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MILITARY SPECIFICATION

TESTS, IMPACT, SHOCK ABSORBER “
IX4DING GSAR, AIRCRAF7

This specification is approved for use by the Department
of the Air Force, and is available for use by all Depart-
ments and Agencies of the Oepartrnentof Oefense.

. .

1. SCOPE

1.1 This specification covers definition of landing impact tests which are to
be conducted on landing gear assemblies including shock absorbers, suggested
instrumentation for the tests md required data of the resulting test report.
It is intended to standardize impact test procedures on landing gear shock
absorbers ond to provide sufficient data to allow evaluation of the design
with respect to requirements of MIL-L-8552 md MIL-S-8959 as applicable.

2. APPLICABLE 00CUI.LTNH

4$ \ 2.1 Issues of documents.
on the date of invitations
extent specified herein.

The following specifications, of the issue in effect
for bids, form a part of this specification to the

SPECIFICATIONS

MILITARY

MIL-L-8552 Landing Gear, Aircrift Shock Absorber (Air - Oil Type)
MIL-S-8698 Structural Oesign Requirements, Helicopter
MIL-A-8860 Airplane Strength ond Rigidity, General Specification for
MIL-A-8862 Airulone Strength and Rigidity, Landulane Landing and Ground

Hanaling Loads-

,, MIL-A-886B Airplane Strength ond Rigidity, 0at3 Md Reports
MIL-S-89S9 Spring, Hydraulic, General SpecificcItion for

e

STANDARDS

MILITARY

MIL-STD-831 Test Reports, Preparation of

Beneficialconacnts(recommdations,additions,deletions)and any
pertinentdam whichmy be of use in inpmving thisdocucmntshould
be ?ddrcssadto: ASDIEWSS. Wright-Pat:orsonAFB,OH 4S433by using
tho $alf-addressedStandardizationDacuacntIqnuvezmncProposal
(ODFom 1426)appearingat tho end of thisdocuncnt or by letter.

FSC 1620
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MIL-T-60S3C(USAF)

●
(Copies of specifications, standards, drawings, and publications required by
contractors in connection with specific procurement functions should be obtained
from the procuring activity or as directed by the contracting officer.)

3. TEST RS(JIIRSMSM’S

3.1 Method of tests. The translational free drop method of impact testing is
required with the wheels spun up in a reverse direction”in order to simulate
the effect of spin-up drag,load for testing the landing gear shock absorber.
Use of other methods of impact testing (rotatingbeam, incline platform, etc.)
must be approved by the procuring activity.

3.2 General. The aircraft contractor shal1 furnish test specimen(s) and arrange
for the performance of the tests specified herein, or as dictated by centract or
supporting contract documentation.

3.3 Reqiirsd tests. The following tests shall be conducted on the same complete
landing gear assembly including shock absorber, wheels, tires, brakes (or inertia
simulation, both rotational and translational,of the brakes) and other structural
members, as used on the aircraft. There shall be no substitution of shock absorber
parts except seals after the testing has started. Seal failures shall nor be cause
for rerun of drop test; however, any such failures must be investigated co assure
that they are not chronic or that there is not an inherent deficiency in the design

3.3.1 Oesign landing tests. In order to validate the metering characteristics
and bottoming capability, conduct a minimum of one drop at each of the test con-
ditions out~ined in table I. ●
3.3.1.1 Weights. The weights outlined in table I are derived from the defini-
tions presented in Section 6 of MIL-A-8860, or as defined by MIL-S-8698, Section
3.

3.3.1.2 Attitudes. The attitudes outlined in t~ble I are derived from the
definitions presented in MIL-A-8862. For testing main landing gears (oF nose
wheel type aircraft), use the two-point attitude with the nose tire just clear
of the ground for the level landing condition. For testing nose landing gears
of nose gear type aircraft, use the three-point attitude for the level landing
condition. No tail down conditions are required for nose gears.

3.3.1.3 Wheel speeds at contact. The wheels shall be spinning in the revurse
direction at the time of platform contact. The value of VSL listed in table I
is defined in Section 6 of MIL.A-8860 or the VL for autorotative landing ac
design gross as required by MIL-S-8698, Section 3. The tire radius used ior
determining wheel rpm shall be the mean unreflected radius of the tire, as
determined by allowable tolerances and dimensions of the tire, obtained from
the tire performance specification.

