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1. Direct current power source;2. Current limiting resistor;

3. Storage capacitance;4. Current detector;

1. Tungsten electrodes;2. Electromagnetic valve; 5. Switch; 6. Tungsten electrodes;

3. Pressure gauge;4. Quartz glass tube 7. High-voltage detector
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(a) Voltage and current signal during the discharge process (b) Energy integration curve
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Fig. 3 The output signal and energy integration curve during the discharge process

when the capacitance is 120 pF and the charging voltage is 8 kV

2.3 m/IMRANBITESWAZE

FE Fie /N KRB I TSR AR I 7 T R [ P AR HE 25 1 TR U A — B0 A 45 1 2 — N BB L
ARG — R R R . T R E R R = s/ B KRR 3 B R B T

(1) # MR EFRE T2 AEC fa#E TEC 61241-2-31, fh [ [ FhrviE GB/T 16428 — 19965 F1 3 & 44
BHA LS P2 (ASTMD bR ifE E2019— 028945 3 MARUESEAT Wb 55 . G BB LW E T, LI — g nl
SE RN B 25 B RE B (R T B L A a0 Y E 2 R () FE E HE TR L % VRO R A L K AR RE I LK R B E
(i ok 20 WK B KO e R RE B () A E, (5K 20 YR N 3 8 30 K i fe /N R D , 79 31 0 k22
o REE & — M H E <E..<E.,

(2) Fiz FEER B AR EN13821:2002 , AR A [ e B b3 2B s5 ok R T 5 B IR B By (R B T 35K
SV 2R Y B KRB ) A E, O R MR BE TR B SV 20 1 B /D B o) 1 0 B 2R I B /D i KRB 2 — D STt
8 E . X MgiHE M EAX T

£, — 1045 [ ] (2)
ST T SRR E, (R KT AR U T, 330 0B I AR HE 6 K R o
FH I A7 TR R 2R 2 e/ KRR — B T AR, BT DL O Tl Ry 2R i B AR Rt 0 4R S
CesanaZs 5 FE tH FLIE Bl N 4 23 19 Mike 3 45 %% B kR 2 09 96 3l A B SR I 7 %

(3) B 25 kg R AEME R F A, IR Logistic BIE S8 5 38 X6 Br 45 £ 6 3: 47 200, vl LLAS 2R [F]
KRR T Y S K T R i £ L 3 R R BRI 4 s i 5 e/ K RE .

LogisticGZ ) [a] 15 0 & — Fh ME B, 2 DAL 28 T % A 55 15 AR Oy DR AR 4 | DL R g &%
KAWMRZE AR PIEER, &5 250 RIH T ik 250 78 T R AR B S )L i A —
FEESEWATT 580 EA AR . Logistic [ 43 8 A9 B8 & BEARFE AR 5 b A HER /0 A it S 7Y
A RENAR R Logistic 434 5 Hvk L 78 S 80Ak 11 1 2 3k 8 PR AR 8 W0 28 U 880 1 A 2 i R AR S I L 30 o
BRI 33 B A S R AR A

Logistic [ A R 55058 T AR s A R E S 2 E R )8, X FRIERB(Y =0 ZREFF AR
KAE.Y=1FHEE),iIdH

PY=1)=P
AP IBETE 0 5 1 Z R4, I AR BRI R P RN WA B R 21 has e x, MEHERBEARS
B RS e i — [n) B Y FH ARGE SR X% P DA N B9 Logit A8 #e

/



580 = JiS L i 2% i %28 %

P
1—P
P AEQO, DA, Logit (P)7E (—oo,c0) ARfL XA Logit A8 4 B a] K J& 4 A2 i BOR A~ {E
IR P R oA B AR & 0 2 M pR Ak, B
Logit(P) =B, +pia + Boas &+ + Puz (4

PR R R Logistic 8 1K

Logistic [F[ A8 F T4 A1 fe /s i K e 2 H e W BRI 00 - % Bk RE By — > A 28 1/, 10 A0 KOk
DIME% P R AAS &, i (3) R (4) AT 1%

1

P(E) = 1 exp(— i — BED 5

HIHH SPSS B A AT AT EAT RN B\ o XX T — & B9 s KRR PCED , HOW R Y 5 K REREE Er 7T i (6)
G

Logit(P) =In

(3

P(ED
In| —=—| — 85
E - 1— P(ED ] 6
B
HEY P(E)=1HB13ARE] E, WEUE ., B — @8R T B 5 kB Ey ol i (7)) 2045 2AH N /9 & 5

BRI CEve) FUVEAR TR (EL

2
EUCL/ELCL =FE, + Za/z J %00 F ZEI;;H + Eiou
1

K io00 vond& B0 F B BT 25 w0 i fo R By PR 5 26, Z, HBRUETEZS 43 A M0 | a/2 4340 i, G L
BEEN0.95 B .a=1—0.95=0.05,a/2=0.025; AR MEIES DA ERAT LA H Z,, =1.960,0, =
pCao * 01" 50 JEAHIE REL, L SPSS BT LIS 01000 w011 o B B o ARTAEEZIT BiRSiHIr
B Xk R = R/ UK RE AT AT .

