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Foreword


In 1986, Uli Schoberer, a German engineering student and cyclist, invented the mobile cycling power meter—the Schoberer Rad Messtechnik, or SRM. Up until that time most cyclists relied almost exclusively on perceived exertion to gauge intensity during a ride. A few riders in the 1980s were also using heart rate monitors—another new invention that was only about ten years old. But the problem with heart rate was its slow response during short accelerations, which are common in cycling, and being affected by variables such as weather, mental stress, and diet. By the 1990s the SRM was growing in use among professional cyclists. But as they were more expensive than most bikes at the time there were few in use outside of the pro peloton. It wasn’t until the early 2000s as prices came down that power meters were widely adopted by serious recreational riders in a wide range of cycling sports.


Up until the invention and widespread use of the power meter, cycling was perhaps the least scientific of all endurance sports. While swimmers and runners in the 1970s and 1980s were taking tiny blood samples at the pool or track to determine changes in lactate levels at various paces, serious cyclists were primarily focused on volume—miles, kilometers, and hours. Weekly saddle time was the gold standard for determining progress. Why not speed? Wind, hills, and drafting made miles or kilometers per hour practically useless on the road.


Then along came the SRM and things began to change, albeit slowly. Now there are several companies making bicycle power meters and the prices have come down considerably since the 1990s. Road cyclists, mountain bikers, triathletes, track racers, and other riders at all levels of performance have found them to be a great way to measure training progress. Cycling has gone from one of the least scientific endurance sports to arguably the most scientific because of the power meter. Non-cycling sports such as rowing, competitive sailing, running, and others now are starting to use power meters.


I finally got my hands on a power meter in 1995. It was a loaner from SRM. As a poor coach I couldn’t afford to buy one. Uli was very kind to let me use it for three months. At the time I was writing my first book—The Cyclist’s Training Bible—and wanted to include something on this new technology. I wrote one page in the book on what I had learned about training and racing with power. As far as I know this was the first-ever description of how to train with a power meter. There wasn’t much to say because I didn’t know much.


In 1998 I got my second power meter. It was a prototype from a new start-up company called PowerTap. Instead of being in the chainring spider as with the SRM, PowerTap’s strain gauges were in the rear hub. The price was now much more manageable. I’ve been training and racing with power ever since.


By 1999 I was starting to understand quite a bit about how to use a power meter, or at least I thought so at the time. So that year I wrote a 32-page booklet called Training with Power. I would certainly not call it the definitive guide on how to train with power. It was just a small step in the right direction.


In 2006 Hunter Allen and Andy Coggan, PhD, released their first edition of Training and Racing with a Power Meter. From one page to a book—my how things had changed in only ten years. They introduced then what has become the most widely accepted methodology for using a power meter in cycling. From my oversimplified single page on the topic in the mid-1990s they had come up with a system that revolutionized training and set a standard for other sports to aim for. And the amazing thing is that they are still innovating and changing how the world of cycling trains and races.


What you have here in your hands is the most complete and advanced book on power-based training ever written. It’s amazing to think that so much about how we ride a bike and prepare to race could come from a single data point—what your wattage is right now as you ride. My single page on the topic in the mid-1990s went no further than that. Coggan and Allen—along with Stephen McGregor, PhD—have taken that jewel of data and turned it into a unique training method that continues to evolve while revolutionizing how we train. Other endurance sports are observing and adopting what is so thoroughly explained in the following pages. Coggan, Allen, and McGregor are changing the world of competitive training.


On a more personal level, your training and racing will also improve as you come to understand and adopt the methodologies they describe in the following pages. It won’t be easy. Change never is. But if, like most serious athletes, you are always seeking more effective ways to raise your level of performance, then this book, used along with your power meter, will provide the guidance and direction you need.


—Joe Friel


Coach, Author, and Co-Founder of TrainingPeaks




Acknowledgments


We would like to thank the many people who helped this third edition become a reality. First and foremost, we’d like to thank our respective spouses, Kate and Angie. Without their support and help on the home front this book would still be on the drawing board. Our parents deserve a big thank you as well for supporting our dreams and beyond.


Many thanks to Kevin Williams, Tim Cusick, Gear Fisher, Dirk Friel, and Ben Pryhoda, who all played a large role in the creation and support of the TrainingPeaks WKO software, which really started it all for us.


Thanks to all the power-meter manufacturers for their help and support. We continue to be grateful for further development and innovation in the power-meter world.


A huge round of applause goes out to Sam Callan and Kevin Dessert, who inspired us and supported us from the beginning with power certification courses at USA Cycling along with helping to educate so many cycling coaches. Thanks to the members of the various wattage forums for their support as well—we continue to be humbled by the outreach and support of the various groups and members. Thanks to Rich Strauss and Patrick McCrann for their input on using power meters in triathlon. Charles Howe deserves a great big thank you for all of his work on the “FAQ for Power-Based Training” and for allowing us to use the Variability Index. A big thanks to Sherman Cravens for his tireless help with training plans, and to Rachel Zambrano for contributing tons of work on the running and swimming workouts, and to Dr. Chris Myers for his dedication and loyalty to PCG and willingness to always lend a hand.


Thanks for Steve Karpik, Gavin Atkins, Jeremiah Bishop, Dean Golich, James Mattis, Frank Overton, Pam Maino, Sam Krieg, Dave Jordaan, Dave Harris, Dr. Dennis Ryll, Dr. Sami Srour, Joey D’Antoni, Jeff Labauve, Dr. Jim Martin, John Verheul, Bill Black, Dr. Dave Martin, Dr. Debbie Preller, Bernie Sanders, Reynaldo Brito, Alvaro Pacheco, and Gawie Combrinck, who kindly let us incorporate some of their power data into our analyses.


Thanks to everyone who helped us along the way—from those who supported us in the feed zones of races, to those who challenged us in the lab, to those who helped us develop new ways of implementing our training ideas and theories. Without a doubt, this book is the sum of many contributions and we thank all of our friends.


Finally, thanks to the team at VeloPress, especially Renee Jardine, who has been with us on this journey since the beginning. Thanks also to Kara Mannix, Sarah Gorecki, and Dave Trendler. They truly work behind the scenes in the production and promotion of every book and deserve a very big thank you!


—Hunter Allen & Andy Coggan, PhD


I am a very fortunate individual in that essentially all aspects of my life involve things I love to do: sports, science, coaching, and teaching. As a professor, every day I get to teach about and research the science of performance. As a coach, I get to work with great athletes and use science to coach them to perform their best. I truly am blessed. Over the past thirty years, the path of my life has allowed me to do what really makes me happy.


Much of the success I’ve had in these pursuits is owed to my two coauthors. First, Dr. Coggan (Andy) has served as a professional mentor and scientific sounding board for many years. Several of the ideas Andy developed served as inspiration for ideas that I pursued in the realm of performance quantification and modeling. He has always been encouraging and inspirational. I feel very fortunate to now be collaborating with that notable scientist whom I admired as a graduate student many years ago.


