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Fire Testing Methods For The Electric Hair Dryer
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Purpose: The purpose of this study is to development the fire evaluating test methods for the

Electric hair dryers.

Methods: We was designed FMEA (Failure mode and effects analysis) in order to analyze the
fire mechanism on the electric hair dryers and designed evaluating test methods (Durability tests
on the environment, Mechanical durability tests) obtained through the two-step QFD (Quality

Function Depolyment) and tested.

Conclusion: We verified the evaluating fire test methods on the electric hair dryers through the
analysis of the test results and some reproduction test.
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Fire Testing Methods For The Electric Hair Dryer
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(b) Fire caused by high humidity deterioration

(d) Fire due to heat accumulation

Fig. 1 Incidents and analysis on the electric hair dryer
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(c) Fire due to redemption fans
15 27190 AL A= A S Agskinh
5291 UG 9I5) FMEA 248 23, o|F
vl o 2 29 QFDE AAlste] S TA A3t
7IAA W A1S A 2e]a AAE A
A2 ol 2AMAUSTS Adst] AFH
242 A3sn

2 =T 2

A7) sloj=gto)7]e] Wl tigt B=ngs
<Fig. 1>3} o] £A43 A3} Y 52
g s} P T et =2 @
o2 Qg sl o3t W ol5d T
W FEOR Q3| wHH 7 Apst 2 B st

we 8 5S4 T4 99

3. A8 AA

= =]
T 345, AEA E5(AX &5 9 nfold g
3h) 5o IANIL L 2o Ao 7 A Hr) iy
Tevoy A - A Aol E2 ugRE
Q=& FAE, AUF AF TE AT &
5 AT Itz A3 FAF =Y 2 9A
A7 Fol wASY wEkA, o] st e ¢l
o] thate] 712 2] FMEAE U <Table 1>3} 2o] &
FF 9419 A7 AHE Faste] 2HAs

fr o my rlo <X

ku)
S

of
>
=)
=

3.2 QFD 194

<Table 2> 41 741 F-& A4S 3 QFD 1©
A W EZ2E UERA Zlolth QFD 194 A3 3o
tgjo]7)9] F uARYE BE, 7Y, vlo]v g Fo)
A FAHJY F2 1FEALe Gy TEHE 7
&0 2 IRIH .

3.3 QFD 227

QFD 22 Aol A 1A o A A3
BoF B A| 2] HE(EE BF) 9]
SEA S = APt ARHA AT LR
&}tk <Table 3> AR A5 2= =] & =4 7f



In-Hyeok Jang * Hyun-Jun Na - Eun-A Moon * Chang-Hoon Lee - Houng-Woo Lim

2, 93 2 9] £, HAAES BE A, A
HAY A1) 5 Fahol 2097000 4§51, T2

A8 AP 243

Table 1 Electric hair dryer FMEA
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No| Unit | Function | Failure |-rence iy RPN|  Testing
Impact | Criti-c Cause Dete Improve
Mode |frequ- . .
ality ction
ency
Rectifying
action, Thermal .
i Short 8 Prevent 6 electrical 3 | 144 Multi Meter Part
Wind measuring
. . reverse overload thorough
1| Diode | Intensity the e
current flow . verification
Modulated Probl - electrical unit
Circuit roviems m properties
Open 8 1 | manufacturing | 3 | 24
breaker
plant
Short 8 9 360 [Multi Meter
Hot . Peripheral Deterioration measuring fmproved
. Heating circuits and due to 5 the :
wire Open 5 ! 7 175 . ferrite core
fire damage long-term use electrical .
. material
properties
Inc.rea.lsed 4 |D eteriorati.on 4 4 64
friction and fire risk
due to Multi Meter
internal Motor measuring Prevent
" Motor foreign overload due the foreign
an e : . P
3| Motor rotation redemp- | 8 | infiltration | 9 |to redemption | 8 | 576 | electrical | infiltration
tion and properties, Fragile
Increased Visual wings
friction inspection
Tracking | 5 Fire due to 4 Dust . ) | 40
dust accumulation
Leakage .
fire due to £ measuring Use
Overheating |Insulatin the current due to the non-combust
4|Bimeta Hng gl g . 9 | the insulating | 8 | 576 . .
protection |carbonized Insulating material electrical ible
carbonized . properties material
contamination
Increase .
Increase in .
heat measuring Use
Increased surface
. Power due to . the non-combust
5| Switch surface 8 8 | resistance due | 5 | 320 . .
On/Off . Increased electrical ible
resistance to repeated . .
surface . properties material
. operations
resistance

Occurrence frequency : Estimating the probability of failure occurrence (The value of between 1-10)
Criticality : The effect on consumers also rated estimated breakdown (The value of between 1-10)

Detection :

RPN : Occurrence frequency x Criticality x Detection

Find the cause of the failure modes / mechanisms to estimate the corrective action capability
(The value of between 1-10)
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Table 2 QFD step 1

