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Abstract:

A compact telescoping lift arm assembly includes an outer arm section pivotally connected by a
pivot member to a lift carriage vertically slidable on a post and an inner arm section telescopically
received within the outer arm section and movable in and out of the outer arm section. The inner arm
section has a nesting slot formed at an inner end thereof to nest about the pivot member when the
inner arm section is retracted into the outer arm section.
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TWO POST VEHICLE LIFT WITH COMPACT TELESCOPING ARMS

Cross-Reference to Related Applications

[0001] This application claims the benefit of U.S. Provisional Patent Application No.
63/014,407 filed April 23, 2020 the disclosure of which is hereby incorporated herein in its
cntircty by rcference.

Background of the Invention

Field of the Invention

[0002] This invention relates to automobile service lifts and, more particularly, to a two
post lift arrangement in which each post has a pair of compactly telescoping vehicle lift arms.

Background & Decscription of Related Art

[0003] A wide variety of post-type automobile lifts have been previously known and
used in the automobile repair industry and by automotive enthusiasts to provide access to the
undersides of vehicles. Post lifts can be either of the in-ground or above-ground variety. In-
ground post lifts usually have one or two vertically ascending columns mounted below the floor
of a service facility, such as a garage, shop, or the like that are raised hydraulically to lift the
vehicle. Above-ground post lifts generally have two or four vertical columns or “posts”, each of
which includes a carriage that rides up and down the post. Each of the carriages includes a pair
of inwardly extending lift arms with vehicle engagement pads at ends thereof that engage lift
points or locations on the underside ol a body or [rame ol a vehicle (o be lilted.

[0004] Each post of such a vehicle lift typically has a pair of vehicle lift arms which are
formed of telescoping sections and which are pivotally connected to the lift carriage which is
slidably mounted on the post and selectively movable vertically on the post by a pressurized

fluid cylinder connected between the lift carriage and the post, such as a hydraulic cylinder. The
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telescoping lift arm sections provide for a variety of lift arm lengths, and the pivotal connection
of the arms to the lift carriage enable adjustment of the positions of the lift arms of the lift
arrangement for use with a variety of vehicle sizes.

[0005] The lengths of the lift arms and their angular positions relative to the lift carriage
is usually adjustcd manually by a mcchanic to position the lift pads for cngagement with
particular lift points of the vehicle. Once the weight of the vehicle is supported by the lift arms,
[riction between adjacenl telescoping sections typically prevents changes in the lengths of the lift
arms. However, it is generally preferred to fix the angular position of the lift arms prior to
lifting.

[0006] A common lift arm anglc locking mcchanism includes an arcuatc or curved
movable or rotatable lock member mounted on an inner end of the lift arm which cooperates with
a rotationally fixed position lock member mounted on the lift carriage. A typical movable lock
member has circumferentially spaced teeth projecting radially outwardly about a pivot pin of the
arm and has the appearance of a sector of a spur gear. The fixed lock member has an inwardly
curved, toothed surface and is mounted on a lock pin. The lock pin is slidably mounted on the
lift carriage and is urged by a spring toward a lowered locking position with the fixed lock
cngaging the movable lock. The lock pin may have a ring which is grasped by a mechanic to
raise the lock pin to thereby retract the fixed lock member out of engagement with the movable
lock member (o enable pivoling of the lilt arm. A representative type ol such a vehicle lift arm
locking mechanism is disclosed in U.S. Patent No. 9,150,395 issued October 6, 2015, the
disclosure of which is incorporated herein in its entirety by reference. A typical fixed arm lock

member has a much shorter circumference than the movable arm lock member, such that pivot
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forces applied to the engaged lock members are concentrated in small areas of the arm lock
members.

[0007] A typical telescoping lift arm has an outer arm section which is pivotally
connected to the lift carriage by a pivot pin. The lift arm may include a middle arm section
tclescoped within the outer arm scction and may also includce an inner arm scction telescoped
within the middle arm section. For this reason, the middle and inner arm sections have
progressively smaller cross-sectional dimensions than the outer arm sections and are, thus,
progressively weaker to the cantilever loads the lift arm is intended to support in lifting a vehicle.
Accordingly, extension of the sections of a lift arm is typically limited, as by engagement of
cxtension stop members on the arm scctions to thereby limit the cantilever load on the arm
sections. Retraction of the arm sections may also be limited by engagement of respective
retraction stop members. In a typical telescoping lift arm, retraction of the middle and inner
sections is ultimately limited by contact of inner ends of the middle and inner arm sections with

the pivot pin of the lift arm.

Summary of the Invention

[0008] The present invention provides embodiments of two post vehicle lift systems with
compactly telescoping arms. An embodiment of a two post vehicle lift includes a pair of vehicle
lilt units positioned in spaced apart [acing relation. Each lilt unit includes an elongated
upstanding lift post having a lift carriage slidably engaging and movable therealong. Each
carriage includes a double ended lift arm supporting clevis extending inwardly of the post and
having a pair of telescoping vehicle lift arms with inner or proximal arm ends thereof pivotally

connected to the ends of the clevis in front-to-rear spaced relation. Each of the lift arms has
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telescoping arm sections, with a vehicle lift pad positioned at a distal arm end of the innermost
arm section. The lift arms are telescopically extendible and retractable, and the lift arms are
pivotable to enable the pads to be positioned in vertical alignment beneath lift points of a vehicle
positioned between the posts of the vehicle lift system. Each post has a linear motor or actuator,
such as a hydraulic cylinder, positioncd thercin and connccted between the post and the lift
carriage mounted therein. Coordinated operation of the lift cylinders enables selective raising
and lowering of a vehicle supported by the lift arms of the lift units.

