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The Results of Tests for a Smaller Snow Vehicle

Atsushi KiNnou*!, Masayuki Hosova*2, Sadao TAKEUCHI*?
and Mamoru KANEUCHI*¢

Abstract: A new small snow vehicle for operating at Syowa Station and
vicinities was developed by the working group on snow vehicle, the Committee
on Antarctic Logistics, National Institute of Polar Research.

Attention was paid to make the vehicle light weight because it was expected
to be driven on the sea ice. To fulfill this objective, the hydrostatic transmission
system was adopted for the mechanical power train. Since the introduction of
the snow vehicle equipped with the hydrostatic transmission system was the first
experience for the Japanese Antarctic Research Expedition, fundamental tests of
this system such as the starting of engine and the duration of battery power
under low temperatures expected in the Antarctic, were conducted.

Tests were made also to examine the steerbility of the vehicle with the
hydrostatic transmisstion system, and required improvements were made.

The shock-absorbing properties of the suspension were tested in order to
reduce the pitching motion of vehicle.

The first small size snow vehicle which was improved based on the test
results has been used in good condition in the Syowa Station area since the 1987
summer.
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Fig. 1. Exterior of the newly developed snow vehicle.
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Table 1. Design parameters of the snow vehicle.
HHERE 2400 kgf =V U KEEEEHKT 4 —dr=vv
EHEE 500 kgf HNE—F72 93 mm—102 mm—4( Y v &)
B ER 2900 kgf BEED 75 PS/3600 rpm
Ze R s H 0.09 kgf/cm? wmA LY 17.5 kgf-m /2000 rpm
PRHR e e 0.11 kgf/em?® ETRMER Y7 WERER
& £ 3980 mm mAHHE 46 cc/rev (17 deg)
4 13 2070 mm BARERED 350 kgf/cm?
4 5 2435 mm N EIL e 4000 rpm
HEH EE 315mm ETHWEE -5 WEEEH
B o E 2040 mm BERAE 110 cc/rev (40 deg)
B & W 630 mm R ERES 420 kgf/cm?®
o e 1440 mm L oNEL 4900 rpm
B 30 km/h PEBy b A 551
mEAE 54 deg BRE 2 v 7 S 807
{ERAEIRE D —30°C Ay TUERE NX-250-12V 150 AH
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Fig. 2. Power train system of the new snow vehicle.
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Fig. 3. Time chart diagram for starting engine at low temperatures.

30

20

( m-kg )

10 —

25XV I MINVT
T

0]

-
%*--
-

—

\
A
Ve

SV IALY

*r—o ﬂEj: ‘/77.‘{ L

O- -0 Mk TRE
Ai-4%-3
24V-3.5kWHL *x}§12V-2.2kW

'R N VRN N T R T 'Y

-O—

737% 7HKR

1

<1300

1200

—100

=40

-30 -20 -10 0]
Ty rmEE  (°C)

10

20

B4 =vovrsvFEv sz bBEECBMER

Fig. 4. The cranking torque and the revolution of engine at various temperatures

of engine oil. Solid circle, engine without oil pump; open circle engine was

HURT

25yvxy/7EER (rpm)

started with the 24 V-3.5 kW starting motor is denoted by a star.



Vol. 32, No. 2) FPRE LEORBERICOWT 223

Y ORBEEREO TR 100rpm 2855 b DL FR LA, ¥k, VAT ABEOBRY
Rawit, A2—25—2 12V22KkW ROFNRRBVWC L6 5D, UEORBRTII A X — &
E—2ELT, 12V22kW 2EVBZ &L LT

(2) Ry FV—2%3178B

Ny TV —DERNEZIBBETAHLDIT, =V Y ~OBRBOBREIEDTAZ—2ET— 2%
30 IR SR, Lk 30 Bk LIABIA IR e D ETRDET, VWb B, 7Y
—AZX I FRBET- 1.

K S5S BHABROBRERLICLDTHE, =vovsie—75 7% FRHLEVESOHERE
HBEEHE, TEIE ZTCHET S ALY VEERIMETL, SRETISvEv S
DRFREL Isote, 75 vy JEEROEA Y25 L, 1 BIEOHBEHE T 163rpm Th
27ed D23, 2 BIE ORI T 175rpm ML TWv 5, Zhiz=v oy OEER X - T,
bhiniehi b=y o vhBENER UEMET Lk, =v 2 vyoly 5 BRI ED
L, BERELSLocbDEEZD.

Lirl, 77 v v 7R xERTSEEROHE M Vi), =v 2 vilioREER
ThTNT, Lo 5BEHOETALRL, = v o vEERL, BIE—EEs TV 5.

REOH®ROBELELIL, =v o viBREL S, 7)) —WRE ZIFZ LY 6°C DEE
EARROR, WMESRY 7EBmORE XD F VAL Tuinn.

DEDHRI b=V o vOBBI&EE, 77 vy 7ORETERDR, —v o viloRE
DERLTAMIBEREIND Z 137, AWM IbEo 2 5 v+ v /7B BT 508

200

E B ”07)\\\
o / == --o—o--o-—-o--o—o-.X
- - ~
& L
&) »
EN
/\ -
& = e W -
N WP AN E R BRIt Ra7)
~n 100 EEC| B EC| REEC | HiE
N L 38§ [-24.7 | -25.4 | -26.0 | 1.32

| #m# |-18.9 | -25.3 | -20.0 | 1.30

- o—0 tE# h

"

Py ! 1 \ L1 N

0 1 2 3 4 5 6 7 8 9

BaEm (min )
R 5 HBEEHE 7S vEy ZEEROBF
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Table 2. Results of starting test for the engine unti at low temperatures.
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Fig. 6. Record of revolution of engine at starting. (a) Engine with oil pump. (b) Power system.



