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Development of Sliding Door with Storable Handrail Supporting Senior and
Handicapped Persons to Walk by Themselves
(1st Report, Simulation of Force to Open the Sliding Door)

FEE 2KER*, BFH ME*? £EF E—*° =M BE*Y NH O mAte
(Kinjiro SAITOU) (Nao-Aki NODA) (Yoshikazu SANO) (Yasushi TAKASE) (Katsunari MURAI)
F ESE*S, T EIEr7, B E*e, HE AFE*S, Afx EFE*F°
(Zefeng WANG) (Shugiong LI) (Xiao LIU) (Hiroyuki TANAKA) (Yoshitaka KUBO)

Abstract

The purpose of our research is to install the handrail in the sliding doors used in hospitals and nursing facilities
to support the senior and handicapped persons to walk by themselves. The semi-automatic lifting equipment
is utilized for the storable handrail to make sure the bad health persons are able to open the door using a
weak force. In this study, by considering equipment of the handrail, the theoretical formula of opening force is
derived. Then the simulation is performed with varying geometry conditions and the results are compared with
the experiment results.
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NHERLE L SNDERE, BEHVDOS EEH) HOEEO/M MR, RSB TE, M
FRLTHLOMNEDHRENTESL LI, BMIEFERICOEY FENEEINTWAD. L2, B TrFoEmpic
BlEFRHLEHE, JIEFOAbS 2HICTFELERT S LA X FORANRTE R RB70, @i OFE
ITHEETDHZENTERY. ZD7n, FRERNBRSBTRWESNRTETLEY, b L, BRIZ-AT
1T C LICREENAE U D, BYAEEET 51003, FEEZARMNS - L2 g L CEST 2 0ERDH 5. i
HESS5 O [ 747 48 ATRE AR RS, ST RERE OGRS 1L DR & BTG, XGOS ITHRE 2 MR L,
[ SHHRZ ERTES V9, Z OBLE» b AR T, BSST2 KB 5 TR x5 7 2 %
THZLEEELTS. COME, BT S E - IEE ST, BIEEEAEL, REEO O
CEBCE BB TH S, OB TIREICERE SN TE2, B bgR) T 3EmiEc k> TIEx
JHCEETE P, E-Pin LIFBERS S RLEIT A 0 BE ORI 5 5 S0 ME 355 (B 1@). =0
fiie Tt VIR A T B - DI A~D R L, Bl & FICT R TOEERSNY, PG
G P OGBS IR SRS (B 1(b). 31E AT, BB T 2 TR ORI 5 5 4 42
RUERRZE O 038 < AThRTOAR, B FICH D 3l FICHEE TX 5 FREOBYE - BI5idb 0 17b
NTWARY. 22 TR T, B 2(a), ()R TIMROTHE2AT 232 A2 ER L, B HEs
Rl UCHATX 5 FEEE L B LT, 20ORE LoRBEICRY e, BAIICIETE ORI D M)
531 & B O ) OARHT % SEARAT & A A b TEET .

Unlocked Lifting the bar Opening the door

(a) Jumping type

—>

Pushing the door Opening the door

(b) Telescopic type
Fig. 1 Current types of the sliding door
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Sliding door

38

I~ Guide roller B

Handrail
Mounting plate

Sliding force | : b
F, (x) i"#—\L—Guide rail
¥ Supporting point A
4 (Torsion spring installed)
[ T
(a) Opening state of sliding door (b) Sliding door with the handrail

Fig. 2 Figure of this matter handrail summary

2 fERFZIMEZDOEER

B 3~B 5 Tk EINIC L o5l & Foflzrd. B SIS MMEAFRIIFRHICAELET L Lol PR
BlENOHANENLENR DS, £, 5IEF AT &I, Eﬁiéﬁﬁ@ﬁb§/ﬁ<1’ﬁfﬁﬁ”é:&75§7‘£b\7‘:
O, P TOREOSI & T4, HOLEMERLELRD. 2o, FREIZIR > To— 50O M7 805 N
&%, B4 Rd kR L FE IR ERNICIEMELR N b oo, ?W@EJE;@J: FTEMEN T RE IR TH
. BSITRT AL FEFEFE T, MHICRETE 22, A¥ 2 ROMEENICRLZET, BExRES
M OZERINALAFT D720, BEFICEAPELRLT S, A7 FRBERT L8N RH 5. 20X 512k
DEMIZE 2 DIE, FLLTRFFOHATERINTNDLLITHD. BADLDFRTULRNL, i
BNE DA FTHREZIA, EVORFTTFREZEMEL, SIS F 204 2EEEAE @R TH 5.
o, BMEMOREMEICRENED.

