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Table 1- Specifications of the studied machines

ez dlan pbgy W0k GREW (R gy Gldsk o, slaw
Number of Type of Whight Height Width Length Number of

2550 wyad
(e )

o ladut
Specification

wheel tire (ton) (m) (m) (m) cylinders Engine power ol el
(hp) Machine
4 Rubber 10.2 3 2.84 6.10 6 177 Timberjack 450C
4 Rubber 9 2.93 2.40 6 6 170 HSM 904
4  Rubber 73 3.05 2.45 5.80 4 116 LKT 81
4 Rubber 75 2.93 2.50 6 4 95 TAF 690
6 Rubber 5 96 2.90 1.80 6.20 4 67 Vimek 610
6 Rubber 44 2.84 2.10 6.80 4 80 Mowi 650
6 Rubber 395 2.52 2.10 4.10 4 80 Farm tractor

,_;3,5.1.:!#:!1‘,_7—? LEKT 8

Vimek 610 3,135 -5 Timberjack 450C 18 41—
Mowi 630 ,1,,7-1 HSM 904 5811
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Fig. 1- Studied Machines
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Table 2- Timing prediction models of the studied machines
e Ol b Je Machine
Timing prediction model
(Naghdi et al., 2010) ¥ = 0.0273D + 0.485SW + 0.601N + 1.24V + 2.52 Timberjack 450C
(Naghdi et al., 2010) Y = 0.0346D + 1.47V + 3.85 HSM 904
(Maréeta et al., 2014) Y = 0.0187D + 0.61V + 4.39 LKT 81
(Eghtesadi, 2008) Y = 0.035D + 0.097N + 0.82V + 3.321 TAF 690
as)j0 )51y

(Jourgholami & Majnonian, 2014) Y = 0.05754D + 20.33759
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Fig. 3- Extech dosimeter (MDS 418)
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Fig. 2- Exhaust emissions measuring device (MDS 418)
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Table 3- Cabin access indicators scoring method (Anon, 2006)

(511 10) & haws (51ial V) F gehas (ol ¥) ¥ s (3Ll ¥) ¥ ebans (el =) Y e "x“‘;’;’
eig

Tshw

Levels

Level 5 (15 pts) Level 4 (7 pts)  Level 3 (3pts) Level 2 (2 pts) Level 1 (0 pts) cosfficient Awlind
Indicator

; .
> 550 451-550 351-400 351-400 <350 4 (e Jgl 4k £
First step height (mm)
> 80 61-80 51-60 45-50 <45 4 (422) Jsl 4k 9l
First step pitch (mm)

.- l .
<160 160-250 251-320 321-390 >390 2 (ecshe) Jol e 20
Step width (mm)
) o
<50 51-100 101-150 151-239 >240 ’ (e ko) 4l €85,
Step depth (mm)
<, 15>35 15-22 22-35 1 (ocshee) 0 S sLa

Handrail diameter (mm)

(Anon, 2006) U’M LY b%)‘o ‘_gl.hua&'m ‘_gm)l.nla' ‘_,3.39) -¥ Jgé-‘?

Table 4- Seat indicators scoring method (Anon, 2006)

¥ aw L ol
(5ol 10) O aww  (jlsiol V) ¥ daw v (Glol V) ¥ & (Glel +) Y gbawe 039 o Levels
Level 5 (15 pts) Level 4 (7 pts) (3l ) Level 2 (1 pts) Level 1 (0 pts)  Weight coefficient sl
Level 3 (3pts) .
Indicator
Ll
<100 >100 >140 >180 >240 ’
Legroom
o3 (3] —alio
3l Caunds It U”"“‘f’ f"jb“fbl__“"‘”h" o b
Not provided ;| Poor damping vertically Good vertically, G|c_)|od'vert|clalllly Damping
Horizontally orizontally
moderate
D et +5 - +15° - +20° -5 - +30° e 49l
fixed Backrest angle
‘ . ae
o <180° -270° >270° O
Not provided Seat swivel
<400 430-400 >430 ol Ges
Backrest width
<430 430-460 >460 S 02y
Seat width
<280 280-580 >580 sy €|
Backrest height
3. 00 ypoxs s B (Fhao dwd alold
Not provided fixed Adjustable armrests
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Table 5- Cabin ventilation indicators scoring method (Anon, 2006)

