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Operation and Evaluation of an Experimental Hovercraft for Antarctic Use

Rinichi Murao!, Sadao TakteucHI?, Minoru INaBa® and Masayuki Hosova*

Abstract : In this report are reviewed the operating procedures and test results of
an experimental hovercraft that was tested during 8 years at Japan’s Syowa Station
Antarctica.

A small size —2.8 t— experimental hovercraft was unloaded near Syowa Station in
January 1981 and left there for testing of performance, maneuverability and
maintenance requirements until it was decommissioned in February 1990.

The dominant environmental feature affecting reliable hovercraft operation was
ingestion of snow into the engine. The ingestion of cooling air had to be restricted
because snow clogged the air filters and blocked the engine radiator. To cross a tide
crack, the crack had to be filled with snow before the craft was towed by a snow
vehicle. This situation interfered with the simple operation and maintenance of the
experimental hovercraft.

A test program was carried out to evaluate the maneuverability of this craft. It was
found that the yaw response of this craft was very sensitive under certain ice
conditions. Digital simulation of motion was attempted to understand the craft’s
response to steering.

The operation of the experimental hovercraft was evaluated from the viewpoint of
support and survey for scientists’ activities in the Antarctic. For this purpose,
specifications of a hovercraft, parking and storage that are feasible at Syowa Station
are proposed.
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Fig. 1. Experimental hovercraft for the Antarctic MV-PPO5A.
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Fig. 3. Hovercrafts tested in the Arctic.
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Table 1.  Principal particulars of hovercrafts tested in the Arctic.
2 BAR~RA 2EE yyav -
5 . ; X 1
-7 il P NI s " x LXK
(1) (t) (kW) (m)
SR.N6 1966—77 15 6 1206 1.2 Beaufort Sea, Mackenzie River
BH.7 1972 61 17 5697 1.8 Finland-Sweden Bothnia Sea
Voyageur | 1973-87 47 24 3485 1.2 Beaufort Sea, Tuktoyaktuk-Norman Well
Larus 1981-87 100 24 4692 0.8 Baltic Sea, Beaufort Sea
Jeff(A) 1983-84 177 71 30161 1.2 Prudhoe Bay
AP.1-88 1984-89 41 11 2295 1.4 Copenhagen-Malmo
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Table2. Antarctic hovercraft program.
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LENGTH OVERALL 8.1M(7.1 M)
BREADTH OVERALL 4.8M(3.8M)
HE IGHT ON CUSHION  3.5M RUDDER
SKIRT DEPTH 0.6M -
ALL UP WEIGHT 2.8T
PAY LOAD 0.6T
CUSHION PRESSURE  130KG/M
SPEED ON ICE 55KM/H

»HARD STRUCTURE PART

ENG. FOR
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Fig. 5. MV-PPO5A General arrangement.
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Fig. 6. Engine and transmission system.
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Fig. 7. Air cushion and thrust system.
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Table 3. Operation of the craft in Syowa Station.
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Fig. 8. Arrival of PP-05A hovercraft Syowa station.
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Fig. 9. PP-05A in operation.
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Fig. 10. Ice locked PP-05A hovercraft Syowa Station.
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Table 4. Spare parts for hovercraft supplied by the 28th wintering party.
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Fig. 11. Hovercraft being frozen on the snow.
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Fig. 12.  Work shop on for overhaul.

13 FLEAFERE KB 1990cc~<V PRIV Ty
Fig. 13. Main engine for lift—1990 cc water-cooled automobile engine.
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Fig. 14. Engine for propulsion—-1584 cc air-cooled automobile engine.
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Fig. 15. Inside view of craft bottom and skirt with sticked snow.
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Fig. 16. Teared finger skirt.
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Fig. 17. Damaged gasket of main engine.
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Fig. 18. Hover-test after overhaul (craft took rear down attitude because of
buoyancy tank filled with ice).
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Fig. 20. Tide crack cross section.
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Fig. 22. Effects of wind direction on craft speed.
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Table 5. Effects of control manner on turning.