Expansion and contraction

Fig. 3 Extendable handrail Fig. 4 Bascule handrail Fig. 5 Stand type handrail
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31 BIZEFEEDHEE

B 6 (T & O I IS & PR, BlEF, IGERE, BEA, W%fi%%%@@%mw
F L ZOEERTHLHA FL— L THEESN TS, Bl&F2H URET, IR TERKTRE
D, FHELELTOMEER-T. BIEF 20T 28 X CUATFRIZERE A A 2@ LT, %W%%
Flizn—F BRAA RL—L A& FNEOEERZ EH~BBIT 5. 51X A4 U 28 & TG FER
HA RL—AWOEERZE, FH~BETS. B, B A CEEShEZRL D A% (8
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FEH : k=2395N « mm/rad) 1PN FEOBHE), EERLVAR—NL, A E/NESLTDH. 20X,
FlEFRMAOEIX I - T, FHEMEFEBNICHET2EBECHLZ L 2FHLT, MhoER LIRS
RPEFETHIWS (19.6N LIF) W20 TELICHATE 2 LoICLRINLTWND.

FEHEIZENTIE, AFRETHEFZHAT 22T ORMARENE LD, ZOHERFEHEIZE > T
b, FlEE/NSWHTHLSIET 57T THlE A2 MEICHMTE 5. BIEAZT 22 BEERY OH D
WCTERERDIE, FAZFICESTEELTHEWS WL DI S,

Mounting plate

Sliding force S F (%) me 1 Guide rail

Supporting point A
(Torsion spring installed)

Fig. 6 Opening state of sliding door

32 BEESLUERMHER
AL CTHERAT 252 F & O TUFITRT.

F,(x,) : BlxAMAOA (B 19.6N)

F,(x) o WHKFENSIE FARNOZT 57)

(Xg,¥5) = HA RL—/L RO L FEARE

YR —=T 4 TR A N AD X FIAERE (=5 % 550 M)

A Fa—F B OO X J7 [[] O FEER
A Re—7 BOHFLED Y J7[H O FEAE
EATHIBL
AT A R —inbzi7 57
A RL—/ 2% RNE O Em R GUES R =478mm)
PR THE & KRR D722
MABZORSHEME, u—F LA RL— L ORI DGO 4
2= HA RL— L EDERE, ERERDORTA
A4 Fa—7 &G0 FEkoERE GUES, SHgkE W =13.7N)
RNEDARIZEDE—A2 MM =k(057-6) )
R EH(k=2395N + mm/rad)
N7 7 OEEERREK 190,03 L ElfiE0 — T O 0 BEERREL 10 (T Y Sl
8mm & M7 7 a2 0.5mm HRED) OF pu, =0.035)
a : ABMy HmiERE GUES a =22.6mm)
b o AB [ x A ERE GXER - =901.3mm)
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r A Fe—7 BoY¥E GRES r =17.5mm)
A Re—7 BOFLEND, a—7 & L—/LOg R E TOX 5
GAES ¢ =58.2mm)

[ WA FEEEOE S GMEMS  1=910.3mm)
S i HA RU— O &S & 8295, TREMR & DA

4 S|EFROANOEN

41 WA BIZFOADDYEWNEEHEAONDER
B 7 2T 2 FHOET VERT. BT IR T Y N3 255 LR 0WEGEE, B8 I IZHHs3
HCR T AR EZEE LS AOFHABRENZ 7T, B8 DD EWENQ), (2), @GN T 5.

F, (x,)=0cos(0+¢)+ Psin(0 + ¢) 1)
F,,(x,)+ Pcos(0 +¢) =W + Osin(0 + §) (2
M+chos¢=%chosH+lein¢ 3
F\(x,) = i Pcos(0+ @) + Psin(0+ §) @)
F, (x,)=W + u,Psin(@ + @) — Pcos(6 + @) (5)

Z 2T, Bl E T EPREEALE T OREE S R A OH LB S (o, ya) = (0, 0) &, HA KL—/LihisR
P2 R DOJEFEF A (xp, v5) = (0, 0)Z& FEYEERE L 95, KIZ, [AEES A DEBEOBENE X, [ZT 54
A4 Fu—7 B OHLERE(xp, yg), ROHRERE R EZOFLEOM, DNDEED 0, ¢1%, WA TR
w5 (A7) .

