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Introduction

Preload = Joint stiffness




Prior study: NOMAD 2017
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Introduction

= To what extent do surface irregularities in an interface effect
the dynamic properties of a joint?
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System Description
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Single Beam Structure: Experimental
Modal Analysis
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Single Beam Structure: Model Updating of Density

4340 Alloy Steel Beams

\ BYA BYB
Mass
7.3E-03 | 7.3E-03
(slug)
Density
(slug/in’3) 7.3E-04 | 7.4E-04
Serialize components
Washer .3441D, .6880D, .065 THK
Washer 1 Washer 2 Washer 3 Washer 4
(Right) (Right) (Left) (Left)
Mass
ooy | LIE-05 | 12B-05 | 1.IE-05 | 1.2E-05
Density
olnainnz) | 6-3E-04 | 6.4E-04 | 63E-04 | 6.4B-04

Hex Head Screw, .3125-25 UNF-2B

(P mmm| Beit! Bolt 2

(Right) (Left)

Mass 1 OE-04 |0 F-04
(slug)
Density

(slug/in”3) 6.7E-04 | 6.7E-04

Nut, Hex, .3125-25 UNF-2B

) Nut 1 Nut 2
I (Right) (Left)
Mass | 5 ¢7E.05 | 2.8E-05
(slug)

(sﬂeg‘;;il%) 9.1E-04 | 9.0E-04




Single Beam Structure: Model Updating
of Young’s Modulus

B9A B9B
Natural Frequency [Hz] Natural Frequency [Hz]
Mode Young’s Young’s
Experimental | Modulus | Experimental Modulus
Updated FE Updated FE
1sty- 187. 187.

Y 187.5 871 187.1 87
bending (+0.1%) (+0.1%)
2nd yo 27.4 26.4

Y 526.3 02 525.1 026
bending (+0.2%) (+0.2%)
rd y- A 06.9
3Ty 610.8 008 610.2 0
bending (-0.4%) (-0.5%)
15t z- 1046.5 1044.5
1042.7 1042.9
bending (+0.4%) (+0.2%)
1541.8 1538.8
15 torsi 1545.6 1541.8
orsion (-0.2%) (-0.2%)




Single Beam Structure: Model
Updating of Surface Geometry

%107 | B9A Lgft A-A |

Surface Deviation [in]

-10 -9.5 -9 -8.5 -8
Distance [in]




Beam Assembly: Experimental Modal
Analysis
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Beam Assembly: Linearity Study

2nd out of phase y-bending Mode
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Beam Assembly: Computational
| Analysis (Nominally Flat)
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Beam Assembly: Pressure Film
Verification
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Validation

sult';lfzze Flat | Perturbed .
fully >| surface, | surface, |Experiment
preloaded | preloaded [Hz]
stuck (Hz] (Hz}
|Hz]
Mode
Shape - _
/ 297.0 283.0 289.2 290.4
(+2.2%) | (-2.6%) | (-0.4%) '
/ 359.2 354.5 355.5 3538
(+1.5%) | (+0.2%) | (+0.5%) '
/ 513.9 513.3 513.5 508.4
(+1.1%) (+1.0%) | (+1.0%) '
/ 597.0 597.0 597.1 508 6
(-0.3%) | (-0.3%) | (-0.3%) '




Validation (Cont.)

Flat

surfice Flat  Perturbed
fully > | surface, surface, Experiment
preloaded preloaded |[Hz]
stuck (Hz} [Hz}
|Hz]
Mode
Shape _ _ -
814.6 773.0 791.6
/ G2.1%) (-32%) | (-0.8%) 070
/ 982.9 | 9259 | 948.7 —
' (+2.8%) (-3.2%) (-0.7%) '
/ 11837 11760 = 11789 o
(-0.2%) | (-0.8%) @ (-0.6%) '
1359.4 ' 1353.0 @ 1353.7
f (+1.1%)  (+0.6%) | (+0.7%) 1adas




Conclusions

= High-fidelity modelling of a benchmark jointed structure was
conducted

= Model updating of density, Young’s modulus, surface geometry

= Applying tied MPC’s to nodes in contact from a preload
analysis 1dentifies the pressure distribution of an interface

= (Qualitative agreement with pressure film data

= Significant improvements in natural frequency predictions
occur for out-of-phase bending modes

= Perturbed surface heights contact each other far from the bolt hole

= Future iterations include:

= Spatially averaging surface heights, testing more topographies
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