chemikaliow bez koniecznos¢
zrzucania calego rozrzutnika. Spulchniacz napedzany jest
malym wiatraczkiem za pomocg przekiadni slimakowej z
hamulcem pneumatycznym.

Niezaleznie od rozrzutnika tunelowego mozliwe jest —
po wymianie zbiornika chemikaliow na zbiornik z okrggtym
otworem wysypowym — zabudowanie na samolocie PZL-
-106A mechanicznego rozrzutnika odsrodkowego M-64 od
samolotu Z-37 Cmelak.

Rys. 5. SP-WUE 2z scrii informacyjnej. SP-WUE from information
batch. Fot. A. Prystepskt

Agricultural equipment

The hopper is of course the basic part of the ag-
-equipment. The hopper of the PZL-106A airplane is of
capacity of 1400 1 (1000 kg). Considering that some of the
chemicals are of the dust form, slope of the hopper walls
is great (55°) for better dust pouring.

The integral and independent construction enables easy
and quick removal of the hopper (i.e. in case of hopper
failure) and also makes possible continious measurement
of chemicals weight by means of hydraulic balance system.
The hopper is situated in a big opening in the truss of
fuselage. This opening is stiffened by the unconventional
system of wing bracing. The hopper is made of epoxy
laminate (reinforced with fibre-glass) and nonc binding
internal elements were used to stiffen the construction.
This makes the problems of loading and quick dump of
chemicals ecasy.

The materials used, assure: durability, low friction
coefficient, chemical resistance and simplicity of repairs
in case of small damages. For the use of liquid chemicals
suppressing partitions made of laminate, are fitted in the
hopper.

The ag-equipment is of two types: either fan driven
or powered by airplane engine. For liquid chemicals for
cach type of powering system, two sets of ecquipment are
available. The standart set intended for coarsc and midium
sprying (VMD droplets 150 to 500 jun) consists of 60
pressure atomisers with replaceble nozzles, equally
distributed along the boom assembly. This boom is installed
behind the trailing edge of the wing.

The second set (on special orders only) consists of
6 ,,Micronair” atomisers for fine droplets sprying (VMD
droplets 50--200 ym) at low — discharge rate of maximum
4,5 I/sec. The pumping-filtering system is attached directly
to the framing of the discharging hole of the hopper.

The hole in the bottom i.e. the inlet hole to the pump,
and the outlet hole from the release valve, are secperated
and shilded by stright quide vane which cause intensive
circulation of the liquid in the hopper, thus ensuring
continious and effective mixing of the liquid. The system
contains also the emergency dump system (operated eclectro-
-pneumatically). A multisurface filter is located in such
a way, that it’s replacement is quick and easy.

The tunnel dispersal unit is the basic device for solids.
The agro-technical characteristics of this tunnel can contest
with that of mechanical spreaders. Construction of the
dispersal tunnel enables the emergency dump without the
necessity of jettisoning of the unit. The mixer is powered
by a vane — whell, by means of a worm gear.

Apart from the tunnel dispersal system, the employing
of centrifucal, mechanical dispersal facility, M-64 (of
Czechoslovakian make) is possible.

PRENUMERATA CZASOPISM WCT NOT

Zaméwienia na prenumerat¢ indywidualng przyjmowane
sa na okresy roczne, pélroczne i kwartalne w terminie
30 dni przed okresem zamoéwionej prenumeraty. Decyduje
data stempla pocztowego. Nalezno$¢ za prenumerate pro-
simy wplaca¢ w kazidym z Urzedow Pocztowych z poda-
niem tytulu zamawianych czasopism, liczby egzemplarzy
i okresu prenumeraty. Konto PKO I O/M Warszawa Nr
1531—5021 Wydawnictwa Czasopism Technicznych NOT.

Czlonkom SNT NOT, studentom oraz nauczycielom i ucz-
niom szkél techniczno-zawodowych przystuguje rabat 33%

od cen normalnych (Uchwala Zarzadu Gilownego NOT).
Warunkiem przyjecia prenumeraty ulgowej jest podanie
na zamoéwienie numeru legitymacji czlonkowskiej SNT
NOT lub szkolnej.

Prenumerata na zagranice

Zamowienia ze zleceniem wysylki czasopism za granice
przyjmuje RSW Prasa-Ksigzka-Ruch ARS Polona, ul Kra-
kowskie Przedmiescie 7, 00-068 Warszawa.
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PZL Mi-2

Type. Twin-turbine
helicopter.

peneral-purpose  light

Versions:

— convertible passenger/cargo transport;
passcngers-only, for 6 or 8 passengers;
ambulance;

agricultural;
search and rescue. with external hoist;
freighter, with external cargo slinp;

pilot training;

photogrammetric;

television (for transmission from the air);
with 260 kg capacity hoist.

Rotor system. Three-blade
fitted with  hydraulic
dampers. All-metal blades of NACA 230-
-13M section. Flapping. drag and pitch
hinges on each blade. Main rotor blades
and thosc of two-blade tail rotor each
consist of cn  extruded duralumin spar
with bonded honeycomb trailing-edge
pockets. Anti-flutter weights on leading-
edges, balancing plates on trailing-edges.
Hydraulic boosters for longitudinal, lateral
and collective pitch controls. Coil spring
counterbalance mechanism in main and
tail rotor systems. Pitch-change centrifugal
loads on tail rotor carried by ribbon-type
steel torsion elements. Electrical blade de-
-icing system for main and tail
Rotor brake fitted.

main
blade

rotor
vibration

rotors.

Fuselage. Conventional semi-monocoque
structure of pod and boom type. made
up of three main assemblies: the nose.

central section and
is of sheet

tailboom. Construction
duralumin, bonded and spot-

-welded or riveted to longerons and
frames. Main load-bearing joints are of
steel alloy. Normal accommodation for one

pilot on flight deck. Seats for up to eight
passengers in cabin. All seats are remov-
able for carrying up to 700 kg of internal
freight. Pilot's sliding window jettisonable
in emergency. Ambulance version has
accommodation for four stretchers and a
medical attendant or for two stretchers
and two sitting casualties. Side-by-side
seats and dual controls in pilot training
version. Cabin heating. ventilation and air-
-conditioning standard. Electrical
of windscreen.

de-icing

Tail  Unit.
stabiliser
lever.

Variable-incidence horizontal
controlled by collective-pitch

L.anding Gear. Non-retractable
type, plus tailskid. Twin-wheel nose unit.
Single wheel on each main unit. Olco-
-pneumatic shock-absorbers on all units.

tri-cycle

TECHNICAL DATA
Dimensions

Diameter of main rotor
Length overall, rotors turning
Length of fuselage

Heighf to top of rotor hub
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including

tailskid.
designed to cope with both normal operat-

Main shock-absorbers

ing loads and possible ground resonance.
Main-wheel tyres size 600X180, pressure 4,5
kg/cm?!  Nosewheel tyres size  400X125,
pressure 3,5 kg/cm®: Pneumatic brakes on
main wheels. Metal ski landing gear
optional.

Power plant. Two 400 or 450 shp DPolish-
-built Isotov  PZL GTD-350 turbo-shaft
engines, mounted side by side above cabin.
Fuel in single rubber tank, capacity 600
litres, under cabin floor. Provision for
carrying a 238 litre external tank on each
side of cabin. Oil capacity 25 litres. Engine
air intake de-icing by engine bleed air.
Main rotor shaft driven via gear-box on
each engine; three-stage main gearbox,
intermediate gearbox and tail rotor gear-
box. Main rotor/engine rpm ratio 1: 24,6.
Freewheel units permit disengagement of
a failed engine and also autorotation.

Systems., Cabin heating, by engine bleed
air, and ventilation; heat exchangers warm
atmospheric air for ventilation system.
Hydraulic system, for cyclic and collective
pitch control boosters.

for main whceel brakes. AC electrical
system, with two engine-driven starter/
/gencrators and 208 V 16 kVA three-phase

alternator. 2¢ V DC system, with two 28
Ah lead-acid batteries. Standard equip-
ment includes two transceivers, gyro com-
pass, radio compass, radio altimeter. inter-
com system and blindflying panel. Elec-
trically-operated wiper for pilot's wind-
screen. Fire cextinguishing system, for
cngine bays and main gearbox ccmport-
ment.

DESIGN DEVELOPMENT. The Mil Mi-2,
announced in the Autumn of 1961, was
designed in the USSR by the Mikhail L.
Mil-bureau. Development of the Mi-2 proto-

type, continued in the USSR until the
hellcopter had completed its initial State
trials programme of flying. Then, in

accordance with an agreement signed in
January 1964, further development. pro-
duction and marketing of the Mi-2 were
assigned exclusively to the Polish aircraft
industry, which had flown its own first
example of the Mi-2 in November 1963.
Production by WSK fwidnik began in 1925.
and this factory has since built many
hundreds in a variety of version for both

Pneumatic system civil and military customers.

Main rotor blades area (each) 2.40 m?
14,50 m Main rotor disc area 15,0 me
17,42 m Weights and loadings
11,40 m Basic operating weight 2365 kg
375 m Max payload, excl. pilot, oil and fuel 800 kg
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Normal T-O weight

Max T-O weight

Max disc loading

Performance (at normal T-O weight)

Max level speed at 500 m

Max cruising speed at 500 m

Econ. cruising speed for max range
at 500 m

Econ. cruising speed for max endurance
at 500 m =

14

3550 kg
3700 kg
22,4 kg/m?

210 km/h
200 km/h

190 km/h

100 km/h

Max rate of climb at S/L

Service ceiling

Hovering ceiling in ground effect

ITovering ceiling out of ground effect

Minimum landing area

Range at 500 m with max internal
and auxiliary fuel, 30 min reserve

Range at 500 m with max payload,
5% fuel reserve

4,5 m/s
4000 m
2000 m
1000 m
30X30 m

580 km

170 km
A.G.

TL-34177
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PZL Mi-2M

Type: Twin-turbine general-purpose 10-
-seat light helicopter.

Versions:

— passenger for 9
— freighter;

— ambulance;

— agricultural;

— pilot training (dual controls).

passengers;

Rotor System: Three-blade main rotor
with hydraulic blade vibration dampers.
All-metal rectangular blades of NACA

23013M section. Main rotor blades and those
of two-blade tail rotor each consist of an
extruded duralumin spar with bonded
honeycomb trailing-cdge pockets. Flapping.
drag and pitch hinges on each blade. Anti-
-flatter weights on leading-edges. balancing
plates on trailing-edges. Hydraulic boosters
for longitudinal, lateral and collective pitch
controls. Coil spring counterbalance me-
chanism in main and tail rotor systems.
Pitch-change centrifugal loads on tail rotor
carried by ribbon-type steel torsion ele-
ments. Spar crack warning pneumatic
system (permissible pressure decrease 02—
—0.35 kg/cm?). Rotor do not fold. Electrical
blade de-icing system for main and tail
rotors. Rotor brake f{itted. Two-blade tail
rotor.

Fuselage: Conventional semi-monocoque
structure of pod and boom type, made up
of three main assemblies: the nose includ-
ing cockpit, central section and tail-boom.
Construction is of sheet duralumin, bonded
and spot-welded or riveted to longerons
and frames. Main load-bearing joints are

of steel alloy. Adjustable pilot seat on
port side, with one passenger or pupil
seat alongside. Seats for up to nine

passengers in air-conditioned cabin on
bench seats along the walls, with centra
aisle. All seats are removable for carrying
up to 700 kg of internal freight. Cabin floor
is flat throughout its length and has rails.
Windscreen de-icing by engine bleed air.
Cabin heating, ventilation and air-con-
ditioning standard. Access to cabin via
sliding doors on each side of the both flight
deck and main cabin. Crews doors
jettisonable in emergency. As a search and
rescue aircraft, an electric hoist capacity
120 kg. Dual controls in pilot training
version. Ambulance version has accommo-
dation for four stretchers and a medical
attendant. In the freight role an under-
fuselage hook can be fitted for suspended
loads of up to 800 kg. As an agricultural
aircraft, the Mi-2M carries a hopper on
each side of the fuselage (total capacity
1000 litres) and either a sprybar to the
rear of the cabin on each side or a distri-
butor for dry chemicals under each hopper.

Tail unit: Variable-incidence horizontal
stabiliser controlled by collective-pitch
lever.

Landing gear: Non-retractable tricycle
type, plus tailskid. Twin-wheel steerable
nose unit. Nosewheel tyres size 400 X 150
mm. Single wheel on each main unit.

Main-wheel tyres size 600 X 180 mm. Pneu-

TECHNICAIL DATA

Dimensions

Diameter of main rotor
Length overall. rotors turning
Length of fuselage

Height to top of rotor hub
Diameter of tail
Stabiliser span
Wheel track
Wheelbase
Cabin doors, front (height X width)
Cabin doors, rear (height X width)

rotor
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matic brakes on main wheels. Oleo-pneu-
matic shock-absorbers on all units, includ-
ing tailskid. Main shosk-absorbers designed
to cope with both normal operating loads
and possible ground resonance. Main land-
ing gear legs are integral compressed air
tanks. ;

Power plant:
Polish-built Isotov
shaft engines,

Two 450 shp (335 kW)
PZL GTD-350P turbo-
mounted side-by-side above
cabin. Fuel in two rubber (230 litres each)
and on integral tank (375 litres), total ca-
pacity 835 litres, under cabin floor. Pro-
vision for carrying a 238 1 auxiliary tank
externally on each side of fuselage. Oil

capacity 25 litres, in two annular tanks
on engine air intake. Main rotor shaft
driven via gearbox on each engine; three-

-stage WR-2 main gearbox, intermediate
gearbox and tail rotor gearbox. Main rotor/
/engine rpm ratio 1:24.6; tail rotor/engine
rpm ratio 1:4.16. Main gearbox provides
drive for auxiliary systems and take-off
for rotor brake. Freewheel unit permit
disengagement of a failed engine and also
autorotation.

Cabin (length X

width X height)

Systems: Cabin heating, by engine bleed
air, and ventilation; heat exchangers warm
atmosferic air for ventilation system. Hy-
draulic system, pressure 60—80 kg/m:, for
cyclic and collective pitch control boosters.
Pneumatic system, pressure 50 kg/m?, for
main-wheel bralies. AC electrical system,
with two STG-3 3 KW engine-driven starter/
/generators and 208 V 400 Hz 16 KkVA
three-phase alternator. 24 V DC system,
with two 28 Ah lead-acid batteries. Standard
equipment includes two transceivers (UHF
and VHF), gyro compass, radio compass,
radio altimeter, intercom system and blind-
-flying panel. Electrically-operated wiper
for pilot’s windscreen. Fire extinguishing
system, for engine bays and main gearbox
compartment. Special equipment includes
engine air intake filters.

DESIGN DEVELOPMENT: This modified
and more powerful version of Mi-2 heli-
copter, with enlarged cabin flat floor and
redesigned landing gear, was developed by
the WSK PZL-Swidnik team. Five develop-
ment aircraft were built, the first of which
made it first flight on 1 July 1974.

4,07 X 1,45 X 1,45 m

14,50 m Floor area 5.6 m?
17,42 m Cabin volume 6.4 ms3
11,94 m Weights
3,95 m Basic operating weight. empty:
2,70 m — passenger version 2499 kg
1.85 m — freighter version 2465 kg
3,58 m — ambulance version 2503 kg
2,65 m Max T-O weight 3700 kg
1,1 X 06 m Performance
1,1 X1,1m Max level speed at 500 m 210 kkm/h



Max cruising speed at 500 m

Service ceiling

ligvering ceiling in ground effect
Ilovering ceiling out of ground effect
Max rate of climb at S/L

Time of climb to 1000 m

Time of climb to 4000 m

190 km/h
4000 m
2030 m
980 m

7 m's
3.3 min
19 min

— with max auxiliary fuel, 5% fuel reserves 722 km
w gog e 2%urd

— passenger version, 30 min reserves 350 km
— freighter version, 5% fuel reserves 480 km
Endurance, 30 min reserves 3 h 20 min
Endurance with max auxiliary fuel, 30 min reserves 5 h 25 min
W B.
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PZL-106 A Kruk

Type:
aircraft.

