Dyno Testing: An Explanation of Horsepower and Torque 

by Mike Petralia



Even though the main goal of modifying engines is to make our cars go faster, there’s a certain pleasure to be derived from just testing engines on the dyno. I’ve learned to appreciate dyno testing much more than I do road or track testing. That’s because in the dyno cell I can control and monitor things that would be out of my grasp in the outside world. Likewise, things like traction and road conditions can play a big part in how fast your car can go, but have no bearing in the outcome of a dyno test. So it’s just easier to try to find the most power possible on the dyno.
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Dynos are practically a requirement in the aftermarket today. Successful companies like Edelbrock have installed a few dynos in their R&D facilities to help design and optimize products in a test environment they can best control.
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Machine shops and engine builders also have dynos. Shown without an engine attached to it is Burbank Speed & Machine’s Stuska dyno in Burbank, California. The engine gets bolted to the rolling cart on the right and connects to the bell housing with a short driveshaft going into the impeller housing where torque is measured.
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On the right is the throttle where the operator begins his “dyno dance” by going Wide Open Throttle and then sweeping the “Brake Control” lever, (center). He modulates the water flow through the impeller housing with the “Load Valve” on the left. This controls the speed at which the engine can accelerate. 
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Burbank Speed & Machine relies on a DEPAC Data Acquisition system to record the results of the dyno test. The DEPAC box transmits all of its data to a PC for storage and read-outs.

The word “dyno” is actually slang commonly used to describe an engine dynamometer, which is a rather uncomplicated apparatus used to measure an engine’s torque output at the flywheel, among many other things. There are also wheel dynos (a.k.a. tire dynamometers or chassis dynos) that measure actual power output at the tires on a car and then estimate the power output at the crankshaft based on any number of factors. There are even “tow-dynos” that get hitched to a vehicle and are towed behind them while measuring power output under actual road conditions. I prefer testing on the engine dyno, as its results are hardly contingent upon things like road conditions, traction, torque converter and/or clutch slippage, etc. However, a chassis dyno is invariably much easier to get onto and in the long run, probably less expensive to test on as well.
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Since it’s difficult to watch the small displays on the data acquisition system, most dynos are equipped with some sort of “power scale”, either mechanical or digital, that the dyno operator watches to quickly see how the power curve is doing and when it begins to peak and nose over signaling the end of the test.

Funny Thing About Power
Did you know that an engine really does not make horsepower and a dyno doesn’t really measure horsepower either? The twisting force an engine makes is torque and that’s what the dyno measures. The data acquisition computer attached to the dyno then calculates horsepower from the observed torque. That’s because torque is the force that actually does all the work—turning what ever is behind the crankshaft in this case—and horsepower is the amount of work the torque provides over a period of time (measured in Revolutions Per Minute, a.k.a. RPM, in our case). 

The formula for calculating HP from TQ is: (TQ x RPM) / 5,252. It works for all engines, regardless of make or size. Interestingly, using this formula always gives you equal TQ and HP figures at exactly 5,252 rpm on every engine you test. That’s the way the math works out. In most dyno tests where power and torque are listed at 5,200 and 5,300 rpm, they’ll be very close, if not equal. That’s also the point where, in a dyno graph, you see horsepower cross over and begin to surpass torque. Also, it’s impossible for a test engine to make more TQ than HP above 5,252 rpm when using this formula. The math makes it so. Conversely, if you know horsepower output, you can calculate TQ from HP using the inverse of this formula: (HP x 5252) / RPM. But, there’s hardly ever a case where you’ll know HP without first knowing TQ, unless you’re using one of those computer simulation programs that estimate HP based on the speed or E.T. of you car. Thankfully, any dyno worth its water will perform all these calculations for you, so there’s little math involved on your behalf.
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Here’s an example of a strong 355cid Chevy small-block’s power curve. Look at the area around 5,200 rpm where you’ll see HP and TQ cross over. It’s that way in every dyno test because the math used to calculate HP from TQ makes it so.

