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The Influence of Measuring Instruments on the Explosion Pressure
Recording

—A Contribution for the Testing Methods of Flameproof
Electrical Equipments—

Heizaburo TURUMI* and Toshihiro HAYASHI*

The influence of measuring instruments on the recorded wave forms of explosion pressu.es has
been investigated in a closed spherical vessel of 8 litres capacity.

It is intended by this study to compare the explosion pressure waves recorded by some common
measuring mothods and to distinguish whether any difference exists between those recordings.

One measuring system consists of a pressure transducer, amplifier and recorder, and experiments
were carried out using two types of transducers (i.e., strain gauge transducers and piezo-electric

- transducer), three types of amplifiers and two types of recorders (i. e., electro-magnetic oscillographs
and memoriscopes). Flammable gas used was that of hydrogen and air, and the cocentrations of the
mixture were about 30 and 50 volume %5 hydrogen in air.

The results are shown in terms of the ratio of average pressure measured by one system to that
by another system under various conditions. Comparisons are made about three magnitudes of explosion
pressures; i.e., about 6, 8 and 10 kg/cm? = Summerized rerults are tabulated by giving the degree of
difference from one most common measuring system, which consists of strain gauge transducer, dyna-
mic strain amplifier and electro-magnetic oscillograph, and this combination is nominated as a “standard
system”. ‘ ‘ ‘

Fr‘om the results, it is shown that the differences are relatively small under practical experimental
conditions and that the numercial differences in the magnitude of explosion pressures from the st ndard
system are less than 39 for 50 % gas mixture.

Fof 309, hydrogen-air mixture, the difference is more large with the system using a memoriscope
for rather higher explosion pressures. This may be attributed to the following up characteristic of the
memoriscope to faster explosion phenomena. Comparisons are also given for wave forms, and the

frequency responsibilities of ‘the instruments are discussed.

* B3 Explosion Prevention Section
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Table 1 Classification of the combination
of the measuring instruments

HEZOHEEDHER
~ Pressure .
trasnducer Amplifier Recorder
Strain gauge | Dynamic strain | Electro-magnetic
transducer amplifier oscillograph
Natural
frequency of
galvanometers
500 Hz
1000 Hz
2000 Hz
Memoriscope
Strain gauge | Strain gauge .
transducer transducer unit Memoriscope
Piezo-~electric [Electro-static .
transducer [charge amplifier| Memoriscope

2.1.1 EHhZ#s (Pressure transducer)

a) WHEZEF— SXENFHE (Strain gauge
transducer) ’

G X & U -BRIG U CERBE S — O 0
ERETHL2FALELDOT, ko 2BLEE
D5 BLETm o BRI ERT% OB L 7R FEH R b
DTHB. Thbik —BIE T~ v F (Pressure
head) X BT T 5 DT, RI|TDH & OBEFHE AL,
BRI RT3 b0e75.

PE-30KF # (7% 30kg/cm?) (K BEH)
MP-30 # (#5£ 30kg/cm?) (S BEM)

b) = VEIZHE (Piezo-electric transducer)

C=VBEIRTEEIMLZORB L, FhEELR
BEWUPRBETHL2FALLbOT, UFe=Y
BB LTS, .

Model 616 M 129 (jkfi3ETF, AE 350kg/cm?)

CREK #5)



BRENAEZOHBOWUEERCE X 2FBOWT
ENE#REFEDS B, PE-30KF HEN~v FEIO

= VEHREY Fig. 1557, wIFhibHBE0&E
BEODFLRTEY, AERTIIZEEH L CHFHL

Fig. 1 Outside view of pressure transducers
left ; strain gauge transducer
right ; piezo-electric transducer

EHEEBONE

2.1.2 15ig2% (Amplifier)

a) BINZEMESE (Dynamic strain amplifier)
DPM-AT #l (KEZ8)

b) RrVAvFE—L e PFVRF L —P— e 2=

w b (Strain gauge transducer unit)

3

a) BERXER A+ v = 25 7 (Electro-magnetic

oscillograph) (LLF, BRA > » LBHT5)

FR-101 # (#1030 2 — 2 [E4H BB 500 30k
1 1000 Hz) (S Hzs) -
RMV-33G H (Fr-3 7 2~ B HREEL 1000
¥ L O° 2000 Hz) (KEHEH)

b) #x=®VY A =—7 (Memoriscope) )
MS-5013 & (IBEH
MS-5014 & m B

2.2 EBEBLIVERES

ST06A (T REL
c) BHEMEL (Electro-static charge amplifier)
Model 504 CREK #-41) Fig. 3 Outside view of the spherical explosion
- ' essel attached with pressure transducers
.1.3 £5%E (Recorder v .
21.3 EREE ( ) BRI B8 O 4L
Ignition
synchronizer Recorder

EE O Fig. 2 1

ARTEYTH-TC, TEF

—

Air compressor

Hydrogen bombe

Mixer
Interfero— Compound
meter gauge
% % P

Vacuum pump

Fig. 2 Schematic diagram of the experimental apparatus

EREE OHE

Transformer Ej

R X » TREF A% %k
TG, BETADREA
EIRBEET A DB B Ot
KHELBERTA L D
D DN Tl 2 T ERS
DR, FRICEZEZR Y
ThbIs T 5b.

