
(12) STANDARD PATENT (11) Application No. AU 2009288134 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Infant care apparatus 

(51) International Patent Classification(s) 
A47C 3/02 (2006.01) 

(21) Application No: 2009288134 (22) Date of Filing: 2009.09.02 

(87) WIPO No: WO10/028041 

(30) Priority Data 

(31) Number (32) Date (33) Country 
61/093,764 2008.09.03 US 

(43) Publication Date: 2010.03.11 
(44) Accepted Journal Date: 2016.03.17 

(71) Applicant(s) 
THORLEY INDUSTRIES, LLC 

(72) Inventor(s) 
Hopke, Frederick K.;Thorne, Henry F.;Koes, Mary J.;Daley, Robert D.  

(74) Agent / Attorney 
Griffith Hack, GPO Box 4164, Sydney, NSW, 2001 

(56) Related Art 
US 5711045 A 
US 4752980 A 
US 2005/0091743 Al 
US 2008/0179928 Al 
US 2008/0136236 Al 
DE202005017014U1 
US 2007/0293373 Al 
US 2006/0025226 Al 
US 4941709 A 
US 5451095 A 
US 6808458 B1 
US 5183457 A



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date (10) International Publication Number 

11 March 2010 (11.03.2010) W O 2010/028041 Al 

(51) International Patent Classification: Robert, D. [US/US]; 134 Hoodridge Drive, Pittsburgh, 
A47C 3/02 (2006.01) Pennsylvania 15228 (US).  

(21) International Application Number: (74) Agents: BALDAUF, Kent, E., Jr. et al.; The Webb Law 
PCT/US2009/055729 Firm, 700 Koppers Building, 436 Seventh Avenue, Pitts

(22) International Filing Date: burgh, Pennsylvania 15219 (US).  

2 September 2009 (02.09.2009) (81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 

(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, 
(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO, 

DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, 
(30) Priority Data: HN, HR, H4U, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, 

61/093,764 3 September 2008 (03.09.2008) US KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, 

(71) Applicant (for all designated States except US): THOR- ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, 
LEY INDUSTRIES, LLC [US/US]; 40 24th Street, 3rd NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, 
Floor, Pittsburgh, Pennsylvania 15222 (US). SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, 

TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.  
(72) Inventors; and 
(75) Inventors/Applicants (for US only): HOPKE, Freder- (84) Designated States (unless otherwise indicated, for every 

ick, ,K. [US/US]; 2506 Saping Street, Glenshaw, Penn- kind of regional protection available): ARIPO (BW, GH, 

sylvania 15116 (US). THORNE, Henry, F. [US/US]; GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 

145 Hidden Valley Drive, West View, Pennsylvania ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, 

15237 (US). KOES, Mary, J. [US/US]; 4007 Boulevard TM), European (AT, BE, BG, CII, CY, CZ, DE, DK, EE, 

Drive, Pittsburgh, Pennsylvania 15217 (US). DALEY, ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, 
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM, 

[Continued on next page] 

- (54) Title: INFANT CARE APPARATUS 

(57) Abstract: An infant care apparatus includes a base; a drive mech
43 -41 anism disposed on the base; a controller electronically coupled to the 

drive mechanism; and a support device coupled to the drive mecha
2_ 45 nism. The support device is configured to be moved in both a horizon

tal and vertical direction relative to the base by the drive mechanism.  
47 The drive mechanism is controlled by the controller to move the sup

port device in a plurality of motion profiles relative to the base.  
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INFANT CARE APPARATUS 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is based on United States Provisional Patent Application No.  

61/093,764, filed September 3, 2008, on which priority of this patent application is based and 

which is hereby incorporated by reference in its entirety.  

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates generally to an infant care apparatus and, more 

particularly, to a seat for an infant or baby that can be moved by a drive mechanism.  

Description of Related Art 

[0003] Baby swings and bouncy seats have been used to hold, comfort, and entertain 

infants and babies for many years. Prior art bouncy seats are normally constructed with a 

wire frame that contains some resistance to deformation that is less than or equal to the 

weight of the child in the seat. Thus, when the child is placed in the seat, his or her weight 

causes a slight and temporary deformation in the wire structure that is then counteracted by 

the wire frame's resistance to deformation. The end result is that the child moves up and 

down slightly relative to the floor. This motion can be imparted to the seat by a caregiver for 

the purpose of entertaining or soothing the child.  

[0004] Baby swings normally function in much the same way as swing sets for older 

children; however, the baby swing usually has an automated power-assist mechanism that 

gives the swing a "push" to continue the swinging motion in much the same way a parent will 

push an older child on a swing set to keep them swinging at a certain height from the ground.  

[0005] There are some products that have recently entered the market that defy easy 

inclusion into either the bouncy or swing category. One such product includes a motorized 

motion that can move the infant laterally, but only has a single degree of motorized freedom 

and is thus limited in the motion profiles that can be generated. While the seat can be rotated 

so that the baby is moved back and forth in a different orientation, there remains only one 

possible motion profile.  

[0006] A need exists for a motorized infant chair that is capable of simultaneous or 

independent movement in two dimensions, and can reproduce a large number of motion 

profiles with those two dimensions to both better mimic the motion of a parent or caregiver.  
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SUMMARY OF THE INVENTION 

[0007] Described herein is a motorized infant chair that is capable of simultaneous or 

independent movement in at least two dimensions, and can reproduce a large number of 

motion profiles with those at least two dimensions to better mimic the motion of a parent or 

caregiver.  

