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State of the Art
How to realize the balance mechanism?

→ Option (a) favored for theorist/experimenter:

• Same hardware in both modes of operation: cancellation of common 

biases possible

• Reduced number of parts and sources for failure

• More simple to operate and maintain



Kinematic structure with degree of 
freedom equal to 1

• Balancing

• (passive):

• Guiding

• (passive):

𝑙1𝑚1 = 𝑙2𝑚2



Rigid body models, Lagrange method

FH

FH

Assumptions:

1. Ideally stiff links

2. Ideal rotation pivots

3. Gravity/mass load on

4. All geometric 

nonlinearities 

considered

• Beam-constraint:

• Wheel-constraint:



Comparison of forces/velocity of the mass

𝑚𝑔𝑙2 = 𝐵𝐿𝐼𝑙1 𝐵𝐿 =
𝑈

𝑣𝑐
𝑚𝑔𝑣𝑐

𝑙2

𝑙1
= 𝑈𝐼

𝑚𝑔𝑣𝑚 = 𝑈𝐼



Pivot: knife edge vs flexure

[4]

Knife edge pivots Flexure pivots

Most Kibble Balances made according to 

option (a)

Kibble Balances according to options (b) – (e)

High admissable loads (tens of kilograms) Often negligible hysteresis: elastic deformation

Large deflections possible (tens of degrees) Repeatable motion

Substantial hysteresis due to plastic 

deformation

Anelastic aftereffect present

Anelastic aftereffect present but often 

negligible

Careful design necessary

Relative sliding possible Flexures have elastic stiffness

[5]



Coil suspension



Equivalence of mechanical and electrical 
power in 6-dimensional case
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Kibble Robinson Theory (KRT)

Using the coupled coordinate 𝜻 to describe 

the motion of the coil, we can write: 

𝑽 = −𝑵𝒗𝜻 𝛁𝚽 ⋅ 𝝏𝜻(𝒙, 𝒚, 𝒛, 𝝋𝒙, 𝝋𝒚, 𝝋𝒛) , and

 𝑭𝜻 = −𝑰𝑵 𝛁𝚽 ⋅ 𝝏𝜻(𝒙, 𝒚, 𝒛, 𝝋𝒙, 𝝋𝒚, 𝝋𝒛) .

Consolidating the last two equations yields 

for the force of the coil depending on the 

induced voltage and velocity, which can be 

measured in a velocity mode:

𝑭𝜻 =
𝑽

𝒗𝜻
𝑰,

which describes the force exerted by the 

coil depending on the measured induced 

voltage in a single axis 𝜻.



Obeys KRT? Yes No Yes

Applications

(as of present)

Commercial tabletop 

balances and tabletop 

Kibble balances

Laboratory-grade 

Kibble balances

Mass comparators

Advantages No gimbals, stiff 

suspension

Proper alignment 

and characterization 

of biases possible

Allows one to adjust 

location of mass pan 

gimbal to minimize off-

axis forces in weighing

Disadvantages Sensitive to alignment 

and off-axis forces due 

to mass placement

Suspension modes 

affect measurement

Coil suspension and 

balance mechanism 

must be stiff against 

off-axis forces from 

coil



But...

You still need to consider errors that are 
present in the velocity measurement.



Cosine, Sine  errors (OT)

ሶ𝑧𝑚𝑒𝑎𝑠 = ሶ𝑧𝑐𝑜𝑠𝜃𝐼 ሶ𝑧𝑚𝑒𝑎𝑠 = ሶ𝑧 𝑐𝑜𝑠𝜃𝐼 + 𝑠𝑖𝑛𝜃𝐼
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ሶ𝑧



Reference liquid mirror or  transfer horizontal mirror
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Beam shear error

𝑥

𝑧
=

1μ𝑚

10𝑚𝑚
, λ = 633𝑛𝑚, 𝑑𝑏𝑒𝑎𝑚 = 3𝑚𝑚 ⇒ 𝑏𝑒𝑎𝑚 𝑠ℎ𝑒𝑎𝑟 𝑒𝑟𝑟𝑜𝑟 = 4.2 × 10−9



Abbe offset with different suspension

Single gimbal Double gimbal

𝑑(𝛿𝜃𝑡𝑎𝑟𝑔𝑒𝑡)

𝑑𝑧𝑓𝑖𝑛
=

10μ𝑟𝑎𝑑

10𝑚𝑚
, ∆𝑒𝑡𝑎𝑟𝑔𝑒𝑡 = 200𝜇𝑚 ⇒ 𝐴𝑏𝑏𝑒 𝑜𝑓𝑓𝑠𝑒𝑡 𝑏𝑖𝑎𝑠 = 200 × 10−9



"You are not alone" by M.J.

GitHub in 2026
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Thank you.

darine.haddad@nist.gov



Seismometer vs lever arm balance
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Optical target location in weighing and velocity
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