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Introduction

Consider the single-degree-of-freedom system in Figure A-1.

k%ilc ;

Figure A-1.

where
m is the mass,
c isthe viscous damping coefficient,
k isthe stiffness,
X is the absolute displacement of the mass,
y isthe base input displacement.

A free-body diagram is shown in Figure A-2.
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Summation of forcesin the vertical direction
aAF= mx

mx =c(y- x)+k(y- x)

Letz=x-y (reative displacement)
Z=%-y
X=2+Yy
Substituting the relative displacement terms into equation (A-2) yidds

m(z+y)=-cz- kz

mz+cz+kz=-my

Dividing through by mass yields
z+(c/myz+(k/m)z=-y
By convention,

(c/m) =2xwp,

(k/m) = wp2

where wy, isthe natural frequency in (radians/sec), and X is the damping ratio.

Substitute the convention terms into equation (A-5).

7+2XWnZ+ w2z =-

(A-1)

(A-2)

(A-3)

(A-4)

(A-5)

(A-6)



Half-sine Pulse

Consider the half-sine pulse given by equation (B-1).
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(B-1)
The equation of motion becomes
7+ 2xWn2 + W2z = - ASn&ELE OEtET (B-2)
el g
Let
P
w=1 B-3
= (B-3)
2+ 2XWn 2 + W2z = - Asin(wt), 0LtET (B-4)
Now take the Laplace transform.
’ o2 .
L{z+ 2XW Z + W) z}— L{- Asin(wt)} (B-5)
s27(s) - s2(0) - z(0)
+ 2XwWpSZ(s) - 2xwpz(0) (B-6)
2 - Aw
+wp“Z(s) =
n 2 12
2 2 . - Aw
{s + 2XW, S+ W, }Z(s)+{- 12(0) +{- s- 2xwp,}(0) = > (B-7)
Q

ST+WwW



{52+2ans+wn2}Z(s):2(0)+{s+2an}z(0) . _Aw (B-8)
52+W2
200 +{s+ 2w JzOF 1 Aw 0 1 f
29=1") { “}(z)y-f > 30 2V (B-9)
f sT+2wpstwp® p Ts™+w E%s +2xwps+wp“ p
Let
Z(8)=Zn(9) + Z5 (5 (B-10)
where
¥ 2(0) +{s + 2x
Zn(S)zl'Z(C;) ts W”}Z(ZO)H (B-11)
t s™+2xwps+wp® p
1 Aw 0 1 f
Zt©) =155V >y (B-12)
s +w ?st +2XWpS+wp“ h
Consider the denominator term,
53 +2XW S+ W2 :(s+ xwm)2 +wp,2 - (xwm)2 (B-13)
& +2XWS+Wp,2 :(s+ an)2 +Wn2(1- xz) (B-14)
Now define the damped natural frequency,
Wy =Wpy/1- X2 (B-15)
Substitute equation (B-15) into (B-14),
52 + 2XWpS+ W2 = (5+xwp, )2 +wg? (B-16)
Substitute equation (B-16) into (B-12).
¥ 2(0) +{s + 2x
70 :!,z(O) {s Wn}z§0)§ (B-17)

i (s+xwn)? +wg® b



Rearrange the termsinto a convenient format prior to the inverse Laplace transform.

} (s+xwp, )z(0) P | 2(0) + (xwy, )z(0) ¥

Zn(9) =1 (B-18)
N ) rwaZls | (o w2l
::z(O)+(an)z(O)qu:J
| eon)@ B wg
Zn(s) = g+ Y (B-19)
N [TV o R N S
|

Takethe inverse Laplace transform using Reference 1.

zp(t) =z(0) exp( XWnt )cos(wdt) Z(O)+S)\(I:;Vn )Z(O)uexp(- ant)sin(wdt) (B-20)
|
zZn (t) = exp(- xwpt ) 2(0) cos(wgyt) + | 1 2(0) + own J2(Q) U (Wdt)%] (B-21)
t i Wd ?S

Takethefirst derivative to determine the relative vel ocity.