Amplifier

Ignition
plug

Pressure

transducer
: BREBINEE 81
HRIRBHETh » TRy T
KU, OB TR
fECBWTHRRC 2 Eo
EEREYRCCENY

Spherical explosion
vessel
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TIRPER A & U CRBIFE B R AT 5\ T EEBH 18
BEOBESEBOBRRBBERBRCHEAL TV 5 KkESY
Av, HRAVAYDI O FTEFRK X hERKE
BEL, # 50vol.% DRAFAL L. %, Ok
DOERTILH 30vol.% DEEFTALRELCHEH
L. BEZTEHIRT A (kE100% B, =
¥ voA—ERHE 20mm) XD Fzv 2 Lic.

2.4 EABIE

AR ERE N EH R T, ENEREC 0kg/em?
(F—SE UTRUL) b 2kg/em? & & & 10kg/cm?
T COBERML, FOBOREEE LOBH LA
E%Eﬁb,@%ﬁﬁ@ﬁ%ﬁ&iﬂéﬁﬁﬂﬁ%ﬁ
7o,
WIROERE ISV TH R L BRI ERBE R
ol TOFETR, BELBRENIENTRE
ERHLUTRACER2525b02 LTHEMS = &iti
5.

2.5 EEBRFE

FREHC 2 HOBZB LA TE WO T, A—BHE&E
TRV T2 OOEERIOWTHELTR, BR
ENDEDOHEE S » THOMER EDHBEDT — & &
Liz. & LT, ODEDonEEL RN
THHERMNARERLVITT, £40ERESED

ERTEPRR AR  RIIS-TN-69-2

B T,

ERBEL UL, BREFLEECLLOLREAY
ARTEDEN (WE) ©E¥TEAL, XAV IF v
2 (AH 100V, HF715kV, 20mA) % AT, BE
DERTZF I LD FK U, #HERX Okg/em? iz
P, 8% LU 10kg/cm? DIRFEET] (FIEDS D)
BHETE L3 RFET 10 AP olETsor R &
Uicds, ZOfMofEREH T BEL 7.

ME, BE, BE, BERCO&MHE, 0RO
Ptk ESEEE 2 Dh AHECTORE I L 8.
Fiz, PEBEORIENEHI-TUR, 2A—H—
DRI B BREN T BT 5 1.

3. B &R

ZRBOBAAEREDOWTHELIEREN L Tok%
PTert. chbofEifiEEo 5 b THEM 0
kg/em? (7~ DF) B8 X OEREN 8 ¥ 713 10kg/
cm? IR WIBEIBE LS, TofioF— 25U
BR%RL .

BIEBROEARDFVOHILE s BEN L OT
boTC, CELHRTHBORBLHALICRT IO
B LT &,

3.1 =BRA PE30KFREH~w k&
G 1000 BFJLsXJ A —% QIS HRESR

ERBREBLCEE UTCHEA L AZEHET PE-30
KFHES~y F2ETHL-T, MTIhbEREHN~
vy FasXo'b LIES

¥V, OB DPM-AT HERERlEs (L

Table 2 Comparison of explosion pressures recorded, using two pressure heads (PE-30 KF
type) and two galvanometers (G 1000 type) (for 15 measurements with 50 vol.%
hydrogen~air mixture of atmospheric initial pressure)

_ PE-30KE #FES~v ¥ GL000 By, 2 — 2 DIEHTHEREROEER

Pressure Head (a) (b) (b) (@) A
Ratio; a/b* Ratio; b/a
Galvanometer G 1000(1) | G 1000(2) G 1000(1) | G 1000(2)
‘Range of explosion *ok
pressures (kg/cm?) 5.3~5.9 5.2~5.7 0.96~1.05 5.5~5.8 5.4~5.9 0.97~1.05
Average explosion dekck .
pressure (kg/cm?) 5.6 5.5 1.0z 5.7 56 1.02

* This column shows the ratio of explosion pressures measured by two combinations of equipments and a/b
means, for example, the ratio of pressures measured by the combination including pressure head (a) and
galvanometer G 1000(1) to pressures by the combination including (b) and G 1000(2). )

** These values mean the maximum and the minimum ratios obtained.
*#+ These ratios are calculated from average explosion pressures of three figures, and therefore may give no
accordance with ratios calculated from values shown in tables.
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Table 3 Comparison of explosion pressures recorded, using different types of galvanometers
for the one electro-magnetic oscillograph (10 measurements carried out for each
initial pressure; 50 vol. 9 mixture)

FR MERA* v v O x LV AOBEFREIHROEE

Combination | preqgyre head (a) (b) Ratio; 1 (a) (b) Ratio:
Initial b | b
B iren Galvanometer | GS500A | G1000 fa | G504 | G1000 a

