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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 in_struments

HEBOEEEDOHE
~ 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 EHZ#H2 (Pressure transducer)

a) EHiHEr— SRENEF#LE (Strain gauge
transducer) ’

S X 9 ECBRIEL TEARE F — S oiEH
EXETHZ L EFIALLL DT, ko 2BxEE
D5 BLETm o B ERT 2 0@ L 7R EN D
DTHB. Thbik —BIET~ v F (Pressure
head) LTI TV B DT, RW|TH Z OMEFHRE AL,
AR I OVEFT2HIDLTS.

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

b) = VEIE#3E (Piezo-electric transducer)
C=VBIETFLENMLOhB L, TR
BEMIRETHCLEFIALL DT, UTE=Y
TR LFRT 5. .

Model 616 M 129 (K% TF, A& 350kg/cm?)
CREK #5)
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Fig. 1 Outside view of pressure transducers
left ; strain gauge transducer
right ; piezo-electric transducer

EHEEBONE

2.1.2 #5088 (Amplifier)

a) BEERiEss (Dynamic strain amplifier)
DPM-AT 3 (KEZEH)
b) RrVAVE—Y e PIVAF LY — 2=

w b (Strain gauge transducer unit)

ST0o6 AR (TBERD
c) BHEMEL (Electro-static charge amplifier)
Model 504 CKE K #81)

2.1.3 iE§H%EE (Recorder)

Ignition
synchronizer

— 38 —

a) BERXER A+ v = 25 7 (Electro-magnetic
oscillograph) (LAF, BHA v w LIEHT5)

FR-101 &
% 1000 Hz)

(FA3) 2~ 2[EHEREH 500 &k

(S HUZRH)

RMV-33G H (Fr-3 7 2~ B HREEL 1000

% L 0¢ 2000 Hz)

(KEZEH)

b) #x=®VY A =—7 (Memoriscope)

MS-5013 E
MS-5014 I .

(1 BER
G

2.2 EBEBLIVERES

Fig. 3 Outside view of the spherical explosion
vessel attached with pressure transducers
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Recorder

Air compressor

Hydrogen bombe
Transformer[

Mixer

il

Interfero— Compound
meter gauge /

Vacuum pump

—>t— 8%

. Amplifier

Ignition
plug

Pressure
transducer

Spherical explosion
vessel

Fig. 2 Schematic diagram of the experimental apparatus
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DDOERTIE 30vil.% DEEFTAZHELTHEA
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2.4 ENRIE

SRR IR R AT, ENEREC 0kg/om?
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FCOBERINL, FOBOREEE OB 0L
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MER LT,

KRB L UL, BREBRYERCLEOBRERAN
ARFIEOE (FIFE) ETHEAL, RFVIF vV
2 (AJ 100V, M7 15kV, 20mA)% T, BE
OERFF XY Ak Ul FER 0kg/cm? i
I, 8% XU 10kg/cm? DBERET) (ED D D)
BETS X5 FET 10 BPFoRlET 50X RE &
Lich, ZTofo@ERLEETHEREL 2.

WE, BE, BE, BERCOLMED, T 0ERO
B ENBELEZ DWW ATEECTOMEBE I L LD,
i, MEBEORY PV BI-TUR, 2—F—
DI B IBEEN I IR 5 7.

3. RE &R

EZREOEESERSVWTHELIBREN £ ok
PTemRT. ChALOETHEED 5> b THERS 0
kg/em? (F~CFE) B I OEREND 8 % i3 10kg/
cm? IR WBERBELLER, TooF—x3HT
ERA 2R L.

