
Introducing VECTr: The light-

weight, efficiently simple, 

interchangeable expanding gear 

system for bicycles. 
 
Patent No. 10,167,055 issued January 1, 2019! 

 
The system eliminates: 

• Chain droppage due to changing between 
discrete chain-rings. 

• Chain wear due to rubbing and friction of front derailleur. 
• Chain stretch due to small to large gearing differences between 

front and rear gears. 

 
The system allows a rider to 

• Change gears as quickly and easily as standard chain-
ring/derailleur systems. 

• Choose among six crank-mounted gear settings from 25 to 50 
teeth equivalent. 

• Reduce weight compared with triple chain rings and a front 
derailleur. 

• Reduce wind resistance with a smaller profile compared with 
triple chain rings and a front derailleur. 

 
The system could easily be adapted for both front and rear gearing 

applications. 
 

What is different about VECTr: 

 
Expanding chain rings have been around for over 100 years, but they 

have been complicated and so, heavy and expensive. 
 

The weight of the current version of VECTr (in steel) compares quite 
favorably (500 g) to the triple chain ring and derailleur it replaced 

(475 g).  When VECTr is commercially manufactured, its weight 
certainly will be reduced. 

 
The reliability and performance of VECTr is being improved as the 

design is modified and tested.  It will outperform triples in having 
more gear settings, and in maintaining a consistent chainline.  It is 

more complicated (six moving parts) than triples (one moving part 
(the derailleur) and three relatively stationary chain rings). But this 

is offset by the greater reliability of preventing dropped chains. 

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=10167055.PN.&OS=PN/10167055&RS=PN/10167055


A Journey by Bike: The Ongoing Story of VECTr 
 
https://vectr-gear.com/a-journey-by-bike-blog/ 
 

Sun., July 12 – Humble Beginnings 
 

How did an ordinary guy like me – someone who is neither a serious 
cyclist nor a professional engineer – decide to invent a chainringless 

bicycle transmission? It has a lot do with a lifetime of memories 
related to bikes, an aptitude for problem solving, and a bit of a 

stubborn streak. This blog will tell the story of VECTr… how I came to 
the point of inventing, the evolution of the design, and the present-day 

efforts to finalize this design into a sellable product. It’s a long and 
winding road, with more than a few detours… so hold on to your 

handlebars and join me for the ride… 

 
My first memory of a bike is first learning to one at 

the tender age of six. I had been trying for weeks, 
but could not learn to balance on it on my own. 

One day… the year was 1971 and the place was 
Anaheim, CA… I went with my brother P.J. and his 

friends to our neighbors’ driveway across the 
street. Their house was elevated and had a long, 

steep driveway. P.J. put me on my bike and sent 
me coasting down the giant hill before I was quite 

ready. The bike was going too fast for me to do 
anything but balance. Survival instinct kicked in, 

and I was off! As I sped down the bottom of the 
driveway, miraculously unscathed, I realized that I 

had been riding by myself! I had not fallen off. From that day on, I 

started pedaling everywhere… as far and as fast as my chubby little 
legs would allow. 

 
Wed., July 15 – High School Memories 

 
Bikes are part of the very fabric of childhood for many of us, at least 

my childhood in the middle-class suburbs of Orange County, CA. 
 

My favorite memory is from high school, biking from my family’s home 
in Anaheim to Newport Beach. I would bike along the dusty Sana Ana 

Riverbed, on a bike trail that was not very well traveled. I always 
cycled alone and was usually the only person on that route. Nowadays, 

most teenagers would not cycle alone on a deserted path an hour and 

Portrait of the inventor, 
age 6 



a half each way, but the 1970s were a different time. Kids played 
outside more, without parental supervision, and we all (mostly) turned 

out okay. 
 

I would ride to Newport Beach 
almost every weekend, just for the 

pleasure of the trip and of seeing the 
beach when I arrived. Sometimes, I 

would go out to the pier, eat ice 
cream or a burger (or both), or take 

the small ferry to quaint Balboa 
Island. For a suburban kid in the 

70s, a bike meant freedom. 
 

Sun., July 19 – Exhilaration 

 
Today, many roads have designated bike lanes, cyclists wear helmets, 

and there has been an effort to educate the public – cyclists and 
drivers alike – about bike safety. That was not the case when I was 

growing up. I guess most young people have no sense of their own 
mortality, and I always felt safe on my bike. 

 
During high school, I regularly cycled to 

school. The school I attended had no 
school bus. My parents had their hands full 

with me and my nine siblings (yikes!), so 
my transportation options were limited to 

the city bus or my bike. I preferred the 
latter. Every day, I rode on an overpass 

spanning the 5 Freeway in Anaheim, 

without a care in the world. In fact, I 
would pedal as hard as I could, and 

delighted in the fact that I was often going 
faster than the cars in traffic beside me. It 

was exhilarating! 
 

Wed., July 22 – Danger Ahead 
 

Riding a bike can put the rider in a uniquely vulnerable position, 
especially in heavy traffic. Even today, many motorists do not respect 

cyclists’ rights on the road; some are even directly hostile. I had my 
own run in with a car at the age of fifteen. 