0 Range®* 5.4~5.8 | 5.9~6.1 | 0.89~0.97 | 6.0~6.1 | 5.8~6.0 | 1.01~1.03

Average®¥* 5.5 6.0 0.92 6.0 5.9 1.02
0.4 Range 7.6~8.0|7.7~8.83|0.94~1.00 | 7.5~8.0| 7.8~8.2 | 0.94~1.01

) Average 7.8 8.0 0.97 7.7 7.9 0.97
0.6 Range . 8.8~9.119.1~9.6 | 0.94~0.98 || 8.6~9.9 |8.8~10.1] 0.96~1.06

’ Average 9.0 9.3 0.97 8.9 9.1 0.98

* kg/cm? (gauge)

*+ Range of explosion pressures kg/cm?;an explosion pressure does not include an initial pressure, and an
explosion pressure plus an initial pressure gives a gauge pressure generated.

+3* Average explosion pressure kg/cm?,

T, BERERLHT A L5 5) &L FR-I0LEE
BAve (UTF, FRABHA Ve LHT S L2
%) wEgfELC, FR-WERF > wic G1000 HA v
S 2—2 (UUF, G1000 Exa\, o X5 id
5. EERES 1000 Hz, RE—H#E7cREREHE 0~
700 Hz, I8 & vk oBEEE: &R BT
BRI OREEL LTEDE. #-T, Ei~y Fab
K I G1000 BH AN DEMEEITEL TRl
Bic.

ERATE, ThLOEN~y F&2ED G000
AN EEETH 4« OFEOERYHF L.
B HERNER, TREER FR AERA Y7 Th
B, .

50%E& 4 CHIE 0 D& OfER%Y Table 2 iR
=
ZhbDERE, £xoELESKRECIZRAL T
WO CEBICHETAZ LR TERWY, 002D
EFi~y FREETIETA-Q) (2) oiEHs, Fiz
FAAE—FRTIEEN~y FOREOERY, €
WENHEETHZ LRTES.

BIziE, FEH~y FagonwTHr31) Q) oty
SEBEIC O\ TE LD L

G1000(1)/G1000(2) =5. 6/5. 6=1. 00
Ef~y Fbe—grdhil

G1000(1)/G1000(2)=5.7/5.5=1.04 .
F72, G1000() KB IO WTENI~y FOHE
RHETBE, Eh~y FarEN~y FbR L BME
OHIZFNTH 0.8 B LU 1.02 &7 5.

%2 QIlLOfEER, Fhihokigri£{ B Tthh
EE—E (1.00) £33 ThH52, EREEGEOME
Bk > TEROBELEBL. ¥, St VRER
YORIBEENEET LT, ThbDhofEDREK
EOWTRBEE LD THRTHZ LITHA, EI~
v Fa¥iiib LEARHTLE, ERACENT
G1000(1) ¢ LCHEbodboeFH T2 L
7z,

3.2 2% B G1000 B &V G500 AR
L2k BAE
G500 A 3% FR BBHA v v HOT AT

% 5T, FOEEEENL 500Hz, FRE—ET FE

FipE 0~350Hz ThB. ZoBpHFA-UL G1000
HoWHE L B b, 9 20Q DBIBIEYR 25 TR
BTa.

ERBTIX, B~y ¥abiifae, BENE
BAHEIEE L L, FREBRA v v OF L% G1000
F & GS00A T X U 7R % W L e HIEHEHUIL
20Q LA DWW TIIBEE Lo 7o $55R% Table 3
alon

3.3 E|EBRC AEYRA—TELEREI O
C&BBEI%E
EhRer BEEYRAL 0L L, REEBEDOSR
BEZ BECOWTHEL, REEBEOEROKE
BRE L. Thid, E~y FOabOFETLE)
BRI AN BIEE O %
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CWFW & D U CRIEE % g U, -
COBE, 2TV A2—7 LOEMIBENESED

- FERBD OWXYE (5000H2) IcF AL o b, e
BEOEKRE LCENERARESL, 22 22—
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ERARL 5T, FEIL Table 4 i3,

Table 4 Comparison of explosion pressures recorded, using different types of recorders
(20 measurements were made for atmospheric initial pressure and 10 measure-
ments for other initial pressures; 50 vol.%)

RREENER 2 BAOBRENCE 2 s S

Recorder Memoriscope Electro-magnetic Ratio ;
Initial (MS-5014 type) oscillograph (FR type) Memori./Oscillograph
pressure . .