[0008] Accordingly, a first aspect of the invention provides an infant care apparatus 

comprising a base; a drive mechanism coupled to the base, the drive mechanism comprising a 

horizontal reciprocating assembly comprising a sliding stage, and a vertical reciprocating 

assembly disposed on an upper surface of the sliding stage of the horizontal reciprocating 

assembly; a controller electronically coupled to the drive mechanism; and a support device 

coupled to the drive mechanism. The support device is configured to be moved in both a 

horizontal direction relative to the base be the horizontal reciprocating assembly and a 

vertical direction relative to the base by the vertical reciprocating assembly. A dual scissor 

mechanism is positioned between the support device and the sliding stage, the dual scissor 

mechanism configured to support the support device. The drive mechanism is controlled by 

the controller, wherein the controller is configured to move the support device in a plurality 

of visually distinctive motion profiles relative to the base that are obtained by independently 

controlling, by the controller, horizontal movement provided by the horizontal reciprocating 

assembly and vertical movement provided by a vertical reciprocating assembly and then 

coordinating, by the controller, the horizontal and vertical movements to obtain the plurality 

of visually distinctive motion profiles.  

[0009] The controller may be mounted within the base, and may include a user interface 

configured to receive input from the user for controlling the movement of the drive 

mechanism. Each of the plurality of motion profiles comprises both horizontal and vertical 

movements.  

[0010] The drive mechanism comprises a horizontal reciprocating assembly and a vertical 

reciprocating assembly disposed on the horizontal reciprocating assembly. The horizontal 

reciprocating assembly may include a first motor having a drive shaft; wherein the slide crank 

assembly may comprise a gearing assembly that can be coupled to the drive shaft of the first 

motor and a crank member coupled to the gearing assembly; and a sliding stage coupled to 

the crank member. Operation of the first motor may cause rotation of the slide crank 

assembly, thereby imparting reciprocating horizontal motion to the sliding stage. The vertical 

reciprocating assembly may include a second motor having a drive shaft; a worm gear 
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assembly coupled to the output of the drive shaft; and a vertical yoke having a first end 

coupled to an output shaft of the worm gear assembly. Operation of the second motor may 

cause rotation of the vertical yoke, thereby imparting reciprocating vertical motion to the 

support device. The infant care apparatus further includes a dual scissor mechanism coupled 

to a second end of the vertical yoke configured to support the support device.  

[0011] Accordingly, the first motor can provide horizontal motion to the support device 

and the second motor provides vertical motion to the support device. A first encoder having a 

single slot may be coupled to a drive shaft of the first motor and a second encoder having a 

single slot may be coupled to the drive shaft of the second motor. The controller may 

determine position information of the support device based at least in part on information 

from the first encoder and the second encoder. The control system may also include two 

positional sensors to indicate when the vertical reciprocating assembly is in its lowest 

position and when the horizontal reciprocating assembly is at its furthest point to the right 

when viewed from the front.  

[0012] The support device may include a seat support tube coupled to the drive 

mechanism; a substantially elliptical seating portion coupled to a first end and a second end 

of the seat support tube; and a toy bar having a first end coupled to the second end of the seat 

support tube and a second end extending over the seating portion. The position of the seating 

portion of the support device may be adjusted by sliding the seat support tube within the drive 

mechanism and locking the seat support tube in a desired position. The first end of the toy bar 

may include a curved surface that corresponds to a curved surface of the second end of the 

seat support tube, thereby causing the second end of the toy bar to be centered over the 

seating portion when the first end of the toy bar is coupled to the second end of the seat 

support tube.  

[0013] Another embodiment of the invention provides a method of controlling an infant 

care apparatus comprising providing an infant care apparatus comprising a base, a drive 

mechanism coupled to the base, the drive mechanism comprising a horizontal reciprocating 

assembly, and a vertical reciprocating assembly disposed on the horizontal reciprocating 

assembly; a controller electronically coupled to the drive mechanism, and a support device 

coupled to the drive mechanism; providing a first encoder coupled to a drive shaft of a first 

motor of the horizontal reciprocating assembly of the drive mechanism; and providing a 

second encoder coupled to a drive shaft of a second motor of the vertical reciprocating 

assembly of the drive mechanism. The first motor can be configured to provide horizontal 

movement to the drive mechanism, and the second motor is configured to provide vertical 
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movement to the drive mechanism. The method also comprises the steps of transmitting 

positional information from the first and second encoders to the controller; determining the 

position of the drive mechanism based on the positional information; and moving the support 

device in at least one motion profile relative to the base.  

[0014] The first encoder and the second encoder may each include no more than one slot.  

Each of the plurality of motion profiles may include movement of the support device in a 

horizontal directional and a vertical direction relative to the base. The movement of the 

support device in the horizontal direction and the movement of the support device in the 

vertical direction may be coordinated such that a repeatable, visually distinctive motion 

profile is obtained.  

[0015] The support device may be moved relative to the base in a plurality of motion 

profiles. Each of the plurality of motion profiles may be predetermined and one of the 

plurality of motion profiles is selected by a user. A speed of the first motor and the second 

motor may be adjustable by the controller.  

[0016] Another embodiment of the invention provides an infant care apparatus comprising 

a base; a drive mechanism positioned within a driving mechanism housing disposed on the 

base; and a support device coupled to the drive mechanism, the support device comprising a 

seating portion and an arcuate seat support tube extending from an upper end of the seating 

portion to a lower end of the seating portion, the seat support tube is supported by, and 

slidingly engaged with, a curved passage of the drive mechanism housing. The drive 

mechanism may be configured to move the support device in a plurality of motion profiles 

each comprising both vertical and horizontal movement of the support device.  

[0017] Another aspect of the invention provides an infant care apparatus comprising a 

base; a drive mechanism coupled to the base, the drive mechanism comprising a horizontal 

reciprocating assembly comprising a sliding stage; and a vertical reciprocating assembly 

disposed on an upper surface of the sliding stage of the horizontal reciprocating assembly; a 

controller electronically coupled to the drive mechanism; and a support device coupled to the 

drive mechanism. A dual scissor mechanism is positioned between the support device and the 

sliding stage, the dual scissor mechanism configured to support the support device. The 

controller is configured to independently control, by the controller, horizontal movement 

provided by the horizontal reciprocating assembly and vertical movement provided by a 

vertical reciprocating assembly. The support device is configured to be moved in both a 

horizontal and vertical direction relative to the base by the drive mechanism. The movements 

of the support device in the horizontal and vertical directions are independently controlled by 
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the controller and then the movement of the support device in the horizontal and vertical 

directions is coordinated by the controller to obtain a plurality of visually distinctive motion 

profiles.  

