1 STABILIZED LASER PLUVB FIELD OF THE | NVENTI ON The present invention
rel ates generally to plunbing devices, and nore particularly to a |aser
plunb that is stabilized. BACKGROUND OF THE I NVENTION A plunmb is a device
used to ensure alignnent along a particular axis, exploiting the force of
gravity. Plunbs are used extensively in fhe construction and mini ng
i ndustries. Asinple plunb is formed by attaching a pointed weight to a
thread. Although inexpensive, . yﬁ) Wersom& to use: they take
along time to arrive at thei rssl%og;lr'?E n%?glég,tlﬂ Ibrium and may be easily
di sturbed. QG her plunbs nmake use of the gravitational orientation of water
bubbl es. These too, only gradua J ui l'i brium position, and
are easily perturbed. As Iaserskmggﬁwgygﬁﬂy avai |l abl e and
econonmi cal, they have been enployed in |aser plunbing devices. The | asers
of such devices ane al iéﬁr\ged iQ such devi qlez aII aong t he. ravidgati onal axis in
several different r{ﬁa@)'g?’ mvegloan][g oS PHETF 4P @%eé" 3r"ONOF si npl e
pendul um Typziricaldrly to hasser puminthat ipatdbdized.bet t er t han conventi onal plunbs as
the process of plunbing is | ess cunbersone and the tine to arrive at the
equilibrium position is shortened. In order to help the plunb settle
faster, sonme |aser plunbs arBACKGRPEIND OFCRHE INVENTIONIri um however, these
| aser plunbs do not have the ability to maintain their orientation under
the influence of external disturbances. In practical applications, it is
al most i npossi bl eA plandl is aideaice vskd & erdurdlaligntiepbalong a partkGdaase  pl umbi ng
gg? ag? lrjzghrg%qglcé}%sg tl'zmig Porgé[ cr>fLI g(%g\lljl{ygélutm%spaeré LgéJne)Rgr?sriJe){y i(l')\ rthé gcl>rlmstruction and

mining industries.

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.

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.

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.

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 structures to perform poorly or fail

catastrophically.



2 Another shortcom ng of existing plunbs is the inability to neasure floor
tilt. Such tilt information allows for inproved horizontal |eveling.
Accordingly, there is a need for an inproved | aser plunbing device. SUMVARY
OF THE | NVENTI ON An exenpl ary |aser plunmb includes a | aser, and a mass that
I's rotatable about a spin axis to stabi i ze the laser. The nmass is nounted
to a support to be pivotable about at |east one axis, and preferably two
axes. The two axe re perpendicular.to, each . other..and the spin is. The
‘aser is mount ed ABTIENAEEANDE e RInGRLTRES B PERIGL siePurlladr Bt o ¢ ne
support, as $uuvh tittasfermatioataiswa lfalmptdved sprizongatieveling. wei ght  bel ow 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 | aser aAecordinglyethetedistaheed dpmaT itnpioyved Igseniphinttenh devicd.. The
exenplary plunb optionally includes markings on its base to neasure a

defl ection of the |laser fromthe support, thereby all ow ng neasurenent of
the angle of inclination of SUMMARYEORTHEINVENTIONe base. | n accordance
wi th anot her aspect of the present invention there is provided a |aser

pl unb, including a base; a support, extending fromthe base; a rotatable
mass pivotably neuekemplag lades plutpinciudes ataseqtant iaohassxbat is otatable abous and

pivotable to_ allow .tilting, ,of the spin axis relative the. s or bout a
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of gravity; a |laser nted to the weight, to t a beamof .llght along a
boam ovi &) L Shehplsin MATES Shig sRsoTee Beerle frounRd 38 e Aass PrEsIaN tonce. of
gravity, so @fentdtiofXél8tieé tothéisdppordasline@ridsabtated) diouvhelspirt s AN weighti on of

gravity when the ight is in equilibriumunder the influepce of gravity, a
o 1o oot b e 8as hhs the R wirRE SrOGEidna axRdRalaliia e masant i
attri but abl eaioat tdspin akialstddiliResBASntatidnadiithd lassr. PRferdaByethe mass and laser

are mounted to the support by a gimballed mount.

