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On the Experimental Hovercraft for the Antarctic 

Rinichi MURAO*, Kiichi MORIWAKI**, Nozomi MURAKOSHI**, 
Yasusuke DAIMON*** and Minoru INABA*':'* 

Abstract: An experimental hovercraft has been developed for tests on the 
utility, adaptability and operation of hovercraft in the environment of the 
Antarctic. The Hovercraft Subcommittee formed in 1978 has been managing 
the planning of this project. The craft is a 2.8 t plenum chamber type hovercraft 
with 60 cm depth flexible skirts, fitted to its perimeter. Two rudders equipped 
within the air jet bleeded from the lift fan, and two puff ports which control 
the air jet, provide directional control. In order to estimate the performance 
of the craft, the static thrusts were measured. 

In January 1981, the craft was unloaded on the fast ice about 40 km NW 
of Syowa Station in the Antarctic. After 3.5 hours run it reached the station, 
crossing small cracks and puddles. During the summer and winter seasons of 
1981/82, 33 hours test running and sea-ice survey have been carried out. Some 
troubles such as the clogging of snow in the engine room, icing on the air 
outlet from fan scroll and tear of skirts were experienced. The process of 
planning, design, principal particulars, slope ascending capability and the oper­
ation in the Antarctic of the experimental hovercraft are described. 
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Jg] 1 aino�JIBO) �J!?PJVi' (1969) 
Fig. 1. Seasonal wind velocity variation at Syowa Station (1969). 

jg] 2 ��Jt31¥Hiil!*-r�-:7=J7 r, MV-PP05A 

Fig. 2. Expirimental hovercraft for the Antarctic, MV-PP05A. 
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fg] 3 MV-PP 05A (I�ffi.Ji-fttq:t) 
Fig. 3. MV-PP05A (under construction). 

fg] 4 MY-PP 05A (I�JA�) 
Fig. 4. MV-PP05A (factory tests). 
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Table I. The time table of the development of the expritr.ental 

hovercraft for the Antarctic. 
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£---::>� 1979 �flt7�--c-�f'f� (MV-PP05A) iJ;J!m�.nt::. (� 2, 3, 4). tttl§�1ttc00L-""C 
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* HARD STRUCTURE PART 

-� �.:-... : 
- ��---_:�:�, •••••••�••• •••• Uk�=�� -

I \ //1
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[sl 5 ��J:Jr�ffi;j--r�-7 7 7 r 0)-�ffi:ili® 
Fig. 5. General arrangement of the experimental hovercraft for the Antarctic. 
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iu:1J*@hi£]$:(¥J1ctt 1977 4-vcffl°fiJj(J::�,���ntli Lt::. MV-PP05 �O)�oo$vc tft:1:J� 

%i 0) t::.'th O)m.flJJ1i��oo�tm ;z_ t::. ih 0) c· � 6 (� 6). 

±�lUHt B � El IJJ•�1ttSffl GA135 � 1 990 cc il 'I !J :.,; -= Y:,;:,:.,; 1 �c·, '7 :.:, -= - !J 7J'(lf? 

:1J5:-\0)3imc�=*:lli:1J 88.2kW/5000rpm (120PS/5000rpm) --c-� IJ, i����1)'-L"C�fr!DJij,]c 

reM�.ht::.r¥J:tuJ:rf1i�fflO)TI[{£� I.Om, 13¥{0)Ji{.'7 7 Y�.�irb-t6. Jl:,C.,7 7 Yfi 

�:;l:{f:O)t::.'th 7 ;1,, � =- 17 .b.� c L, 7·· v- F 0)�$t'Clt n - ;t; Y 7 7 ,1 ,,: _ ��ffl L "Cl..' 6. 

mWJ1li1U�M�:t 7 ;t ;1,, :7 7- r; - 1r· :,,,- 126A � 1584 cc jf 'I :J :,,,- -= :,,,- :,;;, :,,,- 2 �--c-, �iiU2. 

�:1J5:-\0)Jlmc�::klli1J 32.3kW/36COq:m (44PS/36COrpm) c·, !J-1 � :,,,-17··�;t,,J-�:fi'-L 

"C-th--th 1 £0)itf£ 1.33 m 0) 7
° 
1=1 """'7 �.�i!J-t 0. :�1"4�:!t�v:t±:.Wk�c-� 299 g/kW ·h 

(220 g/PS·h), m!:!Mff�Wk1*Jc·� 306g/kW-h (225g/PS·h) t:·�6. 

