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For the d~aign of r Rilient •lipper mounts, th_ following riteria are applicable; 

I. The isolating mechanism mu ■t be deaigned to op.erate under the action of ownward a.a well aa upward reaction forces at the e ipp r . Automotive-type suapeneion ay1tem1 are t tu not Hr tly applicable to track vehicles. 

Z. T en tura l fr q ~n y of the iaolatcra i• fix'"d b . the t ack op rational equir menu of (a) a dynamic load fa tor and naximum l wab v rti le disp acement of the v hi l 

To fulfill the fi r ■t of the,e criteria, antil ver single-lea{ springs wer choeen . The •irni:,i• . i.t • of deaign of the lea.£ apring and its end on c ions kea thh t J>c of apring v r a .. tra tiv . It is easy to es · g a fail - safe housing , t install snu • r 11, to lock out th spri ngs and to ae r pring dcflecti.o . The bl ma of stre as and fatigue str ngth, o r, ak their use on a p ~ rm nent a sis que etiona ble 

For h AFFTC High Speed Track, the operational requirements specifi d in the . e ond de sign r • terion we re a O -g load fa to, and (b) a. maximum allowable v r ical v hi pl ·ement of !O . Z inch The corr - pon i ng natl ral frequen y i th s lO c ps . Unit damp r r not us d i h the SR r ili nt o nts . 

F om h d ta a cum lat d during th rack tests, the ollowing o rvahons can be ma 
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D . W t r Brake Redeaign 

tion dAta. dicat tl1#t p ar. 1 .. pper . actions 
. t pha •e r appr .dmat l tw1ce 1evere a e 

. lndi at· on that t igh rca ho 

r br k oop . 
ri ' t of rh ' clp ct 

IV FACIUT ES, TEST PROGRA1'i', A DINS RUMEN A IO 

Jl te•t ·a.cilir.i~ ..-ir,.d n tru " .ation were eupp i d b,r AFF 
These . nei•t d pr maril o! the Hlgh-Speecl Te t ' rack, t e t ■ t v hic1 . 
~lemet ring nd d ta tran ■ cribin& •e vkew, accelerometer•. a d n n 

l iontr 1d.ue-r11 . 

..,..h " 0. 000 f et lo g with rai11 of •tan ard q -f . n th& 
15• b ARz,A rail l.1id with a •Und rd rA·lroad I ge of lf - 1/ 

Awat~rbra. er ghl. abetw entheraile!o the!inal2.000f o! r ck . 

B Te Vehid• 
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wh rf' W is the weight of th vehicle , x and , r cii•tan e, to the v e hi 1 
c •nter o gravit a shown in gur 3 , Px • s Lhe radiu s of gyration about 
t longitudi al enter of gravit axi , and % is the radiu o{ gyration 

out t l - transv rsc oi lc1.ter 1 enter o gravit a.xis. 
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E . Accelerometer ■ 

For Run Ne• . l l, and 3 , Bendix-type TTO-5 and aomf' Gl nnit 
c eleromdera w~re u1 d For Run No• . 4, 5, 6, and 7 , Statham 

Model F a ele ·omet r1 •~· Te uaed . Except &t the nt ,. of gravit . l 
&c celeron eter• for the • ond aet o Tuna e r po ■itioned to s n1 

v rti al accelerat·ona . At the center o! gr vity , ver • 1, tr never• , 
nd lonaitudinal a celer tion• were • uaed . A list of accelerometer ■ 

u ed for th s cond aet o( run•, th ~i r lo tio •• nnel ' nfurmati n, 
and frequency re1pon1 r given in Tablt' I. 

Locations of ~c t!lerom L h . ■econd 11 • l ta w~ re lect. d 
to r ord th ffe tiven •• f r ipp r mou t . .Accelf!r 
ometere re t us loc d at all tour v rts lipp -.n 
base end ■ of the ,-pr i nga Slipp r ~end ac elero eter l 
· n Figt.: f'8 4 5, 8, ~nd 9 . Th a ■ - e dace- ler met r locd.tl 
tn Fiau e 6 , and t} cent r of trr· vity ace lerom te-r . ~ t • • are s 
inf, 7 . c,t"l rom t r1 pi tu d inFigur~ 7 werf'uee rt f:' ire 