Fire Testing Methods For The Electric Hair Dryer

Breakdown site Diode Hot wire Motor Bimeta Switch
Mechzfl;lslrlxzi Increased Motor . Insulating | Increased
Stresses and Short | Open | Short | Open friction red.emp- Tracking cqrbon- sqrface
Performance tion ized resistance
RPN 144 24 380 175 64 576 40 576 320
RPN Scale 0.06 0.01 0.17 0.08 0.03 0.25 0.02 0.25 0.14
Temperature @) @) O O & O O O O
Over Voltage O O O O - . - - o)
Mechanical stress - - O & O & & © &
Excessive discharge - - - - - - - - -
Ripple current - - - - - - - - -
AC superposition - - - - - - - - -
Temperature changes - - - - - - - - -
Humidity O O O & O O &
Vibration - - - - & - -
Shock - - - - - - - - -
Changes in efficiency - - - - - - - - -
Dielectric strength - - - - - - - - -
Thermal Shock - - O (@) @) - o) - -
Tension - - - - - - - - -
Frequency coil - - - - - - - - R
B I N M M e B e e
Mechanical stability - - - - - - - - -
Shipping - - - - - - - - -
Blow - - - - - - - - -
Life span - - - - - - - - -
Over load @) @) O @) @) & ©) @)
Dust - - - - - O @) O -
Score 30 24 49 43 26 30 12 30 32
RPN Score 1.8 0.24 9.31 3.87 7.8 8.4 0.24 8.4 4.48
Effectiveness 5.22% 29.39% 36.66% 18.73% 9.99%

© : 9 Score, O : 3 Score <> : 1 Score, The impact of © indicates that even the very large compared to other impacts.

RPN Scale : RPN/RPN total sum

Score : Failure caused by impact sum

RPN Score : RPN Scale x Score

RPN Effectiveness : Breakdown by region RPN Score sum/The total sum RPN Score x 100
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Table 3 QFD step 2

Test Methods High
Failure Modes/Mechanisms Hich temper Overload Over- | Mech-
tempe%ature Vibration | atureand | Dust test voltage | anical
Part Failure Mode RPN high test stress
Score humidity
. Short 1.8 @) O O @) O
Diode
Open 0.24 O O - O O -
Hot wi Short 9.31 © O O © ©
ot wire
Open 3.87 © O O O O
Increased friction 7.8 & 0 O - ¢)
Motor Motor redemption 8.4 © O O & O o)
Tracking 0.24 O O O & - &
Bimeta | Overheating protection | 8.4 © © O @) O o)
Switch Power On/Off 4.48 O O O @) &
Score 325.2 7.02 340.08 |151.44 | 241.32 14526 | 197.14
Ranking 2 7 1 5 3 6 4

© : 9 Score, O : 3 Score > : 1 Score, The impact of © indicates that even the very large compared to other impacts.

Score : RPM Score x Total sum of Effectiveness (O, O, )
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Table 4 Environmental durability test method

Test Items Test Methods Remarks
High (1) Temperature: (100 + 2) C
temperature | (2) Non operating state Finished
life test | (3) 1,000 h
temH;i}:ture (1) Temperature : (85 £ 2) C
pera Humidity : (85 +5) % R. H | .. .
and high ! Finished
L (2) Non operating state
humidity (3) 1,000 h
Leaving test ’
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Fig. 4 Drop test

(b) The cooling fan (after test)
Fig. 2 High temperature test result

(a) Internal changes (b) Checking the
(after test) operation (after test)

Fig. 5 Drop test results (30 times)
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Table 5 Drop test methods Q] o] <Fig. 6 (c)><F o] A E AL,
Test Items| Test Methods Remarks
i 43 A%
(1) 1.8 m Drop (1) Check the operation 183 &4
Drop Test| (2) Non operating after test
(2) Check the operation A D ATE vlglo 2 A oA wAle = 9+

state

of Bimetal AN NAA WAL 1281 <Table 6>
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(a) Hot wire short circuit

(b) Operation test (after test) (c) Hot wire breakage

Fig. 6 Drop test results (40 times)

Table 6 Endurance test methods

Division Test Items Test Methods Checking list Remarks
High (1) Temperature : (100 = 2) C - Exterior modifications
temperature | (2) Non operating state - Operation After insert Finished
test (3) 1,000 h the dust
Environmental . . - Operation check
durability tests High-tempe | (1) Temperature : (85 + 2) C After drop test
rature & Humidity : (85 £ 5) % R. H - Rescue Finished
inishe
high-humid | (2) Non operating state - Temperature rise
ity test (3) 1,000 h - Dielectric strength
- Insulation Resistance
Mechanical 1) 1.8 m D - Short-circuit
echanica Drop Test (1) m Drop ort-circui Finished

endurance test

(2) Non operating state

heating wire
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