I am equally indebted to my other coauthor, Hunter Allen, as he has contributed greatly to my professional success and has also served as a coaching mentor and friend. By working with his Peaks group, I was able to focus on the “fun stuff”—coaching, which resulted in greater success than I could have achieved individually. I’ve now been working with Hunter for almost fifteen years and I can’t imagine having the success I’ve had as a coach without him.


When Andy and Hunter produced Cyclingpeaks (which later came to be known as WKO), using a power meter for cycling literally came out of the dark ages. For those of us trying to decipher power-meter data beforehand, it was a revelation. So, with that being said, I am immensely grateful to my two coauthors for allowing me to contribute to this edition of the book in my small way.


Finally, and most importantly, I would like to thank my lovely wife, Christy, for everything she does for me. I would not be successful without her and wouldn’t know what to do with that success anyway. I am also very grateful for the two joys of my life, Liam and Cameron, who are both growing up way too fast. I wish they could slow down, so I could enjoy them as children just a bit longer.


—Stephen McGregor, PhD




Introduction


Believe it or not, the first power meters, or ergometers, appeared in the late 1800s. These were essentially stationary bikes that allowed researchers to determine power, but they were not practical for everyday use and certainly not portable. Only in the last few decades have key technological advances made power meters portable, cheaper, and ultimately accessible to cyclists at all levels of the sport.


What was once a secret closely guarded by top coaches and a few select, elite athletes is now considered essential equipment. Power-meter data is a focal point in race coverage, so even cycling fans are increasingly familiar with the wattage output of standout riders and the analysis of their data. Social media platforms that allow riders to share the data from their rides and tout their power-to-weight ratio like a badge of honor can also be credited with bringing power to the masses.


Because power meters and the software that supports them have become far more accessible, both in price and in practice, there’s never been a better time to incorporate power into your training. We want to demystify the power meter so you can tap into cycling’s best technology and achieve peak performance in your training and racing.


HOW WE GOT OUR START


Andrew Coggan, PhD, an exercise physiologist, first began working with ergometers in the early 1980s in his exercise physiology lab. Creating testing protocols that used specific workloads (wattage), he learned how carbohydrates work in the body and how blood lactate levels affect an athlete’s performance. He eventually wrote numerous scientific papers relating to the subject. A talented cyclist himself, Andrew often took advantage of indoor ergometers to improve his own training and racing—with great success. With the introduction of a less-expensive mobile power meter in the mid-to-late 1990s, he began to collect even more data while racing and training outdoors. From what he had learned in the lab, he knew that this tool would benefit cyclists training in the “real world” by quantifying the demands of racing, by improving pacing, and even by tracking fitness changes. Soon, however, it became clear that this tool would provide many cyclists with more information than they could handle. Andrew set out to create a schema for training with a power meter and began teaching the coaches at USA Cycling how to use it. You’ll find a lot of this information in Training and Racing with a Power Meter. For these educational efforts, in 2006 he received USA Cycling’s Sport Science Award and was among three finalists for the US Olympic Committee’s Doc Councilman Award.


Hunter Allen, a former professional cyclist, elite-level cycling coach, and the owner of the Peaks Coaching Group, began coaching endurance athletes in 1995. He worked with several athletes who were early adopters of power meters in the late 1990s. As their questions about training with power multiplied, he committed to exploring the technology further. In 2003, Hunter Allen, Andrew Coggan, and Kevin Williams developed TrainingPeaks WKO Software, a valuable program that helps athletes analyze workouts, compare race data, and track progress. Although he is no longer one of the owners of TrainingPeaks, Hunter is now known as one of the world’s experts in training and coaching with a power meter, having analyzed thousands of power-meter files and successfully coached hundreds of athletes using power meters. Hunter has traveled to over 20 countries and taught the principles of power training to over 5,000 coaches and athletes, along with authoring numerous articles on the subject. Hunter, as the technical coach to the USA BMX Olympic team in 2008, brought power-meter training to the BMX world and has coached multiple world and national champions as well as elite riders in the Olympics, Tour de France, and Ironman® world championships.


Stephen McGregor, PhD, also an early adopter of power-meter technology, is director of the Applied Physiology Laboratory and the Sport Performance Technology Laboratory at Eastern Michigan University. Since 2005, he has been a USA Cycling instructor responsible for teaching coaches about physiology, general training, and power training. Since 2013, he has served as co-lead instructor for the USA Cycling Level 1 Elite coaching certification. He is the co-author of The Runner’s Edge ebook, in which he developed the run Training Stress Score (rTSS) and normalized graded pace (NGP). Stephen also coaches for Peaks Coaching Group, guiding multiple athletes to national and world championships in road cycling as well as Olympians in various disciplines. In 2016 he was the recipient of an Order of Ikkos medal as the coach of an Olympic medalist in track cycling. His own experience, first as an elite cyclist and more recently as a masters-level athlete, helps him keep the science and data analysis grounded in the day-to-day concerns of training and racing. He tells athletes: “When it’s all said and done, the science doesn’t matter if it doesn’t help you go faster!”


HOW YOU CAN GET STARTED


For a cyclist who wants to reach a new threshold of achievement, a power meter is an invaluable tool. It can help you uncover hidden areas of weakness that never would have come to light through the use of a heart rate monitor or simple cyclometer. Capturing a second-by-second diary of your ride that you can later download and analyze, a power meter is a data goldmine.


Far from being just another gadget on your bike, the power meter can help you track your improvements over any period of time. Would you like to compare this week’s hill repeats to last week’s? How does your best 20-minute effort from this year compare to your best 20 minutes from two years ago? How has your average cadence changed over the past three years? With a power meter and a few clicks of the mouse, you will have the answers to these questions and so many more. What you learn could very well be the difference between a mediocre season and a successful one.


Training and Racing with a Power Meter will show you how to mine the data for better performance. Chapter 1 explains how using a power meter will impact your training. Chapter 2 delves into how the equipment works and how different software interprets the data. Chapter 3 will teach you how to find your functional threshold power and further individualize your training levels. Learn how to use a power meter to identify your strengths and weaknesses as a cyclist in Chapter 4. You’ll find some sample workouts in Chapter 5, all of which are based on wattage—time trials, hill climbs, interval training, and so on. These workouts target the goals of the power-based training levels.


Chapter 6 is where you will begin to interpret the data from your rides. Sample graphs illustrate the important concepts that you can explore using your power-meter software. Normalized Power, Intensity Factor, and Training Stress Score are explained in Chapter 7, allowing you to dive deeper into the data. Chapter 8 covers the numerous advances, new concepts, and tools developed since the previous edition was published, including concepts like functional reserve capacity and stamina. The real value of these concepts comes to light in Chapter 9 as we explore the process of using the data to create and time peak fitness.


Although the focus of this book is not on training, Chapter 10 presents four case studies on training with power. Each case study contains a fully developed training plan that you can use or adapt for your own training. You will see how the workout menu in the Appendix can be used in your own training, and you will get a better understanding of how to develop your Power Profile and build fatigue resistance specifically where you need it most.


Chapter 11 explains what the data will mean over a longer period of time. For example, you can use the power-meter data to track long-term changes or compare races from year to year. Again, we’ll give you concrete examples of how you can use your power-meter software to reach your goals.