LIFT & AIR JET FAN 

MAIN ENGI NE 

CLUTCH REDUCTIOl GEAR 

rot J!-==1'� -��,&rt�� � 
UNIVERSAL JOINT 

� 6 �1*J�7·0-:; :7[ZJ 

AIR PR::>PELLER 

AUXILIARY PROPULSION ENGINE 

Fig. 6. Engine and transmission system. 
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SEC.B 

SEC.A 

600 600 

�7 177��3/t�n�AT� 
Fig. 7. Air cushion and thrust system. 
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,t,, 7 -r './ b� G 0) :bnEE�� ��WflJit !J" :7 1- tr� G �1&:1Hc� lli � � 0 .:i::. 7 v .::c. 'Y r vc J: 9 rr :i 

(&I 7 ). 

7
° 

P 7
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'l5J:>O):?--=r './ v:?- S/-7-il;vi. iJ v::>vt-C�0. 

2. 4. Hllt�*1f 

�O)mi@Hi., tfiig .,r :7 r lli r::nc�vt G .ht.:1:flPJJiJt: c ti:::t"vc� 0 ltJit 7· p """'7 O)@Hii��5£ 

11:: � �-c ffl.G.h0 tt1J�O)fUfflvc J:: lJ fi :i. 

'ikf.!tll::icvi.fiiigJl':7 J-0).:i::.?v.::c. 'Y 1-�,,�7;t;- 1-1-cJ::--:>-CJ!E:ti�tift�fi:i. 1:flPJJiJt: 

it-"' './ r ;r.., vc J:: 9 , ,,{ 7 ;t; - 1- v:t 7 'Y 1- � !f ;r.., vc J:: 9 .::c .h-t .h1i11: � .h, ::t� '*1 j'o' J:: u:rm WJ 

ttJit�l*JO)@J��vi. 7- p 'Y 1- ;r., v ,,� - vc J: '? -ctUPfll � .h 0. 

2. 5. it�{;; 

•vi. ricO)�vffi��vm L -c", 0. 

1) �i*J�{iffi: ti;m� J=!H�r 1 JlilJ, *Jflffl 2 AlHt:t�J�r 1 IJ!!J, :ti:l!ttf:LA lJ 1=1 m. ($i 60 cm), 

�lb 17 -1 './ F? -1 ,,{ - (DC 12V) 215, �F'3n (DC 12V) tt��j'o' J:: rf�'*1�'* 1 

2) film .ffl �* 1:: - !J - (20 093 kJ /h, 4 800 kcal/h): 1 � 

� ffi��A(.v::>IJJ::��ffl):fiJW�J:rf�-$�2�ffi 



No. 84. 1985] 43 

-0 m*�•= g a�a�m*flijJJ•••M�K% 1 £, *���•£ m *n�•�K 1 

£ 

5) ���-: i1[vfE9ei[M (DC lOV x �  30A) 3 £, �i[?fu (80 AH/20 HR) I £  

6) �ki�fi (DC 12V ,ffl) : 1 £ 

3. 1. •• · �:,i) 

:mit�t.�O)f-¥J:::to � rft-tJii1:il§t.t c· v=-�IB�:&vt L, 7 ,y './ :1 :/i:f:t,C..,iJ� G O)]lt,C..,O)f tut 

�0)���1!::� 1b k G -t"k6b,  m:1t · m:.c..,O)��a:r- - _,.� - 7 =J 7 f -ea�i=:,m- vcm�t.t �H 

f'f*O)�'"':)'""(:' � o .  % r:::. ,J,��-e�t.!iitvc�mn; t.t \, ,  t::6b, �HfjHJ-ewoc 1b r .:r. '>' 7 � ;h , 

ffi.JEO)l'rf[ffltc� i: Q � 5 ��b; t.t � ;hQ . 

� 2  v=-*�O)Himi:to � a�mu�it · m:,c..,�5F-:t. �mu�itvt.ttimift � IJ E=fff < .  m:,c.., t  

TJEff vc*f13 i: 0 -c 1, ,  o .  

