STABI LI ZED LASER PLUVB FIELD OF THE | NVENTI ON [ 0001] The present invention
rel ates generally to plunbing devices, and nore particularly to a |aser
plunb that is stabilized. BACKGROUND OF THE | NVENTI ON [0002] A plunb is a
device used to ensure alignnent along a particular axis, exploiting the
force of gravity. Plunbs are used extensively in the construction and
m ning industries. [0003] A sinple plunb is fornmed by attaching a pointed

weight to a thread. Although.4 ' | unbs are cunbersone to
use: they take a long tine &of'ﬁﬁ&??%%ﬁﬁ%%sition of equilibrium and
may be easily disturbed. Oher plunbs nmake use of the gravitational
orientation of whkikELD DEPOHEINVENREE t 00, only gradually reach their
equilibriumposition, and are easily perturbed. [0004] As |asers have
becone readi vai ] , I din |aser
pl unbi ng de\ﬂl)%oeg. #hr%b;}rgggrﬂgn\geﬁﬂgﬁgﬂggé\%ehg%ﬁ%?bzﬁﬂﬁg]b?ﬁ&;edﬁ (IEEI’% gﬁ%h devi ces

al ong t he gmaoretpatticnfzaly tevailaserpluely tratis slabbiizedent ways. For exanple, the

| aser may be part of a sinple pendulum [0005] Typically, |aser plunbs
perform better than conventional plunbs as the process of plunbing is |ess
cunbersone and the time to arrive at the equilibriumposition is
shortened. In order to help the plunb settle faster, sone |aser plunbs are
danped. [0006] ORASKGRE@YNO OBrMHEINVIEMENN , t hese | aser plunbs do not have
the ability to nmaintain their orientation under the influence of external
di st ur bance pr ' - ' " ' L hl.e to
elimnate Zﬁ?dezanaf@'Pm%ﬁgdr%?!adgﬁﬁ%’ﬁg@?ﬂ?%g "g’?’ﬁlﬁ@?ﬁn%”%gﬁ%@?&gé machi nes
and -1 axis, exploiting the force of gravity. Plumbs are used extensively in the

construction and mining industries.

[0003] A simple plumb is formed by attaching a pointed weight to a thread.
Although inexpensive, such plumbs are cumbersome to use: they take a long
time to arrive at their position of equilibrium, and may be easily disturbed.
Other plumbs make use of the gravitational orientation of water bubbles.
These too, only gradually reach their equilibrium position, and are easily
perturbed.

[0004] As lasers have become readily available and economical, they have
been employed in laser plumbing devices. The lasers of such devices are
aligned in such devices along the gravitational axis in several different ways.

For example, the laser may be part of a simple pendulum.

[0005] Typically, laser plumbs perform better than conventional plumbs as
the process of plumbing is less cumbersome and the time to arrive at the
equilibrium position is shortened. In order to help the plumb settle faster,

some laser plumbs are damped.

[0006] Once in equilibrium, however, these laser plumbs do not have the
ability to maintain their orientation under the influence of external
disturbances. In practical applications, it is almost impossible to eliminate

external disturbances. Inaccurate plumbing can cause machines and
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structures to performpoorly or fail catastrophically. [0007] Another
shortcom ng of existing plunbs is the inability to neasure floor tilt.
Such tilt information allows for inproved horizontal |evelling. [0008]
Accordingly, there is a need for an inproved | aser plunbing device. SUMVARY
OF THE | NVENTI ON [ 0009] An exenplary laser plunb includes a |aser, and a
mass that is rotatable about a spin axis to stabilize the |aser. The mass

is mounted to a support to be pivotable about at | east one axis, and
preferably %Cté!k%%oPﬁﬁfé'rmtﬁﬂ@”&%f@"zfiﬁ@sﬁewﬂj@ﬂm cular to each other and the
spin axis. The laser is nounted to the nmass to maintain its orientation

relative to rbégr]sunither s%%rt&&ﬂmgrm%&lshﬁé plufibsa9 e inhbiftty8infeadlfes. A Wei ght
bel ow t he t||t axes aligns the spin axis with the gravitational axis.

Rot at i ng t hdloaatilt Saeh it infernatian aligws for impgayedinedzonial leveliig-on of the | aser.
Preferably, the mass and | aser are nount ed to the support by a ginballed

mount .. [001Gpooje RRBRIRYH, therd TR aMekl p\'é\fé'dqgﬁﬁ?fh ingYevies i ts base
e t he ro 99%

to nmeasure a flection ™o aser e support, y al | owi ng
measur enent of the angle of inclination of a surface support| ng the base.
[0011] In accordance with another aspect of the present invention there is
provided a | aser plunb, including a base; a support, extending fromthe

base; a rotatabggMBARYROF THEDINVERHOND t0 the support, for rotation
about a spin axis and pivotable to allowtilting of the spin axis relative

t he support about a first tilt axis rpendi cular to the s i.n axis; a
s

wei ght nound@P8o ieexamplaryasss plyme e &lasgr) angga massdhalis gn the spin

axi s under traatamﬁ bbEUN@sp afis & blavilizé thd 1BS&T THRURASSlistRodried weaght, to
emt a beam of ?ht along a beam axis, the beamaxis pivotable with the

mass under tSH@P(i"h beopivetable ahaul at ipastanezaxis, and praferably twoaxesx sdhedi r ect i on
relative 0 S BRAIABEAESF BdcH OB UShBRls. | The tepRU |1 br i um

under the influence of gravity; a notor to spin the mass about
mounted to the mass to malntaln its orientation relative to the support, as the

mass rotates about the spin axis. A weight below the tilt axes aligns the spin
axis with the gravitational axis. Rotating the mass about its spin axis
stabilizes orientation of the laser. Preferably, the mass and laser are mounted
to the support by a gimballed mount.

[0010] The exemplary plumb optionally includes markings on its base to
measure a deflection of the laser from the support, thereby allowing
measurement of the angle of inclination of a surface supporting the base.