Triathletes benefit tremendously from power meters and the insight they provide into effective pacing. Chapter 12 explains how to train properly for both long- and short-distance events and also includes some key racing advice.


Chapter 13 takes a closer look at how to use the power meter to reach your peak performance in racing. Chapter 14 discusses other cycling disciplines and how to effectively use a power meter in cyclocross, track, and ultra-endurance events. Finally, the epilogue summarizes the important steps in putting it all together.


In the Appendix, you’ll find more than 100 sample workouts sorted according to training level. These are just a starting point. After reading this book and figuring out your own Power Profile and Power Duration Curve, you’ll undoubtedly want to build a few workouts of your own.


There is a lot of terminology and technical jargon in this book. If you are anything like us, you’ll love it. For the moments when you can’t keep the terminology straight, use the Abbreviations (pp. xv–xvi) or the Glossary (p. 351) to sort it out.


Again, this book is not a training manual—it will not explain the nuances of peaking or go into the details of exercise physiology. There are many great books that go over these concepts in depth. Our goal is to teach cyclists at every level of ability that training and racing with a power meter is not hard to do. You do not need a PhD in exercise physiology to understand what the data mean. Furthermore, you do not have to be an elite racer to benefit from the technology the power meter offers. If you are a cyclist with an interest in improving your performance, this book is for you, whether you have a power meter already or you are just considering purchasing one. Any athlete can benefit from being challenged to think critically about training and will come to a better understanding of the essential components that comprise peak performance.




Abbreviations






	AEPF


	average effective pedal force






	AT


	anaerobic threshold






	ATL


	Acute Training Load






	ATP


	adenosine triphosphate






	bpm


	beats per minute






	C


	cadence






	Cat. I, Cat. II, etc.


	Category I, Category II, etc.






	CdA


	cyclist’s aerodynamic drag






	CP


	critical power






	CPV


	circumferential pedal velocity






	Crr


	cyclist’s rolling resistance






	CTL


	Chronic Training Load






	CX


	cyclocross






	FRC


	functional reserve capacity






	FTHR


	functional threshold heart rate






	FTp


	functional threshold pace






	FTP


	functional threshold power






	IF


	Intensity Factor






	J


	joule






	kJ


	kilojoule






	LT


	lactate threshold






	m/s


	meters per second






	MAOD


	maximal accumulated O2 deficit






	mFTP


	modeled FTP






	MLSS


	maximal lactate steady state






	MMP


	Mean Maximal Power






	MTB


	mountain bike






	NP


	Normalized Power






	OBLA


	onset of blood lactate accumulation






	PCr


	phosphate creatine






	PDC


	Power Duration Curve






	Pmax


	max power






	PMC


	Performance Manager Chart






	Ppeak


	peak power






	RM


	repetition maximum






	RPE


	rate of perceived exertion






	rTSS


	running Training Stress Score






	SX


	Super Cross






	TRIMP


	training impulse






	TSB


	Training Stress Balance






	TSS


	Training Stress Score






	TTE


	time to exhaustion






	TT


	time trial






	VI


	Variability Index






	W/kg


	watts per kilogram
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Why Train with Power?


POWER METERS HAVE COME TO BE virtually as ubiquitous on bicycles as clincher tires. At bike races and triathlons, in bike shops, in cycling magazines, on the internet, in velodromes, and anywhere else cyclists and multisport athletes gather, the power meter has become the topic that everyone wants to discuss. The consensus is the same: For cyclists, training with power is a critical part of reaching the next level of performance.


In our work in coaching and exercise physiology, we have seen the benefits of training with a power meter firsthand. Simply put, the power meter allows you to quantitatively track your fitness changes, more easily define your weaknesses, and then refocus your training based on those weak areas. Whether you want to take your riding to a new level or fine-tune your training program, what you can learn from your power meter is the impetus for change.


Even experienced riders are likely to benefit from a power meter. Hunter’s experience coaching riders with decades of cycling in their legs proves this to be true. Phil Whitman, a masters 60+ rider, was hesitant to adopt the power meter, thinking that after more than 30 years of training he’d be unlikely to see further improvements, but on Hunter’s urging he gave it a try.


“I have seen all the little ‘gadgets’ that have promised improvement, and most have come and gone,” Phil said. “However, using a power meter really helped me focus my training for specific intervals, pacing in breakaways, and also in time trials. Plus it’s been exciting to actually see my progress in quantitative form for the first time in 30 years of racing.”


By installing a power meter on your bicycle, you will gain access to more data than you can imagine. However, the benefits accrue only when you know what to do with all that data and how to interpret it. Many power-meter users find all of the graphs and data from their rides daunting at first. That is why we devoted a significant portion of this book to explaining how to extract the information necessary to focus your training and track improvements. You also will need to understand how to implement wattage-based workouts in your training regimen and when and how to make adjustments to your training. With some simple strategies your power meter will go from being a pricey upgrade to an invaluable tool for improving your riding.


Knowing how to use power-meter technology properly facilitates real advantages in the following areas:





       •  Self-Assessment: A power meter supplies a great deal of information about your ride, and these data will enable you to identify your strengths and weaknesses.


       •  Collaboration: Share detailed information with your coach and teammates in a way that enables everyone to work together more efficiently.


       •  Focused Training: The data, along with good coaching and teamwork, allows you to better identify appropriate training goals and methods.


       •  Peak Performance: With accurate information, improved collaboration, and smarter training, you will be positioned to do your best in cycling.


As you can see, these four areas overlap and build on each other. Without the data that the power meter provides, conducting an analysis of your ride, communicating with your coach and teammates, and developing a training plan will involve plenty of guesswork. When the data becomes the baseline, you can move to a whole new level in all these areas.


However, let the old-timers be warned: If you are unwilling to change the way you train, then training with a power meter might not be for you. This method will take some time and effort on your part, but if you are serious about training and going faster, then a power meter will help you reach your peak performance. Let’s take a closer look at how this happens.


ACCURATE SELF-ASSESSMENT


Record Your Effort


Power meters record massive amounts of data that you can download after your ride. Armed with a second-by-second diary of your ride, you will be able to see exactly how strong you were as you stomped up that hill, whether you should have fueled better along the way, whether you had the right gearing when you hit that wall 50 miles into the ride, and so on.


A power meter records your effort from both a cardiovascular viewpoint (heart rate) and a muscular viewpoint (watts). The watts that you are able to produce are what drive the bicycle forward. Your heart rate is your body’s response to the pressure you are exerting on the pedals, and by being able to quantify the exact training dose, you will be able to better understand all the other aspects of your training and racing. You will know exactly how much time you’ve spent in your wattage training zone while riding. You will be able to highlight the areas of your ride where you need the most practice, concentrating, for example, on intervals, hills, sprints, or attacks during a race. By reviewing your data after the ride is over, you will know with certainty whether you completed your training goals or need to revise your training methods.


Add Meaning to Heart Rate Monitoring


A heart rate monitor does not tell you how much you are improving on your bicycle; it just tells you how fast your heart is pumping. Heart rate is affected by many factors, most of which have little to do with performance. Relying solely on a heart rate monitor can even lead you to false conclusions about your fitness level or performance, and undermine your confidence.


