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Abstract

Experimental Study on the Reliability of the Small

Damper Hinge

Byung-Kwon Chae

Advisor : Prof. Jong-Kook Lee
Department of Metallurgical and
Materials Engineering Graduate

School of Industry, Chosun University

As the progress of whole industry, products using the damper hinge are required
the good operating sensitivity, high stability and realiability. This study shows the
method of reliability test for the high performance damper hinge. Damping torque
balance 1is different from operating conditions. In this work, we fabricated the
damper hinge with the function of soft landing, soft opening, slow—down range and
stopping at the angle of 90~100°. The test of reliability carried out with the
condition of gab size between shaft and housing(0.02~0.1lmm), the moving angle of

door(0~90°), dewll time(3sec), free falling time(3~8sec)



The main conclusions obtained in this study are as follows ;

(1) In the hinge material of POM(polyoxymethlene), the machanical properties

showed the good optimum conditions as a damper hinge materials.

(2) As a result of the simulation of injection mold, adequite gate location was very

excellent in gate point(case I ) with the end point of shaft.

(3) As the increase of gab between shaft and housing of damper hinge, the down

time decreased.

(4) In the results of reliability test of damper hinge, as the increase of perfomance
cycle numbers, it showed the decrease of down falling velocity. And also, in the
amplitude for velocity change, has 3 step processes. In first step, velocity amplitude
for the dynamic of hinge is very high, unstable condition of hinge parts due to
fabrication. In second step, it has semi-stable condition of damper hinge due to
stabilization with the increase of perfomance cycle number. In third step, stable
condition, no change of velocity amplitude.

The reason for this is considered that the decrease of falling velocity is due to

infulance of the change of temperance of silicon oil, and fabrication of hinge parts.
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Table 2. Classification of hinges.
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1. shaft 2. shaft housing

Fig. 2. Hinge of straight type.

23 %

H

4 4

sh¢A, 5, vo]Z AZF o
A7 FAHAY. EA7 A
life cycle %5 Hold vFA, EA9 XxAHo] E7F5slrt. o]z A~y o] Fxf
=z
=

gl dAdo] glow =&l ko



1. shaft 2. braket 3. pipe spring(curling)

Fig. 3. Hinge of pipe-spring type.
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Fig. 4. Hinge of dicasting type.
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H: UES] ol
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B71E AENe] FUhE, Ak ABFAFG AR dolo] ols WATHE

8 9 AFZEC Z3E = O-rings 9 IATFE vHE
A

el o7 ol&dAte] HHem FA9 olF % vhEH

o] g4 M, ol FAds s A AsAZ 5 Atk wEE
g0 7ol 9% dsty v, FHFzEe 9, FAldd o =W 2 A
o] F&ASE oY 7] Fo] WA Fo] mpEE Abolo] AYPEo] WA E mpEE
A damper QA AlZe] dojA FAG FE] AFo] aTHT

3. 3.3 AAY I3

AFZES 397, Tglal %8 O-ringol 93 damper ¥#|9] F2He AL
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A& KF96o2 el gov], frdFeldsy 728 2t
slch., b el Ao,

totgdow A,
Warrik'? & 242 Mol 40000 o8t 7§, 40ColA A E(poise) & n”*C 2}
),

log n”°C= 1.43l0gM-5.54 ———(3.3)2 WEs %},

A. J. Barry'Y= Bz} Mo] 500 o]Atolx, 25ColA HX(centi stokes)E n

25C @l g Jog 1”*C= 1.00+0.0123M%° ———(3.4)8}x 3tAt}.
A. Kolorlov!¥E& E2}gE Mol 14,000,0000 My 2,100 ¥u], 14d ==
(] 25C = 2.15 X 107'M*® ———(3.5) o]t}

o714 h € LFHES YRt = BEx3ke] Frliuet AEE Fhsi, o
HHA 0 2 100cs0] Aol A= Barry©] 212, 100cso]8Fo A= Warriko] & 2= o
2 gHA Ak Eg F3HE P yuA A FAte] 7| EE9 o] EA o] 749]

B2 P= M/74% eI
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7)ol Newton® FAHA'YS Agshd, Aol A4 A9 o] TF &

