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Abstract

Introduction: Considering the high use of agricultural machines in sugarcane Agro-industry
company; management of maintenance and repairs is necessary. The application of agricultural
mechanization and the management of machines in agriculture is responsible for improving the
way of working and correct use of machines. Today, with the mechanization of agricultural
systems, the timely performance of activities requires correct machine planning. For proper
planning, one must know the reliability of the machines. Increasing efficiency and reliability of
machines is an economic necessity. Any scheduled program to increase the reliability of machines
can be effective in reducing time loss due to repairs and cause repairs to be completed on time.
Therefore, in this research, according to the nature of the project of annual repairs of MF 399
tractors, in which the activities and the time of their completion are possible, the graphic evaluation
and review technique (GRET) method was used. GERT method is one of the possible network
programming methods. In GERT method, the occurrence of activities is considered possible and a
percentage of probability is assigned for the occurrence of each activity.

Materials and Methods: This research was conducted in the Dehkhoda Sugarcane Agro-industry
Company in the crop year of 2023-2024. Dehkhoda Sugarcane Agro-industry Company has 42 MF
399 double differential tractors. In this research, in order to schedule annual repairs, statistics and
data related to the repairs of 22 MF 399 tractors were collected and the data of other machines were
used to compare the actual repair time with the calculated schedule. The 13 repair items of MF 399
tractors used in the company include: engine, clutch, gearbox, differential and rear axle, brake, rear
hub, body, front axle, hydraulics, electricity and battery, wheels, service and greasing. The work
breakdown structure diagram and network model of annual MF 399 tractor repairs were drawn. To
extract the time distribution density function of each activity, first the available information was
collected for each activity, then the time distribution density function was determined for each
activity. The time to perform the activities is fuzzy and they are expressed by triangular fuzzy
numbers. In this research, after scheduling, the results obtained from GERT method were compared
with the actual time spent to perform annual MF 399 tractor repairs and the appropriateness of the
estimates was determined. For this purpose, in order to determine the actual time of annual MF 399
tractor repairs, among the tractors available in the mechanical equipment department of the
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company, a sample was randomly selected and the actual duration of repairs was determined. Then
the actual time to complete the operation was compared with the expected time.

Results and Discussion: The time to complete the annual repairs of MF 399 tractors was estimated
to be 225.93 hours using the classic GERT method. But in GERT fuzzy method, the time
calculated for annual MF 399 tractor repairs was 295.30, 232.07, 168.73 hours. The actual duration
of annual repairs for 20 tractors (out of a total of 42 tractors) in Dehkhoda Sugarcane Agro-industry
Company, which were repaired during the 2023-2024 crop year, according to the information
available in the technical office of the company's mechanical equipment, was determined. 29.12%
of the real times for completing MF 399 tractor repairs were estimated outside the fuzzy time.
Therefore, the manager of the repair unit can reduce the cost of time loss and manage the time to
complete the operation in the optimal time frame by using correct planning and reducing the
reasons for the delay in the operation.

Conclusions: Therefore, GERT Fuzzy's method provides the possibility to the manager of the
repair unit to set the completion time in the estimated range appropriately, taking into account other
effective factors involved in the operation, so that there is no disruption in the implementation of
activities and on the other hand, the costs to minimize when the work is not done. It also provides
the possibility to create cuts at different times and control the operation process and modify it if
needed. In the real world, due to existing uncertainties, there is not enough confidence in the
duration of the annual maintenance of tractors, but nevertheless, the results obtained from GERT
method in this research are close to the actual time of completion of operations and make the
estimates more appropriate.

Keywords: GERT network, Repairs, Timing, Tractor.
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\Y; Washing LS s yizs u 2.50 Exp (2.50t) 1 Exp (2.50t)
W Lubrication s S \% 1.25 Exp (1.25t) 1 Exp (1.25t)
s sladisil g s
X &L_GJ S Jw.. = W 450 Exp (4.50t) 1 Exp (4.501)
Testing and final visit
Ol oS g 3doma oy 3l 4 5L
Y ] ) _ X 15.37 Exp (15.37t) 0.15 0.15%Exp (15.37t)
The need to re-inspection and repairs
Ol s 4 5L
z S Sl & e X 0 1 0.85 0.85
No need to re-repairs
END ENDoLL z 0 1 1 1
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Figure (3) Fuzzy time diagram for completing
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Table 2- Input variables of the fuzzy network
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degree of
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(0,0,0) START
(0.5,1,1.5)
(41.18,58.70,75.92)
(12.35,9.5,6.71)

(7.69, 10.95, 14.25)

(6.13,8.85,11.53)

(9.22,13.20,17.25)

(4.06,5.75,7.55)

(8.55,12.10,15.59)

(3.40,4.79,6.24)
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Table (3) Evaluation of fuzzy GERT network loops of MF 399 tractor repairs

