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Table 1. Parameters of the model and standard devision of residuals
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Fig. 11 Fuel consumption ratio varied by increase of center angle.
A H#40km/h, AfL 4%, af 5
speed grade a-valne
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Table 2. The effect of the center angle on fuel consumption ratio of a vehicle and running speed,
road inclination, and a value

. | BENEERORME (%)

&% (km/h) B (%) aff increase in percentage of fuel consumtion ratio

running speed road inclination a-value BAREST BedREFT i
up driving down driving up and down

20 9 10 175 61.5 259

20 9 5 19.6 66.7 28.8

20 9 15 16.2 58.0 24.1

20 4 10 25.3 47.8 32.1

20 14 10 134 85.3 21.7

10 9 10 154 554 229

40 9 10 18.7 66.4 27.6

BLH, AL, a ffiE—EI L& 2ol lic X 2MEHEBROZE(LEM-11 1287, &
HERSETIREERZ KT A, B, C SEHOBEEREEIEL, 7 vRcd-TEHRELE, 6D
B, P4 A (FEE 40 km/h, AJAC 4%, affib TH - T, HEHPEIHSERERIKED B VAR,
M B 12 ELE 20 km/h, AJC 9%, afli 10 TH - T, EOHMIZDH 5 0HKEIREG S T 0 ES
15OERERAY, 54 C 13EEE 10 km/h, AJED 149%, a {15 TH - T, AR THRIMKEOE W
(EATARE ZHRE L 1o BN S, BER A TREWRETTHLE 90° DR MSFAT 5 & 15.6%,
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Summary

The effect of the forest-road alignment on the fuel consumpion ratio of vehicles was
investigated. First, the automatic measuring system with directional and vertical gyro was
developed. The loci of the vehicle reproduced with the system were well-fitted to the actual
alignment of the measured forest-road. As the ratio of closure calculated with the system
was less than 1/1000, it was less than the maximum permissible limit of errors in the
compass survey. Calculating the center angles of the roads from the loci, the theoretical
model was developed, with which the fuel consumption ratio of the vehicle should be
calculated from the center angle, the means of the vehicle’s speed, the means of the
measured road grads, and the roughness of the road surface. The least-squares fitting was
applied to the model to fit. The model was well-fitted in 10% of the significant level in the
chi-square examination. Calculating with the model, it becomes clear that the fuel con-
sumption of the vehicle running up and down on forest-roads increases in the ratio of
almost 40% by the arrangement of the curves on the road.

The ratio of fuel cost in the logging operation cost is not large, but the sum total of it’s
fuel cost is not small in the scale of the hole country. It is worthwhile that we can judge the
quality of the forest-road system with three factors, namely, road grade, road surface and
road alignment, as it is made possible to structure of the forest-road with energy consump-
tion. The forest-road would be evaluated considering the economical speed of vehicles by
investigating log-transporting production.

Key words: forest road alignment, automatic measuring system, fuel consumption ratio,
model, center angle
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YZ -1 A/DF—5%hoETRMEERT 27075 4
List 1. Program to calculate loci of vehicles from A/D data

/%
X A/ DF -5 oETHEARLT 27075 L *
* (EEHRD) *
¥ (Oby Masahiro Iwacka 1988.4 *
*/
/% waiiaiiioka_d.h A/DFT —5 B4R D~ ' — T 7 A Jlekiollciolololok %/
#define MAXD 2500 /*Maximum of data %/
#define MAXCAL 100 /*Maximum of calibration data %/
$define ICH 6 /% Number of input channel */
#define OCH 4 /* Number of output channel */
#define INTVAL 0.2 /% Sampling interval ¥/
#define PIE  3.141592654  /* Value of Pie */
/¥ oo /D T — 4 7 & FET TR % B 3 Z ook i/
#include "stdio.h”
#include "a_d.h”
double a_dd{ICH][MAXD];
int  xy[OCH][MAXD];
main(){
void value();
void zahyo();
int m,1,J;
printf("¥n DK SF—S¥");
w=infld(a_dd); /% 77 L irbintF—% %Zdouble& L CTEFICHARL */

printf(’¥n ¥ V)7 L—y am’);

calib(a_dd,m); /¥ FX )T L=y ayEfTH ¥
value(a_dd,m); M BEET— 5 OEIER +/
zahyo(a_dd, xy,m); /x BRI */
locus(m,xy); /* BEFERL ¥

outfli(xy,m); /x BHUZERE T 7 A B EHT ¥/
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/% Sloloklopdlolololololoaioiokkcal ib. ¢ calibration %{T5
calib(a_dd,m)

double a_dd[ICH][MAXD];

int m;

void cal_lev();

double cal_O0[ICH],cal_1{ICH],cal_m1[ICH];
double hcal _0{ICH},hcal_1[ICH],hcal_a1[ICH];
register int i,J;

printf(” F—FlLa—¥—ickdFv YT L—yar m”);
cal_lev(cal_0,cal_1,cal _ml);

printf"th - RV UINT v Otk BF ) T L—Y a vin”);
cal_lev(hcal_0,hcal_1,hcal_al);

for(§=0; j<m;++j){ /* SpeedDRE */
a_dd[0]{j]-=hcal_0[0];
if(a_dd[0]{j]>=0.0)
a_dd{0][j}/=(cal_1{0]-cal_0[0]);