Hydration, environment, body temperature, sleep, stress, and other factors all affect heart rate. There are times in training and competing when you might be better off not knowing your heart rate, and instead go on your “perceived exertion.” Although heart rate monitors can be valid and useful tools, heart rate is just one piece of the puzzle. How fast your heart is beating is a response to a stimulus, whether that stimulus is a bear chasing you through the woods, the pressure of an important presentation at work, or your effort in pushing harder on the pedals in an attempt to latch on to the tail end of the winning breakaway. Think of your heart rate as being similar to the rpm dial (tachometer) in your car. The more you step on the gas pedal, the higher the rpms go. Hunter often describes heart rate as the “intensity of your intention,” a readout of how hard you are trying. The harder you try, the higher your heart rate will be.


On the other hand, a power meter measures your true rate of work (power), that is, how hard you are pushing on the pedals. Power can quantify the amount of horsepower your car engine uses to cruise at 60 mph. On your bike, you are the engine and a power meter tells you how much power you are exerting in the form of watts. By comparing your heart rate response with the power output, you may find there are days when your heart rate is telling you to slow down, but your power meter is telling you to speed up because you are not making those muscles work hard enough to really create a training stimulus. Your heart is a muscle, just like any other muscle in the body, and it gets tired, too. This means that if, for example, you’ve been training hard for seven days, your heart rate may be lower than normal for a given wattage while you are riding. If your heart rate is normally 165 beats per minute (bpm) when you are riding at 280 watts, then after seven days of hard training it may only be 158 bpm at 280 watts because of your fatigue. Heart rate data alone might suggest that you back off of intense training on that day, but it’s highly probable that you would still be able to do the same amount of watts, or nearly the same amount, as when you were fresh at the beginning of the block. Wattage is the key to knowing when you truly need a rest day.


Track Fitness Changes


The ability to readily track changes in performance is one of the most exciting reasons to train with a power meter: Over time, you will know with certainty whether your fitness is improving and by exactly how much. Is all this hard work really worth it? Are you really getting faster? Will doing all those doggone intervals really help you get over that last hill in the Tuesday-night group ride with the leaders?


Download your information directly after your ride and you will see the differences between today’s effort and the same ride last week, and the week before, and so on. Since your fitness changes continually, and you will have different strengths and weaknesses from one month to the next, it’s essential to track your progress toward the bigger-picture season goals. Power data reveals the status of your lactate threshold and aerobic capacity, and if they aren’t improving, you can make the appropriate changes to your training regime. You will be able to look back on previous data and see how long it has taken for you to achieve a new level of fitness, which will enable you to set realistic goals. On the other side of the coin, it is also important to know when to rest and recover. Power meters play an important role in avoiding overtraining. By tracking the overall training stress, using a method such as Training Stress Score (TSS), you will be able to make more accurate decisions about your training load.


Analyze Your Race


Use your power meter to gain an objective view of your race performance. The data allows you to examine the demands of the racecourse and your execution. In fact, the best data will often come from races where the competition drives you to go harder than you would in routine training.


Sometimes the most interesting data will come from a race in which you got dropped. You can review the power-meter file, much in the same way that a football coach would review a videotape of a game, to see what changes are necessary to avoid similar problems in the future. During a very hard stage in the Gila Stage Race, for example, one of Hunter’s athletes was dropped on a particularly difficult part of the climb. In reviewing the post-race data, Hunter was able to pinpoint other races in which the athlete had been dropped from the lead pack and then compare the efforts. He found that whenever this racer’s cadence dropped below 70 rpm for more than five minutes while riding at his threshold power output, he was dropped. However, Hunter also found many cases in which the cyclist was able to stay with the same athletes at and above his threshold wattage as long as his cadence was over 95 rpm. The solution: changing the gearing on the bike so that the largest cog had 27 teeth instead of the standard 23. This allowed the athlete to spin at a cadence over 100 rpm on the steepest climbs, thus maximizing his ability to produce watts based on his body’s physiology. For the rest of the year he was able to stay in the front group of riders.


A power meter can also help you determine when you are using too much energy in a race. It could be that you are pedaling “too much.” The thousands of power-meter files that Hunter has analyzed prove that the racers who consistently win are also the ones who do not pedal as much as the rest of the peloton. How can this be? Well, the best racers just sit in the pack, watch, wait, and hide from the wind, conserving their energy. These aren’t the riders who are sitting out front driving the peloton down the road for hours on end. The winners are the ones who pedal less, but when they do pedal, watch out, because they pedal harder than the rest of the pack.


In this same vein, a power meter can tell you when you burned a match—that is, performed a very hard effort. Because you have only so many matches in your matchbook to burn, timing is everything. Power data can also show whether you used too much energy in parts of the race that were not decisive. By analyzing the data, you can replay the race in your head while viewing your power-meter file to uncover tactical errors, and understand exactly what it would have taken to make the winning break or the decisive split. Then you can take this information and use it to better focus your training.


Pinpoint Your Strengths and Weaknesses


Before the advent of power meters, cyclists had to guess at their strengths and weaknesses, and many times these guesses were wrong. Guessing can hurt your ability to improve. Ultimately, armed with this new information, some simple testing protocols, and experience with your power meter in a variety of races and training rides, you will begin to get a clearer picture of your specific strengths and weaknesses.


Learning what your weaknesses are may not always be pleasant. Finding out that you are a Category I racer in your best 5-minute power, but a Category IV racer in your best 20-minute power may be exciting for a track racer, but it will be disappointing for a road racer desperately trying to improve. However, you cannot improve until you know your weaknesses. Each racer is different, and each racer has different goals. Just knowing your strengths and weaknesses makes a big difference in the focus of your training. What will happen if you have to ride at 105 percent of your threshold power for more than three minutes? Will your lungs feel like they’re about to explode, or will this be easy for you? A power meter lets you analyze your performance and training to find out what your natural talents are and where you need improvement.


IMPROVED COLLABORATION


Give Your Coach Better Information


Coaches love power meters and the information that they provide. Power meters are clear and concise, and the data is right there on the computer screen—an objective set of facts that can’t be denied. That is why coaches work hard to persuade their athletes to engage with the data. Plain and simple, using a power meter closes the gap between you and your coach.


It’s a coach’s job to determine the dose (training) that will elicit response (adaptation). When a coach can clearly see how an athlete is responding to the training, he or she can more accurately prescribe the training going forward. The athlete-coach collaboration benefits from the review of daily training schedules, a more robust discussion of progress, and better analysis over time to ensure that key goals are realized.


With the data that you collect with your power meter, your coach will discover things about you and your riding abilities, both positive and negative, that he or she would not otherwise have been able to figure out even by racing with you. This information can be leveraged to improve your training plan. Your coach can also react more quickly to changes in your fitness and make adjustments to your plan accordingly.


