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Example of using biomechanics to improve

rowing technique
U Educational movie, 1963, USSR
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Common “myths” of rowing biomechanics:
? Variations of the boat velocity is the main reason
of the energy losses?
? Long oar angles decrease rowing efficiency?

Inertia forces is a serious problem, which can be
reduced with good technique?

? Peak force must be applied at the middle of the
drive?

? Stretcher force is negative, handle force is
positive?

? Ergo-meter rowing has the same mechanics as
on-water rowing?
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Why variations of the boat velocity is NOT
the main r§3§_(})rr! of the energy losses

UVariation can be decreased by means of increasing the mass of the boat,
decreasing the rowers’ mass and amplitude of their travel.
UHowever, the losses on higher drag and lower power will be much higher.

o ioRaw

There are two main reasons of the variation of °
the boat velocity:

Force (N) U Periodical production of the
ls00 Catch Release i .
propulsive force;

loo

Recovery U Movement of the rower’s

2001 Recovery Drive

o - mass relative to the boat
4| Acceterations (s shell.

5 We can not change these
: / —over Time factors without changing
N T System the nature of rowing

U Increase of the boat

1 - Velocity rel. Ajerage (m/s)

~ velocity during recovery

J’_\ — caused by transfer of

11 Recovery \/_/ Recovery KINETIC ENERGY from
brie  —Boat the rower’s mass to the

2 Catch SystemCM boat.
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Boats for asynchronous rowing — monuments to
misunderstanding of mechanics of rowing mechanics

el Wi G B e e

1929. "Syncopated Rowing". London Rowing
Club, Major Hellyer's revolutionary
experiment, designed to do away with St 2]
checking “the run of the boat" in the orthodox B S
style. Putney, Greater London.

2005. The latest US Patent for a boat

1970-s. W4- for asynch. Rowing was build in for asynchronous rowing

USSR and won Worlds, but was rowed

5%hronously.
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How can we decrease variation of the boat
velocity?
g; D‘y:Emc\e‘My of l:\e boat speed.(%)

L EE

U Variation of the boat velocity
. increases with the stroke

B L rate;

B = S U This is related to faster
rower’s movement during
recovery, higher pull force on
the stretcher and higher boat

g

Boat velocity rel average (/s)

Recovery
%ﬁ;

‘< Z 0 Oa acceleration.
ST, 5 Ande "
=7 30 U The only way to decrease
Catch L 35
atcl

variation of the boat speed is
a smooth jerkless movement
of the rower during recovery
(Sanderson and Martindale,
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Why inertia forces is NOT a serious problem
and can NOT be reduced with good technique

U Displacements of the
rower’s CM and the
boat are reversely
proportional to their
masses (boat
displacement is 5-6

q times longer);

U Inertial losses are
proportional to ratio of
boat/rower masses
and their relative
displacement;

i1 Inertial losses are 7-
12% and can NOT be
changed with rowing

1986) ‘ technique;
5 gRuw
Why long oar angles does NOT decrease ° T P ; B
yong 1g1es CO Gearing” at different angles
rowing efficiency
121 U Effect of the angle on

U sideward force
does not produce
any power and
can not cause
energy waste
itself;

U longer catch angle
makes the oar
gearing heavier.
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Gearing Ratio (Outboard/Inboard) i . < .
17 gearing Is not S|gnn‘|cant

at the angles below 45¢;

U The angle of 60° makes
the gearing as twice as
heavier;

U The angle of 70° makes
the gearing three times
heavier;

U The angle of 80° makes
the gearing six times

Oar Angle (deg)
0 heavier.

0O 10 20 30 40 5 60 70 8Q
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How we define rowing technique efficiency?

Internal
(muscle)
Efficiency

20

Blade
Propulsive
Efficiency

The three main parts of rowing as a process of
energy transformation
oo

Efficiency (%) 12

100%

RO " Drag Power
S Handle power { N /N
70% . \’/Boat Vew
60% ‘

50% r er

40%

30%
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0% v

Efficiencies of the components of energy
transformation process during rowing
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How can we increase the rower’s
efficiency?

0 Using of the most powerful muscle groups;

U Optimisation muscles contraction velocities;

U No energy absorption, single-motion movement;
U Decreasing of muscles-antagonists activity;

U Muscles relaxation during recovery phase.

rioRaw

Input of body segments into rowing power

U Legs produce nearly half of

15
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Utilisation of work-capacity of the body
segments
U Legs use up to 95% of their .

=N

e\
S
E

rowing power; power. s
U Trunk produces nearly one U Trunk muscles utilize only 6 /j//
third of rowing power; about 55%; f/j/
o .. y e . . S/
U Arms produce about one U Arms’ utilization is about 7
. . /
fifth of rowing power; 75%; %
(Kleshnev V. 1991) I
§ Legs increase their so% -
: -
_percent_age ?f iowetr \f\"th o f— § This tells us that the largest
[fiCreasing Soxe;rate; - capacity for increasing
§ Arms’ power share o0 rowing power can be fourc
decreases, when the - from utilization of the trurnk
stroke rate increases. o e —— Work-capacity,
15%20 25 30 35 40
g Raw g Raw

Velocity-Force dependence for isolated
muscle (Hill principle)

Power (%) 100%

150% ax. - 75%
—F iPower P=FV
— p 100% ' - 50%
]
50% ! - 25%

F=bi/(bo+V)

: - 0%

20% 40% 60% 80% 100%

->Shortening Velocity(%)

U Hyperbolic relationship between velocity and force was discovered in
the 1920s by Archibald Vivian Hill from a study of frog muscles.

