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Point-Impact-Loading Test for the View-Port of the
2,000m Deep Submergence Research Vehicle “SHINKAI 2000”

Shinichi Takagawa*?, Sango Tokunaga**,
Kenji Akasaka*>, Yoichi Tohyuchi*®

It has been confirmed and reported in a former study on the
view-port strength of the deep submergence research vehicle, “SHIN-
KAI 2000” that it possesses short-term-critical-pressure of more than
ten times the operational depth, good performance against fatigue,
creep, heat, and sealing for back pressure.

This time, the strengths against the point-impact-loading were
studied. The experimeni:s were carried out using a full-scale model of
the view-port on the basis of Dr. Stachiw’s report.

These experiments showed that the strength of the point-impact-
loading of these view-ports was about 110 — 120 kg-m and very ¢lose
to the estimated value of Stachiw’s method.

This value is equivalent to the collision energy of a 2-ton-object at
2 knots.

*1 Rig BT

*2 =FETEMAAST RIS

*3 =ZEETERASH SO

Deep Sea Technology Department

*°  Mitsubishi Heavy Industries, Ltd., Kobe Shipyard

#®  Mitsubishi Heavy Industries, Ltd., Takasago Technical Institute



. TZAMNE

e, wBERFEST & v 4 — THFI564E (1981
F) TZEDI L THRESZED T3 2,000
m KB < LA 20007 icid, TER i
WEHNIMBMEDD2F N5,

L DARAB DO EE XHFSERE ITIT » 7 RAMERER

2, BEEE, BEyRE, 7)) -7, BEEB
JURAREY — ViR, WTFNhbBIFTHAT &
ZRER LY, L L, WER®REIC>\WT, BF
F— RN TAREFZEICODVTSNI-HWENLR
%bﬁ?ﬁ’-‘“ﬁf_tﬁb, +RICIEBEBTEXh -/ #F
CTABIRF 72 1c AF LIKRE D StachiwD #1442
I, REZEBZTRICRET L BT, EEH

HEORERBOMEEREREEBL 7.

2. BEF—/DEBLHEREEFOHTE
REDOEBRBEICET ST — 23 XbdDTH0
BENIESERALTAC L3I OVREETH
50, CCZTREET—4 &L TSchwartz 2%
D DSRVEKIMERERE, Deep Submargence Res-
cue Vihicle DTRBIC DWW TIT-H7 -2 2H0,
. Stachiw DB A THEREAHEETSC &
& Lils
HEBEARDLERIE, R1itRdT LI,
i — 3 v IS - AR TERE o ki,
ECES P OEFEEET L, BEGHEL/E
XQEFEOHEFTANVF —% > THEZ A VF
waige |

2.1 WEoOEHR
BEAREBICEHEIELES, 20z 20—
DR/ E > TOAWARLREOBHENHET S,
TrF—phsgid, RBIZBACEEALZIT
D, KEL1BBI2NT, T A, FEk
L7220, DUEINLED, FhRELRICEND
ERAT

o oEEE, VTN REAFT LD L
WEZ TN LBV DT, F—4 528HT 3
FromiEDERE LT, EOBIBRESZAT
b LW, Stachiw DFEDERIL, “ WiEick-
TREIC Y —VEENBERLE DA BT E” ELTWY
50 CNIREBEE1IKRTLHIC, B, F/odE

16

HBAE» SHERRPGTE@ELREEX VS &
DTH5B, COFERICLINL, RKEOHEEL, &
B, NEEEAEICT 59 7ENRELEE
SIE LFDIB W LiKiE b, TZOREOWET
X, WEOEBENICTIZIZEASEERIL, ¢
L AIKEMEDRINC & - THERAIEKT B C
EDOHMEDERILE LTINS,

LT, SR0ERTH, BWEOERLELT,C
DEFEZTHRATH LI,

2.2 BET-—4 5B

Stachiwid, Schwartz @ 7 —4 A NAWNS i 5
L7 ET, 6=90°—EF,L,t/D=050E4&
YD =YD T — 5% PRIFER, BB RV F -4
BKEED ERMXAEK 77 7 FCEBETEDLEINS
CExRH LI,

25 L5 SchwartzDF— 22 3 E L7 N
B, O3 HERK2IGRTEDICERAREAL
D >TWAT Ebhhrsd

2 THOF— 2> Th, RIEOREL LT
Azl A, §=90°t/D=0.5, d/D=Y it
NT 281860, LD2EA%2EHEHRB IZELEA

FITEITTH B Ebho 1,

LD EPLBOBBRE L, “ 0 =90%t/D=
0.5, ¢/D=Fk (—E)DEFEEITIE,KEEDE X KE
=A(R)D(n: —El) LEXDLINB” LWhHEE
HIMEDSHEE S 5, |

UL, COERITRY/DAES ESIC BT
VDT, IHIRILERL, RO LD 18R Ak
ELI. $RbL, “EREEELSD % ME
IRBELUTHNIT, KEE 6 Lz Ke~D? £ ED
SNB”, Fioid, © 0=90° t/D=ky_ d/D = ke
DA, KE=A(R, k)D2 2SI DD &1
BRI TH B,