Single-cngined  agricultural

Wings: Braced low-wing monoplanc
with upward-cambered tips. Clark Y
wing section throughout span, except
at tips. Thickness/chord ratio 11.7%.
Dihedral 4° from roots. Incidence 6°6".
Sweepback 4° at quarter-chord. All-
-metal two-spar structure, of constant

chord. Metal and synthetic fabric
covering. Full-span six-section fixed
leading-cdge slats. Fabric-covered
duralumin slotted ailerons, in three

sections on cach wing. Streamline-
-section Vec bracing struts, with jury
struts.

Fuselage: Welded steel tube struc-
ture, covered with glassfibre-rein-
forced plastics and light alloy panels.
Hopper forward of cockpit to ensure
pilot’s safety. Pilot only, in enclosed
ventilated and heated cockpit.
Exccllent visibility due to high cockpit
position. Second (mechanic’s) seat to
rear. Combined window/door on each
side of cabin. Cockpit areca strength-
ened to resist 40 g impact.

Tail
tion,

Unit: Of duralumin construc-
with single bracing strut each
side. Fixed surfaces metal-covered:
rudder and elevators fabric-covered.
Trim tab in right elevator.

Landing Gear: Non-retractable tail-
wheel type, with oleopneumatic shock-
-absorber on each unit. Main wheels,
with Stomil-Poznan low-pressure tyres
(size 800 mm X 260 mm), each carried
on side Vee and half-axle. Pneuma-
tically operated disc brakes. Parking
brakes. Steerable tailwheel, with Sto-
mil-Poznan tyre, size 350 mm > 135
mm.

Power Plant: One 600 hp (141 kW)
PZL-3S seven-cylinder radial
charged aircooled engine,
PZL US-132000 four-blade
-spced metal propeller.

super-
driving a
constant-
Total [fuel

TECHNICAL DATA

Dimensions

Wwing span

Wing sweepback
Length overall
Height overall
Propeller diameter
Wheel track (static)
Wings area
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capacity 3000 litres. Fucl B-91/115 or
100/130 gasoline. Gravity refuelling
point on each wing; semi-pressurised
refuelling point on starboard side of
fuselage. Oil capacity 30 litres. Air
filter fitted.

Equipment: Pneumatic system, rated
at 50 kg/cm? for brakes and agri-
cultural equipment. Electrical power,
from. 27 - 5V DC alternator and
batteries, for engine starting, pneu-
matic system control, aircraft lights,
instruments and semi-pressurised re-
fuelling. VHF radio. Easily removable
glassfibre-reinforced plastics hopper/
/tank, forward of cockpit, can carry
1000 kg of dry or liquid chemical with
instant dumping capability, and has
a maximum capacity of 1400 litres.
The hopper has a quick-dump system
that can releasc 1000 kg of chemical
in less than 5 sec. A pneumatically
operated intake for the loading of dry
chemicals is optional. Distribution

and reliable

A precise
system, with positive on/off action for
dry chemicals, gives effective “~swath
widths of 30—35 m. Oil solution equip-
ment capability is 45 m.

dispersal

DESIGN DEVELOPMENT. The PZL-
-106 was designed in 1972 by a PZI.-
-Okecie team led by Andrzej IFrydry-
chewicz. The first prototype was built
in seven months and flew for the
first time on 17 April 1973, piloted by
Jerzy Jedrzejewski. The second proto-
type is powered, like the first one,
with a 400 hp Lycoming engine. It
flew for the first time in October
1973. The third prototype flew for the
first time in October 1974. with a
Polish-built PZL-3S 600 hp radial
engine. Production aircraft also are
fitted with this engine. The produc-
tion version is designated PZL-106A.

An output of some 600 aircraft for the
member contries of the CMEA (Council

system for liquid chemical is powered for Mutual Economic Aid) is anti-

by a fan-driven centrifugal pump. cipated.
Weights

11,80 m  Weight empty 1600 Lk

4° Normal T-O weight (with 1000 kg of chemical) 2800 kg

9,10 m Max T-O weight in normal category 3000 kg

3,32 m Useful load 1400 kg
262 m Performance (at 2800 kg AUW)

3,10 m Max level speed at 2000 m 211 km’h

28,4 m? Max cruising speed 180 km'’h
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Operating speed 120—160 km/h T-O and landing run 220210 m

Min. speed (power off) 90 km/h Range 400 km
Rate of climb at S/L 4 m/s Range with the hopper filled with fuel 1500 km
Service ceiling 4000 m A.G.

[—
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PZL-Mielec M-15

Type. Three-seat agricultural air-
craft.
Wings. Biplane wings, of mainly

metal construction and unequal span,
built chiefly of aluminium and steel
alloys and glassfibre laminates. The
braced upper wing has a constant-
-chord centre-section and tapered
outer panels; the centre-section is
faired to the top of the engine pod.
The shorter-span lower wings, which
house the agricultural dispersal pipes,
are of generally similar planform and
are joined of the fuselage nacelle at
floor level. The entire trailing-edge
of the upper wing is hinged, and is
made up of hydraulically — operated
double-slotted flaps and single-slotted
ailerons. There are automatically-
-operated slats on the leading-edge.
In line with each tailboom, and
occupying the full depth of the gap
between the upper and lower wings,
is a narrow streamlined hopper for
agricultural chemical, and there is a
single outward-sloping bracing strut
outboard of each hopper fairing. Trim
tab in port aileron. Wing section R-
-11-14. Upper wing incidence 3°.
Lower wing incidence 1° Wing tips
dihedral 30°.

Fuselage. Central semi-monocoque
nacelle, of narrow rectangular section,
built of same materials as wings.
Seat for pilot in fully-enclosed cockpit
in extreme nose of fuselage. Two
seats in cabin, to rear of pilot’s com-
partment, for carrying ground staff
during ferry flights. Access to cockpit
via door on port side of cabin and to
passenger cabin on starboard. Cockpit
air-conditioning by engine compressor
bleed air.

Tail Unit. Cantilever metal/glass-
fibre structure, consisting of twin
sweptback endplate fins and rudders,
bridged by a high-mounted tailplane
and full-span elevators, supported on

two slender tailbooms located at
approx. one-quarter span on the
trailing-edge of the upper wing.
Vertical tail unit section NACA
0010 M.

TECHNICAL DATA

Dimensions
Wing span:

— upper

— lower
Length overall
Height overall
Wheel track
Wheel base
Max. flaps deflection
Aileron travel
Elevator travel
Rudder travel
Wings area
Ailerons total area
Flaps total area
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Gear. Non-retractable tri-

Landing
cycle type, with single wheel on each

unit. Main wheels and tyres size
720 X 320, tyre pressure 3,0 kg/cm?,
nosewheel and tyre size 700 X 250,
tyre pressure 2,5 kg/cm2 Nosewheel
steerable hydraulically, 50° to left or
right. Brakes on main wheels.

Power Plant. One 1500 kg st Ivchen-
ko AI-25 turbofan engine, mounted
in a pod on top of the fuselage.
Eight fuel tanks in the upper wing;
total capacity 1460 litres.

Equipment. Full flight and navi-
gation instrumentation, including stall-
-warning indicator. VFR radio/navi-
gation equipment optional. 720 channel
UHF radio transceiver. The two
between-wings hoppers have a com-
bined capacity for 2900 litred of liquid
or 2200 kg of dry (powdered or gra-

nulated) chemical. Ivchenko AI-9
APU, normally reimoved from aircraft
during agricultural operations, pro-
vides power for engine starting,
ground refuelling and filling of

hoppers with liquid chemical. Twin
landing lights in nose. Hydraulic
system, pressure 150 kg/cm? for
brakes, flaps, agricultural equipment,

steering of nosewheel and engine
bleed air valve. 27 V DC electrical
system with WG-7500 7,5 kW engine-
-driven generator. 36 V and 115 V AC
system.

DESIGN DEVELOPMENT. Initial
design of the M-15 was undertaken
by a design bureau at Mielec under
Soviet chief conculting engineer R. A.
Ismailov and Polish designer K. Go-
cyla, and staffed by Polish and Soviet
specialists. The agricultural equipment
for the aircraft is being developed by
the Instytut Lotnictwa at Warsaw.
A prototype, designated LL-M15 (Fly-
ing Laboratory Prototype M-15), was
flown on 30 May 1973; the first fully-
-representative M-15 prototype made
its first flight on January 1974. In 1975
pre-series M-15s had been sent to the
USSR for evaluation. Aircraft is in
serial production.

Rudders total atea 4,00 m?
Fins total area 5,93 m?*
22,33 m Tailplane 5,92 m?
16,43 m Elevator +4.08 m?®
12,72 m Weights and loading
534 m Weight empty, with dusting equipment 3090 kg
4,32 m Weight empty, with spraying equipment 3120 kg
4,90 m Weight empty, with atomizers 3130 kg
40° Max T-O weight 5650 kg
+21°¢/—23° Useful load 2540 kg
+40°/—15° Chemical load 2200 kg
+25° Max power loading 0.375 kg/kg
67.50 m? Max wing loading 83,7 kg/m?
9,03 m? Performance (at max T-O weight)
4,98 m? Max cruising speed 200 km/h
19



Cruising speed 180190 km/h T-O run

270 m
Normal operating speed 140--165 km/h L.anding run 280 m
Stalling speed 112 km/h Max range at 3000 m 400 km
Stalling speed, flaps down 89 km/h Swath width 60 m
Max rate of climb at S/1. 45 m/s S.F.

TL-37/FT
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PZL Al-14R

Type: Nine cylinder, single-row,
radial, air cooled, gecared drive, 4-
-cycle, supercharged piston enginc.

Crankcase assembly is an aluminium
alloy casting. It censists of reduction
gear housing, crankcase front section,
crankcase rear scclion, supercharger
casing and rear cover. The reduction
gear cover houses propeller thrust
ball bearing of reductor-gear, cam
ring, cam drive gears. The speed go-
vernor is attached to reduction gear
housing. The crankcase provides
nountings pads for the cylinders and
supports main crankshaft bearing.
The supercharger casing incorporates
the diffuzer with tangential outlets
for the cylinder intake pipes. The
supercharger impeller is placed inside
of this casing. Nine mounting lugs are
provided to support the engine in the
airplane assembly. Carburecttor is
connected to the bottom of super-
charger casing. Rear cover is provided
for fitting the accessories and their
gears.

Cylinder assembly consists of cylin-
der barrel which is machined from
high-alloy forging and cylinder head
which is an aluminium-alloy casting.
The cylinder head is screwed over the
barrel to provide a permanent joint.

Crankshaft consists of front and
rear scctions, which are fixed together
with a clamping bolt. The crankshaft

is supported in roller bearings.
Counterweights on the crank webs
are movable, for damping the shaft

torsional vibrations.
assembly consists of a master and
eight link rods. In order to increcase
their fatigue strength connecting-rods
are very accurately polished.

Connecting-rod

Piston is an aluminium alloy forg-
ing. Two compression rings and one
oil-scraper ring are used above the
wrist pin with onec oil-regulator ring
below the wrist pin.

Planetary spur reduction gear is
fitted to the front end of crankshaft.
The driving gear is fixed to the crank-
shaft by mecans of spline. Sun wheel
is fixed unmovable. Pinion cage is an
imtegral part of propeller shaft. There
are three planet gears. The trans-
mission ratio is 0,787.

Supercharger impeller is an alumi-
nium alloy forging. It is drived by
means of spur gear train. Ratio of
these gear train is 7,105:1.

Valve opcrating mechanism consists
of cam ring, cam ring drive, tappets,

TECHNICAL DATA

Diameter
Lenght
Weight (dry)
Rating:
take-off

cruising
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push-rods, rockers, valve springs and
valves. All the accessories are mounted
on the rear cover. They are driven
by means of train of spur and bevel
gears.

Fuel system constist of fuel pump
ond single updraft carburettor.

Ignition system: therc arc two spark
plugs per cylinder and two magnetos.

0il system is of dry sump-type. Oil
tank and cooler are fitted to the air-
frame.

IFuel consumption:
(take-off)
(cruising)

Gasoline grade

0il viscosity

Displacement

Bore

Stroke

285 mm
a8 e

200 kg

260 hp at 2350 rpm.
165 hp at 1860 rpm.

Starting of engine is
compressed air delivered from aircraft
pnecumatic system or from aerodrome
source of supply.

ensured by

DESIGN DEVELOPMENT. The li-
cence production of AI-14R started in
PZL-Kalisz factory in 1957. The
engince is used as power plant of
PZL-104 Wilga and PZL-101 Gawron
and Jak 12M, A planes. PZL-Kalisz —
factory dcveloped recently improved
version designed AI-14RC.

255280 g/hp.hr
220240 g/hp.hr
70100

20 ¢St (hy 100°C)
10,61 litres

105 mm

130 mm

J.S.
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PZL-3S

Type: Seven cylinder, single-row,
radial, air cooled, geared drive, 4-cycle,
supercharged piston engine.

Crankease assembly is an aluminium
alloy casting. It consists of reduction
gear housing, crankcase front section,
crankcase rear section, diffuser super-
charger casing and gear box. The
reduction gear cover houses propeller
thrust ball bearing, reductor-gear, cam
ring, cam drive gears. The crankcasc
provides mountings pads for the cy-
linders and supports main crankshaft
bearings. Diffuser with tangential
outlets for the cylinder intake pipes,
incorporates the supercharger casing.
Seven mountings lugs on the diffuser
casing are provided to support the
engine in the airplane assembly. Car-
burettor is connected to the bottom
of supercharger casing.

Cylinder assembly consists of cy-
linder barrel which is machined from
high-alloy forging and cylinder head
which is an aluminium-alloy casting.
The cylinder head is screwed over the
barrel to provide a permanent joint.

Crankshaft consists of front and rear
sections, which are fixed together
with a clamping bolt. The crankshaft
is supported in roller Dbearings.
Counterweights on the crank webs
are movable for damping the shaft
torsional vibrations. Connecting-rod
assembly consists of a master and six
link rods. In order to increase their
fatigue strength connecting-rods are
very accuratelly polished.

Piston is an aluminium alloy forg-
ing. Two compression rings and two
oil-scraper rings are used above the
wrist pin with one oil-regulator ring
below the wrist pin. Planetary spur
reduction gear is used.

Supercharger impeller is an alumi-
nium alloy forging. It is drived by
means of spur gear train. Ratio of
these gear train is 7,13:1.

Valve operating mechanism consists
of cam ring, cam ring drive, tappets,
push-rods, rockers, valve springs and
valves. The exhaust valve is sodium

)

TECHNICAL DATA

Diameter
Lenght
Weight (dry)
Rating:
take-off
cruising
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accessories  are
accessory box.
by means of train
of spur and bevel gears.

cooled. All the
mounted on the rear
They are driven

Fuel system consist of fuel
and single updraft carburettor
mixture control.

pump
with

Ignition system: there are two spark
plugs per cylinder and two magnetos.
Oil system is of dry sump-type. Oil

tank and cooler are fitted to the air-
frame.

Fuel consumption:

(take-off)
1267 mm (cruising)
1065 mm Gasoline grade
400 kg Displacement
Bore
600 hp at 2200 rpm. Stroke

415 hp at 2000 rpm.

Starting of engine is ensure by
starter-generator. The electrical system
enables automatic starting by means
of aircraft battery.

DESIGN DEVELOPMENT. The pro-
duction of PZL-3S started in PZL-
-Rzeszow factory in 1974. The
engine is used as power plant of PZL-
-106A Kruk ag-plane. PZL-3S is im-
proved and redesigned Lit-3. The pro-
duction of Lit-3 (AI-26W) under Soviet
licence started in 1958. Lit-3 has been
used as power plant of Mi-1 heli-
copter.

300+330 g/hp.hr
230255 g/hp.hr
91-+-96

20,68 litres

155,5 mm

155,0 mm

J.S.
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PZL ASz-62

Type: Nince cylinder,
radial, air cooled, gcared drive, -
-cycle, supercharged piston c¢ngine.