U A number of recent researches confirmed that it can be valid for
complex multi-joint movements.

U The highest power can be achieved at 1/3 of max. static force and 1/3
of max. voluntary velocity.

o ioRaw

-40% -20%
Lengthenin

S
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Utilisation of the Hill principle in rowing

V(m/s) 3

Negative power is the most inefficient unless it happens during very short
time.

Too heavy or too light gearing can affect the force/velocity relationship and
thus efficiency.

An optimal body sequence, (i.e. rowing style) matched to the rower’s
characteristics and boat speed plays the most significant role in

rowing efficiency.
S ioRoaw
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Negative power in rowing

Legs P (W)

Example of technical mistake: negative trunk power (“bum

shooting”)
g Raw
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Determination of propulsive efficiency

P propulsive = F

Propulsive Power

e = P propulsive / P total = (P - P waste) / P
g Raw
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Oar Track during stroke cycle

Drive
Blade

&

Recovery

YL

Handle
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Evaluation of rowing propulsive efficiency

U Blade force can be
defined using handle
force and
inboard/outboard ratio;

U Velocity of the “centre”
of the blade can be
defined using boat
velocity and oar angle;

U Waste power is equal to
dot (scalar) product of
the blade force and

Propulsive Power velocity.

Blade Efficiency (%) 2%

1109
1009
L\ .

Dependence of blade
efficiency on oar angle

o Angle (deg)

gm -45 -30 -15 0 15 30 45
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Hydro-lift and drag forces on the blade

Velocity (mis) L —

5
a
3

~— Vblade 2

— Vboat B

U Hydro-lift force works at
sharp angles of attack and
contributes 56% of the
blade propulsive force;

U Drag force works at the
middle of the drive and

/

8

Angle of attack (deg)
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100% Blade Efficiency (%)

e o Sculling
A Sweep
—Tr sculling .
90% ——Tr Sweep

85%

* contributes 44% of the
et — blade propulsive force. 80%
150 R~ —Fdrag U Total distance of the D
7< N slippage of the blade 5% o %o .
centre is 1.7m ° Velocity (m/s)
Blade o U Minimal slippage velocity is Wl
w 125m/$ at perpendicular 3.0 3.5 4.0 45 5.0 55 6.0 6.5|
™ 4 oar e osition of the blade -
I Dependence of the blade efficiency on
—- —- boat velocity




Lighter gearing could increase rower's »
effectiveness, but decreases blade efficiency

600

E,q:'ge caen/ omm \ s s | U Shorter oars and lighter
® =Y N gearing allow faster drive
;ﬂdle” = and, hence, higher stroke
Velocity rate, but decrease blade
isJ/ L efficiency.

— TN _ U An optimal gearing is a
2 | balance between rower's
'::j/\;m\/ | and blade eff|C|en<,:|es and
=7 N ~ depends on rower’s

pouclll dimensions and boat speed.
a B U Changing oar length in quite
) large scale doesn't affect
significantly forces, power
and boat speed, so it should
not scare coaches and

=

Boat
Speed

: N &
Lo & o SFEE 6 o uBbhoumibornvo 8 8
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How can we increase the blade propulsive
efficiency?

UUse bigger blade area;

U Use heavier gearing;

U Utilise hydro-lift effect -> apply more force at
sharp oar angles at catch;

UPlace the blade at the optimal depth under

the water (4-6 deg).

Pdrag = k V8

Drag Power PR
P = kv

ool
NHoavener N/

n(m/S) 05 10 15 Time (s} IOUEIE
g Raw g Raw
Determinati f boat velocity effici 7 Factors affecting the boat velocity — *
etermination of boat velocity efficiency efficiency
U The boat velocity efficiency 100% Boat Efficiency (%)
Propulsive power connected with variation of the
boat speed; 999

U Both variation of the boat speed
and boat velocity efficiency
decreasing with increase of the o700
stroke rate; 0% 5% 0%  15%  20%

U At the same rate Eboat is higher
in sweep boats, than in sculling;

U Even distribution of the rowers )
efforts during recovery is only way 98%

989

Boat speed Variation(%)

| Boat Efficiency (%) )
s, a —Sculling
990? S o.,0 —Sweep

) to increase boat efficiency 9704
The main reasons for energy losses are: (Sanderson B., Martindale W.
Uboat velocity fluctuation; 1986). 950)? s
tinon-linear dependence of drug power on velocity | Rate (1/min)
s o 15 20 25 30 35 40 45
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Why the stretcher force is positive?

