
Agricultural and Biosystems Engineering, Iowa State University               Fall 2006

F:\Birrell\AST335\TSM335_2006\homework\HWK4_solutions.wpd

Homework 4

Question 1 Given the following information for a tractor:  (Note: Metric values are approximate conversions of the equivalent
English values, therefore answers may be slightly different)

Rear Axle Weight  15500 lb (7000 kg)
Front Axle Weight    4500 lb (2000 kg)
Total Weight 20000 lb (9000 kg)
Wheel Base 110"     (2800mm)
Center of Gravity 24.75"    (622mm)(Distance from rear axle)
Drawbar Height 24"      (600mm)

METHOD 1: Weight Transfer used directly (without using Xcg)

a) Determine the weight transfer to the rear wheels if a horizontal pull of 3000 lb (13.2 kN) is attached to the drawbar.
LRr  = P * Zf /WB

= 3000 * 24  / 110
=654 lb.

b) Under these conditions, is the weight transfer from the front wheels equal to the weight transfer to the back wheels.
Since the pull is horizontal then this will be the same as the rear.

c) Determine the horizontal pull required for the front wheels to begin lifting of the ground.
To lift of the ground the weight transfer must equal the static weight on the front tire (i.e LRf = 4500).
LRf  = P * Zr /WB
P = LRf * WB / Zr 

= 4500 * 110 / 24
= 20625 lb

METHOD 2: Dynamic weight calculated and then weight transfer calculated

a) Determine the weight transfer to the rear wheels if a horizontal pull of 3000 lb (13.2 kN) is attached to the drawbar.
Rr  =W*(WB-Xcg)/WB+ P * Zf /WB

= 20000*(110-24.75)/110+3000 * 24  / 110
=16 155 lb.

LRr = Rr - Rr`
=16155-15500

 =654lb 

b) Under these conditions, is the weight transfer from the front wheels equal to the weight transfer to the back wheels.
Since the pull is horizontal then this will be the same as the rear.

c) Determine the horizontal pull required for the front wheels to begin lifting of the ground.
To lift of the ground the weight transfer must equal the static weight on the front tire (i.e LRf = 4500).
Rf  =W*(Xcg)/WB- P * Zr/WB

0=W*(Xcg)/WB- P * Zr/WB
P= W*(Xcg)/WB/[ Zr/WB]
P=W*(Xcg)/ Zr
=20000*27/24
=22500 lb
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Question 2: Determine the Drawbar Pull, Drawbar Power, Actual Travel Speed and Tractive Efficiency for an Case 2094
Tractor (See Nebraska Tests) at maximum drawbar power operating in 8th Gear , with full tractor ballast under the
following conditions

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 to estimated these values for the drawbar tests on concrete.
Preliminary Data, form Nebraska Test

SRAF = 11230 lb
Drawbar Power = 98.66
Speed = 6.32
Slip % = 4.45

Calc zero slip speed
So = Sa  / (1 - TR/100)
= 6.32/(1-4.45/100)
= 6.61 mph   (This no-load speed does not change, provide all calculations are in 8th gear, maximum power)

Finding the Axle Power for Tractor in 9th Gear

From ZOZ Chart Read  tractive efficiency (TE) to determine the axle power.  At 4.45 % Slip, Project line from 4.45% slip to
left until hit the curve for concrete, the project up to the TE (Drawbar Power/Axle Power) axis and read TE

    TE = 0.92

Determine Axle Power
TE = Pdb / Pa
Pa = Pdb / TE 
= 98.66 / 0.92
= 107.24 Hp

The maximum axle power and no load speed will be constant for any calculations for this tractor in 8th gear, and any amount
of tractor ballast (SRAF), slip or travel reduction, soil conditions or tillage tool.  

a)  mounted plough in firm soil.

Using the ZOZ chart to determin Drawbar Power, Travel Speed and TE, Need to know the no-load speed & the ratio of SRAF/axle
power

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

= 11230 / 107.24
= 105 lb/Hp

Now ready to use the ZOZ chart starting at bottom with no-load speed. Start with So at Bottom left axis (6.61 mph) projecting a
horizontal line to right to the correct SRAF/Axle Power ratio in this case 105 lb/Hp. Project a vertical line up the upper right plot to
intersect the correct soil/tillage tool combination (firm soil, mounted 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 9%
 To determine the Drawbar Power project a line up from the relevant soil type curve (firm soil) to detemine drawbar power/rear axle
power (TE) from the upper axis

