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ROWING MACHINE embodiments of the exercise machine described herein and 
should not be construed as a complete depiction of the scope 

CROSS - REFERENCE TO RELATED of the exercise machine . 
APPLICATIONS FIG . 1 is an isometric view of a rowing machine in 

5 accordance with some examples of the present disclosure . 
This application claims the benefit of priority pursuant to FIG . 2 is another isometric view of the rowing machine in 

35 U.S.C. $ 119 ( e ) of U.S. provisional patent application FIG . 1 . 
No. 62 / 701,391 , filed 20 Jul . 2018 , entitled “ ROWING FIG . 3 is a right side view of the rowing machine in FIG . 
MACHINE , ” which is hereby incorporated by reference 1 . 
herein in its entirety . FIG . 4 is an enlarged right side view of the front portion 

of the rowing machine in FIG . 3 . 
BACKGROUND FIG . 5 is a left side view of the front portion of the 

machine shown in FIG . 4 . 
An indoor rower , or rowing machine , is a machine used FIG . 6A is an enlarged side view of a paddle link of the 

to simulate the action of watercraft rowing for the purpose 15 rower of FIG . 1 , which couples the paddle to the frame . 
of exercise or training for rowing . On a conventional rower , FIG . 6B is an isometric view of the paddle link in FIG . 
the user pulls a bar connected to a chain which is attached 6A . 
to a drive mechanism typically with adjustable resistance . FIG . 6C shows a diagram of an example paddle arc during 
The bar to chain configuration of conventional rowers the driving phase ( i.e. , from catch to release ) of the stroke . 
results generally in only forward and backward motion , 20 FIGS . 7A and 7B show partial side views of the paddle 
which may not fully mimic the action of watercraft rowing . linkage of the machine in FIG . 1 at different positions along 
Designers and manufacturers of rowing machines therefore the paddle arc . 
continue to seek improvements thereto . FIGS . 8A and 8B show top views of the machine in FIG . 

1 showing the paddles at different positions with respect to 
SUMMARY 25 the centerline of the rower . 

FIG . 9 is an isometric view of a rowing machine in 
In various embodiments , a rowing machine may include accordance with further examples the present disclosure . 

includes a frame including a base for contact with a support FIG . 10 is another isometric view of the rowing machine 
surface , and a seat rail supported by the base . The rowing in FIG . 9 . 
machine may also include a seat configured to reciprocate 30 FIG . 11 is a side view of the rowing machine in FIG . 9 . 
back and forth along the seat rail . The rowing machine may FIG . 12 shows a partial view of the rowing engine and 
include at least one resistance mechanism , which in some placement of measurement devices in operative arrangement 
examples is rotatably coupled to the frame . The rowing with one or more shafts of the rowing engine to monitor 
machine may further includes at least one handle operatively rotation of the shaft ( s ) . 
connected to the at least one resistance mechanism , and a 35 FIG . 13 shows an enlarged view of a resistance mecha 
paddle linkage assembly operatively connecting the at least nism as driven by a paddle linkage assembly and placement 
one handle to the at least one resistance mechanism such that of a measurement device in operative arrangement with the 
rearward movement of the handle is resisted by the at least resistance mechanism for monitoring paddle locations 
one resistance mechanism . throughout the stroke . 

In various embodiments , a rowing machine may include 40 FIG . 14 shows a rowing machine according to further 
a frame , a handle pivotally coupled to the frame , and a examples of the present disclosure . 
flywheel rotatably coupled to the frame on a flywheel shaft FIG . 15 shows configuration parameters associated with 
and operatively connected to the handle to resist reward boat rigging . 
movement of the handle . The handle may be connected to 
the flywheel by a paddle linkage assembly , which includes 45 DETAILED DESCRIPTION 
first and second rocker links pivotally connected to the 
frame at two spaced apart locations on the frame , and a Described herein are embodiments of a rowing machine . 
floating link connecting the first rocker link to the second A typical rowing machine includes a resistance mechanism 
rocker link such that the first and second rocker links , the typically connected via a chain , to a pull bar , and a seat 
floating link , and a virtual link defined between the two 50 which moves back and forth along a rail as the user pulls the 
spaced apart locations define a four - bar linkage configured bar aft against the resistance of the resistance mechanism . As 
to translate the rearward movement of the handle to a previously noted , this configuration results in the user's 
rotational movement of a shaft operatively coupled to the hands moving only forward and backward along two gen 
rotatable flywheel to drive rotation of the flywheel . erally parallel paths , which motion does not accurately 

This summary is neither intended nor should it be con- 55 simulate the motion , and thus muscle activation , during 
strued as being representative of the full extent and scope of real - life rowing of a boat . 
the present disclosure . The present disclosure is set forth in Boats are propelled by paddles or oars , each of which is 
various levels of detail in this application and no limitation essentially a lever held to the hull of the boat at a pin ( i.e. , 
as to the scope of the claimed subject matter is intended by the fulcrum ) . As the user pulls on the paddle , the load is 
either the inclusion or non - inclusion of elements , compo- 60 transferred from the handle end to the blade , which in result 
nents , or the like in this summary . cuts through the water and pushes the boat forward . The 

rowing stroke ( i.e. , the set of actions to propel the boat ) 
BRIEF DESCRIPTION OF THE DRAWINGS includes a drive phase during which pressure is applied 

through the oars , and a recovery phase during which the oars 
The description will be more fully understood with ref- 65 are lifted out of the water and returned to the start position . 