1. Drive phase must be emphasised, because
the system velocity increases only during the
drive;

<*F
2. During the drive, acceleration of the rower’s

mass must be emphasised, because it is the
main “accumulator” of the kinetic energy;

3. The stretcher force must be emphasised, €&
because this is the only force, which
accelerated the rower’s centre of mass;

o ioRaw
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Why accelerate the rower's mass during the drive?

U Kinetic energy of the system
increases ONLY during the
drive phase;

U Kinetic energy of the system
decreases during the recovery

E,=(mv?)/2

% Kinetic Energy (J)

phase and we can not change |~ LD poxt —
i . R N e
U Amount of kinetic energy, which ‘ 7O

the system gained during the

drive phase, determines Steve Fairbairn (1930):

average velocity of the system;  “Find out how to use your
U Rower’s mass is the main - weight and you will have

“accumulator” of the kinetic solved the problem of how

energy; to move the boat”

o ioRaw
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Why the stretcher force is positive?

1. Drive phase must be emphasised, because
the system velocity increases only during the
drive;

<*
2. During the drive, acceleration of the rower’s

mass must be emphasised, because it is the
main “accumulator” of the kinetic energy;
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Power transfer though the stretcher

Squat: power transfer
through upper body

Legs press: power
transfer through the

understand why the stretcher force is important

R ' 1. Athlete apply

\' - action forces

2. Action forces
create opposite
reaction forces

Force
=P Transfer

3. Reaction forces
move centres of mass

Centre
of Mass

Action Forces \_’

<= Reaction Forces
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3. The stretcher force must be emphasised, €& only foot-stretcher only
because this is the only force, which ]
accelerated the rower’s centre of mass;
S iRos i Ros
Analogy with canoeing makes it easierto . £
9y 9 Conclusion:

UFoot-stretcher force
must be emphasised,
providing the blade is
placed into the water.

o ioRaw
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Synchronisation in a crew

U The most simple and
= accurate method is

3

. S

1 @ \ measurement of
0

1

2

Handle Velocity (m/s)

g synchronisation of the

i Catch Stoke Td = 08225 \\me (S) handle velocity;
——Seat3Td=o0g27s . L
. Seat2Td = 08275 | U Synchronisation at the catch

——Bow Td=0.825s
Good synchronisation depends completely on the
. skills of every crew member;
2 = ;\ U To achieve the same drive

1 \ time, difference in the drive
j \y Saera - oatts R0 length can be compensated

Seat3Ta=084ss N\ by reversely proportional
N seazTa=omsss st | dfifference in gearing ratio.
——Bow Td=0.809s
Bad synchronisation

Handle Velcclly(m/s)

o ioRaw
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Coordination of forces in a pair

To prevent rotation
of the boat:

§Stroke rower must
apply higher force at
catch;

§Bow rower must

Handle Force (N) 800 Stroke

Bow

0 40 20 06 2 A@eg | apply higher force at
finish;

gAverage force of the - Ratio of Leyers and/Forces (%)
60%

stroke rower must be ﬁp_\}gzé
about 5% higher than o
of the bow rower o ey

—— BowF2 StrokeF2 Oar Angle (deg)

-60 -40 -20 0 20 40

o ioRaw
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Centre of
the shell

Middle of
the drive

Finish

Lever of force
of stroke rower
is longer

Lever of force
of bow rower
is longer

The difference in force lever is the main reason

Levers are equal

of boat rotation in a pair

rioRew
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Effect of the span on the torque in pair

Finsh (3 A rower with longer
span produces
higher torque
relative to the
centre of the boat
(CB) at the same
force (or the same
torque at lower
force);

Levers

& This in not a real “gearing” because the ratio of
velocities and forces on the handle and the
blade remains the same irrelative to the span.

rioRaw

in various boat types (kg m?)

U 0.37 deg in a pair,

30 40
Big boats with the normal rig The normal and Italian rigs in the four
U In the four and eight with - Nomalrg - ellanrig_____
the normal rig the sum of ~ 1 Y — — Y
the levers turns the bow to _ 2% — 2*
the port side; o0 . &, 20 a0 " 20 40
I/ U The stroke rower can turn i —s . ?
the eight at catch to the T b D owewewm] [T _En P T owamewe
' X same side; 10007 Handie Force () Average levers in fours (in meters)
rpsiicpdordiiady | Each stroke with synchronous s |als | alalam
force application creates Normal 2.66 -290 3.13 -3.36 -0.47
. Mass moments of inertia the boat yaw angle: IR ftalian  2.66 -2.90 -313 3.36 0.00

U In the Italian rig the sum of levers is zero, so the boat goes

Boat RDZV “ oa U 0.076 deg in the four, straight at the equal force application;
Pair 15 88 103 G 0.01 in the eigh U The boat with normal rig can go straight, if stroke rowers
Four 243 882 1125 U 0.015 deg in the eight apply force earlier and/or higher (5% difference in the
o B 3360 7400 10760 I average force).
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Thank you for attention

Q Dr. Valery Kleshnev
5' 20 U Rowing Scientist
@ A 4 e-mail: kleval@btinternet.com

U Rowing Biomechanics Newsletter
Q www.biorow.corn

u M— .biorow.org
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