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.

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
the spin axis, so that the angular momentum attributable to the rotatable mass

stabilizes the laser.

In accordance with a further aspect of the present invention there is provided
a laser plumb including a mass that is rotatable about a spin axis, the mass mounted

to a support to be pivotable about two axes, the two axes perpendicular to each other



I n 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 nmounted to a support to be pivotable about two axes, the two
axes perpendicular to each other 3 and the spin axis; a laser nmounted to
the nmass, to maintain its orientation rePative to the support, as the nmass
rotates about the spin axis. In accordance with yet another aspect of the

present inventjipn there i rovid | aser, pl unb .i ncl udi a support; a
O bal | ed gy BR8 5P R Brel BRURES e et PnERmBSp e Belubl

I ncl udi ng a thé guppeed, as tteahakd etatboabous trepspin axis.s; a wei ght nounted 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 nmounted to the

gyr oscope, to emlh aacdrdginde wigayet ahothgr aspeakofehd preisent iavdntise theve isesnt at i on

relative to the in _axis. .l ccor danc Lth anpt her aspect .of, the present
vonton ¢ rspided®ldtetin duFEEH BPGR. A bl hSte BRGNS W L bLrT o
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ravit enea e first and, secon ilt axes; a.laser u ta the
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accor dance wpirhaxs.f urther aspect of the present invention there is provided

a nethod of generating a |aser plunb |ine, by way of a |aser plunb. The
| aser plunb includes a | aser nounted to a mass. The nass is rotatabl e about
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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 center 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.

In accordance with a further aspect of the present invention there is provided
a method of generating a laser plumb line, by way of a laser 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 laser beam along the beam axis.

Other aspects and features of the present invention will become apparent to

those of ordinary skill in the art upon review of the following description of specific
embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

In the figures which illustrate by way of example only, embodiments of the

present invention,



O her aspects and features of the present invention wll beconme apparent to
those of ordinary skill in the art upon review of the follow ng description
of specific enbodinents of the invention in conjunction with the

acconpanyi ng figures. BRI EF DESCRI PTI ON 9: THE DRAW NGS I n the figures which
illustrate by way of exanple only, enbodinents of the present invention, 4
FIG 1 is a perspective view of a |aser plunb, exenplary of an enbodi nent of

the present inverﬁlﬁ?gifégeﬁsé@ttivg.v%ﬁ&pa B $|d$t§{vé\;l8@®?a6féf§ne%b8&]ﬁ1eb e

plunb of FIG 1, a Side elevationa base © |G 2A
FIG 3 is artheptesegidaveritienati onal view of a floor pointer assenbly of the

| aser plunmb of FIG 1; FIG 4A-4C illustrate bearing assenblies of the

| aser plunb of FIG 1; FIGS. 4D-4E illustrate alternate bearing assenblies
for use in the | ddér 2plisuatop pén Few.of 3;babé GRhelaseapinbBfiAIGustrate a verti cal
poi nter assenbly including second and third |lasers formng part of the

| aser plunb of FIG 1; FIGS. 5C and 5D illustrates alternate verti cal

poi nter assenbl i 64G. 2Biis aiside letevatitral viaweof the hase dFIGIZA 1; FIG 6A and 6B
are perspective views of a base of the laser plunb of FIG 1, 1in operation;
FIG 7A and 7B are side elevational views of the laser plunb of FIG 1, in
operation; and FIRBG. 8id an enlamgedtelevhtora viewalf avfioenpaihteaassenitdy ofthe ldsaser

pl unb, exerrpllarB/ Plf-'IG qnot her enbodi ment of the present invention. DETAILED
DESCRI PTI ON PHMe oFFs- 4,

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

FIGS. 4D-4E illustrate alternate bearing assemblies for use in the laser plumb
of FIG. 1;

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

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

FIG. 6A and 6B are perspective views of a base of the laser plumb of FIG. 1,

in operation;

FIG. 7A and 7B are side elevational views of the laser plumb of FIG. 1, in
operation; and