Undoubtedly, improved communication between the two parties makes all the difference. With a power meter, there can be no “hemming and hawing” about what is going on with your fitness or whether you are on the right path. Instead, where you are with your training, and whether you are doing the workouts correctly, will be clear cut. Your coach will know what you are doing in races and training rides, and will have a chance to make much more useful suggestions for further improvements.


A power meter increases accountability—that feeling of having to be responsible to someone for your training. When you know that your coach is going to see that you did only 5 out of the 10 prescribed efforts, it’s like having your coach with you on the ride. A power meter doesn’t lie, and sometimes, the truth can be tough to face!


Cyclist Sam Krieg started working with a coach in his second season of training with power, and attests to how this increased accountability helped him: “Several times during my pre-season training, I would see my workouts and think, ‘I can’t finish that.’ I would start the workout saying to myself, ‘When I blow up, I’ll just e-mail my coach the power file and let him know I tried but just couldn’t pull it off.’ [But] minute by minute the intervals would come and go, and somehow I would still be turning the pedals.” Sam often found himself in complete disbelief of what he had just accomplished.


One workout in particular stood out for Sam: “My coach prescribed doing 50 minutes at my threshold power, with several cadence changes and power spikes. I didn’t think I could survive 20 minutes of this workout, much less 50. Slowly the seconds on the computer just ticked away. In the back of my mind, I knew I would have to e-mail this power file to my coach, so I figured that as long as I could sustain the prescribed wattage, I would continue. Several times during the interval I didn’t think I could make it another minute, but my power and heart rate were stable, so I pedaled on. Fifty minutes later I finished. I had a new 50-minute peak power, and I had mentally grown more in one workout than I had over the past three months.”


This mental and physical strength translated into racing strengths throughout the season. Sam describes an early-season race where he made the selection early on, only to get dropped from the echelon 20 minutes later. Struggling to regain his composure, he reframed the remainder of the race as a 30-minute time trial at threshold wattage. In his words: “As demented as it sounds, I was racing for a great power file, not against the racers who were up the road. I struggled for the next half hour just like I did in my winter workouts, racing my power meter minute to minute.” As it turned out, Sam caught the break and managed to finish at the front of the remaining riders. Sam carried this new level of persistence into the rest of the season and turned out some surprising results, even winning on days when he felt weak, because the data convinced him he was capable of it.


Improve Interaction with Teammates


The use of a power meter can have a profound impact on how well a cycling team works together. Many times in teams, it is not always clear who should be the leader; sometimes it’s hard to know who is riding the best. When all the team members use a power meter and commit to regular testing, coach and riders alike will know exactly who is riding well enough to be a protected leader and who will ride in support.


While in a race, a very good rider knows exactly where to ride in the peloton to save the most energy. The leader will know how many watts are needed to make it over the climb in the lead group. In addition, power meters can build confidence when the data show that team members have the physical ability to win. It’s right there on the graph. If three out of five riders have the necessary fitness to win the race, that confidence can really propel a team to success.


FOCUS YOUR TRAINING


Gain Motivation to Work Harder


A power meter can be an effective motivator. For example, if you see your average watts drop near the end of a 5-minute effort, you are likely to pick it up to achieve your 5-minute wattage goal. As long as the goal is challenging yet achievable, the wattage numbers will inspire you to eke out just a tiny bit more. And in the world of a sport that can be won or lost by less than a tire width, marginal gains are significant.


Every athlete strives to eliminate guesswork and wasted time, and in this day and age, most athletes are too busy to train as much as they’d like, so every minute must be optimized. If you are strapped for time, using a power meter and sticking to the letter of your workout will help you gain a higher fitness level more rapidly, minimizing junk miles and maximizing your precious time.


Improve Your Position and Aerodynamics


Your body position is the single greatest factor determining your speed while riding at a specific power output. Why risk the disadvantage of riding in a poor position when you can measure your aerodynamics and discover your fastest position? With some simple tests using a power meter, you can figure out how your current position on the bike is impacting your overall speed and exactly how to change it in order to produce the most watts and the least amount of aerodynamic drag. With the most recent wind-tunnel testing of bicycle frames, wheels, rider positioning, and other factors, it has been found that with improvements in positioning and equipment a rider should be able to pedal at approximately 30 watts less to maintain a given speed. In other words, just by optimizing your position and equipment, you may be able to gain 30 watts of power. This represents a greater gain than most cyclists see in an entire year of training.


Pace Your Efforts


When you are out training, racing, or just riding around enjoying the countryside, a power meter allows you to pace your effort better in order to achieve your goal for that ride. Whether that’s simply to finish the ride or to achieve a particular physiological stimulus, using a power meter as a pacing tool can help you to conserve energy or expend energy at the right times.


You can use a power meter on all of your long rides—on ultra-endurance rides, in interval workouts, on hill climbs and time trials (TTs), and so on—in order to get the most out of your effort and avoid overdoing it. Once you know your functional threshold power (or FTP; see Chapter 3), you can push to hold it in a time trial or on a hill climb so that you can be confident that you went as hard as you could possibly go. Using a power meter for pacing in time trials is an especially good use of the technology. It provides a “ceiling” that will prevent you from overexerting yourself in the first five minutes of the race. During a race, knowing your wattage helps you to focus, providing a “carrot” when the going gets tough and you find yourself pushing right on the edge of your ability. In mass-start races, pacing is equally important. You can use it in the field in order to conserve your energy until later in the race, or to judge whether the pace is right for you to attempt a breakaway or to figure out what it will take to win the race.


Randy Weintraub, a highly competitive triathlete, for example, was concerned about the lack of hills near his home and training grounds. His goal was to complete Ironman Lake Placid, one of the toughest of the Ironman-distance races, in less than 10 hours. The bike course is very hilly and includes a substantial 2-mile climb. Randy needed to figure out exactly how many hills he would have to ride, and how long each one was, and then go back and train for those racecourse demands at home in Long Island, New York.


Randy went to Lake Placid and rode the bike course very close to his goal wattage. His first priority was to assess whether his goal wattage was actually correct. He had never done this triathlon before and was unsure whether he could maintain that wattage for the entire 112 miles and then still have something left for the 26.2-mile run. After his ride, he downloaded the data and found that he had indeed averaged his goal wattage. Based on his level of fatigue at the end of the bike leg, he surmised that he had enough energy left over for his run. Then, using old-fashioned pencil and paper, Randy simply counted the number of hills that took more than two minutes to complete along the course. With this information, he began to seek out new training routes near his home that would mimic that course as closely as possible. When he did not have a long enough hill, he would simply ride into the wind to simulate a longer climb. He also programmed the number of hill repeats, along with the wattages he would need to reach in order to achieve a peak performance, into his indoor trainer.


Create a Mobile Testing Lab


A power meter allows you to test your fitness on a periodic basis, such as every month, so you can quantitatively see where you have made improvements and where you still need work. For serious racers, using a power meter in this way can even eliminate some of the costly testing that formerly was possible only at a lab, since they now have the mobile equipment installed right on their bikes.


