BIKEMASTER User's Manual
By Don Axtell, 9 October, 1987

To run BIKEMASTER type the foIIow{ng :
RUN SDISK:[SAG.DVA.PROGRAMJBIKEMASTER. EXE

BIKEMASTER displays a |ist of 19 variables as shown below. Together they
help to calibrate and quantify any bicycle ride so that predictions can be
made on future rides. Knowing how each of these variables Interact with the
others, the user will become a master of his bike. To use this program,
simply choose a variable and enter a new value. BIKEMASTER then
automatically makes all adjustments to the other variables and updates the
display. Both old and new values are shown side-by-side for ease of
comparison. Each of these 19 variables Is covered in the following pages.

BIKEMASTER - Learn to be the master of your bicycle
A-Distance to ride(miles) = 1.8 1.8 1.8 0.0
B-Road gradient (percent) = 10.5 10.5 10.5 0.0
C-Elevation change (feet) = 997.9 997.9 997.9 0.0
D-Weight of bike (pounds) = 25.0 25.0 25.0 0.0
E-Weight of rider(pounds) = 180.0 180.0 180.0 0.0
F-Rol ling friction = 0.01000 0.01000 0.01000 0.00000
G-Wind friction factor = 0.01621 0.01621 0.01621 0.00000
H-Wind speed (mph) = 0.0 0.0 0.0 0.0
I-Wind angle (Odeg=head) = 0.0 0.0 0.0 0.0
J-Gear ratio = 43,6 43.6 43.6 0.0
K-Pace or Cadance (rpm) = 59.9 55.5 48.0 0.0
L-Speed (mph) = 7.8 Tl 6.2 0.0
M-Time (minutes) = 13.9 15.0 17.3 0.0
N-Weight load (pounds) = 21.4 21.4 21.4 0.0
O-Rolling load (pounds) = 2.0 2.0 2.0 0.0
P-Wind l|oad (pounds) = 1.0 0.8 0.6 0.0
Q-Total load (pounds) = 24.4 24,3 24,1 0.0
R-Work (pound_miles) = 44,0 43.7 43.3 0.0
S-Power(pound_mi les/hour) = 189.8 174.9 150.0 0.0
Enter |tem, Value :




A - DISTANCE (In miles) :

Distance 1Is how long the ride Is or will be. A long trip should be broken
down Into sections, with each section having a constant Gradient (B). Only
one section can be considered at a time. A change In Distance will affect
Elevation (C), Time (M), and Work (R).

B = GRADIENT (In percent) :

Gradient |Is a measure of how much uphill (+) or downhill (=) slope there Is
on the ride section considered. Gradient Is defined as the number of
vertical feet change for each 100 feet of horizontal. Gradients greater than
10 are very steep hills. A change of Gradient will affect Elevation (C),
Cadance (K), Speed (L), Time (M), Weight load (N), Wind load (P), Total load
(Q), and Work (R). If the change In Gradlent causes a Speed (L) greater than
35 mph, then Speed Is set to 35 and Power (S) Is changed.

C - ELEVATION (in feet) :

Elevation Is the vertical change from the beginning to the end of the ride
section. Positive Elevation is uphill. When Elevation Is changed, Gradient
(B) Is recalculated, and then all other changes are based on the new
Gradient.

D - BIKE WEIGHT (Iin pounds) :

Bike weight Is the welght of the bicycle plus any additional equipment. A
change In Bike welight affects Cadance (K), Speed (L), Time (M), Rolling load
(0), Weight load (N), Total load (Q), and Work (R).

E = RIDER WEIGHT (in pounds) :

Rider weight Is combined with Bike weight (D) to get the total weight. A
change In Rider weight affects Cadance (K), Speed (L), Time (M), Rolling load
(0), Weight load (N), Total load (Q), and Work (R).

F = ROLLING FRICTION (unitless) :

Rolling friction Is a factor which Is multiplied by the total welight (D+E),
which results 1in Rolling load (0). A change in Rolling friction affects
Cadance (K), Speed (L), Time (M), Rolling load (0), Total load (Q), and Work
(R). Appropriate values for Rolling friction are :

TIRE SIZE / ROAD CONDITION ROLLING FRICTION
Thin tire / Smooth road .010
Thin tire / Rough road .020
Fat tire / Smooth road .020
Fat +tire / Rough road .025
Fat tire / Loose dirt .040




G - WIND FACTOR (unitless) :

Y589 (B3STOR chgnBd' TAPHIRY PXTER 29¥3C9s°8albAcE®lRT]VEpaRESELTD SR (RS,
VAS‘ égggréN)6ng+aed.ogge(Egblggdo¥°ﬁ§néReactB°c gggngemg;gdlgng L°¥ g¥35
E;?gsrg Speeds. Wind factor changes according to riding position as shown .