 



As I did regularly during high school, I was riding back home. It was 
hot September day in Orange County; the air was still and there was 

no relief from the Santa Ana winds. I was riding shirtless, my skin 
bronzed from the sun. As I sped downhill on the 5 Freeway Overpass, 

usually my favorite part of the trip, a sedan meandered in front of me 
as it moved to the far right lane. I didn’t have time to swerve or brake. 

Luckily, the car didn’t hit me, but it forced me onto an exit ramp that 
was a sharp curve. I was going way too fast to make the turn. My bike 

hit the curb and my body flew over the handlebars. Bystanders later 
told me that my flying body almost hit a nearby stop sign. Instead, I 

fell onto my shoulders and rolled, the hot asphalt stinging my bare 
back. Amazingly, I was still conscious, although the wind had been 

knocked out of me.  
 

About ten minutes after impact, I 

heard a siren. It took a few minutes 
to register: “Oh, hey, that siren is 

for me!” The paramedics strapped a 
neck brace on me and sped to the 

nearest hospital in Fullerton. An ER 
doctor made the diagnosis – a 

compression fracture on one of my 
vertebrae. To this day, I have a 

black ink mark on my back where the doctor made that determination. 
I was in a back brace for six weeks, and obviously could not ride a bike 

during that time. The city bus became my ride to and from school for 
the duration, but I couldn’t wait to get back on a bicycle again! 

 
Sun., July 26 – A Love of Problem Solving 

 

So, I have a lot of bike memories – mostly good, one horrific. Who 
cares? Why would that alone make me want to spend over ten years 

working on a gearless bicycle invention? 
 

Well, along with the bike memories, I also have always had an interest 
in problem solving. My wife might call it an obsession, but I digress… 

 
From as far back as I can 

remember, which is about age 5, 
I loved to take things apart and 

put them back together. My 
favorite toy was Legos. Legos in 

1970 were just blocks and pieces 
that could be formed together 



into almost anything. There were no kits that turned into castles or 
Tolkien landscapes or spaceships. (Cue “Everything is Awesome” 

song!) 
 

At the tender age of 11, I decided to 
make rack and pinion steering for my 

Lego car. Why? Because I saw a 
diagram of rack and pinion steering in 

an automobile magazine and thought, 
“I can do that!” I did do it, and it 

actually worked! I must have had the 
most sophisticated Lego car in all of 

Orange County, CA… if not the entire 
country. My mother was quite impressed and exclaimed: “Joey, you 

should be an engineer when you grow up!” I probably didn’t even 

know what an engineer was back then, but my high school teachers 
echoed my mom’s advice years later. 

 
Wed., Aug. 5 – The Bicycle Transmission Challenge 

 
By 1994, after a lackluster high school career, a foray into engineering 

studies at the University of California, Irvine, and a stint in religious 
life as a Dominican friar, I was in the middle of a doctoral program in 

Philosophy. And I was a newlywed, having met my wife at the 
University of St. Thomas in Houston, Texas. We were settling into 

married life in a small apartment in a transitional neighborhood, both 
of us going to grad school and working odd jobs. I was lucky to secure 

a clerical position at a court reporting firm, which paid relatively well 
and was close enough to school and campus for me to ride my new 

bike from school to work to home. My wife did make me wear a safety 

helmet, though. 
 

While performing mundane tasks such as copying 
and filing for the court reporter, I realized she had a 

need to lock confidential documents in file cabinets, 
even though not all file cabinets had locks. I started 

working on a removable lock, which I called 
TempLock, and even went so far as to look into 

obtaining a provisional patent on the design. It was 
at this time that I purchased a book called “Patent 

It Yourself” by patent attorney David Pressman. 
 

On page 5 of Pressman’s book is this amazing claim: “…more patents 
issue on bicycles than anything else. Still, you could make millions if 

https://www.youtube.com/watch?v=StTqXEQ2l-Y


you could invent an automatic, continuous bicycle transmission to 
replace the awkward derailleur.” I didn’t really care about making 

millions (much to my wife’s chagrin), but this statement read like a 
challenge to me. “Why hasn’t anyone been able to do it? Surely it can’t 

be that hard,” I thought. This was a real problem to be solved, a 
challenge. The gauntlet had been cast down. 

 
Sun., Aug. 16 – Taking Up the Challenge 

 
The idea of the continuous bicycle transmission kept nagging at me 

from the back of my mind. Someone should be able to solve this 
problem! Why not me? I loved bicycles, loved problem solving, and 

had built a rack and pinion steering system for my Lego car for 
goodness’ sake! I accepted the challenge. 

 

In 1995, I was attending a 
Philosophy conference at the 

University of Notre Dame. While 
other conference attendees 

were debating the merits of 
various philosophical systems 

or gleefully buying Fighting’ 
Irish memorabilia, I was 

thinking about the bicycle 
challenge… and I had a breakthrough. The idea started forming in my 

mind of gear segments that radiated outward from a center point, 
which would be moved by cables. As soon as I got back to Houston, I 

started working on a rough design. Our tiny apartment did not have 
much room for a budding inventor’s work. I was pretty much relegated 

to an old desk (purchased at a nearby thrift shop) in a corner next to 

our dining table (which was really castoff office conference table). Our 
PC at the time was ancient and slow. I still used graph paper. But the 

idea was taking shape and I was obsessed with it. 
 