AEBROEARDOETHITE > EFEMLL DT
bHoT, TELBRTHBORBEHALIRT ISR
BER LT &,

3.1 ZEBRA PE-30KFEEH~Aw k&
G 1000 BIFH JL/x /) A—4 QISR

LEBRPBUCEL UTCHEAL EHRBE PE-30
KF #HEF~y F2EThH-T, UTZhbBEEN~
v FakXO'b LIER

Fie, %k DPM-AT #MEHEdeEs (U

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

_PE%KEﬂEﬁ«yFa(HmOﬂﬁ»x/x—ﬂo%&@%%&D%%

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 - 1 o
pressures (kg/cm2) 5.3~5.9 5.2~5.7 0.96~1.05 5.56~5.8 5.4~5.9 0.97~1.05
Average explosion dokk .
pressure (kg/cm?) 5.6 5.5 1.02 57 5.6 | 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 #EBRA v r O L AOBEEFEHKOEE

Combination ; '
Pressure head (@) (b) Ratio (a) (b) Ratio:
Initial b b
mgmmﬁ Galvanometer | G500A | G1000 /a | G5004 | 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 7.6~8.017.7~8.3|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 8.8~9.1]9.1~9.6 | 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.

4 Average explosion pressure kg/cm?,

T, BERNERLHTHZ Lh5%) L FR-101AE
WAvw (LT, FRABEA v IHT 5 20
%) BEHEL T, FR-AERG v eic G1000 B
R x—2 (BUF, G1000 HF A3, D L5 iclEd
%. ERIREE 1000 Hz, REEE—iFir AEBEE 0~
700 Hz, Wh#IED) & AR o flEER LA RE R
BHBMOEEL LTEDE. 5T, EH~vy Fab
F IO G1000 BH A O EEIEE L TR hidl
Hig.

KBATE, ThHOEN~Y F& 2k G000
BN AEEEETE 2 OBEOER LR L. ¥
ERBENER, TREE FR AR > 2 Th
5. .

50%EEW THE0 OBGOEREL Table 2 iR
7.

Zhb ORI, &4« DRESESBRBCRATT
D TEBCHE TS L3 TERWE, D&2o0
EA~y FREETHRIET A1) Q) 0flkdy, i
A% —EBeThEET~y FogEnERY, *
hZh#EEtsc it s,

FzE, Eli~y Far o THA(1)(2) ot
FHECDONTELD &

G1000(1)/G 1000(2) =5. 6/5. 6=1. 00
Eh~y Fbrx—rdhid

G 1000(1)/G1000(2) =5.7/5.5=1.04
it,GmmaﬁmuMmhoufEﬁ«/b@%ﬂ
CRRET B, Ef~Ny FatEH~y FbI L 5fE
DOHITZENTLTH0.98 B X T81.02 & 70 5.

%2 DO, ThZthoBdr£ AL thh
EE—E (1.00) L7533 Th52, EBRELEOHE
Bib->TEROBEREE . Fh, iire D#EER
EOREEENFEETLDT, ThbDhOEDEE
COWTIECE LD THRTHZ LT HY, EI~
vy Fa¥7uib LEAEBHF AL, ERACEWT
G1000(1) L LCE-kdborEH T2 L
7z

3.2 8B G1000 83 kvr G500 AEIH
J VAN e 9
G500 A Iz~ d FREERA > v HOFT AT

BT, TOEFIEEHIL 500Hz, BE—FE B

#HiEx 0~350Hz THB. ZoEMpHF A3 L G1000
HOMEB L B b, ¥ 200 OUHBIER A 2 T
BT5.

KBRB TR, EN~y FabeEiiic, BENE
BRWERL L, FREBKA v O L-3% G1000
e G500A T & Uk S % JifE L 7. HIBHEHIT
20Q LA DT Lichs o Fe. f55% Table 3
alieg 2
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1) FR#EREFw (G1000 By A %)
2) 2®YAR=—7 (MS-5014 )
CHFNC & H U CRIEEI R B L 1.