S n(—}%) ———(3.6)7} |tk

o714 Y: @Aatolo] A, n ¢ B
GERrgsl a5 LUl VYE

dVx/dVy= thAld 5 glem, v gk

al

e

2
ot
dp

Z 78l (velocity gradient)

Apole] Arkgele

of\

5

Ho

AdSE 1, = —n(dVx/dy)———(3.7)E &

i
E

2A(5)E 5% oledNoRE AT F dow, 7| QoA Vxe AlZHY
AR Tt HER 10 e Boh dRbE] A2 e Zol & 5 UTh
Tyx = —n(dVx/dy) ©] 21o] Newton's law of viscosity©]Tth.

o714 n : B E(viscosity)

h2}A

T
.

v,

n= —( 7 -—(3.8)

FA A& 2E p 2 Yk e THE

N
k)
e
o

0= % (cm?sec™), stoke ———(3.9)
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AW 90, o] open AE=E Zt= Eoj7} A =] Aol F&E damper A
7t ARHE AT, = <

& E23(3)E estd, 7174 torqueol
7178 S F ol thste] 2Tl 23 torquet AL FHol o3 damper’} FF

Fohar 7Rgst o F&el WiE torque valence= Ul 37HAE aokd

A
= @O A= 93 torque = A9 wpE FE torque @ BA
@ Aol gk torque > FAC] wHE ¥ torque @ 3 (torque®] H]EO
el & Ewsl)

@ Asoll ©g torque < FAL] wHE torque @ S
#e]l edfAlel dste] SEAS 7HHo® Z=03 z=LAteole] R3S B2

atel, o] Zo A FA= Altel BAIRlol HESEE VA 520, 4435 BE

fActn 7bg & F gk old @ Ao fAle Aol wek W] e =
2

Fr=2mpr, ———(3.10)

A7IAM, 1, 1 el o] AeeHE HERH,



_ (bt

L ___
24 (3.11)

A (31D)= dFlAE FastH, & el g Aol

= =1 7 7R 3o
ok 2 (3.10)& ThHAl A2 s,
Fh= 2R p—p,) ———(3.12) Ao] At}
=, B Fote] FolXl Fyo FAVF sEHW gt dojuver dohe As
A 9o, AHL sted BEFAE 2450 FEFEE FFH WHow &
Aol ATk 5 el ek BY oldd 59 350l digte] oAl n@sd!?
Fig. 11.2 &g F 9lon,
I ] r+dr
1 , —
. b — P2 PE"‘;I [S-ptdp
b of | <

T
: !

Fig. 11. Flow of parallel gap
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4 _ ap (3.13)
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J— A ANy —m—————
u = _LZLI/(& Dy (3.15)
o,
Ap H— D __ap
/ / ax

Fig. 12.9} & 34 1139] Aol 4 (3.16)9] AoIA 4= n 0lnE The
A5} o] A},

A=
Y= T1au/
A71M Q% d A= A4, i vkEAlS, L 3e] Aol
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g
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Fig. 12. Ring shape gap
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A4 2d8E 2 WS

4. 1 X9 AA

a9

HAF T mpERe] o)W, EEtol=W, mpRETE 77 4 AS
N A v d5H AFE woh ALH o7 JAHY, AlstAE 0-180°
o] M9t 180—-360H o Z+2t ATt mabA, WA g9 FHEA e
AL AAZ Faste] A F A7]E 39mm X 63,.4mmE AAEIeH, 7
HAA o|B2Xo EIE Eojo FAVF 1kg o]dFel A-$ 11—-13kgf.cm, 1—2kg A}o]
¢l A5 16—18kgf.cmo] Yo =F AA 53t}

Fig. 13., Fig. 14.9] 33 2 239 damper 379 AAEE etk

"
7

Fig. 13. Drawing design of damper hinge(3D).
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2 ATl = 7] damper A9 FHAEAL S 72O E st AAHNCH, A
A A E29 SAH7|E Fstol SHE torquedt= W7l (cover door) 7} 17.6

H 2} (seat door)7} 19.6 Kgf.cm® o] &3kel v]&}o] thAi 3—4 Kgf.cm A
UEbar oy Axtghel Hlgtel 2 zbol= WERUA] erob Ak AV A ad
Ao Z At dTh

