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Possibility of improving operational efficiency
in timber processing based on the time study of

machanized timber processings
B A BN LCZRBXSEHF R, FEE B

Yasushi Minamikata*, Toshio Nirami*, Hideo Sakar*, Koya Ito**
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Summary

The efficiency of mechanization of the work in timber processing was analyzed by
comparing mechanized operation with the manual operation through the time study of the
work. When the index of productivity of the manual timber processing on felling site was
assumed to 100, in the thinning operation, the index of productivity of the prototype table
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-processor, which had been recently developed in Japan, was 306, and that of boom
-processor was 1098. In the final felling operation, they were 313, 1792 respectively.

And the allowable machine cost was also analyzed. When we machanize the timber
processing operation, the machine, which costs 15 million yen, could be available, if the
productivity would be raised to three times as that of before the mechanization. Then we
could estimate that the machine of 23 million yen would be available if the productivity was
raised to so much as 17 times as that of before the mechanization.
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Fig. 1. The table-processor
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Fig. 2. A view of the experiment of timber processing by the table-processor
@ F—7nvFuxvy¥  table-processor

©® HRfEEE small logging tractor
« MREZEDFE{THA hauling direction of small logging tractor
(FR) (circulated)

—#

Fig. 3. Timber processing sequence of the table-processor
1 Mocbzza 2 BV
feeding delimbing
3 X4 4 HMEET

cross-cutting drop the timber
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Fig. 4. Diameter of small end of timber and time of
delimbing and cross-cutting by the table
-processor
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Tab. 1. Processing time by the table-processor

B R OfF ¥ (%)

element work  (sec)

YA 7N (
cycle > g0 (A%
g Mo B ?elir%binbg) cross cuying A
1 198 117 57(3) 51
2 110 164 56(3) 35
3 187 71 31(2) 27
4 139 108 58(3) 43
5 200 219 52(3) 60
6 80 124 65(4) 61
7 80 75 45(3) 45
8 197 110 53(3) 35
9 155 77 50(3) 50
10 99 73 41(2) 22
11 87 100 67(4) 73
12 351 81 74(4) 71
13 79 59 48(3) 80
14 75 85 66(4) 85
15 105 60 65(4) 80
16 260 38 37(2) 38
17 94 43 57(4) 108
18 93 67 66(4) 64
R b 90.2* 25.0/[1** 17.2/E]* 65.3**
average 90.2* 25.0/time*? 17.2/time*? 65.3*

v 4 v FBR{EERED (Y403, 4, 9, 12, 16

with winching work: cycle3, 4, 9, 12, 16

V- EERVELEY (Y715, 8

with retrial of feeding: cycle5, 8

BHWF A4 7OHANOEIDRALED (¥ A4 7N5

with trouble of delimbing knife: cycle 5

%1 %4270 (cycle) 2, 6, 7, 10, 11, 13, 14, 15, 17, 18

%2 %4270 (cycle) 3, 4, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18
*3 .94 210 (cycle) 1~18

*4 %A 270 (cycle) 1~18
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Fig. 5. Length of timber and time of delimbing
by the table-processor
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=43 (3) @ HRA+v>¥+—  sensor for mesuring timber
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t T A~NOEfTARE direction to attach this unit to
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F-2. T—rFukyVic Lk 2EMEERE #)

Tab. 2. Processing time by the boom-processor (sec.)

turning « grasp pile slash

cycle « hauling Processing move arrangemt disposal
1 24 17
2 26 7
S
4 21 11
5 24 41
6 7 ) 5
7* 14 34
4 4
8 26 5
9 8 33 11
10 6 8 32 50
11* 13 17
6 9
12 10 2
13 33 6
14 13 19
15 24 7
16 16 52
17* 13 10
7 19
18* 11 8
5 11
19 13 18
20 9 5
21 21 15
22 24 27
23 15 28
24* 11 8
1
4 8 14
25 6 16
26 20 17
27 21 23
28 34 4 31
Y erass 19.3 18.7 1.5 0.5 2.9

¥ lEDOMOEMEEDOBZRTCEYI > M2 ERT ZMNEBELE R 20, EH - B8 - KEE, i
Ve BYID OFFELBEE LTV S, )

* A work of ’turning « grasp « hauling’, ’processing’ is divided into few works, due to the change
of pile to stack up the timber.
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F— 3. MNEN—RRAF I & BRURIEHEDOIEREER] (B)

Tab. 3. Time of thinning operation by the small harvester (sec.)