ZDGE,

Table 4

R D OWRY (5000Hz) imFEB L b, MWk
WoUHERE LTENERAKESL., 22) A2~
I X B ECEL T, WhEFEREO S 2 Bk
AL sl BRI Table 4 R, :

AEY A2—7 LOBREHMIBEHESRO

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.%)

REEENBRLIBAOBRENICEL RS

Recorder Memoriscope Electro-magnetic Ratio ;
Initial (MS-5014 type) oscillograph (FR type) | Memori./Oscillograph
pressure . i
0 Range 5.1~6.0 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
1.0 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 by different types of amplifiers
and recorders (10 measurements for each initial pressure; 50 vol. %)

HIER S L ORREEA R 2 BADRREN~OBY

Combination | procsure head | (b) (a) () (b)
Amplifier STO06A | DPM-AT | Ratio; b/a | STO06A 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 ! 5.1~5.9 | 0.98~1.06
Average 5.9 5.5 1.05 5.6 ! 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 P 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;)
EHf~y ¥ c (MP-308) © X2WEDRER
Combination Pressure head (c) (a)
Amplifier ST 06A DPM-AT Ratio; c/a
Initial pressure Recorder Memoriscope Oscillograph
0 Range 5.5~5.8 . 5.4~5.8 0.99~1.02
Average 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% BeEA7AHGWEREE0RIERE

Combination Pressure head (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 7.3 1.03
0.4 Renge 10.0~10.3 9.4~ 9.5 1.06~1.08
) Average - 9.4 1.07
0.6 Range 12.2~12.4 11.1~11.6 1.05~1.11
) Average 11.3 1.09
. e _ . #EEx Table 6 R3,
3.4 RED RBREHLCHEEOCHEASED
BHECONWT 3.6 EBERF ,:nuﬁ_A'@oEF"‘O

ENERBZBIREO L 0% H, HiEREIL, £
NI - CEREEBENRLABET OV THEER
L. 868,

(1) EA~v ¥ a-BENER-FR BER A+ >~
(G1000 E5 %)

(2) EH~y Fb-STOBATA LA V5 — -
FEVAF a—F—ezz=w b (BIFSTO6AZR
2=y b EEET) 2EY Ra—7 (MS-5013 )

DR T D. B STO06 A= = w b3 MS-5014

HAEYV A2 —FRIIFERTE o\,

EJi~y FERD L RBETOWTHBREENE
PIE L. &ER1x Table 5 TRTED Th 5.

3.5 B E MP-30 Bl FEHh~w FIckD
A% |

SERD F CXEH~v Fa, b(PE-30KF &) % {f
T, AUREOERETHS MP-30 HoE~
v F (UTF, EhA~y Fe) @onwTimatlie.
AR, .
(1) Eh~v ra-BEHERE-FR #HE

(G1600 EH 1)
(2) Eﬁ«/bcsmmAﬂ;_/}~X%ux
2~ (MS-5013 #)

7538 STO6A Bl= = MIAREN~vy FcHEL
TR2EY A2 —FRHEAAEFNTHBH LD TH B,
EBRDEIVOFTEN~y Fa t@lawsBL, ¥
— I NEREREO 2R 2 2~ FER L. ERED

Zi?éﬁ-\‘/n

i DEBRIT TN TH 50 vol.% @@/—\ﬁxv:o\, T
Tinoitcd’, BREAROEEIE -» LROFELHR
F 575, ¥ 30vol.% DREF AR DOWTEERL .
CDORERBALZOWE, —RICEVELCHT 5 RE

BB EL B L EL LR ENLTHS.

FEX 0, 0.4 XU 0.6kgfem? (F—~TE)E L,
HEROHEARITERD OELDBELRAL TH 5.
% Table 7 1z’

3.7 288G RMV-33G BERFHOH
LRORBERBRRICLSHE

RMV-33G MERiA+ v = (UF, RMV WERGE
Tu) RFEEAE FREEHR &+ v v LA—THS
2, HoBFETEHD, o THA_NDEETIFACES
BEBCOWTLELRDEELDRBDT, ZDOREK
DWTHRE L.

B—BEROHF LD WTIE, EES 50 mm 1
SUT £1% OBRETHEENFEL CTh 5 L HIEIh T
WHDT, ERACHEMATHIBEREBL, Ro2f#E
DF N3 (Table 8) oW THIEL 2.

