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Development of Sliding Door with Storable Handrail Supporting Senior and
Handicapped Persons to Walk by Themselves
(2nd Report, Strength Analysis of the Sliding Doors and the Experimental Verification)

HiE £KER*, TR miE*? £F E—*S =M FE*Y T OBRErS
(Kinjiro SAITOU)  (Nao — Aki NODA)  (Yoshikazu SANO)  (Yasushi TAKASE) (Shugiong LI)
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(Zefeng WANG)  (Katsunari MURAI) (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, stress analysis and fatigue experiment were conducted to confirm
the safety during 20 years. Also, the FEM results showed that the maximum stress is small enough. And,
the experimental observation confirmed that no significant damage can be seen by the compressive and

alternative stress.
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NEPDLELE SN RS, BEHVDWYS MERRE ) AoEsEeonidEiis, mi%icsna, o
HEERLTHLONEVHEEINTEL LI, BMIFERICHE) FEMESE SR TS, BT O A %
THAIREZRE NS, SMTRERE DGR IEOXIER N & D=6, 98 OBRTIREZ MR L, MIESE%
ZENTED VI LML, BFOBRPFITSIEFNH 56, BHEOFRHEITESET L ENTET, 20
720, BN BT RSN TETCLE). BNEFEETR—FT2121, FEE2RUIND Z L7e<
Hife L CHEETOILERD D, ZOBLENLARIFIETIE, 20 FOEMFEMICH A5, BNBITEIET
5 RS x5 T oMEE BT 5.

FFEDLIIRI, PREFETAEET(RTEMRTHZELHD)D, O hEvIal—va 358
i E R, TNEHNT, KO NZERD 13%UNTY I 21— g VT, LEISLTELIC
INELTEHZEaRLE Y. BESNZEBEIL, 51X PSR LOERICIHA T, +oREetsaT5
ZLEERTDHILETHY, ZOZ LIFHEEIIN 3 TRUVMERE OSGIIS CXEERFETH D,

% 2 TAME T, 1IRT RO RFEELAET LM E R 235 & LT, FHlEERT&EIEM
T 5 R E A AR LA S 7R 973, R U S T OMANEIC R T 2 2 a2 KT 5. &
DET, WG EORISH & EE SN D FHRERT S EEDE OS5 & FICA T 50 2 FIRESREE FEM f#
Hric k- T, MmEFHMIZIT-> 7.

] _ [ 1
Sliding door
) — Guide roller B
g Handrail
§ Mounting plate
S| Opening force
g F (x,) — Guide rail
é ¥ Supporting point A
& 4 (Torsion spring installed)
o [ ]
(a) Closing state of sliding door (b) Opening state of sliding door

Fig. 1 Structure of the sliding door
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21 5IEFEEMRE

1) & DI FENGHAS & FEEE L, 51& 7, FREBEIRME&ER, TUHAFE, £ oFlimito
Fliie—F—, A RL—/L TRHERIINLTVND. 1@ 751 & A2 C7IRE T, PRTFEN T4
L LTORELZRI-T. Sl F 2T 28 & TIAAFRIZES & B O SOR A 28 LT, FHbmH
DEfrn —7 —B NAA FL—nA 22 RO ER Z LA ~BET 5. 51& 72 58 & TGN
FHENTA B L —VWNEOEEm 2 a5V, TH~BET 5. B 1@)c5] & FoRETEEZRT.

22 BlEFAOANDOERAMESZSaAL—PaYy

B 2 2T X, ARENY &2 T, RIEBIE A0 0% F, (x,) Z0E L. JIEICITR
e H & — @ S OACER BICERE ST, BEAZBEE X268 RIEAARENV EZEEL, N1x0—bix
A4 BN E L, o SR ICEE SN2 06 % 15mm/s OE S THl -8R 5 HiEx vz, B3Il
ERERETRT. RFIRT VI 2 b—a VETE, 1020 G0 RE W TZEREICE S0 TH 5.
FEBREVGIAEREZOV AWK THEIH LR LT 2 L, B=478mm O & & OERE & BiR il oK
KEFENZFI 224N & 195N THY, 13%UNT—HT 5 Z L AHRTEZ. b ORI, FH
LT CICBERTEE LTV 5ilh Th s °.