[0009] In an embodiment of the lift system, each lift arm includes: an outer arm section
having an inner end pivotally connected to a lift carriage by a lift arm pivot member such that the
outcr arm scction is pivotal about a pivot axis cxtending through the lift arm pivot membcer; an
inner arm section telescopically received within the outer arm section to enable extension of the
arm assembly by extension of the inner arm section out of the outer arm section and retraction of
the arm assembly by retraction of the inner arm section within the outer arm section; the inner
arm section having an inner end within the outer arm section and an outer end extending out of
the outer arm section; and the inner end of the inner arm section having a nesting recess
positioned such that the inner end extends past the pivot member, with the pivot member nested
in the recess, when the inner arm scction is fully retracted within the outer arm section. The
nesting recess may be formed by a nesting slot which is open through the inner end of the inner
arm seclion. Alternatively, the inner arm section may [orm an intermediate arm section received
within the outer arm section and having the nesting recess formed therein, and an interior arm
section sleeved therein with or without a nesting recess at an inner end thereof.

[0010] In an embodiment of the lift system, each lift arm includes an outer arm section,

an intermediate arm section, and an inner arm section. The outer arm section is pivotally
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connected to an end of the clevis by a pivot member, such as a pivot pin or tube. The
intermediate arm section is sleeved within the outer arm section and has a nesting slot formed at
an inner end thereof which enables the intermediate arm section to be retracted such that the
actual end of the intermediate arm section slides past the pivot member with the pivot member
ncsted within the slot. The inner arm scction is slecved within the intcrmediate arm scetion and
has a vehicle lift pad positioned at an outer end thereof for engagement with a lift point of a
vehicle Lo be lifted. It is foreseen that the inner arm section could also have a nesting slot at an
inner end thereof similar to the nesting slot of the intermediate arm section and for a similar
purpose. The nesting slot or slots enable the lift arm to be retracted to a greater extent than
would bc possible without the slot or slots. The arm scctions of the lift arm may have guide
members to enable smooth movement of the arm sections in extending and retracting the arm
sections. Additionally, stop members are preferably provided to limit outward and inward
movement of the intermediate and inner arm sections.

[0011] For safe operation of the lift system, it is desirable for the angular positions of the
lift arms to be locked during raising and lowering of a vehicle supported by the lift arms. In an
embodiment of the system, a rotatable pivot lock member is secured to an inner end of the outer
scction of a lift arm and is sclectively engaged by a rotationally fixed pivot lock member
mounted on the clevis of the lift carriage.

[0012] The rotatable lock member may be a rotatable lock gear secured (o a surface ol an
inner end of the outer arm section in coaxial relation to a lift arm pivot member or lift arm pivot
axis about which the lift arm pivots. The rotatable lock gear rotates about the arm pivot axis as
the lift arm is pivoted. The rotatable lock gear may have the form of a spur gear with rotatable

lock gear teeth projecting radially from substantially an entire outer circumferential surface of
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the rotatable lock gear or substantially 360 degrees about the rotatable lock gear. The
rotationally fixed pivot lock member may be a rotationally fixed lock gear having the form of an
internally toothed ring gear with rotationally fixed gear teeth projecting radially inwardly from
substantially an entire inner circumferential surface of the rotationally fixed lock gear or
substantially 360 dcgrces about the rotationally fixed lock gear. The rotationally fixed lock gear
is slidably mounted on the clevis of the lift carriage in coaxially spaced relation to the lift arm
pivot axis to enable the rotationally fixed lock gear to transition between a locked or meshed
position and an unlocked or unmeshed position. In the meshed position, the rotationally fixed
gear teeth mesh with the rotatable gear teeth to prevent pivoting of the lift arm about the pivot
axis. In thc unmeshed position, the rotationally fixed gear tecth arc scparated from the rotatable
gear teeth, thereby enabling the lift arm to pivot relative to the clevis.

[0013] The rotationally fixed lock gear is prevented from rotating relative to the lift
carriage by a lock guide rod or lock pin which is slidably mounted on the lift carriage clevis.
The lock pin also functions as a release member by enabling the rotationally fixed lock gear to be
transitioned to the unlocked position from the locked position. A lock pin spring is engaged
between the lock pin and the clevis and normally urges the lock pin toward the locked position.
The lock pin is moved axially to transition the rotationally fixed lock gear to the unlocked
position and released to enable the rotationally fixed lock gear to return to the locked position.
In an embodiment of the lift system, a lock pin lever is engaged between the lock pin and the
clevis to facilitate operation of the lock pin.

[0014] Because of the lengths of the lift arm assemblies, any horizontal force on the
distal end of a lift arm assembly, which tends to pivot the arm assembly about its axis, can place

very high levels of forces on the lock pin lever when the rotationally fixed lock gear is in the

CA 03172694 2022-9-21



WO 2021/216879 PCT/US2021/028653

locked position. In order to limit strain and possible deformation of the lock pin, abutment
members may be positioned within the lift carriage clevis, in close proximity to the rotational
fixed lock gear of each lift arm assembly. The abutment members limit movement of portions of
the rotationally fixed lock gear near the lock pin in reaction to forces acting on the distal end of a
lift arm asscmbly to thercby limit strain transferred to the lock pin by engagement of the
rotationally fixed lock gear with the associated abutment members. A rear wall of the lift
carriage clevis can [orm an abutment member in one direction aboult the pivot axis. An abutment
wall or plate can be secured within the lift carriage clevis in close proximity to the rotationally
fixed lock member to form an abutment member in the opposite direction about the pivot axis.
The spacing between the abutment members should be adequate to avoid binding to movement
of the rotationally between the locked and unlocked positions, while limiting strain on the lock
pin. Within a lift carriage clevis, two abutment plates may be secured in spaced relation for the
two lift arm assemblies. A reinforcement plate extending between the two abutment plates may
be provided.

[0015] Various objects and advantages of the present invention will become apparent
from the following description taken in conjunction with the accompanying drawings wherein
arc sct forth, by way of illustration and example, certain cmbodiments of this invention.

[0016] The drawings constitute a part of this specification, include exemplary

embodiments of the present invention, and illustrale various objects and [eatures thereof.

