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Oleo-Pneumatic Shock Absorbers of Aircraft

Part II. Numerical Analysis and Comparison
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ABSTRACT

In this work, numerical analyses are carried out and the behaviors are investigated for
three types of double-acting oleo-pneumatic shock absorbers along with the mathematical
models proposed in the part I of this work. After presenting each numerical algorithm
corresponding to each model, the numerical algorithms are implemented as
user-subroutines in MS5C/ADAMS commercial multi-body dynamic software. By using the
developed user-subroutines, numerical studies are carried out for compression/stretch test
as well as drop test. From the comparative studies, we investigated the salient feature of
each double-acting oleo-pneumatic shock absorber. Results identifies that it is possible to
increase the absorbing efficiency in accordance with the requirements for aircraft landing
conditions.
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Table 2. Numerical algorithm for A-type V,00)\"
double-acting shock absorber Py =F,(0) @) (15)
al 1
For the given s with the known values n
V,5(0)
[S/ X1, xz], P(12 _PaQ(O) W (16)
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Table 3. Numerical _algorithm for B-type ph > P, P,— P, = Cls+x,d)? ”
double-acting shock absorber S P Py Py = ) s ingd)? (22)
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Table 4. Numerical algorithm for C-type End
double—acting shock absorber P*=P ,]%;
At the initial computation, set P,P=P,(0) End
For the given s and the known values Else
[s, xi, x2, P;"] . P F
If (5= M)
AORE ¢
Compute P, *= P, (0) m If (C—D=0)
7,0 (G r)
*— Ty = ;
Py *=F, (0)( Vv, (%)) ’ (2cd)s
If (Paz*ZPhDEt and X2 ZLz) Else
Algorithm [S] o [Csf \/ch2 +(D— O)(P,*— P,*) ]
S1) Nstage =1 Ty = (D—C)d
{[ 0] B,*= P, *+C5 End
[s<0] P¥=P,* —E*(—s) *=Pp, +Dd2x2
. A, . Py = PF,*
S3) $1*=(— a, )s Elseif (— d“ \/70 )
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Nstage =2 ~.g
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(s= — 0 ) o F
(G PP e R T
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2 (201)8 2Fe ds
Else Else
= /pcE +(0- 0B, - Py | & —
2 (D-0)d 7S P I
End (_ F+ &ZdZ )(‘Pal*_ PaZ*)
P *_ *+ Dd2 _}A‘_'+E€2d2
End
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P}L*: Pa2*+ l)d2x§
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. P *=P* .
Elseif (s<— —a e ) Algorithm [C]
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f(—FPr B =0) If(Nstage=2 and Pp*>P;* and x,> L)
Rl p o p Algorithm [S1], [S2]
@, = 5 —i— ol 7 a2 If (Explicit time integration)
2FE*ds Algorithm [S3], [S4]
Else End
x, End
=y FES" +
—Eé2d8— \/ ~ 29 PhDEt=Ph*
= |: ( }i+Efa dZ)(Pal R12 ) [xll X2, Phlz[xl*/ xZ*/ Ph*]
— 4+ B dP Return the outputs [xi, x2, Py, Pi™]