[0011] In accordance with another aspect of the present invention there is
provided a laser plumb, including a base; a support, extending from the base;
a rotatable mass pivotably mounted to the support, for rotation about a spin
axis and pivotable to allow tilting of the spin axis relative the support about a
first tilt axis perpendicular to the spin axis; a weight mounted to the mass
beneath the first tilt axis to align the spin axis under the influence of gravity; a
laser mounted to the weight, to emit a beam of light along a beam axis, the
beam axis pivotable with the mass under the influence of gravity, so as to
extend in a fixed direction relative to the direction of gravity when the weight is
in equilibrium under the influence of gravity; a motor to spin the mass about
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-2 the spin axis, so that the angular nonmentum attributable to the
rotatable mass stabilizes the laser. [0012] In accordance with a further
aspect of the present invention there is provided a |laser plunb including
a mass that is rotatable about a spin axis, the nmass nounted to a support
to be pivotable about two axes, the two axes perpendicular to each other
and the spin axis; a laser nounted to the mass, to nmintainits

axi o L0013 poh ekl teua e R mainbfe B b ERoRRR mie, SELT o

there is prs@abilited tite lagéer pl unb i ncluding, a support; a ginballed
gyroscope nounted to the support, the ginballed gyroscope including a

flywheel r bl e about a_spin_.axis: a i ght ted t e roscope to
exert a foi@@t n ﬁﬂ@c?qr%ﬂ%ee ith 8?%r?eg’jﬁsi)‘\f’,§ OEB]erPr}gg‘ig%t "?Veﬁnﬁ?'ﬁ\t}?rgzsthe P
support, towsviddd'& laseF Fm'rrtbahuomag aAbss that sastab®abdc $pin bikie, gyr oscope,
to emt a light beam along an axi s havi n%}{gﬁfqigﬁ)}tetggori enthat lon relative to

the spin axitiie Magsmaunied 9 sHRPRAIR bRiRyPt (FRES: P WRAEXSS esent

I nvention t?ﬁfﬁedd&:uld?rt@ﬁb&?gth@r b e Spirt'dls; Rk&OBAntRd I8 FiOfMbss,d0 9i Nbal | ed
mount nounted to the support for rotation about first and second mutual ly
per pendi cul anaintairt itserientation relajive tethesuppertt asdthpynassdotateshabow dherpunt |

rot at abl e ab“ﬁtﬁta’@s spin axis perpendicular to the first and second tilt

axes; a weig nounted to the ginballed nmount, to having a centre of

gravity beneath the first and second tilt axes; a laser coupled to the
gi nbal | ed mj0®t3] hdwianeordan¢ecwith yet anethariaspect,of the presentdnyandios thefeaxi s.

[0015] In a ' . ' tion th
o F ovi dedt B Hsor bidmbiid o, 3iBpb s phRIBA S R¥pobE O 0 1DCLP
pl unb. o The masgded fo thelsuppart, tbe ginabdllad gyrasoope iedutingza fiywleel The mass i s
rot at abl e

rotatable about a spin axis; a weight mounted to the gyroscope to exert a
force on the flywheel to align its spin axis relative to the support, toward the
gravitational axis; a laser mounted to the gyroscope, to emit a light beam
along an axis having a fixed orientation relative to the spin axis.

[0014] In accordance with another aspect of the present invention there is
provided a laser plumb including a support; a gimballed mount mounted to the
support for rotation about first and second mutually perpendicular tilt axes; a
flywheel supported by the gimballed mount, rotatable about a spin axis
perpendicular to the first and second tilt axes, a weight mounted to the
gimballed mount, to having a centre of gravity beneath the first and second tilt
axes; a laser coupled to the gimballed mount, having a fixed orientation
relative to the spin axis.

[0015] In accordance with a further aspect of the present invention there is
provided a method of generating a laser plumb line, by way of alaser plumb.
The laser plumb includes a laser mounted to a mass. The mass is rotatable
about a spin axis. The spin axis is tiltable about at least one tilt axis normal to
the force of gravity. The spin axis tiltable with the mass. The method
includes, generating a laser beam along a beam axis, aligning the spin axis
with the force of gravity; and rotating the mass to gyroscopically stabilize the
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about a spin axis. The spin axis is tiltable about at |east one tilt axis
normal to the force of gravity. The spin axis tiltable wth the mass. The
met hod i ncl udes, generating a | aser beam al ong a beam axis; aligning the
spin axis wth the force of gravity; and rotating the nmass to
gyroscopically stabilize the -3 | aser beam al ong the beam axis. [0016]

O her aspects and features of the present invention wll becone apparent
to those of ordinary.skill .in the art upon review of the foll ow ng

descri pti on '&er SpATANY VEPEAMEIEs of the invention in conjunction with
the acconpanying figures. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0017] In the
figures whi ¢oo16]l usdHthai sspartsad febtusesofithe praskext ineml'mhimiﬂlbbs?mef t he
present invention 018] . FIG | isS. erspective view a. | aser pl unb,
Exenpl ary oeparvenbibOgsererelient s B ERIBORvYEw S T Blefingl & oA 1e a
top plan vi gesedptidndhssedfic &MBodirfeRts & therthvehtidr iecohjuncliédRhtid G 2B is a
side elevational view of the base of FIG 2A; [0021] FIG 3 is an enl arged
el evat i onal aFFRUPFIYING iIgWes. poi nter assenbly of the laser plunb of FIG 1;
[0022] FIG 4A - 4Cillustrate bearing assenblies of the | aser plunb of

FIG 1; [0023] FI gRiefBebdcrIPTGN o eHEIDRAWRIGSbeari ng assenblies for use
in the laser plunmb of FIG 1; [0024] FIGS. 5A and 5B illustrate a vertical

poi nt er assenblé including second and third |asers form ng part of the
Caser pl unp (9178 GIn the §ayBesvhieh diysiraie biiuees @mple paly camBPYEIeALE ¢

vertical poigpiffpraséftiidntisn, for use in the laser plunb of FIG 1

[0018] FIG. 1 is a perspective view of a laser plumb, exemplary of an

embodiment of the present invention
[0019] FIG. 2Ais a top plan view of a base of the laser plumb of FIG. 1;
{0020] FIG. 2B is a side elevational view of the base of FIG. 2A;

