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Fig.1.3.1 Example of mechanical-shock test machine. (An extract from JIS Z 0119-2002)

N A

(a) Half-sine shock pulse (b) Sawtooth shock pulse  (¢) Trapezoidal shock pulse

Fig.1.3.2 Typical shock pulses in the mechanical-shock tests
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Fig.1.3.3 Expalanation of the product model based on
single-degree-of-freedom system.

Table 1.3.1 Maximum acceleration, duration and velocity change of shock pulse.

(An extract from JIS C 0047-1995)

E— 7 | AFR I AD WEEL(AV)
frmRH ER NEENE S
(4) (D) AV=2/mADX10" | AV=0.5ADX10"* | AV=0.9 ADX10"®
m/s? ms m/s m/s m/s
50 30 1.0 — —_
150 11 1.0 0.8 1.5
300 18 3.4 2.6 4.8
300 11 2.1 1.6 2.9
300 6 1.1 0.9 1.6
500 11 3.4 2.7 4.9
500 3 0.9 0.7 1.3
1 000 11 6.9 5.4 9.7
1 000 6 3.7 2.9 5.3
2 000 6 7.5 5.9 10.6
2 000 3 3.7 2.9 5.3
5 000 1 3.1 — —
10 000 1 6.2 — S
15 000 0.5 4.7 - =
30 000 0.2 3.7 — —
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Fig. 1.3.4 The way of making a damage boundary curve.

(An extract from JIS Z 0119-2002)
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JIS Z 0119%, ASTM D 3332V Ic#lE &N TV 5, JIS C 0041 & IEC 68-2-27 i%. |F
ERURBRGTETHY . HOBEOEER LA ERE (B 1z, BEOH
BE2FHRDbDOTHD, ZOHEIDIE, B OEHRR I 2 #4E T 2720 DR
HERNFE L WnWe, BEDANOEE L ZARBEIZINZ bl & &, fiE
GORELZHEET D LN TERY, —J7, JISZ0119 & ASTM D 3332 /%, AW
IR URBR G5 TH D . R, E. Newton IZ L » TERINT-HBESERMHE (UL
T, DBC LR %) MNEASNZFFMETH D Y, BRI, LLF o ZFE
OEERE, T7hbb, Wi OFFR ML 2 HE T 2B & FFAEINEE 2 JE
THRBROLOHER SN TRY ., WELE MEcky, WICHEEL 5 2 5 EE.
NADHFHPAPRETE D XL 12> T 5,

1980 D% G. J. Burgess 23, il —¥PEE T MIZ LD | #0 IK LEE ) DBC
~RETORBEE MRS Lz O UL, T oM, &5 EER S G 5 %
2B T L ERICOWTOMTRIAIEIRIE E A E1ThI TR,

AETIX, R. E. Newton O E R I FHl{E O 2 Y4 MR35 BT, R E.
Newton N A IS EMATICHWZ-GEET L (1 BRHEOITREER) L0 %40
BRI GET VT ONT, BHRISEMT 217V, KT T L OEBIGE X~
7 RV (LLF, SRS L W&FRT %) BE O DBC #EHT5, £ LT, £ORR.
R. E. Newton O #Effitk CRIBES & 725 308 %, bbb, [HESEKEN]
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ICERRBR CRAET D Z L 2R T IO, ERGEO -l L TI=TryE—
T4 A7 RN ER, BRI, BEAERET L (WENEEA SR ELY
FLTWND) ITEDEREITH,

22 FBWMIZLIBEERDHER
221 HRBETILEIUEHEENILR

Fig.2.2.1 ® Model-O [ZHI1E, JIS, ASTM o>l 5t B 5 & 5Bk J5 1k O BLGR A0 72 J&
Lo TWDLETLTHY, "N ORI HBHEELFF SN TV L REE
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(a) Half-sine shock pulse

Model-O

Model-A

Upper mass

Lower mass

(b) Rectangular shock pulse

k4 ;

m, No.4 i X4
k ==
kj ;

Fig.2.2.1 Mathematical Models for Products.

