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Rudern: Biomechanische & hydrodynamische Grundsdtze
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Boat hull design
Fluid dynamics
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‘ % Coaching heterogeneous group of athletes

7

Rower’s

anthropometry v’ various sizes, ages, experiences, strengths and capabilities
v Growing athletes — Pathway athletes
v how coaching can use the ‘objective eye’ of biomechanics &
evidence-based feedback

2019 World Rowing Championships
" Linz-Ottensheim, Austria




OPTIMIZED RIGGING

OARS - ROWER/S

Overall Oar Length (cm)

Oar Inboard/ Outboard Length (cm)
Overlap (cm)

Pitch (deg) swivel

OARS (BLADE & SHAFT)

Manufacturer

Model

Shaft type & flex

Blade shape

Blade length/ width (cm)
Vortex edge

ROWER/S

Height, Weight
Arm spread, etc

OARS - BOAT/ RIGGER

Pitch (deg) swivel

el f

Rower’s
boat rigging

ROWER/S - BOAT/ RIGGER

Span (cm) Scull/ Spread (cm) Sv
Pitch (deg) swivel

Distance through work (cm)
Line of work — Toes (cm)

Stretcher position from swivel (¢ -
Foot stretcher angle (deg)

Swivel above seat (cm)
Seat above heels (cm)

BOAT/ RIGGER

Manufacturer

Model no.

Average crew weight
Rigger type

Stern/ bow mounted
Backstay



Boat hull design
Fluid dynamics

Rowing motion & orientation

Characteristics of
intra-stroke boat
curve pattern

propulsive direction: R
* aprop & v describe the cause & effectof the
athletes’ entire force application and body
movements to the boat run.
* profiles allow coaches to assess the rowing
technique efficiency.
vertical direction:
* avert &y pitch describe the effact of the boat

rigging and the intermittent change of vertical boat
displacement.

Trans. Boat acceleration

Boat velocity (v) Prop. Boat acceleration

* profiles allow coaches to adjust rigging settings. Vert. Boat acodlsration

transverse direction:

* atrans, y roll &y yaw describe the cause and effect
of the athletes’ power distribution in the |ateral
direction to the boat run.

* profiles allow coaches to assess the effectof
uneven right/ left power applications.

Propulsive Boat acceleration (a prop)
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Transverse Boat acceleration (a trans)
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Vertical Boat acceleration (a vert)
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Boat ook Ing fom Dow 1o stern

Boat in eress section

A

Boat orientation (y roll, y yaw, y pitch)

Figure 1: Characteristic intra-stroke curve patterns for all seven boat variables, shown on the example of a gold medal winning crew, 0G2008
Bemng (nght) Companson of the key discrete values for aII seven boat variables between the Mens’ boat classes (M, n=10; 71 races) (left).



Wann lduft das Boot — Warum léduft das Boot?

: : Forces in on-water rowing
2 Types of Forces in Rowing:

Propulsive Forces:

forces applied by muscles mainly

to the handle of the oar & the StiokelId® Pin FpnsT
y
stretcher force
Direction of hoat run
— =
B ow
Resistive Forces -
frictional, form and wave drag, Bow side Pin
added water mass
i Theoretical Model: 2D representation of external forces

(in reality, all forces are in 3D) 7



Theoretical Model... Applied Forces on the boat

Aerodynamic
Drag

Stroke side pj,

CoM Boat Vel

. Direction of boat run e
—_—— -
Stern I e Bow é
: >
Bow side pji ™ Stretcher
Hydrodynamic
Drag
e
Variables Athlete-generated Variables
gboat | Boat acceleration (3D) a Oar angle (bow/ stroke) (2D)
yPoat | Boat linear velocity Fpin Pin forces (bow/ stroke) (3D)
yboat Boat angular velocity (3D) Fstretcher | Footstretcher force (bow/ stroke)




Applied Forces during on-water rowing

boat velocity

drive phase

pingl =<—

h
—

stretcher

pind =—

M S GateForceX (kgf)} Sanl'eArv\gie'(T’).
M P GateForceX (kaf)/ P GateAngle (%)

force

recovery phase

stretcher

"M SwetcherForceX (kaf) / S GateAngle ()

pPINY «—

+: pre-load against stretcher «of-.i/- e N

before next catch

B
o

et 4 push against stretcher

— -: slight pull (hang) on stretcher




Sum of Propulsive pin forces (Fpin)
+

Sum of Propulsive stretcher force (Fpst)

Net applied boat force (Fboat)

Applied forces - oar angle plot

Fpp

drive phase ___ Fboat

Force (N)

stretcher

-80 -60 -40 -20 0 20 40 60
Oar angle-Bow (°)




3D Boat Results:

Boat acceleration - Net applied boat force (W1x)

3 continuous strokes of FPoat g 3003t (stroke#s-10)

250
s \'\/A‘* A I N \A_.Vr\vj ___ Boat
150 l/ i | . '!”\/ 1R |/ }\ | acceleration
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Propulsive net o ! T Ry T rooat
applied boat force Drive Recovery : Drive Recovery Drive : Recovery | - gboal -;z
o 2 2 27 2 2 30 a1
Time (s)

« highly significant positive relationship during the drive phase (r’=0.904,
p<0.000; W1x; n=12; 5 stroke rates).

« High relationships found especially in small boats (1x, 2-)
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a cyclic motion- divided into two phases (Drive & Recovery)

v" combination of...consistent technique, strength & endurance

v" exposed to changing external & internal conditions (SR, boat velocity, fatigue, team member influence)

AIM OF THE ROWING MOTION

v ..periodic motion to find the best compromise between the range of movement and the applied power (Sayer B, 1996).

v' ... important that the muscles of the rower/s are utilised for producing power to propel the boat by efficient oxygen
usage (Mattes K, 2000).

BOAT VELOCITY (R

BOAT ACCELERATION (blue)

DRIVE PHASE RECOVERY PHASE
e S O &

o0 10 2o

AIM of DRIVE (or stroke) phase AIM of RECOVERY phase

to achieve high boat propulsion by applying an efficient sub-maximal | the rower should control the force on the stretcher, making it equal to
force on the oar handle over an optimal stroke length. The handle the water resistance for as long as possible, so the boat velocligy remains

speed should increase towards the end of the drive phase. at a high value and fluctuates as little as possible (Mattes K, 2000).




Characteristic ‘rowing’ patterns of boat velocity & acceleration

<0m/ss:
DTS EREE T 1 R
acceleration

1. ‘Time’ Scale (cont. stroke by stroke) ‘Gate angle’ Scale (cont. sbs)
W Acoel (s / GateAngle (°) Dri -
B Speed (m's)/ GateAngle {*) rive
800
---------------- l 5| | I lo

Boat velocity

e QUYL 000L....