50
a=22.6mm
5=910.3mm
40 [ c=58.2mm
E r=17.5mm
= k=2395N-mm/rad ]
C———— 5"
.30
<
L. . » o3
+ Spring dynamometer Driving motor 3
=
5
(—%o - « 20 plarget 1 NN C ]
) V=15mm/s / o0
= - I £
T OT_r @) M .E 7
(Door) 7 " i . «n 10 £ 3
R=600mm R =478mm
(Experiment) 1
. 0 L L
Opening force F, (X ) 0 50 100 150

X, [mm]

Fig. 2 How to measure sliding force 7, (x,) Fig. 3 Sliding force /', (x,) obtained

theoretically and experimentally in Fig. 1
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ARETIE, B 1 D5 & FOARME 2351 LTS @ B SO MR & B8R 2 R ~5. 3 2 Bt
@ HEOBERFHIOWTIE,  JIS K MNZHEL TIT-> TR Y, FEMICITfiLiau.

31 AHOMWAEE & ICHERAE

# 112 FEM f#TICB W TRERGI & M & SO EZ 7. & 1 OAKRE 7L, EX
15mm DOFM % 2 KeHEg L, TOREEICES 2mm O A XM MR 28 L T R 7 &RICH bR 5.
ZOBRWRT O&RJEHRIT 35mm ThHY, HEAEISEET. AW KT OB, SFEEICITHNM O
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RLTH, HTBRERES o), SRS of , EMBRERS of LIRS R 1 ofT®RES oy, 319
ME of BLOEMEE o 13, Fx OEEFRRS WE LIS, AERMERFHEE DICH00EEIZ LR
DIfETHD. 22T, EEREX, % AT, ISHEOR R OMEIZ AT T mOfE 9% 83 2 73,
BWOMER B3R S O FaPET v S MW S D, £, AWROESTREITHEE DIORSTRVLWOT,
55 58 (X [FRE OO A B CHEBRIT A LE DR, & 7 FERMICEB T DAL 0.31919% Wk 5. it
WYERREL E X, A0 BAREREK DICERSHWTEIATS. A7 Vv, UV CAROKEEMA )
M OMEZ WD 19718, 7ods, A XM OB, SREMRFHITIZ 720,

TR gL LT, BEHPOBER RS & EE S D FHEBET G EOEOICERT 5. B 4 12fF
HrZHW AT EN RTICEE ST VA RT. BfT@EOREESSEICE, Z2ON»MEHT 5.
TbH, OEEHRL MK 5407 (B 4(b) & OQRFIT/EHT 2 XFETHSH. OFEEMR/L LD
Wt E—EMETHY, OQXFTEIILEBAMTHHOT, ZNHEZE LIHREFMALETHS.
SCHK 19KV, SCREMWEORKAEIX, 500N & AL Hil, ZZ TIXZ x5

B 4(b)DIR1E, JISA1541-19D K K7 Ny FAOKRL NERMCHWS L DESEICL TS, B/
A4b)DKIE L, WET v T EBMICYA XT v S Li-HERIRTH D, F72, R hRbL@EE LYY
ARXT v LIZM6 &L, BUNAEE 25D 4 KE LTS, &EAFIE, BT ~OBRMLED A_—2Z
HIFR & BRE A B E L CEMARICT S, 22 THWAROMEE, JISA1541-193% LY JISA151310(2 4
E SN EBEL A O SRR OHE R ERT - LT\ 5. %45 & 9124.1, 4.3 ), FHEBERTO
n—7—KRNL— &, BffeRIC oW T, EBRICEVMEENZ L 2EER LTV,

& B &RV N TCEET DR, AV I CHRIE S ISR 2 E N ORI D FEMEIS 103, At
DFRIE S D 1B(LZAEF DL 72D K 212, Hv b O )% 350N IZFRE L7z,

R 7 &R OL R AR T 572012, &BZ2 T2 200mm*x300mmx35mm- D A E 5 % fb e 82 &
L, SOICRFRMEEZFIA L TZED 1/2 TV L3 58 4(c). T VREROEHREHIT 6.2x104¢ Th 5.
fiEAT 21— RIZIE D ANSYS16.2 #flH L, JEEfl 2 358 U2 IERIEMAT 21T 5 . fRHTIZSENE - C,

Table 1 Material properties for FEM analysis

Mild steel SS400
Items Ply wood for door .
for mounting plate
Elastic modulus E 3.5GPa 200 GPa
Poisson’s ratio 1% 0.4 0.3
Bending o 5 16.5 MPa —
Ultimate strength Tension o g 10.5 MPa 400 MPa
Compression 0,5 7.5 MPa —
Bending o f 5.5 MPa
Yield strength ] T
Tension o, 3.5 MPa 245 MPa
Compression O'yc 2.5 MPa
Fatigue limit o, 4.9"MPa —

