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ABSTRACT

In order to verify durability in the vibration environment of the Swaybrace-Lug mounting type air-

craft external store, vibration testing was carried out in accordance with the MIL-STD-810. The vi-

bration test fixture transmits vibrations that began at the bottom of the test fixture in contrast to di-

rect vibrations in the Swaybrace-Lug mounting structure. Therefore,

the inherent frequency of vi-

bration may vary due to the influence of the test fixture and the vibration applied to the store may

become excessive. Additionally, reverse mount vibration test fixture was designed for direct attach-

ment to the Swaybrace-Lug mounting structure. To confirm this hypothesis, the resonant frequency

and resonant response of the forward mounting and reverse mounting were compared at the fre-

quency of interest. Additionally, confirmation was done by applying the Modal Assurance Criterion

to objectively identify dynamic differences in mode frequencies.

Jl s ddg
FRF : 595 & o
Grms 7VEE FEHAF g
MAC : 2t A3 AF
oDS 2 T Wy g
TF A g
1.4 B
g AbgolA FREe AHsl= H4Hl A
Saolth, A Hwd Agshe TxE W

T Corresponding Author ; Member, LIGNEX1, Research Engineer
E-mail : jihwan.park@lignex1.com
*  LIGNEXI, Researcher

464 | Trans. Korean Soc. Noise Vib. Eng., 30(5) : 464~472, 2020

7FsAdol A7) wiel WS BHrtst
AE& 7] bdelA d4AQl Axfolt), w9
MIL-STD-SlooﬂH A= S tAL
S Hrhehes AlgS Alded.
3 MIL-STD-8109] 4=
s, 7] o5 FaE
2 MIL-STD-8591°ﬂ/\1 AA e 42 2108 7HATh
ol 9ol B o] -2 I(swaybrace-lug) F2T2E

mm

E
D

o

¢

A4 EE(crutch bolyE 2ol whel ~go]Hgo]
27k F37) A% AREE 7Y Igor U I
7] 9% Z2E2 #(lug)= & (bombrack)S 371
WA agsE AAzde webs Fev) 9N g

i Recommended by Editor Chan Jung Kim

{© The Korean Society for Noise and Vibration Engineering



Jihwan Park et al.; Analysis of Dynamic Characteristic According to the Gravity Direction of the Boundary Condition for ...

webd AEAGES A W AP gAe] 2H3
4 Qste] 71719 7R Alel7h olele 5 gle.
u, 7b85 Aleldel Azt 7] W] Qb

Fhe] shwsld 4 gk,

O PS DEE DN Sl PESRRIE L
& eI ARRER A A B Ee
FASD AAT 5 ok R A 9H 1
AESe) e AanE 5 oM, A Al
4ol AE £ 7ML Aolel ofeles AAT 5
S Aotk o RN Agolnao) s 3

D i yo
-4
BN
=2
>
ol
)
o
ot
=
=
i
_?g
of{
fo
1z
o
D
]
o

(1) ¥ 74
grale) gg7le] FaHE FrEon EA]

v

¥ Q@ T ooft oo o 2
ox Mt B g

o FYL Fig 13+ 2k AeH BEE YL
oA vehhe w54 2o oY g 4

ig. 25 Qo] W% o] T
o 7hgse] zdolndelzst giwth. FejA
BEE G0 9% JRES 55 Yo oy
ootk W sgel ARES g 47 ol
-
=

=
I
o
H
A
=
o

o

S
N
=
20
=

Crutch Bolt +Swaybrace
(Hard Point) #3:‘ #4

Bombrack

Crutch Bolt +Swaybrace

z
#1, #2
ve [

Fig.1 Configuration of bombrack

(2) &8lolBeolx 74

solneo] A= W HAE T shuEA F
7] A FHES AHAATE 9ES vk 29
ojp o] =8 YL Fig. 29| ¢} A} ~9olH
glo] o) 3 W nieho] HH I AT ol A
22 FES} FSlE o] e WhiE We AREE 3

| =

3) dz2 74
2]1%= MIL-STD-8591 74S wEshs d37)

o AREe] TEFE T shEA Wes Atk
Aes ot 2l P2 Fig 29 e85} Zth
o5 FHES AL 5 gl s WY 7k
7] 9F AHwe) wa dgein der] o5
Aol sldell= F 7o) vt e, g7
o) AREs SHA weke o oo 4
oz Fadn