Boat acceleration

<om/§vs"' Min velocity 400 "
(-) neg. boat Sa ik
e e B B Ny oL e e e (o, vy By S ¢ 10 _—
e ™ : 200 | '
i Speed [ 5.EE] Drive Recovery
5, 1 .l‘ ‘\Io )
L.
X-axis: Time (s) — continuous time scale X-axis: Gate angle (horizontal) (deg)

Drive phase:

* ‘working phase’ — blades move through
the water

= Boat reaches its minimum boat velocity
after the catch (when blades are ‘locked
in the water again’

Recovery phase:

blades are out of the water

Boat reaches its max. boat velocity during the
recovery (depending on boat cat. & skill level)
Once the feet load the stretcher again towards
the catch, boat velocity decreases

CHECK for relationships: How do
the rowers affect the boat run?
- during the drive & recovery




Display of angle position & time(%) to reach min and max boat velocity @ race pace

‘. Spoeed (mis)/ GateAngle () B Sccod (mis)/ Normalized Time (%)
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Display of distance & time(%/str) spent in acceleration (green) vs. deceleration (red)

| EM  Speod (mis)/ GateAngle (°| B Specd (mis)/ Nomalized Time (%)
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Boat velocity vs. Angle vs. Time (%)

Relétionship between Boat veloi:ity and boat acceleration
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In Practice: Rowing Biomechanics

At the boat level

* Understanding boat movement

* Understanding basic
hydrodynamicsg&= = -

 Materials

OF HIGH IMPORTANCE

- understanding what factors are
important in generating boat
speed & acceleration

- understanding what factors
decrease boat speed



In Practice: Rowing Biomechanics

At the rower level

* understand how the human body works
mechanically (as opposed to physiologically)

e understand how muscular input/power can
be translated into boat movement (transfer
of forces/summation of forces etc)

e understand rowing efficiency




In Practice: Rowing Biomechanics

At the coach level

boat set up (gearing/ rigging
footstretcher/seat positioning, etc)

. Crew selection

. Seat selection

. race performance a.s.o.

An orientation for diagnostics &

technique training & racing




Gate force, Boat Speed & Acceleration

Fixed Seat Rowing (i.e. PR1 M1x )

Sliding Seat Rowing (i.e. M1x)

Sliding Seat Rowing (i.e. M8+)
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Influence of crew dynamic — Comparison of Handle speed applications

W8+: Comparison of Handle speed — Gate angle Profiles

1A GateAngleVel (*/s) / GateAngle (*) A GateAngieVel (*/s) / GateAnge (7)
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203]-6--1----7----1----1 ----- I o e oy e e e g e 203]-6"
150} -- - G O [ R 1504 - ..
-
1W0¢---- 1e - SRR, REEEE TR . 18 EEEES ELF™ ot CErE e G EE EEEE CEEEr SEEE! EEEL :
1 s 4 ! ! | | !
EA B { (T (s s . B o BRI o oy i s o o ‘
- Catch i/} | B Finish :
?D 0 1 l‘ By 1 1 1 1 3 |
& | \&” | 1 ] [ [
) A\ : i % | :
; R PR W SN 2 n e i e S [ mim r B T TRy TR T
= | > - 1 ] | |
g 1004---- %...."'f\,_"‘ oo .57 RRL LRI E. 1004----
2 _.go _____ :__ : l - : 1 ‘u 1md\
-c = I 1 | 1
S L Recovery . . Improvement! >
I 200 f f f f | i i f f T i f
H H 4 ¥ 20 0 0 W 20 W 20
Gate angle (deg) Gate angle (deg)
...during the recovery - different ind. handle velocities during ...improvement towards a more synchronised crew recovery handle
the recovery towards the next catch slowing down and cause velocity — pos. effect — easier to maintain absolute catch angle length

shorter catches at higher stroke rate. at higher rate without losing effectiveness.
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Example: M4- (medal winning boat)

IEL
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[ [
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W Speed (m/s)/ GateAngle (°)
Accel (m/s?)/ GateAngle (°)

Speed (m/s) / Normalzed Time (%)
Accal (m/s?) | Normalized Time (%)
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"M GateForceX (kaf) / Normalized Time (%)

A GateForceX (kgf) / GateAngle (°)

GateForceX (kgf) / Normalized Time (%)
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Example: M4- (medal winning boat)

GATE FORCE PROFILE - = i
Pos. value (pulling gate force), 140 s 10 Tt {100 I dchic ek
120 4-- 120 £ 1120 -4
neg. value (back-splash) 1004--- 100 bbbl M el 100 ;
80 1--- T il 80
60 60 i 80
401 R e 40
20 s 20 b 20 o e - -
o v | - TNy o .
-20 —— : -20 i i i —| 20 +—— i —
-50 -510-4[0-:‘;0-20 -1IO 0 10 20 30 -60-50-410-30-2‘0-10 6 10 20 3‘0 | ~60-510-40 -30-210-10 0 1IO ZIO SIO
= guetc:eerozce;)( (lgn ve/l‘isnats/\ngle ©) ] StretcherForceX (kgf) / GateAngle ()
tretcher Z (kgf) | GateAngle (7) Stretcher Z (kgf) / GateAngle ()
FOOTSTRETCHER FORCE PROFILE o018 e _— pe i
Horizontal footstretcher force (blue) G G : e
Main foot force appl. . A
Pos. value (push), neg. value (pull ‘draw’) v ol e
. 20 4o-ees -20 ; ' e
Vertical footstretcher force (black) 04 0 R
20 : : : - : 20 e : :
Secondary foot force appl. 60-50.40-30-20-10 0 10 20 30 -60-50-40-30-20-10 0 10 20 30
Pos. value (downward force), neg. value (upward force) "B Stetcher RL ()/ GateAngle () = Stratcher RL ()/ GateAngle (°)
Stretcher TB () / GateAngle (* Stretcher TB () / GateA *
FOOTSTRETCHER LOADING (MOMENT) PROFILE S B A
: " ; G e
Horizontal ‘right-left’ footstretcher loading (blue) N
Pos. value (tow. right foot), neg. value (tow. Left foot)
J ; 5% 1 0 S R GO QO I AR . O N SN WS (1, O PRI - - - cRE8 HERH R P N A
. ~ B2, 5 WIS S T SO B (2 2ot 11} I : Lok - 10 BRI SUE S S GO FOOS TN: St
Vertical ‘toe-heel’ footstretcher loading (black) 160 +———————T——T—— 10— -100 —————— i
-60-50-40-30-20-10 0 10 20 30 -60-50-40-30-20-10 0 10 20 30 -60-50-40-30-20-10 © 10 20 30

Pos. value (tow. toe), neg. value (tow. heel)

' GateAngleVel (/s) / GateAngle (%) B GateAngleVel [“/s) / GateAngle (°)

HANDLE VELOCITY PROFILE

Pos. value (drive phase velocity), neg. value (recovery
phase velocity)

— T
-60-50-40-30-20-10 0 10 20 30

———— T
-60-50-40-30-20-10 0 10 20 30

—— — —
-80-50-40-30-20-10 0 10 20 3D




Example: M2x (medal winning athletes)

s W SOuTarnX 120% Gaangi )
Pos. value (pulling gate force), 80 1o ;
neg. value (back-splash) 60 | ol

20

"I StretcherForceX (kgf) / P GateAngle (°)
B Stretcher Z (kgf)/ P GateAngle (°)