Table 8 Galvanometers for RMV-type electro—
magnetic oscillograph

RMV HBRA > r DH L) 2 — &0 BT

Natural frequency|Frequency response
Type (H7) ()
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.95 gas mixture was used and 10
measurements were carried out for each initial pressure)

BRMV MERA v rDHF A7 A — 52 DFE

Combination

Pressure head (a) ®
: 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; the effect of the type of electro-magnetic
oscillograph (50 vol. % gas mixture; 10 measurements for each initial pressure)

RMV #is kof FR #BER+ v w2 Ho 8B40 ik

Combinaiion Pressure head (b) (a)
Amplifier DPM-AT DPM-AT Ratio; bja
Initial
pressure Oscillograph RMY 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)

= VB A B A0 REEER

Piezo-electric

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

0 Range 5.6~5.7 5.9~6.2 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
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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 #x RMV #¢, FA-U3wFh b EEIE
B 1000Hz 03 0 Th 5. HEFE% Table 10 ic5R73.

3.9 BRI ExVEBRHRCLDERE

B VERBCIIBERIERL 2 Y Ra—F(MS
-5014 ) HEEHRL, HENKELUL, E~vy F
b-BhEHIES-FR BB R~ w (G 1000 v -%)
DEAEE AT

—RC = VERBY A CEREN 2 HET 5
ERIIBEGCREY B 50, & ORBRTILBIES
DOEFEH A 50,000 sec. & . Sensitivity % 0. 357
Pi'cocoulomb/Psi.. DIFWEELE W, ATV A2—70
BEX0.06V/mizd5z Lick b, HiEsorange
1% 500 Psi./V CEER L W ICET A BB

Z PERTLENBTERMER X » Tk - fe s,
CORORERSPEDOBE LHL Th 5. MEHBR
it Table 11 w77

ik, €=VEREYAVCEREN olERCD
WL, OBEIDEEBLCEE v

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
Nk BBIZE LD O — 2 DG HPRLF DL
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)

FREEBRA e A A L 5EFOEE

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, . .



Z R DEBAUES DK 1D WA 10D B
el A s LRI A DL EL LRI
Higase ST06A Hl==v r2HAVhE Lo
PEEDOEEL e 0D (EBRD). 2EYR=2—FD
ARy POPIICBENRSL S DT, FEFIsT
D ORIBFON, FAhL DITEHR— BTz d
v b EY OTNEHIRFEELRE < FTHhiE
Bz eaitE s, Fig 6 13 FR ABHA v v
FHEE (505 10cm/fsec ZAW) LA (7
2|HE 100msec/cm) O TH 5.

Pressure head (b)

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

2

9.0kg/ cm?

1

1
0 0.5sec.

Fig. 6 Explosion pressure wave recording by
ST 06 A type amplifier and memoriscope
(MS-5013 type)
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Fig.7 (%, PE-30KF #3 MP-30 BDEFH~v
DRER T 51201, ERDE IO E»LEVEY
FIALbDTHD. MP-30ETIIEH kv oy
DEVHLTEY, ZDh L O HERIP 520
Th 57, PE-30KF BCiddesmm b oFENELA
WD O ThHD. FIFEOEMY, ZoBOEH~
v FIZIEB0 3 D THBPEMTHS 2Tk o,

HABEOHEZ OWTUTIERD X FOEENLDL
BRTEETH 52, ¥H L) OEEABLDOI S % 5]
TR, BREIOMEL U R ENERLRIE
FURins. #€-C, BELUERLDBRENSE
BIDDRT X =R EE LTI

Fig. 8 miz 5B I o WEBEH 0%, O &oiER
TARLIH, ¥=VEREY AW REIEORE
ARG, LrL, BREE»DELZMEZ OWFEEED
EN = VEREY AV BEOBERD I — 7 DA
IBLRERTET, DLALBNLREEEDERR
I23DEELESRINTESS.
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w head (a)-G500A

‘Pressure head (b)-G1000

52 vol.% H.-Air

Initial pressure=0.6kg/cm?