Throughout graduate school, I kept working 
on the bike transmission design whenever I 

could… but it kept getting pushed to the 
back burner. I was now writing my doctoral 

dissertation and starting to apply for 
teaching jobs across the country. I was also 

working part time to pay the bills, and had 
little time left over for the luxury of 

inventing. Over the years I often biked to 
work, and I noticed that the gear shifting 

The first sketch of what would eventually become VECTr. 



was not always precise and the chain would fall off from time to time. 
This made me want to start again on the bicycle transmission, which I 

had largely abandoned in the general busyness of life. 
 

The challenge wouldn’t let go. I had to find a way to solve it. 
 

Sun., Aug. 30 – A Flash of Insight 
 

In 2008, I started working in earnest again on the bike transmission. 
My wife and I had bought a home in the suburbs by now and were 

both busy with our careers. I ended up working at Sam Houston State 
University in campus ministry and teaching Philosophy, though the 

mechanical problem-solving part of me was still largely unfulfilled.  I 
channeled that desire into the bicycle transmission. 

 

For my part, I kept trying to solve the problem of making a chainring 
expand by designing a device that had the sprocket broken up into 

gear segments hinged at one end and simultaneously pivoting them to 
increase the radius at which they would engage the chain.  As I looked 

into prior patents on expanding chainrings (and earlier “expanding 
pulleys”), I found that people have been attempting to solve this 

problem for almost as long as bicycles have existed.  Frank Berto, on 
p. 53 of his magisterial book The Dancing Chain, cites the Protean 

device from 1894 as the earliest commercial attempt to manufacture 
an expanding chainwheel system. (In another post, I will outline other 

earlier attempts.)  
 



For over 100 years, many previous inventors had attempted various 

ingenious ways of expanding a gear’s radius, yet almost all of them 
involved making all the chain-engaging elements move at the same 

time. Apparently, none of them had been commercially successful, 
however, since none of them were available today.  And my own 

limited tests with the crude models I could construct seemed to 
indicate that there was a problem in having gear segments move or 

expand simultaneously.  While distance between the teeth of the gear 

segments remained fixed relative to each other, the distance between 
the gear segments (and so the teeth of adjacent gear segments) 

would change while the pitch of the chain would not.  
 

This new insight into the limitation of the idea I was pursuing allowed 
me to frame in greater specificity the expanding chainring problem: 

how could the radii at which the gear segments engage the chain grow 
or contract while still fitting into a chain whose links did not vary their 

pitch?  In one moment, while driving down a back road in Central 

Examples of historical patents 



Texas, the idea hit me 
that the gear segments 

could change their 
radial position (in fact 

they would have to do 
so) only when they 

were not engaging the 
chain.  I realized that 

on every turn of the 
crank, there was a 

quarter of the 
revolution when the 

gear was free of the 
chain. This is the space 

between where the 

chain comes to the chainring from the rear sprocket and where it 
leaves the chainring to return to the rear sprocket.  It had to be in this 

quarter turn of the crank that the gear segments could change position 
without hindrance from the chain, but they could still engage the chain 

with properly pitched teeth.  This flash of insight sent my design of 
expanding chainrings into a new direction, one that would ultimately 

culminate in VECTr. 
 

Mon., Sept. 7 – Refining the Design 
 

After realizing that the gears segments had to be able to change radial 
position during the quarter of each revolution when they are not 

engaged in the chain, I also saw that I still had to be worked out the 
mechanics of how the gear segments would move. And this required 

framing the problem in a new way yet again.  Now the problem was: 

how can the gear segments change radial position while they were free 
to the chain, yet maintain their new 

position (and not slide inward) when 
they do engage the chain?  The problem 

was how to make the gear segments 
move when the bicycle’s rider wanted 

them to, yet remain fixed so as to serve 
as an effective power transmission. 

 
My next bright idea was to use long bolts 

radiating out from the center of a base 
plate, and affixing on them specialized 

nuts which would slide in a groove of the 
gear segments.  As the bolts turned, the 

CABT drawing 



nuts would be driven inward or outward, and the gear segments would 
expand or contract.  The turning of the bolts would occur as wheels on 

their outer end rubbed against control plates suspended next to the 
bolts as they pass on each rotation of the crank.  Thus, depending on 

which side of the bolt rubbed against the control plate, the bolt would 
turn clockwise or counterclockwise, and the gear segment would pivot 

outward or inward.  
 

Putting these ideas together, I designed a devise called the 
Continuously Adjustable Bike Transmission (CABT) and set about 

trying to build and test the design.  After even more effort and many 
trips to hardware stores, I built a working model of that design.  I was 

quite pleased and excited 
that the CABT worked. I 

even filed a provisional 

patent application on it, and 
tried to interest various 

bicycle component 
manufacturers in licensing it. 

