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Design and Simulation of Damping Holes in RAT Actuators

LI Hailiang, CAIJing
(College of Civil Aviation, Nanjing University of Aeronautics & Astronautics, Nanjing, 211106, China)

Abstract:Ramjet air turbine (RAT) can provide the electrical and hydraulic power needed in an emergency
to keep the aircraft safe. The key to ensure the safety of aircraft is whether the RAT system can release
energy smoothly within the specified time. The releasing speed is mainly controlled by the damping hole of
the actuator cylinder, but there is a lack of research on the design of the damping hole of RAT actuator
cylinder in China. Therefore, the design of damping hole of actuator cylinder in RAT system is studied by
using simulation technology. First, according to the structure and working principle of the RAT actuator, the
RAT actuator model is established by using AMESim, and its correctness is verified. AMESim is a model
and a simulation platform based on physical model, which includes hydraulic component design library,
power transmission library, etc. It is widely used in modeling and simulating of hydraulic systems. Then,
through the simulation experiment, the effect of damping hole design on RAT releasing time is studied.
Finally, for the RAT releasing time requirements (0.6—0.8 s) of regional aircraft and small aircraft, the
optimal design of damping holes is carried out, which provides support for the design of damping holes of
RAT actuators.
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Fig.1 RAT state before and after deployment
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SR AT S (G 40 T, DT 592 B0 190 e 3L 3% 7 194
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Fig.4 Actuator model of RAT

2.2 RATEHEERSHIZE
2.2.1 )R AHK

TE R ML RAT R GEAE 3l & v 3 £ 1] 00 W
SR W U BV IR R VR 9, % R 833.3 kg/m’,
SAPERLE R 1 700 MPa, 46 %F 5 B 0 0.051 Pass' 17,
2.2.2 FEREHAHK

o 5 0 2 B AR 1 TR .

®1 HEHRESHY

Table 1 Parameters of preloaded spring

BohiGEGmMBEH o kTR, MFESHE
TR
B B 3% ZE 5T A7 B K T 25 mm B, 45 R 3 5 o
J1Hh
F=14700— 345.5x (1)
B8 Bl 15 E L 07 B 5 T 25 mm B, 2 8% 5 i
J1Hh
F=4000— 21.5z (2)
2.2.3 AELEHK
FEF FE B 5 I 1 RG] 58 £ AR A P AR T
(T8 1A T 0 2) F RAT 2% 5 5 sh 36 ZE 51 7 B
B 6T N7 56 22 43 il an =X (3) A (4) TR o
f(x)=—"51370000z" 4 16 530 000" —
609 5002° — 88 200z + 4 966 (3)
f(x)=—9034700z*+ 8912 500x° —
1655700x° — 140 700x + 1500  (4)
K AL AR 55 o B m, A (2) )
FAL N, H T a1 24 WL IR RS T
F g el A R G0 0 P GO, X R AL AT 1 R
TR ), TRAHIL A AT A ATY RE 8 15 3 4 R 09 F O .
T2 24 LM RIE RS R R R AL R 5
HR B R (AN & BBl zs T ) RPLE JETE IE
HORATH T E R 2.
2.2.4 AR ELMEHK
HoAth LW R TS8R B W3R 2R .
*®2 HttmETHSH

Table 2 Parameters of other hydraulic components

P gl A bk ZH
it /kg 2.45

. iz g 7 & e /ME /mm 0.0
A v & 5 KAH /mm 150.8
W E /mm 0

1% %€ H 4% /mm 59

2 LEfiT 1% ZEFF B A% /mm 33.2
TN N OB R LA B /mm 155

1 ZEH A% /mm 65

3 At % JEAT HA2/mm 33.2
TG ZE LA S O BERE BT A9 K /mm 0

I ZEH A% /mm 59

4 AT 6 FEAF H A% /mm 0
TG ZE AL S O BV L 9 K ¥ /mm 0

A — T
Al K E/mm 300 108
R K /mm 114.3 75.0
ShE Z 8/ (Nemm) 21.5 324.0
HEF/N 4000 10 700
PE AT 7 /mm 150.8 25.0