[0021] FIG. 3 is an enlarged elevational view of a floor pointer assembly of

the laser plumb of FIG. 1;

[0022] FIG. 4A - 4C illustrate bearing assemblies of the laser plumb of
FIG.1;

[0023) FIGS. 4D-4E illustrate alternate bearing assemblies for use in the
laser plumb of FIG. 1,

[0024] FIGS. 5A and 5B illustrate a vertical pointer assembly including
second and third lasers forming part of the laser plumb of FIG. 1;

[0025] FIGS. 5C and 5D illustrates alternate vertical pointer assemblies,
for use in the laser plumb of FIG. 1;

[0026] FIG. 6A and 6B are perspective views of a base of the iaser plumb
of FIG. 1, in operation;

[0027] FIG. 7A and 7B are side elevational views of the laser plumb of
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[0026] FIG 6A and 6B are perspective views of a base of the laser plunb
of FIG 1, in operation; [0027] FIG 7A and 7B are side el evational views
of the laser plunb of -4 FIG 1, in operation; and [0028] FIG 8 is a front
el evational view of an alternate |aser plunb, exenplary of another

enbodi nent of the present invention. DETAI LED DESCRI PTION [0029] FIG | is
a perspective view of a laser plunb 10 exenplary of an enbodi nent of the
present invention. As illustrated, a |laser formng part of a pointer

assenbl y 18 FIG. biilyepenafign#idnt ed to a base 28. [0030] Specifically, floor
poi nter assenbly 18 extends fromthe base of a notor 16. Mtor 16 and

poi nter assqniia] lFi6! & isSapont dievhtiyiaPview epPaf alté@aleaBget pumbr ane 24 that is
nounted to a first generally square frame 26 by bearing assenblies 22b and

22d (i ndi vi é¥amplarsatanasherambadimentniihe pigsenidg@mipnes 22) to al | ow
pivoting about a first tilt axis 32 (i.e. the y-axis). Franme 26 in turn,
I s hinged by bearing assenblies 22a and 22c (al so bearing assenblies 22)
on two opposed vertically extending supports 34 that extend upwardly at
right angles frombase 28, for pivoting about a second tilt axis 30. The
first and secondDETALERBESGRIPRPNal |y perpendicul ar. The centers of
gravity of franmes 24 and 26 are al so preferably coincident. Consequently

frames 24 angozdfj f qIE@) fid Mpepestivei vidabl £hsePpiint 10 edrhplanpsfidit er assenbly
18. [0031] Ebtz(zﬁ 16 is co%\glgg to drive a fl \?vheel 14 toﬁrgfgte about spin

axis 20 mambmﬁrnentmth@pr@nemtgnmtﬁonq&siilbﬁﬁgtep,aﬂﬂﬂe@formg)paﬁ Plaheel 14
may i nclud oﬁé%%gmb%%%ﬂq%@mg&@dega gg nonent of inertia, and is

al so supporte ra its center of gravity intersecting the

first tilt axis 32
[0030] Specifically, floor pointer assembly 18 extends from the base of a

motor 16. Motor 16 and pointer assembly 18 are supported by a second
rectangular frame 24 that is mounted to a first generally square frame 26 by
bearing assemblies 22b and 22d (individually and collectively bearing
assemblies 22) to allow pivoting about a first tilt axis 32 (i.e. the y-axis).
Frame 26 in turn, is hinged by bearing assemblies 22a and 22¢ (also bearing
assemblies 22) on two opposed vertically extending supports 34 that extend
upwardly at right angles from base 28, for pivoting about a second tilt axis 30.
The first and second tilt axes are mutually perpendicular. The centers of
gravity of frames 24 and 26 are also preferably coincident. Consequently
frames 24 and 26 form a two-axes gimballed mount for floor pointer assembly
18.

[0031] Motor 16 is coupled to drive a flywheel 14 to rotate about spin axis
20 when motor 16 is energized. Optionally, motor 16 or flywheel 14 may
include a brake. Flywheel 14 has a high mass moment of inertia, and is also
supported by frame 24 with its center of gravity intersecting the first tilt axis 32
of frame 24. The orientation of spin axis 20 of flywheel 14 relative to base 28
varies with the orientation of frame 24. As illustrated, flywheel 14 and pointer
assembly 18 are in a fixed relationship so that pivoting of spin axis 20 also
pivots pointer assembly 18. That is, as pointer assembly 18 pivots about the
first and second tilt axes, so does flywheel 14. As will become apparent, the
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of frame 24. The orientation of spin axis 20 of flywheel 14 relative to
base 28 varies with the orientation of frane 24. As illustrated, flywheel
14 and pointer assenbly 18 are in a fixed relationship so that pivoting of
spin axis 20 also pivots pointer assenbly 18. That is, as pointer assenbly
18 pivots about the first and second tilt axes, so does flywheel 14. As

w Il becone apparent, the -5 high mass nonent of inertia of flywheel 14 and

its alignment with pointer . assenbly. 18 . increases the stability of plunb 10
during ol uniatneToBRRent A pRRR ¥ prel 4R Wb PoRdY,

hori zont al - yesdrnbI3118ANErBaSEs thastauiiy wf Alambo didingplerasiagd and third |asers
Is | ocated at the highest position of plunb 10 and is also nounted to

frame 24. [Q033] Optionally, plunmb 10 may, include a conpass 36 that may be
used to Ioéﬁ? rrad'i‘n@?_q 'H“‘Hét?‘ﬁ?mgge'ﬁ‘eé‘tvc%fwgg%h%@oﬁﬁj'vgg'cﬁlﬂ'?tEUI ar usef ul
it plumb 1Qskembyag ihdludihgsBEord arPiel Naketrd RNocdte@bethaltighestonpass 36
extends frombasé 28 and s sufficiently magnetically isolated so that any

metal f or niPagitipa ef plgmbilQamd isclsp@9uRted ta frel®24oper at i on of conpass 36.
[0034] An exenplary base 28 of plumb 10 is illustrated in greater detail in
FIGS. 2A ani%@%l A%ﬁtiohﬂﬁ%;ﬁ}rﬁﬁw ndidd Sebigass 86 Hatmy Bé Used ar ring