Unfortunately, I found no 
takers.  One engineer I 

spoke to directed me toward 
Berto’s book, The Dancing 

Chain, and becoming familiar 
with the history of bicycle 

transmission, I realized that 
the CABT was too heavy and 

complicated to be marketable. 
 

Back to the drawing board again. 

 
Sun., Sept. 13 – Trial and Error. 

 
After realizing that the Continuously Adjustable Bike Transmission 

model was just too cumbersome to be appealing, I could not let the 
idea go. I still thought the problem of an expanding chainring system 

should be solvable, but it would take a new approach.  As my wife will 
gladly tell you, I am often guilty of over thinking things and making 

them more complicated than they need to be. So, I ditched the CABT 
design and started over from scratch.  

 
I tried to think what was the simplest way to get the gears segments 

both to be adjusted (i.e., change radial position), and also to lock into 
that new position. First, I decided that having gear segments slide 

Original CABT working model 



along straight arms radiating from the center of a circle was the 
simplest way to for them to change radial position. (This is far simpler 

than my use of spiral-shaped gear segments being moved by a pin 
sliding within them which thereby changed their radial position).   

 
The other problem was how to allow them to lock into position while 

engaging the chain, and unlock and change position when the bicycle’s 
rider wishes to change gears. I got rid of the threaded screws that 

changed the position of the gear segments in the CABT model. I went 
through several designs for the locking mechanisms and tried building 

and testing them, using simple materials and working in my garage.  
 

 
 

Initially, I thought the 

gear segments could 
be locked by means of 

a toggle which fit into a 
notch on the edge of 

the radial arms. I tried 
simple pivoting 

brackets, and an 
elaborate scissoring 

mechanism.  

 
 
 

I tried having pins 

pinch the radial arms 
when depressed by the 

force of the chain.  

 



None of these seemed like they would work sufficiently well, and they 
seemed too complicated. 

 
 

 
Then, I thought it 

would be most feasible 
to have a pin 

perpendicular to the 
plane of the base plate 

serve as a locking 
mechanism. 

 
I thus had to figure out a way for this pin to move in and out as 

directed by the rider.   
 

 

 
I tried a design 

inspired by clothes 
pins. 

 



I tried having the 
toggle swivel when 

making contact with 
the control plates, 

which would raise the 
locking pin from its 

notch. 

 
As many designs as I 
came up with and I 

tried to build, they all 
seemed too 

complicated and/or 
heavy to be 

commercially feasible. 
 

 
 
 

 
It wasn’t until I thought of putting the 

locking notches within the groove along 
which the gear segments slide that I made 

the step which led to VECTr. 
 

 
 

 

 
 

 
 

 
 

Thurs., Sept. 24 – How VECTr Works 
 

The latest version of my expanding chainring idea is called VECTr, 
short for Variably Expanding Chain Transmission. How does it work? 

Find out here: http://vectr-gear.com/how-it-works/. 



 
The key to the design is the simple locking mechanism which performs 

two functions: holding the gear segments in the desired radial position 
while they are engaging the chain, and unlocking from that position 

and moving to a new one when the rider moves a gear shifter.  The 
current design has a simple pin going through the gear segment and 

into a locking notch on the base of the device.  Simply by being 
rotated as the rider pedals, the pin hits a curved control plate, gets 

unlocked, and slides along the contour of the control plate moving the 
gear segment to a new position.  When free of the control plate, a 

spring pushes the pin back to lock the gear segment in place so it can 
transfer power once again. 

 
As you can see from previous 

posts, simplifying the design 

was not a very simple process.  
I have found that the first, or 

most obvious (to oneself), way 
of solving a problem is seldom 

the simplest.  I tried to envision 
what I wanted my device to do, 

imagine a means of doing it, 
and then try to eliminate as 

many parts as I could while allowing the device to function.  The result 
of this long, meandering process is VECTr. 

 
VECTr is a simple design that really works. The video on my website 

shows a very basic working model to illustrate proof of concept. The 
next step in this process will be to develop an actual prototype that 

can be safety tested. But there is a little tweaking here and there that 

remains to be done. VECTr is patent pending and has attracted over 
9,500 views on its You Tube channel, and has received some very 

positive feedback so far. 
 

Now you know the long and winding path that led to VECTr. From here 
on out, this blog will feature updates on this work in progress. Share 

your thoughts on VECTr, and join the ride!  
 

Sun., Oct. 25 – Patent Application Filed 

On Friday, my lawyers (it seems odd to say that) filed my application 

for a patent.  This was a long process that started way back with the 

CABT design. 



After all the design work to 
simplify an expanding chainring 

device, I built the VECTr model 
and was able to get it working. 

 I then updated the provisional 
patent application I had 

submitted on the CABT (which 
in the year following its filing 

had lapsed) and submitted a 
provisional application on 

VECTr. This allowed me to 
claim "Patent Pending" and 

provided a year's protection 
(provided a filed a non-

provisional application) to show 

the working model on this 
website and solicit feedback, 

and eventually offer it for 
licensing to prospective manufacturers.  Since there was enough 

positive feedback, I thought the design might be commercially viable, 
so in June I started working with a lawyer I met through an Eagle 

Scout networking event.  Producing a description of VECTr and its 
functioning in the appropriately arcane legalese, along with other 

possible 'embodiments' proved a long and tedious process.  I had to 
apologize to my wife for I learned it really is hard for others to 

understand the details of VECTr's workings which I discovered from 

having to explain it to the lawyers. 