Measuring Torque
Since torque is basically a twisting force; the guys who invented the first dyno had to figure out a way to measure the amount of twist an engine can provide. To do that, they turned to the most common substance on our planet: water. In a nutshell, when it’s bolted to the dyno, an engine works sort of like a big water pump designed to move lots of water, under little-to-no pressure. The crankshaft gets connected to an impeller that’s sealed inside a housing, which moves water in and out of a valved orifice. That housing is connected to a device that measures how much twisting force is being produced outside the impeller housing. Typically, the device of choice is what’s known as a “Strain Gauge” or “Force Transducer” or even sometimes called the “Load Cell.” These strain gauges are very simple little devices, and they do exactly what their name implies—they measure strain. Or, more precisely, the amount of strain the pump can induce upon a fixed device. The more pressure inside, the more the impeller’s housing will try to twist away from that force, causing the strain gauge to move, usually in the order of only a few thousandths of an inch. That movement is interpolated by the data acquisition computer as a TQ figure. The dyno must be precisely calibrated, and kept in top shape in order to work correctly and consistently. 
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Here’s the thing that measures the torque. It’s commonly called a “strain gauge,” a.k.a. “Force Transducer.” It basically gets pushed together and/or pulled apart; depending upon which direction the engine is rotating. The amount it moves is typically invisible to the naked eye, but it’s that small amount of movement that gets translated into torque by the data acquisition system.
	Is Your Dyno Calibrated?
Next time you plan to shell out a few hundred bucks for a dyno test, show them you know what you’re in for by asking when the last time they calibrated their dyno was. They might get pissed off and tell you to take a hike, but most likely, they’ll respect you for understanding their equipment and consider you a valued customer. Calibrating the dyno is not a complicated procedure, but many shops get lazy and don’t want to check it often enough. Calibration typically involves hanging a specific amount of weight off a bar attached to the impeller housing to simulate a load being produced inside the housing cavity. These weights will move the strain gauge a known distance, which is input into the computer as the standard measurement. From there, it’s easy for the computer to be quickly and correctly calibrated.
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Seen here from farther back, the strain gauge is attached to a long arm coming off the back of the dyno’s impeller housing. As the housing tries to rotate it pushes the arm up compressing the gauge. The movement at the gauge is very small, but enough for the computer to be very accurate.
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Calibrating the dyno involves hanging measured weights off a specific length bar connected to the pump housing on the dyno. The movement that load creates is input into the computer and the dyno is calibrated from there.



Correcting the Issues
To keep things equal around the world when we dyno test an engine, all dynos usually employ some sort of correction factors. These factors are mathematical calculations that “equalize” the test data for comparison on any day, and in any part of the world. Since engines breathe air and make power from it, an engine tested a sea level in Los Angeles will always make more power than if the same engine were tested at high altitude somewhere like in Denver. The higher altitude has less oxygen and a typically lower barometric pressure; consequently, in Denver the engine gets less air to make power with. Things like altitude, temperature, humidity, and barometric pressure, (a.k.a. “baro”) all have an effect on how much power your engine can make. But it’s important for someone in New York to know that his test results can be compared to someone in California. 

That’s why the SAE (Society of Automotive Engineers) came up with standard factors that “correct” any dyno results to data collected elsewhere. The correction factors also help keep results comparable from morning to noon to night during a long thrash in the dyno cell. In other words, if I tested an engine in Louisiana on a hot, humid summer day with a storm rolling in off the Gulf coast, the barometer might drop as temperature and humidity rise during the day. Any of these items alone would rob power from an engine, but by “correcting” the data to standard figures for temp, baro, and humidity; I can keep all my results within comparison. So when you see dyno figures listed somewhere, it’s important to note if they’re “Corrected” or “Observed,” which would be the actual figures as measured on the dyno.
 
This is also something that makes dyno testing confusing, because the correction factors are very easy to manipulate. And any savvy dyno operator can produce a higher power output from an engine simply by tweaking the correction factors. While I don’t personally know of any shops that do this, it’s still a good idea for you to understand all this and ask to see the correction factors being used on the day you test. It’s also interesting to look at and compare uncorrected data to tell if something is awry. Sometimes the corrected figures can be lower than the observed figures, but that’s rare. 

What Can the Dyno Tell You
Besides the obvious TQ and HP, the dyno is a very useful tool in recognizing performance trends for a particular part or even a whole engine, as well as a simple means to break-in a new engine before dropping it into a car. 

Something all dyno operators learn over time are the “trends” that certain parts share. If a guy brings his engine to a shop for dyno testing and has a monster 1,200 cfm race-prepped carb sitting on top of his 9:1 347-inch small-block, a sharp dyno operator typically lets him run the engine first with his carb, then offer to loan him one of the shop’s better-suited carbs, say a 750 cfm carb, and show how much better the engine might work with it. 
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A bolt-on is: “Any part or product you can install on the engine with it still in the car.” At least in my opinion. The Holley HP carb counts as one.

Now, if his customer is smart, and doesn’t have an ego bigger than that carb he brought with him, the dyno operator will be his hero and he’ll have a very happy customer because he knows the “trends” that some parts will follow. While, it’s for sure that you can make a carb that big work on a 347 ci engine, it takes a lot of pre-thought and definitely the right combination to do it. That’s why the dyno operator let’s him try it first—because he doesn’t know if this guy’s done his homework, or has just seen too many Dominator carbs on small-blocks at the car shows. 