958 Az - olHE - AT - 2D ) R R e T
224 Ze (23)4S Tgate] HFHoE pE 22 FAHMAS E8 2Y EN |1
OI:‘—]_% '{I: 9\}]\@ EO]%]. 27‘]‘3]'01]/\1 }_Eoﬂ u—;l__{g‘ 22 9/]_%7]
ool g Wil slste] mE gl o e L e e e
= SO = = . EA4E vlwstr] s Al 7HA 2% 957 BE
e} Folxl soll FdH= ot pE ARG F - . N o = .
T 3 . - of thall TIT A I 17]“[“'””] L
gom, xe (1947 A T ne o &d v o vg 2 -
o o . 7148 e 7THAES A48 H. uvh A9y B
T F AT B =&5dAs AW #A ol _
g 2d A 2% 45719 22 CH iiﬂloél 2
A AHR e %g st 7 Az gwe .
- ) % 93719 AS AR eelHzst RiHoR
E2o2 A3t Table 40 YeERH AT ojw T R~ o 5 ol=o] 3R ¥
WE s By 5%1—5—}7%1 Aekaldn S el €8 werls sE wens
iESS S &) R AT S . Eq_;_qwg ]-1-?_ _Q_g]vq/\ tﬁ;(%,] 1/23]](14042,10”/@
4 A
2.1.5 el A Ao ha/f)ﬂ' 29 (Ao doutte™ Aorpo_dounie) 712 27
sH e 25 4F7] AsE 4T + A= stal o] F 7FA Aol dial mF sAe 3
2, A 1EF 9F7] FRE LSS o Stk Aol AT 957 ALY 27)1ny
#3ko] MSC/ADAMS 44 THEAl 58 814 = 27] ¢S Table 591 A4 3%k
szESole] A4 ABede TR QoA 27 #A FEe 27] AYThs A
AHeA ABERAE ALE FTES B o 4 BYsA WA 9n s3] st
UH AZE SRS HbEAE A AW AR ge A LY 2E T 5ol EAs
Pyt 0] W3E x, nE T F olE Sl A FEF slloF ol freolsioF Fh
74] e 9] g S B 23 AYEtA ggozE 9o Aoz wddydl &8
ot ojw REEAIM] Had AW Eole T 2% S4F71(A% & N =9, BY & ) =Y, C
a7l Fo] W3t&S ol &l BASA Hrh 3 7 N 2ol ok OPW Fig. 59 =A%k
B 9Er)e Aga ARzEe JE Bd
[2]3 vlwsle] Asel o7t S ASSIA Table 5. Dimension, initial volume and
om 7]E B3] g 2% =7 A AS initial pressure of shock absorber
= = A 2 A
ol = %_PILF_JE @A Pttt matlab ﬁi:f_n_ﬂ} | o 50cm’ Pur(0) 1 3MPa
HE EISHA AeA AEFLE AIHIA. 4 60cm® | Pu(0) 9.0MPa
Figure 4ol 93] 4% AU el A§EA - e — '
Ege_ _",:_/\]’5‘]—931:]-. O]Elﬂf—ﬁ E]U:]J,]-,] U]_;].o _1?4 Ah B53cm P/,(O) 1.3MPa
AE A $hE7] YR wAasE Yol (37) Aop 10em® Va1(0) 1,400cm’
A 2ol 28E F e & F A 97 A 0.4cm’ Var(0) 1,320cm’
/‘1 Fstop% }\E]ﬂlﬂjl' J%_;(é}:l-ﬂo Oﬂk]?_]— %Z—]l?:_] '{l: Aorfzihalf O.5cm2 Aor_/zidguble 2.Ocm2
9&1“:%/\‘3}% :rLé?E—i% %]D] s, _FT_ ~ﬂj°ﬂ M= Aop oy | 0.2em® | Ao dounie 0.8cm’
BAIFRS, 19]= T3 ©lF TSR p 845kg/m® |Lower mass 50kg
Ent = Ph,Ah +Fst0p (37) Cd 072 n 1.4
| Aaz | l T !
Ay |
Aul i
|
|
|
|
Fs‘lup Fs‘lop |
|
—— 1 !
TTTTTTT T (} < ds/dt=const 0> ds/dt = const
P, (Compression) (Stretch) Drop Test

Fig. 4. Free body diagram for upper cylinder
in oleo—pneumatic shock absorber

Fig. 5. Compression-stretch test under
uniform stroke rate and drop test



45 & 11 %R 2017. 11. &3] €824 25 9457

5o e 54 vl A Part I - 959

oz

Hie} o] #Yd 2ERT £% JtoAY 5
/8 FARA A FH G FARA A S
T3kt
221 FY AER3 &5 slofMo A=/WE
ANE x| 2Ab 314

AY, BY, CE £d 22 25 &357]d dlstd
2ERF £55 dY95HA FAANIY Sh=/
724

%

X
o <
O
—_

= A5m/s, 0.6m/s,
2ERT £58 Fysigon,
/Hl A BE 2EZ237} 30emE W7tA $3E7]
= ATkt Al wid) BFo R F2

;:-_]__

rL

«10% F-s curve with Constant Velocity(0.15m/s)

X Type C half

Force[N]
N w £ [4)] o ~ (o4 ©

o

0 ) 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Stroke[m]

Force[N]

0 005 01 015 02 025 03 035

Stroke[m]
8 «10° F-s curve with Constant Velocity(1.2m/s)
O Type A
< Type B e
1 |+ Type C double v
~*<-Type C half )