[0018] Movements of the support device in the horizontal and vertical directions may be 

coordinated to obtain at least one motion profile. The support device may be moved in the 

vertical direction a maximum of about 1.5 inches and the support device may be moved in the 

horizontal direction a maximum of about 3.0 inches. Movement in the vertical direction may 

have a frequency range of between about 10 and 40 cycles per minute and movement in the 

horizontal direction may have a frequency range of between about 10 and 40 cycles per 

minute.  

[0019] These and other features and characteristics of the present invention, as well as the 

methods of operation and functions of the related elements of structures and the combination 

of parts and economies of manufacture, will become more apparent upon consideration of the 

following description and the appended claims with reference to the accompanying drawings, 

all of which form a part of this specification, wherein like reference numerals designate 

corresponding parts in the various figures. It is to be expressly understood, however, that the 

drawings are for the purpose of illustration and description only and are not intended as a 

definition of the limits of the invention. As used in the specification and the claims, the 

singular form of "a", "an", and "the" include plural referents unless the context clearly 

dictates otherwise.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Embodiments of the invention and other embodiments will now be described with 

reference to the accompanying non-limiting drawings, in which: 

[0021] FIG. 1 is a perspective view of an infant care apparatus in accordance with one 

embodiment; 

[0022] FIG. 2 is a side view of the infant care apparatus of FIG. 1; 

[0023] FIG. 3 is a rear view of the infant care apparatus of FIG. 1; 

[0024] FIG. 4 is a top plan view of the infant care apparatus of FIG. 1; 

[0025] FIG. 5 is a cross-sectional view of a portion of the infant care apparatus of FIG. 1; 

[0026] FIG. 6 is a perspective view of the infant care apparatus of FIG. 1 with a seat 

frame, seat support plate, drive mechanism cover, and top base cover removed illustrating 

both the horizontal and vertical reciprocating assemblies; 
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[0027] FIG. 7 is a perspective view of a portion of FIG. 6 enlarged for magnification 

purposes; 

[0028] FIG. 8 is a perspective view of the infant care apparatus of FIG. 1 with the seat 

frame and drive mechanism cover removed, illustrating the vertical reciprocating assembly in 

a fully lowered position; 

[0029] FIG. 9 is a perspective view of a portion of FIG. 8 enlarged for magnification 

purposes; 

[0030] FIG. 10 is a side view showing the horizontal and the vertical reciprocating 

assemblies of the infant care apparatus of FIG. 1, with the vertical reciprocating assembly in 

a partially raised position; 

[0031] FIG. 11 is a perspective view of the infant care apparatus of FIG. 1 with the seat 

frame and drive mechanism cover removed, illustrating the vertical reciprocating assembly in 

a fully raised position; 

[0032] FIG. 12 is a perspective view of a portion of FIG. 11 enlarged for magnification 

purposes; 

[0033] FIGS. 13A through 13E are illustrative diagrams of five representative motion 

profiles of embodiments of the present invention; and 

[0034] FIG. 14 is a block diagram of an exemplary control system for use with the infant 

care apparatus of an embodiment of the present invention.  

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

[0035] For purposes of the description hereinafter, the terms "upper", "lower", "right", 

"left", "vertical", "horizontal", "top", "bottom", "lateral", "longitudinal", and derivatives 

thereof shall relate to the invention as it is oriented in the drawing figures. However, it is to 

be understood that the invention may assume alternative variations and step sequences, 

except where expressly specified to the contrary. It is also to be understood that the specific 

devices and processes illustrated in the attached drawings, and described in the following 

specification, are simply exemplary embodiments of the invention. Hence, specific 

dimensions and other physical characteristics related to the embodiments disclosed herein are 

not to be considered as limiting.  

[0036] An infant care apparatus according to one embodiment is shown in FIGS. 1-14.  

[0037] With reference to FIGS. 1-4, an infant care apparatus, denoted generally as 

reference numeral 1, includes a base 3, a drive mechanism positioned within a drive 

mechanism housing 5 disposed on base 3, and a support device 7 coupled to drive mechanism 
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housing 5. Support device 7 includes a seating portion 9 and a seat support tube 11. Seating 

portion 9 has a generally elliptical shape having an upper end 13 and a lower end 15 when 

viewed from above. Seating portion 9 is also shaped to resemble a sinusoidal waveform when 

viewed from the side as illustrated in FIG. 2.  

[0038] Seating portion 9 is designed to receive a fabric or other type of comfortable seat 17 

for an infant as shown in phantom in FIG. 2. Seat 17 may be coupled to seating portion 9 

using zippers, hook and loop fabric, buttons, or any other suitable fastening mechanism. In 

addition, seat 17 may further include a strap 19 to secure a baby or infant to seat 17 as is well 

known in the art. Strap 19 is riveted to seat support tube 11 with clips provided on a strap 

securing member 21. Strap 19 is fed through slots (not shown) provided in seat 17 to connect 

into the crotch support (not shown) of seat 17 to secure the child. By securing strap 19 to seat 

support tube 11, the baby or infant positioned on seat 17 is prevented from leaning forward 

and falling out of seat 17. In addition, strap 19 can be easily removed from strap securing 

member 21 by a parent or care provider so that seat 17 can be removed for cleaning or 

replacement. Seat 17 is desirably manufactured in a variety of colors and patterns such that a 

parent or care provider can change the aesthetic look of infant care device 1 by interchanging 

seat 17 without replacing infant care device 1.  