0 Range 9.1~6.0 5.0~5.8 0.95~1.05
Average 5.5 5.5 1.00

0.4 Range 7.4~8.0 7.4~8.0 0.95~1.03
) Average 7.7 7.7 1.00

10 Range 10.5~11.3 10.5~11.4 0.97~1.04
’ Average 11.1 10.9 1.01

Table 5 Comparison of explosion pressures when recorded b
and recorders (10 measurements for each initial pr

BB LUCRGEBL R B0 BREN~O B

y different types of amplifiers .
essure; 50 vol. %)

Gombination | pressure head | (b) (a) () (b)
Amplifier STO06A | DPM-AT | Ratio; b/a | ST06A DPM-AT | Ratio; a/b
Initial . . . )
* pressure Recorder Memori. |Oscillograph Memori. |Oscillograph
0 Range 5.7~6.0 | 5.5~5.8 | 1.04~1.07 | 5.3~5.9 I 5.1~5.9 | 0.98~1.06
Average 59 5.5 1.05 5.6 f 5.5 1.02
0.4 Range 7.9~8.2| 7.7~8.1 |1.01~1.03} 7. 9~8.1| 7.4~7.6 | 1.04~1.07
’ Average 8.0 7.9 1.02 i 7.9 7.5 1.05
0.6 Range 9.0~9.4 8.9~9.4 |0.99~1.03 | 9.0~9.8 ' 8.6~9.7 |100.~1.05
) Average 9.1 9.0 1.00 9.4 [ 9.1 1.03
Table 6 Comparison of explosion pressures; the effect of pressure head (c)
(5 measurements for each initial pressure; 50 vol.9;)
EJj~v ¥ ¢ (MP-30 &) kX2 HllE0iE
Combination Pressure head (c) (a)
Amplifier ST 06A DPM-AT Ratio; cfa
Ipitial pressure Recorder Memoriscope Oscillograph
0 Range 5.5~5.8 . 5.4~5.8 0.99~1.02
‘Avérage 5.6 5.6 1.00
0.4 Range 7.6~7.9 7.3~7.5 1.03~1.07
) Average 7.7 7.4 1.05
0.6 Range 8.6~9.0 8.3~8. 5. 1.02~1.07
’ Average . 89 8.4 1.05
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Table 7 .Comparison of explosion pressures; the effect of the concentration of gas
mixture (30 vol. %) (5 measurements for each initial pressure)
30% BA# AxRAViBE0MERR
Combination Pressure head (a) (b)
Amplifier STO06A DPM-AT Ratio; a/b
Initial -
pressure Recorder Memoriscope Oscillograph
0 Range 7.5~ 7.6 7.3~ 7.4 1.01~1.04
Average 7.5 7.3 1.03
0.4 Renge 10.0~10.3 9.4~ 9.5 1.06~1.08
) Average - 10.1 9.4 1.07
0.6 Range 12.2~12. 4 11.1~11.6 1.05~1.11
) Average 12.3 11.3 1.09

3.4 =BRD BERITHEEOHEAEOD
BB DT
Lt RE0 s o AL, BERE X, ©
NICE - TEGEE MR 5 B DWW THIEEY b
B L. Beell, .

(1) EH~v ¥ a-BEpes-FRAEHA v e

(G1000 FH 2 -%)

(2) EH~y Fb-STO6ABRA LA V5 — -
b VAF o —F—ea=y b (BIFSTOBAR
2=y b LB 2EY R 2—7 (MS-5013 &)

DR ThD. 7ok STO6A Hl= =y i3 MS-5014

Fxe)Ra—FIFERTE R,

FEH~y FERY AL BET OV T HIRELET%

BIEEL T2, $EHix Table 5 RTEY Thb.

3.5 RERE MP-30 &IEH~v Flckd
HE

B D ¥ TILEH~v Fa, b(PE-30KF &) % {#/H

Licht, AUEEOLE#RE ThHD MP-30 HOE~

v ¥ (LT, Efi~y Fe) eownThiEELe &

AR, i ,

(1) EH~vy Fa-BEUEHE-FR A EH+ o=
(G1000 EH L -3) ,

(2) EH~y F c-STO6A Fla=y b—2EV A
2~ (MS-5013 ) '

7o STOBA M= = v MIEEEN~y FcHEL
TRAEYV Aa—~FRHEZAETNTNDSDTH B,
EBRDEBIOFCEN~y Fa b 2RI, ¥
—FAEREERAD 2k 2 X~ FERA L. ERED

#53 Table 6 ZR7,

3.6 EBRF REHAOREORE

b DEBRT TN TH 50 vol.% @ﬁéﬁx&:ob\f
Ficoi=hs, BRBESOREINE - ROV
T %1%, # 30vol.% DREGH A 2DWTERL.
Z OWERBEAI O, —RICEELIC KT B HE

BB EEL B L EL DR EALTHS.

FEE 0, 0.4 & X000 6kg/em? (F—DE)EL,
BEEOBEAFIIERD OBREDBALRAL TH%.
4:E2% Table 7 wR7T.

3.7 =BG RMV-33G BEHEALHAOH
LOEERRECLDHE

RMV-33G MERiA+ v = (UTF, RMV BERH
vwr) REEMCE FRBBRH 4 ~ = LA—Th5
2, BoBEETEY, HoTHANOHMIFECES
EBRCoOWTHREHLELORBDT, TOAK
DUWTHRE L e

F—RBEBOF VDT, RIEAS 50 mm i
HUT 1% DEETHEESAL Th 5 LRFEIRT
WBDT, ERACHYTSLBIXEBL, kO2%E
DOHF NS (Table 8) oW THIEL .