erence to the following figures in which components may As can be appreciated , the user's hands which grip the oar 
not be drawn to scale , which are presented as various handles do not travel along a purely linear path but travel 
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along an arc with respect to the fulcrum . For example , in 112 and 114 may , but need not , extend vertically ( i.e. , at a 
sculling , the oar handles overlap at the midpoint of the drive , 90 degree angle ) from the base 110. The frame 100 also 
and again during the recovery . This type of action cannot be includes a seat rail 115 extending rearwardly from the first 
fully replicated with conventional rowing machines . upright support 112. In some examples , the seat rail 115 may 
The rowing machine of the present disclosure is config- 5 be coupled to and thus supported by one or both of the 

ured to more closely mimic the functionality of a boat , upright supports 112 , 114. In some examples , the seat rail 
which motion has been found by the inventors to activate the 115 may be coupled to only one of the supports or it may 
body ( e.g. , muscle groups ) in a manner more similar to a true alternatively be supported by the base via a different support 
rowing experience than may be currently possible with structure . In the illustrated example , the seat rail 115 is 
conventional rowers . The rowing machine employs rigid 10 coupled to the first and second upright supports 112 , 114 via 
arm members , which essentially function as paddles or oars , the rail support 124 , which is fixed to and extends rear 
that are operatively coupled to the frame such that the wardly from the first upright support 112 and which is fixed 
handles can move forward and backward as well as inward to the second upright support 114 via the inclined brace 122 . 
and outward with respect to the centerline of the machine to The seat rail 115 may be fixed in relation to base 110 , e.g. , 
more closely mimic the motion of a rower's arms when 15 by being rigidly connected to one or both of the supports 
rowing a boat . In examples herein , the relative position of 112 , 114. In some examples , the seat rail 115 may be 
the seat , paddle pivots , catch position and feet angles are pivotally coupled to the frame ( e.g. , pivotally coupled to the 
selected to mimic the rigging set up of real - life boats so as rail support 124 ) such that the incline of the seat rail 115 with 
to maximize the similarities with real - life boats and thus respect to the support surface ( e.g. , ground ) may be adjust 
improve the user experience . 20 able . Adjustability of the incline may be provided , for 

In examples herein , the handles , which the user grips to example , by a rear stabilizer 113 of adjustable height ( e.g. , 
effect a rowing motion , are coupled to the input shaft of the increasing the height of the stabilizer 113 with respect to 
rowing engine without the use of cables and pulleys , as is the ground increases the incline to ground by lifting the rear end 
case in conventional rowing machines , but using instead an of the rail 115 and vice versa ) . In some examples , the seat 
appropriately configured linkage assembly . In some 25 rail angle with respect to ground may be varied from 0 
examples , each handle may be coupled to the rowing engine degrees ( i.e. level with ground ) to up to about 15 degrees , or 
( e.g. , to the input shaft ) by a plurality of rigid links opera- up to about 10 degrees , or up to about 6 degrees . In some 
tively connected to one another to form a kinematic chain , examples , the incline may be fixed any angle within the 
referred to herein as a paddle linkage or simply linkage , to range of 0 to about 15 degrees . As the incline increases the 
transfer the power applied to the handles to the input shaft . 30 amount of force needed for the pull stroke increases thus 
By using rigid links , instead of cables and pulleys , move- increasing the difficulty of the workout . An incline - adjust 
ment of the handle ( s ) may be constrained along trajectories able seat rail 115 thus provides an additional adjustment 
that more closely mimic the movement of oar handles of a point ( additional to varying the resistance , for example ) to 
real boat , for example arcuate trajectories of a free end of a vary the difficulty of the workout . 
lever about its fulcrum . The usage of rigid links in place of 35 The seat rail 115 is configured to movably support the seat 
cables and pulleys may provide certain advantages over 117 such that the seat reciprocates back and forth ( as shown 
conventional rowers , such as enabling the rowing machine by arrow 101 ) along the seat rail 115 during use of the 
to more closely mimic the lever action of an oar when machine . In some examples , the seat 117 is slidably sup 
rowing a boat . Moreover , in the case of a two - paddle ported on the seat rail 115 by one or more rollers ( not 
configuration , the individual sets of rigid links that simulate 40 shown ) . In this illustrated example , the seat rail 115 includes 
each of the right and left oars , may be configured to move a pair of tracks 118 disposed on the opposite sides of the seat 
and drive the input shaft independent of one another , thus rail 115. Each track 118 is configured to receive one or more 
allowing the respective handles to move in independent and rollers rotatably attached to the seat 117 ( in this case , two 
different trajectories , unlike conventional rowers where the rollers per track attached to the bottom side of the seat ) , 
user pulls on the same bar with both hands and thus both of 45 thereby allowing the seat to glide along the rail via the 
the user's hands travel in parallel following essentially the rollers . In other examples , a different number of tracks ( e.g. , 
same trajectory . one track positioned on the top side of the rail ) and / or rollers 
The rowing machine may further include at least one may be used . 

handle , and in some embodiments a pair ( left and right ) The rowing engine 20 includes a resistance assembly 200 . 
handles , operatively connected to the at least one resistance 50 The resistance assembly 200 includes at least one resistance 
mechanism 208 , and a paddle linkage assembly operatively mechanism , such as a flywheel with a magnetic brake , a fan , 
connecting the at least one handle to the at least one or other suitable resistance mechanism , to resist the pulling 
resistance mechanism such that rearward movement of the action by the user . In the example in FIG . 1 , the resistance 
handle is resisted by the at least one resistance mechanism . assembly 200 includes two resistance mechanisms , namely 

FIGS . 1-9 show views of a rowing machine 10. The 55 a first resistance mechanism 208 , which in this case is a 
rowing machine 10 includes a frame 100 , a rowing engine flywheel 210 with a magnetic brake 238 , and a second 
20 , and a seat 117 which translates back and forth with resistance mechanism 209 , which in this case is a fan 220 . 
respect to the forward end of the machine 10 during use of The first and second resistance mechanisms 208 , 209 are 
the machine 10. The rowing engine 20 in this example is operatively connected to the handles of the rowing machine 
positioned at the forward end of the machine 10. However , 60 to resist the pulling action by the user . In this example , the 
it will be appreciated that in other examples , the rowing flywheel 210 and fan 220 are rotatably coupled to the frame 
engine 20 may be located elsewhere , such as at the rear end 100 via the same shaft , output shaft 230 , and thus configured 
of the machine . to rotate synchronously about a common rotation axis 202 . 

