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(57) ABSTRACT 

A leveling system for a workpiece comprises a vise for hold 
(73) Assignee; UNITED TECHNOLOGIES ing the workpiece and a multimember support structure for 

CORPORATION, Hartford’ CT positioning the vise. The multimember support structure 
(Us) comprises at least tWo joints and provides at least ?ve inde 

pendent degrees of freedom in angular motion for positioning 
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ADJUSTABLE LEVELING MOUNT 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to adjustable 
mounting systems, and speci?cally to an adjustable mount for 
precision part manufacturing. In particular, the invention con 
cerns an adjustable leveling mount for precision machining, 
?nishing, inspection and measurement of precision manufac 
ture parts and Workpieces With complex surface geometry, 
including vane and blade airfoils for gas turbine engines. 
[0002] Manufacturing techniques are continuously evolv 
ing, particularly in loW-tolerance applications for precision 
manufacture. Even the most advanced techniques remain lim 
ited, hoWever, by Workpiece positioning, Which must be as 
precise and accurate as the manufacturing process itself in 
order to reach nominal design tolerances and achieve desired 
product quality goals. 
[0003] Complex-geometry Workpieces pose particular 
challenges. In airfoil manufacture for gas turbine engine 
blades and vanes, for example, individual Workpieces must be 
precisely positioned With respect to a number of different 
airfoil, platform and shroud or blade tip surfaces. The geom 
etries of these surfaces often vary from individual airfoil to 
airfoil, moreover, even Within a particular turbine or compres 
sor design. 
[0004] Previous manufacturing techniques have addressed 
this need With a variety of different mounting systems, includ 
ing a range of standard vise mounts and individual ball joint 
mounts. Each of these devices has limitations, hoWever, 
including inadequate precision and accuracy, insuf?cient 
degrees of freedom in motion, and the inability to support 
heavier Workpiece con?gurations Without tipping or drop 
ping. 
[0005] More advanced mounting systems have been pro 
duced, for instance by custom-designing the mount to ?t a 
particular part With a stereo lithography apparatus (SLA) or 
via selective laser sintering (SLS) methods. SLA design costs 
can reach $1,500 to $2,000, hoWever, With production times 
of six to eight Weeks, and these custom-designed mounts do 
not accommodate a range of different airfoil con?gurations. 
In addition, SLA and SLS-based systems often require 
mechanical mounting structures that partially obscure the 
airfoil, preventing access for machining, surface ?nishing and 
measurement. 

[0006] Ad-hoc positioning methods such as lead bags and 
memory foam arrangements are also used, but these are time 
consuming and dif?cult to standardize. As a result, ?nal prod 
uct quality varies depending upon individual operator skill 
and experience. There remains a need, therefore, for a ?exible 
and adaptable mounting system that provides precise, accu 
rate, and cost-effective solutions for a range of different loW 
tolerance and complex-geometry Workpieces, including, but 
not limited to, vane and blade airfoils for gas turbine engines. 

BRIEF SUMMARY OF THE INVENTION 

[0007] This invention concerns a leveling system for a 
Workpiece. The system comprises an adjustable vise and a 
multimember support structure. The multimember support 
structure comprises a ?rst joint (a vise joint), an adjustable 
arm, a counterWeight base, and a second joint (a base joint). 
[0008] The vise adjusts to hold a variety of different Work 
piece con?gurations. The vise joint orients the adjustable vise 
With respect to three degrees of freedom in angular motion, 
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providing independent control of the vise’s axis angle, atti 
tude angle and rotation angle. The adjustable arm supports the 
vise joint and the adjustable vise above a Work surface With 
out dropping, for a range of different Workpiece masses. The 
base supports the base joint and the arm. The second joint 
orients the arm in Zenith and aZimuth angles, providing fourth 
and ?fth degrees of freedom in angular motion. The leveling 
system positions the Workpiece With su?icient precision to 
accommodate loW-tolerance manufacturing steps. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a perspective vieW of an adjustable leveling 
mount. 

[0010] FIG. 2 is an alternate perspective vieW of the mount 
in FIG. 1, shoWing degrees of freedom in motion. 
[0011] FIG. 3 is a perspective vieW of an adjustable leveling 
vise for the mount in FIG. 1, holding a Workpiece. 
[0012] FIG. 4 is another alternate perspective vieW of the 
adjustable leveling mount in FIG. 1, holding the Workpiece 
for a precision manufacture step. 