else
a_dd[01{j)/=(cal_0{0]-cal_m1{01);
}
for(j=0; j<m;++j){ /% Y awBOBE */
a_dd[1][j}-=hcal_0[1];
if(a_dd[1]{j]1>=0.0)
a_dd[1]{j]/=(hcal_1[1]-heal _0[1]);
else
a_dd[1]{j]/=(hcal_0[1]-hcal_m1{1]);
}
for(i=2;i<ICH;++i){ /% ZOMOIE */

for(j=0; jm;++j){
a_dd[i}[3]-=cal_0[i};
if(a_dd[i]1[j]>=0.0)
a_dd[i]{j]/=(cal_1[il-cal_0[i]);
else
a_dd[i]{j]/=(cal_O[i]-cal_m1[i]);

181

*/
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}
return(0);

/% sietioioioiioloobloioliolok 7 7 o )L 5 calibration F— & & DA AT s poiiioioiiolooiok %k /
void cal_lev(level_0,level_1,level_nl)
double *1level _0,*level_1,*level ml;

FILE *fpi,*fopen();

int fcloseQ);

char fname[80];

int m;

register int 1,j;

int ch0,chl,ch2,ch3,chd4,chb;
int cal[ICH][MAXCAL];
double heikin();

double level [ICH];

printf("” 7y A NOEERE? 7);
scanf("%s”, fname);

if((fpi=fopen(fname,”r”))==NULL)
perror(” File %s can not open!¥n”, fname);

for(i=0 ; i<3 ; ++i){
fscanf(fpi,”%d”,&m);
for(j=0; j<m;++Jj)
{
fscanf(fpi,”%d %d %d %d %d %d”,&ch0,&ch1,&ch2,&ch3,&chd,8ch5);
cal[01[j]=ch0 ; cal{1lljl=chl ; call2]{j]=ch2 ;
cal{3)[jl=ch3 ; call4}{jl=chd ; cal[5][jl=chd ;
}
for(j=0 ; J<ICH ; ++i){
level[j}=heikin(callj],m);
switch(i){
case 0 :
level _0[il=level[jl;
break;
case 1 :
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level_1{jl=levelljl;
break;

case 2 :
level_mi{jl=levelljl;

break;
}
}
}
fclose(fpi);
}
/% doldloclololaokiok S5 4 SRaD % */
double heikin(hen,m)
int *hen,m;
{
int i;
int sum=0.0;
double lev;
for(i=0;i<m;++1)
sum+=hen[il;
lev=(sum+0.0)/(m+0.0);
return(lev);
}
/* BEAT — 5 Ol */

#include "a_d.h”

#include "math.h”

void valueChen,m)
double hen[ICH][MAXD];
int m;

register int i;
double sin();
double fai;
double huko,sita;

printf(¥n  EEBMOIAE? () )
scanf("%11”,&fai);
fai*=PIE/180.0;



184 AL - C2RMK - BL RR < /IWRiER]

huko=0.000023148148%sin(fai);

printf(’¥n Ry — bMlISOEE? (B );
scanf("%1f”,&sita);

for(i=0;i<m;++i){

hen[0]{1]%=68.00511802/0.36; /¥ 0, lmm7'Oay¥%—_T1/1, 000 %/
hen[1][i])+=(huko-0.00001033349541)%INTVAL*i; R XRSTP U R
hen{1][i]*=PIE;

hen[2]{i}-=0.00003754249¥INTVAL*i ;
hen{2][il=Chen[2]{i]*15.43577+sita)*PIE/180.0;

/% solidoioioidololoioiokokdeg_rad.h FEL S5 U7 o (OFHH ZE Hivkbiolooiolololooiok % /
#define deg_to_rad(x) ((x)*PIE/180.0)
#define rad_to_deg(x) ((x)*180.0/PIE)

/% slepioioioiciolololioloioloioloiok I FL4- S 4 2 soiiolololotololofolfolok % /
#include "a_d.h”

#include "math.h”

#include “deg_rad.h”

void zahyo(hen,xy,m)
double hen{ICH][MAXD];
int xy[OCH][MAXD];
int m;

int i,j;

double sin(),cos();

double length,sum_leng=0;

char c;

register double hol_length, tan_length,sita;

for(j=0; j<OCH; ++J)
xy[31{0]=0;

for(i=0; i<m-1;++i){
length=hen[0] [i]*INTVAL;
sum_leng+=1length;
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hol_length=1ength*cos(hen[2][i]);
xy [0]{i+1]=xy[0] [i]+hol_length*sinchen[1][1]);
xy[1]{i+1)=xy[1][i]-hol_length*cos(hen[1][1]);
xy[2]1i+1]=xy[2][i]+hol_length;
xy[3][i+1)=xy[3]1[i]-1length*sinChen{21{i]);

}

tan_length=(double)xy[31[u-1]/(double)xy(2][m-1];

sita=rad_to_deg(atan(tan_length));

printf("¥n FIFEME %f 0 KT % e EEE Wo E A E¥n OK 7 (y/n)”,sum_

leng,xy[2][e-1],xy[3][m-1],sita);
while((c=getchar())!="y");