The frame 100 includes a base 110 for contact with a The flywheel 210 and fan 220 are coupled to the frame 100 
support surface ( e.g. , the ground ) and first and second 65 via the engine support 126 which extends forwardly from 
upright supports 112 and 114 , respectively , rigidly connected the first upright support 112. The rowing engine 20 is 
to and extending upward from the base 110. The supports additionally supported at the front end of the machine 10 by 



US 11,013,952 B2 
5 6 

a front stabilizer 116 joined to the engine support 126. In The paddle link 420 and the crank link 460 are pivotally 
other examples the rowing machine 10 may use only a connected to the frame 100 at two spaced apart locations ( i.e. 
flywheel or only a fan , or an entirely different type ( e.g. , pivot A and pivot B ) , such that the links 420 and 460 , which 
resilience - based ) resistance mechanism or any combination act as a first and second rocker links , along with the floating 
thereof in any suitable arrangement to effect the desired 5 link 440 and a fixed virtual link 490 between the two pivots 
resistance to rowing . points A and B form a four - bar linkage . The two pivot 
As best seen in FIG . 4 , the flywheel 210 is rotatably locations A and B are fixed to the frame . The fixed virtual 

coupled to the frame 100 and operatively associated with a link 490 corresponds to the ground link of the four - bar 
magnetic brake 238. The magnetic brake 238 may be linkage . 
implemented as an eddy current brake . For example , the 10 In this example , the four - bar linkage is configured as a 
flywheel 210 may be a disc made from ferromagnetic class II kinematic chain ( or a non - Grashof four - bar linkage ) , 
material and the magnetic brake 238 may include one or which means that no individual link of the four - bar linkage 
more magnets 232 operatively associated with the disc to is capable of a full revolution ; rather the links are con 
dissipate the kinetic energy of the rotating disc . In preferred strained to an oscillating motion . Using oscillating motion of 
examples , the one or more magnets 232 are movable relative 15 both rockers eliminates the risk of full revolution binding 
to the flywheel 210 , e.g. , along the radial direction 231 , for and allows for a more compact design ( e.g. , a shorter 
varying the braking force applied to the flywheel 210. In floating link , thus shorter overall length of the machine since 
some examples , a pair of magnets are disposed on opposite the paddle pivot location may be driven by ergonomics for 
sides of the flywheel 210 and movable with respect to the simulating real boat riggings , and the front end of the 
flywheel , e.g. , by pivotally coupling the magnet mount 234 20 machine may be thus be driven by the length of the floating 
which supports the magnets 232 to bracket 235 , which is link and / or a narrower overall size of the machine ) . How 
fixed to the frame , to define brake pivot 233. Positioning the ever , in other examples , a Grashof four - bar linkage with , for 
magnets closer to the flywheel axis exposes the ferromag- example , the output rocker link configured to revolve fully 
netic disc to a larger amount of resistive force and thus around the input shaft , may also be used . 
applies a greater amount of braking force and conversely , 25 The paddle link 420 , which is pivotally coupled to the 
pivoting the magnets away from the flywheel axis decreases frame at pivot A , is thus configured to pivot about a pivot 
the braking force on the flywheel and thus decreases the axis A , and the crank link , which is pivotally connected to 
resistance to pulling action by the user . Any other suitable the frame at pivot B , is configured to pivot about pivot axis 
magnetic brake or a different type of brake ( e.g. , a friction B. The pivot A is interchangeably referred to herein as the 
brake ) may be used in other examples . 30 paddle pivot . The location of pivot A and various parameters 

The rowing machine 10 includes at least one handle 413 , of one or more of the links ( e.g. , length , shape , and sweep 
and in some embodiments a pair of handles ( i.e. left and arc of the handle link ) may be selected so as to mimic the 
right handles ) operatively connected to the at least one motion of an oar . The pivot axis B is defined by and 
resistance mechanism 208 ( e.g. , flywheel 210 ) such that coincides with the axis of the input shaft 302 . 
rearward movement of the handle is resisted by the at least 35 As best seen in FIG . 6B , the paddle link 420 is a rigid 
one resistance mechanism . As described , a rowing machine member which is pivotally coupled to frame 100 , and in this 
according to the present disclosure may use a set of rigid specific example , to the upright support 114. The paddle link 
links instead of cables to connect the handle to the rowing 420 includes a tubular member 422 , and first and second end 
engine , which may provide certain advantages over cable- portions 424 , 426 fixed to and extending radially , in two 
based designs . As shown in FIGS . 1-9 , the rowing machine 40 different directions , from the tubular member 422. The first 
10 includes a paddle linkage assembly 400 , in this example end portion 424 extends from one side of the tubular 
including a first ( or right ) and second ( or left ) paddle member 422 and is configured for pivotally coupling the 
linkages 400-1 and 400-2 , respectively , that simulate the handle link thereto . In the specific example , the first end 
presence of pair of real paddles or oars and which are thus portion 424 is implemented as a clevis ( i.e. a u - shaped or 
interchangeably referred to herein as paddles 400-1 , 400-2 . 45 forked connector ) . The second end portion 426 extends from 
While the illustrated example shows a paddle linkage assem- an opposite side of the tubular member 422 and is configured 
bly 400 including both right and left paddles , it will be as the lug of a clevis and lug type joint between the paddle 
understood that in some embodiments , the rowing machine link 420 and the floating link 440. The second end portion 
may include only one paddle ( i.e. only a right paddle or only 426 defines the input rocker link of the four - bar linkage . The 
a left paddle ) such as to simulate sweep rowing . 50 first and second end portions 424 , 426 extend in different 