DETAILED DESCRIPTION 

[0013] FIG. 1 is a perspective vieW of adjustable leveling 
mount 10. Mount 10 includes a multimember support struc 
ture comprising counterWeight base 11, arm joint 12, adjust 
able arm 13 and vise joint 14. The multimember support 
structure supports adjustable leveling vise 15. 
[0014] CounterWeight base 11 is comprised of a dense 
material such as a metal, a dense plastic, a dense resin or other 
dense ?ller, or a combination of such materials. Typically, 
counterWeight base 11 comprises mechanical coupling ele 
ments such as screW holes 16 for mechanically coupling 
(attaching) base joint 12 to counterweight base 11. 
[0015] Base joint 12 comprises a means for orienting 
adjustable arm 13 With respect to counterweight base 11. 
Base joint 12 also supports adjustable arm 13 Without tipping 
or dropping, regardless of the position of adjustable arm 13, 
visejoint 14 and adjustable vise 15. 
[0016] As shoWn in FIG. 1, basejoint 12 comprises a ball 
and-socket joint, Which in turn comprises ball 17, rotating 
socket 18 and socket screW (base joint screW) 19. In other 
embodiments, base joint 12 comprises an alternate joint 
means for positioning and supporting adjustable arm 13, such 
as a universal joint, a ball-and-collar joint, a ball-and-rotator 
cuff joint, or another alternate joint con?guration. 
[0017] The components of base joint 12 are typically 
formed of one or more strong durable metals such as iron, 

steel, stainless steel, copper, brass, aluminum, titanium, or 
alloys thereof. Alternatively, the components of base joint 12 
are formed of a durable polymer materials such as plastics, or 
a combination of metals and durable polymer materials. 
[0018] Adjustable arm (or spacing bar) 13 comprises a 
spacing arm, spacing bar, rod, beam or other structural means 
to support vise joint 14 in a particular position With respect to 
counterWeight base 11, as determined by base joint 12. 
Adjustable arm 13 is typically formed of a strong durable 
metal or polymer material, such as the materials used to form 
base joint 12, or a composite material such as ?berglass or a 
carbon-based graphite ?ber material. In one embodiment, 
adjustable arm 13 is of solid construction. Alternatively, 
adjustable arm 13 has a holloW construction, such as a holloW 
tubular construction. 



US 2009/0302517 A1 

[0019] Length L of arm 13 is measured between ball 17 of 
base joint 13 and ball 20 of vise joint 14. In one embodiment, 
arm length L is betWeen about ten centimeters and about ?fty 
centimeters (10-50 cm), or about four to tWenty inches 
(4-20"). In other embodiments, arm length L is betWeen about 
ten centimeters and about tWenty centimeters (10-20 cm). In 
further embodiments the arm length varies, typically scaling 
With the dimensions of the particular Workpiece held by 
adjustable leveling vise 15. 
[0020] As shoWn in FIG. 1, visejoint 14 comprises a ball 
and-collar joint With ball 20, collar 21 and collar screW 22. 
Vise joint 14 is con?gured to orient adjustable vise 15 With 
respect to arm 13. The components of vise joint 14 have 
analogous functions to those of base joint 12, and are typi 
cally formed of similar materials, but vise joint 14 typically 
provides additional degrees of freedom in motion. 
[0021] Adjustable leveling vise 15 is con?gured to hold or 
securing a variety of different Workpieces, and to leveling or 
orient the Workpieces during machining, ?nishing, inspec 
tion, or other precision manufacturing step. Adjustable level 
ing vise 15 is described in more detail With respect to FIG. 3, 
beloW. 

[0022] In construction of precision mount system 10, base 
joint 12 is secured to counterWeight base 11 via bolts, pins, or 
other mechanical attachments to screW holes 16. Adjustable 
arm 13 is attached to base joint 12, for example by screWing 
a ?rst end of adjustable arm 13 into a threaded screW hole 
provided on ball 17. Vise joint 14 is attached to a second 
(opposing) end of adjustable arm 13, for example via a similar 
threaded attachment to ball 20. Adjustable leveling vise 15 is 
mechanically fastened to vise joint 14, typically at collar 21. 
[0023] CounterWeight base 11 is typically capable of hand 
manipulation by carrying, sliding or other manual action, in 
order to position mount 10 With respect to Work surface 23. 
Typically, Work surface 23 is a substantially horiZontal and 
planar surface such as a ?oor, Workbench or Work table, as 
shoWn in FIG. 1. In these embodiments, counterWeight base 
11 typically has su?icient mass to prevent tipping of mount 10 
at all possible orientations of base joint 12, adjustable arm 13, 
arm joint 14 and adjustable leveling vise 15. 
[0024] In alternate embodiments, counterWeight base 11 is 
con?gured for mechanical fastening in a particular position 
on Work surface 23, using bolts, screWs, clamps, mounting 
clips, or a magnetic or vacuum mounting system. In these 
embodiments, Work surface 23 is not limited to substantially 
horizontal and planar surfaces, but also includes slanted sur 
faces, substantially vertical surfaces and non-planar surfaces, 
including, but not limited to, Walls, ramps, beams, posts, 
railings and other structural features capable of mechanical 
attachment to base 11. 