3} Zo] vt slghie] T3 oo $XAI7I) ¥
a5 30 wig F, AYX BEE At 29
ojH o] ~7} 7] o el gt st A
HA] BEES 3|AAA HAT FEE Ao HE o]~
ol A g7 9F FAES o= o] Hal ¥
AE wEE @)= go] wAEy] Wil Fig. 39
QEFE} o] FEETH

2.2 71817|& o[&%t &S ODS
DREEE e
o G719l 2eloln
Hojg wAsb] Slel 387] 9% gHE] 0

il

Crutch Bolt

5/16-UNC

Universal Joint ~_ :
Swaybrace

Fig. 2 Configuration of bombrack

Trans. Korean Soc. Noise Vib. Eng., 30(5) : 464~472, 2020 | 465



Jihwan Park et al.; Analysis of Dynamic Characteristic According to the Gravity Direction of the Boundary Condition for ...

7] 95 101-7'_(]—%—% Aureko 2 2a+s)l B
Fig. 49} 2tk A% 42 Ag Fx= 3
FaE floll AR F ook ah, o]F AsHAl A
A Ao} vpe o] jﬁol’ﬂ] ‘:} o]
& Zdistar FxAow
£ olgA vE T 0“’4'
kel 2K (reverse mounted) A X
- FAES A AdloHe o]~
b=
A7

e &

ol O_‘>:4
9,
=)
o

oE
N
to
sk 4z 7l of

ot

o
12 [o DY oy
fu

oF

N

weblE, FEEL 1800 HHNA 43
1Ag PAoltt. o= Fig. 5% 7‘1‘/}.
g A=A Ale AR+ 7HEdta Ao

o2 dgdslr}

)

N
)
[
i
=2
L

F}L

ol
o
)

2 AR B4 ﬂ%%

Swaybrace Swaybrace
Y Hook

\

P
o ;'“"J ! Axial Force\

Gravity Force

Swaybrace

//Axlal Force

Bombrack Swaybrace

Hook

Fig. 3 Configuration of bombrack

Fig. 4 Forward mounted configuration

466

Trans. Korean Soc. Noise Vib. Eng., 30(5) : 464~472, 2020

% W3 3 J(operation deflection shape, ODS)= A}
sl

3 7 =4
7H4 Z71 white noise random vibration PSDZ
2.23 Grms©®|th. Grms (gravity root mean square)%
27142 GO root mean square®] RMS7|F &7
wejolm THEEE At Wats Wil oAl Al
L5 T8 gholth ol= ZFEETF Algtel| tigte] Wist
3 99 MRS Hu Ao ®E YERE gholth
MIL-STD-810¢] w21 g7] oF F2z9]
dol7h Eo] & YH| 9 4u] o] w) Ao g
o] AFEAEL AT = Ak 7]EH g,
A xFol| gk E54 AP AT yF, 25
247} 5 2W skl dlolHE R skgl o,
© 1 289 dHoHE

543 ‘?iﬁr% ApHow gRlehy| fJaf Re At
Zl4(model assurance criterion, MAC)E -85}/ t1?.
AAe] S 71 rﬂolEi(raw data)ol A H]aLa}arat
at Tkl tigk 2= 3/ (mode shape) AHE Y
H(matrix)F el 2] 31F HE(eigen vector)Z ]33]
I oJE RE A Ag A ow Allste] Hlud

z
Y\I/vx

Fig. 5 Reverse mounted configuration

Near End Frame
Near Lugs Sensor #6#10
Sensor #1,#2 -

Near End Frame
Sensor #3,#7

Near Middle Frame
Sensor #4,#5#8#9

V\I/.X

Fig. 6 Sensor instrumentation position



Jihwan Park et al.; Analysis of Dynamic Characteristic According to the Gravity Direction of the Boundary Condition for ...