FOOTSTRETCHER FORCE PROFILE

"160 2 """"‘"""‘z """"" :'""""""""3 """""" -
Horizontal footstretcher force (blue) g ]‘ S S S T
Main foot force appl. o -y 1‘3\9‘\\ '
Pos. value (push), neg. value (pull ‘draw’) ’
Vertical footstretcher force (black)
Secondary foot force appl. 60 40 20 0 20 4ic> 80 40 20 0 20 40
Pos. value (downward force), neg. value (upward force) B Stretcher RL ()/ P GateAngle (%) i
FOOTSTRETCHER LOADING (MOMENT) PROFILE - S
Horizontal ‘right-left’ footstretcher loading (blue) g8 v
Pos. value (tow. right foot), neg. value (tow. Left foot) Zg -
o
Vertical ‘toe-heel’ footstretcher loading (black) . ; : ; :
60 -40 -20 0 20 40 S0 40 20 0 20 40
Pos. value (tow. toe), neg. value (tow. heel) W5 GatoAngioVel (76) 75 GasAngia ()
B S GateAngleVel (°/s)/ S GateAngle (%)
HANDLE VELOCITY PROFILE L e ;
< 2 160 4= s B0 e e e — |
Pos. value (drive phase velocity), neg. value (recovery Bl L T " O
j 4 i & 1
phase velocity) QTR 1-53 B s e s o g
288 18 ;
-2001- = 200 - . S
-250 -250 T




Boat accel vs. gate angle Boat accel vs. Time normalized (%)

W2- BOAT ACCELERATION PROFILES | cfriivmiooboid ot oo

w2- w2- Ty : :
0G/ WCH (0G/ WCH T : :
Medallist medalist) : : : :
0 B M S ey SR e e e G g 7 IR, ARG\ TN fsemny fmnania - BRESEEL T, 4812
Work load 1km race 2km race X f
Stroke rate (Str/min) 34.2 (1km) 36.6 (2km) l

33.3 (2" 500m) | 37.2 (2" 500m) RRYZ R doi \ ~~~~~~ . S P
500m split (min:ss.0) 1:56.1 1:47.5

Boat speed (m/s) 4.3 4.6 /
el B e b et d cndanadian e )t it NN fovose sdumpdon ol
Dist/str (m/Str) 7.5 7.6 ; { : C
J T i T T T 1 i T : ] 1

302 (80-82deg) £ S0 40 30 20 -0 0 10 20 30 40 20 0 20 0
291 (80-82deg)

Crew power (W) 293 (86deg)

Min velocity (drive) 2.95 3.15 o ' : : ' : : : : : ==

Max velocity (recovery) 5.35 5.5

Time% in deceleration 26 27 B ' """ Hi I T g e e e A ) o | e e e e o= 3----1
(veI (Max (rec) — Min(drive)) .

AngleRec (deg) = 0m/s? -24 -24 : I T g i AT : ¢\
Start of deceleration S T N R Y 1 i P\

Displacement (deg) 11 13 \

(catch—-angle (pos. acceldrive A N ¥ 1% A T N § S
AN 2 S 2 A S A B ' P
3 cobococs Secess T, .é ..... Y TpR—— LSevocss ; ..... E. ..... deceee decooad R e L :E, .......... " ACTR— I T ———  J———
« RED: W2- WCH/ OG medallist ; P :
* BLUE: W2-WCH/ OG medallist : : :
T T T T T T T T T T T T T T T
£0 50 -40 -30 20 10 ] 10 20 30 -40 20 ] 20 40




B Accel (mish) | Gamogiee(()) TR Acosl(mis]) Noomabzedd Ted %%

T T e ey S e

M2- BOAT ACCELERATION PROFILES

M2- M2- IM2- AR\ | r LA /
0G/ WCH (WCH (JWCH PN UNAR i : ¢
Medallist medalist) Medalist) 6 | ' : : i '

Work load 1km 500m 1" SR32-34 \ }

Stroke rate (Str/min) 36.6 38.8 35.3 -~ - ,,,,,, ..... e SO S, .

500m split (min:ss.0) 1:34.5 1:31.8 1:40.8

Boat speed (m/s) 5.29 5.44 4.96 N |

Dist/str (m/Str) 8.7 8.4 8.4

16 T T T i ; f f i i 15

J T ; ‘ ‘
60 -50 -40 -30 -20 -10 0 10 20 30 40 30 20 -0 o " B I MO

Crew power 437 480 343 _ I Spssslmé) Ganahowe ) W Sl tmis ) Nipsmpread ey

§7 : ; ; : 3 ; 3 . ; 3 il8 = 2
Min velocity (drive) 3.8 3.7 3.45 4 : : - . P |4

Max velocity (recovery) 6.5 6.75 5.8 7 fomerni) e s : 77

Time% in deceleration 28 26 28

(vel (Mox(res)  Minarvel - i : ‘ : 1 s i e \

AngleRec (deg) = Om/s? -20 -29 -23 BT RPN NN P at W i
Start of deceleration X , i\

Displacement (deg) 8 12 11 % i 5 f : | \ “
(catch—angle (pos. accel(drive) TR :jf\ o o : ': : § f L\ /" ;

« RED:  M2- WCH/ OG medallist WIS S NS T T |
* BLACK: M2- WCH medalist ; o P
* BLUE: JM2-JWCH medalist




Overview: Boat acceleration of national crews (

Wax Boat Acceleration Profiles
Comparison 500m SRRP CHN W4x (black) vs. 0G/ WCH Medallist (red)

= ———

WA4- Boat Acceleration Profiles
Comparison 500m SRRP CHN W4- (black) vs. OG/ WCH Medallist (red)

+ )
0 & 4 % 20 ¢ 0 10 220 20 40 20 ¢ EY @

, 2x Boat Acceleration Profiles \

Comparison 500m SRRP CHN W2x (black) vs. 0G/ WCH Medallist (red)

Finding ‘FREE SPEED’

There in an area of opportunity for
these 5 boats to improve the
active recovery phase!