[0025] Adjustable arm 13 spaces visejoint 14 at a particular 
distance (or length) from base joint 12. In some embodi 
ments, arm 13 is adjustable in position only, and not adjust 
able in length. In other embodiments, arm 13 is adjustable in 
both position and in length. 
[0026] In adjustable length embodiments, arm 13 typically 
comprises a number of interchangeable structures of different 
discrete lengths, Which are exchanged in order to adjust the 
length of arm 13 betWeen basejoint 12 and vise joint 14. In 
discretely adjustable embodiments, the interchangeable 
structures are sometimes further con?gured to be combined 
by screWing together or similar mechanical attachment, pro 
viding an additional range of discrete length options. 
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[0027] Alternatively, arm 13 has a continuously adjustable 
length that is adjusted by sliding or otherWise extending or 
collapsing a composite arm structure such as a telescoping 
rod With a friction or compression ?tting to ?x the length at a 
particular value. Alternatively, adjustable arm 13 is pneumati 
cally or hydraulically actuated, such that the length is 
adjusted in response to a ?uid pressure. 
[0028] Base joint 12 supports adjustable arm 13 in a par 
ticular orientation With respect to counterWeight base 1 1, With 
base joint clamp screW 19 providing a frictional force to hold 
(or clamp) base joint 12 ?rmly in place, supporting adjustable 
arm 13 at any alloWed position. Similarly, vise joint clamp 
screW 22 clamps vise joint 14 in place, supporting adjustable 
leveling vise 15 at any physically alloWed orientation. 
[0029] Base joint clamp screW 19 and vise joint clamp 
screW 22 typically comprise screWs, nuts, bolts or other hand 
operated mechanical devices that impose frictional static 
forces on basejoint 12 and visejoint 14. As shoWn in FIG. 1, 
for example, screW 19 provides a frictional force by com 
pressing socket 18 against ball 17 of base joint 12, and screW 
22 provides an analogous frictional force by compressing 
collar 21 against ball 20 of visejoint 14. 
[0030] In alternate embodiments, joint screWs 19 and 22 
represent pneumatic or hydraulic devices that are actuated in 
response to a ?uid pressure, using an actuator such as a 
sWitch, button, foot sWitch or pedal. In some of these embodi 
ments, base joint 12 and vise joint 14 are actuated at the same 
time, by the same mechanism, and in other embodiments base 
joint 12 and vise joint 14 are independently actuated. 
[0031] FIG. 2 is an alternate perspective vieW of adjustable 
mount 10, shoWing degrees of freedom in motion. Speci? 
cally, FIG. 2 illustrates the degrees of freedom in motion for 
basejoint 12 and visejoint 14. 
[0032] Base joint 12 provides coarse or large-scale posi 
tioning of adjustable leveling mount 20 by alloWing adjust 
able arm 13 to be oriented With respect to counterWeight base 
11. In the particular embodiment of FIG. 2, base joint 12 
provides tWo degrees of freedom in movement, correspond 
ing to Zenith angle 0t and aZimuth angle [3. 
[0033] Zenith Z is oriented substantially perpendicular to 
counterWeight base 11, and Zenith angle 0t has a minimum 
range of Zero to ninety degrees (0-90°), as measured from the 
Zenith toWard the base. In some systems, Zenith Z is substan 
tially vertical, and angle 0t is also referred to as a declination 
angle. This re?ects the fact that the Zenith angle is essentially 
complementary to the elevation or altitude angle, Which is 
measured up from the horiZontal, as opposed to doWn from 
the vertical toWard the horiZontal. In other systems, hoWever, 
Zenith Z has a horiZontal orientation rather than a vertical 
orientation, or an arbitrary orientation. 
[0034] AZimuth angle [3 has a full range of three hundred 
sixty degrees (360o ), as measured in a counter-clockwise 
sense about Zenith direction Z (as seen from above in FIG. 2). 
Alternatively, the aZimuth angle can measured in a clockWise 
sense, but there is no strictly observed convention and in any 
case the distinction is arbitrary. 
[0035] A minimum range of 0-900 in elevation angle 0t and 
3600 in aZimuth angle [3 alloWs base joint 13 and base joint 
clamp screW 19 to position arm 14 in essentially any angular 
orientation above the plane of counterWeight base 12. In some 
embodiments, base joint 12 also alloWs arm 13 to depress 
through an extended range of 90-l20°, Which corresponds to 
the region beloW the center of ball 17. Typically, this range 
extends until one or more elements of adjustable leveling 
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mount 10 impacts the Work surface or another structure, such 
as counterweight base 11 or a machine tool for use in preci 
sion manufacturing. In further embodiments, base joint 12 
alloWs ball 17 and arm 13 to “over-rotate” past Zenith Z by 
approximately 30°. 
[0036] Vise joint 14 provides ?ne or small-scale position 
ing and orientation of adjustable leveling mount 10 by alloW 
ing adjustable vise 15 to be oriented With respect to adjustable 
arm 13. Vise joint 14 is con?gured for orientations With three 
independent degrees of freedom in angular motion, rather 
than the tWo degrees of freedom provided by base joint 12. As 
shoWn in FIG. 2, the three angular degrees of freedom corre 
spond to axis angle a, attitude angle b, and rotation angle c. 
[0037] Axis angle a is measured from arm axis A to vise 
axis C, Which extends perpendicularly through adjustable 
leveling vise 15 and bed 32, and diametrically through ball 20 
of vise joint 14. Thus axis angle a has a similar sense to that of 
Zenith angle 0t, as measured from Zenith Z for base joint 12. 