3. 2. fliftti:1m 

� 2 it:ii: · :m,c..,� 
Table 2. Mass and center of gravity. 

JJl 
--- -------

j! f* 

� 00 
;f# � 
* 111:li � 
t£ ro it 

§ 
-·------ --- -

{ITT 

$ 

{ITT 

rm 

1<: ro � it 

rnut •m, �f4) 

� vffi it it 

� :It 
(kg) 

1 1 1 0  

780 

260 

50 

2 200 

(2 084) * 

600 

2 800 

�J::?Efi�O) :r- - _,.�  - 7 =J 7 f O)tftm�lX:t:-e�-:t. 

Dtoe = Da + Dm + D1 

Da : :m�ID�tff:vt Cn(l /2)pa V2A1 

Cn: ��IDik:Ili:v'l:f*� 

Pa: :m�W� 

A1: ijJJffiffiffl 

Dm: JiltJJttfiv'[ paQ V 

Q: 7 7 :/ !/& 1, 'J.6:di-:m�vfEiit 

4. 10 

4. 63 
3. 26 

3. 68 

4. 1 8  

(4. 18) *  

2. 74 

3 . 8 1 3  
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V: fiJJi�L!t 

D1: *ffi�m µ W  

µ: *ffif*� 

W: �vffilill gM 

M: �·�· 

!Zl 8 vc*mO)tJ:ttt c ti :1JO)ti�fii�71'-:t. CD f.t 0.65 c m� L, µ �;t7j(J:: • �J::0)�{4:vc 

,et t: -C 0.01-0.03 0),00:� ffi i., ,  t-: . Ml1:ti:1J O)  �il!U-00:�:t 2.76 kN (270 kgf) -ett@1fi([ J: 1:J 0.39 kN 

(40 kgf) * � 1., ,f@:�tit-: . ffi�··c-frbhk:ifil:tJ��O) if.5* (1982 4- l }j 29 S ;t- :/ !/ Jv#a�i§ 

�W7.kJ::) -e i:t µ 0),00:f.t�il!li L -C \, , fJ.: \, , O) -C·��O)jftv'[f@:�:t��-c-i::5 G iJ�. �:1] 55 km/h 0) 

tc�n;m G .n -c :to 1; ttimi-OO:�[l!iij,@ L -c " ,  Q .  

3. 3. ftf&�jJ 

THRUST 

DRAG 

kN 

3 

ALLUP WE IGHT: 2.8 T 
.M :  0.01 , 0.02 ON SMOOTH I CE 
M : 0.03 ON SMOOTH SNOW 

No Wind 7.5m/s Head Wind 

THRUST -

I

M:0.1 -- - -
D R  AG ,,u=0.2 -·- ---

,,U=0.3 ---- - - - -

0 1 0  20  30  40  50  60 km/h 

SPEED 

jg] s m112::�m 
Fig. 8. Thrust and drag. 

* - ... � - 7 =J 7 1- O)�#z��:1Jv:t, tt:tJ c #4001.;J�0)1*Jf* t-: vt-c·tJ.: < ,  W�L!t. JIJJifilg�, 

imITfi 0) *ffit.tttt, �vc J: Q t.ttttt.r c·�1Jri: L -c *4::-frl3"JvcteH,§[i'" Q �,�iJ;i::5 Q .  

#41ffi vczB '? -Cfilg�� x, �Fai � t l: i'" G .  mn;#400�� 1:J �a� G }�(� x=O, t =0 l: L, 

-t O)�,S\-C·O)�O)f}J;ifiltf� Vo c i'°G . f,ftjJ T c �vt D vc.1*] L -CrtcO)i!rfbl�fr 3 .  