(c) Trapezoidal shock pulse

Fig. 2.2.2 Three kinds of shock pulse.
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KLTWD, RV OET VL, FTIZRAATITET L TH D, Model-A 1E 2 H
HETREERTHD, LD, "HarBEEASNTREBTEADNIEINT
WO EOEERE (72720, "EAEBICLVROBKRLZ Y T 28RITRAT
HZENTERN, 2O L) 2GATX. Model-4P IZ L VT 5 Z LN TE D),
B RF SN TV D=y FNOBESZRF SN TV HEM~OEHEORE, BEAR
— VAEE OB ERE TR EICHONWTEET L ENTEE D, ZhbDE
7 /L (Model-O, Model-A) IZMEET L TH D,

—J. Model-4P 1%, FHEMEET L THY , ZNENOEEHO L FITITR
Dok, To—o—onE (F03aEEY) 2RLTWD, Znb
DEBNHE NI L TWD & EEMONBET D0, L TnD L Eh[o0ED
NIFAELZZ, ZRHOET LY WE (F30EEY) PERAIH
TWOREBTHERELZZ - L &0z (WaoRWNIRIELET) 2T 5
TEMNTED, Model-4P 13 4 Bsflira £ LTW5 7,

Fig.2.22 \ZHBET VI AN T HEE SV ZADIIREZ R T, Fig.2.2.2(a)lL1E5%
PR EE NV AT, TRETCOHEEABRTICHWLNTEL LD TALNY R
ICHEBT — T NV EEHREITEL LI TREINDEETHY, BT T AT
v 7 SR EMIC XV EE SN TGN TEELZZ T & TR EE L
ANRFEET D, Fig2 220X HEEE AL A THS, 1 HHETREERIZD
DEENSNVAZ AT DHE TX=05 (7272 L, Ty lTEE L 2 OIERKEH T,
fo ITROBEARENELTH D, ) ORI CMEERER (72727 L, MEHERERIL,
e KIGBENGEE 2 A EE SNV ZADREKIEECRLIZEETS) BN2Lkd
L 73 R.EENewton DHFZE Nc kv T TICHLNER->TWDS, —J, AJJ/UL A
DIEREESCO ZE D ETIIMEERERLI -EL 20T, AT HER LR
OYERREIIC X o THBOMEN e » M TRE 2 EfICERT 22 N TR
Wy ZD7 JISZ 0119 3 K OV ASTM D 3332 TIEFFANEIE %2R 5 DI BRI
DHWOLNAL LY ICHESNTWVWD, ZORRBKITHEOHEERBR THAETES
G BEE LZEETH Y, MEEGERLIIE - ECRZh TS Y,

222 HERBWEIURERTAE

(1) ®EEETIL (Model-O) DIEIHARMT
Model-O DD FE Y G\ &R L7cisr N GE# FRZN) 13, ko Xk H ik
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m x +k(x— x)=0 (2.2.1)

7770, o’=k/méBLLEERDLIITRD,

X +w2(x— X)=0 (2.2.2)

Flo, y=x0x EBEXxEBHEETHEROIHITR D,
y +oly= x (2.2.3)

RQ22)ETFTFITABEHRIL, ya2RTRICEH L. ALY OIS
TIAEW T HLRD LIRS, L. IS, y(0)=0, y(0)=0 &
+5,

wo:éﬂ %o(0) sin(w(t-7)) dt (2.2.4)

F-, R222DEV. x = 0y ThHbH,
KoT, BEMIZHAET HMEE IR TREINS,

ﬂo:wﬂ %,(7) sin(o(t-1)) dt (2.2.5)

7L, xZEREICRAET B IEE (HEALR) Thh,

iz ku, ANTHEE V2O DR, Q2D EHE T
HILICEVERISEEZRDDLZENTED T,

a Model-O DA IKREE/NNILAIGE

TEFABRR To. INEEEE Ao O T E B UL 2 IR TR ER D,

t=<To DEF  xo(t) = Ao (2.2.6 2)
£>To DB xo(t) =0 (2.2.6 b)

b ERQLHIRALTHEZHETLE, KO LI
IR E N D,

HEMICRETD

N
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t=<To DB x(t) = 2A0 sinXw t,/2) (2.2.7 a)

£>To D x(t) = 2A sin(  To,” 2) sin( w (t—To, 2)) (2.2.7b)
b Model-O @IEZFREE/NILRIEE
VERIRERE] To. MNEEEE A D ESL PP EBE L X TR TREIND,

t=<To DFF  xo(t) = Agsin( 7t/ To)

(2.2.8 a)
£>To DEE  xo(t) =0

(2.2.8 b)

IhbEXQ25HICRAL THY (ZABEOIMEEHZ FV THREm B A
SAEBOMOIBICER) T 5L ROKDITEEMICERAT DMHEN DN D,

t=To DF  x(t) = { sin(at), (w —ad)a + sin(w1)/(a*— 0 ) o }

XAgw?’a (2.2.9 a)

£>To DB x(t) = { sin(wt) +sin(w (t—To)) } Agw a/(a2— w?)  (2.2.9b)
7272, a=n /Ty &35,
(2) #BETIL (Model-A) DIERARMN
O HEWEER LMo iR GES LR 2{ERL, Thid 777 2%

g% Z LIZ& > T, Model-A DFRIGEZEH Lz, BEMRFIHIEIRO LB
nThD,

EE T RATRO XL ST D,

my 'X'z‘f‘kz( X2 — X1)=0

(2.2.10)
m x;+tk(x; — x2)+k(xs — x) = 0 (2.2.11)

