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su:r!MARY. 

It is known that in the assymrr.etric landing of an a:lrcraft with a 

wide landing gear tres.d, the impact on the ges.r second to contact the ground 

can be more severe than the irr.pact en the gear first to contact. Before a 

large scale comrut&tion is attempted some estimation of the effect is pre -

sented by means of the impulse method. Tnus the forrnt.. lae derived below hold 

as long as no overlapping of the shock absorbing rroces , es occu::-s, i.e. ap -

proximately for an initial roll angle ~ larger than the ratio: total land · 

ing gear closure to landing gear tread. Since in the case under cor$ideration 

t3 ls about 1/25, a fair accuritcy can be expected from the lll€thod, at least 

for two first landing shocks, 

1) Assuroe that the o.ircraft, 11i,ile airborne, ls approaching the ground 

with a vertical velocity v 0 and a roll angle ~o: T ,e initial rolling vel­

ocity y
0 

is supposed to be zero, Also t3 0 > l/i5, in radians. 

2) Through a partially elastic shock 11, en the left hand gear say, 

the aircraft acquires a vertical velocity v1 and a rolling velocity clock -

wise These can be computed from two conditions : 

a) D..ie to the shock 11, vertical velocity at the left hand gear is 

changed_from v
0 

to - kv0 , k being the rebound factor about ,45, 

b) No change in the angular momentum of the aircr«ft can accur 

with respect to an instantaneous axis of rotation, situated, ap -

proximatelyl in the wing chord plane above the contacting gear. 

J) Through a second pb.rtially elastic shock R2, on the right hand gear, 

the aircraft acquires a vertical velocity v2 and a rolling velocity anti -

clockwise yz, wh:l.ch can be determined as in item 2), taking an appropriate 
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axis of rotation. The proL~dure can be contir.ued until no more snocks accur. 

It should be noted that an airborne aircraft will rebound ~lways . 

However, a free falling aircraft can not be treated by the impulse method 

be cause the contact time of geurs with 'he ground is not specified. The 

success ive impact and rebound velocities are computed as follOiis : 

I 

L ~ Left ha."ld 
landing gear 

before contact v0 

cont act ½_ 

M 
2 

-... 
- i 

e 

I M 
2 

I 

' -
I ... 

,-...j..c i >- 4 R - e 
I Right hand 

i landir.g gear 

I 
Ve loci ties: 

Vo, Yo"' o. 

DATE 

DATE 

I 

after contact vl. - eyl v1, Yi +) vl + eyl before coI1tact 

before contact v2 + ey2 

contact LJ 

after contact 

before contact v4 + ey4 

contact L5 i f art:, 

V2, Y2 

VJ' Y3 

V4 , Y4 

( + 

+ ) 

(.+ 

contact R;z 

v2 - ey2 after contact 

VJ+ eyJ before contact 

contact R4 

V4 - ey4 after contact 

As s hown below all velocities can be computed quite easily by 

means of the f ollowing formulae: 
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rebound condition 

momentum condition 

where i = 0, l, 2, J , . . . . • . and 

m = 
? 2 

{l + k) e - i 
02+? 

PREPARED BY 

CHECKED BY 

Assuming e/1 = 2 one obtains m • .~ for k .. .45, Then the 

computation is organi~ed as follows: 

Left hand gear 

before contact 

1st contact 

after contact 

3 rd contact 

l,00 v
0 

Right hand gear 

2 nd contact 

4 th contact 

l 
And the aircraft is lifting up with a velocity -z[.J$+ .08] v0 • -.2J v0 

DATE 

DATE 
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DERIVATIONS. 

Consider an aircraft approaching the ground with a vertical 

Left hand pear 

M 
2 

.j,.._ 

,-,; 

1st contact 

L 

equivalent masses M 
2 

• • .-R 

~i - i - Right hand gear 

e '-'< e ...... 

