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How Horsepower Works

BY MARSHALL BRAIN 
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Chances are you've heard about horsepower. Just about every car ad on TV mentions it, people talking about their cars bandy the word about and even most lawn mowers have a big sticker on them to tell you the horsepower rating.
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But what is horsepower, and what does the horsepower rating mean in terms of performance? In this article, you'll learn exactly what horsepower is and how you can apply it to your everyday life.

The term horsepower was invented by the engineer James Watt. Watt lived from 1736 to 1819 and is most famous for his work on improving the performance of steam. We are also reminded of him every day when we talk about 60-watt light bulbs.

The story goes that Watt was working with ponies lifting coal at a coal mine, and he wanted a way to talk about the power available from one of these animals. He found that, on average, a mine pony could do 22,000 foot-pounds of work in a minute. He then increased that number by 50 percent and pegged the measurement of horsepower at 33,000 foot-pounds of work in one minute. It is that arbitrary unit of measure that has made its way down through the centuries and now appears on your car, your lawn mower, your chain saw and even in some cases your vacuum cleaner.
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What horsepower means is this: In Watt's judgment, one horse can do 33,000 foot-pounds of work every minute. So, imagine a horse raising coal out of a coal mine as shown above. A horse exerting 1 horsepower can raise 330 pounds of coal 100 feet in a minute, or 33 pounds of coal 1,000 feet in one minute, or 1,000 pounds 33 feet in one minute. You can make up whatever combination of feet and pounds you like. As long as the product is 33,000 foot-pounds in one minute, you have a horsepower.

Y​ou can probably imagine that you would not want to load 33,000 pounds of coal in the bucket and ask the horse to move it 1 foot in a minute because the horse couldn't budge that big a load. You can probably also imagine that you would not want to put 1 pound of coal in the bucket and ask the horse to run 33,000 feet in one minute, since that translates into 375 miles per hour and horses can't run that fast. However, if you have read How a Block and Tackle Works, you know that with a block and tackle you can easily trade perceived weight for distance using an arrangement of pulleys. So you could create a block and tackle system that puts a comfortable amount of weight on the horse at a comfortable speed no matter how much weight is actually in the bucket.

Horsepower can be converted into other units as well. For example:

· 1 horsepower is equivalent to 746 watts. So if you took a 1-horsepower horse and put it on a treadmill, it could operate a generator producing a continuous 746 watts.

· 1 horsepower (over the course of an hour) is equivalent to 2,545 BTU (British thermal units). If you took that 746 watts and ran it through an electric heater for an hour, it would produce 2,545 BTU (where a BTU is the amount of energy needed to raise the temperature of 1 pound of water 1 degree F).

· One BTU is equal to 1,055 joules, or 252 gram-calories or 0.252 food Calories. Presumably, a horse producing 1 horsepower would burn 641 Calories in one hour if it were 100-percent efficient.

Measuring Horsepower

If you want to know the horsepower of an engine, you hook the engine up to a dynamometer. A dynamometer places a load on the engine and measures the amount of power that the engine can produce against the load.

Torque

Imagine that you have a big socket wrench with a 2-foot-long handle on it, and you apply 50 pounds of force to that 2-foot handle. What you are doing is applying a torque, or turning force, of 100 pound-feet (50 pounds to a 2-foot-long handle) to the bolt. You could get the same 100 pound-feet of torque by applying 1 pound of force to the end of a 100-foot handle or 100 pounds of force to a 1-foot handle.  Similarly, if you attach a shaft to an engine, the engine can apply torque to the shaft. A dynamometer measures this torque
You can get an idea of how a dynamometer works in the following way: Imagine that you turn on a car engine, put it in neutral and floor it. The engine would run so fast it would explode. That's no good, so on a dynamometer you apply a load to the floored engine and measure the load the engine can handle at different engine speeds. You might hook an engine to a dynamometer, floor it and use the dynamometer to apply enough of a load to the engine to keep it at, say, 7,000 rpm. You record how much load the engine can handle. Then you apply additional load to knock the engine speed down to 6,500 rpm and record the load there. Then you apply additional load to get it down to 6,000 rpm, and so on. You can do the same thing starting down at 500 or 1,000 rpm and working your way up. What dynamometers actually measure is torque (in pound-feet), and to convert torque to horsepower you simply multiply torque by rpm/5,252.