Referring further to FIGS . 7A and 7B , which show the radial directions such that an angle w is defined therebe 
right paddle 400-1 of the machine 10 , components of the tween . In other words , the input rocker may be offset from 
paddle linkage assembly 400 will be described . While the nominal paddle axis Pin a direction opposite the four - bar 
details are described with reference to the right paddle , it linkage by an angle a , which is less than 90 degrees , and 
will be understood that the left paddle includes the same 55 preferably up to about 35 degrees . As the portions 424 and 
components as the right paddle and is a mirror image 426 are fixed to the tubular member 422 , the angle w ( and 
thereof . correspondingly angle a ) remain fixed . 
The paddle linkage assembly 400 includes a paddle link Referring also to FIG . 6C , in one example arrangement , 

420 , a floating link 440 and a crank link 460 pivotally the offset angle between the floating link 440 and the input 
coupled to one another . In some examples , the pivotal 60 rocker ( as defined , for example , by the second end portion 
connection between one or more of the links in the paddle 426 ) may be about 25 degrees from the paddle axis P 
linkage 400 may be implemented using lug and clevis type allowing for a paddle arc sweep of about 115 degrees , which 
joints . In other examples , any other type of suitable pivot is an accurate representation of the arc sweep during the 
joint may be used to pivotally couple the links , for example driving phase of rowing stroke ( i.e. from catch to release ) . 
by one link being pivotally coupled , via a bearing , to a post 65 In some embodiments , the input angle ( i.e. movement of the 
extending from the other link ( e.g. , as in the example in input rocker by paddle motion driven by the user ) may be 
FIGS . 9-11 ) . limited thus limiting the range of motion of the output 
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rocker . For example , as shown diagrammatically in FIG . 6C , ment of the inboard portion of an oar and thus more closely 
the paddle arc sweep may be limited to about 115 degrees mimic real - life rowing than conventional rowers . 
which may result in approximately 82 degrees of turn at the In some examples , the handles may be coupled to the four 
output rocker . The starting position of the paddle arc ( e.g. , bar linkage via a coupling ( see also close up view in FIGS . 
with respect to a horizontal axis 441 ) may be selected such 5 6A and 6B ) that allows the lower end portion of the handle 
that the catch position more closely mimics real boat rig- link 410 to pivot about a first axis H to allow motion of the 
ging . Also , the angle of the input rocker with respect to the handles toward and away from the center of the machine . 
paddle axis may be selected so as to prevent the output Furthermore , the coupling allows the handle link 410 , by 
rocker from rotating to and beyond the horizontal position . virtue of its connection to the paddle link 420 , to pivot about 

The paddle link 420 is pivotable about axis A which 10 a second axis A which allows motion of the handles back and 
coincides with the centerline of the tubular member 422. The forth , enabling each of the user's hands to traverse indepen 
tubular member 422 is pivotally supported on a post 128 via dent arcuate paths similar to the path that would be followed 
a bearing . The paddle link 420 is pivotally connected , at if handling real paddles / oars of a boat . The coupling may 
pivot C , to one end of the floating link 440. The opposite end thus be seen to mimic or function as a universal joint in that 
of the floating link 440 is pivotally connected , at pivot D , to 15 it may allowing substantially free and independent move 
the crank link 460 , such that when the two rocker links ( i.e. ment of each handle with respect to one another and the 
paddle link 420 and crank link 460 ) swing back and forth frame . In this example , the two pivot axes H and A are 
responsive to the sweeping motion by the user on the inclined to one another , specifically they are perpendicular 
paddles , the floating link 440 reciprocates back and forth to one another . Furthermore , in this example , the two axes 
with its first and second ends pivoting about the pivots C and 20 H and A do not intersect . The first axis H , which is defined 
D , respectively . The floating link 440 is a rigid member by the line extending perpendicularly between the two sides 
pivotally coupled at its opposite ends 442 , 444 to the paddle of the forked connector 424 , is offset or spaced apart from 
link 420 and the crank link 460 , respectively , such that the the pivot axis A , which coincides with the centerline of the 
floating link swings back and forth through an arcuate tubular member 422. In other examples , different arrange 
reciprocating motion as the user moves the handles . The 25 ments may be used , such as by inclining the two axes by a 
floating link 440 includes , at each of its opposite ends 442 , different angle with respect to one another or by arranging 
444 , a respective connector 443 and 445 , which in this them so that they intersect . As illustrated , the handle link 410 
example is implemented as a U - shaped connector or clevis . is pivotally connected to the paddle link 420 via a paddle 
In other examples , a different arrangement for the pivotal mount 418 which provides rotational freedom of the handle 
couplings may be used , for example by using lug connectors 30 link 410 about axis 401. The paddle mount 418 is a rigid link 
on the floating link and respective clevis connectors on the formed by two tubular portions in a T - shaped configuration . 
rocker links , or using a different type of pivotal joint . One of the tubular portions is coupled to the handle link 410 

