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On the Performance of a Car with Rotary Smow Plough
in High-Speed Snow Remcval
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Abstract

Snow removing speeds of the rotary-type snow ploughs, which are used generaily
for snow removal from the road surface, are so slow that the development of a car with
rotary snow plough for high-speed snow removal is eagerly desired.

The amount of snow to be removed in unit time increases according to the working
speed, so that the snow removing capacity of the rotary snow plough attached to the car
must be enlarged, and accordingly the increase in the resistance due to traction of the
tractor is naturally presumed in high-speed work.

In order to obtain the data concerning high-speed snow removal, experiments were
carried out using two types of test machines, one being of stationary type, and the other
of mobile type. Both of these test machines are of one-stage blower type, but they were
tested by equipping them with three kinds of blowers by turns which differ from each
other in their axial length.

The results of the test are as follows: —

(1) Rotating speed and axial length of the blower are related to the volumetric
efficiency of the rotary blower in negative correlation and to the amount of snow to be
removed in positive correlation.
€2) Entering distance { (m} of snow into the rotary blower is considerably affected by
the working speed ¥ (km/h). In the case of cutting snow at the tip of blower biade, the
relation of 7 and ¥ is as follows:

{=0.474 X 0.013 I,
{3} Required engine power of blower for snow collecting work can be expressed by the
following formula: Ly = Ly + ¢W, where L, required engine power; W: amount of snow
to be removed; ¢ and L;: coefficients. The values of these coefficients increase in
proportion to the rotating speed of the blower.
{4) Rolling resistance F,(kg) of the tractor and the frontal part resistance F;(kg} of the
snow removing equipment are obtained by the following formulas: £ = G (0.0721 +
0.000421), and Fy = § (0.0419 + 0.0041F + 0.000451F2), where G: weight of rotary
snow plough in kg; V: werking speed in km/h; §: area of transverse section of snow in
cm?,

E &
—BrEBFIATH DS e~ 2 ) -—REECFEFELRHE DI BEL DT,
BEREHEOCMENBENTNS,
EEETHICY S BEBREIREEYENTL 2, BEEDIAELY
FhiEgbnn, FLTBEFETR YR T 527 20A SIBHEO B Rk



LEE:FHCET 3 GLEERoBEACET 2 TR FRHERIREF RRE H335 1974

th 3.

LT, BEEREAERC ZooRBiEs AT, SRBRScLE 2B %
BaronoREsr T, BREBIVTAL I VAT RFTe 78, #
RENDORBRI., BECEAZBED 7 722 TER LY., Eiai

BRiaknlisrTtes,.

U 7r7o0EEE LEREG, AENADErTEoBEYEL, BREE

LR ENBEBEFRICS 5.

@2 FeTv~o#AEEI M, BEEEF (bnh) c ko ThELE
Hxhd. 77 7 v—- VLTS VB LABE T £ =0474%0013

7’@&)075.

8 TATHREBMG, Li=L, +clWTtHEhsh, 2z 0CLsid7e7

B, WaRER o,
F¥ o E,

L, aRETH5.
TRrT7EGEFCHFAL TEATS.

@) BEEMFrkg) tHERBoNEERFs(kg) rko L BT TS

5.

Fop=G(00721+000042F),
Fe=8(00419+000417 +000045F* ).
Tz, Giae-% ) —RESEQER (k) , P 2BS%E (km/h), §i2

BREHER (om’ ) TES,

N = {.Elum
E o 2 BT M
-
.3 e — .
N N x:' /:’f
2

A
A

o3 i 2 3 4

TR ot my

X1 FEOWEEGS
Fig.1. Height and width of spnow banks,

1. Fams

BHREBEELRWT, EEoBEFfne - x5 —fF
TYEEx, BT TRCHL TEECL ZEH
DT, BRI E{OBBELELT LD
T, EAtoBECB TEMBEARD, Bife -
# U -BREEEREO BRI K &N,

s -BREEOEAERIIEHRITHLY,
Fofcrn E@TE 2R E T3 o BREER
FELT, 1HOREEEREDMEZs T
BEdni, SEFECLLIS-TABEERS A

b, RKERDERIEFETL e -2V -RFEHR
BRahs.

e sy - BREEELEELT 30, ETE
mesmmoRLTtaaEle BT 2 £TRRE
DEALEYIC, REKEGGOCN BRSO EA
PR ARINER SR,

BRELREO NEENZ, EBoGENLED L
BrmEBHT v LLBR G NN AEID
DInt-T&E5. KEMUz>WTOBEE T
O —REER & L T, TERICEREEN KR
iz £ 54 DAEL ERMicdohilbo kit
HHETHD, EREr54BANE B,