Graphing Horsepower
If you plot the horsepower versus the rpm values for the engine, what you end up with is a horsepower curve for the engine. A typical horsepower curve for a high-performance engine might look like this (this happens to be the curve for the 300-horsepower engine in the Mitsubishi 3000 twin-turbo):
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What a graph like this points out is that any engine has a peak horsepower -- an rpm value at which the power available from the engine is at its maximum. An engine also has a peak torque at a specific rpm. You will often see this expressed in a brochure or a review in a magazine as "320 HP @ 6500 rpm, 290 lb-ft torque @ 5000 rpm" (the figures for the 1999 Shelby Series 1). When people say an engine has "lots of low-end torque," what they mean is that the peak torque occurs at a fairly low rpm value, like 2,000 or 3,000 rpm.

Another thing you can see from a car's horsepower curve is the place where the engine has maximum power. When you are trying to accelerate quickly, you want to try to keep the engine close to its maximum horsepower point on the curve. That is why you often downshift to accelerate -- by downshifting, you increase engine rpm, which typically moves you closer to the peak horsepower point on the curve. If you want to "launch" your car from a traffic light, you would typically rev the engine to get the engine right at its peak horsepower rpm and then release the clutch to dump maximum power to the tires.

Horsepower in High-performance Cars

A car is considered to be "high performance" if it has a lot of power relative to the weight of the car. This makes sense -- the more weight you have, the more power it takes to accelerate it. For a given amount of power you want to minimize the weight in order to maximize the acceleration.

The following table shows you the horsepower and weight for several high-performance cars (and one low-performance car for comparison). In the chart you can see the peak horsepower, the weight of the car, the power-to-weight ratio (horsepower divided by the weight), the number of seconds the car takes to accelerate from zero to 60 mph, and the price.

	
	Horsepower
	Weight (lbs)
	Power:Weight
	0-60 mph (sec)
	Price

	Dodge Viper
	450
	3,320
	0.136
	4.1
	$66,000

	Ferrari 355 F1
	375
	2,975
	0.126
	4.6
	$134,000

	Shelby Series 1
	320
	2,650
	0.121
	4.4
	$108,000

	Lotus Esprit V8
	350
	3,045
	0.115
	4.4
	$83,000

	Chevrolet Corvette
	345
	3,245
	0.106
	4.8
	$42,000

	Porsche Carrera
	300
	2,900
	0.103
	5.0
	$70,000

	Mitsubishi 3000GT twin-turbo
	320
	3,740
	0.086
	5.8
	$45,000

	Ford Escort
	110
	2,470
	0.045
	10.9
	$12,000


You can see a very definite correlation between the power-to-weight ratio and the 0-to-60 time -- in most cases, a higher ratio indicates a quicker car. Interestingly, there is less of a correlation between speed and price. The Viper actually looks like a pretty good value on this particular table!

If you want a fast car, you want a good power-to-weight ratio. You want lots of power and minimal weight. So the first place to start is by cleaning out your trunk.

Name: ____________________________________________________ Date: ___________________ Period: ________

How Horsepower Works

1. What is the definition of Horsepower?

2. Explain how Horsepower was originally determined.

3. List the Horsepower Conversions:

a. Watts =

b. BTU =

c. Joules =

d. Food Calories =

4. What is torque?

5. Describe how a dynamometer works.

6. What 2 things can you see from a car's horsepower curve?

7. What is the correlation between the power-to-weight ratio in performance cars?
8. Use your ipad and take the quiz at: http://auto.howstuffworks.com/what-has-more-horsepower-quiz.htm   Write down 7 comparisons that surprised you:

Name: ____________________________________________________ Date: ___________________ Period: ________

Horsepower Worksheet

Using the Formula: 
Force X Distance         Complete the worksheet

Time

1. Calculate how much horsepower is exerted by a Thoroughbred carrying a 125- lb jockey 8 furlongs in 1 minute, 30 seconds.