o Hig ARAALE s Be
A A ()

A A

(4'B)

AT (B7B) @

mCLCA'B:
Ash B BT 4] ng WY PFolv], 475}
Bl AdEase] dAPLolt 4 (1) A B
7} i3 P (symmetric matrix)d 4§ g4 AxkE

7oAk a2y d@d iR vgy 3™
(unsymmetric matrix)°|th. WA EE A9 AFE
AZFsl7] Sl A (1) Mdo] dasht tixel

Mol MR T2 BRES 2] (2)9F o] af HE Pd=
xdT 5 ik

Qyy Ay O3 ayy Qg A3y
A= [0y Gy Gy3| A T= Q9 Aoy gy
| 331 32 A33 Q)3 Qg3 A33
) @
by by by byy by by,
b= b21 b22 b23 B'= b12 b22 b32
[ D31 b3z by b3 by3 byy

0, 1H AdolA e 23} wE
A ()] #2418 A 3)3 &

A,B, A,B, A, B,
ATB=|A,B, A,B, A,B,
A,B, A,B, A,B.

A9 12} ZE=9F B9 12} EEA A F
olmgiet. Ake Fd 442 A9 B9
o Aol A= ljr “E{M e fAME
.z 3de] A
qA e RE FAMS T3

X ()9} o] AL

A4, A Ay A Ay
A'A [

)4
r10 Elﬁ _Q{

=| 4,4, A,A, A,A,
AA, AA, A A
@

=|B,B, B,B, B,B,

BB, B\B, B, By
BB
By B, BBy By B

>

ATASE B'B= ASH BY| EE RO WS U
Ehdtt. 2= A AlE A8 b g4 g4
Aleletare gl ot webA A (1)9] 5

o,

of o7t YHE AR AL A (5)9 2k
ATB AR ANR

diag(A"A)diag(B"B)" =| A} B? A} B} A}B; 5
ABY AS B ASBY

diag(ATA) ¥ ATA e o)zt AL L o],
A JLe A% BY BY AN M e

BEZ] RE §A A3E e o7 gde)
A% AshBel ¥ B, 59 ArdAe] BE 44}
e btk meb SAE RS g A8 AR

(A”B)?
MAC, ,= 6
4B diag(ATA)diag(BTB)T ©
(5) A A yH25 A B 43

g7 9 %&%—% Fig. 49} go] 4waf 44y

Tt 54 FIrE T
Fuge %%6}71 AsliA 7Hge] Basita A7kt
Stk olo AY FH4(transfer function, TF)Q] HE
ﬂ*(MlF)ﬂ 035 01“01 TREA Ho R=
ghpoll 3t Fukes FRFIER 7P eI
A g2 yH ZJ%M@?% 7% WEAE AdE
Table 17} Table 22 A3kt

(6) 9 A2 yE/z% AF A

&37] 9 FAES Fig 59 o] ek Azt y
%, 2% WEAEE Faesl AUE 439 5
A RE AH s =239 Y3 7S 4
$3he] 9 43y AFAYH 2% A5 2
32 Table 37} Table 42 42|84

) AW A PG AR A Aok vl

A

Fig. 99} Fig. 10> A= Ak
A 2% Al Tl Wi 107 7=

& 7&401] el A 1070 2 Al el ek

e AR 7R S Grms AfolE

sy,

_YE,_I

Table 5 &

Trans. Korean Soc. Noise Vib. Eng., 30(5) : 464~472, 2020 | 467



Jihwan Park et al.; Analysis of Dynamic Characteristic According to the Gravity Direction of the Boundary Condition for ...