f=tan’ Y B (6)
VP =(yy —a)’
$#=90°—(0+¢) (7)
Z 2T,
&=sin"" iR_i (8)
—r

XD~® LY F (x,)ZRDDZENTE D, 728, BARTF, (x,)IZKIETEMEOFEIZOWT b it
L7273, BHTEX AR TH 7~ O TLL T ORHTIZITE D TV,
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Sliding directiog \e !
Fig.7 Model of storable handrail Fig. 8 Equilibrium of force with a torsion

spring

4.2 5| EFRRENONOEANRUVRENTER

NV AXERTL2RESE T2 HNTHIEFRA N F, (x,) Z0E LR e, Hm@zHnTA K
L— VOB EER 28T A—Z 2L TROBR 9 I2ZDOFE R A2 7T, FEBRIEIE, A A ZKEHMIZEIED
J1%, NI ZHG, —EEE 15 mm/s THoROEMFTHE L. ZOBI5RY ik, T7bbIERT
KOO S TH S, ZHUTH L, HEHEIE, £=200mm~600mm O T 5 FEo g% L TR -,
BIO A F, (x,) 1%, SIEFOBOICHEVESCHITEIML, x, =79~99mm {13 CREIZHEM, &KLY,
ZOBRKELPWOY LTS, O NORKEE, T4 Fa—F BOghsPERICh - T EF LT & dhpi
DOFEENLE (HEHRE OB TERAELTWD. BO O KE L 80 O BRO AL, fREE Ro
RESIZESTELLLEL, #HRLER RIS RDITE, E—IHEZOARNPKEL 2o TS, H
FRAEHT (3£ R=478mm) & EBRIC X 2T N ENORKMITF,,, =19.5N & F.? =224N Th b, fi§
HHE D EBREIC KT 5753 13% Th o 7. T OERIE & AT ORICA U 5 71%, FERIAZE L REL N
THUCESS bDO LR IN D, EBREAEITEICTA FL— L OERL JUOMENRRZICH K T2 D EE 2
TWb. Fiz, BITRAZEICOWTE, BEDORTZ2ED T RND, B%ORBICINE D Z & iR L T
AV

LZAT, HERMETIE, HEOBDZ) 19.6N ZEM TE TW5H 2, RAIEROERTIX, BIEMEIZHL
2.8N(14%) KREWZ XD, ZOBEMEIZRT 5 2.8N OZEE, [FHs3 R A A LR A2 OH
et H LIk TR TEAHATHS. 1E-oT, 3.2 HTHLIZEEHETIC X W BAER N 2 B34k
TX5bDEEZD.

43 BIZFEAONEFOER

B9z T, FHONF, (x,) NABIZKEL RVEKIE L 725 RFEET D, ZOMEREKEEZ RS
BEIE, A L=V OfRER RIVNESL RDIFEXZOMENKREL D Z ENp05D. 2 2 CTHA RN
EREARMEZ R TEBRICOWTEZXTAHAD. £7, BTIORT FEECSAB 20 EMRE, n—J&h
A RU—VOBEICBIT 2R ANORTAES ICERTD. COMEG Luo—F% L HICENTT2OICE
THHEDERE, B10 ZHWCHAT 5. B10 (21E, %25 3 HEOAE ¢ OREIZHHET VR E
AT AEY =900 (B10(@) DL X, S Fadd, A RLU—VZEEIEAT 720, v—F% LFHIC
BT OICET S /) Fu= ok 20, n—F % LRXE5 2 LN TERV. A ¢ =Middle (B 10(b)) Ti,
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Y. AES =900 (F10@) DL X, J1 Fads, A FL— VICREIERT 720, v—7% E5IC
BT OICET S ) Fu= ook 20, n—F % LRXE5 2 LN TERV. A ¢ =Middle (B 10(b)) TiZ,
n—7% ERIEHENTES. AEH=Small (B10(c) Tik, AEN/NIIWD, (b)ED /ST
FAaTu—Z%@h T2 ENTEDL. ZOXIITHES 23907 1TiE3< &n—T% EHRIEL-DDIIEKR
ERGAT

B 11 (2B A ) Fac (o) DEGRIGITICEE DS SHER &, M ¢ TNEND x (BB ZOFFE L ORT. AEE
@ 1E, BEEEx OEINEHICKE SR TnE, BOARE—2lErT S (A7) OIETLH BB Rk
<70, TORITMDITEER T S, 2L, T FuC)ERABEOEETHSH. AE Y OV — V7 fHEZ/RINLET
&, BRI 0EE1E, o —TROEETHLELRSTWDHD, HKB A )2k 2 <3 8R4 B
HEEZDHIELICEoTHOLMNZT A ENTE ., 28, BMONiEEoE UL EE, A Ka—F 30
A RU—A O GEMRICEITT 2888 (B7) [T T 02 2HLMNITEL.