[0039] Seat support tube 11 is connected to upper end 13 of seating portion 9 via an upper 

connector 23 and curvedly extends away from the upper connector 23 toward lower end 15 of 

seating portion 9 where it is coupled to a lower connector 25. With reference to FIG. 5, and 

with continued reference to FIGS. 1-4, seat support tube 11 is supported by, and slidingly 

engaged with, a curved passage 27 in an upper portion 29 of drive mechanism housing 5 

between upper connector 23 and lower connector 25. A rear recline locker 31 and forward 

recline locker 33 are also positioned within upper portion 29 of drive mechanism housing 5.  

Rear recline locker 31 and forward recline locker 33 each include a locking pad 35. Locking 

pads 35 are manufactured from rubber or any other suitable material. Rear recline locker 31 

and forward recline locker 33 are configured to removeably engage locking pads 35 with the 

portion of seat support tube 11 positioned within curved passage 27 by movement of a 

camming mechanism 37 extending from upper portion 29 of drive mechanism housing 5.  

Camming mechanism 37 is mechanically coupled to rear recline locker 31, and rear recline 

locker 31 is coupled to front recline locker 33 by a linkage 39 such that movement of 

camming mechanism 37 causes movement of both rear recline locker 31 and forward recline 

locker 33.  
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[0040] In operation, a user pushes up on camming mechanism 37 and slides seat support 

tube 11 within curved passage 27 until a desired position for seating portion 9 is reached. The 

user then pushes down on camming mechanism 37 causing rear recline locker 31 to move 

forward and forward recline locker 33 to move back. This has the effect of sandwiching seat 

support tube 11 between an upper surface of curved passage 27 and locking pads 35 of rear 

recline locker 31 and forward recline locker 33. This allows the orientation of seating portion 

9 to be easily altered for the comfort of the infant or baby seated therein. A seat recline 

security switch 40 (see FIG. 6) is provided to detect whether a user has correctly locked 

seating portion 9 using camming mechanism 37. If the user has failed to correctly lock 

seating portion 9, a message will be displayed on a display 56 of a control panel 53 and the 

user will be prevented from starting infant care apparatus 1.  

[0041] In addition, a toy bar 41 is also provided as shown in FIGS. 1-4. Toy bar 41 

includes a first end 43 coupled to upper connector 23 and a second end 45 extending over 

seating portion 9. Second end 45 of toy bar 41 may include a toy hanger 47 disposed thereon 

for mounting one or a plurality of toys (not shown) to entertain the infant. First end 43 of toy 

bar 41 has a curved surface 49 that corresponds to a curved surface 51 of second end 45 of 

seat support tube 11 (see FIG. 3), thereby causing second end 45 of toy bar 41 to be centered 

over seating portion 9 when first end 43 of toy bar 41 is coupled to second end 45 of seat 

support tube 11.  

[0042] Base 3 includes a bottom support housing 50 with a top enclosure 52 positioned 

over and covering bottom support housing 50. The drive mechanism is supported on bottom 

support housing 50 and extends from an opening 54 in top enclosure 52. Base 3 houses 

control panel 53 coupled to a controller for viewing and controlling the speed and motion of 

the drive mechanism as will be described in greater detail hereinafter. Base 3 may further 

include a portable music player dock 55, with speakers 57 and an input jack 58, for playing 

music or other pre-recorded soothing sounds. Control panel 53 may also have display 56 to 

provide information to the user as to motion profile, volume of music being played through 

speakers 57, and speed of the reciprocation motion, for example.  

[0043] With reference to FIGS. 6-7, and with continuing reference to FIGS. 1-5, infant 

care apparatus 1 further includes a drive mechanism, denoted generally as reference numeral 

59, supported by bottom support housing 50 of base 3 and positioned at least partially within 

drive mechanism housing 5. Drive mechanism 59 includes a horizontal reciprocating 

assembly 61 for providing horizontal motion and a vertical reciprocating assembly 63 for 

providing vertical motion.  

-8
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[0044] Horizontal reciprocating assembly 61 includes a rigid platform 65. Rigid platform 

65 is generally I-shaped having top and bottom sides 67 and 69, respectively, and left and 

right sides 71 and 73, respectively. Top side 67 of rigid platform 65 includes at least one 

grooved wheel 75, and preferably two grooved wheels 75, similar in function and appearance 

to a pulley wheel, suitably disposed thereon such that top side 67 of rigid platform 65 is 

rollingly supported by grooved wheels 75. A rail 77 is fixably attached to bottom support 

housing 50 of base 3. Rail 77 rollingly receives grooved wheels 75 on top side 67 of rigid 

platform 65. Bottom side 69 of rigid platform 65 includes at least one wheel 76, and 

preferably two wheels 76, suitably disposed thereon such that bottom side 69 of rigid 

platform 65 is rollingly supported by wheels 76. A slot 78 is provided to rollingly receive 

wheels 76 on bottom side 69 of rigid platform 65. Top side 67 is provided with grooved 

wheels 75 positioned on a rail 77 while bottom side 69 is provided with wheels 76 positioned 

within a slot 78 to account for any manufacturing error in rigid platform 65. If rigid platform 

65 is too long or short, wheels 76 will "float" a slight amount within slot 78 to account for 

this manufacturing error. Thus, in a preferred embodiment, horizontal reciprocating assembly 

61 is capable of rolling back and forth along rail 77 and slot 78, thereby allowing a horizontal 

displacement of the horizontal reciprocating assembly 61 of approximately three inches.  