Table 8 Galvanometers for RMV-type electro-
magnetic oscillograph :

RMV HER A~ r D H A7 2 — 2O FEBEE

Natural frequency|Frequency response
Type (H2) (Hz)
M-1K-22B 1000 0~450
M-2K-21B 2000 0~900
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Table.9 Comparison of explosion pressures; the effect of frequency response of galvanometer
for RMV-type electro-magnetic oscillograph (50 vol.% gas mixture was used and 10
measurements were carried out for each initial pressure)

RMV MERA v v DH AR ) 2~ 5 DY

Combination Pressure head (a) (b)
: Amplifier DPM-AT DPM-AT Ratio; a/b
Initial .
pressure Galvanometer M-2K-21B M-1K-22B

0 Range 5.8~6.1 5.5~5.8 1.02~1.11

Average 6.0 5.6 1.07
0.4 Range 8.0~8.7 7.5~8.3 1.04~1. 08

) Average - 8.4 8.0 1.06
0.6 Range 9.3~9.8 9.1~9. 4 1.02~1.08

) Average 9.6 9.2 1.05

Table 10 Comparison of explosion pressures ;
oscillograph (50 vol. 9

the effect of the type of electro-magnetic

gas mixture; 10 measurements for each initial pressure)
RMV #4s kot FR HER A v r RSSO g

Combination Pressure head (b) (a)
Amplifier DPM-AT DPM-AT Ratio; bja
Initial
pressure Oscillograph RMV FR
0 Range 5.7~6.0 5.9~6.4 0.92~0.97
Average 5.8 6.2 0 95
0.4 Range 7.9~8.2 8.0~8.4 0.98~.1.00
: Average - 8.0 8.1 0.99
0.6 ' Range 8.9~.9,4 9.0~9.6 0. 97~.0.99
' Average 9.1 9.3 0.98

Table 11 Comparison of explosion pressures; the effect of piezo-electric transducer and

its amplifier (50 vol.%; 10 measurements for each initial pressure)

Yo VSR A BeolERE

Piezo-electric

Combination Transducer transducer Pressure head (b) Ratio:
. Amplifier Model 504 DPM-AT
Initial - Piezo./Head
pressure Recorder Mgﬁ(s)igsoc;)pe Oscillograph (FR) |

0 Range 5.6~5.7 5.9~8.2 0.92~0.97

Average 5.6 - 6.0 0.95
0.4 Range 8.2~8.5 8.5~8.8 0. 94~0. 99

’ Average 8.3 8.7 0.96




BREEIWUEFZOHBOVELRCE L 5B ST -9 —

ENERIIEI~y Fak X O'b, HERIEE
HEssths. R Table 9 wRd. Ak, BEE
¥REIE 2000Hz o F At — BB IR AT A IBIEDS,
1000Hz A ARH LT Y3 LUTFThBDT, BFE
ENoEHESBE L CoREiiboRlEDR 1/2 O
EREEDLIDELEDP T &0, HEFECSH
THRBIMOBE LV RE VLW FERIC -T2,

3.8 EEBRH 2EBOBEAOCKETD
& : '

ENEBRIRIETI~y Far X0 b%, HiEHCH -

ENERYACESEEOREYRI L. BRI+
2k FR £ RMV #¢, FA-33wh b EEIE
B 1000Hz o & D Th %D, FE% Table 10 07T

3.9 BRI ExVEBRHRCLDERE

L= VERBICOIIBHERERE 22 ) R 2—F(MS
-5014 ) HEEHRL, HENKELUL, E~vy F
b-BhEHIES-FR BB R~ w (G 1000 v -%)
O ERE T,

—RC = VERBY A CEREN 2 HET 5
ERIIBEGCREY B 50, & ORBRTILBIES
DOEFEH A 50,000 sec. & . Sensitivity % 0. 357
Pi'cocoulomb/Psi.. OB, 22y A2—70D
BREX0.05V/mizd 5z sick b, HigsEorange
% 500 Psi./V TFA L VBT 5 EE B

Z PERTLENBTERMER X » Tk - fe s,
ZORDORERSHEOBE LRAL T 5. HEBR
it Table 11 w77

ok, ©€=VEREYHVCEREN OBEERRD
WU, MOBREIPEEBUCEE 2.

310 BREHORY

ZEOHARI X 0 WE L IBRREET R KE D
W 3. 1005 89 KRL 728, BIEEIC X » TER
ORHMELNR B EH L LCERIhBE42S
50T, Thb2WTEE &L ORERY ITka
T5.

Fig. 4 w0k, FREBH A S v DA ~NE
BHBE (ERB) BHOMATHS. G500A My
AR EBWHITD LD DY — 2 DEG R F DK
BEOTHSA, Zhik G1000 B L TEEEl
R D EEENE L L RERTBLOTEA .

Pressure head (c)

50vol.% H.-Air
Initial pressure=0.6kg/cm?

Pressure head (a)

J
0.1sec.