Zp (1) = - xwp exp(- xwp )T L 2(0) cosfwgt) + | 2(0) + (xwn J2(0)U . (g t)z

| Wd
+exp(- xwnt)- wgz(0)sin(wgt)+{2(0) + (xwp, )z(0)} cos(wqt )}

(B-22)
7., (t) = exp(- xwpt )I xwWiz(0) cos(wgt)- xwp, :2(0)+(Xwn)z(0)u (Wdt%
i Ty
+exp(- xwnt)- wgz(0)sin(wgt)+{z(0) + (xwy, )z(0)} coswgt )}
(B-23)



zn(t) =

exp(- xwnt{- xwnz(0) +2(0) + (xwy, )z(0)} cos(wgt )}

+exp(- ant)}: |l wgz(0) - Xxwp, 22(0) +(an )Z(O)L:@sin(wdt)y
f C U

e Wd b

2n(t) = exp(- xwnt{2(0) cosfwgt)}

+exp(- ant)iw—ld{- Wg?2(0) - xw[2(0) + (xw, )Z(O)]}gn(wdt)g
|

zn(t) = exp(- xwnt)2(0) cosfwgt)}

+expl(- ant)}w—ld{- wg2z(0) - xW,(0) - (an)zz(O)}sin(wdt)g
|

zn(t) = exp(- xwntfz(0) cosfwgt)}

+ exp(- ant)} W—ld { Wn 2 (1 x2 )z(O) - XwWpz(0) - (an )2 z(O)}si n (Wdt)g
|

zn(t) = exp(- xwntfz(0) cosfwgt)}

(B-24)

(B-25)

(B-26)

(B-27)

+ exp(- ant)} W—ld{( an + xzwnz)z(O) - Xwpz(0) - (an )2 z(O)}sin(wdt)E
|

(B-28)



zn (t) = exp(- xnntf2(0) coslwgt)}
+exp(- xw, t)li{ Wi 22(0) - XW 2(0)}sjn(w 0
p Nty n n d %

I Wd

zn(t) = exp(- ant)} z(0) cos(wdt)+wi{- anz(O) - anZ(O)}sin(wdt)z
i d

N

21,(t) = exp(- xwnt)i 2(0) cos(wdt)+"v‘\;—;‘{- Wnz(0) - xZ(O)}sin(wdt)z

A

Take the second derivative to determine the acce eration.

A

71 (1) = - xwp, expl- ant)} 2(0) cos(wdt)+%{- wnz(0) - xZ(O)}sin(wdt)z
d

|
+exp(- xwpt)- wgz(0) sin(wgt)+wp{- wnz(0) - x2(0)}cos(wyt)}

i 2
Zn(t) = exp(- ant)}_ - XWp2(0) cos(wyt)- X

1
+exp(- ant){- wgz(0) sin(wdt)+wn{- wnhz(0) - xZ(O)}cos(wdt)}

{- wnyz(0) - x'z(O)}sin(wdt)y
d

b

(B-29)

(B-30)

(B-31)

(B-32)

(B-33)



71 (1) = exp(- xwntf- xwnz(0) + wnf{- wnz(0) - x2(0)}} cos(wgqt)
. ) )

+exp(- xwm)i- wa2(0)- - wnz(0)- X'Z(O)}?)Sin(wdt)
(B-34)
Zn (1) = - wn exp(- xwntfwnz(0) + 2x2(0)}cos(wgt)
+iexp(— ant){- Wg?2(0) - xwn?{- wnz(0)- xz(O)}}s'n(Wdt)
(B-35)
Zn(t) = - wn exp(- xwntfwnz(0) + 2x2(0)} coslwgt)
* ﬁ exp(- XWnt){- Wgi22(0) +xwn32(0) +x4wp? 2(0)}s'n(Wdt)
(B-36)

Zn(t) = - wp exp(- xwntfwnz(0) + 2x 2(0)} cos(wqt)

L expl(- ant)‘%l - Wn2§- x2 %2(0) + xWp32(0) + x 2w 2 Z(O)gsin(wdt)