Brief Description of the Drawings

[0017] Fig. 1 is a perspective view of an embodiment of a two post vehicle lift system

with compactly telescoping arms, according to the present invention.
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[0018] Fig. 2 is an enlarged fragmentary perspective view of a lift unit of the lift system.
[0019] Fig. 3 is a top plan view of a lift unit of the lift system.
[0020] Fig. 4 is a further enlarged fragmentary inside elevational view of the lift unit of
the lift system.
[0021] Fig 5 is a further cnlarged front side clevational view of the lift unit of the lift
system.
[0022] Fig. 6 is a (urther enlarged top plan view of a lift arm of the lift unit, with a
portion removed to illustrate details thereof.
[0023] Fig. 7 is an enlarged fragmentary top plan view of a lift arm of the lift unit with an

upper wall of an cxtcrnal arm scction removed to illustrate a nesting slot formed at an inncr or
proximal end of a middle arm section in relation to a mounting tube of the lift arm.

[0024] Fig. 8 is a greatly enlarged top plan view of a rotatable arm lock gear of a lift arm
of the lift unit.

[0025] Fig. 9 is a greatly enlarged bottom plan view of a rotationally fixed arm lock gear
of a lift arm of the lift unit.

[0026] Fig. 10 is a further enlarged front elevational view of a retracted front lift arm and
illustrates the rotationally fixed arm lock gear in a lowered arm locking, meshed position.

[0027] Fig. 11 is arear elevational view of a retracted rear lift arm and illustrates the
rolationally [ixed arm lock gear in a raised arm unlocking, unmeshed position.

[0028] Fig. 12A is an enlarged fragmentary cross sectional view through a somewhat
modified lift arm, taken along a section plane indicated by line 12-12 of Fig. 3, and shows the
release lever, lock pin, and rotationally fixed arm lock gear in the lowered arm locking, meshed

positions thereof.
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[0029] Fig. 12B is a view similar to Fig. 12A and shows the release lever, lock pin, and
rotationally fixed arm lock member in the raised arm unlocking, unmeshed positions thereof.
[0030] Fig. 13 is an exploded perspective view of a lift arm of a lift unit and illustrates
cooperation of an inner end slot of the middle arm section with a pivot member of the lift arm.
[0031] Fig. 14 is a fragmentary insidc clevational view of a modificd carriage lift clevis
with an abutment structure secured therein to limit strain on lock pins of the lift arm assemblies
when the rotationally fixed lock members are in their respective locked positions.

[0032] Fig. 15 is a fragmentary horizontal sectional view of the modified lift carriage
clevis taken on line 15-15 of Fig. 14 and illustrates details of abutment members of the abutment

structurc.

Detailed Description of the Preferred Embodiments

[0033] As required, detailed embodiments of the present invention are disclosed herein;
however, it is to be understood that the disclosed embodiments are merely exemplary of the
invention, which may be embodied in various forms. Therefore, specific structural and
functional details disclosed herein are not to be interpreted as limiting, but merely as a basis for
the claims and as a represcentative basis for tcaching onc skilled in the art to variously cmploy the
present invention in virtually any appropriately detailed structure

[0034] Reflerring to the drawings in more detail, the relerence number 1 generally
designates an embodiment of a two post vehicle lift system according to the present invention.
Referring to Fig. 1, the system 1 generally includes a pair of vehicle lift units 2 and 3 positioned
in mutually facing relation on a floor 5 of a vehicle service facility, such as a garage, shop, or the

like. Each of the lift units 2 and 3 includes an elongated upstanding post 7 having a vehicle lift
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carriage 9 slidably mounted thereon to enable lifting and lowering of a vehicle, for inspection,
service, or the like. Each of the lift carriages 9 has a pair of telescoping vehicle lift arms 12 and
14 pivotally mounted thereon to enable positioning for engagement with a vehicle to be lifted.
[0035] Referring to Figs. 2-5, the illustrated post 7 is supported on a base plate 18 which
is sccured to the shop floor 5 by a plurality of bolts 20 spaccd about a periphery of the basc platc
18. The lift carriage 9 is illustrated as an elongated tubular structure which is slidably mounted
within the post 7. The carriage 9 is translated vertically along the post 7 by operation of a linear
motor or actuator, such as a hydraulic cylinder 22 (Fig. 3) connected between the post 7 and the
carriage 9. The carriage 9 has a double ended lift arm support clevis 24 secured thereto at a
lower end thercof and reinforced by a center gusset member 26 and end gusscts 27. The clevis
24 may be formed by a clevis bottom plate 30 (Fig. 5) having an inverted L-shaped clevis
bracket 32 joined thereto to form a generally C-shaped structure. The illustrated clevis bracket
32 has a vertical clevis side plate 33 and a horizontal clevis top plate 34. The illustrated clevis
24 has openings in the top plate 34 and bottom plate 30 to receive vertically oriented lift arm
pivot pins 38 (Fig. 5) on which the lift arms 12 and 14 pivot.

[0036] The lift units 2 and 3 are substantially similar and may be designated as a left
hand lift unit 2 and a right hand unit 3. The lift arms 12 and 14 may bc substantially similar in
construction and operation and may be designated as a rear lift arm 12 and a front lift arm 14.
Thus, description ol components and interaction thereol [or the rear lift arm 12 corresponds (o
similar components of the front lift arm 14. In the lift unit 3, as illustrated particularly in Fig. 3,
the front lift arm 14 is somewhat shorter than the rear lift arm 12. The purpose for the difference
in the length of the lift arms 12 and 14 is to better balance the weight of modern vehicles on the

lift system 1. Modern vehicles, particularly passenger vehicles, tend to be heavier in front
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because of the location of the transmission and transaxle, as wells as the engine, toward the front
of the vehicle. Thus, the shorter front lift arms 14 position the front end of a vehicle closer the
posts 7. Itis foreseen that the lift arms 12 and 14 could alternatively be of equal lengths.