Well, that long, laborious process concluded Friday with the filing of 
the patent application.  Now I expect there will be a longer, more 

protracted process as the patent office reviews the applications, and 

requires clarifications.  I will keep you posted on the progress. 

 Thurs., Jan. 14 – Weighing the Difference 

So a bike blog, The Retrogrouch, maked passing reference to VECTr 
while showcasing another device (the Wavetrans) to show that 

expanding chainring devices are nothing new in the history of bicycle 
transmissions.  After noting the coolness of its various features, the 

Retrogrouch asks, quoting the Wavetrans website: 

You know what else is cool about Wavetrans? It's 'something . . . that you 

have never seen before.' . . . Unless you actually know something about 

http://bikeretrogrouch.blogspot.com/2016/01/new-is-old-again-expanding-chainring.html
http://www.wavetransmission.com/


bicycle history, that is. In which case you know that these things go back 
almost to the beginning of the safety bicycle. 

If you've read prior posts of this blog, you'll know that the insight that 

expanding chainrings are nothing new, is itself nothing new.  I pointed 
out in a post on August 30 (here) that this had been tried for over 100 

years, but that most of these devices tried to expand the whole 
circumference of the chainring all at once, which seems to be 

impossible given that the links on a chain cannot stretch.  The 
realization that changes in the chainring's radius would have to occur 

when the chain is not engaging led me along the path to VECTr.  The 

Wavetrans inventor seems to have made the same discovery. 

If you look at the prior designs over the last century, you will notice 

how massive and complicated they look.  And with mass and 

complication comes weight and expense.  This seems to have been the 
demise of the previous admittedly ingenious designs.  Retrogrouch 

draws this moral from his history lesson: 

Something tells me that people today are no more likely to adopt a 

transmission that's heavier, more expensive, and more complicated than 
a derailleur system than they were 20, 30 or even 100 years ago. I just 
don't see the Wavetrans (or the VECTr, or any other similar ideas that 

might be brewing out there today) having any more success than their 
Victorian-era counterparts, or any of the revivals from the '70s and '80s. 

The claim that the idea of an expanding chainring has been tried and 
failed is the most common criticism I have received about VECTr. I am 

somewhat surprised and disappointed that this is often the first 

reaction of the more serious bike enthusiast.  I would not have 
thought this was so conservative and staid a group.  They seem to 

reject new ideas, or new attempts to make old ideas viable, because 
they are not the now current 

standard.  Never mind that what is 

now old, was once new. 

VECTr is truly worth its weight . . . 

 and worth the wait! 

The only really relevant question is 

whether the new/old device works 
and is worth what it costs. And cost 

is measured, for bicycles, both 
monetarily and in weight.  Prior 

expanding chainrings failed because 

http://vectr-gear.com/2015/08/30/a-journey-by-bike-a-flash-of-insight/


they were not reliable enough given their price and weight. 
Retrogrouch seems to assume that every one must be heavier, more 

expensive and more complicated than current double or triple crank 

sets.  That looks to be true of Wavetrans, but not of VECTr. 

The weight of the current version of VECTr  (in steel) compares quite 

favorably (500 g) to the triple chainring (Shimano Alivio (in zinc?)) and 
derailleur it replaced (475 g).  When VECTr is commercially 

manufactured, I am sure its weight will be reduced. 

When compared with other in-line transmissions with regard to weight 

versus cost, VECTr is clearly superior: 

Product MSRP Weight 

VECTr $150 – $200 525g (steel) 

NuVinci 360 $399 2450g 

Patterson Drive/FSA Metropolis $300 1734g 

Rohloff Speed Hub $1100 – $2000 1700g – 1825g 

Shimano Alfine 8sp $360 1600g 

Shimano Nexus 8sp $280 1500g – 2000g 

Schlumpf Mountain Drive $700 1080g 

Sturmey Archer SRF5  5sp $181 2010g 

Truvativ HammerSchmidt $700 1623g 

As far as reliability and performance, the jury is still out on VECTr as I 

am still tweaking and testing the design.  Again, it is supposed to 
outperform triples in having more gear settings, and in maintaining a 

consistent chainline.  It is more complicated (six moving parts) than 
triples (one moving part (the derailleur) and three relatively stationary 

chainrings). But that should be offset by the greater reliability of 

preventing dropped chains. 

So, no, an affordable, light expanding chainring has not been tried. 

 VECTr truly is something you have never seen before. 

Fri., Jan. 6 – Further Refinements 

While the original video of VECTr garnered positive feedback and 
interest, there were many questions about its operation as well as 

suggestions for improvement.  (You can see a representative sample 
in the comments on various pages of this website.)  Easily, the 

number one criticism was that the expanding chainring design has 



been tried and found commercially wanting.  As I continue to point 
out, there have been many expanding chainring designs that have not 

had sustainable commercial success, but the differences among them 
probably account for their varying degrees of profitability.  Trying to 

find the simplest, most reliable design producible for the least cost is 
the true challenge in design in general, and specifically in the 

expanding chainring transmission game. 