VO i Yo,. 0 

vli l f Yl 
2nd cor.tact 

'Yz 

velocity v
0

, with no roll velocity, and banking so that only the left hand 

landing gear contacts the ground, while the state of motion changes from 

Since no ch&:1rse of angular momentum :>ccurs with L as centre 

rott1tion 

and after reduction 
2 

i 11 - 0 

Second equation is provided by the property of the gear of absorbing a 

certain amount of energy 

These two equations til'e solved for v1 and y1 o 
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Si nce L is mo,,ing up and R is moving down the second contact 

occurs with a velocity 

The total change of momenttllll is 

The quantity 

(1 + k) e2 - 12 v o 
e2 + 12 

is called the reduced mass at the gear point. 

A similar reasoning yields the change of motion due to the second 

contact. Since no change of angular momentum occurs with R as centre of 

rotation 

(v
2 

- v
1

)e + (iy
2 

+ iy1) i - 0 

then the rebound condition yields 

v2 - ey2 = - k(v1 + ey1) 

these two equations, when solved for v~, y2 , give the velocity before 

the third shock 

Evidentl y t he reduced mass is the same aa found above, 

DATE 

DAT E 
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The f ollOlfing analysls • includes the effect of tilting the e&nter 

line of the unde rcarriage leg in the fora and aft. direction a.nd is, in fact, 

merely an extension of the method developed by Dr. Alex. Grzedzielski in 

the prelilllinary repo~, ,.Main Landing Gear Forcing function Analysis by 

Means of a ,CADAC Computer''. 

The u.'ldercanlage as considered in this analysis is shoon in Fig , 

y 

,;-

/ 
/ 

---r 
y 1'- 0. 

L 

pvl 

Fig . l 

y - .... 

sin(.y__t_ftl. a-

\ 
0. 
\ 
y 

I 

cos y 

D A TE 

i. I 
I 

I 
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Continue the progra~ until 

(a) y - (u -t u )cosy < 0 F0r u > u 
0 ' 0 or 

(b) y - 2u cosy ·, 0 For u <... u 
0 

Init'al conditions: At t: C; y = 0, u = 0, v ~ v
0 

and ao fo:lows 

Airborne Airboroo Airborn,, 
Case r; ,i;e DOll'n Ta!.:.. Down 

Wo Drag No Drag No Drag 

2 
g' in./sec. 0 0 0 

2 
M lb.sec. /in. 60.8808 60.8008 60.8808 

,-

y degrees J 8 16 

VO in ./sec. 108 108 10e 
t--

V in./sec. 0 0 0 
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Surface designated 
Surfae13 designated 
Surface designated 

(1) represents ground reaction on first wheel. 
(?.) represents ground reaction on second wheel. 
(1+2) represents total ground reaction on both 

pv(y,u,uo) 

I\ 

I 

(1+2) 
zero 

Fig, 2 

wheels, 

(h-2) 

\ / y 

\ 

(1) 

(2) 

u 
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Rewrlttng putting the const6.nts in bracket,s [ }. 

Vfnere 

Pvl .. 

y ., V 

~ • -[~]Pv(y,u,uo) + [g•] 

u .. f J (Pu - su)ID 

l- j(- Pu+ S~)/D 1 

pvl = [i;_ ]y - [2r't cosy Ju 

Pv2 "' [Kt]y - [2¾u
0

e:').Jy] 

Pv2 = (Kt ]y - (Kt cosy ]u -

I 

} 

For- co111pression 

For recoil 

Positive or zero 

For u < [u ) 
0 

[K u cosy J < Poo1tivd or zero t 0 l For u > [u ] 
0 

Pu ,. [2cosy - 2sinysino.]p vl + [2cosytany + 2cosysinu]f1P vl + 

+ [2slny]P u - [2COUY] r p u For 'l <. r u ) 
a vl a l vl • o 

For 

I 

I 

3 
s~ (u) = 1565 u + 4,400 u 

u > [u J 

01 

D -= 1,4.15 

D' == 22 , 640 

For recoil 

For cocipression 

For :Ncoil 

= r - y(t) + [cooy ]u(t) + [u cosy) 
0 
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Procedure for computation 

Use 0,001 sec. time increments throughout . 