BE BIEAOKEWELEASNIBREELA
6L, HENEEODNIWETRERE GOBR
B EENDRENRA N, #0BEFEIEEE
HeTER, BREOGBYA B IZ, BHEEE
DEE BEBLCFEEERTABEGL, thoE
KELTHZEZE ST, EEHOBLE TS
0, BEREBIUVOGEEOHARZ, BEHEO
FRAZELED, SLELEEMEL TETH
FTIEichaT, BHABEILEwI BTk
B, IORTHERRFS = 2 F - B EREY
B EWRVOT, BEVHEEYLBEHND FE
EEDIShEREET AL OTHIAEMT S
LEBR B D,

Liedia T, SEOBREHELV—HELTED



a— & ) —BREyEO I BT S8R —RE - =A A - DH

bifohrr — 2 ) -BREHOFGERACET S
o iE, @RI BT 5 ETI O B X U B
EE OB B Al Lo MBE N E{LER
wazZ ki, ERRr Dl

Broe ke LTk, BELTERy CEOERE
AREpBic x> TEMNL ERBE LTV, WIZ
£ BN A RBEO A BABREE By CTBREERET
AV, BBl LU UEEDOHERIZ O
T#g&ﬁtﬁ’) I=.

2. RIEMESH @

m— 2 ) —BREED FEERHIEO L I IR
BREFECTHD, — o IhERS CiBREEmEo
WMEREDLI A D THLILMBZ LBBET
B0, ZoBRICE-Ter—2 ) —BERELY
wRERLTL 3.

10T T AR A B ( B AR AR RS
1968)D 5L, H— Fu—Akicikyr— 7 LED
#FELTHsELTSsT, FROWELEZLTY
HvEfficowT, SRELERESERLALD
RE1THD. 2T, FROBE»SERO
W CEHABERHICETh A D LLT, HE

DEAEAD LRER 27, FHMZ EZEF45

BELLZoND.
zhbkEilic, kfle -5 ) - BEHEEERRR
BER(EHED, 1968) TOINEBSH mbio ¥

Hirfoem' ThHD, Lidis TEMLS TO.6
m OBREMEKELTsL, BL1m /11
mo = fEEA FE M iEBESEHmEEL S5h
%

chbnz ks, IERIEFETE, BEE
BoRESSESrREHm b I L
Sird, BREBOKELIZLS T, Z0EEE
XBIzhEL BB LVWRAD. k¥, TIVED—
kBB TishTwnskw, SROFHIZ
—FETAL, BRFEBEOEHSERL T ThE
LB LRSE Y, BEREhET~0KSD
HEAZHE OB TEAW. Lo T, HIEE
EHeEci, ESBRERT TS » AL HIG
BEDLHTELLADEVLS.

3. EERBBCLDIER
ZoEBTE, BE e Tv@MbR~0H0 A

R, BREEER BEHoks) 25 EES0NE

BEzTAay, 7erT7HBESREORELMS Z

LEAMELE.

3.1 HEESLIURERAE
BEEEARICREIASoBEoMUEBE LT
Kok, REEXBHLTEEBETHS. £0
rwkERABRERLsEBEILL, ETGETHEH
BT s hiecERETRIZ LC L. BEHER
EEo kS, ERANLARBOs AR L
WA, MBEENNKEL 50T, GHEOHEE
heEEELT, dHEEO0E 0L LK.

#1 7er7ofE
Table 1. Specifications of
the blowers,

X @ A B 2y
i # (em) 50 50 50
L] £ (cm) 25 375 50
v - ¥ BR|E @ ¥ @E|F
Fr—F#H (B 4 4 4
Zr— FIREHRBR (A & (A /A &

A B, Cr$7v— VeI, ¥ vwHE60°, BT
cm, BX5cmoyHffx.

FH1

R AiE

Photo 1. General viewof stationary snow
removal equipment for experi-
ment .,

BEABERT 7= 78T, 2 Wa00 BFFEE
¥H 57 20EMbRESELE. 70 TR
Effh#E L) FiIF T EBR 2RI 1, HE
il LTI, ks 5 50 cmof@E o
EEOESIERETEDE, PF22EH
DEFETL- sz, RBE<=A ERALTVD. 7
RTiE, P ARG ICREBLET e — LB
BYic &k - CTEHRET 5.