[0038] In principle, axis angle a has a greater range of 
motion than Zenith angle 0t, in that adjustable leveling vise 15 
is free to depress beloW the height of vise joint 14 Without 
necessarily striking the Work surface (or counterWeight base 
11). Typically, for example, axis angle a ranges from approxi 
mately Zero to approximately 135°, Which corresponds to a 
restricted region of about 45° (90° total) in either direction 
from adjustable arm 12. 

[0039] Attitude angle b is measured counter-clockWise 
about arm axis A, analogously to aZimuth angle [3 as mea 
sured about Zenith Z. Rotation angle c is measured about vise 
axis C. Vise joint 14 typically has a full 360° range of motion 
in attitude angle b and rotation angle c. 

[0040] TWo points are relevant With respect to alloWed ori 
entations of base joint 12 and vise joint 14. First, the angular 
ranges described herein are nominal or inherent ranges of 
motion, Which describe the structure of joints 12 and 14 in 
isolation. In practice, hoWever, some orientations are not 
attainable, because the components of mounting system 10 
sometimes impact one another, particularly When attitude 
angle a increases beyond 90°. Thus the effective range of 
motion is limited someWhat With respect to the nominal or 
inherent (maximum) range of motion. 
[0041] Second, adjustable leveling mount 10 is an under 
constrained system. That is, for any particular position or 
orientation of adjustable leveling vise 15, there are typically a 
number of different angular “solutions” for 0t, [3, a, b, and c, 
corresponding to a range of different positions and orienta 
tions for joints 12 and 14, and, in some embodiments, a range 
of different values for length L of arm 13). In fact, for typical 
positions and orientations there Will be an in?nite number of 
such solutions. 

[0042] The fact that joints 12 and 14 are under-constrained 
signi?cantly increases mounting and leveling ?exibility, and 
decreases the potential impact of the effective (limited) range 
of motion, as opposed to the nominal or inherent (maximum) 
range of motion. For example, at some axis angles a and 
attitude angles b, a certain range of rotation angle c is some 
times unattainable due to the impact of vise joint collar 21 on 
adjustable arm 13. Nonetheless, the desired orientation can 
sometimes be attained by increasing or decreasing Zenith 
angle 0t at base joint 12, Which affects the relationship 
betWeen collar 21 and ball 20 of vise joint 14. In some 
embodiments, arm length L can also be adjusted. Altema 
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tively, it is also possible to move base 11 With basejoint 12, 
and then adjust vise joint 14 and vise 15 to obtain a given 
position or orientation. 
[0043] In typical embodiments, mount 10 is con?gured for 
hand positioning (manual manipulation) of Workpiece 11. 
This distinguishes from larger-scale manufacturing systems 
such as robotic arms for motor vehicle assembly and other 
larger-scale assembly systems, Which require electrome 
chanical, hydraulic, pneumatic or other non-manual means of 
positioning and support. In alternate embodiments, hoWever, 
some elements of mounting system 10 comprise mechanical, 
pneumatic or hydraulic actuators, such as joints 12 and 14, or 
adjustable arm 13. In these alternate embodiments, mount 10 
positions, orients and levels Workpiece 31 via a combination 
of manual and mechanical means. 
[0044] FIG. 3 is a perspective vieW of adjustable leveling 
vise 15 holding Workpiece 31. Vise 15 comprises bed 32, ?rst 
jaW 33 and second jaW 34. In some applications, leveling vise 
also comprises one or more leveling devices 35. 
[0045] In some examples, Workpiece 31 comprises a gas 
turbine engine part such as an airfoil, a shaft or spool com 
ponent, a combustor or plenum component, or a seal or bear 
ing component. In other applications, Workpiece 31 repre 
sents a general-purpose precision element for an electronic or 
electromechanical device, a micromechanical device, or a 
process control device, a jeWelry item, or another object that 
requires precision leveling for manufacture, machining, ?n 
ishing, coating, or measurement and inspection purposes. 
[0046] Depending upon application, Workpiece 31 is typi 
cally comprised of a metal, a metal alloy, a superalloy, a 
semiconductor, a plastic or other durable polymer material, a 
composite material such as ?berglass or graphite ?ber mate 
rial, or a combination thereof. In some applications Work 
piece 31 is a unitary structure, and in other applications Work 
piece 31 comprises a number of distinct elements, such as 
discrete electronic components or airfoil surfaces. In further 
examples, Workpiece 31 comprises an insulating or protective 
coating such as a conformal coating, a metal oxide coating, a 
ceramic coating or an MCrAlY coating, Where M is Ni, Co or 
Fe. 

