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Structure design and research of a multi-functional nursing bed
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Abstract: Aiming at the problems that it is difficult to take care of the long-term bedridden patients and the elderly, a multi-functional nurs-
ing bed, which is suitable for the health care for the patient, was designed and manufactured. Through summarizing the similar nursing bed
equipment both home and abroad, a dedicated multi-functional nursing bed using at home was proposed. By controlling four linear actuators
to work in a coordinate mode, nursing bed’s functions of turning over and bed-chair folding could be achieved. And through the feed screw
drove by a DC-motor, the nursing bed's function of supplementary processing urination and defecation was realized. Moreover, the nursing
robot’s mechanics for the folding process of post-bedplate and the process of lifting the toilet was analyzed and the linear actuator’s axial force
and motor driving torque was obtained through the simulating calculation. Finally, the prototype of the nursing bed was manufactured and its
motion function experiments were done. The results indicate that the nursing bed can meet the design requirements and is suitable for taking
care of patients and elderly.

Key words: multi-functional nursing bed; health care; mechanical analysis; simulation

SCYGIER , ) P AR O 5 DR AR, Il i) 1) S

0 = I ‘
EL 7 SRR 4232 B Y 7 S B4R 7 , L 3 B 1 0 R

KIARMAAE R AFZAEN, th TAT3AME
J1 RIS AR BRI o 1 AR SRy 52 s 3 AL YR
WA, SRR, B E R AR . Kosiak [

Y H 8 :2015 - 04 - 22
EETE : ER A RBAR SR I H (51275244)

HRAEEE . RIS AR B LA A S
PHEIR LSRG , T AR AR, i) BRI AR
7= R O Y 1A SR BE 4 B X T T M AR R

EBER T kA= (1989 - ), 55 WIHERTTA, EZNFEHUB AL 7 T AR5 0 AYRTFE . E-mail :982260040@ q. com

BIEBKRAEAN T, B, BZ4%. E-mail ; taoweijun01 @ 163. com



559 1

SKEE A5 2 DI RED R ZE R B AT

- 1187 -

AemEE,

(N DI S B AR N R OSSP B2
TAERER, REERMEY . i, BN 2
WFFEFARE T RO 50T &, C UG TIRZ
WFFE AR o (HL R S ) 22 DR3P BIUAR BOR R 98 1
R | H A DR R E R, D. B Foster 45 A JF
Kt 22 DI BE L 2l 1 454 R i 2 RIS B sl e i 2
Ji, FL B RS R RCAE RAR A, T LRI s A AR ety i
JETFIRCR— A~ 1H0 -5 PR TR —1A o o A rT LA
TR L BSFIRIR AL T 3, AL Garg % A7 R R (1
Z DI RES PR 5 e e FCE R — 1R, 98 AT R E i
NALS 5L B 28 5 A 8 2 [R] Y [ el 2 4k 52 PR AR Ay
RZSIE, BT RL B A0 AR 90 BR DU AR5 3l X 28
PBEPREA e, AN 5 5%, il R H TGk
PRBIE A B 47 LR, ARG T L A1 i, AT 5 [ SE PR
ZPREDL. TTEEE N BT £ D g B HE AR AR
S5 A AR 1 R A, 18 FH I R R AL DA 5 R R EE 1) i
DURFE  JE LR SR MUAT A5 S 3, B R ERAE 9 1E
B TR0 1% 22 002 B0 2 500 i 2 B2 A 1 IR 55
AL BRAAE:  fifERe 1 NSRS BT LA L 3 e T
SRS N BT 2 TR BT S LA S R
T IFBAE R LI BB A LI N B fL s b i
TERVRT BB AE, 154547 3 A 1o 2 B R AN R 1) o A8
HLBAR T P4 Jr RS, SRR Bt
DIRETF B2, o N 28 455 4% Al {5 9 L 3 B A i AR
W L i Al BiECh DR RE A BEARE A R/ ME
I, & AT DUEAE AL 5 A Sh R 0T, 4 A sh B ok, ()5
S XL R PRAETY B A BB T B Ak R/ IME |
PP B Lk N B v S5 R B — R B AR
] A RIF S 8 T 1 3 4 4 B DR T 5 Bl A B B el B
Ab BRI P E R (B L A B v S DT T A LB A,
Hey o B Fre R BR B b S AR AL, (HU: , A SE I
FRIEVE A SIS DT e 2 A R Z AL

BT BT R AR R e B R AE S A A I
PR A L, Xk 37 B R B LB S F R AT it
PLALANBIHT , BE A ih 24 Rty (1 sh e | 1 skt e 5
H S B i Bh b BOR/MESFEIIRE