COHEAC M niE, BAaRic Xk 3 A (&,
k)BT KEDRE 5,

Schwartz 12, D= 2inch DiRZE R EA T,
d/D=Y4t L, D/t=1/ki=1, 1.5 BLUV2D
3RDOKED F—4#%2x LT3, Stachiw 12 D
TN T, = REkEHdH5E LTI 7 7 %7K
LTW3(X3IBH), Cos, #HEa%E130.999
12D, MIZDEBERESRED,

JAMSTECTR 6 (1981)



2 el
(weight)

( RET 7 A )

view port glass

2 inner diameter of
view ports glass

D;# & W

= thickness of view
port glass

t ;iR B K

apical angle of
view port glass

d ; B OER apex diameter of
a weight(hemisphere)

1. EEaE SR
Impulse loading test

6 ; RAM#ERTEA

L L, AAETRK 4L iTRT LT, BER
W == [ D A

C DAL, FEEGEREDS 0.99996 % HH CEE
HERBWZ EDiEh, KE K 2H LUK 4 iz,
XN TEROLTENTE, 0 =0DFFED kX
S ORBDOEEEED, HHIHEL Y FICER
TRDBLENTEXBENOLTH S,

CDEDICLT, D=2inch, d/D=Y; lzoW
T, KE &D/t DERDIE otz F7-,Schwartz
Zd/DOEERT — 7 b/RLTW 3B,

d/DEKEEDBEKRTI}, d/D<0.5 13d/D
DINZSWIEEKEWNS KRB, THbhbL, EFED
TN > T ARELTLOBETHET A48
m? b B, LL, BEE/MHEBEM X Schwartz
DT — 7SI REERED - T,

|

2.3 EoBEBR®REOHE

JAMSTECTR 6 (1981)

A g TR M e L e e

BTMOER projectile radius = 0.375 inch (0. 95 cm )
BTHDEZ projectile weight = 50 pounds ( 22.7kg )

33

7] pressure = 0 pound per square inch ( 0 MPa )

#% F & & cntical velocity = 6.6 feet per second

( 2 m/sec)
BEE1l. REMNBEHERERK

Typical impulse fracture mode

PIED Schwartz @ 7 — 4% @ f#fr, B®EHC L -
T, =900 FEEDORExOPRA I L, EE
DHEIHERDERIC L IBEREKEDHE X T
X0, DL ES A/D=YDEEITDNTIEH
ETEXBLHITHE 1o COWEREZELITITR
s

CLAPN2,000” KEEINATERBIEIX S5 i
AT LHic, 6 =90°0 ST, REED 128m,
WEMBIOmTH B, Lih > CESEDLHERD
32mé LZHNEE o180,

CDIEDD/t X 1,4222 THADT, K 4h5
D/t=1.4222 D Kg %3k 5 &,KE =13.75kg-m
(99.42ft-€b) EWVWHEPEFON B, T DIEITERE
EFARDHEUTD = 50.8m¢ (2 inch) ® & D D
BERETHSE, LI ->TH2TD= 50.8 m
( 2inch), KE = 13.75 kg-m( 99.42ft-€b) &
HEAEBY, BRAICETHERZ5&,D=128

17



m ( 5.04inch) ic33 2 KE ARHIUE, T DS

EHIT T B d/D =YD A O BRI O EE
ThHb, COLICLT, K6 b bEHO FEEHRE N |
#HETHE, KE= 128.4kg-m ( 928.7{t-£b)Hs i
Bohd, S |
h¥
3. £ B :
PLEOBE B LUREREDE, RITIORTL ¢
5 S EREE CHERRET - 12 :
R 3IERTOke T, STlnOER I I34/D= Y '
Aot L HiIcd =32m o & U fzo f
rra
Bk, BEOBETES AN L CEHE:
FNVF - BREICKEL L, HEAREMS 2.1
BOER” TRNIBEREZRT LEOHET 5 ' -
. > ' : 1.0
A JV#_{[E_%EF(‘H)% %@TE)%O ' WENZEHK s thickness/inner dia, t/D
Kge = -4.1+2465 t,/D
r = 0.9988 ;
5 —4& , data) Schwartz®, 6=90°,D=2inch , d=05inch
R ® 3. BRI & BT oL F —
o | (0 1) (—kBEYE)
100 | a i}i { t/D and kinetic energy, I
- (linear correlation)
g
4
& 50—
xm i Pl
2 i
S .-~
; T
= % 8%
: | H O
.10 1 o -
+ LT
¥ g
-
fl 5
e
& WERNZEH, , inner diameter thickness, D/t
Kg = 521 609D
r = 0.9999¢6
r X4 WEARLEIFEz L LF -
' 50 100 200 (2D 2) (FEiE)
B inner diameter » D (un D/t and kinetic energy, IT
A d/D=14 (exponential correlation)

B; d/D=172
K2 ZEAREIERT ALF -

Kinetic energy and inner
diameter of view port

18 JAMSTECTR 6 (1981)



O O mm

128mn @

5. [LADW 2,000 ) ARAE
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