Also, another way the dyno operator can take advantage of a trend and help his customer out is by suggesting that he try another combination inside the engine. Maybe a new cam or different ratio rocker arms will work better, and some dyno shops have inventory that you can borrow for your test, or at least rent for a few extra bucks. Then, if you really want to be good to them, if the part works, you can offer to buy it directly from the shop giving them the chance to make some cash on it. Believe me, this will make friends fast.
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Since fuel is something you pour into the engine, essentially you “install” it; I consider fuels a bolt on for performance too.

Throwing Parts at It
My experience on the dyno has taught me that if you just throw parts at an engine without doing any research first, your engine will probably suck. One of my earliest engine tests involved a big-block that I bet could make 600 hp with two plug wires removed. It didn’t. In fact, it could barely squeeze out 400 hp. After a tiresome day of head scratching, one of the regulars who often hung out at the dyno shop asked me about my engine’s displacement. Even though this was a big-block, it was a very small displacement big-block at only 402 ci. At the time, the dyno shop only had big-block headers with 2-1/8-inch primaries and 4.0-inch collectors, and I didn’t bring my own. My engine also ran a worked-over single plane intake manifold and it was suggested that we first swap on a set of 1-3/4-inch headers and try a good dual-plane intake manifold instead. 

I felt strongly that the single plane intake manifold was correct for this engine, but agreed to swap the headers, although I wanted to try a 2-inch primary tube instead. He reassured me that my pipes were way too big and even called the folks at a local header company to get a set of their 1-3/4-inch tubes with 3-inch collectors. I resentfully bolted them on and gained over 30 lb-ft of torque! And, as I explained earlier, torque = horsepower, so the gains in power across the board were staggering. Right away I swallowed any last ounce of pride and bolted on the dual plane intake manifold as quickly as I could. Whammo, another huge increase (over 25 extra peak hp and as much as 20 ft-lbs more TQ)! 

After another day spent re-tuning the engine for its new components, I finished the session making almost 480 hp, and I started out making less than 400 hp. Still a far cry away from the 600 hp I’d been expecting, but those three days on the dyno taught me a lesson that I needed to learn again and again. I needed to pay closer attention to the experts that had already learned such lessons, and to what I already know. I have gone through many years and literally thousands of dyno pulls, and I still learn something every time I test. Now, I have a tendency to be too conservative in many of my parts selections, only to find more power when I bolt on slightly bigger parts. It’s come full circle and I’m moving towards the bigger and better parts as I build 400-ci small-blocks that produce over 600 hp now!

The Costs of Dyno Testing
How much did you spend on the last television you bought? I bet it was more than you are willing to pay for one dyno test session. But, let me phrase the question a different way. How much would you pay to add 40 hp to your engine before you even bolted anything into the car? As I’ve seen countless times when I visit dyno shops, there’s almost always power to be found. And the only way to find it is by testing. Most dyno shops charge a flat rate for a whole day of testing. And they’re usually willing to work very hard to get you the most power possible. But, you have to remember that these guys work for a living and might have families they want to get home to. So come to your dyno day prepared. Bring all the parts you might need to run the best. Expendables like extra spark plugs, motor oil, filters, spare plug wires, gaskets, and gasoline are all things you should consider bringing or at least, buying from the dyno shop. Also be prepared to bring some extra hard parts like different ratio rocker rams, a different carb, and maybe even a different intake manifold. You probably know someone who can loan all those parts to you just for the test, so it won’t cost you much to bring them.
[image: image12.jpg]



Chassis dynos are the big brothers of engine dynos. After strapping your car onto one you’ll get actual power figures on the ground, plus a computer estimated power output at the flywheel. They’re also easier to test on because you don’t have to remove your engine from the car for it.
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Another cool twist on the chassis dyno is the Dynapack system where the car’s axels, either front or rear, get bolted directly to the dyno absorption units, as shown here at Borla’s exhaust testing facility. This system eliminates tire noise, which, until you’ve heard it, you wouldn’t believe how loud it can be. And it eliminates any tire slippage, which can be a pain on the chassis dyno.