Force[N]

o
T

0 305 0.1 0.15 0.2 0.25 0.3 0.35
Stroke[m]

Force[N]
N w £ [$)] [¢)] ~ [o4] [(e]

Force[N]
N

Force[N]

A71e] 2ERA £5F BAANIEA A4S
THAT. olE T dS 2ERZI-UY =4
& Fig. 6 #Zol|, ¢Z7] g Azolge
Fig. 6 3 =AET ol 2EZ3-4Y
FAdAE AFE 2Pzt dEFASTS obHEF
ag =zt BAATE HEH, Aoy =4
ANAE 27 dEAF] EAsIHIE AlRto]l A
Us g ATe] GGt I8 2EZ I
g FAoA AEASRE) 2=z} BAAS
(eHAZE) Tzl o8 FAEE dl=HPA =
(hysteresis) |49 WAL 4F7]2 Qg of
U2 zha] ol sgE

«10% F-s curve with Constant Velocity(0.15m/s)

=y

o 05 1 15 2 25 3 35
Time[sec]

«104 F-s curve with Constant Velocity(0.6m/s)

10
O Type A
8 < Type B
~+ Type C double
“*Type C half
6
2 K.
0 |3
=2 . . L
0 0.2 0.4 0.6 0.8
Time[sec]
8 «10° F-s curve with Constant Velocity(1.2m/s)
O Type A y
< Type B X
1+ |+ Type C double A
~*Type C half

S
o
:

'
=,
T

0.1 0.2 0.3 0.4
Time[sec]

o

Fig. 6. Internal force for compression/stretch test under uniform stroke rate



960 X5 - o)A

2=

n m

T R i 72 T B

2EZ23 457} 0.15m/sY 7 (Fig. 6 4
#9Z)oll=, A¥, BY, C¥ 2% 45717 W%
AR AT Hole AL & & 9don, 4=

2E23-UY Tzl WY A 2EZTY
J vt A fARke #FEE F Tk o
m—ﬂagi 2ERF &% Z7] o

How ¢F7] Asol TS o= s
Az‘zﬂrﬂ A 7] WEelw, WEe vk
I8 b % I FAEIKT =E 2E
237} 20em 7V HE A 7k AW kY
o] 17k Aol 4 FTAdAA AF7] 2

o>4

n“ Ml 1 >

Jut

@ Aol AlFEHLL, ol s 2EEI-UY
=4 71E719k g Ateld =4 71&717}
A=A WA do.

2EZF 457} 0.6misY 52 ZHE Fig

6 Fdel 3ol =G,
7} 015m/s
o] I3

£
£
N
b
N
2
=
oft [
ol
ol
g o rfr

o
o3l
Ot N
20 o il N G e N oot

dTE A= e

]quJr 9}?71 2% 74% ]
A el A wWeks Ae
T S P92 WAHS 1,
o Atz H¥Y &F a2 m‘@% 7
By A5H fAsIAR, 2o}
A A BAel Gelde A9 5 A
g O]ad A ERE CH 2% ¢
x4d3le F
& 4 ok
12m/s°ﬂ g a4

mﬁ
3
rr
>
jaind
[l

el
(gt
sk
4>
X0
0

@

A7 ZHE
s H3 A, B, CH 2% ¢37 745 =
BAE O 1 F glom, 2ERT &
2 A3 A el Bs ARE z}q_g__}

Force[N]

0 0.05 0.1 0.15 0.2
Deflection[m]

0.25
Fig. 7. Force—deflection curve for tire

A FARA S FRs.

ojwf Efolo7t 4 Ao WA= FFES =
23518l7] 913 Bleloj= AP oz 7St on
°]& Fig. 7 =A3HATH
S E FARA A2 BRolojrt AW
= P%Ei 9]%‘ T Epolojrt AWolA g
FPsdoen, 5 A FI7
sttk= 7H4 el I &

N

o 4g 2 g
r\l
—'—|—‘

flo X X r1r
o ﬂi r“

0 o2 )

£ Table 6% Fig. 89

282 9 dvAE AW st HAd 2E

248 Ho8 UFolE HleE A YsATI]
4 A3 BEA CEe FF EE sl o

=AY o]

s 2% Aol WAsGo AR AP AR
AeFo] 2500kg Wl 7HA] ©UhE ]i‘?} 24
Sd9ee FAY 5 glom, o|2HH Ago] W
A $E71s M FAR SHel Aee FFT