70, defini openi ng Feet 72 in the formof studs are |ocated at
equal angultelocgiesnagretic nasbutSuchconpass $6enax ke PaREHar weelsbif t om of base

28. Feet 7 1lLrhl’.t?w: ggueétgdggmhihg o$E@@értq)c:tign.mn’g?ereﬂgp@aebmg‘lgsslﬂe btefysiced on a

resting surtace. are pre a urable material, such a
rubber or [iloasbase 28 andiistsufficierdlyweagnetioallyvtisclatedBqubat anygpeatabd | ocati ng

ubber or o . Bél 31y .
B Temovab o OqungPARES bl et BRedtprbtdh Boarbl®s 88: o/ i cal 1y above

the circular ring 70 in an accurate manner to obstruct opening 82. Plate
74 has hol ef003#]t Arpexemplaryi bassi2B8eof plunipd istilusiraled in dreater detail ji ns 76.

Pl at [
ate 74 | n?l&g.eiA%nd 2B. As illustrated, base 28 includes a sturdy circular ring 70,
defining an opening 82. Feet 72 in the form of studs are located at equal

angular positions about ring 70 and extend from the bottom of base 28. Feet
72 provide kinematic stability when the plumb 10 is placed on a resting
surface. Feet 72 are preferably made of durable material, such a rubber or
plastic, to withstand wear and tear. Equally spaced locating pins 76 extend
upwardly from the top of circular ring 70. These pins allow a removable
generally circular plate 74 to be placed concentrically above the circular ring
70 in an accurate manner to obstruct opening 82. Plate 74 has holes that
coincide in size and position with locating pins 76. Plate 74 includes a
plurality of markers 80 in the form concentric rings. As will become apparent,
markers 80 of circular plate 74 may be used to determine the angle of tilt of
any support supporting plumb 10. Markers 80 may further include numerals
indicative of the angle of tilt. Compass 36 may extend from an edge of base
28.

[0035] Floor pointer assembly 18 is more particularly illustrated in FIG. 3.
As illustrated, floor pointer assembly 18 includes a laser 50 that generates a
laser beam along a beam axis. This laser beam points in a generally vertical
direction so that it can be used to vertically align horizontal-vertical pointer
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pIuraI |t y of mar ker”s 80 in the formconcentric rings. As will becone
apparent, nmarkers 80 of circular plate 74 nmay be used to determ ne the
angle of tilt of any support supporting plunb 10. Markers 80 nmay further

i nclude nunerals indicative of the angle of tilt. Conpass 36 may extend
froman edge of base 28. [0035] Floor pointer assenbly 18 is nore
particularly illustrated in FIG 3. As illustrated, floor pointer assembly
18 i ncl udes 50 t hat gener at ase a n beam axis. This
Faser  beam FEPIEN 2 1 ejaien 844 prestitadhgint i ele it OPRaT e L oan be Loed
to vertical |Iééeﬁ50§§1mﬁgﬁka%r@a YéHitkdl foMgitO@hat5ds offlod? peiftdrassémbly rel ation
to a prescribed point. In the illustrated enbodi nent | aser 50 i's nounted
along a cent"ﬁalopt@ﬁgﬂ){- cﬁ'?%ﬂe SAdhat isoepe@dy cyindrcalin éé%%@” 8.8.

Optional |y, i n shape extends
about poi ntg? {sen‘% égsfwg%t%btgﬁqﬁ%g%%%%hﬁﬂ{dt&rr'g‘ltsor 16. [0036] As

not ed, pointer assenbly 18 along with flywheel 14 are nopunted to base 28

by the gi mhdP038) nAsNOtedmeinteasseMbies along ydthfywheg! ?‘aﬁ@SmQWte‘and 26
pi vot about 6p5§éz§ Rgiheagaﬁ&yaué@nmﬁffogﬂsd effrsaatee %dczfs o3 of laser

50. Conveni en entation of beam axis o l'aser 'S par aI lel to
spin axis 20d@6 pivopabeel theid tilt RRES Bp ddeadhe orfientation efbeam gxisiof lagernf t he

notor 16, slee 52 angd f I | ' r beari ng
asseri i es 293 CossRn@hly. g Bhem RO To o 8V Bl or a0 § eSO, "re)
motor 16 sl eRise205f figwtledloimt er assenbly 18 acts as a gravitational

pendul um supported by the ginballed nount fornmed by frames 24 and 26. The

i ght f d h 2 [
Al ow ree SPEUT noede pRdeglelsr 8y e mlr € BaR AR b o pi n e
20 of flywherintdrhssémblyi 18 ishewertpaebeairrassehiblies 284 yaehs @2c bhdi22dnot

rotating about its spin axis 20, tilting of franmes 24 and 26 to
(and thus first and second tilt axes) motor 16 sleeve 52 and pointer assembly

18 acts as a gravitational pendulum, supported by the gimballed mount
formed by frames 24 and 26. The weights of the motor 16 and the sleeve 52
are generally sufficient to allow free pivoting of the gravitational pendulum,
and thus the spin axis 20 of flywheel 14. As will be appreciated, while
flywheel 14 is not rotating about its spin axis 20, tilting of frames 24 and 26 to
align assembly 18 to the force of gravity is only resisted by the friction of
bearing assemblies 22. Optionally, an additional weight 54, in, for example
the form of cylindrical ring, may be fitted to the sleeve of the pendulum and
floor position locating assembly 18.