)
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.-I 5-|-|:||52I

34 E
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O L a9 i (=7 =
i . I-"'ﬂ-\._______,_- i ["\-\.:.
i = & # i e
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813 i pul
31 i 1
39 21509
Fig. 14. Drawing design of damper hinge(2D).
4. 2 A9 Ax
HAEE 31x 9] QAHZL Mock—upl & NCAWFS o] &3sle] A|zHE o, of7]

A AZE AEe AFES ARl AR Al vlatste] Aol lojA 2 xbo]
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exdN AF 49 vgrde o

L

f
rir

AL o Fest” mA Ao Agg
FET 7 BT 4= A shafts o=

D7198ko] simulations A8 T
o 7)ol A simulation®] AF&3F software= “mould flow"7} AFEE o, A5
+ N66(glass fiber 30%), POM(glass fiber 0% ), POM(glass fiber 25%)2] 3% 9]
At Al E#olAe AL moldflow suggest data’} 2 &5 o™ Table 33

2o},

Table 3. Simulation condition.

< & A TEEE ]
7 % exug exuy | CEHIEE g
Ha | Ad | Ha | A4 R
N66(glass fiber
285 305 65 120 295 110 -
30%)
POM (glass 22
) 205 225 80 100 215 90
fiber 0%) x4
POM(glass o
® 205 225 80 100 215 90 ==
fiber 25%) B

simulation®dt A3+ 3714 cased] AFE HA Al=ZFA 2 gate YAE A

At Sk

4. 4 AAARY NNAH EHFA
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441 AFHZE 4

POM Az YIZAHEE FTs7| st JAHEE SAHIeH, AFAA7I(
Fig.15.)& 30tona A}&3}t}. o]juf A|H] F7]+= ASTM D—-6389] Type I & ©]
239 om (3.23t X 12.7W X 216L)% st}

Fig. 15. Instron.

442 23X 49

POM 79 F34%E 2 Z3F BAEL 34 A FEAA (Fig. 16.)5 o] 83514
AN 7)o A AAFFPom, F7]= 3.23t X 12.7W X 60L Q) T3 FIZPE
= 3/2 X PL/hd*C® Axbstgon, F3 B8-S Ef = 1/4 x L¥%d% x (P/Y)

2 A4H(Fig. 17.)38dt}.
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P2 p/e

Fig. 16. Schematic drawing of bending test.

o714, P 5 271 AAFANAN S| BF

Py A0 B

ZzErdE
(31221)

o

I:I‘_:|

Fig. 17. Elastic modulous estimate from stress-strain curve.
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443 3=37A

POM % sk—57 4=
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Fig. 18. Rockw ell Hardness tester.

444 Wvt=A A3Q

7 #EE A FAE mgdAR SAst] WrtEAdS SAs ojd mhi

& B2 5175 ol gordlen, AT S22 st = AvEA (40 mesh)l
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445 AA AHAQHA A

damper hinge®] 24 g A7) Ame SHL Holsn FES BT 299

U e AFAE B7eh] fske] ARl Ao de Fdsiiloen, o

o Al odo] EF AYJAEF 3T
Fig. 19.9] A-&uj7]d=], SCAdFY AZ, 2UF3 assemblyoZE o] Fo| 7 3%

o AFLY FANE U

-
32
id

A L¥4E Yo ¢454d A= damper A2 T2 AFAHE SAHBAT
T9Y FYPAF] BAE 10 °g9] scaled o] &3] A8 o0, olu stopper
£ AAR dHC A Ass'ye] FA= A7 18.1g olRlaL, AEFed FUF| F
AE 204 g £0.19 04 AAsFAT]

AFY Hbe AAALTE QAR testerS AHGFAOH, AFHA FrE
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o] & FEFE 2709 FZE o] &3t kol MAANNE AFoR ZEE
=R FAFEAeH, ZoAA angle T3 w9 JfH| S0 whel 85°0] ol
A ZAGFAAR A)FEE A ZEH AT A7FE =AEE time sensord 0] 838}
zolo] JiH Al Agst Al A7) SAHES d19lom, o]u] damper hinge9] 13
cycle time2 £0]9] open ZFEolA AAA] 85-110°F7Fe] =3+ AA A 7H(dewll
time)& 2%, A5l oJgto] Eoj7} Haly = A2 TRz M 32~ 10x
Ror, T Zoj7t A HiE AE 222 Y F 10~17FE 200003 o]
A AA G o AR 71GolA LFstE 320149 down timed UERJE A

AwEs FHo= Bt
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[zana 03 {3
B @(PART NEME) (8 @{PERTNO) 2 | & 2|8 @ _‘!EME‘I|U Mlal F

|
BTG
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[wue [ RIS
@ N by DE'l |»| BE u|; sg|1-| §|3=ng Mg | woiyel 7y TESTER
I

Fig. 20. Bidet hinge reliability tester.