T= To-k1x 

D=k2x+ka 
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M.i = T-Mg sin 0-D 

M: ��:I= 

o: i4001;1� 

g: :m1Jtnt!tf 

-� + [ (k1 +k2)/Af] x- (l /M) ( To - Mg sin 0 - ka) =0 

�;t/J; o v:. t.c o "£ -e v:.� o IFe• s �:rrt&JFe�tL !: -r-o t ,  

MVo M ( To - Mg sin 0- k 3) 
1 

To - Mg sin (} -k 3 - (k 1 + k 2) Vo 
s - + n -----------

(k 1 + k2) (k1 + k2)2 To - Afg  sin O-k3 

n;� Gho . 
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M: 2 800 kg, To : 2.76 kN, µ: 0.03, 1!lfi}j,tki� v:.:x;J-$-t" 0 �-fs-�[gj 8 v:. J:: -0 -C H� L ts: 

*s*� [gl  9, 10 v:.�-t-. 

e : Slope 

deg 

1 6  

1 4  

1 2  

10 

2 

0 

Distance : s 

ALL UP WEIGHT : 2.8 t 
STAT ! C THRUST : 2.76 k N 
ft : 0.0 3 

NO WIN D 

s :80rn 

10  20 30 40 50 km/h 
v O Ent ranee Speed 

@ 9 JH&]l§ ::fJ L 3ljJ�J!J5U:: 4'400 :tJi£ 
Fig. 9. Slope ascending capability: 

1 .  Slope and approach speed. 

4. 

4. 1. iDi:�*I 

s :  Distance 

200 

1 60 

1 20 

J 
I 

0 5 1 0  1 5  

ALL U P  WEIGHT : 2.8 t 

STATIC THRUST : 2.76 kN 

.M : 0.0 3 
NO W I N D  

20 25 deg 
6 , S l ope 

(g] 10 IVftfII@ 1J 2. i4 00 '.tJfjc c jlJ Jiffi�i 
Fig. JO. Slope ascending capability: 

2. Slope and reaching distance. 

1 980 =¥ 1 1  J3 f .i., t-J }:.��� "£ .tL ts.: ��JfHWffi � - _,. �  - 7 5 7 r a 1 981 =¥ 1 J3 10 B v:. 

flB:f1J£!1l!o.::> �trl!it0 40 km o.::>@HkJ::v:.�;T: ;s  � ht-: .  -:. ;hv:::.�.:tr.-s,  1 J3 6 B v:.- lJ ::i 7° 3<' - v:::. 



46 

.;. t 

08- 40 

C::, II ( •jli(Jj /f; ) 

"/// ' '  I-' 11,{i;-
� m!Jf<W 

� jJ( !lJ l:'f  
- :iE-fr ::J - 7, ,  US• fll 
--- 7:<;g ::1 - ;s_  

39 • 30 ' 

I 

(gt 11 a? HO�:im"'-C1) EI �/[., - r 

---- -- -- -- -----53 •45 •  S 

0 5 

Fig. 11 .  Route of hovercraft to Syowa Station. 

J: o r .b CJ-IIR5ft1£:Lmra, 0) J]C�{j{��fiv,, *- - /� - 7 '7 7 I- § :;iEVC J: o J](J::.itujzs O)  JlJI L­

� ffl.t::..  ��Jl���h-C AI:iml!\ll7i&if'J=�O) A�.itujzsvc?l:¥ L-tdf, 1 J=j 13 S � 1 1  tc;,r­

i'° JL, - 1- -e11B5ftl�:im""- O) �fi�fi --::> t::. .  �i:pE=f O)  r :J ·.f 1i,,tJ; � --::> t::.il; (4. 5. $�) . ,1 l m  

0) 7 :J 7 7 � r� F ;t,, , � � 40 cm v'.::c!::· O) Jj(fit.t c· ��t.t < * lJ �;:t o ;:.  c ;o� ·-e � t::. .  -* 7. 

:t- 1' -v -W�Fai O) m{ p -e�i. � �  W ern, ,i 5 m, ffe: �  10 m � 1) 0)��0) /� F Jv vca 'i lJ =t.!i­

'.J.f L-t::.iJ� ,  tmWJ�'*J�i:::lffl L- -C �lli L-t::. .  £:imllJ:ff�vi., £:imJLCJ.ll 0) J](�iJ��{t L- -C � lJ #a 

*•*O) �-l-h i �x_ G hkk�. � � KJl� G L-�mJLCO)�J::KMU L-k.  ;:. 0)� � 1' F 

7 :J '.Y 7 �mt lJ -l- ;:.  h -C ��.ftf.±1:::i'" o ¥itl:i7� '6 lJ ,  7. n ·- r � tJH�  L- t::. .  ;:. O)��i. 7 :J '.Y 

7 ��-e��tdf, t-!¥-l: L- -C *� L- t::. .  

