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Fire accident analysis of sweeping robot-heater based on FRAM-PLTS

HUANG Guozhong'*, ZUO Zhiyong'>, DENG Qing'~,
CHEN Hanxige'>, CAO Zhengkai'"
(1 School of Civil and Resource Engineering, University of Science and Technology Beijing,
Beijing 100083, China; 2 Research Institute of Macro-Safety Science, University of
Science and Technology Beijing, Beijing 100083, China)

Abstract; To address the safety risk issues of smart household appliance products, a systematic risk
analysis was conducted by taking two sweeping robot-heater fire accidents in a certain location as the
research subjects. An integrated method combining the FRAM and PLTS was adopted. FRAM was applied
to analyze the accidents, through which nine core functional modules were identified, including navigation
module, obstacle avoidance sensor module, and motion control module. Subsequently, PLTS was
introduced to quantitatively determine the main characteristics of the input and output terminals of each
functional module. Based on this quantitative analysis, four functional resonance modules that led to the

accidents in the sweeping robot-heater were confirmed. The results show that the primary causes of the
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accidents include insufficient sensor accuracy and failure of users to implement the " power-off when

leaving" operation. Additionally, the barrier system for risk prevention and control is identified, which

consists of physical barriers, functional barriers, intangible barriers, and symbolic barriers.
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Table 1 System function modules and their descriptions
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Table 3 Evaluation weights of experts
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Fig.1 Functional network diagram of hazard-causing system

LRI PLTS J5 ik WM b RIS BE R
R JEE AR Ay R A R LR, BUR R G
O RE R MAE ] 5 HHFARIBE S = {5,
S 1y Sos Sis 5ol BRI s s g8, A s, S BIEROR
R B — i B A

PLTS(L(p)) A",

L(p) =L(k) [P(k):l | L(k) c S,

0<p® <t1,k=1,2,-, | L(p) | (1)
X LYk AEE AR pY o LY R L
[P(k) ] jj L(p) q:'/;ﬁ k A*%Klm n7k1n71] ‘ L(P) ‘
N L(p) Hith 5 RIEE R,

N L Z A o, o ir L AR A 58
R H AR R, XA BRI BT e
(8 RGP, AT A ROE PP A RO 505 B o8 R

IL(p)!

ZIEHRAR, W, Fr7e Zp(“ < 1HTEBL, K

NG VRIS e E A58 axifs 5 A
B, Il T8 5 R R B0k S RAUERA R 2R 4Ry
s, WL B E SR B X 8] 112

I L(p)!
1= XY

S(k) k=1 + 2

p L1 P (2)

P+ T
27 3)
Xrfrp™ oy LY H—ARJE IRER s, SRR i 10T
AR g (s,) R s, XL T & RZ REUE; 7 57
FE S HITER N ARG A IE R X B 7 =2,
AR R ELL(p) 1SR R ALY
&

g(s;) =

IL(p)! (k) (k)
BL(p] =y, ST

i=1 zp<k)

DL FEM B i A g 2 780 05 U5 Sk 491 156 BH 45 28 A
HIE, R Z, .2, M Z, % R FRAY PLTS PFA
3R 15,(0.6) | 1s,(0.7) | Fils5,(0.6) |, XF&
K7, , BRI 0. 6, RHBERFA 0. 4, 43T 5
$70.08, B (2) H—b)E,s, XRNHERER 0. 68, H:
AR E XA RN 0. 08, EILR 7, IEMHEIA
—ALJF 25K {5, (0.08), s, (0.08), 5,(0.08),
5,(0.68), 5,(0.08) | ;[FER, LK 7, fl Z, BIPEM T
—ABJFAE R {5,(0.06), s5.,(0.06), 5,(0.06),
5,(0.06), s,(0.76)} F1{s_,(0.08), s_,(0.08),
5,(0.08), s, (0.08), s, (0.68)}; H = (3) 15



hoE T e B ¥ % iR $35%
- 184 - China  Safety Science Journal 20254F
g (52) =0,8(5.)=0.25,8(5)=0.5,g(s)=  36x0.65+32x0.85+30x0.80 _74.6 _ _

0.75,g(s,)=1.0, R (4),LFK Z, 1y PLTS ¥4
1393 E, = 0.68x0.75+0. 08x0+0. 08x0. 25+0. 08 x
0.5+0.08x1.0)/ (0. 68+0.08x4) = 0.65;[FH, %
K 1, 1, W PLTS VPN AR53 E, A E, 5350024 0. 85 Fil
0. 80,0 R YR AUALHE .

98
e S RUSCEE A i 2 e AR AL
AR LR 4 MK 5, TIRERIH A Y -5 A i 1Y
F RIS B R RIS X 07 i 4 i 3 i A i 14
FEFRN,

x4 LiEThatEHRENE
Table 4 Weights of upstream functional output characteristics
R 5 F D A Q FERM
FM1 0.739 0.244 0.787 0. 561 A
FM2 0.752 0.373 0. 809 0.329 A
FM4 0.074 0. 876 0.256 0.454 D
FM6 0. 106 0.859 0.262 0.439 D
FM7 0. 101 0.738 0. 385 0.443 D
FM8 0.234 0.615 0.454 0.731 Q
FM9 0.357 0.632 0.451 0.242 D
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Table 5 Weights of downstream functional input characteristics
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FM1 0.817 0. 761 0. 745 0.278 0.347 I
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FM6 0.114 0.185 0. 803 0. 740 0.312 C
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Table 6 Functional resonance modules and

failure links
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Table 7 Barrier system based on functional resonance modules
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