TTITAEMRLTCEET D RO X IR D, 2L, FIHISRMEIE, x (0) =0,
X1 (0)=0, X3 (0) =0, x> (0)=0 &4 %,

-~ © 2(52+a) 2) ~

X] = 11 22 X0 (2.2.12)
4 ( 2 2 212 2 2

~ » 2@ 2 ~

X2 = 1122 X0 (2.2.13)
4 2 2 212 2 2
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2L, on’=ki/m_ op =k/m_ own=k, /m 95,

xold, EREDEIHZ R LEEKTHY . B L2 %% L= D Ex
TZENTED, Lo TUHBALZANRREIL,RN(Q2.2.12)8 LOKQ2.2.13)1 6,
TEBEOEEN (m) BIOELEOHERN (m) OFEBSELEIHTIENTE
%,

a Model-A DA BEEZENILAGE

FRWEE L A, RRIRIND,

X o0=Ay (UM)—Ut—T o)) (2.2.14)

=770, U AT v 7R E T 5,

RKQR28)% 7 7T AEHL T, HEEOYYEEL LOWHHEEL L HI20 &
THL. xo REKARTESND,

xo=Ao (1—exp(-Tys)) /s

(2.2.15)
X(2.2.15 %2 X2.2.12)B L OXQ2.1)ITRAT D kK 5,
< = w112(s2+w222) ><Ao(l—exp(—TOS)) (2.2.16)
1 s4+(co112+w122+w222)s2+w112m222 s’
2 2
> Wi @2 XAo(l_eXP (= Tos)) 2217
"2 s4+(a)112+a)122+w222)sz+w112w222 g3 ( )

INBIZOWTH 2EBTEHZNWIZEMOWEHT L5607 77 AL
VEATOLRDE DT D,

x1(t) =Aow 11> {g1()Ut)—gi(t— To)U(t—To)} (2.2.18)
w2 g2 w2 — B2 - a2B? — w2 a2 + 82
g,(t) = :ﬁ(mcos(a t) + [34 ;2 —,6’2 cos(Bt) + 2a22232 2+ OL242B£ )
(2.2.19)
X2(t) = Agw 117 0 227 { 2@()U(t) — ga(t—To)U(t— To)} (2.2.20)
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cos( a t) cos( B t) t2 a?+p?

a4(ﬁ2—a2) 34(042—32)_'- 2a 282 B MEFE

g,(t) = (2.2.21)

2L, a, BIIKRDOLEBY THD,

2 2 2 2 2 2 2 2
(a) +w, +w )i\/(w +w, +w )2—4co o)
o B :\/ 11 12 22 11 . 12 22 11 @22 (2.2.22)

WMEOHBIOME LIFKALDVKRDLZENTE D,

f1 = k1 (Xo(t) —x1(t)) (2.2.23)
£y = ks (x1(8)— xa(1)) (2.2.24)

Eo. BERMICREAT HIEE x (). x2 () 1. R(2.2.18)F L Rx(2.2.20)
IRV RO ONTExO)B L% 2B THZLICLoTRDLZ ENTE
%,

b Model-A DIEZFREE/NILRIEE

ERCER g L 23, wATFERSIN S,

X 0=Ay {sin(7t/T o) U(t) +sin(x (t— T ) To) Ut—T o)} (2.2.25)

L, U AT vy 7% LT 5,
X222 777 AL T, HEEOYHEELS LOPHHEE L L HI20 &
THL. x BRRTEENS,

A, a(1+exp (— T, s))
32(32 +a)

(2.2.26)

X():

72720, a= n /Ty &3 %,
K(2.2.260)% HX(2.2.12) B L OXQ2.13)IRAT B EkXiz7e 5,
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w112(52+w222) ><A0a(1+exp(—T0 s))

X1=73 2 2 212 2 2 (2. 2 (2.2.27)
2 2
~ 0)11 (1)22 AO a (1 + eXp(— TO S))
%, = ‘ (2.2.28)
4 2 2 212 2 2 (2 2

INHIZOWTE 2EBTEHEZHAWTEEMNOMEAT HHEONT 7T AL
EITH LD LI D,

R

xi(t) =Agw 112 {gi(H)U(t) + g1(t—To)U(t—To)} (2.2.29)

Wy —a’ . Wy’ — B2 .
g, (1) = a3(a2 _22[32va _az)sm(a t)+ 83(32 jZaZXaZ _Bz)sm(B t) (2.2.30)

X2(t) = Agw 11> {Z)U(t) + ga(t—To)U(t—To) } (2.2.31)