3 ZWNHAKRERSH

DLIHIR (4t A= R By, Cs HsNOL ) By 42 R WF 58 0F 52, 2k 06 L WF B 0 i 43t T 5, 459 20K AR Oy 96 ~
113 e M R A 2R R A 20 B FH R B 4 0. 5.1, 0.1, 5.2.0,3. 0,4. 0,5.0,6.0.8. 0,10. 0,20. 0,30 g HY
THIRAE Mike 3 48 W HEAT S/ s KRB 5 f T8y 2R 7E 5 4% 3o B v A 70 B T W2 R 1) 487 /0 SR 25 IR 42, A
IR W A4 8 — — AT A, T T 2 A 2 ) SE PR vk B L S5 R PR LR 1,

FIH 2.1 5 rp i ok i SE 96 3R e i AT R, B (9 52 598 25 0y - WK Hs 77 0. 7 MPa, By B[] 110 ms,
SR IER B ] 130 ms, 28 7% A W 3 2 IR IE WS 4 880 R 30 m  AE 5 = R GBI A&, X Tl —
W PE AR R b e 2 B R Hg L oK 10 UKL SR 10 YR N 38 R 2 AR R B AL A L A A 2 0 K R B AN i
TSk
3.1 Logistic Bl =B HE R/ NEE(E,..)

DAFRE TR 2 g WAR IR By 22 N i), 2R L SE PRk FE O 1085 g/m? . #i¢ Logistic [H1 A Y 152
AR R KD, FIH] SPSS #AFARF] B, = —2. 945,58, =0. 569, 15 H 5 KR I HE R K2 95 % B 15 X ]
AE R (E 1Y o0 A 2 & 4 Frm . B 4 sk 7 R SEEEHE U R 0 R R s8R BUE S 1 3R0R s 80D
SRR SRR IR 95 Y0 1 BT IR CAEM R B4R T BR A0 oy B A5 B R . THEAE B i A
1% 55 ORI RE 2 10 % 1Y 56/ A K RE (B 2 1,32 ml . 5 K s 3 HE R S 50 % 19 5 /D 5K BE 2
5. 18 m] , H At v BE B () B 43 A 1 R B ] 4 R e LA SC B T AR ) S ORI R i . SEE TR
[vi) JoG 2k 79 00 R A9 2 B FL S BR v B L 1, R TP iR 1t T 3k F Logistic AR AL 58 53 SPSS 4t i1 43 Hr 4K
PRGBS B po BIAH S LA B K D22 Ry 10 Y0 Fil 50 Y0 I d5e /D UK BE B E i o

D)




5% 5 2GR T AR/ R CKRER SE T BT 581

1.0F ok kK KKK K X K K X 1Of
0.8F 0.8
0.6F 0.6
" A
0.4F 04
—— Probabillity curve
0.2F Probabillity curve 02"/ 5 - Confidence interval
e Confidence interval *  Experimental point
g *  Experimental point /
(1] = Jok Sk * X k) ! ) Olobbk et 4 o . w0 % . . .
0 5 10 15 20 25 3 6 9 12 15 18
Ei/(m)) Ei/(m))
(a) 174 g/m? (b) 1085 g/m*
1.0p bl
e A
\
0.8F %
\
06f |
] A
04F
Probabillity curve ,i .
- Confidence interval 0.2 ! Probabillity curve
Experimental point : S Confidence interval
*  Experimental point
" ) () Ebkk ibth & & “‘* " ) 2 )
12 16 0 4 8 12 16 20
E/(ml) Ei/(mJ)
(¢) 3978 g/m’ (d) 6760 g/m’*

4 [l BE AR R B 2B 2 die /s i K REABE 5 70 A fh 2k

Fig. 4 Probability distribution of the minimum ignition energy for different concentrations of nicotinic acid dust cloud
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Table 1 Calculation results of the minimum ignition energy for different concentrations of nicotinic acid dust cloud

o/ () Concentration/(g/m®) B B E.in(P=10%)/(m]) Enin (P=50%)/(m])
0.5 174 —4.518 0.425 5.47 10. 63
1.0 462 —3.519 0. 340 3.92 10. 35
1.5 671 —2.843 0.419 1.55 6.79
2.0 1085 —2.945 0.569 1.32 5.18
3.0 1207 —2.710 0.343 1.50 7.90
4.0 2585 —2.962 0. 441 1.75 6.72
5.0 3026 —3.263 0.679 1.58 4. 81
6.0 3978 —6.088 1.513 2.57 4. 02
8.0 5709 —9.017 2.195 3.11 4.11
10.0 6760 —3.977 0. 547 3.27 7.27
20. 0 14064 —3.719 0.511 2.98 7.28
30.0 21049 —4.598 0.617 3. 90 7.45