Dwell
(3sec)
85 %110 °—
Free fall
3-10 sec) Rise
(2sec)
Rest
0o | (2sec) | |
3 6-13 8-15 10-17
Time(sec)

Fig. 21. The dynamic cycle of process for reliability test in damper hinge

_33_



L=l 725 2 7IAZA Y FEel 9% 95
HYAIZEo] AolE SaAZF Boh oW, AH[E U

7h ok SALH A ¥ gateE T JFoHA HEE JfHIE Yo AEFFOE
A3t FFo] FrketAl Hrh WH BAIRe] WA 9 F{3

FZo] Mol Aoz dA At simulationdt AFE 3744 case] A
T2 HH A= B gateAE ARt silor gatedIH AAS A
g Algdeold EQIEE Fig. 22.9F &t Fig. 23.2 ALES3AA A0dd
filling patterngE WERATE 3F9 ABodA EF & #ol7F gldlon, A=
| 5o A7 fle Ao® 2453 o]A2 POM % N665-42] A

S ON(BHS, B, ¢5)257F 448 ARSI Wz Bzd
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rlr
He
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< Original > <Casel > < Case2 >

Fig. 22. Selection of the gate position.
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ig. 23. Analysis of filling time
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Fig. 24.— Fig. 26.2 Table 3.°9] simulation AF=ZA 0.2 A}=A] shaft F&2] &
Aol
Fig. 24% N66(glass fiber 30%)9 A$=Z Z¥Wde] T8-S original HEt}
casel 9] gate Y Xoll A theF 50% o3 A=

Fig. 25.+= POM glass fiber 0%2] 74-%, original XH.t} casel?] gate ¢ = olA
Aol AIEE dehda gled, 3 B¢ EF 2 Aels f1eH, N66(glass
fiber 30%)°] caselell Hlsto] R3] FHAF 2ko]E Ho] N667F POM glass
fiber 0% Rt} =& A}= oA A S Holt)

Fig. 26.9] POM glass fiber 25%2] 7d-%- POM2] 7o} nj7HA = 71 &
@ T original®] ZA¥tolar A WH o] M FE F-o= FE dolth

Q- W3 Lo Yol ARAEE EA3

(Rl =] -1

-

¢

3719l simulation A¥b= M Wgo] fl= FEE Addetr] fg ARZE =
o ARES dud ToT AR ASHP, WYl fle ANEE e AZE
o AL A A AFAA AL A ez A F2 A
hE de 7 e AR dddn. wmEA 2 idelMe 47le] Ads Ed
2 gate] A= casel& AASH oM, A4 F3AL H AMEE A% ARRE AL
Skttt
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<erondl > n.1337lmMI < Casel > u.um[m"q <Cosel > u‘ussuIMI
| | |
00519 0.0424 3
00300
0118
ERty] e EH G =015mm  wum Ite Y g =02354 mm e

Fig. 24. Simulation results of the deformation of N66(glass fiber 30%).
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< Original > < Caosel > < Cose2 >

RALTH]

Fig. 25.Simulation results of the deformation of POM(glass fiber 0% ).
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< Original > < Cecsel > <Caosel >

RALTH]

feal
{0
T

& gt =04002 mm

Fig. 26. Simulation results of the deformation of POM(glass fiber 25%).
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AEFP AHEAL A7) Akl Fig27.9 AV AAES ABH

Fig. 27. Injection moulding machine(250ton).
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Table 4. The optimum condition of injection mould.

gl 25| A= | SE2T | BE2A2

AN b S (oc) (kg/sz ) (oc) (sec) QZ!'EI'gI HI 2

110C, | 210C 310 55 8 | chiler | &t (body)
OtMig| 240

N 210 660 55 5 | chiller | AFZE(shaft)