B sin(a t) sin(f3 t) sin(at) t
g2(t) = as(az _Bzxaz —a2)+ 33(32 —aZXaZ _Bz)+ a3(a2 _O¢2XB2 —a2)+ a282a2

2 2\ 2
(w » —a )sm( at) Wo
N 2.2.32
a3(a2—azx[32—a2) a2B2a? ( )
7220, a, BIFKRDEBY THD,
(601 12 + (U122 + (0222)1r \/(@1 12 + CO122 + CO222)2 — 4w, 12(0222
o, B= . (2.2.33)

F72. 2229 LO0KQ223DICEWNWT, AT vy BB UOPHWLNTED
UL 2 B RRIEETH D03, gi(t), 21(t-To), g2(t), 22(t-To)MWE L BN TWVD =9,
X1 (1), x2(OIZ DWW TIX 2 RIS ATRECTH 5,

ME O BLOWME LITRANLVKRDDZENTE S,
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f1 = k] (Xo(t)_Xl(t)) (2234)
f, = ko (x1(t) —x2(t)) (2.2.35)

F7m . AEEEICRAET BN x (1), x. () 1. X(2.2.29)F8 L O(2.2.31)
FOUEOND x(O)BLYx0)Z 20D THI LICE S TKRKDLZENTE S,
(3) FEEEETIL (Model-4P) DHEUEREH %

Model-4P [ZHEMIEET N TH D720, BT 2177 Z LR TH Y . HfE
MRATIC L D EBINE 2 I 2 —va 35,

FT. MIMISME LT, FEESOVMEELZOO L L, MV EZRD D, K
2, WUNEER IR (B A7 > 7°) BB % OFEBISE 2 BIRHETHZ LITLk D,
;h%®@15ﬁ£%*@é FHEFIEZ DL TICRT,

O AWIZHEEM L & 5 "I HE < mERS X O EEEEMICE < mfEO A /)

R, %nﬂl\/@iﬁjﬁ%}fﬁﬁ)%%\ L8 < DN A FHE L, A8

B ENIEREZMZ 5 Z LI %%ﬂﬁ%#émLF%%mﬁé
@ %%% hOMEER X OEEBERICRAET HEE NV A (IEE) 280752 &
WXV, RO AT v 7 TORKKRERE S ZHHET 5,

<Dﬁf W HER S 2N Z, ROBMAT v 7 TORRGLOME LT 5,
@ BHEOEEB I OEBERORELFENTHZLICEY ROFEMAT v 7T

DRENH 2B T2,

B BAEDOENICENEE 2Nz, IROBEB AT v 7 TORBGE OB E T 5,
©® KBS EIFHAERAMICE R BRBAE LSS ICWMENEAEL T

WHERZL, FREHEANVTREELCWDOIMELHET D,

@ WA T v 72 1 OHF LR, O~RY | FROFIET, ROKFH AT v 7

THABEICE < ATE, EE (FHRISE) ZHET 5,

UURIRT B0, 22T DRVERERCCTHITRE 2 11T 2720 Ok
e FiE (72 & 201X, Newmark @ ik, A HBEONNEZR E) ITHWTE LT, KFHE
ATy TRNCEE T 284 ONMEE T -ETHIENELTHAELTWD, &
7o, FHEREOHREB XORM AT v 7HIBOREZ. WO FETIT>TWND,

120G Z 55 E IO EE I VAR T CTHBRE T (EUEFE) S5,
W22 t%, BkhiR-> T 2 KEIZRODH, ZORFO, Bkhailk-> T 2 mRKES
EHE TR EOBRENTSINS TR, SHREBER+STHDL EHRT, mS
10cm 726 O FFEBR (BUEFE) Ok, BRAT v 7HREEZ 10ns THREN
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01% AR & 2o 7oy, +BEICRB AR T D70, REEFHE TIX, FEf A
Ty MEE lus &35, bR, FHAT v FHREZ 100us &35 LiaE
D 1%LL & oz,
(4) SRSH LU DBC OEHAE

2.2.2 (1)~2.2.2 (3) Tix. Model-O, Model-A 3 X OY Model-4P |ZfEi B /XL A 73 A
HUESHEODOERISEZEH Lz, 22 T, B L -HRINE %2 HV T, SRS
B L DBC DEHFGIEIIHOWTET, AT, SRS OE{HEHITIE, HE LR
DYEMRNCE 7 NV OEAIRENE fo 28T T2BER b ST XA =2 PV bi b,
£7o. MEmhCIX, EERKERAWS, 2L, EEREIE. RANERIEEE AN
EE SV ADRKRIMEETHRLIZMEE L, FFI, mRICEDINEE D & & DiniE
R AENEEGER S LICT D, 22T, BARDZKIIRRIC I HH
Do