FIG. 8 is a front elevational view of an alternate laser plumb, exemplary of

another embodiment of the present invention.
DETAILED DESCRIPTION

FIG. 1 is a perspective view of a laser plumb 10 exemplary of an embodiment
of the present invention. As illustrated, a laser forming part of a pointer assembly 18



FIG 1 is a perspective view of a laser plunb 10 exenplary of an enbodi nent
of the present invention. As illustrated, a |aser form ng part of a pointer
assenbly 18 5 is pivotally nounted to a base 28. Specifically, floor

poi nter assenbly 18 extends fromthe base of a notor 16. Mdtor 16 and

poi nter assenbly 18 are supported by a s&cond rectangul ar franme 24 that is
nmounted to a first generally square frane 26 by bearing assenblies 22b and
22d (individuall%land cohlective&g beari ng assenblies 22) to all ow pivoting
about a firdt PV MRYNE §%a{?§%_ the y-axis). Franme 26 in turn, is hinged
by bearing assenblies 22a and 22c (al so bearing assenblies 22) on two

opposed vertical |y extendi,ng supports t hat exten war dl t right

angl es from base %,C%'F%B" B?%cﬁol"ﬁ% %SBS'UPE’;H%%‘%JWE)@M ?‘e 5)??89%%1.0?%%1 “first
and second tNMoébtor $esd poiatenassemhbly 19 arqpappbrted by a sétendoentaagslaoffamgeavi ty of
frames 24 a 26_ar I preferabl y coi pci dent . .Consequent,l, nes 24 and
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alignment wth pointer assenbly 18 increases the stability of plunb 10
during plunbing. In the illustrated enbodi nent, a further

hori zont al - verti qabtop® RtcdupREICdINe/a idvhdentd ushiohde abo@Pircais 2hivhen | aser s
o Located At f N N e e P Bhtiohaly. Pbto? 1 TR aohelfa by iSde aBiRsed to frame

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 high mass moment of inertia of flywheel 14 and its alignment

with pointer assembly 18 increases the stability of plumb 10 during plumbing.

In the illustrated embodiment, a further horizontal-vertical pointer assembly 12
including second and third lasers is located at the highest position of plumb 10 and is
also mounted to frame 24.

Optionally, plumb 10 may include a compass 36 that may be used to locate
magnetic north. Such a compass 36 may be particular useful if plumb 10 is used in
mining or construction. Preferably, compass 36 extends from base 28 and is
sufficiently magnetically isolated so that any metal forming part of plumb 10 does not

affect operation of compass 36.



Optionally, plunmb 10 may include a conpass 36 that nmay be used to |ocate
magnetic north. Such a conpass 36 may be particular useful if plunb 10 is
used in mning or construction. Preferably, conpass 36 extends from base 28
and is sufficiently magnetically isolatgd so that any netal formng part of
plunb 10 does not affect operation of conpass 36. 6 An exenplary base 28
of plunmb 10 is illustrated in greater detail in FIGS. 2A and 2B. As

il lustrated, base, 28 inclu ring 7 ! openi ng
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is generally cylindrical in shape extends about pointer assenbly 18 about
t he bottom end of

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 assembly 12 in relation to a
prescribed point. In the illustrated embodiment, laser 50 is mounted along a central
longitudinal axis of floor pointer assembly 18. Optionally, a sleeve 52 that is generally
cylindrical in shape extends about pointer assembly 18 about the bottom end of
motor 16.

As noted, pointer assembly 18 along With flywheel 14 are mounted to base 28
by the gimballed mount formed of frames 24 and 26. As frames 24 and 26 pivot
about their tilt axes, so does the orientation of beam axis of laser 50. Conveniently,
the orientation of beam axis of laser 50 is parallel to spin axis 20 of flywheel 14.