The crank link 460 is a rigid member pivotally connected , and the other tubular portion is received in the forked 
at its first end 462 , to the floating link 440 , and pivotally connector 424 of the paddle link 420 . 
connected , at its second end 464 , to the upright support 112. 35 The rowing engine 20 includes a gearing assembly 300 
The crank link 460 is configured to drive rotation of the for tailoring the balance between torque and speed . The 
input shaft 302 , which is operatively coupled ( directly or via gearing assembly 300 is configured to increase the rotational 
one or more intermediate members ) to a resistance mecha- speed of the drive shaft driving the resistance mechanism . In 
nism ( e.g. , to flywheel 210 ) . The first end 462 of the crank some examples , the gearing assembly 300 is configured to 
link 460 is pivotally received in the clevis connector 445 of 40 gear up by a ratio of up to 1 : 100 ( i.e. an increase in speed 
the floating link and the second end 464 of the crank link 460 from the input shaft 302 to the output shaft 230 by up to 100 
includes a collar 466 for coupling the crank link 460 to the times ) . In some examples a larger gear ( or speed ) ratio may 
input shaft 302 ( also referred to as main shaft or drive shaft ) . be used . While referring here to " gearing assembly ” and 
The crank link 460 is coupled to the drive shaft such that " gear ratio " it will be understood that gearing may be 
torque is transmitted from the crank link 460 to the drive 45 achieved without the use of gears but with other suitable 
shaft 302 in one rotational direction , while allowing the means such as by a belt - drive or chain - drive system using 
crankshaft 302 to rotate freely in the opposite rotational input and output belt - driven discs of different diameters . In 
direction . For example , the crank link 460 may be coupled other examples , the input and output discs may be wheels 
to the shaft 302 via a one way ( or clutch ) bearing 468 with sprockets such that a chain - driven gearing assembly , 
provided between the collar 466 and the shaft 302 . 50 rather than a belt - driven assembly , may be used . Any com 

The handle 413 is operatively connected , via the paddle bination of suitable components configured to modify ( in 
linkage 400 , to the rowing engine 20 such that rearward crease or decrease ) the rotational speed between the input 
movement of the handle 413 is resisted by the at least one and output shafts may be used . In other examples , the 
resistance mechanism ( e.g. , 208 , 209 ) of the rowing engine rowing engine may not include a gearing assembly and the 
20. As illustrated , a handle link 410 connects the handle 413 55 power from the user pulling on the handles may be trans 
to the four - bar linkage for providing input to the four - bar ferred ( directly or indirectly ) at a 1 : 1 ratio to the resistance 
linkage . The handle link 410 is a rigid member ( e.g. , a assembly 200. In some such examples , the output link of the 
tubular member ) , which may be curved along its length to paddle linkage may directly drive the flywheel shaft or the 

ccurately mimic a real paddle while allowing for a paddle linkage may drive a shaft which is coupled ( e.g. , via 
compact form factor of the rowing machine 10. For 60 a belt , chain , or gears but without change in the gear ratio ) 
example , the handle link 410 may include a first end portion to the flywheel shaft . 
415 which is rigidly connected to and extends along a As described , the gearing assembly 300 is configured to 
direction defined by the paddle mount 418 , and a second or increase the rotational speed between the input shaft 302 , 
handle end portion 412 , which supports the handle 413 and which is driven by the movement of the paddles , and the 
which is curved inward ( i.e. toward the centerline of the 65 output shaft 230 , which drives the resistance assembly ( e.g. , 
machine ) in relation to the first portion . The arrangement of in this case , both the flywheel and fan , which are rotatable 
the handle end portion 412 may thus resemble the arrange- about the same axis R ) . The gearing assembly 300 in this 

more accu 
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example , as best seen in FIGS . 4 and 5 , is implemented as machine 1010 may include one or more components similar 
a two - stage belt - drive system , which includes a first stage to those described with reference to FIGS . 1-9 . For example , 
310 and a second stage 320. The first stage 310 includes an rowing machine 1010 includes a frame 1100 and a rowing 
input disc 312 , an output disc 314 , and an idler disc 316 , engine 1020. The frame 1100 includes a base 1110 , which in 
each rotatably supported by the frame , and in this example 5 this example is implemented as a box frame defined by front 
rotatably coupled to the first upright support 112 via respec- and rear transverse beams 1111 and 1105 , and first and 
tive shafts . The input disc 312 is rotatably coupled via the second longitudinal beams 1107 and 1109. The frame 1100 
input shaft 302 and the output disc 314 is rotatably coupled also includes a front support 1112 fixed to and extending 
via the intermediate output shaft 304. The input disc 312 is upward ( in this case perpendicularly to ) the front transverse 
driven to rotate in a first direction 307 by the forward 10 beam 1111 and a rear support 1114 fixed to and extending 
rocking of the crank link 460. The input disc 312 is opera- upward from the rear transverse beam 1105. A rail support 
tively coupled to the output disc 314 via a suitable power 1124 is connected to both the front and rear supports 1112 
transmission member 318 , in this case a belt 319. The idler and 1114 and supports the rail 1115 which is configured to 
disc 316 is operatively engaged with the power transmission slidably support the seat 1117 such that the seat 1117 can 
member 318 to remove slack in the belt 319. The diameter 15 move back and forth along the rail 1115. In some examples , 
of the input disc 312 is larger than the diameter of the output the seat 1117 may be removably coupled to the seat rail 1115 . 
disc 314 thus increasing the rotational speed from input to The seat rail 1115 is pivotally coupled to the rail support 
output of the first stage . ( e.g. , at pivot 1125 ) such that the incline of the rail 1115 with 