[0047] As shoWn in FIG. 3, Workpiece 31 comprises ablade 
or vane airfoil for the compressor or turbine section of a rotary 
gas turbine engine. In this example, Workpiece 31 comprises 
airfoil surface 36 and platform or shroud surfaces 37. Alter 
natively, in unshrouded examples, Workpiece 31 comprises 
an airfoil tip surface or blade tip surface. 
[0048] In airfoil applications, Workpiece 31 typically has 
maximum linear dimensions on the order of ?fty centimeters 
to one meter (50 cm-l m) in length (about tWo to four feet), 
thirty centimeters (30 cm) in Width (about a foot), and ten 
centimeters (l 0 cm) in thickness (about tWo to ?ve inches). In 
these applications, Workpiece 31 typically has a maximum 
mass on the order of ten to ?fteen kilograms (10-15 kg), 
Which corresponds to a maximum Weight of about tWenty 
?ve to thirty pounds. 
[0049] Bed 32 is supports ?rst jaW 33 and secondjaW 34, 
Which is opposed to ?rstjaW 33. Bed 32 andjaWs 33, 34 are 
typically formed of a strong, durable material such steel, 
brass, aluminum, or a durable polymer, or a combination of 
such materials. 
[0050] In some embodiments, bed 32 is ?xed in position 
With respect to vise 15. In other embodiments, bed 32 is 
con?gured to translate or slide forWard and backWard along 
translational axis S, Which extends longitudinally along the 
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bed 31, perpendicular to vise axis C and across opposing jaWs 
34 and 35. This allows adjustable vise 15 to position bed 32 
and workpiece 31 in a lateral direction, as measured With 
respect to arm 13 and vise joint 14. 

[0051] Bed 32 is typically con?gured to translate along axis 
S for a distance of at least one-half the length of bed 32, up to 
about seventy-?ve to eighty percent of the bed length. In the 
particular embodiment of FIG. 3, sliding bed 32 is translated 
by loosing set screW 41, sliding or translating bed 32 along 
axis S, then re-tightening set screW 41 to ?x bed 32 in place. 
Alternatively, bed 32 is translated by a mechanical actuator 
such as a machine screW. 

[0052] Typically, ?rst jaW 33 is ?xed, and second jaW 34 is 
an adjustable jaW that moves along bed 32 in order to accom 
modate Workpieces 31 of various dimensions. Adjustable jaW 
34 is typically con?gured to move along the same transla 
tional axis (S) as bed 32, With range of motion that extends 
over eighty percent of the bed length, as limited by ?xed jaW 
33 on one side of the bed, and jaW stops 43 on the other side 
of the bed. 

[0053] In the particular embodiment of FIG. 3, the large 
scale or gross position of jaW 34 is adjusted by moving or 
sliding adjustable jaW 34 along bed 32, then inserting set pin 
42 into one of set holes 43. The small-scale or ?ne position of 
jaW 34 is adjusted via jaW screW 44 in order to accommodate 
a precise linear dimension of Workpiece 31. In alternate 
embodiments, adjustable jaW 34 is moved along translational 
axis S via an alternate mechanism, such as a machine screW, 
a spring-loaded adjustable jaW mechanism, or a pneumatic or 
hydraulic mechanism. 
[0054] FixedjaW 34 and adjustable jaW 35 comprise jaW 
seat 46 and 47. WhenjaW screW 42 is turned, opposingjaWs 
34 and 35 tighten seats 46 and 47 against Workpiece 31, 
forming a compressive coupling to hold Workpiece 31 in 
place. 
[0055] Typically, jaW seats 46 and 47 are comprised of a 
durable elastic polymer material such as rubber or another 
resilient polymer. In these embodiments, jaW seats 42 and 43 
form the compressing coupling to Workpiece 31 Without 
metal-to-metal or metal-on-metal contact, reducing the 
potential for denting, scratching and other damage. Alterna 
tively, seats 46 and 47 are formed of the same material as jaWs 
34 and 35. In these embodiments, seats 46 and 47 are some 
times integrally formed With jaWs 34 and 35, such that seats 
46 and 47 are formed as opposing faces or opposing surfaces 
on opposingjaWs 34 and 35. 

