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Important in Line of Sight stabilization

Static Balancing

applications to reduce disturbance

' CoG torque due to high frequency linear
N - vibration beyond the control loop
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By adding balancing weights

Unbalance measurements

Back & Forth rotation in various orientations wrt local vertical

Unbalanced Balanced
200 - AZ. Friction=12.4[mN*m], Unbalance=254.8[mN*m/g] 50 - AZ. Friction=12.5[mN*m], Unbalance= 0.8[mN*m/g]
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Discrete balance weights

TABLE

TFM NNPART IDENTIFICATION NO | THK  WEIGHT
,1_ | _qcp_:jﬂrc_;lj q_!:',ll‘r 150 .?i g ITEM MO PART [M“jn_r['::.'.l,-i,ﬂﬂ D, 1'?1{1 WEIST
2 | L958-2006-60 REV_ | 2.00 47 g | SV 208 08 0| ¢
1| LO5A-20N7-FN AFY .00 | 25 o, 00| 1
| - | - at = ;
L | LQGA-20N9-R0 RFV AON 60 o | 1720 200 20 T
INED 3
T @4 n2@) [RE) RE
r
oo ¢ ﬂ J D

Old method: Manually

Hours of calibration
by special trained personnel

Ilia Rapoport, PhD, Elbit Systems LTD

Required: Automated balancing process

Obvious Method: Discrete Linear Programming

*2 Cost: Total added mass

2 Am, k.,

Constraints:

Nonnegative weights

k, >0

Max Permitted Thickness

Max Unbalance

—H .. <h(ky, by, o k) + H< +H,_ .

Problems: Uncertainties {

Balance weights

Automated Optical Bench Static Balancing Procedure
Using the Discrete Linear Programming Algorithm

Motor Torque Measurements: 10% MeaSLllrement B:E:gfe
Balance weights: 5% .
Unbalance to fix: ~250mN-m/g L%
Required tolerance: < 1+5mN-m/g § é
255 mMN-m/g 25 mMN-m/g

AZ. Friction=12.4[mN*m], Unbalance=254.8[mN*m/g]

AZ. Friction=12.6[mN*m], Unbalance=25.1[mN*m/g]
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Solution: Iterative Process
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Balance weights

Measurement

Unbalance
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Balance error
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#1 #2 #3 #4

Cost: Total change in balancing weights

2 Amy k. + 2 Amyk;,

Added Removed
weights weights

Constraints:

Nonnegative weights

Max Permitted Thickness

Unbalanced
255 mMN-m/g

0<k/
0<k, <K

2 ALkt — 2 ALk, < L7

Max Unbalance

—Hpax < h(k{ kS, ok k) + H< +Hpypy

1st jteration
25 mMN-m/g

AZ. Friction=12.4[mN*m], Unbalance=254.8[mN*m/g 1

#5 Iteration

2"d jteration
0.8 mMN-m/g

Less than an hour of calibration
No special training needed
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