[0037] Referring to Figs. 6 and 7, the illustrated telescoping lift arm 12 includes an outer
lift arm scction 42, an intcrmediate or middle lift arm scction 44, and an inncr or intcrior lift arm
section 46. The middle arm section 44 is sleeved within the outer arm section 42, and the inner
arm section 46 is sleeved within the middle arm section 44. The lift arm sections 42-46 may be
formed of lengths of rectangular or square cross section tubular beams of appropriate sizes or
may built up from components such as channels, plates, and the like which are joined, as by
wclding. The outer arm scction 42 may be reinforced by an upper stiffener 49 and a lower
stiffener 50 (Figs. 10 and 11) joined respectively to an upper surface and a lower surface of the
outer arm section 42.

[0038] Referring to Figs. 10 and 11, an outer end of the inner arm section 46 is provided
with a lift pad adapter 56 configured to receive a lift pad assembly 58 having a lift pad 60
positioned at a top end thereof. The lift pad assembly 58 may include one or more extensions 62
(Fig. 10) to position the lift pad 60 at a desired height. The lift pad 60 forms a contact element
between the lift arm 12 and a lift point of a vchicle to be lifted.

[0039] The lift arm 12 is pivotally connected to the lift arm clevis 24 for pivoting about a
vertical lift arm pivot axis 65 (Figs. 10 and 11). In the illustrated arm 12, a li[l arm mounting
tube or bushing 67 (Figs. 6 and 7) extends through the upper and lower walls of the outer arm
section 42 and through the upper and lower stiffeners 49 and 50 and is joined to those elements,

as by welding. The mounting tube 67 is sleeved onto the lift arm pivot pin 38, which is secured
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in a vertical orientation within the clevis 24 and, in cooperation with the pivot pin 38, forms a
pivotal bearing for the lift arm 12 relative to the clevis 24.

[0040] It is generally desirable to positively fix the angular position of the lift arms 12
and 14, especially, prior to lifting a vehicle. The illustrated lift arms 12 and 14 include a lift arm
rotational lock mcchanism 68 (Fig. 11) to cnablc rclcasablce fixing of the angular rclation of the
arms 12 and 14 to the clevis 24 of the lift carriage 9. In the illustrated system 1, the arm lock
mechanism 68 of each of the lift arms 12 or 14 includes a rotatable lift arm pivot lock member or
gear 70 secured to the outer arm section 42 in coaxially aligned relation to the mounting tube 67
and, thus, with the pivot pin 38 and the pivot axis 65. As shown in Fig. 11, the rotatable lock
gcar 70 may bc fixcdly sccurcd to the upper arm stiffener 49 of the outer arm scction 42 and
rotates about the pivot axis 65 as the lift arm 12 or 14 is pivoted about the pivot axis 65. As
shown in Figs. 8 and 11, the rotatable gear 70 has the form of a circular spur gear with rotatable
gear teeth 72 projecting radially outward therefrom and spaced circumferentially about
substantially an entire outer surface of the gear 70 or substantially 360 degrees about the
rotatable lock gear 70. Additionally, in the illustrated rotatable gear 70, bottom and top lands of
the gear teeth 72 have a conical relationship to an axis of the rotatable lock gear 70.

[0041] Figs. 12A and 12B illustratc a lift arm 12” which is somewhat modificd in
construction compared to the lift arms 12 and 14. The lift arm 12 is structurally and
[unctionally similar to the li{t arms 12 and 14, and corresponding components thereol will be
identified by the same reference numerals as components of the lift arms 12 and 14.

[0042] Referring to Figs. 9 and 11-12B, the arm lock mechanism 68 of the arms 12 and
14 includes a rotationally fixed lift arm pivot lock member or gear 75, illustrated as slidably

received on the pivot pin 38 in covering relation to the rotatable lock gear 70 and rotationally
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fixed by connection to the lift carriage clevis 24. The rotationally fixed gear 75 is illustrated as
an internal ring gear having a plurality of radially inwardly projecting rotationally fixed teeth 77
from substantially an entire inner surface of an outer circumferential flange 78 of the gear 75 or
substantially 360 degrees about the rotationally fixed gear 75. Bottom and top lands of the gear
tccth 77 have a conical relationship to an axis of the rotationally fixed gear 75 and arc sized to
compatibly mesh with the gear teeth 72 of the rotatable gear 70.

[0043] The illustrated rotationally fixed gear 75 has a rotationally fixed lock gear
mounting lug 80 extending radially therefrom. The mounting lug 80 is slidably received onto a
lock guide rod or lock pin 82 extending through a bore 83 formed through the lug 80 and
positions the rotationally fixed gear 75 in radially spaced relation to the lock pin 82. The lock
pin 82 is mounted on the clevis 24 for vertical reciprocating movement in relation thereto. Both
the pivot pin 38 and the lock pin 82 are mounted on the clevis 24 such that lateral movement of
both is prevented. Thus, rotation of the rotationally fixed gear 75 is prevented by its mounting
on the pivot pin 38 and the lock pin 82. However, the rotationally fixed gear 75 is free to move
axially along the pivot pin 38. Relative movement of the mounting lug 80 and the gear 75 on the
lock pin 82 is limited by means such as a snap ring 84 positioned below the lug 80 on the lock
pin 82. A comprcssion spring 86 is slecved onto the lock pin 82 between the mounting lug 80
and a bottom surface 88 of the clevis top plate 34. Engagement of the spring 86 with the bottom
surface 88 of the clevis top plate 34 resiliently urges the lock pin 82 downwardly.

[0044] The lock pin 82 is movable vertically between a lower pivot lock position (Figs.
10 and 12A) and a raised pivot release position (Figs. 11 and 12B). In the lock position of the
lock pin 82, the rotationally fixed lock gear 75 is meshed with the rotatable lock gear 70,

preventing rotation thereof, to thereby prevent angular movement of the lift arm 12 or 14 or 12°
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relative to the clevis 24. As shown in Figs. 12A and 12B, the rotationally fixed gear 75 may
have an annular recess 89 on an underside thereof to enable the gear 75 to extend over and about
an upper end of the mounting tube 67 in the locked position of the gear 75. In the release
position of the lock pin 82, the rotationally fixed gear 75 is lifted out of meshing relation with the
rotatablc gcar 70, thercby cnabling rotation thercof, to thereby cnable the lift arm 12 or 14 or 12°
to pivot about the associated pivot pin 38. It should be noted that the lock pin 82 has a lower end
90 which extends below a lower surface of the bottom plate 30 of the clevis 24, such that when
the lift carriage 9 is lowered to the shop floor 5, contact of the lock pin lower end 90 with the
floor 5 causes the lock pin 82 to lift the rotationally fixed gear 75 out of meshed engagement
with the rotatable gcar 70, thereby relcasing the lift arm 12 or 14 or 127 to frecly pivot about the
pivot pins 38.

