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What's a continuously variable
transmission (CVT)?

. Used In some road cars, ATVs, and
snowmobiles (and Baja SAE cars)
» Consists of input pulley, output pulley,
oelt m

- No discrete gearings

« Purpose: accelerate vehicle at engine
neak power (P = mav)




Setting Requirements

2025 Season: Points Lost by Dynamic Event

Each bar is the event winner's posted points minus CWRU Motorsports’ posted points for that competition.
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Early June 2025
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Setting Requirements

Vehicle Requirements

Components must perform consistently for 16 hours in Endurance
conditions

Able to maintain 90% of entry speed through any obstacle.

100-foot acceleration time of 3.85 seconds on a dirt surface
straightaway

Complete 300-foot dirt surface straightaway in 9 seconds

Lap times must not increase more than 5% after 5 hours of runtime

Complete a benchmark figure-8 course within 6 seconds on a dirt
surface

\

Cascaded Requirements

Drivetrain components must meet the 95% confidence interval and
maintain a minimum FOS of 1 for at least 16 hours of runtime

Drivetrain must be able to climb benchmark concrete wall obstacle
from standing start on dirt

« Drivetrain mass shall not increase more than 2% from SR25

. Drivetrain efficiency shall be at least 77%
. CVT shall shift at engine peak power

Gearbox/CVT ratio must enable a top speed of 40 MPH

Acceleration times must not increase more than 5% after 5 hours of
runtime

CVT must be able to shift from highest ratio achieved during a
benchmark figure-8 to 75% of ratio (or lower) in 0.2 seconds

Early June 2025




Research
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Acceleration Performance Analysis for Rubber V-
Belt CVT with Belt Tension Clutching, SAE
International Journal of Engines, Vol. 9, No. 1
(April 2016), pp. 417-422

Early July 2025

ar fec _
T—qv? <sim‘)+fR cosﬂ)da =Ja0e
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Analytical model for the power losses in rubber
V-belt continuously variable transmission (CVT),
Mechanism and Machine Theory, Vol. 78, No. 1
(2014), pp. 289-306.
. Derives equation for belt tension

. Important factors for efficiency include

belt tension, belt wrap angle, COF, and
sheave angles



Data Collection
—

Engine RPM vs Wheel Speed: SR25* Data

Data used as reference for ideal shifting conditions for SR26%
measured with hall effect sensor
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Bearing on Shaft

. First attempt at using in team history
Allows for increase in belt tension without belt rubbing on

shaft while spinning
« Increasing belt tension increases efficiency

. Industry standard

Polaris clutch

Mid July 2025



Free-Body Diagrams
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Generating Concepts

b

Late July to August 2025



Custom Belts from Sponsor

L T
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Match sheave angle, customized belt
geometry (width, height, etc.) to optimize

packaging and grip between belt and
sheaves
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A variety of belt profiles to test




SR24 vs SR25

Custom

Primary

(2nd in team
history)

Custom Primary
(3rdin team history)

Bearing on shaft

\>

August to October 2025



FiInding a Shaft Bearing

® Primary CVT One-Way Bearing Options

EB Table

o Difficult to find smaller
N § o ) needle-roller bearings
Caltric One-Way Primary Clutch Bearing Compatil $2197 ! : ¢ amazon.com t h a t are sea | e d
Polaris Sportsman $59.95 ! aco. no dims tbh . .
oo ey ry i o] | | it e ot e « Ended up going with
Caltric 1520836 Primary Clutch One Way Bearing $28.99 : ; 2, ebay.com has inner race? a n u n S e a | e d n e e d | e
Caltric Primary Clutch One Way Bearing Kit Comp $48.50 J . I ' honestly not sure of dims, this comes w a bushing and wa

Primary Clutch Bearing Needle And Washer Fits Px $39.90 L no dims listed ro | | e r b ea ri n g a n d
SuperATV Up & Running Polaris RZR Primary Clutc $4495 . dk if this is the actual dims a tte m pted to u Se COTS

Dokili Primary Drive Clutch Needle Bearing 35146 $25.75 )

Primary Clutch Bearing And Washer Fits Polaris RZ $44.90 2 L : Y might just be package dims O - r I n g S to Sea | I n
RCB162117 One-Way Needle Bearing/Clutch 1x1 $1499 03125 vxb.com betwe e n ra Ce a n d