Table 1 Forward mounted y-axis test result

Freq Forward mounted y-axis test sensor response [g/g] MIF
[Hz] 1 2 3 4 5 6 7 8 9 10 >0.35
50.67 1.00 1.01 4.90 3.92 3.73 5.44 14.19 12.99 12.96 14.79 0.94
109.17 1.00 1.02 2.57 0.75 0.76 3.66 1.75 0.52 0.77 1.34 0.58
141.70 1.00 1.58 42.32 0.74 2.46 26.79 11.98 11.22 10.81 10.43 0.96
255.56 1.00 1.01 0.59 4.27 4.18 0.39 10.32 9.63 9.73 10.06 0.96
484.54 1.00 1.47 0.98 1.35 225 1.33 1.43 1.08 1.41 0.32 0.50

Table 2 Forward mounted z-axis test result

Freq Forward mounted z-axis test sensor response [g/g] MIF
[Hz] 1 2 3 4 5 6 7 8 9 10 >0.35
42.85 1.00 0.98 5.72 1.13 0.98 6.42 5.65 1.12 1.00 6.38 0.66
65.69 1.00 0.98 61.69 2.45 225 48.81 64.14 2.66 1.34 48.90 0.95
276.36 1.00 2.11 4.83 6.45 222 8.82 4.42 6.46 2.53 1.06 0.35
286.53 1.00 1.93 9.86 11.17 4.53 5.01 9.31 11.44 5.54 3.84 0.94
317.44 1.00 0.70 2.52 1.53 2.19 2.17 2.18 1.60 1.57 1.28 0.51
330.17 1.00 1.21 2.19 3.28 3.48 1.41 2.72 3.44 3.16 1.02 0.76
348.62 1.00 1.02 0.21 0.67 0.68 0.70 0.48 0.71 0.71 0.23 0.42
381.15 1.00 1.11 1.04 2.30 1.63 0.81 1.33 2.44 1.51 1.01 0.70
415.25 1.00 0.95 0.54 0.74 0.73 6.53 0.50 0.73 0.83 0.90 0.87
442.93 1.00 1.53 1.87 2.64 3.81 2.79 2.15 2.90 4.04 2.69 0.74

Table 3 Reverse mounted y-axis test result

Freq Reverse mounted y-axis test sensor response [g/g] MIF
[Hz] 1 2 3 4 5 6 7 8 9 10 >0.35
50.36 1.00 1.00 5.51 4.41 4.34 6.27 15.90 14.70 14.74 16.94 0.97
113.55 1.00 0.98 2.45 0.74 0.62 2.59 1.12 0.53 0.74 0.92 0.36
141.86 1.00 1.57 46.28 0.80 2.66 28.56 12.82 12.17 11.63 11.30 0.97
256.03 1.00 1.01 0.63 4.66 4.57 0.36 11.22 10.60 10.77 10.96 0.97
488.13 1.00 1.21 1.02 1.41 1.80 0.82 1.28 1.17 1.19 0.30 0.44

Table4 Reverse mounted z-axis test result

Freq Reverse mounted z-axis test sensor response [g/g] MIF
[Hz] 1 2 3 4 5 6 7 8 9 10 >0.35
55.52 1.00 1.17 6.66 1.09 1.15 6.82 6.78 1.13 1.05 6.90 0.42
65.85 1.00 1.48 65.67 3.80 3.38 37.05 68.17 4.00 2.29 36.77 0.97
278.55 1.00 3.47 5.35 6.05 4.12 5.01 4.86 6.15 5.05 6.98 0.53
290.91 1.00 5.17 15.69 16.44 4.85 2.50 14.89 17.37 4.52 9.67 0.89
318.18 1.00 0.60 223 1.28 2.07 2.53 1.65 1.39 1.27 1.03 0.49
331.10 1.00 2.14 3.26 4.73 4.85 1.44 3.37 4.99 4.35 0.91 0.76
348.31 1.00 1.04 0.28 0.84 0.82 0.22 0.59 0.86 0.88 0.24 0.44
381.41 1.00 1.31 0.98 2.23 2.32 1.20 1.24 2.26 2.15 1.58 0.76
419.17 1.00 1.60 2.13 1.94 2.51 7.54 1.64 2.13 3.14 2.08 0.45
449.32 1.00 1.03 1.12 1.57 1.60 1.48 1.23 1.98 2.12 1.50 0.64
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Table 5 Comparison of sensor response Grms