1

fe= - k/m  (Model - O) (2.2.36)
1 .
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L7edi o> T, IR ERERIZET S SRSIFRAUC LV FLEN D,

Damage Zone
= <
Non Damage Zone
To-fc AV
(a) Shock response spectrum (b) Damage boundary curve

Fig.2.2.3 TIllustration of SRS and DBC.
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Tr (To-fe) = X max /Ao (2.2.39)

7L TrOR, M RERE R Ly X o (B RIS AR HE T 2 N5 E O e
KiExFRT, ARICLVEH IS SRS DA % Fig.2.2.3()ll "7,

DBC Z1Epkd B8, SE & (WA [EHT 2 EN ac LLEIZ2 5 &
ZTOEEHPEET DD ERET D, LoD > TR DIEE L2z oIzid,
RAEZWET HOVLENDH D,

X m < ac (2.2.40)

K(2.2.39) %2 Q240 AT D Z LI L0 BEBHE L7272 O A S fEE R
JV AR REFENEHIND,

A() < ac/Tr(To‘fc) (2241)
ZDLEDFHENSNVADKELAV TRANTHEEEND,
AV:AO T() K (2242)
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k=10, « 1.0 THY, EXPEDOLGE. «=2/"7TdhHo,

DBC Ot B8 L 2 O KIETEAHE & U, % = o EE ks LT,
B DNRIR S 2 OV AGEIR L | AR L AR WSOV ASEIR O R A K L7l
MThHD, LiznoT, XQR24DHBELVH(2.2.42) L Y | Fig2.23b)RT L 572
DBC &M+ 252 LN TE 5D,

2.2.3 MR
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E L7,
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FRFIHEE L L, B 66mm, £ & 98mm TH %, (Model-4P)
INHOMEIE, MEMEEZELOELOTHY, FITIEREKITIAF—LED
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o> T2 HAE LWEE L 7> TR D | EE LV ZERAPICEN 2 8B R OB
DE—JERTXTRCEE o TS, £, EHRE VAERBKICEN DEE
WIZOWTHRERD Z LNV R D, —F, Model-A 1% 2 DOE &N AWITHRE
LOWHEMERERISE L 2D, 20D, B VZERAFIZEN L ERO B —
JENRR STl L 72> TV D,

Model-A 35 £ O Model-O @ 5 FE i B 8 /<L 212 %F$° % SRS % Fig.2.2.5 27”7,
X L0 AR R O KMEIX Model-O 35 £ O Model-A (FEEEH) &b
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Fig.2.2.4 Shock response of Model-A and Model-O by rectangular shock pulse.
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Fig.2.2.5 Shock spectrum of Model-A and Model-O by rectangular shock pulse.
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Fig.2.2.6 Damage boundary curve of Model-A and O
by rectangular shock pulse.
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Fig.2.2.7 Shock response of Model-A and O by half-sine shock pulse.
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Fig.2.2.8 Shock spectrum of Model-A and O by half-sine shock pulse.
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Fig.2.2.10 Shock response of Model-4P by rectangular shock pulse.

-130 -



Model-A <°> Model-2P & [Fl4, Model-4P & £ OE EFH A B VIZEE L H W E
MEZRIRE L 720 | Fric, RSNV ZEAPICBENIEH O — 7 EPRRKE < B
ST fEE 7o TND, ZOXIRIRE—Z7 LV 2RE—TDFBNRENVGE
IZHLIL D SRS ORI SWT, 2.2.4 THELLS AT 5,

Model-4P @ 5 EE v 212xt3 % SRS % Fig.2.2.11 &7, K&V,
Model-4P (& FEE &) ~DMEERZER O R AMEIX, Model-O £V 41325 H

==No0.4

——No.3 d
—7~=No.2

()]
o—

—e—No.1

AAAAAAAAAAAAAAAA

Transmissibility of acceleration, X ., /A,

0 L L
4 6 8 10

Duration of shock pulsexNatural frequency, T, fc

S
\S}

Fig.2.2.11 Shock spectrum of Model-4P by rectangular shock pulse.
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Fig.2.2.12 Damage boundary curve of Model-4P by rectangular shock pulse.
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Fig2.2.13 Shock response of Model-4P by half-sine shock pulse.
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Fig.2.2.14 Shock spectrum of Model-4P by half-sine shock pulse.
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Fig.2.2.15 Damage boundary curve of Model-4P by half-sine shock pulse.
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Fig.2.2.16 The shock responses for the several durations, Ty.
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Fig.2.2.17 The influence of multiple peaks in a shock response on the SRS and the DBC.
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Aci = ac/Tr (2.2.43)
AVe = AciXTo = ac To/ Tri (2.2.44)