��i:pa� 3 K7Fi'°�fi��� L-k.  

�5EO)� § vc£--::> < ���i. , 1 km O) !R Fa9 ��5E l- -C O) J!,§t���fi --::> f::. O) �"'(- � � - T 

7. r 0) *a*, ���1l�-ev� v'!3¥!1=1 f.t #iJj(J::O)�ffij"'(·, ±� 4 500 rpm, tmWJfl�� (fiiuA!) 

3 500 rpm -c 55 km/h 0) Jtl�J!JJt�!c� L-t::. ( 1 }j 29 S ) .  1982 � 1 }j O) :@J[!)t���i. 7 B ra9, 

�-"( 1 15 km, 7.5 �Fa9-C:''6 --::> fc_ (MORIWAKI and KUSUNOKI, 1982) (� 12, 13) . 
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� J ���rrti:� 
Table 3. Test running record. 

�.fj 8 

1981� 
l }j lO B 

-12 8 

1 }j l 3 8  

5 }j 20 8 
7 }j 4 B 

7 }j 27 B 

8 }j 12 B 
l l }j 14 B 

l l }j 29 B 

12 .}j 7 B 
1982� 

1 Ji 16 8 

1 Ji l7 S 

1 fj l 8 0 

1 B 19 13 

1 Ji 29 B 

1 Ji 30 S  

J!� G L,¥i-f'f�tlflfrp 
::JtOJffi 

::ftOJffi 

#a7J<-�J:: <fflmwr) 
I ;t" / 7')!.,#a�jffifIB 

::Jt OJ fm  

.:i"" / 7--11., w� jffi m1 

;t- / 7''JI., #a�tl&Wr 

�jfu-::jl:;(7)l'ffip-jffi ;t- / 
7•;1.,� 7  v ;< r 1) - �  
:tmr 

�:tt!!-::ftOJi'ffip-jffi ;:t / 
7' )t, �-!rr.&h 

:t / ;r' Jt, w:ilf'Jf t{/tljfi 

:t / 7·;v w�imw 
� :tm-::Jt (7) rii p -!rr. Ji!h 

1 Ji 30 8 �:rl!!-¥i Ji!h-gg ;:t /' 7· Jt, 
1 }j 3 1  B �:tfu-__12.f, 

2 .}j  2 8 .:i"" /' 7'Jt, (j� 

2 }j 5 B �jfu- � 0 --:)  � tll!Jl-::t / 
7·11.,(j� 

2 Ji 5 8 gg(7)W 
2 Ji 5 8 ::ft(7)ffi-J!l!R G L,¥i 

1-6 I ti�1'tt'Ut --C 1 .t. tJ Etfr ftJli: 0J Z::'Jj.(7) J_l H:: � 0 �ti�. 
· 6 �* � --C § 1J�lli1'�, A1J--C� l., lli T. § �:tm� 

l:l�!=p(7) ::r - 7.. iJ{)ffi aB L, -C L ,  -C b JIJJI--C � G .  
3 ll<lllt!F� ttlt ,  7 7 'Y 7 ,  /�  F)t.,, 40 cm �0)7j(ft tt. 

t· � * � �*-�� r::�rr. f*@�. � � � � G � 7 /  
7' 1 './ 7'/� ·;; F iJ{l[a:}j(�ffi]j-1,Q < . �flJt� !J --Cffl*4 
iff 1..,��tUfiWI:: �#. �il!!till:£� Y 1 r 7 7 ';/ 7 -e� 
�ttut , 7 =; ';/ 7 � �--C;lfilbb-c,J,� 7·;r., r - -1:r- --c:5 ! 
� lli T 