YAV R AL EM B EMUBERE Y4V KE RKBL EM BB ENUERE

cycle cut upset processing move head adgust cycle cut upset processing move head adgust
1 5 2 25 7 2 28 5 24 26 19 5
2 6 7 24 7 10 29 2 12 29 6 7
3 5 10 29 9 7 30 1 7 37 11 7
4 12 3 17 20 0 31 1 15 29 15 20
5 9 29 10 4 32 10 28 29 13 11
6 7 17 23 13 6 33 8 2 38 19 6
7 18 12 11 6 34 3 42 40 19 5
8 3 3 - 4 7 35 3 10 24 13 19
9 2 20 12 6 36 4 6 31 9 0
10 2 10 20 7 5 37 13 2 32 29 6
11 2 8 34 6 0 38 2 16 31 12 5
12 5 - - 6 6 39 3 12 25 15 8
13 4 5 4 6 4 40 2 14 29 26 4
14 5 17 7 4 41 2 27 25 23 4
15 6 11 3 0 42 1 20 35 18 5
16 2 0* 26 7 4 43 1 7 19 6 4
17 7 0* 11 10 5 44 2 9 27 7 4
18 2 3 25 5 5 45 2 8 19 9 10
19 2 8 13 16 9 46 4 9 21 12 3
20 10 17 32 18 4 47 3 9 19 11 5
21 4 15 23 27 8 48 1 12 23 9 5
22 3 13 31 28 0 49 4 5 61 34 0
23 14 9 19 19 0 50 2 23 1 3
24 6 19 26 12 0 51 3 19 16 11 4
25 2 13 16 11 0 52 3 16 21 7 4
26 4 12 24 21 5 53 3 18 26 15 0
27 1 15 24 9 0
£ﬂ544 1.0 2.7  13.0 4.9

*EMEEETORBOAREEHL OO THY, EHMRH~EDL,

xIn this cycle, a tree is processed at the same time of being upset, so that this time is included in the processing

time.
9
Sfa='§151'1 ' (5—1)
24
Sfb:igmsfl (5—2)
KEoTRohd, k72, R EHMTE2ETHH» 205 S,3,
S:=Sta+Sw (6)
TH5,

b. @REMEZHICE T B 4RE - EHEE
 DHEDAMMEEREL, MHNTER RS, 2R TEM L BICBE TEMEELTS
DT, EMREIIZEL, 7, RERM L2220, ThsDEERMIRE—5S50LBY T
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F—4. LEEMERICB T 24K « EMEERE (M)

Tab. 4. Time of felling and processing of the short wood logging (sec.)

1 @A AsE Su =0.0036825D%+0.286745D+4.0495 D =74

felling direction check =0.419D+9.0 D=75
2 [EEKRED exclude obstacles 1 S =92.02
3 Z[O«:BOff% felling appurtenant St =0.0031D*—0.632D+1.513
4 IRIEYID  root swelling cut S =5.8
5 %3¥T% felling wedge setting Sts =0.4756D+9.686
6 0O -;BOEJH  under and felling cut Sts =0.0434D*>—0.4729D+18.30
7 &M signaling Sn =7.0
8 B¥ go to safety place Srs =14.0
9 EEED x:®» straighten S =5.17
10 #EEIE¥ move Sne  =/Ai/My/Vy
11 #R scaling St =38.0nt+0.676+1.67
12 #48h - 21k engine start/stop Sn. =37.8
13 K47 processing walk Sus  =0.00845H+0.27956 —7.6375
14 EYIfI% processing appurtenant Sne  =0.001975D%*40.0065D
15 ¥ A44]n  timber swelling cut Sns =0.021D?—0.32D+0.6336+10.22
16 'fbﬁbs 7 Sﬂs =0 D <30

finishing =35.0%0.35 D=230
17 BEERR%E 2  exclude obstacles? Sur =7.98
18 #4Y19  cut of extra parts Sus =0
19 13‘25'&*;71 H Sf19 =0 D=20
cut of branch end = (0.02D+0.016) %38 20<D=T70
=38 D>70

20 #i#v> delimbing S0 =12.71D+5.600—316
21 B uff#  delimbing appurtenant St2i =1.595D—1.28
22 FHAWFEL  second delimbing Sz =0
23 EYJY cross-cutting Stsr =0.037d°—1.012d+4.89A+10.5
24 FEYIhEEELD cross-cutting arrangement See =4.29