X Boat Ascaleration Prof

) vs. OG/ WCH Medal Crews (

Comparison 500m SRRP CHN LW2x (black) vs. 0G/ WCH Medallist (red)

MaxBoat Acceleration Profiles

Comparison 500m SRRP CHN M4x (black) vs. 0G/ WCH Medallist (red)
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Rhythm: Relationship between the Drive & Recovery Phase (2 M4x)

Max (World FA finalist): | \
e v Rhythm: Mdx FA finalist
SR (Str/min) .
202 1.06 1.85 2 W Drive(s) M Recovery (s)
Ml 0.55 1.56 E 15
28 214 27.7 0.96 116 £ ;
30 2.00 30.5 0.91 1.06 i
EP) 1.88 31.9 0.89 0.97 05 l I I I
36 1.67 36.7 0.84 0.76 0
38 1.58 385 0.81 0.72 202 241 27.7 305 319 367 385
Max (0G Medallist):

P L) Rhythm: M4x OG Medallist

. 25
20 3.00 20.6 0.98 1.91 2 W Drive (s) = Recovery (s)
24 2.50 24.3 0.93 1.51 515
28 214 27.7 0.89 1.26 g
30 2.00 30.7 0.93 1.01 =
32 1.88 32.9 0.87 0.91 0.5 I I I I I I
36 1.67 35.4 0.78 0.87 0
38 1.58 36.5 0.80 0.82 206 243 27.7 307 329 354 365

A SGatesngleVel (*/s) (S GateAngls {°)
B P GateAngieVel (")) P GetaAngls ("

e

100+

5 GateangieVel [s) (S Gatsdrgle ('
5 PGatefingleVl {12 (P Getadingls (|

-

BT T——

£0

-40



TRAIN YOUR COACHES’ EYE: POSTURE
HIP FLEXIBILITY / PELVIC TILT

@GRowingBODIES




The CATCH

IDEAL TECHNIQUE: BIOMECHANICAL Common technical BREAKDOWNS
ON-WATER DISPLAY

CATCH: 2 Sculling profiles (Elite W (left) vs. Junior W (right))

ecb 150
3]
401 s 4 80
0 o4 A i
¢ 1 d
0 : — | f—
60 40 20 b] 20 ') 80 £ 20 0 2 4 |

CATCH: CATCH: 2 Sweep profiles (Elite W (left) vs. Junior W (right))  caTCH:

* Heels slightly off T e ~* Poor ankle compression

*  Pelvis forward B P = g e e | *  Poor hip compression

» Pressure on front of sit bones TN 1% *  Poor pelvic/ rock over

* Hip sightly externally rotated (ER) “77 =T * Lower spine flexion

* Spine neutral ® : ! | ' 1R * Upper spine flexion

* Shoulders mid socket Oy _‘_\\g ------- . * Forward head posture

* Upper arms slightly ER e .\ e g P Mo e e P * Shoulder forward (sublux) .




The FINISH/ RELEASE

IDEAL TECHNIQUE: BIOMECHANICAL Common technical BREAKDOWNS
ON-WATER DISPLAY

FINISH: 2 Sculling profiles (Elite M (left) vs. Junior M (right))

0 ool PR e

-20 i 20 i i
80 40 20 0 20 10 80 40 20 0 20 40

o FINISH: 2 Sweep profiles (Elite M (left) vs. Junior M (right))
A GateForceX (kgf)/ GateAngle () "~ A GateForzeX (kgf)/ GateAngle (%)
FINISH: e 5 1 [ - : ~1 FINISH:
120 -2 : : B R R s Gl e e -
* Pelvis just past neutral ! 100} / \\ _ g ooy : Glgtes off L early/ over
*  Pressure on back of sit bones s/ ! / \ : M o IR G e reliance on hip flexor
* Neutral spine B y/ NN @ * Collapse at back end
* Glutes engaged A PR KR AN : | Over extension of upper Tx
20 A : ¥ 3 7 3 } ? ¢
* Shoulders set | ol <\ : 5 _____ gl M - /% * Forward head posture
“ o d o 40 20 do 0 10 20 30 60 -50 -40 -30 -20 -10 O 10 20 30




College Rowers vs. Elite Rower (examples of Top 10 Erg rowers)

LW8+
Smin # SR30-32

OWS8+
2000m race

LM8+
2000m race

HM8+
2000m race

A GatsForceX fkgf)/GatsAngis ()

College Level: “o

140

A GateForceX (kgf) / GateAngle (%)

A GaleForceX kg GalsAngle )

160m

T s e o o o e e

140

160
P

L o e | 100

120
100

e e i o S S o |

20

0

20

A —— A a——
60 50 4 N 2 0 0 10 0 N 4

International Top 10 Erg rower:
601‘é : y Y

40

— ——
60 50 40 30 20 40 0 10 20

20

20— i i i i —| | -20 - i i

601

40

2]

20

——
20 -0 0 10 20 30 40

A GateForceX (kgf) / GateAngle (%)

140 1
4]

120 o-bererenteeecd

100 {---frooenrfoeeee

80 -

sl il BEEL. -

40 - “A1

20 {10 T

60 -40 -20 0 20 40

; —— S
-60 -50 -40 -30 -20 -0 0 10 20 30

0

-20

: o
-60 -50 -40 -30 -20 -10 0 10 20 30




WOMENS’ SWEEP: Skill Level Comparison ‘School — Collegiate — Elite’
Gate force vs angle Profile

Women’s Sweep Comparison: 5min SRRP pieces

School girls (JW4+) Collegiate Rowing (OW8+) National Team (W8+)
Sweep Sweep Sweep

|2 GaleForcex (kgf / GateAngie () | A GateForcex (kgr) ! GateAngie (7) | GateForceX (kgf) / GateAngle (°}

120 14
201y T‘

100 {---- 100 §---benneenend

80 -+~ L .

” T

40 -+~ 40 1rmrpennnme g AT

20

20

&

verage verage verage
Rating Rating Rating
302 ] spm 378 | 1 | spm 32T Jspm
o Aveinge Fower |
1811 1 I w 235 | I | W S W
S‘”"’E'P?g?’ o SwivelPower e I W
w
177 w 237 I w 28 LI~ b
:‘Igg w 277 N 1 W 298 (] w
- - 231 w verage min/ max length catch/ finish
ve};age:, 5"3'"25#2;';’; l‘e’ggﬂ; f?g::;fmsg verage min/ max length catch/ finish 3 -55.6/+30.7 4»82.3 +125/ +83
P T ] 489/+335 4824 +13.7/+115 s [T ] -47.2/+31.1 +782 +14.7/+17.4 s [ ] -524/+299 +823 +107/ +78
. - : : : j AN N -49.9/+31.3 +81.2 +10.4/+157 P [ ]  -56.3/+327 +89.0 +120/ +87
b LR o umD e B S [ ] 49.7/+311 4808  +3.4/+105 s CI ] 5754337 4912 +10.9/+114
P = -49.2/+312 +804 +11.3/+158




MENS" SWEEP: Skill Level Comparison ‘School — Collegiate — Elite’
Gate force vs angle Profile