=L, ac I E BB T 2 IEEOFRMEE R L, TridEERER %
ARLTWD, £, RFUTISERIZB T2 i kOE—7 2R L, WTF 1 TZDE
BOFRMEEFEL TS, SRS (Fig.2.2.17(a)) EDOABIZZEAL L TV 5 2 fHi(b)
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N(2.2.43) L Q242X T HD/ED%IET 5 DBC (Fig.2.2.18(b)) LD JE
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;'ﬁ(}’) ( A VCP, ACP) = (Tp ac/TI'p, ac/Trp) (2246 b)
){—:—'\(Z) ( A ch, Acz) = (Tz ac/Trz, ac/Trz) (2246 C)

72720, Trp > Tria Trp > To THD, ZNED ., ac/ Trp < ac/ Try, ac” Trp
< ac/Try THRIZ L. Aci>Aces A >Acp ERDZENDLND, LR - T,
SRS D E'—727 (#RAfE) 723, DBC Tl —2 (W/ME) & 725, 2. AEE
/\/v;<75>ﬁﬂ‘/1520>%é.\ DBC LD ®H 5 8 &R R Z /AT EAROM X 13, 2(2.2.42)

1L ToTH D, DT, SRS ZEEENIIKST D DBC LD % i & FUR %
AIZEROEZ T, Z0EN 1Ty, 1L/ Te, 1./ T &2 b5, 72121
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Fig.2.2.18 The relationship between the SRS and the DBC.
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Fig.2.2.19 DBC of a product which includes two fragile parts (Part A and Part B).
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XHD, FEBRICHER LIEE Y Y — 0 EHEEPHIX 0.1Hz~15kHz T, JE
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Table 2.3.1 Specification of the product (Floppy disk drive).

Shape Outer size Mass
Rectangular box 385300 X 130mm 7.7kg

) 3 Bar for mounting the
Cushion material to

. specimen on the shock
avoid 2nd shock (s

Fig.2.3.1 The specimen (Floppy disk unit) mounted on the shock table.

FBC Ko TH DT ATEEE OV ZA/ERIRFHR] & 255050 OISR ERZER & ORIk %
Fig2.33 (T 9, P ORI, Fl—54FT 5 BT 7o EBRFE R OFEETH Y |
KENZED, ZNH0 5% EFHXEEZRL TS, o, TNUOLOEIMRELHE T L
T, ERT=y MONEEREROEBREIIR KR 19%I1C#E L, IR b
DN PEAREEZR D EBRENT T T 8%LANITILE © T 5, BERSHIC K 0 ISR
BEREPHK S0%ZL L TNWDHZ EE2ZETDHE, ZNOOEERBIT I/ NS 2 fET
HHENZD,
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Accelerometer
on a power unit

Accelerometer on a
circuit board

Fig.2.3.2 Accelerometers set on a power unit and on a circuit board of

Transmissibility of acceleration

Floppy disk drive.
3.5 -
®
3 =
25 . . 771, W
2 =
(]
1.5
M | Power unit | |
The fared accelerations of trapezoidal
0.5 |Hshock pulses are about 100m/s". i Circuit board |
. | | |
0 10 20 30 40 50 60 70

Duration of shock pulse (ms)

Fig. 2.3.3 Shock response of trapezoidal shock pulse (IOOm/SZ) on a real
product (Floppy disk unit) in mechanical shock experiments.
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— Iz, BEANORRIARIT D IEE R S HE GRERE) gz 5 &2 0
IR %, Teb b, IEEEER Tr B—ER DL, FEMEE Acb—EE 72D
5. Fig2.3.3 \TRTEFHEMRD SRS D X S IR EAREROLEE DN KE UL, 2D
TAINEE & RE S EBT 5, KOBHIL, AJIEE L2 DIEHER ToH 503,
KIMERE 2 —7E (100m/s?) & LTV 572, VEFRERIC el L Cl r“’ﬂhrbvﬂm“é
Ko T, REBRFERIT, 7v v —TF ¢ A7 EEOE T IEBEBISEHE LR TN T
T 522N LTS KAE W TCEY LA EO DBC % Fig23.4 127n7, (%
EhAR DA FIXA S OBEFIR CH Y | £ NIFIEHAGHER TH D)

— MR, BENOSE IR DR EDR & D GaniiE) 28z 2 & 20
SR 5, Tb b, MEERER Tr B ER 5. FEIEE Acb —E &%
23, Fig233 [T HEFEMRD SRS O L 5 IR EREROLEH N K E X, £0
FFAIEE & K& S ABT 5, KON, ATIEE L2 DOIERFRRHTH 503,
KAMEEE 2 —7E (100m/s®) & LTV D720, VR HF] L Cl Fwﬂzﬁﬁflﬁ“é
FoT, REBRFERIZ, 71y E—F 1 A7 IEEOE 1 HMGBIIEBE RT3 T
BT 52 E2RL TS KA AW TEH L7-ARENO DBC % Fig23.4 1277, (%
AR O FIXA S OBEFER TH Y | £ NIFIHEEHERTH D)