A power meter measures changes in your ability to move the bicycle down the road. It tells you how much force you are putting into the pedals, not just how hard your cardiovascular system is working. By testing your skills regularly, you will better understand your potential for improvement, and you can avoid overtraining. We all undergo changes in our fitness in different areas. Some athletes improve more quickly with shorter efforts, whereas others improve more quickly with longer efforts. With proper periodic testing, you can see exactly which of your physiological systems are improving and then determine whether it is the right time to focus on a particular area of training.


Andrew says it best: Training is testing; testing is training. Treat every training session as an opportunity to build toward a peak performance.


Enhance Indoor Training


With a power meter, you can use your indoor trainer to the fullest extent. One of the first things you will learn about using a power meter on the road is that your wattage will have a high degree of variability. It fluctuates on a moment-by-moment basis depending on the conditions, and sometimes this is not the best way to train. On an indoor trainer, without the outside influences of wind, hills, dogs, and so on, you can focus your intervals in exact wattage zones for optimal improvement.


In addition, indoor training gains new meaning when you can compare your intensity with on-road efforts. Indoor training also becomes more interesting, as now you have a new goal and focus to your workout. With the advent of the latest computerized indoor trainers, a cyclist with a power meter can even go out and ride a particular racecourse, come back, and download these data into the trainer to re-create this exact ride indoors. Power-meter data from indoor training sessions are also “cleaner” than from on-road efforts, as the massive wattage fluctuations caused by changes in terrain, riding with others, and just the variable nature of pedaling frequency are gone from the power file, making it easier to analyze the periods of effort.


Quantify Your Sports Nutrition


The entire time you are riding your bike, you are expending energy based upon how much work you are doing. Knowing how much work (in kilojoules) you are doing while riding is important. If you know your kilojoule expenditure, you can easily estimate your kilocalorie usage (nearly a one-to-one ratio), and this can help you determine when you need to consume additional calories or cut back.


Your production of watts will be drastically reduced if you allow your energy stores to become depleted, so making sure that you are eating often enough, and getting the right number of calories, can be a very important factor in the quality of your workout or race. By knowing your energy expenditure on the bike, you can more accurately plan your post-exercise meals to the exact kilocalorie. This especially helps if you are trying to balance your energy intake with your energy expenditure to maintain body weight during heavy training.


By eating to replenish your expended glycogen fuel stores and possibly packing in more, you should be able to recover faster from training sessions and be ready to train harder, sooner. Sami Srour, for example, a highly competitive recreational cyclist, had been planning for many months to ride a local metric century with his club. However, in each of his practice runs, he ran out of energy toward the end of the ride and had to stop at a convenience store to refuel. This routine impacted his energy levels for the next two days, and consequently, the quality of his training for those days suffered. From his two practice runs, however, Hunter figured out Sami’s total expenditure of energy in kilojoules for the entire ride. Then he broke the ride into segments and determined the number of kilojoules used in each segment, which allowed him also to set goals for calorie intake in each segment. Sami was able to determine when to eat, and how much to eat, during each section of the ride, and also how much electrolyte replacement drink to use. With this new information, Hunter created a postride recovery protocol that gave Sami the correct levels of carbohydrates, proteins, and fats to maximize his recovery, so he would be ready and able to complete his next day of training.








WHAT IS A KILOJOULE?


Almost all current power meters report the amount of work you have performed in joules in addition to measuring and recording your power in watts. Joules (J) and kilojoules (kJ) are therefore a measure of energy expenditure, or work performed. In the United States, however, this is usually measured in kilocalories, or Calories (1 kilocalorie, or large Calorie [with a capital “C”], is equal to 1,000 small calories [lowercase]).


By definition, there are 4.184 kJ per Calorie, so at first glance it would seem that to determine your energy expenditure using power-meter data, you would simply divide your total work in kJ by 4.184. However, this is not correct because power meters measure external work production, not the amount of energy needed to perform that work. Most of the energy expended during cycling is actually converted into waste heat that must be dissipated to the environment, leaving only a portion available to actually turn the pedals. The relationship between work performed and energy expended depends upon your thermodynamic efficiency (i.e., your ability to process food and convert it into energy) when cycling, which, for most trained cyclists, is on the order of 20–25 percent.


Thus, to estimate your energy expenditure (in Calories, or kilocalories) from the amount of work performed, using a power meter, you would need to first divide your total work in kilojoules by 4.184, but then multiply this result by either 4 (if efficiency is at 25 percent) or 5 (if efficiency is at 20 percent). These conversion factors tend to simply cancel one another out, such that you can also take the value for the total work performed in kJ as an estimate of your energy expenditure in kilocalories (or Calories). Although the exact relationship between kJ and kcal is not one to one, it probably is not worth worrying about any error this assumption creates, since an individual’s efficiency can only be readily determined in a laboratory setting, and it can vary depending upon the intensity and duration of training, environmental conditions, and other factors.









ACHIEVE PEAK PERFORMANCE


With all of the benefits that a power meter offers—greater knowledge about your riding, improved communication with your coach and teammates, and better focus for your training efforts—there is no reason why you should not be able to reach your fitness goals and achieve your peak performance at events.


Every top cycling performance in recent years has been aided by the use of power-meter training technology. In everything from the stage races like the Tour de France to hour records, track records, Human-Powered Vehicle (HPV) records, mountain-bike racing, and even BMX racing, the best cyclists have used power meters to determine not only the exact physiological demands of hard stages but also exactly how powerful they are as cyclists and how they stack up against their peers. Adapting training with the latest scientific training tools used to be an advantage enjoyed by only the world’s top cyclists. Now almost any serious cyclist can gain access to the same data that the pros have and execute their workouts to the same exacting precision.


Training with a power meter is about results. Simply training with a power meter is not going to bring you success because the power meter won’t do the work for you. If you want to go faster on your bike by just throwing money at it, then go get a nicer set of aero wheels, a lighter frame, or the latest carbon-fiber widget. But eventually, you will have to push harder on those pedals if you want to ride faster. Training with a power meter is only worth doing if you are willing to work at it.


If you have limited information about your training, you are limiting your ability to improve, and ultimately limiting your success. The details of testing and training with a power meter may entail some frustration, but given time you’ll be on the way to training more effectively and efficiently using a power meter. If your training and cycling are to change (that is, improve), then you must be willing to change first. This book is about how to change your thinking about training and racing and how to gain a clear understanding of what needs to be done in order to achieve your goals.
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Power Tools


WITH AN UNDERSTANDING OF THE ADVANTAGES the power meter has to offer, the pressing question is: Which one is right for me? Other questions quickly follow:





Which type of power-meter technology is the best?





What about price? Which model is most cost-effective? Do all the models have the same features and ease of use? Which type has the fewest problems?





Does the athlete need a degree in computer science or exercise physiology to understand what all those graphs mean?


These are good questions, but to make sense of the answers you need to know the different methods that power meters use to measure your effort.


Previous editions of this book included an overview of the power meters on the market, but more than 10 new power meters have been introduced since the second edition was published, and several more are introduced every year. Given the continual changes in the marketplace, the most up-to-date product information is found online. For the best in-depth information and pros and cons for specific products, we recommend you start with DC Rainmaker (www.dcrainmaker.com).