2
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}[1L-T-60S3C(USAF)

TA6LSr. Designlandingtests.

mm.1
sateof sped

T)Qa ~
Ulxilnn

Descent at vertical
AIrCmfc weighscondition h (Vps) Attitude. contact Re&cicm[~,s)

hiner 1 LsndplanoLMdfng
DesicICrossWeight 1s.0 I.ave1 1.2v~~ .

2 Landplamlading
Oesim GrassWeight 13.0 Tai1 bm 1.0VCJ

s MaximJBIalding
Oesim Gmsi weimt 8.s Love] 1.2v~~ .

4 nnxim.mLrlnding
DesignGross Weight 8.5 I.Ovel 1.2v~~ ..

s MaxiaamLanding
OesignCI’OSIHeight 8.s tailknm i.oVSL

dwr 1 I.andplanelanding
11ss8s OesignGmas weight 10.0 Leve1 1.2v~~

2 LandplaneLmding
DesignGrOsaIfei*t 10.0 Tail00m1 1.0v~~

3 Mazicaz3Landlag
Designcrossweight 6.0 I.Ove1 1.2v.J~ .

4 MlximmLmdillg
OasignCressweight 6.0 kva 1 1.2 v~~ ..

s )hximmkndlng
Oesi~ CrossWeight 6.0 TailDOm 1.0v~~ .

elimpznr 1 6asicOeiign
GrossWeight 8.0 lava1 1.0v~

1 SasicOesign
GrossNeighc 8.0 Lavel 0.0v~

3 BasicDesign TailDown
crossweight 8.0 (Nmo m) 1.0v~

4 SnsicOesigm TailOuml
Cl’assweight . 8.0 (w,. Dm) 0.0VL

s OesiIInAltemato
cross weigh 6.0 Lave1 1.0v~ .

6 OeSiIPAlternate
Cross‘ieight 6.0 lava1 1.0v~ ..

7 OosiSIIAlternnco 7?.11DOwn
Grossweight 6.0 (NoseOowl) 1.0v’ .

. .,FlacS&It Drop”Test.

3
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1, . .

3.~.1.4 Equipment servicing. Except for the flat stnt tests outlined in ●
table I, the tire inflation pressure and shock strut servicing pressure shall
be those prescribed in the recommended procedures for operation at aircraft
maximum design gross weight. The shock absorber oil level shall be recommended
design level. The inflation pressure for the flat strut test will be atmospheric
with the strut extended. Plugs with valves will be in a service configuration.

3.3.2 }4iscellaneous landing tests. After successful completion of the design
tests (3.3.1) the miscellaneous landing tests of table II shall be performed.
Upon completion of these tests, there should be no evidence of permanent set
or functional impairment.

3.3.2.1 Weights. The weight required in table II is derived from the defini-
tion presented in Section 6 of MIL-A-8860 or MIL-S-8698, Section 3.

3.3.2$2 Attitude and wheel contact speeds. See explanati& in 3.3.1.2 and
3.3.1.3 respectively, for level attitude.

3.3.2.3 Equipment servicing. For the tests outlined in table II, the tire
inflation pressure shall be that recommended for operation at aircraft maxi-
mum design gross weight. The variations in stint servicing pressure of the
two first drops of table II are designed to evaluate the capability of the
shock absorbers as required by MIL-A-8862. The last two drops of table 11
satisfy the testing requirements of Section 3 of MIL-L-8552.

3.3.2.4 Strut stowage. If the shock absorber is normally stowed in such a
position that the shock strut centerline has the lower end above a line 10”
from horizontal or is stowed in other than the fully extended position, then ●
drops 1, 2, and 3 of the miscellaneous landing tests of table 11 shall be con-
ducted in the following manner:

a. Position strut with centerline of strut at retractsd attitude* relative co
horizontal or in the normal stowed extension

b. Allow strut to extend and position in landing attitude and hold 120 seconds
220 seconds

c. Conduct drops as prescribed.

●If strut purging of dynamic chamber due to retract attitude can be demonstrated,
then attitude placement may be e1iminated.