3.2 RKEXMR/NSNBERRME
MR 1 25 A SEER KON  aT L2 il Hh AR R - s R B A [ s OB 3 9 i/ i K RE B vk



582 = JiS L i 2% i %28 %

FERO B AL 2 P 5 BT . T 2 e 25 v AR .
AN /N K B » 2 5 B ) 70 25 i T 4 Wl T oo
R T 75 B 5 /I8 2 K 5 B 208 /N K A e B g

S R DI N 10 Y0 I, W A5 G 4 s a5 K i 5 8r

1. 32 m] , Xof N7 A 0 PR S5 2 O 1085 g/m® , 2 A S o6r ¥

BB 22U BE L B 6 760 g/m’ 5+ f /N 25 K RE 8 =l

{ERAELE 3 m] 2247 A8 24 4 KRS HE Sy 50%

I, FC A/ A K RE S 4. 02 m] , I R v FE S 3978 T

g/m® KR RE IR F] 6 760 g/m® J5 . B/ K B O
HAGETE 7.3 m] B, Concentration/(g/m’)

XFF BRI B4, Nifuku AR TR B 5 vl FEE A R 2 2 /AN A8 i A Al 2%
IR MR K XN R = BUR Z B R PE B 222 Fig.5  Changes of the minimum ignition energy for
1% 71N, (T R 52 B K7 19 K JA A 35 T R A L LA ) T A, different concentrations of nicotinic acid dust cloud
K K A E R U B 3k B — o B S B A s Uk
4 1) B /0N 5 2 5 R0 110 SR 50 I 348 22, 4 SO A TR ST 389 3R A A B S /0N o DRI R T Ak A R
A d5e /N B KRB K
3.3 AERMRXRBEITEFEMEEER

S5 AR YRS 560 T A (4 S 50 B L Xt R SC TR A 3 Al i /N A5 K RE A A AR E HEAT T 4 BT B A
ZERWT

iz BE B o, TP 25 (TEO) A3 1 TEC 61241-2-3, A% GB/T 16428 — 1996, 35 [E #4 A 128 5 P 2> b 4
ASTM E2019-02el % 3 ASFRifE £ H 9 fie /N KRB A 2 J 3 X IR R 0 i Wk JE 0 1085 g/m* B, Jie /N 45
KBETE RN 2. 09 m]<<E,,<<2.28 mJ.,

Fie FRBER B AR ME BS EN 13821:2002, HUsi 2k 10 IR 5K ISR A B K fig i £, = 1. 88 mJ, B
K10 WIS K B BE R E,=3. 12 m] B, /833 E,=2. 27 mJ . 3£ L% 2,

E.=10[llgE; —5gE, —1gE)/(7T+1)]1=2.273990

R 2 2 BSEN 13821:2002 fREREMM L ZHZR/D R NEEFITE
Table 2 Statistical results of the minimum ignition energy of nicotinic acid dust cloud

based on the standard of BS EN 13821:2002

Ignition energy/ Dust concentration/(g/m®) Ignition probability
(m]) 1 085 2 585 3026 3978 5 709 6 760 21 049 P
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Table 3 Analysis results of the minimum ignition energy of nicotinic acid dust cloud contrast with different standards

Analysis method Minimum ignition energy/(m]) Remark
GB/T 16428—1996 2.09<FE..<<2.28 Ignition within 10 times
BS EN 13821:2002 2.27
Logistic regression model 1.32/2.13/5.18 Ignition probability is 10%,15% and 50 %
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Statistical Analysis of Minimum Electrostatic Spark
Ignition Energy of Dust Cloud

LI Lei, LIU Qing-Ming,GAO Ke-Ping, WANG Jian-Ping

(State Key Laboratory of Explosion Science and Technology ,
Beijing Institute of Technology ,Beijing 100081 ,China)

Abstract: According to the logistic regression model based on statistical analysis, the experiments on
the minimum ignition energy of different concentrations of nicotinic acid dust-air mixtures have been
conducted in the Mike 3 tube by the calculation method of the minimum ignition energy of dust cloud
which represented by probability,the volume of Mike 3 tube is 1. 28 L. Utilizing SPSS software, the
minimum ignition energy of various concentrations of nicotinic acid dust cloud when the ignition prob-
abilities are 10% and 50% has been calculated. The results show that the minimum ignition energy of
nicotinic acid dust cloud has a tendency to first decrease and then increase with increasing concentra-
tions, finally maintain at a certain energy range. Compared with other standard calculations, the view-
point of ignition as a statistical phenomenon appears to be more consistent with the test data in engi-
neering,it can also meet the needs of different production environments for security control.

Key words: dust explosion; minimum ignition energy (MIE) ; logistic regression;ignition probability;

standard of measuring ignition energy;nicotinic acid dust cloud
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