Wd
(B-37)
Zn(t) =- wp exp(— ant){wnz(O) + 2x 'z(O)} cos(wdt)
2 N y y
+ V\\:\?d exp(- ant)%l- ? x2 32(0) + xWpz(0) + X2 Z(O)gsin(wdt)
(B-38)
Zn(t) =-wp exp(— ant){wnz(O) +2X 2(0)} cos(wdt)
2
Wn" on(o 1 o 20.nlla
+ e exp( ant)%anz(0)+§ 1+ 2x é’z(O)%sm(wdt)
(B-39)



7 (t) =- wp exp(- xwntfwnz(0) + 2x2(0)} cos(wgt)

2
- (- & - 2x2850)Ug
wy exp( ant)% anz(0)+§ 2x é’z(O)%sm(wdt)

(B-40)

n(t) =

i 2, .
- exp(- ant)!' Wp, [WinZ(0) + 2x 2(0)] coslwgt) + N € xwiz(0) + ? 2x295(0)lsin (Wdt)y
§ W g g 'H b

(B-41)
Zp(t) =
- wp, exp(- ant)i [wnz(0) + 2x 2(0)] cos(wgt) + \\:Vv—g g- Xwpz(0) + ? 2x2 gz(o)gsin(wdt)g
(B-42)
Recall equation (B-12).
Zi (g =- |- 1 4 (B-43)
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Expand into partial fractions using Reference 2.

i1 uI Aw
}2

S +w224t s +2XWnS+Wn

g
Y =
b

[- 2xw,, ]s+§- §v2 - WEQE
+ Aw— > e

é : U
?\/2 - Wr%g +(2xwwn)2t152 +w?
a

[2xwi, ]s+§v W20+ 2an)25
+Aw

é
?\/2 - 2— +(2xwwp )? u%z + 2 s+ w2 U
"o e ¢

(B-44)
Z¢(s) =
[- 2XWp, ]s+ é— %@\/2 - angu
- Aw-— > g N oH
é ..
glz - w28 +(2xwwn)2t’1$2 + w2
e g
[2an ]s+ @/2 - Wr% Oy (2an )2u
- Aw— > e H
?\,2_ w28+ (2xwwp, )2 u% + 2xwps + w2 Y
2} 6 ¢!
(B-45)
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e 2,200
es+E " 7
] - 2AXWW,, g g 2wn 3
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° g f
e w20 26U
o G- gy
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e P u€ 2 + 2XW S+ W -
20 +(2xwwn)2ug n=>""n u
ﬂ gg G
¢ u
e a

Zi (s) =
e @2 20
6+ EW " W02y
é g 2xwp U
+ 2AXWWp, é a0
é .2 ué S2 +WZ u
?\/2 - Wr%g +(2xwwn)zgg 3
= 5 & ,
H@ u
2 6U
g %Z - Wr% —+ (2an)2 oy
és+<}8 g 0
é ¢ 2XWp :u
2AXwwn g & ﬂld
- . 5 j
S 52 ue s2 + 2xWp s+ W u
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Take the inverse Laplace transform using Reference 1.

é _ 20 l:l
N 2AXWWp, gcos(vvt)+8%v2 Wn “sin(wt)d
22 SUe § 2xwwn 7 Y
?,2- wr 9+ (2xwwy, ) € e .
2 g
g @,2 - w2+ (2xw, )2 2 0 3
(:9 g(; ZXQ\IN Wl u
& n = N u
- 2Axwwn[2exp(- xwit)] ‘gcos(wdt) +gg y g Zsin(wdt)g
. N ;
- w28+ (2xwwy 2@ ¢ ‘ . ;
2] gé ¢ - u
é = p
¢ ¢ 5 0
(B-48)
7 (t) =
A
. - ug(ZXWWn)COS(\I\/t)+§\/Z Wr?an(vvt)E
?,Z_ WnZQ +(2xwwn)2u
g g
¢ 2 - w2l (2 2~ 220
w2+ (2xw, 2(Xw
. 2Axwwn[§xp( ant)] ugcos(wdt)+g n gZXW V: n +sin Wdt)ﬂ
?ﬂ- ang +(2XWWn)Zag E e P i
(B-49)
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e 20 20 u
i A a?/z wh = 2(xw ) k2
2 [expl: Xt Gcost) + " sin(wet)g
?ﬂ/z w292+(2xww )Zué g Pt 5 8
n Ee 2 a
(B-50)
z(t) =
A , = <
+ - > 2l:Jg(2xww,1)cos(\/\rt)+?\/2- wrggsn(wt)a
?[2- Wn p +(2xwwn) E
ZAXWWn [ (
exp(- xwnt)]
- - 2XWinWg \gZ‘Wan)COS(Wdt)“Lga?"Z 20+2(XWn)295'”(Wdt)
02 50 2 g i
-wir 9+ (2xww, )2
e o
(B-51)
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The relative displacement is thus

