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Reliability in Robotics 2(11)

Industrial robots applications may be

• harsh

• dull

• safety critical

• cost critical

Reliability is a key for success!

• Robots can’t fight time...

• But they still need to be reliable
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Wear and Friction 3(11)

Wear effects
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... and the bad news!
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T = 33◦ C, τm = −0.70
T = 80◦ C, τm = −0.70
T = 33◦ C, τm = −0.01
T = 80◦ C, τm = −0.01

Bittencourt, et al. ”An extended friction model to

capture load and temperature effects in robot joints,”
IROS 2010

Can we identify wear through friction?

Basic idea:

ŵ = arg min
w

V
(
τf (ϕ̇)− τ̂f (ϕ̇, τm, T, w)

)

• How to observe friction?
• Can we model the wear effects?
• How to handle T effects?
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A Test Cycle 4(11)

Here is our robot. We want τf .

Move at a cte speed ¯̇ϕ one axis at a time

M(ϕ)ϕ̈ + C(ϕ, ϕ̇) + τg(ϕ) + τf (ϕ̇) = u

Move back and forth around ϕ̄

τf ( ¯̇ϕ) + τg(ϕ̄) = u+,

τf (− ¯̇ϕ) + τg(ϕ̄) = u−

if τf (− ¯̇ϕ) = −τf ( ¯̇ϕ)

τf ( ¯̇ϕ) = 1/2(u+ − u−)
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Wear Modeling 5(11)

Wear debris accumulate in the joints
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τ̃f (ϕ̇, w) = Fs,wwe−
∣∣∣ ϕ̇

ϕ̇s,ww
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Wear Modeling 5(11)

Wear debris accumulate in the joints
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τf (ϕ̇, τm, T, w) = τf (ϕ̇, τm, T) + τ̃f (ϕ̇, w)
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Wear Identification 6(11)

A setup used for analysis

• Only 1 friction observation allowed

• A known friction model (13)

• Temperature treated as random with known bounds

ŵi(ϕ̇) = arg min
w

V
(
τf (ϕ̇)− τ̂f (ϕ̇, τm, Ti, w)

)
, Ti ∼ U (T, T)

ŵ(ϕ̇) = E [ŵi(ϕ̇)] , i = 1, . . . , N

Choice of ϕ̇ is a design criteria. What region is best?
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Wear Identification 7(11)

Estimated distribution for a critical wear level
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• Large bias at high ϕ̇
• Large variance at low/high ϕ̇
• Selective ϕ̇ region where ŵ estimates are useful
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Case Study 8(11)

Real failure data combined with fault free data (temperature)

τ∗f (k) = τ̃f (k) + τ0
f (T)
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Case Study 9(11)

Results
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Conclusions 10(11)

• Robust wear estimation is possible!

• Revealed basic characteristics

• Friction model useful for analysis/design

• Practical restrictions (known model, test cycle)
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Thank you!
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