Print every 0.020 sec,, 

Print values of v, u, y and Pv(y,u,u0), 

Starting point 

First wheel contacts. 

CHECKED BY 

Transition points (not neoessarily in chronological order) 

Spin up of first wheel ends. 

Second wheel contacts. 

Spin up of second wheel ends. 

Shock absorber closure reaches a maximum and recoil cOllllllences, 

Second wheel leaves the ground. 

First wheel leaves the ground, 

Note: The last two transition points may be replaced 

by one; namely, both wheels leave the ground at the 

same time, 

Procedure for passing through the singularity at u .. o. 

When during the compression program one of the Q's (the second 

om) beccftnes negative switch to the recoil program. Letting Q -= O, 

repeat this time interval; then continue letting Q = 01 sensing for the 

signs of the Q's, As soon as both Q's are positive the critical region 

is passed and the jump to the recoil branch of the liquid spring curve 

has been completed and Q can be taken a.a calculated and the recoil 

program contirmed, 

DATE 
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Numerical Computatio:os: 

Solve 
0 

y = ,, . 
v • - .0164255 Pv(y,u,u0) where Pv(y,u,u0) = Pvl + Pv

2 
. { J [ Pu - (1865 u + 5.333 u

3
) V1.415 For compression 

u = - j [-Pu+ (1565 u+ 4.480 u
3
)V22.640 For recoil 

P vl = 10865 y - 21730 u 

P v2 ,. 10865 y - 9670 

Pvl = P v2 = 10865 y - 10865 u - 4835 

} Po,. or zero 

Pos. or zero 

Pu .. 2 P vl + .0523540 t1P vl - .117647 f1P vl u 

Pu m Pv(y,u,u0) 

u < .44501 

U > •44501 I 

u < .44501 

U > •44501 I 

With spin up conditiona 

< 
0 

' where ra2(t) = r - y(t) + u(t) + .44501 

Continue program until 

(a) y - u - .44501 ~ 0 
or 

(b) y- 2u 

lhere for y"" 8° 

P vl • 10865 y - 21518 u 

P v2 = 10865 y - 60968 
} P""• or zero 

For u > .44501 

For u < .44501 

u < 2.83339 
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P vl = P v2 = 10865 Y - 10759 u - 30484 P os. or zero 

Pu = l,97325 i;,1 + .330190 flvl + ,0163732 Pv1u -

- .116502 r
1
P u 
vl 

Pu = ,990268 Pv(y,u,u0) + ,139173 t1Pvl + 

+ , 139173 r2P v2 

With epin up conditions 

,55 /t < 
fl .. O 1~ pvl{T)ral(T)dT 0 

~ 0 

where r al {t) .. r - y(t) + 1.9ro54 u{t) 

