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Agricultural Machinery Management Data

Developed by the Farm Machinery Management Committee; approved by the Power and Machinery Division
Standards Committee; adopted by ASAE February 1963 as ASAE D230; revised December 1965, February
1971; revised editorially December 1974; revised December 1977, revised editorially September 1979; Table 1
corrected December 1981; reaffirmed December 1982; revised December 1983; reaffirmed December 1988;
revised March 1990 and redesignated ASAE D497; revised editorially December 1990; revised March 1993,
March 1994; revised editorially January 1995; revised November 1996, January 1998; revised editorially March
1999, February 2000; reaffirmed February 2003; revised February 2006, June 2009, March 2011; reaffirmed
December 2015.
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1 Purpose and Scope

1.1 These data include representative values of farm machinery operation parameters as an aid to managers,
planners, and designers in estimating the performance of field machines.

1.2 These data are intended for use with ASAE EP496. Some data are reported in equation form to permit use
in computer and calculator mathematical models.

1.3 These data report typical values for tractor performance, implement power requirements, repair and
maintenance costs, depreciation, fuel and oil use, reliability for field operation, probable working days, and
timeliness coefficients as measured by experiment, modeling, or survey.

1.4 Where possible, variation in sampled data is reported using the range, a standard deviation, SD, or a
coefficient of variation, CV, defined as SD/mean. In a normal distribution 68% of the population should be
contained in a range of +1 SD about the mean, and 95% will be contained in a +2 SD.

2 Normative References

The following standards contain provisions which, through reference in this text, constitute provisions of this
Data. At the time of publication, the editions indicated were valid. All standards are subject to revision, and parties
to agreements based on this Data are encouraged to investigate the possibility of applying the most recent
editions of the standards indicated below. Standards organizations maintain registers of currently valid standards.

2.1 ASAE S296.5 DECO03, General Terminology for Traction of Agricultural Traction and Transport Devices and
Vehicles

2.2 ASAE S313.3 FEBO04, Soil Cone Penetrometer
2.3 ASAE S495.1 NOV2005, Uniform Terminology for Agricultural Machinery Management

2.4 ASAE EP496.3 FEB2006, Agricultural Machinery Management
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3 Tractor Performance

3.1 Drawbar performance of tractors depends primarily on engine power, weight distribution on drive wheels,
type of hitch, and soil surface. Maximum tractive efficiency, TE, is optimized by compromising drive wheel slip, s,
and motion resistance; MR. Figure 1 presents typical power relationships for agricultural tractors when properly
ballasted for the desired operating speed. Tractive efficiency can be approximated by the ratio between PTO
power and drawbar power. Four surface conditions and four types of tractors are included variables. The drive
tire size is that just large enough to carry the expected dynamic loading.

‘ Gross Flywheel

] 0.92
‘ Net Flywheel
] 0.99 0.83
| Transmission Input | 0.90
| 0.90-0.92
| PTO
!
Tractor Tractive Condition
Type Concrete Firm Tilled Soft
2WD 0.87 0.72 0.67 0.55
MFWD 0.87 0.76 0.72 0.64
4WD 0.88 0.77 0.75 0.70
Track 0.88 0.76 0.74 0.72
]
Drawbar

Figure 1 — Power relationships for agricultural tractors. Power at a given location in the drive train can
be used to estimate power at another location. For example, PTO power can be estimated from net
flywheel power by multiplying the net flywheel power by 0.90. If drawbar power is desired, choose the
tractor type and tractive condition to determine the ratio. To estimate the drawbar power for a four-
wheel drive tractor with 224 kW of net flywheel power operating on firm soil, multiply 224 by 0.90 and
0.77 to arrive at 155.23 kW.