The second stage 320 may be similarly arranged . For respect to the base and thus with respect to ground could be 
example , the second stage 320 of gearing assembly 300 20 adjusted . 
includes an input disc 322 operatively coupled to an output The engine 1020 includes a resistance assembly 1200 and 
disc 324 via a second suitable power transmission member a transmission assembly 1300. The resistance assembly 
328 ( e.g. , a belt or a chain ) , and an idler disc 326 is 1200 includes a magnetically resisted rotating disc 1210 and 
positioned between the input and output discs 322 , 324 , a fan 1220 , both of which are rotatably supported on the 
respectively , to remove slack . The input disc 322 of the 25 same shaft 1230. The rotation of the shaft 1230 is resisted by 
second stage ( interchangeably referred to herein as second a magnetic eddy current brake 1238 which applies a mag 
input disc ) is rotatably supported on the frame by and is thus netic resistive force on the rotating disc 1210 to resist the 
driven by the rotation of the intermediate output shaft 304 . rotation of the shaft 1230. At the same time , the fan 1220 , 
The output disc 324 of the second stage 320 ( also referred which includes a plurality of paddles 1222 provided between 
to as second output disc 324 ) is rotatably supported on the 30 inner and outer discs 1223 and 1225 , respectively , also resist 
frame by the same shaft as the flywheel 210 and fan 220 ( see the rotation of the shaft 1230 independently of the resistance 
e.g. , FIG . 5 ) , i.e. output shaft 230. As illustrated , the shafts by the magnetic brake 1238. In some embodiments , the fan 
302 , 304 and 230 and correspondingly the input discs 312 1220 is coupled to the shaft 1230 via a one - way bearing such 
and 322 and flywheel 210 all rotate in the same direction as that the fan 1220 can continue to spin when there is no user 
shown by the arrows 307 , 309 , and 204 . 35 input , thus allowing for the inertia of the fan to provide a 
The second stage 320 also includes a larger input disc as feeling to the user as if gliding through water and also to 

compared to the output disc , thereby further gearing up the allow the “ catch ” point of the rowing stroke to be felt at all 
rotational speed at the output shaft 230. In other examples , resistances . The resistance assembly 1200 is supported on an 
a different power transmission arrangement may be used , for engine support 1126 , which is connected to and extends 
example using a single stage or using a different number or 40 between the front support 1112 and a front stabilizer 1116 . 
arrangement of discs / gears in a given stage . In an example The transmission assembly is implemented as a two - stage 
embodiment , each of the input discs ( e.g. , first input disc 312 belt - drive assembly including a first stage 1310 and a second 
and second input disc 322 ) may be about 280 mm in stage 1320. Each stage includes an input and an output 
diameter while the output discs ( e.g. , first output disc 314 member operatively connected to one another to change the 
and second output disc 324 ) may be about 28 mm in 45 rotational speed from input to output . The first and second 
diameter , providing an overall gear ratio of 100 : 1 . Thus , for stages are operatively connected to achieve an overall or 
example , if a typical user's stroke rate is about 30 strokes per combined change in the rotational speed . For example , the 
minute , the final speed at the output shaft of approximately output member of the first stage may rotate on the same shaft 
683 revolutions per minute can be achieved . The gearing as the input member of the second stage thus the output shaft 
assembly may be configured to provide a different gear ratio 50 of the first stage 1310 drives the input member of the second 
( or speed increase ) in other examples , e.g. , the speed stage . In other examples a different arrangement may be 
increase in some examples may be in the range of 80 : 1 used such as by using another belt or chain or one or more 
through 120 : 1 . gears to transmit the rotation of the output shaft of the first 

The rowing machine 10 includes foot rests 119 ( i.e. , first stage to the input of the second stage . 
or right foot rest and second or left foot rest ) configured to 55 In accordance with the principle of the present disclosure , 
support the user's feet during use of the machine . When the rowing machine 1010 utilizes a plurality of rigid links , 
using the rowing machine , the user's feet are placed against rather than cables and pulleys , to connect the handles to the 
the foot rests 119 such that the user can push off the foot rests rowing engine 1020 for transferring the power from the user 
119 during a rowing stroke ( i.e. during the driving phase of thereto . The relationships between the seat 1117 , paddle 
the stroke ) . Each of the foot rests 119 may be operatively 60 pivots , the catch position , and feet angles are selected to 
connected to the frame 100. For example , each foot rest 119 mimic boat rigging setups to maximize similarities to a real 
may be joined to the frame at a fixed angle with respect to boat . For example , the paddle pivots may be arranged at a 
ground . In some examples , the foot rests 119 may be location aft of the foot rests which may provide a boat 
adjustably connected to the frame to allow the user to change compatible location during row ( in recovery and initial pull ) . 
their incline with respect to ground . In some examples , the rowing machine may include at 

FIGS . 10-12 show a rowing machine 1010 in accordance least one measurement apparatus operatively associated 
with further examples of the present disclosure . The rowing with one or more moving components of the rowing 