*:0,=0.30, =4.9 MPa
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E(Back)
Strain gauge (Back)

Front Back

Mounting plate \

500N ‘ \' 1

— 167.7
[

=

s

|
\

Strain gauge (Front)

Wood body of the door

Bolt clamping force: 350N/bolt

(a) Sectional view (b) Mounting plate clamped (c) Door with mounting plate
for mounting plate by bolts subjected to human weight

Fig. 4 FEM analysis model for mounting plate and door (Unit: mm)

BT EEBEED R7TOOTHh2RELEEBR T —JICLVRIET S, FOMZE, 4.3 Skl 4.4 &iT
WAL, HEICEY, OFHRIRENKRE o - HmICER UL TSR R 2R~

3.2 EXIGAICHT HIREFE

FTERANG, RKRIEINC Lo TEL L2 —REELTUE L TEET 5. B 5 ([T bEO BRI &R
)b N BREER O K7 O FEM AT RIS Y2777, B 5(a)iE, B 4(b), (c)ior
TR ICH A B & RV Ol L72t%, CRERTE 500N & VEM S 7-KF0 K7 OB OIS 1534 % K ifi
MPOHZHL THRIZSDTH 5.

o™ =4.28MPa

oMax—4 28MP. 0.28MPa
- » E (Back) 0.47MPa E(Back)

0.95MPa F

1.43MPa

1.90MPa

2.38MPa 479
2.85MPa

3.33MPa

3.80MPa

E’'(Back) 4.28MPa Bolt hole

(a) Stress distribution (b) Position of maximum stress

Fig. 5 Equivalent stress under the action of bolt clamping and human weight 500N
on the back side in Fig. 4
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5 (a), (b)ITRT LT, BKMELISNIANL MURAOR D IZELS. 20i=, B 61, LA
D D LRI L7 DR 5(b)iZin > THE U DR 0MiE R L TWD. T 2Tk, MM O I7RERE
fiicAWD Z &N TEDHEIN0,, 0, 0;=0 &7, 6(a)lZ /R g AL MEEAHIREBIZ T 20501,
JCFifif E 500N 2305 Z LI K- TR 6(b)IcZ kT 5. B 6(b)IZd\u T, FHREME i 3w Lo
AV MLUELIZAEL 5 0,=-3.95MPa T 5. —J7, ASIETISIT0,=0.85MPa Th 5. KL
NB L ORGSR TR DICERT 5.

£ 213, =7, ILEDOKRKSIERT 0,=0.85MPa, #x KIEHEG S 0,=-3.95MPa IZ{EH LT, Th b
Mg 1 OFIRRIRIAS o), [EMFERIRES o) ISk L CEDRERETH bk Be%=0, /0,, L &L
F=0y /05, CEBLTELOELOTHS. & 2 LV, 5IREN o), [T H5EERRES o) D%
2Ro] /oy, =41 THAIRBREMEEAT HD, JEMISH o, (kT HIEMBERR S of ORERT
0, /0,,=06 Thy, 1 ZTFE5. LiL, BERTERLZE FATOEHEFBICRE S TRY,
BEAEIC B 5SS O TIHEN, S50, FHRE o It LToReERITo, /oS, = 1.9 Tho+H%es
Thsd. ZOZEEEEZ, AV MNMUELORTEOREZFE LT, 4 ETERMICOHEGERT .

B 713, BEERDOREOFHEMICIER LTW5A. 22Tk, F7HEEmICAE U BIEH5TE R L
TW5. 7(B) /R T RV MEAHRREIZE 1T 28 711E, R E 500N 28 0 B 7(e)ioZfbd 5.
7(b)iZ, A/ MLIELS DA F, & F ORDIZHA NV MDA T S BRSNS EMEIS DR E T TV 5.
T()NRT & 91, TS RIZSRHTE 500N 250105 &, A F OEMEIE 1% o, =-0.256MPa 72 b o, =
0.76MPa |ZHIKT 5. F7-m4 E'(Back)iLfFZi K5IHRIST) 0,=0.95MPa RE LS. ZORRICESE,
A(b) TR T E RIS AE U 55| & PR e BEHA E Back) &, Kifi TR L L HEHE A
E'F (Front) |2 EH T 2. EMARMIZIE, L E'F(Front), s E(Back)®4:Eif%n 5 2mm Bz A (E 7(a)z>
NCOT AT =V %M. 2 L TSR REROMR LICHE S OFTA0E A b0 2 S TE=X
Vo745, ZOMRE 4A3HTRARD.