Men’s Sweep Comparison: 5min SRRP pieces

A GateForcex (kgh / Gateangle (*) IA GateForceX (kgf) / GateAngle (7) |4 GateForceX (kgf) / GateAngle ¢}
460 pssoenemmeenmeeee JR— RS —— S 16D qagoe -
; : : ] e
140 4-----e- 140 {---eee-
120 4------- 120 -----o-
100 4---n-- 100 §-------
80 80 §---e-o-
[ — sl
Yoy D 40 -o-eee
PO USSR N> S S 20 4-e-eee
ol N o]
P2 FUUNURSS UURUNE SUURUR SNUPRUNE ORI SO SURURUN SUURUN USROS SUURTRE OO SO - ool
&0 50 0 -S0 0 -0 1 20 320 44 50 50 0 30 0 10 vi 10 20 30 40 £
\verage Average Average
Rating Rating Rating
33.7 | 1 | spm 373 [ I | spm 374 [ | | spm
Average Power Average Power Average Power
333 | I | w 384 | I IR 435 | 1 | w
SwivelPower SwivelPower SwivelPower
285 1 w 409 T w 484 I w
308 I w 14 T W 418 1 w
© [ 1r  Iw 406 1 w 467 T w
verage min/ max length catch/ finish T P R P 7 firieh verage min/ max length catch/ finish
P -52.3/436.3 +88.6 +12.3/+16.2 Avezage:] 5'8‘2;+g1mé Ifggt: ff;czlq‘(l,sg s [ ] -544/+366 +90.7 +1.7/+10.9
S [ | -60.8/+30.5 +91.2 +10.2/ +9.7 - ; : 3 : ; p [ ] -54.7/+323 +86.9 +5.2/ +9.1
s [ ] -532/+359 +89.1 +9.8/+17.9 P [ I | gggﬁ :ggg :ggg :33;#132 S [ 1  585/+332 +918 +9.3/ +54
p [ ] -56.2/+354 +916 +11.6/+126 s [I—— -96. - - . 3 [ | -
P N | 518/4335 +853 +54/+122 P 55.7/+33.8 +89.5 +9.7/+123




TECHNICAL CHANGE: Identify strength & weaknesses

Movement Before Muscles
1. Starting point — what are you aiming to achieve:

Structural-functional strengths & weaknesses

2. Define fundamental movement patterns and physical
technical demands of rowing

W1x: Development over 4 years (Slip vs. Non-slip)




CREW BOATS: Identify strength & weaknesses

B  Speed (m/s)/ GateAngle () B GateForceX (kgof) / GateAngle (°) Average
B Accel (mis?) | GateAngle (%) e L - Rating
3.0 G ------------------- ) (e e Y e o e T e 4 -1 31.8 | | | ] spm
; ; : : : - AvgBoatSpeed
T 1 0.0 | | mis
Average Power
&0 357 | | | | w
01 | Rower Swivel Power
359 w
5.0 365 1 w
-4 400 | | w
4.0 385 | w
372 0 w
T el 73 s 348 H w
) 315 | w
: i i I 312 | | w
20112 — - i
-60 -50 -40 -30 -20 -100 O 10 20 30 40 80 - ’A
1: A GateForceX (kgf) / GateAngle (°) 60 1 | Ben';laeg'%me
am oz 180 gy e e e ;g ’ W 0.89 s
B> 3 140 | - - | i ; i 0.85 s
dam o« 5 ] R b R ) e 0.84 s
B 5 S A TR I D VR L I 0.84 3
100 - -80-50-40-30-20-10 0 10 20 30 40 0.86 S
A e ~ 0.90 s
e i) [ THALICTIE S 0 O T 0.84 s
@ & €0 0.79 s
40 1 - Recovery Time
20 ; 1.04 s
; 1.04 s
0 1.06 s
-20 i 1.06 s
1.04 s
. . — 1.07 s
A GateAngleVel (°/s) / GateAngle (°) 0.5 1 80-80-40-30-30-1 E 1.09 s
250 I T e e e L s i S (8 1.08 s
200 =% i e T R e R BT ‘Average min/ max length catch/ finish
150 4 - im0 090u -62.5/+30.9 +93.3 +8.0/ +8.9
Pzl / p [ | -55.1/+34.2 +89.3 +8.5/ +7.5
s (I | -57.7/+34.1 +91.8 +7.8/ +9.9
B -50.9/+37.7 +88.6 +8.9/ +8.3
s [T 1 -54.4/+357 +90.2 +10.4/+11.8
P -58.5/+34.6 +93.1 +11.5/ +6.6
S -62.6/+30.4 +93.0 +16.3/ +7.4
P -53.4/+32.6 +86.0 +11.4/ +8.0
60 -50 40 -30 20 10 O 10 20 30 40




JM4x+: Youth Rowing: (90s @ SR32)

Crew Overlay:
(left (stroke/port); right (bow/ starboard)
* Gate Force Profile (top)

* Handle velocity Profile (bottom)

A P GateForceX (kgf) / P GateAngle (“)'
- B S GateForceX (kgf) / S GateAngle ()

go.Ié ........... ....... EE SO R

B R e e e T foei

t t f
60 -40 -20 0 20 40

p O] 66.2/+43.1+1093

Average effect catch/ finish
O [T | 4834 +126/+121
P +865 +10.6/+123

W P GateForceX (kgf) | P GateAngle ()
B S GateForceX (kgf) | S GateAngle [7)

Average

p ] -67.0/+395+1064

Bl P GateForceX (kgf) | P GateAnge )

B S GateForceX (kgf) / S GateAngle 7)

effect catch/ finish
§ [T ] +653 +26.0/+126
P L] 4796 +15.9/+109

p [T -633/+389+1023

~Avera effect catch/ finish

©c [T | +821 +106/+134
P +758 +112/+152
B P GateForceX (kgf) | P GateAngle (°)
| S GatsForceX (kgf) /'S GateAngle {7}

Average Average Average Average
Rating Rating Rating Rating
1 1 spm T Tspm L I Ispm W Jspm
Average Power Average Power Average Power Average Power
s T Jw k0 I Jw s T Jw s T 1w
Rower Swivel Power Rower Swivel Power Rower Swivel Power Rower Swivel Power
X[ I Iw [ T w @ 2 T w 2 T lw
Average min/ max length  Average min/ max length  Average min/ max length  Aver: min/ max length
@ L ] 675/+403+1078 @S [ | -67.9/+35.9+1039 s [T 1 -eeer+375+1061 @ aw:l -7A.7/+38.4 +110.1

P -68.4/+38.1 +106.4

-D\ver ge effect catch/ finish

O 1] 4866 +9.1/+144
P ] +811 +11.3/+140

/B P GateForceX (kgf) / P GateAngle (°)

B S GateForceX (kgf) / S GateAngle {*)

01 { %0 | 80 .
soI‘Ga;te Ftorce:z Progfile; | ; ef ------ /"\ eoIe ------- ;a<>]o />\
. Wi )§<>&\ Y \'\\ . ) e
i 7 = °@f ; 0 <® 0 <

o [ 2 |2 |

A S GateAngleVel (“/s)/ S GateAngle (°)
B P GateAngleVel (°/s) / P GateAngle (°)

20049

>»
k=3
&
£
[
S
o
~n
[=3
.
o

T T T
60 40 -2 0 20

= ¢ Handle velocity Profile

W PGateAngleVel ('ls)/ P GateAngle )
B SGateAngleVel (‘Is)/ S GateAngle (°)

B P GateAngleVel ('s)/ P Gatefingle ')
B S GateAngleVel {‘/s)/ S GateAngle (°)

T T T T T 1
60 40 20 0 20 40

; ] T
80 40 -2 0 20 40

|l P GatehngleVel (7/s)/ P GateAngle (°)

B S GateAngleVel (‘/s)/ S GateAngle (*)

60 4 20 0 20 4

; ' 20040 20019 ' ' et 20040
e e ;
100 {- e ] 100y 100 J-s e _7\4\‘> 100 e N
(R o8 0 /4" N 3
7| N N > o |

400 b 100 g 100 : | 100 s

- R e : S - s

-200 S e Z_; 200 , 200 \ e { 200 = -

6 4 2 0 2 4 8 40 2 2 ' ' !