1 TAEEA

it R PR B o PRAR T S ALK B G THREHLA |
B by 3 T dint. IRARITEHIA H 12 Bk (H
H 4 HONAMPT AR ) (4 HRE SR (A 21 5 20 Xt
PRAE, 11 510 XIFRAE) JRAEFA ., RGET 4
R SRR 22 8] (9 WM R A5, ok SIC B0 IR -#F A sl 46t |

F s e 5 F 3§05 DI RE , 2 D RE A R4 SRR AN 18 1
IR

JRARS RS R4 e

o

K1 ZIRefd ey R

TE G TN i R AL A 48 22 AT IR BRI
AT ATATHLN AR B Sh it 220 A, i B
FELAIL ) TE S e oA S B 43 26 Al T 0T 5 O AT, 4 0
TR, DTS B A B Ak BEO/IME R D) RE . H =
HEAEFE AN 2 PR o

2 HEE TR =S5

ML 4 A THF 2 AE e 2 DT g
Ao MR BIHLAL, AT SE B BR A Bl E SR80

T T IR IS B PR A AR BT e
TERIAR RS RAUKF RS BT -

(1) Ze 80 B sh AR A S B F2 i L S HE AT 20 el
SIAFERT 10 K, #E 3l R M S8 R Al % b e 2 , 5 B 72 i
ik,

() A E S SHVER S 8 L S AT 21 F e
SHHERT 11 i HE 3l R AR 58 PR AR % Sl e e , S 2L A B
k.

(3) K- dr B A SC B B BIHERT 10 I SHEAT
VL A, 2l SR AR GG AR R BB 16 T BT 5 [R]F, e 2l 4
FF 21 FIELSHHERT 20 i1, 47 3l PR AR S8 R AR B i 1) |
BT s RO B e R o (e e Ry e e LR I, P 30
RS

(4)EAFLTIIRER S B, B v ALE A 1A 484
BB S RRIE 22T BT L2 R R S R B 1 iz 3
PAT R SR AE SR Ak IR FRE S, 1 3k
Wiz gl, B Hkm 3B — 5 {7 B, -5 TR il
HHESDIHZ S TS FL A A SR 2 5
153y, SR AT S, RATAT 8 i FTAT Rk 42 s A i



- 1188 - #l L

™ % 32

ZEARATAT AT 1] L4223y, BT 46 THE ZEHE , 417 3 {3
LT,

W P ik 4 AR A S ERT (4 DR s A — A
FLAHALAYIE S8, e S0 B T (e R4 B (19 PR -y
F shietie . A Sk A 5 B 2 80 B Bh b 2O/ 25
ifE.

2 Rt HEHU

2.1 #MEHiRit

fE R B R UMR S, F4 AT 23 R B LA (8 4
THEERLA . FEEEh 6 Benl 16 S FRAR (4 MR H ST |
PRERSEL A, FL Sl AT 368 o Al 7R R PR 20 i 4 , i aod 5
RS RAGE R, Ik 1 TR .

F G HLSIHEEAT 10,11 (945 55 iR 0w R AR
AT &S A Gl H BT 20,21 IR S 4
Xt RAGHEAT T B Sk I, S TR RARERAL T &R
A, 7 H PR S B PR -y e e, 3 B A o e H
SHHERT 10,20 BYA 5 45 JE 0 2 R R it AT I & b
JL, S M BN 3 i L ST 11,21 B 5 4 0
X RAR AT I B 5 ik e, S A I

TG THREHU ZORSCBPIAS T RE - 3 ST IT 48
HTHE G ROCH] , E8 F . A H A 2 foi .

LU A ALIE R 4 /A e G 5 R i 12 B 1
BB ML 224, h T B T B0 B RTR R i 1o i 4
Ml 1 B 22 AR HE SR B () BTz 3l BRIE 224194
SR BRE (0] K1 S, BT LU RFIZ s 7 1M A . IR 4R AT
K AREEANE AR A, R Bk S Rl 3 sl
W—iizsh, HTHHRITIT ) —E (LB, R
DU ful S TRz 3l TR I T34 9 e )
HE&SHIBE . TR TS Sh  f s AT 250
JEFTAT A KTAT iR 2 S A2 1 25 AT o RATAF ) b
550, NI THE FHE . (8 GR35 [ o i T
By L HTE Bz s, i shf & iz s, i
AN, ST BRI . T LIRSS A BT
FEHTIT KW Z2 DI REf e BURFEHLUNEL 3 B