1 . 1
— & —_ I
g o S0
= = I
b I () oot
o “1r w 1]
(7] 7]
o g I
d et
I 7)) L
2 4 s 2
s 8
e I -
& -3f a -3
42 ‘ ‘ C ] -4
0 5 10 15 20 25 30
Distance along the path DF X [ mm ] Distance along the path DF X [ mm ]

Fig. 6 Principal stress distributions along path DF (Back side)
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Table 2 Maximum stress, strength and safety factor at point D in Fig. 5(b)

AT

Strain gauge (Front

)2.

Maximum stress in Fig. 6(b) Strength in Table 1 Safety factor
Maximum tensile stress T_ s s MP T i1

o, =3. oy, /O, = 4.

ol =0.85MPa y & y © Omax
C_ c, C _
Maximum compressive stress gy, =25 MPa Oy / Opax = 0.6
c
o, . =-3.95MPa o\ =1.5 MPa 05 /O =1.9
Strain gauge (Back)
\._“I’_
| 2mm

2mm

y
A

Ler=39.3mm Lgr =165.2mm

(a) Path EFF'E’ along the mounting plate

°
24
T

Stress along the path o [MPa]
=]

© :
o :
= :
— 05 L : 4
S] :
: O
= : Gy ¥
© :
2 yava _
(] 0 = — = S e
< D ~_
oo
5
® O,
w 05| 1
"
[
£
L
“ : :
-1 E F: 1 1 :FI L EI
0 50 100 150

Distance along path EFF' E' [mm]

(b) Stress due to bolt clamping

P e

200

I I
100 150 200

Distance along path EFF' E ' [mm]

(c) Stress due to bolt clamping and human weight

Fig. 7 Stress distributions along path EFF'E' on the back side in Fig. 4(c)
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3.3 ®IFITHT HiEEEF

® 3%, BEORRBIET OB ZFITESW TSR L TSN EELDIZLDTHD. @RI T,
I JIHRIE & SR 1 B AR & I TR 97 E 2 5 i35 2 L Al E T Tl 20, XRORAIC
ENIRENEECTH Y, THOEFBITEHIENPEETHL RO TS, ZOXRTIEH, H
6(a) LB 6(b) DLk G, e RISIIRENE T 5KV MLUEOMBBEEAA D IEELTWS. £72, B
7(@) L B 7(b)D LG, @HxoMBREMA EBIOR FIZHLIERLTE E DT, 8 1%, &3 DOk
HAMARERXICZay hLELOTHD. T2 TlE, MSICERFEIENLO L L THIERRRS
o, LRI IRE o, Zf5 S TREDSMARME R L. 7ods, ZIUFBIRS ZAVWLIEES v Fvv
FEIZxE LT, BRI ZHWD Y —Z L 7RIS T HMARERK CH 5. B 8 I12/RT 5 AU,
B 6(a), (b)DLIEHDZETNCE 7(a), (b)DIS/IDFEAFEHEC L CERIICR D=, 2 b0 5 HIT,
WIS MABREROEANICH Y, BWENICEETHD.

Table 3 Average stress o, and stress amplitude o, along the mounting plate edge in Fig. 7(a)

Position Stress componennt o, [MPal o, [MPal Safety Factor
D in Fig. 6(a), (b) o, 0.54 0.32 4.5
E in Fig. 7(b), (c) oy, -0.28 0.34 —
F in Fig. 7(), (c) o, -0.49 0.26 -
F' in Fig. 7(b), (c) o, -0.15 0.1 —
E' in Fig. 7(b), (c) oy 0.45 0.39 4.4

7 I T T I
Mounting plate

SF=0S'/0S =44

Stress amplitude o, [ MPa ]
w
1

-3 -2 -1 /l(‘) 1 2 3 4 5 6 7 8 9
F' Average stress o, [MPa]

Fig. 8 Endurance limit diagram

4 B|EZRDOWMAEIZET 2RERMRET

ATET L Y, RRGIRISE, &2 L0, THRLEEEHET L, ERISIIE LTS, Av M LE
DRFFEDOFREDORENHD. T T, KETIETRERT ZHNT, F7 00X LBEMRE L, K4
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ZHRRNTHOERZWET 5. 2P, @RADHOBRE LHEIZL 5853, OFHOBIMIE->T
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41 R LBRRARBROAES K UHRER