1 1 1 1 1 |
0 0.5sec.

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

Efi~y FOoBRC X 2HEHFOHER

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

8.6kg/ ecm? —l

Piezo-electric )
transducer-Model 504 amp.-

Memoriscope (MS-5014)

i 50 vol. % H.-Air
Initial pressure=0.4kg/cm*

1 1 1 1 L ]
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
REBC BT 2HEKHEAR L hEE
Percentage of error for about
Experiment | 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,
5GD.EF ca. 50 mm 0.2 kg/cm? 4% 3% 2%
G ca. 25 mm 0.4 kg/cm? 7% - 5% 49

* In the case of atmospheric initial pressue.

PERO I K& REREFOZ Ly, Th
EDWTEHRD & 5 e RE L.

BRENOWER, TOEREBL L > ThHRIE
B anb, MEOMEEOHEY b -~ TREDOK
X XL THZELTER, Fie, ENERBTHT
BEOHE, FARORERMERE, HEORDOE
BASEELERNE S BTN TS,

HoTZZTRERTE BEY ANBRET b,
BEBTE L EETAR & D HBRRENCHET 28R
TOBEZBEL. ZOBEEEL, WTROERTY
&Kk 1mm & U7

BIE Lo e, EERTOWRELETORE
FBILFE—Tik WS, FERICKTLZRODER X
VY, EEy1mm ¥ Lo HEEC OV TOBEED
K& X% LT, EBROBEEDCT 5EEDE
A, HEERTY BT ETEHS.

Table 12 DEWRIL, #l 2 1 ¥EBC TIX 6 kg/cm?
MHEOEDCR LTt £0:2kg/em? LINOEREE
Th\Wo LD, hoFER Lot >V TUL £5%
DEFXFETCHRVEWSZ L ThHS.

4.2 HBREBEROMKE

4.2.1 EBRAOHER

EH~wy Fa,b& GI000 B 5w DigtrEZl ok
i, Table 2R3 X 5 KBIEED HITHIEROBREN
Khh, ENCFELEZERTG. T, El~y F&
HARNDEMDTEA EA—Th 500, BRALX
SIEHA~y Fafidib & GI1000 AL DHEE
BERLBORAEDIEE L L

4.2.2 - EERBORER

G500.A % 17X G1000 BH AN T B FE T,
Table 31c XIIEHEIC X ABET A b Rig WAL,
G500 A F% A HIEERFRA LEBARTTW 5.

Lal, BERE L OEN 6% gz 2 HEEL e
>t G500 A B A R DWHDEIRID H— T35
WO PEERCLD Lot LTHERE L O EER
B57bIE, G1000 M H A NI X BECHTR D IE
FTEEZBIRS.

4.2.3 RECORSR

Table 4 BLBEOLML L 5, TLHEEBEDZNRR
ZPETIL, 22V R~ LB5FNEFR BB A
YRR LSPEMEL D PRRD THAHH, FTEHEHIT
Falo FEIEWELTEIL. O ki, HRSERE
OEMEIHROEES LA S HBETIIURTH IR
B LThB.

4.2.4 £ D, ESLIUF ORRE

Table 5, 6 KXV 7TnbBbMAL 51 STO6A
Hlazmy bE2EY A2 —FEHSEESOREE
DHN, BHEWUERL FR WBERA Ve L3I0 R
<, FEDE WG ELZDHRENPKE WHEEEZRL T
5. BEBRELOEIR, 30% BAFARHWTITR
>t EBREB 9% UTThH D, flikvhd 4% LT
DEELMET Ih - T

5 LfERAECERMN ST06A Fl==y b
CXBDhh, ATVRA2—F DD THLLDNIZOD
EE T TE Inh - 2.

4.2.5 REBGOHER
. Table 9”3 X5k, RMV BRI wDOH L
NN, TRTOF — 22 EH RS 2000 Hz
FRWIEBACEWHEEY 5L B 2 L BRL T
5. Lnl, BEORELD 4% UEEL b XX
QLR