[0045] Horizontal reciprocating assembly 61 further includes a first motor 79 having a 

drive shaft 81 mounted to bottom support housing 50 and a slide crank assembly, denoted 

generally as reference numeral 83, also mounted to bottom support housing 50. Slide crank 

assembly 83 includes a gearing assembly having a set of first gears 85 operationally coupled 

to drive shaft 81 of first motor 79 and a large second gear 87 operationally coupled to first 

gears 85. Slide crank assembly 83 further includes a crank member 89 having a first end 91 

and a second end 93. First end 91 of crank member 89 is rotationally coupled to a point on 

the outer circumference of second gear 87, and second end 93 of crank member 89 is fixedly 

coupled to a point approximately in the center of left side 71 of rigid platform 65. In 

operation, actuation of first motor 79 causes rotation of first gears 85 which in turn causes 

rotation of second gear 87. The rotation of second gear 87 causes crank member 89 to either 

push or pull rigid platform 65 depending on the position of crank member 89. This operation 

effects a reciprocating horizontal movement of rigid platform 65, along with everything 

mounted thereon, back and forth along rails 77. Accordingly, this system allows a single 

motor (i.e., first motor 79) to move rigid platform 65 back and forth with the motor only 

running in a single direction, thereby eliminating backlash in the system. The system for 
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controlling horizontal reciprocating assembly 61 to achieve the desired motion profile will be 

discussed in greater detail hereinafter.  

[0046] With reference to FIGS. 8-12, and with continuing reference to FIGS. 1-7, vertical 

reciprocating assembly 63 is positioned on rigid platform 65 and is configured to provide 

vertical movement to support device 7. Vertical reciprocating assembly 63 includes a double 

scissor mechanism having a first double scissor mechanism 95 operatively coupled to a 

second double scissor mechanism 97 such that their movement is synchronized. First scissor 

mechanism 95 and second scissor mechanism 97 are attached between rigid platform 65 and 

a support platform 99. Various links of left and right double scissor mechanisms 95, 97 have 

been omitted in FIGS. 8, 9, 11, and 12 for purposes of clarity, however the complete 

structure of one side of the double scissor mechanism is provided in FIG. 10.  

[0047] First double scissor mechanism 95 includes a first pair of spaced-apart parallel 

members 101, 101' and a second pair of spaced-apart parallel members 103, 103'. Second 

double scissor mechanism 97 includes a third pair of spaced-apart parallel members 105, 105' 

and a fourth pair of spaced-apart parallel members 107, 107'.  

[0048] Lower ends 101L of the first pair of spaced-apart parallel members 101, 101' and 

lower ends 107L of the fourth pair of spaced-apart parallel members 107, 107' are rotatably 

pinned to each other and to rigid platform 65. Likewise, upper ends 103U, 103U' of second 

pair of spaced-apart parallel members 103, 103', and upper ends 105U, 105U' of third pair of 

spaced-apart parallel members 105, 105' are rotatably pinned to each other and to the 

supporting platform 99.  

[0049] First and second horizontal bars 109, 111 are provided and extend transversely 

between lower ends of second pair of spaced-apart parallel members 103, 103', and between 

lower ends of third pair of spaced-apart parallel members 105, 105', respectively, for 

additional structural stability. In addition, first and second horizontal bars 109, 111 may 

further include bearing wheels 113 at their ends for supporting vertical reciprocating 

assembly 63 and supporting platform 99 and allowing smooth translational movement of first 

and second horizontal bars 109, 111 during operation.  

[0050] Still further, third and fourth horizontal bars 115, 117 extend transversely between 

the upper ends 101U, 101U' of the first pair of spaced-apart parallel members 101, 101', and 

the upper ends 107U, 107U' of the fourth pair of spaced-apart parallel members 107, 107', 

respectively. Third and fourth horizontal bars 115, 117 include bearing wheels 119 at their 

ends for supporting support platform 99.  
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[0051] First pair of spaced-apart parallel members 101, 101' is pivotally secured at a 

central portion thereof to second pair of spaced-apart parallel members 103, 103' via 

horizontal pivot pins, or the like. Correspondingly, third pair of spaced-apart parallel 

members 105, 105' is also pivotally secured at their respective central portions to fourth pair 

of spaced-apart parallel members 107, 107' via horizontal pivot pins, or the like.  

[0052] As a consequence of the foregoing description of the double scissor mechanism, 

when supporting platform 99, which is designed to support seating portion 9, is displaced in a 

vertically upward direction, both front and rear supporting and non-supporting members 

move in crossed fashion relative to the pivot pins such that the double scissor mechanism 

extends between rigid platform 65 and the upwardly displaced supporting platform 99 as 

illustrated by the successively increased supporting platform 99 height in FIGS. 8, 10, and 

11.  

[0053] Additionally, vertical reciprocating assembly 63 may be provided with at least one, 

and preferably two, resistive mechanical elements 123, such as a tension spring, fixably 

attached between lower ends 103L of second pair of spaced-apart parallel members 103, 103' 

and the lower ends 105L of third pair of spaced-apart parallel members 105, 105' whereby 

the upward vertical motion of vertical reciprocating assembly 63 is assisted by resistive 

mechanical element 123 because it pulls the relevant portions of the double scissor 

mechanism toward each other. The position of restrictive mechanical element 123 described 

above is not to be construed as limiting as the exact location of the attachment of resistive 

mechanical element 123 to the double scissor mechanism can be varied with similar results so 

long as it is attached to portions that get closer together as supporting platform 99 rises away 

from base 3 and it is attached in a way that assists that movement. Resistive mechanical 

element 123 also has the benefit of counteracting the effects of gravity because it acts to 

reduce downward movement when properly placed.  

[0054] In yet another aspect, the resistive mechanical element 123 comprises a 

compression spring (not shown) placed in an advantageous position relative to vertical 

reciprocating assembly 63, such as between rigid platform 65 and supporting platform 99 in 

order to assist vertical expansion of the double scissor mechanism and resist vertical 

contraction of the double scissor mechanism.  

[0055] With continued reference to FIGS. 8-12, a second motor 125 is mounted on rigid 

platform 65. Second motor 125 includes a drive shaft 127 operationally coupled to a worm 

gear drive assembly 129. Worm gear drive assembly 129 converts rotation of drive shaft 127 

to a rotational movement of an output member 131 that is perpendicular to the rotation of 
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drive shaft 127. A vertical yoke 133 is rotatably attached at a first end 135 thereof to output 

member 131 in a manner such that vertical yoke 133 raises and lowers an attachment member 

137 attached to a second end 139 thereof along an axis y shown in FIG. 10. Attachment 

member 137 is fixedly coupled to supporting platform 99. Accordingly, this system allows a 

single motor (i.e., second motor 125) to move supporting platform 99 up and down with the 

motor only running in a single direction, thereby eliminating backlash in the system. The 

system for controlling vertical reciprocating assembly 63 to achieve the desired motion 

profile will be discussed in greater detail hereinafter. While vertical reciprocating assembly 

63 has been illustrated and described herein as a double scissor mechanism, those skilled in 

the art will recognize that there are many other configurations to accomplish the same goal.  

