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Vibration Reduction Simulation of UH-60A Helicopter Airframe
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ABSTRACT

This study using the active vibration control technique attempts to alleviate numerically the
airframe vibration of a UH-60A helicopter. The AVCS(Active Vibration Control System)
applied to reduce the 4/rev vibration responses at the specified locations of the UH-60A airframe.
The 4/rev hub vibratory loads of the UH-60A rotor is predicted using the nonlinear flexible
dynamics analysis code, DYMORE II. Various tools such as NDARC, MSC.NASTRAN, and
MATLAB Simulink are used for the AVCS simulation with five CRFGs and seven accelerometers.
At a flight speed of 158knots, the predicted 4/rev hub vibratory loads of UH-60A rotor excite
the airframe, and then the 4/rev vibration responses at the specified airframe positions such as
the pilot seat, rotor-fuselage joint, mid-cabin, and aft-cabin are calculated without and with
AVCS. The 4/rev vibration responses at all the locations and directions are reduced by from
2514 to 96.05% when AVCS is used, as compared to the baseline results without AVCS.
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(b) Schematic diagram of counter rotating force
generator

Fig. 1. Counter rotating force generator (CRFG)
for AVCS
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Table 1. General properties of UH-60A

Gross—weight 16850 Ib

Fig. 3. UH-60A helicopter
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2 =Fo AF tidl UH-60A & FEFig 3,
4 Table 1)= A= A8 vete] FoA AHE F
d tEH] 54 rls dEFHel, A UH-
60A Airloads Flight Research ZZAE[9] ¥ H
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e gIEo] Ry 9 A JHe Hils 2 A

H A TH11-13].

Number of blades, Np 4

Radius, R 26.83 ft

Nominal chord, ¢ 1.73 ft

Pretwist -16.0 deg. (Nonlinear)
Solidity, o 0.0826
Nominal rotor speed 258 RPM

Airfoils SC1095/ SC1094 R8

Table 2. Flight condition of UH-60A

Advance ratio, n 0.368 (158 knots)

Crlo 0.084

Tip Mach No. 0.642
Shaft tilting angle, as -7.31 deg.
Altitude 3273 ft
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Fig. 4. Predicted magnitudes of 4P hub vibratory
loads of UH-60A rotor
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Fig. 5. UH-60A airframe stick model for normal
mode analysis
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Table 3. Normal mode analysis for UH-60A airframe stick model
Fuselage Natural frequency [Hz] Error [%]
bending mode Shake test [15] | NASTRAN [15] Present Shake test [15] | NASTRAN [15]

1st lateral mode 5.58 5.15 5.40 3.23 -4.85

1st vertical mode 6.79 7.08 6.50 4.27 8.19

2nd lateral mode 14.01 13.03 14.52 -3.64 -11.44

2nd lateral mode N/A 15.43 16.57 N/A -7.39
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Fig. 7. Results of frequency response analysis
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Table 4. Natural frequencies of the UH-60A airframe stick model

Natural frequency [Hz]
be:;izlar%ide Normal mode analysis Frequency response Diference [%]
analysis
1st lateral mode 5.40 5.40 0.00
1st vertical mode 6.50 6.60 -1.54
2nd lateral mode 14.52 14.40 0.83
2nd lateral mode 16.57 16.50 0.42
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Table 5. Locations of CRFGs for the Case study

CRFG in CRFG in CRFG in

Case| longitudinal vertical lateral
direction direction direction

1 [Node 111, 114 |Node 111, 113 | Node 9
2 |Node 111, 114 |Node 111, 113 | Node 10
3 |Node 112, 114 |Node 111, 113 | Node 9
4 |Node 112, 114 |Node 112, 4 Node 9
5 |Node 111, 114 |Node 111, 4 Node 9
6 |Node 111, 114 |Node 111, 114 | Node 9
7 |Node 111, 114 |Node 111, 22 Node 9
8 |Node 111, 22 |[Node 111, 9 Node 9
9 |Node 111, 114 |Node 112, 22 Node 9
10 |Node 111, 114 |Node 112, 9 Node 9
11 |Node 111, 114 |Node 112, 114 | Node 9
12 |Node 111, 113 |Node 3, 114 Node 9
13 |Node 112, 114 |Node 111, 9 Node 9
14 |Node 111, 114 |Node 111, 9 Node 9
15 |Node 111, 113 |Node 111, 9 Node 9
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Fig. 10. Block diagrams for Fx-LMS algorithm