There were concerns specific to the VECTr 
design which I have spent my time trying to 

address.  The first had to do with the 

smoothness of the operation.  It has always 
been an aim of the design process to make 

a device which is compatible with current 
bicycle standards, and so I made a four 

gear segment mechanism which could be 
fitted to the 64 BCD fittings of a MTB crank 

arm. 

It was noted, however, that this made the 
operation of VECTr appear "lumpy" and 

uneven, and viewers thought it would make 

for an uncomfortable ride. Yet, increasing 
the number of gear segments would increase steps between the gear 

ratios, and thus limit the range of settings for the device. 

Also, the design of the locking/adjustment 
mechanism of the gear segment consisted of 

three pieces for the sliding motion, plus a 
pin/bolt and spring for the locking motion, in 

addition to the actual chain-engaging gear 
segment.  These were all held together with 

simple blind rivets, which I knew were none 

too strong, and probably would not hold up 
to the stresses of actual road use.  In 

working up some cost estimates for the 
manufacture of VECTr in that iteration of the 

design, it became clear that it would be 
difficult to entice a manufacturer to license 

the design, or for me to make them out of 
my garage.  I thought, too, that simplifying the design of the gear 

segment mechanism would decrease the weight and offset the 

additional mass of added gear segments. 

http://vectr-gear.com/2015/08/30/a-journey-by-bike-a-flash-of-insight/
http://vectr-gear.com/2015/08/30/a-journey-by-bike-a-flash-of-insight/


The result of rethinking these issues led me 
to design VECTr with five expansion arms 

(fitted for 110 BCD cranks) and five gear 
segments which would slide within 

narrower channels, still having notches on 
one edge into which a locking pin would fit. 

 In a prior blog post I detailed how I had to 
call upon my trigonometric acumen (latent 

and seldom used as it was) to work out the 
proper spacing of the notches for the five 

arm design. 

In this new design, I 

replaced the three-piece 
sliding parts with simple 

bolts (which also took 
the place of the rivets) and the locking bolt sliding 

with the rest; it would be biased into locking 
position by an external elastic band or other small 

spring. 

I spent much of my time working on VECTr this past year (when I 

could work on it) trying to get this design to work, as well as working 
to make the control mechanism compatible with a Shimano indexed 

shifter.  I detail some of that work in a prior blog post, too. 

Given that I say that I tried to get this new design to work is a pretty 
good indication that it was not successful.  I will have to let you know 

the insights this process gave me that led me to the current design, 

which I think shows even greater promise. 

Mon., July 31 – More Improvements 

It has been a while since I updated the progress being made on VECTr 
(in part because that progress has been slowed by my day job 

consuming the free time I would have devoted to inventing). Well, a 
couple of developments have taken place since January. First, while 

the 110 BCD five gear segment design showed promise, the placement 
of the bolts in that design interfered with the movement of the gear 

segments. 

So in January, I modified the design of the base plate to allow the free 

movement of the gear segments, and began testing the design in 

February. 

http://vectr-gear.com/2015/08/21/a-journey-by-bike-another-design-problem-solved/
http://vectr-gear.com/2015/10/11/a-journey-by-bike-another-obstacle-overcome/


  

 

Throughout February and 
March, I tested various 

designs for the locking pin, 

trying to find one that would 
keep the pin perpendicular to 

the plane of the base plate 
while sliding into and out of 

the locking notches in the 
base plate. In addition, I was 

trying to figure out the best 
spring type to bias the pin 

into the locked position, a 
type that would fit into the 

very small space between 
the gear segment and the 

base plate.  The locking 
pin/spring combination is really the key to VECTr being able to achieve 

expanding gears at a light weight and hopefully low production cost. 

One other improvement was to affix the control plate guide more 

securely to the frame. In the end, I replaced the temporary wooden 
bracket with a steel one I fashioned which is much more durable, and 

will probably be incorporated into the final product design. 



 

New 5-Bolt base plate with gear segments and control plate guide 

affixed with steel bracket.  

Now, as I had indicated in the prior blog post, I still need to find the 
proper angles for the control plates that will unlock and move the gear 

segments both from inner to outer positions, and vice versa.  We are 

getting close! 

Tues., Oct. 23 – US Patent Office Allows VECTr Patent 

Application 

Three years to the day after I filed the non-provisional patent 

application with the US Patent and Trademark Office, the examiner has 

allowed a patent for my Variably Expanding Chain Transmission 
to issue! Once the Notice of Allowance is mailed, and after I pay the 

requisite fee and submit any required changes or corrections to the 
application, the patent should issue in a few weeks! At that time, 

VECTr will no longer be "patent pending," but an actual patented 

invention! 

UPDATE:  On January 1, 2019, patent number 10,167,055 was issued 

for Variably Expanding Chain Transmission! 

 

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=10167055.PN.&OS=PN/10167055&RS=PN/10167055
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=10167055.PN.&OS=PN/10167055&RS=PN/10167055


Sun., Apr. 7 – Road Tests! 