Since the center of gravity of the motor 16, sleeve 52 and floor pointer
assembly 18 is lower than bearing assemblies 22a, 22b, 22¢ and 22d (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 fiywheel 14.



notor 16. As noted, pointer assenbly 18 along with flywheel 14 are nounted
to base 28 by the ginballed nount forned of franes 24 and 26. As franes 24
and 26 pivot about their tilt axes, so does the orientation of beam axis of
| aser 50. Conveniently, the orientation7of beam axis of laser 50 is
parallel to spin axis 20 of flywheel 14. 'Since the center of gravity of the
notor 16, sleeve 52 and floor pointer assenbly 18 is |ower than bearing
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sealed to avoid fluid leakage.

An alternative damped bearing assembly 22' illustrates in FIGS. 4D and 4E
includes permanent magnets 68' mounted in proximity to shaft 62'. In bearing
assembly 22', shaft 62' should be formed of ferromagnetic or include a ferromagnetic
attachment. The degree of damping may be altered by varying the distance between
the shaft and permanent magnets and the strength of the magnets.

Horizontal-vertical pointer assembly 12 of plumb 10 is more particularly
illustrated in FIGS. 5A and 5B (FIGS. 5A and 5B illustrate top and side plan views of
assembly 12, respectively). As illustrated, assembly 12 includes two additional
lasers; a laser 40 that is fixed and points vertically upwards along the 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



I ncl udes permanent magnets 68" nounted in proximty to shaft 62'. In bearing
assenbly 22', shaft 62' should be formed of ferromagnetic or include a
ferromagnetic attachnent. The degree of danping may be altered by varying

t he di stance between the shaft and pernmanent nmagnets and the strength of

t he magnets. Horizontal -verti cal pointersassenbly 12 of plunb 10 is nore
particularly illustrated in FIGS 5A and 5B (FIGS. 5A and 5B iIIustrate top
and side plan assenbl y
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direction, and the other 50% of the beamis directed in a hori zont al plane
per pendi cuI ar thereto. Rotation of Sp% itter 58 about its central ing
u ane
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Al ternativel 50 may beHougéd id dprdppRdpriate housing that may be mounted to plumb 10, or

may be separate therefrom. Power to each of lasers 40, 42 and 50 and motor 16 may
be independently and individually controlled, allowing an operator to energize one or
more of the lasers 40, 42 or 50 or motor. Optionally the speed of motor 16 can be
varied through control of its power supply. If flywheel 14 or motor 16 are equipped
with a brake, a momentary switch may be used to bring the rotation of the motor and
flywheel to a halt.

In operation, plumb 10 is placed above a point to be plumbed 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 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.

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.



58" (FIG 5D) also rotatable about its central axis may be placed atop | aser
40' to redirect a vertical beamfromlaser 40" in a horizontal plane when
required. A suitable electric power supply for powering notor 16 and | asers
40, 42 and 50 may be housed in an approgriate housi ng that nmay be nounted
to plunb 10, or nmay be separate therefrém Power to each of |asers 40, 42
and 50 and notor 16 may be independently and individually controlled,

i.ze one nore o 42 or 50 or
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i nfl uence Ofpog]llggid{r9a[9,qq nggForgﬁnt@ 16 and sl eeve 52). The force of

gravity on laser 50, notor 16 and sl eeve 52 al so pivot flywheel 14, so that
its spin axis 20 . aligns mﬁt? th ravitqtional er. 50 is plunb
%emis 4

XisS. Once.la

i ts boam axis | s M- GRER 4" iy sloneRaralgl o e gLVl Aiser 40, i
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angular momentum of flywheel 14 resists any perturbation of spin axis 20 of flywheel

14. Consequently, the orientation of pointer assembly 18 is similarly stabilized. In 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.

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 6.

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. 7A, the height is
merely given by h1+h2. For a tilted floor, the tilt angle 6 is obtained using measuring
plate 74, as detailed above.