3.3.3 Airplane growth tests. After successful completion of miscellaneous
tests of 3.3.2, table II, the landing tests of table 111 shalI be performed
with the same gear assembly.” Upon completion of these tests, there shall be
no evidence of functional impairment.
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MIL-T-6053C(USAF)

TABLSII. f41scallaneousIandinmcosts.

strut
\

Sink hlflaciorl
OrgP Weishc speed Imee1 Pressura oilVolunn($

irerafc Cnnditiml (fp] Attitudm speed (tSotCd) Reconcnded) Renarka

tier 1 I.mdplane
Landkag 1s.0 L4vel 1.zv,f~ 90 100

2 U&yo
13.0 Love1 1.zvs~ 110 100

s bmdpl.a
Iadkng 1S.0 Lavel 1.ZVSL lm 100 .

.....
4 I&ldplmla withins ah of

Iandlng 13.0 law1 1.zvs~ 100 I@ previousdrop
.

Imt mia.s
s Lmdpl.a aquivllentl/2 “.

Lmdtig 1s.0 Lave1 1..Ts~ 100 knchof Oleo

scmka

lootIlinus WithinS tinof

6 kldpl.a .squiV.lalt 112 previousdrop
Lulding 1s.0 L4vel 1.ns.~ Ion inchof 0109

S%rake

Ssmr 1 Ixldplml.

LMding 10.0 LdvOl 1.zvs~ 90 Ion

1 bndpl.o
Lrndlag 10.0 L4vel 1.zvs~ 110 Im

3 Lmdpl.e
Landlnx 10.0 L8vol i.msL 100 km .

4 ~:y WithinS ti of

10.0 Level 1.zv.f~ I00 tm pTcViOUSdrop
.

100?minus
s LmdpIsrle

wing 10.0
equivalentL/z

LOvol i.m~L tm inchof 0100
.

Stroke

lootaims within5 rdnof

6 Ltadplane Cquiv.lent1/2
lading 10.0

pF&i0U3drop
lava1 1.msk, 100 kh ofOlea .

strnke

s
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MIL-T-60S3C (USAF)

TABLEII. Miscellaneouslandingtests.- Continued

ircraft

elicopter

Sink
~ Weighr Speed

Condition (fp,]

2 SasicDesign
GrossHeight 8.o

s BasicDesign
GrossWeight 8.0

4 BasicDesign
GrossWeigh= 8.0

s BasicDesign
GrossWoiaht 8.0

6 SasicDesign
GrossWeight 8.0

I I

etirude

Level

L.ave1

Level

Le.ei

Lava1

Lavel

Nheel
Speed

1.OVL

1.OVL

1.OVL

1.OVL

1.OVL

I.OVL

Stl-.lt
Inflari.n
Pre3sure
(3Rated)

90

110

100

100

100

100

OilVolume($
Rcconme”ded]

100

100

100

100

100*minus
equiv.lcnc1/2
imh of oleo
sm.ake

100%nin.s
equivalent
imh of 01.0
smoke

xRemarks

.

WithinS .i”Jf
previousdrop

.

Within5 mino<
pr.vi..sJrOp

Whase dropsmy bedeletedif011 levelabovetheorlfl.aisequaltoat least125wrcentof piston

dlanmteror 5 inches,whicheverIs less.Th.s.dropsmayalsot,.deletediftheairand.i1 arephysi.
-Ily sepearted(i.... invertedscr”c,etc.).Thesedrop%areonlyapplicabletothoseshockstruts
designedIn●ccordanceWIthMIL-L-8552.

3.3.3.1 Weights. Minimum flying weight and landplane design gross weight
outlined in table III are defined in Section 6 of NIL-A-8860 and hlIL-S-S69S,
Section 3.

3.3.3.2 Equipment servicing. For the equivalent energy test outlined in
table III, the tire and strut servicing pressures shall be a minimum of
100 percent rated values up to and including maximum design gross weights.
When the test weight condition exceeds maximum design gross weight, tha tire
and strut pressures shall be adjusted accordingly in a manner prescribed by
the specific component servicing instructions. For multiple-chambered gears
requiring separate servicing, coordination with the design agency is required
snd it is normally assumed that the chamber which affects the normal landing
conditions is the only one which may be serviced.
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m
Iircrafz

II-3p
.Nr

1

2

s

4

.s

—
1

2

3

4

.s

Weight
condition

,7sx
bdp Ialla
Landing

1.174x
LOndplma
Landing

1.397x
bndplane
landing

Flying
ISeiglm

Mini=Lu
Plying
w.ight

.82sx
~dp18m
wing

1.2S46x
LmdpIme
Unding

1.SOQO x
Iandp 1me
Landing

Minimm
Flying
Waighc

lsininum
Flykng
ueight

TAB3J?111. Landingtests.

skn6
sped
(*S)

1s

12

11

13.0

13.0

11

9

s.165

10

10

.