The Statham c 1 'o nd ": t of ,-un• • r~ 
n same ra l 

Sin ■I> ring d fl tio ,-, an :! l 

pori he vehi le, t n du . u1 were: d • ttned at 
oad 

TC 
D t •p . TTO 3 -.>sition potcntio ~• rs a £f" • '"1 . 

me a.n • cal linkage. the dPflect • { the.- i. of a· 
re,p~ct to its end ll8 ob e d Th1 to.,e 

• m n to th £dipper no nt. is 1:~,ow ill 8 ' .l fl 

V TRA C E f. LE DYNAMJ ( E ' ·.o 'ME' .T 

1 ' t k v st r u • u r ::1 ~· 1 ; t' 1 n: t .nu m "' r o . 
de ·r 5 of fr <..· do H f ' of this wve tl!! ·t1vn, nJ·· three of 
tl c s i.x r : o • d ,; ?' o fr .edom hav~ b~~n .. ons l d . ·cl. The at: a re 
indicated b y th co r i a.t s . , , ..,nd 9 it F ~\1 t . 3 Th fr •do 1s 

n~Jid r d , th r for o rn: po t Ot\on alon~ !l<i.,. t a k. dittpla.cemc•nt 
i 1 t 1 v rti ~l dir ·chon (v -- rt ·al t.r' nsbt o ) n I rotati,.,n ,1houl h 
t ra sver.•e cent r of gr,vit x1 (p ' 1. in ) The . RI r t pp r 
mount8 w r designed to minimh.c mot1011 'l, ~. u h r t h ri id-bod y 
de r e s o.f frc do • 



TABLE I 

TR SDUCER !DENT !CAT ON OR RUN NOS. 4, 5, 6, AND 7 

Statham Model F ac elerometers w r ueed througho t. Bendix- yp 

TO- 3 po ition potentiom~te r w r us d to sense all !our spring delle tions . 

Lo ation Tranadu r Chann l 

De t ion 
Cutoff Cutoff 

Ra ( p ) m cps) 

1g fr l ion o. in. 17 . 9 0 

R D R . ht r r defl t,on ... 
10. 2 9 3 . 0 

L ft front de 1 tlOn + in . 217 3. 

L D t r(• r d fl e ction + O. 5 in. l 3 . 4 

G r o r •i y t: rri 1 .. 2 0 29 1 11 

C L of + - 0 g l ... I , . 3 3 

T C ·• • · r o gr,~ .. ; . , r n i 20 0 .l iS jQ 

J 't h t r .t bas 2.0 I l 0 2 17 , . - 0 

R 
.. 

O J i ·r •♦ 0 g 160 ll7 . 0 j 

R • 6 + 0 g 0 7 7 . ~ 

RS a lippe r 160 I . 110 

L F t' 80 z 1 . 

FS ·r - 0 g .. 0 l l.O l 0 

LR ft r ar basP + 0 80 

R L r ar ~ ipp<! r + 0 g 2 0 ' ~ .4 80 '- I 

7 



B. SouJ'ce • of Exci~tion 

T e ~Jor source• of excitation of track vehicle art'! ( 1) track 
1.regula.riti s, (2) •lipper clearance a and in•~cure •t ' I mP.nt, (3) 
rocket motor noile and unateady thr ■ l, (4) w.ate r ' •• Tce1 , (5) 

·odynam1c nfluen e• auch aa unateady eh ck wav l n, bt1ff ting, 
and bound.a ye nohP-, and (6) teat item o ion. 'The most imi> -
tant ■our es appear to be tr ck irr g ar ' ti· & 

Rocket onaet and burno -..n wa.ter bra . t! tr 
ma · or unst a<ly e c 8 the lo fr quenc y r a.nu 
a rodynami . boundary la.ye n i e in general ;l, ext Pl r 

r g . a, and r i.ntens · te a a pr portio l o a 1g ower of · ty 
flow oc y. T eet item ope t ' on is usu.a l not a importan a ur c 
e. c pt or n-b tests a1 pilot eJ c . io 

r s Ma ·on of th• Ve i cle --------··-~ 
t of fre~ d . n 

r our ts ; 

D. U 

t d • ,g . t m io of t 

t e gt"O!r o i o_ th • 

arni . drag, ~d t c 

by six l I 1 000 - b 
ti n • s gi e 

nt y is 
e d"p t n t 

d r t L S nt d , an n Fi ur 

t 

he 
r 

F r th two d gr s o fr 
quations of motion for th fre e undamped ib t ·on of the v h~ 1 

2) 

wher k 1 and k" a.re th spring constant• pe't' eupport. • Equ tions 1 and 
2 indicate that if 

* Sin e th re ar two supports t a h end of th v hi le, the total spring 
onstant at ea h end • s 2 k . 