B3 Z IR ey BRI
2.2 EHIRGEET

f R 37 BUR P ] R G R ] AVR &R 51 Atmgel6A

AL, 5 R HUAR I A £ A SR e i Y
LLAME T R4 B FRALAN 4 AR R S HREAT XS AL AS A E
Fral o B PEH R G L AL G 5 A B L HLBK S A
Be DEHITR(2 AY) ZLAbEEA (1 4Y) CE R IR A
FEDASIE AT R G R RE R AN ] 4 i

| coshimpts ] LrshRHRICRE: > Atmge 16AHLITHL |

| AR |

¥ ¥ v ¥ ¥
| emititbl | [eamiterrio] [sahiterrl| [waniterroo] [wanit2)]
4 ZIIREMERE BRI 2R G R RE AL 1

AVR H R PUR IR R GBI L, TR BE 4%
PR R S AR R A 1 15 S A oAk R B S 54
T o LLANER PR RE 15 A8 A H I ZLAME 5 1
AVR By HILE i 352 JBC T 5 o7 i 1) 50 L 3R] 327 0 4
AR . RO AN ] B4 18 12 A R R0, K P2 1 4
TR E RS . SRS B S
Z 5 Wl EL A LR A B 5 AT fik L Sl AT
s RS L SIHEEAT 2 Bl Y [R5 1) 5 i 4 1 07
BARIRA RS A BR SRR 4 AVR 5
HLE I 2 om H o BHIME S 200 A/D B i 7155,
i OB A S B BT R RN, DA E i
RIS 2 25 R0 5 BB SR B, AT 478 1l /R, S 4 AT
188 EHREIER YR I shid e, — B fjph % INTO
T, AVR SR BILATE AR 2 e 1z F BB, L D 2 R 1
s, IR R A5 S F i Bl A P R
L5 L IAFEAT A AL, DX A 058 2 9 Ao A 00 LA
TR B T ST A 7 AR AR AR
JERLITF AT TG I 22 753 s B LTl T R A
TR IIEL S R .

3 A

3.1 SRR BN

J AL 1032 S8 , T 7E 38 3110 4
B2, RMEAL TR 2R A . H S SR
BRJR ARAR I 5132 i, Gy (RS 355 Tt L B R AR
Tt ) 7 160 T 1 1) T, M S5 R AR B LA it o o
EOHERTRO M AR A, ELAL T 67 B B IR g 1, )
AB' =x +1, 2SI WA 6 BT

1R T BT A

F,+G=F, (1)
(1) Arfg

Flcos(%—ﬂ)=G+F2sin0 (2)



%59 ki, 55 ZIREP HUR SIS - 1189 -
TR kT >
S HEATSh ) 10 - .
| _L _ cosf
F_2 ' 2sin(B-6) (5)
N H K OAB' iR =Y A
—_— —— ——
OA +AB’ = OB’ (6)
m(6) 5,
e N OAcosor +AB'cosp = = OB'cosf (7)
B e — OAsing + AB’sing = OB’sinf (8)
- - (7 ~8) A5
AN A , L
Ll e LT B - = arceos OB +AB"” - 0A° (9)
L LT 2 0B AB'
L iR — ez
aEshEiE | 10 520 AT Do o — arecos AB” — 0B” - OA (10)
o 2 0OA OB’
AN —
s [~ 10 20tk RS 3.2 (EZFARENH
o F T ELIR E AL A0 3R 5 s 138 1 16 48 7 sh 22 41 )
ﬁ T —— ~ o . ‘ o
i el 11 I 3y, 5 KT G A R R FRO3 3 kK 53 P4
Bl ABOAE ZE AR G HE B E 5 h 26, , T 3 EL W T,
AN — . N o
JishgR| | 1 2 i W 5 TV A 1) 32 7 4 BT L P 7 BT, LAATRF 1
RWFFERTER, 52 15T 8 Firan . B AT A5
T [ OER | e
Eﬁ%ﬁiﬁ 10, 11455
AN e - By
SRR 10, 1 1Mk SN Ly
AN (e
o T ———— .
s 20, 218l - L
B HAL HLBIRAT - 7 Sy R TL o th (4 5% 1
Eﬁlibﬁﬂ%_» 2. 2t B 7 AR IRTHS R Z S

K5 PR

K6 JE Rz
Fi—W® 3y 44T 4 &) 71 ; F,—AF OB’ 3T 44& B' 89 71 56—
J& ARG 5 s p— B IEAT 5 K @ e & A

F\cosB =F,cosf
H0(2,3) A5
_ Gcosh
Fy= sin(8-0)