4.2.6 EEHOFER

Table 10 124 %Y, 2EOERHA v I X %R
PRI RZHE N Th 225, WEN 0 OBE
K—HD T — % 5 RMV Bz o\ TEL T 5.
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Table 13 Average differences from the standard value for various combinations of
instruments with three explosion pressures
HEEEMH AR L B UEE» DOFHER (EHECKT5E4E)
Explosion pressure kg/cm?
Experiment |Pressure transducer| Amplifier Recorder
6 8 10
A Pf(e:)s‘;rre (l})gad DPM-AT FR‘géCill(}gg)raph Satandard value
‘ head -oscill h
B Prf;)suor: (be)a " FR (%TSC‘SIO Oojggap —39 (<)% —19
' Pressure head M i i
c Ty " (MS-5014) (=) (=) (=)
D Pressure head ST-06A Memoriscope 1 2 1
(a) or (b) (MS-5013) + + +
E Pr(ecs)sure head " " (—) +2 N
F Pr(e;)sure head " o (=) +5 +7
G Pr(eas)sure head DPM-AT Rl\/gfd—_%slzi_lgigg)aph (=) +2 +1
Pressure head RMV-oscillograph
H (b) 3 " (M-1K-22B) -1 (=) (=)
Piezo-electric Memoriscope
I transducer Model 504 (MS-5014) -1 —1 ¥

- * No measurement was carried out.

C 427 ERERIOER

FTRCOF — 203 = VERBRE A BEoun
TEL TTHY, ZOXREIFRER 2T A% »
. COBRBRUTOTELYETEH T, WELLED
BEL BRI b it n, TR DT o8
LT Iz,

4.3 BEROFT LD

- PE-30KF #MEHN~y ¥ (Z0HEKXD 0 2 D
WTOREOREITEEREN L L) YEHERE
L L, HEZcx DPM-AT ABERERE B\,
FR101 BB+ v w75 7. (G1000 BH A1) &k
> TERELLBEOBREENZHEEL L, chiekhd
A OREBREOHAS R L A HEKRE L 0EY FIT
7~3. Table 13 DHfEix, 6, 83 L0810 kg/cm? A+
EDBBENCELT, ks VBEEYBL TE0R
EOMEEDENL 51 FHEL O\ THRLTW
3. L
ERFT+5% LbH5DI1E, FOEEGRI X HHERE
ROEEDOHARI X BRERCH L TFEE 5 %EL T
L eRBWTS. () ebboix, AL THE
RRCEN e o edy, Fiiddh - THBEEOHER
ThHoMC e®ERT S, T, BERGROWTL,
ERHOBEROK L ofic X - CHEEM L oBBRYE
Bl . '

Table 13 iz X hi¥, STO06A FMEIESLEL £V R
2 —7 (MS-5013 &) #MARHEOKENEL T
BT EHRIN, Efe, BHAYRITF 7BV IS
BARETASDOEFRBEOB VIV BIEEGEL
BT ERALNTHSD. BEFAOERENI0% & 50
% Tk, BEOEICERL TRE~NOHENLE
Z R AEB LT HIERB .

4.4 ZOMOREREHE

4.4.1 AFBROBEEREK

BEENOEYAETAEL T, BERERL

%Kﬁﬁ@)@% (vibratory explosion) D\ ~THIEE &
B W, ARBRIEB W TCRESR 5B ME & T
BIRd\h B & L MERIICR Sz 0T, Table 14
K EZREROINERER L BRERER A RT.
. AEBR TR HEIEROEREEOE-OM BT
B, ZOBEDOBIERD BEPHEE MV HR ENT
VB, BRtFve s 72 BuicnRIER Gl
BRI X > ULEREEREN OB,

BRA el 7R AGARRIE, TA-DIRER
BEEOEVLDE LRENEL s b, HIEEOMN
BERBEED & B RV OREEREBDOBE TS
BRHGWDHZ 212, ERELOERNDISUIEDE
BV EVWIERIEY, iR L VEEOEISHNR
B REL B WO T E L AWEBRIT D, K&
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Table 14 Frequency response for each instrument