Different Facilities Mean Different Power
Since dyno shops are not built to any worldwide standard of specifications, there’s not a lot of consistency among them. Many times, if you were to take the same engine and visit three different dyno shops, you’d probably get three different power figures. None of which are wrong, and most likely, only one will be the highest, but you can’t count on any of them being the same. The reasons for this are many. Typically, one big reason for power discrepancies is how the exhaust air gets out of the room and how fresh air gets in to replace it. Look for shops that have the capabilities of exhausting huge amounts of air out of their dyno cells. Around 6 to 7 times a minute is the MINIMUM you want to see the air changed in that cell. Also look for shops that you can use your own headers and exhaust system to give you figures closer to what you’d see in your car. Lots of dynos won’t fit standard car mufflers, so you might have to exclude them from your test. But, the right mufflers can typically add power, not take it away from a street engine. Testing at different facilities is kind of like stepping on the bathroom scale at your mother’s house. It may read different than the scale in your house. But you still weigh the same no matter what the scale says.
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Dyno operators, like Jake Harriston at Speed-O-Motive in West Covina, California, works very hard to make the most power possible for you. Listen to them. Their years of experience usually have you and your buddy’s ideas beat by a long shot.
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Different dyno shops produce different power figures regardless of correction factors. That’s because there’s many other factors that affect engine power. This is Vrbancic Brother’s DTS dyno, which has been a staple of reliability for me in the past.
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Running the dyno is typically a one-man show, but there are times when another set of eyes, ears, and hands, like Steve and Tom at Westech, are needed to install/fix/observe and/or program things.
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A sign of a good dyno facility that you want to spend your money in is cleanliness. Superflow’s facility in Colorado Springs, Colorado, has four dyno cells, but they’re kept so clean you could never tell they test engines in there. COMP Cams facility in Memphis, Tennessee, includes two Spintrons in the left cells and a Superflow 901 dyno in the right cell. 
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Bolt-ons should be simple things, not requiring much more than a basic tool kit. This is my Matco race-track/dyno toolbox that has just about everything I need to do any bolt-on. The only thing it’s missing is a timing light, because it won’t fit. But luckily, my light has its own carrying case.
	SPINTRON: The Engine Dyno’s First Cousin
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The Spintron is simply an engine that doesn’t run by itself. It’s hooked up to a variable-speed electric motor that turns it instead. The fixture can be used to test virtually any part in a running engine, even though the engine’s not running at all. Valvetrain development has benefited tremendously from Spintron testing as well as oiling systems, pistons and cranks, and even cylinder heads.

The Spintron is a very cool machine. It’s also very expensive and specific to just certain types of testing. But it’s one of the coolest engine development tools ever invented. I don’t recommend you go out and try to find a shop with a Spintron to test your engine on, because they would probably charge you a fortune. And since you’re not necessarily trying to develop new products for your engine—you’re mostly interested in bolting on products that already work—the Spintron is not a fixture you should worry about testing on. But the big manufacturers use it extensively and products developed on the Spintron are some of the reasons we can bolt together a 600 hp small-block today with nothing but off-the-shelf parts. 
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The Spintron uses even more sophisticated data acquisition equipment than the dyno. This is just one of the test stations for COMP Cam’s two Spintrons.

The Spintron is a real engine using real parts that doesn’t run under its own power. It has no ignition or combustion, and therefore does not burn any fuel. Instead, to get its rotational force when it’s hooked up to another engine, usually a powerful, variable-speed, electric motor, whose sole purpose is to drive the test engine. The Spintron’s biggest use has been in valvetrain development. But it can also be used to test oiling systems, intake manifolds, cylinder heads, cranks, connecting rods, pistons, and just about anything else that moves around in the engine. The biggest advancements in valvetrain technology today have come from the Spintron coupled with some ultra high-speed photography. When the Spintron winds up and is humming along at 9,000+ rpm with the camera firing a few thousand frames each second, you get some pretty cool looking movies of things like pushrods resembling Hula Dancers, and valve spring retainers that seem to “float” on the tip of the valve because the valve springs are “oscillating” beneath them. 

Before the Spintron, it had only been theorized that things like straight pushrods could turn into S shapes, and then return to straight again, given the loads put upon them. And, although it’s known that any metal wire spring has its own “frequency” at which it will begin to bounce around all upon its own, without the Spintron we could’ve never seen it happening live and in color. While most of the Spintron’s usage is directed at high-end racing development, there are lots of parts out there today that had their beginnings on this useful machine.
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COMP Cams has invested heavily in their R&D program and their results prove the effort worthwhile. Here’s a shot of one of COMP’s Spintrons loaded up with a short block assembly to test piston speed and motion using various sensors and ultra-high-speed photography.
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This printout of COMP’s valve spring test performed on the Spintron gives you an idea of how much data can be learned from just one test. Check out how the valve harmonics begin to set in at 7,000 rpm. It’s high tech stuff like this that’s allowed so many advances in technology and power today more than ever before. 