Sensor response Grms difference between forward
mounted and reverse mounted
Sensor ; . . .
— Y-axis excitation test Z-axis excitation test
X Y VA X Y VA

TESponse | response | response | response | response | response
1 -0.25 | -0.75 | -0.55 0.48 0.12 0.12
2 -0.37 | -0.91 -0.74 0.03 0.15 0.38
3 -0.06 | -0.41 -0.11 0.19 0.18 0.82
4 -0.47 | -0.46 | -1.05 0.33 0.15 0.15
5 -0.49 | -0.63 | -0.82 0.01 0.26 0.62
6 -0.50 | -0.03 | -0.01 0.39 0.12 0.11
7 -0.01 -0.11 0.21 0.10 -0.05 0.05
8 -0.06 | -0.31 0.27 0.89 -0.15 0.06
9 -0.23 | -0.37 0.31 0.23 -0.02 0.05
10 -0.84 | -0.15 0.31 0.61 -0.15 0.58
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Table 6 Comparison of resonance frequency =3 Al ARt el H&ahd y= el A
o= AP wsh Yoz JHAAS U 1
Excitation Forward Reversed Ditfference B
tost mounted mounted [(Hz] (%] Ete = fAMdE HlwEd 4 Qlrk 5709 AFa+E 9
freq [Hz] freq [Hz] R - _ o =
w2 ALkek gk Tabl ¢om, o]& Fig. 11
50.67 5036 | 031 | 0.61 74]‘; it - Table 9%_15 IS Fig
109.17 113.55 | 438 | 401 I o] 3xkel ez Pdsteladl
Y-axis 141.70 141.86 0.16 | 0.11 Lol3l uAlS Agsle] Ak Abal ourek A
255.56 256.03 | 047 | 0.18 2,2 AEAB O] 7 A 3% ok o WE 3
z=5 Rl A 35 & al =
484.54 48813 | 3.59 | 074 en ‘_301“4 ! 1 R iv I ;E
42.85 55.52 12.67 | 29.57 42 Aeegitt. 25 AR 45 & 10709 &
65.69 65.85 016 | 024 |\yp  AFIFE vluTo 2 A 7] witol 10x10 Y
7636 [ s [0 [on] - qo) g weE Agshalch RS A A% A
: : : = Ao #-8-3] 2F3E gh2- Table 103} 2o, o] &
7. axis 318.44 317.18 | -1.26 | -0.40 ! |78 }L 74]_“0 i o er_ Z H. o8
330.17 33110 | 093 | 028 Fig. 129} o] 32k¢l T2 Fdstsigivk
348.62 348.31 -0.31 | -0.09 B A3 A$5E oA 1AFo]9] Fe ztor B
381.15 380.06 -1.09 | -0.29 Az AZ=7} 0.9 oAk =R me O aLA]
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Table 7 Forward mounted sensor response eigen vector
Brchaiion e Forward mounted sensor response eigen value [vector + phase]
[y-axis] 1** mode 2" mode 3™ mode 4™ mode 5" mode
Sensorl 1.14-0.47i 1.62-2.24i 1.36+0.72i 1.55-0.39i 1.84-2.19i
Sensor2 1.19-2.37i 1.50+4.34i 2.10-6.32i 1.70-1.56i 2.77+3.29i
Sensor3 10.55+1.52i 5.06-0.79i 75.11-1.66i 10.45-2.48i 1.76+1.32i
Sensor4 9.66+1.45i 2.34-1.56i 13.37-0.57i 7.81+1.73i 3.52-1.96i
Sensor5 9.67+4.53i 2.71+3.06i 9.68-1.92i 7.68+4.29i 4.84+2.56i
Sensor6 12.25-1.51i 6.98-3.97i 44.88-4.85i 9.16-1.62i 3.05+6.19i
Sensor7 20.06+1.15¢ 5.58+3.43i 37.05-1.58i 23.72-1.50i 2.10+3.63i
Sensor8 18.45+1.12i 3.56+1.72i 19.41-4.42i 12.93+4 .91 3.65-3.30i
Sensor9 18.79+1.09i 4.11-0.38i 18.16-1.79i 13.27+1.80i 5.54+2.81i
Sensor10 21.92-1.31i 6.12-1.27i 25.63-4.97i 22.91+1.66i 1.65+0.51:
Table 8 Reverse mounted sensor response eigen vector
Excitation test Reverse mounted sensor response eigen value [vector + phase]
[y-axis] 1* mode 2" mode 3™ mode 4™ mode 5" mode
Sensorl 1.16+0.92i 1.19+3.27i 1.19+0.49: 1.36+1.94i 1.29+1.10¢
Sensor2 1.12-7.84i 1.13+2.12i 2.04-5.82i 1.43-7.52i 1.66+7.89i
Sensor3 11.99+1.79i 4.92-1.19i 82.11-1.43i 11.95-2.622i 2.12+6.59i
Sensor4 11.04+1.82i 1.91-1.99i 14.73-0.42i 9.22+1.27i 3.02-1.54i
Sensor5 10.76+2.97i 1.89+3.26i 10.40-1.79i 8.97+4.95i 3.36+2.79i
Sensor6 14.23-1.45i 5.95-3.72i 47.78-4.68i 10.11-1.67i 2.75+5.34i
Sensor7 22.73+1.30i 4.25+2.25i 40.28-1.47i 26.43-1.65i 2.42+3.06i
Sensor8 21.02+1.31i 2.54+0.02i 21.27-4.59i 14.86+4.44i 3.35-2.24i
Sensor9 20.54+1.30i 2.71-1.92i 19.17-1.35i 15.31+1.39i 4.15+2.66i
Sensor10 25.26-0.98i 5.02+3.29i 27.23-4.61i 25.36+1.48i 1.43+2.55i
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Table 9 Sensor response MAC data (y-axis excitation)