Cranlicase assembly is an aluminium
alloy casting. It consists of reduction
gear housing, crankcase front scction,
crankcase rear scction, supercharger
casing {ront section, supercharger
casing rear section and rcar cover. The
reduction gear cover houses propeller
thrust ball bearing, reductor-gear, cam
ring, cam drive gcars. The speed go-
vernor is attached to reduction gear
housing. The  crankcase provides
mountings pads for the cylinders and
supports main crankshaft bearing.
The supercharger casing front sectien
incorporates the diffuser with tan-
gential outlets for the cylinder intake
pipes. The supercharger impeller is
placed inside of this casing Ninc
mounting lugs arc provided to support
the engine in the airplane assembly.
Carburettor is connected to the top
of supercharger casing rear section.
Rear cover is provided for fitting the
accessories and their gears.

Cylinder assembly consists of cy-
linder barrel which is machined from
high-alloy forging and cylinder head
which is an aluminium-alloy casting.
The cylinder head is screwed over
the barrel to provide a permanent
joint.

Crankshaft consists of front and rear
section, which are fixed together with
a clamping bolt. The crankshaft is
supported in roller bearings. Counter-
weights on the crank webs are
movable for damping the shaft
torsional vibrations. Connecting-rod
assembly consists of a master and
ecight link rods. In order to increase
their fatigue strength connccting-rods
arc very accuratelly polished.

Piston is an aluminium alloy forg-
ing. Two compression rings and three
oil-scraper rings are used above the
wrist pin with one oil-regulator ring
below the wrist pin.

Planctary spur reduction gear is
fitted to the front end of crankshaft.
The driving gear is fixed unmovable.
Pinion cage {s an integral part of
propeller shaft. Therc are six planet

TECHNICAL DATA

Diameter
Lenght
Weight (dry)

Rating:
take-off

cruising
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gears. The transmission ratio is 0,687.
Supercharger impeller is an aluminium
alloy forging. It is drived by means
of spur gear train. Ratio of these gear
train is 7:1.

Valve operating mechanism consists
of cam ring, cam ring drive, tappets,
push-rods, cockers, valve springs and
valves. The exhaust valve is sodium
cooled. All the accessories are mounted
on the rear cover. They are driven
by means of train of spur and bevel
gears.

Fuel system consist of fuel pump
and single downdraft, four barrel car-

burettor with mixturc control.
I‘'uel consumption:
(take-off)
1380 mm (cruising)
1130 mm Gasoline grade
0Oil viscosity
JKE Displacement
Bore
1000 hp at 2200 rpm. Stroke

820 hp at 2100 rpm.

Ignition system: there are two spark
plugs per cylinder and two magnetos.

Qil system is of dry sump-type. Oil
tank and cooler are fitted to the air-
frame.

Startling of engine is ensured by
electric-inertia starter. The starter is
provide with manual starting arrange-
ment.

DESIGN DEVELOPMENT. The pro-
duction of ASz 62IR started in PZL-
-Kalisz — factory in 1961. The engine
is used as power plant of the An-2
biplane. From 1961 to 1972 over 10000
units were built in PZL-Kalisz factory.

300 g/hp.hr

280 g/hp.hr

min. 91

20 cst. by 100°C

- 29,87 litres
155,5 mm

175,0 mm

J.S.
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GTD-350

Type: Turboshaft; seven stage axial,
single stage centrifugal compressor,
single can-type, reverse-flow com-
bustion chamber, single stage com-
pressor turbine, two stage power
turbine.

Air inlet is basically a fabrication
of permanently joined sheet metal
parts. It consists of an inner and
outer shells joined by nine hollow
struts, acting as inlet guide vanes.
Hot air bled from behind the com-
pressor is used for deicing the air-
-inlet. The air-inlet houses front roller
compressor bearing.

Compressor: consists of rotor, stator
and diffuzer. Compressor rotor consists
of seven axial stages and single cen-
trifugal stage, connected together with
a tie-bolt. The discs are centered in
relation to each other on centering
projections. Stainless steel blades of
axial stages are fixed to the rotor
discs by dove-tail roots. The centri-
fugal stage is made of machined
stainless steel forging. The compressor
rotor is supported at front in roller
bearing, at rear in ball bearing which
fixes the rotor axially. The compressor
stator is split on horizontal centre
line. The casing halves are bolted
together to air-inlet section and to
diffuzer. The compressor vanes are
brazed into outer and inner support
rings which are segmented into two
equal section per stage. The inner
rings are provided with abradable
talk mixture. The labyrinth teeth of
rotor mate together with this coating
to prevent air leakage, thus improving
compressor efficiency. The vanelles
diffuzer is an aluminium alloy casting.
The diffuzer passes compressor air
to two tubes which feeds a combustor
chamber. On the casting there is a
blowoff wvalve which stabilizes com-
pressor operation in transient con-
ditions.

Combustion camber:
-flow, single can-type.
-nozzle burner and starting injector-
-semiconductor spark-plug set. The
temperature of outlet gases from com-
bustor camber is measured by means
of thermocouples.

Compressor turbine is of single
stage. Turbine disc is welded to the
shaft. Blades are attached to the tur-
bine by means of fir-tree roots. Tur-
bine casing is provided with ceramic
inserts thus increasing turbine effi-
ciency. The precision-cast vanes are
welded to outer and inner rings. The
vanes assembly is bolted to the com-
bustor camber and outer ring of power
turbine vanes sections. The compressor
turbine rotor is supported in ball

is of reverse-
It has single-

TECHNICAL DATA

Max. take-off
normal rating
Dimensions
length
width
height
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bearing, placed down stream of turbine
disc and in roller bearing supported
inside of power turbine shaft. Power
turbine vanes section houses the ball
bearing of gas generator turbine. The
compressor rotor is mate with turbine
rotor by means of concentric shaft,
which is placed inside of power tur-
bine shaft.

Power turbine is two-stage. Discs
are held together by a Hirth coupling
which is clamped with eight bolts
together with shaft. Blades are
attached to the turbine discs by means
of fir-tree roots. The precision forged
blades are shrouded. The teeth of
shroud mate together with ceramic
inserts. Rotor is supported in ball
bearing which is placed downstream
the discs, and in roller bearing at
other end, where there is a pinion of
reduction gear. The bearing are housed
in cantilever welded stainless sheet
steel casing. These casing is bolted
to the reduction gear casing.

Reduction gear consists of a single
set of spur gears. Reduction ratio is
0,246 : 1. An magnesium aloy casing
contains also gear train driveing
engine accessories. Starter-generator,
fuel governor, tachometer generator
and oil pumps are driven by com-
pression rotor. Overspeed governor

KARTOTEKA TLiR

turbine rotor. Exhaust

by power
manifold consists of exhaust chamber

and two pipes. Pipes are bolted to
exhaust chamber and may be directed
to right or left side of the engine,
ensuring a full versatility of engine
mounting in the helicopter. The
exhaust chamber and pipes are welded
of stainless steel sheet.

Fuel system consists of a pump-
-governor, a power turbine rpm. go-
vernor and an electromagnetic start-
ing valve.

Oil system is of closed type. Oil
cooler and oil tank are fitted to the
airframe. Max. o0il consumption
below 0,3 L/hr.

Electrical system: consist of a starter-
-generator, indicators and ingniter
plug. The electrical system enables
automatic starting by means of air-
craft battery.

DESIGN DEVELOPMENT. The GTD-
-350 has been designed by Mr. Isotov
design bureau in Soviet Union. The
production has been started in PZL-
-Rzeszow — factory in 1966. The engine
is now in production only in Poland.
The GTD-350 is a helicopter power
plant used in the twin-engined Mi-2.
PZL-Rzeszow — factory developed in
1974 new version GTD-350P which
rated 450 hp-take-off. The engine in

and centrifugal breather are driven intended for tropical and arctical use.
400 hp Weight (dry) 135 kg

320 hp Specific fuel consumption 0,365 kg’hp.hr

Fuel — Kkerosene TS-1

1350 mm Oil synthetic B3wW

522 mm T.B.O. 1000 hours

680 mm J.S.
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SO - 1S0-3

Type: turbojet, seven-stage axial
compressor, annular combustion cham-
ber, single stage turbine.

Air intake: Annular air intake is an

aluminium alloy casing with, threce
radial hollow struts. The inner hub
houscs the ball bearing. An clectric

starter-gencrator is mounted to the
hub. The accessory gear box is
attached at bottom of the air intake
by means of bolts. Stainless inlet guide
vanes form on integral part of thc

air intake.

Compressor consists of rotor and
casing. The compresor rotor is a bolted
assembly consisiting of .discs, blades,
spacers, and stub shafts. The rotor is
of disc-type supported in ball bearing
at front and roller-bearing at rear.
The discs and blades are made of low-
-alloy-forgines steel. The blades are
fixed to the rotor discs by dovetail
roots. Behind the 4th stage, there are
holes supplying air for front bearing
labyrinth secal pressurizing. In the
rear stub shaft there are holes for
supplying cooling air to the turbine
disc. The air is conducted inside the
turbine shaft. The recar stub shaft
contains a female spline through
which power is delivered from turbine
shaft. The compressor casing is alu-
minium alloy cast split along horizontal
centre line. The casing halves are
bolted together. The compressor casing
carriers the structural load between
air intake and centre casing. The com-

pressor vanes are machined of low-
-alloy-steel forgines. The vances
attached by circumferential dovetails

roots. The compressor casing is pro-
vided with mounting lugs for fuel
system accesories and an oil tank.

Combustion section consists of a
centre casing, combustion liner and
outer casing. The centre casing serves
as main supporting structure, con-
nected with compressor casing -and
combustion casing. The aft end of the
compressor rotor and forward and of
the turbine rotor are both supported

by the roller bearing. The centre
casting fabricated in the form of an
outer conical shel connected to the

inner part of the casing by six radial
structs. Between the shell and the
inner casing there is the compressor
diffuser. To the outer shell there are
welded main engine mounting trunions.
The centre casing is made of stainless
steel. The annular combustion liner
is made of chromium-nickel alloy. Tt
has 24 wvaporizers supplied by 12

TECHNICAL DATA

Thrust:
take-off
normal rating
Dimensions:
length overall
width
height
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8 starting

injectors
and 2 high-energy ingniters. The com-
bustion liner is supported at front by
centre casing. There are two valves
used to drain fuel.

duplex injectors,

Turbine is of reaction
turbine section consists of a stator
and rotor assemblies. The stator
asembly consists of wvanes slidably
mounted in carrier rings slots. The
turbine vanes are untwisted and of
constant aerofoil. The vanes are cast
of cobalt alloy. The turbine rotor

type. The

assembly consist of a disk, blades and -

a shaft. The turbine disc is attached
to the shaft by means of a Hirth
coupling which is clamped with a bolt
screwed into the shaft. The rotor
shaft is coupled to compressor rotor
by means of triangular spline on one
and, on sccond end is supported in
the turbine roller bearing. The turbine
rotor blades are machined of high-
-nickel forgings. The blades are
attached to the turbine disk by means
of fir-tree roots.

Jet pipe: is non adjustable type. It
consists of an outer shell a centre
conc supported by means of three
radial structs. The temperature of
cexhaust gases is mecasured by means
of four thermocouples. On the flange
connecting the combustion chamber
outer casing to the jet pipe there are
engine mounting aft fittings.

Accessory gear box: is provides the

gears. The accessory gear box houses
oil filters and valves. The box wheel
case is made of magnesium alloy.

Fuel system: provide correct ope-
ration of engine up to a height of
12000 m. It consist of a fuel pomp,
control unit, the acceleration unit,
solenoid valves and fuel injectors.

0Oil system: is of mixed-type. The
compressor ball bearings, and gears
in the accessory gear box have closed
lubrication system while the com-
pressor and turbine roller bearings
are lubricated by mecans of metering
pumps with total oil loss. These bear-
ings arc air cooled. The oil system
enables unlimited time of inverted
flight engine operation.

Electrical system: consists of a
starter generator indicators, and
ingniter plugs. The clectrical system
cnables automatic starting by means
of aircraft battery.

DESIGN DEVELOPMENT. The
design works of SO-1 engine started
at Acronautical Institute in Warsaw
in 1958. The first flight tests begans
in 1964. The SO-3 cngine has becen
designed from SO-1 engine at Aero-
nautical Institute in 1967. The pro-
duction has been started at PZL-
-Rzeszow factory in 1971. The
engine in now under production for
TS-11 Iskra jet trainer. The engine
is intended for tropical and arctical

drive for engine and aircraft use, and enables acrobatics within

accessories. The power is transmited full range. Modified version, SQ-3B,
by of bevel gecars and then by spur tested in 1975.

Weight. cry 303 kg

1000 KG Specific fuel consumption 1.045 KG/kGh

888 kG Fuel kerosene P-2 or TS-1

Oil synthetic AW-30

2151 mm viscosity 3.3 Cs (at 100°C)

707 mm T.B.O. 400 hours

764 mm J.S.
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PZL-Franklin

PZL-Franklin 2A-120

Type: Family of PZL-Franklin piston
engines consists of two, four and six
cylinder, horizontally opposed, air
cooled, direct drive 4-cycle, engines.

Crankcase is an aluminium alloy
coasting divided vertically. The casing
halves are bolted together by means
of tiebolts in plane of main bearings.
The casing is provided with mounting
lugs for accessories. The oil sump is
a magnesium alloy casting bolted at
the bottom of crankcase.

Cylinder and its head is a single
aluminium alloy casting with pressed
an iron liner. The inlet and outlet
valve seats are made of stellite. Cy-
linder is bolted to the crankcase by
means of eight short bolts.

TECHNICAL DATA

PZL-Franklin 4A-235 B3

Piston is an aluminiume-silicon alloy
casting. It has two compressions rings
and single oil ring. The piston is tin
plated.

Crankshaft is a die forging. It has
an integral counter-balanced weight
only for two and six cylinder engines.
Propeller flange is an integral part
of crankshaft. Crankshafts for two,
four and six cylinders engines are
provided with two, three and four
main bearings respectively. First bear-

ing is an axial type. Six cylinder
engine is provided with wviscous
vibration damper. Connecting-rod is

a die high-alloy forging.

Camshaft is a iron casting mounted
beneath the crankshaft. The push-
-rods are provided with hydraulic
tappet. There is single inlet and single

PZL-Franklin 6A-350 C

exaust valve per cylinder. The outlet
valve is sodium cooled.

Oil system is of a wet sump type.
Qil cooler is the airframe item.

Fuel system is provided with single
Marvel-Schebber updraft carburettor
with manual adjustable mixture
control. Ignition system is doubled:
two spark plugs cylinder and two
magnetos. Starter of automative type
is fitted to the rear end of engine.
Fuel grade 100/130.

DESIGN DEVELOPMENT. The
engines are manufactured under
Franklin Engine C., INC licence in

PZL Rzeszow factory. The first
models 2A-120, 4A-235B, 6A-350C,
6AS-3500 will enter the production in
1977.

Max take-off

Model Length Width Height Weight rating at rpm Capasity
Imm| |nim] [mm] [kg) [hP) {Ce}
24-120 581 795 515 75.8 80 at 3200 1916
14-235R T4 795 637 117,6 125 at 2800 3850
6A-350¢" 952 795 641 167 2204 at 2800 5735
6AS-350A\ 1097 867 083 189 250 at 2800 5735 super charger
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Mgr inz.

Ponad 70 lat

polskich smigtowcow

z XIX-wiecznych pionierow teorii lotu, twoérca
teorii $migta, uczony s$wiatowej stawy — prof. Stefan
Drzewiceki — w 1892 r. opublikowal swe pierwsze prace
o obliczaniu elementéw $migla i o zasadach dzialania
smigla. Cho¢ sam na polu konstrukcji lotniczych zajyl sie
budowg samostatecznego samolotu, jednak swymi pracami
z teorii smigla dolozyt cegietke do teorii smiglowca. Dzis
podstawy teoretyczne wirnikow nosnych $miglowcow wy-
prowadzane sg z teorii Froude'a — Drzewieckiego.

