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SUMMARY

Title : A Study on the Modeling of the Oil Damper in an Auto-Door Hinge

An auto-door hinge, which is one of the automatic door—closing apparatuses, has been
widely used to prevent fire propagations in living or commercial buildings. The auto—door
hinge consists of a spring to accumulate power for closing a door and an oil damper to
control door-closing velocity. To predict and optimize the temporal door behavior during
the door-closing period, the auto—door closing system was modeled as a second
order-damping system. And a damping coefficient of the oil damper was also theoretically
modeled by analyzing Newtonian, incompressible, viscous flow through an oil passage
between a oil control rod and a oil piston body. The temporal door behaviors during the
door—closing period were predicted with respect to the gap distance of the oil passage, oil
viscosity, and pre-compressing of the spring.

Temporal door behavior measurement method using an encorder system was also
developed to validate the modelling on the oil damping system. As using the developed test
apparatus, the temporal door position, velocity, and rotational torque were measured, and

the modelling method was evaluated.
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A1 = o B R E(moment of inertia, kg - m%), dE= 3= U A A

[t
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1) Katsuhiko Ogata, System Dynamics, Prentice-Hall Inc., pp. 357-364, 1978.

_10_



w, = \/g (3.2)

d
D= (3.3)
2vVkI
Y
0(t) = ﬂ e_Dw ! 1n{ 1—D? ¢t + tan” 1170}, 0<D<1 (3.4-1)
/l—DZ D
0t)=0(0)e "' +[w,00)+ 60) te ™', D=1 (34-2)
o) = | —LF —1600) 0(0) o (Db, VP10
D*—1 2w, VD*—1
| 2 _ / 2_
L | Dt VD*—160(0) N 0(0) SPusw VPO (3403
D*—1 2w, VD*—1

o] 23 A Eol9 AEdd dis 4GB4E A48T B, 27 =& AEBHe 2o

6(0)=n/2, 0(0)=0 (3.5)

21359 7] 271& HE3le] 2(B4)E W, TolE 0% o HAAAZ JEREYH, 2
g w7A e A%S 4 4 9t 13 35+ undamped natural frequence(w,)E 1.0 &2 714
NE 79, damping ratio(D)o] w2 Tojo] AFEL YEN Aol Ly 340 eld ubet
Zo], underdamped?! A$(0<D<1, D=05)% Zoj7} yF g T AIFS HolH,
Helt =, oAl =9

232 D=1.0 ¢ critically damped 74 %2t & 4 At} 2 A =oj2] 4 -$-9+= underdamped

o

2
N
N
nt
ol
>
&2
rr
ol
ofk
o

overdamped?! 7-5-(D>1, D=20)v+ =

d diE ol mpxut @3(0=0)A HE7F WNF whel b 3ol EA18H, overdamped
d ws Zo7t 23K ZA "o g 4 Q). Critically damped €1 74 %ol %=, =o]9 =
FA] AR weEl Zolrt @34 s = v wEkA] AA] ZojoA 9] damping ratios 1

urh ofzk &e Aol whaa sk,

dsh ge molZeAe] BaY £ A% U AL ol wojF2A A A
Y M4 F AU ¥ ATNAE Eol2RAY ARl J¥e vAE A% By
FAFHBDE d RIS Ao A FAAZ W F
ZuAdel 4% B 9 Agrel e Eolo] AFS AT & At W

e Mwatglnt o8 el H4o molErA A4S A AANLS FYstarh

offt
0
o
2
%
ol
ol
2
M
2

do
A2
tot
fu
2 £
2

N

_11_



w =1.0

10

0.5

90

o o o

6
3
-30

(e2468p) LoNISod JooQ

Time (sec)

wolo A%

=
R

1% 35 AlRrel

_12_



Fol2rAE gyl Ed 239S AlTsts 22 RS Aojste] hdsta #HA
33% 2 F43] Z(oil damper)7t ARt {53

R Fole] 298 AAsks A 24a2M 9 363 o] ¥2E vhH(piston body),
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ol @8 uf =oE2A FHIE Wl AEFY 5 19 379 o] destd & Ak
=, Ao B (oil control rod)¥ ¥ 2~E ®ht](piston body) Atel® AW 7+=S uwet ZE
oA o= dAFF & 19 3704 av I2E viHe WA LS, b)) FUA
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H
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M Piston
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a9 37 AR el 45/ K% B