RIDING POSITION ‘VIND FACTOR

Crouched low, hands on bottom bars .00801 S
Hands on top bars, drafting In group .00801 .}

Hands on top bars, no drafting .01621 H“‘“’;::*:‘}TTM‘
Sitting upright or standing .02414 No 3

H = WIND SPEED (In miles per hour) :

If there Is a constant wind during the ride, Its speed should be entered
here. The direction of the wind Is entered In (1). A change in Wind Speed
affects Cadance (K), Speed (L), Time (M), Wind load (P), Total load (Q), and
Work (R).

| = WIND DIRECTION (in degrees) :

Wind direction is 0 for a headwind and 180 for a tailwind. Wind Direction,
Wind speed (H), Speed (L), and Wind factor (G), all go into the equation to
calculate Wind load (P). A change In Wind Direction affects Cadance (K),
Speed (L), Time (M), Wind load (P), Total load (Q), and Work (R). A headwlind
means more Wind load and a slower Speed.

J = GEAR (In inches) :

Gear 1Is calculated by taking the number of teeth In the front sprocket
divided by the number of teeth In the back sprocket and multiplying by the
whee| diameter. Gear multiplied by 3.14 would equal the number of Inches of
forward movement for each rotation of the pedals. The tables on the next
page |list Gears for all tooth combinations for both 26" and 27" wheels. A
change in Gear affects Cadance (K) only, as Speed (L) Is kept constant.

K = CADANCE (in revolutions per minute) :
Cadance Is a measure of how fast the pedals are rotating. A change In

Cadance affects Speed (L), Time (M), Wind load (P), Total load (Q), Work (R),
and Power (S). Typical Cadance values are :

TYPE OF PEDAL RANGE OPT IMUM
With toe-clips 50-120 90
Without toe-clips | 50-90 70
Up steep hills 40 minimum 70
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L = SPEED (in miles per hour) :

This might be the most important variable. When changes are made to the

other variables, the rider should look at what happens to Speed. |f Speed Is
already known from an actual ride, It Is entered here and Power (S) will be

calculated, thereby callibrating the ride. A change In Speed will affect

?adance (K), Time (M), Wind load (P), Total load (Q), Work (R), and Power .
S).

M= TIME (in minutes) :

Just |llke Speed (L), if time Is already known, It can be entered here. A
change in Time will affect Cadance (K), Speed (L), Wind load (P), Total load
(Q), Work (R), and Power (S).

N = WEIGHT LOAD (In pounds) :

Weight load cannot be Input. It Is the result of total weight (D+E) and
Gradient (B). A positive value means uphill and work Is required. A
negative value means downhill, and energy Is avallable to help overcome
Rol ling load (0) and Wind load (P).

O - ROLLING LOAD (in pounds) :

Rolling load cannot be input. It is the result of total weight (D+E) and
Rolling friction (F). Rolling load is always positive and acts to slow the
bicycle down.

P - WIND LOAD (in pounds) :

Wind load cannot be input. It is the result of bike Speed (L), Wind speed
(H), Wind direction (1), and Wind factor (G). Wind load increases greatly at
higher speeds.

Q - TOTAL LOAD (in pounds) :

Total load cannot be input. It is the sum of Weight load (N), Rolling load
(0), and Wind load (P). A higher Total load means a lower Speed (L).

R - WORK (In pound-miles) :

Work cannot be Input. It Is calculated as Total load (Q) multiplied by
Distance (A). For uphills, Work Is a measure of how tough the hill is, and

can be compared with Work levels for other hills. The following page
contains a list of hill climbs and their related Work levels.