1298 | 295T 280 60 7 | chiller | 32 (body)
N6 ,,

WoS | 205t 630 60 4 chiller | At E (shaft)
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52 AAAR 7|AA A4

Fe17] lske] 4710 EA(Table HOE AT

ANF 5, SASAE AEE ThEsidlen 7o SARL

L
o

POMe] A

moldol A At&E&

2 ZAsn 0 BAARE ANSAL S3e AL 53 oY SAHAoH, 4
He= HRHAES A3 A& FHagte® AAEETE AFd AHe FAS
Fig.28.0 YeERHATH
ZERE(EHE) et 57
Fig. 28. Fabrication of POM specimen.
POM Az A, SFA1R, A=A, R AFE Soto SA4g 43
2 & Table 50 YERHSATH
Table 5. Mechanical properties of POM.
T = POM 1 POM 2 N66
A B glass fiber 0% | glass fiber 25% | glass fiber 25%
9 %7 % (kg/cm?) 633.5 690.2 698.3
Z 27} % (kg/cm®) 992 985 977
Z 3tk & (kg/cm®) 28,200 30,420 31,280
74 Z(RB) 114 1185 116.6
Hwk = A 0.38 0.36 0.35
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POM I}HO x£712 POM 1hH9 H&EH

Fig. 29. Cross sectional view of POM fracture surface.
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1H Type Corrn. Cormn. % % %
Si K ED 0626 099 022 007 044
P K ED 0981 099 -040% 0.09 -0.72*
S K ED 0849 099 -056% 0.8 -0.98%
Mn K ED 0977 1.00  0.06« 0.3  0.06%
Fe K ED  1.000 1.00 100.91  0.29 101.32
Ag L ED 0849 096 -0.23% 022 -0.12=*
24 Type Corrn. Cormn. % % %
Si K ED 0626 099 038 008 076
P K ED 0980 099 -050% 0.09 -0.91%
S K ED 0.848 099 -0.61% 0.08 -1.06%
Mn K ED 0976  1.00  0.06« 0.3  0.07*
Fe K ED 0999 1.00 100.68  0.30 101.15
Ag L ED 0848 096 -0.01* 023 -0.01*

Fig. 30. SEM potograph of SK-5 steel.
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(SR 5) PR AIFH

D

o % = P =1 &5 =
ATAR =Rl (2 F) dEEE AIgE
O, O, 2.0
Type Corrn % % Atomic % Type Cormn % % Atomic%
: Na K EDO0.770 0.86 58.61 0.62 77.35
Si TK ED 0.749 0.99 0.06% 0.61 0.11% :
Si K ED0.570 099 0.70 0.6 0.75
P K ED 1.131 099 1149 0.82 17.18
P K ED 0894 099 205 019 2.01
S K ED 0.844 099 2075 1.02 29.98
S K ED 0762 0.99 0.96 0.16 0.91
Mn K ED 0.900 1.00 12.25 1.23 10.32
Mn K ED 0.872 1.00 1.93 0.32 1.06
Fe K ED 0.929 1.00 4651 1.76 3857
Ao L ED 0727 096 863 333 384 Fe K ED 0.895 1.00 30.0 0.3 16.30
& : : : 02 2. Ag L ED 0757 096 575 056 162
SRME JLEE AEA EDX SRME GLEE AEE EDX

Fig. 31. SEM potographs before and after salt spray test of SK-5 steel. (after Ag

colorring treatment).
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Table 6. Mechanical properties of SK-5 steel.
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5. 3 AN HIAYE Ax

531 5 4%

5H--A 7} shaft7t4 (gab size)oll th3dk =02 down time®] W3}+= damper hinge
o] FZS Fdst=d ol 7|xZ<Q A Zolt}. gab sized PFS  Fig. 32.9] Y
ehiglon, ojm AR Aol Ao HEs 40 cst, LT 2.0g, EoFA
T 0.88 kg o3tk

|

A7 F&sts 7174

A= damper T2 ofF & I S & F AT gap size7t S7HE
., gap size7} 0.02mm< ¢

0.1mm¢<l 7d-F-ol vlgte] oF 40% HXE°] down time©] A3 TE o]+ HH ] &
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