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Development of Several Patterns of “DBC Evaluation Method” and
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Damage boundary curve (DBC) cvaluation method” can derive the DBC from the results of
critical acceleration shock test and the measurements of shock response spectrum. It can also ev-
aluate the fragility of products properly, cven if there occur “Dependency of velocily change”, “Re-
verse phenomenon” or “Cross over of DBCs”. However, on the spot of tests. there are some res-
trictions, such as time, cquipment and the number of specimens. In this study, we developed four
types of evaluation methods modificd from the “DBC evaluation method”, and systematized these
evaluation methods in order to select the optimal method out of the five types of methods.
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Fig. 1 The DBC derived from ac and SRS according to “ac* SRS method"
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Fig. 2 The DBC derived from AVc and SRS according to “AVc SRS method”
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Fig. 4 The results of measurement of SRS and the SRS of sprfng-mass system.
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Fig. 5 The DBC derived from ac and fc according to “ac*fc method”
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Fig. 6 The DBC derived from AV¢ and fc according to “AVc-fc method”
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Table 2 Transmissibility of model SRS
for half-sine shock pulse

forT Tr(fe'D) foT Trfc-T)
0.066 0.264 2.387 1.120
0.133 0.522 2.4563 1.098
0.199 0.767 2.519 1.088
0.265 0.993 2.586 1.107
0.332 1.195 2.652 1.124
0.398 1.368 2.718 1.137
0.464 1.509 2.785 1.148
0.530 1.615 2.851 1.157
0.5697 1.683 2.917 1.163
0.663 1.732 2.984 1.168
0.729 1.759 3.050 1.172
0.796 1.763 3.116 1.175
0.862 1.765 3.182 1.176
0.928 1.750 3.249 1.175
0.995 1.734 3.315 1.173
1.061 1.705 3.381 1.171
1.127 1.682 3.448 1.169
1.193 1.651 3.514 1.166
1.260 1.618 3.580 1.162
1.326 1.587 3.647 1.157
1.392 1.554 3.713 1.152
1.459 1.518 3.779 1.146
1.5625 1.487 3.845 1.140
1.591 1.455 3.912 1.134
1.658 1.422 3.978 1.127
1.724 1.390 4.044 1121
1.790 1.359 4.111 1.114
1.856 1.330 4.177 1.107
1.923 1.301 4.243 1.099
1.989 1.273 4.310 1.092
2.055 1.245 4.376 1.084
2.122 1.218 4.442 1.077
2.188 1.192 4.508 1.070
2.254 1.167 4.575 1.077
2.321 1.144 4.641 1.082

BB TR, BIBT A WA D S
MEESER L DRF AN & TR TIERT 5.
C OB, Mz AEE OV ADREEIL,
JIS Z 0119 & [Ff%, RFAREELD 16 &
(IEFEIIE, (r/2) 15) LDLLET 5, iR
WLORE i 3. FIED CREMT L
WKHIGLTEr RIS 2w, FE
MEE % a; (Ti). TOBOFEERIL %
AV (Tw) &F 5,
® (DBC#) @ THLHN/AAVG (Tiv)

—225—



(SRR B OERE L OGS LEORAL

@ THON ag (T) 263 (10) %
A TEARBE c HEHTE S,
Tr (fc-T) &, 3 (4) F7/:4X Table 2 (F 72
BRG) &> THFRHNLNT, HK(9)
D ac (Ti) & i EBERE & N EEOMEN
B T O OV AT 5 FFAINEE
aci (T) PEHETES, £/, T
THEREEEIRQ) THONS,
AFEC & W L7 VCR @ DBC #% Fig.
712 F, FIEOTIE, 2.2 FIHOOHK R %
M7z, FIEOTE, 2.1 FIHOOH F% A
Wiz (SITE, AV 2EREP OB SGREL
fLICERELTEHIIL TwaH, 2oavAta
Ve D 16U ETH D Ll UKFHEYH
AL,

6. BUROERME S FEEDERIE
ERL Ao O BE S FHliEEc oV T,

FNEFNOERR, 88 & OCUBEREHI%E
LEDOFRHE Lo, RBEETORRIZE

U, Rl % HlliEARIRTEL L H 2L 7

6.1 HFFEMEOIFHOREE
&FFMiEDFIEL Table 312 &7z, F
7z, BEMB L UEFT% Table 41277, &F
AIEE R, FAEAEERHBETIIE DI
KHEEWBETILEID LD, cBLUV
SRS DFIMTIIHE A BIET 2L BT 2V,
FDrzh, JISZ0119, [AVeraciE] TlAE
AREBH 2ETHLDIH L, 2o
DOl TIE, LB ET AR
BThb, MEMPTRL TS LI eiGE
ik, ShenFEEsERThid v, [#E
BEEALIKENE ) TS %iRBTE 20
(X SRS & %17 ) FFMliEOATH Y, R
DFEHE * TELIITERIIMBL 235
B, INGOFEEBIRTHOPEF L
Ve F7o, [#59 DBC %KEHE | DiLES
L OTERE A% /S 21264 % DBC (L
HHZB L TiEL JIS Z 0119 LAk 2 o) £F i
HETXTTHRETH 5,