1 

1-3 

1 
3-6 

2 

2-5 

2 

5 

5 

4 

3 
5 

fi � )t:��}E 
A'x�, �ffiiJ! ::: < < ��:::�·l"ln� � f.f 5 .  t§�h r::) 
ffi� 5t:1'� 
��ti�iHCffl.h G .  :t:imilt!lt@ Gf' Ei JJ�ilc· �f.  
Jw:ll H:tffl:�@n ::r .::t:- 7 11 - 0J7'!-.h 
Ri!-rni � �J::•--C$:5 ! L, -C �tf G 
-ill. 1 km (7) :.:::�� ::r - 7.. 5-ED'7 7.. L '  TI[tf 5-EfT, %f. 
@ �ffl.h t < G . �*� t ����Jj.G 
rr � JE--:) rt -c Y 1 r 7 =; ';/ 7 �i&, 8° (7)f4rni � �  !J .itt 
� 
ti�1:J1. TI[tt�rrwt @ @  t£(7)� 

ll<�M*· ffi�(7) ::r - .:z.. �fi. § �il!!�(7)fijl(7)•� 
' �.., 

1

1 7 v ;< r 1) - �jfu,S,:�. �L ,jj_�(7)jmjijJ: t § {ff. i&'. 
� 40 cm, iBl* 3-5 m (7)��:tfu (#all<) --c r:0 

';/ 1- / 7·· 
L, ,  �(7)1nJwrJlt;b{PP iP.h G . 5*£�� < -t Q -=- 2:: 'c' 

i m#c. 4. 5 km � 8 5t--C5tfi (34 km/h) 

: 7 v ;< 1- 11 -�:tm:oo�. iHZ)fx:lfu (#all< , r 1J 7 1- ) ,  F� · r ;r., , 7 =; ';/ 7 * � � v i  r"',� tt. i_,. -tt / r ;-z _ , �  -
! )fx (7) 2'. G oo �rni --c :± .::z. n - 1- (7) mvt:*: c·5*Ji'7! 'i:J 0 

:zk)fxf!.i�. 3¥ttttr 7J(ITi}--C ii:J£:�:!fr-t. 5 km � 8 5tT 
JED' (38 km/h) 

1 km !KF13i 2:filt::@ L,jfil��.�. 55 km/h � tc:£,J 
1 

;-z /' �· /'WiiJ1!t. 2 tt� (28 km) --C 90 I �i'4t1H:'t 
(0. 3 km//) . 6 A* IJ -c:- 1:1: �� 40 cm (7) [l:1]8.!fil (�rnD 
�rrm• 

2 2 A* IJ -r:- 1:tR� , 
5 ;-z './ ;?( / J!+. � (71<) ffii (7))fx�--c�OC.m'f� t:: JUJ: 0 .  

5 

4 

3 
1-5 

�f4trMi Y / ,  5 A* IJ (M,tg 3 , ff/it 2) --creil(7)fc bb  
tl*WJ! � .b �,..., J:: �(7)1nJffl:*:. 7cOJtc bb ,  2'. G oo)fx� 

. ffii�� � ·�:lfu�,. � --c rt�il--c � f. Mfrt 1, f&!iW 4 OJ 
ffi: fft--C 9B *AJ 

7J<)fx1��. 5 A* IJ --ere*�M@ � � t:m�.  8. 8 m/s 
OJ Ji\. (7) q:i -C (7) � OJ 1'111 fJ!IJ �� --C � Q J: 5 tc. tJ: G 
ll<�f�*' �1!t:im5 l � *lt �. ACY 5 1 � *!* �. tc� Y 
/ 7 1nJ IC. 1 kV A ��WJ!, 1&$:r' 'Y * iifiJAfJ:: 20 I ffifi-. 

ffi �ffi� (->J< /¥tiltl;i'.:, -=ffiiiH!�t-+, mTi&r� 7 /' .7. (7) fc ob) . 
*-9 50 km �fi l,  80 / � - (0. 6 km//) 

. /{ f JL, * � � L,, TIUJJ.5-Efi, �@·i1:(7)gc:f1ffl� (8 mm) 
I �ffitf • .  '££�(7) 5  [ � m �·. § n1:� 
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jg] 12 MV-PP05A 

(rl§ Q) ffi't' Q)Jfil JJ��) 
Fig. 12. MV-PP05A (speed 

trial in Nishi-no-ura 
Cove). 

jg] 13 MV-PP05A (:1.l<���) 
Fig. 13. MV-PP05A (sea ice 

reconnaissance). 

4. 2. �*at:JtiUI� 

1¥Hi 't:' O) �:f:r8i\� 0) *5J!: W1  G h� vct.c --:> t..: �:4q!t-J1i�i* �� 4a, 4b tc�"t". 