So, since having the patent issue for VECTr, I made another 
model/prototype with which to conduct tests to see how it performs on 

an actual bicycle while bearing the (rather considerable) loads of an 
actual rider (me). The first step in order to do this was to switch out 

the bottom bracket on my Trek mountain bike with a 127.5 mm one so 
as to accommodate the somewhat larger size of VECTr. That took 

getting the appropriate tools and doing a little research on how to 
loosen the original one which seemed good and stuck. However, 

having successfully completed the bb switcheroo, installing VECTr was 

pretty straightforward. 

 

Once I fashioned a new, compact controller, I set about testing its 

operation on the bike while it was supported on a repair stand. 

The test showed VECTr operating amazingly well!  

The demonstration video (below) shows VECTr in action mounted on 
my bike. It is operated using a lever/friction shifter, so the shifts are 

not as precise as they would be with an index shifter, but, as you can 

http://vectr-gear.com/2019/01/09/new-video-of-new-working-model/


see, they do not need to be for VECTr to change gears as quickly and 

efficiently as a derailleur/chainring system. 

https://youtu.be/QCudfsgUqD8 

The next step was to take it on the road to see how it handled 

operating under load. This I was able to do this week. Again, VECTr 

performed remarkably well, and showed the current model very 
nearly to be a true prototype and in need of relatively little refinement 

to be production ready. I don't have a video of road testing as it would 
require a frame-mounted camera to show anything interesting, so that 

will have to wait. 

But there were some specific findings that did emerge: 

• Bore loads well. VECTr was able to bear what I thought were 

moderate loads in the higher gear settings. I did not try to climb 
any significant hills, but VECTr performed well in the minor 

inclines and slow rolling starts of road riding. Obviously, I have 
no quantitative data - just my brief but real riding experience. 

• Compatible with rear cassette gears changes. VECTr was 
able to continue working even as the chainline varied with the 

changes in gear on the rear cassette.  I had not tested this on a 
model before and feared the varying chainline would prevent 

VECTr's gear segments from engaging the chain without a chain 
guide. Such a fear turned out to be unfounded. Below is video of 

VECtr operating as the rear cassette changes gears with the bike 

on the repair stand. 

https://youtu.be/07FzZ3WcknU 

• No chain slippage. Critics often predicted that since VECTr has 
isolated points of contact with the chain, the higher tension on 

the chain at those points would cause the chain to slip, 
undermining the central task of a drive train. This did not 

happen. 

• No "lumpiness." I did not feel any unevenness (or "lumpy" 
feel) in the pedaling. Some critics predicted that pentagonal path 

the chain formed while being driven by VECTr would result in 
such a lumpy feel, but I could not discern any. A more sensitive 

cyclist perhaps might, and precise power or torque 

measurements would probably reveal non-uniform results. 

A couple of negatives: 



• I need to design and have machined a sturdier and more robust 
controller, as the operation of VECTr tended to drive the 

controller out of alignment and distort the frame-mounting 
bracket. 

• I need to utilize stiffer, yet smaller springs for the locking pins 
on each gear segment. Occasionally, a gear segment would not 

lock into place and slip inwardly under the force of engaging the 
chain. This was often rectified on the next pass through the 

controller and VECTr would continue to function properly. But a 
few times, the gear segment slid to where it could not engage 

the controller effectively, which pretty much prevented the pedal 
crank from turning. Using springs more appropriate to the space 

constraints of the gear segments should fix the issue. I expect 

this is an easy fix. 

 

Over all, the positives of 

• a lighter,  

• more streamlined sprocket-mounted gearing system,  
• with more gear settings and  

• as reliable (or more so) than chainring/derailleur system  

more than outweigh any negatives associated with the 

increased complexity of VECTr. 

Wed., Sept. 25 – More Road Test Results 

So, I conducted some more extensive road tests in April and May. The 
results were mixed. VECTr was definitely able to bear real life loads as 

I pedaled myself on neighborhood streets and up modest inclines. But 
I found that over more extended periods of riding, the chain would 

indeed slip, even when there was not much of a load on the chain. I 
did some more careful observations with the bike on the repair stand, 

and found that the teeth were not quite aligning with the links of the 

chain, and that this was the cause of the slippage. In January, I had 
redesigned the gear segments with tapped holes for receiving 1/4 inch 

bolts to secure them to the base plate. In the process, the teeth had 
changed a couple of millimeters from the prior design, and so were not 

syncing with the chain as the prior design had. 

 Road tests also revealed a problem in using bolts to affix the gear 
segments to the base plate.  The force applied to the pedals to drive 



the chain passed through, as it were, the base plate to the gear 
segments, but as it did so, the threads of 

the bolts affixing the gear segments to the 
base plate dug into the grooves or guide 

tracks in which they would slide when 
being moved to a new radial position. 