D: MESERZE (m), nt:HHELH, H: HE (m), 6: HEER O

A EESRMOERE (), n @ SRBADIAREE, v HITHEE (m/s)
Ag: BEORE (B: 1, v 2, :3), d:XKOFHE (m)

D:D.B.H. (cm), nt: number of logs, H : tree length, ¢ : inclination ()

A, : area of work site (m?), n, : number of trees in the site,

Vi : speed of walk (m/s), A : site condition (good : 1, medium : 2, bad : 3)
d : average diameter of small end of timber (cm)

b5,
R—555, EREMERICB VT, ANEHEIC X ZEEEEIZH» > 5B S,., EHM TR
> % IREf] Sl
Szazbélszl (7_1)

24
Szb:A:EmSzl (7—2)
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£—5. @REMEZICB T 25KME < EMERRE (B)

Tab. 5. Time of felling and processing of the full tree logging (sec.)

1 fREFERE S;: =0.0048185D%+0.142886D+0.846 D=78
felling direction check =0.419D+9.0 D=79
2 MEERE1  exclude obstacles 1 S,, =78
3 =[O .BO# felling appurtenant S.s =0.0183D?—0.685D+19.22
4 fREYIY root swelling cut S =0.6
5 &b felling wedge setting S.s =0.1638D+1.365
6 =[O .80%Y under and felling cut S;s =0.0986D*—2.7637D+56.31
7 &K signaling S =7.0
8 B go to safety place S.s =8.0
9 WEERDY Zr® straighten S =4.5
10 ®ENEE move S0 =AM/
11 #IR scaling S, =20.26nt+23.02
12 #48)+ &1L engine start/stop Sz =25.2
13 EYI4T processing walk S.is =0.05842H —2.9996
14 EYI{I% processing appurtenant Sze =0.00327D?+0.00872D
15 HA»¥0Y timber swelling cut S.is =0.0067D%+0.947D—0.579
16 {bAE2sid ' Sus =0 D <20
finishing =44.0X0.32 D=220
17 FEERE  exclude obstacles 2 Sas =0
18 #41Y  cut of extra parts S,s =14.8
19 £&kEIb Sze = (0.0123D+0.016) X57 D<80
cut of branch end =57 D>80
20 Fi#hv»  delimbing S0 =7.72D—67.8
21 ##\W{IH  delimbing appurtenant S.;1 =1.881D—13.12
22 BH\SFEL second delimbing Szz =4.06
23 EYID cross-cutting Szs =0.0469d2—0.971d+14.6 (e /%)
=0.0335d2—0.744d+13.17 (v 3)
24 EYJHEELD cross-cutting arrangement S, =2.26
D:MEEZ (m), nt:HMEH, H . H{E (m), v, HTHEE (m/s)
A, RERFHOER (mf), n @ SHRMAOIKEE,
d:RO¥HE (cm)
D:D.B.H. (cm), nt : number of logs, H : tree length, v, : speed of walk (m/s)
A, : area of work site (m?), n; : number of trees in the site
d : average diameter of small end of timber (cm)

THz oMb, T2, KE - EMIEL2ETH 2 5RMHE S,

S;=S:a+S2 (8)

THb
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1000 1000~
A a. PR IESE # b. EfkfEE
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time for fell and process one tree
HREEE LM | SRt
[42]
(=3
(=)

500F
242.1
203.3 o]
160.4 57.9 199.2
0 0 v : 0 -y P =
WREN BAEH Bk K ld2 7—2 /b HAEH BAEN BREIKZ T—L4
proc. on the  at the present imp.1'imp.2* 7° 7 b vy H N2 T proc. on at the present imp.l imp.2 7 1 4z ., 4
site log deck F—7n boom-processor small harvester the site log deck 5 -="7'JL  boom-processor
maﬁé?:zlork 73y i AH 7oty
with power saw table-processor ﬁ'&“';‘?v'v:;";:w table-processor
G T] e
felling processing

-9 . RS & RAR « EHERERRE

Fig. 9. Method of timber harvesting and time of felling and processing
s improved to make no diffuse time
% % improved to shorten the feeding time
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Fig. 12. Mechanized level of timber processing work and it’s efficiency
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