mar ki ngs on assenbly 12 and horizontal |aser 42 nmay be used to determ ne the
pointing direction of the horizontal |evel |aser 42. Now, once |aser 50
emts a beamalong parallel to the gravitational axis, flywheel 14 may be
driven by the notor 16 fromrest to rotate to a prescribed constant
operating speed to stabilize the oriental®on of pointer assenbly 18, and
thus lasers 50, 40 and 42. Rotating flywheel 14 in conjunction with

i mbal | ed nount upporting flywheel 14 and floor pointer assenply 18 acts
gs a gyroscope, sgﬁgﬁ?‘f"if‘ﬂ bet%@%?ﬁt"‘e‘%taitt;hﬁ'ﬁeﬂ%steﬁg'“% needial "‘gg’d\éfa f | ywheel
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fl oor may be determ ned by reading gradations off the position of the |aser
light spot in relation to the concentric markings on the circular plate 74.
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an angle of inclinatjon 0. The hetﬁht of horizontal |aser 42 fromthe
| ocating poi At SUscentinis to manydnodiicatons offerme Rsraggempat f pads, detailsand; st ance

bet ween the sgepstbgerationaXheé invontRRdratiRs i ifténdedtd enbdmpasstdiasudh st ance
bet ween the bottom of base 28 and this tilt axis, as illustrated in FIG

76. In the cHedifigation within B3M0RE: 33 ¢Rfined ¥ the ¢1@iBISr ated in FIG 7A, the hei ght
is merely given by hl+h2. For a tilted floor, the tilt angle O is obtained
using neasuring plate 74, as detailed above. 10



As shoul d now be appreciated, a stabilized |aser plunb need not include a
ginbal l ed nount for its pointer assenbly. As such, plunb 10 could easily be
nodified to replace the ginballed nount forned by frames 24 and 26 with
anot her mount. As for exanple illustrated in FIG 8 pointer assenbly 18
coul d be nmounted above base 28 by way df a universal joint. As illustrated,
this universal joint may be formed as a ring 44 within a ring nount 46,

al | owi ng pi‘@ﬁk?%;& Wﬁé@@é 50 about two axes perpendicular to the force of
gravity. O her nounts are Simlarly possible. O course, the above descri bed
enbodi nents are intended to be illustrative only and in no way |limting.
The described e I rrying out the invention are susceptible to
many nDdifigatigggg%gﬁg%ﬁ%g%gﬁﬁéﬁ ement of parts, details and order of
operation. The invegg%gp, rather, is intended to enconpass all such

nodi fication wthin 1rts’scope, as defined by the clainms. 11 WHAT IS CLAI MED
IS 1. Alaser plunb, conprising: a base, a support, extending fromsaid
base; a rotatabl e nasgppuirty extabdiyg fromrda@bbdse; sai d support, for rotation about
a spin axis and pivotable to allowtilting of said spin axis relative to

said support about filpst tilt i erpendicyl ar to.said. spi XiS; a

wei ght nounted to S%Fo&atﬁélgén%s&%\éc{%b@g{% “@?F%?g'aisr‘?p if%r rP%tlng? cHﬁl?ai d spin
axi s under the inflspimaxs ahd givatabteytp atiow silieg ofrsaid spid dx® retide tuesaiht , to em t
a beam of |ight along a b§am a?d étt sai d be(ﬁm aéi S .%i votable with said mass
under the influence® oala thay,'rs 8 MEPTBTE ?L@{ OPRAYSPII XY direction
relative to the direction of gravity when said weight is in equilibrium
under the infl uencea akight amoubted tasaid nerss benegth saisldirst titesis takhdgn sadspinspi n
axis, so that the aanxcgs‘ullJ

r%er 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 tilt axis, normal to said first tilt

axis.

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



monmentum attributable to said rotatable nass stabilizes said |aser. 2. The
plunmb of claiml1l, 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 claim?2, further conprising a
first frame and a second frame, said sé@nd frane supporting sai d wei ght
and said mass, said first frame nounted to said support for pi voti ng about

said first tjlt i S sal sec ounted to sai st frame for

ot ati on el | v s B SEGLA. iheseE Grd HReP ComREs Roinge 1§ Bleaa@ & i  of
tilt axis. dégreBuf deflestionof saitl deamIBxisitemn eaid sappalt. support extends normal to
said base. 12 5. The plunb of claim4, wherein said base conprises marKkings
to measure a degree of deflection of said beamaxis fromsaid support. 6.
The pl unb ofe.cl aiTheplumbef elaim sahhbreiarshidrrgsrkmgea&mmed in 8 plurglitpoml i ty of
concentric ci rclrﬁs an, sai d b(g 7. The plunb of claim®6, wherein said base

defines an J&PBRTTHYC SFRFSQN $81LPaS& onpri ses a renovable plate to cover said
openi ng, said renovable plate bearl ng sal d markings. 8. The plunb of claim