Steering manner Thrust engine speed Initial speed L L
(rpm) (km/h) (m
Rudder only 2000 28 150 100
Rudder only 3200 43 250 200
Puff-port only 2000 35 300 230
Rudder + Puff-port 2000 34 350 320
Rudder + Propeller 2000 33 120 150
Puff-Port + Propeller 2000 | 33 200 100
Rudder + Puff-Port + Prop. 2000 ! 31 300 200
Lt
D — |
Initial Speed l
LB
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Fig. 23. Advance L1 and tactical diameter Lg on turning.
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Fig. 24. Routes of hovercraft in the vicinity of Syowa Station.
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Fig. 26. Proposed small sized hovercraft.
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Fig. Al. Flow model of lift, thrust and control system.
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VARGREE, Sp MK emmERE, S, BAREME, Sy v VER L2y va s
HURE, ORICEKE LBFERD HRD LN

EB RIS 5 2 S Fm=pP QVx Fm=p QVy (LKL Q7 v ¥a Vi)
i, AN—BO7 7 NS 7 7 EEE, RN-HREZ v a YENBGRONRE
XQ AWKEHDNT, BHIHETEL. EHRIBHOEZFNHIZY » ¥ a YENPL BE
REN) FETHLEMRELT, EHREREIICLDE— 22 MIEHRLL.

Ty MEHEINANAY 29 b2 ANVHODOHEN S ZZRBAEB BT Z L[
EBRIES pQ; (Vi—V) ZREL L TTF—ICLABEMANY PUDT F—HEENHELT

HEB— - fTHAS - RE - 185582

ERT 5 EIRE L, 385 Fy, Fyj, N; 2% L7z (Murao and Noiri, 1985).

2H— FEENE TURIHEND 2B R TE—A ¥ MIOWTIRIFEDER FEH L
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Bl —/S— 2 57 MEILRER - EBRE L I 2L -3 3 L OB

Table Al. Stopping distance to hovercraft (comparison between experiments and simulation)

HeAEB B M) A (D] R 2% 2000 rpm 3000 rpm
EE TYIail—av FEEB YIal—Pav
VERE (m/s) 9.0 10.6 12.8 15.7
u 0.03 0.03
%1 BE B (m) 315 254 410 408
% 1EBER (s) 76 58 79 70
SER | 240kg, FHMMEE 4300 rpm, B 2m/s

Ye m

200t

300*

A3 A7 v TREICE—REREREOR

Fig. A3. Effects of surface condition on trajectory and craft attitude.
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Al2. Y 3alL -3 EHAER

BIRDY 32— a VEFMIESOTEEBER—/N— 2757 F ORISR LRI 517
FVToT, FIEHEICETELY I 2L -V s VEHELEREBREREY B LS HE,
1991) (& Al). HIEERIZ100m XETEEZEHIL 2B TORT%2 T A Y27, 28
TAR— MIFEIILTIRAW 7 7 v EEREE L LTiIThbhds, 77 Y EERREORE
PHLPTLZVDTY Iab—2a YIZBWTIR 7 7 » BERAME IR IERT £ T L { —
EEARGE L7z, 2 OB EERBEERIC W L TEM SR F— 755 u=0.03 & #
ELTEDEL EOWMMEEE, LML EIEEBOBE L HET 2 & TTE LTV 5N
oM.

BB ERIATH201C, 279 TREICHT2E 238 L HE, 191).
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Fig. A4. Components of restoring moment affects to drift angle of craft-1.
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Fig. A5. Components of restoring moment affects to drift angle of craft-2.
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Fig. A6. Effects of steering time on trajectory and craft attitude.
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Fig. A7. Response to pulse steering—I180 degrees turn.
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Fig. A8. Response to pulse steering-Spin.

Ye m
|

200"

400 600

B4 A9 fEllHEAES

Fig. A9. Response to pulse steering-circular turn.
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Fig. AI0. Hovercraft usage.
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Miharasi Rock
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West Ongul Island
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Sea ice area for test
run

A1l EAHKXE
Fig. All. Operating area and routes.
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\ Fig. Al13. Starting easiness.
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Fig. A12. Engine output.
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Fig. Al4. Steering performance.
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Fig. Al5. Effects of wind direction.
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Fig. Al6. Obstacles and crac crossing capability.
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Fig. Al7. Snow injestion, sticking, icing.
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Fig. A18. Cockpit comfort.
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Engineering Prepara- Overhaul Regular Mainte-
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runs term storage nance parking
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Fig. A19. Reasons formaintenance.
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Fig. A20. Types of maintenance.
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Fig. A21. Important situations interfering with operation.
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Fig. A22. Requirement for future craft.
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