OVA

nadls b adls 5550 ails .S
. L ¢ L Fo B slaadl o adls I35
i bugie £ S Total loop value without inner
Average loop value Total loop value P loops adls soly b)) B ol > glacl Loop code
with inner loops Loop unit value Inner loops Loop activities
Au‘.'nhm. m’fLm ﬁl.;" IEL;“ luLm' .fI.m- th' LLm' XLm' L
n—h
0.50 (5.32,7.48,9.74) - - 0.50 (5.32,7.48,9.74) (5.32,7.48,9.74) - T,S 1
0.50 (14.08,19.87,25.31) - - 0.50 (14.08,19.87,25.31) (14.08,19.87,25.31) - Y X 2
FAR (g 8 qwn 395815 Ol i (G310 O F° 4l (Slve 7 Oolwlome (Error! No text of specified style in document.) feus
Table (4) Calculations of the nodes of the fuzzy network of MF 399 tractor repairs
o 8 0 3137 o gie 0Lt s el o5 $335 Sa b i .y
Average node release time Output Icr)]c())%sefrom the 0,8 0z 3T gl ol Termination of node input activities ‘S/ - c <
e S Initial node release time o 82505 o
ST, N Node input node code
HByT; MT,; Aumhm- Loop code t *uft,-_;- f%i—j activities
Lu—h
1 (0,0,0) - - (0,0,0) - - - START
1 (0.50,1,1.50) - - (0.50,1,1.50) 1 (0.50,1,1.50) A 01
1 (41.68,59.70,77.42) - - (41.68,59.70,77.42) 1 (41.68,59.70,77.42) B 02
1 (54.03,69.20,84.13) - - (54.03,69.20,84.13) 1 (54.03,69.20,84.13) C 03
1 (61.72,80.15,98.38) - - (61.72,80.15,98.38) 1 (61.72,80.15,98.38) D 04
1 (67.85,89.00,109.91) - - (67.85,89.00,109.91) 1 (67.85,89.00,109.91) E 05
1 (77.07,102.20,127.16) - - (77.07,102.20,127.16) 1 (77.07,102.20,127.16) F 06
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Py QL".MJ cfa)u v .A.l> (5)')3\.3.5 gS“'L; 4.1») 6_9“)) wJ..@.ﬂ

6 & 0 33T Lo 20 OLe

o 8 3l s slaail>

o5 $3555 LI ==

Average node release time Output I?]%%Zfrom the o S 0 53T it 0l Termination of node input activities ‘ﬁqu _
o Initial node release time oS S0 i
. N Node input node code
Hur, MT; P, | Loop code ST K., fr; activities
Ln—h
1 (81.13,107.95,134.71) - - (81.13,107.95,134.71) 1 (81.13,107.95,134.71) G 07
1 (89.68,120.05,150.30) - - (89.68,120.05,150.30) 1 (89.68,120.05,150.30) H 08
1 (93.08,124.84,156.54) - - (93.08,124.84,156.54) 1 (93.08,124.84,156.54) | 09
1 (101.19,136.34,171.44) - - (101.19,136.34,171.44) 1 (101.19,136.34,171.44) J 10
1 (103.20,139.20,175.18) - - (103.20,139.20,175.18) 1 (103.20,139.20,175.18) K 11
1 (113.97,154.35,194.74) - - (113.97,154.35,194.74) 1 (113.97,154.35,194.74) L 12
1 (123.30,167.6,212.04) - - (123.30,167.6,212.04) 1 (123.30,167.6,212.04) M 13
1 (125.29,170.40,215.67) - - (125.29,170.40,215.67) 1 (125.29,170.40,215.67) N 14
1 (129.30,176.07,223.07) - - (129.30,176.07,223.07) 1 (129.30,176.07,223.07) 0 15
1 (135.03,184.37,233.93) - - (135.03,184.37,233.93) 1 (135.03,184.37,233.93) P 16
1 (138.68,189.60,240.72) - - (138.68,189.60,240.72) 1 (138.68,189.60,240.72) Q 17
1 (150.95,207.05,263.39) - - (150.95,207.05,263.39) 1 (150.95,207.05,263.39) R 18
1 (155.81,213.89,272.31) 0.50 1 (153.15,210.15,267.44) 1 (153.15,210.15,267.44) S 19
0.50 (155.81,213.89,272.31) - - (155.81,213.89,272.31) 0.50 (155.81,213.89,272.31) U 20
0.50 (157.57,216.39,275.53) - - (157.57,216.39,275.53) 0.50 (157.57,216.39,275.53) \% 21
0.50 (158.44,217.64,277.15) - - (158.44,217.64,277.15) 0.50 (158.44,217.64,277.15) w 22
0.50 (168.73,232.07,295.30) 0.50 2 (161.69,222.14,282.65) 0.50 (161.69,222.14,282.65) X 23
0.50 (168.73,232.07,295.30) - - (168.73,232.07,295.30) 0.50 (168.73,232.07,295.30) Y4 END
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