5, further orrprl aflr ea enbly to nount = said first frame to
sai d support for i f&%&ﬂ]? |4 ?"8 ?"1‘ paqqc?lqﬂnaipgopgwag 3"8&5\5‘% beari ng
assenbly to d&ﬁiﬂiﬁée§§té¢ln&%1§]§lafbﬁ@ﬁ§vér%aﬁj&ipénfngr§é|d faraduRbfeqsiateibeatingig about
said second t| Xis. 9. The plunb of claim8, wherein said first and

second bear i 'H@" 81951 i es are danped, to danp novenment of said |aser. 10.
The plunmb of claim9, wherein each of sai d beari ng assenbl ies is
hydraulically danped. 11. The further rgﬁ)rl Si nl% a magnet

cl
in proxinityto s ecpltﬁggpf ﬂalm g further compnsmg a%rst bearing asse y to mo
said first frame to said support for pivoting about said first tilt axis; and a second
bearing assembly to mount said second frame to said first frame 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 laser.

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

13. The plumb of claim 2, further comprising a second laser mounted to said

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

14, The plumb of claim 13, further comprising a third laser mounted to said weight

to produce a laser beam normal to said beam axis.

15. The plumb of claim 14, wherein said third |aser is rotatably mounted to adjust

orientation of said laser beam within a plane, normal to said beam axis.



assenbly, to danp said novenent of said |laser. 12. The plunb of claim 2,
wherein said laser is parallel to said spin axis. 13. The plunb of claim 2,
further conprising a second | aser nounted to said weight to produce a | aser
beam parallel to said beamaxis. 14. The plunb of claim 13, further
conprising a third | aser nounted to saj d! ight to produce a | aser beam
normal to said beam axis. 15. The plunb of claim 14, wherein said third

| aser is rot%t abl.yh ”ﬁH@B%?cIraf?n Q%Hﬁérfﬁﬁ’iéigm%lﬁa;&%@%- said | aser beam wi t hin

a plane, normal to sard beam axi of claim2, further
conprising a conpass. 17. A laser plunb conprising; a nmass that is

rot at abl e abput a ss nounted to a support to be pivotable
about two ax{e)}s‘I séﬁ%e?\ﬁoﬂ?%é%%'ﬁper ndi cular to each other and said spin
axis; a laser mounted to said mass, to maintain its orientation relative to
said support, as sairdassebastis odtaible abootd spiaiadissﬂ'immxi; souhted tdal aser pl unb

g1 mhal | ed gyr ascope SoenseBeHi i i 3a5 35 UG SSetPetapiig i 1 °2

wei ght nmount ed t o saach gipeosmbgeed spinexisft a force on said flywheel to aI ign
its spin axis relative to said support, toward the gravitational axis; a
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conprising: a suppeupporaaglsalhahéssdomgnbonbsmd epintagissai d support for
rotation about first and

18. A laser plumb 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, having a center 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.



second mutual |y perpendicular tilt axes; a flywheel supported by said

gi nbal I ed nount, rotatable about a spin axis perpendicular to said first
and second tilt axes; a weight nmounted to said ginballed nount, having a
center of gravity beneath said first and second tilt axes; a |aser coupled
to said ginballed nount, having a fixed Mientation relative to said spin
axis. 14 20. A nethod of generating a laser plunb line, by way of a |aser
plunb conprising, a laser nmounted to a, mas ai d ss_rotatabl e about a
Spin axis, siid ARSPSLAORAnERRE BT BLYpy ShaTaser PO s normal to
the force ofcgngrisingy, said spin axis tiltable with said mass; said nethod
conprising: generating a | aser beam along a beamaxis; aligning said spin

T T S 0l 4 SR B B B SRS

spin axis tiltable about at least one tilt axis normal 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.