600
500 ‘ \
X

—~ X
» 400 0 ;
E
£ /
2 300 | :
£ == Power unit (o) (o)
8 200 || ——Circuit board
<

100 The critical acceleration of each part is
supposed to be 980m/s” .
. | ‘ ‘ |
0 5 10 15 20 25

Velocity change of shock pulse (m/s)

Fig.2.3.4 Damage Boundary Curve which is derived from the transmissibility
measured in the experiment on a real product (Floppy disk unit).
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( DEEZERAE] BRO RS | [DBC 484 ) OIFEAFENT % Z
EBTE,

232 BEANRETOHERIER
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FHEETND LT HMORCE X 13 & RANERE LTV W o D BB &SRO
NOREBEFITE D, KERET VAEHERIZID T, BIRERER SV ZZINZ
R BIN AT D IR 2 JE 5, AEEE L A O F R IEEE 1L K 100m/s”
E L. TERREIEH 17ms 2> 580 66ms O#IPH CAEL S5, FEERITMHEH L7+
yY—id, 231 THWE = LFRIELTH D, BEHOIVE, FT1E. BIUN
B /% Table 2.32 12, A L7ziXa~HER L ONTRELE % Table 2.3.3 12777,

FBRIZ K o TH DAV TZ AL ZAEFIREE] & &8 B O s AR 35 & O BfR
Z Fig.2.3.6 \Z~"d, KHPOE R, [F—FMHT 5 BT o 7 FZEREROFEHETH
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Accelerometer Upper mass

Gulde rod (Alumlmum plate)

H
- : Middle mass

LT UTUPTY t

Shock table

Fig.2.3.5 An equipment representing the stacked model (Model-3P).

Table 2.3.2 Specification of the aluminum plate.

Shape Outer size Mass
Rectangular box 180 X 180 X 30mm 2.58 kg

Table 2.3.3 Specification of the spring.

Length Outer and inner diameter ~ Spring constant

45mm 30mm, 15mm 66N/mm
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5 —tl— Upper mass ” 4
X
—L— Middle mass A
4 —@— Lower mass \

=
.8
b5
5
3
8
5 3 7
>
= AF ﬁAD’ALm/m_‘th
s LBJWAXHA A= A—A—A A
R !
<§ 1 L The fared accelerations of trapezoidal shock
pulses are about 100m/s”.
0 \ \
0 10 20 30 40 50 60 70

Duration of shock pulse (ms)

Fig.2.3.6 Shock response of trapezoidal shock pulse(lOOm/sz) on the experimental
model which expresses the situation that products are stacked.

Table 2.3.4 Scatter in measured transmissibility.

(a) Detail of the plot indicated by (x) in Fig.2.3.6

Duration (ms)

Transmissibility Coefficient of variation

(%)
92.8 3.173
94. 6 4.32
95. 6 4.25 6.9
94.4 4.4]
94.8 4.07

(b) Detail of the plot indicated by (y) in Fig.2.3.6

Duration (ms)

Transmissibility Coefficient of variation

(%0)
59. 4 5. 22
59. 4 446
57.8 5.33 9.6
59. 6 5.29
58. 6 5.87
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900
300 | The critical acceleration of each
mass is supposed to be 980m/s”.
700
“% 600
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g 500
o
B o
% 400 ‘—QLX}RA L) AD u A=A
: o (0~
< 300
° // O—U
200 " pper mass
0 (0] == Middle mass
100 == ower mass
0
0 5 10 15 20 25 30 35

Velocity change (m/s)

Fig.2.3.7 Damage Boundary Curve which is derived from the transmissibility measured
in the experiment on the experimental model expressing the stacked products.

RBRSMC L 0 IR RS 25 5 E CTEEL VWA EEBETLH L, ZhbHD
EERINI NS RETH D LV R D,

BIE D, FEEEHO SRS RICKE RZEERDOE(L R TE 5, FHIRKE 22 IE
JEARER E /T B L OR(y) (Fig2.3.6 ([Zit#) O2&HEE% Table 2.3.4 12737,
AK7F—=2F0 RBIG (SRS RIZKRERZEENBND) OFBMEIIALNTH DL, £
72, AR SRS ORI, Fig2.2.18@)Zr L7zZEE D &H 5 SRS A & Rtk TH D, Lk
DFERDB . DBC DR S Fig.2.2.18(b) & [REEDIIR & 72 0 | RFEFRE T /MBI TH,

DEREEZAARAENE ] B LY TRBI4 ) M8l d LHEI S D,

ZORERAE Fig2.3.7 (7, KO X, O, RIZEEY T 25 V2 282N

ZAUT, PEUE EICHEEGR AT 20089 D E R L TnD, KKV EEZE 10m/s
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1600

The velocity changes of trapezoidal
1400 shock pulses are about 6m/s.