,55 t < 
r2 = 11/ Pv2(T)ra2(T}d. 0 

0 ¼ ~ 

D TE 

u > 2,83339 1 

u < 2,83339 

u > 2,83339 

1 -

I 

where ra2{t) = r - y{t) + ,990268 u(t) + 2.ro5sz 

Continue program until 

(a) y - ,990268 u - 2.ro582 ~ O 
Or 

(b) y - 1,9ro54 u ~ 0 

Where for y .. 16 ° 

P m 10865 Y - 20888 U 
vl 

P v
2 

• 10865 y - lll.082 

P vl • P v2 "' 10865 Y - 10444 u - 55541' Pos, or zero 

p u .., l, 90ro9 P vl + , 601600 rlP vl + ,0324278 P vl u -

- ,113089 r1P vlu 

Pu :r ,961262 Pv(y,u,u0) + ,275637 r1Pvl + 

+ , 275637 ff v2 

u > 2,83339 1 

u < 2,83339 

u < 5,31ro1 

u > 5.31ro1 

I 
u < 5,31ro1 

u > 5,31ro1 







UDE 2(a): 9-1-56 
Renort No, 7/05qr/;_o~ 

Airborne,Nose Down -No Drag. ~ 

oo460oo460f-
Feb.2/56 SHC 

t V u z 
(WOO +1oaoooo +0000000 +00.00000 

p0020 +1062642 +Oll4983 +0214982 
p0040 +1011858 +0295979 +0422743 
p0060 +0948113 +0478888 +0618897 
p0079 +0875983 +065o428 +08014,38 
p0099 +0796001 +0806605 +0968770 
p0119 +070787§ +0945487 +lll9296 
p0120 +070324 +0951952 +1126352 
oo460r-
p0120 +0703248 +0951952 +ll26~,2 
p0140 +060630~ +1071265 +125~ 8 
p0160 +050109 +1170891 +1~6 323 
p0180 +0388271 +12'49995 +l 57378 
p0200 +0269033 +1307916 +15~203 
p0220 +014~75 +13.\.\163 +15 677 
p0240 +001 32 +1357673 +1581057 

p0260 -010~54 +1357673 +1572oi1 
p0280 -021 98 +1353902 +1~~90 4 
p0300_ -0309767 +1327289 +l 5881 
p0320 -0380753 +1287705 +1416472 
p0340 -0429~98 +1238092 +13350~6 
pQ;6o -0455 10 +ll.80328 +12_461 3 

• 
both off 0001 

Wheel Geometry Identtification: 
t 

0000: 1st wheel only down 
+oooo: both down, unequally deflected. 
pOOOO: both down, equally deflected. 

Pv 
+0000000. 
+0012059 
+0017875 
+0020753 
+0023144 
+002§568 
+002 098 
+0028227 

+0028227 
+0030787 
+0033231 
+0035394 
+003.7112 
+0038247 
+0038871 

+0036911 
+0030561 
+0024792 
+0018410 
+OOll 00 
+00~631_ 

"both oft": indicates both wheels leave ground together 



UDE2(a): 9-1-56 

t 
0.000 
0020 
0040 

B88§8 
pOlOO 
p0120 
p0140 
p0160 
p018o 
p0200 
p0220 
p024o 
p0260 
p0280 
p0300 
p0320 
p034o 
p0360 
po.380 

V 
+10~0000 
+1073067 
+106227(. 

to~M~~82 
+0911366 
+0827695 
+0735501 
+0634603 
+0525044 
+0407412 
+0282918 
+0153339 
+0020874 
-0110884 
-0227318 
-0322514 
-0396190 
-0446122 
-0471819 

both off 0001 

oo714-ddd400f 
oo455f-

0040 
0041 
0042 
0043 
0044 
0045 
oo46 
0047 
0048 
0049 
0050 
0051 
0052 

+0053 
+0054 
+0055 
+oo56 
p0057 
p0058 
p0059 
p0060 

+1062275 
+1061656 
+1061029 
+1060395 
+1059754 
+1059105 
+1058449 
+1057785 
+1057113 
+1056434 
+1055748 
+1055054 
+1054352 
+1053644 
+1052737 
+10516,5 
+1050338 
+1048846 
+1047165 
+1045322 
+1043334 

Airborne 
Rap,..rt No. "iy '(?. 

1 
'}l 1 Shn,~t •;,,, 

No Drag '6 ,c e8 

u 
+00.00000 
+0095656 
+0199204 
+0304836 
+Oij71538 
+0647789 
+0811424 
+0957262 
+1083376 
+1188643 
+1272225 
+1333468 
+1371884 
+1386645 
+1386645 
+1382901 
+1355704 
+1315045 
+1263999 
+1204534 

z 
+0000000 

+0215414 
+0428999 

!8M~~~ 
+1033220 
+1207269 
+1363733 
+1500890 
+1616997 
+1710370 
+1779505 
+1823198 
+1840649 
+1831539 
+1797336 
+1742014 
+1669761 
+1585121 
+1492928 