�ia"t"� � ,#.. �ria vc�"t". 

1) 7
° 

P ""' 7  O)�ifJmt.J�c J: Q :1:YJPJtU�Hi.tE�-r:-, :1:YJPJ�J!vc� L -C  �i.:1:YJPJ� c "'� 7 ;t; ­

r � � 14 0) J: �He iJr ffl '1"" Q jy iJ � J: \, , . 

2) ��i:pO) �fi�i. �  15A O)j4,fi��� c 6 5 c L -C :1:YJPJ��tif1=i"" Q c B 0) J: ?  vc� 

G "'.:) � iJ� 'b vc t.i: Q O) "(:' , C 0) J: ? VC�O) JP] �  ��vc § :fJiHCJPJ(rj- Q :1:YtJ�iit�'t:' i:5 Q .  

3) 7j(� tJ: c· 0) 8���¥J] O) *  I) � x_ vc�t..: --:>  -C �i.,  �iflmt.J :to  J: rf,,{ 7 ;t; - r a�m� 

f, * IJ J:vfffifvcvi.��¥1Jfltl vc:1:YJPJ��W IJ ,  r�ffifvc t ��¥1Jfltlvc��WQ <� 16) .  

4) 7 '7 'Y 7 t,d::0)[!:1]���¥l;��� L vUi. fflUW c L -C :1:YJPJ1!,IJ��� b t.c i., , .  $ii 30 cm 

*t/MiO) 7 '7 'Y 7 vi.fr �.@ �--:::>vt:h�i* 1J �� Q n�. i!t.Jntto-t\, , c ��7 'Y v a :/h�ttvt-c 

7 '7 'Y 7 J:-r:·w= 11-: i"" Q .  

5) �@ v-.t.�O) i!t.J�l-i c L, � c ,,� 7 ;t; - t <7);;,._ -r:-*IBn� < 5G vcm L t.c nt Gfi ; .  
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±. .:L / / / 
1:_ o - Y -

W61t.:z:. / :::  / 
7° 0 « 7  

Ctr.is) 

/ �  7 ;f-' - }­
( tr.is) 

� 4a � * 1¥J fi � � l  
Table 4a. Basic handling techniques 1.  
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jf! � � � 

2 ;i£J.:t � aj) G � G t=.. �&:,� 
tI.. G 3 000-3 500 @J� c 
T° G  

5 4 000-5 000  @J� c T° G 

6) &4rm�:ffiUt.fi � YE� ":)�-t-c®:ft-t � Cw4rr�t. m�) . ::nrtiJtufit11,t. tt) 'i 1J t11*n;tJ:: "' , .  1;i 

� c lHlzfilg�, f}];£0) Mi* �tiffi:�tittetM L -C \, ,  0 ,JZ,�iJ:J!,  0 (� 9, 10 ��) .  

4. 3. 1"1=jlfl.fititt 

4. 3. 1 .  tiffi: · 56:tt 

7' 7 i:r 7- !J - vi 3 it� fl: 0) t�5E -c· S ") t-.: iJ; 13B ;fl]� :tt!! 'c' 0) m :tt!! =¥U WT -c· 2 it� fl: c Lt-.:.  2 it 

-c· t 7 i:r / r -H 7 7,. 0) 7· 7 p 7,. r 3<'JJ*· �iffil.O) 1:* c t vc -t-;t-c·s ") t.  4"- ""  1:::� / 0) .w�1 ,1 

hl::&f:i:\-Ctt> 0 iJ;, ;:_ .h�t. l:l:1 A, rfflMtJ;;r- § ru -c S 0 tc. . ,im7t0)�� � AMiJ;;i@ L -c \, \ 0 .  