1%1 Upper mass

1200
—{—Middle mass

E +Lower mass qL_]
& 1000
<
] % |
Q
=
;‘f .
£ 800 -
2
z (b) —
z ~}
.8
£ 600
2
()
3
<

400

200

0
0 100 200 300 400 500

The fared acceleration of input shock pulse (m/s)
Fig.2.3.8 Shock responses of trapezoidal shock pulses(6m/s) on the experimental

model which expresses the situation that products are stacked.

( The reverse phenomenon appears in this expreiment. )
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Table 2.3.5 Scatter in measured shock response.

Input acceleration Maximum acceleration of Coefficient of variation
(m/s?) shock response(m/s?) (%)
120 590
103 965
109 634 8.0
110 056
112 510
109 483
100 016
122 771 22.8
104 450
115 560

(CREE U CRFERINERFERBR 21T 5 & L PR NLE LI 400m/s” & 722 0 HEEZ L% 15m/s
[CRRETHAUE, FFEIREE DM 250m/s” & 72D 2 E Wb, bbb, RiET HlE
A L VB ON DRI ENET 28RN S (MBEAZ0 1 THEERK
Ve ) o F7z, HEZLE 15m/s (CEE L CERIEERBR 217 5 A, A<
JVADHGEFE & 200m/s> 5> 5 350m/s” £ TRICKEL 5L, FHIOREFER) R
fER L LS NT, FEMEEZR 400m/s” LB L CLE D (RESZD2 i
Bl ) o BLk, Sl SRS 7 —# 225 H(2.3.1), RX(2.32)% M\ T DBC #¥EH3 %
Z LT k0 B ERR S FHIIC B W CRIE & e DBIGMFET D 2 & AR ‘(%7‘_0
WIZ, FEEEOFFRNMEERER L [ U HET, WlisBRNEN5 2 L 2T 5,
Bkl & U CEB A SERRE T V& AV, JEZ(ER 6m/s DB TREE L 2 & %
BE &AW T DN E A FH T 5, ZORER%E Fig23.8 1277, KO M (a)FB L,
JS(0) TWHRHS (Fi(a) T, A(b) & LN TATIEEN K E W HB D BT, KIS
BOMEEE T/ S V) BBEELTND, ZHUTKY | EEROFTFAME R Cififiisi g
R T D N TE D, WHRBROEKN & 72 2 m(b)ZBI1 2 ML TE 572105
LLHERT D72, i Tld, 5 Bl—fMoOBPELITH 25, mb)TIEL, 10 B (ZH) o
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EHAEDIFERNCHOWNT, RO L HITEZHILD,
Fig.2.3.9(a)} X ONc) Cld, B L AFEEN K 60ms 1212, FEEETIZ/NS 72—
7 INRAELTVWD, ZHEIRIEFIFIC Fig.2.3.9(b)DEE L AR T3 5720, (a). (c)
ST R DR EEMHEOMEMERN EEN, REQSEDFELLLEEZZIbND, £
DD, FE OV ZAOIERRFHA S HICELSL->Th, #H< T, Fig23.90b) D &k 572
KERRISETRAE L2, S 51T, Fig2.3.9(b) TOEE L Z{Ef % O BE & D
BEMIEF PN E—7 L7225 TV BJFRIKNCES L CId, Fig2.3.9b)OER&IC X, AL
TIZROERENE DR ELCH A, IKDOZREBIZRSTCAREENR B Z b D,

TR CIX, TOMEREHER =D, FIRZH O T 2 2 LIXRETH - 7223,
BIEAEBRET L ClE, TOMENEMTH Y . BRI L OFRNTRn 72 55 [H
ThHHOIFHLNTH D, FRENBEEAINTGE, BANETE~OEEOLIK G
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Input shock pulse
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(a) Input shock pulse : 48ms, 120m/s”
500 Input shock pulse
400 — ] ower mass
Middle mass
300
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200 M
I AN\
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-200 .
10 10 go Time(ms) 5q 70 90
(b) Input shock pulse : 58ms, 100m/s”
500 Inpust shock pulse
400 — | ower mass
Middle mass
300 Upper mass
200 - Nb.
‘ \
100 : W :
{7
-100 I
-200

-10 10 30 Time(ms) 50 70 90
(c) Input shock pulse : 64ms, 90m/s>

Fig.2.3.9 Shock responses of trapesoidal shock pulse in the experiment of stacked
products.(All results are smoothed by the moving average during 2ms.)
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