T AT

AUtz AS ZE ARded ds) &
4571 A 7}%L 271] st o, 25 &5
FToAM = FEAFo] 3,000kgd = A
4357174, 3500kg?4_ o“l‘oﬂ‘E Bf'%‘ X577
Aoz & HAUste S 7S &+
) ~EEaE *F‘:‘é_lahﬂ 2,500kge]’dd 73
- BEAA 71 A TSR, A
2,000kgo]3ld 4 9-oll= CE DoubleJ_a
Z AA EAEATE AT AR AT 2,000kg
o]3ld o= BEF C& DoubleEE o] Hrj
2ER I #ol7} FAIE vkt Z7|eke H s
#e w BY 2% &=7|7F AuHoe=
238 Zteta & F U

18]3 Table 69 Z3ZHEYH HU ~EZF

_l

41

oh
=

lmH

o=
= X
- =



45 4% B 11 %%, 2017, 11, &37) €894 2% 9437 £79 wE EA vw AF Part I - 961
Table 6. Results for various upper masses g x10° F-s curve(Mass : 1,500kg)
Upper Max Max ’g%ﬁii
Mpapss Type Stroke | Force Efﬂ(coi/e)noy or %Eﬁ:gdoume 7
(kg) (mm) (kN) ° z i
Single 158.90 | 50.657 78.62 L?E
A 158.90 | 50.657 78.62
1,500 B 159.97 | 49.301 80.05
C double | 160.01 | 49.154 80.27 0 0.05 0.1 0.15 0.‘2 0.25 03
C half | 159.79 | 49.760 | 79.44 skt
Single | 182,52 | 55.050 | 79.26 81 el e ‘
A 182.52 | 55.050 | 79.26 §5§ |
2,000 = 18570 | 51576 | 82.00 S Treoiabi
C double | 185.85 | 51.120 82.59
C half 184.78 | 52.472 81.03
Single 197.87 | 58.669 79.97
A 197.87 | 58.669 | 79.97 | | e |
2,500 B 210.78 | 52.984 79.35 0 0.05 0.1 sngkf[m] 0.2 0.25 03
C double |207.37 | 52.342 | 81.48 » e urveiase. 2500
C half | 206.13 | 54.417 | 79.52 i | ’ T
Single | 209.08 | 61.876 |  79.60 s |
A 22166 | 61.810 | 78.37 bl iy
3,000 B 239.71 | 58.229 66.90
C double | 23549 | 56.994 70.18
C half 231.38 | 56.804 76.14
Single 216.26 | 75.252 68.04 oo o
A 241.75 | 64.663 78.44 Stroke[m]
3,500 B 262.95 | 65.939 55.74 g 210* F-s curve(Mass : 3,000kg)
C double | 259.00 | 64.506 59.44
C half 253.51 | 64.710 69.20 6"
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Table 7. Results for various sink rates 25 WASIY 1 EAS WHIANZE F S
g5ttt

Sink Max Max

Rate Type Stroke | Force Efﬂg/f)ncy
(mls) (mm) (kN)

Single 180.89 | 46.265 | 79.80
A 180.89 | 46.265 | 79.80
2.5 B 180.89 | 46.265 | 79.80
C double | 180.89 | 46.265 | 79.80
C half 180.89 | 46.265 | 79.80
Single 197.87 | 58.669 79.97

A 197.87 | 58.669 | 79.97

3 B 210.78 | 52.984 | 79.35
C double | 207.37 | 52.342 | 81.48

C half 206.13 | 54.417 | 79.52

Single 210.14 | 71.812 | 79.84

A 22485 | 71812 | 78.41

3.5 B 25341 | 62.578 | 65.52
C double | 246.00 | 60.156 | 71.59

C half 230.54 | 62.983 | 78.08

Single 219.28 | 85.584 | 79.28

A 248.95 | 85.583 | 78.58

4 B 29212 | 78.444 | 5245
C double | 281.34 | 73.374 | 61.86

C half 268.73 | 72600 | 79.14

Single 22583 | 102.79 | 76.35

A 271.05 | 99919 | 78.62

45 B 303.31 | 349.72 | 13.11
C double | 300.67 | 136.63 | 37.50

C half 202.95 | 83.004 | 80.08
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