(

(4)
DR SEHE S RIS AR P Sl AT X B A 2, HL B

W

K8 FLAT 1 32 15K

Fo— 3R 2 sty ),y A TAMHE AL T H

G, xh-F, xb=0
h =c¢ X cosa
R (11,12) A4,

G, X ¢ X cosa

(11)
(12)

(13)

(14)

F, = b
FELAT R 2 WP FERS G2 AE K7 1) L, 52 F3 P16
e 9 fros.
Q=Fy,=F,
s

F, =F, xcosB
Az (14,15) AT 45

(15)



- 1190 - Hl H

H32E

Ko w2 sz
Fo—A AT 2 09 0 s Fyy— 3 2 3Y AR 4 89 )

_ G, xc X cosa X cosf

Q= ; (16)

a=8 (17)
A (16,17) Al 4
G, XeXcos'a

=" (18)

TN Sy RN 10 i o

K10 IR Bl A p

M, =F, xr, (19)
F,=Qtan(A - ¢) (20)
s M —2Z KT BB R, Q— 22 AT R IR BE K- D7 [h]
(W7, F—3KEh T35 M, (AR T, A—1R e T+ £, o—
FEAEA
WHALRYBUE AN M, LAY FE 3 n, , 2241
E"J%ﬁyﬂ n:

My xn, =M, xn, (21)
M, x M
My =2 T oy, (22)
n L
0 01

(18 ~22) H] 45
26, xc¢xcos'a xtan( A — @) X1,
o =
b

4 PiEIPR RS

WA NARTE P 5 DL R IR 2 my =41 kg, B
AT 11 (9B A [, =59 em, BE0B’ =30 cm,0A =
43.5 cm,o 2y 106°, HT LR SE R (5,9,
10) X H SHHEFT A I « 5 LS HEAT RSl ) F
T EIH R, 25 R E 11 R, AR = (10)
XTE BT &« 55 IR EE /1 0 #1705 B,
g E 12 FiR .

FH 1L AT UL f STl 1) 7 B K24 oy 452 N T
FEAILIE H L S HE AT BT BE £ 1 A% S5 Kl i) 24 900 N,
SEAfe A FHEOR . R 12 W] 0L RS 3h FA B 6

(23)

4601

380
~ 360+

2 4 6 8 10 12
x/cm

BILL o o 5 L sl fEAT il i) D A G &

1 1 1 1 ]
0 2 4 6 8 10 12
x/cm

B2 A o SRR S A 6 19 2R

B RAEZ) Ny 410 FEARTF GBI THEOR

ABIFSE A G ZEAE R BT it m, 2928 10.5 kg,
Z8c =16.5 cm,b =9 cm , ZFTAIEGETHFA R A =30°, B8
BALIR @ =7.97° AT 0P RN rg =14 mm, JE
T RS ABISARIER(23) WAL A o SHpLEK
NI M, AT EAHE 25 R AN 13 s,

0 1 1 1 1
0 10 20 30 40
al(®)

K13 FLAFRG M S UKEh 5 M, BOCR

Al 13 Al DL, EUR A ALK B 0 R KA
20181 N - m, T A AL 1 B A AL B 0 E 1 R
3.42 N - m, IS8 A REH 2l 20K

SR INAT EEAERE AN < 5 B R REAS S IR -y AL
FEBIE DIRE . Forb B RAR AT 1) T 4 & 45°, )5 R AR
Af ) LA 400 BB, 2o R AR AT ) L BT A A
JEHRIE 20° o i i 14 5 15 3 BB 22 AT ATAT LG, 0]
ST ShAR A T3 F0AE 2 T sl R 7 A 52 B Ak F
AR MEIIRE

5 4EiE

ABIFFEET X I RNRASEE A A FIE AR AR 37 3
FORPE T —FhZ I REfd I BUR , 2ol AR, Lt
BEA M AL E A, THE T E T 37 B A9 #



559 1

SKEE A5 2 DI RED R ZE R B AT

- 1191 -

BT I %8 . HAF SR IRMCR F Zr e =, v S il &2
FhT B 20 4 5 38 A FL S HEAT (Y DI R AC 6 S5 3R AR 37 &
FNEH S ShAE , A0 SN B, 42 1 SN 58 [ i, 47 38
PREEAR i a2 8]/, ROEVELF TR 3l s Sk IR B 22
FLARLA BRI ML 52 3% 2h AR T A1 A0 TR 3l A=
S5k R B, EE MRS S AR 2R AT T 5
M 505 FAH5, - ekl 0y 4 SR AR MLEA T T 5
5, Bk 7RIS S I RE A R . A R TR R
— A5G SR R AR A A AT SEPE R R TR 5T
22 3Lk ( References) :

[1]  YARKONY C M. Pressure ulcers;: A Review[]]. Arch
Phys Med Rehabil ,1994 ,75(8) .908-917.