65 
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machine ( e.g. , the crank shaft , the flywheel shaft , or both , or in the water and the extraction ( also known as the finish ) 
with any of the links ) so as to monitor the movement ( e.g. , where the oar blade is removed from the water . After the 
rotation ) thereof . In some examples , paddle locations may blade is placed in the water at the catch , the rower applies 
be monitored throughout the entire stroke , which can allow pressure to the oar levering the boat forward which is called 
for the visualization of the user's action / muscle activation 5 the drive phase of the stroke . Once the rower extracts the oar 
and / or for coaching of rowing technique . In one example , from the water , the recovery phase begins , setting up the 
monitoring of motion may be achieved via magnetic poten- rower's body for the next stroke . In a boat , gearing , similar 
tiometers 502 operatively arranged ( e.g. , on each of the left to bicycle gearing , is used to adjust the power needed to 
and right sides ) with respect to the main shaft , as shown for operate the oars or paddles . Light or low gears provide an 
example in FIG . 12. In further examples , the resistance disc 10 easy exertion level that is , one stroke of the paddle is easy 
and / or fan rotations may be monitored using a reed switch to do , requires less power , but does not take the user far . 
504 and a magnet 506 to measure power . For example as Heavy or high gears , are easy at high speeds , one stroke of 
shown in FIG . 14 , one or more magnets 506 may be the paddles take more effort but moves the user much 
disposed on the flywheel 210 at a radial position such that farther . Gearing in boat is achieved by adjusting the location 
when the flywheel rotates , the magnet 506 will pass within 15 of the pin or fulcrum . A lightly geared boat requires more 
a close enough proximity of a reed switch 504 to cause , by strokes to move the same distance as a heavily geared boat 
magnetic force an electrical contact or other sensor in the but the strokes for the heavily geared boat are harder to 
reed switch to close , thereby signaling a revolution of the make . The relationship between the seat , paddle pivots , 
flywheel . Other types and arrangements of measurement catch position and feet angles mimic boat rigging setups to 
devices may be used . For example , Hall effect , inductive , 20 maximize similarities to boats . Paddle pivots are located 
capacitive , photoelectric , mechanical , and / or ultrasonic sen- midway along the seat rail which provides a boat compatible 
sors can be used in place of , or in addition to , a magnet 506 location during row ( in recovery and initial pull ) . 
and a reed switch 504. Such sensors can also be disposed on FIG . 15 illustrates variables or parameters relevant to boat 
or in relation to the input disc 312 , the input disc 322 , the rigging . With reference to FIG . 15 , a rowing machine may 
output disc 314 , and / or the output disc 324 . 25 be configured with a stretcher angle 606 within the range of 

In further examples , the resistance disk shaft 230 may be 35-50 degrees , and more preferably within the range of 
equipped with optical sensors 508a , 508b . The optical 40-44 degrees . A stretcher angle 606 on the high end may be 
sensors 508a , 508b can each have a light emitter disposed on used to allow as much power from the push off while 
one side of the resistance disc 210 , and a detector disposed maintaining near vertical shins at catch for a wide demo 
on the other side of the resistance disc , opposite the emitter , 30 graphic of users . In some examples , the rowing machine 
such that the detector can detect the presence or absence of may be configured for a heel depth 604 in the range of 12-22 
light emitted by the emitter . The resistance disc 210 can be cm , or more preferably in the range of 15-19 cm . A heel 
a notched disk ( see e.g. , FIG . 13 ) , or be operatively coupled depth 604 of 17 cm may be used in some examples , as the 
with such a notched disk , the notched disk having a plurality near neutral position for neither high nor low geared boats . 
of sensor flags 212 with gaps 214 disposed between the flags 35 A stretcher position 600 within the range of 50-69 cm or 
212. The flags 212 and gaps 214 can be arranged such that preferably in the range of 55-65 cm may be used . In some 
as the resistance disc 210 spins , the flags 212 and gaps examples , a shorter than average stretcher position 600 ( e.g. , 
alternately block and pass light emitted from the emitter of around 50 cm ) may be used which may provide a lighter 
the optical sensors 508a , 508b to the respective detectors in gearing feeling . The stretcher position 600 may also affect 
the optical sensors 580a , 580b . Thus the optical sensors 40 the overall side of the machine , thus a shorter stretcher 
508a , 508b can measure the rotational speed of the resis- position 600 may provide a more compact design . A suitable 
tance disc 210. Using two or more sensors , the direction of range for the work through 602 for embodiments herein may 
the disc 210 can be monitored as well . For example , one be anywhere within the range of 12-22 cm or preferably 
sensor 508a , 508b monitors clockwise rotation and the other within the range of 14-20 cm . A work through 602 on the 
sensor 508a , 508b monitors counter clockwise rotation , 45 higher end may be selected to allow for taller users to utilize 
which can then be used to calculate parameters of the the rowing machine and / or to provide a heavier gearing feel , 
movement of the paddles ( e.g. , direction of paddles ) . or the work through 602 value may be adjusted toward the 
FIG . 14 shows a partial view of another rowing machine lower end to achieve the opposite result . Other relevant 

according to the present disclosure . The rowing machine in parameters to boat rigging can include the gate height 608 
FIG . 14 includes a rowing engine located at the front end of 50 above the seat 612 , and the position of the center line of the 
the machine and a linkage assembly connecting the handles pin 610. Other configuration parameters of the rowing 
to the rowing engine . The linkage assembly includes two machine that may affect the gearing feeling of the rowing 
sets of links , each simulating one of the left and right paddles machine may include the seat rail angle , which as previously 
of a boat . Each set of links is configured as a four - bar linkage discussed , may be configured to be at an incline and / or 
including an input rocker and an output rocker ( each 55 adjustable to an incline of at least up to 6 degrees to provide 
approximately 100 mm in length , in this example ) , a floating for a stronger workout thus mimicking higher gearing . The 
link ( of approximately 460 mm , in this example ) and a paddle pivots may be positioned close to the centerline of the 
ground link ( of approximately 440 mm , in this example ) . seat when in the catch position thus more closely mimicking 
Input is provided to the four - bar linkage via a corresponding the loading on the body in real - life rowing / boating . 
paddle which is mounted to the input rocker such that the 60 All relative and directional references ( including : upper , 
paddle is movable back and forth and toward and away from lower , upward , downward , left , right , leftward , rightward , 
center during use of the machine . Also shown in FIG . 14 is top , bottom , side , above , below , front , middle , back , vertical , 
a transmission assembly which includes a chain - driven first horizontal , and so forth ) are given by way of example to aid 
transmission stage 310 and a belt - driven second transmis- the reader's understanding of the particular embodiments 
sion stage 320 . 65 described herein . They should not be read to be requirements 
The two fundamental reference points in the anatomy of or limitations , particularly as to the position , orientation , or 