[0045] In order to facilitate movement of the lock pin 82 to the release position, the
illustrated lift system 1 is provided with a release handle or lever 94 engaged with the lock pin 82
and operable to lift the lock pin 82 to the release position (Fig. 11). The illustrated release lever
94 is of a stretched Z-shape having a lower flat end 95 and an upper flat end 96. The lower end
95 is retained on the lock pin 82 between an upper surface 98 of the top plate 34 of the clevis 24
and a top cnd washer 100 fixed to a top end of the lock pin 82. Downward pressurc on the upper
end 96 of the release lever 94 causes the lower end 95 thereof to engage the washer 100 to
thereby lift the lock pin 82 [rom its lower lock position Lo ils upper release position, o thereby
lift the rotationally fixed gear 75 out meshing engagement with the movable gear 70 to enable
the lift arm 12 or 14 or 12’ to be pivoted about the associated lift arm pivot axis 65. When the

upper end 96 of the lever 95 is released, the compression spring 86 and gravity return the lock
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pin 82 to the lock position with the rotationally fixed gear 75 enmeshed with the movable gear
70, thereby preventing pivoting of the liftarm 12 or 14 or 12’ relative to the clevis 24.

[0046] The lift arm sections 42-46 may include guide members (not shown) to facilitate
smooth extension and retraction of the middle and inner arm sections 44 and 46 relative to the
outcr arm scction 42 and thercbetween. It is necessary to limit the degree of cxtension of the
middle and inner lift arm sections 44 and 46 from the outer lift arm section 42 to avoid exceeding
cantilever loading limits of the arm sections 42-46. Therefore, the middle and inner arm sections
44 and 46 preferably include appropriate stops (not shown) to limit extension of the lift arm 12
or 14 or 12°. On the other hand, it is preferable to retract the middle and inner arm sections 44
and 46, as far as is practical, so that the lift arm asscmblics 12 or 14 or 12’ 1s as compact as
possible when retracted. Usually, the limit of retraction of the arm sections 44 and 46 is
engagement of inner ends thereof with the pivot members of the lift arm 12 or 14 or 12°.

[0047] Referring to Figs. 7, 12A and 12B, and 13, in the illustrated embodiment of the
vehicle system 1, the middle lift arm section 44 has a pivot tube nesting recess or slot 104
formed at an inner end 106 thereof which enables inner end 106 of the middle arm section 44 to
be retracted past the mounting tube 67, with the mounting tube 67 positioned in or nesting within
the slot 104. The presence of the nesting slot 104 allows the middle arm 44 to be somcwhat
longer than otherwise possible while enabling an outer end 108 to be retracted to the same degree
as a shorter middle arm section 44 without the slot 104. It is [oreseen that the inner arm section
46 could also be provided with a nesting slot similar to the nesting slot 104 for the same purpose,
that is, to allow more compact retraction of the inner arm section 46 within the middle arm
section 44. Fig. 7 shows horizontally spaced apart guide plates 110 positioned on opposite sides

within the outer arm section 42 to form guides for the ends 106 of the middle arm section 44.
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The lift arm 12 or 14 or 12° may be provided with appropriate stops (not shown) which limit
retraction of the middle and inner arm sections 42 and 44 so that inner ends thereof do no contact
the pivot tube 67.

[0048] The lift arm sections 42, 44, and 46 may be provided with stop members to
positively limit cxtension of the middle arm scction 44 out of the outer arm scction 42 and the
extension of the inner arm section 46 out of the middle arm section 44. More particularly, the
ouler arm section 42 may be provided with an interior stop member 112 (Fig. 12B) inside a
proximal end thereof for engagement by an exterior stop member 114 (Fig. 13) positioned on an
upper surface of the middle arm section 44. Similarly, the middle arm section 44 may be
provided with an interior stop mcmber 116 for cngagement by an cxterior stop member 118
positioned on an upper surface of the inner arm section 46. The stop members 114 and 118 may
also function as sliding spacers within the respective arm sections 42 and 44.

[0049] While the lift units 2 and 3 are described and illustrated as being permanently
mounted on a shop floor 5, it is foreseen that features of the system 1 of the present invention
described herein could be advantageously incorporated into mobile lift units which are
temporarily secured in place in the manner of the lifts shown in U.S. Patent No. 9,150,395,
rceferenced above.

[0050] Referring to Figs. 14 and 15, along with Figs. 10, 12A, and 12B, a modified
embodiment of a lilt carriage clevis 125 according (o the present invention may be secured o the
lift carriage 9 in a manner similar to the lift carriage clevis 24 described above. The illustrated
clevis 125 is formed by an upstanding side plate 128 which is secured to the lift carriage 9, a

horizontally extending lower or bottom plate 130 secured to a bottom of the side plate 128, and a
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horizontally extending upper or top plate 132 secured to a top of the side plate 128. A fragment
of the top plate 132 is shown in Fig. 15.