M 48 #H X 6 =, 2020. 6. E

A5 Aol A2EE o] &3 UH-60A FH 7149 - 449

sttt wetkA 7A "E FES Aot aA st 9
A(F, 7H&EEALY A} AT FFas HH
CRFGE YAANHLo™W CRFGY ¢ AF A4
352 Wk wegl & 157019 CaseE Td3FITH
CRFGY %<& REdHEs7] H3te] ZF Case EE
UH-60A 71A19] #3884 =do| HHI fFas
A (Fig. 6)°] CRFGE XA AT

2.1.5 AVCS2| MATLAB Simulink =22

FxLMS ¢aese degE 7lAe e Az
(ym)E FHA7171 98l 2HAA BAHE 7E
AZ (xm) ek 7HEEAZ ZAZ o AZ(en)E °l
gote] dHlClE & Ao dHum)ez st A
H s A AE@Pm)E Ttesd AHEETh MIMO
°| 8% FxLMS <iglEs MATLAB
SimulinkE ©]-&3t Fig. 113 o] YEHATH
Reference theta(Fig. 11¢] Block D)+ Disturbance
path¢} Control path®] 4# #d 4/rev A4S &
@3t} Disturbance path(Fig. 112] Block @)+ UH-
60A 71418 $5A<S Yehdth Control pathe 2
5719 §54<% YElWE= Forward path(Fig. 119
Block @) =®3} A 2Fr]e] A AL
2 (Fig. 119] Block @)& T4 T}

Disturbance path®] =¥ 3 (y(n))= UH-60A 7|
Ao AEeH e FHs AME 4/rev AZ
2 23dn. =3, JF AA sFe Bgs] Atet
7] #1314 += Forward path®] 38t HE§ho
ANzl BAFE Ajts okt o] & #f3 Ao Al
"2 AP A EH(Linear Time Invariant, LTI)®]z}
3L 7Skl LMS HClE A 3]e o838t Al
28 AEAFE Atstan.

(1) Reference theta

L

¥l

el

noo
:\-'2 e

(%) Forward Path 5
(Actuator (C)) );'i
S |

f1L]==" V3
_’"1 &4

"
A
1

= . = i ﬂ 7
= : IS
— i === 5
X6 en

i1 1]=" A ve

Blre

¥7

(@ Disturbance Path
(Helicopter (H*))

@) Actual Forward Path (C*)

Fig. 11. Multi Input and Multi Output model with
5 CRFGs and 7 accelerometers

Airframe vibration 4P component

I H-60M 2]
0.175 ¢ [ UH-60A {

0.15F
0125
0.1 -
0.075 -

0.05 -

4P Pilot seat in vertical vibration [g|

0.025 -

o

Flight test [2]

Present

Fig. 12. 4P vertical vibration component at pilot
seat of UH-60A

22 AT ZAxt
221 7|d DE SE iAo &

DYMORE II si4e=RE fojX Fig. 4% #H Y
&% 158knotsoll A 2Z2E Q] 4/rev B F st
714 2ol 2 3 H(node 8)°l 7}3F F, AVCS7}H
g5 A UH-60A AFHel =34 A
(node 2)°llA 4/rev FHYF NTETHS dZ3HA
o o s SH A AdsE AFAT 2] H
PP Aol vlaste] HFeAh

Figure 12+= 158knots®] ®|3 <£oA UH-60A
Z2F4 A9 4/rev FAYF AF&
HolZth NASTRANC ZRE dZd 234 939
4/rev TAYF Ne3H| F71(0235g)= HAAAT
[2]°] UH-60M HI@AA Aot AR A3E HS)
o} o] w, APAF9 UH-60MS £ +=F2 UH-
60A°] FAPolmE 7|H T SHES M|
Z 77t 9ls Ao wadn, dgdete Al
ool A7]E 9.65%% B AT UH-60A 7]1A =
29 9 AESH diHe] Hlwz AdsA HAsS
sttt
222 AVCSE 0| 8% 7|A ZSSE Hof