P90 Primary Clutch One Way Roller Bearing 15211 $50.00 gilomeninnovations.com

et eam | needles, but was
unsuccessful due to fit
oo ,[ — iccues

. After testing with CVT
on-car, found that the
bearing was still rolling

with enough force

July to November 2025
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Fit-Checking

Early November to Mid-December 2025
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Performance Analysis
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Generating Flyweight Profiles and

Masses/Center of Mass

Python script

Input desired contact angles based on
desired shift RPM

Variable profile as CVT shifts, lines up
with keeping engine RPM at peak
power of 3000 RPM



Finite Element Analysis

G: Floating Sheave

tructural

Static loading from spring, belt, flyweights
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December 2025



Finite Element Analysis

D: Spider
tic Structural

Static loading from spring, flyweights

[€] cylindrical Support 3: 0. in
@ Cylindrical Support 4: 0. in
E] Remote Force: 383, |bf
[F] Remote Force 2: 383, Ibf
E] Remote Force 3: 383. |bf
[H] Force: 72. Ibf

D: Spider
Total Deformation

Total Deformation

0.00041158
0.00020579
0 Min

January to March 2026



Final CAD

February 2026
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MAnufacturing
~—

Machined bushings, allowing for control
over concentricity and press/slip tolerances

. Post-machined bushing ID after pressing
INnto sheave

February to March 2026




Assembly

March 2026



New hall sensor PCB Wear rings from belt on sheaves indicate how far CVT shifted

April 2026



Testing

Engine RPM vs Wheel Speed

Filtered data
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April 10th
Shifting above engine peak power (3000 RPM), top

speed not close to 40 MPH > more shifting force
needed
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April 29th
Closer to 3000 RPM, but not flat at 3000 RPM > more
shifting force needed at high end

April 2026



Oregon (1Ist) Competition

. Component failure (spider)

« Propagated from stress
concentration

. Not shifting to full range
and not shifting at peak
power = poor performance
in Acceleration and Hill
Climb

. Poor performance in
Endurance due to getting
rear-ended during 4-hour
race

Oregon 2026: Percent of Winning Event Score

Sorted from weakest relative score to strongest. 100% means CWRL matched the top posted event score

Early May 2026
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Flyweight Iteration Between Competitions
. Based on testing data before Oregon
competition, new COM position with more

acceleration force

Engine RPM vs Wheel Speed
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May to Early June 2026
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Ilteration

R: Spider, Max Torque 2
Equivalent Stre

Type: Equivalent (von-Mises) Stress
Ur

Spider Iteration Between Competitions

« Replicated failure in FEA

. Strengthened failed component (spider)
and re-ran FEA, reduced stress
concentration by changing shape of
incessed area

May to Early June 2026



New York (2nd) Competition

Oregon 2026: Percent of Winning Event Score

Sorted from weakest relative score to strongest. 100% means CWRU matched the top posted event score

10th at Oregon competition

. Poor performance in Acceleration,
Hill Climb, Endurance (due to
crash)

. Component fracture in CVT

1st Competition

New York 2026: Percent of Winning Event Score

Sorted from weakest relative score to strongest. 100% means CWRU matched the top posted event score

Won the entire New York competition
= I — « Better performance in Acceleration,
Hill Climb, and Endurance events

« No component failures in CVT

Accrleration

B04%

2nd Competition

Early June 2026



Improvements + Advice for Future
for Primary CVT i

. Floating Sheave —

« Manufacturable

. l.e.separate into multiple parts like
other teams

. Shaft Bearing

. Find a sealed bearing

. Prevent belt dust from building up in
needles and seizing bearing

. Belt was rubbing on bearing

Designers




Improvements + Advice for Future Designers
for Primary CVT

. Make more severe flyweight iterations

. Iterated from Rev - all the way to Rev P
. Over-adjust, like PID

« Finish design early, do not make too many changes
. Leave many more months of tuning time to learn more about the system
. le. how temperature affects performance, different belt geometries, etc.
. Test off-car

. Make use of our custom CVT dynamometer (still in progress, but likely will
be ready to use this upcoming school year)
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