Tobw
(Glool *) Y | (5liiol 10) O gaws | (il V) F o | (Lol ¥) ¥ gedaws | (5Ll V) ¥ b ((jlitol +) § el Levels
Level 1 (0 pts) Level 5 (15 pts) Level 4 (7 pts) Level 3 (3pts) Level 2 (1 pts) i Level 1 (0 pts) oad s
Indicator
5% F5 Jslis F7* Jilas 4 E3sys Slon yild
Not provided at least F5 at least F7 filter system
T T it R
Difficult with the Easily with the Difficult without; Easily without 4 P ORI 0970
the the replacing
tools tools
tools tools
3,4 Syo Eryss Se 9 Sppd 1 S (e jlude
Missing Acoustic Visual Visual, Acoustic indication

s F g M (G aiiod duw d Lo ild 5l ) bl o el oad (o)Ll VOV Jlw j1 as (EN779:2012) lga (sl il (gl Loyl amin 5 )lusbwl *
(Shi et al., 2013) w5 o
# The new European standard for air filters (EN779:2012) comes into force in 2012. It divides the filters into three classes G,

M and F (Shi et al., 2013).
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Table 6- Costing information of the studied machines (Unit: million toman)
)27 Mowi Vimek TAF LKT HSM Timberjack asls
Farm tractor 650 610 690 81 904 450C Indicatore
10 10 10 15 15 15 15 (L) e o
Useful life (year)
5 5 12 30 30 40 40 S e
Tire cost
65 130 340 480 500 220 200 99 s
Current price
6.5 13 34 48 50 20 20 8bik o)
Salvage value
1165 o o
0.1 0.1 0.1 0.5 05 05 0.5 SIS ey

Maintenance coefficient
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Table 7- Skiddding cost of studied machines (Cost unit: Toman, Hourle production: M%)

ac,i0 ,951,5  Mowi Vimek LKT HSM Timberjack .
Farmtractor 650 610 TAF 690 81 904 450C oeile
Gl po djn
46317 53179 106099 131534 136513 97313 94630
Hourly cost
#Celo 1 ()9 0,40
2.33 4.83 5.91 11.01 13.50 9.90 10.80 > )9_ W
Hourly productivity
wbuls 4
19878 11010 17592 11946 10112 9829 8762

Transportation cost

D93 a0, V0 awgio ol g e P gl cllie
*The transportation distance was 600 m and the average slope was 15%.
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| ool &

34y
ol 51 ool ¢ golazdl B ol S5 Ly ol ol
a0, 5 o gl Slallas ddhis o Lo ile
S5l 64y
by e 8lS g pr Jem sl eile (s 5o
odls cwoa | —iSigx A oy S Mowi
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(Anon, 2011) L cpwile 59351 31 (295 Losu¥T Jladio g jbxe ySTas —A Joua
Table 8- Maximum permissible and amount of exhaust emissions of machines (Anon, 2011)

)l’.'\: -b ol ag,30 ,481,5  Mowi V:;Tgk LKT 'Zg(l): HSM 904 Tlrlt;e(z)rcj:ack Machine
a?lxc:vTeudm Farmtractor 650 81 oVl g4
pollutant
2 2.3 23 18 2.1 19 26 2.8 NO, (g/km)
15 1.9 19 14 1.7 16 19 1.8 CO (g/km)
0.46 0.53 0.53 0.44 0.50 0.49 0.55 0.68 HC (g/km)
3.96 4.73 4.73 3.64 4.3 3.99 5.05 5.28 S
Total
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Table 9- Average sound level for different machines under study conditions

Farm Mowi Vimek LKT TAF  HSM  Timberjack il
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Abstract

In this study, in order to determine the optimal mechanization of the wood primary
transportation in the Hyrcanian forests of Iran, current machines including Timberjack 450C,
HSM 904 and agricultural tractor and number of new machines including LKT 81, TAF 690,
Vimek 610 and Mowi 650 were investigated. The Goal Programming technique, a multi-
objective optimization method, including environmental, economic, performance, ergonomics,
was used. The results showed that Timberjack 450C and HSM 904 skidders had less log
transporting costs compared to other machines, and economically are still cost-effectively
machines. For the transporting of firewood, Farm tractor is not cost-effectively and the
alternative economic option is Mowi 650 trailer. In the case of replacement, the cost of firewood
transporting will decrease by 44%. Optimization results, using goal programming regarding all
the goals, have shown that existing machines should be replaced by the LKT 81 skidder and the
Vimek 610 forwarder to transport logs and firewoods, respectivily. With the replacement, the
costs of log transporting will increase to 15% and the costs of firewood transporting will
decrease to 10%. Currently, the mechanization of wood transportation in Hyrcanian forests is not
optimal in terms of quadratic goals and needs to be changed. In the forest machinery
management, the environmental and ergonomic aspects should be taken into consideration.

Keywords: Current Machines, Forest Machinery Management, Goal Programming, Logging
Cost, Replacement
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