JWA4x+ : Youth Rowing: JW4x+ (120s @ SR28)

Crew Overlay:
(left (stroke/port); right (bow/ starboard)
* Gate Force Profile (top)
* Handle velocity Profile (bottom)

A P GateForceX (kgf) / P GateAngle (")'
B S GateForceX (kgf) / S GateAngle (%)

20 1 } 4 20

Average Average Average Average
Rating Rating Rating Rating
27 WM Ispm 27 M Jspm a7 AT Jspm a1 W Jspm
Average Power Average Power Average Power Average Power
s w s w BT w e w
Rower Swivel Power Rower Swivel Power Rower Swivel Power Rower Swivel Power
9 w 141 w 174 w 210 w
Average min/ max length min/ max length  Average min/ max length  Average min/ max length
O T 1 -602/+381 +982 -662/+320 +982 @S L | 6770437541052 (@ S[ |  -68.7/+42.1+1109
P T ] 61.9/+425+1044 -B45/+4321 +%66 P £3.1/4349 +98.0 P 1 678/+407+1085
Average effect catch/ finish effect catchl finish Aveaa effect cateh/ finish  |Average effect ~catch/ finish
0: +405 +28.3/+29.4 +664 +65/+153 @S +696 +17.0/+186 es +797 +103/+20.9
P +432 +337/+27.4 615 +197/+155 p [N | +712 +133/+135

P ] 4800 +106/+17.8

"B P GateForceX (kgf) / P GateAngle ()
B 5 GateForceX (kgi)/ S GateAngie (°)

W P GateForceX (kgf) | P GateAngie (%)
B SGateForeeX (kgf) /S GateAngle (*)

W P GateForceX (kgf) | P GateAngle (%)
B S GateForceX (kgf)/ S GateAngle ()

W P GateForceX (xgf)/ P GateAngle (°)
B SGateForceX (kgf) | S GateAngle (*)

60}9

40

SOB

t
-60 40 -20 ] 20

A S GateAngleVel (°/s)/ S GateAngle (%)
B P GateAngleVel (°/s) / P GateAngle (*)

40

20 ;

-20

201

40

L R s e

20

f
f 60 40 20 0 0 4

f f
60 40 2 0 0 40

T t
€0 -40 20 0 20 40

20 ; : : ; i
6 40 22 0 20 40

‘B P GateAngieVel (‘/s) / P GateAngle (*)
B SGateAngleVel (fs) / S GateAngle (°)

W P GateangleVel (s) | P GateAngle (°)
B S GateangleVel (‘/s)! S GateAngle ()

W P GaieAngleVel (7s)/ P GateAngle ()
B S GateAngleVel (/s)! S GatsAngle (°)

[l P GateAngleVel s} / P GateAngle ()
B S GateAngleVel (s) | S GatsAngle (*)

200 )| § § 200 4@ i 200 4@ 2001 i
100 dreest ’\ ....... 100 4---- R 100 4------ d
ol 4 z o 3 -
100 &‘ | 100 | e s 10015 ; : R
! -200 200 : : 200 {4 : : :
T T T T T T T T T T T
60 40 20 0 20 40 6 4 220 0 2 4 0 4 220 0 2 4 50



U19 W8+ : Youth Rowing: (500m @ SR34)

B Speed (mis)/ GateAngle (%) M GateForceX (kgf) / GateAngle (%)
B Accel (m/s?)/ GateAngle (%) 120 ]‘ A;eal;langge
e . (o S A S A A R U T 100 .G?te For(;e I?rqfllle 324 | i | | spm
: i S ; : 8044 : . AvgBoatSpeed
N A | 5.0 | i B | m/s
0 A i Average Power
4 e 240 | ] | | w
g i | 20 ook 2 Rower Swivel Power
=] o L Eoste el o (s - 216 | 1 | w
> LR i Boat acceleration Profile (red) s t U Sy == ﬂ) 212 | i w
4ol Boat Velocity Profile (blue) 80-50-40-30-20-10 0 10 20 30 272 W
o : i ) . w
60 50 40 -30 20 -10 O 10 20 30 20 W
"N 1: A GateForceX (kgf)/ . el T S~ O A A | w
i 2 | agprg s OVERLAY: Gate Force Profile | goli i i iof Wi i i i . i W
ws| @ . | w
Wi 8 | g0 hossionhungnodanbagabes dualomstos] qo bl L IS |
a s P
e | % N s
e | % c Cer N — s
-60-50-40-30-20-10 O 10 20 30 0-30-20-10 0 10 20 3 § 1 e
40 sy 0.86 [ | s
e 0.88 | s
20 N 0.82 | s
0.90 | s
0 Recovery Time
; 1.05 B | s
i i i : 0.99 1 s
-20 i T T T i T 1.03 s
-80 -50 -40 -30 -20 -10 (o] 10 20 30 ( 0‘97 2
A GateAngleVel (“/s)/ GateAngle (%) NG 1j03 &
250 i Coe i 0.98 s
200 | enene- -60 -50-40-30-20-10 0 10 20 30 ‘ 1.10 s
160 {--i---- S S S S s L L e SO P T e O 0.99 1 &
100 5 > i
50 1- rage min/ max length effect catch/ finish
o : , P [ | -45.3/+32.3 +775 +546 +10.5/+12.4
s [ ] -45.5/+29.2 +74.7 +55.2 +7.3/+12.2
=59 g P [ — | -43.0/+353 +782 +60.7 +9.5/ +8.0
-100 ; : s [ | -49.6/+23.6 +73.2 +53.1 +11.4/ +8.38
s ; it P [ I | -53.0/+282 +812 +640 +87/ +86
4 5. - Pl /NS [ -50.2/+31.8 +82.0 +58.8 +11.5/+11.7
oy . N 8 P [ | -47.3/+339 +812 +502 +9.0/+12.9
250l I : : 20 L : N 20 : ; : s [ -48.7/+332 +81.9 +60.5 +9.2/+12.3
60 -50 -40 -30 -20 -10 (o] 10 20 30 -60-50-40-30-20-10 0 10 20 30 -60-50-40-30-20-10 0 10 20 30




Sen.

Bow

W GeleForceX (kgf) / GateAngle (°)

JM8+

Stroke

" GateForceX (gf)/ GeteAngle ()

Sen.