[0038] Example bearing assemblies 22, 22’ used to mount frames 24 and
26 (that may be used as assemblies 22a-22d, FIG. 1) are further illustrated in
FIGS. 4A4F. As illustrated, an example bearing assembly 22 is formed of a
rotating shaft 62 mounted on a bearing 60. Optionally, bearing assembly 22
may include damping to reduce settling times of frames 24 and 26 (FIG. 1).
As illustrated in FIG. 4C, the bearing assembly 22 may include a fluid
container 64 that houses a viscous fluid 66 in fluid communication with shaft
62. Essentially, the viscous fluid 66 inhibits the rotational movement of shaft
62. Of course, container 64 and shaft 62 should be sealed to avoid fluid



—

align assenbly 18 to the force of gravity is only resisted by the friction
of bearing assenblies 22. Optionally, an additional weight 54, in, for
exanple the formof cylindrical ring, my be fitted to the sleeve of the
pendul um and floor position |ocating assenbly 18. [0038] Exanpl e bearing
assenblies 22, 22' used to nount frames 24 and 26 (that may be used as
assenblies 22a-22d, FIG 1) are further illustrated in FIGS. 4A-4F. As
il lustrated, an exanple bearing assenbly 22 is fornmed of a rotating shaft
62 mount ed &Fekégﬁeari ng 60. Optionally, bearing assenbly 22 may include

- danping to reduce settling tines of frames 24 and 26 (FIG 1). As
i ' ustrat ed [0089F GAr&Rerhdtiveldznipeddhensing mbsemBly 22bjlustrates theFISS. 40 d
cont ai ner 64 t . houyses a viscous flui.¢d 66 jn.fluid co ni ion with
chaft 6. et dRindHes BehansrEBERncte it moualeR ih Pt ity AR B
nmovenent of b‘éhﬂﬁ? as$bbl{R2C gHa 62’ sHollchdormBd offedroditineti® 3r Meided be
sealed to avoid fluid -7 | eakage. [0039] An alternatjve danped bearing
assenbly 224a fPITPG‘@SF%‘!Ce%ttqcﬁ”ﬁngis'rh@lﬂﬁgr&ﬁ@fQE'"PWSI'U%EE peereaynt magnets 68
nmounted in e M AVR ' Q.Fﬂ; ' haft 62
shoul d be f@’r5 %ﬁcfm S%ydfléetgrr‘%rrg%tﬁ\vgtg ﬁéheoéﬁé}ﬂnc déemgg;ﬁg@rggﬁaﬁégméattachrrent.
The degree atredgthpftiye magneéts. al t ered by varying the di stance between the
shaft and permanent magnets and the strength of the magnets. [0040]
Hori zont al - hcal | 149) i particularly
Il lustrat ed\tlet?#dlll .&%?\Hfaaﬁge@%a?é?{%és%ﬁ&ghﬁi%%@'%%f’r'gﬁi&?op and side
pl an vi ews @articstasiyiilustraied in E4G8cIA wotl pB. (FISS| 5A apd 58 idstrate tapnand, 12
i ncl udes twg; LT | , - t hat, . | ints
vertical l ym%boge\?é?%g%gjlg é’%&gﬁﬁ{éﬁgl"g e%?.g%té’%&)]eﬁ?‘gﬁfﬁééqé%ggﬁpﬁ 1(e)"’(ciui l'ibrium A
further | asdncludes tevo atlditiophl laserg] @ ldser 4@ that is4ixed andipeint®vertieallyw t hin a

| ane that is no
P upwarcE

snglloné 819 plumb line when plumb 10 is in equilibrium. A further laser
42 at a right angle to laser 40 can be rotated within a plane that is normal to
the plumb line. Vertically extending laser 40 is mounted on a stationary base
46 that is essentially a low profile solid cylinder that extends upward from
frame 24 (FIG. 1). Laser 40 preferably extends co-axially with the axis of
rotation of flywheel 14. Laser 42 is mounted on a movable rotary base 44 that
is essentially a circular ring that fits and rotates freely about the stationary
base 46. Laser 42 is mounted at the rim of rotary base 44, and thus will point
in different directions as laser 42 is rotated about stationary base 46. A set
screw 48 allows rotary base 44 to be locked in an angular position relative to

stationary base 46.

[0041] Alternate horizontalfvertical laser pointer assemblies 12’ that may
be used in place of pointer assembly 12 are illustrated in FIGS. 5C and 5D.
As illustrated, two lasers 40 and 42 may be replaced by a single laser 40’ and
a suitable beam splitter 58 or prism 58°. Beam splitter 58 (FIG. 5C) is
rotatable about its central axis, and is mounted atop vertical laser 40°’. Beam
splitter 58 ensures that a vertically directed beam emanating with laser 40’ is
split, so that a 50% of the beam is directed in the vertical direction, and the
other 50% of the beam is directed in a horizontal plane perpendicular thereto.



the plunb line. Vertically extending |laser 40 is nounted on a stationary
base 46 that is essentially a |low profile solid cylinder that extends
upward from franme 24 (FIG 1). Laser 40 preferably extends co-axially with
the axis of rotation of flywheel 14. Laser 42 is nounted on a novable
rotary base 44 that 1is essentially a circular ring that fits and rotates
freely about the stationary base 46. Laser 42 is nounted at the rim of
rotary base 44, and thus will point in different directions as |aser 42 is
rotated abo&otaimofeputwsbmums contebaxis sonisgls 4s @@tu@lmentﬁtlanpf base 44 to

be | ocked

At ernate hai DoriRRi BeaRiiiin e AENE Alinatient ebtidanis sreRfsec; L OO0

xzedl : n Flr gggmsnaglﬁatretataﬂeabbdltyts]@n&aleams magﬂaea:dan:dlmoﬂas& 4|B’Ctoiand 5D40
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is rotatable about its central axis, and is nounted atop vertical |aser
40' . Beam ¢p042]t erA ﬁﬁt_abnseleemcbbwbr wp;ﬂzytoirpeirvbmgihmﬁnrtﬁcbrtddamrsnanati ng

with | aser 40 lit, t hat 50% of d t ed h
Verti car - ai D42 8nd SR imex v RousiRin Snampiprialeiousii hat mey beriginted s
horizontal R BRfnEPRY, B‘?ﬂ?ﬂy%él Sepak A8 tI%drBfromS Fidentd 8acHDSf 1as8rs 40DE42 58 about

its central axis controls the actual orientation of the hor| zontal beam

within the @ndﬁeanmrﬂ@mﬁ36|wtgﬁlnﬁeﬁ>@1ﬁsoﬁbﬁ%d indjvigyalig contrelled, 5p) al so
rotatabl e a%‘ﬂH\M hioPt l&?nﬁr@ﬁgﬁ %é&?shﬁsﬂ o of 0 redirect

o%ﬁ%rgl
a vertical beam rom aser 4 or| zont ane when required. [0042]
A suitabl e ehaot. rOpthrmehaswdpfﬂmtorpw bﬁgvarrmddhr%hmtrpb@étﬁs 40, 42

and 50 may unted to

pl unmb 10, %%»@Pg@@ﬂ%e ?ﬁg %%B%gmgngp%@g@gﬁﬁpﬁa%grs 40, 42 and
50 and not ormdrﬁemavy éiﬁtdnnﬂsgﬂbé\dgéﬁ {oybringdhé retatiortofethé ynatomdndoiiywhdel al | owi ng
an operator to ePerglze one or nore of the lasers 40, 42 or 50 or