One furlong= 660 feet

2. Calculate how much horsepower is needed to raise 500 gallons of water 100 feet in one minute  Hint: 1gal water= 8.35 lbs.

3. Calculate how much horsepower is needed to move a 6000 pound elephant 300 feet in 10 minutes.

4. Calculate how much horsepower is needed to pull a 2000 pound trailer 2 miles in 15 minutes.  Hint one mile= 5280 feet
5. About how much horsepower would be needed for an engine to lift 650 lb. a distance of 500 feet in one minute?

6.  How heavy of an object could be moved 100 ft. in one minute using a 25 hp engine? 

7. How heavy of an object could be moved 100 ft. in one minute using a 50 hp engine? 

8. How far can a 1500 lb. object be moved in one minute using a 100 hp engine?

9. How far can a 1000 lb. object be moved in one minute using a 100 hp engine? 

10. How much horsepower is needed to move 2850 lbs. in 7 minutes?

[image: image5.png]1 HORSEPOWER

33,000 foot-pounds
per minute





Solving Horsepower Worksheet    Name:         





  
	Work= Force X Distance        Power= Work/Time 

d = distance (ft) 
F = force (lbs)     t = time (sec)  

p = power (ft-lbs/sec)  
Formula for power:   p = (F X d)  / t
1 horsepower (hp) =  550 ft-lbs/sec


Directions:

Step 1:  Solve the power formula for different variables 

Solve the formula for force. 
1. F=
Solve the formula for distance. 
2. d=
Solve the formula for time. 
3. t=
Step 2: Apply the formulas above using your small engines horsepower (show your work): 

Make and model of small engine:__________ My small engine has _______   horsepower. 
4. Use your engines’ horsepower to calculate how much total power it has. 


(Hint 1 hp=550 ft-lbs/sec)
5. How many pounds of force could your engine apply through a distance of 300 feet in 1 minute?   (Hint 60 sec = 1 min)

6. Say your engine applies 275 pounds of force in 4 minutes. Through what distance would it be applied? 
(Hint answer should be in feet.)
7. How much time would it take for your engine to apply a force of 625 pounds through a distance of 200 feet?
(Hint answer should be in seconds.)
	Work= Force X Distance        Power= Work/Time 

d = distance (ft) 
F = force (lbs)     t = time (sec)  

p = power (ft-lbs/sec)  
Formula for power:   p = (F X d)  / t
1 horsepower (hp) =  550 ft-lbs/sec


Step 3: Use the power formulas above to help you calculate the horsepower in the following scenarios (show your work): 

8. A tractor pulled a 1200 lb manure spreader 500 feet in 2min 30 seconds. How much horsepower would it be using?

9. In order to use all of its draw bar horsepower rating of 295, how heavy would the equipment have to be if pulled at 5mph? (Hint 5 mph= 7.5 feet per second)

10.  How much time should it take a 15 hp electric motor to lift a 500lb weight up 85 feet?

Name __________________________________________________  Date ___________________Period_____

Wattage & Horsepower Lab
Purpose:

In this lab, you will be determining your own personal wattage and horsepower. You will be doing this lab using metric units of kilograms, meters, and seconds, and then converting to the British units mentioned below. These units will give you your power in terms of the metric unit of Watts (W) first, which you will then convert to hp.

Testable Question:

What kind of wattage and horsepower can a student generate?

Discussion:

Work (W) can be done in many ways. The amount of time you take to do the work affects the power (P) necessary to do the work. The quicker you do work, the more power you need to do it. Power is the rate at which you do work, or.....