3 RATEZh &8 IE R LeIE

3 i B ST KU R %, 75 5 5 RAT &
G B WO B B R B 4% 2 R B0 45 R I R 3
% .
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Table 3 Conditions and results of the completed RAT

release tests

Ry BHJefl FHJefLE  FHIgfLE RAT B
= i &/mm #E/mm GRS
1 4 1.3 5 1 1.11
2 4 1.3 5 2 0.98

XF e, AT B E T AR 3 v AN IR 56 AH ) Y
IR0 A AR AT O RS

586 1.2 % 5 B AR 5 0 8 3h 16 2 A
B 78 Ak il 2823 B an P& 5 R 6 s o i RS AR
6 1 LA, B 3 16 2E G 7 B S B A ) R T 4 <
(9, 4 £ £ 36 3] 150.8 mm J5 A T 84K, 356 B
RAT R 4 I I & 28 Bk 58 WL, Fr LA #8 3l 0 2€ G
£ % 1k #] 150.8 mm 4 B 7] 5 & RAT & 48 B ik
fi ] .

0.16 1
L AN
g 0.14 ,=0.150 8
= 0.12
=010 ~x=1.057
B o008}
yr 0.06 -
R 0.04
0.02 |
0.00 1 ! I |
0.0 0.5 1.0 15 2.0
R hiE EELZBNAT A /s

5 B 1oxh i a0 7 2 TG 28 6L #5 A8 fL il 2k
Fig.5 Displacement curve of the moving piston cylinder in
Test 1
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Fig.6 Displacement curve of the moving piston cylinder in
Test 2
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Table 4 Comparison of the test results

e O AR5 RAT 5 55 RAT %R
PR s R s %/%

1 1 1.11 1.057 —4.7
2 2 0.98 0.927 —5.4

A F B R B8 T 20 T RAT R ET
2 o1 Bh 3 00 A A5 RN B o AR L A RAT Rk
B () 9/, fH 2 it 50 R 22 M 7E 620 DAY, i B
RAT F 4 1 3h f81 455 80 K M 56 2 80000 i3 B 2 OF
T8 o

4 PBHEFLXT RAT F25% iF 18] 5 0 45 4

F 52 45 B JE AL 1T PR 2% RAT BT isF ] 1) 5%
M) R R R B SR FH 0 02 B — A8 Bk, RO 5 L
— AN BHJE AL B2 [ i AR R At 2 80k Wl b6
fH o BHJEFLBETH R 2 =250 307 1, RIBH JE FL AL
L H AR MR

RAT B [A] — M 25K 2 0.5~1.5 s, 3F H G
WAEATF T AT, RAT (48 JICH ] 25 17 i 1 225K o
RO RS, G A5 R HICE P AN T 00T, B kb
[B] ¥ /N TF 2 s B 56 45
4.1 PEEFLHEBE

FHJE FL (49 L 4% B 1.2 mm, B JE L 19 1] 35 B
5mm, B2 FLECE 3 B o 2~7 4 iR 4 R
TN o
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Fig.7 Releasing time curves of RAT with the number

of orifices
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Fig.8 Releasing time curves of RAT with the diameter

of orifice
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Fig.9 Releasing time curves of RAT with the smaller diam-

eter orifice in different positions

1EE 9, S0 7 5 K, BRI B JE AL
MR AE S AT R R b . iR SR T, AR
BN BHLJE LB 5 VR B AT R K v, RAT R 4¢
B R T B TR) R G o [ B, BELJE fL Y o7 B e i 0
FEATRE R 0, X RAT 2 4¢ B il i 6] 14 5% wi) 72 8
K .
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Fig.10 Releasing time curves of RAT with the separation

distance of orifices
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(1) N7 382 & xf B 20, JH LABR & RAT B
I ] (4 224K 5

(2) 3 7h 72 B W BAH [A] L A2 4k, O HL 4% 20
56 A RAT T IRF ] A AH 0 22 A A [ 184 4 s [] i 2>
f, DA T LA 3 7P PR 225 W R ) R/ o

T AR B B NS 5 TR

RS HBHBEHIXEEG

Table 5 Conditions of the comparison test

SREs e TVefLER/ EEALRE/
mm mm
! 5 1.0 )
: 6 1.0 s
5 5 1.2 -
! > 1.0 A

WA RN 6 s o IR S5 R T DL i
RAT B ] 45 2 0ok A 09 o RATT B ik 1) /4 A+
Xof AR A A i R A 3, LR ISR 2, ) 2 i
5 4, U WXk RAT B il i 1] 52 i 4 K 9 2 BHL e L
B, FLUGR B ALBCRE , f/ I Y 2 BEE L ] B .