POWER HARDWARE


The power-meter hardware differs depending on how the manufacturer approaches the technology. Ultimately, there are five distinct methods: (1) crank-based integrated systems, which include spider, crank arm, and chainring setups, (2) hub-based integrated systems, (3) bottom-bracket sensors, (4) systems that measure “opposing forces,” and (5) pedal-based force sensors.


Crank-Based Power Meters


This is the most common place to measure power, and for good reason: It’s close to where the power is actually being produced. Crank-based hardware measures power across the entire range of the 360-degree circle. There are multiple variations on the cranks to accommodate different types of riding—road, mountain bike, and track. Crank-based power meters fall into three subcategories depending on precisely where and how the measurement is taken.


Spider Power Meters


We have the German company SRM (Schoberer Rad Messtechnik) to thank for the first commercial power meter, which truly started this technological revolution in cycling. Ulrich Schoberer, a medical engineer, made the measurement of wattage available to the masses.


Schoberer developed his first prototype in the 1980s by taking old cranks, cutting off the spider portion, and then replacing it with a power meter, about the size of a small saucer plate, consisting of a series of embedded strain gages. The front chainrings were then mounted onto this plate to allow for the measurement of power as the rider applied force to the pedals. The first models that he put on the market were incredibly pricey, reaching upward of $10,000 per unit. Keeping with his reputation for forging cycling success in part through his adoption of new technology, Greg LeMond was one of the first Americans to use Schoberer’s power meter. The SRM crank-based power meter, called the SRM Training System, set the standard by which all other power meters are measured.


The SRAM Quarq was the next spider-based power meter to hit the market, measuring power similarly to the SRM but offering the advantage of a battery mounted outside of the spider for easy replacement. Power2Max, FSA, and Team Zwatt produced spider-based power meters as well.


Measuring wattage in the spider of the crank is both convenient and logical, as the data incorporate the force from both legs and force is measured at the place where it occurs, right at the crank. This type of power meter measures torsion inside the spider of the right side of the crank. (The spider is located between the right crank arm and the chainrings.) Force is transmitted from the foot, to the pedal axle, down the crank arm, and into the spider before moving outward to the chainrings, creating torsion or twisting longitudinally on the spider. To make sense of this, consider the perspective from behind your bicycle: As you pedal forward with the right foot, there is twisting or a slight deflection in the metal on the spider itself before the force transfers to the chainrings. Strain gages mounted on legs within the spider can measure this torsion and calculate wattage. Multiple strain gages can be placed in different locations, providing a more complete picture of where the force is created, which can be seen and averaged into a second of data. Your power meter should be calibrated at the factory before you buy it, and you should check it periodically as you use it to make sure it’s accurate.
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Since spider power meters are built as a single unit within the crank, they are easily integrated with the bike. Many existing cranks are compatible with these power meters, so you might only need to buy the power meter itself (chassis) and install it on your existing crank. This can also be a disadvantage—if your existing crank is incompatible, you will need to find the right crank to fit your bicycle frame. Furthermore, if you change frames in the future your power meter might not be compatible with your new frame.


While the spider measures the force from both legs, it is not able to measure that force independently, so a true bilateral power reading showing left and right power separately is not possible. It is possible to extrapolate left/right balance using a spider-based power meter, as many models have two reed switches mounted in the power meter to identify dead center at the top and bottom of the pedal stroke. If total power equals 300 watts, and on the right side from 0 to 180 degrees there is 170 watts, then there must be 130 watts on the left side from 0 to 180, making the balance 57 percent left and 43 percent right. Unfortunately, this does not take into account any positive or negative forces from 181 to 359 degrees. By not taking into account the negative (or positive) force from the upstroke (181–359 degrees), the pseudo balance could be completely incorrect. For a true bilateral power meter, we recommend a crank arm or pedal-based unit.


Crank Arm


Strain gages can be affixed to the inside of the crank arms to measure the force transmitted through the crank arm. Crank-arm power meters include cranks that have been “scalloped” out as well, and the strain gages are embedded in the actual crank arm. This creates a very accurate power meter as the strain gages are not measuring only the deflection of the outside surface of the crank arm, but rather the entire deflection from inside the arm. Gluing the strain gages onto the outside of the crank with a small electronics pod to send the signal to the unit is another popular and economical approach. At the time of publication there were no less than six companies using this method to measure power, including the first-to-market Stages to the component giant Shimano.


Crank-arm power meters can be adapted and used on a wide variety of crank arms, making them appealing both in terms of fit and aesthetics. Andrew likes to joke that these single-crank-arm power meters are “only correct half of the time.” Mounted on the left crank arm, the power meter measures the left leg, which can be a disadvantage because typical leg-strength discrepancies amount to roughly 5 percent for most adults. While it doesn’t seem like much, when your functional threshold power is 300 watts, a 15-watt discrepancy could be very misleading. With Ergomo’s first left-leg power meter, which came out in 2002, we observed athletes who appeared ready for the pro peloton only to find out they had very large and strong left legs!


When the strain gages are placed on both cranks, independent left and right power can be accurately measured, reported, and recorded. Some power meters record data at a higher rate, displaying both tangential and radial forces, which can be important metrics for correcting pedaling form.


Crank-Based: Chainring


PowerTap brought this technology to market in 2014 to ensure it had products that measured power in all three locations (pedals, crank, and hub). The chainring is an ingenious place to measure power, though the label is a bit of a misnomer given that it’s not actually the chainrings that contain the strain gages, but an additional spider bolted onto the existing crank spider at the traditional chainring bolts. This spider or chainring has extra spider arms between the actual crank spider arms, and inside these extra arms there are strain gages measuring torsion. The actual chainrings are customized to the power meter, so if they wear out, you need only replace the specific chainrings just as you would for normal wear and tear. Because these chainrings are compatible with many existing cranks, you can simply bolt them onto the crank without replacing the crank. These chainrings measure both left and right power, though not independently. As with the other spider-based power meters, the chainring is a good place to measure power since it’s so close to where the power is transferred from the body. An obvious disadvantage is that these are not compatible with all cranks.


Hub-Based Integrated System


One of the first power meters on the market was developed in 1997 by a company called Etune, which was later bought by CycleOps, and the hub-based power meter evolved into the modern day PowerTap hub. The strain gages are housed in a “torque tube” in a complete rear hub on the bicycle’s back wheel. These strain gages measure the torsion inside the hub as it twists from the load that is applied to the pedals by the rider. The bicycle chain wraps around the cogs on the hub and, as it moves, causes small twists in the hub itself. This torque is measured and then converted into wattage.


One of the advantages of a hub-based system is that it measures the wattage that is actually getting to the road, after it has traveled from the crank through the drivetrain. This causes the power to be about 5–10 watts lower than if it were measured by a power meter at the crank or pedals. This technology is easy to move from one bicycle to another, so you only need one wheel if you have multiple bikes. If you are a coach, you can easily loan out the wheel to a rider. One disadvantage of using a hub-based system is that you are locked into using the wheel into which the hub is laced. To use your super-trick wheels for racing, you’ll need to get an additional hub.