Mode 1 2 3 4 5
1 0.9871 | 0.5445 | 0.5814 | 0.9316 | 0.3529
2 0.5911 | 0.7292 | 0.5523 | 0.5681 | 0.4382
3 0.5934 | 0.5406 | 0.9997 | 0.5713 | 0.4872
4 0.9232 | 0.5652 | 0.5623 | 0.9823 | 0.2853
5 0.3643 | 0.2448 | 0.3156 | 0.2679 | 0.7459
MAC Graph

Criteria

2
Forwarg Mounteq Mod
e

1

Fig. 11 Sensor response MAC value (Y-Axis excitation)

Table 10 Sensor response MAC data (z-axis excitation)

Mode 1 2 3 4 5
1 0.6450 | 0.6101 | 0.4490 | 0.4791 | 0.3454
2 0.7286 | 0.9739 | 0.4472 | 0.4594 | 0.4537
3 0.3816 | 0.4319 | 0.6433 | 0.6501 | 0.7734
4 0.5014 | 0.4876 | 0.8132 | 0.9426 | 0.6314
5 0.3346 | 0.5208 | 0.6356 | 0.5706 | 0.8833
Mode 6 7 8 9 10
6 0.8863 | 0.2906 | 0.5432 | 0.6303 | 0.5227
7 0.4149 | 0.5912 | 0.2500 | 0.2600 | 0.2862
8 0.3996 | 0.2494 | 0.7284 | 0.2365 | 0.3207
9 0.2367 | 0.3915 | 0.4269 | 0.2150 | 0.0907
10 0.6233 | 0.4421 | 0.3624 | 0.4333 | 0.7071
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Fig. 12 Sensor response MAC value (z-axis excitation)

Top Plate of Test Fixture

Y-Axis
Mode Shape
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|

Top Plate of Test Fixture

Fig. 13 Difference boundary condition of top plate of
test fixture
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