[0056] With reference to FIGS. 13A-13E, and with continued reference to FIGS. 1-12, a 

control system is provided to operatively control drive mechanism 59 so that it can move in at 

least one motion profile and, desirably, a plurality of pre-programmed motion profiles such as 

Car Ride 200, Kangaroo 202, Ocean Wave 204, Tree Swing 206, and Rock-A-Bye 208, as 

examples. These motion profiles are obtained by independently controlling the horizontal 

movement provided by horizontal reciprocating assembly 61 and the vertical movement 

provided by vertical reciprocating assembly 63 and then coordinating the horizontal and 

vertical movements to obtain visually distinctive motion profiles. However, these motion 

profiles are for exemplary purposes only and are not to be construed as limiting as any 

motion profile including horizontal and/or vertical motions may be utilized.  

[0057] The control system of infant care apparatus 1 includes a controller, such as a 

microprocessor, a rheostat, a potentiometer, or any other suitable control mechanism, one or a 

plurality of control switches or knobs 141 for causing actuation of drive mechanism 59, and a 

variety of inputs and outputs operatively coupled to the controller. Since horizontal 

reciprocating assembly 61 and vertical reciprocating assembly 63 each include its own motor 

79 and 125, respectively, horizontal reciprocating assembly 61 can be controlled 

independently of vertical reciprocating assembly 63 to obtain a variety of motion profiles that 

include both horizontal and vertical motion.  

[0058] The control system desirably includes a variety of input sensors. For example, the 

control system may include a horizontal encoder 143 coupled to a back shaft 145 of first 

motor 79. Horizontal encoder 143 may include an infrared (IR) sensor 147 and a disk 149 

with single hole or slot 151 positioned thereon (see FIG. 7). Horizontal encoder 143 allows 

the controller to determine the speed and number of revolutions of first motor 79. A vertical 

encoder 153 may also be provided and is configured to be coupled to a back shaft 155 of 
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second motor 125. Vertical encoder 153 may include an IR sensor 157 and a disk 159 with 

single hole or slot 161 positioned thereon (see FIG. 11). Vertical encoder 153 allows the 

controller to determine the speed and number of revolutions of second motor 125 easily and 

inexpensively.  

[0059] Horizontal and vertical limit switches 165, 167 may also be provided to provide 

inputs to the controller that rigid platform 65 has passed over an end of travel and that 

supporting platform 99 has passed over an end of travel, respectively. In addition, vertical 

limit switch 167 indicates when vertical reciprocating assembly 63 is in its lowest position 

and horizontal limit switch 165 indicates when horizontal reciprocating assembly 61 is at its 

furthest point to the right when viewed from the front. Horizontal and vertical limit switches 

165, 167 allow the control system to quickly determine the initial position of the horizontal 

reciprocating assembly 61 and the vertical reciprocating assembly 63 and to adjust for error 

in drive mechanism 59 as discussed in greater detail hereinafter. These limit switches 165, 

167 may be embodied as optical switches.  

[0060] An overcurrent protection circuit detection input (not shown) may also be provided 

to the controller in order to prevent the electronics from being damaged. For instance, if too 

much current is drawn, circuitry may be provided that diverts power from second motor 125 

if current exceeds a threshold. Additional circuitry detects whether this protection circuit has 

been tripped. Finally, control switches 141 may include user input buttons such as a main 

power button, a start/stop button, a motion increment button, a motion decrement button, a 

speed increment button, a speed decrement button, and the like.  

[0061] The controller of the control system may also include a variety of outputs. These 

outputs include, but are not limited to: (1) Pulse Width Modulation (PWM) for first motor 79, 

(2) PWM for second motor 125, (3) display 56 backlight, which can be turned on and off 

independently in order to conserve power, (4) display 56 segments, and (5) power to IR lights 

of IR sensors 147, 157 of encoders 143, 153, which can be turned on and off to conserve 

power when infant care apparatus 1 is not in use.  

[0062] The following explanation provides an understanding of an exemplary control 

system of infant care apparatus 1. Based on the physical limitations of first and second 

motors 79, 125 of horizontal and vertical reciprocating assemblies 61, 63, the maximum 

speed of first motor 79 may be about a four second period and the maximum speed of second 

motor 125 may be about a two second period. Based on these constraints, the following 

relationships may be established: 

Table 1 
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Car Ride Kangaroo Tree Swing Rock-a-Bye Ocean Wave 
Number of 
Vertical Cycles 
per Horizontal 
Cycle (n) 2 4 2 2 1 
Phase offset (<D) 90 degrees 0 degrees 180 degrees 0 degrees 90 degrees 
Horizontal period 
at min speed 8 seconds 12 seconds 8 seconds 8 seconds 8 seconds 
Horizontal period 
at max speed 4 seconds 8 seconds 4 seconds 4 seconds 4 seconds 

[0063] The speed of first motor 79 is independently set to a correct period and a feedback 

control loop is used to ensure that first motor 79 remains at a constant speed despite the 

dynamics of the components of infant care apparatus 1. As mentioned above, the output of 

the control system is a PWM signal for first motor 79. One possible input for the control 

system is velocity of first motor 79, which can be observed from the speed of first motor 79 

as observed by horizontal encoder 143. However, in order to avoid computationally 

expensive calculations, it is possible to operate in the frequency domain and use the number 

of processor ticks between ticks of horizontal encoder 143 as the input variable. This allows 

the calculations of the controller to be limited to integers rather than manipulating floats.  