:titude

LOve1

Lavai

kave1

law i

Lavol

Lavai

Lava1

Love1

Love1

mea 1
Spins

I. Zv.q’

1.2VCJ

1.~sL

1. zv~~

i.2v~5.

strut
tnflacion
~reasure
:$Rated)

100

see
Pam .
3.3.3.2

See
Pam.
3.3.3.2

100

soe
Pam.

S.3.S.S

100

see
Para.
3.3.3.2

see
Pam.
5.3.s.2

100

see
Para.
3.3.3.3

MIL-T-6053C (USAF)

11 Voltns(i
ecommdd)

100

100

100

100

100

100

100

100

100

100

Rena:ks

:quivalesc
tiergyTcsc

Equiviie.7t
Energyicst

fquivalonc
EnergyTCS:

3ervicing
Evaluation
Test

Servicing
Evaluation

Equivalent
EnergyTes:

Equimlcr!:
Energy7.s:

Equivalent
Emrgy Tcs:

Servicing
Evaluation
Test

scmicing
E.aluation
T*S:

7
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TABLE111. Landingtests.: Continued

TFT.e
Aircraft

Helicopter

Drop
M

—
1

1

$

4

s

6

7

Weight
Condition

.827Basic
DesignGross
Weight

1.30 x Basic
DesignGross
weight

1.50 x Basic
OesignGross
Weight

Mininttm
weight

MInimuu
Weight

MInimm
Weight

Miniunnn
Iloight

Sink
speed
(fp,)

8.9

7.0

6. S

8.0

8.0

8.0

8.0

,stitude

Level

Level

@vel

Leve1

Levo1

Leve1

—

teel
)eed

ov~

‘L

ov~

OVL

ov~

.~L

.~L

—

strut
lnflarion
Pressure
(%Rated)

100

Adjustedfor
G.W.(100%

r.in]

Adjustedfor
G.W.

100

1s0

200

2s0

Continuaumi1 designverticalplatfo?mloadisreach.d.

‘ilVolume(%
,ecmmmded)

100

100

100

100

100

100

Remarks

Equivalent
Energy

Wi..le.~
Energy

Equivalent
En.rgy

Servicing
Evaluation
T.5t

Servicing
Evnl.scion
Test

Servicing
Evaluacion
Test

-ontinuewithnotedincreasedSemici”guntildesigriverticalreactionis rcr.chedor .mxinwnservice
conditionisattained

8
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MIL-T-6053C(USAF)

3.3.3.3 For the servicing evaluation test, the tire inflation pressure shall
be that reco.mmsndedfor 100 percent usage at maximum design gross weight. The
strut servicing pressure shall be increased in increments of 50 percenc or less
of ‘ratedpressure until n maximum static inflation pressure of 2500 psi or design
vertical reaction“is reached. If a deviation to the 2500 psi servicing pressure
limit defined in Section 3 of NIL-L-8552 has been grmted, this limit is extended
to that permitted in the deviation.

3.3.3.4 Attitude and wheel contact. See explanation in 3.3.1.2 and 3.3.1.3,
respectively.

3.3.3.5 Desi~ vertical reaction. Design vertical reaction is defined as the
load at the wheel associated with a drop at Iandplane landing weight, level
atticuskeand design sink speed, or basic gross weight.