[0056] In the embodiment of FIG. 3, seats 46 and 47 pro 
vide generally planar surfaces con?gured to form the com 
pressive coupling With platform and shroud surfaces 37 of 
Workpiece 31. In alternate embodiments, seats 46 and 47 
provide non-planar surfaces for coupling With airfoil tip sur 
faces or other non-planar surfaces on Workpiece 31. The 
compressive ?tting is formed With suf?cient strength to hold 
Workpiece 31 in place, regardless of the orientation of vise 15, 
for maximum Workpiece masses of at least ten to ?fteen 
kilograms (10-15 kg), or tWenty-?ve to thirty pounds (25-30 
lb). 
[0057] Seats 46 and 47 also alloW adjustablejaW 15 to hold 
Workpiece 31 in place Without obscuring or covering the 
Workpiece, providing access to the entire major exposed sur 
face for machining, inspection, or other manufacturing pro 
cess. This alloWs additional areas of interest on Workpiece 31 
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to be addressed in a single step or single series of steps, 
Without removing and then remounting the Workpiece on vise 
15. 
[0058] Leveling device 35 comprises a mechanical leveling 
device such as a bubble levels, or an electronic or electrome 
chanical leveling device such as a laser level. Leveling device 
35 alloWs the orientation of bed 32 to be determined With 
respect to local (gravitational) doWn, or With respect to a Work 
surface, a machining or ?nishing plane, or a measurement 
plane. Typically, mount system 10 comprises tWo leveling 
devices 35, in order to level adjustable vise 15 along tWo 
independent axes, such as translational axis S and another 
(perpendicular) axis along the surface of bed 32. Altema 
tively, mount system 10 comprises one leveling device, or 
none. In these latter embodiments, leveling of adjustable vise 
15 is sometimes determined by eye, by alignment With an 
alternate reference such as a straight edge, or by a combina 
tion of methods. 
[0059] In order to accommodate Workpieces 31 With com 
plex geometry, leveling devices 35 are typically removable. 
In this embodiment, leveling devices 35 can be positioned 
directly on Workpiece 31, in order to level one or more sur 
faces of Workpiece 31 independently of bed 32. Thus the term 
“level” and “leveling” are broadly construed, to incorporate 
any particular position or orientation of either adjustable vise 
bed 32 or part 31. Thus “leveling” includes substantially 
horiZontal orientations and positions, substantially vertical 
orientations and positions, and other more general orienta 
tions and positions, Which are de?ned in terms of the appro 
priate position and orientation for a particular manufacturing 
step, rather than in any absolute sense of “up” and “doWn.” 
[0060] FIG. 4 is another alternate perspective vieW of 
adjustable leveling mount 10, holding Workpiece 31 for a 
precision manufacture step. Mount 10 comprises counter 
Weight base 11, basejoint 12, adjustable arm 13, visejoint 14 
and adjustable leveling vise 15, as described above. As shoWn 
in FIG. 4, Workpiece 31 is a vane or blade airfoil for a gas 
turbine engine. 
[0061] Mount 10 positions Workpiece 31 for access by 
machine tool 40. In the particular example of FIG. 4, device 
40 is a roughness inspection or other surface measurement 
device, comprising housing 51, actuator 52 and probe 53. In 
other examples, machine tool 40 comprises an alternate 
manufacturing device for machining, milling, coating, sur 
face ?nishing, or to perform another manufacturing step on 
Workpiece 31. 
[0062] FIG. 4 illustrates a number of advantages of mount 
10 over previous designs. Because mount 10 is under-con 
strained, it provides more degrees of freedom in motion than 
are required to provide any particular position or orientation 
for adjustable leveling vise 15. This provides a range of dif 
ferent positioning solutions for Workpiece 31, alloWing 
mounting system 10 to accommodate a Wide range of differ 
ent con?gurations for machine tool 40. 
[0063] In addition, base joint 12 and vise joint 14 provide 
independent degrees of freedom in motion With respect to 
each other, and With respect to adjustable vise 15. This alloWs 
for a simple step-by-step procedure for precise positioning 
and orientation of Workpiece 31 With respect to machine tool 
40, Without requiring repeated iterations of large-scale and 
small-scale position adjustments. In particular, base 11 can be 
placed With respect to Work surface 23, folloWed by coarse or 
large-scale positioning of arm 13 via base joint 12. This is 
folloWed by ?ne orientation of adjustable vise 15 via vise 
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joint 14. Workpiece 31 is mountable onto adjustable vise 15 at 
any point in this process, then moved into ?nal position for the 
manufacturing process by translating (if necessary) along the 
vise bed. 
[0064] Mounting system 10 levels, positions and orients 
Workpiece 31 With su?icient precision for manufacturing, 
measurement and inspection steps having a tolerance of less 
than about one mil (one thousandth of an inch), or less than 
about tWenty-?ve microns (25 pm). In some embodiments, 
system 10 levels, positions and orients Workpiece 31 With 
suf?cient precision for manufacturing tolerances of less than 
a fraction or a mil, or less than about ten microns (10 pm). 
[0065] In contrast to previous designs, adjustable vise 15 
accommodates Workpieces With a large range of lineal dimen 
sions, and joints 12 and 14 provide su?icient static forces on 
arm 13 and vise 15 to support Workpieces With masses of up 
to 10-15 kg (about 25-30 lb). Mount 10 also alloWs similar 
Workpieces to be sWapped in and out While adjustable vise 15 
retains the same position and orientation. This contrasts With 
ad-hoc system such as lead bag and memory foam systems, in 
Which each Workpiece must be individually oriented and lev 
eled. It also contrasts With prior art systems that require 
moving the Workpiece holder (i.e., adjustable vise 15) in 
order to sWap Workpieces, and so required subsequent re 
leveling for the neW Workpiece. Mount 10 thus facilitates 
reduced manufacturing time, and improves uniformity of the 
manufacturing process. 
[0066] In contrast to previous SLA and SLS-type mounting 
systems, and other systems With feWer degrees of freedom, 
mount 10 also alloWs different surfaces to independently 
leveled and oriented via ?ne adjustments of vise joint 12 and 
vise 15, Without requiring lager-scale adjustments of base 
vise 12 and arm 13. This is particularly advantageous, for 
example, When applied to airfoil surfaces With substantial 
tWist or other spanWise surface variations. In contrast to prior 
systems, that is, mount 10 does not require restarting the 
entire leveling process in order to scan or machine a different 
location on the Workpiece. 
[0067] The present invention has been described With ref 
erence to preferred embodiments. The terminology used is for 
the purposes of description, not limitation, and Workers 
skilled in the art Will recogniZe that changes may be made in 
form and detail Without departing from the spirit and scope of 
the invention. 