[0051] Proximal ends of the extendible lift arms 12 and 14 are pivotally mounted on the
clevis 125 by lift arm pivot pins 38 extending through lift arm mounting tubes 67 (Figs. 12A and
12B) between the top plate 132 and bottom plate 130 of the clevis 125. The proximal cnd of
each of the lift arms 12 and 14 has the rotatable lock member or gear 70 secured thereto. The
rotatable lock member 70 rotates aboult the pivot axis 65 (Fig. 10) when lift arms 12 or 14 is
pivoted relative to the clevis 125. The rotatable lock member 70 cooperates with the rotationally
fixed lock member or gear 75 to form the arm lock mechanism 68 which prevents pivoting of a
lift arm 12 or 14 when the rotationally fixed gear 75 1s in its locked position (Fig. 12A) and to
enable pivoting of the lift arms 12 or 14 in the released position (Fig. 12B). The rotationally
fixed lock member 75 is prevented from rotating relative to the clevis 125 by the lock pin 82
extending through the top and bottom clevis plates 132 and 132 and through a modified
mounting lug 134. The lock pin 82 is capable of axial reciprocation and engages the rotationally
fixed lock member 75 in such a manner as to function as function as a release member by being
raised, as by a release lever 94 (Figs 12A or 12B). The lock pin 82 and the rotationally fixed
lock member 75 arc normally urged toward the locked position by the spring 86.

[0052] Because of the lengths of the lift arms 12 or 14, when the rotationally fixed lock
member 75 is in the locked position, a [orce on a distal end thereol which tends to pivol the arm
about the pivot pin 38 exerts a much larger force on the lock pin 82, tending to strain or deform
the pin 82. If such a force on the lock pin 82 exceeds its elastic limit, permanent deformation of
the pin 82 can make reciprocating motion to retract the rotationally fixed lock member 75

difficult or impossible.
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[0053] In order to bolster or limit such strain on the lock pins 82, the illustrated clevis
125 is provided with abutment structure 138. The clevis side plate 128 may form a component
of the abutment structure 138. The lift arms 12 and 14 are mounted on the clevis 125 such that a
portion of the mounting lug 134 of the rotationally fixed lock member 75 of each arm is in close
proximity to the sidc platc 128. The mounting lugs 134 arc somcwhat diffcrent from the
mounting lugs 80 shown in Fig. 9; however, the lugs 80 would also function with the illustrated
abutment structure 138. The clevis side plate 128, thus, limils excessive strain on the lock pins
82 in response to a force on the distal end of the lift arm 12 toward the clockwise direction, as
viewed in Fig. 15, or on the distal end of the lift arm 14 toward the counterclockwise direction.
To providc a lock pin strain limiting abutment in the opposite pivoting dircctions, the illustrated
clevis 125 is provided with abutment members or plates 140 and 142 which may be secured to
the clevis plates 128, 130, and 132, as by welding. The abutment plates 140 and 142 are
positioned in close proximity to the lugs 134 of the rotationally fixed lock members 75 to limit
strain on the lock pins 82 by a force on the lift arm 12 toward the counterclockwise direction or
by a force on the lift arm 14 toward the clockwise direction. The abutment members 140 and
141, along with the clevis side plate 128 should be spaced close enough to the lugs 134 of the
rotationally fixed lock members 75 to prevent excessive strain on the lock pins 82, but should not
interfere with transition of the lock members 75 between the locked and released positons.
Clearance distances between embodiments of the abutment plates 140 and 142 and the
rotationally fixed lock members 75 may be on the order of about 3 millimeters. An abutment
brace plate 144 may be joined to the abutment plates 140 and 142, near the areas of contact by

the lugs 134, to reinforce the abutment plates 140 and 142.
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[0054] It 1s to be understood that while certain forms of the present invention have been
illustrated and described herein, it is not to be limited to the specific forms or arrangement of

parts described and shown.
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CLAIMS

What is claimed as new and desired to be secured by Letters Patent is:

1. A compact tclescoping lift arm asscmbly for usc on a vchicle lift unit including an
upstanding post having a lift carriage slidably engaged therewith and movable therealong,
the arm assembly comprising:

(a) an outer arm section having an inner end pivotally connected to a lift carriage by a
lift arm pivot member such that the outer arm section is pivotal about a pivot axis
cxtending through the lift arm pivot mcember;

(b) an inner arm section telescopically received within the outer arm section to enable
extension of the arm assembly by extension of the inner arm section out of the
outer arm section and retraction of the arm assembly by retraction of the inner
arm section within the outer arm section;

(c) the inner arm section having an inner end within the outer arm section and an
outer end extending out of the outer arm section; and

() the inner end of the inner arm scction having a nesting recess positioned such that
the inner end extends past the pivot member, with the pivot member nested in the

recess, when the inner arm section is [ully retracted within the outer arm section.

2. An assembly as set forth in Claim 1 wherein:

(@) the nesting recess is formed by a nesting slot which is open through the inner end

of the inner arm section.
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3. An assembly as set forth in Claim 1 and including:
() an intermediate arm section telescopically received within the outer arm section

and having the inner arm section telescopically received within the intermediate

arm scction.

4. An assembly as set [orth in Claim 1 wherein:
() the inner arm section forms an intermediate arm section telescopically received
within the outer arm section and having an interior arm section telescopically
rceeived within the intermediate arm scction, the intermediate arm scction having

an inner end; and

(b) the intermediate arm section having the nesting recess formed at an inner end
thereof.
5. An assembly as set forth in Claim 1 and including:
(a) a lift arm rotational lock mechanism engaged between the lift arm and the lift

carriage and opcrablc to sclectively fix an angular position of the lift arm in

relation to the lift carriage.
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An assembly as set forth in Claim 5 wherein the lift arm rotational lock mechanism

includes:

(@)

(b)

(c)

a lift arm pivot lock member positioned at the inner end of the outer section of the
lift arm and rotatable with the outer section of the lift arm about the pivot axis;

a rotationally fixed lift arm lock member cngaged with the lift carriage in such a
manner as to enable transition between a locked position engaging the lift arm
pivot lock member to prevent pivoling of the lift arm and a released position
disengaged from the lift arm pivot lock member, the rotationally fixed lock
member being resiliently biased toward the locked position; and

a rclcasc membcer positioned on the lift carriage and engaged with the rotationally
fixed lock member and preventing rotation of the rotationally fixed lock member
relative to the lift carriage, the release member being operable to cause the
rotationally fixed lock member to temporarily transition from the locked position

to the released position to enable pivoting of the lift arm.
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A compact telescoping lift arm assembly for use on a vehicle lift unit including an

upstanding post having a lift carriage slidably engaged therewith and movable therealong,

the arm assembly comprising:

(2)

(b)

©)

(d)

(©)

an outer arm section having an inner end pivotally connected to a lift carriage by a
lift arm pivot member such that the outer arm scction is pivotal about a pivot axis
extending through the lift arm pivot member;

an inner arm section telescopically received within the outer arm section Lo enable
extension of the arm assembly by extension of the inner arm section out of the
outer arm section and retraction of the arm assembly by retraction of the inner
arm scction within the outer arm scction;

the inner arm section having an inner end within the outer arm section and an
outer end extending out of the outer arm section;

the inner end of the inner arm section having a nesting slot which is open through
the inner end of the inner arm section and positioned such that the inner end is
extends past the pivot member, with the pivot member nested in the recess, when
the inner arm section is fully retracted within the outer arm section; and

a lift arm rotational lock mechanism cngaged betwecen the lift arm and the lift
carriage and operable to selectively fix an angular position of the lift arm in

relation to the lilt carriage.
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An assembly as set forth in Claim 7 and including:

()

an intermediate arm section telescopically received within the outer arm section
and having the inner arm section telescopically received within the intermediate

arm section.

An assembly as set forth in Claim 7 and including:

(a)

(b)

an intermediate arm section elescopically received within the outer arm section
and having the inner arm section telescopically received within the intermediate
arm section, the intermediate arm section having an inner end; and

the intcrmediate arm scction having a respective nesting recess formed at an inncr

end thereof.

An assembly as set forth in Claim 7 wherein the lift arm rotational lock mechanism

includes:

(a)

(b)

()

a rotatable arm lock gear positioned on the outer section of the lift arm in coaxial

relation to the lift arm pivot member, the rotatable lock gear having rotatable lock
gcar tecth projecting radially about the rotatable lock gear;

includes a rotationally fixed lock gear positioned in spaced coaxial relation to the
rolatable lock gear, the rotationally [ixed lock gear having rotationally [ixed lock

gear teeth projecting radially about the rotationally fixed lock gear; and

the rotationally fixed lock gear meshing with the rotatable lock gear in the locked
position of the rotationally fixed lock member and unmeshing from the rotatable

lock gear in the released position of the rotationally fixed lock member.



WO 2021/216879 PCT/US2021/028653

25
11. A vehicle lift unit as set forth in Claim 10 wherein:
() the rotatable lock gear and the rotationally fixed lock gear are respectively conical

in such a manner as to enable meshing thereof in the locked position of the

rotationally fixed lock membcer.

12. An assembly as set forth in Claim 10 wherein:
(a) the release member prevents rotation of the rotationally fixed lock member about
the pivot axis in the locked position thereof; and
(b) an abutment membecer is sccured to the lift carriage in closc proximity to the
rotationally fixed lock member to thereby limit strain of the release member in the
locked position of the rotationally fixed lock member by engagement thereof with

the abutment member.
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A vehicle lift unit comprising:

(2)
()
(©)

(D

(e)

®

an upstanding post;

a lift carriage slidably engaging and movable along the post;

a linear motor engaged between the carriage and the post and operable to lift and
lowecr the carriage thercalong;

a telescoping lift arm including an outer arm section having an inner end pivotally
connecled o the carriage by a lift arm pivol member such that the outer arm
section is pivotal about a pivot axis extending through the lift arm pivot member;
the telescoping lift arm further including an inner arm section telescopically
rceeived within the outer arm scction to cnable cxtension of the lift arm by
extension of the inner arm section out of the outer arm section and retraction of
the lift arm by retraction of the inner arm section within the outer arm section;
the inner arm section having an inner end within the outer arm section and an
outer end extending out of the outer arm section, the outer end having a vehicle
engagement member for contact with a vehicle to lift the vehicle; and

the inner end of the inner arm section having a nesting slot positioned such that
the inner end extends past the pivot member, with the pivot member nested in the

slot, when the inner arm section is fully retracted within the outer arm section.
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A vehicle lift unit as set forth in Claim 13 and including:

()

(b)

(c)

a lift arm pivot lock member positioned at the inner end of the outer section of the
lift arm and rotatable with the outer section of the lift arm about the pivot axis;

a rotationally fixed lift arm lock member engaged with the lift carriage in such a
manncr as to cnable transition between a locked position cngaging the lift arm
pivot lock member to prevent pivoting of the lift arm and a released position
disengaged [rom the lift arm pivol lock member, the rotationally fixed lock
member being resiliently biased toward the locked position; and

a release member positioned on the lift carriage and engaged with the rotationally
fixed lock member and preventing rotation of the rotationally fixed lock member
relative to the lift carriage, the release member being operable to cause the
rotationally fixed lock member to temporarily transition from the locked position

to the released position to enable pivoting of the lift arm.

A vehicle lift unit as set forth in Claim 14 wherein:

(2)

(b)

the release member prevents rotation of the rotationally fixed lock member about
the pivot axis in the locked position thercof; and

an abutment member is secured to the lift carriage in close proximity to the
rotationally [ixed lock member (0 thereby limit strain ol the release member in the
locked position of the rotationally fixed lock member by engagement thereof with

the abutment member.
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A vehicle lift unit comprising:

()

(b)

(©

(D

(e)

(

(2

an upstanding post;

a lift carriage slidably engaging and selectively movable along the post;

an elongated lift arm having an inner end pivotally connected to the carriage by a
lift arm pivot member to cnable pivoting about a pivot axis;

a lift arm pivot lock member secured at the inner end of the arm and rotatable
with the arm aboul the pivol axis;

a rotationally fixed lift arm lock member engaged with the lift carriage in such a
manner as to enable transition between a locked position engaging the lift arm
pivot lock member to prevent pivoting of the arm and a rclcascd position
disengaged from the lift arm pivot lock member;

a release member engaged between the lift carriage and the rotationally fixed lock
member and preventing rotation of the rotationally fixed lock member relative to
the lift carriage, the release member being operable to transition the rotationally
fixed lock member between the locked position and the released position; and

an abutment member positioned on the lift carriage in close proximity to the
rotationally fixed lock member to thereby limit strain of the relecase member in the
locked position of the rotationally fixed lock member by engagement thereof with

the abutment member.
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A vehicle lift unit as set forth in Claim 16 wherein:

()

the release member is an elongated release pin which reciprocates axially to move
the rotationally fixed member between the locked position and the released

position.