3.3.4 Reserve enerw tests. After completion of the tests outlined in 3.3.1,
3.3.2 and 3.3.3, conduct the tests outlined in table IV with the same gear
assembly.

m
Urcnet

Z’?dli.r

Oth.r
N1’u8rs

HOlknpter

—

I

2

s

—

mm w. Reservememr tests.

mi,tlc
c0u4itim

-Pi-.
landins

Lmiplam
Ia8siw

1s.s

14.s

16.0

Wplmle
Laa4ias

10.s

11.s

12.s

Suit 00s1ss
GrossWeitht 8.S

Suit Oasign
Gross!tsisht 9.0

hctitua

Lave1

!.-91

L.Ovol

L8vel

“iav*1

L4v.1

Lav*1

hoi

Low1

1.rfs~ 100

1.2v5~ 100

1.-3’!JL 100

.l.ov~ 100

l.OVL Iw

l.OvLI 104

9

oilVOIUMO
Rae-d

100

100

loo

Reaarks

.WFunccion.1
[It@?cult

.% Fulxzimlal
lEp.irlsc.:

?amelltSec
* Failure

100

100

100

.% Furmtimml
lllp.i?amn

,%Fmccian.1
100 [IIpail-ualt

Pe-mc set
100 %.Failure
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3.3.4.1 Weights. All of the reserve energy tests will be conducted with land-
●

plane landing design gross weights, as defined in Section 6 of MIL-A-8860 or
MIL-S-8698, Section 3 as applicable.

3.3.4.2 Attitude and wheel speed. See explanation of 3.5.1.2 and 3.3.1.3,
respectively.

3.3.4.3 Equipment servicing. Tire and shock absorber inflation pressures
shall be required pressures for maximum design gross weight.

3.4 Test witnesses. The procuring activity representative shal1 be notified
in sufficient time so that he or his representative may witness the tests and
certify results and observations containsd in the test report.

3.5 Test equipment. Unless specifically approved by the procuring activity,
the tests shall be performed on a stationary drop tower incorporating a car-
riage dropping mass which wil1 support the test article. A steel grating or
other suitable surface shall be installed on the reaction platform or test
floor in the contact area, which will produce a minimum of .55 coefficient
of friction between the tire and simulated landing surface. If analysis
shows that a lower coefficient utilized during spin-up produces a more criti-
cal loading, this shall be used. Approval of this variation shall be obtained
from the procuring activity. This coefficient of friction shall not vary mOre
than i30 percent throughout the test program. Wing-life may be simulated by
mechanical means or compensated for by adjusted mass method and is subject for
review and approval by the procuring activity. If mechanical means are used,
the wing-life simulation device shall be capable of exerting an average con- ●
stant *1O percent lifting force down to 2 fps !lVthroughout each test.

3.6 Test report data. Test report data shall be prepared in accordance with
the general guidance furnished in MIL-A-8868 and )!1L-STD-831.

3.6.1 Instrumentation. Record the following minimum information or equivalent
data as a function of time* for each drop test required in 3.3 of this speci-
fication:

a. Carriage mass displacement normal to contact surface

b. Vertical or platform reaction

c. Horizontal (drag) reaction at contact surface

d. Shock absorber axial stroke

● e. Wheel rotational speed at time of release.

10
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Wing lift force (if mechanical)

For multiple-axle gears, vertical

Gear side load (when required)

Strut sxinl load.

}11L-T-SOSjc(lJs/f)

lood on each axle or multiple platform

“Sxcept as noted.

3.6.2 Data presentation. The following information shal1 be presented in the
test report:

n. Labeled oscillograph traces of each item listed in 3.6.1 for each test
condition. Orops from table II1, 5 md on, need only show the maximum con-
dition tested

b. Suitable calibration data

c. A plot of vertical reaction versus stroke for the tests outlined in table I
and the highest sink speed drop of table IV

d. A plot of calculated ond actual static load versus stroke

e. An identification by part number of al1 the landing gear or shock strut
components

f. A sketch or drawing showing the full details of the final metering
arrangement

K. A measured recording of strut and tire inflation pressures just prior to
each drop

h. Drawing or sketch showing attitude of gear with respect
test jig for level landing and tail-down attitude drops

i. All pertinent calculations made in performance of tests

to ground and

The design air volume for fully compressed, static and fully exten&d
&sitiois shall be noted in the report

k. An inspection analysis of the condition of the gear assembly after the

, cqleti~ of the prescribed tests

1. A plot of calculated tire deflection versus time.

11
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MIL-T-6053c (u5AF)

3.7 Wing lift. The requ ired wing Iift may be compensated for by any appro-

priate means.