Bow

JM8+

Stroke

W GateForceX (xgf) / GateAngie )

B GateForceX (kaf)/ GaeAngle (')

Bow

J16 JM8+

Stroke

J16 JM8+

Bow

Stroke

| I GeteForceX (kgf)/ GateAngle () B GateForceX (kgf)/ GateAngle {°) "Bl GateForceX (kgf) | GateAngle (°) GateFarceX (kgf) / GateAngle ()
140 140 72 140 140 140 140 140
o e o (=] e 2] e
120 126 120 120 |4 120 {5 20 0
100 } 4 I s 100
100 100 100 =4 100
80 80 80 L] 80 80 80
2 ey 5
AR 7 w7
L 8 % R 80 ) 8o 60 80 80
40 P // S 40 / 20 / N 40 40 f ™ e
20 - { 20 = k\ 20 201 Ty 20 R - 20l < \\ .
0 4 O . ; ° "o 0 0 0
H i ‘1 - i i >‘
20— ——* ————1— 20 T = 201 T I 20 ; - — .20 1 : — 20 - - - 20— 1
-80 -50 -40 -30 -20 -10 10 20 20 -60 -50 -40 -30 -20 -10 © 10 20 30 «60 +50 ~40 .30 .20 10 0 10 20 30 -60 .50 40 .30 .20 -10 10 20 30 80 -50 40 -30 20 -10 10 20 30 80 -50 40 30 -20 -10 10 20 30 80 -50 40 .30 -20 -10 10 20 30 60 -50 40 <30 -20 -10 10 20 30
B GateForceX (kgf)/ GateAngle (*) [ GateForceX ikaf)/ GateAngie (7] W GeteForcaX (kof)/ GateAngle ('] W GeteForceX (kgf) / GateAngle () | orceX (kgf) | GateAngie (') W GateForceX (kgf}/ GateAngle {*) M GateForceX (kgf) | GateAngie (°) M GateForceX (kgf) / GateAngle °)
140 7 b 140 1 140 12 140 SN O DS a i :
|‘4!()‘o H 1200’ 120"_ D 125_ ER il
100 100 $-400 45 il g g i 100
L . 80 180 80 80
80— 0 80 80 80 80 :
N 40 N % @ A @ : {/ ®» //-.-m.\
20 204+ 20 20 4 fueeee > v 20 2 20 .
i - L £
0 i 0 ] 0 ° 5 oo
20— ———————1——F— 20— — 1 20— 5 ; 1 20 - - . ; — 20 i 20 i
€0 50 -40 -30 20 -10 -60 -50 -40 -30 -20 410 0 10 20 30 €0 50 40 30 20 0 0 10 20 30 €0 -50 40 30 20 110 © 10 20 20 60 -50 <0 -30 -20 -10 10 20 30 60 -50 -40 -30 20 -10 0 10 20 30 60 -50 40 -30 -20 -10 10 20 30 -80 50 40 -30 -20-10 0 10 20 30
M GatForceX (xgf)/ GateAngle (7} GateForceX (kgf) / GatoAngle (7) B GateForceX (kal)/ GeteAngle () M GatsForceX (xgf)/ GateAngle (') W CateForceX (kgf) / GateAngle () "M GaeForceX (kgf)/ GateAngle {°) B GeteForceX (hgf) | GateAngie (7] - ' i
140 1401, : T S N —— e R
120" 120 Foeeee] b ...... 120 &
100 - s 100 100
80 LA \ a0 a0
50 801 ] M o 0 o =
40 a0 "R R U 18 401 - A \ :
20 201 : 20§t ; 20 \\
[ 5 i \ : i = o —
20— ———T——T—T——— 20 +————T—1—1 20 - : — 20 ; ; L) 20— 5 T
£0 50 40 -30 -20 -10 80 +50 10 <30 -20-10 0 10 20 30 460 -50 <40 -30 -20 +10 0 10 80 -50 40 -30 -20 -10 10 20 30 460 50 40 30 20 -10 0 10 20 30 50 -50 40 -30 -20 -10 10 20 30
M GoeForceX (kgf)/ GatwAngle (7} "M GsteForceX [kgf)/ GateAngle M GsteForceX (kgf) | GateAngle () "M GateForceX (kgf)/ GateAngle ()
140 1. i 140 1, 140
] T
o ) b3 bl ]
100 = 100 1 100 100
80 i : \\ 801 80 80
80 ; 80 50 &0
40 ac 40
20 2 20
0 ° 0
20— Tralonal 05— -20 =t =l T - T s T T R
£0 -50 40 -30 -20 -10 10 20 30 60 504030 2010 D 10 20 30 80 -50 40 -30 -20 -10 O 10 20 30 60 -50 -40 30 20 -10 © 10 20 30

Race pace #: 1km/ 500m/ 250m sessions — 2 squads (Sen/ J16) — 28 athletes



The Target tables (for the Peach System)

are based on the Senior/ U23/ U19 WBT.

PEACH ON-WATER ROWING SYSTEM:

ESTIMATED CREW POWER & ANGLE RELATED VALUES TO ACHIEVE WBT
2000m propulsive Handle Power & Gate-Angle Targets for low SR{20) & SRRP (mid-race)

last UPDATE: (Sept 2023)
by Conny Draper, PhD

* Rowing Race Pace (based on mid-race SR}
** astimated required Target Power values over a 2000m race distanceto reach prog. Boat speed

e Timing difference betw. oars (s): rel. timing diffence betw. rowers/ oars throughout drive time/ recovery time

The foll & pr h ingd from training assessment & racing [since 2011 ).

The predicted power and angle related values/ SR can be used as benchmarks for the various boat categories.
The benchmarks will be re-assessed and updated regularly,