S50 1
7 a=22.6mm 7
r 5=910.3mm

40 - ¢=58.2mm .
r r=17.5mm

k=2395N-mm/rad -

R=200mm 14% (Compare target) 1

W
=]
e

300mm ]
18% (Compare
experiment) -

196N E_ o :

Sliding force FA (xA)[N]
g X
\H T
i)
&

[
(=}
T

600mm 478mm 1
(Experiment) |

Fig. 9 Sliding force F, (x,) calculated by theoretical equation

5 BIZFREANDREBELLEZTDER

51 EEXRAICHT H5EEEA—S B OMHLEDTKE

4 B TIERIE L7 T EBOR O 2T L, B2 LN, BIETHD 19.6N 2R T otz &
STHRIELFSIZFEBE LY LA NEZ/NSL T57-0, Bl & FEE Q&M HERRAE O I ET
WELZE12 (277, 3 DOGAIZOWNWTEZ L. EL8 & FIER 12()lc B4 9573, B 12(b)<°E 12(c)
DGEHZBETHZ T, SIEFRANCKT DA, BOWE a DEELZPLNITED.
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52MEFFERICLKIHONDEE

13 128V T, &=70mm, Omm, —70mm BNZFNFN, EF/(), T 10b), EFT/LQIHYTS.
A RU—NVBEH NG T A Fa—F & ORVERE ¢ \IZOWTUIFEMS D ¢ =58.2mm (Zxfk L, KV KXx
< L7z e=100mm OHFETY I 2 b—ra L, FREDOIEEO BT EIZREDN O 256 OB A J)~D 5%
TS,

Fa=Largest
(c0)
FA: Middle rTT T T TT T T T Ui T T T TrTrTT l: rrrr T T1TT IE 80
i 370
Handrailiangle ¢ <
z e oo
= R=478 ¢=5824 ] <
< a=226 =175 10 e
~ 1
S h=91029 ¢=1537 | g
o H —
8 (mm) : 5
! e
e 30 F Sliding giforce Fy,(x,,) g
= C i T
a of N
0F e ) el
O :l T fl | A A A A | 0
0 50 100 150
(c) ¢ =Small=90° X, [mm]
Fig. 10 Schematic illustration of sliding force Fig. 11 Comparison between
F, depending on the angle ¢ the sliding force F, (x,) and the angle ¢

,— A supporting point
uide roller B.

Guide roller B . R

A supporting point
Guide roller B

\ a=0 |
b _}1 . ? b

(@) a=—70mm (b) a=0mm (c) a=70mm

A supporting point,

Fig. 12 Positional relation of supporting point A and Guide roller B

53 REEHLER (WHFREADENLS a=—70mm, 2=0mm, a=70mm 3 ETI/ILOLLE)
O 196N LT O TESHICBIEF AT 2 L2 B L LTRM12IC7T 3 20HRA%E % 5. B13
IZEHESCR A L alise —F B OMMINLEICRIT 251 & P 0 0L R, 1k a, c IBEICERE L,
SED d o elIFAFELRIC-HEICREL Ty Ialb—ya raiTorm, B A A LD bEEia—F B A
FZHDGEOHFNTIZHLGEICA_TEIEFRONINSLS D2 Engnd. BRI TORmE LT,
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FROUHFEBIZ AR B 25 E1E ¢=100mm & LT a=—70mm (272 Z & T, Fu(xs) =9.9N F TEHT
EHZ LIRS, L, BWHEEETIEBREICL T, JEFHRRAIRTECTHAERVOTIEARV,
EVOELH D,

60 . . T 60 T T T 60
a=—70mm a=0mm a=70mm

_ sop 5=910.3mm | _ S0 5=910.3mm | 50 - 5=910.3mm 1
Z Z c=100mm 2 ¢=100mm
=40 =40 1 =40 ]
) 2 ) ; (B)
=30 = 1 &30 ® 1
1>} [>] <
- - S
S < < R=200mm Target

P 200 ___R =200mm_ ___ Target ]
e 20 g g 300mm 196N
= s <}
@ 10 @ @ 10 [

0 50 100 150 200

x, [mm]
(@) a=-70mm (b) a=0mm (c) a=70mm

Fig. 13 Comparison among 3 models
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B 14 TR T A= AOBAICB T3 EF ORI A OISOV TORT. B14 L0 7L =7 Al
DFEEFHTIUE, RUOARRRONHEETHLHIMOFETRALY AEXRH ALY Lol & FH AT
INEL 2B 2 Wb d. B A4F, (x)ITRTRLY AN 2VWHATIFHOER W L HFILT
F (x)cW 2722, 2L FREHENSTAI=y A T2 LT, F, (x,) % 56%EHTE 5.
FORERIE, SR TRALY NREEE LEBA LEWVEICRS. £, RUWAREZEETSHZ L TFED
FRAR 0550 Lz 2 SN T 5.

60 R

50 a=22.6mm
z 5=910.3mm
= Iron handrail c=58.2mm
R‘Q 40 - (Without spring)
VR W=13.667N

A

Iron handrail
(With spring)
W=13.667N

W
<

Sliding force F
[0
=]

S
<

Aluminum handrail

(Without spring ) W=5.95N ]

0 T Y
0 50 100 150 200

[mm]

X4

Fig. 14 Effect of handrail material on opening force
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