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Is Swimming a Power Sport ?
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Basic Definitions

➡Force = m a (newton - N)

➡Work = F s ( joule - J) --> energy

➡Power = Work / t = F s / t = F v (watt)
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We know the load

We measure the velocity
Wired linear encoder (1000Hz)

It derived from velocity
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Strength training of Power 
Training?

➡1. The load is the key factor

➡2. A rational combination of Velocity 
and Strenth
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Some references: “Tour de France”
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from

http://www.sportsscientists.com/
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Some references: “Tour de France”-2
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from http://www.sportsscientists.com/
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Cycling...	

➡Is a good example where:

•higher power means better performances

➡As a cyclic sport, should swimming 
be similar? 
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Strength training evolution
➡From LOAD oriented 

training

•UNITS: mass * number of 
repetitions * series

➡To POWER oriented 
training

•Added UNITS: mean, peak and 
instantaneus:

•velocity, acceleration, force, 
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Recent research simplifies everything to velocity plus loads
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Typical Strength Exercises 
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Bench-Press Bench-
Pull

Semi-squat
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How the power is measured?
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VM VMP VPeak

PM PMP PPeak
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Recording Sample
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Bench-
Pull
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Reporting results...
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Velocity differences - Load
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2.5 m/s

0 m/s

0,3 m/s

0 m/s

20 kg - 20% 1RM

100 kg - 100% 1RM

Bench-Press
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Muscular Power Measurement
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Velocity (m/s) and Load (%1RM)
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We advocate the use of Mean 
Propulsive Velocity because it better
represents the true neuromuscular 
potential of a subject
against a given absolute load, 
instead of Mean Concentric Velocity 
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Load versus Power Example
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Muscular Power Measurements - 2
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Muscular Power Measurements - 3
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Power Assesment Examples 
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Bench-Pull

Initial Load

Max. Load

22sábado 9 de julio de 2011



Raúl Arellano, Spain (LEN Coaches Clinic - Belgrad 2011

Sample: Female Swimmers
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Initial Conclusions...	
➡Lower values of Force and Power 

were found related to other sports

➡The seasonal analysis demonstrates 
a lack of improvement

➡A controlled training is necessary in 
the near future to improve these 
results

➡Training based on velocity plus load 
is recommeded
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Muscular and Applied Force

➡Propulsive muscle 
contraction

➡Shoulder extension

➡The hand 
movement in the 
water

➡Water interaction 
with hand / limb
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Muscular Force

Applied Force
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Muscular and Applied Force II

285

No water interaction

Very complex
water interaction
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Leg propulsion and wake 
interaction
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Trajectories of the sheeded particles in an 
experimental tank while a hand stroke is 
performed.
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3 4
30
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External Forces

6 31

Constant Velocity

Self-propulsion

P = M a + R
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Some types of propulsion and 
variations
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Fixed Point

Fully Tethered
Partially Tethered
- External Loads
- Elastic Cords
- Drag SwimSuits

Swimming
- Paddles, gloves
- Fins / assisted
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➡All bodies (including propulsive 
limbs) displacing water will create 
vortices (rotating water masses) in 
their wakes; they carry a fairly high 
momentum, which can transfer a 
strong propulsive impulse to the 
body (Ungerechts, 2003).  
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Makarenko, 1975
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Measuring Swimming Force...
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Power Delivered to Ext. W.
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Some Results...
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Other previous results
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Propulsion equation

➡Accelerating a body in a fluid 
involves a force with additive 
components:

•The old friend DRAG

•The force needed to accelerate the mass of the 
body forward
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Propulsion equation

45

Drag of Swimmer’s Body
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Propulsion equation

45

Drag of Swimmer’s Body

Added Mass
23.6 - 26.8%
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Passive Drag
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Drag 
(N)

Water Velocity (m/s)
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Propulsion equation

48

Drag of Swimmer’s Body
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Propulsion equation

48

Drag of Swimmer’s Body

Added Mass
23.6 - 26.8%
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Thank you for your attention	

➡Raúl Arellano

➡arellano@ugr.es

➡www.swimsci.com
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