To7F @3 wgt FEIE U I2E vigrt 92 Vpeo HE2 g4y, AEfie
oA olel2 FFF Q WF EEY. FA9 %S Newtonian viscous flow, incompressible

flow, full developed flow, ¥ ™| 4 no-slip condition &< 714 uf 2559

21(3.6)3 ) 2(36)2 AdE A AEFAZA S Couette-Poiseulle 5 ©] t}2),

11( @): dp

r or " or dz (36)
Boundary condition, u(r=a)= -V, u(r=>5)=0 (3.6-1)
Boundary condition, u(r=a)=0, u(r=5)=0 (3.6-2)

2) Frank M. White, Viscous Fluid Flow, 2nd Ed., McGraw-Hill, Inc., pp. 106-122, 1991.
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olo] o8] WATHE 3

Ao EASHdp/dz)E 022 FiL, AAxAA 3B6-1)= AE&ste] 2B6)= =9, uas

HEA R roll whel A(3.8)3 2ot
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UA(’T'aZ)_ Y ln[a/b(z)] (38)
T FA9 dHAsHdp/d2)E 002 FA &, AAFXAA (36-2)EF A&t AB6)S

_ Q@ s 5 o In(a/r)
ug(r,z) = ) {a 4+ [a® — b(2)?] bl } (3.9
_m o oa = bE)PP
)= Gt <utt - L )

Fol w9 W ARE gAclt JAE urle] AFPow AFat AEHo AweH

rlo
N
N
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N

(shear stress, 7,)= Z42F 21(3.10)¢F 2k 2 (B.10)0lA p= A&+ 343 (viscosity, kg/m -

sec)E LFERYITE

(3.10)

W—b&ﬁ}

%w+am%&Vd

woi7h @ W v aE vy e Aoddel] weh ' 369 A Fae AHe] FolEi, 1
B fwo® shdetnm, AB10)o04 w2 v e £ Vpoh F3F Q= A
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AGIDAA Ap = FAE wHe] AN WAt weha A((3100e 43128 2
. H VP H VE) Ap { {CLQ - b(Z>2] }
5= el T e 12 enbG)/a (3.12)

= 2= vy 89 screwell o & 7] A o
ZHEE(O)E AE v As

o mebA o] A 7
21(3.13)°1 A d(m/rad)= screw?] YAF-Zo] wE gholt}

S£E(Vp)eh 2131309 #A} ek
z=1040 (3.13)
A(313)% vEEE WAE ute S Be| 54 A&Ee #AE A(B14)9 gol T
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A S AE we] 4%

o — b(z)g] }} (3.15)
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F= / T (2) 2ma dz (3.16)
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Ho AEst= x4 A (Fp)d o Z(W)e] goz tehd 4 9 = 23177 2
o 2(317)°] - BE= wole] §A 7temsl Lo kol wRold)
My= F, W= —df (3.17)

(

(3153 4(G16)= B1Nl ddstd HFTHor =oE24d U3z W AZAs dE

2 (3.18)7 o] ek 5 gl

_ " 1 4, @ — b(=)’] }
d=pd Wfo {aln[a/b(zﬂ i c(z) {2@—1- aln[b(z)/al } 2ndg (3.18)
_ Tl i L= b()PP
=3 {@ ~ e ) }

HEI9S Botel wolFRA FEAR W APAF dE ABRE HE, B E FUA

Agel wHol F5E AXE AL L vk

sz U ggAoBe 2718 249, G¢H2e /B 44 Avt ¥ 337 2.
ABIBAA fratalolEe] wol ware] wWsE FASY molFud FUHE U AW
S e 4(319)9F 2ol Ay HT)

_ 1 A, [a® — v*]
d= 27['0,/1,(5 WH{ aln[a/b] +T{2a+ m}} (319)
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F 33 718 AAJA 2 U1E g

AA A=k 71 gk
v 2~% uit] ¥4 (a, mm) 15
9 2~E vk g WA (A, mm) 609
9 2~E vy =] (H, mm) 8.0
Screw 1A+ (6, mm/rad) 5.093
A5 A E(y, kg/m - sec, DCO46 20TC) 0.0892
T (W, m) 0.93
HE9 ~x8 49(k, N m/rad) 21.0
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O 50
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