1. A leveling system for a Workpiece, the system compris 
ing: 

a vise for holding the Workpiece; and 
a multimember support structure for positioning the vise 

and leveling the Workpiece, Wherein the multimember 
support structure comprises: 
a base; 
a ?rst joint coupled to the base; 
an arm coupled to the ?rst joint at a ?rst end of the arm; 

and 
a second joint coupled to the vise and coupled to the arm 

at a second end of the arm; 
Wherein the ?rst joint orients the arm With tWo independent 

degrees of freedom in Zenith angle and aZimuth angle 
and the second joint orients the vise With three indepen 
dent degrees of freedom in angular motion, the three 
independent degrees of freedom in angular motion com 
prising a ?rst rotational angle measured about an arm 
axis of the arm, a second rotational angle measured 
about a vise axis of the vise and an axial angle measured 
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from the arm axis to the vise axis, such that the multi 
member support structure provides at least ?ve indepen 
dent degrees of freedom in angular motion for position 
ing the vise and leveling the Workpiece. 

2. The system of claim 1, Wherein the vise holds the Work 
piece in opposing jaWs having elastic polymer seats that form 
a compressive coupling With the Workpiece, Without metal 
to-metal contact. 

3. The system of claim 2, Wherein the opposing jaWs are 
con?gured to hold the Workpiece along a maximum linear 
dimension in excess of about tWenty-?ve centimeters and the 
elastic polymer seats form the compressive coupling With 
suf?cient strength to support a mass in excess of about ten 
kilograms, and Wherein the base slides to position the multi 
member support structure on a Work surface and has suf?cient 
mass to prevent tipping of the multimember support structure 
at all possible orientations of the ?rst joint, the arm, the 
second joint and the vise. 

4. The system of claim 3, Wherein the vise further translates 
the Workpiece along a lateral direction With respect to the 
second joint. 

5. The system of claim 1, Wherein the ?ve independent 
degrees of freedom comprise a vise rotational angle range of 
three hundred and sixty degrees provided by the second joint, 
as measured about a perpendicular axis through a bed of the 
vise. 

6. The system of claim 5, Wherein the multimember sup 
port structure further positions the vise With an adjustable 
spacing betWeen the ?rst and second joints in a range of about 
ten centimeters to about tWenty centimeters, as measured 
along the arm axis of the arm. 

7. The system of claim 5, Wherein the ?ve independent 
degrees of freedom further comprise an axial angle range of 
about one hundred and tWenty degrees provided by the sec 
ond joint, as measured from the arm axis to the perpendicular 
axis through the bed of the vise. 

8. The system of claim 7, Wherein the ?ve independent 
degrees of freedom further comprise an attitude angle range 
of three hundred and sixty degrees provided by the second 
joint, as measured about the arm axis. 

9. The system of claim 8, Wherein the ?ve independent 
degrees of freedom further comprise a Zenith angle range of at 
least ninety degrees provided by the ?rst joint, as measured 
from a Zenith to the arm axis. 

10. The system of claim 9, Wherein the ?ve independent 
degrees of freedom further comprise an aZimuth angle range 
of three hundred and sixty degrees provided by the ?rst joint, 
as measured about the Zenith. 

11. The system of claim 10, Wherein the ?rst joint and the 
second joint are independently actuated in response to ?uid 
pressure. 