HEUNEBOKBERBEERKE

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 ST06A — 6K
Model 504 — : 100K
M . MS-5013 —_ , 1M
emoriscope MS-5014 . M
G 1000 1000 700
Gal ¢ G 500A 500 350
alvanameter M-1K-22B 1000 450
M-2K-21B 2000 900

BTir, RMV BBRA v e 7 7 7 BAEERH 2000
Hz DF A" BuoicOB ol Ths. Lrl, #H
EENAAZFVHBERLFECESbIE, botHY
e COWRENFREL TR S,

4.4.2 GEHEIK
BREREHON Y LD O FiHREEES 10 kg/cm?/
10 msec &% &, 10 kg/em? 235EEMK LT 5em @
WECHYT 5 ELT, FA03 5 —DBEEEIL
5cm/10msec, T7cioh Sm/fséc YT 5. —F,
L 7SR50 750m/sec DB REBRREEYF
FEXNTWBEDT, 7 —0BEKIITTEETES
LEZTI V. 1, 3I7—0BBRKT5BREOR
EROWTRECRHAPDLETE A5,

ks, A€V A2 —F O writing speed |3 usec/cm
DA —ZThHBHND, BT 5EBEECIIAEZ
KweEibhb.

5 &

BEED OB RT 5 HEROBESEOHE LD
WTERLE. BELII OSBRI L T, BRE
SEMHTPH S L WI3BERLLELWRD, £Hh
M EEEEBRHCEIE L S & e R\ TR
BEBE L.

BB L cEBRTE, WIROBEERE L - TH
EEC LRI ERERMFELEL VT L bbb
fo. WZREIELOERHBH, FHH K & 2 b
¥, PE-30KF #EJj~y F-DPM-AT BAFHEHEH

-FR-101 WEREA v~ v 775 7 (G 1000 7 -3) o

oij

AR L BRERLEIE L 7o, S0%REEWIE DO
T 10 kg/em? {37 % COBFEN B U iz Z¥EfE
DHEE 3% P EDEXETDZ Lidith ot 30%
BEHCOWUL, BROBENEET L7000, A
BY R~ LBBEOTFNBERA ST 7L
35X 0EBERRLES, —BiBigsc STO6A
MMERS, SFEBRrAT) Az —7 2 AVWiES
CRWHEEY B BRF Ve 7 70T,
EEIREE S 5 VLS EREROE b OE VT
DHEE DR fno T,

BRUSOFEWE, ENREDHE, EHRHBERT
W BEOEET Y, BxO0ERIBERLTL BT
BROMBMTEBBECTIRI CLIXTE b o, &
AOBHENTHERNOKBENE bR bD LELB.
€59
FRELTRIChI Y B2 HBRERE - cH B
BHRE, C=VvERBYRAVCOHEE L THNE
BLEhioh - LERERFEE, hbttie, KEE
BB iaTE - 70 R R 8 R RSB RN
(FEE, FEEBKRSEFERTFR T L CE#D
BErELET. '
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UDC 614.83 : 5987 : 621.3.083

The Influerice of Measuring Instruments on the Explosion Pressure Recording
(A Contribution for the Teéting Methods of Flameproof Electrical Equipments)
H. Tsurumi and.T. Hayashi

Technical Note of the Research Institute of Industrial Safety

RIIS-TN-69~2, 1~14 (1969)

The influence of measuring instruments on the recorded wave forms of
explosion pressures has been investigated in a closed spherical vessel with
flammable hydrogen-air mixtures. One most common measuring system, which
consists of strain gauge transducer, dynamic strain amplifier and electro-magnetic
oscillograph, is nominated as a “standard system”, and the results are shown
in terms of the ratio of average pressure measured by one system to that by
standard system. It is shown that the differences are less than 3% for 509, gas
mixture. . :

Comparisons are also given for wavé forms, and the frequency responsibilities
of the instruments are discussed.