-t.. tc. , JlJJ:f g {l{U vc. t m. ti 1 s :o jj ti;�"'  , . tAtfivf: !*11* 0) � 7,. -1 'Y =r , ·" " :,,- r 11,, , v ,, � - tJ:: c· 0) � 

tr:vt +0-tJ:: r�,�-c-�tr: � .n -c :to 'J , w*�,g fflffiJvc. t ·Sz.JftJ:: < tiffi:tJ; -e � tc. . Ln" L ,,,� 7,. ;-f­

- f" ti{'F-" �� JUt.:m < ,  f!�H'put.m��f-¥0  t.:. . ti*-= :,,' y' :,,'0)@]$.i��i.£t1WL:t -C {�ffl i"" 

:o ;:.  c 0) 7JiJ\EE{fITa�n::.� < ,  -t.. td�Bt:��J!O)£,�vt tJ:: 1.t , O) -c· 7,.  i:r ')' 1-- v ,,� - �t :7  1J 'Y :7 7,. 

r ';/ 7
°
;i:\vc·t0 C �\,  ' ·  m�O) 7 1) :7 '/ 3 :/ vC J: 0 1*Bt:pfgr;!;i:\-C'}i. ,  �fitj:ticgrJ!-r-0  � 

�£"t10)@llj\i��Wix. 0 O) lC.iJ'>tJ:: IJ O) tffl���-".) t.:. . 



.:C. )' y )'  
0 - 1 -

�:ii.:r. / y / 
7"0 « 7 
(tr.ti) 

1i [Pl tt 
( ti: ti jilt,) 

/ �  7 ;y, - r 
(tr.ti) 

--

w J.l: 

2 ?*k {C. 3 000 @l�'t 
-z.rv:r0 

5 @l�tt�rv:r�:1&� 
-l't 7 7 'Y 7' � � 0  

1 ti.ti ;!:: t {;: 600 @]� 
't tdi W J.l: i" 0 

4 fflJE VP? J.l: {i'J:flJZ::. :ili 
0 P tr. ;!:: .:. i:> "'0 W J.l: 
i"0 

3 JJJ{flUl¥.Jlr. fi�{'j:q_, ft 
t ' 1J)�O)JP] � ;b{�h 
l'.) -t ? fJ::ljftlC. fia, 
--Cfi:a::i"0 

3 ti: ti« 1· Jt., � l'R] 11* Ir. 
fi1*]j.;:.tf. �O) [PJ �  
;b{�:tJ l'.) -t ? !t. fJ:;h, 
li�@l1ilPlillUV« 1· 
JI., � !± fJ: i". .:. C1) 11* 
1i1Pl!irtt�f'J::i"0 

·11: Hf§ 50 km/h v�It-r:¥.it J.l:tl 
. fJ:: � MHib --CW J.l: 't -z. 200-
i 300 m  ��i"0 , ill l, , 
: �� 180° @] � �  -t:tilt£(iij 

� ffEt.J �ti:-. ft 0 c 100m 
@rt-z.WJ.l:i"0 

� 4b £ ;$: � fN! iWt i!; 2 
Table 4b. Basic handling techniques 2. 

� 

8 � � ¥g * !) � ;;t. 

wr � I ffet � 

2 3 000-3 500 @]� 
(!r:ti#) 

3 JJJ{flU�lr. liflff l,, ft 
t ' 1J)�O)ifJ� ;IJl�h 
l'.) -t ? ft�iffia,--C 
tt�i"0 

fl fJ:: L, fH ' 

--------·------·----- -

I 

)() @]� 

2 3 000-3 500 [ill� 
(!r:ti#) 

3 * l'.) J:('ff1*fC�� 
-fJlU lr.Jirt� � 0 

4 r�f1*fC b ��/j&,J 
1r.g < �E� � 0 

�{'p L, tJ: t , 

·-- ------ ----. --- -· ----·--- - - --

l!:!l��W¥!.J* !J �x. @l � :I& J: :1f. 

1 4 500 @lfi 

2 3 000-3 500 @li!i:2 
(ti:ti#) 

1 4 500 @]� 
3 l§!O) JAJ � ;lJ{�;b I? fr;a 

1h tr. t:, �3f IC 3 000 
@l�t l, , � 0  < tJ 
t �e � tt 0  

2 3 000-3 500@]�f] � 
,@ a:: "".) ft 0 

:'.!t: 
n\11] 
ii 
l 

� 
� 
]� 
l 

4m 

I 

3 /JJHlUl¥.Jl[ liflf'F L,fJ: t ' :b{ � --C :JitU� i"0 :1J{� 'i l'.) �� :'.!t: 
�O) IPl � :lJ)�h P -t 5 ft :!!lH:t fH , iJ!t 

1llU �iffi �  --c !E�i" 0 

-
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