A vehicle lift unit as set forth in Claim 16 wherein:

(a)

the abutment member is an abutment plate secured to the lift carriage in close

proximity to the rotationally fixed lock member.

A vchicle lift unit as sct forth in Claim 16 wherein:

(a)

(b)

(c)

(d

the lift arm pivot lock member includes a rotatable arm lock gear positioned on
the inner end of the lift arm in coaxial relation to the lift arm pivot member, the
rotatable lock gear having rotatable lock gear teeth projecting radially about the
rotatable lock gear;

the rotationally fixed lift arm pivot lock member includes a rotationally fixed lock
gear positioned in spaced coaxial relation to the rotatable lock gear, the
rotationally fixed lock gear having rotationally fixed lock gear tecth projecting
radially about the rotationally fixed lock gear;

the rotationally [ixed lock gear meshes with the rotatable lock gear in the locked
position of the rotationally fixed lock member and unmeshes from the rotatable
lock gear in the released position of the rotationally fixed lock member; and

the abutment member is positioned in close proximity to the rotationally fixed

lock gear.
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A vehicle lift unit as set forth in Claim 16 wherein:

()

(b)

(D

()

the lift carriage has a pair of lift arms pivotally connected thereto in spaced
relation at respective inner ends of the arms by respective pivot members to
enable pivoting about respective pivot axes;

cach lift arm having a respective pivot lock member sccurcd at the inner end
thereof and rotatable with the associated lift arm about the associated pivot axis;
each lift arm having a respeclive rotlationally fixed arm lock member engaged
with the lift carriage in such a manner as to enable transition between a locked
position engaging the associated lift arm pivot lock member to prevent pivoting of
the associated lift arm and a rclcased position disengaged from the associated lift
arm pivot lock member;

each lift arm having a respective release member engaged between the lift
carriage and the associated rotationally fixed lock member and preventing rotation
of the fixed lock member about the associated pivot axis in the locked position
thereof, the release member being operable to transition the fixed lock member
between the locked and released positions thereof; and

a pair of abutment plates associated respectively with the lift arms and sccured to
the lift carriage in close proximity to the rotationally fixed lock member of the
associaled lift arm to limit strain of the release member associated therewith in the
locked position of the fixed lock member by engagement thereof with the

associated abutment plate.
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21. A vehicle lift unit as set forth in Claim 20 wherein:
(a) the abutment plates are secured to the lift carriage in spaced apart relation; and
(b) a reinforcement plate extends between the abutment plates and is secured thereto

and to the lift carriage.
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22. A lift arm assembly for use on a vehicle lift unit including an upstanding post with a lift

carriage movable therealong, the arm assembly comprising:

(2)

(b)

(©)

(d)

(e)

(H

CA 03172694 2022-9-21

an elongated lift arm having an inner end pivotally connected to the carriage by a
lift arm pivot member to enable pivoting about a pivot axis;

a rotatablc arm lock gcar sccurcd on the inncr of the lift arm in coaxial rclation to
the lift arm pivot member, the rotatable lock gear having rotatable lock gear teeth
projecting radially about substantially an entire circumlerential surface thereofl;

a rotationally fixed lock gear supported by the lift carriage in spaced coaxial
relation to the rotatable lock gear, the rotationally fixed lock gear having
rotationally fixcd lock gcar tecth projecting radially about substantially an cntirc
circumferential surface of the rotationally fixed lock gear, the rotationally fixed
lock gear having a mounting Iug extending radially therefrom;

the rotationally fixed lock gear meshes with the rotatable lock gear in a locked
position of the rotationally fixed lock gear and unmeshes from the rotatable lock
gear in a released position of the rotationally fixed lock gear;

a release member engaged with the lift carriage and with the mounting lug of
rotationally fixed lock gear, positioned in radially spacc relation from the pivot
axis, and preventing rotation of the rotationally fixed lock gear relative to the lift
carriage; and

the release member being operable to transition the rotationally fixed lock

member between the locked position and the released position.
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An assembly as set forth in Claim 22 and including:
(a) a spring engaged with the rotationally fixed lock gear in such a manner as to

normally urge the rotationally fixed lock gear toward the locked position.

An asscmbly as sct forth in Claim 22 and including:
(a) a spring engaged between the lift carriage and the rotationally fixed lock gear in
such a manner as (o normally urge the rotationally (ixed lock gear toward the

locked positioned.

An asscmbly as sct forth in Claim 22 and including:

(a) an abutment member positioned on the lift carriage in close proximity to the
rotationally fixed lock member to thereby limit strain of the release member in the
locked position of the rotationally fixed lock member by engagement thereof with

the abutment member.



26.

CA 03172694 2022-9-21

WO 2021/216879 PCT/US2021/028653

34

An assembly as set forth in Claim 22 wherein the elongated lift arm is a telescoping lift

arm and includes:

(@)

(b)

(c)

(d

an outer arm section having an inner end pivotally connected to a lift carriage by a
lift arm pivot member such that the outer arm section is pivotal about a pivot axis
cxtending through the lift arm pivot member;

an inner arm section telescopically received within the outer arm section to enable
extension of the arm assembly by extension of the inner arm section out of the
outer arm section and retraction of the arm assembly by retraction of the inner
arm section within the outer arm section;

the inncr arm scction having an inncr end within the outer arm scction and an
outer end extending out of the outer arm section; and

the inner end of the inner arm section having a nesting recess positioned such that
the inner end extends past the pivot member, with the pivot member nested in the

recess, when the inner arm section is fully retracted within the outer arm section.
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