[0064] The physical drive mechanism of horizontal reciprocating assembly 61 is slide 

crank assembly 83 as described in greater detail hereinabove. Slide crank assembly 83 

allows a single motor (i.e., first motor 79) to slide rigid platform 65 back and forth without 

the need to change directions. Since first motor 79 is only required to run in one direction, 

the effect of backlash is eliminated in the system, thereby removing problems with horizontal 

encoder 143 on back shaft 145 of first motor 79.  

[0065] It is known that the natural soothing motions a person uses to calm a baby are a 

combination of at least two motions that each move in a reciprocating motion that has a 

smooth acceleration and deceleration such that the extremes of the motion slow to a stop 

before reversing the motion and are fastest in the middle of the motion. This motion is the 

same as that generated from a sinusoidal motion generated from the combination of the slide 

crank assembly 83 and the worm gear drive assembly 129. Slide crank assembly 83 and 

worm gear drive assembly 129 allow the driving motors to run at a constant rotational speed 

while the output motion provided to seat portion 9 slows and speeds up, mimicking the 

motion of a person soothing a child. These assemblies also allow the driving motors to run in 

one direction.  
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[00661 With reference to FIG. 14, the torque on first motor 79 depends on the friction of 

the entire system (which is dependent on weight) and the angle of crank member 89. The 

torque of first motor 79 is controlled by setting the PWM to a predetermined value based on 

the desired velocity set by the user. A PID controller 163 with feed forward compensation 

can be used to control the velocity of first motor 79.  

[0067] Any of the components shown in FIG. 14 may be set to zero. For example, 

reasonable accuracy is achieved using only proportional and integral terms where the 

constants Kp and Ki are dependent on the input speed, ignoring the feed forward and 

derivative terms.  

[0068] Based on the feedback from horizontal encoder 143 and horizontal limit switch 165, 

the exact position of rigid platform 65 (denoted "hPos") can be determined at any point in its 

range of motion. Similarly, based on feedback from vertical encoder 153 and vertical limit 

switch 167, the exact position of supporting platform 99 (denoted "vPos") can be determined 

at any point in its range of motion.  

[0069] While the control of rigid platform 65 is based entirely on velocity, the control of 

supporting platform 99 is based upon both position and velocity. For a given horizontal 

position (hPos) and a given motion, which dictates the number of vertical cycles per 

horizontal cycles (n) and phase offset (<D) as shown in Table 1, the desired vPos can be 

calculated as follows: 

Desired _vPos = hPos x v2h _ratio x n + (D (Equation 1) 

[0070] where v2hratio is a constant defined as the number of vertical encoder ticks per 

cycle divided by the number of horizontal encoder ticks per cycle. Based on the actual 

vertical position, the amount of error can be calculated as follows: 

posErr =vPos - Desired _vPos (Equation 2) 

[0071] This error term must be correctly scaled to +/- verticalEncoderTicksPerCycle/2.  

[0072] As an aside, if the direction of motion in Ocean Wave 204 and Car Ride 200 is 

irrelevant, there are two possibilities for DesiredvPos for each value of hPos and we can 

base the vertical error term, posErr, on the closer of the two.  

[0073] The positional error term, posErr, must then be incorporated into a velocity based 

feedback control loop. Logically, if the vertical axis is behind (posErr < 0), velocity should 

be increased while if the vertical axis is ahead (posErr > 0), velocity should be decreased in 

proportion to the error as follows: 

vSP = posErr x Kp + vBase (Equation 3) 
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[0074] where 

hSP 
vBasw = x h2v _ratio (Equation 4) 

n 

and h2vratio is defined as the horizontal ticks per cycle/vertical ticks per cycle.  

[0075] The above description is for exemplary purposes only as any suitable control 

scheme may be utilized. Many possible improvements can be made to this logic. For 

example, if the control system is too far behind to catch up within some threshold, the 

controller may be programmed to slow down the vertical axis instead of speeding up.  

Alternatively, in some situations, it may be desirable to slow down the horizontal axis until 

the vertical axis is able to synchronize. In addition, while horizontal encoder 143 and vertical 

encoder 153 were described hereinabove, this is not to be construed as limiting as magnetic 

encoders, as well as other types of encoders well known in the art may also be used. It may 

also be desirable to provide an arrangement in which two or more control switches associated 

with respective motors are required to both be actuated to effect speed control in the desired 

direction. Furthermore, while it was described that horizontal encoder 143 and vertical 

encoder 153 only include a single slot, this is not to be construed as limiting as encoders with 

a plurality of slots may be utilized. However, this disclosure advantageously uses single slot 

encoders to obtain high resolution feedback while lowering manufacturing costs.  

[0076] In an exemplary embodiment, infant care apparatus 1 is configured to reciprocate 

the seat with a vertical displacement of 1.5 inches and a horizontal displacement of 3.0 inches 

with a vertical displacement frequency range of between about 10 and 40 cycles per minute 

and a horizontal displacement frequency range of between about 10 and 40 cycles per minute.  

[0077] In another aspect, a third reciprocation means (not shown) may be added to enable 

reciprocation of the seat in a third direction orthogonal to the horizontal and vertical 

directions referenced herein. In one such embodiment, an additional platform would be 

placed either above or below the horizontal reciprocating assembly 61 to reciprocate the 

entire drive mechanism 59 in a horizontal direction that is perpendicular to the movement of 

horizontal reciprocating assembly 61. Using another slide crank assembly drawing power 

from either an existing motor or an additional motor, infant care apparatus 1 provides three

dimensional movement for an infant, opening up a multitude of additional motion profiles 

such as mimicking the motion of a traditional swing, for example.  

[0078] Although an infant care apparatus has been described in detail for the purpose of 

illustration based on what is currently considered to be the most practical and preferred 

embodiments, it is to be understood that such detail is solely for that purpose and that the 
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invention is not limited to the disclosed embodiments, but, on the contrary, is intended to 

cover modifications and equivalent arrangements. For example, it is to be understood that 

this disclosure contemplates that, to the extent possible, one or more features of any 

embodiment can be combined with one or more features of any other embodiment.  