L
0

Fig. 4 Explosion pressure wave recording’
by two types of galvanometers (G500A
and G 1000 type for FR type oscillog-
raph)

FREBRA v v 0 # A L BEYOHEE

RUHIESRE» S OH % FRIWER Ve L 2 2Y
Az—FREIDVEETHE, BHIRALALTHS
2, WERCHESENELDTAEY A2~ FOEH
ik Fig.5b 0k dkeics. ~y F V7 LD BERE
DE— ABRFERLIE LEEKRTH. HWERDO2—2
—~REBE, ZDXSFvrARAa—~FEHANTOH
EBCEBROBEBEENIETE V& IR TH 55,

Pressure head (b)
52 vol.% H,-Air

Initial pressure=0.4kg/cm?

WW W

L ] 1 | 1 1
0 0.5sec.

7.8kg/ em? -—]

.- Fig. 5 Explosion pressure wave recordingjby
V DPM-AT type amplifier and memoriscope
(MS-5014 fype)
‘DPM-AT #piERR L 2 2 ) 22 — 7 0GR X
B, . . .



FIITEEETE OB EINES DL DA D b
T AN LIk B LELLRI
#Ess ST06A ==y b2 HVIE, EBD
WA OBEL L 1D (ERD). 2EYRa2—7D
REARY POPNXICBERS D DT, BERIdIG
D ORIBFEON, Fh s DI EH— BT
I WHED OREHIRFEELRE < THhiX
Wz eaicx s, Fig. 6 3 FR #ERA > 2 DR
FEE (H05 10cm/sec A7) LR F (R
2[5# B 100msec/cm) DFEHTHS.

Pressure head (b)

52 vol. % Hz"AiI‘
Initial pressure=0.6kg/cm?

g
[3)
~
to
-
<
=
1 ' 1 1 1 —1
9 0.5sec.

Fig. 6 Explosion pressure wave recording by
ST 06 A type amplifier and memoriscope
(MS-5013 type)

STO6 A EiES: 2 ) A2~ FOHEREL X
%X §i

Fig.7 1%, PE-30KF #3 MP-30 MpEH~vw ¥
DY BT 5 7L, ERDB IV ENLEHE
BALELDTEHS., MP-30 B-GI3 7% kb DL
DECHLTED, £0h & ORI B 2h
Th 57, PE-30KF FCidfesin b oENE{Lr
BRI D B ThD. RIBEDOERY, oBMoE~
v FIZIBDO LD ThHBNENTHAL LTI

HABEOHEC OWTIERD & FOERENLET
WAFEETH S, IIb kb OEEBILDH 5% B
EThiE, BRENOEIEURITENERIE
FLiies. €-C, BELUERLDERET®E
BIHODRTF A~ EELTI .

Fig. 8 3R I 0 AR 0%, OLDOER
TRL i, €=V EHREY AWl B8 ENEORE
R, Lhl, BEELSEL NI OREEED
N = VIR AV OB ERD ) — 7 DR
I IEERTET, b LALKNREERDERIC
I5HDEELIBINIVWTEAS.

BERSWER  HiFEet RIS-TN-69-2

‘Pressure head (b)-G1000

52 vol. % H.-Air

' Initial pressure=0.6kg/cm®

1 1 1 1 1 |
0 0.5sec.

‘ Pressure head (a)-G500A
NE )
[3]
S~

=

=)

©

5

@

~

o

=

L)

<o

Fig. 7 Explosion pressure wave recording by
two types of pressure heads (amplifier :
STO06A type and memoriscope : MS-5013
type) .

Efi~y FORRXC X 2HFOHEE

Pressure head (b)-DPM type amp.-
Oscillograph

Piezo-electric )
transducer-Model 504 amp.-

Memoriscope (MS-5014)

50 vol. % H.-Air
Initial pressure=0. 4kg/ ecm?

[ 1 1 1 I

]
0 0.5sec.

Fig. 8 Explosion pressure wave recording
by pressure head and pizo-electric
transducer
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Table 12 Maximum human error for measurements
REC BT HRRFEAH L Y RE
Percentage of error for about
Expériment | Wave height for 10 kg/cm? error/l mm
6 kg/cm? 8 kg/cm? 10 kg/cm?
A and B* ca. 40 mm 0. 25 kg/cm? 5% 49, 59,
> DB E ca. 50 mm 0.2 kg/cm? 49 39 29
G ca. 25 mm 0.4 kg/cm? 7% 59 49

* In the case of atmospheric initial pressue.

PERO I k& REWREFOZ LB, Th
EDWTRRD & 5 e REL .

BREENOBER, TOERREHC L > ThihE
BT anb, MENOMEEOHEL S » TREDOK
XL THZLLTER. Fie, ENEHRBCHT
HEDOHE, FALDBRERMELE, HEOKLDOE
BrRELERNEOLETR TS,

HoTz o CRFEELE BEXANBRET b,
BHERE L EETA L ) HBRENCHBRET 5 AR
TOEECREL. ZOHEEL, WThOERTY
mA 1mm & Ui

HZE Eo#EK e Eh b, £ERCORREEENDRH
FRITFE—TIE WS, FERICKTLZRbOES X
O, B 1mm ¥ Lo HEEC OV TORED
K& X% LIRT. EBOBREEICRT 528 EDE
B, FHEERT BTFETHS.