Peb.3/56 SHC 

Pv 
+0000000. 
+0002821 
+0003744 
+0012504 
+0020818 
+0024153 
+0026762 
+0029379 
+0032o46 
+0034624 
+0036928 
+0038773 
+0040001 
+0040617 
+0038637 
+0032010 
+0025841 
+0018890 
+0011482 
+ooo42t14 

Appendix: Details of 2nd wheel touch-down~ 

106227500 19920400 42899900 

+0195204 
+0204353 
+0209499 
+0214643 
+0219783 
+0224920 
+023005} 
+0235184 
+0240311 
+0245434 
+0250554 
+0255671 
+0260784 
+0265893 
+0270999 
+0276101 
+0281199 
+0286291 
+0291994 
+0298208 
+0304835 

+0428999 
+0439618 
+0450232 
+0460839 
+0471440 
+0482034 
+0492622 
+0503203 
+-0513777 
+0524345 
+0534906 
+05454/50 
+0556007 
+0566547 
+0577080 
+0587602 
+0598112 
+0608609 
+0619089 
+0629552 
+0639996 

+0003744 
+0003790 
+0003836 
+0003882 
+0003927 
+0003973 
+0004019 
+0004064 
+0004110 
+ooo4156 
+0004201 

+0004247 
+0004293 
+0004923 
+0006113 
+0007302 
+0008489 
+0009674 
+0010724 
+0011661 
+0012504 

00760-754125041516 42022034176 101336001507 215100453711 
r oo46or-00101-r 105075341217 r 



Beport No, 7 1 J )(,, ',,r 11 Si;ea t 'ljo . 

UDE 2(a): 9-1-56 Airborne, Tail Down, No Drag f; .. 16° 

t ., u 
0.000 +108,.oooo +00;00000 
0020 +107260, +0097556 
0040 +106111 +0204067 
0060 +lo46592 +0~09356 
0080 +1029084 +o 14oo4 

+0100 +1007923 +051 639 
p0120 +0946572 +06499o6 
p0140 +0858~07 +0816667 
p0160 +0759 10 +0971036 
p0180 +0651353 +1104610 
p0200 +0533829 +1215126 

p0220 +o4o4839 +1301668 
p0240 +027 696 +1,63659 
p0260 +0136390 +l oo6m 
p0280 -ooo4665 +1411 
p0300 -0142823 +1411884 
po3~0 -0261860 +1404152 
p0}40 -~H31 +1372769 
po360 - 2 64 +1328209 

~
80 -o47 278 +1273219 
00 -049.2415 +1~09865 •• 
• both off 0001 

Comparison with Single Wheel ( see 

Progru ODE 2(a), but with C:X.t 0~ 

pOOOO +1080000 +0000000 
p0020 +1050783 +0141910 
p0040 +0996802 +0324228 
p006o +0931810 +0503303 

p0280 -02788o3 +1207345 

Peb,.3/56 SHC 
z Pv 

+00.00000 +0000000, 
+0215378 +0003023 
+o428802 +000,963 
+0639623 +000 875 
+0847240 +0005783 
+10~105§ +ooozs10 
+12 727 +002 1~6 
+1428066 +00286 7 
,+1590100 +0031612 
+1i31370 +oo:,4409 
+l 50037 +0037111 

+1944337 +0064525 
+2012696 +O l~O 
+2053871 +0042 3 
+2067072 +0043173 
+2052145 +0039929 
+2011262 +0032661 
+1i48898 +0025664 
+l 69723 +0017767 
+1778894 +0009517 
+1~81791 +0001650. 

problem UDE U 21 -12-55 cubicDec28/55) 

f . 0°, M-=60, K=-9575 D•X 1.4167 

+0000000 
+0213779 
+0418776 
+0611785 

+1347037 

+0000000 
+0013763 
+0018105 
+0020774 

+0026751 
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