[0043] In operation, plumb 10 is placed above a point to be plumbed on
fioor or the like, as best illustrated in FIGS. 1, 6A-6B and TA-7B. Motor 16 is
preferably not initially energized: flywheel 14 thus does not initially rotate
about its spin axis 20. Downwardly extending laser 50 is aimed at a point of
interest. Laser 50 remains generally plumb as frames 24 and 26 pivot about
bearing assemblies 22a-22d under the influence of gravity on laser 50 (and
motor 16 and sleeve 52). The force of gravity on laser 50, motor 16 and
sleeve 52 also pivot flywheel 14, so that its spin axis 20 aligns with the

gravitational axis.

[0044] Once laser 50 is plumb its beam axis is aligned to the gravitational
axis. Vertical laser 40, in turn, points vertically upward, and defines a plumb
line. Laser 40 will project a point upward toward any ceiling, and directly
above the point of interest. Horizontal laser 42, points in a horizontal plane,
normal to the plumb line. The direction of horizontal laser within the plane may
be adjusted, by rotating rotary base 44 relative to stationary base 46. Once
laser 42 points in the desired horizontal direction, locking screw 48 may be
tightened. This fixes the angular orientation of horizontal laser 42 relative to



notor. Optionally the speed of notor 16 can be varied through control of
its power supply. If flywheel 14 or notor 16 are equi pped with a brake, a
nonentary switch may be used to bring the rotation of the notor and
flywheel to a halt. [0043] In operation, plunb 10 is placed above a point
to be plunbed on floor or the like, as best illustrated in FIGS. 1, 6A-6B
and 7A-7B. Motor 16 is preferably not initially energized: flywheel 14

Lhus does nalsshbl /12t brévahPhfinePhBibn. ¢ 2a e oS n BONBHGIH Y

ext endi ng | Laser

general ly pIandhoazorftalaaw@%amdeﬁﬁe@to/dmteamoetthe peiatinghdirectmerditiees 22a- 22d
under the infl. ue3 el rlf’%le ggty on laser 50 (and notor 16 and sl eeve 52).
The force of OGrAURLIevel/FeL88; " 50, notor 16 and sleeve 52 al so pivot
flywheel 14, so that its spin axis 20 aligns with the gravitational axis.
[ 0044] OﬂCG[DM&?r Now, onek lager Euenblswb@nh aldng pﬁi’él@hﬁihb@ra\}mngnavi tati onal

axis. Verti cal ase nts v cal ly up and defines a
plunb Iine®a b h%qanmqﬁber ﬁ&“ﬁ?r {ﬁ)&ﬁ?“d'egbtﬁdp teolR/a cei ling, and
directly a%‘?é@cnb@@c@ﬁétﬁﬁt dHerétIngsfp%%H 1o k@billéé’ﬂ{eaéné@&ﬁfn dfpoiriéri Nts in a
hori zontal plane nor mal | ine._ The direction of horizontal

| aser withi rassmblwﬂanenqhﬁws 'é@réé LJ%Q@@F’ 4%yRPE?ct'39 ifyheet14 i base 44
relative to hj%hbﬁmk @m&?aué@méam%do?ﬁ@fweapwsﬁd hBortdiinteesi r ed

hori zont al rect I on, cking screw t1ghtened. This fixes the
angul ar ori assunblgnacactms a gyrasadbpe, stabiliziry the losiehtation of the spiivaxidl y 12 to

prevent 1 ur sy niBhiaNs LABIALES R MSTAR aAgIE Rlohetfumfd hor { zont a

| aser 42 ma termne ointing direction of the horizontal
| evel | aser ﬂ?@heél@%‘é}sls&nmy pETuebatanaf spib axis 26ofdlyederl td.ong parallel to

ﬁ Qgt g[ gwr g? Qchj\gglgu% ﬁ({ ﬁfe Jr{e%}’\éqi%ﬁlof pom{m >z/assem&y 1% is S|Pr¥larly st |Izgcr1 iL6 from

this way, plumb 10 is ideal for use in environments where stability is required,
or in the presence of perturbations from external forces, such as gusts of wind
and vibrations caused by proximate machinery and debris.

[0046] Downward extending laser 50 creates a light spot on the point of
interest, through opening 82 in base 28. Thereafter, tilt measuring plate 74
may be interposed between the point of interest and the beam of laser 50, on
base 28. The tilt of the floor may be determined by reading gradations off the
position of the laser light spot in relation to the concentric markings on the
circular plate 74. For example, FIGS. 6A and 7A illustrate plumb assembly 10
on a level floor. By contrast, FIG. 6B and 7B illustrates plumb 10 on a tilted

floor, having an angle of inclination 8.

[0047] The height of horizontal laser 42 from the locating point is simply
given by h2 + h1/cos 8, where h2 is the distance between the second tilt axis
30 and laser 42, and h1 is the distance between the bottom of base 28 and
this tilt axis, as illustrated in FIG. 7B. In the case of a horizontal floor, as
illustrated in FIG. TA, the height is merely given by h1 + h2. For a tilted floor,

the tilt angle © is obtained using measuring plate 74, as detailed above.

[0048] As should now be appreciated, a stabilized laser plumb need not
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prescri bed constant operating speed to stabilize the orientation of pointer
assenbly 18, and thus lasers 50, 40 and 42. Rotating flywheel 14 in
conjunction with ginballed nount supporting flywheel 14 and floor pointer
assenbly 18 acts as a gyroscope, stabilizing the orientation of the spin
axis 20 of flywheel 14 and pointer assenbly 18. The angul ar nonment um of
fl ywheel 14 resists any perturbation of spin axis 20 of flywheel 14.