[image: image]


[image: image]


PowerTap has been the long-time leader and only company in the market with this type of power meter. It has continued to innovate, refine, and improve its power meter, making it lighter and more weatherproof, while simplifying the battery replacement procedure. These power meters are also ANT+ or Bluetooth compatible.


Bottom-Bracket Power Meter


This power meter was originally introduced in 2002 by a German company called Ergomo. Using optical light sensors, the power meter measured the twisting of the bottom bracket axle. Since the right side of the bottom bracket axle is attached to the drivetrain, there is no significant twisting; only the left side of the axle twists. This means that only the power generated by the left leg can be measured, and as mentioned previously, this can be problematic. The bike industry moved away from the traditional three-piece bottom bracket and Ergomo was not able to adapt its technology to the newer two-piece cranks and external bearing bottom brackets. But other companies have produced a sensor that fits inside the hollow axle of the bottom bracket to easily measure the left-side torsion. These power meters are self-contained and have all the electronics, the strain gages, and the battery packaged into a single unit that is small enough to slide into the inside of the axle and lock into place. Once calibrated, the power meter accurately measures the torsion of the bottom bracket axle and transmits the data to the head unit. The internal battery is charged through a micro-USB cable that is connected to the end cap on the outside of the axle. These power meters are compatible with a variety of cranks and bottom bracket axles and when used in combination with a right-side power meter (one that only measures the right side), this creates a clean and nice bilateral power meter. The delicate nature of the power meter requires extra care in installation and removal.


Opposing Forces Method


Velocomp introduced the first iBike power-meter computer in 2006. It contained a calibrated altitude sensor, an accelerometer, and a Pitot tube for measuring the opposing air pressure caused by ambient wind and the cyclist’s movement down the road.


The innovation of the PowerPod (formerly called the iBike PowerPod) is that its sensors measure opposing forces instead of applied forces—the measurement methodology used by all other power meters. The practical implication of this approach is that the PowerPod’s critical sensors are located in its pod instead of on the wheel, crank, or chain, making the pod small, lightweight, and relatively inexpensive, with easy connectivity to an ANT+ computer head. The PowerPod’s sensors, combined with a sophisticated algorithm that computes opposing forces based on sensor readings, allow the pod’s computer to determine wattage by calculating the force and speed needed to create power, essentially flipping the power equation around:


Power = Force × Speed


Later chapters will expound on this basic equation. Suffice it to say, cyclists apply force to their bike pedals in order to overcome the forces of resistance that are opposing forward motion (hill climbs, wind resistance, rolling resistance, acceleration, and so on). Direct-force power meters measure the forces applied by the cyclist, but the PowerPod is the only power meter to measure the resistive or opposing forces working against the cyclist. According to Newton’s Third Law, resistive (opposing) forces must exactly equal applied forces. The PowerPod uses Newton’s Third Law by taking sensor readings of opposing forces and combining the resulting data with some key inputs from the user (weight, an aerodynamic coefficient, and a rolling resistance number) to arrive at the applied forces that determine the cyclist’s power.


As is the case with any new technology, the PowerPod has gone through continuous improvement with its hardware and software algorithms. Riders are connected to their bikes through the pedals, seat, and handlebars. On average the rider and bicycle must move down the road at exactly the same speed (except, of course, in a crash!). However, during the short time period of a crank revolution the rider isn’t “glued” to the bike. In fact, the bike wobbles underneath the cyclist, both side-to-side and front to back. More technically, the bike moves (wobbles), relative to the center of mass of the bike-and-rider system. The PowerPod measures the side-to-side and front-to-back wobbling of the bike outside of the laboratory environment, in a real-life bike ride. The accelerometer in the device defines wobbling as the average distance the bike deviates from the rider’s center of mass, both side-to-side and front-to-back, during the period of time selected by the user. Wobbling is reported in two graphs in the iBike software window: (1) side-to-side versus front-to-back, and (2) front-to-back versus crank angle.


In 2018, AeroPod™, Velocomp’s newest product, was introduced. Using digital sensors it offers cyclists power output for both legs. Also, when used with a DFPM (direct-force power meter), AeroPod continuously measures aerodynamic drag (or Continuous CdA) on the road. When AeroPod is mounted on a bike with an ANT+ Sport direct-force power meter, the bike computer displays the power output measured by the power meter along with the CdA and Time Advantage data from AeroPod. However, simultaneously, the AeroPod records in its internal memory the power data from both your direct-force power meter and the AeroPod, along with wind speed and slope information. Velocomp’s Isaac software, which is included with AeroPod, makes it possible to analyze all of your power and aerodynamics data.


Velocomp’s products are not conventional power meters. Because the PowerPod is not a direct-force power meter, it helps to keep the concept and implications of opposing-force measurement in mind. That said, the PowerPod reports some impressive numbers when stacked up against a direct-force power meter. Many of the questions that critics of the first-generation iBike raised have been addressed through improvements in firmware to handle differences in road surfaces as well as temperature changes and complicated setup requirements.


Pedal-Based Power Meters


The first on-bike pedal-based power meter was created in 2008 by MetriGear, and two years later Garmin acquired the company to move into the power-meter market. Now multiple companies offer pedal-based power meters, which measure power at the very point where it is transferred from the foot to the bicycle. The technology in the pedals is lightweight, but the greatest advantage it offers is the ability to easily move your power meter from one bike to another, or even to an indoor cycling class, with just a pedal wrench. Finally, pedals are truly bilateral, showing your left and right power. Some cyclists have a strong preference for a particular pedal, so having to switch to a new pedal can be a disadvantage. For criterium racers, the cornering angle of a pedal-based power meter might not be as acute for pedaling through turns because with the additional electronics the pedals are bulkier. Bearings can also be an issue, as they are with any pedal, but manufacturers typically have a program to refurbish and/or replace the bearings if needed. Pedal-based power meters can also send some unique metrics to head units and/or phones—such as tangential and radial forces or data to show if you are pronating (pushing with the inside of your foot) or supinating (pushing on the outside of your foot). Take these unique metrics into consideration because they could be very helpful to improving your overall power output. We will dive deeper into bilateral pedaling data in Chapter 7.
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DO NONCIRCULAR CHAINRINGS SHOW A FALSE POWER INCREASE?


Most of the current power meters report the angular velocity of the crank (speed of the crank) once per rpm from the power meter to the head unit, which assumes it remains the same across one entire revolution. This creates a problem for noncircular chainrings, which have become popular with many cyclists. Whether or not noncircular chainrings make an appreciable improvement in actual power output or energy saving is a debate best saved for another day, but these noncircular chainrings will show an increase in calculatecd power output for any power meter measuring angular velocity at the crank or pedals. The purpose of noncircular chainrings is to speed along the non-power portion of the pedal stroke, which is typically at the bottom and top of the pedal stroke, so that the rider can get back to the power stroke portion (0–180 degrees) more quickly. This does in fact speed up the crank within a single rpm and because of this increase in speed within the single rpm, causes the power output to be inflated by up to 10–20 watts on average, depending on how oval the chainrings are. This equates to a false reporting of power. Using a power meter that measures power at the hub or in the pedals will eliminate this problem.
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