7 (t) =

A 20g u
+ = > e(ZXWWn)COS(Wt) ?"z = Wn Bsn(Wt)g

?[2 ang + (2xwwy, )za

Aw [exp(- xwnt)]

Wd 5 U[(ZXWan)COS(Wdt)+ (\NZ - Wﬁ(l 2X2))<in(Wdt)]

E?VZ - ang +(2xwwn)28

(B-52)
Take the first derivative to determine the relative vel ocity.
2 (t) =
g (2xwwy, )sin(wt ?V Wn 9 cos{wt
oU
?VZ 9 (2xwwp )20
"o s
A\N[exp( ) : gan (2xwpwy)- (W2 Wn(l 2X )):jcos(wdt)
?VZ 29 +( 2xwwn)23 ¢ )
s
+ é AW[eXS( &y N g(ZXWan)+ X\\,’VVn (WZ i W%(l ZXZ)ESin(Wdt)
?\/2 - WEQ +(2xwwn)zlje ‘ )
2 s
(B-53)
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? 2x sn w co Wt
. ) 202 zu@ WWn ?V S(
- Wp T +(2xwwn) U
§ o g

o oleot w2, 2] (2. o2 2o

AXWYT (- syt
Sl PR A
?vz - w28 +(2xwwn)23
2 g
(B-54)
2t (t) =
Aw € Wt
+ - — 20@ (2xwwy, )sin(wt ?v W COS(
?\/ -wy 2+ (2xwwp )4
2 s
+ AW[ exp(- XWnt)] [ZX anz - w2 +W%(1- 2x2)]cos(wdt)
o2 2§ 24
?\/ - Wp 2 +(2xwwn) u
2 g
AXﬂv[@(p( xwnt)] ) .
i W S . ?an(l' x2)+W2 - W%(l- 2x2)asin(wdt)
?vz - WEQ +(2xwwn)23
2 g
(B-55)
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2t (t) =
Aw é ' 2_ w20 u
e g bt 52 o k)
?\/ -an +(2xwwy,) a
)

N Awf exp(- xwpt)] : [w% - Wz]cos(wdt)

4 .2
?VZ i ang +(2xWWn)2lfI
2 g

AXwpw

W [E‘Xp(' XWnt)] , 2 2 )
e d ) . ?N” - 2x%ws +w? - wd + 232w gsin(wdt)
.. u
?VZ ) ang +(2xWWn)2l;|

¢

(B-56)

2 (t) =

Aw

é
; 2 i€
?\/2 ) Wr%% + (2XWWn )2 !

+

(2conn)sine)+ 8 - w20 cosfn):

c

O C

N Aw] exp(- xwpt)] : [w% - Wz]cos(wdt)

4 .2
?”2 w38+ (2w )2

¢

AXwpw [ exp(- XWp, t)]

bW S+ w2 Usin(wgt)
228 2, -
?\/ 'W”B +(2xwwn) a

¢

(B-57)
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Aw 222 20 i : u
+ - . U@? W3 bcos(wt) (2xwwn)sm(wt)é

?\/2 - ang + (2xwwn)28

M.V () BT P S E: n«:aN,$+W2@gn(Wdt>z
wy € g

2

é
?/Z w29+ (2xwwy, )zu
g s
(B-58)
Take the second derivative to determine the rel ative accel eration.