HILL CLIMB DISTANCE |[ELEVATION | AVE.GRADE |MAX.GRADE| WORK

Mt. Hamilton Road 217.4
Hill #1 6.0 1660 9.2 6.0 82.0
Hill # 2 5.2 780 4.6 5.0 40.0
Hill #3 6.5 1900 5.8 6.0 95.4

Dunne Ave. 135.0
Hill #1 1.0 420 8.0 10.0 18.8
Hill # 2 " 1590 7.0 7.0 72.8
Hill #3 3.0 900 5.7 6.0 43.4

Saratoga Gap/Hwy 9 6.6 2200 6.3 8.0 | 103.1

Soda Springs Road 5.6 2250 7.6 10.0 | 101.3

Montebel lo Road 5.3 2100 1.5 11.0 94.8

Quimby Road Dot 2050 s 15.0 92.3

Bonny Doon Road 6.4 1700 5.0 10.0 85.4

Black Road 4,5 1800 Tl 12.0 B81.1

Sierra Road 37 1800 9.2 12.0 78.5

Felton-Empire Road 3.9 1600 7.8 14.0 71.8

Mt. Charlie Road 4.7 1200 4.8 18.0 60.7

Old Santa Cruz Hwy 5.4 950 3.3 5.0 56.1

Hecker Pass Road 4.5 900 3.8 S50 50.0

Calaveras Road 3.0 950 6.0 10.0 45.)

Metcal f Road 1.8 1000 10.5 12.0 42.7

Hicks Road (Almaden 1.6 700 8.3 12.0 2¥.0

Hicks Road (Guadalupe)l.0 750 14.2 16.0 31.0

Bernal Road 1.0 470 9.0 10.0 20.8




S - POWER (In pound-miles per hour) :

Power 1s a measure of how strong the rider is or must be. A value of 375
equates to one horsepower. Usual values are between 100 and 200. I|f Power
Is negative as happens on some downhlills, that means that the brakes would
need to be applied. Once an existing ride is entered into BIKEMASTER, a
Power level |Is obtained. That level of Power [s then kept constant while
other variables are changed to predict how the rider would do on other rides.
The maximum power level for any one rider decreases and the length of ride
Increases. o3 :

The plot of Speed versus Power compares two Wind factors for a roadbike
racing on a flat smooth surface. The two Wind factors are for drafting or
not drafting. Tis plot also shows that minimizing the Wind resistance helps
alot to conserve energy.

The next plot, Speed versus Gradient compares a mountain blke with a
roadbike. The main differences here are the rolling resistance (.02 to .01)
due to the fat tires and the fact that a mountain bike weighs more. The plot
shows that a 5% grade will cut a rider's speed In half and a 10% grade wil|l
cut it In half again. Downhlll flying is much faster on a roadblke because
of the lesser rolling resistance, with speeds of 40 mph at a 7§ grade without
pedal ing.

The Table, Biking up Metcalf Hill, compares a roadbike with a mountain bike
for equal amounts of Power. Without having to work any harder, the roadbike
beat the mountain bike by 4.0 minutes, a reduction of 20§ off the mountain
bike time. This demonstrates the Importance of having the right equipment.

The next table compares four different bicycles. Included Is both a cheap
and expensive mountalin bike and a cheap and expensive road bike. Welght
savings and rolling friction are the biggest reasons In buying a more
expensive bike.

The following chart presents the logic used in developing the Wind factors.
Terminal velocities were taken for different skydiving positions. Some of
these skydiving positions were then equated to riding positions on a bicycle.
A factor, K, was then found by using BIKEMASTER with a very steep (-99%)
downhil|l gradient. Different factors were tried until the Power came out to
be zero at a Speed equal to the expected terminal velocity.

The next page presents all of the equations that are used Inside BIKEMASTER.
Often, not every varliable can be calculated directly, and so an Initial guess
Is made and then iterations are done using these equations until the flinal
answer matches the Initial value.
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Bike Selection
ﬂ A B o D
TYPE ROAD ROAD | MOUNTRIN| MoURTRIN
PRICE 4120 8600 | %120 2 oo
WEGHT 35 1= 2D . 50 e 2%
# GEARS 2x5 2x G 2% 5 3Ix6
CilaIn RING 32 [52 42 [z 39/52 | 28[/38/4%
FeeE WHEEL ||2s/24fac/i7lld %}n/lﬁh-{/:s/:s 28ifo i/ 14 32/2@/23/20/7/¢
WHEEL Diprnerer. 2 21" 26" 26"
TIRE, (J(DTH |4« 0. % 2.128"° l.g"
Toe ClLips NO s NO NO
RDLU%F&\&{?M 015 .0lo .020 LS
High GEaR | 100.3 [10.0 .G 29. |
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