® Copyright: Conny Draper, PhD

(&}
<
-+ ROWING MEN Internat. Level |Power (W) Length Total (deg) Length Effective (deg) Catch Angle (Min) (deg) Finish Angle (Max) (deg) Catch Slip (deg) Finish Slip (deg) Timing diff. between oars (s)***
-~
(V5] INTENSITY Boat Category | Seniors  U23 U18  Seniors  U23 Ul9  Seniors U23 U18  Seniors  U23 U19  Seniors U23 u1s Seniors  U23 U19  Seniors  U23 v1s Seniors v (L)
E > >(-30W| -60W] > -2d 4 > (-3 >[-1d -ideg -3deg < <{+1deg) gagg_' < <(+1deg) <{43deg) < <(+0.01s) _<(40.025)
M1x 250 220 190 108 106 104 92 88 82 <68 <67 <65 44245 +4145 015 7 8 10 9 10 12 0.04 0.05 0.06
-C M2x 250 220 190 108 106 104 92 88 82 <68 <67 <65 +42-45 #4145 #4045 7 8 10 9 10 12 0.04 0.05 0.06
-+ LMax 230 200 170 108 106 104 92 88 82 <68 <67 <65 44245 <4145 44045 7 8 10 9 10 12 0.04 0.05 0.06
O Mix 300 270 240 110 108 106 96 92 86 <70 <69 <67 4245 4145 045 3 7 9 8 9 11 0.04 0.05 0.06
2km (SR20) M2x 290 260 230 110 108 106 96 92 6 <70 <69 “67 +42-45 #4145 #1045 6 7 9 8 9 11 0.04 0.05 0.06
g Max 290 260 230 110 108 106 9 92 86 <70 <69 <67 44245  +4145 44045 3 7 9 8 9 11 0.04 0.05 0.06
M2- 290 260 230 90 88 86 78 74 68 <60 <59 <57  431-33  +30-33  +30-34 5 6 8 7 [ 10 0.04 0.05 0.06
(%] M4- 290 260 230 920 88 86 78 74 68 <60 <59 <57 +31-33 +30:33 +30-34 5 6 8 7 8 10 0.04 0.05 0.06
w M8+ 290 260 230 a0 88 86 78 74 68 <60 <59 <57 +31-33  +30-33 43034 S 6 8 7 8 10 0.04 0.05 006 |
O—J LM1x 380 350 320 106 104 102 92 88 82 66 65 63 +42-45 #4145 4045 6 7 9. 8 9 11 0.04 0.05 0.06
I — . LM2x 380 350 320 105 103 101 91 87 81 65 64 62 +2-45 #41-45 045 6 7 9 8 - 11 0.04 0.05 0.06
(V)] -c LMdx 360 330 300 106 104 102 92 88 82 56 -85 63 +42-45 «41-45 4045 6 7 9 8 9 11 0.04 0.05 0.06
— Q’ 2km race/ Mix 470 440 410 108 106 104 96 92 86 58 -67 65 +42-45 +4145 44045 S B 8 7 8 10 0.04 0.05 0.06
Q + Mid-race SR*/** M2x 450 420 | 380 107 105 = 103 95 a1 8 &7 66 64 44245 145 045 S 6 8 7 8 10 0.04 005 0.06
> (%) Max 450 420 390 108 106 104 96 92 86 £8 67 65 +42-45  +41-45 WD 45 5 6 8 7 8 10 0.04 0.05 0.06
o— : M2- 450 420 390 88 86 a4 g0 76 70 58 57 55 +32-34  +31-34 43034 3 4 6 5 6 8 0.04 0.05 0.06
C = M- 50 420 390 88 8 8a 80 76 70 58 57 55 43234 3134 43034 3 4 6 5 6 8 0.04 0.0s 0.06
D -c M8+ 450 420 390 88 86 84 80 76 70 58 -57 55 +31-33  +30-33 43033 3 4 6 5 & 3 0.04 0.05 0.06
\ \'U * Rowing Race Pace (based on mid-race SR} “%*  Timingdifference betw. oars (s): rel. timing diffence betw. rowers/ oars throughout drive time/ recovery time
ot ir P tori
N g estimated required Target Power 22000m each prog. Boat speed (WBT)
o)
3 (@) ROWING WOMEN  Internat. Level |Power (W) Length Total (deg) Length Effective (deg) Catch Angle (Min) (deg) Finish Angle (Max) (deg) Catch Slip (deg) Finish Slip (deg) Timing diff. between oars (s)***
—
U + INTENSITY Boat Category | Seniors u23 u1s Seniors u23 u1is Seniors u23 u19 Seniors u23 u1s Seniors uz3 u19 Seniors u23 u19 Seniors u23 u19 Seniors u23 uis
S~ © > >{-30W)  >{-60W) > >-2deg)  >{-Adeg) > >i3deg) >ldeg) > >l1deg] >[3deg] Adeg  -3deg < <+1deg) <{+3deg) < <biideg) <heddeg) < <(+0.01s)  <(+0.025)
‘_n m LWix 150 120 30 106 104 102 86 82 76 £6 64 62 +42-45 +41-45 H0-45 9 10 12 11 12 14 0.04 0.05 0.06
O Q’ Lw2x 150 120 90 106 104 102 86 82 76 66 64 62 44245  +4145 045 9 10 12 1 12 14 0.04 0.05 0.06
[ e LWax 140 110 30 106 104 102 86 82 76 56 64 62 +42-45 #4145 #4045 9 10 12 11 12 14 0.04 0.05 0.06
O Wix 210 130 150 108 106 104 20 86 80 58 66 64 +2-45 #4145 +0-45 8 9 11 10 11 13 0.04 0.05 0.06
_C ) 2km (SR20) W2x 190 160 130 108 106 104 90 86 80 58 66 €4 +42-45  +41-45  +40-45 8 9 1 10 1 13 0.04 0.08 a.08
U “E; Wax 190 160 130 108 106 104 90 86 80 58 -66 64 +42-45 #4145 045 8 ) 11 10 11 13 0.04 0.05 0.06
(Vp) w2- 200 170 140 88 86 84 72 68 62 58 56 54 +32-38  +31.34 43034 7 8 10 9 10 12 0.04 0.05 0.06
bD wa- 200 170 140 88 86 84 72 €8 62 58 56 -54 +32-34  +31-34  +30-34 7 8 10 9 10 12 0.04 0.05 0.06
-C b W2+ 210 180 150 88 86 84 72 68 6_2 58 -56 54 +31-33  +30-33 43033 7 8 10 9 10 12 0.04 0.05 0.06
:l:’ E LWix 250 220 190 104 102 100 86 82 76 -63 51 59 +42-45 4145 44045 8 9 1 10 1 13 0.04 0.05 0.05
LW2x 250 220 190 103 101 99 85 81 75 -63 -61 59 +42-45 #4145 4045 8 9 11 10 11 13 0.04 0.05 0.05
; L\Wax 240 210 180 104 102 100 86 82 76 -63 61 59 +42-45  +41-45  +0-45 8 9 11 10 11 13 0.04 0.05 0.05
no 2km race/ Wix 320 290 260 106 104 102 90 86 80 -66 -64 62 +42-45 +41-45 D45 7 8 10 9 10 12 0.04 0.05 0.05
Mid-race SR*/** W2x 300 270 240 105 103 101 89 8s 79 -66 4 62 +42-45  +41-45  +4045 7 8 10 9 10 12 0.04 0.0s 0.05
C Wax 300 270 240 106 104 102 920 86 80 -66 64 62 +42-45 #4145 +40-45 7 8 10 9 10 12 0.04 0.05 0.05
:2 w2 300 270 240 86 84 82 72 €8 62 -56 -54 52 +32-34  +31-34 43034 € 7 9 8 9 11 0.04 0.05 0.05
— wa- 300 270 240 86 84 82 72 68 62 -56 -54 52 +32-34  +31-34  +30-34 6 7 9 8 9 1 0.04 0.05 0.05
O W8+ 300 270 240 86 84 82 72 68 62 -56 -54 52 +31-33 #3033 +30-33 6 7 9 8 9 11 0.04 0.05 0.05
c
()
<

Data collected snd updated:
Conny Draper, PhD/ Sports Biomechanist
conny. draper@gmai, com

Updated: Oct 2023
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Summary & Outlook

Utilising objective assessment tools — great "Messaging tools’:
between coaches & athletes to evaluate sessions, crews, rower/s, coxswains

* Detailed information enhance knowledge:
of athletes’ & crew progress & quantify our coaching & training response

* When utilising on-water technique & performance feedback tools:
look for relationships between
* individual performances VS. crew performances &
* Athletes’ technique/ performance  vs. the boat run & speed

e Understand the strength of your crew!
Where are the areas of opportunity to improve technically?

* To understand progress of your crews/ ind. athletes -compare the same workout
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| Questions?
T H A N KS . You can contact me at
Conny Draper, PhD
conny.draper@gmail.com
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