2 dATolAE UH-60A HFE 71A9 thdt
AA AN DEE FAA AAsH7] s MIMO A2
S o83 AVCSE A&kt shue] CRFGE
& AFomn AF G AE(Es sE)E B4st
2, MIMO Al2¥l9e] CRFGES FAld 27t b &
FEE T A A5 E YA Fig. 13 5
°] CRFGS} 770¢] 7HE=AR 748 AVCSE A
39S w, 5719 CRFGe A& wWASEA
Table 59 AolH 157] Casegell tidtd Ao AlE
FolAdS Fyd3 AHYE HAFr o§7]A], Baseline
< AVCSE A &3hA &3E 745, UH-60A 714 F

ol

o) o
Lo

op = of |d



450 oldd - A=Y - 4=

z‘g] . g/\gl-if_ . Hl—xﬁ/\]—

rok

3 12882 F8Bx]

.6

Baseline |
]

!.__--J

4P Vibration response |g]

0.1}

Accl Accl Accl Aced AceS Aceh Ace?

Pilot Rotor-fuselage Mid- Pilot Rotor-fuselage Mid- Aft-
seat joint cabin seat Jjoint eabin cabin
Long. dir. Ver. dir. lat. dir.

Fig. 13. Reduced 4/rev vibration reponses of
UH-60A using AVCS

L2 AAANAMY 4/rev IAFSHE r|gt. AVCSE
2 88} - Baselineo] ®l1&le] 5719 CRFGE A
€3 AVCSE A &39S 49, 18" 7H&EA
A HE Sl 43s AE 7 des Flg b
4, 2318 T S8 T/E FE USS ¢ F
ATk wWEtA B AFo = 15789 Case FollA 7}
A AFAL As5o] 435 Best Cases

A ()2 et zAsAT

B

4

[t

£

A M)A Je FHTEE AoHH, e iMA 7t
L5719 4/rev AESH ALE(%)S AvIEL w;
= i¥A 7}F X (weighting factor)e]Th. o] o], <]
& ZHe ne AVCSel o9k AEewe] Ade 9

, &9 #e 2= AelE AFSHY e
2

o] Case 89 A%, e 7IEEANA IF &F
AaEor, 54585 B A4 1EE
1570 ¢] Case &, HHe #o & ALtE S 7H
3t AF A AEE 7FA = Best caseZ AAGEHSA
=
Best Case® A AH Case 8¢ 714 AF & A
oo AFAE ARt $HOE Fig. 149 YeERATH
dRoA, AVCS7F HEHA &2 A5 FsH

O oo 2o N fo € B gy
IO
o
X0 |

Table 6. Reductions in 4/rev vibration response
of UH-60A airframe using AVCS

Vibration reductions using AVCS [%]

Accl | Acc2 | Acc3 | Accd | Acch | Accb | Acc7 | J

1 632 | 549 | 333 | 873 | 60.5 | 336 | 906 | 52.3

2 | 661 |53|335| 83|59 |216 | 725|473

3 | 505|699 | 388|626 | 136 | 360 | 943 | 460

4 | 242 | 110 | 274 | 680 | 792 | 87 | 855 | 409

5 | 799 | 649 | 409 | 765 | 625 | 158 | 863 | 50.3

6 |-30.1| 11.1 |-562| 650 | 243 | 50.7 | 906 | 27.8

7 | 82790 | 654 | 816|805 | 40 | 848 | 57.0

8 [39.4 932|251 817|653 |52196.0 598

9 |89]|5.1]|59 136|663 |-319|8/5 | 368

10 | 712 | 80.7 | 649 | 158 | 298 | 233 | 94.7 | 452

11 | 338 | 783 | 529 | 174 | 927 |-22.1| 91.0 | 452

12 | 729 |-154| 919 | 64 | 61.1 | 281 | 91.3 | 387

13 | 614 | 826 | 624 | 538 | 314 | 245 | 940 | 50.7

14 | 632 | 645 | 760 | 804 | 294 | 433 | 92.0 | 958

15 | 730 | 151 | 947 | 71.0 | 357 | 481 | 97.0 | 526

w | 014 014|014 | 014 | 0.14 | 0.16 | 0.14
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Fig. 14. Reduced 4/rev vibration responses of UH-60A using AVCS (Case 8)
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