Consequent |y, e ori ti on oi n er ass 18 is Si ar |

Stabi 1| zed. Tickida s detlsd ma DicasZRrBl AxsimPbRITILEMS: s wher e
stability | abRAbe fiRdified® ré;ﬂbéehﬂe@irﬁsmeenﬁimmﬁmdarﬁamé,ﬁ%zi BAE ext er nal
forces, such as gusts of wind and vibrations caused by proxi mate machi nery

and debri s. 2800thanatheimen. éetfererample iysiratsd inFic Sxoiter aggemllyot on the
poi nt of W&%ﬁ%be ﬁBD%ﬂ%bﬁQ@Bb@Z@g%%\xy‘é% fsaTFtﬁﬁte der, tilt

measuring plate nt erposed en t nt of interest and the
beam of | asdlusBatedothis tumwsalaommytblelfomaﬂd aharing éérvwﬂmya peg Mmaust m ned by

{he. concant AccoRanRg Riyetfor fEH 3 Rl Fxgheaibibr AL e b S ' 6 1 ©

and 7A il ugkrdvitye Qthervaoasts erd biynilaf possnaeJ evel floor. By cont rast, FIG 6B
and 7B iIIustrates pl unb 10 on a tthed fl oor, having an angl e of

i nclination The ht 0 ri | aser 42 fro thelocatlng
point is si r‘&l’%?[] gi &y Eﬁ? cmel 89@5’“6&1’8#’%‘5'%"”@’%98‘? e between
the second flidstrafve énly 8Ad #Ro Wag Gmitihg. Thedidadribed émBodlehanste bet ween the
bottom of base 28 and this tilt axis, as illustr G 7B. In the

case of a h&AITYBEEY the igwantion are susqepliblgde many rrpq(%cayg\nsp @MRei ght i s
merely givengipg Ql‘nef‘it %Jaﬂ%oﬂetﬁllé brlld %ef bﬂﬂieratldﬁwrﬁélh@erﬁib@l' Fﬁt@eﬁ B obtained

usi ng nmeasuring plate as detail ed above. [0048] shoul d now be
appr eci at ed intandedilei aricoawpass ek sugh i!ilﬁﬁlﬁﬁ%tm wighin lt&@CQDﬂ; padefiaedbyibal | ed
mount for itsS. Pqise er assenbly. As such, plunb 10 coul d
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easily be nodified to replace the ginballed nmount formed by franmes 24 and
26 with another nount. As for exanple illustrated in FIG 8 pointer
assenbly 18 could be nounted above base 28 by way of a universal joint. As
illustrated, this universal joint may be forned as a ring 44 within a ring
nmount 46, allow ng pivoting of weight 50 about two axes perpendicular to
the force of gravity. Other nounts are simlarly possible. [0049] O
course, the above described enbodi nents are intended to be illustrative
only and i nywgATas gUAMEDWS: The descri bed enbodi nents of carrying out the
I nvention are susceptible to many nodifications of form arrangenent of
parts, details, and order of qgperation. The invention, rather, is intended
to enconpasé-d?‘ﬁ"%DE'H"ﬁE?WPEQPQon within its scope, as defined by the
claims. WHAT IS CLAIMED IS: 1. A laser plunb, conprising a base; a
support, extendi agakeom said base; a rotatable nass pivotably nounted to
sai d support, for rotation about a spin axis and pivotable to allow
tilting of said spin axis.relatjve sai,d support about a first tilt axis
per pendi cul ar toaéaPM-p‘?"he’hd'ﬁ%*P'B%ﬂ)é%ﬁl?F- nmounted to said mass beneath said
first tilt axis to align said spin axis under the influence of gravity; a
| aser nount ed t oasatathhlemgss pivotabiymnbuated dasaidfsuppoftfoafotatipnaatioshen  axi s,

sai d beam axis pivotable w.t ai.d ss,.under_the.influence of, gravity, so
2e Lo extend i n SPEREAT PudebEio alPRAE T s R AL AR e Sravi i)
when sai d wei ght siyspdrhal®siiial firitrtitunas pstpendib@ar tofsaitpgpieaxs; gravity; a notor
to spin said mass about said spin axis, so that the angular nonentum

attributable to g%qurqtor%gl}n gtlj Fo snaq %assg%%hcleét es%uidS t?r'sfjhlg &aslo align said

spin axis under the influence of gravity,

a laser mounted to said weight, to emit a beam of light along a beam
axis, said beam axis pivotable with said mass under the influence of
gravity, so as to extend in a fixed direction relative to the direction of
gravity when said weight is in equilibrium under the influence of gravity;

a motor to spin said mass about said spin axis, so that the angular
momentum attributable to said rotatable mass stabilizes said laser.

2. The plumb of claim 1, wherein said rotatable mass is pivotably mounted to
said support, for pivoting about a second tilt axis perpendicular to said first
tilt axis and said spin axis. '

3. The plumb of claim 2, further comprising a first frame and a second frame,
said second frame supporting said weight and said mass, said first frame
mounted to said support for pivoting about said first tilt axis; said second
frame mounted to said first frame for rotation relative thereto about a
second pivot axis, normal to said first axis.