3.2 Single-wheel performance equations for pneumatic tires are useful for design specifications, prediction
of vehicle performance, and computer simulation of vehicle productivity. The following relationships apply to bias-
ply tires on most agricultural, earthmoving, and forestry prime movers. The following equations are limited to tires
with a b/d ratio ranging from 0.1 to 0.7, static radial tire deflections ranging from 10% to 30% of the undeflected
tire section height, and W/bd values ranging from 15 to 55 kN/m?.

3.21 Motion resistance, MR, (as defined in ASAE S296) is equal to the difference between gross traction, GT,
and net traction, NT:

MR=GT—NT=W(i+O.O4+E]

B, JB,

where:

5
5 _[Clbd] T+5y
w 1+3B

d

B is a dimensionless ratio;
W is the dynamic wheel load in force units normal to the soil surface, kN (Ibf);
Cl is the cone index for the soil (see ASAE S313), kPa (Ibf/in.?2);
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b is the unloaded tire section width, m (in.);

d is the unloaded overall tire diameter, m (in.);
h is the tire section height, m (in.);

0 is the tire deflection, m (in.);

sis slip (see ASAE S296), decimal.

3.211 Values of Cl and By for agricultural drive tires (W/bd ~ 30 kN/m?) on typical soil surfaces are:

Soil Cl (kPa) Bn
Hard 1800 80
Firm 1200 55
Tilled 900 40
Soft, sandy 450 20

These values are applicable to soils that are not highly compactable.

3.21.2 The motion resistance ratio, p, is a ratio of the motion resistance to dynamic wheel load.

3.2.2 Net traction, NT (as defined in ASAE S296):

NT = W| 0.88(1— e 080 )(1— g 755y 1 _ 038
B, 5,

where:

e is the base of natural logarithms.

3.2.3 Gross traction, GT (as defined in ASAE S296):
GT =W(0.88(1—e ") (1—e7*%)+0.04)

3.2.4 Tractive efficiency, TE:
TE=(1- s)M
GT

3.3 Fuel efficiency varies by type of fuel, by percent load, and throttle setting on the engine. To determine the
average fuel consumption of a tractor operating under a range of load conditions, over a period of time without
considering throttle setting, refer to ASAE EP496, paragraph 6.3.2.

3.3.1 Typical specific fuel consumption volume (SFCy) for a particular operation is given in L/kW-h (gal/hp-h).
Fuel consumption (Q) can be found by multiplying specific fuel consumption volume by current power delivery.

3.3.2 For typical spark ignition farm tractor and combine engines operating above 20% load and at full throttle
(based upon Nebraska Tractor Test data 1950-80):

. 0.159
Gasoline: SFC, =|0.282+——
X
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(SFC\, = {0.052 + 0'0§2BD

where:

X = fraction of equivalent PTO power available

'Drated

where:

P = equivalent PTO power required by current operation, kW (hp)
Prated = rated PTO power available, kW (hp)

LPG (liquefied petroleum gas): SFC, = (0.632+ 0139)

(576, <0120, 2229

3.3.3. For typical compression ignition farm tractor and combine diesel engines working at or below
maximum load and operating at full and partial throttle (based upon Nebraska Tractor Test data 1980-2005):

0.096

Diesel: SFC, = (0.22 + jPTM

(SFC\, = {0.0434 + 0'§<19}PTMJ

where:
PTM = partial throttle multiplier
PTM =1-(N—-1)-(0.45- X —0.877)
where:

N = ratio of partial throttle engine speed to full throttle engine speed at operating load

ns; = partial throttle engine speed, rpm

ng; = full throttle engine speed, rpm

3.4 Oil consumption is defined as the volume per hour of engine crankcase oil replaced at the manufacturer’s
recommended change interval. Consumption is in L/h (gal/h), where P is the rated engine power in kW (hp).

Gasoline 0.000566P + 0.02487 (0.00011P + 0.00657)
Diesel 0.00059P + 0.02169 (0.00021P + 0.00573)
LPG (liquefied petroleum gas) 0.00041P + 0.02 (0.00008P + 0.00755)
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