Vol. 32, No. 2} FEE LEORBKEFICOWT 225
32. EMLATLOEKBRRER

PMEE EEAERLACRET, ERLERZECANT 3.1 0 Q) HERAUERRBRY T
o, BRIRETR, =v o vRHAIS P =— 2 OERE), MEREOE Y=Y o v Bl
BEREBECREL, TOREYEET -0 BYTok. ¥, BET CREHRE:
mEL, BECET CHMT 8B v 27 RBRLTT- 1.

(1) (ERAERAE

M7 B NEEXEMCERLCREBT, BEEBHRBT 2= o vORBERD 21 &
Fr— PCOWTUGRLAELDTHS. EHifiv A7 A TOERKBERRT, BEHBRAEELR

IyyvgL
2000}
Ei it WAk A2 1 17y vE8
= t 1vyvBL
E 000 g vg HURT
= 3 gos 3
Y
%
r5v%vy  Jn-kd EEEAZR H1ZR I
FRRE ik FHRT

B7 v—ay, sRETCOBEEBSRAB LM 275+ —

Fig. 7. Time chart diagram for starting power system at low temperatures.
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Table 3. Results of starting test for the power train at low temperatures.

= v TV F oy =T r v 7 E—-Xr—A A v 7 OB By B
" B E 7 E P2 FE B E 2 B V4
°C kgf/cm? kgf/cm? kgf/cm? kgf/cm? kgf-m
34.2 16.2 30.0 1.2 15.0 34.8
—1.2 14.3 37.5 2.8 22.5 52.3
—11.4 16.0 45.0 3.8 27.5 63.9
-21.0 17.5 57.5 5.5 40.0 93.0
—24.8 18.3 67.5 6.5 49.5 115.1
—-29.4 19.0 82.0 7.5 64.5 149.9




228

(kg/cm?)

W JE

100

80

60

40

20

EW E-HgBEZz MAAB &N E
‘0 —~
- - NE
2 E =SERSE- KENSE N
n dg ¥
N Z
R 4 =
o X
18 L
i WEE - 27— 2 1
|
W
. =K -4 IH
1 E
i 2
i WEXKY 7F % - VFE T
| ! l ] 1 ! 0
-30 -20 -10 0 10 20 30
IyYvmiEE  (C)

(FmEk

B 10 {EShih/E L i OBIR

Fig. 10. Oil pressure in the hydrostatic transmission at various engine oil tem-

peratures.
180
160}
140
= 120 I7))-MRE %
T 100
8
w 80 —
& —0]
# 60
40
20
0 | 2 1 1 1 ! | 1 1 1 | 1 |
-30 -20 -10 0 10 20 30
& g (C)
11 ETEPLERE OBF
Fig. 11. Rolling resistance to engine oil temperatures.

2 OFEWETLNDWE, — AFER, BEOCETLRICE kb, WEr - AERERCL
NT 56 FLENRERL TS, SOX5BENERE, TCHOKENBRED ET T
BT ENEREE LS.

EEN LR LRET 2B GETEIR) X ETRkD D LR 11 OofERE¥ 85, R
WRTRERI=2Yv 7)) - EREY Tkm/h OF X T, B EHEYET S HB0ETER



Vol. 32, No. 2) TS FEORBERCOWT 229

IHRLIESDTHS, = v vililEE 34°C wEEB T4, SELENFH=2v 27—+ E
B ETT HROEMNNIIK 120ke, EREZECRIVREME CEHEXFELCHROEBN IXR
5L 703kg T, £OERBEHOEBCHSIERNLEE L bR, ThIILEHNT (120 kg)
D 4% CELTV S, LOXRBRIBHOHRIRIN L & A0 ) BH &L Zbh 5 AHFER
THY, FhD 9% XHREELE TOREBITHS. £ LT, CORBHIBEEOET X
> THIML, FREFFETOLEE L, BEINCARBER I EMLcbDicZE L,

4. HIRIRENRHE

4.1. FEfTEROBREFEDOINEE
AHOROLHIC KT TIRENE, —BICETMEEOREITHRE IS, £4 1022V
Y-+ ERECEEEORTEEY—ELL, FREFMFTORRER LINEE L #TRA
EREMEELZRE LCERETHS. BEERS IUBREERZOMEE IMLoEME & N
T, BERU»ELINDILETHD. BRBCOWCTRAER T LICEREEXN 12 R
A%, B BRI ETEE 10km/h T 15Hz T4 9 17-20km/h = 33-34 Hz
THS.
¥* 4 EEETRBMNEE

Table 4. Acceleration at the cabin and driver seats.

. W o E BRERE 1T rE R AR £ Ik
km/h +RAME — /Ml +RAME — B/ ME
(G) (G) (G) (G)

5.5 0.14 0.19 0.07 0.09

9.9 0.17 0.16 0.11 0.12

19.9 0.39 0.53 0.18 0.15
20.0 0.42 0.38 0.15 0.14
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floor.
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Fig. 14. Vibration of hull on the undulating ground.
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Table 5. Acceleration at the center of gravity at the sine wave obstacle.

Hi#HE (km/h) 2.1 7.2 8.8 14.9
BERIEE (G) 1.06 1.42 1.77 1.81
BNIEE (G) 0.21 0.19 0.79 0.59
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Fig. 15. Response time of the pump revolution and different orifice diameters.
(a) Hydrolic oil pump of 50 kgf|/cm®. (b) Hydrolic oil pump of 140 kgf/cm?.
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Fig. 16. Turning radius to orifice diameters on the firm ground.
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Fig. 17. Relation between the rolling resistance and the oil pump pressure.
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