7 (t) =

A2

w
) u
?\/2 Wn_ + 2XWWn)2l:I

G/

+

@2- Wi ésin( wt)- (ZXWWn)cos(m)g

AXW”W[ exp(- xwnt) ‘igwﬁ - wzgcoS(wdt)+ XV\;\;” éNn2 +wzgs'n(wdt)§

e u
?\/2 Wn— + 2xwwn)zg
H

+ Anexp(- xwpt]
€ 2 u
?\/2 w29+ (2xwwp )24
e i

. . . )
2. wzasn(wdt)+an é/vn +w2§cos(wdt)§

(B-59)

17



Aw?
+ 6 ?\/2 wzosn 2xwwn)cos(wt)

A .2
?ﬂ/z- WE% +(2xww, i [j

+— Anep(-wnt)] an[w2 WZ]COS(Wdt Xy %2+wzusn(wdt)y
Wd

2

?gzvz- WE% +(2xwwn)25T

.\ Awexp(- xwpt)] %l Wd[W% - WZ]sn(wdt)+an WZUCOS(Wdt)E

2

??\/2 - WE% +(2xwwn)2§

(B-60)
2(t) =
- A & &2 wZOsnfw) - (2xey )oosw)]
?VZ w29 + (2xwwy, )24
8
e AW exp(- xwt)] 1 an[\l\/ﬁ - WA |+ xwp, &2 +wz%'cos(wdt)
é 22 2U| e
?;2- wy € +(2xwwy )7
g 9]
N Awfexp(- xwpt)] l x*wip? eW2+WZU Wd[Wz wzltjsm (wgt)
?/2 - wi 9+ (2xwwy )2
g Q
(B-61)
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2(t) =
+ Aw? € ?\/Z - wr%gsin( Wt)- (2xwwn)cos(vvt)g

5 2 08
?\/2 - ang +(2xwwn)2L:J

a
¢!

. AW[ eX[Z)(- XWnt)] i {2)( anz}cos(wdt)

?ﬁ/z- w28 +(2xwwn)23
2 9]
+— AW[eXp(' XWnt)] I 121 X anqN2+W2u Wqg [V\I2 V\IZ]ESH Wdt

?ﬁ/z- Wan.)Z (2xww )2U| "
g g

(B-62)

2(t) =
AW é 20 4 u
+ = ?\/Z wiy Qsin(wt)- (2xwwy, )cos(wt);
€2 2§ L o H
?\/ - Wn 2 + (2xwwp )7
¢!

o Aoleot ] 310 420202 Al sl

(B-63)
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2(t) =

Aw 2 - 0 y
+ - . g- (2xwwn)sm(v\rt)+§v2 - angcos(wt)a

. u
?\/2 - ang +(2xwwn)28

A Xwpw

[exp(- xwnt)]
+ Wd i | 5 [(ZXWan)COS(Wdt)*'(WZ - W%(l ZXZ))Sm(Wdt)]

4 .2 u
?\lz- ang +(2xwwn)28

Aw[EXp(- XWnt)] : [_ (2XWan)Sin(Wdt)+(W2 - W%(l- ZXZ))COS(Wdt)]

6 2
?\/2 - ang +(2xwwn)2§

(B-64)

2(t) =
Aw? é 26 4 y
+ - S ?\/Z - wiy 9sin(wt)- (2xwwy, Jcos(wt)
€2 2§ L 2 :
?\/ - Wa 2 + (2xwwp )7
¢!