8 



rea ting q (' 
tl () ' 

.. 
l .ih (4) 

m . •♦ + -
.. 

za }fJ = 0 . (Ci} 

10 th , r at1 ). y ,net 
t y n n t tw 

I of s h motions ar 
f f Eou ti n 1 s th 

0 h C ll l d Vl rati 11 !-- r I i 11 i Tl:' ct i f OT . 
~ 

( ~ ( ) \, 

( } -.: ) 

h f lO ri eq u1val n 
f ;1 tu 

' z· z <· n ' lt r . p (.~ t 

If Vl mp r ould b rt • d 1it10 l 
Eq ti n th ' dampin , on tants 
oti n of t u ting dC' 1pl 

r t n l ! nt qua ti n of moh n 
t ... p • 

.. 
y ... Wn n l. . - 0 , 

wh r l" i . und mp d l i r r r c- nd s t r io - h ( ping pl• " l in th m to th riti l d mpin 
0 h • s 



F om comparison o •o utiona E u~ ion t d e ' th T E 
4 or 5, the ra.tio of t is ou ly damped na u I 1· qu nc to t ~ 

nd mped natural frequ nry c n be fo, nd to ht-

('n) damp d 

fn) n~mp~d 

a lauo show• t.hat. h v »cou ly damp d nat < 
alwa •• 1 •• th n the nda mp d natural fr qven ., r al 
Equation q ehow t t mped 1atu 1 fr c • c 11 
unda m d frt quenc H 1 \e • that O. ·14. 

nt e 
1 io n· lly pr~vidc d f 

n , 
11 qu1 1 ous' ' 
; m n L • t w u J di ipat 
the d mping actually preeent. 

, 101.1 t of 

TAB E 

a i 

URA L REQUEN IES OF SR RESlLtENT SLIPPER M ( VNTS 

Fr•' q n .y v· OUH 

V h ' le :pp .r Spr ·n l 

V t"tl !\.to t' I 1 Mo . 
- ,: 

( p ) (q) J { p 

0 20 Z6 63 
0 18 . 4 ij 

60 l 6 21 ., 
0 12 15.5 8 r.2, 

F . ~ffe h of Slipper Mass 

r 

Th . d ve opments in t e pTe c ding two b 1 ar ba • on th 
aesumph.o that th lipp r e.. f the spring i d irt tly, hed to h 
"ground." Beca,11 of t., -. P .. i t nee of l~ar n betw et\ the rail and 
the • ' pp r , thia aa umption is n ,t < rrect a.lthough it i"i s ful on 
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elat~d to th track atation si1 th track 1tation is a ,m ·q 

of v ... locity for that run. The rail • i. nt frequency i 

if v is the vehi - 1' velocity in f / se . 

E ci h , il • oi 1t gi t i p 1 s 

lipp r and one at the rear slipper,. F 
th ir , Ont- at the front 

R d . oplan sl d with t 

SRI sili ,. r mou t1, the dis n fr nt nd re · r 

slipp r pins i 11 . 75 ft. For th all J n tri in 

f •·- .,lipp rs a.nd h n '"• 
m , of i ration, th 

rea r slipper 
fr qu 

to b • n ph w1 th th • 

p 

or h x itation to be in ph 

th fr qu nc of x · tation 1s 

V 
fr j 8 - - cp ' 23 . 

wh vis inft/se f ~ b th cas 

l 

with th rotation 1 o d o v · b tl 

The x · ting r quen is g ·v n in Equati n 11 n ll 

terms of the r · il joint fr qu c of Equa ion 10, 

flJY = 3.32 t r j 

f r j 8 = l. 6 f rj 

All thr e of the s iting fr re pr nt d in Ta l II I or 

( l I 

( 1 ) 

n 

( I ) 

'l 4 

1 ted track station . Th r i joint f r qu n d n 

Fi ur 11. 