Table 12 oFEWRIL, B % 1XE B C TI% 6 kg/cm?
MEDENCK LTz -£0.2kg/em? LINDOEIEE
Tl LIkl ), MoFER Dl 2>WTUL £5%
DEFFETHRVEWS Z L ThHB.

4.2 EBREBEROME

4.2.1 KRERAOHR

EFi~v Fa, bk G1000 b DR ORE
B, Table 2pRd X 5 CBIEED HITHIZEORERN
Thb, ENCEERZEI V. F4, EA~y F&
HANDEMLTRA EA—ThBE1D, KRRk
SWHEH~y Faftidib & G1000 AL DHEE
SR HUEOREDOEIE L L

4.2.2 KRB ORR

‘G500.A 3 X8 G1000 By YT X 5 HEIE T,
Table 31 IIIEFEIC- X BBENL A B Ruie WA,
G500 A % A= JIEEDFRA LERRTTW 5.

UL, BEERE L 0OEN 6% kg 2 UEEL o
s7c. GH00 A BIANADWEHOKEID H — 735
WAPEBELLD Lot & LTHERE L0 EER
B 57bE, G1000 MDA NI X BIEC LD IE
T EEZBR B,

4.2.3 EEECOHR

Table 4 "B LML 51T, FREEBDOLNER
HPETIE, 2EV A2~ L 551N FR BERA
YRR IZPEMEL D PRRD THAHH, FHENI
FRA EEREWELTE. O ki, BRGEE
DEMENBREOEEY LE S BEIILURTHEIH
B LThB.

4.2.4 RBED,E&SLIUF ORRE

Table 5, 6 KXV 7T nbBbMAL 51 ST06A
o=y P2reY A2 —7FREEERESOREE
DFHA, BEWAERE FR WBERA Ve LbI0E
<, MEDEH G EXDHRENREWEAZRL TV
5. BERELDOEIE, 30% BEFAERBEWCT
STEBRER 9% LNTTHD, fludvFhd 4% T
DEFELPET h o e

O LR AYEUERY ST0B6A o=y b
CXABDh, ATV A2—FDRDTELOMNNLIED
FERR T TE ohs - fo.

4.2.5 EKEGOHR
- Table 9ie”’3 X5k, RMV MEBERI DL
SNEDWTIE, TRTCOF — 2 AERFEEH 2000 Hz
ERWICHECEWHEEY 5L B 2 L BRL T
5. Lol, BEORELV 4B UEEL bz ik
QLR

4.2.6 EBRHOER

Table 10 e R 550, 2EOERA v R IT X BIE
ESPHEIILRZHBE N Th 225, WEN 0 DBE
C—HDF — 2 53 RMV Bz oW THEL TTU 5.
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Table 13 Average differences from the standard value for various combinations of
instruments with three explosion pressures
EEMERC L2 WEM,» bOFHER (FHECHT 5 E4)
Explosion pressure kg/cm?
Experiment |Pressure transducer| Amplifier Recorder
6 8 10
Pressure head FR-oscillograph
A (a) or (b) DPM-AT (G 1000) Satandard value
: Pressure head FR-oscillograph
B () or (b) " (G500 &) -3% | (9%]| -1%
; Pressure head Memoriscope i
c (b " (MS-5014) (=) (=) (=)
Pressure head Memoriscope
D (a) or (b) ST-06A (MS-5013) +1 +2 +1
E Pr(ecs)sure head " " (=) +2 N
F Pr(eas)sure head " o (-) 45 +7
_ Pressure head RMV-oscillograph
G @) DPM-AT (M-2K-21B) (=) +2 +1
Pressure head RMV-oscillograph
H ™ " (M-1K 22B) -1 (=) (=)
Piezo-electric Memoriscope
I transducer Model 504 (MS-5014) -1 -1 x

- ¥ No measurement was carried out,

L 427 RBRIOHER

FTARTCOF — 2B = VRS 1B A 1T DU
TELSTTRY, TOAE JIBESR Z % T (4%) W
5. ZOEBIMTOTHELNTH T, BELMED
REIBRHeERIR LRV, Chieon TR0k
£WRPFD fo,

4.3 HEROTLD

"~ PE-30KF HES~y F (Z0FKXD L0 2 HD
WCOREDERITEETEP L L) 2 E TR
&L, HESwix DPM-AT REEHEES B\,
FR101 MERH v w55 7. (G 1000 B .3) 1ok
> CRBLBEOBRENYHEL L, Zhiekd
L OPRBEOEARIC L EWERER L D% LI
7~g. Table 13 O¥fEix, 6, 8 35 L1810 kg/em? 4
AORBEENCELT, FHEVEBELBL TLOR
BEEDPIEIEDZEN & B 3% FHHEIZ D > TRL T
5. L