[0079] In the claims which follow and in the preceding description of the invention, except 

where the context requires otherwise due to express language or necessary implication, the 

word "comprise" or variations such as "comprises" or "comprising" is used in an inclusive 

sense, i.e. to specify the presence of the stated features but not to preclude the presence or 

addition of further features in various embodiments of the invention.  

[0080] It is to be understood that, if any prior art publication is referred to herein, such 

reference does not constitute an admission that the publication forms a part of the common 

general knowledge in the art, in Australia or any other country.  
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THE INVENTION CLAIMED IS 

1. An infant care apparatus comprising: 

a base; 

a drive mechanism coupled to the base, the drive mechanism comprising a 

horizontal reciprocating assembly comprising a sliding stage, and a vertical reciprocating 

assembly disposed on an upper surface of the sliding stage of the horizontal reciprocating 

assembly; 

a controller electronically coupled to the drive mechanism; 

a support device coupled to the drive mechanism, the support device 

configured to be moved in both a horizontal direction relative to the base by the horizontal 

reciprocating assembly and a vertical direction relative to the base by the vertical 

reciprocating assembly, and 

a dual scissor mechanism positioned between the support device and the 

sliding stage, the dual scissor mechanism configured to support the support device, 

wherein the drive mechanism is controlled by the controller, wherein the 

controller is configured to move the support device in a plurality of visually distinctive 

motion profiles relative to the base that are obtained by independently controlling, by the 

controller, horizontal movement provided by the horizontal reciprocating assembly and 

vertical movement provided by a vertical reciprocating assembly and then coordinating, by 

the controller, the horizontal and vertical movements to obtain the plurality of visually 

distinctive motion profiles.  

2. The infant care apparatus of claim 1, wherein the controller is mounted 

within the base.  

3. The infant care apparatus of claim 1 or 2, wherein the controller 

includes a user interface configured to receive input from the user for controlling the 

movement of the drive mechanism.  

4. The infant care apparatus of any one of claims 1 to 3, wherein the 

horizontal reciprocating assembly comprises: 

a first motor having a drive shaft; 
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a slide crank assembly comprising a gearing assembly coupled to the drive 

shaft of the first motor and a crank member coupled to the gearing assembly; and 

wherein the sliding stage is coupled to the crank member, and 

wherein operation of the first motor causes rotation of the slide crank 

assembly, thereby imparting reciprocating horizontal motion to the sliding stage.  

5. The infant care apparatus of any one of claims 1 to 4, wherein the 

vertical reciprocating assembly comprises: 

a second motor having a drive shaft; 

a worm gear assembly coupled to an output of the drive shaft; and 

a vertical yoke having a first end coupled to an output shaft of the worm gear 

assembly, 

wherein operation of the second motor causes rotation of the vertical yoke, 

thereby imparting reciprocating vertical motion to the support device.  

6. The infant care apparatus of any one of claims 1 to 5, further 

comprising a first motor for providing horizontal motion to the support device and a second 

motor for providing vertical motion to the support device.  

7. The infant care apparatus of claim 6, wherein a first encoder having a 

single slot is coupled to a drive shaft of the first motor and a second encoder having a single 

slot is coupled to the drive shaft of the second motor.  

8. The infant care apparatus of claim 7, wherein the controller determines 

position information of the support device based at least in part on information from the first 

encoder and the second encoder.  

9. The infant care apparatus of any one of claims 1 to 8, wherein the 

support device comprises: 

a seat support tube coupled to the drive mechanism; 

a substantially elliptical seating portion coupled to a first end and a second end 

of the seat support tube; and 

a toy bar having a first end coupled to the second end of the seat support tube 

and a second end extending over the seating portion.  
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10. The infant care apparatus of claim 9, wherein the position of the 

seating portion of the support device is adjustable by sliding the seat support tube within the 

drive mechanism and locking the seat support tube in a desired position.  

11. The infant care apparatus of claim 9, wherein the first end of the toy 

bar includes a curved surface that corresponds to a curved surface of the second end of the 

seat support tube, thereby causing the second end of the toy bar to be centered over the 

seating portion when the first end of the toy bar is coupled to the second end of the seat 

support tube.  

12. An infant care apparatus comprising: 

a base; 

a drive mechanism coupled to the base, the drive mechanism comprising a 

horizontal reciprocating assembly comprising a sliding stage; and a vertical reciprocating 

assembly disposed on an upper surface of the sliding stage of the horizontal reciprocating 

assembly; 

a controller electronically coupled to the drive mechanism; 

a support device coupled to the drive mechanism, the support device 

configured to be moved in both a horizontal and vertical direction relative to the base by the 

drive mechanism; and 

a dual scissor mechanism positioned between the support device and the 

sliding stage, the dual scissor mechanism configured to support the support device, 

wherein the controller is configured to independently control, by the controller, 

horizontal movement provided by the horizontal reciprocating assembly and vertical 

movement provided by a vertical reciprocating assembly, and wherein movement of the 

support device in the horizontal and vertical directions is independently controlled by the 

controller and then the movement of the support device in the horizontal and vertical 

directions is coordinated by the controller to obtain a plurality of visually distinctive motion 

profiles.  

13. The infant care apparatus of claim 12, wherein movement of the 

support device in the horizontal and vertical directions is coordinated to obtain at least one 

motion profile.  
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14. The infant care apparatus of claim 12 or 13, wherein the support device 

is moved in the vertical direction a maximum of about 1.5 inches and the support device is 

moved in the horizontal direction a maximum of about 3.0 inches.  

15. The infant care apparatus of any one of claims 12 to 14, wherein 

movement in the vertical direction has a frequency range of between about 10 and 40 cycles 

per minute and movement in the horizontal direction has a frequency range of between about 

10 and 40 cycles per minute.  
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