Ir regularities of the track the r than rai joints a. nt C nl , r 

line waviness due to incorrect alignment, cross se ion vari tion du 

to rolling-mill tolerances , and chang«-s in both of th s due to r p t •d 

high load at c rtain track stati.ons are pro ably the most important. 

VI RESl LI ENT SLIPPE. MOUNT 

A De sign C rittria. 

Several physical 

mount for a hi h sp 
r it r a gov rn th d si n of an 

d tra • k vehi 1 . Th se a r : 
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1. A l wn t T l fr qu·n y 

A maximurn d fl t1on no gr t r th t t (_ on r d aL 
tra k op I' t1ons p rso n l 
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maxim~m damping for th damp rs pro r d wa on y 

3 to 7% cf c ritical damping. Sin thi rr.oun 

with the inh rent dampin exp cted in t v n· 1 

re omit d. 

F. 

th or r f 
l ompar d 

d mp rs 

..? r 1nv nts i Th d 1ngn fin Uy 11 1 .t d fo h SRI r s " li nt 

- h wn installe,d on the vehicle, in F gur • 4 n 5, a 

lln st. ra tiona in this report . 

"-' ,:1 a n th r 

An exploded viPw of th right front slipp r m un 1 s shown in F1gur 

l 3. The spring - mot nt bas ,nd (1 ) ie fastened t the v hi l slipp r 

ntpadby six 1/2- · . hi h str ngthbolts . Th o v r-pate b s nd 

(4) is us d to fa t n the rring (3) t tl sp ri n - mo nt baa end ) b 

n1ea ns of ano th r six l / l -in. high- str ngth bolts . Four l / - - iu. h i gh 

str ngt bolts re u d to fas n th spring ( ) to th spr • ng- mount lipp . r 

nd (9 ) by means o th . o l t slippPr nd (8). All 1/2 · n. bolt 

w~r tighten d tr t rq of 90 lb - ft. 

Ovc rload prctection is prov · d by m ans of t c sn bb • r 1ng ei ( ) • 

Th ;Je ar ' n •opr ne ri.ngs ~f s itabl h rdnc es which hav an inn r 

diarn t 1· !/ 1n. grcat<:r t~n th diam r of th shpp r p · n (10). Th 

nubb rs t1 allow+ i 4 in. !r n1 em nt of h slipp r pin. h 

s ,,, u b b r can he comp r . Pd not he r + l / 4 in. e f re t , • lip > <' r p , 

will conta t th spring - mount b~se nd . Total po • · bl .. , m c:·nt of tl 

s ipp n of the sp m r Jativ th bas di thu • 1/ in . 

To d a ,tiv t th pring , th 1 c k-out 

th snubb r rings (5). Th inner dian ter 

a few tho . s,rndth!I fan inch great r tha n th 

p ins Th· r in , reta i n rs (7) r u d to hold 

lo · k out rin, nth prop r positions on th 

h ri g r ta in • r a u t tr an s mi 

sp r ing fail , {llur los - fitting do els , 

ua d in pla 
ll l dngs lS 0 

t r { t s l i pp r 

nuhb rr _ngs ndth · 

m ml a d . 

largt: 1 ads 1. f ·h 

on h prin -mo nt bas 

nd ar insta: l d Wlth a h ring r tain r . Th four alts whi h h :d 

th ring r t i n rs in pla • do not rr any h ar load . 

The Ion ars of the spring mount b e •nd , tog th r with th h igh 

load car y ing bili t of the rin • r ain rs , constitut t fa i l - safe 

m ~ ham.sm for th isolator . Str s h k at all ri ical s ction 

indka.te that th slipper mo nt ·onstruction should withstand quival nt 

st t · lo ds o f t 1 a st lO g 
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Th met od of pr ~ m r mportanc1!' for tl re t a b 
11 g e .n -r a 1 • i .. d h no a r. p1 i s . ' ln • t • g r p h • • a 1 •. r rn , 
is ch ra.derized b) a plot c,f a part ·c l 1· fcn·m of "dens i. 

d pendent var\ab as a f · n tion f frequen y . Th d~n 
thi report r an squar ac ra . d ~nsit a1 d 

epdn~ d~flecti.ou dens it. . 