SlEFRRENS2BREE TO 1 FEE 1 BlE LT, 2X105EEVIKL, 5lEFDL—Ln—
T —EOBEHOEEE BRE LOREAREHRTET 5. e TRTORISLEELHTET 5. ZOBMR
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—ERHB L =7 —HOLERE 2L, RBIEHTOREIT o, @7 OKYIX 0.8mm LT T,
SlE BB o XN 72 <, BUEJISA1513 B EOMRERER FiEEH] 1038 LY JISA1530 & HE O
BPA 0 I LakBR ik 2D 20 E Lz, £/, RT FEOZADOEREB L OEE T o REF 1T o7,

42 BEBELEERBROEE

MR U RFIC R K EMS N K » C R 7 RN &E HEHIZAELL20THOEEE=F ) 7 T5H. ZL
T, MR LEEACHE D BbE2R 5. IR HRERBENAE CUL, HET20THRENT L EE
25, ZOBHMOD, FifiOMTERICESE, B 4(a)iond A E(Back), 8 E'F(Front) D4 Hifk
225 2mm BEN 72 RIS OT BT — U &G0 AHT 72 (B 7(a) 2 HR). Buita B o SR deims (B4 28, X
Sl & TR E ORI K FHRE 500N =7 v U & T, FEY (R B=0) CHEEIZHEK L
Mz %, LU TEEEA 2X105 FOM#KE LI KD TS REETSORM B 2028 2 0% F1~5. =
ik, JISA4702 ([ZHE S =5l & Aot AEEL 1X105 [[] 22, 72 5 NS JISA4706 ([ZHE S D TV
A > O EEK 83X 10* [\ 290 2 5L, EOMERETH 5.

B o)z Mz b7 vV v 2iEEEsRT. B 9@)Tik, Bt&RIcHNofmEN kAL ed k)
(SR I E R T — U A O EE N AZ. B 9b)c=T v A O T mEK AR, A
LT VU A DONE G40mm, A FBE—7 140mm THY, =7 U 2 F OHe & Bt 4 B o THEME
FEHZ¢6mm OV A Yo —7CTEE, =7 o5 ZMEE CRfM&RICHEEZMAS. =7

Rotational support A /

Alternating
Rotational support A \lIT /

\ Repeating force Speed controller
Alternating\ \l/ T

nigmZ
Air cylinder ——_ FW g
Electromagnetic valve _3I§
Pressure reducing Valm——‘%

. \l’ -1
Air source @w

(a) Air cylinder (b) Air circuit diagram

Repeating force \

Air cylinder ———

Fig. 9 Fatigue experimental equipment
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AT Do, 61, BM@ICTRT L OIS, BEMIROELE LD 72912, @EBSHSZ .0, 5l
XFORE TR T AN ETA YL —UTRIE L. £7, BB ECEF82EL2 EANC L TOKEICE X
EE L7z, Bl& FoHtIFmEE & Iy —Y 7L — s 2RELT, Y~V 7L — MR- THEAYALYT
—vU7nay s EBEHSE, TSRO A S KT RE T 0 7 4 VET VXNV EA YT — T THIE
L7z, B M(b)ICHEREREE TR, &EEBRMLEO E T 2 AI12-0.05mm &-0.07mm DOEREAZED 5
WAHN, BEANCEET L HOTIERW. 72, AV MLEBRO, RIFTEBENBEINZ2, MEE 7
LETBO N0t 7ok, VIR UWMERBRICE D F7TEOKXYIE, &K 0.8mm Tholo. Rk
ETHOBRSEEIZBNT, MEOERITRL, BRAEBOXZES 207

BB, RTHARTHLOT, BREOMER X DIHEIZE I EHAOT 2 Y X NAE L8N 03 5. xR
ELT, tOWMBLIEAMEERT S Z &0, WHHEICHE D BRiOEOFANLETHL I LITE I ETYH
M,

10.0
L E (Back)
90 Strain gaug?'_ | omm
80r

L z

7.0 i L/ r& B
6.0 \.
50
L E_Y
| E'F(Front),e—— *mm
Strain gauge

30k Detail of A Strain g, at the back surface

. P
e r . St

2.0 [
X LT 2uh PN

4.0

S
B S apa v T T e o

Lo F Strain £, at the front surface

o S R R
0 0.5 1.0 1.5 2.0

Roading cycle N [X10°]

Fig. 10 Strain versus roading cycle
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Back lower point E'
Path E E ' considered
Back upper point E
Digital dial gauge . :

Contour line

. '
of the mounting plate Back lower point E

0.5
0.4
0.3
0.2
0.1 e

Surface plate

-0.07mm

Y\ - Path E E ' considered
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Back upper point E

Surface profile [mm]
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Position [mm]
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