3.7.1 Adjusted mass method. This method of
used in a droo test iia without a mechanical.-
cal Iift force.

3.7.1.1 Terminology

A-

AL -

BF -

0S -

BV -

CR -

d-

d, -

d2 -

D-

DT -

h-

hj -

L-

LF -

w -

n-

P, -

Piston area

Air load at

in square inches

end of strut stroke

Distance between

Distance between
Ioad

Vertical load on

strut bearings

strut bearings

simulating wing lift may be
device for producing the verti -

in pounds

at ful 1 extension in inches

in inches when under stat ic

bearings caused by friction in pound force

Compression ratio at ful1 design stroke

Vertical travel of drop test mass after contact in inches

Initial piston travel in inches

Final possible piston travel in inches

Tire deflection in inches

Dynamic tire deflection in inches

Effective gear drop height in inches

Jig drop height above platform in inches ~equivalent free fall)

Lift ratio

Load factor as defined in MIL-A-8862

Maximum strut stroke possible in inches

Polytrophic exponent

Air pressure at beginning of strut stroke in pounds per square
inch

12
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P* -

PD -

PT -

SL -

SP -

Ss -

UR -

v“ -

VU -

Av -

Wj -

rig-

Y-

v-

A[r pressure at end of strut

Piston diameter in inches

Piston travel from static to

MIL-T-6053C(USAF)

stroke in pounds per square inch

fully compressed position in inches

Final load when strut becames static

Strut pressure in pounds per square inch

Strut stroke for the specified conditions in inches

Resistance of the upper strut bearings in pound force

Oesign IImit sink speed in feet per second

Maximum allowable vertical reaction

Area under the acceleration versus time curve from the time of
contact to the time when the load factor equals one (ft/see)

Jig weight in pound force

Effective weight over the gear in pound force

Stnx compression distance in inches

Friction coefficient

3.7.1.2 Method of calculation

a. vR=wgx LF

UliereLF
(usually

b. SL = .90

Assuming

is specified in the aircraft specifications of design criteria
1.3: LF: 1.5)

XVR

the gear will stop 90 percent of the allowable load.

c. BF=BS+PT -MS

Initially assume that SS E .85 x !?S

13
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MIL-T-6053c (USAF)

e. BV = 2 x u x UR assuming no drag when gear stops

!J = 0.13 for piston seals 10 inches or larger in diameter

P = 0.11 for piston seals with a diameter of less than 10 inches.

f. AL= SL-BV

h. P2=$

i. PI =SP+ 14.7

j. d]=t4S+Y

Where n = 1.1 unless otherwise specified

k. SS=t4S+Y-d2

If this value does not agree within t10 percent of the value
in d, adjust the stroke accordingly and repeat calculations.

1. OT = 0.95 X D

m. d=

n. L=

0. w=

Ss + DT

Wing Lift or Rotor Lift

Gross weight

6 (Vv)2

g

P. Wj . wg~~~l~,]d]

For the initial drop, assume hj . h. After the ~cceleration

plot is fo~d, let:

hj =
6(VV - AV)2

g

14
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MIL-T-6053C(USAF)

Note: To conduct a test For a particular aircraft gross weight and a speci-
fied rate of descenc and wing lift, it wi II be necessary to conduct trial
tests with varying values of Wj and h] either untiI the equalities are
satisfied wi thin *3 percent, or the test energy and maximum velocity are
conservative with respect to des ign requirements.

3.8 Load factors. The load factors associated with the test program are
defined and calculated in the following mnner:

w - Gear Loud Factor = na-L

.NJ
“ ‘J Wg

Where nj . Jig lo&i faccor

and na . Aircraft load factor

h. QUALITY ASSURANCE PROVISIONS

4.1 The quality assurance provisions
specifications, as applicable.

s. PACKAGING

at the center of gravity. (3)

shal1 be as specified in the perfonmnce

S.1 Packaging shall be in accordance with the instructions of the procuring
nctivity.

6. NUTES

6.1 Intended use. The requirements of this specifications shal1 be used to
evolve n production metering arrangement and to determine compliance with

applicable design requirements. “

6.2 Asterisks are not used in this revision to identify changes with respect
to the previous issue, due to the extensiveness of the changes.

Custodian: Preparing activity:
Air Force - II Air Force - II

Review activity Project No. 1620-FII[
Air Force - 99

is -
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