Pierwszym Polakiem, ktory przystapil do projektowania
i budowy smiglowca, byl inz. Jézef Lipkowski, glowny dy-
rektor zakladow metalurgicznych i mechanicznych w Rosji.
Zaprojektowal on w 1903 r. calg rodzing smiglowcow o 2,
4, 8 i 12 wirnikach nosnych. W listopadzie 1904 r. w Za-
kladach Putilowskich w Petersburgu wykonal doswiadczal-
ny wirnik naturalnej wielkosci, o $rednicy 16 m i po-
wierzchni lopat 200 m2 Préby nie wykazaly jednak zado-
walajagcej sily nosnej wirnika. Wada wirnika bylo to, ze
lopaty byly duzymi segmentami linii srubowej i nie mialy
profilu lotniczego. Smiglowicc mial mie¢ dwa wspodlosiowe
wirniki, smiglo ciggnace i ster kierunku. Zatoga jego miatla
by¢ dwuosobowa. Masa wilasna $miglowca miatla wynosic
2700 kg, a catkowita 3000 kg.

Drugim, ktéry podjal budowe $miglowca w Polsce, byt
pionier naszego szybownictwa — Czeslaw Tanski, znany
z prob swej lotni w 1896 r. Tanski swo6j s$miglowiec, nazy-
wany srubowcem, zbudowal w latach 19071908 w War-
szawie. By! to miniaturowy smiglowiec o dwoch wirnikach
przeciwbieznych o s$rednicy 8,5 m. Poczatkowo przewidy-
wane bylo mocowanie $miglowca za pomocg uprzezy do
pilota. W wyniku prob reczny naped korbowy zastgpiono

Jeden

LIPKOWSK/ (1905)

Ry‘s. 1. Smiglowiec Lipkowskiego z 1905 r. Lipkowski's helicopter

(1905)
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ANDRZEJ GLASS

Over 70 years of
Polish helicopters

One of the pioneers of flight theory in 19th century,
the [father of the propeller theory, was a world-wide
known scientist professor Stefan Drzewiecki, who in 1892
published his first works concerning the calculations of
propeller blade element and propeller operating principles.
Though personally engaged in the construction of an
automalically stabilized sgdrplane, he contributed by his
theoretical works to the theory of helicopter. Today,
theoretical bases of lifting rotors of helicopters are derived
from the Froude-Drzewiecki theory.

The first Pole who started to design and construct a
helicopter was enginecer Jozef Lipkowski, the chief director
of metallurgical and mechanical plants in Russia. He
designed a family of helicopters with two, four, eight
and twelve rotors. In November 1904, at the Putylov’s
Plant in St. Petersburg, he built an experimental full-
size rotor of 16 m diameter and 200 m?2 blade area.
However the trials showed unsalisfactory lifting force
of the rotor: the blades were large segments of a screw-
line and had no wing profile. The helicopter was to have
two coaxial rotors, a tractor propeller and a rudder. Its
empty weight was to be 2700 kg, the all-up weight

3000 kg. It was planned to have a crew of two.

Rys. 2. Smigtowiec Taiiskiego z 1908 r. Tanski’'s helicopter (1908)
The second was Czeslaw Tanski, the Polish gliding
pioneer known for his attempts to [fly his hang glider

in 1896, who began to construct a helicopter in Poland.
He constructed his helicopter in  Warsaw (1907—1908).
It was a small helicopter with two contrarotating rotors
of 85 m diameter. At first, the helicopter was to be
attached to the pilot with a harness. As a result of tests,
the manual drive was exchanged for a 2.5 hp piston engine
and the helicopter was mounted on a tripod. However, this
machine was not successful due to too low lift of the
rotor resulting from low rpm. This helicopter was kept
in the Museum of Industry and Aviation in Warszawa and
was destroyed there during World War Two.

Another attempt to build a helicopter was made by
Adam Ostoja-Ostaszewski who built his Stibor-2 in 1908.
Also this machine was not successful. The rotor diameter
was about 12 m. At first the designer planned to use the
power of pilot’s arms and legs to propel the craft, then
he was thinking to use an piston engine.

In the interwar period, Poland did not conduct any
works on helicopters. However aeronautical enthusiasts
became interested in autogiros. In 1934 an Avro Cierva
C-30A was purchased in England to the army’s order and
got civil registration marks SP-ANN. In September 1935,
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Rys. 3. Smiglowce polskie i budowane w Polsce.
and Polish-built helicopters
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e BZ-1GIL (1950)

Polish designed

Rys. 4 Smiglowiec BZ-1 GIL (1951 r.). B2-1 GIL helicopter (1951)

it was demonstrated by lientenant colonel pilot Bolestaw
Stachon over the Mokotéw airfield in Warsaw on the
occasion of the openning of Gordon Bennett Balloon Race.
The autogiro was then used to investigate the possibility
of using autogiros for artillery purposes.

During World War Two, engineer Stefan Waciorski
designed a helicopter secretly. He was assistant to engineer
Antoni Kocjan, a prewar glider designer (Komar and
Orlik gliders) and during the German occupation an
organizer of a greup who broke the mistery of the German
V-2 ballistic rocket. The work was stopped when the
designer lost his life in fascist jail during the Warsaw
insurrection.

The first successful Polish helicopter was designed in
the yecars 1947—1949 at the Chief Institute of Aeronautics
in Warsaw under the leadership of engineer Bronistaw
Zurakowski in cooperation with professor dr Zbigniew
Brzoska and engineer Tadeusz Chylinski. The prototype
was built at the Institute’s workshops. It was designated
BZ-1 GIL and its registration marks were SP-GIL. On
April 4, 1950, the helicopter made its first flight, piloted
by its designer Bronistaw Zurakowski, who had never
had flown a helicopter before even as a passenger. The
name of Zurakowski is also known in the aviation world
for his brother Janusz, a pilot and engineer, fighter pilot
during World War Two, a test pilot and invertor of
a new aerobatic maneouver named zurabatic cartwheel. The
prototype GIL — was demonstrated publicly at an air show
at Okecie airfield, Warsaw, on July 22, 1952. It was the
first flight demonstration of a helicopter in Poland. In
1953, the designer was granted a State Award of 2nd
degree. Between 1950—1953 and 1956—1957 the helicopter
underwent flight tests. It was an experimental design
which could he used as a basis for the development of
other versions. Due to additional blades controlling the
main rotor the helicopter was stabile and was capable of
making short hoverings with the control stick free. Pre-
sently, the GIL is in the Museum of Aeronautics and
Astronautics in Cracow.

In early mid fifties, engineer Bronistaw Zurakowski
developed preliminary designs of GIL-2 and GIL-3
respectively. The first a single main rotor and tail rotor
design, powered by a 700 hp engine, was to be or de-

Rys. 5. Smiglowiec BZ-4 2uk (1958 r.). BZ-4 Zuk helicopter (1958)
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92,5-konnym silnikiem spalinowym oraz umocowano $miglo-
wiec na tréjnogu. Zbyt mala sila nosna wirnika, wynika-
jaca z matlej liczby jego obrotow na minute — nie dawatla
wystarczajgcej do lotu sily nosnej. Smiglowiec ten byt
przechowywany w Muzeum Przemystu i Lotnictwa w War-
szawie i tam ulegl zniszczeniu podczas II wojny swiatowej.

Nastepng probe zbudowania u nas $miglowca podjatl
Adam Ostoja-Ostaszewski, ktory w 1908 r. zbudowal Smi-
glowco-skrzydtowiec Stibor 2 o wirowo-wiostowym ruchu
topat. Konstrukcja lopat byla zbyt wiotka i maszyna nie
nadawala sie do wykonywania lotow. Poczatkowo jako na-
ped przewidywal konstruktor sile rgk i nog pilota, pdzniej
rozwazal zastosowanie silnika spalinowego. Srednica wir-
nika byla rzedu 12 m.

W okresie miedzywojennym prac nad Smiglowcami w
Polsce nie prowadzono. Zainteresowano sie natomiast wia-
trakowcami. W 1934 r. na zamowienie wojska zakupiono
w Anglii wiatrakowiec Avro Cierva C-30A, ktéry otrzymat
znaki cywilne SP-ANN. We wrzesniu 1935 r. byl on przez
ppik. pil. Bolestawa Stachonia zademonstrowany na lotni-
sku mokotowskim w Warszawie z okazji otwarcia zawodoéw
balonowych Gordon-Bennetta — biorgc_ udzial w ,Slima-
czym wyscigu” z samolotem RWD-9. Pézniej wiatrakowiec
ten postuzyl do zbadania mozliwosci wykorzystania wia-
trakowcoéw do wspolpracy z artylerig.

Podczas II wojny s$wiatowej, w konspiracji, inz. Stefan
Waciorski — zastepca inz. Antoniego Kocjana, przed wojng
konstruktora szybowcéw (m.in. Komara i Orlika) a pod-
czas okupacji organizatora rozszyfrowania tajemnicy nie-
mieckiej rakiety balistycznej V-2 — wykonat projekt $mi-
glowca. Dalsze prace w tym kierunku przerwala $mier¢
konstruktora — w Powstaniu Warszawskim.

Pierwszy latajacy polski $miglowiec zostal zaprojekto-
wany w latach 1947--1949 w Giéwnym Instytucie Lotnic-
twa w Warszawie pod kierunkiem inz. Bronistawa Zura-
kowskiego, ze wspoétudzialem prof. dr Zbigniewa Brzoski
i inz. Tadeusza Chylinskiego. Konstruktorzy nie majac do-
stepu do wynikéw doswiadczen zagranicznych wytworni
Smiglowcow wszystkie problemy teoretyczne musieli roz-
wigza¢ samodzielnie. Prototyp zostal zbudowany w war-
sztatach Instytutu. Smiglowiec otrzymat oznaczenie BZ-1
GIL (skrot nazwy instytutu) i znaki rejestracyjne SP-GIL.
W dniu 4 kwietnia 1950 r. smiglowiec odbyt swéj pierwszy
lot pilotowany przez gldéwnego konstruktora inz. B. Zura-
kowskiego, ktéory nigdy nie latat $smiglowcem nawet jako

Rys. 6. Smiglowiec odrzutowy JK-1 Trzmiel. JK-1 Trzmiel jet
helicopter

velopment version of the BZ-1 GIL concept; the other, the
GIL-3, a twin-engined tandem rotor helicopter was to be
powered by a piston engine of 840 hp. Both versions were
designed for transport roles. However the only one
accomplished was the design of the BZ-1 Zuk.

The BZ-1 Zuk was designed by a team headed by
engineer Bronistaw Zurakowski, at the Aeronautical Insti-
tute, between 1953 and 1956. The helicopter was provided
with a three-blade rotor unlike to the two-blade rotor
used in GIL. The Zuk was a four-seat multi-purpose craft
powered by a 320 hp WN-4 engine. It was ground tested
in the years 1956—1959. The first flight was made by
ehgineer Ryszard Witkowski on February 10, 1959. Works
on this helicopter werc ceased in view of starting the
licence production of SM-1 helicopters. The second proto-
type of Zuk is in the Museum of Aeronautics and Astro-
nautics in Cracow.

In the years 1955—1957, a group under Dipl. Ing. Jerzy
Kotlinski belonging to engineer Zurakowski’s team
developed a single-seat jet helicopter designed JK-1
Trzmiel. Between 1957 and 1959 it was undergoing ground
tests during which the first prototype was destroyed. As
mentioned before the other prototype is in the Museum
in Cracow.

SMIGLOWCE POLSKIEJ KONSTRUKCJI I PRODUKOWANE Z LICENCJIL. POLISH-DESIGNED AND LICENSE-BUILT HELICOPTERS

| <] Wymiary Masy Predkosei |
g' Dimensiony Masgses Speeds
| . % [m} [kal {km/h] 2 |
azwn > c 2
Name S QS : g’ G . 2 - g £ 2 e B =4
e~ = - - 7 [ a— = =} - —
B8 |27 43 | 22 |28.8|33 |39 |qn|f2|%s|4, (52|58 |28 24
| £; |E2| 2% | SEsE BGRB8 |8 (25|27 | 49| %%
ma H o n K [KM](KW), SERET| BA ] 5§ =2 £ = 5 -H g o (m/s] [m] [km|
1
| B2-t GIL 1950 &4 HM-5014 100 (74) 8,8 8,0 3,0 510 100 610 140 120 4,5 2000 100
| B2-4 Zuk 19590 4 WN-1 300 (222 12,0 10,5 2,8 1050 450 | 1500 156 125 4,6 3000 200 |
SM-1 1956 4 LIT-3 575 (424) 14,3 12,0 3,3 1790 (L) 2400 170 130 5 3000 330 |
SM-1Wh 1963 4 Lrr-3 575 (424) 14,5 12,0 3,3 1865 605 2470 170 130 5 3000 385 |
SM-2 1059 . D LI'T-3 575 (424) 14,3 12,0 3.3 1925 625 2550 170 130 4,5 3500 300 |
SM-1 Latka (1962) 3 WNX-08 180 (133) 10,0 9,3 R 640 330 970 135 115 4,0 3300 300
Mi-2 1965 8 GTD 350 400 (295) 14,5 11,9 3,7 2350 1100 3460 210 190 5,0 4000 ' 230
Mi-2M 1074 10 GTH 350P | 450 (332) 14,56 11,9 3,9 2500 1200 3700 210 190 7.0 4000 350

pasazer. Nazwisko Zurakowski znane jest na Swiccie row-
niez z powodu brata konstruktora, pil. inz. Janusza Zura-
kowskiego, pilota mysliwskiego podczas II wojny Swiato-
wej, pilota doswiadczalnego i tworcy nowej figury akro-
batycznej nazwanej kolem zurabatycznym.

Prototyp GIL-a zostal publicznie zademonstrowany na po-
kazach lotniczych na Okeciu w Warszawie w dniu 22 lipca
1952 r. Byl to pierwszy pokaz lotu $miglowca w Polsce.
W 1953 r. konstruktor otrzymal za swg prace Nagrode
Panstwowqg II stopnia. W latach 1950--1953 oraz 1956--1957
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In 1955, Wytwoérnia Sprzetu Komunikacyjnego — Swidnik
started production of four-seat helicopters, designated
Mi-1, from a Soviet licence in the Soviet Union. The
Mi-1 prototype was tested in flight in 1948, production
started in 1950, and the helicopters went into service in
1951. In Poland the helicopter was designated SM-1. The
first SM-1 helicopter assembled from imported components
at Swidnik was test flown in mid 1956. In August the same
year it was demonstrated during the Aviation Day at the
Warsaw — Okecie airfield. The first units of Polish pro-
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$miglowiec przechodzil proby w locie. Byta ta konstrukcja
doswiadczalna, mogaca stuzy¢ za podstawe do opracowania
dalszej wersji rozwojowej. Dzieki zastosowaniu dodatko-
wych lopat sterujgcych wirnikiem nosnym s$migtowiec byt
ustateczniony i wykonywat kroétkie zawisy z puszczonym
drazkiem sterowym. Smiglowiec GIL znajduje sie obecnie
w Muzeum Lotnictwa i Astronautyki w Krakowie.

W pierwszej polowie lat piec¢dziesigtych inz. B. Zura-
kowski opracowal projekty wstepne $miglowcow GIL-2 i
GIL-3. Pierwszy z nich — jednowirnikowy ze $miglem
ogonowym, napedzany silnikiem 700 KM — mial by¢ roz-
winigciem koncepcji BZ-1 GIL. Drugi, GIL-3 — dwusil-
nikowy w ukladzie tandem — mial by¢ napedzany silni-
kiem tlokowym o mocy 840 KM. Smiglowce te mialy stu-
zy¢ do celow transportowych. Ztealizowany zostal dopiero
nastepny projekt BZ-4 Zuk.