Consequently, this force being concentrated 
on the bolts caused deformations in the 

edge of the guide tracks, and thus hindered 
the free movement of the gear segments 

when it came time for them to slide to their 
new radial position. This was a more serious 

problem that would need to be addressed 

 Although using bolts to both affix the gear 

segments to the base plate and to slide in the 
guide tracks was, in a sense, simpler and less 

expensive than other possible designs, the 
deformation of the surface of the guide tracks 

meant that I would need to find another way 
for the gear segments to slide without such 

problems. I spent a couple of weeks 
redesigning the gear segments with five instead of just four teeth, but 

in the proper dimensions to sync with the chain, and incorporating 
guiding flanges to distribute the load of the forces transferring from 

the base plate through the gear segments to the chain so as to 

prevent deforming the edge of the guide tracks. 

It took some time to get 
the new gear segments 

machined, but when 
mounted and tested for 

chain sync, they worked 
perfectly. I conducted 

some in-lab (utility room) 
and brief road tests, and 

they were able to drive 

the chain well. Gear 
changes, though, were inconsistent due to issues with the control 

assembly. 

  

Gear segments affixed with 1/4 
inch bolts  

Deformation of guide track 



In my last post I noted 
that the operation of 

VECTr tended to cause the 
controller assembly to go 

out of alignment and 
distort the bracket which 

mounted it on the 
bicycle frame. I therefore 

designed a new sturdier 
and more robust controller 

assembly and had it 
machined. Fitting the new 

assembly to the frame 
turned out to be more difficult than anticipated, but with some 

modifications, I was able to mount it and it was ready for another 

round of testing. 

Initial in-lab tests show the new gear segments and controller 
assembly allow VECTr to run much more smoothly, confirming the 

potential within the ideas at the core of the Variably Expanding Chain 
Transmission design. See the video below for a demonstration of 

VECTr on the bicycle in the lab. 

https://youtu.be/9Q8RavDigzo 

Next time: new road tests! 

Sat., Sept. 28 – VECTr Hits the Road (and Crushes It!) 

I took VECTr for a quick spin around the neighborhood. Here is the 
uncut video of how it performed. I added some annotation just let you 

know when gear changes were taking place -- they are virtually 

imperceptible otherwise. 

https://youtu.be/5jBXFftKy6U 

There was a minor issue of a gear segment slipping into a lower 
position during a gear change. This was due to the controller being in 

a less-than-precise setting, being moved as it was by the lever/friction 
shifter attached to it. This could be remedied by using an index shifter 

(if one were calibrated to the rather large (relatively speaking) jumps 
between gear settings) or an electronic shifter, again properly 

calibrated. 

http://vectr-gear.com/2019/09/28/vectr-hits-the-road-and-crushes-it/


Fri., June 18 – VECTr Is Already Ahead of the Big Boys 

Two of the Big Boys (the two 
biggest?) of bicycle component 

manufacturers, Shimano and 
SRAM, have both created quite a 

lot buzz with their patent 
applications for drivetrain 

components which would, in 
different ways, eliminate the front 

derailleur. 

In January, the PTO published the 

patent application which Shimano 
filed for a frame integrated 

gearbox: 

  

  

  

And the application that SRAM filed for 
a crank mounted (not frame mounted!) 

derailleur was published by the PTO in 

May. 

What I think this shows if that even the 

Big Boys realize there are inherent 
problems with the front derailleur 

on drive trains and that they have 

invested significantly in R & D and 
patent costs and fees to come up with 

creative, albeit super-complicated ways 
around what has been a mainstay of 

bicycle transmissions. 

The fact that these major players in the bike component marketplace 
are looking seriously at alternatives to the front derailleur has driven 

interest in VECTr. 

  

https://www.bikeradar.com/news/shimano-gearbox/
https://www.bikeradar.com/news/shimano-gearbox/
https://www.bikeradar.com/news/shimano-gearbox/
https://www.bikeradar.com/news/shimano-gearbox/
https://cyclingtips.com/2020/06/radical-sram-crankset-patent-incorporates-three-rotating-derailleurs/
https://cyclingtips.com/2020/06/radical-sram-crankset-patent-incorporates-three-rotating-derailleurs/
https://cyclingtips.com/2020/06/radical-sram-crankset-patent-incorporates-three-rotating-derailleurs/
https://cyclingtips.com/2020/06/radical-sram-crankset-patent-incorporates-three-rotating-derailleurs/


VECTr similarly eliminates the front 
derailleur and instead varies the 

size of the front driving gear by 
adjusting crank mounted gear 

segments. This keeps the chain in a 
consistent chainline. Shimano's 

gearbox would do this, but only by 
requiring a heavy, complicated 

mechanism built into the bicycle's 
frame. VECTr achieves gear 

changes while being mounted on 
existing bike cranks/bottom brackets, components compatible with 

standard frames. SRAM's device would seemingly do this too, but it 
would also itself be a true derailleur and push the chain between only 

two discrete chainrings. Moreover, it would do so by incorporating tiny 

servo motors, batteries, a radio receiver, a timing computer and who 

knows what all else. 

VECTr's very great advantage over these proposed alternatives from 

SRAM and Shimano is that it achieves the same or better result than 
the devices described in the patent applications with a very much 

simpler design, and no doubt, at a very much reduced cost. Plus, 

VECTr is already patented! 
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