i

4000 - ' ; "7 O:Non-damage = | ]
| . | X : Damage
3500 E 1 #7777 * :Non-damage other than
‘ ' the previous damage
3000 e . ]
o : i ‘ ! - R
E 2500 [ ‘ —”'".L"——l""“i U Gear (Trapezoidal) |
g | ! ; —/Gear (Half-sine)
§ 2000 T (I) i “ =a=Coupler (Trapezoidal) ;‘"J
8 1500 |—- 5 - N ! ] *Ootlpler @alf-sine) BN
< o b
1000 1 O, , : ’ 1
! ol A
0 | QT ]
0 1 2 3 5 6 7 8 10 11 12
Velocity change (m/s)

Fig. 7 The DBC derived from AV¢ and ac according to “AVe-ac method”
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Table 3 Procedures of each DBC evaluation method

DBC evaluation Step 1 Step 2 Step 3

methods

JISZ 0119 AV(Ty) ac(Ty) ag(T)=ac(T) (AV(T)>AVc(Ty)

AV(T)=AV(Ty) (a(T)> ag(T,))

a.'SRS Method aci(Ti) Tr(T) ac(T)= ag(Ty) X Try(T,,)./ Tri(T)
AV(T)=ag(T)XTX &

AV,-SRS Method aci(Ty) Tr(T) ac(T)= aci(Tiw) X Try(Tiv)./ Tr(T)
AV(T=ag(T)XTX &

a.f. Method aci(Ty) fo ~Trlfe' ) ac(T)= ag(Tu) X Tr(fe; - Ti)/ Trilfes T
AV(T)=ag(T) XTX &

AV f. Method aci(Tw) fei =T T) aci(T)= ac(Tiv) X Tri(fei i)/ Tr(fei* T)
AVe(M)=ag(MXTX &

AV, a, Methed AVe(Ty) ac(Th) fei= aci(Tw) 7 { AV(Tw)

fei "Ti‘i(ﬂ:i'T)

aci(T)= ac(Tw) X Try(fe; Tia) Tri(fe - T)
AV(T)=ag(T)XTX &

¢ means critical value. , and y mean the result of critical acceleration shock test and the result
of critical velocity shock test respectively. ; represents the damaged part.
& =1 (Rectangular shock pulse), x=2/% (Half-sine shock pulse)

Table 4 Features of each DBC evaluation method

Minimum number Grasp

of Grasp of ‘DBCs Derivation  of

DBC evaluation of specimens to be ‘strange cross over’ DBCs  against
methods destroyed phenomena'™ half-sine shock
pulse

JISZ 0119 2 specimens impossible impossible impossible
a.'SRS Method 1 specimens possible possible possible
AV.-SRS Method 1 specimens possible possible possible
a,*f, Method 1 specimens impossible possible possible
AV, f, Method 1 specimens impossible possible possible
AV,-a.Method 2 specimens impossible possible possible

* “Strange phenomena” means “Dependency of AV" and “Reverse Phenomenon”.
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BhHEHE, AV NI 25 ML (T4
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B ML TLEL L% Table 512787,
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DT B OB R VIEE I,
[AVcrac ]l 0o Ty H—% L THE
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DOERBTic 2B TES L) FlaH
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VA% SEE &4 5 #EEA % { T DBC &
HURETH 5, 2721, FEFMETIE [EE
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Table 5 Equipment required in each DBC evaluation method

DBC evaluation Sensor and recorder Vibration test Shock test machine
methods machine (shaker) (Trapezoidal-shock pulse)
JIS Z 0119 unnecessary unr ry ne ry

a.' SRS Method necessary unnecessary (necessary)**

AV, -SRS Method necessary unnecessary (necessary)**

a,*f. Method necessary necessary unnecessary

AV, -f, Method necessary necessary unnecessary

AV, -a, Method unnecessary unnecessary necessary

** (necessary) means it is necessary to use trapezoidal shock pulse in order to derive DBC
against trapezoidal shock pulse. Namely, only half-sine shock pulse is required when DBC
against half-sine shock pulse would be derived.
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