Smiglowiec BZ-1 Zuk zostal zaprojektowany w Instytucie
Lotnictwa przez zesp6l inz. B. Zurakowskiego w latach
1953-:-1956. Smiglowiec otrzymal wirnik trojlopatowy, a nie
dwulopatowy jak GIL. Zuk byl czteromiejscowym $miglow-
cem wielozadaniowym napedzanym silnikiem W-4 o mocy
320 KM. W latach 1956-:-1959 prowadzone byly proby na-
ziemne S$miglowca, a 10 lutego 1959 r. inz. Ryszard Wit-
kowski wykonal na nim pierwszy lot. Wobec rozpoczecia
w tym czasie produkcji licencyjnej $miglowcow SM-1 pro-
wadzenie dalszych prac nad Zukiem uznano za niecelowe.
Drugi prototyp Zuka znajduje sie w Muzeum Lotnictwa
i Astronautyki w Krakowie.

W latach 1955-:-1957 w =zespole inz. B. Zurakowskiego
grupa pod kierunkiem mgr. inz. Jerzego Kotlinskiego t.pra-
cowata jednomiejscowy $miglowiec odrzutowy, tj. z silni-
kami strumieniowymi na koncach topat, oznaczony JK-1
Trzmiel. W latach 1957--1959 przechodzil on proéby na-
ziemne, podczas ktorych pierwszy prototyp ulegt zniszcze-
niu. Lotow na nim nie wykonano. Drugi prototyp znajduje
sie w zbiorach Muzeum Lotnictwa i Astronautyki.

W 1955 r. Wytwornia Sprzetu Komunikacyjnego — Swid-
nik podjeta produkcje 4-miejscowych s$miglowcow Mi-1 z
licencji radzieckiej. W ZSRR prototyp Mi-1 byt oblatany
w 1948 r., produkcje tego typu $miglowcow rozpoczeto w
1950 r., a do uzytku weszly one w 1951 r. Smiglowiec ozna-
czono u nas SM-1. Litery SM byty skrotem od stowa $mi-
glowiec. Pierwszy S$miglowiec SM-1 zmontowany w wy-
tworni z importowanych zespoléw zostal oblatany w poto-
wie 1956 r. W sierpniu tegoz roku byt on zademonstrowany
podczas Swieta Lotnictwa na Okeciu w Warszawie. W 1957 r.
oblatano pierwsze egzemplarze polskiej produkcji. Pierw-
szg wersje produkcyjng byl Mi-1T oznaczony u nas SM-1/
/300, gdzie liczba 300 wskazywala, iz okres miedzyremon-
towy lopat wynosit 300 h. 5.9.1957 r. inz. Ryszard Witkow-
ski ustanowil na SM-1 pierwszy polski rekord $miglowco-
wy a zarazem rekord miedzynarodowy, wznoszac sie w
462 s na 3000 m uzyskujgc wznoszenie 6,5 m s. W dniu 7.9.
1957 r. Stanistaw Gajewski pobil te rekordy wznoszac sie
w 432 s na 3000 m uzyskujgc wznoszenie 6,94 m/s. Poczit-
kowo $miglowiec produkowano w jednej wersji pasazer-
sko-tgcznikowej. Silnik i przekiadnie do $miglowca wyko-
nywata WSK-Rzeszow. W 1957 r. wytwornia przystagpila,
w oparciu o dokumentacje licencyjng Mi-1A, do przygo-

Rys. T.
SM-1 (1956 r.). SM-1 (Mi-1) — first helicopter in mass production
in Poland (1956). Fot. W. Garbarczyk

Pierwszy produkowany seryjnie w Polsce $miglowiec —
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SM-1W multi-purpose

Rys. 8. Smiglowiec ,wielozadaniowy SM-1W.
helicopter (1960)

duction were flight tested in 1957. The first production
version was the Mi-1T designated in Poland SM-1/300;
the last figure indicated that TBO of the blades was 300
hours. On September 5, 1957, engineer Ryszard Witkowski
established the first Polish helicopter record and at the
same time an international record by climbing his SM-1
to a height of 3000 m in 462 seconds (rate of climb 6,5 m/s).
On September 7, 1957, both record were broken by Sta-
nistaw Gajewski who climbed to a height of 3000 m in
432 seconds (rate of climb 6,94 m/s). Initially, the heli-
copter was built in one passenger-liaison version. The
engine and gears for the helicopter were made by WSK-
-Rzeszow factory. In 1957, the factory started, basing on
the licence documentation of Mi-1A, to prepare production
of an improved version, the SM-1600 of 600-hour TBO
of the blades. This development version had blades of
mixed construction identical to those in SM-1/300 but
with a spar made of a tube of variable area. At the same
time, the equipment and control system of the helicopter
were partially changed. The Factory Prototype Design
Office developed a pilot training version (SM-1SZ) provided

Rys. 9.

Wersja doswiadczalna SM-1 ze skrzydilami.
helicopter

Winged SM-1

with dual controls. Then the air ambulance version (SM-1S)
was developed. In this version, invalids were carried in
pods attached on either side of the fuselege. The helicopter
was also built in an agricultural' version (SM-1Z) and
as a flying crane version equipped with a hydraulic hoist
capable of lifting 120 kg.

Between 1957 and 1959 Dipl. Ing. Jerzy Tyrcha from
the Design Office at WSK-Swidnik developed another
version of the SM-1, designated SM-2, with larger 5-seat
cabin. Cormpared with SM-1S, the ambulance version had
accommadation for one stretcher in the cabin. In the years
1960—1961 a lot of SM-2 helicopters was built for domestic
market.

In 1960, the factory started to prepare production of
the Mi-1M version, designated in Poland the SM-1W. This
version featured increased internal dimensions (width and
height) of the cabin, the construction employed several
electron castings, landing gear wheels were equipped with
pneumatic brakes and helicopter was additionally equipped
with a gyro induction compass. The SM-1Ws went into
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towania produkcji ulepszonej odmiany, SM-1/600, o 600-
-godzinnym okresie miedzyremontowym lopat. Odmiana ta
otrzymatla lopaty o konstrukcji mieszanej, jak SM-1/300,
lecz z dzwigarem z rury o zmiennym przekroju, zamiast
taczonego z rur o roznych srednicach. Réwnoczesnie cze-
sciowej zmianie uleglo wyposazenie oraz uklad sterowania
smiglowca. Zakladowe Prototypowe Biuro Konstrukcyjne
opracowalo pod kierunkiem mgr inz. Jerzego Olejnika
wersje szkolng SM-1SZ o zdwojonej sterownicy. Nastepnie
opracowano wersje sanitarng SM-1S. W wersji tej chorzy
byli umieszczani w gondolach przyczepianych po obu stro-
nach kadluba. Gondole te mialy lgcznosé¢ z kabing poprzez
krotkie tunele. Wykonano réwniez wersje rolniczg ozna-
czong SM-1Z oraz wersje dzwigowa SM-1D przez zamon-
towanie dzwigu hydraulicznego unoszacego 120 kg.

W latach 19571959 Biuro Konstrukcyjne WSK-Swidnik
opracowalo pod kierunkiem mgr inz. Jerzego Tyrchy od-
miane SM-1 o obszerniejszej, 5-miejscowej kabinie. W wer-
sji sanitarnej $miglowiec ten miescil nosze z chorym w
kabinie, co poprawialo warunki przewozu chorego w po-
rownaniu z SM-1S. W dniu 18.11.1959 r. oblatano prototyp
SM-2. W latach 1960+1961 zostala wyprodukowana seria
tych sSmiglowcow na potrzeby krajowe.

W 1960 r. wytwornia przystapila do przygotowania pro-
dukcji odmiany Mi-1M oznaczonej u nas SM-1W. Odmiana
ta miala powiekszone wymiary wewnetrzne (szerokos¢ i wy-
sokos$¢) kabiny, w konstrukcji wprowadzono wiele odle-
wow elektronowych, kota podwozia otrzymaly hamulce
pneumatyczne, smiglowiec dodatkowo wyposazono w busole
zyroindukcyjng. W 1961 r. smiglowce SM-1W weszly do
uzycia. Smiglowiec ten by! produkowany w wersjach:
pasazersko-lgcznikowej, szkolnej, sanitarnej i opracowanej
w wytwoérni wersji rolniczej — opryskujacej i opylajacej.
W 1962 zaklad rozpoczal prace nad wprowadzeniem do
produkcji metalowych lopat wirnika nosnego. Mialy one
ulownicowy wypelniacz aluminiowy. W 1963 r. wyprodu-
kowano pierwsze egzemplarze SM-1Wb z metalowymi lopa-
tami i hydraulicznymi wzmacniaczami w ukladzie sterowa-
nia. Litera b w oznaczeniu $miglowca byla skrétem od
buster, czyli wzmacniacz. Okres miedzyremontowy tych to-
pat wynosit 800 h. W 1965 r. WSK-Swidnik zakonczyla
produkcje smiglowca SM-1, po 10-letnim okresie jego pro-
dukcji.

Smiglowiec SM-1, zbudowany w duzej serii, byl ekspor-
towany do ZSRR, krajow demokracji ludowej, Austrii,
Afganistanu, Brazylii, Egiptu, Finlandii i Indonezji.

W 1971 r. w celach doswiadczalnych w Instytucie Lot-
nictwa zostala wyprébowana wersja SM-1 ze skrzydiami.

W 1961 r. Biuro Konstrukcyjne WSK-Swidnik rozpoczeto
pod kierunkiem mgr. inz. Jerzego Kotlinskiego projekto-
wanie lekkiego 3-miejscowego smiglowca tlokowego SM-i
Latka. Prototypy smiglowca zostaly zbudowane w 1964 r.
i w tymze roku rozpoczeto préby naziemne. Prototyp nie
zostal oblatany z powodu wysokiego poziomu drgan oraz
niedopuszczenia prototypowego silnika WN-6S do uzytko-
wania w locie.

W latach szesédziesigtych w WSK-Swidnik powstalo kil-
ka projektow wstepnych lekkich $miglowcoéw z napedem
tlokowym, a nastepnie turbinowym, ktoére nie weszly do
realizacji.

W 1963 r. wzieto z ZSRR licencje na smiglowiec turbi-
nowy Mi-2. WSK-Swidnik przejela dokumentacje prototy-
powa smiglowca, przystepujac do przygotowania jego pro-
dukcji. Smiglowiec poczatkowo oznaczono SM-3, lecz poz-
niej zrezygnowano z tego oznaczenia. W 1965 r. zostala
rozpoczeta produkcja Mi-2, ktéra jest kontynuowana do
tej pory. W wytwédrni zostaly opracowane nastepujace
wersje tego smiglowca:

— pasazersko-towarowa,

— pasazerska,

— sanitarna,

— rolnicza opylajgca i opryskujaca,

— towarowo-dzwigowa,

— szkolna,

— fotogrametryczna,

— telewizyjna (transmisyjna),

— dzwigowa,

— ratownicza,

— termowizyjna oraz inne.

W 1975 r. zostal oblatany prototyp zmodyfikowanej 10-
-miejscowej odmiany oznaczonej Mi-2M, napedzanej silni-
kiem o nieco wigkszej mocy.

Obecnie wytwornia pracuje nad nastepca Mi-2, oznaczo-
nym W-3. W ub.r. zostala wykonana jego makieta.
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Rys. 10. Smiglowiec SM-2. SM-2 helicopter. Fot. A. Kardymowicz

service in 1961. The helicopter was built in the following
versions: passenger-liaison, pilot training, ambulance, and
also agricultural for crop dusting and spraying the latter
being developed by the factory. In 1962, the factory started
works on introducing metal blades of the main rotor.
They had honeycomb aluminium filling. The first SM-1Wb
helicopters with metal blades and hydraulic booster in the
control system were built in 1963. Letter ,,B” in the heli-
copter designation was an abbreviation of booster. The

Rys. 11.

Prototyp smiglowca SM-4 Latka. Prototype of SM-4 Litka
helicopter

blade TBO was 800 hours. In 1965,
production of the SM-1 helicopter.

WSK-Swidnik ceased

The SM-1, produced on a large scale, was being exported
to the Soviet Union, countries of People’s Democracy,
Austria, Afganistan, Brazil, Egypt, Finland and Indonesia.

In 1971, Aecronautical Institute in Warsaw put through
tests a version of the SM-1 with wings, for experimental
purposes.

In 1961, Design Office at WSK-Swidnik headed by Dipl.
Ing. Jerzy Kotlinski began to design a light, three-place,
piston-engined helicopter, designated SM-1 Latka. Proto-
types of this helicopter were built in 1964 and ground
tests started the same year. However the prototype was
never flight tested .because of too high vibration level
and the fact that WN-6S prototype engine had failed to
obtain a certification.

In the sixties, WSK-Swidnik made\‘a few preliminary
designs of light helicopters, first with piston and then
with turbine propulsion which were never accomplished.

In 1963, WSK-Swidnik took a licence for the production
of Mi-2 turbine — powered helicopter from the Soviet
Union. Oryginally, the helicopter was designated SM-3,
later this designation was abandoned. Production of the
Mi-2 started in 1965 and has been continued up till now.
The factory developed the following versions:

— passenger/cargo transport,

— passenger transport,

— aerial ambulance,

— agricultural (crop dusting and spraying),

— cargo lift crane,

primary trainer,

photogrammetric,
— television (for transmission from the air),
— lift crane,

search and rescue,
— thermovision and other.

In 1974, a prototype of a modified 10-place development
version, designated Mi-2M, powered by an engine of
slightly increased power, was tested in flight.

Currently, the factory works on a successor to the Mi-2,
designated W-3. Its mockup was built last year.
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Polskie silniki
lotnicze 1907-1977

Pierwszy silnik lotniczy polskiej konstrukceji zbudowat
inz. Henryk Brzeski w 1607 r. Byl to silnik birotacyjny.
Patenty i rysunki jego rozwigzan konstrukcyjnych nabytly
wytwoérnie Siemens i Gnome. Pierwszy silnik wyprébo-
wany na samolocie zbudowal inz. H. Brzeski w 1910 r.
w Wiedniu. Byl to 7-cylindrowy gwiazdowy silnik birota-
cyjny (wal obracat si¢ w jednym kierunku, cylindry w
przeciwnym) Iskra o mocy 70 KM, napedzajacy przeciw-
biezne $migla. Byl on zastosowany na samolocie Aquila
konstrukceji Brzeskiego i braci Schindleréw z Krakowa.

Zbudowanc w nastepnych latach prototypy silnikéw inz.
E. Libanskiego, inz. Kozakiewicza, inz. T. Tanskiego i in-
nych — nie zostaly wyprébowane w locie.

Na II Wystawie Awiatycznej na politechnice we Lwowie
w 1913 r. zostala wystawiona pierwsza polska lotnicza tur-
bina spalinowa Stanislawa NaSzkiewicza. Miala ona kolo
topatkowe state w celu chlodzenia wodg i 4 wirujace ko-
mory spalania.

Odzyskanie przez Polske niepodleglosci w 1918 r., po
zakonczeniu I wojny swiatowej, i utworzenie polskiego lot-
nictwa wojskowego spowodowalo, iz powstato zapotrzebo-
wanie na wiekszg liczbe silnikéw lotniczych. Pozostawione
przez wojska austriackie i niemieckie w naszym kraju
kilkaset silnikéw lotniczych kilkunastu typéw — byly bar-
dzo zuzyte. Wkroétce zakupiono nieduzg liczbe silnikéw
austriackich 1 niemieckich oraz wiekszq liczbe francuskich.
Od 1919 r. rozpoczeto remontowanie silnikow lotniczych
w Centralnych Warsztatach Lotniczych na lotnisku Moko-
tow w Warszawie.

Rozpoczecie w 1921 r. produkceji samolotow Balilla i An-
saldo A-300 spowodowato zakupy silnikow Fiat we Wto-
szech, a uruchomiecnic w 1924 r. produkceji samolotéow
Hanriot, Spad S-61 i Potez-XV — zakupy silnikéw Gnome
i Lorraine-Dietrich we Francji. Rozw6j produkcji samo-
lotow doprowadzit do uruchomienia w Polsce produkcji
silnikow lotniczych. W przeciwienstwie do wiclu krajow
polski przemyst silnikéw lotniczych nie rozwingl sie z prze-
mystu motoryzacyjnego, lecz tworzony byl weczesniej niz
przemys! samochodowy.

