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Predicting Tractive Performance using ZOZ Charts

Example: Determine the Drawbar Pull, Drawbar Power, and Actual Travel Speed for an
International 5488 Tractor at maximum drawbar power poperating in 9th Gear ,
with full tractor ballast, semi-mounted plough in firm soil.

Preliminary Calc

Before you can use the ZOZ, chart you need to determine the static rear axle force, no-load speed,
and axle power available. 

We will use the Nebraska Test #1441 to estimated these values for the drawbar tests on concrete.
Preliminary Data, form Nebraska Test

SRAF = 7035 kg, (15510 lb)
Drawbar Power = 122.91 kW, (164.82 Hp)
Speed = 8.48 km/h, (5.27 mph)
Slip % = 3.52

Calc zero slip speed

TR = 100*(1- Sa / So)
¸  So = Sa  / (1 - TR/100) So = Sa  / (1 - TR/100)

= 8.48/(1-3.52/100) = 5.27/(1-3.52/100)
= 8.79 km/hr = 5.46 mph

This no-load speed does not change, provide all calculations are in 9th gear, maximum power

Finding the Axle Power for Tractor in 9th Gear

From Chart Read  tractive efficiency (TE) to determine the axle power.

At 3.52 % Slip   
 Project line from 3.52% slip to left until hit the curve for concrete, the project up to the TE

(Drawbar Power/Axle Power) axis and read TE (Yellow Line)
¸   TE = 0.908

Determine Axle Power
TE = Pdb / Pa   TE = Pdb / Pa
¸   Pa = Pdb / TE ¸   Pa = Pdb / TE 

= 122.91 / 0.908 = 164.82 / 0.908
= 135.4 kW = 181.5 Hp

The maximum axle power and no load speed will be constant for any calculations for this
tractor in 9th gear, and any amount of tractor ballast (SRAF), slip or travel reduction, soil
conditions or tillage tool.  
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Using the ZOZ chart to determin Drawbar Pull etc.

Need to know the no-load speed & the ratio of SRAF/axle power
From preliminary calculations

No-load Speed  8.79 km/h, (5.46 mph)
SRAF  7035 kg, (15510 lb)
Axle Power  135.4 kW, (181.5 Hp)

Calculate SRAF/axle power
SRAF/Pa = SRAF (N) / Pa (kW) SRAF/Pa = SRAF (lb) / Pa (Hp)

= (7035*9.81) / 135.4 = 15,510 / 181.5
= 68,943 / 135.4 = 85.5 lb/Hp
= 509 N/kW

Now ready to use the ZOZ chart starting at bottom with no-load speed

Start with So at Bottom left axis (5.46 mph) projecting a horizontal line to right (Red Line)
 ¸ At the correct SRAF/Axle Power ratio in this case 85 lb/Hp show as blue line,

Project a vertical line up the upper right plot to intersect the correct soil/tillage tool combination
¸ To firm soil, semi-mount curve

Project to left a horizontal line to the correct soil type on the upper left plot in this case firm soil.
From this line 

The slip can be read directly off the left hand axis of the right upper plot
¸ Slip 16%

 To determine the Drawbar Pull project a line (red dashed line) down from the
relevant family of soil/tillage tool (firm soil / semi mounted) curves to determine
ration drawbar pull/SRAF 

¸ drawbar pull/rear axle force = 0.65
 To determine the Drawbar Power project a line (red line) up from the relevant soil

type curve (firm soil) to detemine drawbar power/rear axle power (TE) from the
upper axis

¸ Tractive Efficiency   (0.725)

Calculate speed     Sa  = So * (1 - TR/100)
Sa  = So * (1 - TR/100) Sa  = So * (1 - TR/100)

= 8.79 * (1 - 16/100) = 5.46 * (1 - 16/100)
= 7.4 km/h = 4.6 mph

Calculate Drawbar Power Pdb = Pa * TE 
 Pdb = Pa * TE Pdb = Pa * TE 

= 135.4 * 0.725 = 181.5 * 0.725
= 98 kW = 132 Hp

Calculate Drawbar Pull Fdb = SRAF * drawbar pull/rear axle force
Fdb = SRAF * 0.65 Fdb = SRAF * 0.65

= 68,943 * 0.65 = 15,510 * 0.65
=44.8 kN = 10081 lb.f

Check the above calculations: Note Power = Force * Velocity
Drawbar Force = 44.8 kN, 10081 lb.f
Velocity = 7.4 km/h 4.6 mph
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Drawbar Power = 44.8 (kN) * 7400 (m/h) / 3600 (s/h)
 = 92 kW (This is similar to that found above, error due to slight misreading

of chart & small imperfections in relevant chart curves)

Drawbar Power = 10081(lb) * 4.6(mph) * 5280(ft/mile) / [60 (min/h) * 33000({ft.lb/min}/Hp)]
 = 124 Hp (This is similar to that found above, error due to slight misreading

of chart & small imperfections in relevant chart curves)

Determining Ballast

Example: For the same tractor as in the last example, how much is required for the tector to
operate with 20% slip on soft soil in 9th Gear

From Preliminary Calculation in the last example we know
zero slip speed= 8.79 km/hr,  5.46 mph
Axle Power= 135.4 kW, 181.5 Hp

Require 20% Slip Using ZOZ Chart

Starting at the left axis of the top right plot
 Start at 20% slip and project a horizontal line (green line) to the correct soil/tillage

(soft soil /semi-mounted)  tool curve.
Project a line down from this point in to lower right plot.

Now Start at left axis of of lower right plot with no load speed
 Start with So (5.46 mph) projecting a horizontal line to right (Dotted green line)

until intersect with line above, to determine the required SRAF/axle power ratio
Estimate the required ratio from sloping lines

¸ Required SRAF/axle power ratio 860 N/Kw (metric)
¸ Required SRAF/axle power ratio 140 lb/Hp

        
Calculate Required SRAF (Know axle power from above)

Requird SRAF = Axle Power * Ratio Required SRAF = Axle Power * Ratio
= 135.4(kW)*860(N/kW) = 181.5(Hp)*140(lb/Hp)
= 135.4(kW)*860(N/kW) = 181.5(Hp)*140(lb/Hp)
= 116444(N) = 25,410 lb
= 116444(N)/9.8(N/kg)
= 11,882 kg

Unballasted Weight (From Nebraska Tests) 5935 kg, 13085 lb

Calculate Ballast Required

Ballast required = 11882 - 5935 Ballast required= 25,410 - 13085
= 5947 kg = 12,325 lb
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