RET+5% L5501, FOMEERIC L B HIERE
ROPFEEOHA B L BRI L TFESE 5 %5 ¢ ©
R EEFWRTS. (D) ebsoix, R LCHE
%%Kﬁﬁ&#ot#,itm&of%%%@ﬁﬂﬁ
T&ohck%ﬁ%?é.it,%ﬁGmomfm
%&HO%%@ma@Em;ofgﬁﬁ&@@%%%
BL .. :

Table 13 & L hui¥, STO06A FUEiESEL 2z Y =
2 —7 (MS-50I3 &) %HEARBEOEENEL T
BT EDREN, El, BRHAVRIS 7R BGTS
BT AN DEBRBEOE S HNBEE L L e
LT EHHLNTHD. BAFADEEMN30% & 50
%%, BEOEICBFEL TEHE~DHE A X\
CERBEFELATHITR D U,

4.4 ZOMmOEEBEHE

4.4.1 BlEEOEERE R

BEEDOERWET ZCEL i, BERET

%k:?ﬁ@}@% (vibratory explosion) iz o\~TCREEE &
820, ARB BV CIHKIAT 2 BM M L Eu
BIfR 3% B & L VERICR Xh 22 0, Table 14
CAAESEOINERER L BEESR YR,
- FEBRTIBERES OSEER R OB 05 iz
B, TOBEDOBERBED BRI DB IhT
BW52, BHAY w2 7% B SR cribs
BEC X - COREREERE N e bR 2.

B4 e 7 7% v 3B, FAADELERE
BEOBE LD ERENEL ki nd, BEROR
BRBED VB RO EEBEROE - FA -3
ZHVSZ 2%, RERELEDOEEINI LD 22
BRVEWIHERID, Fiad DBEZDEE RN
REREL LB LW IFE L VWERIC B, K=
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Table 14 Frequency response for each instrument

FRUEROLERBEEENE

Instrument Natural frequency (Hz) | Frequency response (Hz)
Pressure Pressure head (a) and (b) 45K 25K
transducer Pressure head (c) 40K 20K
Piezo-electric transducer — 400K
DPM-AT — 350
Amplifier STO06A — 6K
Model 504 — ' 100K
M . MS-5013 — : 1M
emoriscope MS-5014 . M
G 1000 1000 700
Gal ter G 500A 500 350
atvanome M-1K-22B 1000 450
M-2K-21B 2000 900

ExCir, RMV BERA v w2 T 7 EHFIREIH 2000
Hz D H A AEBNIeDORZTDF THS. LiL, H#
(ERNAE WHERLYFAHATE S0, o LHEY
e COWENFREL TR D,

4.4.2 EHIK
BEREHOD LD O FHFEREY 10 kg/cm?/
10msec &5 &, 10kg/cm? HEEFEK LT Sem
WECHYT L ELT, FA-503 7 —0BEDEEX
5cm/10msec, $isih Sm/séc KiHH T 5. —7,
U7 IEs5E 750 m/sec DB RE R EEY F
FERTWBHDT, 37 —0BEIz+5EETE?
LEZTIWv, 72, 35 —0BBRRTHBROR
B OWTRECHENBIDETE A5,

7eds, AE® YU ARz —7O writing speed I usec/cm
DI~ ThBhb, BRCHT 2 BEECIITREL
TweELbh 5.

5 &

BRESDOAE BT 5 HEROEESEDOFEL D
WTER L. BELIZ OSBRI L T, BRER
SEEIEIS L SBER LIV D, Ebb
2B EEBRAEIE L) & L bR BT
BeBE L.

HELI-EEATE, WThoflfdRed > THH
EECTNIE EREREELEZ WD LA bho
fo. MIBEIELOEEHBH, FHH T & % 8D
¥, PE-30KF /)~ F-DPM-AT HBHEHIER

-FR-101 WEREA v~ v 775 7 (G 1000 5 %) D

oij

LRI X HEERA IR L 5, 50%EEWC OV
T 10 kg/em? {3 % TORFET B U CixEHE(E
DBEE 3% P EDERETH T Likich o1 30%
BAW 2T, BREOEENEET B DM, 2
EY R~ IBEFOFHIERA Ve ST 7L
5LV EWERR LGS, —RCHiESRT ST6A
HiESRY, REEBK ) Az —FYAVEES
EEWHEEY B BREA YR F 70F VI,
B REE S 5 WINEE AEEOR b O Avicd)
DAIEME D R 7o - T

BREKOFEM:, ENEEDCTE, ENERFC
KT BBDEE Y, BADOBERIBERL T BDT
BROBIMEBECT LY C LTI - 1edd, £
Ao#iEANCHENOKEIELA LD LELS.
€59
FHRELTRICh ) B2 HlBREZR - cEH R
BEE, T VEREYHAVCOUREL TREI%E
BLENRD - RHRERHRE, b, RigE
BBz B -0 1R B 8 R RS EERE
(E#E, FEEBKRAEFERTFR) T U TE#O
BErRLET. '
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