Picrwszg polskg wytwoérnig silnikéw lotniczych byty
Polskie Zaklady Skody. Rozpoczely onec w 1928 r. produkcje
silnikéw Lorraine-Dietrich o mocy 400 i 450 KM, budujac
ich ponad 500 sztuk do 1930 r. Byly one stosowane w Pol-
sce na samolotach Potez XV, XXV i XXVI, Spad-6l1,
Breguet XIX i PWS-10. W latach 1929--1931 zaklady wy-

Rys. 1. PZI1.-Bristol

Silnik Iskra Brzeskiego
Brzeski’'s Iskra engine

(1910 r.). Rys. 2.

(500 hp)
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Polish aircratt
engines 1907-1977

The first Polish aircraft engine was constructed by
engincer Henryk Brzeski in 1907. 1t was a birotating
cengine. The patent and design drawings were bought by
Siemens and Gnome Companies. Eng. H. Brzeski built his

first engine, which was tested on the airplane, in 1910
in Vienna. It was 7-cylinder, radial, birotating Iskra
(spark) engine (the shaft was rotating in one direction

and the cylinders in the opposite direction) rated at 70 HP,
which powered two counter rotating propellers. This
engine was adopted for the Aquila airplane constructed by
M. Brzeski and Schindler brothers from Cracow.

The prototypes of engines, built in the next few years,
by engineers: E. Libanski, Kozakiewicz, T. Tanski and
the others, were never tested in flight conditions.

The first Polish turbine engine constructed by Stanislaw
Naszkiewicz, was presented at the Technical University in
Lvov. This turbine had fixed water cooled disc and
4 spinning combustion-chambers.

The regain of independence of Poland in 1918, after
the World War I, and establishment of the Polish Military
Aviation, caused the rapid need for great number of air-
craft engines. Few hundreds of ecngines left by the
Austrian and the German armies were very worn out,

But soon, small amount of Austrian and German, and
greater number of French engines was purchased. The
repair works of aircraft engines started in 1919 at the

Central Aviation Workshop at Mokotéw Airfield in
Warsaw.
Entering into production of Balilla and Ansaldo A-300

airplanes in 1921, caused the purchase of Fiat engines in
Italy. The start of production of the Hanriot, Spad S-61
and Potez XV airplanes, caused the purchase of Gnome
and Lorraine-Dietrich engines in France.

The development of the aircraft production stimulated
the beginning of aircraft engines production in Poland.
In the contrary to many countries, the Polish aircraft
cngines industry was not developed on the basis of the
motorcar industry, but it had been initiated earlier than
the motorcar industry.

Polish Skoda Works, were the first Polish
aircraft engines. They started with production of the
L.orraine-Dietrich cngines rated at 400 HP and 450 HP,
reaching the total number of more than 500 units produced
by 1930. These cngines were adopted in Poland for such

airplanes as: Potez XV; XXV; XXVII; Spad 61, Breguet

plant for

Rys. 3. GR-760 280 KM do

Nowkunskiego
RWD-9. Nowkunski’'s GR-760 280 hp engine
for RWD-9 aircraft

1V 500 KM
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konaly okolo 350 silnikow Wright J5 Whirlwind o mocy
220 KM — zastosowanych do samolotow Fokker F-VIlb/3m,
PZL L.-2, BM-5d, Lublin R-X i R-XIII oraz PWS-14, -16
i -24. Nastepnie w latach 19351939 okolo 300 silnikow
Whirlwind wykonala wytwoérnia Avia do samolotow PWS-
-16 bis, PWS-24 i R-XIII.

Polskie Zaklady Skody od 1932 r. produkowaly silniki
gwiazdowe Bristol. W latach 193241933 zbudowano 250 sil-
nikéw Jupiter VIIF o mocy 485 KM, uzytych do samolotu
mysliwskicgo PZL P-7a. W latach 1933--1936 zbudowano
300 silnikéw Mercury IV, V, i VI do samolotow mysliw-
skich PZL P-l1la i P-1lc. W 1935 r. wyprodukowano 50 sil-
nikéw Pegasus 1l o mocy 580 KM, a w latach 1936--1937
300 silnikow Pegasus VIII o mocy 670 KM do samolotéow
rozpoznawczo-bombardujgcych PZL P-23 Karas.

W Polskich Zakladach Skody powstaly réwniez udane
konstrukcje silnikow inz. Stanistawa Nowkunskiego: G-594
Czarny Piotrus o mocy 100 KM, GR-760 o mocy 260/290 KM
uzyty na samolocie sportowym RWD-9, na ktérym kpt.
Jerzy Bajan odnidést zwyciestwo w zawodach miedzynaro-
dowych Challenge 1934 oraz silniki G-1620 A Mors I o mo-
cy 410 KM i (-1620 B Mors I1 o mocy 470 KM zbudowanec
w liczbie 150 sztuk, uzyte na samolotach lgcznikowo-wy-
wiadowczych R-XIIIF i RWD-14 Czapla.

W 1935 r. Polskie Zaklady Skody =zostaly wykupione
przez panstwo i przemianowane na Panstwowe Zaklady
Lotnicze Wytwornia Silnikéw Fr 1 na Okeciu (PZL WS-1).
Wytwornia ta kontynuowala produkcje Skody. W latach
19381939 wyprodukowano tu 200 silnikow Pegasus XX
o mocy 920 KM do samolotow bombowych PZL-37 Los$,
a nastepnie budowano je do samolotu rozpoznawczo-bom-
bardujagcego PZL-46 Sum. W 1939 r. przystgpiono do pro-
dukcji silnik-’y Hercules o mocy 1375 KM do bombowcow
PZ1.-49 Mis. TZL WS-1 w ostatnich latach przed II woj-
ng swiatowg powstal prototyp silnika rzedowego PZL Foka
o mocy 430600 KM, a w budowie i projektowaniu znaj-
dowaly sie silniki PZI. Waran i PZL Legwan o mocy
800/1200 KM i 2000 KM. W 1939 r. w PZL WS-1 prowa-

TLOKOWE SILNIIKI LOTNICZE PO LSIKIEJ KONSTRUKCII I LICENCYJNE. POLISH-DESIGNED AND LICENSE-BUILT PISTON

POLISH-DESIGNED AND LICENSE-BUILT TURBINE AERO ENGINES

turboodrzutowy/turbojet ; T — turbowalowy /turboshaft; I — dlugoéé/length; d — érednica/

XI1X and PWS-10. In 1929—1931 works manufactured
approximately 350 units of Wright J5 Whirlwind engines
rated at 220 HP. These engines were adopted for such
airplanes as: Fokker F-VIIb/3m, PZL L-2; BM-5d; Lublin
R-X, Lublin R-XIII; PWS-14; -16; -21. In 1935—1939 300
of Whirlwind engines were produced by the Avia factory
for the PWS-16 bis, PWS-24 and R-XIII airplanes.

Polish Skoda Works had produced radial Bristol engines
since 1932. In 1932—1933 250 of Jupiter VII F engines
rated at 485 HP were manufactured there. These engines
were installed on the fighter plane PZL P-7a. In 1933—1936
300 Mercury IV, V and VI engines were produced for the
fighter-planes PZL P-l1la and P-llc. In 1935 50 units of
Pegasus II engines rated at 580 HP were produced, and
then in 1936—1937 300 units of Pegasus VIII engines rated
at 670 HP were manufactured for the reconnaisance-
-bombing PZL P-23 Karas$ (crucian carp) airplane.

Very successful engines were constructed by engineer
Stanistaw Nowkunski at Polish Skoda Works. Among many
were such engines as: G-594 Czarny Piotrus (Black Peter)
cngine rated at 100 HP; GR-760 engine of 260/290 HP rated
power which was installed on the club-airplane RWD-9,
on which Captain Jerzy Bajan won the International -
Challenge in 1934; G-1620 A Mors I (Walrus I) engine
rated at 410 HP and the G-1620 B Mors II engine rated
at 470 HP of which 150 units were built. The G-1620 B
engines were installed on the liaison-reconnaisance R-XIII F
and on the RWD-14 Czapla (Heron) airplanes.

In 1935, Polish Skoda Works were nationalized and were
renamed into State Aviation Works, Engine Plant Nr. 1
at Okecie (PZL WS-1). This plant continued that of Skoda
Works type of production.

In 1938—1939, 200 Pegasus XX engines rated at 920 HP
were produced for the bombing PZL-37 Los (Elk) airplane
and then the same engines were installed on the recon-
naisance-bombing airplane, named PZL-46 Sum (Wels).

In 1939 started the production of the Hercules engine
rated at 1375 HP for the bomber PZL-49 Mis$ (Bear). During

AERO ENGINES
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Rys. 4
Polish-built M-11Fr
W. Garbarczyk

Polskiej produkcji M-UFr 160 KM.

Rys. 5.

160 hp engine. Fot.

aircraft. Fot.

dzone byly przez inz. J. Oderfelda prace nad turbing spa-
linowa, ktére mialy na celu zbudowanic silnika odrzuto-
wego.

Polskie Zaklady Skody w latach 1928--1935 zbudowaly
1300-:-1400 silnikoéw, zas PZL WS-1 w latach 1935-:-1939
900 silnikow. Produkcja wynosila przed wojng 220 :ilnikow
rocznie.

Panstwowe Zaklady Inzynierii (PZInz) w Ursusie pod
Warszawg w latach 1933+1938 wyprodukowaly na licencji
wytwoéorni Walter 600 silnikéw PZInz Junior o mocy 110 KM
i 100 silnikow PZInz Major o mocy 130 KM — do samo-
lotéw szkolnych RWD-8 i sportowych RWD-13.

W latach 1937--1939 zostaly wybudowane Panstwowe Za-
klady Lotnicze — Wytwoérnia Silnikow Nr 2 w Rzeszowie
(PZL WS-2), ktére w 1939 r. rozpoczely produkcje silnikow
lotniczych, wykonujac ich 80 sztuk. Wytwornia przejeta
produkcje silnikow Junior i Major z zakladow PZInz.

Bacznie w okresic miedzywojennym polski przemyst lot-
‘niczy wyprodukowal ponad 3400 silnikow lotniczych.

Sposrod prototypdéw, ktore niec weszly do produkceji, war-
to wymieni¢ silnik PZL Foka o wyjatkowo niskim ciezarze
w stosunku do mocy, silnik birotacyjny inz. H. Brzeskiego
o cylindrach ustawionych rownolegle do osi watu, proto-
typy silnikow inz. W. Zalewskiego do samolotow lekkich
i silnik odrzutowy z 1931 r. inz. W. Bernadzikiewicza, inz.
J. Sachsa i inz. J. Oderfelda — z osiowa sprezarkg i pier-
scieniowg komorg spalania.

Podczas wojny w 1939 r. polskie wytwornie silnikow lot-
niczych byly lekko uszkodzone w wyniku bombardowania.
W czasie okupacji hitlerowskiej byly uzywane jako zaktlady
remontowe silnikow lotniczych. Okupanci wycofujac sie
z Polski wywiezli obrabiarki z zaktadow, a PZL WS-1 na
Okeciu zostala wysadzona w powietrze.

Pierwszymi zakladami uruchomionymi po wyzwoleniu
ziem polskich bytly PZL-Rzeszow. Poczatkowo przeprowa-
dzano tam remonty tlokowych silnikow lotniczych M-11,
WK-105 i AM-38 o mocy 125 do 1600 KM.

Prace konstrukcyjne nad nowymi prototypami silnikow
lotniczych podjeto w 1947 r. Centralne Studium Silnikéw,
stanowigce czes¢ Centralnego Studium Samolotéw miesz-
czacego siec w budynkach przedwojennej wytworni silni-
kow PZL na Okeciu w Warszawie. Tam pod kierunkiem
inz. W. Narkiewicza powstal projekt 4-cylindrowego silnika
polskiego z elementow od silnika Walter, a nastepnic
prototyp 4-cylindrowego silnika polskiego WN-1 o mocy
65 KM, wyproébowany na samolocie Piper i pozniej, w
1958 r., na samolocie Kos. Rozwinieciem tego silnika byt
NP-1 opracowany w 1958 r. Drugim silnikiem tegoz kon-
struktora byl 7-cylindrowy gwiazdowy WN-2 o mocy
280 KM. W 1948 r. CSS przygotowal dokumentacje do se-
ryjnej produkcji licencyjnego silnika M-11.

Produkcje silnikéw podjeto dopiero w zwigzku z uru-
chomieniem licencyjnej produkcji samolotéw Po-2 pod
oznaczeniem CSS-13. W 1949 r. w PZL-Rzeszéw rozpoczeto
produkcje licencyjng silnikéw gwiazdowych M-11 D o mocy
125 KM, a w 1950 r. do samolotéw szkolno-treningowych
Junak silnikéw M-11 FR o mocy 160 KM. Produkcja ta
byla poézniej przeniesiona do PZL-Wroclaw, a w 1952 r. do
nowo utworzonej wytwoérni WSK-Kalisz. Lgcznie w latach
1949-+-1956 zbudowano ponad 1500 silntkéw M-11.
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Nar kiewicza WN-3 330 KM do Biesa.
Narkiewicz’s WN-3 330 hp engine for Bies
W. Garbarczyk

Rys. 6. LIT-3 (AI-26W) 575 KM do $migtow-
ca SM-1. LIT-3 (ATI-26W) 575 hp engine for
SM-1 (Mi-1) helicopter. Fot. W. Garbar-
czyk

last years of the prewar period, new prototype of the
in-line PZL-Foka (Seal) engine rated at 430/600 HP was
constructed at the PZL WS-1 Plant. Further two models
were under design works and construction at this time.
These were the PZL-Waran (Monitor Lizard) and PZL
Legwan (Iguana) engines, rated at 800/1200 HP and 2000 HP
respectively. There were also research works on the tur-
bines lead by engineer J. Oderfeld. The aim of this pro-
gramme was Lo construct an jet engine.

In 1928—1935, Polish Skoda Works, manufactured
approximately 1400 engines and in 1935—1939 the PZL
WS-1. Plant produced further 900 engines of various types.
The average production level, in the prewar period was
some 220 engines a year.

The State Engineering Works PZInz at Ursus near
Warsaw, manufactured in 1933—1938, under Walter company
licence 600 units of PZInz Junior engines rated at 110 HP
and 100 units of PZInz Major engines rated at 130 HP for
the basic-trainer RWD-8 and trainig RWD-13 airplane
respectively.

In 1937—1939 new State Aviation Works were built
under the name of Engine Plant Nr 2 at Rzeszow (PZL
WS-2). This plant started the production of aircraft engines
in 1939 and manufactured till the beginning of the II World
War 80 engines. The Plant took oven the production of
Junior and Major engines from PZInz Works.

Polish Aviation Industry produced totally more than
3400 aircraft engines in the between the wars period.
Among the prototypes, which had never entered the pro-
duction, there were few constructions worthwhile to
mention. These were the: PZL Foka (seal) engine of
excellen weight/power ratio; birotating engine designed by
enginecer. H. Brzeski (cylinders were placed parallely to the
shaft axis); the prototypes of engineer W. Zalewski’s
engines for light airplanes and the jet engine (constructed
in 1931 by eng. eng. W. Bernadzikiewicz, I. Sachs and I.
Oderfeld) which had axial compressor and ring combustion
chamebr.

During the war in 1939, Polish aircraft engine factories
were not badly destroyed by bombs. At the time of Nazi
occupation these factories were used as a repair plants
for aircraft engines.

While with drawing the invaders took away all the
machine tools from the PZL WS-1 at Okecie and then they
blew up the factory.

The PZL-Rzeszow was the first factory which was set
in motion after liberation of Polish territory. There were
only repairs of aircraft engines carried on in that plant
(the engines that were under repairs: M-11, WK-105 and
AM-38 ranging from 125 to 1600 HP rated power).

The designer's works on new prototypes of the aircraft
engines were taken up in 1947 by the Central Engines
Study (CSS) which was the part of the Central Airplane
Study which was situated in the buildings of the prewar
PZL Works at Okecie in Warsaw.