LRk LR BT A SUEAENOEE LM AW RN ERRNESTRES H335 1974
AN B % cC %
= o _———
.
U, Y
~—250 — 375 l e - 486 — .:‘
L 500 — - 500 -~ - — 500 —
2 EmAT=7
Fig.2 Three kinds of blowers for experiments on snow removal,
20
—_ 5RO BB ﬁzo
£ £
L S c
: .
15 c) £
T T 15 B
LY LN
hY ™
N N
| {3 |
5 ra > w10 (a}
RN — N
" v famny ntrpui‘
% ‘ (A} 3.4 463
51m (8] 8.8 464 o) 5 Vikmy nirpem
n (€)12.0 459 (A} 34 480
™~ D) 3.4 387 l 1B} 8.3 476
N () 8.2 638 icl 128  aB2
o EA TR o
o 10 20 30 40 50 0 o 20 25
B & (em) B R lcm}
(a) (b}
M3 77 ~0FogARR
Fig.3. Entered state of snow into the blawer,

TR - v vIoRkESTERSem #E
THALLETERSNERS0emD 7R TETH
EANAELEOLL, YETRBIBIVKIE
FTESA BEOERLIEEHRE. BRSE
EXrRoosERLE T, HER =Ty -
VRS, Bo#ARKEBETLERT
i, BExromme HBHELY =~ LRl r -
v FERER LR,

EHgg o ETEHIESS M, E1m7T, Y

v I EREOY » THGE FA FELTEAR
EX40mD V- LEEFTELEOT, v —an
B RE LAY VAIA VFELE TR -7
T ABENHEDTHEB.

A v FRHEARLELT,
- S EEBIEFRALL.

e 7HEHHzEZHInic, BErS 7=
TiBA LB TAR ML A - 2R

F, EreEBREED, HH0 ARADED (tim-

55 kW B 7 v



2— 2 ) —BREHEROGRIICET 58% — £H - =88 -

(a)
Br &/ # E:34kmh
7 0 7 [0l#5# FE 1 467 rpm

(b)
B2 | & F:82kmsh
7r 7 ElEHE B 464 rpm

FTo#ARR

Photo 2. Entered state of snow into the blower,

e » o u=izl m/s (A)
?, e 0 o u=l01 M/s (D)
ms\‘HE:ISCT\\L

. =

o . “-5_.1°

13 o —

o o o—2__ o
|

2

o ; B M (sec)

a4 BHoOMEAEE
Fig.4 Entering velocity of snow
into the blower,

\

s #HERR

Fig.5 Diagram .of velocity of blower

blade and snow,

\"J
(i
y
Ne u
'W’

ing gear) o@hk V[EEEEzMEL, Ha- <o
7RrAL yTHRBIL>THANABE L RE x4,
IHHDUPTAREB LU AL AN REtcT
B

Br B I Mt o B EETHEEE, SHC
A, Eleb=niZ 1 mERECs @O ~4 7 m A
1o FERftle L ARBEBBICESEE %,
AU EREHicidgs e TRo . BF iz, &
TEEOHERBS XU RO 3 @A CHE LAFD
B, BELBRIESICSERE, SEHE LA
ABREEO2 R EHL LRT.

3.2 RBRBHESLIUARE

EhpixEM4asF2 23 A B3 431 HET
nH L0111 Al FERBRHRTBHNTERLE.

3.3 RERFRELLUER

3.3.1 SogEARR

7 e 7RIS CHEIMEE RS, e T 7
V— FHEK\- T e 7EHIARIC YD L 5 IcEA
LTS s,

FU— FR v — r D EcEEET5 MicEA
LEBER 7 v - FRRICEET 5 L&, ko
FEo#ACEErRFTZLIckS.

FrT7 77— VBt 550 #AD MEMNZ
LR3I THA., Zhix, F7eT7r— v
FemRECRicEr T BERED fimTab
L7 e 7k EAL R REE R CHRE
L ( 4 250~300 pps, B <— 41,7100
sec), 7r7 FL— FARTFH»68 110" [
BELEEICRT30EHITFL 7o T7r -
vIZHmEDEMELBELZED THS.



TRBL B s BUBENO RELCETsFE BEHERTRAHEEL $335 1974

£ 2 FTEHREHF

Tahle 2 Data of the results of experiments and

-

g g A 7 = 7#7 ) ?ﬁ # ‘% 5| yiﬁ & =
% gﬂ‘r}ﬁ'%@g@&ﬁﬁﬁ Eﬁi‘bﬂ—ﬁﬂi nE E BRE®Rms | E HE