One of the useful ways of expressing power is in terms of  horsepower (hp). This unit came about historically as an expression of the amount of power necessary for a horse to move a  550 pound  load so as to move it at a speed of  1 foot/second . Horsepower is the British, or English unit for power.

                                     1 hp = 550 lb. x 1 ft.      or.....   1 hp = 550 ft. lb 
                                                                1 sec                                      sec

You can compare your power to the average lawnmower horsepower ( 1 and 1/2 hp) or to the average car horsepower (90 to 120 hp) or to a 100 watt light bulb (1/7th hp), or you can compare your power to the current Whitman High School record for student horsepower (1.3 hp), by using the conversion factor of…

1 hp = 746 Watts
Procedure:

In order to determine your horsepower, you will need to identify and measure several different things. First of all, you need to know the amount of work you will be doing to lift your body up a flight of stairs. The work you do is the product of the Force you use to lift your body times the Distance you lift your body. The force you use to lift your body is your weight, which should be in units of Newtons.

Record your weight in pounds here:  Weight:   _____________________  lbs.

Convert your weight in pounds to weight in newtons:  _______lbs. x  (4.45 newtons/lb) = __________ N
Now you will need to measure the distance over which you will be doing the work. You are lifting your body and doing work vertically against the force of gravity, so you need to measure the vertical height up which you lift your body. This can be accomplished by measuring the height of one of the stairs using meters as the measurement, and multiplying that height by the total number of stairs you climbed:

Height of one stair: _______ cm.         Height of one stair:  ______ m.        Number of stairs: _____

                Total vertical Distance of lift (number of stairs  x  height per stair) =  ______________ m.  

So the work you’ll be doing would be:     
              Work (J) = Weight (N) x  total vertical  Distance (m) = ______________ Nm (or Joules).

Now you’re ready to figure out your power. In order to do this you must determine how quickly you did the work of lifting your body. You and your lab partner will time each other while running as quickly as you can up the flight of stairs you have measured. Do this three different times each. Record your times here:

time 1: ___________secs.      time 2: ____________secs.       time 3: ___________secs
To figure out your power in Joules/sec or Watts ,  divide the work you did by the time it took you to do it:


Power 1: ________watts           Power 2: ________watts           Power 3: ________watts

The final step in figuring out your horsepower is to divide your  wattage  power by  746 watts/ hp. This final step will give you your Horsepower.

             hp 1: ________         hp 2: ________         hp 3: ________

So how do you rate? Can you light up a light bulb?   Mow a lawn?   Beat a car on a race track?      :) 

Do the research and find out the horsepower for the following common items. Be sure to include your source for your information.

	Object
	Wattage
	Horsepower
	Information Source

	Lawnmower
	
	
	

	Light bulb
	
	
	

	Microwave Oven
	
	
	

	Bayliner boat
	
	
	

	Toyota Prius
	
	
	


Name:_____________________________________   Date:________________  Period______                                       

   Engine Performance- Calculating Horsepower Lab
· Power is the rate at which work is done.  

· It is expressed in foot-pounds/second.  

· One horsepower is 550 foot-pounds/second.

· We are going to calculate your horsepower.

· We will mark out 100 feet.  You will time yourself running carrying a weight.  

· The weight I am carrying is______________.

· My time is ________________. 

1. First thing we need to do is figure out how much work was done.  The formula  we will use for work is 

       2.     Show your work and calculate how much work you did, use units.  

3.  Divide that by the time it took you to carry your load.  This gives you your _________________.  Show your work below, use units:

4. To translate your power to horsepower divide it by 550 (there are 550 foot-pounds/sec in 1hp).  Show your work below, use units.

5.  Who had the highest Horsepower in the class?

6. Who had the lowest?


7. What was the average HP for the girls?

8. What was the average HP for the boys?

9. What was the class average?

10. Enter the class data on the graph.
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Power = Work 


               time





Work = Force (or weight) x  Distance





Power  =        Work (J)


                       time (secs.)                                                    
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