The team lead by engineer W. Narkiewicz designed there,
the project of 4-cylinder engine based on parts of the
Walter engine, and soon the same burcau designed the
prototype of entirely new Polish 4-cylinder engine named
WN-1 rated at 65 HP, which was tested first on the Piper
airplane and later, in 1958 on the Kos (Blackbird) airplane.
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Na poczatku lat pieédziesigtych rozpoczecie w  Polsce
budowy samolotow odrzutowych LIM-1 (MIG-15) spowo-
dowalo uruchomienie produkcji w WSK-Rzeszow silnikow
turboodrzutowych. W 1951 r. w celach szkoleniowych wy-
konano 30 silnikow licencyjnych RD-10A o ciggu 900 kG,
nastepnie w 1952 r. rozpoczeto produkcje silnikow licen-
cyjnych WK-1 (LIS-1), w 1954 r. WK-1A (LIS-2), a w 1956 r.
WK-1F (LIS-5); byly one produkowane przez ponad 10 lat.
Od 1971 r. silniki WK-1 produkuje PZL-Kalisz.

W 1952 r. w Instytucie Lotnictwa w Warszawie zostalo
utworzone biuro konstrukcyjne doc. inz. W. Narkiewicza,
w ktorym zaprojektowano 7-cylindrowy silnik gwiazdowy
WN-3 o mocy 320 KM. Silnik ten w latach 1958-:-1960 byt
seryjnie produkowany w WSK-Kalisz, a zostal uzyty do
napedu samolotéw szkolno-treningowych Bies. Odmiana
$miglowcowa tego silnika, oznaczona WN-4, sluzyla jako
naped do prototypéw s$miglowca BZ-4 Zuk. Dalszym roz-
winieciem silnika WN-3 byl K-5 o mocy 350 KM; nic
wszedl on jednak do produkcji. Po przeniesieniu w 1957 r.
biura konstrukcyjnego doc. inz. W. Narkiewicza do Osrod-
ka Konstrukcji Lotniczych WSK-Okecie powstal tam 6-
-cylindrowy silnik ptaski WN-6 o mocy 185 KM, uzyty do
prototypow samolotéw PZL-104 Wilga i M-4 Tarpan oraz
smiglowca SM-1 Latka. .

Podjeta w Polsce w 1956 r. licencyjna produkcja samo-
lotow wielozadaniowych Jak-12 i $miglowcow SM-1 (Mi-1)
spowodowata uruchomienie w WSK-Kalisz produkcji licen-
cyjnej gwiazdowych silnikow tlokowych AI-14R o mocy
260 KM oraz w WSK-Rzeszow s$miglowcowych silnikow
tlokowych LIT-3 (AI-26W) o mocy 575 KM. Od 1957 r.

AlI-14R budowany jest w duzych liczbach, sluzac jako
naped samolotow Jak-12, Gawron i PZL-104 Wilga. Jego
okres miedzyremontowy poczatkowo wynosit 400 h, zas

obecnie 800 h. Najnowsza wersja tego silnika, AI-14 RC ma
rozrusznik elektryczny zamiast pneumatycznego. Silnik
LIT-3, produkowany od 1958 r., doczekat sie w 1974 r. od-
miany samolotowej, oznaczonej PZL-3S, o mocy 600 KM,
produkowanej obecnie jako naped samolotu rolniczego
PZL-106 A Kruk. Od 1961 r. WSK-Kalisz produkuje do
samolotu An-2 gwiazdowe silniki tlokowe ASz-62 IR o mo-
cy 1000 KM. Silnikéw tych zbudowano w Polsce kilka-
nascie tysiecy.

Pierwszymi pracami doswiadczalnymi w dziedzinie sil-
nikéw odrzutowych byly w Polsce silniki pulsacyjne zawo-
rowe i bezzaworowe oraz strumieniowe budowane w latach
piec¢dziesigtych w Instytucie Lotnictwa w Warszawie pod
kierunkiem doc. inz. S. Wéjcickiego. Silniki pulsacyjne
zostaly uzyte na szybowcu doswiadczalnym Bocian-Puls,
zas silniki strumieniowe na latajacej hamowni Pe-2 oraz
$miglowcu odrzutowym JK-1 Trzmiel.

Pierwszg wlasng praca w dziedzinie konstrukcji silnikow
turboodrzutowych byl zbudowany w WSK-Rzeszéw silnik
doswiadczalny T0O-350 o ciggu 350 kG. Nastepnie w WSK-
-Rzeszow zostala opracowana dokumentacja silnika HO-10
o ciggu 800 kG, ktory w latach 1958--1960 by! produko-
wany do szkolno-treningowego samolotu odrzutowego TS-11
Iskra. Opracowany w pierwszej potowie lat szesédziesig-
tych w Instytucie Lotnictwa silnik turboodrzutowy S0-1
o ciggu 1000 kG wszed! do produkcji w WSK-Rzeszow
w 1967 r. Jego ulepszong odmiana, o okresie miedzyremon-
towym przedluzonym z 200 h do 400 h, jest silnik SO-3

Rys. 7. Silnik odrzutowy LIS-2 (WK-1A). LIS-2 (WK-1A) turbojet
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The NP-1 engine was the developed in 1958, version of
the WN-1 model. The second engine of the same origin was
the 7-cylinder, radial WN-2 engine rated at 280 HP.

In 1948, the CSS bureau prepared the technical docu-
mentation for the mass-production of the licenced engine
M-11. Production of these engines was taken up in con-
nection with the production of the PO-2 licenced airplane
named CSS-13.

The production of licenced engine M-11 D started at
PZL-Rzeszoéw in 1949 and the production of the M-11 FR
engines rated at 160 HP, for training Junak airplanes
started in 1950. Production of these engines was at the
first step removed to PZL-Wrocltaw and then in 1952 to
newly established WSK-Kalisz Works. Totally, more than
1500 units of M-11 engines were manufactured in 1949—1956.
The start of LIM-1 (MIG-15) jet plane production in Poland,
in the carly fifties, caused the set-up of turbo-jet engines
preductien at WSK-Rzeszow. First 30 units of the licenced
RD-10A ecngines (900 kg thrust) were manufactured to
gather technological experience and to train people. Then
in 1952, started the production of the licenced WK-1 (LIS-1)
engine. The production of the WK-1A (LIS-2) engine started
in 1954 and the production of WK-1F (LIS-5) started in
1956. The production of these engines was continued for
more than 10 years. The production of the WK-1 engine
was commited to PZL-Kalisz in 1971.

In 1952 at Aviation Institute in Warsaw, new enginecer
W. Narkiewicz's designing bureau was established. The
7-cylinder, radial WN-3 engine rated at 320 HP was the
first construction of this bureau. This engine was powering
the trainer Bies and was under mass-production at WSK-
-Kalisz in 1958—1960. The helicopter version of this engine
was marked WN-4 and was installed on the prototype of
the BZ-4 Zuk (Beettle) helicopter. Further developed
version of WN-3 engine, was the K-35 model, rated at
350 HP, but it had never entered the production.

After - removal of engineer W. Narkiewicz's designing
bureau in 1957 to the center of Aviation Constructions at
WSK-Okecie Works, the 6-cylinder horizontally-opposed
WN-6 engine rated at 185 HP was constructed there. This
engine was installed on the prototypes of such aircrafts
as: PZL-104 WILGA (Trush) airplane, M-4 Tarpan airplane
and SM-4 Latka helicopter.

The licenced production of the multi-purpose JAK-12
airplanes and of SM-1 (M-1) helicopters was taken up in
Poland in 1956. This caused introducing into production
licenced radial, piston AI-14R (260 HP) engine at WSK-
-Kalisz Works and another licenced LIT-3 (AI-26W) engine
(575 HP) at WSK-Rzeszow Works. The AI-14R engine has
been produced in a great number of units since 1957, for
it is powering such popular airplanes as: Jak-12, PZL-101
Gawron and PZL-104 Wilga. Primary, the time between
overhauls was 400 hours. Now it has been lenghtened to
1000 hours. The last version of this engine, marked
Al-14 RC is equipped with electric starter instead of
pneumatic. The LIT-3 engine which was been under pro-
duction since 1958, was at last adopted in 1974 for air-
planes and marked PZL-3S. This engine, rated at 600 HP
is installed on the ag-plane PZL-106A Kruk (Raven). The
WSK-Kalisz Plant has been manufacturing the radial ASz-
-62IR engines (1000 HP) for the AN-2 airplanes since 1961.
Totally, over ten thousands of these engines were delivered.

The very first research work on the subject of jet
engines, were the valve and valveless pulsejet engines and
also ramjet engines of which prototypes were built in the
carly fifties at the Aeronautical Institute at Warsaw by
the team lead by engincer S. Wojcicki. The pulsejet engines
were installed on the experimental Bocian-Puls glider.
The ramjet engines powered the flying engine test bench

marked Pe-2 and the JK-1 Trzmiel (Bumble-bee) jet
helicopter.
The first experimental turbo-jet was constructed at

WSK-Rzeszow Works. It was marked T0-350 and it’s thrust
was approximately 350 kg. The new documentation of
the HO-10 (thrust 800 kg) jet engine was made soon. These
cngines, produced in 1958—1960, were powering the jet
trainer TS-11 Iskra (spark). Designed in the early sixties
at the Aecronautical Institute, the SO0-1 (1000 kg thrust)
jet engine, entered the production in 1967. It’s redesigned
version, of the between overhaul life lengthened from
200 hours to 400 hours, marked SO-3 has been produced
since 1971. The SO-1 and SO-3 engines are powering Iskra
jet-trainer.

In the mid sixtie's, the Polish aviation industry started
the licenced production of the Mi-2 helicopter and at the
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produkowany od 1971 r. Silniki SO-1 i

naped do samolotu Iskra.

W polowie lat szesédziesigtych polski przemyst lotniczy
rozpoczgl produkcje licencyjng s$miglowca Mi-2 i réwno-
czesnie w WSK-RzeszOw rozpoczeto produkcje silnika turbo-
odrzutowego GTD-350 o mocy 400 KM, do tego smiglowca.
W 1974 r. powstala zmodyfikowana odmiana tego silnika,
oznaczona GTD-350P o mocy 450 KM.

W 1975 r. Pezetel nabyl w USA prawa produkcji silni-
kow tlokowych Franklin do samolotow lekkich. Produkcje
tych silnikow podjgt PZL-Rzeszow. W 1977 r. do produkcji
weszly silniki: 2-cylindrowy 2A-120 o mocy 60 KM prze-
znaczony do motoszybowca Ogar, 4-cylindrowy 4A-235B
o mocy 125 KM przeznaczony do samolotu PZL-110 (Rallye
100 ST), 6-cylindrowy 6A-350C o mocy 220 KM oraz spre-
zarkowy 6AS-350A o mocy 235 KM.

Polski przemys! lotniczy jest jednym z gléwnych pro-
ducentéw silnikow tlokowych do samolotow rolniczych
i jest jedynym producentem na s$wiecie silnikow o mocy
600 KM i 1000 KM. Produkuje on silniki tlokowe, turbi-
nowe i turboodrzutowe. W latach 1945--1975 przemyst ten
zbudowal ponad 22 tysigce silnikéw lotniczych.

SO-3 stuzg jako

same time, started the production of the turbo-jet GTD-350
engine rated at 400 HP for that helicopter. The modified
version of this engine rated at 450 HP was constructed
in 1974 and was marked GTD-350 P.

In 1975, PEZETEL (Polish foreign trade enterprise)
purchased in USA the licence of the Franklin engines,
for light aircraft.

In 1977, at PZL-Rzeszow entered the production licenced
engines listed below: 2-cylinder 2A-120 rated at 60 HP
engine, which is to be installed on the Ogar motor-gliders,
4-cylinder 4A-235B rated 125 HP engine which will power
the PZL-110 (Rallye 100 ST) airplane; 6-cylinder 6A-350C
engine rated at 220 HP, and the supercharged 6AS-350A
engine rated at 235 HP.

Polish aviation industry is one of the main manufac-
turers of the piston engines for the ag-planes, and it is
the only producer of the piston engines of 600 HP and
1000 HP rated ‘power.

Polish aviation industry produces piston engines, turbine
engines and turbo-jet engines. In 1945—1975 more than
22 thousands of aircraft engines were manufactured in
Poland.

Uprzejmie informujemy, ze od dnia 1 lutego 1977 r. obowiazuja

nowe ceny ogloszen 1 artykutow reklamowych

@ Ceny
1 str. formatu A4 — 16 000 zt

1/2 str. formatu A4 — 8 000 zt
1/4 str. formatu A4 — 4 000 zt

1/8 str. formatu A4 — 2 000 zit

@ Dodatki

za kazdy dodatkowy kolor — 20%;

za zamieszczenie na I lub IV str. oktadki — 100%;

za zamieszczenie na II lub na III str. okladki — 50% oraz 20% z tytu-

tu kosztow przygotowania do druku.

@ Rabaty

za powtorzenie 2—5-krotnie — 5%;

za powtérzenie wiecej niz 5-krotnie — 10%;

za druk artykutow reklamowych (publikowanych po akceptacji me-

rytorycznej redakcji ) — 40%;

za podlaczenie gotowych wkladek, akceptowanych uprzednio przez

redakcje — 40%.
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POLSKIE ZAKLADY LOTNICZE PZL
POLISH AVIATION WORKS

ZJEDNOCZENIE PRZEMYSLU LOTNICZEGO I SILNIKOWEGO PZL/
/AIRCRAFT AND ENGINE INDUSTRY UNION PZL

ul. Miodowa 5, 00-251 Warszawa, Poland
tel. 26-14-41, 27-99-85

telex 814281

Naczelny Dyrektor/General Manager:

inz. Krzysztof Kuczynski

Dyrektor Techniczny/Technical Vice-Director:
inz. Kazimierz Brejnak

Dyrektor d/s Eksportu/Sales Vice-Director:

dr Jozef Jablonski

PEZETEL — PRZEDSIEBIORSTWO HANDLU ZAGRANICZNEGO
PRZEMYSLU LOTNICZEGO/FOREIGN TRADE ENTERPRISE OF
AVIATION INDUSTRY

ul. Przemystowa 26, 00-950 Warszawa, Poland

skkr. poczt./PO Box 371

tel. 28-50-71, 28-29-39

telex 313430

Naczelny Dyrektor/General Manager:

dr Jozef Jablonski

Dyrektor Biura Sprzetu Lotniczego/Manager Aviation
Department:

Stanistaw Ferenstein

Kierownik Dzialu Reklamy/Manager of Publicity Department:
inz. Janusz Matuszewski