N AW[ GXE(' XWnt)] . {2)( anz}cos(wdt)

?ﬁ/z - ang +(2xwwn)2§

+- A\N[exp(— XWnt)] i :iu{ X2Wn4- xzwnzw2 - Wn4(l- x2)+ wzwnz(L- xz)}sin(wdt)
e 267 24Ut Wd
?/2- wy 9+ (2xwwn )7g
2 9]

(B-65)
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+ - AW 9 ?\/Z anl.c—"sin(vvt)- (2xwwn)cos(wt)§J
o2 2§ L 2 H
?\/ - w8 +(2xwwy,) E

+— Aw{ exp(- xwnt) \{ZXWnWZ}COS(Wd'[)

2

?ﬁ/z - ang + (2xwwn)2§

i 2§
i Awfexp(- xwt)] \%Wn y{ x2wWpn2 - X2 - an(l- x2)+vv2(L- Xz)}Sin(Wdt)
& 2§ 2Uf Wd
?/2- wn's +(2xwwp ) H

(B-66)

+— A exp(- xwnt) \{ZXWnWZ}COS(Wd'[)

2

?ﬁ/z - ang + (2xwwn)2§

o 24
+ Awf exp(- xwnt)] ! Wn y{ )(an2 - X2WP - an + xzwn2 +w - XZWZ}Si n(wgt)

é .2 Uz Wy
?[Z- ang +(2xwwn)28T b

(B-67)
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+ AW 9 ?vz wrlzggn(mn)- (2xwwn)cos(wt)§J
€e2 24 ou8 2 .
?\/ - wy 0 + (2xwwi, ) E

. AW exp(- xwpt)] \{ZXWnWZ}COS(Wdt)

2

?ﬁ/z - ang + (2xwwn)2§

Y
o Awlexp(- xwnt)] }Wn y 2x2 W2 - Wn2+\l\12}8in(Wdt)

4 .2 Uz
2@2- w28 + (2aww, gt 0P
g s
(B-68)
2(t) =
AW 6 22 205 (0 u
e Jree LU LA
?,2- an +(2xww g
u
A exp(- xwpt)] { }
+ 2 .2 2 2anvv2 cos(wdt)
?/2- wiQ +(2xww, )20
g s
i 2§
o Alealowt]  fwn®t o 2 o2 g
é 2 2Uf5 Wy b
?;2- w9+ (2xwwy, )2
g g
(B-69)
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2(t) =
+ AW € ?\/Z - wr%gsin(wt)- (2xwwy, )cosfnt )Y

& 2 ué
2 w29 + (2xwwy )2
2 s

+— Avv[exp(— ant)] \il'{zanwz}cos(wdtﬁ}w—”zg{- wn2 +vv2(L 2x2)}sin(wdt)§

.2 %
?’2' w29 +(2xwwn)23T t Wd b
2 v
(B-70)
2(t) =
+ — Aw? 9 ?\/Z - erzggn(M)- (2xwwn)cos(wt)§J
é 02 Zué @ ¢!
g‘ﬂlz- wy 9+ (2xwwy, )G
g s
+— Awwn[ezxp(- ant)] ! {2xw2}cos(wdt)+%mg{- Wn2+W2(l- 2x2)}s,in(wo|t).Ej
& 2§ 2t T Wd E
gﬂlz- wi 2+ (2xwwp )7
2 v
(B-71)
Thetotal relative displacement for 0<t<T s
z(t) = zn(t) +z¢ (1) (B-72)
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Substitute equations (B-21) and (B-53) into (B-73).

2(t) = exp(- xwy )i z(0) cos(wyt) + Z(O)+(XW”)Z(O)Z (wdt)g

| Wd

. ZA e(ZXWWn)cos(m) gevz ngn(wt)g

?\/2- w29+ (2xwwp, )2u
i s

“ expl- xw)]
d [(wanwd)cos(wdt)+ (W2 - wﬁ(l 2x2))sin(wdt)]

- = 5
?\/2 2 (2xwwn )23
"o b

(B-73)
Thetotal relative velocity for 0<t<T s
2(t) = zp (t) +z¢ (1) (B-74)
2(t) = exp(- ant) 2(0) coslwgt) +— - L wnyz(0) - xz(O)}sn(wdt)B
1 d
A . v . N
+ = ZOZW 21]@/2_ wr%%ﬂcos(wt)- (2xwwn)sn(wt)a
?1\/2- wy 2 +(2xwwn g
e b
+ Av{ ex2p( )] A[vvz wz]cos(wdt +—rl %2+wzusn(wdt)g
?/2- Wr%g +(2xwwn)23
e s
(B-75)
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Thetotal relative acceleration for 0<t<Tis