a rowing stroke are the catch where the oar blade is placed use unless specifically set forth in the claims . Connection 
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references ( e.g. , attached , coupled , connected , joined , and 5. The rowing machine of claim 4 , wherein the gearing 
the like ) are to be construed broadly and may include assembly includes a first stage comprising a first input disc 
intermediate members between a connection of elements having a first input radius and operatively connected via a 
and relative movement between elements . As such , connec- first transmission member to a first output disc having a first 
tion references do not necessarily infer that two elements are 5 output radius smaller than the first input radius . 
directly connected and in fixed relation to each other , unless 6. The rowing machine of claim 5 , wherein the gearing 
specifically set forth in the claims . assembly includes a second stage comprising a second input 

Those skilled in the art will appreciate that the presently disc having a second input radius and operatively connected 
disclosed embodiments teach by way of example and not by via a second transmission member to a second output disc 
limitation . Therefore , the matter contained in the above 10 having a second output radius smaller than the second input 

radius . description or shown in the accompanying drawings should 7. The rowing machine of claim 3 , wherein the paddle be interpreted as illustrative and not in a limiting sense . The linkage assembly includes a first paddle linkage comprising following claims are intended to cover all generic and the paddle link , the floating link , and the crank link , and a specific features described herein , as well as all statements second paddle linkage comprising another paddle link , float 
of the scope of the present method and system , which , as a 15 ing link , and crank link disposed on an opposite side of the 
matter of language , might be said to fall there between . seat rail and operatively connected to the at least one 

What is claimed is : resistance mechanism . 
1. A rowing machine comprising : 8. The rowing machine of claim 7 , wherein each of the 
a frame including a base for contact with a support first and second paddle linkages is configured to move surface 

and a seat rail supported by the base ; independent of the other . 
a seat configured to reciprocate back and forth along the 9. The rowing machine of claim 8 , wherein each of the 

seat rail ; first and second paddle linkages is associated with a respec 
a rowing engine comprising at least one resistance mecha tive handle , each of the respective handles being indepen 

nism rotatably coupled to the frame ; dently movable along a different trajectory than the other of 
at least one handle operatively connected to the at least 25 the respective handles . 

one resistance mechanism ; and 10. The rowing machine of claim 7 , wherein the first and 
a paddle linkage assembly operatively connecting the at second paddle linkages are both connected to the input shaft . 

least one handle to the at least one resistance mecha 11. The rowing machine of claim 3 , wherein the crank link 
nism such that rearward movement of the at least one is connected to the input shaft . 
handle is resisted by the at least one resistance mecha 12. The rowing machine of claim 1 , further comprising a 
nism , the paddle linkage assembly comprising : handle link coupled to the paddle link . 
a paddle link pivotally coupled to the frame at a first 13. The rowing machine of claim 12 , wherein the handle 

pivot having a first pivot axis ; link is pivotally coupled to the paddle link . 
a crank link pivotally coupled to the frame at a second 35 link is coupled to the paddle link via a paddle mount 14. The rowing machine of claim 13 , wherein the handle 

pivot having a second pivot axis parallel to and 
spaced apart from the first pivot axis whereby a configured to pivot about a third axis perpendicular to the 

first axis . virtual link is defined between the first and second 
pivot axes ; and 15. The rowing machine of claim 12 , wherein a free end 

a floating link having one end pivotally coupled at an of the handle link is curved toward a centerline of the rowing 
machine . end to the paddle link opposite the first pivot , 

wherein an opposite end of the floating link is 16. The rowing machine of claim 1 , wherein the seat rail 
pivotally coupled at an end to the crank link opposite is pivotally coupled to the frame for adjusting an incline 
the second pivot such that the paddle link , the crank angle of the seat rail . 
link , the floating link , and the virtual link form a 17. The rowing machine of claim 1 , wherein the at least 
four - bar linkage . one handle is coupled to the paddle linkage assembly via a 

universal joint coupling . 2. The rowing machine of claim 1 , wherein the least one 
resistance mechanism comprises a flywheel rotatable about 18. The rowing machine of claim 1 , wherein the paddle 

link comprises : an output shaft . 
3. The rowing machine of claim 2 , wherein the paddle a tubular portion rotatably coupled to the second upright 

linkage assembly is configured to convert the rearward support such that a centerline of the tubular portion 
coincides with the first pivot axis ; movement of the at least one handle to a rotational move 

ment of an input shaft of the rowing engine . a first end portion extend radially from the tubular portion 
in a first direction ; and 4. The rowing machine of claim 3 , further comprising a 

gearing assembly coupled between the input shaft and the a second end portion extending radially from the tubular 
output shaft and configured to increase the rotational speed portion in a second different direction . 
from the input shaft to the output shaft . 
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