4. The plumb of claim 3, wherein said support extends normal to said base.

o

The plumb of claim 4, wherein said base comprises markings to measure
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2. The plunb of claim1, wherein said rotatable mass is pivotably nounted
to said support, for pivoting about a second tilt axis perpendicular to
said first tilt axis and said spin axis. 3. The plunb of claim2, further
conprising a first frane and a second frane, said second franme supporting
said weight and said nass, said first frane nounted to said support for
pi voting about said first tilt axis; said second franme nounted to said
first frame for rotation relative thereto about a second pivot axis,
normal to sai (P #¢gree ohdefectian ofsrid peamaxty remArid BIPPARer ei n sai d support
extends normal to said base. 5. The plunb of claim4, wherein said base

conpri ses gy ki{gsiubd df%‘fr‘r%ewh@?elﬁséﬁﬁ%&ﬁm@g aﬂ,ﬁéﬂr&ﬁ‘décﬂﬁ aPlurahtybrbeam axi s

fromsaid support. 6. The plumb of claimb5, wherein said markings are
arranged in a Qﬂr@ﬁﬁﬂﬂpwdéﬁon@@ﬁ’déﬂﬁﬁrl c circles on said base. 7. The plunb
of claim®6, wherein said base defines an opening and further conprises a

remvabl e p'ratﬁh BRI cishiles] WheRHh S8id b2k defidARBbENIRG BhE furltR! | Ng sal d

mar ki ngs. urrb o claimb urther conpri si ng first bearing
assenbly to mmprlsgauademqvgblefmanéot:@vegéa@ apgpiies saifsemEValie iPlde about sai d
first tilt axi d bearing assenbly to nount said second frane
to said first %aéﬁg%aﬁlorpa \ﬁ%’ti ng about said second tilt axis. 9.- The plunb
of claim8, wherein said first and second bearing assenblies are danped,
to danp nov@reThe plmbenfdigimit furthen sorptising afiost Dearing aaserably &0 miownd, wherein

each of sal d heg g A3RSRULLRS b ML B8L| 16 R G axlarlPg Pl U of

claim9, net im pr bear|
assenbly, to dsstpnddedrinpassemily of meanicsaibsedond fmtdﬂa]d fi rstframe

for pivoting about said second tilt axis.

9. The plumb of claim 8, wherein said first and second bearing assemblies

are damped, to damp movement of said pointer assembly.

10.The plumb of claim 9, wherein each of said bearing assemblies is

hydraulically damped.

11.The plumb of claim 9, further comprising a magnet in proximity to said

bearing assembly, to damp said movement of said pointer assembly.

12.The plumb assembly of claim 2, wherein said laser is parallel to said spin

axis.

13.The plumb assembly of claim 2, further comprises a second laser mounted
to said weight to produce a laser beam parallel to said beam axis.

14.The plumb assembly of claim 13, further comprising a third laser mounted

to said weight to produce a laser beam normal to said beam axis.

15.The piumb assembly of claim 14, wherein said third laser is rotatably
mounted to adjust orientation of said laser beam within a plane, normal to

said beam axis.

16.The plumb assembly of claim 2, further comprising a compass.
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12. The plunb assenmbly of claim2, wherein said laser is parallel to said
spin axis. 13.The plunb assenbly of claim2, further conprises a second
| aser mounted to said weight to produce a | aser beamparallel to said beam
axis. 14.The plunb assenbly of claim 13, further conprising a third |aser
nmounted to said weight to produce a | aser beam normal to said beam axis.
15. The plunb assenbly of claim 14, wherein said third |aser is rotatably
nounted to 39jﬂﬁt orientation of said | aser beamw thin a plane, normal to
sai d beam axi's? 14FERIAT Fﬂﬁ@”gggenbly of claim2, further conprising a
conpass. -13 17. A laser plunb conprising a nmass that is rotatable about a
spin axis, said smsassithatis estatablesabcut pspirt axis) sael pesemohtedabaut two axes,
said two axes perpendjcul ar. to  each other and said spin axi.s,; a,laser
mounted to sai d AU EbeRlyqRleaBolt g Pes s B0 PertepENYiBUIabIc
support, as sai deggssthephnd ssidabmudxigai d spin axis. 18. A laser plunb
conprising, a support; a ginballed gyroscope nounted to said support, said

gi nbal | ed gyroscope conprising.a fl eel. rotatabl e about.a spin axis; a
Rel gt mount ed & 8 18ser sl mgstyl8 rrantaoRdeaa @ Hants bt o
align its spin ayispdrelasishiembss @dtds abGRGAId spivagsd the gravitational

axis; a laser nounted to said gyroscope, to emt a light beam al ong an axis

having a fixed orientation relative to said spin axis. 19.A |aser plunb
conprising 18-A@sEHPuMb comprising,

a support;

a gimballed gyroscope mounted to said support, said gimballed
gyroscope comprising a flywheel rotatable about a spin axis;

a weight mounted to said gyroscope to exert a force on said flywheel to
align its spin axis relative to said support, toward the gravitational axis,

a laser mounted to said gyroscope, to emit a light beam along an axis

having a fixed orientation relative to said spin axis.
19.A laser plumb comprising
a support;

a gimballed mount mounted to said support for rotation about first and

second mutually perpendicular tilt axes;

a flywheel supported by said gimballed mount, rotatable about a spin
axis perpendicular to said first and second tilt axes;

a weight mounted to said gimballed mount, to having a centre of gravity

beneath said first and second tilt axes;

a laser coupled to said gimballed mount, having a fixed orientation

relative to said spin axis.
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a ginballed nount nmounted to said support for rotation about first and
second nmutual ly perpendicular tilt axes; a flywheel supported by said
gi nbal | ed nount, rotatable about a spin axis perpendicular to said first

and second tilt axes; a weight nmounted to said ginballed nount, to having a
centre of gravity beneath said first and second tilt axes; a |aser coupled
to said ginballed nmount, having a fixed orientation relative to said spin
axis. -14 2Q. A netho f generatjn |l aser plumb Line, b y of a |aser

pl unb conp%ioﬁ)f‘ﬂbe.th%cd?fg%eé%r%ﬁlgrﬁ f@ag‘[@uﬁ‘%ﬁﬂass@ @QY&*%@PW%I e about a

spin axis, saigmginy:axis tiltable about at least one tilt axis nornmal to
the force of gravity, said spin axis tiltable with said mass; said nethod

conprising, generating a |laser beam al ong a heam axis. aligning.said spin
SIS Lo the or avPiase GG Mast.aa s Bosh e pReato B FPLEh I |y
stabilize said | gsiRfaxienEble?hstid abRiask diRAN 4d formal to the force of

gravity, said spin axis tiltable with said mass;

said method comprising,
generating a laser beam along a beam axis;
aligning said spin axis to the gravitational axis;

rotating said mass to gyroscopically stabilize said laser beam

along said beam axis.
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