12. An adjustable leveling mount comprising: 
a counterWeight base; 
a base joint coupled to the counterWeight base; 
a spacing bar coupled to the base joint at a ?rst end of the 

spacing bar; 
a vise joint coupled to the spacing bar at a second end of the 

spacing bar; and 
an adjustable vise coupled to the vise joint; 
Wherein the vise joint orients the adjustable vise With three 

independent degrees of angular freedom, the three inde 
pendent degrees of angular freedom comprising an atti 
tude angle measured about an arm axis along the spacing 
bar, a rotation angle measured about a vise axis of the 
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vise and an axis angle measured from the arm axis to the 
vise axis, and the base joint orients the spacing bar With 
tWo additional independent degrees of angular freedom 
in Zenith angle and azimuth angle. 

13. The mount of claim 12, Wherein the adjustable vise 
comprises a bed, a ?rst jaW and a second opposing jaW, and 
Wherein the second opposing jaW and the bed are indepen 
dently translatable With respect to the vise joint, along a 
longitudinal direction de?ned along the bed. 

14. The mount of claim 13, Wherein each of the ?rst jaW and 
the second jaW comprises an elastic polymer seat con?gured 
to hold a Workpiece Without metal-to-metal contact. 

15. The mount of claim 12, Wherein the vise joint orients 
the adjustable vise With three independent degrees of angular 
freedom comprising an axis angle range in excess of ninety 
degrees from the arm axis along the spacing bar to the vise 
axis, Wherein the vise axis is perpendicular to a bed of the 
adjustable vise, an attitude angle range of three hundred sixty 
degrees about the arm axis, and a rotation angle range of three 
hundred sixty degrees about the vise axis perpendicular to the 
bed of the adjustable vise. 

16. The mount of claim 15, Wherein the vise joint com 
prises a ball coupled to the ?rst end of the spacing bar and a 
collar that rotates about the ball to orient the adjustable vise in 
the axis angle, the attitude angle and the rotation angle. 

17. The mount of claim 15, Wherein the base joint orients 
the spacing bar With tWo additional independent degrees of 
angular freedom comprising a Zenith angle range of approxi 
mately ninety degrees from a Zenith to the arm axis along the 
spacing bar, and an aZimuth angle range of three hundred and 
sixty degrees about the Zenith. 

18. The mount of claim 17, Wherein the base joint com 
prises a ball coupled to the second end of the spacing bar and 
a socket coupled to the counterWeight base, such that the ball 
rotates inside the socket to orient the spacing bar in the Zenith 
angle, and the socket rotates With respect to the base to orient 
the spacing bar in the aZimuth angle. 

19. The mount of claim 18, Wherein the vise joint and the 
base joint are activated in response to a ?uid pressure. 

20. The mount of claim 19, Wherein the spacing bar has an 
adjustable length betWeen about ten centimeters and about 
?fty centimeters betWeen the base joint and the vise joint. 

21. The mount of claim 20, Wherein the adjustable length is 
adjusted in response to a ?uid pressure. 
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22. The mount of claim 3, further comprising a leveling 
device for leveling a bed of the vise With suf?cient precision 
for measuring tWist in a spanWise direction along an airfoil 
With tolerance of less than about ten microns. 

23 . A precision mount for an airfoil, the mount comprising: 

a vise comprising tWo opposing jaWs to form a compressive 
coupling that holds the airfoil Without metal-to-metal 
contact, and a sliding bed to translate the airfoil in a 
longitudinal direction de?ned across the opposing jaWs; 

a vise joint coupled to the vise, Wherein the vise joint 
comprises a ball and a collar that rotates about the ball to 
orient the vise in independent attitude, axial and rotation 
angles; 

an arm coupled to the vise joint, Wherein the arm comprises 
an adjustable length rod to support the vise joint and the 
vise; 

a base joint coupled to the arm at an opposing end from the 
vise joint, Wherein the base joint comprises a ball to 
rotate the arm in an independent Zenith angle and a collar 
to rotate the arm in an independent aZimuth angle; and 

a base coupled to the base joint for supporting the base 
joint, the arm, the vise joint and the vise; 

Wherein the attitude angle is measured about an arm axis of 
the arm, the rotation angle is measured about a vise axis 
perpendicular to the sliding bed of the vise, and the axial 
angle is measured from the arm axis to the vise axis. 

24. The mount of claim 25, further comprising a leveling 
device to level the airfoil at different orientations in order to 
measure tWist in a spanWise direction along the airfoil With a 
tolerance of less than about ten microns. 

25. The mount of claim 23, Wherein the vise forms the 
compressive coupling With an airfoil along a maximum airfoil 
dimension of at least tWenty-?ve centimeters, the arm sup 
ports the vise When holding a maximum airfoil mass of at 
least ten kilograms, and the base slides to position the mount 
on a Work surface and has su?icient mass to support the arm 

Without tipping at all possible orientations of the base joint 
and the vise joint. 