=3 g /cm® rpm m/ s kg+m PS km,~h em m
1] ahE¥sd 057 3gz 100 169 9.0 34 11 9.3
2 # 056 379 9.9 279 148 8.2 11 9.6
3 “ 056 380 9.9 29.8 158 11.3 11 9.6
4 ” 062 474 124 185 12.3 3.4 11 125
5 " 081 458 12.0 306 19.6 8.3 11 13.4
6 " 057 465 122 343 223 113 i1 121
7 o 058 633 16.6 21.0 185 33 11 154
8 #” 058 630 16.5 345 0.4 1.6 1! 177
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2 ” 018 2086 85 959 276 31 0077 104
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5| BmhILEDE 019 208 86 zal 82 11 0050 25
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18 # 041 211 8.7 80.1 236 B4 0105 17.6
20 #w 041 208 a.6 1148 333 12.1 0091 276
21 # 0.42 208 8.6 1035 301 125 0.154 270
22 ” 0.39 208 86 749 218 85 0116 165
23 # 039 212 8.8 471 140 4.1 0061 7.7
24 LEDE 025 297 124 1168 48t 3.6 0041 9.4
25 ” 0.26 302 125 762 322 3.8 0079 7.8
26 # 027 302 125 1186 499 8.1 0116 180
27 # 8.27 298 123 1540 640 137 0087 293
28| e L2V E 017 302 125 558 235 4.2 - 8.7
28 s 017 301 124 860 361 8.8 0100 172
30 ” 017 291 120 1358 552 15.1 0034 281
31| pbhEILEDE 019 358 148 1028 51.4 40 0038 8.9
32 # 019 353 146 1763 869 9.8 0130 261
33 # 019 355 147 2130 1055 113 0039 266
34 " 018 370 153 90,7 469 4.1 0070 108
a5 » 018 351 145 1758 861 8.5 0.136 258
36 # 0.18 346 143 2037 985 146 0074 25
ITah sy 042 366 152 65.8 3386 43 0076 9.2
g " 040 360 149 1211 607 82 0096 172
ig # 040 359 148 1608 836 113 0081 228
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calculations for the mebile—type test machine,

i _ﬁj ol TR & fr % B % BMOn®E | BIER | KBk ) T 7T
B G I
cm m m h t h | mPSh| t/PS:h % % %

70 7.5 524 89 579 9.8 138 136 214 0.6
71 6.7 1620 293 60.2 10.9 148 136 67.0 #
35 6.2 1790 331 51.5 11.4 15.4 130 T4.4 ”
3% 5.6 2287 423 636 118 16.0 izz 951 ”
35 7.4 498 94 60.8 115 161 158 13.6 075
56 7.1 1066 207 6 5.0 126 169 166 298 ”
63 6.6 2346 441 69.7 131 176 160 65.3 7"
63 65 2751 615 637 | 142 185 171 759 #
75 6.8 658 119 45.7 8.3 11.3 104 13.7 10
55 1.2 992 190 69.9 134 180 17.0 209 #
55 7.2 1354 259 718 137 189 182 282 ”
55 7.0 2238 441 B2.5 162 224 208 468 4
66 8.7 2,456 479 75.7 148 206 182 5838 ”
53 6.6 3733 700 923 173 231 21.0 788 4
44 5.9 1367 250 66.4 122 172 131 282 4
33 5.7 2577 500 756 147 209 1656 528 ”
37 59 29089 564 88.7 172 242 1858 5%.9 #
18 7.0 610 249 492 20.1 2849 260 246 0.5
19 6.7 1233 500 525 213 305 263 49.8 ”
18 5.5 1849 747 555 224 323 228 757 4
16 6.4 1,499 634 49.7 210 284 249 310 1.0
18 7.1 1140 442 524 204 283 266 23.6 d
18 §.9 580 227 424 163 235 207 12,0 #
40 144 1201 303 254 6.4 177 166 345 0.5
40 143 708 187 2240 5.8 171 154 200 4
40 134 1530 409 307 8.2 241 203 43.2 4
39 128 1,76 8 479 276 73 215 177 505 ”
24 117 659 109 285 4.7 137 10,0 94 10
23 11.2 1583 263 438 7.3 213 151 226 4
23 111 2,709 450 489 8.1 223 167 401 4
33 175 973 187 19.0 36 151 i18 232 05
37 179 2153 413 255 49 19.1 15.7 520 4
39 165 3.050 5886 2 B9 5.5 2256 169 732 #
33 181 959 175 204 3.7 16.6 125 112 1.0
37 162 2227 408 259 4.7 188 142 273 #
35 181 3383 619 34.4 6.3 243 187 421 #
16 165 493 207 14.7 6.2 287 188 115 0.5
18 192 1126 450 1886 7.4 JLo 263 26.6 ”
19 181 1,690 669 202 B.G 333 2B3 401 4
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