  Tractive Efficiency   (0.78)
To determine the Drawbar Pull project a 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 = 0.5
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Calculate speed     
Sa  = So * (1 - TR/100)
= 6.16 * (1 - 9/100)
= 6.52 mph

Calculate Drawbar Power Pdb = Pa * TE 
Pdb = Pa * TE 
= 107 * 0.78
= 83 Hp (Note: The tractor still has to produce 107 Hp at the axle but only generates 83 Hp as opposed to 98.66 on concrete)

Calculate Drawbar Pull Fdb = SRAF * drawbar pull/rear axle force
Fdb = SRAF * 0.5
= 11230 * 0.5
= 5615 lb.f

b) towed plough tilled in tilled soil.
This is left for the student to find without help.
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Question 3 A double acting hydraulic cylinder has a bore diameter of 4", a rod diameter of 2".  The maximum pump pressure is
2200 psi.  One cylinder port is connected to the pump, and the return line feeds directly into the reservior.  Assume
a pressure drop of 100 psi in both the pressure and return line to the cylinder.  Pump delivery rate is 20 gal/min
a). What is the maximum load that can be moved when the cylinder is extending.

Max Force = P1*A1 - P2*A2
= [(2200-100)*π/4*4*4] - [(100)*π/4*(4*4-2*2))
=26389 - 942
= 25447 lb

b). What is the maximum load that can be moved when the cylinder is retracting.
Max Force = P2*A2 - P1*A1

= [(2200-100)*π/4*(4*4-2*2)] - [(100)*π/4*(4*4))
=19792-1257
= 18535 lb

c). How fast will the cylinder extend.
Velocity = Q(gal/min) * 231( in3/gal) / A1

= 20 *231/(π/4*4*4)
= 368 in/min

d). How fast will the cylinder retract.
Velocity = Q(gal/min) * 231( in3/gal) / A2

= 20 *231/(π/4*(4*4-2*2))
= 490 in/min

e). What is the flowrate of oil from the cylinder when it is retracting.
Q(out) = Q(in) * A1/A2

= 20 * (π/4*4*4)/(π/4*(4*4-2*2))
= 26.667 gal/min

OR
Q(out) = Velocity * A1/231

= 490 *(π/4*4*4)/231
= 26.667 gal/min
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Question 4 Given the following specifications for a gear pump listed in a catalog.
Displacemnt =  1.8 in3/rev (29.5 cm3/rev)

Rate Speed = 2500 rpm
Rated Pressure = 3000 psi (20.7 Mpa)
Rated Delivery =  18 gal/min (68.13 l/min)
Power Input =  38 Hp (28.35 kW)

a). Calculate theoretical delivery.
Qt = D * N /231

= 1.8 * 2500 /231
= 19.48 gal/min

b). What is the volumetric efficiency?
Vol. Eff = Qa / Qt 

= 18/19.48
= .924

c). What is the actual input Torque? 
T = P*33000 / 2πN

= 38 * 33000 / (2π *2500)
= 79.8 ft.lb

d). What is the theoretical input Torque?
T = D * P /2π /12

= 1.8 * 3000 /2π/12
= 71.6 ft.lb

e).  Calculate the overall efficiency of the pump.
Overall = vol eff * mech. Eff

= .924 * .897
= 0.83

f).  What is the mechanical efficiency.
Mechanical Eff. = Tt / Ta

 = 71.6 / 79.8 
= 0.897
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Question 5 Given the following specifications for a motor listed in a catalog.
Displacemnt =  4 in3/rev (65.5 cm3/rev)
Rate Speed = 1800 rpm
Rated Pressure = 3000 psi (20.7 Mpa)
Required Delivery =  35 gal/min (130 l/min)
Power Output =  48 Hp (35.8 kW)

a). Calculate theoretical flowrate for the motor at rated speed.
Qt = D * N /231

= 4 * 1800 /231
= 31.2 gal/min

b). What is the volumetric efficiency? 
Vol. Eff= Qt / Qa

= 31.2 / 35
= 0.89

c). What is the actual output Torque?
T = P*33000 / 2πN

= 48 * 33000 / (2π *1800)
= 140 ft.lb

d). What is the theoretical output Torque .
T = D * P /2π /12

= 4 * 3000 /2π/12
= 159 ft.lb

e).  Calculate the overall efficiency of the motor.
Overall eff. = 0.88*0.89

= 0.78

f).  Determine the mechanical efficiency of the motor.
Mech. Eff = Ta /Tt

= 140/159
= 0.88
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