®6 HEHBHXBER
Table 6 Results of the comparison test

R 00 L0 N RAT AHXAE 0L 2X0 B RAT X 2%

P BRI /s R/ BB /s R/ Y
1 1.513 1.322

2 1.327 —12.29 1.113 —15.81
3 1.046 —30.87 0.916 —30.71
4 1.475 —2.51 1.277 —3.40

5 RAT{EZNE B FLH &M%t

Xf T — L8 TR AT e AR AY SR TR HL /N TR
BL, H AT R RN, RS ek B R
FIRY R, JFCTTS B o PR I ) S BT A S bR
RAT &G0 B, R4 T WA B b 7 , RAT
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28 1k VB 38 3 6 RAT BT 1 n i AILAR b
dr AT IRAG , & B AR IE RAT K HoAh R HLES # A
RAEBIR , RAT BN BB /N 0.5 s [6] i 58
/NI TR S8 A R 2 sl g R I O 2R AT A oy
B, KRR RHUR 58 2 4% R 2AE 1 s W
B RALER AL SN Ty . SO RUEE 4 i WE Y T 4R
tH RAT BEACHT ] 9 fe A1 H R 0.6~0.8 s,

2R 45 D ELAE S mT i RS AL B ol 5,
HAA N 1.4mm, B FE KN 5mm i, T 1 XT R
RAT BRI ] R 0.77 s, T80 2 %5 97 (9 RAT B ik
BFE R 0.674 s, 75 & LR BB TH 2K . B, Al
PLRAZ 3 T Femly, % BH e FL S Bk 17 R 4, DS
I RAT 1E 2 & B FL W e Lt -

XF i, 42 3 AN BH R FLiE T R, W T iR .
TER THY 3R Jr v, 00 1R T80 2 5% I A
RAT B jif if [6] &5 78 0.6~0.8 s Z 8] , £F & fix 1 1%
TREISR . 5 1 R R BE e AL S A 5 i S RE
RN R 2T O R 18 7T B e LAY R 5
FERE 08 7 BHJE L 58 i 43 #t, BELJE Jy S8 5y, 22 e
YER 5 MU b /N, TR ST R
L3 7 BRJE FLE s, w1 R JE L B AR, 23 39
BELJE L %1 0 B o P it L BELJE FL Y e e 35 T e B
KT 2,

x7 HEEILETFHE
Table 7 Design plans of orifices
B 1 2 3
RH e L% 5 5
FHJefL A2/ mm 1.4 1.4 1.3
FHJe AL B #E /mm 5 6 5
TH X RAT BBt Rl /s 0.770  0.792  0.781
T 2 X% B RAT BEjienffal /s 0.674  0.696  0.691

6 % it

A SCH J X RAT 1R 3h & 1Y 45 44 Bz H T AR 5
PEPEAT T HESE L AMESim # 57 T RAT 1E )
fAIRERL, JF R BRI h 5 eI E T S8, ZJEK
HEC 800 RAT B 56 64T 1 05 B 56, i 50 iR
ZEFE 6% LA, B0 IE T A5 Je 2 00 B OE B 1
SRS RS RAT Rk i) 1] 7 — R 823K (0.5~1.5s) ,
0 BRI  BESE T RAT 7R 3h 4 BiLJE LY %3
XF RAT B I 1] 1) 56 o) JL A S B2 2 o o Ja B T
SZZRRHL R /N B R ALXT RAT B B 1] (Y 22 5K
(0.6~0.8's),%f RAT 1F o) & B Je AL # 4T 1 e i
I, W RAT ZGEAESh M BLE AL BT T AR SR 4L T
X HFo

SH Wk
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