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Abstract

The production of walk-behind tractors with common model can reduce
the costs of production and enhance the quality of their parts due to mass production
of the parts. Also, it will increase the efficiency of the retailers' after-sale service,
making the farmers able to conveniently find parts for the tractor maintenance. A
research team, consisting of engineers from Agricultural Engineering Division,
Department of Agriculture, together with representatives from the manufacturers of
tractors and parts totaling 13 companies, has designed the gear transmission system
of walk-behind tractors and granted it to the public for the use as common model of
production. The designing principles for the assigned model are low costs, easy
assembling and high quality. The tractors consist of necessary functions, i.e. 2 forward
gear and 1 reverse gear, with the gear ratio for first gear, second gear and reverse
gear of 1:20.09, 1:5.78 and 1:37.67 respectively. The design of parts relies on technical
principles for designing, mainly based on ISO standard, together with the study and
development by experience of the tractor manufacturers. The gear mechanism, like
those used in most of walk-behind tractors, consists of 4 shafts. The engaging of
forward gears applies constant mesh system, while the reverse gear applies sliding
system. The parts are divided into 2 portions, compulsory parts and voluntary parts.
Compulsory parts are gears and shafts while voluntary parts are gear housings,
bearing housings and a pulley. At the initial stage, the research team assembled 6
prototype tractors and conducted the test of their transmission capability in the
laboratory, including the test of the use in farm plots of approx. 100 Rai for each tractor.
Although the test results indicated that the tractors could work well as required, the
research team improved some parts of the model again for maximum perfection and
produced another 2 modified prototype tractors. The test results showed that the
tractors had high transmission efficiency, as the power used to overcome friction in

transmission system while engaging first gear was approximately 0.56 kiloWatt



which was only half of the set value in TIS for walk-behind tractors. To promote the
production of walk-behind tractors with common model, the Department of Agriculture
has stipulated that the manufacturers who produces the tractors with the parts of the
gear transmission system in accordance with this developed model can use the name
'Kaset 72' for the generation of tractors, and can fix the logo of the Department of

Agriculture on the tractors.
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1. wmsgu 15O Adlunseanuuy Sl

1.1 1SO 14 : 1928 Straight-sided splines for cylindrical shafts with internal
centering — Dimensions, tolerances and verification

1.2 1SO 286 — 2 : 1988 SO system of limits and fits — Part 2: Tables of
standard tolerance grades and limit deviations for holes and shafts

1.3 1SO 4156 : 1981 Straight cylindrical involute splines — Metric module,
side fit — Generalities, dimensions and inspection

1.4 ISO/TR 4467 : 1982 Addendum modification of the teeth of cylindrical

gears for speed-reducing and speed-increasing gear pairs

2. neAnuieanefldvann1sAuIn S-gearing 4115 equal root stress
Wundn  usiaianisdsusamatinelfvunzaniurunuesnanldlunisnilas  Tagld
TsunsnAulns Excel AaisnaazidanluniAanuan a. Insnan1sA I nnaane fiandly
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module,m 3.5 3.5 3.5 3.5 4
number of pinion teeth,Z1 14 36 16 14 16
pitch diameter of pinion 49 126 56 49 64
number of gear teeth, Z2 75 53 30 75 60
pitch diameter of gear 262.5 185.5 105 262.5 240
gear ratio,|i 5.357 1472 1.875| 5.357 3.750
standard centre distance, a0 1565.75| 1565.75 80.5| 155.75 152
actual centre distance, a 158 158 82 158 154
pressure angle, degree 20 20 20 20 20
pressure angle, radian 0.3492| 0.3492| 0.3492| 0.3492| 0.3492
inv pressure angle 0.0149| 0.0149| 0.0149| 0.0149| 0.0149
working pressure angle, radian 0.3864| 0.3864| 0.3964| 0.3864| 0.3833
inv working presure angle 0.0205| 0.0205| 0.0222| 0.0205| 0.0199
sum of profile correction factor 0.676 0.676 0.457| 0.676 0.524
pinion correction factor 0.449 0.290| 0.311] 0.449 0.330
gear correction factor 0.227 0.386| 0.146| 0.227 0.194
topping, mm. 0117 0117 0.099| 0.117 0.095
pinion diameter, mm 58.910| 134.796| 64.979| 58.910| 74.450
gear diameter, mm 270.857|194.970| 112.822|270.857| 249.360
number of measured pinion 3 5 3 3 3
teeth

pinion tooth distance 27.603| 48.974| 27.371| 27.603| 31.332
number of measured gear teeth 9 7 4 9 7
gear tooth distance 92.082| 70.711| 37.998| 92.082| 80.678
pinion root circle diameter 43.393| 119.280| 49.428| 43.393| 56.640
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gear root circle diameter 255.340| 179.454| 97.271]255.340| 231.550

3. uULTRsTUdRESTementidaazTeugdantilsunsy Autocad Liteazaansie
ﬂ’]ﬁ?Lquﬂa‘lILL‘]_l‘]_l LL@%LLLI‘LIQ/\?QTW’]ﬁﬂ’]Wﬁ’JﬂIﬂﬁ‘LLﬂﬁ‘N SolidWorks L‘ﬁl‘ﬂLL@@\mWW 3 UA wBLLL
anfiae U9 TEURLLAZEININNIATFIW ISO Fastelail

3.1 1SO 701 : 1988 International gear notation — Symbols for geometrical

data

3.2 ISO 1302 : 1992 Technical drawings — Method of indicating surface
texture

3.31S0O 1340 : 1976 Cylindrical gears — Information to be given to the
manufacturer by the purchaser in order to obtain the gear required

3.4 ISO 2768-1 : 1989 General tolerances — Part 1: Tolerances for linear and
angular dimensions without individual tolerance indications

3.5 ISO 2768-2 : 1989 General tolerances — Part 2: Geometrical tolerances
for
feature without individual tolerance indications

3.6 ISO 10578 : 1992 Technical drawings — Tolerancing of orientation and

Location — Projected tolerance zone
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NMANUIN A.

gasnisAmuaniaaiaslullsunsa Excel

A B

1 module,m

2 number of pinion teeth,Z1

3 pitch diameter of pinion =B1*B2

4 number of gear teeth,Z2

5 pitch diameter of gear =B1*B4

6 gear ratio,|i =B4/B2

7 | standard centre distance,a0 =0.5*B1*(B2+B4)

8 | actual centre distance,a

9 pressure angle, degree 20

10 | pressure angle, radian =B9*2*22/(7*360)

11 | inv pressure angle =TAN(B10)-B10

12 | working pressure angle, radian =ACOS(B7*COS(B10)/B8)

13 | inv working presure angle =TAN(B12)-B12

14 | sum of profile correction factor =(B13-B11)*(B2+B4)/(2*TAN(B10))

15 | pinion correction factor =B14/(B6+1)+0.5*(B6-1)/(B6+1)

16 | gear correction factor =B14-B15

17 | topping, mm. =B7+B14*B1-B8

18 | pinion diameter, mm =B3+2*B1*B1+2*B15*B1-2*B17

19 | gear diameter, mm =B5+2*B1+2*B16*B1-2*B17

20 | number of measured pinion teeth

21 | pinion tooth distance =B1*COS(B10)*((B20-0.5)*22/7+B2*B13)+2*B15*B1*
SIN(B10)

22 | number of measured gear teeth

23 | gear tooth distance =B1*COS(B10)*((B22-0.5)*22/7+B4*B11)+2*B16*B1*
SIN(B10)

24 | pinion root circle diameter =B3-2*(1.25-B15)*B1

25 | gear root circle diameter =B5-2*(1.25-B16)*B1
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