[2] GOSSENS R H. Nursing care of the decubital [ J]. Clin
Physiol , 1994 ,14(1) .111.

(3] ZERME, Zok4E, A 5l ZIBEET I BUR AT 5 0F
FE BT R 224 [ 1], 2013,32(3) :91-94.

35| A

(4]

(5]

(6]

[10]

HGERE. BRI RNA A B S BRI T ] 5 feofi B2
25 B 3% ,2013,13(16) :474.

XA ZIREP HURMEM BT S h# o[ D]. b
B0 P E RS E LN S T TR SRR, 201 1.

FOSTER D B, CALDWELL H, HARRIS K, et al. Multple
position adjustable day night patient bed chair; US,
5230113[ P]:1993-07-27.

GARG A, QWEN B, BELLER D, et al. A biomechanical
and ergonomic evaluation of patient transferring task ; bed to
wheelchair and wheelchair to bed[ J]. Ergonomics, 1991 ,3
(34) :289-312.

5, E B XK. 2 IR R B BFSE 5 0T &
[J]. SO LS K. ,2006,22(7-2) < 117-119.
sk, . Z I REES T I BUR AR S ()] BR
TR 15 B ,2006,21(8) :15-16.

R AR AT ] 4R 1, 2003
(5):15-16.

[ 4EE: 7 ]

TRz B A, DA GE 2R MR B IRAE [ 1] HLHL T AR ,2015,32(9) : 1186 - 1191.
ZHANG Jian-yun, TAO Wei-jun, WU Wei-bing, et al. Structure design and research of a multi-functional nursing bed[ J]. Journal of Mechanical & Electrical

Engineering, 2015,32(9) .1186 —1191.

(HLHE T ) 2% : http : //www. meem. com. cn

(EEF 1169 )
BN B 5 T 2ASE G, HE DL 3D FTERA i Jt 78 ¢
RIS A, 548 1 BT PR, A A 1 i
TS A8 T AR R, Bz R B AR 5 g
P, JC S T HA B 2S5 T IR B 1 B /Mt
PR i

X TITIIEET Procast J 3D FTENFE AR ML 45
TR, il i P = 0 S A 4 R B i RS R
JERT IR CT4 2%, R MRS T35 Ra 6.3 um DIF

ARG A 58 S Pe T R G i AR AR A
BEAE 3D ATERNIE , 4 25 T A% Ge Js 1 K5 %% 5 1 ok 72
N TR 5 R G0 A TP, 0 T T A 57 3h
SREE, 4 T AR A

AHH 5T K H ProCAST R {4 %) it 46 85 1 1. 2 4T
TR B, AR T AR AL 45 R R AU A SR T
BT AR L A DS 2 55 5 i Bk B, B A Ak et
Gelk R, I T ESE IS .

S % 3k ( References) :

(1] RESCHR. B 2 5 Bl 2 T 1 DR e A 5 AR 5 B ]

(9]

[10]

[ D] ¥ IR TR 2= MU TR B , 2005,
WM, ot B B O A M AR B B BT ] 5
1 ,2006,55(6) :626-628.
BE e, RP BRFEIE R i FF5E [ D). T84 L
B R T 2% B, 2007.
TR, 2. P E 3D FTE T i IR I &
JRIEPE[T]. 2579\ ,2013(1) :90-93.
R, B, R, . B O R R B U SS
RAEHZIMSC R BT[], FARPLT,2014(12) :17-21.
SRS X AE, B T, 2 B S A AR A T T
ZIHIRFFELT]. PEE AT R #2007 ,41 (1) :87-90,95.
& H. % T2 5 ProCAST WA TR @[ M]. b
I R KR K R S A, 2010.
MR, 3R . BT 3D ATENE R B O S
YA T 20t )], il A 84,2015 (2) 1 153-
156.
Mk, X P REKHE. 2R E M 3D FTENE AR BUR K&
Wt J]. Pl TR AR ,2013(4) :4,8-14.
Ze W AR, T RIL AR T ProCAST [ M40 I 445
TR R ER T ). #n T.T. 25,2013 ,42(7) :55-57.

[4EE: ]