INSTYTUT LOTNICTWA/AERONAUTICAL INSTITUTE

Al. Krakowska 110/114, 02-256 Warszawa-Okecie, Poland
tel. 46-00-11, 46-09-93

telex 813537

Naczelny Dyrektor/General Manager:

inz. Zbigniew Pawlak

Dyrektor Naukowy/Scientific Director:

dr Czestaw Skoczylas

WYTWORNIA SPRZETU KOMUNIKACYJNEGO PZL-MIELEC/
/TRANSPORT EQUIPMENT MANUFACTURING CENTRE PZL-
-MIELEC

ul. Ludowego Wojska Polskiego 3, 39-301 Mielec, Poland
tel. 70

telex 83293
Naczelny Dyrektor/General Manager:
mgr inz. Tadeusz Ryczaj

CENTRUM NAUKOWO-PRODUKCYJNE SAMOLOTOW LEKKICH
PZL-WARSZAWA/LIGHT AIRCRAFT SCIENCE AND PRODUCTION
CENTRE PZL-WARSZAWA

Al. Krakowska 110/114, 02-256 Warszawa-Okecie, Poland
tel. 46-00-31, 46-11-73

telex 814649

Naczelny Dyrektor/General Manager:

mgr inz. Jozef Lipinski

Dyrektor Techniczny/Technical Manager:

inz. Jerzy Milczarek

WYTWORNIA SPRZETU KOMUNIKACYJNEGO PZL-SWIDNIK/
/TRANSPORT EQUIPMENT MANUFACTURING CENTRE PZL-
-SWIDNIK

21-040 Swidnik, Poland

tel. 120-61, 120-71

telex 84212, 84302

Naczelny Dyrektor/General Manager:
mgr inz. Jan Czogala



WYTWORNIA SPRZETU KOMUNIKACYJNEGO PZL-KALISZ/
/TRANSPORT EQUIPMENT MANUFACTURING CENTRE PZL-
-KALISZ

ul. Czestochowska 140, 62-800 Kalisz, Poland
tel. 40-81

telex 415250

Naczelny Dyrektor/General Manager:

mgr inz. Henryk Jaruzel

WYTWORNIA SPRZETU KOMUNIKACYIJNEGO PZL-RZESZOW
/TRANSPORT EQUIPMENT MANUFACTURING CENTRE PZL-
-RZESZOW

ul. Obroncow Stalingradu 120, 35-078 Rzeszow, Poland
skr. poczt./PO Box 340

tel. 423-71

telex 83411

Naczelny Dyrektor/General Manager:

mgr inz. Jozef Rokoszak

WYTWORNIA SPRZETU KOMUNIKACYJNEGO PZL-WARSZAWA 11y
/TRANSPORT EQUIPMENT MANUFACTURING CENTRE PZL-
-WARSZAWA 11

ul. Grochowska 3¢6/310, 03-840 Warszawa, Poland

tel. 10-20-01

telex 813739

KOMBINAT TYPOWYCH ELEMENTOW HYDRAULIKI SILOWEJ:
WYTWORNIA SPRZETU KOMUNIKACYJNEGO PZL-HYDRAL
WROCEAW/TRANSPORT EQUIPMENT MANUFACTURING CENTRE
PZL-HYDRAL WROCLAW

ul. Bierutowska 57/59, 51-317 Wroctaw, Poland
tel. 526-21
telex 34216

WYTWORNIA SPRZETU KOMUNIKACYIJNEGO PZL-KRAKOW/
/TRANSPORT EQUIPMENT MANUFACTURING CENTRE PZL-
-KRAKOW

ul. Wroctawska 53, 30-011 Krakow, Poland
telex 32510

WYTWORNIA SPRZETU KOMUNIKACYIJNEGO PZL-KROSNOy
/TRANSPORT EQUIPMENT MANUFACTURING CENTRE PZL-
-KROSNO

38-400 Krosno n. Wistokiem, Poland
tel. 285
telex 83263

WYTWORNIA SPRZETU KOMUNIKACYINEGO PZL-POZNAN/
/TRANSPORT EQUIPMENT MANUFACTURING CENTRE PZL-
-POZNAN

ul. Rokietnicka 3, 60-806 Poznan, Poland
tel. 63-00-61
telex 415414

WYTWORNIA SPRZETU KOMUNIKACYIJNEGO PZL-GORZYCE/
/TRANSPORT EQUIPMENT MANUFACTURING CENTRE PZL-
-GORZYCE

39-432 Gorzyce k. Sandomierza, Poland
tel. 353
telex 83327

PRZEDSIEBIORSTWO DOSWIADCZALNO-PRODUKCYJNE SZYBOW-
NICTWA PZL-BIELSKO/GLIDER WORKS PZL-BIELSKO

ul. Cieszyiiska 325, 43-300 Bielsko-Biata, Poland
tel. 250-21

telex 035259

Naczelny Dyrektor/General Manager:

mgr inz. Wladystaw Nowakowski



OBCIAZENIA,
OGRANICZENIA

1 — przepisy zdatnosci
tu lotniczego

2 — obcigzenia zewnetrzne

3 — 0. masowe

4 — przypadek obcigzenia

5 — struktura podstawowa

6 — obcigzenia przy manew-
rach w locie

7 — manewrowe wspoliczynni-
ki obciyzen

8 — samolot nieakrobacyjny

9 — s. polakrobacyjny

10 — s. akrobacyjny

11 — obwiednia obcigzen przy

sprze-

manewrach, krzywa wy-
rwania

12 — manewr Ww plaszczyznie
pionowej

13 — przeciggniecie dodatnie

14 — przeciggniecie ujemne

15 — predkosci obliczeniowe

16 — obliczeniowa predkosé
ewolucyjna

17 — o. p. przelotowa

18 — o. p. nurkowania

19 — rozklad obcigzenia

20 — r. o. wzdluz cieciwy

21 — r. o. wzdluz rozpietosci

22 — obcigzenia cd oporu
aerodynamicznego

23 — o. od podmuchow

24 — pionowe o. od p.

25 — boczne o. od p.

26 — wspolczynnik ztagodzenia

p.

27 — obcigzenia od silnika
i smigla

28 — cigg do przodu

29 — cigg do tytu

30 — moment od silnika

31 — momenty giroskopowe,
wplyw giroskopowy

32 — przypadek hkorkociggu

33 — obcigzenia uktadu stero-
wania

34 — maksymalny wysilek pi-
lota

35 — moment zawiasowy

36 — obcigzenia na ziemi

37 — obliczeniowy ciezar star-
towy

38 — o. ciezar do lgdowania

39 — predkos¢ opadania

40 — pochtanianie energii

41 — reakcje pionowe

42 — reakcje boczne

43 — lgdowanie z duzym tar-
ciem

44 — 1. na dwa punkty
45 — 1. na trzy punkty
46 — 1. na jedno kolo

47 — znoszenie boczne
48 — kolowanie z hamowaniem
49 — moment hamowania

50 — reakcja statyczna

51 — koiowanie do tytu

52 — k. i start

53 — k. z wiatrem

54 — podmuchy na ziemi

55 — przeszkoda na ziemi

56 — warunki przymusowego
lagdowania

57 — ladowanie z rozbiciem

58 — kapotaz

59 — ograniczenia operacyjne

60 — o. predkosci

61 — predkos¢ maksymalnie
dopuszczalna

62 — dopuszczalna p. operacyj-
na

63 — p. przy wychylonych
klapach

64 — p. uruchomienia podwo-
zia

65 — minimalna predkos¢ ste-

rowania W swobodnym
powietrzu
66 — maksymalny ciezar star-
towy
67 — m. c. do lgdowania
§8 — m. c. przy zerowym pa-
liwie
69 — zakres wedrowki srodka
ciezkosci
UWAGA: Terminy polskie
oparto na tlumaczeniu brytyj-
skich przepisow zdatnosci
British Civil Atrworthiness

Requireme::ts, Section K na
jezyk polski, wydanym przez
Ministerstwo Komunikacji
Warszawa.

WCT/39/K[77 (K.D.)

LOADS.
LIMITATIONS

1 — aircraft airworthiness
requirements

2 — external loads

3 — inertia loads

4 — (load) case

5 — primary structure

6 — flight manoeuvring loads
7 — manoeuvring load factors
8 — nonaerobatic aeroplane
9 — semi-aerobatic a.

10 — aerobatic a.

11 — manoeuvring envelope
12 — pitching manoeuvre

13 — positive stall

14 — negative s.

15 — design air speeds

16 — d. manoeuvring speed

(Va)

17 — d. cruising s. (V¢)

18 — d. diving s. (Vp)

19 — load distribution

20 — chordwise 1. d.

21 — spanwise 1. d.

22 — drag loads

23 — gust .

24 — vertical g. l.

25 — lateral g. 1.

26 — gust alleviation factor

27 — engine and propeller
loads

28 — forward thrust

29 — reverse t.

30 — engine torque

31 — gyroscopic effect,

g. couples
32 — spin case
33 — control-system loads
34 — maximum pilot effort
35 — hinge moment

36 — ground loads

37 — design take-off weignt
38 — d. landing w.

39 — velocity of descent

40 — energy absorption

41 — vertical loads

42 — side 1

43 — high drag landing

44 — two-point 1.

45 — three-point 1.

46 — one-wheel 1.

47 — lateral drift

48 — braked taxying

49 — brake torque

50 — static load

51 — rolling back

52 — taxying and take-off

53 — taxying downwind

54 — ground gusts

55 — ground obstruction

56 — emergency alighting
conditions

57 — crash landing

58 — turnover

59 — operational

60 — speed .

61 — never exceed speed

limitations

(VNE)

62 — normal operating
limit s. (Vno)

63 — wing-flaps extended s.
(VFE)

64 — landing gear operating s.

65 — take-off minimum control
speed in free air (Vmpmca)

66 — maximum take-off
weight

67 — maximum landing w.

68 — maximum zero-fuel w.

69 — centre-of-gravity range

UWAGA: Terminy angielskie
wedlug tekstu brytyjskich
przepisow zdatnosci do lotu
British  Civil Atrworthiness
Reqyuirements, Section K

TECHNIGINY SEOWNIK LOTNICLY

[
DIE BEANSPRUCHUNGEN. HATPY3KM;
DIE BESCHRANKUNGEN OrPAHMYEHMUSA
die Bauvorschriften 1 — HOpMbI JIETHOII TORHOCTM
fur Luftfahrzeuge 2 — BHELUHIEe Harpy3Ku
die Flugbeanspruchungen, 3 — Mmaccosele 1,
die Flugbelastungen, Ve pLMUOHHbIE 1.
die Lwuft- und Bodenkrafte 4 — chayuait Har)py)xexmn
. - . = 5 — (nepBuM4YyHasdA) ¢TPYKTypa
gilg I’Iv‘[raasgsl;rellils_;;‘aeﬁe. 6 — »aHeBpeHHbleé Harpy3Kku
7 — pacueTHbIe
der Belastungsfall 9KCMJ1yaTal}1OHHbIE 1.
die Hauptstruktur 8 — canoneT He JonylueH
die Abfangbelastungen K DBbICLUIEMY AMJIOTaXKy
ie Abf ) ielfach 9 — c. ponylueH
die anglastvielfachen K OrpaHM4YeHHOMY B. II.
das kunstfluguntaugliche 10 — c. AJAa BbICLUETO

11

12
13

15

16

17

18

19
20
21
22
23

62
63

64
65
65
67
68

69

Flugzeug, das Normalflugzeug

das F. von beschrankter
Kunstflugtauglichkeit

das kunstfliugtaugliche F.
das V-n — Schaubild,
das V-n — Diagram,
die Abfangkurve

das Vertikalmanover

das positive Uberziehen
das negative U.

die rechnerischen
Geschwindigkeiten

die rechnerische
Evolutionsgeschwindigkeit,
die r. Manovriergeschwindigkeit

die r. Reise-
-Fluggeschwindigkeit,

die r. hochste
Fluggeschwindigkeit,
die (r.) Sturzgeschwindigkeit

die Luftkraftverteilung
die L. uber Fligeltiefe
die L. uber Fliigelbreite
die Widerstandsbelastungen

die Boen-lasten,
die Boenbeanspruchungen

der VertikalbOenangriff
der Querbdenangriff

die Beizahl der Boenwirkung
die Triebwerk- und
Luftschraubenbelastungen

der Vorschub

der umgekehrte Schub

das Triebwerkdrehmoment
die Kreiselwirkung

der Trudelnfall

die Steueranlage-
-Beanspruchungen

der HoOchstpilotenkraftangriff

das Scharniermoment

die Belastungen durch
Bodenkrafte,

die Bodenbeanspruchungen
das rechnerische Startgewicht
das r. Landegewicht

die Sinkgeschwindigkeit

die Energieabsorption

die vertikalen Krafte

diz Querkrafte

die Hochwiderstandslandung
die Radlandung

die Dreipunktlandung

die Einradlandung

die' Schiebebewegung

das Rollen mit Bremsen
das Bremsmoment

statische Belastung
Rollen nach Hinten
Rollen-und Startfall
Rollen mit Windrichtung
Bodenbden
Bodenhindernis
Notlandung-Bedingungen
Bruchlandung
Uberschlag
Betriebsbeschrdnkungen

die Geschwindigkeits-
begrenzungen

die zuldssige
Hochstgeschwindigkeit

die festigkeitsmdssig hochst-
zuldssige Reisegeschwindigkeit
die Hochstgeschwindigkeit bei
ausgefahrenen Landeklappen
die H. fur Fahrwerkbetadtigung

die erforderliche Mindest-
geschwindigkeit bei Motorausfall
das hochstzuldssige Startgewicht
das h. Landegewicht

das h. Fluggewicht ohne
Kraftstoff

der Schwerpunkt/lage/bereich,
die Schwerpunktgrenzen,

die Schwerpunktlage-Begrenzung

n4J0Taxa

11 — o6sacte 6e3omnacHoOro
\MaHe BpMpOBaHusi,
KPMBaA JOMYCTHMMbIX
MaHeBpPEeHHbIX Ieperpy3ok

12 — MaHeBp B BepPTHKaJIbHO:T
ILJIOCKOCTH, M. IO
TaHraxXy

13 — NOJIOXKMTeJIbHOe
Kabpi1poBaHue

14 — oTpsliaTeJIbHOE K.

15 — pacyeTHble CKOPOCTH

16 — pacuyeTHas
9BOJIIOTHMBHAA CKOPOCThb

17 — p. Kpeiicepckasd c.

18 — p. mpeneabHasa C.

19 — pacnpepne.ielnte Harpy3ski1
20 — p. H. o Xxopnae
21 — p. H. MO pa3maxy

22 — Harpy3ku oOT 1000BOro
CONpOTHBJIEINA

23 — H. OT BO3AYUWIHLIX
NnopbIBOB

24 — 1. OT BepTUKIILHOrO
nopbIBa

25 — H. OT TIOmnepe'{Horo nm.

26 — KO3 UIMeHT CMAI'YeHUA
BJIMAHMA IOPbIBA

27 — Harpy3KM OT CHMJIOBO
YCTaHOBKM

28 — THra CMJIOBOIT YCTaHOBKMU

29 — peBepcCHMpOBaHHAas T. C. Y.

30 — KpyTAWMIT MOMENT
(RpBuraTeJis)

31 — rupockonuyecxmii

g pekT
32 — cuaydalt wronopa
33 — narpy3kKa cucTen

vrpaBienysa
34 — MaKcMMaTbHOe ycHide

neTyuka
35 — WapHMPHbIII  MOMEHT
36 — narpy3ku Ha 3exie

37 — pacueTHbli B:3JeTHbI1 BecC
38 — p. nocapno'iHblit B.
39 — CKOpPOCTb CHMIKEHMA
40 — mnorjoiILieH}e Heprmum
41 — BepTHKAaJlbHbIE peakuUym
42 — 60KOBblE D.
43 — nocaaka
C CONpPOTHUBIIEHMEN

44 — . Ha [OBE TOYKH
45 — . Ha TpM T.

46 — . Ha OJHO KO.1eCco
47 — cuoc

48 — py. leHMe C TOPMOMEHMEeM
49 — NOMEHT TOpMOXKel:MsAa

50 — cTaTuMyeckaAa pearumna

51 — pyneuue Ha3sail

52 — pyJeHue wn B3Jner

53 — pviienue ¢ 3etrpoM

54 — MnoOpbIBbl Yy 3e\sin

55 — Ha3esnioe IpelsTCTBMe

56 — YCJIBMA BblliVi1€I1110I1
rnocaakn

57 — aBapwuiiilad rnocajka

/38§ — KanoTtmMpoBaHue

59 — JKcILIvatalmoHtiibie
orpaliMyeHms

60 — orpaHM4YeHMa
o CKOPOCTH

61 — MaKcMMaJlbHasa — JKcIulya-
TallMOHHAA CKOPOCThb

60 — npepneJsibHaAd CKOPOCTb

63 — Mai<cUMAIblIAaA pa3peluen-
HaA C. NPM OTKJIOHEHHbIX
3aKpblIKax

64 — MaK.oMMallblias C. 1ipU
KOTOPOI1 AOMNyCKaeTcs!
yGOpKa /1M BblITYCK
waccu

65 — MiHMMaJlbHad ynpaBis-
eMaA CKOpOCTnL IpM
OTKa3le ABUTaTens

66 — MaKcCHMaJlbliblil
B3JIETHbIIT BecC

67 — M. 1ocaao‘iHblIl B.

68 — . Bec 6e3 TonmmBa

63 — nMamna3oll 1€ HTPOBKIM
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