2(t) = 2 (t) + 25 (1) (B-76)

N

7(t) = - wp, exp(- ant)i [wnz(0) + 2x 2(0)] cos(wgt) + xz g- XwWpz(0) + ? ox2 g'z(o)@sin(wdt)g

H

2 . ) A
+ Aw = ?/2 - Wr%gsin(wt)- (2XWWn)COS(Wt)l7I

é 2 g H
?\/2 - Wr%g +(2xwwn)21'J
e H

, Awwp[exp(- xwnt)] Il {ZXWZ}COS(Wdt)jL‘:,mqi - w2 +w2§- ZXZQuSin(Wdt)t']
€eo 2§ o Ut Wdp! ob |
?\/ -wh 2 +(2xwwp)“u
2 H

(B-77)
Thetotal absolute acceerationfor 0<t<Tis

X(t) = 2n(1) + 25 (1) + (1) (B-78)
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%(t) = - wp, exp(- ant)‘% [Wn z(0) + 2x2(0)]cos(wdt) +Vne XWnz(0) + ? 2x2 Qz(o)@si n(wgt)
7 wq & o

¢

AW2
+

g%vz - Wr%gsin(vvt)- (2xwwn)cos(vvt)g

é

.2 y
?/2 - Wr%g +(2xwwp )24
< p G

Awwp [exp(- xwnt]

: I {2xw2}cos(wdt)+ :W—nui - wp? +W2§' ZXZQuSin(Wd'[).t'J

€no 252 o U1 TWd ()' g% [v)

?V -wp 2+ (2awwn )70
H

2

+Asin(wt)

(B-79)

Thereativedisplacementat t =T is

A1) = el xwnT) 20) cosfgT)+ | 2O* (xwn )2(0) gsin(WdT)E
f P w9}
+ = 2A - g(ZXWWn )cos(wT)+ ?\/2 - ési n (WT)E

?\/2 - ang +(2xwwn)28

AW Tap(- T

g [ioxwnwg)cosgT) + 2 - w2t 262)sinfe)

T8 2
?\/2- ang +(2xwwn)2§

Therdativevelocityatt =T is

(B-80)
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2(T) = exp(- anT) 2(0) cos(wdT) - L wnyz(0) - xz(O)}sn(wdT)B
) d

Aw A 26 : U
+ - 5 - @/2 - WS cos(wT)- (2xwwn)sm(wT)él

?ng - Wr%g +(2xwwn)28

o Al exp( xwnT) 1 [wz vvz]cos(wdT )+ —” %2 +vv2usn(wdT)B

4 2
?/2 - Wr%g (2xwwn)za

The relative displacement for t > T isfound by adding a delay into equation (B-21).

(B-81)

R B e e )
|

(B-82)
Note that the absol ute displacement is equal to therelative displacement for t > T.

Thereativevelocity for t > T is

2(t) = exp(- xwp t- T))I  2(T) coswg(t- T))+ Wd{ Wnz(T) - x2(T)}sin(wg(t - T»g

(B-83)

Note that the absolute velocity is equal to therelative velocity for t > T.
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Therdative accderationfort > T is
2(t) =

- Wp exp( an t- T [an(T)+2xz(T)]cos(Wd ))}

2 XWnz(T) +§- ZXZE (T)Esm(wd (t- T))E;

(B-84)
Note that the absolute acceleration is equal to therelative acceleration for t > T.
(1) =
- Wp exp( an t- T [Wn z(T) +2x z(T)]cos(Wd ))}
o epl (- TR G xuna(M) @ 2 1 anfuale- Ty
(B-85)

Example

An exampleisshown in Figure B-1. Theinput isan 10 G, 11 millisecond half-sine
shock.
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RESPONSE OF SDOF SYSTEM (fn =100 Hz, x = 0.05)
TO 10 G, 11 msec HALF-SINE SHOCK

20
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-20
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Figure B-1.
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