'' of t h 
t it- . u ·d in 

11 

A lot o! m an quar 
i call d the epe trum of th 

a . n t • on o 
at1 1 de si ty. 

1 of thi, ~ n ' ty o • 
r h t fr 

e an q 
! t .e • gn.a. n y 
r a signal tn d~n 
tion for a band 

h 

wi 

n . 
q 

the 

rm ti n f and w ~dt 

ape tra pr e s nt d in th1S repo t r o la in db a pu ,r d 

ca d r utin u ed with n IB T ype 6 0 digital omputo r. his rout ' n 

d v lop by Maa an D ni k4 of tht Hugh s Air r ft Comp ny. 
The basis f'- r this ro 1tine i metho c lop d , John W . Tuk )'..s 

f Princeton Univers·t . Th Hugh s - BM 50 routine can b u d to 

analyz data for the fr qu n y rang 0 -1000 ps. Ex ept wher not d 

on t sp ctra, th dat pr nt d in this r o rt r ana1yz d ov r 

t fr quen y ran 0 - 200 ps. Th a t b .nd width is 1 s than 200 

ps b cause of U ut off fr u nci of h t lern t r ha nnel fi lt 

\ Tabl~ I} . Th pa a bar.cl <>f th math matic'al filt r w , a 8 p . 

cords for Run 6, and 7 na) Zt for m quar 
ac at ior. den ity nd, r applicable , mea q ar sprin~ d"'fl "" 
d n T a le l V). Fund w r not vail ble or na f ther ru 
record s . 

* A mo compl t d i scussion of neralized ha rmoni a 1 si 

beyond the scope of this r port. F r 3U ha. d s u s ·o , t 1 e re d r 

s ,ould s e th two r port:, by C red • • 1 
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1 r of load f t r s d on Eq 1 10n 2 , t s :.- a tio n ar e 

R 1 = + 3. 0 
( 8) 

R 2 = - 0 . 04 g . 

I T bl V r ppro im t V r p in d fl c tions r 
t V 0 0 ' llograph r rds pr 8 nt d in Figur 
an 2 . Also 1 n ar or p onding p 0 irnat lo d f to 
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17 0 + . 0 1 +0 . 09* - 0 . 4 
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7650 - 0 01 +o . 0 0 
8 0 0 . 10 +o . , 

. 0 * .. -
z ro 0 0 . 0 7* 0 l . * 
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TABLE VI 

MAXIMUM A D _ IMUM SPRING DEFLECTIONS 
AT VARIOU TRACK ST A TIONS 

(Run No. 6) 

Note: Sign onvent on - - upward di ■pla eme o 
v i J co r spo d o ( ) spring il tion 

T a k Station 
( t} 

tarting T a sient 
(0 - 30) 

0 - 500 

6 0-11 

Rocket Bur n u 
(1 300 - 17 5 

1 750 - 2300 

40 48 50 

1 -o-a oo 

Water Brak Entry 
8000-8100 

8100- 50 

P st run Z r 

l 

D flee tion 

Fron R 

Right 
(i ) 

0 
-0.19 

Left a · l 

(in) ('n) 

+0.03+0 04 
-0. 22 -0. 7 

r 

ft 
(1 ) 

• . 0 

- • ,J 

0 
- 0.2 ' 

+o.o +0. 2 .1 
-0. 7 -0.10 -0. 05 

-0.1 - 0.l 0.10 o. 6 
-0.24 - .2 o +o. 06 

+0 .07 +0.08+0. 
-0.10 -0.16 0 0 

0 .2 2 
+ 0. 0 

+O.O +0.14+0. 0.i8 
-0.10 -0.o5+o.o +o.o 

+O. 07 +O. 0 +0, l . 1 
-0.14 - 0. 12.- 0 .0 5 - 0. 3 

+0 . 07 +0.07+0.16 +0 . ll 
0 . 12 -0.11+0.02 -0.05 

+0.22 +~.2?.+0.34 +0.2 
-0.24 -0. 7-0.18 -0 . 19 

+0.23 +0.27+0.54 + 40 
-o. 01 -o. os +o. J -o. 03 

- . 01 0.01 +0.G7 None 
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